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ABSTRACT: It is an advanced surface improvement technology, which can improve surface properties such as surface
roughness, dimensional error, surface microhardness while removing surface defects by turning GH2132 wire. Since GH2132
wire is a raw material for aviation fasteners with a diameter of less than 10 mm and a length of more than 60 m and the
processability is poor, the process parameters are the source of improving the surface performance. The work aims to remove
surface defects of GH2132 wire by centerless lathe turning, analyze the response relationship between machining parameters
of centerless lathe and surface roughness, dimensional error and surface microhardness of wire, and establish a
multi-objective optimization model of grey correlation degree of GH2132 wire surface to determine the feasible process
parameter domain.

Herein, a response surface center composite design was taken to measure the surface roughness, dimensional error, and
surface microhardness of the GH2132 wire after turning. The single-objective prediction models of surface roughness,
dimensional error, and surface microhardness were established respectively based on the response surface method (RSM), to
determine the optimal set of process parameters for single-objective optimization. Then, surface roughness, dimensional error,
and surface microhardness were used as optimization indicators to reduce dimensionality and furthermore construct
second-order regression prediction model of turning process parameters and grey correlation degree based on Grey Correlation
Analysis (GRA) theory. The contour map of turning process parameters and grey correlation degree value was drawn to
determine the feasible process parameter domain. The XF-WXC centerless lathe was used in the experiment. The test material
was GH2132 wire with a diameter of 8 mm, which was not heated. The length of the test-piece was 1300 mm, and the test
process parameters were processed after the trial cutting of 300 mm. The 300 mm interval for trial cutting of each group of
process parameters was set as the non-measurement interval. YG8 cemented carbide tools were used in the test. The spindle
speeds during cutting were 337, 350, 380, 410 and 422 r/min, respectively. The feed rates were 0.196, 0.3, 0.55, 0.8 and
0.903 m/min, respectively. Then, the surface roughness of the processed specimen was detected with a roughness meter
(TR2000). The surface microhardness of the processed specimen was also measured with a hardness tester (Time5310). A digital
display micrometer was used to measure the diameter of the processed specimen.

The significance was less than 0.000 1 for the established single-objective prediction models of surface roughness,
dimensional error, and surface microhardness which were analyzed by variance analysis. Minimum surface roughness process
parameter group was: cutting speed #=373.919 r/min and feed speed v;=0.475 m/min. The minimum size error process
parameter group was: #=375.636 r/min and v¢= 0.596 m/min. Maximum surface microhardness process parameter group was:
n=337 r/min and v;= 0.903 m/min. For the grey correlation degree multi-objective prediction model, the error range was
between 0.13% and 9.4%, and the minimum grey correlation degree value corresponding to the determined feasible process
parameter domain was 0.544 37. The accuracy of the multi-objective prediction model based on grey relational analysis is
higher, and the response degree of the spindle speed n to the multi-target is greater than the feed speed v¢.Through the
determined feasible process parameter domain, it provides engineering reference for removing surface defects of GH2132 wire.
KEY WORDS: surface defects; multi-objective optimization; centerless lathe; grey relational degree; feasible process parameter
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Fig.1 Centerless lathe structure and processing principle: a) lathe structure; b) processing principle

F 1 GH2132 &ML ERS
Tab.1 Chemical composition of GH2132 wire

Alloying element C Si Mn Ni

Cr Al \Y S Ti Fe

Content/wt.% 0.08 0.90 1.20 24.60

14.60 0.40 0.20 0.02 1.98 Surplus
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Tab.2 Mechanical properties of GH2132 wire

F4 AWRHMER
Tab.4 Experimental arrangement and results

strefleglilsll/ll\e/IPa streanltehl/dMPa Elon%/?tlon/ Re(;lrlg;/f’)/? o Number (r‘rrrlli/n’l) (mlr‘;lf{n’l) Ra/pm o/mm - H (HB)
674 281 26 71 1 350 0300 0.6245 0.02400 307
2 337 0.550  0.7225 0.01910 318
GH2132 MLIHIM T AAERE, BLRJTRS GH2132 3 350  0.800 07649 0.01260 339
20, R 5o, JMEifach 00, A 900, JIH 5 380 0.550  0.4568 0.00340 289
BIFR425 0.3 mm., 6 380 0.550  0.4267 0.00380 290
X S R R v 53 AT BN B 7 380 0550 0397 0.00550 293
B (Central Composite Design, CCD) #5045 9 380 0.550 04761 0.00590 298
JREE 0.3 mm, SHBEITUNGR 3 Prn. 12 422 0550  0.976  0.02350 239
%3 Zmiit 13 410 0.800  1.0928 0.02213 280
Tab.3 Experimental design
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Tab.5 Variance analysis
Object Source Degree of freedom Sum of squares Mean square F P
Model 5 0.637 162 0.127 432 133.58 <0.000 1
Ra Error 7 0.006 678 0.000 954
Aggregate 12 0.643 840
Model summary Rsq=98.22% Rsq(adj)=96.43%
Model 5 0.000 953 0.000 191 80.76 <0.000 1
0 Error 7 0.000 017 0.000 002
Aggregate 12 0.000 969
Model summary Rgq=97.08% Rsq(adj)=90.51%
Model 5 10012.4 2 002.48 80.61 <0.000 1
H Error 7 173.9 24.84
Aggregate 12 10 186.3
Model summary Rsq=97.07% Rsq(adj)=90.64%
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Fig.2 Comparison of histograms of target real value and predicted value
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Fig.3 Main effect of surface roughness: a) Change of Ra with n; b) Change of Ra with v¢
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Fig.4 Main effect of dimensional error: a) Change of J with n; b) Change of 6 with v
350 350
| |
330 330
—An
310 310 1
% 290 @ 290
T ./l/
270 270
250 250
230 L— L L L L A A A A A
337 350 380 410 422 0.196 0.300 0.550 0.800 0.903
n/(r - min™) v¢/(m - min™)
a H Finty3E4l b H BEvit 2l
K5 I R RRE R R0

Fig.5 Main effect of surface microhardness: a) Change of H with n; b) Change of H with v¢
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Tab.6 Calculation results of grey correlation degree
Number N Gre GRrG
Ra o H Ra 0 H

1 0.673 13 0.141 67 0.660 19 0.604 69 0.368 10 0.595 38 0.556 44

2 0.532 33 0.345 83 0.766 99 0.516 70 0.433 21 0.682 12 0.516 55

3 0.471 41 0.616 67 0.970 87 0.486 10 0.566 04 0.944 95 0.547 97

4 0.641 24 0.000 00 0.388 35 0.582 23 0.333 33 0.449 78 0.519 21

5 0.914 08 1.000 00 0.485 44 0.853 36 1.000 00 0.492 82 0.846 63

6 0.957 33 0.983 33 0.495 15 0.921 37 0.967 74 0.497 58 0.888 26

7 1.000 00 0.912 50 0.524 27 1.000 00 0.851 06 0.512 44 0.921 46

8 0.985 49 0.943 75 0.504 85 0.971 80 0.898 88 0.502 44 0.910 28

9 0.886 35 0.895 83 0.572 82 0.814 80 0.827 59 0.539 27 0.789 80

10 0.231 03 0.340 83 1.000 00 0.394 02 0.431 34 1.000 00 0.462 08

11 0.532 47 0.275 00 0.145 63 0.516 78 0.408 16 0.369 18 0.480 30

12 0.168 10 0.162 50 0.000 00 0.375 40 0.373 83 0.333 33 0.370 88

13 0.000 29 0.219 58 0.398 06 0.333 40 0.390 50 0.453 74 0.356 85

JRAS IR BE R, XN I T 2SS A G T I

H bR R 8y, sk 7 Fras o M5l 0 n R 45 8
BE ve 5 A3 R A CHRBERT 0, n Ik
A Level 3 (380 m/min ), vy FJEL/KFEH Level 3
(0.55 m/min ), [, MRPEZEHTEEE, M max-min

FE AT, S Ot 22 E AR W A K T 25 U

xk7 AEAIZSHEKFREXLBEENTFHE
Tab.7 Aver age value of each grey correlation degree
under different process parameters

Process parameters n Ve
Level 1 0.516 55 0.196 00
Level 2 0.552 21 0.518 37
Level 3 0.762 53 0.749 12
Level 4 0.418 57 0.452 41
Level 5 0.370 88 0.462 08

max—min 0.391 65 0.296 71

25 3ok 2% W 17 1 B AR AR BT T LB, 3R IR RE
JE  RUST 58 2 R0 fob Bl felt 85 34 R Ui v 7, PRt
JRERIKE Gre IR SEMAGVEN RN . AT WL, T
iSO IR AR ST B 110 5 W it 2 X T AR JE
RS 5 2 1 2R T S A 52 1 K/ N A R, T 255
BON =25 1 5 e AT LS Je K 6 G 306 BE 1 7 AR 1A R
AT DA g S0 R 8, S B A 2 0 % I RELRE BE L R
% 22 LI AR 2 1) 22 H AR T
223 GuemREEHE

Gre g mi A =X (13) R, K6
KEKEE Gro M W B0CF BOMASE L) Iy 2553 07 5 5% 2
ST RN 8 N, A I MK By h5(5,12) =
3.11, XF Ra #4705 225307, 19 BIRALEY F{Hh 57.47
(KTF 3.11), Rs=95.92%, H.P<0.000 1, it/NFE
fHZ%500.05, [T, Req5 Rsg(adj) EH 23T, UL
TNASE AR Fy ] S AR e o ASS IR T A 5 S A % 43 A
XA 7 s, BONME S B E O W22 5, 1R 22

% 8 ORG SR ESH
Tab.8 Variance analysis of GRG response model

Object Source Degree of freedom Sum of squares Mean square F P
Model 5 0.519 613 0.103 923 57.47 <0.000 1
Gra Error 7 0.012 657 0.001 808
Aggregate 12 0.532 271

Model summary

Rs=95.92%

Rsy(adj)=95.14%
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Tab.9 Experiment of response optimal process parameter group
Object Parameter n/(r'min") ve/(m-min ") Ra/pm Jo/mm H (HB)
Rap Prediction 373.9190 0.474 5
Actual 374 0.475 0.396 0.011 6 290
5. Prediction 375.636 0 0.596 0
" Actual 376 0.596 0.457 0.003 9 311
" Prediction 337.000 0 0.903 0
Actual 337 0.903 0.912 0.018 7 351
G, Prediction 375.635 4 0.5316
Actual 376 0.532 0.416 0.007 6 307




- 382 - * wm #H R

2022 4E 11 H

KT Gog TSN TAR R T b 4
(5] (4900 T3 P RS, 6] =6 mm 1Y GH2132 Zibf 5k [
AT I I E . XL R KW, Ra 2 0.490 pm, 6
47 0.008 8 mm, H 7 312HB, iX I 2h Jifk & T 28k,
BUE T AL T2 2806 AN 6] RS 45 18 Ao R

4 TFITIZSHEE

MRS T 2SR5 R mORRE B L RS iR 22 R i
TUREE (9 22 FARICALES R, 1 2S5 (EER A, anlal 9 i

G

0.90
0.80 | 0.5

055 | \ 0

ve/(m - min™)

030 | / ' 05

0'10330 350

380 410 420

n/(r - min")

B9 Gre LESHEHELE
Fig.9 Contour map of process parameters of Grg

TE T RESE PR, 2 10 LR B2 /Y 55 K18 5
0.8 um, NTiRZERY R KFEPR A 0.05 mm, KM WK
B 3 (19 fe /NS AR 280HB, X 17 5 AR B 4 45 A
Gra N 0.544 37, KK 9 Gro I/ NTFHH R IR BT
XL S E A FHE B AL T7 [, #0E T lfT T 22
BRI S HUC ], 1o TR R 2%

5 #Hit

1) R o 1z iy oo oo B AR, AR R 0
30 Ao i 7 U TR T R BB B RST R 22 R
B 2 1 B E A o7 T A AR (RIS, S8 A 43 B T
FETH FLRE FE AN R STR 22 Bl T2 280 ( 530S ot
) MR, RIERUNEE R K
FCTE 8 2 B B o ) 8 G S | B
o8 T PR 1 KGR T R R R

2) TEVIH) A B FRm Sba ) R, A5 T R ANR
MRS FE 0 T2 2804 . F % #n=373.919 r/min,
BT ve=0.475 m/min; f/NROTRZE M T 2540
M. FEEFEH n=375.636 r/min, HLEWE v =
0.596 m/min; 5 K 1 G FE 1) T A S804 . F5
B n=337 r/min, P45 E v=0.903 m/min, HIRE
UEZS R, BUNAE 5 S IAE W) & BEARAT . [FIR,
TS | N SHR 2 R0 R AR B A R, #
M 45 B AR e T2 S804 & 0T LLUAE 2 B 3 1 i

63 4 ) P 38 SR 2 ) A W o

3) R EOCE IS, X J0.0 4 RN T 3 1 J5
BT T Z BARA, SRR @R I7 A e
bR AT A AR L, ) e 7 g T 325 A4 9 % T L
JEE RS 2 IR THT A OB B2 Y 22 s (0 K LA
B, YIS R o R R TR S BRE OL,
I TAHLRE B | RTD8 2 0 AR ) K € 6 A
FBARPEMRIR Gog 4 0.544 37, X FLRM IR
THT o ) 25 R EL A TR

&% 3k

(1] ChERE TN )i o 2. T EBE AR
M]. dbaT: o ERRSES A, 2001: 93-112.

"China Aviation Material Handbook" Editorial Committee
[M]. Beijing: China Standard Press, 2001: 93-112.

[2] HESE, ZUUHE. miREG£M]. dbat: mE Tl
*t, 2000: 110-112.

HUANG Qian-yao, LI Han-kang. High-temperature Alloy
[M]. Beijing: Metallurgical Industry Press, 2000: 110-112.

31 &30, BRIEZE, X, 45 17-4PH i S R m 4
B LBR T WG] B S, 2021, 43(1): 47-54.
LU Wen-ting, CHEN Ya-jun, LIU Yan, et al. Study on the
Removal Process of Oxide Scale on the 17-4PH Aviation
Fasteners[J]. Plating and Finishing, 2021, 43(1): 47-54.

[4]  Zdist. BRI ML deat: BB Tl R,
2014: 188-192.

LI Ying-liang. Fasteners Basics{M]. Beijing: National
Defense Industry Press, 2014: 188-192.

[5]  #Fr, RAME. W22 T2 R M. deat: iha
Tl RRAE, 2016: 41-45.

DONG Qi, ZHANG Xue-hui. Steel Wire Production
Technology and Equipment[M]. Beijing: Metallurgical
Industry Press, 2016: 41-45.

(6]  Rakil, BIZAZF. FRERMAIZZIM]. dbnt: i Tk
JigkL, 2005: 4-10.

XU Xiao-qian, YIN Shao-fen. Special Steel Wire[M].
Beijing: Metallurgical Industry Press, 2005: 4-10.

(71 SRR, DUKHE, SKZEEE. AHIRERERG SRR R

e TEZHORB BT[] RiEEOAR, 2021, 50(5):
372-379.
SHI Li-chen, JIA Yong-kang, ZHANG Jun-feng. Research
on Technological Parameters of Removing Oxide Coating
from Titanium Alloy Bar Surface by Turning[J]. Surface
Technology, 2021, 50(5): 372-379.

[8]  BUEDY, BAERE, B, S T I i 75 vk A
A BLSOOHS ¥k T-ZSHUAb[T]. DU T2
#, 2011, 47(8): 77-82.

HE Lian-fang, ZHAO Guo-qun, LI Hui-ping, et al. Opti-
mization of Quenching Parameters for Hot Stamping
Boron Steel BISO0OHS Based on Response Surface Meth-
odology[J]. Journal of Mechanical Engineering, 2011,



Es1E Bl

PR, % ETIRKESCET A GH2132 LM mks I 2= 51k - 383 -

(9]

[12]

[14]

[17]

47(8): 77-82.

PRI, =W, i, . OG0B YIRS A ik T
SHEERTSE[N). P EEOE, 2014, 41(6): 79-85.

CHEN Cong, GAO Ming, GU Yun-ze, et al. Study on
Fiber Laser Cutting of Aluminum Alloy Sheet[J]. Chinese
Journal of Lasers, 2014, 41(6): 79-85.

IR, gRfE, FWR, % BRA4EETRE A M OEHEREGE
FLUTHI ) B TR B 5E[0). 2GRk, 2014,
31(5): 1292-1299.

LIU Gang, ZHANG Heng, WANG Ya-fei, et al. Study on
Cutting Force and Machining Quality of Orbital Drilling
for CFRP[J]. Acta Materiae Compositae Sinica, 2014,
31(5): 1292-1299.

P, JASEde, B, S5 AR U
HIINT[3]. a2 K% T, 2010, 18(7): 1554-1561.
QIU Zhong-jun, ZHOU Li-bo, FANG Feng-zhou, et al.
Chemical Mechanical Grinding for Quartz Glass[J]. Op-
tics and Precision Engineering, 2010, 18(7): 1554-1561.
g, BRI, BRER, 5 BOURE ZEE T
R SRR ER O k. RE LA, 2018, 47(9):
229-239.

LIAN Guo-fu, YAO Ming-pu, CHEN Chang-rong, et al.
Control of the Quality and Efficiency of Multi-Track
Overlapping Laser Cladding[J].
2018, 47(9): 229-239.

Xk, A, 25, & ETFhoE8tAEn
SiC Hfh ARSI T T 2S804k ]. VI TR
2#4l, 2013, 49(7): 193-198.

LIU Yong, LI Shu-juan, LI Yan, et al. Central Composite
Design Test Based Process Parameters Optimizing for

Surface Technology,

Compound Machining with Ultrasonic Vibration on SiC
Wafer[J]. Journal of Mechanical Engineering, 2013,
49(7): 193-198.

[, RFH, EIRH, 5. 2SR T LMEH
PRZEARAL ). THEE LS U 3 R 58, 2018, 24(4):
894-904.

HE Yan, YU Ping-jia, WANG Le-xiang, et al. Multi-
Objective Optimization of Machining Parameters for
Hard Whirlwind Milling of Screw[J]. Computer Inte-
grated Manufacturing Systems, 2018, 24(4): 894-904.
sk, skALER, B T mE KRR A IRSCAHI T 22
BARACLT]. TR R AL, 2018, 24(3): 639-648.
ZHANG Lei, ZHANG Bei-kun, BAO Hong. Cutting
Parameters Optimization of Thread Turning Oriented to
Low Carbon and Low Noise[J]. Computer Integrated
Manufacturing Systems, 2018, 24(3): 639-648.

BT, Wi, B, . SRR R 2 R E AL 5 A
RO TC4 L T224)]. RMHA, 2020,
49(6): 330-336.

LI Wen-long, CHEN Yan, ZHAO Yang, et al. Optimizing
Technological Parameters of Magnetite Grinding TC4
Elbow by Neural Network and Genetic Algorithms[J].
Surface Technology, 2020, 49(6): 330-336.

AR, R, L, . KA A &

[19]

[20]

[23]

[24]

[25]

FEBEITRE T 225001, PEAL TR A4k, 2018, 36(1):
139-148.

LI Zhi-shan, SHI Yao-yao, XIN Hong-min, et al. Tech-
nological Parameter Optimization of Disc-Milling Groo-
ving of Titanium Alloy Based on Grey Correlation De-
gree[J]. Journal of Northwestern Polytechnical University,
2018, 36(1): 139-148.

AL, iy, BT K @ OCHK 2 A 5 19105 23 B
WC-"Co RIZT L2800 % HirthAbD]. kS48,
2018, 32(10): 1752-1756.

LIANG Cun-guang, LI Xin-mei. Multi-objective Opti-
mization of WC-">Co Coatings Based on Grey Relational
Analysis and Regression Analysis[J]. Materials Review,
2018, 32(10): 1752-1756.

WrRblTs, BIZR, sRABAS, 45, BET IR GOCIR ST Y ik
XHOCE L RUE 18Ni300 BLEANZ HiR T.2A0AL[I].
RO, 2020, 47(5): 341-351.

CHEN Xia-yu, HUANG Wei-dong, ZHANG Wei-jie, et
al. Multiple Targets Technology Optimization Based Grey
Relative Analysis of 18Ni300 Die Steel Formed by
Selective Laser Melting[J]. Chinese Journal of Lasers,
2020, 47(5): 341-351.

LAAMOURI A, GHANEM F, BRAHAM C, et al.
Influences of Up-milling and Down-milling on Surface
Integrity and Fatigue Strength of X160CrMoV12 Steel[J].
The International Journal of Advanced Manufacturing
Technology, 2019, 105: 1209-1228.

ZHENG Xing-wei, YING Guo-fu, CHEN Yan, et al. The
Effects of Cutting Parameters on Work-Hardening of
Milling Invar 36[J]. Advanced Materials Research, 2015,
1089: 373-376.

WENG Jian, ZHUANG Ke-jia, XU Dong-dong, et al. A
Comprehensive Study on Cutting Mechanisms and Sur-
face Integrity of AISI 304 when Turning a Curved Sur-
face[J]. Materials and Manufacturing Processes, 2021,
36(11): 1285-1298.

LR, Ak, EilE, 5 DO FRE O MRS
PR ST R ASHILAE[I]. BB SR, 2017,
36(9): 1375-1380.

SHI Li-chen, YUN Zhi-da, WANG Hai-tao, et al. Analysis
of Vibration Characteristics and Structure Optimization
for Hollow Spindle System of Centerless Lathe[J]. Me-
chanical Science and Technology for Aerospace Engi-
neering, 2017, 36(9): 1375-1380.

SH ol JoOH IR T R RS RE D], 7
% VL FEFPHOR, 2017: 7-10.

HUANGFU Yun-feng. Analysis of the Characteristics of
the Guide Mechanism System of Centerless Lathe[D].
Xi'an: Xi'an University of Architecture and Technology,
2017: 7-10.

SRUEM, BAERAE, LD, A o o il TR vk 7 2 AL A
JE T AR e Z A T A I (D], Sl R 2
2, 2010, 44(4): 447-451.

ZHANG Hong-zhou, MING Wei-wei, AN Qing-long,



£ 384 -

EN TR NN

2022 4E 11 H

etal. Application of Response Surface Methodology in
Surface Roughness Prediction Model and Parameter Opti-
mization[J]. Journal of Shanghai Jiao Tong University,
2010, 44(4): 447-451.

BOX G E P, HUNTER J S. Multi-Factor Experimental
Designs for Exploring Response Surfaces[J]. The Annals
of Mathematical Statistics, 1957, 28(1): 195-241.

LIU Si-feng, FORREST J Y L. Grey systems: theory and
applications[M]. Berlin: Springer, 2011:1-16.

WL, SRR, BEPRUE, AL BRI OCHR ST R i
TR SRS 2 H bR T A2 80)). &
HMREE, 2019, 36(12): 2822-2832.

HONG Qi, SHI Yao-yao, LU Dan-ni, et al. Multi-
Response Parameter Optimization for the Composite Tape
Winding Process Based on Grey Relational Analysis and
Response Surface Methodology[J]. Acta Materiae Com-

[29]

[30]

positae Sinica, 2019, 36(12): 2822-2832.

DENG J. The Theory and Method of Socioeconomic Grey
Systems|[J]. Social Sciences in China, 1984, 6: 47-60.
EWT, FLLT, BRiF. 55T HIRIEH GRA-TOPSIS 4
SPURBUPEAS 7522 (0] ATz i K OR2E 24k, 2020,
46(10): 1973-1981.

DONG Peng-yu, WANG Hong-wei, CHEN You. GRA-
TOPSIS Emitter Threat Assessment Method Based on
Game Theory[J]. Journal of Beijing University of Aero-
nautics and Astronautics, 2020, 46(10): 1973-1981.

LUO Zhi-meng, ZHOU lJian-zhong, ZHENG Li-ping,
etal. A TFN-ANP Based Approach to Evaluate Virtual
Research Center Comprehensive Performance[J]. Expert
Systems with Applications, 2010, 37(12): 8379-8386.

CER L AU

( 356 346 T1)

[10]

(11]

[17]

ZHAO Jun, HUANG Jin-feng, WANG Rui, et al. Inves-
tigation of the Optimal Parameters for the Surface Finish
of K9 Optical Glass Using a Soft Abrasive Rotary Flow
Polishing Process[J]. Journal of Manufacturing Processes,
2020, 49: 26-34.

A ST BRI IR ST (D). KD TR
K2, 2015: 30-43.

LI Min. Fundamental Research on Shear-Thickening Poli-
shing Method[D]. Changsha: Hunan University, 2015: 30-43.
LI Min, LYU Bing-hai, YUAN Ju-long, et al. Shear-
Thickening Polishing Method[J]. International Journal of
Machine Tools and Manufacture, 2015, 94: 88-99.

SHAO Qi, DUAN Shi-xiang, FU Lin, et al. Shear Thicke-
ning Polishing of Quartz Glass[J]. Micromachines, 2021,
12(8): 956.

LYU B H, SHAO Q, HANG W, et al. Shear Thickening
Polishing of Black Lithium Tantalite Substrate[J]. Interna-
tional Journal of Precision Engineering and Manufac-
turing, 2020, 21(9): 1663-1675.

WANG Jia-huan, LYU Bing-hai, JJANG Liang, et al.
Chemistry Enhanced Shear Thickening Polishing of Ti-
6Al1-4V[J]. Precision Engineering, 2021, 72: 59-68.
SHAO Qi, LYU Bing-hai, YUAN Ju-long, et al. Shear
Thickening Polishing of the Concave Surface of High-
Temperature Nickel-Based Alloy Turbine Blade[J]. Journal
of Materials Research and Technology, 2021, 11: 72-84.
P, =BT, Bkif. STUIERIO GRS H
WCHERELT). S2E K% TR, 2015, 23(9): 2513-2521.
LI Min, YUAN Ju-long, LYU Bing-hai. Preparation of
Shear Thickening Polishing Abrasive Slurries and Their

[20]

[23]

Polishing Properties[J]. Optics and Precision Engineering,
2015, 23(9): 2513-2521.

PETERS I R, MAJUMDAR S, JAEGER H M. Direct
Observation of Dynamic Shear Jamming in Dense Sus-
pensions[J]. Nature, 2016, 532(7598): 214-217.

TKJE . REA M/ AR R AR KA VISR T
HEBTFE[D]. AHL: LHOR:, 2012: 35-38.

ZHANG Zhou-ling. Studies on the Shear-Thickening Be-
havior of Solution Composed of PEO and Nano-SiO,[D].
Hefei: Anhui University, 2012: 35-38.

PRABHU T A, SINGH A. Effect of Carrier Fluid and
Particle Size Distribution on the Rheology of Shear
Thickening Suspensions[J]. Rheologica Acta, 2021, 60(2):
107-118.

HOSHINO T, KURATA Y, TERASAKI Y, et al. Me-
chanism of Polishing of SiO, Films by CeO, Particles[J].
Journal of Non-Crystalline Solids, 2001, 283(1-3): 129-136.

SRR, BokifE, SARG, A A R B DI BRI G Ot
LI [T]. WKBR 5% THE, 2017, 15(3): 227-233.

WENG Hai-zhou, LYU Bing-hai, HU Gang-xiang, et al.
Optimization Experiments for Shear Thickening Polishing
of Quartz Substrates[J]. Nanotechnology and Precision
Engineering, 2017, 15(3): 227-233.

TRR. Gk S ARERAA R BT U AR AR [D]. b
g IEESGE KA, 2019: 20-29.

YU Miao. The Study on the Shear Thickening Behaviors
of Nanosilica Fluids[D]. Shanghai: Shanghai Jiao Tong
University, 2019: 20-29.

CERE AU



