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Abstract

Abstract

Along with the rapid development of modern industrial production, a lot of
difficult—to—cut material which has high strength and high hardness or has high
temperature resistance has been introduced in many departments such as weapon
manufacture, aerospace industry and other machinery industry, in the process of
machining there are problems such as bigger cutting force, lower material removal
rate, higher material temperature increase,incresed surface hardening, it’s very hard to
guarantee the precision and surface quality and serious tool wear, some material even
can’t be machined. It’s very hard to satisfy the requirements of modern industrial
production by using conventional machining means and conventional machining tool
material to machining the difficult—to—cut workpiece material.

Hot machining is an effective method for cutting difficult—to—cut material.
This article has presented a new electric heating assistted turning method and its
heating model, this paper will study this new method’s feasibility and analysis its
effects. A dc large current with low voltage is applied to the circuit which is made up
of the auxiliary electrode and workpiece.When the large dc current with low voltage
flow through the contact resistances which generated by the point contact of auxiliary
electrodes and the workpiece a lot of heat generates because of the increase of the
current density ,the heat makes the temperature of the workpiece rise so the workpiece
material hardness decreases.So as to achieve the purpose of improve the cutting
efficiency and the tool life. The experimental platform of electric heating assisted
turning has been founded in this paper.The experimental platform has an electric
heating system and a turning manufacturing process vibration signal collection and
processing system that based on virtual instrument. The hardness of the workpieces at
high temperatures has been test too, by analysis and processing the collected vibration
signals then optimizing the cutting parameters and the electric heat parameters.

This method has been proved feasible along with the turning experiments of
T10A hardened tool steel (HRC57) and GH2132 superalloy, it also has high heating

efficiency, simple construction and low cost.By collecting and processing the
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Abstract

vibration signal of the comparison experiments with wavelet method and wavelet
packet method, it turns out that the vibration amplitude of electric heating assistted
turning is 5 to 10 times low than the common lubrication turning of T10A hardened
tool steel, on the other hand the turning experiment of GH2132 superalloy shows that
the cutting tool life improved obviously because of the decrease of the cutting tool
burden.Finally it turns out that this new method is reliable and effective, compared to
the common lubrication turning it’s better.

Keywords: Electric heating assistted turning; Signal monitoring; Vibration; Wavelet

Transform.

I



Y zei=)

5

=12 AA
a: FELPH L R AL
0: i
s INFIA]
Dy
e
LESUY
e
LR
HLBH
;g
: W
DI EHATR
d: Hit
ap: VIHIREE
fo R
a: ‘PR
K: SHAEH
v:
G: V)RR
D: PRI N AT — rid 2 A5 1 B
for RAEDIR
Sax: BEEF
w(t): /NP REL
w(w): 8 HLIH-AR 6 bR AL
W, (1) EBNEE

Wia, b): HESNPAH
fG- D) 0 1ETIRER § A A L

Ep, jo #/NIRBUVIHE R

~

o B

S

QO ™ = 3

IS

=

v



7555 Bl

X,k BEAES
S, jz EHUAEE



BB I e 1
L R T B BT B R oo 1
LT S HBIINFEIIE oo 1
112 SHUIIFTEHI oot 2
1.1.3 ZE BT IIIFDIH oo 2
114 BTN FEIIE oot e 3
115 FEABIIFETIE oot 3
1.1.6 P FEIIFTTIIIR oot 3
1.2 SEMBIIEIBIFIITE Y oo 6
1.3 ARXHIE B R I S T e 7
1.3.1 A SCHIEBRETEIEE oot e 7
1.3.2 AR SCII BB oot 7
L ZINEE e et 8
T FBESHEMBZEBIEIE e, 9
2.1 MBASEMIAZEEIEIR e, 9
22 FBISEANFAZEEIRIR oo 10
23 FBISHEZEHIMNIATEERL e 11
23,1 JHFHEBIL v 11
2.3.2 SHUIIBIIAIFIETY e 13
DA IINEE oot 17
F=E HEBESHEMAFEIREEEFRIESE o 18
3.0 I B IR oo, 18
32 RBE THRRIATIEIE oo 18
33 AR B B s 18
34 WIEEBE MR BRLT ..o, 20
341 ARG B R e 20
342 ARIGHLIR cooeeeeeeeeeeeeeee e 21



H

343 FRIETTEL oo 22
344 TR (oo s 23
345 JIFEEYE oo 24
3.4.6 TIFAHIIR coooveeee et 25
3.4.7 KHRHZELZE oo 26
3.4.8 FHENTEIL oo 26
3.5 R E SR E BRI oo 26
350 BRI T REERG oo 27
3.5.2 PRBIAEIERS <o 27
3.5.3 B RIEBL T oo 28
3.54 55 KRERG LABVIEW BTG e, 29
3.6 IV e 30
FME ETSHEMANSEEEMNE T ERRE e, 31
A1 TR FEE PRI T 5 oot 31
42 BT EBMABNEREE T ETIE s 31
43 BT SBMARNSEREEMNE T EMERIEE s 33
44 ERMAEEIRIERLER e 34
A5 IINEE e 36
FRE RIERSEIEIE oo, 37
50 ABBARIRETTE oo 37
52 FREESHIINE TR oo 40
520 ANBEABIITTAT <o 40
52.2 IR EGFE S TR e 42
5.2.3 NI BRI BIIETE oo 43
5.2.4 /NBIIMBRDEEIITETE oo 48
5.2.5 VEKA TI0A i /N AR AL B S 3BT oo, 50
5.2.6 il GH2132 ZEH TR ZF A AT <o 53
5.2.7 mld A A GH2132 AN R AL EE G Z3HT o 56
53 PRFNBE BRI BT IR oo, 59



5.3 L N A T A0 oo e e, 59
5.3.2 /NS AL B 5 T oo 60

S TN e 62
FRNE SHEHMAREMZEEBGRITIEIMIE e, 63
0.1 B TT B R oottt 63
6.2 R TT I E G T B oo, 64
6.3 PO N R R R B T oottt 66
B 1IN et et 70
B B G B oo e 71
Tl R ettt e et et et e et e s eaae e st e it et e et e e e et e e e ereerereeens 71
T2 B oo et e e e e e e e et aaaaan 72
BB T N oo e, 73
AR R RIS TR T F oo 77
BT oo e, 78

VIII



Contents

Contents

Chapter 1 INtrodUCLION .........ccviiiiiiece e 1
1.1 Research Background of Hot Machining............ccccccoovviieiiiiiic e, 1
1.1.1 Research Background of Hot Machining ............cocevevviniencniiniincnieneenne, 1
1.1.2 Electric Hot MaChinIng ..........cccciiieiiieeiiieciieeeite e 2
1.1.3 Plasma Arc Assisted Hot Machining............cccceevieniieiiienieeniienie e 2
1.1.4 Laser Assisted Hot Machining ...........cccccueeiiiiiiiiiiienieiiienieeece et 3
1.1.5 Other HOt MaChining..........cccvieiiiiiieiieeie ettt ie et ereeesaeeneee s 3
1.1.6 Domestic Research Status ...........cccoeoeeiiiiiiiiiiiii e 3
1.2 Research Significance of Electric Hot Machining..........cc.ccocovviiiinieiennne 6
1.3 Research Contents and INNOVALION...........cceoviiiriiienineceee e 7
1.3.1 ReSEarch CONENLS ......eeeviieeiiieeiiieeieeieieiesiee e teeesvee e aeeeereeesebeeesaeesnseeenns 7
1.3.2 TNNOVALION ....etiieeiiieeeiie et ettt ettt e et e et e e eaeeesnbeeenbeeesaaeeennaeeensaeeennes 7
1.4 Brief SUMIMATY .....ooiiiiiiiee ittt 8
Chapter 2 Principle of New Electric HOT Turning........c.ccoeeevveveninnn. 9
2.1 Principle of Existing Electric HOt TUINING.........cccoevi i 9
2.2 Principle of New Electric HOT TUINING ...ccooiiiiiiininieeeee e 10
2.3 Heating Model of New Electric HOT TUrninNg .......cccocevvevviieieese e, 11
2.3.1 Heating RESIStOT ....c.eeiiiiiieiieeiieiie ettt ettt e 11
2.3.2 Fundamental Principle of Electric Heating ..........ccccceeeeveeecieencieeniieciene 13
2.4 BIIET SUMMATY ...ttt et sre e e e neenee s 17

Chapter 3 Experimental Setup and Parameter of New Electric HOT

TUFNING ot be e beenreennes 18
3.1 Objective and ThOUGNT .........c.ooiiiiiee e 18
3.2 The Choose of Workpiece Material ............ccocveeiiieiecie i 18
3.3 Experimental Parameter SETUP..........ccoiiieieriiese e 18
3.4 Experimental Apparatus and Test SYStEM .......c.cccceevieveiie e 20

3.4.1 Experimental Apparatus ASSEmDbIY .........cccceeviiiiiiiniieiienieeeeee e 20

IX



Contents

3.4.2 Experimental Lathe...........occviiiiiiiiiiiiiieceeeeeee e 21
3.4.3 Machining ToOl .......coouiiiiiiiieiiee et 22
3.4.4 Workpiece Material ...........ccceivuiiiiiiiiiie et 23
3.4.5 Heating Electric POWET .........coovviiiiiiiiiie e 24
3.4.6 Heating E1ectrode .........coouiiiiiiiiiiiieciee et 25
3.4.7 Large Current Cable .........ccovieeiiiieiiieciieeieeee et 26
3.4.8 AuXiliary FIXTUTE .....coovieiiiiiieiiecie et 26
3.5 Signal Acquisition Hardware and Software System............ccccceeiiiiiieiinennn. 26
3.5.1 Signal AcqUiSTtion SYSTEML......c.eeruiieiiieriieeiiesieeeteeriteets e e e coreeseaeeneaeeeneas 27
3.5.2 VIDIating SENSOT ..c...eeueitiiuiiriiiieeteeiteste ettt ettt sit et ee st esaeenesaeens 27
3.5 3 DAQ Card.. oo 28
3.5.4 SOTtWATre SYSTEIM ..ccuviiiiiieiieiiieiie ettt ettt ae e e e 29
3.6 Brief SUMMATY ..ottt 30

Chapter 4 High Temperature Hardness Measurement Method Based

on Electric Heating and EXperiment........c.ccccovvevievienvin e 31

4.1 Background of High Temperature Hardness Measurement........................ 31

4.2 High Temperature Hardness Measurement Method Based on Electric

[ L= UL T SRS 31
4.3 EqQUIPMENT T0 BE USEA........oiiiiiiiiiiceeeee e 33
4.4 High Temperature Hardness Measurement Experiment and Result ......... 34
4.5 Brief SUMMAKY ...ocoiiie et e e 36
Chapter 5 Experimental Results and Signal Processing.................... 37
5.1 Signal Processing Methods ...........ccooiiiiiiiiiiie e 37
5.2 Wavelet Transform of Vibration Signal............ccccccovviiieiiiiiieieec e 40
5.2.1 Introduction of Wavelet Transform.........cccccceevevieveiiencieesie e 40
5.2.2 Wavelet Transform and Signal Denoising..........c.cccceevveerveeciienieecieenneennen. 42
5.2.3 Wavelet Functions SeleCtion .............ooovuveiieiiiiieieiiiie e 43
5.2.4 Wavelet Decomposition Layers Selection..........ccccueeevvueeeniieeniieenieeerieeens 48



Contents

5.2.5 Wavelet Transform Processing and Analysis of Quenched Steel T10A

Turning EXPETIMENt........ccccvieiiiiieiiiieeiiieerieeerieeeriteeeriveeeireesteeesbeeeenreessaseeenneeens 50
5.2.6 Tool Life and cuttings of Superalloy GH2132 Turning Experiment........... 53
5.2.7 Wavelet Transform Processing and Analysis of Superalloy GH2132
Turning EXPETIMENt.........cccvieiiiiieiiiieeiiieerieeesieeesiteeesveeeireesteeesbeeesereesnareeenneeens 56
5.3 Wavelet Packet Transform of Vibration Signal..............ccccceviiiiininnnnn 59
5.3.1 Introduction of Wavelet Packet Transform ...........cccooeveeviencienienciiennenen. 59
5.3.2 Wavelet Packet Transform Processing and Analysis .........cccccccieniieenennee. 60
5.4 Brief SUMMATY ..c.ooiiiiiieiiecie et nea e esbe e 62
Chapter 6 Electric Heat Temperature Simulation ............ccccooenenen, 63
6.1 SIMUIATION TARA.......uiiiiiiiiiiie e 63
6.2 Finite Element Modeling and Simulation .............cccccoviiniiinnncenee 64
6.3 Loading Heat Flux and View ReSUITS ...........cccooiiieiieieiieceee e 66
6.4 Brief SUMMAIY ......ooiiiiiicee i 70
Chapter 7 Summary and ProsSpect..........ccccceveieiie i 71
7.1 SUMIMAEY .ttt n e e e ne e n e s e e e nnes 71
7.2 PIOSPECT ...ttt 72
RETEIENCES ...t 73
PUBHICATIONS ..o 77
ACKNOWIEAGEMENTS ..o 78

XI



1.1 mHRTIENHRE =

Bt AR AP AR R A e, AE s Bt HUBGRIE S5 AR5 I TIRZ
(ST N R T U R D b Rt o) I A 01 NS U N T e N
VR ANEEAN . NS . XA AN SR AR R R, i
AN 73 ) /NN 28 i N1 B R B s EQ/ I = 3 B 2 S T
IR DL ORUE TN ok R T o s ™ S ) R A5 5 e L, L2 AT A IR A TG
PN, FE BRI I5E s WO TR AR MEX ARLBEA T DIHI N 1, 2 I
ANV AR ZER o InFADIHE I A CAERARL Al DIAT 5P e st 5 A SR
CAEA A ], o ROl SN AT RREEAT D) (AT R T

A AL A PH A A BRI PR DI B (0 AR A, DR G i S Mg 52
W FEA, AT 5 28 ST RN AR LB i i) H Ko A0 ik
FEA, JTRRUTAERRL AL U4 ks 2 B DT HI I AN TAE, DA Mo DI i Je sl
N, BB AR ARy, S T SRR R IR 2R N AR iR A 2
s[RI DI ER B R s AT ROt R 10 AR R e A AL
%, Hew ) B U220 il B UI) 6 G B an]  2. ARBA I
Ao INATVE T EAAEANEAR L, EAAMT RIOL. S 3 ok, N,
S AL AR E AT A e AR (1 S B AT AT 25 R AR

1.1.1 B EAry s

e AT AT 2R 2 — 8 E A B.C.Tilghman, Ath-T-18904 84T T
PN FRRI IR TR S5 AT 06 52 2 A A1 38 20kt Rk
JG» VFZ DN RS REHME LU o B 7 g AT VI L, X S B A T 2
AU QT 2 AL A5 o 3K AN IR SE R IR0 o o e AORAIE HL R A A A = v
(19 552 o N FEASUJE 1 A B R (5 B 141,

EHAA0FEARA], SEEIVFZ M) TR T I 22K, AT A
(R sk RIS AN EE, DI BRI . 48 S A Krupp A Wl T T — 281
S INARDIHIAE Tk BN H, Krupp® AJEAT T K BRI #5221 56



A i

Bl ZEtbz g5, S5 R R REE % I H.W. Kellett 2 AR B T, ik
W] TGO RCR e — R e SC P B i b vy 1 e A mln A, wT U

BIFTCIRIR A I, Kt 58 P PR A AR o R 2 SR FH A v 1 D70 1) o P58 R 4 Tk 1k
AR, JITRMI FEEARAET, seAh, AT TN 2R

AR50, 6 ¥ CincinnatiBe /R 2 /) FEAT 1 VF 22 INFADTHI 7 TR0
TAE o AbATIAE T R SRR R BN s K . 2 P AR KA A
SKINPATEN . BN, BEAANISE, iRk $130—60HBY [ 4 J5 T T4
FEERHI . BEH). RS 2R%, T InADIHRE RIS, Ik
DA AT AN DI 342 s bRk 25 B eads ] LUAE K T L A3t

1.12 SHEIMHKZEH

IR RS AR 2E A 20 AL 60 FEARHIHE T 3 LA 757 (Electric
Hot Machining), fai#% EHM. H Js B2 44 7] 8 5 A A s Al I S PR 42k
PR T AR T R 5 A A, M r T R— A —H s e, 7 A
55 TAE Dy R o 2 A ek e L, RS A4 AR AT P K PR I I 28 [ v P
BELESF 7 A DR A AR DB 3 Ak . X — IR R 20, In#vg
s PTG, 3 M AR T I R ekt BB e IR 110 7 A AT B e
TR U, TR e T ) — LM RHRIRERE L, e ] ydsb TR B, i TR
i, i S R ] DU A S 0 0 ik P

1.1.3 ZEEFNmAH

LA 70 EARHT, LT S A MR MR, SR N D)
(Plasma Arc Aided Machining), IXFh+7A H 9 [ 5 Se it il o HEA L AR], R
R YA B T OO A A b R B T H DBt (A4 R, X R R B8 U i
BORLE, MEHIEI I LR &, S AU AR DI sl — B ey, gl 145
BT A BB AS B A A A AR, LN 3ok 2 o 55 R vt iR B 4 A el T
SR A b P Hh 2 A A5 8 - 9T T8t 1) A7 5 0, RO = AR 2 i
IS o G ER



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

