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Fig.l.2 Relation

between factors on

machining accuracy and thermal
deformation
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Basic
Assumption (2)

Machining Forc

»Speed ﬁ Modeling of

Machining State

Heat Source ]

Temperature Distribution of Both Planes
at Interface(Flowing rate of heat is
included as an undefinite variable)

Equalization of Average Temperatures
of Both Planes at Interface

¥

[ Flowing Rate of Heat |

1 Identification of Heat Source

Fig.2.3 Theory on flowing rate of heat
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Table 2.1 Details of drill 0k J
Outer Diameter|Dz=20 mm /
Point Angle 8p=118° 201 -
Lead 1,=110 °
ea d mm L 10f
Web Thickness|w'=2.4 mm =
Total Length _ c
of Chisel Edge Z'Ch—z'S o < 0
High Speed
Material Steel (JIS: -10} Main
SKH9) Cutting Edge ™
Chisel Angle |B.,;,=120° -0k
B ch 20 Chisel Edge n
-30 1 _ | |
3 0 2 4 6 8 10
r; m

Fig.2.9 Angles of cutting edge
of drill
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Fig.2.12 Heat source at workpiece
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0.752 (R’ q2) %

5}:: (2.26)
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qZZF/Vc :(F,’,sinae+F,,cosae). sin ¢ v (2.27)
ad a b’ COS (¢—ae)
LZ:Vca’ (2.28)
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7

,ocosle—ad) (2.29)
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bl
ferl. =
i 2a

(; ZwoctED —r
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FBRBRETH 5, |Tool
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R = = (2.33) infinite solid and appli-
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tool
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HIEL DBESE 550 ZCT, 0, AABEKRGEV IIMORBEEZORECE LV DS
T 5o F12. O BEAMEFELRETH 05, FAMEICE SV TENREDREICZZE LS
DEFTE, INGOREIMIOETE LS ERTHDH.R(2B) TROSNBRE bINLicH
STEALT R EEZAOND CORBABONICT B0, 34T TRDSN L TEMEEH» HK
(2B DE%EAE L EREN 2161 T, 4 TR LIZETHADHUGEL DR EBRWVT. R, B0
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DB OBFICE O TIE F ) vADBGHEAESIZB 216 DPIHIBE X 40 mAIER BT A HHT 5,

2.3.4 REOKX
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BREIERES 5,

9. LIEMORRME Xq. %KD 5. B - BUERY D ORBBTROINIBFRI I
HABRB L BHFERE, SHBEINS, 20T, CCTREERITFCEBVTHOL 5 BED 2H %K 2.
1TOLHIKED S, M2 1TRIMEYD lrad B DERFENERDL TS, HAMEICET 2%
BEDOSHL (1 —R)DOBABTIEM~HEA L. COBBHK 217TICRT XD ICIE 74,75 5K
KBFELTHHTAEEL L, LT, LIEFMOBFBEIFRACEDKRD SN 5,

_ 2(1—RD gy b't,cosecd _ 2(1—RD) (F,cosp—F4sing) V rssin ¢

7 (P — 7w1?) 7 (ro?—7uwi)

qdu (234)
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Fig.2.16 Calculated result of RZ’ t_r_ul_,“.x R r_,_éri—@
as function of drilling prote e r oo e f:_:-:
depth \/®
¥=230 rpm,f;=0.2 mm/rev, Fig.2.17 Partition of workpiece in
dp=4 mm temperature calculation



A (2.17),(218)BLUR (2.23) F2@3KX (2.20)2HA0T,. R (2.3)iIcknitE LT
EOBPREIEE2.2WRT, 4% = 2m, 42y = 1mThH b,

- Table 2.2 Calculated value of Dj for workpiece shown in Fig.2.12

¥
N rpm|f; mm/rev| j| Cg by Lee- t 7 mm (I-R})q,; T W/mm?
Shaf fer w/mm2
0.0°] 16.8° |0.1 57.87
L %0.6° 13.9° J0.0759] 28.75 3.40
230 - 2033.3°] 16.6° |0.0836] 49 .68 1.84
. 3131.8°] 17.7° [0.0850] 70 .56 1.48
4[31.45 18.2° |0.0854] 85.29 1.4
5[31.2°] 18.5° |0.0855 96.30 1.07
0.0°] 10.0° [0.05 | 44.10
11%0.6° 13.9° [0.0380] 35.00 3.40
2133.3°] 16.6° |0.0418] 60 .94 1.13
230 0.1 3[31.8° 17.7° [0.0425] 88.16 0.95
%1 31.4° 18.2° |0.0427|108.04 0.79
5] 31.2°] 18.5° |0.0428[123.37 0.69
0.0° 16.8° 0.1 30,28
1 7%0.6° 13.9° |0.0759] 15.23 2.93
s 0.2 7133.3°] 16.6° [0.0835] 26.53 0.98
: 3[31.8°] 17.7° [0.0851] 38.37 0.81
4 [31.4° 18.2° [0.0854] 47.03 0.69
51 31.2°] 18.5° [0.0855] 53.70 0.60

DEK, FIIWOEPHILB T 28FEEXq, FELVARBI 8B E S g 2 KD B, TT TR,
BEBICBOTHOWS FY) vOEDERSLUBMEIREN 2.6 DL HICED S, < VEICE
FARBEOS L (1—-R)DOWH (K 2.13B8) BTRICHAL. COBRIK 2.6 ICRTHELr,,
EXa'oBBE LTa#iT2LEZL, LEB-T. ¢ dkAkLDkHLN 5,

(1-R%) gy b'a’
4ra’

(1—R%)

qi =

(Fysind,+F4 cos d,) sin ¢
a b’ cos (¢—a.)

Veba

dria’

_ (1-RY)(Fysina, +F; cosa,) Vsing
dria’ cos (¢ —a.)

(2.35)
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(2.36)

Axis of Drill

o, FEMHOYMIIK 2.6 RS K Y vk
FEHOBE T (=) Zna (= 1D FR LIHICE

5 _RuUHICEMTH B EAL L. FEVIBAD 3 QPR
2 - r
FABBASEEL K ) v (R OBECHVTH ,,,Jﬂ
n
BT (=5), ¥ Ro KT BRMALEL B L Y5 oy
1ot T, FENVBOBERS gon RRRICLDR =z
B o b, Fig.2.18 Definition of Arz
_(1—RD)ga’t’
e 7'-'Rch2
4
.+ (F sinden +Fncos der) sin ¢ L,
=( 1 —R%) a’'b’ cos (¢ —den) Veas
”Rchz
4
_—RH (F’,,slienoztch +Fucosdc) Vsing (2.37)
uJ 4£h cos (¢~ ach)

R (2.37) LB B3FTL0AaHIR(2.8) KEDbDTHb, B, KEUBWADTLVALREA
T5FENVADTBIIC B TIIBRAELRE LPT . COBRHARIRL>TTLVANBEL
Eil-TTLEI CESADBEBEVSNTVE, 20T, KRR THFEATDTWAE
LT—10°,0° 10° DHEIDWTHEL. ChSDFEEEEAWTIEY B LU F 2B DRIE
BEERDBC LILT B,

Proriickn,. X (2.35),(2.37)AHWTE 2. L IRTEETTO F ) v Eo#FEHRS %
KDIERAEER2.IBIUOK2.19 iKRd.



Table 2.3 Calculated values of q;; and q,; for drill based

on approximation shown in Figs.2.6 and 2.18

N rpm|(f, mm/rev|dy mm| < [a’ mm qy W/mm? RY 197:2590n W /mm?
h 13.1 ]0.440 6.28
110.295] 10.0 ]0.533 .13
230 0.2 0o [Z[0.281] 23.2 |0.764 5.30
300.275] 40.6 |0.847 6.11
410.267] 61.3 [0.890 6.72
110.295] 10.0 ]0.596 3.57
210.281] 23.2 [0.777 5.02
230 0.2 4 I370.275] 40.6 J0.851 5.97
4]0.267] 61.3 [0.891 6.65
1[0.148| 11.5 |0.580 4. 76
210.140] 26.7 0.789 6.2
230 0.1 4 I310.137] 46.6 ]0.8% 7.66
470.133] 70.4 |0.875 8.76
110.295] 5.0 10.5%6 7.00
210.281] 11.6 ]0.726 3.09
115 0.2 4 M3710.275] 20.3 10.810 3.81
4]0.267] 30.6 [0.857 4 .36
2.4 FTEBHINLICEHTSRE q;; Wiam®
FificB VTR, Y U TAR ic & 0. T8 o .3 4 5 6 7
—4‘ 1 i L i

ML &0 5 BFEOREFEIC OO TR, &K
BT, WEREIN CORZRITS 5 PEMIE &

WO LS. SROEBRSUMET SIS E gl T Tr2| T3] 9w A
BRORIEHEICOVTHERNS,

60 -
Bk D& GTT 1 & B TN b & 8o AR | ]
\ L | |

AN ICETEIM LTIk 50 5188 LAKTH 5 & 80—k
Zz2 o5, FHIBOBADNESARET S IKHI HgZJ9®hmhmdwﬂwsof%.

55) ) ) along drilling depth v
5T, M.C.Shaw o3 T/E LU DK FROY N=230 rpm,f;=0.2 mm/rev,

d0=4 mm
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AL D BIE S 13 ETRBLBIE DM ST & L TEETH 5,
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TO#FTE &S ISR UIFREDS S HEP A, ER T2 REBICHBIT L. ISIBEERICE-T
BUSGHRUAPRALZEEREELCHEERA LTV S, Licdi-> T, BEEBEFTO L S I TH
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BRb o, BHIBORASE DR EIT>TW5, TR, COZEBZFICESEIHHIMIicED
ZBOMAZNEBLUOBRFELZRIEST 5 FEIKOVTRINT 5,

241 BRMEROAZE

HBIMTIcE 3 2BFERIERET 2003, BOFARNSIZD TR FHIER. &<z
BRANEERICIERT 30855, MO Clibl i SHEEORBLEE LT,
SEEIBHIC 3 1 2EBPHIEIIERATE A T 5,

3
ﬁ;=kau1u;“d“?(%)“f(%p'f (2.38)

X (2B RELAESIVTIEMIC LI DRE 3EH ko, ¢ BETFHBHREIR . BETN TV 5,
INHDBERKE S OEBRERDPORDONTHD, BAOBERE LIEMEDHEEICONT,
T —BEOEFR AT S, £/, BLAIBEERALEREEREXRERT TS 0. R (2
3B) THZ O HERHHIER P EEOHEHEN &L ERIC—BT 20 L5 0BALH TV, HE
BILE. BIEIB L7 > TERRBETHO RS BETR cEEFRERIZITEERETH L ED G,
LCTRIFFEAHTHODIKERICL > TERRDZ LT 3,

HEIERAERIE ST 5 D OEBR L H
Grinding Wheel

X220, FHEREHER 2.4 Workpiece
RTe T, LEmH oAy, ®ITIE
WAL (F136) HRIGEE v TH
Cover 5 m
B x4, OTHIA S T h o SR B Octagonal
- - - — /-l Strain ~-
Lt SIBERAA LR #5, O ! ( j Ring |
! )
& X OBHIER AKX 2.20 1R \BE | ! .
W) v T EBHOTAMEREENT F, Tp Electro-
n magnetic
REST 5. S5, FHEOTIEM L Strain Chuck
ADERELER A 7 0 £ — % THRIE A’“Pljfier
T5LEikE-T. EOUAAR 4% Electro-magnetic
Reb oo /o IAERERR ICRIE L Oscillograph

FESAEIOTEHER E Ebic, B2 Fig.2.20 Schematic illustration of method of
grinding force measurement

2HTR T, ERERZVFNORPOHE

MTROINBUTORTICAUIN S T Esbh b,

06232 0.6232
F:(N)=3.9864 (#m) Fi (kgf)=30.14 (mm)

0.6232 0.6232 (2.39)
Fo(N)=17.8124 (#m) Fo(kgf)=59.04 (mm)



Lo/
80 o°
a ° °
Table 2.4 Experimental <§;&
conditions X%
60 o °
V, =20.3 mw/s z 3’6"\F
u;, =5 mm/traverse g e :/L. %
v =100 mm/s 4"440_— n no/i..—
A =15-45 um By |
Grinding Wheel; J Ul A
(JIS:SA4618VC) \ 20
Workpiece;Plain
Carbon Steel(JIS; ‘
S45C)

0 10 20 30 40 50
4 pm

Fig.2.21 Grinding forces measured
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AITATRO - ERPTHHEIL 3. TDREALLTHIHIBE LTHEENS, T74bb, MTH
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Qg:FI Vt (2 40)
T ORI B TR, BAEAR VO { FARDEIETHRAT 5 &4 RAVHKILT 5,
Ru+Rs+R. =1 (2.41)
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grinding
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TEDTVEMBERTH 2,

v/ D5 d (2.43)
2.2/ TR~ L HiC . C. Jaeger DM L nid. BEORMEMEL > 2 kBT, HIRKBR
Tk 3 EIRE GERBWR IC L 5 IR E &L BBE—Th 5. FHEOFEREIIcE T 2H8H:E%
Kb e, UTFOEHIL3, THbbL,

4=40gm , D;=¢260m
ELTR (2.43) b,

z1= 3.22m
LB, XL,

v =100 m/s , %‘=1.61m . @u=asisc=0.053m%/h

FHCT. R (21) oL@
_6X60X1.61x10 °
L= 2% 0,053 = .47

5B, &Y. AREDFEFHICET S (Rdz ¥Bu,) 52ERRBHFEL (B2) 53
HRBREAL LT, 2.2fickd 3R (2.1) 28T 5, §75bb,

Rng x1

g,= 0.752 S 2
Zy

Aw 'y
2ap

Rw
=0.752 O (2.44)

Ui Aw (P V11

SFIC B A AR EIARE 6, % 5k 5, K 2.22 it BT, B IEHOAEE 4 BEE D
EHFRITHEHLTVEE, LTI ENTE L, 2T, Ba ORBESELEDFEV, &6 —R
ETB#d560& LT, K (2.1) 28T 5, 975bb,

RsQey 1

g.=0.750-t1®m "2

Ve
2 as

R Qe
Uy vV lsicpjs\/ V;l‘]

=0.752 (2.45)

DEFC VD KTEELERD D, VDL FTREZOUBESNS WL SBEERIE—THY. &
10 CFADHRARRBYI O (T ORE LA OAHITHBINE D LT 5, BuKRYDICYD <
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R Q¢

_ T ¥E .46
(u104)Y(cpdw (2.46)

c

fonf (2.44),(2.45) BEUK (2.46) 2K (2.42)icRAT B Lick . RADRY
A R (RN
0752 o 0.752 P
V2w (cplu v/ o] VA (epds v/ Vi v4 (codu

R. (2.47)

R (2.41) BLUR (2.47) 2B ERLD, BOBABE R, R, BLUVR FLUTFTDLIIC
kdDHNBE, THEDL,

Ro= / Auleo)e /v (2.48)
Y (V70 (cnVe oz + AT (ep)s A/ Vizs & 0.75204 (cpdu ) '

R _ ‘V/{s (cp)st;xl (2 49)
A TeGoYe Vom i+ (eo Y A/ Vi &+ 075204 €0)w) '

b 0.752v4 (cpdw (250
‘ {\/ lw(C,O)wV”l‘l"'V XS(C,D 5.:‘\/ Viz, + 0.75204 (L‘p)w} »

X (2.48),(2.49) BLURK (2.50) #HOTRy,, R BLU R, £ ET 5 LT, MXhohttiE

& LTR2SIORTIE VS0 2.5 IURL Table 2.5 Material constants

TR GEOEHEIEINT L& -SRI o iz X Acp cp
2 (b . 002 3.0
NTOIEOM, T ¢ TIREEE B R o (kB I/ (m-5-7C) LS/ (m> - 7€)
Workplece | 5 415y10-4 | 3840x10-7
A% 0.5 &L, NFVDHE I L pskdvtofE | (JIS:845C)
Grinding 61
Ao CT T 9 =100m/s,V; =20.3m /s |Wheel(JIS: 53
4 oas 6.766%10
4=0pum BEF 2,=3.22w% HTHEL /-
. R R BXUR BT O L S ek bt
%o
Ru = 0.767
R: =0.198 (2.51)
R. = 0.035

oFI., IfMMBIUOBLEORFRMIAREST S, TIT. INS5OFIE (RE 2 XEu)
DML I~ D H T B ERELTWSE Eh S, TIEMOERFE R Xqu b L CBEOGEOBFH
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Ui x, 2

qw (2.52)



R, FV
LA AL (2.53)

Ux Ui1x1

2.5 KR——oUMIICEHITEME
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CEMBBEEDDODB B, &— =Y SITICBY ZBERO L 0 FEMIRA AT 1obicid. E
RN TRA+ST. BRICESERNBHEZETT 5 EPERATH S EEA LN S,
Z2CC, AHTRH+—=vI/MLicBd M LBAKASSOFRERHS LT AL EbiT, BSAS
T OB OB & 5 MEORESE " Ko VTR T 5.

2.1 R—=v7EROAE
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HHDER L TSIk > TRIELZRMBEH &N B 100, YIHDYMIIRIES S b Tro i dLig 1S
510, L L, SHESESIKBONS EVIFREET 28 LELU+s—= v/ LcBY S
RO PTHNREE (. M Loyic s O CiAT I L S s U2 A SER I L D18 5 h 28075 4)
M TOYRID & AR ORI O FIBAONDOYID { TRAICKZHEREROB M I~ EBTS 5. L
fedio> T2 TRICO I A VIHIRELHHEICRR S 5 C LoRBTH b, LBRDORRAL RO TERE
HMTEREREST A ERBES TR O MTERIRIM I OREER, Lihi > TERFETHY
BHBERICEECEE RET ODOTH LI EAEE L, CITREEEHTLDERICLDZD

WERDBH LT B,

Fm= VM LORREE FTER X 223ic, FHERENLERSZEALF 2.6 10RT . FHLE
RV BIE, SIVTR-ABOTHERE V) VI THFTITHTALSILRELZEDTH %0
TR 2.8IcRT L9, FTF2HO 75 v OABOWTELNTEREINTVS, FHl735 v

YO TMRIIABEOENIEFATH ., 2HOVTH
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Table 2.6 Standard conditions of experiment

Pressure of
Pump Discharge

P;=0.892 MPa

Spindle Speed

N=158 rpm

Traverse Speed

v,=100 mm/s

Over-run

ZO=20 mm

Honing 0il

Oil-type Fluid(JIS:2-15) for
Steel,diluted Twice with
Kerosene
Qh = 0 L/min(;Dry)

= 2 L/min(;Wet)

Workpiece

Plain Carbon Steel(JIS;S45C),
Ly=150 mm,2R1=¢39%¢40 mm,
2R9=$80 mn

Honing Stone

15=60 mm,b5=6 mm,4 Stones,
Grain WA#150 ,Medium Hardness,
Vitrified Bond

Final Dressing
Conditions

Depth of Cut=10 um,3 Times,
Feed=0.049 mm/rev

Honing Time

10 min

200

[ AAA[Wet(QhO—ZL/mln)

\
=
& 1m-——/h\\\\
Dry 1‘\;——:
b
0 2 4 6 8 10
t min

Fig.2.24 Honing force F=
honing stone)

Fg+F2 / (one

F;=0.892 MPa,N=150 rpm,V,=
100 mm/s,Z0=20 mm

(a) Movement of (b) Boundary

heat source

¢ondition

Fig.2.25 Illustration of heat

source
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OHEEBNO LEAS L TFER et
(HETE. BAD TSR E th Vi 7 7 0

L. W66 & TAEM & OBMFETHAHE [per Surface  ”

4B, UL, EERTH B0 (a) Definition (b) Strength of heat source

E’:Interface of workpiece and

ORI E—ETH L EEZ LN, = honing stone
Flhodh-—=VvIiEROR b -0 2
: m Heat source
Eithiz > TIBIF—ETHHED
5. K 226(bhicRd & 5 IC B & Fig.2.26 Model I of heat source
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Table 3.1 Details of workpiece

Material

Plain Carbon Steel
(J15;845C)

Heat Treatment

Stress Relief Anneal-
ing(600°C,2.5 h)

Outer Diameter| D =458 mm
Length Lz =80 mm
Hardness Hp =190

Table 3.2 Details of drill

. High Speed Steel
Material (JTS ; SKH9)
Diameter Dg=¢20 mm

Length of _
Chisel Edge | ‘ch=2.8 um
Web Thickness| w' =2.4 mm
Point Angle Bp =118°
Lead 14=110 mm

Table 3.3 Experimental conditions

Symbol|/N rpm|f; wm/rev|d, mm
A 230 0.2 0
B 230 0.2 4
C 230 0.1 4
D 115 0.2 4




BELVBEIHEFUNETHEMNTE S, 3 1~KRIIOFHEF BT, —EOYHKlICET
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Table 3.4 Positions where temperature of workpiece is measured
r;Radius,z;Axial distance beneath upper surface of

workpiece
For Radial |(r,2z)mm=(1,24),(5,24),(11,24),(17,24),(23,24)
Distribution (1,48),(5,48),(11,48),(17,48),(23,48)

(r,2)mm=(5,12),(15,12),
(5,24),(15,24),
(5,36),(15,36),
(5,48),(15,48),
(5,60),(15,60),
(5,72),(15,72)

For Axial
Distribution
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Fig.3.7 Temperature increase in workpiece

N=230 rpm,f7=0.2 mm/rev,dp=3.6 mm

(d0=4 mm for calculation)
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Table 3.7 Details of grinding wheel
and workpiece
Grinding |JIS;SA4618VC,Dgs=¢260 mm,
Wheel Thickness=32 mm
Plain Carbon Steel(JIS;
Workpiece S45C) ,Stress Relief Anneal-
orkp ing(600°C,2 h),
(Lx,Ly,Lz)=(200,lOO,40) mm

Table 3.8 Grinding conditions

Method

Dry Cutting,Traverse
Surface Grinding

Speed

Grinding

V4 =20.3 m/s

Speed

Traverse

v =100 mm/s

Feed of

Workpiece

up =35 mm/Traverse

Nominal

Cut

Depth of

4, =45 um

Dressing
Condition

Depth of Cut=5 um,2 Times,
Final Depth of Cut=2.5 pm,
2 Times,Speed of Dresser
Feed=300 mm/min

Wor

kpiece

(AN

BETHB D, TIE~FBASH

Bar of Same

7€
3 nF Material with
AMana vy vy ABROAFIC S = Workpiece
. . e » > X
HMCDEE L7 2 EXES LEBR L‘Ezoo \ Constantan Fe Wire
HicHg LT 3, Wire
Recorder

Fig.3.14 Measuring method of temperature
increase in workpiece
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BB WTiR, 2.4FiIcE0T
Ko BPEEEEMAYV, 3.2/iicE 2

y
FAEREERD 7 ) — VB EE L, /’ Workpiece
LT, THEMORE LR AR Ground Region //1
b & & bR ORR CRBR{E %%év- Iy S
EDHBRITEIT S0 La Lf:
THEm R L BRI ER B & ) “y / .

U T OEE & OB%% X 3.151C
T~ FEIXCRd LYeY Lo o Fai

Fig.3.15 Schematic view of the

grinding process




QA LoD SN LEaY., TIEMAMICESLE L bS5 — AFHIOKR T %, LIEWD v il hE ic
BORBuZZOBEBLE?L + 55— ROWEIEITS, UTERIC LT, LIEYO LE%E b 73— 2B
Bl 5, Lichi->T, B &S AHEIFEEE (= 0,y=0~5m) DRIENSF— TIWEE v Tx
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2MARONE R (L.—8) &T 5, T/, HBlIRKO TEMOB S ERELDT 20, CoRDERE
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THRERF v v 7 EELTOBTEL S, TIMEF v v 7 EOHORBENDH 2 LEZ LN 5,
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Table 3.9 Material constants

of workpiece in Table 3.10 Boundary conditions of heat
Table 3.7 convection of workpiece
A a At Bottom _ _
W/ (m-°C) | mm?/s Surface &y =0,2=0
Workpiece| o, o |, 7 At Other aem=91.2 W/ (m-°C),
(JIS;S45C) ' : Surface h=1.70 1/m

&T. K (3.8) TRKHohBE7Y - VEHERO. R (3.4) OB 2L TEYORE L
FRBUTOXTRENS, T b,

Cw [t
=wa0[jﬂ%cf Wav,) ds (3.46)
L. R (3.5) ~R (3.9) OMENSG RRRTRDE NS,
Gr=G(t—1)
8555 e—a‘(d2i+ﬂ2j+72k)(t—f).

i=1j=1k=1

(hsinaiz +a;cos aiz) (hsinBjy+pficosfy) (h2+ 12 cosr,z .
(+a?)L s+ 2h}  (WB+BPLy+ 2k} (B2 +7,2) L.+ h}

(hsina; z’+d;cos aiz') (hsin By’ + fjcos By’ )cos 1, 2° (3.47)

Fi. BMFEAR3IBOLHICEHELDOT, R (3.46)ICEF 3D dV, 2KTTIRIIGHOH
BBz 2 RADEHIIKRAL, BFCHEIEEIEZTILLVWC LKL S,

mv Ge - WaV, = [ G (z'=L,~0) - Wawdy (3.48)
0



L7cti- T, R (3.46) TROIN D LIEMEE ERIRADOL S icls 5,
o =5 ['Uf 6 er=r.m00 - Wasay Yar (3.49)

X 3.151KRT L H L. B4 O] b 75— 2ADRICIE A —/~— 7 YSEET 5D T, BELED
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Fig.3.16 Change of heat quantity
b7, per unit time
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L7zdS-T. Emb 53— 2PHIGOBE FRRIBE1I~mb 73—k 58 FROBMIELT

WADESickbEh b,

m—1
0Ct,z,y,2)=2 0Oy Oum (3.52)

q—=1

Fho, Bmb 75— 2BHIHRORE ERERIC LTRRICL0RbE 03,
0(t,x,y,z)=m2_i0,q+0m (3.53)
0=

R (3.52)BLUR (3.53)iIckDRDONZ LIEWEE R OHEZRAZERME & & i 3.
171K g, BIROFEICBOTIE. R (347T)ICA SN B LD ICZFERHOMARD ZLELH 5,
T TR, STEHEROPERAEATi=1~150, j =1~170, k=1~30K>VTitEET
ste Flo. RBERROEMRTRKDI, 9. BERMERD»S LR TOREES 3 mld Eo T
WAE R CCEREIMET 5, EREEOUALR B X OKEIERH O RETIERE OVALRE Zh
ZhE—& LT, EREZBE LITVRE FRLRIEST 5. BEMNER» O L TORMA 3 mbl
Tictsofcd &, TEHEZDN LEEERLS LHE TORBAMET 5. COERESNIE
EEEO FE S EERES SO OEEA, 3 mil&bITVESOBRESLAERH L, K317
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Experiment
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Fig.3.18 Schematic view of

experimental set-up

Table 3.11 Standard conditions of experiment

Plain Carbon Steel(JIS;S45C),Stress

CORE FRA ., B IcEci L»Iorkpiece Relief Annealing(600°C,2 h),

LBl %K 320108 d, v—=

232=¢80 m’2R1=¢39’\440 mm,Lz=150 mm

Honing Grain WA #150,Medium Hardness,Vitri-

VI Ny FOETHBEIEREIL33 Stone fied Bond,l5=60 mm,bs=6 mm,4 Stones

w/s TAHO R R 311 IR

Pressure of Pump Discharge for Stone
Expansion P,=0.892 MPa,

THEOTH S, MLOYFILE Honing Spindle Speed N=158 rpm,

WTiE~w Fo LT &hiciEYd
ARAMOEEELERELNATH

Conditions|Traverse Speed V;=100 mm/s,

Over-run lp=20 mm, o

Flow Rate of Honing 0il @p,=0,2 L/min,
Honing Time 10 min

5, EiHElEOLEIS SN

s, /. BEEE HIE2.24ITRT & — = v JBE OB/ IS LT, BEEZHORIESED

LTWwb,

CTT. EEEHSBRE LRSS, E& LTERICHVTRY 2 — S OMBEIELRE L L OX
St 2 hERNT A0, £T3.3MICBVTERLAERERBEICL BT EIT 7. B
WA WKHEREZDPEA2K 321 1R T, KERE=ZARHEOMNRTH. BFRBEGDO LT
L rbeBHdsARKOME X2212R) 2MAV 1, BROBIRIK 227TIIRT XS] b




17 —
] $1.5 Drilled Hole
- Table 3.12 Positions where
ér-L Constantan Wire temperature of
workpiece is
o measured
a | . r mm Y Z mm |
0° 5
Bar of Same gg 0° 35
Material with 20 0° 75
] Workpiece 20 0° 115
! F 20 0° 145
| 20 30° 75
v —T 20 60° 75
le—— 380 — Plotting Type 25 90° 75
Recorder 30 180° 75
35 270° 75
Fig.3.19 Measuring method of temperature
increase of workpiece ,
30
o 20} Dry ~M,,~'“”;'“‘”-é—_’~——"‘“———“_—J_~7‘H--—-—~fr
© 10 |- M\W -
0 JlM 1 i o 1 i — 1 "
0 1 2 3 4 5 6 7 8 9 10
Start t min End

Fig.3.20 Temperature increase of workpiece measured(r=20 mm, =75 mm)

Pp=0.892 MPa,N=150 rpm,V,=33 mm/s,?,=20 mm

FoN—zthicE L s b EEbic, B2UICRET +— =V 7iE
TLOWDICHE - THRIC S EL S & TREIF L1z, BBV
Tﬁbtlﬁ%@%#%ﬁawm‘it&@ﬂﬁ%é%btﬁ
BEUERIMICTT, BERTOEREITR L2 - 5icilk
SNTMERLREN 321K T. RI-MS. FTRLVa —5ikEd
BINSAUEEREE T 2EEDOTMEICL >TOB T &b5b
5. ULOERM L. ZRARTHO RS BEREL L Chic
SEOMIMEAMITS 2 LTI, BHNEELSH LD B
EXSHOFHEERTI2HABLIVEELONEOT, LidD
IRV I - 52RO TERROBE LR AMET 5 & & L,
—HE L TRB3BIITRAV I —FERENER+—=> 7
T 28E LRERY, BF LR ART T — 5 OAEHERR
LEBILHDLT EDIR, M2UITRT LI+ —= v FiEHH

L,=150

‘B2

R§40

Fig.3.21 Partition of
workpiece into
circular-ring
elements (120
elements, 80
nodes)



Table 3.13 Parameter values for calculation

Xy “wPw "y 7 Vz ®ome
W/ (m-°C)| kJ/(m3-°C) 1/°C w |mm/s W/ (m2-°C
Workpiece -6
. 0.98 00
(J1S:545C) 53.5 3840 10.73x10 983| 1 14
Table 3.14 Conditions for calculation
Calcu- 1
lation | 70 Geml Remarks 10} Dry ____+_?___
No. | mm |[W/(m2-°C)
4 20 0 Dry|Experiment No.ll & “"wﬂﬂﬂ
(6) 0 0 Dry 5
(7) 40 0 Dry - Experiment
(8) | 20| 250 Wet|@uo=2 L/min ——
(9) | 20| 1498 Wet|@,p=2 L/min 0 2
@ 20| 250 Wet|@yo=2 L/min, t min
‘ One=10"C Fig.3.22 Temperature fluctuation due
Experiment No.11;P;=0.892 MPa,¥=150 rpm, to passage of heat source
V=100 mm/s,lp=20 mm (Model T ,(4)), (r=21,2=75)m
30 T |
Dry s oao
o 20, 0 Qe — ® —
) o [] %Q
o 145 | l
® 19 os _‘\\ > & 10f Wet J"o %85 =
o 2° 2=5 mm 901\ 097?9\&90
o ‘ l @ & 2=5mm 75 145
© | P | 1 | !
0 2 4 6 8 10 0 2 4 6 8 10
t min t min

Fig.3.23 Example of temperature increase

of workpiece measured
P3=0.892 MPa,N=150 rpm,
Vz=100 mm/s,Zp=20 mm

Fig.3.24 Example of temperature increase
of workpiece measured(ého=
2 L/min)
Honing conditions are same
with those in Fig.3.23

BLTHEREBEDEELZONS, KAUITREBRF—= I BT 3EE LR ORER %R
T BEFAOARBERDIEA LFEUHEBICI D, BEEEDITEDL LTV S,

3.6.3 IFHOEESH

THEHMOBEIFEHSHICT D, RIVLZOBRARBIIEFELREZAETSEEbic. &
BIICTR T R ICE O THIBRIT %17 » 7o BB ICAH W ok — = v JmoyiEiE & TEYMRE
OBILERKARIIBICTRS. 7 -7 Y IRONEEENKLDABRKETT5L L. H T EESE

R (3.54)1Ck 0. % HBEERMAETROBRMEER" (3.55) 1k b kbl



Table 3.15 Material constants and calculating conditions of coolant

Df. Uf )\f- \)f. af. Um Gcml
kg/m3|mPa-s|W/ (m-°C)| m2/s m/s | m/s |W/(m2-°C)
gz§lng 840 | 3.71| 0.138 |4.41x10-%| 8.59x10-8|0.357 250
grlndlng 998 | 1.01| 0.599 |1.01x10-6|14.33x10~8|0.584| 1498
leant
=2 L/min, 7y =0.126 m,L;=0.15m
7 pfgéz %
w o= (4 L9x 3.54)
U <24 uflu > (
2 UnL,<0.5, vy <&
dem =21 0,664 (F2) ()8 (3.55)
L. vr ar

GRA =V RBEAMLANEOEREE IR EIRE LTz, BELS, RABOEROHE
BHh& <. LD >TIOELOERE R TS o osmtic k b TIEMEE & 1313F CiEZ xR
FTELEIONBENOTH B,

NS DA H O THRERRIT 44T - 7R EEREAK 325, K 3268 LUK 327ICRT, X
BLOBROVFNOERICEVT S, TEMORFHEIKBY 2R (2 =75m) HOEE LF
BEDICIE T D, FIICEWAE (2=5m) QORE LAHSTHE (z=145m) XD &ETF
INSVEBE LT, Bk —= v 7 0BRA R, TROBIFESEHINTOE DR L. TEY
Fmh sk - Ny FOLTHICEDFZROBGEHHRAT LI ENEZ OGNS, FHLEAK
BOTE, LEEHS 7 -5 VAR LTV B ENEBRELTELONS, 2 =5umikET5
BE LR z=T5micE 1} 288 FRiCH~, 10min ot —=r7th, &K 2.5°C OREZEH

HLTWwWb, £, z=145

6 °C
me z =Tomik B EEEE 0 10 20
S ° > 30
BBK 1.5 °C T 1. & \X \ 10 ~srn o
LA DB IC 0TI Ty 915 20
NN DB & 50\_' R | o S
AEFEBRATETHBHEELDS E ZI
ino ° @ — Bomgmo
N5, LEHEOBE LRE v M1 [ su0 10 =
e = . lOOL—' - J 1 "o~ gmgm
MID#ETEESITERIH o b 20| 1 min
0183 T & DS S DITIE >0 / | J 0 20 40
e o £ (Rl) (32)
Soic, Lo AR 150
Experiment r mm
B H) A o &Py e
BREREBD SNLH >0 (a) Axial temperature (b) Radial temperature
BLDA —r35— 35 v 1,138 distribution distribution
(r=21 mm) (=75 mm)

BiCEG R S ok e
$HCEMEL, chRmT

Fig.3.25 Temperature distribution in workpiece

(Heat source Model I ,@

dry honing)
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(b) Radial temperature
15 distribution
E riment
Xperimen (2=75 mm)
(a) Axial temperature
distribution
(r=21 mm)

Fig.3.26 Temperature distribution in
workpiece (Heat source Model I ,

wet honing with honing

oil)

sof

E r/z

N I 5
10pE—10 —
150 / ‘

Fig.3.27 Axial temperature
distribution in
workpiece
(r=21 mm) , (Heat
source Model 1,

wet honing with
grinding coolant)

NEEEDBALOLREINS D, A - -F VAAHKEET L LETERLN, ¢TI
TYEORE DHICRIZTHEEAH 720 0,=0, 40 mic DO T HBH 2T 1o FOEREN 3.
BELUVK 3DIRY, K3BOBAICH~NS &, K3BIKBW TR IIEMORFHEFRBOE
BEREBSLOEZFICH TV, CHERK227T0R (267) HLTR (269) TRENSFEIDH
B D, b I A= 2RBICBOTR (268) TRENBMEBRS IR BEDTHS, F1.
X 3.28ic b ~<H 3.0icB S 2BE LREERFHBICLOE—E3/HERT, X 2. 270X
(2.6T)BXUR (2.69)TREINIBEVBLOREEHEET 2 LILELEbDTH S,

50
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100

150

Fig.3.28 Axial temperature
distribution in
workpiece
(r=21 mm) , (Heat
source Model T ,

7,0=0 mm)
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100

150

6 °C
10 20 30
|

Fig.3.29 Axial temperature

distribution in
workpiece

(r=21 mm) , (Heat source
Model O , lp=40 mm)



3.6.4 BfERHOKE

BIHIK B 2R OHE. FHINABEAL — -7 VORGTREBOWTLIEMORE LR 3G
FHENTHEC EDBHLOR B 1, 22T, LIIOEFHIR S yErickid 2BE LR ERIE
L. Zho0ESEL2HAOTEEORGS LIEMRE LR ICRETEELASHICT S, KIHILS
VTR, EREGRAR VY FHE, FHEERSLVELES — -5 VERD LS, s —=vJikkh
3 ABHERGORELREN T 5,
BEREORTHIEGIEER R Y 7HE QBN OVAA CEERGRT 2ERTRFTH L EEL
bNb, £L T, BAOBAGHEAY Y 7HED & & icEREZTV. LIEYOMIA T (10min)
KB 2BEE FROEEHEARHIERERK3DN@)ITRT, ¥ 7THEUAOEREMH IR 31D
BOTHD, BRI MTIBELIEETRALVFERLTVS, BB VFRERDORERZ
BB VI BRURT A bipbk —= Y JEAZRD, &—=V 7/ EEEORERKERDY LT
BlboThH3, LT, LEDHMERKMD + —= v VBRIEBERNICELT S LE L, K
3NacAH 5B LHic, # Y THME Pe HHMT 5 & TAEYOEERE FR 3 ZITERKICHEM
T5e ERIKBYIERBO—MPICK 2 BEETT bOLBBM. ChdFOFhbt—=V ik
PNEER & L HIRD LI - BB IKEON 6D TH S, ZhhoDiBAIiE. K3Nblickd
BMBI ANV ORI UBARTH. & — = FEFASEE L & b ICRDT BB EERS LT
BRF-= v BIA3HEBANESHE Y THE Pe ittt LTIRIFEBAICENY 5,

40 hx
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[+] [ ]
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30 ° 4 2 Dry o
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P, MPa P, MPa
(a)Average temperature increase (b) Energy spent

Fig.3.30 Effect of P, at 10 min after start of honing
y=150 rpm,V,=100 mm/s,l,=20 mm
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Transmission Column

Shaft Headstock

Table 5.1 Specifications of NC
milling machine used

. . Spindle Speed [40~1750 rpm,l2 Steps
Main Spindle Tgble Traserse Max. 780 mm
Bearing N Saddle Traverse Max. 280 mm
; Column Traverse Max. 380 mm
Table Motor 3.7 kW
Weight 19.95 kN

Table 5.2 Specifications of oil
temperature control
unit used

0il Temperature at o
Qutlet of Tank Set Valuetl"C
Motor Flow Rate |Max. 28 L/min
Cooling Capacity 6400 kW
Heating Capacity 2000 kW
Tank Capacity 100 L

Fig.5.1 NC milling machine

(a) Side view (b) Front view

Fig.5.2 Measuring points of thermal displacement and temperature increase
; for temperature increase,measuring points except are near
in the plane of symmetry
[J; for absolute thermal displacement
Xp1sXpo, Yp, Zp srelative thermal displacement
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Fig.5.3 Measurement of temperature increase
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Fig.5.4 Measurement of absolute thermal displace-
ment of machine tool
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Fig.5.12 Effect of cooling of column with oil of room temperature
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Fig.5.19 Relative thermal displacement of maln spindle operated
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Fig.5.20 Cooling method of head and column
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of temperature measurement without:

good result

Conditions are same as Fig.5.21(b)
@ ;Measured displacement
Oj;Calculated displacement



Divide a Machine Tool into Several Blocks
which have Typical Influence upon Displacement

Pay Attention to Strongest and Most Influential
Heat Sources upon Displacement

Decide Points where Temperature Change is
Not too Fast and Not too Siow

Fig.5.25 Decision rule of representative
points of temperature measurement
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Divide a Machine Tool into Several Blocks
which have Typical Influence upon Displacement

Pay Attention to Strongest and Most Influential
Heat Sources upon Displacement

Fix the Bar on Machine Tool as Near to
Heat Source as possible

Measure Temperature Increase at Axial Points
in Each Bar

Decide Representative Points

Fig.5.26 Decision rule of representative points
in bar fixed on machine tool
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(b) Set-up view

Fig.5.27 Details and set—up‘view of the bar
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Fig.5.28 Relative thermal displacement
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Selection or Development of Element
with Small Heat Generation

Isolation of Heat Source
from Machine Tool

Insulation of Heat Source |

[Concentration of Heat Sources |

( Thermal Symmetricity |

| Active Cooling |

nprocess Presumption of Spindle Displacement
from Temperature

| Control due to Presumption ]

[ Improvement of Machining Accuracy |

Fig. 5 31 Procedures to improve machining
accuracy from view point of
thermal deformation of machine
tool
The upper method is more elemental
than the lower method
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Table 5.3 True diameter and theoretical relation on dimensional accuracy

True In Conventional In Automatic Sizing|In Ideal Automatic
. Automatic System with Thermal|Sizing System
Diameter| .. . X
Sizing System Compensation
At Start
of Honing ds dp =ds dp =ds dp =ds
_ d = dw +
At End d3+AD dp = dw {-Zjn d 0 n D. 0 } Ow+nthth
£ Honi +20R =d, wre w "hd " hd hd ko P4k
o} oning =d, hdlp + z‘)Fl,,
=d,
At Room Ay = dpp =de + dyyp = dg +
Tempera- -20R1+20Ry, 4 [ ] dyp=d,
ture dg+AD LEArw+2Arhd t=t, 0T, #20TY g |t
[ ];Dimensional error,{ };Compensating quantity
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Fig.5.33 Relation between 0 3 10 15

Om and (SSIm at 10
min after start
of honing

Fig.5.34 Relation between ARy,
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DT LEASLIEAMEERMPSIHSMICTZH, 45TMIEBOTHBLNLAXRICE T 28K
ERIEMLHEICE T Z2HBEERBOBGRERD S LR S5HUDL I KL E, ARKBVLTH, FRARE
BEERARTEBEROE KA LTE D, MIEHIKITGIFEBERIC TEYITIIIFERER L
TWbHDEEZLND, H6BBLUOKHIEBVNT., BE LR LEBLEELSKEVBAI,
R+ —= VS OEREPERER S FTEBERD> SN IERISS LN, CHRMITETIE
IEBWT, BHEMXNY OF —= v FBRESBEAFNEIY D oBREHRB L D/NEL. #->TSIEY
UGN, ST EVYERSMIROAED S TAEYRIKMATW L EILEEbDEEZ
bhd, THbE, CVYEHLES §s; BN 41bIOBE L /NS LD, R (419 TRHLN
54R M 41D DFEICHNRTREL L s 2K ZbDEEbND, DEDXkHic, T
OBERPZIFEBETHELEIOND L5, TEMOTERE ICKE L RT3 MR
BB ABERRE, RACLOWET L EMNTX S,

24R, =nw *0u * 2R,
=nw 0w d, : (5.8)
X5.338 LUORE.MITRTHERIEVINSMLLTE (1I0min) KBIZETH BT EH 5. R

(5.8) EBHbLN S IR BL T 10min BEOBETH 5, DT ERK (5.8) M LET K ic
BOTRILTAHCEEBHRLTOS, L L, BEETRIEB TR RTESBES R ic—&T
LLEMLER TS 50T, MIRTHIRKRETHY, A—THEPO+—=Y FNLIKEVTD
—ETHZEREZ SN, 2T, R (5.8) BEEORHLICHEVTRILT 35 E 5 bEKS

45, $1. TEMEEERORESL T 10 ' i
RICRET 31, LEICREAEA OR % 8 Calculation ]
g by F.E.M, /(

MTY BRBEHHBDTHRENTIEN L, £ £, (D0 L =10.73x]
- ; ™~ = 10-6 1/°¢
T. IfeoXxmEE4LR (5.8) D, ELT 5 ,45' Isothermal
BETEZHE I DILOVTHEETRIT 5, sl _ Expansion

0 10 20 30 40

B3.25% LR 3261 LIz &k Sic. BT 6 °C(r=36.25,z=75 m)
ERIEREICIC-HLTVEIEME. FH Fig.5.35 Calculated relation between

3 ARjym and © during honing
MERLICL 2 BUERITE AT R(5.8) © Con'gitions for calculation
B ASE R VTR T B E 5 i % Nom@;@DMare shown in

Table 3.
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B9 5, HEBTICIDBONABETER & YA ZEOBE FROMKERX 5.351CRY, B
AHALNAE LK, REOMIEGBLIUEERAICEWT, LIEMAREORE LR & TIEY#
LRBOBFRRSFERRL FIEHRERICI—HL TS, Lits->T. TEPARBORE b
BBV TH, K (6.8) FEBEINCBVWTKRITAECEBHLMLTH 5,

VOBANE, R (5.8) 10k 3 TIMOBELROBTE, BEMIS &5 AETBERA ¥
Tow RAHBETERICED, TEBEOHIENTETHEE VR 5,

/., K5.38blCRTEHIC TEHTHD d—=vi~o FRREABRBRERHOZER < 70
A= 2 ANVEMAATE L1, F—=V 7~y FORERENTERECEEERIZTEEZLDS
N3, h—=r 7~y FICAFRCEY » F TAROBOBESZ I TEY, BRF—=v 7K
BOWTRI -V BRI~y FEAZBRZZBNE L EMN S, ==V T~ FOBEEE
OO THRAMBRILY 3 LRKET 5,

2 4Rna =74 Ona Dha (5.9)
(2 F—=VI/BOOBERERBEHEST LHE

Dl e~ HEsEE e L. L0 A —= v 780 o BERBAHET 2 HE ROV THRE%E
fTotce —M2ic, MLRIONEEBETERBRATHLDT, COHEMAETHNEI v 7ot
ATHREFSHREZAET ILBEEILBL, ChifIHTIMEEBE S RBE LB LR ALH 5, 458K
BOTH LN TIEMRAEER LA —= v 7BOBARENL.36 KR T ERIEBVWTIF, s—=V
TRBIFIEAE 60um PITENSK, F—= Vv I/ BOOBERBRAMET 2 LIERTTRETH S,
B+ —-=vr7ieBnTid, c—=rv /B LBAEEROMICTIZI D LK BRI S S50 555,
HEORERHHTRVEEZIOND, S5k, THYORENRELEEGELVY -5 Y bOB
B LARBEBLREZEEG TR, K536ICHAT AL THRDTEIPREEST, ot
Ak — = Y FEREHEORAT BB T ARG TSRV LI RAHHET 5,

UED XS IEREHRER» S, BEERO

20—
B IC b &DVTTERE A ST 3k °
ELT R (5.8) 5L (5.9) 28 R
TEBERBER A © 7 0+ RABETE e?¢/hy
: E
#. SEOK—=Y SR LTRIIC T K |
MBS B HRTHBEAWEhE B Te D | B .
< 'Y et
)
5 "tvS ° - ﬁ s
5.3.3 REEEEERSE - Qe .
BIFRMER A ¥ 7 0 2B BTN o F
5T 5.3. 5 DIRIC R~ 2 WML AT 0 100 200 300 400
ADp  um

¥ 2 HBE L LCEROE BE kI Fig.5.36 Relation between ADy, and ARg,
B3 TEMOTEREARLE T 57120 at 10 min after start of honing
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BE LcEREB OFER
AR 6537ICRT, M L7
fk—=vr~w FiE, &5
ViR & H iIKxtE T 5 —
oK1 o4 -4H
JANEFE>TWVWH, 3V
T hoDBERIR. B
NFEEFHT147kPa (1 5 kef
Jem?t DREEED. K —
=y~ FEHDOE#HIC
ot ohico -4 -
TYTIEER LT, R
TBickbk—=vs~y F
¥} rhb. ~v FHHED
ZERRBAEERLER
3. —toZER S, Xv (/
ZVARE 2m) 5 5KES
MicHitid 5, COESK~
47804 —-5OEERER
E-BRESERETER
E5 il sh, K537iC
T EH®IC 2 DESERTR
A B, LI EOFER. ER
OHBIETEIR BT 560
EBEMICE—TH D,
EROBEE T ICHE
FERBIEBRBE A NS 3 7o,
T LI TROER -
HoMEMBICS &S BME
FEROHES LT i
B EMITARTEOMERE
3. [05.37 i R BRI TFF
b 3. TIEHOBRE R
BRI —avzs vy v

Air

Rotar (Compressor)-- -5
Adapte L _ _{Air-Electric
! Transducer
Slip Ring
|| Constantan
Air Wire
i 3
Honing ' R
Head ? Calgziitlng Controller
®c_Nozzle of
Air-micro- Electro-Magnetic
meter Oscillograph
[ t
i H //4
: : Fe
Pyl Wire
) |
-‘ {
| |
[, ! E
Workpiece |1} !
1 ! Bar of Same Material
! ! with Workpiece

Fig.5.37 Experimental set-up of automatic
sizing systems

|
L’Air

1] i

Taper
- Cone

-— -t - —]-

Air-Mi

="

{(a) A-A Section

-4
>

Nozzle of
ometer

Constantan Wire

(b) Bottom view

Fig.5.38 Details of honing head used for
experimental equipment shown in
Fig.5.37

— 113 —




MEHEE S AT S5, $10bb. Y5 v 5 VEE LMD | AICH LI, o8
ST TAEY LRI—-MHEOHBIELI D). FOERICFeREBER LI CDFeRLa Ry
y VBRAEHEEIRICAER U CRENDIES R U fBE L Fe ROEREMIcIIRIGHE B XM,
INkESEEEC LTk, BRESS LU TIENL SHBEAOBRBEE L LIEMEREFRIC
HEBEE IR OLD KER LTS,

ITROBREHERAME T S/HIC, RISBILRTERE S —=v I~y FORICa vR5 V5 Y
BELESHRAAT, F—=VF~o F (SCM21§8) —a v x5 vy vYBEWREELHER L.
AVRE Y VROESIIH300m T, ORI Fe AHL L. COBRRRIbIisHRE% X
ffir. EREMAHLTEAEEERICEELEZ LWL HER L1, FeROMIBIIR 537TICRT R ) v
TN vy (SSAMB) ITHER L1, b, s—=v 7~y FIEHERT (S45CHR) sLUHE
#HE (SS418R) 28m L TFHmTH (S45CHE) cEEINTVEOT, Ll FiicFei%
Bt LFe BOMIRER Y » 7Y VIR Licah—=V 0~ FOMBTHBSCM21 LS S
4148, SACMBLUFe iz, WIFho 3 v Ry vy YRiTkd 2 BEBIEES IZEE—~TH 3
DT, LOBBRICEIDF—=v I~y F—a 24 vy VEAERRIBE LARTENTE S, |1
MDRY w7 ) VTR EAFNRBGEO 75 oM U, Fe RiC L VEEICER I TH 5,

FHORRTHER U1 RBEIRS5ACGRTEDTH D, £/ F—=V 7~y FBIULENO
BRGNS0 YRy v s it ABEENHEAE K S5 I1URT . ERICB W TR, BETHIC

735 LEGIE YR VD T Table 5.4 Experimental conditions
v7ERL (OK) ¥ Pressure of | p 5 892,0.59,0.29 MPa
) Pump Discharge| "G 777 s
T (=NG) 7v7 Spindle Speed | N =158 rpm
.- Traverse Speed| V; =100 mm/s

KO BEOL L IREL Over-run Lot =10 ,10p =20 mm

. Flow Rate _ .
7o (of Honing 0il o =1 L/mln

MTREZOHEEIC WA#800,More Hard,Medium

. Honing Stone |Structure,Vitrified Bond,

T s U TR OSE 1o =60 mm,bg =6 mn

. . e Aluminium Alloy(JIS:A5056),
ERERE RS L TR Workpiece |2Rg =060 mm,2R; = 3940 mm,
5N B R ELE DS BT i Lz =150 mm

—8 Lt x, LD
(—NG) 5 v HalT
LCh—=vriElLx

Table 5.5 Material constants measured

Electrical Output of

BN s n Honing Head-Constantan
o h—= v . ° .
5o & 7o~k i/°C or Workpiece-Constantan
i ETFI2 120 m B84 5 Thermo-Couple mV/°C
Honing [Cr-Mo Steel -6 -2
h. k== %~ Kic | Head |(J1s;scmal) |12-89%10 4.85x10
. Alminium -6 -2
HAAETNI-ZEE <A Work- Alloy(JTS; 28.25x10 3.88x10

piece

oxX -850/ ANEERE £45056)
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150m O TAE O TR OGIC H>RITANE ST Z DT, IMLROBERTEB & OTEEME A sy ic#l
BB TX3, /2. BEHI K SOEDBLIU T ETREORE L X 5ICEES (NG,
OK, —NGIES) 2t TE 5L HITH T3,

5.3.4 “HEREOHH
AFRBOTHE, BEEHER A Y7 o 2 BHETEORBIC OWTHLT 5, COERE L
T. T e TROBEER, MIREROUEEBLIC I SOMBRERE LTHR L NS EHE
HAORSURBESTHEMIBOZRICEI 2MEIREROBGAHO,ICT B,
PERDOBEETHRICBOTR, TEYMPRE LR T4, R4 70X -9 KL ZMIANER
ORI do PMIC L BEE (dy+4D) I~ K (5.8) DBEHLRI IS VT, £
TRTHEF—=v 7Ny FRREERT S L, RERBDIDL Sk —=v I~y FIRIO[FT 5
NEBER=A 704 —8D /) XNVEAKEICEET DT, AIEM I (d: +4D ) iR (5.9)
DBERRIZG NS MEETRT, LIcHB-T. BR7A 704 -7 KL BMLAREERDORTEEIT
TEMBL R —=V I~y FORBREZRT L, RACLDZRDEN S,
dw=ds + 4D + 24R,— 24Ru (5.10)
RO BEFETEEICB VTR, X (5.10) DEBZOT TEHBHENG, B30T, kAWML
T 5,
dp=dw (5.11)
LotiHd, BB i —B LI L EMIARTT 20T, MLERTEICEO TERASKITLT
%o
de=dp (5.12)
Z0%. BRT THEINIMIRDOERTE do, i3, K (5.10)~(5.12) OBMFEERVTRD
kocEbsN B,
dwr=ds+ 4D
=d,— 24R, +24Rs4 (5.13)
FTROL, FERICBHIMIROERE. BETENLS (= 24R + 2dRu) 1XH RIT BB L1553,
FFRTEARE L AERMHERA v 7o 2 HEETE TR, R (5.13) REINETHERE
(— 24R +24Rua) DSTHBEICHBARIT STV EABNE LTV, +8bL, R (5.8)
TRH O 5 LEYBETRICHY T 28K 3TN EERIC BV TRET B, T/, ®—
=¥~ FOREE#R»OLX (5.9) TRDONEF—= Vi~ FEEERICHY T Z2ERES
RET D, IHIT, BERTHINLOBRELEER A /04— Ik BMIREEDOREEdE
O THE L KOMBMSFTbNS, L ->T. doidR (510) EF—&75 505, ERIIMHAd,43
R (5.11) DRYD IR THRbINE L ENB,
dp= dw—nw 0w de + 1a Ona Dra (5.14)
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COWHdPHETHRIC—FH L L EMTHRTTEOT, MITATEICEWTIER (5.12) H3k
7T 5, TOR. BRI THHIN/MIROBER T do, 1. R(5.10),(5.14) BLF(5.12)
DOHFAERVWTRADL > cEDLEIN D,

dyy =ds +4D
=d, + (puw 0w de — 24R) + (—54404aDra + 24R% 4) (5.15)
ERieX (5.8) BLU (5.9) 2RATE Lick D, KANEBE SN B,
dwy = d, (5.16)

FTHbLE, TMBLUO s —= V7~ FORERER LS. BEHEME N, (X (6.10 B88B) %H#
b ik, TEMREDN LAt 5 L2AETH L EEZ 5N 5,

5.5 IEYELIROHHEETE

R—=VIMLicB} 3 —=v7BIib. thdd S5 AMLEICH T 3 LERRIC, BAERE D
TR IENBLUCTRCEHLT, ZhoOMBERAECX€ 5, LM SUTRSEHE
B4 s LBHETBTI2MLREROREEMELL. MIBEELETIEET LTS, MK
DHHETHELB O THHUERIC S EIMIEELSBBATH 5 LICEDH BTV, ThicH
THIRREBFEALTOO TR, ISEEVMIHEEEZER L LS ET3885KB0 T, #E
O T T oHUEROEBRICOVWTHHLSMIC L, ChoPMIKERCREITEELT S
TELORNETELEBULETH Do

ZIZTHRREICBOVTIE, TEME KUTRORUEEN, THEEBICRIIITEBELBIT LSRR
KOWTBNDB, F/o, BIFERICLEDVT, BBRORERMER 1 7 o+ 2 GEEFRICM
ATHUEREOBL /NS T35, 579 P IEZBALLS V79 MIBEEGIER
A v 7o 2BYHETEOZEALTEZRBLTV S, ‘

TEMOBBER L LTid, RESRIOMSE, BRBLUMLAPMRICEELANICEET 3R
EROEMADBRERNTH 5. QI _HFRITEYMRFAROE L L ONLABUAOTHMTAE L 570,
B#ETHEOMITREROMEBICERLALHEELERIT IV, TITHN, URICEESE
AR BT Z2MLIRIEROEMZEE LTHNLESOMAICEL 5, RSRBICRT LH I, MIRD
BRTRAUNETI2ER 1702 -9 7 XENL

Adr F Neutral
AR THABALXREODRICMB S 2, BAILKRAHS — queégj“ﬁ%
) LEAikidAki /{ -
TARMICAERI§ 3 & LR RIERBEMA L. T ORE Fo | 45273 | R1+Ry)
w
TE 5N M REE ORENE du s, BELEADHE T FS -—|—-@)»p,
A L2 WIBA ORIERE & R 547, K539 T \ )_/A‘r
-—-—"Honing - w
BATIRDMER LR k1) 5 TEMORBELT Stone  F
RRT. BReA20x—5 D/ WK 65BN

Fig.5.39 Elastic deformation
koic, BAE LA OEEATREBICHE LTHR of cylindrical workpiece

— 116 —



LNTWAETYH, TEMSHEER T 5 LM I REZOMEMdJIEAIRIBER LISHHED
EEICHXT, TEYOEUEER 247, 1Z3/NSWEEZTRT,

F—=v s~y FOBUERR, BOEIERAT 24 —= v 7 BASBABLVBEAEEN LT
F—Z VSN FRMHBZZEREDEL D, -2V 7~y FOEEEERT 5 &, K53BIKRT
LAY FERRBEESNEER A7 04 —8D/ i~y FEEEESIKBEH L. LR
HROREMdwDBEALT 5o k—=V T~y FOMBERICS & D du DB ERFT S0,
BA1ARYDIA/ERT A —= Y S EBESROBILF %, L TFHENCERT SR 57X b3 NFE
Wy ELTHERT 2HERERANIFICRBT 2, LETHRDR 7R R3FIFAZ, s —=V T~ ¥
ERB3BABLICEAEEN LT~y FERIERVTAEE LD L HIMERT 2, F.iRL3
F—=v T~y FORBERIR. *—=V7~v FOME (SCM21#M) , TEBLUE 2ETH
EINIFOENPOEZ D LFERINEL, b LTI ~DHEBIBIATEELEZI LN,
Pvs & LTERT 2B AROBER I NEPECIBED R —= Y 7~ FOBIERNB LU CH
SIHEDIF—= I~y FEREZEORIIBK 540IKCRT LIS, ARLSHOhILLS
i, FpSIEAREICIERT 2 &, BEBIVBAGRK—= V7~ FOBOGEROBOGT TRIE
AAMIEEELXS ETh, D), BAALSL K —=V 7~y Fitid, BORBE LUARIC
BOTRRDK ST fr12 5 IMMERT %0 fLOZ
Rz 47 a4 =8 ) XNTTRDBS fscos TiCk
D, k==Y T~y FRAFICERZNArsadd  HOMINg yogger
EM17 5, CORR. MIREROREMdW T,
BRANFBBEOBEICHNT, 24ra /N
AR &I 5,

Lichia T, THEMIB LGk —= v 7~y Fhs
T2V BRI EOEHER T LA bR

ir Nozzle

Fig.5.40 Elastic deformation

¥5E MIREROREMZRR I L D R of honing head
AN b,
dw=ds +4D + 24R,— 24Rny — 247w — 2474y (5.17)

R (5.17) Dduittd L. R (5.14) LEABORMEETTS EBHMENGHEBON B, dhsBESTE
QIC—HLIEEMLERT T 50T, UTFORMBKILT 2,
dp =dw—7u0uwde + NhaOka Dra (5.18)
=dp (%.19)
TO®, FRE THHNINAMIROBERTE du, 3. R (5.17)~(5.19) BLURX (5.8) &
(5.9) DBAREHVTKRRAIKLVEDEN B,
duwr =ds +4D

=de + (ﬁwﬁwde - ZAR|) + (—77;;,10;,4 th + ZAth) + ZArw+ zAfhd
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=d, + 247+ 24744 (5.20)
FRD o, THME L O TADBRER IRV ShbMTROTHE BETEL O A X < & 28
HBLENDHDPSB,

R (5.20) D 2dre BL0 247, RFHIE 12 S BRI CRIF LI REDTICRTs THEHO
WL (— 247, ) ZEBRINCRDZ720, £ 6.4 O TEY ICHBBERGILEIEMA 205, [
FZOWBALERR Y THHEOHBE TRIZLALELBRON D -7, FLTHEBVICFRT LS
K. FEE T ONE CBEGIE ISEFHRIENT T 3B >0 T. i 0 EoR R
B L0 RDI (— 2Ur) 1. RRO LS IKEDENS,

3
{ E-(D;d) Y CALS
— 24ru,=2+/2 { — 0.00381 + 044635 ——=— .21
E-I, E*S. } (5.21)

K54 DTHEMICH0T, EXEHOTHBE Lc— 247, OEIEZERL.6 DL H LB, LED/H
S8k E LU S A5CHME TEMIC OV T HFR LTz TR 150 mici L THEAR S E0mTH
50T, EBOF - =Y IMLIcB T 2 BUEEREIRS. 6 DBLID/NINEDLEEZ SN S,

DFE, k-=VEROMBARERINFICE EDL R -2V o~y NOBUET 24714 %
KDB, TOIBITIT > HBROBEHEAB 541 IKRT, vy BEERAIEE L REcB0T, F
ScE O g b v AMABRC XD FBTMASN S, ZOEFBONIEHBENIOEE
TIEMT HOETIETICE D b vy i 10E L L 2Bl A v 0 77 7 L. BE—-BLlicksd5sT
N o HHTOBGRAE RS I AER AR 5422)I0R T, BN SHOME LI, F—=v I~y FOR
HEREB LIRS EDKBEHIME~OEEE MM vy ic kBT 5 EDbh b, TORY
BRERRICELDRDEIN S,

— 24drpg (um ) =— 02366 Tp (N »m)

=— (02366 X2Fpdw (5.22)
Fio. RIATRNS
ERMERA » T o+ Table 5.6 Calculated value of (~2Ar,) under
2 EEETEOERIC conditions given in Table 5.4
. li Workpiece
BUTRONIERS | Aluminium Alloy Continuous Plain Carbon

Casting Iron

5. h— = JEEAE; (JIS;AS5056) E2(J15;FC20) Steel (JIS;S45C)
¢ E GPa 70.6072.6 98,1v127.5 205.0
l/ [*] 3 ~
O+ vy BB RUE 2 460 360 560

*
TED bovy B E 2R; mm $39 $39 $39
DrVIREBEIN —2AI’ZZ /N -6.36x10-4 -3.80x10-4 _2']_8x]_0—4
CHHG S B EHIER 7 Pp
—2Arw um -0.3+-0.4 =0 =0
Ol (Fiabb, &

—Z VN KO
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TR Ik B8 L ORI 542AblD K HiTis
3, FIRGOEHRTRTERIFERaICBNTEK
HonlFHERTH S, RRIDLITIR, 2TOH
R LCHHERICEC—RL TR EM S,
F—= M IHRD~ v FREOHMEERICE S
MIROTEIEE OB S IS - 72,
Ltcds- T, BENLEHEERICB VTR,
X (520) KEFNHIHEEERICHOVTHX S
RITRT K D IBY) LRI AT I DENH H. T
Dfzicid. MTHo b vy BLUBEATEES 4
Y7o ATHES S EBBEER BN, Bh
EE Rl e 1 TR ICH# 655 5 7ob
NOoDRAIEREBTE L., LL, R5.68L0
K oQ208RN» 6, BAREBLT b vsd/hs
WIRETIMLAKR T IhiE. TEMSLUTED
HHERICS L STEERE OB TEBIET S
EWMTE236DEEL NS, COEZHER -

Torque

%—ﬂ;

Workp

LidLild
—

— Air No

H

&=

YT
YV YyyyyYi

FT’ Main
: “/Spindle

Hydraulic
Cylinder

- Rotary
Adapter

iece

i»~-Honing Head

zzle

[ﬂﬂ\ji\dﬂJ$-Dynamometer

Fig.5.41 Experimental se-up for
measurement of elastic
deformation of honing

head
=vrmLic@fT2HENLHEE, AL
FRA v 7ov 2 HEETEICE
Ty Nem
T B EHERO B AT CREA 3R 0 oo 10 P 13 20
®——og.]
AROEEES T IR B =R o000l ,__ |
3
AT BT LETH B, COFHEILL & _ Eq.(5.22)
. ) g 10 | ] |
b, BENGABETHELREE (a) Relation between ~2APy 7 and T
itk —= v 7ML v 25 aiE obtained in experiment of Fig.5.41
7, N-m
HTX2bDEEZ 5N 5, 0 5 10P 15 20 2
g ———=g,L._ I .
s -5 _£,°7P~;=—7_4;
_ <& End Start Eq. (5.22)
5.3.6 EBERLTOBRE g -10 of Honing q.(2.
]
A BT, WROBEE L 1 1 |
S, BERRERA 70 £ (b) Relation between -2ATryg and Tp

HEETERL LTI v T M
#EEHER A 70 XHEE
TR DO TUT » L RBR ORI H>VTEN S,

during honing operation

head upon controller output

Fig.5.42 Effect of elastic deformation of honing

ERICHAWEBBIUERAERS.3.3[CANLBEN THS. BEEHERNA v 7o+ 2H
EETHEOERICE W THEON AR SIOEEF 2K 5431CRT. T FTBXCEGHEDOS &
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FaEEEETH CEICkD K- =
IMITHBE SN 5. Rhdd,id.
R (514) TRbshdkHic, L
B LOCTROMER itk 2%
AMIE LBERMER A v T o+w
ZHBETEICBT 3EHEOHN
THd. MLOETEE bic, ML
ROVHI S 2 DERSHERT 7
o, MhOd,0fEAEMm LT 5,
BHESd0—8Ws Gdsa) TR
X (514) OFER (—7ubude) B
LU (grabriDna ) T ZTHOFF
LTED., TDizdbd,DEN LT
fRTiBEH LT3, d,DIEHNE
t%ﬂ“?ftthf\‘loum/J\éu§f[iaLCf;5
&K 543 FHDESEEHHNG)
5 (OK) c&lkd 5, &bic,
dpD AN L BEST R iIc—8K T %
&L BSHESIBOK) 5 (—NG)
CEALT 5. AHATIR, ETRS
» (OK) »»5 (=NG) &L
T EINLART T %,

X 5.43ahc BTE, MIETOD
E&RICd, DED/D LIEMT 3, 20
RE#EELSEFEET S0, [RRI
RET LD I BEELD, K5
RTHLPIZC LIk —=v o~y F
DEBEBBICIEZ1-HTH %,
hick~T, K5.43blick W\ Tid
MIRTRIKEZRHLIE S 7Y
FEITSTWA ), TR TEIC
dpyDERIZEAEEALLIEV, F73
bbb, MIETEICEVTRR (5.
20) OHHEFEOEEBH/NE 5o

lje—— Up and Down of Honing Head —

Stone Expansion 5

PG=0.892 MPa

je——————

«— Spindle Rotation

—
ri,‘llzi

a

-

P
pa Vo —0g
Iy i
' —
(] (+NG)\ (OK)/._m
Sizing Signal (-NG)

(a) An example of oscillogram obtained by
honing without run-out process

r———Up and Down of Honing Head —>

J[<— Stone Expansion —>I

Spindle

Rotation W l

Decrease of
[€<—— P;=0.892 MPa p >
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Fig.6.24 Temperature distribution in workpiece shown in Fig.6.23
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