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Abstract

The grinding is one of the primary methods in machining ceramics, so the investigations
of grinding force signal have become a crucial subject in machining fields. Based on a series
of grinding experiments about SizNs and Al;O;, some rules of grinding force signal are
investigated by utilizing the multidisciplinary knowledge in cutting machining, materials,
computer, digital signal processing, time series analysis and statistics. These investigations are
in the paper as follows:

The software about digital signal processing is programmed to analysis grinding force
signal efficiently and accurately in view of a large amount of experimental data in grinding
Ceramics.

The characteristics of grinding force signal about Si3Ng and Al,O5 verified by means of
the theones and methods of DSP and Statistics are calm, periodic and vibrated.

The rules of grinding force, stock removal rate studied by changing grinding parameters
in grinding Si3N4 and Al,O; are that the influences of grinding depth are more than those of
wheel grinding speed and oscillation speed on grinding process, and that the chip removal is
finished through the plastic deformation under smaller depth of grinding, but the cracking
plays a great role under larger depth of grinding.

The results of this study about the influence of machine stiffness and grinding pass on
grinding process in grinding SisN4 and Al,O; demonstrate that a machine of lower stiffness
results in smaller grinding force, a lower stock removal, and wheel ADOC in contrast to a
higher stiffness machine. On the other hand, the results on multi-pass grinding indicate that
the influences of machine stiffness diminish as the number of grinding passes increases.

The influences of wheel specifications on grinding force signal are investigated primarily
through selecting different wheels, and the correlation is found between wheel vibrated signal
and grinding force signal in grinding SizNj.

Key words: Engineering Ceramics; Grinding Force; Statistics Verification; Digital
Signal Processing; Time Series Analysis
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Tab.4.1 Experiments of measuring grinding force during altering grinding depth in grinding ceramics
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Tab.4.2 Experiments of measuring grinding force during altering grinding speed in grinding ceramics
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Tab.4.3 Experiments of measuring grinding force during wheel oscillation speed in grinding ceramics
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Tab.4.4 Experiments of measuring grinding force during grinding depth in grinding ceramics
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Fig.5.7 Spectrum of grinding force signal vs. grinding pass at SDOC 10um, wheel grinding speed 14.06m/s,
wheel oscillation speed 1032mm/min, machine stiffness 3 in grinding SisN4 with vitrified wheel
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Fig.5.9 Spectrum of grinding force signal vs. grinding pass at SDOC 50um, wheel grinding speed 14.06m/s,
wheel oscillation speed 1032mm/min, machine stiffness 3 in grinding Al,O; with vitrified wheel
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BUKBRHBIRE. "B BH L. BRERE, RAREBEEETENZ W
OS] sk B R A TRBENBEENTSD, X—EBWHELNEE., HFTREMEN
R, HASEEROEXREDRAIFTA TN LREMERTEYLE . KX EEAFR
GERA, BRI XT SisNg BT T AT LS, A RRE 8% SisN,
M hEmEE, FAESHURIRINESNEBE ESKREE. ME00, 8
% TR NEEHIT SN, BY HESHEREMA.

6.2 RBRFHASERATE

6.2.1 SEIR &4

BEH|SL48 B 7E 5T 1) FC-200D PCD&PCBN J] R B Fi#iTH, REMSmESN| A,
BHIVRIERAMBESNUR. SEREFSRAGTH (BR R ~T495% 1000%. 8000
"), LA RE 6. 1. BERETEMELA Si;N, RS, LEMIEEeEiiir RE 3. 1,

FIX IR E R LR 6. 2. #Rals SN ERHFEE T X250 TR ST
WPDM2000 &%,

K 6.1 KRFMH
Tab.6.1 Experiment conditions

BB O 1T B 5
R EHLERE V, 14, 06m/s
WIIESHIEE V. 1032mm/min

BEHIRE a, 5,10,20,30 4 m
B HIW IKEEHH
THE SisNg
TR~ Z24mm X 8. 5mm X 59. 4mm
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F£ 6.2 WRER
Tab.6.2 The index of wheel in grinding ceramics

e Y=t RS FE W ERR W
Nol M AERE S 120" (Ger) 150mm 6. Omm
No2 RS 10007 (Jap) 150mm 15. 3mm
No3 & B & 8000" (Jap) 150mm 15. Smm

6.3 MR ERW S LR

Tab.6.3 Experiments of measuring grinding force during altering wheel species

gy | BORE | BB | pmay, | BERE BRGS
V., (m/s) V. (mm/min) ap, (um)
Nol
5 NoZ2
Nod
Nol
10 NoZ
SiaN, 14. 06 1032 3 ~o
Nol
20 NoZ
No3
Nol
30 NoZ
Nod
6.2. 2 LRHE

AL FERFREN SiyN, EFITHEHMTHEEFENTN, FEXMET®% M
BEES. SIEBYHNRRARREDRRIE S BY N R B RS, At
ZHTZHIR, EURTRINENEET, SUMT=fmRBHNBE, W% SN,
FEMEETENXR, REHCRYEE. SREABEREI 1, TRHFELES. 3.

6.3 B AR N BRI E RIS

TE/NTIFER AR A4 F 4 BT R M2 RYHT SiN, S KBS, /8 5
B ATHR ATV A B E IR 6. 4 FTR, MBI ERENE 6.5 Frm, £ HinE 6.7 o,
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6. 3. 1 X} 47 8k m] BEHI 5 B vl

MK 6.4 BH, NREERMIPBEHIREEE, BA7:w B #0535 B YR B By kT
K. EEBEIGEEN Sum B/MIERET, BEXN 1000" ERIGEEE 80007 #9-2R|
FURMAMERBE HED, XTEERTHESENR NS, BRBYIGEE
b, PRI BY BN TIEESEER AR, BN 1000° MESRIB
8000° I & RIF B4 B B (a1 BEEI D EoR, IR B R B 020 S A R B/ B 8000 &0
ARREITENN, DRITESBES DR, NEBFRTEL, EENEEY
dum Y, RA & BRI & NIARPHE 0 A7 1 B B N TFREREZS SRN %
PR BALE M BEHI G, TAYEEET, SRMK, XEHTE 1000° B L&RIG TS
LR AR S S FIMP R EE SN SizN, B EHATEEFEN,

HRUNER 4, ZEBEEELIR, BEIREN RSB BT IEA k. WE 6.4
af R, EPVIREZMET, RPEREEXT BN MR mE = B ki

R 6.4 AR EEIRENT RIS B0 B Y H
Tab.6.4 Specific normal grinding force at different grinding depth with different grinding wheels

5 10 20 30
Nol 23. 50 36. 33 58. 83 97. 00
No2 15. 36 56. 60 101. 44 194. 64
No3 21. 65 11. 10 30. 16 40. 33

6.3. 2 Mh Rl B Ry .

MR 6.5 WTLLES), ERAELAHT, RN 1000 HE&NIABH BN Si,N, K
BRGHRHBEBREE K. £PMIE (a,=5um) £4TF, FHELBEEFE 10007 2R
AR BRIME ZBRBDTFHIBE ST TRME 2R, ST RN 8000° 1L
WiAE%e, EMRANENAET, HTREBRBEEAME. MHE—F, TR
H@%%EHU%RT, STABERAIT ZTEEBH (2 MTEZE), BINELENE 6.6
PR EH, 1000" B8 89 SEBr B B vR BN 5T 42 X BEBIGEE, T 8000 b3t A s 3=
ﬁ%iﬁ&ﬂﬁﬂ

6. 3. 3 X BB R J7 L R .

H% 6.7 AT A, RAMES SR IEST SN, EHTBEIN, BNt
BERIUR R R DOTTIY K, SR A T vk r BB h AT BB IR B K, WiZE R
1000" @RI #E AT YR, BEH ) LURE S BN R B T . ANSE 6.7 3K AT L
Fih, KM 1000°ERIADHY SN, MEMTBEE NN, PSSR/ Syl
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Tab.6.5 Stock removal rate at different grinding depth with three grinding wheels

Qw ap
3

(mm’/s) (um) : 0 ” 20

W R
Nol 103. 2 103. 2 103. 2 103. 2
No2 52.6 157. 9 394. 7 552.6
No3 0 0 0 0

R 6.6 FITHIEHIRS 2 SO BRI 32w B H0 B R A L g
Tab.6.6 The comparison of SDOC and ADOC in multi-pass grinding
at machine stiffness 3 with three grinding wheels
5 10 20 30

Nol 4 4 3 5
No2 5 10 19 29
No3 0 0 0

R 6.7 LRERIREIMP AR T REBBY) 5 0

Tab.6.5 Grinding force ratio at different grinding depth with three grinding wheels

tn ap
(um) 5 10 20 30
iR S
Nol 10. 93 4. 32 3. 29 3.2
No2 5. 49 8. 77 8. 56 12. 27

6. 4 #0309 B XT BE W 1 12 B M B 3L 08 4> 4
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6. 4. 1 BH|W®KH=INEFN

EXETREERINESH, BHIFGOTHAR: V,=14.06n/s, V,=1032mm/min, a,
=20um, BEHIRPEA 1000°'HeBASETIERIATR . £/ WPDM2000 RESR A EH BT
HREH SisN, MREAFMEL FTREVRENES, &RIESHNEMAEENE 6. 1
(a) (b) () B, S5H3NESHNTNEHAESHREMRE TR 6.2 (a) (b)
BT

PSS
u I » & A o
a 500 1000 16500 2000 2500
Fraquency
»x 1|:|"‘ PSD
12 |
10¢
at
a b
E !
C 4
2
D - 1 A o
Q 500 1000 1800 2000 2500

Frequsncy
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Bl 6.1 £S5 E NI R ab 30 R 3h A T S s b 5

Fig.6.1 The comparison of wheel vibration in time domain and frequency domain at wheel grinding speed
14.06m/s in grinding and non-grinding with cast iron fiber diamond wheel
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Fig.6.2 Normal grinding force signal in time domain and frequency domain at SDOC 20um, wheel grinding
speed 14.06m/s, wheel oscillation 1032mm/min, machine stiffness 3 in grinding SisN4 with cast iron fiber
diamond wheel

AE 6.1 (a) AILLVER, Th37AEYINNENRESE S NIEE L SE B
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6. 4. 2 PRIEINE S ESER S ESHHEXS

& 6.3 (a) (b) BAIRART SiNs BRI REBH HES M E BN HEE 5058
wENESHRHEXEE. NEPITLEE, SN, MRENES AES 5 REIESZAE
R —EREAMEXYE, FEHEXGESHANELRE, XKW T ShN, BErEY 5
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Fig.6.3 The correlation analysis of grinding force signal and wheel vibration signal at SDOC 20um, wheel
grinding speed 14.06m/s, wheel oscillation 1032mm/min, machine stiffness 3 in grinding Si;N; with cast
iron fiber diamond wheel
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