Proposal of thermal displacement estimation of
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Proposal of Thermal Displacement Estimation of Crankshaft Miller
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Crankshaft miller is a machine tool used to mill crankshafts for engines. The miller causes a great amount of heat
during the cutting process, which combines heavy and intermittent cutting. In this paper, the approximation equation of
thermal displacement which applied a method to estimate thermal deformation on the basis of a few machine
temperatures and the finite element analysis is proposed. The thermal characteristics and the mechanisms of heat
transformation in the crankshaft miller are made clear by numerical simulations using the finite element models of the
miller and the experiments. The simulations tried a steady and transient state analyses of heat transformation to consider
the heat transfer coefficient in the cutting process. From the results of the analyses, the temperature distribution and
thermal deformation on each part of the miller were found. The results of analyses are compared with the experimental
values using the actual miller. The point of efficient measuring temperature and the calorific values in order to revise
each coefficient value in the approximation equation were examined. Additionally, the effectiveness of proposed

approximation equation was shown.
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Fig.1 Crank shaft and processing parts by crank shaft miller
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Fig.2 Schematic of crank shaft miller
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Fig.3 Finite element models of crank shaft miller

Table I Material properties of finite element models Table 2 Analysis conditions
Property Ductile Cast Iron| Cemented Carbide Main motor 200
Density [ke/m’ 7900 16 000 Gear case 250
ensity [ke/m ]. - Calorific value [W]
Themal conductivity [W/(m+K)] 75 80 Gear shaft 87
Coefficient of linear expansion [1/K] 11.0x10° 4.8x10°° Main bearing 63
Specific heat capacity [J/(kg*K)] 450 130 Heat source of cutter in cutting [W] 400
Young's modulus [GPa] 120 400 ;
- - Heat transfer coefficient Cutter an.d its 20.0
Poisson's ratio 0.31 0.28 ) surroundings
[W/(m™-K)]
Other 3.9
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Fig.4 Temperature distribution of miller after 121 minutes
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Fig.5 Temperature distribution of cutter around after 121 minutes
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Fig.6 Variation of temperature at cutter tip (7..) and fixed labyrinth (7;) under cutting condition
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Fig.7 Temperature distribution of miller after 90 minutes
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Fig.10 Thermal deformation distribution of miller after 240 minutes
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Fig.11 Thermal deformation of cutter in X, Y and Z-axis directions under continuation and intermittent cuts
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Fig.12 Thermal deformation trajectory of cutter in X-Y plane under continuation and intermittent cuts
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Table 3 Coefficients of equation (1)

First Cut (0=¢ <90min)
Jy (mm) A1 (mm) B 1 (mm) B2 (mm) B3 (mm) C'1 (min) C2 (min) C3 (min)
Value 0 -3.90x107 1.05%10 -3.95x107 231x10° 7.36 1.46x10°
Jdy (mm) A 4 (mm) B4 (mm) B s (mm) B ¢ (mm) C4 (min) C's (min) Cs (min)
Value 0 -1.06x107 1.78x10° -2.71x107 6.17 3.51 8.62x 10
J, (mm) A7 (mm) B 7 (mm) B3 (mm) B o (mm) C'7 (min) C'g (min) C9 (min)
Value 0 2.51x102 5.18x107 1.85%107 2.11x10° 6.17 1.23x10°
Stop (0=¢ < 60min)
Jy (mm) A1 (mm) B 1 (mm) B2 (mm) B3 (mm) C'1 (min) C2 (min) C3 (min)
Value -2.02x107 -1.52 -8.27x10° — 4.98x10* 4.15 —
Jy (mm) A 4 (mm) B4 (mm) B s (mm) B 6 (mm) C4 (min) C's (min) Cs (min)
Value 3.92x107 6.77x107 2.93x10" — 3.47x10" 1.33x10" —
9, (mm) A7 (mm) B 7 (mm) B s (mm) B9 (mm) C'7 (min) C's (min) Co (min)
Value 7.01x107 -6.77 -5.04x107 — 1.02x10’ 6.33 —
Re-Cut (0=7 <90min)
Jy (mm) A1 (mm) B 1 (mm) B2 (mm) B3 (mm) C1 (min) C2 (min) C3 (min)
Value -2.67x107 -3.98x107 1.03x10 -2.36x107 2.80x10° 7.30 1.27x10"
Jy (mm) A 4 (mm) B4 (mm) Bs(mm) B¢ (mm) C4 (min) C's (min) Cs (min)
Value 9.41x107 4.63x10° 2.74x10° -1.02x10° 2.82x10° 6.02 8.13x10
07 (mm) A7 (mm) B 7 (mm) Bs(mm) B9 (mm) C7 (min) C's (min) Co (min)
Value 1.94x107 8.87x10° 4.92x107 1.01x107 2.36x10° 6.21 1.14x10°
0.03 . .
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Fig.13 Comparison of approximation and FEA values of thermal deformation

(b) Cutting process
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Fig.15 Thermal deformation trajectory in X-Y plane Fig.16 Thermal displacement and estimation value
to change heat values in Z-axis direction in re-cutting
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bD. AR THRE Lo 7—I1%, LY Tl ORENGEIZ L > TR HBE AT 2~ H DD
ZFOBEEHBNIIZITHEE CH 5. Fi2, LA 7 LM LEREZMbT, MIEHoREE & biz, £
DIRFE ST EA~NBERT L0805 Z ENHALMNE e oT-. £, K14, 1506b0b K512, WTihod
BB MEIT AT E S K< —FH L TWaD.

w2, ML DTG 400W OEEN T E VT, FEED 0.5 1%, 1.5 TH D 200W, 600W (2
KM OB B HEE L2, BURICE, RO)DOPAIEM T —4 U VT OBEN TH 55 2 THB L U%
HORFER Ci3Z0F L L, FBIH, 54 HOBREN B,OHE 057, 1.5HFICLT, ZbOEEN ZHEE
L7z, X161, MNLFBHFRED 200W, 600W (2331} % Z Bl 7 [ O BVENL OHEEN & e 2 R d. 728, RN
X OW & 400W OITUE S RIREIZ R Lz, 2k 0, FEEGE 200W, 600W O MEZENHEEMEI, I TR Tk
EL<—ELTHY, MIFRHEIDE L 72 D12 O3 THRHTIE & OCBEIL TN S A3, 90 4312 DEVENL D fie KR A2 Ll &
Eh 34um LLFCThH-oTo. ZhE 0, REMZRBAEIC L ZBENTRROFREEAWD Z Sk - T, B
ERDIUE, MTEEEIC L > T T M THOBEMZZIFHEE TEDL 2 ENbMND. o, ZOfETE
WCHEAEICER L TV LB R 6, BREAELZRKERHETEZIUIRD S L LN TES. ZOREGEDHE
EEIFIKE T~ 5.

AR T —H RN EEOM LML UL, LB SRR I (V—2) MEER—THY, M
THORBE QIIRES LT L. kY, LA 7 VBROBEREREL, I 7—AHOZERIEECR
FEELNEET DL OO, FOIRME L RBEICHIGT 2R3 OREE2EH L TR 2Ltk MEH1 270
ARV IRE LB R E AW T, WG 4, # R IEMICHEET 2 2 LN TE D L EZLNRD.

I, FEEOFERBRE T CIL, BELEABMIELIIASTHD EEZLND.

4-2 BEAUXZAV-RERE QO DHTE

B2 B CIRATZ XS, EEZEY VA T (K3 S8 1, MLHOREFHET & L CHZRALE TH -7,
AEITIE, ZO T Z W2 FEE QO OHEETEIZ DV TIRR 5.

LT —OF—H U 7B L OUHIIN TR AT HIRE A MIET 5720, BEALIEIE) & ARk, R’z A
THL LR BT A B L7

Ty () =Ty + TBI{I - exp[—é}} + ng{l - exp(—é}} + TB3{1 - exp[—é]} 2)
1 2 3

ZIT, Ty lTEEZ vV o ADIRESFEMECC), (13N LA A 7 VBN S QR (min) T Y, Ty (C), T (C),
Tei(min) [EZNENRAREEZRDT. Tyl TWEHEE TH Y, F 2 HIE#ER (t—2 U 7)) ICX 258E0R
BRI L, 3B LOE 4L, UHINTIC K> TAE L 2 BBREITHYE T 5.

Q) OAREE I LRFOFRENE 400W, (F1LKF, I LR OFEE OW~600W £ T LT A 7
VT ETHRNTE L TR O T R A N e T D R N RIEE RO TTIRE LTz, RE LT EAE R 4 1”7

Table 4 Coefficients of equation (2)
First Cut (0=¢ <90min)

0 (W) T41(C) 751 (C) T52(C) T55(C) Tci(min) | Tcz(min) | 7Cs (min)
400 0 19.5 -0.67 9.33 1.00x10° 6.28 95.1
Stop (0=t <60min)
0 (W) T41(C) T51(C) T52(C) T53(C) T c1 (min) T c2 (min) T ¢3 (min)
— 6.52 1.23 0.85 -3.67 1.00x10° 6.28 95.1
Re-Cut (0=¢ <90min)
0 (W) T41(C) T51(C) T52(C) T53(C) Tci(min) | 7Tc2(min) | 7cs (min)
0 5.81 18.1 1.67x1072 -3.21 1.00x10° 6.25 95.2
200 5.81 18.1 -0.34 1.49 1.00x10° 6.27 95.1
400 5.81 18.1 -0.67 6.13 1.00x10° 6.28 95.1
600 5.81 18.1 -1.00 10.8 1.00x10° 6.30 95.0
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Fig.17 Temperature rise at fixed labyrinth (7)) to change heat values
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