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1.1 KHIROE=R

BFEIINT &%, B 1-1 (2R3 & 9 ICHRKL (Abrasive grain) , f&A& A (Bond) , & 4L (Pore)
D 3 BERENPOHINLEAEZLEE L THWARENLO—FETHLD. Z oW
1%, —ARAVIZ BRI BE & B oD 7oA & R [EliE S, A U2 A & 2 5- 2 CTLAE
MEBRETLZNTIETH D, Z OB, BARBIZEH LIRS 2 htih ok
T2 Rz U, BROKL 1R 1 RS SndE U NI 24 0 ik 2 & TTAEMZBREL T <. 20
723, GIHIINT. & % LN TRERIFR N S O, BIEIIN T Tl BRSSO HERE &
BT HERBTE DL BRAROHEIE RIS ZWNLTE 5. £z, U &R D8HL 1
B 720 O TAEMBRERDIEF /NS N Ens, YIHINMT & X TNTEEEA TEIC
LVWZELEMTHHO. 2D X DT, MEREENOIMTEEROD I &2t i
1, B 2V A R AN T 2 BR O BRI &N 0, = L TR OIK TR DT
RZ2FEHRTLHZENTE L0, PHIN LTS O EITIES HnbhTng. 51T,
SN T CIXREEMN L TERWE S REEEM N 7 I v 7 213 U &3 D MatEsrE,
REEL = 172 & OREAEL & W o 7o, RIRWEPEHT S L CHEIIN L Chaud A 5 i m La4T
DT LNTE L. ZTDOOHEIINITLE, BEEHGOD L v 7 BT U 7 &I L L
T D RGEMGR S, &S — U8, @M, = RIAREDUHITHE, U ar e
78 E ORI 7R &, FERITIRIA B ORI TICE B L TV 5.

Grinding wheel /,_—

Abrasive grain (= Cutting edge)

Fig.1-1 Composition of grinding wheel
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FIETHBIIMD TR E VOO, Fpbh, Yib—o VIR Ry V7 &y - ONSEA
FEREZH T 2 0E RS D SO0, AREOMEITIEFICHE L <, BUR Tl
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FRRL 1 RIS TAEMIZE VA E 405 i3 um & FEFIT/N & <D, BIHIIN T & e CIEF I
PEDORNERAZ THE LTHWTWA W, RRRLE TIEY O 2809000 52 88 TR &
TREV. 2O OBERBHEINTHIAER T 5720, WFHIE L S 20 TRNCHEE T2
IR AR SRR E LT, FANTHIII LAZITHORWIRY, AFEME B S 2 fiE 5
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UL Z & 2ET 2L, PHHINTIEEWTERE & it bz EB T 52 &
Mo, "EOE EFMTIRSHWSERTWDSIMETHS. LirL—F, iAxTAELLT
MOWDHEE b, A OTIIHN & 72 DAL O TAIRCELE 2R 42 2 & B REERIEN 0 2y, B
Ly Y TR X o TR RINEELT D720, Filz KLy v v 7 &I &0k &
RET 2 OITHE L. S 512, SRR TR O BB Eh S I Bl OBIRRIC K & 728
ZRIET &, FRNCHENE B e TRl 2 2 L AREHCZ LT DL Liedo T, BN
T, BAREREZ EENICHHMNT 2 & &b, it Erf & ZFanc Pl cE 55
ERRD LTS,

Table 1-1 Factors that reduce machining accuracy

Elastic deformation, Thermal deformation, Cutting edge wear,

Grinding wheel i i i
rinding whee Releasing abrasive grain  etc.

Elastic deformation, Thermal deformation, Plastic deformation,

Workpi
orkpiece Grinding burn, Damaged layer  etc.

Elastic deformation, Thermal deformation, External vibration,
etc.

Machine tool
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Z 2 THE BN, Fl L 72— ORI MR IR AR E Z B L, S HIZFE L
FE U 7 R ST RFIAIME 2 AT, B R0 B3 0 &, UFR L& & B E L7l 7' =
T ANVDAIKY 2 2 b—a VAR LTS, AL Nguyen H b, —EIOMA K&
BELIEHERNPOY I 2 b—2a MR VIRAREZHELLCO, ZOMAREIZHED XK
BB KO TR OBMBERE 2 5@ L7 I 2 b—1a VEBEL TN 50D, 72 Aslan 5
CNL, TNETOFELERY, UL OMBETE 2R L7 L 25 LT, ik
BRI B2 TR TV 5. 26 OWEL, FIREBLERND A TRESZICR LB D
D, FOIFE A EITRPMICER LTERAREET V2 W TE Y, A —H5 ORE Tk
AR —RIEA R ZHFHT LN LNEEZOND. £, by Ialb—ard
%<3, IEWITHEMRFR T 0 X LEFNCE P LEIR T A =2 PRZ N LRREE
LTHEITOND. LTeB-> T, SEIERMHIGFMHCEMNT 203 FEFITH LN L2,
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DIRAREOMERBRICESE L I 21— a VBT RELH L0, BADO YD
REICRE SN TWDEAENL . AN R I L 2BET L &, ARz vty
Ralb—varvETIORERGDLEZLAOND. £, TRNETREINTWNDH Y I a Lb—
T a v DL, FFICEMRH AT 0 AEZNE L5 2 L0, FANCHIE % 72 33HES
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Chapter 1
Introduction

Background of the research, previous research, purpose of the research, and organization and
abstract of this paper.

Chapter 2
Proposal of measured focus position recalculation method applying point autofocus
profiling method

Measurement principle of point autofocus profiling method, proposal of measured focus position
recalculation method, and overview of grinding wheel surface shape measuring device.

Chapter 3
Verification of measurement accuracy of measured focus position recalculation method

Verification of measurement accuracy using steel ball, abrasive grains, and grinding wheel.

!

Chapter 4 Chapter 5
Quantitative evaluation of grinding wheel Prediction of grinding finished
surface condition and effect of grinding wheel surface by grinding surface
surface condition on characteristics of grinding creation simulator

Quantitative evaluation of the effect of dressing| [Prototype of grinding surface creation
condition on grinding wheel surface condition, and | [ simulator, and prediction of grinding
effect of grinding wheel surface condition on normal | | finished surface using grinding surface
resistance and ground surface roughness. creation simulator.

Chapter 6
Conclusion

Summary of the results obtained in this study, and future prospects.

Fig.1-2 Organization and abstract of this paper
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Fig.2-2 Relatiaonship between differential voltage and output voltage
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Fig.2-3 Measuring principle of point autofocus profiling method
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Fig.2-5 Measuring principle of measured focus position recalculation method
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Calculation of objective lens height from acquired data

Fig.2-6 Algorithm of measuring of grinding surface shape
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Fig.2-7 Calculation method of focus position
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Table 2-1 Specifications of grinding wheel surface shape
measuring device

Light receiving element

Si photodiode sensor

Type Semiconductor laser
Wavelength 635 nm
Laser
Power 1.25 mW
Spot diameter ¢1 pm (When 100 x)
Magnification 100 x
Objective
Movement range |10 mm
lens
Resolution 0.01 pm
0.01 deg.

Resolution of rotary encoder

(When 4 multiplication)

Resolution of Z-axial direction

0.5 um

YLZ

Motion direction of
Y -axis
(Manual drive)

Rotation motor

Laser probe unit

éﬁ AY\
@\::

Z-axis motor

=

Motion direction of
objective lens

Motion direction of Z-axis

Rotary encoder

iy , 2
2
B I
-IJ-_ tH:‘-& Objective lens
—
> T
- 5 Measuring object
1 N (Grinding wheel)
\
300 mm |
532 mm \\

Fig.2-8 Schematic diagram of grinding wheel surface shape measuring device
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Motion direcm
;. objective lens

Surface plate Linear scale of Z-axis 7-axis motor

(a) View from front (No measuring object) (b) View from back

suri ; P . Motion di
Measuring object g B e
(Grinding wheel, % -
When ¢100 mm) i % (Manual drive)

“Motion direction of Z-axis
(c) With grinding wheel (¢180 mm) (d) With grinding wheel ($100 mm)

Fig.2-9 Photography of grinding wheel surface shape measuring device
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Fig.2-10 Setup of grinding wheel surface shape measuring system

Vibration isolation table  Insulation case

Fig.2-11 Photography of vibration isolation table and insulation case
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3.1 [FL®HIC

AIEICC, IRARE &2 S E P OmAERICHIET 2 2 & 2 AN, maEimal sz ik
MUTERERMERITEL WO MEEZRRE L. £ LT, ZOMEEEZEBRT L7290
AR EEORIEAIT o 7.

ARETIE, B LEERE S ERHEOGIEZH LT 5720, AR T
PRER & BEBERRRL, 2 U CEBROBA ZRIE LIZRERN G, ARREEORERE OMGEATT -
TefE ROV TR B,

3.2 HHBKAIEIC &L DFEERELE

3.2.1 KEEAE

R L E RS R AL ER EEORERE Z G 272012, £ 3I3RIRA B2 TR
DN 5y TR SHER DI E %2 5 T

B 3-1 (S ERTANE OMERS X 2=, SERIE, [EAE 500 pm & FEFIT/NSWART Y O
K R— e Wiz, MEITERFEZ 0 L2 SUl2 Th 5. %7z, ZOHMEREIRA
W ORRRLIZ RASL T D728, HHERZ (100 mm O FAZOHMERTIZ 1 ERL D A+HHRIE 217 - 7=,
Z UC, HIE U7 R oo FE J5 1) & 72138 5 16 0 IR eWrim IR 7~ &, ek DB 2 B4
5HZ&T, WEREDOHIEZIT T2,

7% 3-1 \[CHER O P E S 2 n T, PIESRME, A JEHE 3.1 m/min (10min) & L, &
ERPHILM)E M 2.1 mm (2.4°) , WEHA 0.7 mm, B AHM352um & L. £/, FHIE
fIFRIZ M)A 1A 8.7 um (0.01°) , BEJF AN 6 um, I HMIZ 4um & L7z,
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Flange of grinding wheel

Metal disk

Steel ball (S¢0.5 mm)
(Pasting with adhesive)

Fig.3-1 Measuring method of steel ball

Table 3-1 Measuring conditions of steel ball

Steel balls for bearing

Type (Pasting on metal disk (¢100 x
] ] 10 mm))
Measuring object Material High carbon chromium bearing
steel (SUJ2)
Size S$500 pm
Peripheral speed 3.1 m/min (10 min™")
Circumferential | Measuring range 2.4 deg. (2.1 mm)
Grinding wheel direction Measuring interval |0.01 deg. (8.7 um)
measuring Measuring range 0.7 mm
I Width direction
condition Measuring interval |6 pm
Depth direction | Measuring range  |352 um
(Objective lens
Measuring interval |4 um

height)

22T, RHEREEITREN S 2 FR S CET 5720, B 3-2 12T X 5 ICHEs
I ORERIRIL, MEGMORNEAES = &imEsT LG mOERE » 2ARERRE LTH
HEND. BESEENC LY TEMEZBRET DA ONE TIE, Zo X 5 ICHIEMEoL Bl
HULJ7 1R DB r THRIUE D 2NEE)ToH 223, SHERO ERE 2 3l § 2 L TIZREN4C
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ZLT, X, Y 8K DK (x, i) ZRNEFA L L [BlERH LT M O FEEE 7

EEXE LT,
MOEMETHE, WA THRTZENTEXD.
(3-1)

(x,,,)=(r-sin6,r-cos6)
SEERERITIEMT % 2 & T, SHERORENE

5IHEAS

HHER OPUTE TIE, RS & AR R 0 5

EAET 52 82T 5.

AY
: SwdbmuMmSmm)

o
/// //
Measuring area of
N depth direction

Metal disk (100 mm) Measuring area of
circumferential direction

Fig.3-2 Processing of measured result in the circumferential direction

3.2.2 fEHER
33 10, WIS D AR OO TS % KMl R 16, BB 71070 & R ko sak &
R 7, WEROTESO® S2 250 um 107425 £ 5 10 &R LTH Y, ERPI 2R
HARTER RS R LTS, [EY, MEHD D Ri-R@)F L OMEH 7 5 LR (b)
L,

TITIRER O BRTIR E PIERE RS —FH L Tnp 2 en
D INBBERIZIR & OFRENBEL THDLDHNRD

WTEDH. Lo

&b, TR

HER DTE R B 8 S HFIANT 125 um Bt 7232

5. ZOMED L—Y L MEMSRYOBERAZTHT DL 60°ThHo72. WolX D, M
THRICX kO ERER B Lz

R 60 °LL EOREHT (M DKER) 2FRE, K
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Z A, MEFmNG /7K (@) TiX 498 um, RS2 6 BK(b)TIL 497 um & 72 o7z, FE
BROERILEARE 500 pm T D DK LT, PEBRITE T/ NINWE TR Z D, & 3-1
K0 MFET R L O OREMMRIZZEAZI 8.7 um & 6 um THD. FEEEOHER & HIE
FEROBREITENENRERRU T THL I L EEBETH L, HEDHKHTHLE VR D
7o, BELUEAMEEIC LD #RZ EREEICHETE TWD Z EnbnoTz.

£ 300
2 250 -~
2 200 f 60 ° 125 pm
9
£ 150 f ’ \
o by
= 100 | S |
) so |+ Measured result \
2 N - Theoretical shape b
E O 1 1 1 1 1 1 1 1 1 1 1
-300  -200  -100 0 100 200 300
Circumferential direction pm
(a) Cross section of the steel ball in circumferential direction
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@) 50 L /| Measured result \
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0 1 1 1 1 1 1 1 1 1 1 1
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Width direction pm

(b) Cross section of steel ball in width direction

Fig. 3-3 Comparison of measured result and theoretical shape in steel ball

X 3-4 (2, SHEROTES S SHFANC 125 pm £ TO =iz rd. KEv, =K
TCARIN S BTH, SERORIKIIR Z S EICHE TE TWD Z PR TE 5. HHE
WP BICAZ L&A HLH05, £3-1 K ES HMORERMREIL 4 um THY, HEMRE
SIS THZET, LEKEWERICRD ETFHRINS.
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Fig.3-4 Three-dimensional distribution map of steel ball

3.3 WEHEMDAE(C & HREREL
3.3.1 REEAE

WIS, BEHERRRLO =R STIRR OMIE 24TV, MIERSE OMEEZ 1T - 72

B 3-5 12, MIEIC ARk & A AR E T-BMEE (SEM) (H A 78 JCM-5700) C
W Ll 2oRd. WEERRRIC 1Y, — RIS A A VbR TW A AR T LI T
BRI WA &8 (A7 L X FRRRL A, #kERAb S A FRERRL GC O 3 FEfEZ VW@, Z 2T, WA
IXEAE DT LI F (ALOs) RORKIT, 2K &L L THEAE I FEV OB THY, AlX
T FICEET # =0 ARIRIESNTZARRLC, 2R E L TRABAaORKSRTH Y, GC Ik
b7 A4 3BE (SiC) ROKLT, BEE L TREALZH P TWOREmDAH 5. 2D X 5 ITHE
BLOERD R DI I T, EREICHIE TE 220G Lz, £72, BRIk IE
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ARTHOEO (RRRLTEYPRIE 250 um) % VW=, b ORIz, Ko X ) ZE#Es Gz LT
1 ERRIT D X O ICELE L, SHERHIE & [FERIZ$100 mm O g FIZAE 0 T RIEZEIT - 2.
2 32 [THRRL ORI E S 2 /3. WESIEE, A JEHE 3. 1m/min (10 min!) & L, £
TERFIZME JFm 11.5mm (13.2°) , MEAM 1L.5mm, &3 5Mm400um & Lz, F7z, &H)
FEFFRIZFE 5 W 8.7 um (0.01°) , BEGTIZ 10 pm, & S HAIZ 5um & L.

White fused alurhina Regular fused alumina  Green sili&)n carbide
WA60 - : / GCo0 |

" Rotation direction when measurement
j =

1 mm
i

Fig.3-5 SEM image of abrasive grains

Table 3-2 Measuring conditions of abrasive grains

Abrasive grains
* White fused alumina “WA”
*Regular fused alumina “A”
Type " PO DA,
Measuring object *Green silicon carbide “GC
(Pasting on metal disk (¢100 x
10 mm))
Grain size #60 (Mean grain size 250 um)
Peripheral speed 3.1 m/min (10 min™")
Circumferential | Measuring range 13.2 deg. (11.5 mm)
direction Measuring interval [0.01 deg. (8.7 um)
Meam-lr-lng Measuring range 1.5 mm
condition Width direction
Measuring interval |10 pm
Depth direction Measuring range  |400 um
(Objective lens
height) Measuring interval |5 pm
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3.3.2 EHER

B 3-6 |1 WAG0 D =IRILa X OFER %, K3-712 A60 DfER %, K 3-812 GCO60 D
oy [X43-6~3-8 KV, ME I JOEBRD 72 2 BRI ) LT, EORIERR S SEM
BGOSR E FEFICE L B L TWBZ EBbhb. bbb, BEMEOBKI L
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(a) Three-dimensional distribution map (Measured result)

(b) SEM image

Fig.3-6 Comparison of three-dimensional distribution map and SEM in WA60
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200pm
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Fig.3-7 Comparison of three-dimensional distribution map and SEM in A60
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(a) Three-dimensional distribution map (Measured result)

(b) SEM image

Fig.3-8 Comparison of three-dimensional distribution map and SEM in GC60
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3.4 WRAEICKLDBEIRL
3.4.1 RELAE

RBIZ, WA O =RITTAROWE 21T - 7.

BE LA IE, B RY 77 A RiEA WAG0J7V (85x10mm) TH 5. BRI 774 K&
[EE, EaarlasEmad L7 AEOMAHIZFHALIZIRADZ &2 H®,
ARIEBRTIL, FirbFEE (BRER T8 GS-30PFNC) 128V, BHAX A YEL R RL v &
WY I—A T DI LT iA 2 HIE LTz,

2 3-3 [T OBIESRM 2R3, WIESME, A EEE 32 m/min (12min!) & L, 2
TEFPH XA B 5 Smm (6.8°) , EH M Smm, &S 5H300um & Lz, Fi2, FHE
R LA Y E 5 1A 7.4 pm (0.01 °) , BEJF AN 10 pm, & S A 10 um & L7z

Table 3-3 Measuring conditions of grinding wheel

Type Vitrified wheel (WA60J7V)
Measuring object
Size ¢85 mm x 10 mm
Peripheral speed 3.2 m/min (12 min™)
Circumferential | Measuring range 6.8 deg. (5 mm)
direction Measuring interval [0.01 deg. (7.4 um)
Meas1.1r.1ng Measuring range 5 mm
condition | Width direction

Measuring interval |10 pm

Depth direction Measuring range 300 um
(Objective lens
height) Measuring interval |10 pm

3.4.2 IHRHER

B 3-9 12, HE LA REBIRO =ZWoeofmXzrd. ok, BRAOENE%E 0 um &
L, BEAHLIZADD TEICADHEE 25 X9 LT, AIETHRRZE 9L, B Y7
7 A AT 7 ZAEOREEHNZ > TODHME E, IAREISIEREHRTEY, L—F
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TOREIZIB D TIELN B L HTENEHE L WG, LavL, &Y BRRLO M50 BUEA
AR TE D, £ 2T, KAERRDOZYLMEZ W9 572012, CCD AT T LT
AR L AT o 7.

X 3-10 |2, CCD U A 7L DA RmERZ =T, 2k, HR LT VX S 3-9 OH
ERIZ, BMARFOELHOHMZERENA 7 2B L Th D, X 3-9 OBAHIERF L X 3-
10 DR BONTARAORETH AT 5L, ZEH L TR ZRE L HETE T
WL ZENDND. LLEDORREY, MELZAEECIVHEDH LW E N 7 7 1 Rk
AORMEPKRZSRBEIZHETE 5 Z LR LNE o7z,

ABFFETIE, CCD WA ZIZ K DMAREEIE & DHRERZ T L0, mSHHOH
ERPAZ 300 um EJR< L7and, BH2 BTl E Y, MAFERMRZFET 5720
X, RARBEPOE T imBEOESETRHEZTNI+STHD. £z, &I HRORAE
MRH I BIT/NNSKTE22LET, RVERERNELFERTLILENTED.
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Fig.3-9 Three-dimensional distribution map of grinding wheel surface (Measured result)

Width direction of grinding wheel (5 mm)

. o ¢ 7 »
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Fig.3-10 Image grinding wheel surface by CCD camera
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Fig.4-1 Dressing and truing method using diamond dresser
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L, =ta (4-1)
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(b) Grinding wheel surface shape after dressing (One-way dressing)

Fig.4-2 Schematic diagram of dressing using single-point diamond dresser

46



4.3 MWRAEGROLE
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Depth direction pm
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Fig. 4-3 Three-dimensional distribution map of grinding wheel (L, = 0.5mm/rev, ts = 20 um)
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(b) Calculation of run out component by least squares method
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(c) After correction of run out

Fig. 4-4 Correction method of run out
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ZIT, BAREOEECONWTEX D, EHDPKGE LICRER, a2 T/EMITES) T
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Fig. 4-5 Definition of grinding wheel surface
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Fig. 4-6 Three-dimensional distribution map of grinding wheel after correction
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Grinding wheel surface (Measured result)
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Fig.4-7 Evaluation method of dressing by projected grinding wheel surface shape
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Fig. 4-8 Projected grinding wheel surface shape at L; = 0.5 mm/rev with different angle &
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(a) Definition of depth from grinding wheel surface

Abrasive grain cutting
edge spacing L;
| | N3, A3 Na, As

- Ns, As
S o =8
3]
IR D 5 i W N4
-t \
5 2,
= > Width of abrasive grain cutting edge

Abrasive grain cutting edge N N, A2
Abrasive grain contact area 4; (Area of hatching)

Circumferential direction
B —

(b) Definition of abrasive grain cutting edge, abrasive grain contact area
and abrasive grain cutting edge spacing

Fig. 4-9 Schematic diagram of grinding wheel surface
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TERRIEIAL T B pl T,  HAALIEAE Y 72 W ICAFAE S D ARRIEIN I & B L, ARRIEI FIHREL
N % ZHIEAE 4, CThr3 2 & ¢, @3 XV EHTSH. 22T, aZMEH R 360 °H|
EUTGE, FHMERE A, XREAER D & BANES [ OREFPE Wb aDw L EFRT D Z
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= e— = 4_3
p a0 4-3)

4.4.3 BAEMEEEOESE
PER A Rl T, IRAERE IO LTSk OEEfhd~ 2 mEN S0 288 L EFR L, Rk
PEfRR TR A 2 MRS A, TR 2 & T, R@-DICLVREETS. 22T, ki %

JE LR T < AR A, (ZH 711 360 RIE L72BE, DWW EERT LI ENTES.

q:%x100=&x100=%x100 (4-4)
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4.4.4 EHUVNAMROEZ
HH U AN a 1%, PRI FFENREE R L, RRIEIN A FEREORF L % (kL
PN RE N T4 2 & T, R@-5HIZkvEHT 5.

gl EL (4-5)
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4.5 ZFEEBAE
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Ly Z%OIRAREZZTERSED Z L2 AIS, b T X—=ZHIT 1 [BOYLAR 2
um 7O EF 10 um RERZAFE 155 mm’) & L7z,

A ORE, EMEIZ ORI —RARmZ0E L, #

MIZ 2 mm, S HFMIC S50 um & L7,

ERPHIIH R I 360 ©, g

Table 4-1 Experimental conditions

Type Vitrified wheel (WA60J6V)
Grinding wheel
Size $167 mm x 19 mm
. Surface grinding machine
Machine tool [T
achiine ool 1 1ype (KURODA GS-30PFNC)
Dresser tvbe Single-point diamond dresser
typ (1/2 ct, Shank diameter ¢12 mm)
Dressing Dressing lead Ly 0.1~0.5 mm/rev
diti
conarton Wheel peripheral speed Vq 1800 m/min (3431 min™")
Dressing depth of cut #; 20 pm
o Wet groove grinding
Grind thod .
rinding metio (Plunge grinding)
Pass number 2 pass
Grinding Workpiece Plastic mold steel (NAKS5)
diti
conaiton Wheel peripheral speed Vg, 1800 m/min (3431 min™")
Setting depth of cut a, 10 pm
Table feed rate V,, 4.2 m/min
Wheel peripheral speed Vgm 13.1 m/min (25 min™)
Circumferential | Measuring range 360 deg. (524 mm)
Grinding wheel direction Measuring interval [0.01 deg. (15.7 um)
measuring Width directi Measuring range 2 mm
o 1dth direction
condition Measuring interval |15 um
Depth direction Measuring range 50 um
(Objective lens
height) Measuring interval |1 pm
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Fig.4-10 Three-dimensional surface shape
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of grinding wheel (Each dressing lead Lg)
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4.6.2 FLYSUTEDLER
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(a) Dressing lead L, = 0.1 mm/rev (b) Dressing lead L, = 0.16 mm/rev
> Dressmg pitch P=0.2 mm > Dressing pitch P = 0.3 mm
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n

25 o
.P%E -5 \/\/
.o

20t
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-15 L . -15
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Width direction pm Width direction pum
0= 0.022 deg. (Calculated L, = 0.2 mm/rev) 6= 10.033 deg. (Calculated L, = 0.3 mm/rev)
(c) Dressing lead L, = 0.2 mm/rev (d) Dressing lead L, = 0.3 mm/rev
. > Dressing p/itch P=0.4mm > Dressmg pltch P 0.5 mm
g 5 0 o g g 0 Mok
3 £z S
[ [
=2 -10 =2 -10
-15 ' ' ' ' -15
0 400 800 1200 1600 2000 400 800 1200 1600 2000
Width direction um Width direction um
0= 0.044 deg. (Calculated L, = 0.4 mm/rev) 6= 0.055 deg. (Calculated L, = 0.5 mm/rev)
(e) Dressing lead L, = 0.4 mm/rev (f) Dressing lead L, = 0.5 mm/rev

Fig. 4-11 Evaluation result of dressing groove (Each dressing lead L)
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4.6.3 FLyIrJY—FEBAREKEOER

Ry 7Y — R LiZBWT, ZIEIRRRIEIIL N pls L OMRRI #Efl iy,
BRI ARG a, 1 Bl A Y720 OEfitEffes FiH L2175 7.

4-12 12, BRRIOINAEE p IE RN D OWS h OBMRZ RS, KLV, aFmm
BIEL 2 BIZONTED Ry 7 U — K Ly l[ZBW TR R FE pl 38 N3 2 {6
FNZ8 D 2 ENbNE. TIUE, BEAREDDOES h BEINT 51250 T, BEREIMH )
LTS ZEERLTWD. L, h=20um 23K £ Ry v 7Y — K Lyl
FRREDOEIZIR L TS Z &R bnd. ZhlE, AFEBRO NV vy v ZHAR 14=20 um
DD, h=20um 2T NEE R Ly U T DBEBN DI bzt E2 b5,

=
SN

o]

o

Abrasive grain cutting
edge density p edge/mm?
N

[\

0 2 4 6 8 1o 12 14 16 18 20
Depth from grinding wheel surface # pm

Fig. 4-12 Relationship between abrasive grain cutting edge density p
and depth from grinding wheel surface %

4-13 12, FRRIEEMERER L IR G R E D OWES h OBREZ R, KLV, BB
B pL [FRICIRARE N DR R DHIZ5NT, EORL Yy 7 ) — R LBV THARKL
PEREAE R TEIN L TS 2 R 0nD. L L, BRREIN AEEpiX h=20 um (2185 <
EE R Ly 7 ) — B Ly ZRIFRE OEICIE LT OISt LT, ARk Bl AR gl 1%
ZOMMIERA SR, UL, BARED O OTRS h EEINT 212230 TRRRIEI L A 1
M2 HDO0, FilZBA TR T ITEMO A TH Y, #ih3 2 WIS/ SWZ &N E
EEBEZOLND.
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Abrasive grain contact

4-14 |2, HEHEUIN ARG a CIRARENDOES h ORFRZRT. KXY, EAEH
MBIRL 72 DIZONTED RL w7 ) — R LAZBWTH RN NG o 13035

M H D Z LD, ZhuE, AR D ORI DHINT 5204, HRhLEI K OfH

area ratio %

12

0 2 4 6 8 )l Q;: 12 14 16 18 20
Depth from grinding wheel surface 7 pum

Fig.4-13 Relationship between abrasive grain contact area ratio 7
and depth from grinding wheel surface %

BN 5 2 & T, BARIOIA N H ORI LRICES R 570 Th S,

Successive cutting-point

spacing ¢ mm

30
25 | L, = 0.4 mm/rev
0 | L,=0.16 mm/rev
L,;=0.1 mm/rev

15
10

5 -

O iy T .

(e
\]
aOF

6 8 10 12 14 16 18 20
Depth from grinding wheel surface # pum

Fig.4-14 Relationship between successive cutting-point spacing a
and depth from grinding wheel surface 4
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4-15 12, 1 U RNH7- 0 OBfilEfEe L SART D ORS h OBFRERT. KLY,
AREDHIRS RDIZONTED Ry 7Y — K LIZBWTH 1 U Y70 o8
il R T INT DM H D Z LB bnd. UL, IREREND OERS h NHEINT 51T
DT, BRRLEIN RIS O/ S WEEE D IR &2 [ZHE T S SN 2720 TH D &
Bz bhd.

—
[\

L,=0.5 mm/rev
L,;=0.3 mm/rev

—_
o
T

o]

I

[\

Contact area per abrasive grain
cutting edge ¢ X 103 mm%edge
(@)

L,;=0.16 mm/rev

L,=0.1 mm/rev

0 2 4 6 8 i Oj 12 14 16 18 20
Depth from grinding wheel surface # pm

Fig. 4-15 Relationship between contact area per abrasive grain cutting edge &
and depth from grinding wheel surface /

ZZT, K412, 4-13, 4-14, 415 XD Ry 7 V=R L DEWIERT S L, £h
ZHRERRIEN I T pdo K OVRREE AR R K, ELHEUIAL AR o, 1 Bl H 272 o#fibin
IR HEERLTND I EBERTE L. T2 T, Ly 7 U — KL OEEICS
WCRHMIE S 5728, JEMNTHIRFOR EVIAR a, R T, BCARED S OERS h=10 pum OFEFR
(X 4-12, 4-13, 4-14, 4-15 FORGRCHAZERT) & HF L Tz ir- 7.

4-16 |12, BEAERNDDOHEE h =10 pm TOMRIEIIN NEE p & MRk E Ry, H
febl AR a, 180472 ) OO BfR 2 <4 . KK Y, Li=0.1~0.16 mm/rev
T, Rl 7 U —FR LRI WVIE ERRRIYIAL N pds S ORI fih i F =8 pl 3>
L, EHYIAHNRERE o 3IML Wb, —F, Le=0.16~05mm/rev TiX, KLy 7Y
— R Lg SR EWIE ERERIYII N pks K OBRRIEE AR AR gl 38 LU, #EE8I NG o
XD LCnd. Lo T, Ly=0.16 mm/rev (fHTZBRIZ, Nl w7 — R LD
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WAEAREICKIZTTREN L L b e HllsnD. ZORKRE LT, BaX A '
R RV OEMRBRBEEL TWDDOTIERVWNEEZT-.

10 — 7 &

Depth from grinding wheel surface # = 10 pym N g
0]
L 4 ==
o 9 , 6353
& g Contact area per abrasive £ . o
Eo 8 grain cutting edge ¢ 15 282 g

=5 g &7
53 S o 8 %
E Q 7 B . ' 4 6 E "c% —
£ Abrasi . . s a o X
& > . rasive grain cutting = o

ez 6 edge density p 13 825w
% O : ’ SEQ S
8o o . . TP SO
S e 5¢ Abrasive grain 12 & 3 5 O
< s o~ contact area ratio 77 o > g %D
L A s o SO J ‘R B o &
4 = - —— En| 1 é §Q 8

; . Successive cutting-point spacing a 0 < 2

0 0.1 0.2 0.3 0.4 0.5
Dressing lead L, mm/rev

Fig. 4-16 Abrasive grain cutting edge density p, abrasive grain contact area ratio 7, successive
cutting-point spacing a and contact area per abrasive grain cutting edge &
when 2= 10 um

4.6.4 FLyYOEREMIEESEAREKEORER

B 41712, FLy U TR LIEEAZY A YES R RV y FORERIREZ, CCD 1 A
T T LIl 2y, 0k, g LIC R Ly VBB LERIC A A FERTY A 7 u 27—
NERE T HZ LT, FLy VW REVROWMEZITo7. £, KRERO Ny v LA
BlX=20um O7=%, KL oM S 20um OMEET TR NL vy v ZIERT 5. £
ITC, ARy U THEANMIRY L KUy Vi 6, R o3 Emns 20 um ONLE
D R Ly Y OMEF g W, 25 L.

K422, B L FLy FOBaEAE w, of R 24, Fry¥imE, Fryy
VI EITO TN T T A 720, F Ry v 7 U — R Ll kb Ry Y oasE
filihg W \ZIZZ D DIENIH LD, RBRICEREITT Ny 7 Y — R Lyi=0.16 mm/rev
TIE R Ly ORAEANE W3 b - & b REWVFER & 72D, IAHAIEIL W, = 0.165 mm

64



Lipolz. ZOfIERL Yy Y7 Y — K L LIZERBEOHEE 2o TND Z Edbnd.
ZORH L FUy Y OB HEIE W, 2 B8 T 5 L, ERasEiE w, LT Rry v
Y —=R LaBREVWHEE/NSWEET, Ly v 7HORAREITITENDBND &
EIob.

Grinding wheel contact width #,  Tip of dresser

FDressing depth

~ of cut (¢ = 20 um)

Fig. 4-17 Tip shape of the single-point diamond dresser

Table 4-2 Experimental result of grinding wheel contact width of dresser W,

pry———

: / \
Dressing lead Ly 0.1 L 0.16 I| 0.2 0.3 0.4 0.5
mm/rev ! [
inding wheel contact | '
erndlngw eel contac 0.132 |1 0.165 || 0.138 | 0.143 | 0.127 | 0.119
width of dresser /; mm e /

K 4-1812, KL v v 7 U—FK LOEWNIEIT 2EARBOHAK 27T, KL ydo
R e W, K0 /NS W Ly=0.1~0.16 mm/rev DFE, IRARMEIIK@QD LI T L v
YOWERENRTET D X0 ICAIRENS. ZoE, Ly v 7 U — R LS nEs
FLy o 72X OMMNENRIR SN D720, fREL TRy 7 =R L
REVNE ERRRL TR EE pds L ORI SR AR pl 308> U, e bl IR o 13384
HEEZOND. £, K411 O Kby Z7#EFHE LR D S, Li=0.1 mm/rev O
H Ry VU TEREDEP SO, Ly U ZiERIENR TS LEZETRLy v
TIENELS oo e e TH LN TE S,

ZHICH LT, Rl ORBAHANE Wy XD KEW Li=0.16 ~ 0.5 mm/rev DFE, A
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KEIHOG)D LI Ry ZIERIENTHT 22 R Ry 7 & LIIRRE &
Y, YN—ATEBNED. ZORE, Ly U =K LiBRENNIEY L—A
TN FRDH T, BRRIEIIVHE E pfs L OMRRIEEAR AR i3I0 L, Eise ol AR a
TP T 5 EEZRLND.

Large <« Dressing lead Lq —  Small
Decrease «— Grinding wheel surface — Increase

fﬁnding wheel i

Grinding wheel surface = Dressing surface
(a) When L is smaller than grinding wheel contact width of single-point diamond

dresser (Lqa < Wa)

Large <« Dressing lead Ly —  Small
Increase <« Grinding wheel surface —  Decrease

Grinding wheel
Ly L
\ éDresser / é

Grinding wheel surface = Truing surface

(b) When L, is larger than grinding wheel contact width of single-point diamond
dresser (Lqs> Wa)

Fig.4-18 Schematic diagram of grinding wheel surface for different dressing lead

Z O RE OB FHIBIR LK 4-16 OFER AT 5 &, BN —BLTWDH70,
NL w7 — R Ly D1 THRLEIIL R B pdo K ORI gy, dfeblau ) bR
alZEWSNAECTERNE, Ry 7 U—FR Lk Rb o OMaEEfE w, 0228 <Th 5
ZERbhol.

F72X 416 OFEFR LY, Li=0.1 & 02mm/rev IZEE T2 &, MBI NEEplE La=0.1
mm/rev DIE 2 NBREZNDOIZxE LT, BRRHEEAREAERE L L = 0.2 mm/rev DT D DR E WK
R oTWDH. ZOBEBEE, 1O HAYT Y OEEfitEfEac 5 35 &, Li=02mm/rev T
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X R Ly U ZHERILEOTHRR L, Y v—A » THPFED 128, BRI AN ek 03
L7720 11U YT OEfEREaIRE <25, —J, Li=01 mmrev TIEFL v
JWRENTWST D LT, Y—A U THIFFEL V. IHIZ, Ry Ik ik
(228 H L 72 ARRIEI N M T HE OB el R 2 TR T2 2 & C, 1 BI A2 72 ) oo Bfiuin
¥ Li=02mmirev KV /NSL< polcdBEZ2 NS, T7205, Li=0.1 mm/rev Tl ALk Y]
NHRNBEEpRRKE L IR0 ToDIZH LT, MRRHEMEREEL Lo = 0.2 mm/rev LV /hE <72
TZDi%, BRRIEIN A DSESIER DENNEE L TWD Z E R LN LR o7,

LLEORSR K0, BARRIRIEDZEA 2 BRIUIN N L p & BRI iRy, Eblh
HEWE a, 1WA YT7- 0 OBflHEEAC LV ERNICGTHICTE 5 Z L ¥bholz. 61T,
ARmREBII N Ly 7T — R Ly & Uy P REIROBHRIZ L 0 Z2{b5 5 2 & 2352
BRIICHA D & 7e o7z,

4.7 FLyYERBKOEWVHIERRAICKITTEZE

4.6 HIOFRER LY, BMAREIREII NV vy 7Y — R Ly & N Uy S O EEARE W, D
BRICE W BT B Z L Bbholz. 22T, Kby OMAHEAE w13 KL v ¥ 0 J
BEREN LT T D L BT 52 TSN D. 34bb, ML RLy U 7E&ETH-TH,
BIZITRBEA DO N Lo EEERENEIT LI B Ly 3T, AR TRENRE
fb35LExNS. 22T, BWEBENELTE Ly Z2HNT, AL Kby 7y
— N La zZBATEREIT -T2, 2B, EREFMIETER 41 LELCTHY, LTI
DA 2 PE LaHh 217 > 7-.

B 4-19 (CHRARE DD OERS h 13T D ARRL O N pd Btk 2, X 4-20 |ZRRRLEEfi
HAERpDORMRZ, B 4-21 ([ZEG ARG o ORIREZ, B 4-22 12 1 SR A2 720 o
DR E TNEIURT. ZNENK 4-12, 4-13, 4-14, 4-15 OFER L ZT 5 &,
RARENODOWS h I L, BBOAR T THLIN, HE Ry 7 U —F Ly
DRRIZIRe > TS ZERERTE D, £ 2T, 4.6.3 HERRICIEVHIR O EULA &
a, EAIL, BCARINDOWS h=10 um OFER (X 4-19, 420, 4-21, 4-22 FORHR TR
ATETERT) P L T 21T o 72,
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L,=0.5 mm/rev

—_
(e
T

N 0

Abrasive grain cutting
edge density p edge/mm?

L;=0.2 mm/rev
L,=0.3 mm/rev

0 2 4 6 8 1100 12 14 16 18 20
Depth from grinding wheel surface 7 pum

Fig. 4-19 Relationship between abrasive grain cutting edge density p and depth from
grinding wheel surface # (With dresser wear)

12

10 r

Abrasive grain contact
area ratio 7 %
N

L;=0.3 mm/rev

(]
0 2 4 6 8 o 12 14 16 18 20
Depth from grinding wheel surface # um

Fig.4-20 Relationship between abrasive grain contact area ratio 7 and depth from
grinding wheel surface 4 (With dresser wear)

L;= 0.4 mm/rev

L,=0.3 mm/rev
L;=0.2 mm/rev
L;=0.1 mm/rev

L;=0.5 mm/rev

spacing @ mm
—_ —_ [\
S 9] S

T T T
jo

Successive cutting-point

(%)
T

---
Qo @O

. —
0 2 4 6 8 0ol 12 14 16 18 20
Depth from grinding wheel surface 47 um

Fig.4-21 Relationship between successive cutting-point spacing a and depth from
grinding wheel surface 4 (With dresser wear)
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:‘)"Né 10 L,= 0.5 mm/rev

> ==
'z 5 gl L;=0.4 mm/rev o -
IVICN o O -

S = L;=0.1 mm/rev o< = A
=X 6 L (.09 - Y Seuid
% % \or {01 Y =2

S %4t AN, a AT

=8 o o A

g %D 5, | - - :’51‘:' 1I:tF L,;=0.2 mm/rev
= et S s N w e n n i b L,= 0.3 mm/rev

O 8 O 1 1 1 1 11 : 1 1 1 1

0 2 4 6 8 110; 12 14 16 18 20
Depth from grinding wheel surface 47 um

Fig. 4-22 Relationship between contact area per abrasive grain cutting edge &
and depth from grinding wheel surface /# (With dresser wear)

42312, BEAERNDDOHESE h =10 pm TOMRIEIIN NEE p & iRk iE Ry, H
febI AR a, 1 SN HAYE 720 OEflmfEeDBRZ <7, KLY, Li=0.1~0.3 mm/rev T
L, R 7 U—NR L BREWIZ ERCRIEII R B pls L ORI A mfgE Ry, 1 Yl
R 7= 0 OBk R T U, e U N IR o 133 L T b, 7, Le= 0.3~ 0.5 mm/rev
TliE, Loy o7 U —F LiMREWE ERRRITIN R pfs L UMk it fE =Ry, 1 )
MRYT- 0 OBl M L, S AR o 138 LT b, 20T 4-16 OFER
LHEET DL, K4-16 TiX La=0.16 mm/rev ZHFUT R Ly 0 7 ) — R Ly DIEWDRA
RN RIETHENEN LD LT, [X4-23 Tl Lo = 0.3 mm/rev (ZEERB3BE) LT
LI ENDNL. EIT, ALKHEALATELY R Ly T OLMHBRICONWTR THS.
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Depth from grinding wheel surface 7 =10 pm

Contact area per abrasive grain cutting edge &
=0

Abrasive grain cutting .~ 15

edge density p -

Abrasive grain cutting
edge density p edge/mm?
O
/
cutting edge ¢ X 103 mm%/edge

Contact area per abrasive grain

st P
‘/_,./ ‘~\‘\‘~‘ /’/ ~~~~~ D
4T Abrasive%rain & /D 11

contact area ratio 1 Successive cutting-point spacing a

Abrasive grain contact area ratio 77 %,
Successive cutting-point spacing ¢ mm,

0 0.1 0.2 0.3 0.4 0.5
Dressing lead L, mm/rev

Fig.4-23 Abrasive grain cutting edge density p, abrasive grain contact area ratio 77, successive
cutting-point spacing a and contact area per abrasive grain cutting edge £ when 2= 10 um
(With dresser wear)

B 4-24 (2, EBRIHEH LIEBEAY A VES F Ry 0SB RE, CCD U A T TR
L7l zrR"d. K417 Oy LHigd 5L, FLy ¥ oshmnEREIC L0 Pk
STNDHZ ENRDLND. 2T, K4-17 LFEERIZ Ly e 5 20 pum OZED R Ly
Y D REATHEfRIE Wy 2 FH LT,

R 4312, B L Uy OaEEAlE w, ORERZ2 "7, £ED, Li= 0.3 mm/rev D
BEAHEAIEIE Wy = 0297 mm THY, Rl v 7 U — R L LIZERAREOMHEE 727z,
L72id> T, X423 OFER LY Lyi=03mm/rev Z U KL w0 7 U — R Ly DiEV DK
ARENKIETRENEA L2001, R0FTY FLy FOBaEAE w, 0ETH L Lz
5.
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Grinding wheel contact width W,  Tip of dresser (With wear)

3 \/ Dressing depth

of cut (£z= 20 pum)

Single-point diamond dresser

Fig.4-24 Tip shape of the single-point diamond dresser (With dresser wear)

Table 4-3 Experimental result of grinding wheel contact width of dresser W, (With dresser wear)

Dressing lead Ly
mm/rev
Grinding wheel contact
width of dresser W; mm

0.1 0.2 0.3 0.4 0.5

0247 | 0272 | 0296 | 0.279 | 0.278

ULEDRRELY, LRy 7 V=R L TH>TH Ny HlemdERT 52 LT,
Ry 7 =1 Lg DIEONPIRAREREIC ST T BT 5 2 L S ERANICA S
mEtpolz. F£12, Li=03mm/rev IZHFH LTH 4-16, 4-23 #HT 5 &, FL v D5
FEFEIZ LV [X] 4-23 CTIIARRIGIN FE L p ORI B FE SR I I FEE I/ NS WE E 2> TN D
M, L w REL T 52 & TR N oo il ARl 342 2 & 3o 5.
L7z TC, BIZIE R Ly BRmnER Lz LThH, WIELE RL vy oma g w,
EEELRNL YTV —=RLEERTH LT, MR R oMb Bl mfE 2 n,
HRTEIN AR o, 1 BINRNY 720 OfliEfE A MUICHET 5 Z LN TE 5L E2 60
5.
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4.8 BARBREDENASTHARFEICRIFTEZE

4.8.1 MRELAE

INETORRLY, Loy 7 U —F Ly OEOPERARIIREIC T THESL N
v Y OMSATHERRE Wy 2 BET 52 LT, EEMICGHETESZ 26N LE. 22T
WIT, BEAREREOEO DB EEH S (R K& )Rz O LREOIEBIEHT F, 1ICRIET
I OWTHRET L.

4.6 filxs L 4.7 HiT, ENENLIRGIRDBERLD FL Yy TR Ly o 7 &l LT if
KA WE LTZBRIZ, 3 4-1 1R LIS THREI 247V, ARSI R & & DRSS
ZUEL TS, 22T, K4-16, 4-23 OA R 2 G0 LR &, DFEIf B & Rz
CERMMREL F, AL LT, 70k, BREME B S Rz 13, R SHESR (T ha RS-
210) IZX Y 2 S RAOWEMHIZAT 72 d & O TAEWZF E A 10 JRE L, ZONEHEE AT
R U7, E 7, SRR £ X TAEICIR Y (T 72 =B 5T (32 A 7 —H89119AA2) %
AT, 1 AR OB 2 WE LRl L7z,

4.8.2 WEMLEEMASEEAREIKEORR

P, EARMREDED P ERH S Rz ACRIFTRBIC OV TRE L.

X 4-25 12, BEARENODES h=10 pm I2BITF 5 FL v o7 U — K Ly &gt F
b a, WA RS Rz O ZRT. KLV, AFEE R S Rz (3dEke Ul NI a
/NSWEE B EIC2->TEY, K@D Li=0.16 mm/rev D AMEE S ATV D &
DD, ELHD Ry BN TS ERGINHNHER a &I LR S Rz OREFRITIER I
FERLL TV D 2 ERbhnd. K@D Le=0.16 mm/rev O A E R > SN EIK & LT, mik
DEIZ, by ZU—NRLgk Fb o b OMAEAE W BRI Td 5 A% T,
CRI BN N FE pid B35 Z Lo TnD. T7bbh, BA EORRKRIEI NE ISt o
Ry v U PRI EIRTH L, 2 OBAREIRE TIEHFHEIINTIZ X 0 BRI B o~
TR A LT W EE X LD, RIEFRTIL, W OBCA R i 2 81E LEFG L T
L7128, WHHIINTHICARRL O BLE-C~ZBANE U7 2 & T, FHIER ERENELTZH D
EEZOBND.
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4.0 — 9
- Grinding wheel contact g §
£ 35 ¢ | width W, =0.165 mm y
9] O 17 =
= 30 I @
%D é 25 | e 5’\_\ Successive cutting-point 16 g
£ s ' 1 spacing a (h =10 pm) 15 &
oo 20 b 2
o .5 ) 4 4 8

>3
=E 1.5 9
n g . 13 2
g 10t : s 12 %
7 05 L 5 Ground surface 1 g
roughness Rz g
0.0 ' ' ' 0 S
0 0.1 0.2 0.3 0.4 0.5 )
Dressing lead L; mm/rev
(a) No dresser wear (Fig.4-16)
4.0 — 9 g
- Grinding wheel contact {3 =4
E 3.5 'width W, = 0.296 mm s
2 30 F T Ground surface | 7 -
%ﬂ é )5 L : roughness Rz 4 6 ;;3
g S 15 N
o2 207 {14 B
‘éé 1.5 13 8
8”7 10 r : 12 %
3 | Successive cutting-point %
20 ' spacinga (h=10pm | 1 E
! spacing a (h = m

0'0 1 1 L | p g 1 lIl 0 5
0 0.1 0.2 0.3 0.4 0.5 O

Dressing lead L, mm/rev
(b) With dresser wear (Fig.4-23)

Fig.4-25 Relationship between successive cutting-point spacing «
and ground surface roughness Rz of each dressing lead Ly

X 4-26 Z[X] 4-25(a), (b)DFEFZ E#HF YN NG a & P L S Rz (CBEEE U 7= 51
AR BEY, FLy oSk XS T i MR o ORINE & b2, HFEE L
FHLE Rz IFAMBICHIIN L TV D Z LR TE 5. Zhug, M N a 27/ S0
A, BN VER 3 2 BRRIEIN N A % < BFEME ERIHLE Rz 1M &< oo b D EEZ BND.
22T, S ORI LAUR, BTERIC BRI B S Rz VX, @RSl AR a 23
DI BHERL DB EHERBLTNDW. Lo T, K426 DFERITITZLERH S b
DEZEZLND.

FTipbb, WA a 2N SV E, BRI BRI S REBTE 5 Z &2
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molo. Fio, —RANSHIEME EEAH S 3N TR L0 BT 525, R UNTEETH
(T, ARz WE LEme B N o 2R/ 5 2 LT, BN LIChif A Bl s &
TFHTE L ENHBNL ST,

L om D\
With dresser wear

[] \ (Fig.4-25(b))
1 F No dresser wear

(Fig 4-25(2))

Ground surface roughness Rz pm
[\ 98] ESN (V)] (@) 3
T

O 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Successive cutting-point spacing ¢ mm

Fig.4-26 Relationship between successive cutting-point spacing «
and ground surface roughness Rz

4.8.3 ZEFEhLEAREKREBOER

WIZ, HEAREREOEN DN LR OERIEHT F, (ST OV TR L.

X 4-27 (2, BAREPSLOERS h=10um BT KLy 7V —RL k1YY
7o O, EHMEET F, OBREZ RS, KK, ERIEEF 2 1 Y0 o
RS K EWVIZEEVEZ R LTEY, ZOMMIZELHO FLyFIZBNTHIFFIC
FEELL TV D Z ERbnd.
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o 7 80
£ Grinding wheel contact 0 Z=
52 6 [ width w,=0.165 mm 170 &
o : 4
2 g Sr \ 60 %
g iy 4 | 15 =
s Normal grinding 4 40 &
2y 3 F resistance F, 30 =
® T 3
e & 2+ Contact area per 1 £
g k> abrasive grain cutting &h
g %D Lr edge £ (h=10 pum) 1 10 g
8 1:5: 0 1 ! 1 1 1 1 0 )

0 01 02 03 04 05 “

Dressing lead L; mm/rev

(a) No dresser wear (Fig.4-16)

7 80
£ gﬁ Grinding wheel contact Z=
B2 6 width #,=0296mm 1 70 &
, o
.g g 5  Normal grinding / 60 c%
£ 5 resistance F : 150 =
T New {40 &
2, 3¢ 2
< o - 130 5
£ &0 2+ = Contactareaper | »5 .5
5 o L L i abrasive grain cutting oo
= . edgee(h=10 pm) | 10 g
o ‘5‘ 0 1 1 1l 1 1 0 1)
U Q Z
0 0.1 0.2 0.3 0.4 0.5

Dressing lead L; mm/rev
(b) With dresser wear (Fig.4-23)

Fig.4-27 Relationship between contact area per abrasive grain cutting edge &
and normal grinding resistance F, of each dressing lead L4

ZZTA482THL[AEEIC, X 4-28 (2K 4-27(a), (b)DFERE 1 YL N M7= O FEfilmfge
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Fig.4-28 Relationship between contact area per abrasive grain cutting edge &
and normal grinding resistance F,

Z 2T, NS OO LU, X 4-29 O X 5 ISHRKL 1 RIZER TS iiE, Uil
DOF < WEIAEH T 2 IEHRIHT £ 36 JOMBMRHT ) &, BRRLORKT (2 AE 2 IR
L1 L OMERIRHL £ SRAET D Z L EFLMI LTS, Lzt C, BRRL LRI /ERS
DIEMMEHL £ 36 L OHEHRIEHL £1F, TVl ERTHIHEAT 2WEOMTEREND. F
7=, BRRLOMTHENAER S D IEEHL £ (ICE BT 5 &, TAEMORBREMTRS k, & BRI
HEOERE ag 76, FRELOT HEIIER 2 BT 7713,

fl=k,a, (4-7)

WCEVRIETES., 22T, AWECRMEIICHEN L7z 1 Bl A2 72 0 oBfilimmfied, L
FHEOEM a; LITWEREZ LD (6= a) EEZOBND. T, X428 L0 ERIK
PLE, & LU AT 0 ORI e BRIE OBIFRIZ R > T D 2 &1, N(@4-7)0 b 240
b ENDND.

F7o, WML R S &R U <TERIEHT F SINESRC L 0 2T 225, [ UL
ThiuL, ImaERmzZEL 1 NS ogMmfEes FHil3 252 8T, gilL2RLIic
IMTHOEREILE TRIT 2 2 N TEX 5. 22T, R —ACIa S TAEY & 08
M S LA &7 0, EREIIAREWIZEN THEEOK T ICER S0, 18R

76



720 OHEMRERED NS WVIZ E BRI RIHIIN T ZIT) 2ENTEDHZ LERLTND.
PLEORERE Y, et MMM o (ZAFHIE B SIS, fRRLEII R p & Rk B2 fidi
g bRIETED 1 G472 OB TEREIUC R E R Z2 KIE$ 2 L 239
Bk irol.

Abrasive grain

To=tat 1)
ﬁ:ﬁ/+ﬁ!/

Workpiece

Fig.4-29 Grinding resistance acting on single abrasive grain
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Fig.5-1 Three stages of chip generation
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Fig.5-2 Schematic diagram of motion trajectory by single abrasive grain
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Section 5.3.3

| Input of grinding wheel measured result
[

Divide into each abrasive grain by labeling process

( Repeat for the number of grinding passes ¢
[

Repeat for the number of rotations

A

(Until the grinding wheel exits the workpiece)

( Repeat for the number of abrasive grains |<
[

( Repeat until an abrasive grain exits the workpiece) N

Section 5.3.4' Calculation of elastic displacement of abrasive grain |

Section 5.3.5

Section 5.3.6

I
Calculation of elastic recovery of workpiece
[
Calculation of plastic pile-up by ploughing
I

k\Repeat until an abrasive grain exits the workpiece) |

|
KRepeat for the number of abrasive grains |
|

Repeat for the number of rotations

I

I

(Until the grinding wheel exits the workpiece)
|

1A%

k\Repeat for the number of grinding passes |
[
Output of simulation results

End

Fig.5-3 Algorithm of grinding surface creation simulator
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Fig. 5-4 Three-dimensional distribution map of grinding wheel WA60J6V
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Fig.5-5 Schematic diagram of abrasive grains on grinding wheel surface
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Fig. 5-6 Classification of abrasive grain
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(a) Force acting on abrasive grains (b) Removed cross section by abrasive grain

Fig.5-7 Schematic diagram of calculation elastic displacement of abrasive grain
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Fig.5-8 Schematic diagram of contact condition between abrasive grain and workpiece
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Removed cross section 4’ Workpiece

Fig.5-9 Schematic diagram of plastic pile-up by ploughing
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Fig.5-10 Measuring principle of support stiffness of single abrasive grain
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Fig.5-11 Measured result of suport stiffness of single abrasive grain
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B 5-12 12, NAKS5 (2% LTI 24T 2 72BR 0 TAR O FrEWriasE 4 &L F, OB
frEmd. IV, BREWTEE A LT, A& LICERES F, 3B EA LT 5.
ZORERN G HEALIFES 72 0 OIEFHRILA T L2 24, KHPIZH D ky=0.0235 N/um? &

o7,

| Workpiece: NAKSS

Z

& 16 a,="Tpm o 8 o
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Fig.5-12 Measured result of normal grinding force per removed cross section

5.4.3 BHiH‘EOEH

BRRIZEdmpt r 1T, L —VBAEE (v —x 0 2 M VK-X-100) (2 XV, FRRIZEimEIR 4 )
ELRMZ T, 0B, WAXAYESRRLyHIZLY, Ry 7 U —FRL=03
mm/rev, Rl vV 7UAR =20 um TR L v > 7 & LA 2 HIE L.

B 5-13 (2 L 72 RRRESEsm D —IRIe AR O —fil 2, B 5-14 (ZARRIOTH AR 2 FEHEIZ 72
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BRRLJEdm DT R 2 7~ 3. MK 0, SRR I I e R R TR Wb OO, fRKLIEH )
HOES 10 um OFPE (MPREAH) &, /b REICEVROEREEH L. 725,
{8 2 DRRRLZ Ko TARIEI N e 0 72 5728, FH40 E ORI ZRIE L, K 5-14 DX SHIZZ
NZRRRLOHJE FaB L O FRh D ERE2RH M Lz 2 A, TOFHEIT r=59.7 um
Lipoi.

|

Height direction pm
50

Fig.5-13 Three-dimensional distribution map of abrasive grain
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Fig.5-14 Calculation of abrasive grain tip radius
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5.5 HREIMEEE®T A
5.5.1 ZERAZX

AIEL7ZY R 2 b—2I2XY, Bt RIS 2 TRIT 5 Z LR TE 20T 57290
(2, EimArEE (R TR GS-30PFNC) % VT WAG60J6V (¢175mm) T NAKSS (Zxf L
TRAT T U 21T -7, £ LT, REHSHES (2> FIRSI210) (280 THEY
OWE IR & W R S 2 0E L, BRI 2 b—a ol a2 T o7, N
T4, RETIAR ap = 10 pm, A JEHE V, = 1800 m/min, 7 — 7 /Lik Y & V, = 4
m/min & L7z, FLy o 2%, BAFAAYEL R RLyHZ2HANT, FLy v ZHhiAgE
t4=20pm & —EEL L, Ry o7 U —FRLizaE{b3ET.

W OFRA R 2 IRAREWEEECLIVAEL, ZOMRE b LI Ialb—rs
Y EATo T BESME, MEITRIZ 360 ©, MEITAIC 2 mm OFIFH A, ZALE I E 7
12°0.01 °, MEAANT 15 pm OFKHEMBE CTHEZITo72. £72, ¥ a2 b—a VEMHIE,
INTEMEE 54 §iCRIELZSMEOMIZ, BRRLOY > 75 E; = 390 GPa, K7 Y bt v, =
024, THEMDOY > 7 HE,=201GPa, AT VUM 0,=03 & L7z, 728, WFHIfE LR X
DR, R SHEROMER L FEECHRZITI 72D, Ty N4 7fH (A= 0.8 mm,
As=2.5pm) A HAWT, it 2 A B LRk L 7.

5.5.2 BHSIUIEMOBHBEMEFHOFEICLDLE

£7, IR O AN TR OMMERIE, TEMOEY EZ LOFEIZL YAk D
WFHIE B O@E W Z R L 7.

B 5-15 |C Ly = 0.3mm/rev, AFEI/S 2 [EEL 1 /S 228 BRI K ONTAEY O BiPE 2580
AR T 2 TR & bl L 72R R 2R3, ok, P DY I 2 b—v g URiRIT
Th<h,

(a) BEKLIS L O LAE O B E) 2 B 8 L 72 ) o 7o R

(b) RRLDFEMEIENT B d, D Fr 7 B JE L T4k R

(c) TRRLOBRMERN & dy & TAEM OFRIERITE & d, 2 B8 L 7ok R

(d) FRKLOFRIEZEN & dy & TAEM OFEMERIE & dy, TAEROIY EZ LAEE LR
ERLTWD. ETRPOb) E(F T D &, TIEMOHMEREIE & d, 2 ZE LR V\(b)DIE
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I WA EERRIZEHEIZE SN TR Y, S HIZF(a) & (b) & D IR OB & dy &
EZELZ2VQ@QDIEINESITFEHE > TS, 2L, O RITIEK R L OTIEY O
BRIAVEREN 2 B L TRV 2w, AR EIRDSE#E TEMICET S kg znd. X
4-8 TRU Yy v U ZIEEFHE LIZRERN D LR L 51T, FLy v ZIEICK L CTHEA
FHApo BpFiiE, AaREITIFEAEFHIZRLZ N Z YK ENZ D, T L
T, R KO TAEMOMMEER 2B BT 5 2 & T, M6 1 R4 72 0 O TEMYUIFE LIk
EL D72, WL EEBIRICENE LT B BND.

W () L (DDFERZ T D &, TAEMORY EZ LoAEIZ L - THEIE Ll
WITIZE A EEWVTR LR, 2T, EVEZ LAET TS, BORKAI Y EZ L
I ZRID Z L CTIRAICIEDEZ LOFRBIID R Rolc EZbND. fRELT,
TAEOHE Y 2 L OFETHHIE LERIRICKRE & ABIN o fo RIS D,

TN T R N I NIV TN

H— G J vi—] ST Y S ——r | Y LW, \ I U _“\.r‘\__..__l"\—rv

(a) No elastic and plastic behavior

M f k s .
Jnuhu A U%U‘ '*M\__,UAI ’_"AHTW‘JF | T‘"MM-{U | \ﬂ-!\\llb-&'-w’ TLUAL\_ )

(b) Elastic displacement of abrasive grain

&L A S T G

! o \ \
(c) Elastic displacement of abrasive grain, Elastic recovery of workpiece

R | : |

gt s o

(d) Elastic displacement of abrasive grain and workpiece, Plastic pile-up

Z-axis direction (Width direction of grinding wheel) 100pm/div

Depth of grinding groove 1um/div

Fig.5-15 Comparison of simulation results for differences in elastic and plastic behavior
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B 5-16 (&, BRkid K OVLIEM O HBMEREIZ T X TEZE LY I 2 Lb—a VR (M
5-15(d)) & EMHIAZ LR LR 2T, KLY, v ab—3 a URERITEEIR R &
WIBIRIZZ > TWL Z EDbond. UL EORER IV, IR OB & d, & TR O
FlIE & d,, LTIEMORYEZ LE2M%T 252 LT, EEOHHEIE: hEpke I a1r—v
9 URRII BT 5 2 L bhoTe. Ik, DIBEOMRITT N TR O BMELA & dy & T
YEM OFEMEIRIE & d, TAEMOI O Z L 2N L7 /SR 2 O TRl 21T - 72,

T T
Actual grinding result

Depth of grinding
groove 1um/div

S‘imul‘ation‘ resqlt (F‘ig.S—‘l S(d‘))

Z-axis direction (Width direction of grinding wheel) 100pm/div

Fig.5-16 Comparison of simulation result and actual grinding result

5.5.3 WHEINAEHIEOBHE LEBES

WA, BRI S A B S & ORFEIE BRI L O & 0 &% THITE 2 0MRa 51T -
7z

B 5-17 {2, Lg=03mm/rev (25T DRI S ZAERL 1~10 SZAETO, v Ialb—iard
SO AR IR 2 Legie L 7oA R %, B 5-18 123X = L— v a RO =IRoumoAi
Mamd. WKLY, SAEERHEZ S 28I TAEMFERE A FHIC 22 HFEI T R S 23 X
7o TWVDHZ LR TE L. £2K5-17 X0, BHEISRAEENELLTH Y I 2L —
Va URERE FEHIRERIZ L KEEEIL TV D 2 ERHEGRTE D, T D OFEREN S, WIS
AHEF Z & OBFHIE EERRE ELS BB TE TS E VR 5.

BB, VI ab—a DX MR T ORIENZ N L IR A D78, ZHUTARSE
BRCHEH Lo RAH S HIERDO AL A T A 21T Sum TH D120, TAEM ORI 720
ERETHET L ZERRETHDH. TDD, ¥ 2 b— a3 rOIE ) PN EIRS %
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SFEAELTWDDEEEZLND.

F7, 1 "2 HOMHIE EEIZIRICER T 5 &, K5-17() TIEL 300 um Z & T B — 27 381
nTns. E£re, 5-18(a)DFERN S b TAEWH & F U HIl 620 TV 2R W EEIA ik 2 5% -
TWHZENbND. Zhix, AD Ry 7V —R L LRICHRBTHY, ZDXD
Ry 7Y = RIZEDFEDAIREND Z &%, IO RIITHERBEINTND.
F7o, WIS ZERAE 2 D T LA D TR AT DN T D720, IRx IR
Ly vy 7 ) —RIZEDUE LB/ ES o T 72, 5782 B LR (WX (c)LARE) Tl
300 um Z &= BB o7 LB HLD.

VU EOFERE Y, WFHEI S A B OE N X D0 EEERZ, I 21— 3 1ckb
ELLHETEDZ b otz
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Fig.5-17 Comparison of cross-section of workpiece
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Depth of grinding
groove pm

| Depth of grinding

groove um

———N\ Depth of grinding Depth of grinding

groove pm groove (m

Depth of grinding
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Depth of grinding
groove pm

(f) 15 pass

Fig.5-18 Three-dimensional distribution map of simulation results (each grinding pass number)
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70, B5-191CV R 2 b—a URERD DM U7 B S Rz & EATHI A bl L
ARz EY, 1 AZHORRIITEFENDRHD bDOD, FEEIE I 2 b—
a COMFENE EEHSIZ LS —E L TWD ZERbnd. £z, v Ialb—ya UiERIEE
BLZE B AR TEEHEEANE LTS, Z0Z b, ELEYIaL—vars
AL Z T, ANX=070 MIHITOZ A I 7 b EUNICFHECE 2 2 &3 bhro Tz,

Actual grinding result

Simulation result

0 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14

grinding pass number

Ground surface roughness Rz pm
[\S)

Fig.5-19 Relationship between grinding pass number and ground surface roughness Rz

5.5.4 FLYIUT)—FOEWIKSHEELEEMES

DXL, Ry U—FK Lg% 0.02~0.5 mm/rev £ TEL S EEREZITo 7.

X 5-20 (2, BFHI2 SABICBTD KLy 7 U— K Ly LT B E Rz OBIRE
AT HEY, vIab—ra UREREEMHIRERIZIE S B LTV L Z LAHRTED D
DD, Lg=0.Imm/rev DFH T I 2 L— = > EFEFHFERICIIZDOBREN R OND. 22
T, HABEOKFELY, MARIKEBIZNL Yy 7 U —F L& Ry T REAIC TS
DEEMEIC K VL, Lo & R Uy Y ORAEEMIEA RS2 5 &, A ik S 238
bT 22 &3 ohroTnD. ZORRKIE, FLy o 7 X0 AR ORI K E <
DI DO THY, ZOAREKETIIAHEIINILIZ X 0 RR O B %0~ & B 28 F ik ry A4
CRTWEEZLND. RFEBRTO R Ly OAHEMIEIE 0.17mm ThH Y, Ly=0.1mm/rev
MZOAHEICHT=%. DT, Le=0.1mm/rev TIXAFEIIN T HIZHRRLO B0~ X BAE
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Ll eT, Yalb—vaUifREBEPELLLDEEZEZLND.

UEORREY, MARMKRENLELTNDEZATIE, ¥YIalb—a & EFHIO
TAEWrE R KON E EEH S I —B L Thwa 2 ens, fELevy I 2L —2Id
EUEE T L2 TRITE 2 ZERAL L o7z,

L Grinding wheel contact width
of dresser W, =0.165 mm

Actual grinding result

Simulation result
0 1 1 1 1 1
0 0.1 0.2 03 0.4 0.5

Dressing lead L, mm/rev

Ground surface roughness Rz um
N

Fig.5-20 Relationship between dressing lead L, and ground surface roughness Rz

5.6 F&OH

WKL DR ZEN B dy & TAEM OFPERIE & d,, TAEMOWVEZ LEBE L7z, hm
Al R 2 L—F2ilfELz. 2L C, FERLLEARAERREZANTIY I 2L —var %

TV,

FHHI & 2 2 2 b= g CORTEIZRE K OBMHIE Bl S 2 i L7e. € ORER,

WDZ L EHBLMNT L.

(1)

(2)

(3)

WKL D BMEZEN & dy & TAEW OMEETE & dy, TEYMORY EZ L2kT 52 &
T, EBEOUHIE EHERE VI 2 b—va VEERIT BT L2 Endbh ot
WIS A T L OFERZ I Lo & 25, FFHIFER & v 2 b—3a URERIE,
TAEWrE TR I K OWHEIE B S & BIZIFRIC LIS HFETE TV 5.

A S A EHAMEINT DITHEVY, BFEME B S S DOR T 28k 23R T &, AN
— 2770 MR O TR FRETH 5 Z LR bhroTz.
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6.1 WEDEEH

AW TIE, RES DT T2 O0HMERE L. 1 2L, FLy o7& AEOENRN
A RAREBIC T T A2 ERIICGHET 2 & L i, BRAaREIREOEO I FEE
ICRIETEELZH SN T H 2L TH D, 2o8IT, MIE LA R EE L W TinLs
OWEIE Eifia PRIT 22 DTE5 VI 2 Lb—223UEL, MTEOHEHL: L% &k
FEIZTFHTL5ZETHD.

INHOHEMNEFERT D7D, EPIEBAREE BREE O EEERICHIE T 5 HE
HERMERIE L WO MEEZRE L, MaRmNEEEORIEZITo72. LT, 20D
RIELIZEEZHWT Ly Y I RO R HIRARE A RIE L, ROl K& E R
BRI AR, BN NEREZ BT 5 2 & T, B RERIE OB OCHFE I RIE T
WL ERAICEH Lz, & HIC, BRRLRS L OV o v 2 S8 L, SFEIE LA
EREICTPHITESD Y I ab—va VY AT AEMEL, INTH&OBEIT ko T87 ik
riRE L.

T THEIIBWT, UTFIIRTEREREEZGELZENTEE

0

I

(1) H1ETIE, HEOERLEINETOMNELEL T, KAORMIKRELIHHIL Lk
HSICKRE R ELRFT L L, IMARENEOHEEELI LN L. £
WAL _F T A RS P 2 72 DITIERRRLES KOV LAEY) O s £ B O k35 =
EDOMEMECHONWTHHLNCLEZ. 20X H AT RLY, IaRmlEEORSE
&R R AENRAE D BAIREM, FRRLRS K OVT/EY O SYEMEREh & 5 8 L 7B
O THIZBE LT Z L2 oW Tk~

(2) BH2ETIE, BMAREZEKENORERICHET D Z &2 BN, maEimzih
PRiEZ G Lo lERE R EREE S WO RIEEZRE L. ZOHEER, &
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(3)

(4)

(5)

FERRESIRIEIC B 5 ABAE LD T ke  IREERF A EHEICHET 5 Tk
ThY, ZOREFERS L ORIE Ui REREERIC SV Tl

H3ETIE, PMELEAREEEEOREREEICO W THEET D720, MHEkS
WERERRRL, BRA DREZAT S TR S, RRELEEDOF ML MR LTz, T OR
R, EHEICHETE 2EBAITRADRH L2600, THETOMELD, KA
il ORI OBERA L 30°FRE TH Y, 185 Lo ARREE TR 60°F TEky
FEICHETE I End, BAERAIECE O TEHoRllEEEL2EL TN
EBAGMNE ol Fe, MESBITRR EN R DIFREBRRIIC X LT, Ehvh
EREEEICHE TE 5 2 LR C& 0. BRI, A REITIEIRDOZ  JE O K
BRE M) 77 A FEEADOREICRZRE LTRER, FEGE N TH SIS
TEHT LALLM LL.

WAETHE, FLoyv 78 LTRLy Y7 — KR RL v ORIk E
AL S BT-EAICK LT, IARIREOEVNE EEMICEEG L. S5, KA

RIERIBOE O BHFHIFFEIC KT T B OV TIRE L7, £ OfR, E L7z
AR A R B RERL I T ORI A, e Ul UG, 1 A2 O
MR Z T2 2 8T, RLy YU VROV SEA R ERIEIC KT8

Z, Ny VORA#EMIELZZBET 52 L CERNICHMTE 2 Z L 2H 6L
T F7o, WM EEH SR Ukt NN &, IR OMERHESTIT 1 N
Y7o OBfEE & REOMAIZH D Z L3000, R—OMLEMEThHiuIEea
KEzMET 25 & T, WM Ll S OuEEZ THT 2 2 & AR TH D Z
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55 W T, BRI KO TAEMOBRIBIERE) & LT, ARRIOMIEZA & & TR O
BEPEEIE B, TAEMOIY B LEBE L, i LAl R = L—2 23 EL 7.

ZLC, B LAEEARERBREEZAN T I 2 b—va VR, EffFIE I 2
L— a OWEIIRE L OWHIME L S 2 i L7z, £ ofER, Wl S 2 [E
TEDORRELB LIZL 25, EUHIFER L VI 2 b—a URERIT, LI
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7z, BFEI S ARSI D25y, WFEIH: REH S O 287 23 R T &,
A= T07 MIHIEFO FRIRFRETH D Z L RbhoTe. &EIZ, RLyiv
7V — ORI 2084 THIEI L7/, & FLy o7 ) — RICRT TEIFHI L &
L2 b—ra COREIE EEH SR L2 End, B 2AaREIREORA
ZBNTSH, KUz b—ZICL Vit EEH S 2 TFRITE 52 L 2HLMNICL
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6.2 SBOEHELEEE

HTETCRFE L7z X 912, ARHFZE T R IREDE O 2 E BRI L, A £ mRaE
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ZDID, 7 —F 2 FORER EORBEE RS 5 LT, KVAT LEFEEOL
ERSRICTE T, A2~ TORENTFTREE 2D £ B X TN 5D,

(2) ABRETIE, FLyr o744 Ly OBAHEAIEOBIRI A K ERAEIC K
ELEBERIFTZEEH LN LIZ. L, SRIOERIZFCHEAX A TE
FRLy Y ORRTHD2D, BIZITAR RV y 2R EDORRLEmBIRDO FL oy
Y CRRDEFRZITO & T, WAV Ry VU VR RCHEATE D L B2 b5,
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