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Abstract
The ratio of the length to the diameter of the slender shaft is greater than 20. During turning, the
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generated heat and stress affect each other, resulting in the occurrence of residual stress, result-
ing in plastic deformation of the material surface, and affecting dimensional accuracy. This paper
studies three aspects: theory, simulation, and experiment. The thermodynamic coupling theory is
introduced. When the spindle is clamped and the thimble is pressed under the auxiliary tool rest,
the cutting force is mainly manifested as the radial force F,. The heat generated by the friction
between the turning tool and the slender shaft is mainly concentrated on the tool, and the tool can
be regarded as the heat source. The cutting temperature and cutting force were simulated by
ABAQUS software, and it was concluded that the radial force F, played a major role in the cutting
force, and the cutting temperature was mainly represented as the tool temperature during turning.
Three different cutting elements, V., ap and f, were simulated and set. The experimental data of
radial force F, tool temperature T and residual stress produced during turning of thin shaft were
collected. The prediction formula of residual stress error was derived by using multiple regres-
sion equations. Then, an experimental platform for turning thin shaft was built, and the radial
force and tool temperature during turning were collected by YDC three-way piezoelectric dyna-
mometer and FLIRA20 infrared thermal imager respectively. The numerical changes of tool tem-
perature and radial force F, under different cutting factors were obtained, and the correctness of
residual stress prediction formula was verified by comparing and analyzing the data.
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Figure 1. Waist drum shape and bamboo segment shape
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Figure 2. Formation of residual stress on machined surface

B 2. MIREZRRN DR

Bt APRERZ P A B A T AN ASTY, B2 T T R A 5 e )T AR, RS2 B I s A
FEG T, MBEREP AR, SEMBRZRET R, P AERIEAZ[8]. I TR REAE D) I X K
PRSI NS RN AE Y, IR G DL XA R R LR m AR K .

3. ABAQUS {5 E LI
3.1. FIERRERI9 EMigRENER S
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Figure 3. Weight factor and mesh window control of local mesh density
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Figure 4. In the process of cutting the adaptive mesh division
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Figure 5. Definition of contact pairs in orthogonal metal
cutting
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Figure 6. The stress distribution of cutting process
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Figure 7. Turning radial force distribution
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B, AERTFLUTEI R R RS, AT MHE BT RAR R AR R HIIN B TIH I BLY N Fyy Fe
Fp X2 £, 3 RSFRZER SR 3. DINI RIS ARRE W, PSRRI ), SHEM R R 2
PEFEAS, AT AR il ) RO iR 22

3.4.1. BRANAIERZ RN ER MO
PIE SR =N R AP RIER LR K[10], EBER—FEN Ve £ a, ZAHEE, WEREN 73
17 00T, HIRENNEHES A, kil 7R AR 7P 2 3107, BEHEUETRH HS256 7 £ 1,

Table 1. Orthogonal test scheme
Fl EXREAR

K V. (m/min) f (mm/r) a, (mm)
1 30 0.1 0.2
2 60 0.15 0.3
3 90 0.2 0.5

N T RR AT IR ST BOAR TR, B RG] 1 AR e i, SR AR T 3R N A 2
BARER T 2 F

Table 2. Experimental results
2. KWHER

Bl Vo(mmin) () am AR agmce)  wane
1 30 0.1 0.2 187 405 495
2 30 0.15 0.3 262 410 533

DOI: 10.12677/met.2021.104050 451 Wbk TR S H A


https://doi.org/10.12677/met.2021.104050

IS

Continued

3 30 0.2 0.5 319 408 583

4 60 0.1 0.3 348 530 571

5 60 0.15 0.5 124 543 649

6 60 0.2 0.2 293 565 509

7 90 0.1 0.5 246 531 522

8 90 0.15 0.2 371 543 540

9 90 0.2 0.3 142 599 561
K1 5k B 1351/ MPa 256 260 284 151
IR 2 R B335 {H/MPa 255 252 251 267
KF 3 RAR R F1351EH/MPa 253 251 230 346
% %/MPa 3 9 54 195

I =RER =IO IR SR, Vs fo ap = ANRIZXS TTRIREE MK UGS IR, X A2 R S35 M UG 1 o
FRAR L J152 3 2 I ) A ELARAE FH P2 A2 00, AR 1 IR BoR N2 b T BARBER, (R, fE = [A]
RIEAZSLIH, AR T R AN 7 B B 2
3.4.2. BRRMRETAULR

BUONTE TRk S . T TR A BOER T) 28 2 M, A SRJTRAZ, 2 wr LLUE L B U1 HI 2 5ok
PR SIRN o ABUE 122 50 A KON

o, =Ca, f*v? (14)
C——IHE REL
a,ay,a;——FEa,, f,V, FHEE
A (14) PR IL U £15
log,, o, =q,log,, C +a, log,, a,+a, log,, /' +a;log,, V. (15)
e
Y=a,+aX +a,X,+a,X, (16)

X, Y=log,o,, a,=log,C, X, =log, a,» X,=log,, f, Xs=log,V, .
ATAE A5 AT B N (16), XiHE, SIARRATEA— N2 ndttrts, aThlEd 2577
kW a,a,,a, Ma i, Hdra, =log,C. Bl X, X,,X,,X,, FIEEHy xR, BT T 9 HEH.
AL AT AR T
Vi =By + By + Boxiy + Pyxis + Buxiy + 6
Yy =By + Bixy +ﬁ2.x22 + BiXyy + PuXoy + &, (17

Yo = Py + BiXg, + PrXgy + BiXgs + BiXoy + &

bR R R A
Y=Xp+¢ (18)

Hr.
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TIFEN:
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Hr p o Agi e, WA :
V=ay+ax +a,x, +a,x; +a,x, (20)

I FE S50 /N — FRiEAE TS
a=(X’X)’1XY 1)
Ab, X2 XM B, (xx) 2 (XX) M5 EER, b, a=[ao,al,a2,ag,a4]To

/N IRk, QIR BTN AR 2 2 d D) IS o 5 OGS HiE Sz 4Kl ) 20 e e
B, T4,

11.70 -1.30 -1.00 0.1 15021
11.70 -1.10 -0.82 2 15035
11.70 -092 -0.70 2.3 15121
190 -130 -0.82 23 15561
X=|1190 -1.10 -1.00 248, Y=|15132].
11.90 -092 -0.60 0.1 15095
12.04 -130 -0.70 2.48 15312
12.04 -1.00 -0.60 2.3 15006
12.04 -092 -1.00 2 15113

#rE X, YARAAKQ0)A1H:

15321
| 0.0175
| 0.031
~0.2162
BARQDTEN9) AT 152 7 2
Y =15321+0.0175X, +0.031.X, —0.2162.X, (22)
BERRE SRR RN AR A XRIEWT:
O-r — 34.0487612.0175](‘0,031vC—O42162 (23)
%%&ﬁq%%%&ﬁ@%%ﬂi,ﬁwﬁwmﬁﬂﬁﬁﬁwﬁﬁﬁm%ﬁﬁﬁi,
Ah = ”g r (24)

FEZE B 7= A 0 Ty AN FESAH TLAR R P AR SRR L 75 B N A A RE R T R A A S 5 i A R~
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Voo f——HW2 )18 VIHIEE . HHeRisE.

AL (23) M (24)45 X (25), T AR EAS . kAt SRR N = Z R AR N
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4. EREAKHERISTE

(1) FURZAF: BAEHUK CKA 6150 F/K.

(2) T KM L=900mm, d=22mm-.

(3) JIH: FEET ), FWAK, =907, Fifiy, =15, JMHMAA =2", Ffla,=7, JIHZLK
2% 5 %x107%, BhK 20 mm.

(4) MEWE: YDC =[a KM I3, FLIRA20 ZAMMEAL, & 8 Fiuw.
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Figure 8. Turning field experiment
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4.1. V. X 7] RIiREFIE = H AR
FEMEETRIE [ WVZTIE o, fEERIE LT, WS AN R UTHGERE v seban Trp i) )RR EE T
AAEIE T3 F, BIRE,  SERE5 R UNE 3 .

Table 3. Influence of V. on T and F),
F 3. V.3 TR F, B9S2

S V. (m/min) f (mm/r) a, (mm) T(C) F,(N)
1 90 0.15 0.3 597 510
2 60 0.15 0.3 523 519
3 30 0.15 0.3 403 528

e TR N ST TR R 8] R D T e i RE AT D

Wk 9 prow, VRIS SEVIEA 2, MORERI A BT A MG 2, VAT A I AL
REWR L, LRI TXISAER LM REER S, MITRmY, SEUEREMRRERYIE T
Bo [l N s FEAR PR 2 I R A U S 9 Sk 2 T DT R o I, S T A i BTt
FRCL, T AV, REVER R, (EIFAERUAE TR, VXS T AL F, 522 .

HZTIEN0.3mm, HE4AEHE N0.15mm/r
700
600 -
500 -
400 -
300 -~
200 -~
100 -~

523 597

519

AR (N
m JJRERE (T

30 60 %0
DI BE (m/min)

Figure 9. Relation diagram of £, and T at constant a,, and f

B 9. a, fEERF,5TXERE

4.2. ¥ TIRIBREFME N

FEVIHIESE Vo $VZTTE o, HERHOLT, WFTCE A R R BELS L £ 06 SEFsin T i T R T
AAEIE T3 F, BIRE,  SERE5 R UK 4 .

Table 4. Influence of fon T and F),

F 4.3 TR F,BIENE
SEE V. (m/min) f(mm/r) a, (mm) T(C) F,(N)
4 90 0.1 0.5 525 517
5 90 0.15 0.5 546 556
6 90 0.2 0.5 597 587
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Figure 10. Relation diagram of F, and T at constant V. and a,

B 10. V.. a,1BER F,5 TXRE

4.3. a, X T] R FE R 6] FI B RN

FEVINIRSE V. BEERTRIE fAEERIER T, SCEFRINEEIE a, WEREHARE a, 5 SEFRNT.
R TJRIRE T AR F, (50, SEIRES RS 5 FoR.

Table 5. Influence of @, on T'and F,
% 5.a,% T F, (95200

S Ve (m/min) J (mm/r) ap (mm) () £, (N)
7 60 0.1 0.2 548 498
8 60 0.1 03 525 569
9 60 0.1 03 464 619

Wk 11 prR, BEA a, IR, DIBIZIZ 5 UM RS, S5 TR, T BTN, T RIZE
1, DIHIEREEAT, SECF K. WL, o, X F,mKT 7, B F, B0 RIEMK.

HEEBEAR0Amm/r, IHIEE H60m/min
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619
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300 m &[S (N
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0.2mm 0.3mm 0.5mm
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Figure 11. Relation diagram of F, and T at constant V. and f

1. V., fIEER F,5 TXRE
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4.4. {TEEMSLEER LS

FEVIN = BE AN Vs ape 505108 30 m/min, 0.3 mm. 0.15 mmyr i, JJRIRE T RIRH) F, 45 5
FISEEGAR X E 22 6 FiaR

Table 6. Comparison of simulation and experimental values under the same three cutting elements

F* 6. HEYIHIZZERZTHEMEEXEE

T(C) F,(N)
115 HAB 410 533
SEIGE 403 528
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Table 8. Comparison of simulation and experimental values under the same three cutting elements
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Figure 12. The experiment and the simulation of radial force and the cutting
tool temperature numerical comparison
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