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4. Cutting Technology of CGI

iRsEt5A N LEIGRIHELS : DRERIR, MIkES. MIREEURINIEERSE.

Change of cutting CGI: fast tool wear, high cost, low efficiency and unstable quality.
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= H5RGMRAEL, T RGaEIKZ420%~80%
1 9% 3] Tool life decreases about 20%~80% Compared with GCI
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|

2 e 1 N TR A KR A150%~70%

The processing efficiency is 50%~70% of gray iron

sSrias= %D HEEEE
3 REAE Diameter reduced and roughness out of tolerance
EFREMIRENEET. RSMITIRSHRIRESm, FEINIAS, CHIRSHRSA.
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4. Cutting Technology of CGI
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1. MHEIEBENF Better material property S . T Pearlite
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3. SHHEREZE Poor thermal conductivity Worm:shaped culite 50 um_ gl i eyl L
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GCI-280

Microstructure of (a) CGl and (b)
GClI after corrosion by picric acid.
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4.1 Research conditions and equipment

CNC lathe-HTC3650 Fotric-280 SEM and EDS
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4.2 Properties of CGI

MBI RIEE. SR, hEEE. E ffﬁsir;s AR, 1EE=
EX 8441 CGI-450F1GCI-280i#1TCI8NIESIEEDIR.

PERE RT450 HT280
A (R ) HBW 189-204 191-202
HGFH/ WImK 36.28 46.26
Y BRI mmPs 10.48 12.93
LL Y JigeK 0.471 0.493
PrisE £ Rm/ Mpa 440.4 246.7
HKEA % 2.73 0.73
PUE 3/ MPa 1079.4 828.1
JE452] % 32.2 19.5
AN B, BREAR | Bk, A
e R 1790 --
B E = ) k85 --

CGIRMSEREGCINT8.4%, CIEMBHREE
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4.3 Multi-objective optimization

ARl
(k) = max(x! (k) - x? (k)
' max(x] (k) - min(x; (k)

k)= xf (k) - min(xf (k)
© max(f (B) - min(xf (k)
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(the-smaller-the-
better)
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better)

ssQerror = SSQtotaI - SSQcondition

(K) max;(io(k)—;(io(k)
Xi = .
= 1, Normalization _ max z; (k) - min 7 (k)
,7)?: 0 H 0
_E‘% Va|ueS Z‘(k): i (k)'mmli (k)
B ' max y;’ (k) —min z° (k)
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2, Distance Matrix 8oy ()=[ 20 (k) =2, (k)
B A +EA
2_(_ i k — min max
Ea . g( ) AOi(k)_{_gAmax
= 3, Grey Relational _ Ay = minminfy (k)
i Coefficient mey e
¥ i A ey = MaX mex|DOi(k)|
[ ] 1 1
4, Grey relational grade 7 =-2.¢(k)
k=1
$8Quu =D (X ~GM )’;
5, Analysis of | ssq_ .. =n(M,-GM) +n,(M,~GM ) +...+n, (M, ~GM )’
Va rlance MSB = SSQcondition /dfn; MSE = SSQerror
F = MSB / MSE;

PCR=1/(MS,, +MS, +MS,, +MS,,,)
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4.4 Process optimization

Test parameters and levels Response table for grey relational grade
Levels Levels
Process Process
1 2 3 4 5 1 2 3 4 5
A Vo/m/min 100 150 200 250 300 A Vvo/m/mn 0596 0587 058 053 0575
B f/ mm/r 005 01 015 02  -- B f/mm/r 0618 0566 0572 0497
C ay/ mm 01 015 02 025  -- C a/mm 0597 0559 0549 0568
0.8 4 0.74
ANOVA results
v 0.6
ﬂm-ﬂ rcr
00325  0.0081  2.61 25.5 2" N '\.—-\ ey | 04
f 3 00439 00146 471 46.0 g " %03
a, 3 00179 00060 194 187 041 o
0.1
Error 14 0.0435 0.0031 9.8 03— o
Al A2 A3 A4 AS OHBLBzfjrtht ClC2C3C4 . 0 i é é "1 é
Total 24 01378 control factor

Response graph for the grey relational grade Distribution of F

EEIIERa, tHBEFMNIEET, HtIZ2284ES (A1,B1,C1) , BIVc=100 m/min, f=0.05

mm/r, a,=0.1 mm, 12



4.5 Cryogenic cooling cutting CaGl

Cooling
method

Uncooled v =120 m/min
Cutting f=0imm/r L=220 mm;

fluid ap =02mm  po=28 mm
3 CGl  LNcooled , -gs

2 cal

153.0 131.0

136.3 113.0
119.6

102.9

Distance from the highest temperature
3
w

Distance from the highest temperature

.—0.8 -06 -04 -02 00 02 04 06 08 ’ ..0,3 -06 -04 -02 00 02 04 06 08
Distance from the highest temperature point in X direction/ mm  Distance from the highest temperature point in X direction/ mm

Isotherms near the tool tip

—=— LN, cooled

—e— Uncooled
0.8 1 —a&— Cutting fluid cooled

Average surface roughness (Ra)/ pm

CGI-GT-v=120 m/min, ap=0.2 mm, =0.1 mm/r

T T T T T T T T T T T T T T
0 500 1000 1500 2000 2500 3000 3500
Cuting lenght(S)/ m
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THBERES, MATHRNDIRNE
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WR. BRRAILABBIEXRET &,
RO THMDRGRERR.
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4.6 Cryogenic cooling cutting CGl
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1. Secondary Assembly Process

HFL R IES GRS : EXIEREFLEITREIN TR, FSHmETSELSERIZEIEER;
EFLINLE, SR EBHTTIRIES R, SolRMmMmIKE. ESEEi. ZXIBS3ER
[HREEEFE, ShlSHHEEE, TRSHEMRBINAISR, HmsREMERES RBF
[B:%; Hil, siEMMAZEENEHEERNLIZSREERAEE.
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Before and after secondary assembly process Dislocation and deformation of joint surface
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5.1 Finite Element Process Simulation

> RIRTIFEZE: BusSiamiliaflEaaiRahEREE, EEShTXIESERINGER
B, HMENERTSILES, HHEEREXTSIIF, NEERSEIESEEMER.
> PRIVEEEE: mibFlI2eREDMERMNREESEEEERRLE0, BTk SHhihE

MEEMREDREREEZMMES SELIPESEY. BFHEENSELISNEARR, BIRtER
BRRLOEER, EUHMAENSIISEREARR, HmAEWERFLKRE. FHSEEAL.

U p— B SYS ANSYS | L. T =
o S g N |

=

Tsms | mwi R REE

Crankcase Cylinder block Bearing bore Vectogram of node displacement 16




5.2 Structural Mechanics Analysis

> NIEENE: EESERNANNEE, WENTEFTREENDHXNNGRE. HinAANESD
FTRNENDHYAREKESREER, ESERNEHESER, #SBEE(ZER.

> SERENE: (tREARLRZEERSHEHEMENEE, STXHEEEHZE, NETSJE
PRYEMERE: NELERSHEMS, NIET(HERENEHIE.

> RVERGHERE: HRENERFSILS, SHmEEREXTSIELS, KEFR(ZE
AESEIESELRELEENER, TEARLISHRHE TR UERE, NSESEESTRM
XML E, BPBREMNNLRERSEUELRER, SIESEIRAER.

4l ly) ‘ : #190.54 94.90
» —
b - o . R - 3 > sompa  — Simula
3 R ‘\..' ""',',‘?J{: \ ; = =2 ‘ — — Experimental Resul
WS TR 5 by A e EMDIE

Strain measurement Strain rosette Line laser measurement Principal stress 17




5.3 Tribological Analysis of Interface

> FEEHSHNE: WEREARRSE, SHRMEHTESBRYEYD, SIERERMG, 18X

WENRENHESHEMERE, AMERFLESIENM0.03, MIE(ISREY8.82%F116.37%,

> EEMXSH: BSEEMEDBERENDEEAMEX, NAOSERFESH LIRI2A iR
HMFLAEERN—N, RXEMNIF151.03MPa; FEEFRZEDERK, ESEBmKERD, 5
EERXIRIEX, BEERETREDERXMmEX.
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SEREIE T hReNwE EHERSH

Topography measurement Character measurement Contact pressure and status 18
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5.4 Technological Causes Analysis

> I3l NEFRLR THiEAERTR=4R, &IN50
ZRISE, TREERE.

> EMERIZFEE: SHmEfISEHSHmATT, &
AEAEA. BEMEE, HMAER, ESEEALER. #El
IS XERNHEEFLINTAER:, HiHEFSEHFXEERRIH
HAR. 2T, Beir, TROEE, HHEEREFRS
AT ERERER. BFESEIASIRE, SEEETX
= IBRRE, EERLEREIHESEIFTAIRE.
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5.5 Structural and Technological Improvement Plans

> GHEPHREE: BPEHETSELIIESELREERLEE, R RSKNESHE
MERREEEIREER, PSR =ERM RS RIS ER.

> TZH0HEE: BESRHEMMAANZIR TR A A NRE s S RRINT R
MENsEf. IFRIZREXHMFLHETEAINT. SNTIEXRAERNSESTEEELZ, FER
RIS MERRECIRTENE. RIRTSHH T ZHERERENLE, A AR EREREFIIN
$£45.46%, GH.F1I8E31.90%,

/N AN A P BE R 2 /mm

< -

SRR R TZoUHAE PUHEEERIILL

Structural improvement plan Technological improvement plan Improved result 20




Conclusion

1, BEFRBXEASTFERHE, KATGMITS;

The process for cutting CGl was optimized;

2, AREMRSIMIEE, JIESwREH2.3(5;

Developed cryogenic cooling cutting device;

3, AHIFAEIIR, 7IEGEMIRA30%, REABEE—E;
A new type of cutting tool for CGl is developed;

4, BVBRTTOSITER, ESTRET XICSHEEMERNE, STMNAOESTRNIE,
Stress-induced deformation trajectory is analyzed systematically.

5. ZIXIBAPER, AFHEENSIEIEENEER, SEURSEAERMIER.

Stiffness difference between cylinder block and crankcase leads to the deformation of interface.

6. EfLINTRXERHMAMILKER, RUPHXRERR, SEHHAXBETERS.

The different materials removed between from crankcase and cylinder block lead to the
bearing bores cannot be restored to a round shape.

7. LiRpkREZFEHIEMA. 21






