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Design of cutting edge for cemented carbide insert used in deep hole

machining of hydraulic cylinder based on fuzzy inference and Taguchi method
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Abstract: [Objective] The purpose of this study is to improve the cutting performance of cemented carbide
tool used in deep hole machining of hydraulic cylinder. [ Method]) Five independent parameters are
introduced to characterize the micro geometric shape of the cutting edge based on the K-factor method.
Based on Deform software, the cutting force and cutting temperature are simulated. The influence of tool
edge geometric parameters on cutting force and cutting temperature is analyzed using the analysis of variance
(ANOVA) method. Then the geometric parameters of the tool cutting edge is optimized based on the
Taguchi method combined with grey relational analysis and fuzzy inference system. [Result] The results

show that with the goal of the minimum main cutting force and cutting temperature, the optimal geometric
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parameter combination of the tool cutting edge is obtained as A1B3C4D1El. Namely, the cutting edge
radius is 30 pm, the distance between the front cutting edge separation point and the virtual tool tip is 100
pm, the front cutting edge passivation angle is 12°, the distance between the rear cutting edge separation
point and the virtual tool tip is 80 pum, and the rear cutting edge passivation angle is 3°. Based on the
Deform 3D software, cutting simulation is conducted for the optimal parameter combination A1B3C4D1E1.
It is obtained that the main cutting force of the optimal parameter combination A1B3C4D1E1 is 262. 5 N and
cutting temperature of the optimal parameter combination A1B3C4DIEl1 is 749 °C . Compared to
A5B2C1D5E4, this combination achieves the greatest reduction, with the main cutting force decreasing by
49.03% and the cutting temperature decreasing by 40.22%. [Conclusion] This study provides guidance
for the design of cemented carbide tool cutting edge for deep hole machining of hydraulic cylinders.

Key words: hydraulic cylinder; cemented carbide tool; cutting edge geometric parameters; cutting

performance; fuzzy inference and Taguchi method
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Tab. 1 The orthogonal experiment levels and factors

1 ZIE7TIOMILASH
Fig. 1 Geometric Parameters of Tool Cutting Edge

K A: R/ pm B: S,/ pm C: 7"/ D: S,/ pm E:a'/()
1 30 80 3 80 3
2 40 90 6 90 6
3 50 100 9 100 9
4 60 110 12 110 12

5 70 120 15 120 15
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Tab. 2 The orthogonal experiment scheme

SLH A: R/pm B: S,/pm C: 7'/ D: S,/um E:a'/()
1 30 80 3 80 3
2 30 90 6 90 6
3 30 100 9 100 9
4 30 110 12 110 12
5 30 120 15 120 15
6 40 80 6 100 12
7 40 90 9 110 15
8 40 100 12 120 3
9 40 110 15 80 6
10 40 120 3 90 9
11 50 80 9 120 6
12 50 90 12 80 9
13 50 100 15 90 12
14 50 110 3 100 15
15 50 120 6 110 3
16 60 80 12 90 15
17 60 90 15 100 3
18 60 100 3 110 6
19 60 110 6 120 9
20 60 120 9 80 12
21 70 80 15 110 9
22 70 90 3 120 12
23 70 100 6 80 15
24 70 110 9 90 3
25 70 120 12 100 6
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3 TJEMZHER
Fig. 3 3D model of the tool

B4 THER Es5 TNEEI4MERER
Fig. 4 Workpiece model Fig. 5 Assembly model of the tool and workpiece
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Tab. 3 Johnson-Cook Model Parameters

A /MPa B/MPa n C m

507 320 0. 28 0. 064 1. 06
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Tab. 4 Mechanical and thermal properties parameters of 45 steel

R/ P/ . A/ Pufle G2/ (N - P TR/ (N -
MER/NA I /K
(kg s m—?%) GPa (Jekg '« K™D seclemm '« C ') sec ! emm ! C 1)

7 800 200 0.3 469 1795 0.02 45

5 UK B E . R TR R H S8 2 /Y], NP H S 808 -
YIHI#E N 180 m » min~ ', #HAE N 0. 15 mm « r ', PIHIEEH 1 mm.
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Tab. 5 Results of cutting simulation experiment

Aes F./N F,/N F./N T/C
1 264 220 133 830
2 292 266 154 798
3 325 303 169 785
4 363 388 213 850
5 422 460 268 900
6 402 362 204 988
7 438 477 274 1 009
8 341 305 180 874
9 310 266 156 867
10 370 299 176 910
11 387 345 195 1015
12 365 289 174 905
13 387 302 185 960
14 462 420 244 1097
15 400 318 192 1 008
16 427 357 217 1120
17 392 347 212 1006
18 456 349 220 1088
19 AT7 382 230 1102
20 422 313 197 1021
21 450 368 227 1126
22 515 392 241 1253
23 481 332 209 1171
24 420 377 232 1103
25 483 381 245 1 145

F1 T 2 OTE 3 R R S ] B UTE R R RN, . AR BF AR IE AR IR
a5 R . BT Matlab xb = D1HI 7 AU B BEAT 05 22 70 A ik B, SR AR 6 AR 7 s .
R6 EVHANXRBERHOFTESN

Tab. 6 ANOVA of experimental results for main cutting force

% -7 A A ¥or F{§ P{H
R 56 487.0 4 14 121.7 36. 34 0.002 1
S, 2 983. 4 4 745. 8 1.92 0.272 0
y 1739.8 4 434.9 1.12 0.458 0
S, 14 193. 8 4 3548. 4 9.13 0.027 0
o 19 828. 6 4 4957.1 12.76 0.015 0
2 1554.6 4 388.6

BN 96 787.0 24
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Tab.7 ANOVA of experimental results for cutting temperature

ISk F-J7 #l R ¥or F {8 P 1
R 314 823.8 4 78 705. 9 132. 63 0. 000 2
S, 4326.2 4 1081.5 1.82 0.288 0
y' 14 165. 4 4 3 541.3 5.97 0. 056 0
S, 16 220. 6 4 4055.1 6.83 0. 045 0
o 32 327 4 8 081.7 13.62 0.013 0
R 2373.8 4 593. 4

eyl 384 236. 6 24

HIZE 6 AR 7 AT, ] R 70 UM S Eeh s R AR R 5 )5 S, LA KIS JTH
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Fig. 7 The effect of shape parameters on the main cutting force
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Fig. 8 The effect of shape parameters on the cutting temperature
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B H R
RSN: *10'1g[i' 2 (Z,‘inl)z}. (4)
n =
BH/NFRPE

RSN: *10018'{1 22’12}- (5)

n i=1
Kz, NPT MEAE: n ICIRE m B HREE T R HARE .

T 32 UTH I A g i B 2 s e ) Bl R BN 2, BT AR D R v = DIE )
AU IR B /N . PR, B EE T v 4 SR N R R SR R 32 U0 1 T RN DD IR R A M L
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*x8 EUIHIAFMUIEIREMNSRLE

Tab. 8 Signal to noise ratio of main cutting force and cutting temperature

iz EVTHI I i fF R L/ dB DV B A R R 1/ dB
1 —48.432'1 —58.381 6
2 —49.307 7 —58.040 1
3 —50.237 7 —57.897 4
4 —51.198 1 —58.588 4
5 —52.506 2 —59.084 9
6 —52.084 5 —59.895 1
7 —52.829 5 —60.077 8
8 —50. 655 1 —58.830 2
9 —49.827 2 —58.760 4
10 —51.364 0 —59.180 8
11 —51.754 2 —60.129 3
12 —51.245 9 —59.133 0
13 —51.754 2 —59. 645 4
14 —53.292 8 —60.804 1
15 —52.041 2 —60. 069 2
16 —52.608 6 —60.984 4
17 —51.865 7 —60.052 0
18 —53.179 3 —60.732 6
19 —53.570 4 —60. 843 6
20 —52.506 2 —60.180 5
21 —53.064 3 —61.030 8
22 —54.236 1 —61.959 0
23 —53.642 9 —61.371 1
24 —52. 465 0 —60.851 5

25 —53.678 9 —61.176 1
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2.2.2 IREXBERHEMITE
YK EVIE D7 045 W L AN H IR RE 04 15 MR LG Ak BB AR [R] 64 BT, 7 ek S DD EI 15 R 1
FD ) I 0 15 e LU iR AT 05— A AR 38, O g 2 S DI 0 £ e L 0 U0 ) I B 1 £ R B A 4 B Ay
T 0B 1z, FER A T B AR R R R, AR (5 Pioi .
m; (k) — min m; (k)

max m; (k) — min m, (k)

(5

A 2 (B) AR CEA S BIEUE s min m; (B) Fl max m; (k) 435~ Rex B H B B /MBI
KA m. (B) N Rex B0 HARME ., HATEERIME 9 PR .
x99 EUIBIAMYEEBEEMERILIE—1

Tab. 9 Normalization of signal to noise ratio for main cutting force and cutting temperature

5 EVIHI I3 £ e A — 1k YT 1 7 W e )H — 1k
1 1..000 0 0.880 8
2 0.849 1 0.964 9
3 0.688 9 1..000 0
4 0.523 4 0.829 9
5 0.298 0 0.707 6
6 0.370 7 0.508 1
7 0.242 4 0.463 2
8 0.617 0 0.770 3
9 0.759 6 0.787 5
10 0.494 8 0.684 0
11 0.427 6 0.450 5
12 0.515 2 0.695 8
13 0.427 6 0.569 6
14 0.1625 0.2843
15 0.378 2 0.465 3
16 0. 280 4 0.240 0
17 0. 408 4 0.469 5
18 0.182'1 0.302 0
19 0.114 7 0.274 6
20 0.298 0 0.437 9
21 0.201 9 0.228 5
22 0 0
23 0.102 2 0.144 7
24 0.305 2 0.2727
25 0.096 0 0.192 8

SRIG s MR — AL A5 M L3 s IR OGR4, IR S S PR 2 M e &R, iHH R
wm= 6) Frn .
A i+ EA s
Ay (k) + EA
K, 2. ORSBEFI; o, () =1 (G=1, 2, =, 16) W4 ENLEIFI; A, (k) =

min min

| 2, (k) — 2, (k) || & 2, (k) Fl x, ()W ZEM A RE; ¢ AIRREG A = V) € iVE

n, (k) = 6)
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|z (k) —z,; (k) | FlA e =

max

) —a; (k) | A0l Ay Ce) Hh i de/IME A i R
fif - iJrQ%‘?tHE‘Jiﬂ]‘ﬁﬂﬁ%ﬂﬁ]ﬁ%ﬁﬁ‘]fﬂéﬂf%é& g 10 fros .
%10 EYTHIN YT HIR BRI KB R

Tab. 10 The grey correlation coefficient between main cutting force and cutting temperature

P F UIHI 7 0 K R Bk R A DI HI R BE 0 K OBk R B
1 1. 000 O 0.807 5
2 0.768 2 0.934 4
3 0.616 5 1. 000 O
4 0.512 0 0.746 1
5 0.416 0 0.6310
6 0.442 8 0.504 1
7 0.397 6 0.482 2
8 0.566 2 0.685 2
9 0.675 3 0.701 8
10 0.497 4 0.612 8
11 0.466 3 0.476 4
12 0.507 7 0.6217
13 0.466 3 0.537 4
14 0.373 8 0.411 3
15 0.445 7 0.483 2
16 0.410 0 0. 396 8
17 0.458 0 0.485 2
18 0.379 4 0.417 3
19 0.360 9 0.408 0
20 0.416 0 0.470 8
21 0.385 2 0.393 2
22 0.333 3 0.333 3
23 0.357 7 0.368 9
24 0.418 5 0.407 4
25 0.356 1 0.382 5
2.2.3 EHMEERS
T S DO
?éﬂ;é /2%\ é& 'ﬂE %] *ﬁ *Ei[ Tﬁ IE IR é‘L - G (mamdani}
(FIS) M AR, 9 2 5 1% X
FEE 7 I 5 4% (MPCD i 1E Tergeraure '
EHJ HZ'; % ﬁﬂ: Matlab gi‘ FIS ‘HS Name Optimization FIS Type: mamdani
'TZF?\ 4k ;i;/] ﬁu [7§] 9 FJ]"/T‘ Xj—a:wj And method = .| || Current Variable
AT RERE=AEREE = [
implcation = 5
. RIEREEBHESR 3 A, Aarin — ===
Mg R (L. B (M) Fi/h Defuzzification centroid v Help | ‘

S .
St T 78 7 MPCI 16 £
AL E R SRR R

B9 TFISIERE
Fig. 9 FIS framework diagram
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R 5. ol a4 o AEE R
(VL), K (L), & (M), /h
(S) A IE#E /N (VS . Hit,
FF Matlab %) i ] 45 55 45 7
Tl 9 SRBO HE R AL, 4
& 10 pron . HCASER #3045
k22 FE i RE R A S bR (E
m#E 11 rw .

File Edit View Options

1. If (Force is S} and (Temperature is 5) then (MPCl is WS} (1)
|2. If (Force is 5) and (Temperature is M} then (MPClis 5} (1}
|3. If (Force is S) and (Temperature is L) then (MPClis M) (1}
i4. If (Force is M} and (Temperature is 5) then (MPClis 5} (1}
|5. If (Force is M} and (Temperature is M} then (MPClis M} (1}
!6. If (Force is M} and (Temperature is L) then (MPClis L} (1}
|7. If (Force is L) and (Temperature is S) then (MPClis M) (1}
!S. If (Force is L} and (Temperature is M) then (MPClis L) (1}
iB. If (Force is L) and (Temperature is L) then (MPClis VL) (1)
|

B 10 =R

Fig. 10 Fuzzy inference rules

x11 ERRFSEEHEIER (MPCI) &

Tab. 11 Multiple performance quality characteristics index (MPCI) values
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Z i TR A A bR (MPCD

1

= w DN
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11
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18
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24
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0.799
735
758
624
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224 TTR7IORELASHNHEE

HRAF I 1 A ARV 2 A

AR 12 s .

R4 P 2K SE 1 MPCT BCF- {8, 3545 MPCI )i

MPCT iy i i BB, ACRIERE B GF . P, MR4EER 12 v A, 36 BRURE S RER e KW
M) JO7 i Xof o7 F9 K o BORT A5t e A T e J1 I B LT S8 5 . AIB3C4ADIEL, B J) H 56 (B
42 R N30 pm, S, N 100 pm, y" N 12°, S, K 80 pm, o H 3°.
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x12 ERRHEEEESR (MPCL) §INREE
Tab. 12 Response values of MPCI

IR A B C D E
1 0.729 0 0.519 0 0.519 6 0.569 8 0.554 6
2 0.539 2 0.521 0 0.497 2 0.534 0 0.533 6
3 0. 486 6 0.538 6 0.511 2 0.504 6 0.546 2
4 0.437 4 0.504 0 0.527 2 0.474 6 0. 485 8
5 0.413 0 0.481 2 0.508 6 0. 480 8 0.443 6
22 0.316 0 0.034 6 0. 007 6 0.095 2 0.111 0
He4 1 4 5 3 2

$F Deform 3D 3 A4X5 J1 R 71 0 U S 80 AR 4 & AIB3CADIEL 347 U HIfh 5, 15 5]
FUIHI 1 262.5 N, PIHIRE 749 C. RIGWKSEEAEA G5 25 A EZIAR S G YIE]
YR AT e, W 11 Fios .
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prut LA - M [ fedile 35
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200 K k3 110 4001 . ’?.., 48 61 10
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100 | 2007 [ 13
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11 NRDANLASEREAGS S HAEXXBSHAANHELERILL: (a) EUIHIA; (b) VIHIEE
Fig. 11 Comparison of simulation results between the optimal parameters combination of the insert cutting edge and 25 sets of

experimental parameter combinations: (a) Main cutting force; (b) Cutting temperature
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3 &g

O AR v T L TR AL N TR A < ) R DI EI PR RE . AR SO T K 53k, 5IA 5 A
ST S RFRAE T H T OB LI AR . 36§ Deform B4 X e 347 U1 1) g 0100 11 B2 15 21
RHITT 22 53 M i 23 M 1590 10 UAar 2 800k D1 E 3 Ry 6L RE 52 i, SR R 6 TS I 11 3 X 70
HITO U RSB T oAl . f h45e T

D @5 2208, T I LS Eoh AR R R IR SERE S, LR R U7 T B4R
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A1B3CADIEL, BI7] O4GE¥42 R 30 pm, S, 100 pm, ¥ J912°, S, 4 80 pm., o’ H 3°

3) T Deform 3D HAFXF 71 7 70 1 JU 2 B i HE 4L & A1B3CADIEL #E47 U1H| J1 A DI H|
W E . 43R I 1k 262.5 N DIHIEE R 749 °C, 5 ASB2CIDSE4 M HL. B FOR .
Ho EUIH I BEAE T 49. 03% , YIHIRE AL T 40. 22%.

2 % X #

[1] SHANBHAG V V, MEYER T J J, CASPERS L. W, et al. Failure monitoring and predictive maintenance
of hydraulic cylinder-state-of-the-art review[ J ]. IEEE/ASME Transactions on Mechatronics,2021,26(6) ;
3087-3103.

[2] WANG W T,MD K S,ROBERT A.et al. Effect of edge preparation technologies on cutting edge properties
and tool performance[]]. The International Journal of Advanced Manufacturing Technology,2020, 106(5/
6/7/8): 1823-1838.

[3] DENKENA B, BIERMANN D. Cutting edge geometries[ J]. CIRP Annals-Manufacturing Technology,
2014, 63(2): 631-653.

[4] FANG F Z, XU F. Recent advances in micro/nano-cutting: Effect of tool edge and material properties J].
Nanomanufacturing and Metrology,2018,1(1) ;:4-31.

[5] TUGRVL O,TSV-KONG H,EROL Z. Effects of cutting edge geometry, workpiece hardness, feed rate and
cutting speed on surface roughness and forces in finish turning of hardened AISI H13 steel[J]. The
International Journal of Advanced Manufacturing Technology, 2005, 25(3/4) :262-269.

[6] JIANG H, RAJIV S, CHENG X M, et al. Effect of feed rate, workpiece hardness and cutting edge on
subsurface residual stress in the hard turning of bearing steel using chamfer + hone cutting edge geometry
[J]. Materials Science & Engineering A, 2004, 394(1):238-248.

[7] DENKENA B,LUCAS A, BASSETT E, et al. Effects of the cutting edge microgeometry on tool wear and
its thermo-mechanical load [J]. CIRP Annals - Manufacturing Technology, 2011,60(1) ;73-76.

[8] BASSETT E J K B D. On the honed cutting edge and its side effects during orthogonal turning operations
of AISI1045 with coated WC-Co inserts[ J]. CIRP Journal of Manufacturing Science and Technology, 2012,
5(2):108-126.

[9] VENTURA C E H,CHAVES H S,RUBIO J C C,et al. The influence of the cutting tool microgeometry on
the machinability of hardened AISI 4140 steel[J]. The International Journal of Advanced Manufacturing
Technology, 2017, 90(9/10/11/12) ;. 2557-2565.

(10] B4, PR M2, 5 . T OB R 7 K X ZEH J] rHaemsgmm[J]. 8 54 4,2019,36(1):
61-67.

[11] TAGUCHI G, ELSAYED E A, HSIANG T C. Quality Engineering in Production Systems[ M]. New
York: McGraw Hill Book Co. ,1989.

[12] ISIK A T, CAKIROGLU R, GUNAY M. Multiresponse optimization of performance indicators through
Taguchi-grey relational analysis in EDM of cemented carbide[ J]. CIRP Journal of Manufacturing Science
and Technology,2023,41:490-500.

[13] QINC]J, PANJ, GUO L, et al. Experimental study on chemical-mechanical synergistic preparation for
cemented carbide insert cutting edge[ J]. Micromachines, 2023,15(1):17.

(14] AR KFE FBRIL . BT RUB O3 09 W0 b 6T % Bl i T 200006 00 ], R K% 2 4 CH SR B2
M) 52025,47(4) :153-161.

(157 #EBIEE . 77 O glifb TR o A BT & 4 ) BT HI vk e po s ma [ D], 28 205 - 61l K 5%, 2022,

(16] Ebesm, BoZabh, 2 K2 . ¥ 42CrMo WA M J7 BB £ 57 M B iE [T ], ¥ 7E T2 % 41k, 2019, 26 (5):
118-124.

(17] BEgd KT . & UHEE S I HIM 5 M. dbat AL Dol i A , 2020.

(RE#EE€E)



