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THE OPTIMAL DESIGN AND RESEARCH OF
DEEP AND SMALL HOLE FINISHING
ELECTROPLATING CBN HONING TOOLS

ABSTRCT

According to the finishing requirement of length-diameter ratio greater than
5 and 4~20mm in diameter cylindrical hole parts with the mass production of
the type, compared with fine boring, lapping, honing, electroplating CBN
honing tools was overriding. But with the developmental need of precision parts,
the machining accuracy and the surface roughness of inner hole still- need to be
further improved. The deformation of honing tools which was determined by the
structure and machining technology of honing tools was the critical factors of
- lowering the processing qualify of hole. Meﬁnwhile, force calculation was also
not explicit formulas, so it was necessary that the structure and machining
technology of honing tools were optimized. Being based on the present situation
of electroplating technologyv and the processing theory of general deep hole, the
design of electroplating CBN honing tools and the optimizaﬁon of pMetem
were researched further. Concreté content as follows: |

1) The reaming-honing mechanism finishing deep and small hole by using
electroplating CBN honing tools and the force of honing tools were analyzed.
Compared with reaming, honing and abrasive machining, the process which the
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grain of electroplating honing tools machininged inner hole contained slippery
wipe, plough and scraps form three stages. Honing tools had tangential force,
normal force and axial force. The tangential force which was produced by the
friction between the rotaion of honing tools and the surface of inner hol'e was the
main cutting force. Because of the fixed shank, honing tools had a pair of couple.
The normal force which was the reacting force by the inner hole to honing tools
was counteracted. The axial force was produced by the main angle. The axial
force must meet with the processing requirement of producing scraps, but the
axial force caused the deformation of honing tools, which affected the
proceséing quality of the inner hole. So the numerical optimization of the axial
force for honing tools was a good way of improving machining accuracy and
surface quality.

2) The axial force calculation formula of electroplating CBN-honing tools
was derived and the influence of the main angle, the feed rate and the
mechanical allowance to the axial force was analyzed. According to the
good-performance of electroplating CBN honing tools being manufactured by
~ the inside electroplating and the calcutional theory of deep-hole macMg tool,
the shape and arrange of CBN grains were simplified rationally, thereout, the
axial force calculation formula was derived. The size of the main angle for CBN
honing tools was the greatest impact for the axial force, the axial force was
increasing with the main angle, meanwhile, the axial force was also increasing

with the increase of the feed rate and the mechanical allowance, which were
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found by the mathematical analysis.

3) The mathematical model of optimal design was established. The design
variables contained the main angle, the feed rate and the machining aIlowénce.
The objective function was that the axial force was given the minimum value. It
had all kinds_of the constraint conditionis. The optimal values of the Vdesign
variables were solved by using MATLAB so that the axial force was reduced as
soon as possiable. Finally the physical dimensions of electroplating CBN honing
tools being applied in the machining requirements of deep and small hole of
guide bar were identified. |

4) Using the controlled variable method, the optimal result was analyzed in
the form of three-dimensional graphiés by using MATLAB. When the three feed
rate 0.7mm/r, 1.2mm/r, 1.5mm/r wérev chose respectively, the distributed
situation of the axial force and the contact stress with the change of the main
angle, the machining allowance was researched. The réduction of the main angle
made the axial smaller, so the deformation of honing tools was descreased. The
increase of the feed rate made tﬁe‘ minimum value of the axial force smaller,
meanwhile, the production efficiency was upper. Because the value of ﬂle
machining allowance was very small, its influence was tiny. In conclusion, the
main angle was reduced and the feed rate was increased as soon as possible in
order to reduce the axial force under constraint conditions being meet, which is

benefic for honing,
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BEESRIRRT]. B SRR R TIN RIF AR T - RIE, 1975 EF 144
EW%%W%E&%MIlﬁowwﬁ%&Eiﬁﬂﬁfﬂtﬁﬁ%ﬁlﬂfﬁ%%ﬁ
MR, BIFRTREMFRLE.

1980~1990 £, KXEY MHEER, BREHPEE AR IHRAER,
WitH & AN EESNART], FEAARKMMIAR, RENDEENROMEE
BERXREFTNIRAE, BRELEHSZHNNEEERARINEHMBRAE. 77
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ARBTRFREFRAEZART

ETRMER. MTARESH. KB SRIARI RN LB ERIET L i

RILRIT. i FSr A (R CBN) MM, BARSSAERENTER,
AR S TRRARRSD, TMITHRBH, FUASHIAETETH CBN 87, &
FELND, RO, % EPEER T AR TER, X CBN BIINEHEItS
¥ MITERRSEERENRRTFN, BEREHADRE, SIABEEMTH
ERREEREER. |

1991 4, K%, RBAPHATT CBN BUIRMBHEXBHLRIN, A7
AESTHRENEY, BREBUEAFVEERS, ERAMXRENIHE, 3
RUNRTIREHRER, EARHTNNS T RATERS KENABEE, IFE
KBRS A, HEMTHERER. |

1997 4, BLRERLT A SKIBHURT 2 4ERTHI CBN 81, KAHPILE 3t
BAREATLIRIM TR, FSaEEs CBN BRERE 45 SHEARE, &
T CBN MBI R, (VHET —2 CBN Bh, #I1£M5=8 CBNRTIAFBEAR
SMEBRUREHER R AFAORIEE ., B S CBN BTHMBANERAMI RS, B
FI CBN BRMTAR, RI4BEAD, HERBERE LE—REE, REELT
Bbt, RARBOEFXRAFEEEN, R CBN ENBUHE, CBNMEBHE
R, HERFEEAMTLEN. REANRANS SR THNTE, BT
BT T AN TREENREY. '

2001 4, B/ T, BRRBREIS\EH AN SRR AT, S
SlE AT AREN S, REHEAEENETS, RIEHEREE AL L5
HAHEFHSHE. WORAMIE, ATHELARER LS SUNNBREENE,
RERZ TN, HREAWS, U, RETNIREARERRE.

20024, £ ENGIS AREN A LB MERIE TR RAUKNAGER, Bgt
S single-pass (—HBIAL) FAMTHUR, MIRFEHLIK M e Tk 250 ra stk )
BREGHEAFET SN TRENETEREER, SERAMTSHK, b
H AT YL TISERILAMIN T, BATLAR A 0.00imm, T HEER.

ZEFR, HTRANAMINENRDERE, FRENATALHEY. Bh
BOR%. RN, TRER. MIAESREETRE, MEHASEERNIT
AHTAERE, SHEFEEATEARL
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ARE T REFLRFFRAEZAIRI

15 ZREWRE . MRBBREETERH

1.5.1 BERE

£T ERFIAE M EEHA MFAEMION, ASCANEEU T HE:

D A TREMTEEAMRTERE, M EELRIGR CBN RIL4HANTARS
YOREMFIREL R HTRE, BRARENHRRINTERT, SHFAkL
BER, BERAH, FANSLAERRY:; |

2) i single-pass LM T HAHURRBEMTEENZEERE, ERARR, &
PERAR, NAZR;

3) TERESHEHAYMMTRERNRTERENEERH, B8N Qg
 BRAVERAESIEAR, BAMILERRAN, BHEUEREHANEA.

et B A, RAREAARY: FRAFREHASHSENM T AR R
MIREARTERENERER2 — B IANZHER: NBSHBAR, 446
R EHTEEWER, BEFEMINENS AN, MERAERS AR
fife, BIHESHAAR: SHTMBAERA. #LE. NIAENMITRERNE
TEREOEW, BYUERA. HAR. MIKRIRIER, BEFENELHET
B HT RS2 2R N B/ K B AR AR AL R, R MATLAB RECEIRSS .
SR, MIKBRMHENRRE, HFRERBRTERMT =M RXN MR
BRN DB, HTRRNIEENRERRE.

HURINTR, AMLTHE. HESHMINR, SEHRENIAFLAEREN
Rt IMTHERER, JLATHEES 0.002mm; REEBEEIL 0.2um; T AEPRERH
BS5HTEER 3~5 £%; —IBTIfeELETEMT 10000~30000 UL L, FREMRK, BF
Syt MIARTHBED, THEHRMET, RERETE: FRERRENIKER
%, MIRARE: WIREXERATIR NIARGERE: EaTEETAHKE
SRR, BENENCERE, MREHAMNMFLEMTRE, AR, &
WREBHASE TS, ERNTITEESHESETHE—SRE. AFXHMISM4N
TREARTERENEREREAEEHANNANREE Wik, BERESEH
BEH A MNFIEMT A ANFHANE, HE—SRHReEEER Y.
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- RRBTRERIHAEFARI

1.5.2 AR BEE

FRBHOFABREBAR: HAUMHRRRARHEN 1Cr18NOTI THAILIEM
TR BERREAREERIMI&E, RESEHANRANHEERTEEMA
RidigE CBN HAMSHRT: RERM AN S BN T MR TRENE
Eﬁ%lﬁﬂﬁ%mﬁ?ﬁﬁﬂﬁz: YRR SR EmATNMIARNES R, IR
BN REARRAMANNEW, BESBNANIEENREERENGTA; EES
VIR RBERFRILMI RN A, #FHEE CBN HREH/MFANZHIHE
AR, FBRVUERA. REBANTRAENRHEE, DA% CBN HRAZI NS
B/MA BIRRE, U T T ZMERERAM R TIHIR AT BRI TER AR &S
BRI R, BAFA MATLAB R4-REMN AR EREFITIES,
WRHKERHTHN, FHE—PRRX=EABNHEE S BN HEREERTRML,
RN EER MG, FRTH AT B S,

153 FRTIERH

KEEMBENHRANE, NEEFHIEFRTAREDT:

B8 #%. FRNMITHRMERLOE RN BRI THA—
RGN L. BT SRR I T AR AR MR TR R
o WILBFE. WTLEE. BEEARTLSHNHMTARNS S N TaEHanE
X, SHNARREREEA; MUNTHTEERETERENEHERES, Wi
EH AT MELERSFRRBRIET BE, HARBIRE B REREER
REfEE: BERIAEENFRANASES.

B, wf CBN HTAMEABRREHRI. Rl SHNMNTERENTNE
fh, AFEEEANSE TEREABERNEEEARE, REBNEELES CBN
e SAFMT A, WRBRR AR NAE A EEL, B CBN AL LN
IR R SR A, A LS A SATMEAR 83 F5H4 CBN
AR T MRS N B RS BEMFINKENEREN DT RRNEW.

FTHE. B4 CBN HARMAHEERNRY. A RAMTARIINTH
B RTEEREOEM, X8 RTINS CBN HANSHB ST AN, &

15



KRBT REMIHREEMLY

B—RELMITTIRMZAMAHE, X% CBN W RER KSR AT
o, BRAHET R CBN HIR BTN B ) vHEAER,

FNUE: MU HFEANBT 5, AETERN R, HLBAMTS
BARHSY, BB BREL, AT BSARA R RAL R T s,
FFFIF MATLAB 1T, RIBMRE, BISHEH M ST ERNH4% CBN #i.4
GISYL FRATR AR

FRE: MOHHERMITEON. RASHERYE, HETHRLR S aR
FREBREAACERYUME, AR MEN ERARMTRENNARE, He
R R AR NFERR I BEE i HAE. MILBHRESHRR,
BEX=ABMENBW:; BEHERA. HLE. MTREHIR DR %
EAMERIERE, HTHERMNAKTHBREAKEHT, MEHMMHR
ERARM IR ENEEEERLENR.

BNE: BEERYE. WARYHARNEERNTRARE, B —SHR
T RE.
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KEBT REFEFRAESMBL

¥_F mif CBN iTRHERERMEWILIT

R R EE AR T AR R, REHABRTEZITR, Eit, K&
BRI T R AN AR, BN ASHSE N TRERRER
REYHEHBASHEMASHARNNER.

2.1 1Cr18Ni9Ti T\%ﬁﬁ%ﬁﬂqmlﬁi

RENBHEHARNRRE, ENHERT, MELSHAREZNA, W AR
MRIRE. mEME. BERAS AANIEENREREERR, BTRENT
b . AXURFRALBMIAMANS, FRER CBN #HR.

FIFRMZMAPORREM, HEHME2-15R, MR AICINITIAEN, F

AR 3232mm, B EEH AR TOATLR THO6Hs (2) mm, FH42mm,

RER0.002mm, REMREEARO.2um, SHAFBMISMERT © 1417 (353) mm,
ERAZEFME ©0.008mm, BTAHBMAEFTLE, ERGERFNTRE.

ol ooz | B
%/ %/ O6HA
[ ) —

VAVA v SV A 7 7 7T YT TN

///////////r\///a

Ld
03

42

232

B 2-1 AT EE
. Fig.2-1 The structure diagrammatic drawing of guide bar

1Cr18NIOTi B EARBAR—FRMIAE, MERRH. LR RR IR
MBEERTORT ARG MRTURITRRS, ARRAEFRE, HERTHE RIFH
EHts, RENEENTRAT. B, HESFAESR, FlkmaEsia
BITELERSHN.

17



KRBT RERIHFRERART

2.2 BEENTE

REHAHENEARER: HERIAR CBN FREBNBREL RETE,
BRURENASRERHEREEEE, 2008 TZUR, BRESBEES
REGL, BRAEBREEIR. BB RNsE T 268 SMERREERR.

"2.2.1 MMEE

By T R A R B . S RIS SRR CBN SRR RS
WEAGRN, CEBRIEENASRES L, REELEEER, RAG. ERA
EEFEBRTEASRRE, BRAEY 23 RECHEREE, 15 HOBEERS
e h SIMITIREAT SN, KRR ESRIER CBN B (1), XA gsl% T2
B, BRMEMTER, MTATRENSHE,

M 80 FEARTFHABIERT, BRASHAESMEERT REFR, EEFISH
THDEREDEHESEER, NARRES, EAENHENTHE:

1) &RIAE CBN BRLE— AR & RS G T IARARE L, JREA
LS NBRERRR, RS AT EBNRRERTEN, BYAHRE,
EVI4 T AR SRR MR R, TN, BRE RN ES
EASSTMNEREERD, BEEREANANK, BRASBERETHE, B
ERNETE, BEDIANERSS, ALREERES BRAGYIEEERAY
HRBMHTEY, BRFERD, MIHERERE.

2) SMERHIENAEHRSHS . HORNMIHRUGE, EARESE. &
BB RRALREDRER S &M ERLRIER CBN HABNY MHEFE, &
BERNRENGT. SEBRST TR, EFNEE: ERBERERYF “5F
R WHEHE, ALERY, BRSIEANDEE, FAREEHBINE, &
KRIRTIOBRIR, REEAATR—MDTE, SIMEENBE S FEIMRLE
ERRNWEREX, BHEREA, BHSSNANA, RORRERE BEE
BH AR BN AT ELR, JIANERHMTRRS EHM.
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ARBTXEFRLFRE R

222 RE*

SxAMEGHIE B BN RAFAENRE, MERETZEANE—SHR, FETH
ERABHEIZ. ARENARTRRBET L. AHE—ISIARRERKRRE
BRA, FRANNERELBESNIGE CBN ik, REFREEBIIFEHSL,
FERHBEERIGR CBN F AP, |

ERAAGERIETZ, A TEBREARKHFIERAARE, REBEBITIA
kL, XERBERNTUREEMAR, B55H5, MARAMUKNA M, HAEMENE, &
BT REHANSRE. HO%, TSRS, EEmMTRLERENT
BEMREAREEX, BUATUABE, REEFNE: FNBRNSRERYSHT
RSN B ERSMOE NBENE RS, SREMBRITZNRIT L%
¢,W¢Eﬂ§ﬁ,ﬁﬁﬁﬂﬁm%ﬁoWﬁﬁﬂ%%%ﬁﬁﬂ%ﬁﬁ\ﬁ@ﬁ\ﬁ%
HiF, ERENK, HYRBRANALNTEERREREHT THE. RimAgs:
HAMEERTZRERESR, WHANBHAGELE., BB R%, AERHSBENNE
TZHERRRRANTRE. REESTE, HAREHENEEHAEATLNT
ﬁﬁ‘iﬁﬁixiFﬁ$ﬁé%ﬁﬁEm%ﬁ,W%&Wﬁ%liﬂﬁfﬁm%ﬁﬁo

Fit, AHARBVANEEGEBERRNER ET#HTHR.

2.3 BIEHTR BRI RIEE

23.1 BROARMERE

BN AL BENNEREER, XRARXEIARRERARER. RRBEHN
HARAIE. RASAR. ARA. BY. RBRERIAE, BRAENAN, HiarE
EWLBUE. riEE. AAFNS. BRIRRLE, AMEAZR. AEERGERIEER.
ﬁk%%&ﬁﬁ%ﬂzﬁoﬁT%ﬁ&%ﬂﬁﬂMIﬁi,%ﬂ&ﬂ%mTﬁ%r

D) FRHEE. BERERNEAER. BREERT LA SINEETE.

2) F—eitt. BERASIMERRRGNTINERN B 5ER, REENRE.

3 FEHHEE. BHIEEY, BHSXREVEIAER. BMIA4nZEmn
- HRARNTHBENEN, FLERNES —ERRE RSN,
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RRETREMEHFRERARL

4) FREFMHBEHRAEE . EYXEER, —&4 400~1000C, FHELEFIE
ER R T BAEWEIRIER, RN,

5) AUEREN. BRARNIAMBZEERN, EAERNATEHHEA
TRUER, ERENSLRE R ERBA B RERE RTINIRES .

232 REHABRNLE

REITA—BRAEEER . BEBEREERIEMN CBN AXHMENIENEE
M. SRIEMBRAEAL, SEENRAEREER. BER. FRBRE. RIFSHH
TR RS R EEERHRNAT RN RR Y, REEE, WERERLT
FERFIRHRRELF s BRI R BRI ) BBt s LIMIE B LR

SARBERASRERAEENA. EFELERNEERMEARRENAS
BHMERE: BER. BEERE/D. WEBR. SHHEF. S0ERKY, RRLRERIA
TABRNATRENEEEZHNTE. BRARALESNETAKNAZEN R, B
HTERIG. MHigRR, HRT AESRIA. AEERIALRASRIA R HAR SR
HEE, BEREHRERET. SHEER. RENAMKNEERE, HAERER
A BRI AESRIA U BIFEEE. MEARRNERER, BSEETMIER
HARBEREEN LIS,

ERIEUESRANBRESE. X34, Bl WENAMSRERREMETIN
NFAIE, BE5%EnHBERGEEEE, 70CU EEREREAS, BEERIAR
REVIRIMAR I M. CBN MERBEFAN, Rt 5LRIAHY, BUNEEESA
BRI EAARTEARERE™Y, XaxERAR M TR,

CBN EFAREREEAS RN —FHaEEME, BEMhLE RRARTN
. CBNYE. LEMaRENATIEFIRAL MR RF:

1) Ht&RIA, CBN ARet bR EHEY, HiaetifE 1250°C~1350C.
MN-EEEEEIESRE, W B, RER. RREHN. F1EANRAEE£%, CBN
EATREREENTEEAR, RSBEERY,

2) VIRIRF=4EHTIE S/ ﬁﬁﬁ,ﬁMII#iE%%ﬁﬂﬁﬁ.ﬁiﬂ

3) GIRER, LMK, MFIEAK. CBN LIMIEIAILIMIEL 4000~10000, 2R
E 120~150 &, FERAFAARIEDH 100 A EE),
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ARBEIRERLHFRERABT

&) VIMEHRE, MBS, WA, 5TEHNMTRYREREHN T

BB, SRAR CBN H RN ETINE S, RLRET58ES
A, BEMTHAEN. TAM. SAH. WRE. FHH. 2. HE44. AERE
M4, A3 CBN BEUE M T REMSH, B “H4% CBNHiA”.

24 BRREEEMEARHE

2.4.1 B CBN HT A BRI AR

ERRERBRAN, HESHA, RRERAEAN FURZ. BEHaEN
R MR T AVRER, BEXRH THNTRERXERRNER. B
AR T T BESR R B A R, |

— R T BN RN, Wi TRERER MBS, BRREX, B2
B, SEEBEETAZEAN S, AR EhTRAERES SYH
BRD, BAMUTIRIRFK, THRAK, HECASGBRE, KBINHAS LR
RERKASRITAMTHERE, RORBEES. BERE,, BUEHESS5T8
MERNEE, RANABRSINARES, DNETR, MTHER, BRENILE
LRI RSB, REEREED: EERREDS, ZREARA, TR
B, AUMMTREN BUNE FETHFRENDE. BABRREERENE: &
HEMTRENREERENAET, RUSESREANE.

HI¥ 120 B CBN BRI ENATENE. HE. RUE. NATBAEES,
A SO CBN 37 B0 /MR FIRLEE 120 E () CBN BBRL,

242 BEHREERTHITHER

RFEALDITEERNRDARLEERHEE CBN BRNEE, EEaguits
Rty MpAmREa@RE ARTRER.

HEHARRETRENE 22 Fix, ®E, 4 Eﬁiﬂ‘lﬁﬁ he: SRR
EE: m: HRABENER: 4. BEHANIE.
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KB T REFLRFRAEFART

B 22 Kk, BEEARELSATER
Fig.2-2 The distribution diagrammatic drawing of matrix, abrasive layer and plating layer

WRIEFER 120 B CBN BE, HERNRL 125~100um. 5 THHIHHEAER,
—RAEF BN IR, FRRESN M, FUREN 4, BFYRR 4 IEpRRH
BHRES M (in) § 60% 35 CBN BRI TR dgy Bl

d, =0.6M"'(in)=15.2M "' (mm) -1
dj =dw_2hd - Zd! (2_2)

—f % CBN Bhil, £EAEABE-BERESRE, RREEHTHEE. &
BIRBEBRH R b — R RERFHRARR 1/10, B

1
b, =—xd
T (2-3)

HEHTARSME dy BN IHATLBRE, Bt d, FTHLNTREHARE.
& LR, REBRPHEENNILRLARRT U EEGHR, B (2-2),

2.5 B CBN AN EH S RITE

2.5.1 B CBN iTREHMSH

REXFRE, W8 23 FiF, Aa% CBN HALH, TAK WSANS. U
HISA. BRI SRS FE3ISHA. TWEA R, HES . RN
A AR TR, RET AR/ A LB Fy A CBN BAL.
AR AHSEN. HARABIIHAY CBN SRR T TAATLEIN . HERS
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A SE R T
Cy___——N %ﬁ@d\
\\ \ Q0
\ RS R
1 GRS i g o 33 N -

B 23 B4k CBN KR M H7EH
Fig.2-3 The structure diagrammatic drawing of electroplated CBN honing tools

B4 CBN HTA &AM E RN TERTRIREEN, FRNSE
mzﬁmﬁﬁﬁﬁmWRMIﬁi.Tﬁﬁﬁaﬁcmqmﬂﬁwﬁ%mm&ﬁwﬁﬁ
MO EMSHINRETE.

D BFRES

BT ALMTARAD, DHBAFRESAMABRTSRAEMTARMR
RAEE, ATHIESIAAL, FE-BSMRRENTHAALER MRS, HHEIS
Moy, BEAETSI S RN TR FTIREAAL, RFTRESERED.

USRBIEHRTSRREBNKE, —REGESMTAHLEN 10~20um B
BER, KEBMARK 1~151, BAs° .

2) FIHIERS

VKIS R M IR BN EERS, BURENIR4EMTRER 80%~90%.
BRI EWAERMEM, H— SERSRHREHATRNNIARE M TRER
HAMOBNEE, MEESEEERANRHENTRBSESLK, Bx LETHEKM
TERRE TSR LETFRENMITRE: X=: VHIBMIBRTABIMIE
B, RESSABHMIRE/LFRAD, BRBRED, BRAREEAMTIEE, £
BALBENREARE. BTHESEHNERT, FH% CBN FTAZAMA S, £
AARKERERF, NRENZREEEMNTEE, BLRESERHINMH
HHSH, RENAERENTIERNERT, LANMAHRD.

VIMIRA BB R R ERA o (NE 23 ) FYNIKE, XEXRHN, RER
REHZRME.: VIEHKE—HRI 15~25mm; EMTEREA a b 5'~20, BT ERA
a A 1'~5. JHIKERERE, FRAZENHERERETRRY BKEN 1/10~12
S 5{H,
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ARBET REMEHREFMILI

3) BEERS

VIS BEBRRENTREERH D ERER, HFEESINALREMLAF
HEKX, AILREHEBER TRESMEDETIEORHKEZ D, BREHE
METIRRYE, BREBEAL, BOMEERTY, REALDIRENREHEER.

RESAPEHSERERIKE. EREESTAERNTHEARYT. HTFKE,
FHLER3~4 FER; — RN 2~3 FER; GAN0.7~1 FER.

4) BIERS

B4R AT REFLA LR AT RRAE S . BT A% CBN HTRBHALNEZ
HEMIRE, RirREEESH, @8 T RN RESCMIRE. |

BRI SHRKENER. KE—BRN 10~15mm, EAWSES.

5) RERRES

BRREs5 R EEHAINFREI, B4EHRKEHENERIGEMLERE.

ERRTSTSERKENER. —RERKESMILED 10~20um KIEBR,
KERLGER 0.6~1 1.

6) BHErE

BRI ERAH. BE. AENASAZ AERERNMAEHRE, RASEES
AR R, SRABM—EER, FANRRBITEYBEEREETH, HEX
BH#E, RERKEEG, FEREAUBRUGENIRERE.

BRI 2~5 %, BIEAR 20~45°, BIEF RS TIANEETRER, R
VRS HBERARNTRE, HREMIXRETHEES. BIEEE—KE Imm,
%% 0.5mm A4, 485 12~18mm AH.

252 ET S0 E% CBN ITREMSETH

ISR R A ROBUE A a4 CBN BiESIMIR MR I E RAEW, REX
FRMOEEAR. TEARE 251 TRGHSRORERN, SHERINHA R
CBN HiR4HBH. .

1) F51 984

W3 BHAH RGN TR NN ER, BERARRST, EFSFMIR

SER, #5SHINERRA 05h6 (54) mm, KEHY 6mm, HHAR45° .

24



ARBETKEM LR R

2) RERS
RERSIERSTARLERMINERR T, BH 6mm; FHLBETHIL, &
BEEUCA 3~4 fE BB, KA 20mm. |
M 242 FHR 2. R Q2 R (23) HEEERIET.
3 (2-1) 7% 120 B CBN BRHTFHRE 4, 18:
d, ~0.1267mm

X (2-3) HRRBEREENEE hB:
hy ~0.0127mm

TRIFRIER A SRR dy=6mm, FileR (2-2) A&
d; 5.72mm

BIRCHERR I B R T 05.72h4 (55,0 mm.

3) EERS
REKE—BI 10~15mm, FABK S, AXRKE 10mm, 5% 5.
ERERS TR AR RN ORERE tmm, REEANBERSAKET

HARER, WHE 24 Fis:

f/,.h

- 10mm

B o

B 24 HeRyTEE
Fig.2-4 The diagrammatic drawing of back taper

RN,
| 6-2x(10xtan5')~ 5.97mm

RENRER d=5.9Tmm KR (2-2) FHE/MRMEAR, 5.
d, ~5.69mm

BB RS MRS R ©5.97h6 (g0 ) mm; SEATEMR ©5.6904 () mm.
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4) F519848
—RRIES I TRTFLE/MAEIRREH 10~20pm, KERAFLEER 0.6~1 . KX

hEUSE| SHAEBH 05h6 (%) mm, KR 35mm.

5) SEEHE
BUBREAE T 1mm, % 0.5mm, LBHEA 45° , $EFEEL 14mm.

T EREWGTER, BSBUEMR 2-1 Fir.
A 21 24 CBN HRERSBMRT (Rhl&HS)
Tab.2-1 The structural sizes of all parts of electroplated CBN honing tools (Except the cutting part)

e BHERT | EHRY
KE: 6mm
LIRS P Ef: ®5h6 (20 mm
¥&: 20mm
RS ER: 06mm Hf#: 05.72h4 (30, ) mm
K& 10mm
HH: 5
RS mﬁ;é’: S KMERZ: 057204 (') mm
AWEE: 05.97mm NBER: 056004 (%) mm
¥E: 35mm
E51 985 H: 056 () mm
i | F%: 1mm; FF 0.5mm; EHEA 45° ; 48FE: 14mm

2.6 HE CBN ¥R L/ NRFLRBSTHE R4S

2.6.1 B CBN T AFEM L/ MEFLOSITIE

% CBN HTRAM Y “RERINAEIR”, TEFRE: SERISHANA
LI AEHUAMIAREESRI). HEFHRZL. SORAE EE R LA
MITZHEH, R TEREAGHELZER b, MARISATHRNFH TS,

4L, —FEBHE CBN fIRESVIMAM, BFE5ISHs. NS &#
o EEERY. BTSN, VIR, KRS B AR TR
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ABRBETREMEHREFAIRI

TIAREHS ERSNABKMIRTHE, BEEAE. A—HHEH CBN KRS
BNERL, RIEEMERETIT, BTN Bh CBN KRB S THRTLIE
B, FERBEEATE, SRR SRR NAEEER, BRYIBEE
A TR B i T R A FLEE | |

EMIHE L, —FHHE4% CBN H A SHEML, fIAMLNE B EEE,
FEMBAERATLIN MY, 5—HEa% CBN BT A 5HBER S, B4 CBN ¥
AKERMIBETLMIREAR S, FERE, BHBIBRTEY, HELTRK
LRGN HALRER: B CBN HARBELASBRINI T, Fisin
REBITH; 4 CBN BTASAABKKENENAZARAL, NRMEATHMT
L2, tIBIEARE S REMERATERES, SHFENENERNH AT T
B R ERRENTALR, FBERMEEANKT, STHARRKE, LEMmN
HRF LU ERRERELE, SHBMHL, B% CBN BANALENT, £
MR, EEEERA, RE-KENR—MEENTRR.

BT L H 8 CBN 37 S I T ANEFLII T T 203k “4eH7”. BHTmFLA sk
R RRHEHRMAARED, THEERE, TEANREER.

B, W4 CBN HANIISHARMHENRTL, EE3 SUIBIHL BB TS
A BTHATHISA RS REERABNER, BTN BESHABIESH,
BRARL KR E IS B 5 RHRARE, A BRI 5 RTLEE AL, (5
BT BB TR, BN S AR RERE. HASERS, &
FHATLBHEAMH A ENLBEENEAARS MK, HANEENELEERS
WA EMETY, CBN MABRANARNNGA, FEHRBENHATIRHHE
BREMNAILRER EERET, RSN NN T TR R
B, ERHTRETLABOTE ABEEEE, ERAREHE NN, 5
ERBTROHE B S N BT B R T R T S B A I TR, S5 TH A, S7EATL
REH R, 5 TR A ISHADRASERE THREH TR
W, TAHAR—SB L ERHE ST R R RN, AERTY, RUUTHE
B, W 25 BTR, AR AMAER A R B EETHRLSEHT AN, HERS
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MM TY A, BRERKTR, MBS MEARILERIES.

B 25 B AMRBFEYARTER
Fig.2-5 The diagrammatic drawing of groove which was generated by grits A and B

K, BTHSAIRARMIAR, BREZEHARENERK, M5
SR, ERERE, RBRER—NIPE, MPEHRALRERRAEES
RRAREREEER, MIHENREERENERLRIMTER. RS ERX A
LRER=E/ MO, RERERRE AR BRI BRI
CRES, RS INIR R, BREBTN, BRGEEN, RETHANIRER
FEHREE. BTH% CBN HiAMIRETIARRAERRY, AEEAR, FLE
TREBALERRE. BNHES, BHTFHASLERETY. BEHE, BAUH
s, RREE, XE—-KI RSN TEENEERENER,

B, YRENSLBNIEALERELE, FAKEHANL. EHEHSRTEX
BAMRPEMIRE, 559845 S0 CBN FRBHAL.

s EFTR, 4 CBN HRMM T MRILNREHER BN S THNEZ FNHE
eI )8, iR CBN B EHIH ARl Bt H X 5. CBN P ER I CBN
BERERIYY, ERE. RmT, WEREYE; =% CBN HARKALEE
B ELABE L BRTHTRR, SR LHEELHARNRE, RIGE. Hik
T, tIBREER, BIRMAINAREEMLESERNERE.

2.6.2 B4% CBN AT/ R RFHE

S¥BENA. RARA, sAFILENTRE CBN BTARR I TIeHE:
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1) B4 CBN HiABEER

KRAEESEMEE CBN HTARENL, HABNSHEE. WIERRTIMEE
THELNEE, RENAXGNIRE. SRUEERGABREHREMR; Bk
EREMER EENEERAR; MOEERFRBR/MRIREF RS REFHIIHIH .
BHAILE, FRBRKTHNSREE, SIUENEIEERS, BMITIZHY
HIABRB/D, TIRIREERAFEGEK, ALREMTEERR, RMERERIT. 455
RIS CBN BRHSMHEE, HRIAESF, RILRE. BEERE.

2) BE CBN HAREFAKNER

RETAZ KBRS 50N, BRZEMESNERT — MUK, YIBERET
XEMG, RHEET, R NS EREET M KT B ERMB—BS, M
REHM, EERNRENSSHRGHRRRED, 2RMBRERNENS SR,
ERBEHEBE SRV AERS), FEERMERNEREADE, agia
CBN BIHA G IE%, REEMBK.

3) SRBEAEREA

SEERTIREHORNIERARR, B8%A MR EHE. BEAERER.
AEHT AR TS T RAEEMEER: S RELHARATET, 794
FEXBAR, MTHEEREAEIAERTRRZ AOMETE, SALTERY
VIR, SRR B RO DAY, TARGEERE, TUENEE
EAFLEN THABR BHFE, MGENIRE EHARLRRARKE.

2.7 ¥RASHE CBNTRABE HER

NI A R TIHAES 1) 80%~90%, TRETRMERAMTRBINK L AILE
LMTHERNETERE, FLINEIEHsREEEEE, wmﬁﬁwMWﬁm
LS THKERIGHAE o AHUT: |
.1 YIMRA KB I T R R
S0 2-6 RN IMIBMATEE. HERA o DREN, TEHAMEERAR,
oA TUEANSHMIRR, X ETAOMTEREE S5 R IAS
THEMERNK, FENREARA, MIATRE LR, DMBAKERAT
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TIAMBKE, IHREREK. k2, SUHIEMCERD, DIRKERRAD, BEEE
BTHEMTER, M EETFHERSZ. —BERT, THEMHCER 15~25mm,
AICERAHRME L=20mm.

If:

| 2-6 Wl EE
Fig.2-6 The diagrammatic drawing of cutting structure

2) A oMM REHEW

LEBEEREE, TRATETR, MIKEEX, 25800, 81
BNZHEI K, BREX, FAFMEE ZRAREDDS, MIKEMESH
EBE. TIHIMAMBEEEYIN, BHTHEE RIS RH L. FARHNS#
A BRARERS, EPHAARERSERAER SXRAKX, ZEH
FARK, Exmfd, ZHOHAORAD. WFREEERERDATMARER
B, il T, TEAERARBEIEHAR, EEFAURRENAMIRE.

(D) EfRf o RIBIESHEW  WE 27 Fir, VHIESHER: E6hA o
VIMIREEE ko VIBIRE bpy AR S MIRE ap

MLFAXRBEST, ERASTHEESERRDT AN

ky

sin@=—
(2-4)

a .
sing=-—*%

(2-5)

Bz (2-4) B SYMIKE L —EH, EHARTE, TRA o ERD W

PISIEEE hp /b, HAEAEAD, BEEERMARIRRS, UAVIHNEYD, &

PR ERA o BERK, USIMEE ik, TEFZEIMK, SHER
FRBE AR, BRNERMT SRR, EASGRE.
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R (2-5) BHl: SURKE L —er, EMTLE o A%, EhA o BERD,
WPTHIRE bo /b, FREAZER, SRERZINEHNRA, TREMNEE, *
BRRATE, EmIEANREEEES; hA o RERX, WNIKE bR,

AN, FEEBESHINLA, E-NEE.
THAR I

B 2-7 245 A 20k B S5 YR
Fig.2-7 The effect of main angle for the cutting layer’s parameter

BRI, ERA o WRERETHERRS Y, RLYMAREASA. FNT
LM THEMREEREE. £NE, BESBRNET.

() X o SHRAMER  B% CBNHASHAEN TR, BHA. B
F71. REAMELEH, NAAREDNS, ZHEMNEERA o REXR, REHA
HEERA « FRAKR, BHAHIIAHATHERERALN IEERRERE,
A g B BN TR, BRI NFIBHTIE, BRhRMT, EhEa
BBRARRHREAARFEAKT IHMNEREE. TEMTH ISR A h

5EhMA o XER, WE 28 Fim.
IHRHR

\ e

Ezs@ﬁamﬁﬁﬁﬂ%%&ﬁ%zﬁﬁﬁ%%
Fig,2-8 The relation between force of cutting structure and main angel for electroplated CBN homng tools

HTHAYBRA R AR ET I FERINER, BMITATINIRS S
ﬂI#ﬁﬁiE?ﬁﬁ%&*ﬁﬁF,ﬂ%?ﬁﬂm%&wﬁﬁﬁﬁAﬁﬁ%ﬁ,W&
F RA#EED Fe BRH5ERABRERRL:
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F,=Fxsina (2-6)

MR (2-6) B, BMEAFMUNERS o HX, MESH FHHER, I F5EXRA
XAFEHE, BRAELABEHENSERA o HEEXR.
¥k: WM FATHELE, 4k CBN BRESTHZ AMERERY, HRZE
RIIE A FRIE:
F=Fxu X))

IR AL B EETAL S, REBKI—AA T, MAEIN B ThE 5%z A,
S RS RIS, RO RSN R R IN ) SRR R.

W WM RERSHEAR. HAVNEASRENSREEHANTET
fesist, STEMA o EUBHAN o0° ; ERERAN o=0° . KRt
—HATHE, BN THRERA o SHINNXR, REBOHESRFRS, RIH
WA BIHE m, FEASHEINBAGHE, AEHATNBSHLARTXAR
EEWE 2.9 Fiw, o, dy FESB: o TRE: L DHIBARKE.

BN, SARANERS, BRRTAH FAERRE, HRRWE 2.9

(X1 DE .
£ RtAABC F, FA=AREHHES:

tanoz=£—_-—c—'-=-1—’-.é (2-8)
AB L
i (2-8) 7F:
BC = Lxtana 2.9
ﬁ=-;—x§-6=-;—Ltand (2-10)
H, AIE:
DE =d,-2xDF =d, - Ltana Q1D
a4

r-F X%E_= F.(d, —ZLtana)

(2-12)

BHRX (2-7) 74
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_ Fu(d, - Ltana)
2

T (2-13)

[/
=

B 2.9 WKlESHIUTR T X%
Fig.2-9 The relation of geometry size in cutting part

BJE: HORHEHE. SENRRHN, ROBIHHHEEIH, LENH
MR T, MMIIRR P, %A n, HHINER n, BURINDREARE m, HHE

HEAXTAE:

= 2330pmm (2-14)
n

s (2-13) FIR (2-14), LBSERSRAATHE.
Fu(d, - Ltana) _9550p7m

(2-15)
2 n
MK (2-6) W40:
p-
Sma& (2-16)
lH:s ﬁ:
F,u(d, - Ltana) - 9550pnm
2sina n 2-17)
‘H—ﬁ Fa,§=
F= 19100 p7m L Sina (2-18)

X Q18 F, P,y my ps ny dyy LFRE « TEREFKE, RETFRE5oHR
ﬁ*%\o Faxﬁaj‘{#m%ﬁﬁ: ’
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, docosa'—l.sina+L5in7 2
F, =19100P77mx 2 (cosa) >0
ni (d, - Ltana) (2-19)

&, Fuit o —HEMKTE, 5 F, R o HEXTTEA.

B (1) f (2 T4, ERAXDERIBIEMRSENHAFTZHAS, REE
MIHFAMASN. RANDTRERNRTERE. £F%%. MR OEEmAEATIH
X, BRI AR K S AR RS, RIERHHEHF AN PR HE LT,
AERANTEERNRDERENEZN, FEELHAMRANRERERE, X
BETESE SR E MR,

28 XEME

1) 247 1Cr18NIOTi RRARFASHHMIER, BT MRAENMIER, HE
FeagHT AR H T,

2) FREEH MR REENE TENEARE R LERERRA, R
EERE S CBN fENETE B RS 120 B, FRKEEEHAEARTHE
BHEHIEA SR RS CBN T AEWEEEARY.

3) BFSUH4E CBN Hi BT/ METLASHEIE; MTTIHIESA-KREMERAR A
 AEmMITEEAREERENEN, TEFNERAMNTARNZHRINYN, RILE
RERTLIMTRE, LFHERARESERLERHEDIAZR.
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W= By CBN HiELME it EAARME T

¢$E%ﬁﬁﬁ%ﬁﬂMIﬁ§ﬁMIﬁH{imﬁﬁﬁm%@;E&ﬂ%%ﬁ
CBN BT ERIMITMFEANMZAER: BiSE I B4 CBN ¥rAMm B3R,

3.1 RREMMIKBMMIRBE. REARENTIE

CHR 24) R (05) TH: UNEERRERARSARRE: UHEEETRE
AEMTARYE, FUTMESHTEAY: ERA o HLRS WTAE a,

il

%////////

B31 WHETER
Fig.3-1 The diagrammatic drawing of cutting layer
HEmA—EN, SHHEE. WIREXN TR EMXEEREEMIEN TS

. NUTBIBRRMT, WA 3-1 fiR.

D HEhfA—En, EnIKERE, #ARMAN, £rRERE, BYHE
REEREK, FTAZIMEH AR, WAHEK, BETH, WILILFAREERE;
FREHERZSEVMINBRZ A, BRNESIE, ALNRERES, LH4E
'ﬁxk,%ﬁ%&%&lﬁ%ﬁ&ﬁﬁ%,%ﬂﬁﬂﬁﬁ&ﬁ;Em&zomiﬁﬁﬂ
MIRE—EN, H#ARNEAREN TEENRERBORTRTHRRE.

2) B mA—Er, EHABRAE, NTKEMAN, HAEE—eHABET&E
MRS R, ZANRATHER, BRHERK, HASTHEWNTEE, B
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SEREZNRE, AAREREENHACAFGEE AREMKLETFMIER
HABELETFETHILAERSRE TURZ.

Z LR, M. HAR. MIKBHEERYERE CBN HTRHR KK,
Bm I DR E MR E R R DRI R MR F e E.

3.2 BiE CBN ITEMZ h o

AR CBN H AN T MNEILMBHNBMTER /1. HEEE 2-8 ATA,
SEI BT A VIS A RE 5 AL ERE, HARERIAAREREERES
FEERS F, TIAENRES FASAN F, TIARTLESHRITHEM, 5
HBELHE—AMR D, R MRS RE R AR N R, R EENE 3-2
Fim. B 5 W E Bt A H RIE S, b FMTRERE DL TR,
Rtk e 4% CBN HTASZ B MH M ) T ERTIHIBAZNHE D .

-‘——-?——

T

B 32 kR sHaHLH
Fig.3-2 The distribution of axial force of cutting part

HASWEEHEARB—ANBES, XEBEDFTHHERBL, KMIF, &
LHEHN. BN —E%S), SHTNETAREENNIHZETESRS, TRE
PR SREF AR, BTIRESEERS, IREARNTABIAEEHAZ X

HiB. B CBN ALK AMLESS, BHRShrERDE 33 Fix:

Fa IE R P jﬂl_p_"__ _____ 4

m

A 3-3 &4 CBNHF AR AR
Fig.3-3 The force schematic diagram of electroplated CBN honing tools

B4 CBN BiESHE m, XANRBHHMEDN S, FARHEN, HTE4EY
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B, BEESEAEMENSANBHEA, ESNBMAIEK, HALEEEEER,
RESARERTEH, ERETH, WALMTRERTERE. FkIRm., He
B, MIKBMRERZFESSE CBN R Hr HTS4 M h 2R R V1B RURT R
FREBERAN N THROTARHTREATLN TR ENRERE.

33 B4 CBN AT AN HitEER MRy

ETH® CBN FTRARM I MFAEHHERNZ M, RE-REAMIIER
HEAFRE, ELRE CBN BTAASHARAMING, #RHALHEAR.

331 —BRAMINANZ hatr

—RBHRALMIL, W0 A, Bl T HES, RIREWAESRARTINT,
F&RSI M, HINATFIN. BANELTIRNRZHMTME 34 Fix, L8
NR=ATIRNSA: YIRA R BAN FRAMEN F. EYRIORYAN R ERT]
AE5THZANERS, WIKAFRETNREE TR, BANRDASIHRAK
PR BRARIREAS THFESENS . TARREE), XERHES.

A f @

> “)
4
L7777

B 34 $RNRARLEH 54
Fig.3-4 The force analysis of single-edge lip deep hole processing

REVIHRE, BEAERTEL SR ETRORR T EEL IR VI8 HB:
F,=K, f-a,

3-1)
ARFBY: K BTG (Nmm®); £ $AE (mm/i); ap: PISIEE (mm).
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3.3.2 3% CBN HTA%E hit BERME ¢

fi4f CBN HAREEA LNESA MBRNTHAR, QL. BRI
ATETTE, EHANERRRRE, RENNAEES, F8%, PCENIRER
TR A A SR A A S AL T R TIT1 eA0. TESSRAMT
JIA®ip, A CBN HABRNBRANFRAEML.

1) BERTBRMEL

5T, 2574 CBN 5 AR T/NFL % £98 CBN BRLR LA
SCRRTS CBN EEAVA LRSS, IO, R0, [Bkimitas, S
ERARKS, A0 CBN BRELRERE.

2) BRI |

ETHEESIEMEE CBN HASHE. WORREIR, BRTLEREREN
HIENREG L, MEBRAFEIM—EER, BAmE 35 fin:

B35 BENAAHI~ER
Fig.3-5 The diagrammatic drawing of the ordered arrangement of grits

A& 35 % A 4, A LBRRRIREL CBN BRITRFTHI, HTERPO
ZIEMBEERE, Bhr: ATRARBERATERBFSR, BRaEEREL, B2
RETHERT, BHAENHSRERERN 1/3, 23C%EM 120 HI CBN B, F
WEAZR 0.1267mm, MEE/TRERFELR 0.042mm. NERAREMT, BT

| BRZEAE—EHER, ERRLEBRERD, FUTTEREHAERRS, B

BRERN, SNEN 13 WML, ERSTERTRLR B RRATIRILN
T7IR. B4 CBNHRARLR THMER, W 3-6 Fir:
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Le'4

A 3-6 &4 CBN A EBRTRLTEE
Fig.3-6 The diagrammatic drawing of grits’ order for electroplated CBN honing tools

BRI AR AL EEERET HFIAR AT §—TERNSHELBRETL
MITIRETIT BRATRBERIAEM. MILRATEAMITIRLH, B8 CBN ¥
ARUEGARUSIIFRAMITIA, RERANELMIIATHRALDELESE
BHRHFIR R HH AR, BETERGE 37 Fix. ‘

B 3.7 B4 CBN R RRS 2NN E
Fig.3-7 The electroplated CBN honing tools was simplified as multiple-edge lips tool

3.3.3 Bi% CBN HTRME BB

H4 CBN HIRSEHBAAZATIRAMINR, AWHREHLTI 5205
TIRMIALREAXR. |

CAR4E CBN HrAM AL AN AKEE, Wik 3-8 FormlM B 74 4%
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HRRET MR, RTSEE REENSEEREZH. HADREESAHR
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BASE, BRANEBMENRARE, FUSHERERANBENIEN. S 3Y
TRHEENBERE, REMBEQHANNERNSERE, BE 3-8 TAZRAT)
BIRFE N REEE L, RETHRS LEBATREHRENAF; FRATIFZ
H A A EARR, Hibs® CBN B RZEIN S MANFTRATIHMENHREN.

M 3-8 $AAARKEALMTER
Fig.3-8 The diagrammatic drawing of the force analysis of multiple-edge lips tool

3.3.4 B CBNHiEHEANItE

E T4 CBN HiA A AHERE R RHEA AT, FaEHATHIRS 2
BB, WARERBNTNEEANFRMANZERE, HHHTRMZHAHHE.

1D AN BHEHTE

BRI 3.2 TR BRI AR, BREER r, TEASFRABEATE™
B R =% B RS VHX-600 X CBN BERLIA B IR E T E re~150um’™), XA
HEESENE, A3 CBN BRRIE r,~150pm.

VMRS AT A EHE TR R LE 39 Fix, KA, 4 BEREBRLSIME,
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HERS o THIBIKERNTERIORER 4o (B 3-9) HETRIE> MRE
7 a5

d, =d, -40tana (32)

B do Fl dy REEVHIB S B EFRENER b B:
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d, =—;-(d0 +d,) (3-3)
PER &, ME BKMERLZ FEE ry~150um R+ EZATIK S5 n, BJ:
’ L _md, _7(d,20-tma)
s "s (3-4)

Tz

20

B39 $ANEHHEFEH
Fig.3-9 The diagrammatic drawing of the of multiple-edge lips tool

2) H4 CBN H1 R HitEdR
BIATI%HRA: EEN F B Fus RE7 Fis VIR Fy; B4 CBN #7A
Zmdk: EEANF B0 F BRA F VIR F. Z277REEW 3-10 Bis.

A 3-10 4% CBN R4t -7 & E
Fig.3-10 The diagrammatic drawing of the force of electroplated CBN honing tools

BRI TIFREMTASD Rk G-1) B
F,=K, fa,
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RIS, BATIFRETIAN Fs b k:
Fi=F-p
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X (3-6) # u & CBN BH S5 THMHEAEN 6K EERE.
B3 (3-5) FX (3-6) T40:

p B Ef, _
H oA (37
& 39 W4, BATIEES FREES FaZ AKXE:
Fy=F-sina (3-8
£X G- KARK 3-8) B
F, =F, -'sina=%-sina (39

HTHRMESNM R I ZEIME R A KPEE, FE—3, FLESE CBN :TE
SR BRRE N F,RSRIATIFRES Fs REA, BEFEM. B 3-4). R (3-9) 5.

= 220D p g ina (3-10)
e,

X (3-10) Fdps &+ rp KENEBRELN, HERA. #RENNMTRERR
ME. AETMEE CBNBTARINME N HERA. LB, DIRERE.

F =n-F,

34 KRG

AEEAMNTHEE. MTAENMIEENREEEERNERE, TRKEEHE
CBN HiP/MEFBIMLHRHNESN THRRNZAER, BHTARZHRARE
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FME KT BFERNRISHE

FEUERA. BRENNIRENTIER, BinhB/ b EFRE 4H8
FRAREMGRIIRA BT OBEER, FHFH MATLAB REUBAR .

41 A EEER S

AT BERRESE: B ER. iRl AREH, THE 8L
D BHRER: hfia. HEES MILXEa.
2) BfrEfaR (3-10) 5.

#(d, - 20tan @)

min(F,) = e

K, fa,sina (4-1)
3

3) AREM
(1) BREE 13 REREES, WHIBE BN TERENRED 13, 5.

1
<-+d
<3y (4-2)

AICHEA 120 H CBN BR L BN PHRE 4,70.1267Tmm, @ (24) &
f -sina < 0.04 (4_3)
(2) BEREXH, #H4E fRBRE—KE 0.3mm/ir~1.5movr, MIRE g,
E—HE 0.01mm~0.04mm™), 8.

03<f<15 (4-4)
0.01<a,<0.04 (4-5)

(3) VIR A 20mm, 4 T{RiEH4E CBN HL AN FidE, HAVEIHS
LRHMAKE m HE—E MR, HREEW 41 Fim.
VIR LEFHIAKE m SETHERA B KE L=20mm H I FXE:
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l-LSmS—?—-L

2 10 (4-6)
Bk, IAKE m ATREEER:

10mm < m <18mm (4-7)
HE 4-1 BABYAKE m 5ERA o. MIRE o, ZREIKXR, WTF:

m=a,-cota (4-8)

AR @47 B

10<a,-cote <18 (4-9)

%////////

LN
R

B 4-1 WHRSEFRAAKETES
Fig.4-1 The diagrammatic drawing of the actual length of cutting part

(4) H4% CBN ¥ ARHT AL LHFR BRI AILRE N E. BEMIRTE,
SEEINEAR, HEHTEAWE: BE. #3L. IERR. FFHRHABNSTHR
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1Cr18Ni9Ti 2 AN BRI S 00,=196MPa, EAN /12K o, AR
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#-(dy-20-tana) K. fa,
Te # (4-11)
25114 B4 CBN FLAVIHIR A EEREE M 42 Fin, #E8 (1) KYIEIES

%% BE Y3 BIFRRE (2), RFBEBHHLHSSTHINER.

F=n~E=

o) 2

B 42 Wil S L h R RER
Fig.4-2 The effective area of cutting part participating in cutting

HILAXERB:
—— dO
BE =EN =— (4-12)
2sina
dy=d,~2a, (4-13)
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C,=2-m-EN =— (4-16)
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R . 2
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03< <15 | (4-25)

0.01<a, <0.04 (4-26)
10<a,-cota <18 (497
2450006~ 20tan@) o 5 > 196 (4-28)

3(6-4,)

ZEATR, RIFEBFREREAREMIHE, FRIRARARFEERTEET
X EFRUEARB/MERRAL BRI HE.

42 BT MATLAB HitiititsE

FIH MATLAB 1 H fmincon B3 BB HHEEAERL,

fmincon BERIHARE AT :

[x,fval exitflag]=fmincon(’ objfun’, x0, [[},[}.[,Ib,ub,’ confun’ ,options)

x: BILHE; fval: BInREERNM x THRREME: exitflag: B iR EESE,
exitflg=] PIHRAMATFHBAR, exitlag=4. 5 HIIRANAHELEOBINED
MEER, exitflg=0 BBIRALRM: objfun: HAIRERE; x0: BitZEEWMME: b: BitE
BRTHME, 2XEBREER; ubs BRURERN EAME, SEERRER; confun: JE
SHLAREY: options: MUETEN. |

MR MATLAB %1215 5 AR R T EEB R T

Wit ERE: THRA . HEExn NILEx.

Hirk$: #Mmhy. '

_ 2450007(6-20tan (x,))

min (y) 3 X,X, sin(x,) (4-29)
LI
x, -sin(x,;) <0.04 (430)
- 03<x,215 (4-31)
0.01<x, <0.04 (432
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10< x,-cot(x)<18 (4-33)
2450006-20E0 () | 0106

3(6-x;) | (4-34)
H AR RIS EBUN : [x1 %20 %3]=[0,0,0]; T 5 1b=[inf, 1.5, inf]; L5} ub=[0.0167,0.3,0.01];
F{AMATLAB B LME—, ZBEFETERWT:
x=[x1» X2, x3]=[0.0919,1.500,0.0160]; favl=59.1127N; exitflag=1.

REERMTREWT:
DRHERBRE: RS 000919 ; #4 7 A1 5mu/r; MIAR 2,-0.0160mm,
2) L ERN EREREA SR, B/MEF=59.1127N. 3) RALRKER.

43 B CBN ITEEH R BERE

43.1 B CBN iﬁisﬂﬁm

RERAE R A EUE 0=0.0919° ~5', HEVIHIFSEAMEEHRT.

1) KmR~F

RIS 5 B CBN HLAYIHIR A XRERR T 06mm M 2.5.2 WETH CBN BEi
SRR d=0.126Tmm FEEEEBE h=0.0127mm, B (2-2) BREEARTR:

d; ~ 5.72mm
Rk, KmEMERR TN ©5.72h4 (54, ) mm.
2) MRRT
(1) 8 KETEBLERA e=5TKE [-20mm HEMRER, B
d,=6-2-20-tana) ~ 5.94mm
(2) &mr: Bk Q2 %’rﬁd\ﬁséﬁﬂn‘, B
d ;= 5.66mm
E, EEMEERRE 05.94mm; ERI/PMREBREARRTH 05.66h4 (%4, ) mm.
B 2-1 T H4E CBN T AR E M S LR TSI SR FIETBE CBN #7
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REALHWEDME 43 fir, EE0% CBN HALWEME 44 Fir.

JM*-} 40Cr
32/
3 ©|0.025]0)] ’g Rb
S O/0.008 b= N
Olooog] = 2 &
oo 3 Aloasl ¥ s Olo.012]
/ - & 5% AyToomR
1:250 15 1:334 ol B 0.5
Co44 Ly, /-e-—@ —\ s s / —"H"“_:__@
| D)
AL 6 J
38 26 16\ 1.6\ -4~————C049 8'—5
ocl'c"? 46
4 56
<l £
B
S

B 4-3 BT84 CBN H A KM E
Fig.4-3 The structure draw of electroplated CBN honing tools before electroplating

~
1))
44 0 1 ) .
CU#—H—.— 8 c049 8| Y v E——*‘—
/4 @
& L)
<+ D 6
o™ 26
i 46!
he 56 J
ot !

B 4-4 U5 4% CBN Hr e sl
Fig.4-4 The structure draw of electroplated CBN honing tools after electroplating

432 B4 CBN AKKHE

AR R RS E RN SN R TR .
WERE: EHhA a=0.0919° ~5' ; HAR ﬁl.émm/r; MI&E a,-0.0160mm.
¥ LREBHERAR (4-23) HEHMES:

| F, ~5343N

B34 CBN B A EMH B & S 4 M4 40Cr, 7 40Cr HRHERIRAE 0,~785MPa,
SREERR (BLBARRR) A o;=980MPau

¥ CBN T REA LERHINMZMAHF—3 LB, REREEW 4-5 Fir.
4% CBN BT AZ MM FAAE m, BAAEHABASE, HEEHASHE, T
ARG B 38 J5 BB RSV BB 51, 43 RIXE IE B FOBY B H AT R o
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Fa '}Fa

A 4-5 4% CBN M REUZ AN TEE
Fig.4-5 The diagrammatic drawing of the force analysis of electroplated CBN honing tools

1) ENAKE
REVHBAKRKER 6mm FMKES 594mm B, KDRERKFEE
d=5.97mm. KEHEHSER JITEHAZINENS, W

o= F, ~1.910MPa <<[o, ]
d,
”(5)

B CBN HREAMEL 40Cr HRRU BT RETHREEX.

2) BYRESRH

4 CBN T AXMIT MaErns, SEENEMMEF RSN XEZVNS « &
BT ARAMELR 40Cr, EMEXT 9%BTEHEME, WRBTINGZR):

[+]=(0.6~0.8)[c, ] (435)

M 40Cr FPERERIR (FRHARR) A 0,=980MPa 73:
[r] = 588~784MPa
B4% CBN ¥R SZRE vl AR, TR NZRMIES Fs ok (3-5 B
w, BLEBAT] EZRIES Fs PR

T=F, -1121=K,fapd7°=7.35fap

i T4k CBN #iR LEUNBMYIAA SRR, BREEETAMRONET

., BEXEy)E AR ROEES AARBRERS, BERERX G-4) TiHHHE
# CBN HIRVINI# A Z 2 BHME T T
T =T,-n=153.86fa,(6-20tanc) (4-36)
" W4 CBN HABGLWEREERD, TUERRERNY d-6mm WEE, HiH
BERE W::

3
w =% _4239%10°m’
Y16
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E o=5', NIRE a,~0.016mm, KA (4-36) -
T ~22.05N.m

BN AR

T=—=520MPa

T
W,
ﬁl’ ﬂkﬂ:

T <[]

BEFR, TR, BOR. MTRARMBME, MEg CBN FALKATES
SRR, 8 CBN 31 B MR R RSBy H 28 A A A

4.4 KEE

ZEFERDERA. BAEANILRLEHSE, BinAB DI EREY, ™=
EVIB SN R BB T R AR, HAMH MATLAB 2t {TiH5, K&
R, BHSERE o=5' ; HAE A15mmi; MTRE 6,-0.0160mm B, B8 A
EWREMTERMAF THMNBERD, BERH F=59.1127N. YIEHI2EH T
JE, EtXTRATROINTER, 4% CBN BT RMENREE &M RHRmE, ¥ 1HA.
HEBAMIRENBRRBERESENTEN ARSI REERE.
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RFET RFMARRAEFALRL

FHE RUHBESEROTE A

5.1 AEFLGET, BRAsPHERAIMIKENE

FABHTEEMIERA . RAERNTAEBNERAMEY. BXRAFMT
REFUEAD, AR L BHRIETEE 0.3~2mm/r B/ 3 XEESR EHN MATLAB 2
P, REARSRSERETHR AR M ENERARNMTLESE. WHMER.

BEEREDE 5-1 Fim.

£51 RAALET, £4A. pIAFRBAMEN, 2GR ML
Tab.5-1 When the main angle and machining allowance take corresponding value under different feed rate
the axial force gets the minimum value

TR )zm | TR ) | BMED O0 | Hett
0.3 0.4647 28 0.0811 295.6263 e d
04 0.3473 21 0.0606 221.6979 (e
0.5 0.2773 17 0.0484 177.3504 W
0.6 0.2307 14 0.0403 147.7885 ek
0.7 0.1976 12 0.0345 126.6740 &
0.8 0.1728 10 0.0302 110.8387 &
0.9 0.1535 9 0.0268 98.5227 6
1.0 0.1381 8 0.0241 88.6088 g
1.1 0.1255 8 - 0.0219 80.6088 e o
1.2 0.1150 7 0.0201 73.8912 g4
1.3 0.1061 6 0.0185 68.2072 g
1.4 0.0985 6 0.0172 63.3351 Kk
1.5 0.0919 6 0.016 633351 Wk
1.6 0.0862 5 0.0150 554181 e §
1.7 0.0811 5 0.0142 52.1582 (&,
1.8 0.0766 5 0.0134 49.2605 Wk
1.9 0.0725 4 0.0127 46.6678 1§ §
2.0 0.0689 4 0.0120 443344 & §

X B BLE R T '

D ARZGET, M RANDIREREEHRAERD, RIAH RSt
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2) REEARNNA, TRA. BEERD, BAHRERME, BIEED.

52 EiRfe. HAEMMIKENHEHZWAS T

REREEEE, NF 51 PREAHE: A0 7mm/r ~12mm/r. ~1.5mmr; F
Fi MATLAB %78, BI4i#4 BEUX = AH R H R ERARN TR EMBE .

1) 48 £07mm/r. £1.2mm/r. f£1.5mm/r B, iﬁﬁﬁﬂulﬁﬁﬁ%ﬁ]ﬁﬁx
MEH, BRELREZ (D). ). 3), BAEFERWES-1. B52. B 53 Fim.

AE -1, B 52, B53%, TRERNT: '

(1) 7£8 5-1. B 52, @539, LEmA—EN, BENLKERENEX,
Hip hBHHE K.

Bx (4-23) BHAEBESFRATCHEME, WEH.:
2450007(6-20tana) i | _ (.10

Fﬂ: 3 P p

He 4Rk
2450007 (6 -20tanax) fSina
3

Rk, EENTABPENEX, SBRhlR. RERE: EhA5HEE—EH,
EMTREHA, B8 CBN HAYTHIRA S SHRINKEYR, 25UHMERHEX,
SENBRHEHANE, KA CBN HAZAMEABLEA, XhTEMHA
—&, HRANEAARIRATERBNMHEIREEA.

() 7@ 5-1. B 52, B53F, YMIKE—EN, BEZRANER HE

A= =HE¥ (5-2)

HBRBHHAK;
MR (4-23) HELREMIRBRUOVEE WRH:
L= 2850092 (6.-20tanajsine = B-(6- 0tanar)sing (53)
HH BN
L (54

3
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B 5-1 #4¥F £0.Tmm/r B 52 #£¥ 1. 2mmn
Fig.5-1 Feed rate £~0.7mm/r Fig.5-2 Feed rate f~1.2mm/r
e

A 5-3 #4F £~1.5mm/r

, Fig.5-3 Feed rate /~1.5mm/r
X3 (5-1) FIH MATLAB REMIER NS ZRANXR, BEFOKE= (1),

RUKRE 54 fim, BT HRAKMERK, BAHEA. HERE: LHLE
MMTRE—EN, EEmAHK, A% CBN FANIHNSS 5TMMKERS, H
HTMIRESHAR—€, dik (1) TORIEEHEATE, BEhfA,
IERZERA, FEitsm Ok,
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B 54 S8 FERI LTI, TRALBOIHXR
Fig.5-4 The relation between the main angle and axial force when the values of feed rate and mechanical
allowance were set

(3) B 5-1. B 52, B 53 BN RESERERR, BHELRIEH

B, TRASNTREMSREREHREYR, EonENEHRR, FEXLT “5
5. |

R (1) ) 247, LGHAR—EH, HXRANEHE, HROENTRENY
KK EMTLAR—EHN, MRAOMERAMERTEA SERE—EH, HK
C IEERAFNLAEIFENENTL, HEUDEY, TERRE: SNIRESHE
SB—EN, TRAMEXERRAMK, EREXRAMEER0~02° , RERE
WE 0~0.0034; LEmASHLAE—EN, MIKBNBREHRNER, NIRE
fIEE 0.01~0.04mm; RER (5-1). R (5:3) TH: LFHE—EH, HEHEE
TRAE KRR LLRE N TR B KHMIEEE D, HINEEAR SRR EBRUDE
#.

2) FtR (4-22) HHAES B A0.Tmm/ir. £1.2mm/r f~1.5mm/r B, HiEEE
ERATMIARBUWHEEMGER, BFUKRER= (5), £RU0E 55 Fr:

HE 5-5 BUARIT:

(1) NEGRE, HEERAE. MIKR. XRAKEX, HRHREEHEX;

LREAT: LHAR—EN, BERANNMIKBMEX, HEHBHER. T
4T B R B RS
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M (4-23) A4

F - 2450007 (6 - 20tana)a sina

. (5-4)
3
Kb C:
C= 2450007r(6-20tana')ap sina
3 (5-5)
AT 15
k=Crs (5-6)

HULETR: B CWAMEHAARA, FURS: HARMK, HihREkN.
REER: HERAMNIREAEN, #ARMK, VMETRNK, BINHTH,

R CBN HTRBRBE R A, FIREK L BRAZINERA, SRR HEx,
Bt e B K

R 0 I

B 55 AXFRLEN, 0 FHTL
Fig.5-5 The change of axial force F, when the value of feed rate were different

(2) ZHRR A0 Tmmr B, HEHREREEEL: F=0~200N;
HELER ALommir B, HFAKNRELER: F0~350N;

LPAE A1 Smmk B, HIDMEUERER: Fe0~400N;

GLIR, BEZRA. #ABRNMILROBMERK, MEhEHkn.
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53 iR, FABRMMIREXNRMENE WSS

FEARALET, R (428) RPTHZINBMNHVAXTHREREE, X
EAREM, RETHRA. #LEBANTAEBNIERE. XAEHRREFA T M
£, BAERAMTILABEREAREMHTHITRER. M1H £0.Tmm/r. f~1.2mm/r.
f=1.5mm/r ZAKE, FIFH MATLAB %248 /8N /) Fﬁiﬁﬁﬁﬂu%ﬁ%%mﬁﬁ
A AtEDR

mR (4-28) B:
o= 245000(6—20tan @) fsina
3(6_ap) . (5_7)
o,, =196 (5-8)

mRx (57 B: XRf o HAE A MILKE o 54 CBN HTATHIMS 22
HIBMN S o ZEMER. R (5-8) RREKAREN 1Cr18N9Ti LB RIS .

D S 5D & (5-8), FUHSE 0. 7mmir. f1.2mm/r F15mm/r B, 44T
FRARMT LB EMN N BENEWE, BEMNHZRT BRI E MRS
MIABTEEEMER, BFIRES (D. ). 3), £XWAE 5-6. B 5-7. B
5-8 FizRo '

i 5-6. & 5-7. 58, AR RINT:

(1) & 56, B5-7, B5-8%, YMIKE—EHN, BEEERAKEK, A%

CBN H7 252 3| sl B H B ¥ K
BX (5-7) #:
o= 2450001 (6 - 20tane)sina = A+ (6 - 20tana)sina (5-9)
3(6-a,)

Hep 4R

245000 f
A= =%H

3(6'ap) (5_10)

SFR (5-9) 5R (5-3) MR, HFBXAMEHER, EETEH: =
BLBAMTAE—EN, MEERANEA, BN HRESRYE. HEER: LS
BAMT 48— 2an, SXmAeRHK, RER (-1, (4200 T4, BHE CBNHTR
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ZEMRBEEABA, TIHES S 50MERBRD, BiT R HiEE A
TRIEEAWDMEE, BB 7218 K.

s

B 5-6 #4-F £0.7mm/ & 5-7 #4F 1. 2mm/r
Fig.5-6 Feed rate f=0.7mm/r Fig.5-7 Feed rate /=1.2mm/r

B 5-8 #4F £1.5mm/r
Fig.5-8 Feed rate /=1.5mm/r

(2) EE 56, B 57, B 58, YEmf—Er, BENTLAENRA, b
CBN H7.8. 5 2 B I ) Z W38 K
mx (5-7) 5.

;- 2450007 (6-20tane)sine 1 B

= (5-11)
3 6-a, 6-a

"H B,

B

245000 (6 - 20tanar)sinr .
3 (5-12)

R BERA—EN, BEMTAEMEA, B4 CBN ¥AZ 2B/
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FEEAN, HERAR: YHABNIERA TN, BENIKEREKX, S5TRIKY]
MK, B4 CBN ¥iAZEM SR ARMERSE M, SERNKEMNE
BEAT ISR MIEE, FHikgiN S ER R EEN.

(3) ZEE 5-6. B 57, B5-8F, BEIRMATMIKEMEK, BE CBNHA
SR MEAMN EEEA, EERBRRLCT—AFE.

ETF (1) Q) 447, HAE—EN, BEIRANMIKENHEK, BN HZEH
B, BETHAR—EN, BMNAEERANRLBELENTRENELBER
KMR%, HEMNOEEMTRETLBERFIAD FUEBRTEL—FE.

(4) 7E8 5-6, B 5-7. B 5-8 %, mas¥ CBN HAZIM AN HBUES R B S5
BURIRS A B 0=196MPa #H3%, BN HEKXT 196MPa FIXT R EMATMIREL
ERATEU .

2) ¥tk (4-28), HAES B A0.7Tmm/r, F12mm/ry £1.5mm/r B, XT=HER
MAMEBTHE, BFNHRER=S (4), £REW 59 Fir:

T

B 59 FRRLET, HEEHMMAGTL
Fig.5-9 The change of contact stress when the value of feed rate were different

B 59 R ERWT:

(1) BEHABRNREL, THROIHAMMIRARNMEN, B4 CBN HAZE
HE S IVILEE DN

mx (5-7) FE:

o= 245000(6—20tana)sin

=C-(6-20 i (5-13
36-2) f ( tana)sina )
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o Ch:
o - 245000(6-20tan)sine
~ 36-a) (5-14)

AR (5-3) 74, AFRANMTIKE— R, HABEEMNHRERXER.
RERE: EXRANMIKE o, BAEYK, 258N AR 7 P aTH
FERIER, BHABMTHIESINE, FEEBNFAZNN L, B854
Bl B RLE, Fibs4 CBN HTABAER EABARR A &%,

(2) FEEHSERIIEA, B4 CBN BTAZINEMN HEKRT 196MPa 147 &
FIMERERANMTRERETEY K HFHLERK, TR BXNNMIET
HELBRFEW, FERNERAETRENERELX.

%iﬁﬁ:%ﬁ%ﬁ—%ﬁy%Eﬁﬁﬂﬁlﬁﬁmﬁﬁﬁk,ﬁﬁﬂﬁﬁﬁk,
ERTEBNEEERANELEELEENTAENBLBEEEXRS, Hitdm
NAERAAELEEEEN T REMNE AR, MHEUR—ATEE; HEEKNH
K, BMNAEBKERT 196MPa NN TRAEN L RARETRERT K, B
MIKENBECEZMED, 3 ERANRETEEZWHNBK.

5.4 gt B E X HE A FRME N A M 24

5.3 A 54 WAE: R ERERA o HEEBA MIKE o BELSHER
B S Bb, EAFHE R B CBN HLRSZ 3R EALN 1 KT T8 1Cr18Ni9Ti KR
MRERE, XEEHLE—EHEN FRATNNIAENTREREE K. AFoiE
A HEER. MIKBREAHEHREMR (4-34) BRTAHH 0B,

M 5-1~5-4 R&FAE—EN, FRAMMITLRTAN R HEE I FHZW;
A 5-6~5-8 RUHLHB—EN, TRATMTARZUN BN HBEIFRIBM, &
FEMN KT 196MPa BB EMA RN TR BRETEERZ; BEBRLREEN
HIRL T B R BB, BESAE R R YA M AR &M BA B iR S Bamh
ABEEER, ML R e, BRAREMHT ERAMMNIAETHHNTEE.
AMXANTKE, B DA S EAS, BEMTAEBRNERANDERAR, Hit
R o0 AR 4 BRUE M BE S T, |
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RELERRE, BHAE—EN, EEXRANNIKERERLHE CBN B
BN s s i HEE A E . BebR ) BUE SR EA AL 1Cr18Ni9TI K
RoREET—MEAF, SHHRLREMET BFREBERELM B iR ERmA RN
MIKEXHAAZEMBUETER, H4AT MATLAB BERFIIRDT (1), (). (3),
BFETERME S-10. B 511, B 5-12 Firs.

mE 5-10. B 5-11, B 5-12 F[RL4RmT:

1) BEAMEUDEY, BN ARC—FE, BRNT c:=196MPa 2
—ANPHE, REANMERAEE—R, THEHRE CBN HATHIRS ZHn AR/ MER
A URHEAREMEALT, LEAE—EHTRANNIAERNERRNRZK.

2) WSS HESHAE—EN, ERANMIKRRANFEKEBERX N
BEMAEM, BRNAAFRESSE—EH, TRATMTRRIRR fSER
AN MR A S M BREAAHES ERA. HAE. NIRENSER
HXR, RERMNAMEN 196MPa f1FH. AEPESIEAN 276 B 5 8RN FE
HR—&%, XELEN: MNERAMMILARIULER, B8 CBN HATIEIES
SN SR 196MPa; Befil N 7440 B R T AR P 18 A8 23 v BB 3= A A
TAEHEETRNEETE, ALEEA BEHRANLHE, BAHETREE
AB— SR, AR NE: ZAMEHERANNIRERERERELREMN
BRTEBHHNARD, BRREXMHERT, ERATNIRBRENRMLS.

3) HEX=1EE, "TURMN:

(1) BEEHABRENNA, BMMNIEEEA, KTEREER 196MPa #E %
BFHERARNTAERERET K, MIKENEERMRD, THREEMARIE
HEZSS K, B 510 PERATREEKRBR: kT 02° ~12;5 E 511 PERA
TMREERHE: AT 0.12°0~7; E5-12 PERATHEEKRER: KT 0.09° ~5'

(2) #F ) ToERALET K, TREORERD, EhREIHmEERN
B eREE Xm0 TR RN EERD, BELBMIBEAD, B 510 FHEE
0. 7Tmm/r, HEHB/MER minF,=126N; B 5-11 FHLR A1.2mm/r, BRENR/IME
£ minF,=74N; B 5-12 P#AE ~1.5mm/r, B4 78/ ME R minFi=63N;

FEFR, BHAREK, ERAKETRYEET X, TREME XEH#RSD
B/AMERA . BTTR, SHARMMAEES A, REENE; BRARANITE
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B CBN HIRZNRHMA: BREREARABANMIEENERT, HARTH
Ko ERABBETHD, RHEEEBENTEEARARE, ETREENER,

s i

A 5-10 #4F £<0.7mm/r
Fig.5-10 Feed rate £=0.7mm/r

T

B 5-11 #£¥ f~1.2mm/r
Fig.5-11 Feed rate /~1.2mm/r
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:.

A 5-12 #£¥F f~1.5mm/r
Fig.5-12 Feed rate /~1.5mm/r

5.5 RRING

1) Ff MATLAB R4 8%, Sl EKKBMEE, KWLM ENRAN
MERABMMIKE, REHFEHRE;

2) WA BERESARKEE: A0 mm/r. £1.2mm/r. f~1.5mm/r, FF MATLAB %2
PR BRI ERA RN TRREUNGEI AR, MLERL T

3) MHABN=ZAHIE: A0 Tmm/r. A12mm/r, f~1.5mm/r, FF MATLAB %72
MRAREFEMNHEERANN TR ETANBEN BN, XHLERI

4) §2) 3) M, BROREMNAEERS. HOE. MIKRBLNNES
HEPT—E, SHERLEMNHEEKXT 196MPa &4 THRABEIHHER;
SMUARFHEET, BEHSENERE. MIRENRERE.
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6.1 B&

ACAH T 4 CBN BRI T MFTLIORETNEAZ R, RN RS
B KTIRRRREA LI TEERRERENEEL —, FRAASEHT:

1) 247 T 8 CBN BT RR I T MFILIRHHIE, BHER, BRI TR
B2 THE. HARUBRRSANE. BRMSL 5 T TR E £ TS
&, BTREEANPERNERENEE, HESHAE TSRS AT T
PERORURIRER R, BRI W ALIERHAL= )R, VI T T AUS WAL F UMD,
HAH SRE AR RNERE N ILB Y EF TS AH TR, NERE.

2) XHH4E CBN HEARHTM S HMAT T 47, BHER: HAS—xt HERHM
7, BAHEREHERRERALN TR EAREERENER. HASTHS. &
BAREES, WAARENS, hiiAlESATLEEE L, BIREEYR—
MAMB: EHARALEXIRMRIER S, BEIEN, B dIMEA ER A
R AEB AR D DR EREER, B8 LEEASHERETTEMNA
AMIRE, #HAFZHANSERETRRAAN TREAEERE.

3) 5T B4 CBN FTARHR M HAR, BULE: THhf. 48
MMTARRMANNIESY. HIEABEHESE CBN FARH RITFME: A
BRI RN, SHREINA0HEESR, 2BFLT CBN BRATR AR
FABREF ORISR, BA% CBN FARMNSUNELNTIL, RS HEA
FRMRAMHEAR, HPSHRIME. #ABAMTLR,

4) ST Hlhf. HABAMTABRMHAANEH, BH%ER. MhHEX=
MEMEATIEA. YHARAMTRE—RN, YNSRI KEIGEE THfREy
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bR —
function y=objfun(x);
y=((100*pi)/3)*(6-20*tand(x(1)))*2450*x(2)*x(3)*sind(x(1));
function [c,ceq]=confun(x); |
c=[x(2)*sind(x(1))-0.03;-x(2)+0.3;-x(2)+1.5;-x(3)*cotd(x(1))+10;x(3)*cotd(x(1))-18;
-X(3)+0.01;x(3)-0.04;-((6-20* tand(x(1)))*2450*x(2)*sind(x(1)))/(0.03* (6-x(3)))+196];
x0=[0,0,0];
options=optimset('largesca]e','oﬁ‘);
[x,fval,exitflag]=fmincon('objfun',x0,[],[1,[],[],[0.0167,0.3,0.01],[inf, 1.5,inf],'confun',opti
ons);
R
(1) x=0.005:0.0025:0.05;
y=0.0667:0.0083:0.2161;
[X,Y]=meshgrid(x.y);
Z=((100.*pi)/3).*(6-20.*tand(Y)).*2450.*0.7.* X *sind(Y);
surf(X,Y,Z);
view(-37.5+110,18);
xlabel(M TR Bap (mm) ")
ylabelCEMf « (B )
zlabel(3i =) J1Fa (N) ');
title('f=0.7mm/r');
(2) x=0.005:0.0025:0.05;
y=0.0667:0.0083:0.2161;
[X,Y]=meshgrid(x.y);
Z=((100.*pi)/3).*(6-20.*tand(Y)).*2450.*1.2.*X.*sind(Y);
surf(X,Y,Z);
view(-37.5+110,18);
xlabel(MI TR Eap (mm) ';
ylabel(E s a (&) 1,
zlabel(%i 7 /1Fa (N) ",
title('f=1.2mm/1");
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(3

@

(5

x=0.005:0.0025:0.05;

y=0.0667:0.0083:0.2161;

[X,Y]=meshgrid(x,y);
Z=((100.*pi)/3).*(6-20.*tand(Y)).*2450.*1.5.*X . *sind(Y);
surfiX,Y,Z);

view(-37.5+110,18);

xlabel(N L& Eap (mm) );

ylabel(ERwMAa (F) )

zlabel(#liF /1Fa (N) '),

title('=1.5mm/r");

x=0:0.005:0.2;

y=(6-20.*tand(x))sin(x);

plot(x,y);

x=0.005:0.0025:0.05;

y=0.0667:0.0083:0.2161;

[X,Y]=meshgrid(x,y);
Z1=((100.*pi)/3).*(6-20.*tand(Y)).*2450.%0.7.*X . *sind (Y);
Z2=((100.*pi)/3).*(6-20.*tand(Y)).*2450.*1.2.*X. *sind(Y);-
Z3=((100.*pi)/3).*(6-20.*tand(Y)).*2450.*1.5.*X.*sind(Y);
surf(X,Y,Z1);

hold on;

surf(X,Y,Z2);

hold on;

surf(X,Y,Z3);

view(-37.5+110,18);

xlabel(I TR Eap (mm) ');

ylabel( EfRfa () "

zlabel(Bm SjFa (N) );

title( 7 R34 45 B T 414 /1 Fa);
text(0.04,0.23,170,\leftarrow 4 £=0. 7mm/rf");
text(0.04,0.23,300,\lefiarrow 2 f=1.2mm/r f");
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- text(0.04,0.23,400,\leftarrow 24 £=1. Smmy/rfi});
&=
(1) x=0.005:0.0025:0.05;
y=0.0667:0.0083:0.2161;
[X.Y]=meshgrid(x.y);
M=(6-20.*tand(Y)).*2450.*0.7.*sind(Y)./(0.03.*(6-X));
N=196.*ones(19);
surf(X,Y;M),hold on,surf(X,Y,N);
view(-37.5+110,18);
xlabel('I1 L& Eap(mm)'),ylabel(' E i fa(K)),zlabel (‘B R 1 o(Mpa));
title('f=0.7mm/r);
text(0,0.05,110, A i f1o\rightarrow’);
text(0,0.1,205, /8 R 5. 7] 6=196Mpa\downarrow’);
(2) x=0.005:0.0025:0.05;
¥=0.0667:0.0083:0.2161;
[X,Y]=meshgrid(x,y);
M=(6-20.*tand(Y)).*2450.*1.2.*sind(Y)./(0.03.*(6-X));
N=196.*ones(19);

surf(X, Y,M),hold on,surf(X,,N);

view(-37.5+110,18);

xlabel(J1 TR Bap(mm)’),ylabel( E4ff a(E)), zlabel (“E At N 11 o(Mpa)');
title(f=1.2mm/r");

text(0.01,0.26,310,\leflarrow & 7 J6 ');

text(0.02,0.25,140,\leftarrow/B iR B /76 =196Mpa’);
(3) x=0.005:0.0025:0.05;

y=0.0667:0.0083:0.2161;

[X, Y-meshgrid(x,y);

M=(6-20.*tand(Y)).*2450.*1.5.*sind(Y)./(0.03.*(6-X));

N=196.*ones(19);

surf(X, Y,M),hold on,surf(X,Y,N);

view(-37.5+110,18);
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xlabel('/in T & Bap(mm)'),ylabel(' £ (R f a()"), zlabel(‘E Al 1 o(Mpa));
title('f=1.5mm/1");
text(0,0.115,350, A4 Y. /7 o\rightarrow’);
text(0.008,0.26,120, /& AR 33 . 0=196Mpa);
(4_) x=0.005:0.0025:0.05;
y=0.0667:0.0083:0.2161;
[X,Y]=meshgrid(x.y);
M1=(6-20.*tand(Y)).*2450.*0.7.*sind(Y)./(0.03.*(6-X));
M2=(6-20.*tand(Y)).*2450.*1.2.*sind(Y)./(0.03.*(6-X));
M3=(6-20.*tand(Y)).*2450.*1.5.*sind(Y)./(0.03.*(6-X));
N=196.*ones(19),
surf(X,Y,M1),hold on,surf(X,Y,M2),hold on,surf(X,Y,M3),bold on,surf(X,Y,N);
view(-37.5+110,18); |
xlabel("n T & Bap(mm)'),ylabel('E /R £ o(FE)'),zlabel (£ /) o(Mpa)');
title( N R4 B T &AM N o);
text(0.02,0.25,120,\leftarrow i fR A% /1 6=196Mpa’);
text(0.02,0.25,150,\leftarrow 4 £=0.7mm/r');
text(0.02,0.25,280,\leftarrow = f=1.2mm/r");
text(0.02,0.25,380,\leftarrow 24 f=1.5mm/r");
il
(1) x=0.005:0.0025:0.05;
 y=0.0667:0.0083:0.2161;
[X,Y]=meshgrid(x,y);
Z=((100.*pi)/3).*(6-20.*tand(Y)).*2450.*0.7.* X *sind(Y);
M=(6-20.*tand(Y)).*2450.*0.7.*sind(Y)./(0.03.*(6-X));
=196.*ones(19),surf(X,Y.Z);
hold on,surf(X, Y,M),hold on,surfiX,Y,N);
hidden off; '
view(-37.5+110,18); _
xlabel('ilﬂI;%Eap(mm)’),ylabel(’fli{ﬁ.ﬁ%a(E)'),zlabel(’jJ (N)Y/MS1(Mpa)');
title(£=0.7mm/r'");
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(2)

(3)

text(0.008,0.25,100,\leftarrow’#i [&] 7 Fa");
text(-0.005,0.06,110, B fik ¥ F16 \rightarrow');
text(0,0.1,208,'J& FR A 11 0=196Mpa\downarrow’);
x=0.005:0.0025:0.05;

y=0.0667:0.0083:0.2161;

[X,Y]=meshgrid(x,y);
Z~((100.*pi)/3).*(6-20.*tand(Y)).*2450.*1.2.*X *sind(Y);
M=(6-20.*tand(Y)).*2450.*1.2.*sind(Y)./(0.03.*(6-X));
N=196.*ones(19); A |

surf{X, Y,Z),hold on,surf(X, Y,M),hold on,surf(X,Y,N);
hidden off;

view(-37.5+110,18);

xlabel('J1.T 4 R ap(mm))ylabel (= R A BEY),label( 13 (NY/BE A1 (Mpa));
title(f=1.2mm/r’);
text(0,0.11,300,"8¢f B /) o\rightarrow’);
text(0.01,0.25,200,\leftarrow?# [f] /1 Fa');
text(0.02,0.25,130,\leftarrow & FR A% F10=196Mpa');
x=0.005:0.0025:0.05;

y=0.0667:0.0083:0.2161;

[X,Y]=meshgrid(x,y);
Z=((100.*pi)/3).*(6-20.*tand(Y)).*2450.*1.5.*X *sind(Y);
M=(6-20.*tand(Y)).*2450.* 1.5.*sind(Y)./(0.03.*(6-X));
N=196.*ones(19);

surf(X,Y,Z),hold on,surfiX,Y,M),hold on,surf(X,Y,N);
hidden off;

view(-37.5+110,18);

xlabel('I1 T sk Bap(mm)),ylabel(' E R o)), zlabel( 1 (N)/FL A1 (Mpa)');
title(f=1.5mm/r’);

text(0.008,0.25,240,\leftarrow’#l 1] /Fa');
text(0,0.1,350, A AL Jj o\rightarrow);
text(0.008,0.26,100,\leftarrow & iR % # 0=196Mpa);
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