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Structural Analysis of the Bite and
Supporting Section in Automatic In-situ Machine

for Machining Crankpin of Ship’s Main Engine

Choi, Bo Young

Department of Marine Systems Engineering

Graduate School of Korea Maritime University

Abstract

The In-situ machine services damaged crankpin in a field. The repairs
can be performed at narrow space in crank chamber, and so working
time can be reduced.

Compared with the existing in-situ machine, the automatic in-situ
machine automatically works by being equipped with the automatic feed
gear and cutting unit. The cutting unit consists of bite, bite holder,
socket bolt, etc.. The bite is the cemented carbide material, the bite
holder is steel material.

This study is to carry out the structural analysis of the bite and
supporting section in automatic in-situ machine. Structural analysis was
performed by ANSYS workbench 13.0. Structural analysis shows stress
according to cutting depth. The proper cutting depth can be determined
using analysis results.

Depending on the number of revolutions of automatic in-situ machine,

the cutting force is assumed not to change.

_Vi_



When the cutting conditions set, the change of the cutting resistance
in accordance with changing cutting velocity was not observed, but the
change of the cutting resistance by cutting depth was observed.

The analysis was carried out in two ways. One way is that the cutting
depth is set 0.40 ~2.00 mm, the other way is that cutting depth is set
0.05 ~ 0.40 mm.

In the first analysis, the cutting depth(0.40 ~2.00 mm) was decided
arbitrarily. Then, the cutting depth(0.40 ~1.20 mm) at the required power
less than the rated output of the motor was determined by calculating
theoretically. When the structural analysis performed wunder these
conditions(0.40 ~ 1.20 mm), safety factor did not satisfy 2.

In the second analysis, structural analysis by modified the cutting
depth(0.05 ~0.40mm) was performed to satisfy the safety factor 2.
Structural analysis by cutting depth(less than 0.20 mm) can satisfy safety
factor 2.

Considering the compressive and tensile strengths of the bite, cutting
depth should be less than 0.20 mm for satisfying the safety factor 2. The
stress of supporting section by structural analysis is very small and does

not affect the cutting depth.

KEY WORDS:
Bite H}°|E; Crankpin =2 3 3; Lathe A1¥}; Automatic in-situ machine ©]&2] #}
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Young’'s modulus 200 GPa
Poisson’s ratio 0.3

Tensile yield strength 250 MPa
Tensile ultimate strength 460 MPa

314 ¥ A2} A3
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K= KxXK,xXK, (3.1)

A eaFe] AFF =7 784 N/mm?[80 kgf/mm*]o)il, AHE o]% A
Hko] o]&o] 0125 mm/rev ©]E = Table 1o whe} T2bxje] vl Mg e
H7h o g 3,871 N/mm?®[395 kgf/mm?*]o] &t}
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Table 1 Specific cutting resistance

. Feed rate [mm/rev
Material of Tensile strength eed rate [ rev]
structure or hardness
0.04 0.1 0.2 0.4 1.0
40 kegf/mm? 350 290 | 250 212 173
Carbon steel 60 kgf/mm? 430 | 355 | 300 | 255 212
80 kgf/mm? 500 410 | 350 300 245
100 kgf/mm? 550 450 | 385 330 270
Alloyed steel 140 kgf/mm? 650 530 | 450 395 320
180 kgf/mm? 855 600 | 600 510 420
120 HB 185 142 | 118 97 75
Cast iron 160 HB 260 200 | 166 137 105
200 HB 340 260 | 215 178 137
Aluminium
80 HB 138 115 | 97 83 68
alloy
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3.15 o|F

o]F& =y ¢lo] 12 vtF FA Al 1.5 mm ©]Fo|BE f=0.125 mm/rev ©|

317 A%
Hl27l 222 490 mmo]: FabA) A2 185 mmeolth 7Fo] = (guide

shoe)e] 1A|ol we} wlaAlo] slgale FAkA g W/ gea,
318 I&A AL RNE
F=AF AR weh 4 32)9} o] ANAA AA=AA Hx A

I8 7% & o

1

d. = {0+ V3P4 72)}? [mm] (3.2)
M=10"?APL
T=10"*BPS

A AF

B : A

D : AdYY AF [mm]

L :FWelze 47 A2 [mm]

P . AuChe] HHTE [MPa]

P EAHTFELE [MPal

S A [mm]
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32 A2 =4

321 A4 A

(1) Case 1: Z7] &2

Case 1& %7] 7oz A2 Zlo] 45 040 mm, 0.80 mm, 1.20 mm, 1.60
mm, 2.00 mmE 3t Table 3+ AAF Z10](0.40 ~2.00mm)ol] @t AMbE F

$2g Jed Holw A4 2ol ARl we} A Age] AXE AL Hol

Table 3 Cutting resistance according to cutting depth (d=10.40 ~2.00mm)

Cutting depth d [mm] | Principal cutting resistance 7}, [N]
0.40 194
0.80 387
1.20 581
1.60 774
2.00 968
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(2) Case 2 : &4 =3

Case 19| F+xa|A A3} A2t Zo|7} ava et o] 040 mm o] te] A2}
Zlo]l2  MA3te] A3 Aol Case 20|tk Table 45 H2} o]
(0.05~0.40mm)°ll wet FEHS Uebd Folvy. daf Zolrt A whep A
2k A Al AXE AL ¢ F Ao, Case 1ETF Case 29 dAF Zlo]7t 2t

H

7] wWo] A4 AgFo] Case 1 BTk BF Zth.

Table 4 Cutting resistance according to cutting depth (d=10.05~ 0.40mm)

Cutting depth d [mm] | Principal cutting resistance F; [N]
0.05 24
0.10 48
0.15 73
0.20 97
0.25 121
0.30 145
0.35 169
0.40 194
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322 A8 59

gl BaF 28 FHS A 4% Lol uekd + Aok A4 =23

A AL 185 mm, HIAA A3S 3,871 N/mm?, ©]4< 0125 mm/reve
2 3 o da Zlole} HaF H£ro WE 48 TS AASIAT. EHOA &
go] AYE= Atolo] ARlely 7]ojolA FEo] AHEER 7|AEE 08
o] F=A(oh

ol Wad A HrulolEe} 22T AT SE)E 2 252 AL

3led Table 52 YEFA AT}

Table 5 Cutting velocity according to rpm (n =10 ~ 50 rpm)

Revolutions per minute [rpm] | Cutting velocity [m/s]
50 0.4841
40 0.3873
30 0.2905
20 0.1936
10 0.0968
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Case 1& %7]
mm, 2.00 mm=Z A3}9 Tt Table 6 Case 19 28 FH

A2 o7k ARl we 28 FY G4 AAE

z=

Aoz A

4 zle] dE

o
o
4 2

0.40 mm, 0.80 mm, 1.20 mm, 1.60

Table 6 Required power versus cutting depth (d=0.40 ~2.00mm)

ower | P[W] P[W] P[W] P[W] PIW]
d[mm @ 10rpm | @ 20rpm | @ 30rpm | @ 40rpm | @ 50rpm
0.40 23.4 46.9 70.3 93.7 1171
0.80 46.9 93.7 140.5 187.4 234.2
1.20 70.3 140.5 210.8 281.1 3514
1.60 93.7 187.4 281.1 374.8
2.00 117.1 234.2 351.4

A2t e 2ZEHY FAEE400 W) Hluste] 28 FHo
of gttt Altel]l oJa] 1.60 mm o]/Fell A 50 rpmE ZI}Eh=

&+ Ak
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Case 19 F=x3|4 ZA¥ A2} Zol7l Aattal #dE o] 040 mm o]ste] &2}
ZolE A3t Case 25 G335t Th

Table 7 A2 zlo] 0.05 ~ 040 mmo| W& 428 33 Yeld %o
Aab Zlol7h AR whet o] AAH,
g Al A Case 2014 AL &
Z7] Mol Case 13 o] AH =

A8 &Y

=
=
-

Table 7 Required power versus cutting depth (d= 0.05 ~ 0.40mm)

ower | P[W] P[W] P[W] P[W] P[W]
dlmm @ 10rpm | @ 20rpm | @ 30rpm | @ 40rpm | @ 50rpm
0.05 2.9 5.9 8.8 11.7 14.6
0.10 5.9 11.7 17.6 23.4 29.3
0.15 8.8 17.6 26.4 35.1 439
0.20 11.7 23.42 35.1 46.9 58.6
0.25 14.6 29.3 43.9 58.56 73.2
0.30 17.6 35.1 52.7 70.3 87.8
0.35 20.5 41.0 61.5 82.0 102.5
0.40 234 46.9 70.3 93.7 117.1




323 E=

dapol A w2 71719 dE(EA FE)e A (34)9F 2ol FEY Feh A4
&% Vo m/min]e] Fo2 A=W @97t WL o ofgfo] Aoz vepdtt
o] W pE Table 6, 79 FAIE A8 THL Yolx Aald 2+ AaF x|

A Fed B3 e 73 &= g P

3
12

w= """ [rad/sec] (3.5)

n : 35 [rpm]

Table 8t 2 (3.5)° we} 3| AFe] WE Z4&HES el Holoh o ge
21 34l Ystd 28 Fo ME EA & 7 & Atk

Table 8 Angular velocity according to rpm (n =10 ~ 50 rpm)

Revolutions per minute [rpm] | Angular velocity [rad/s]
50 5.233
40 4.187
30 3.14
20 2.093
10 1.047




(1) Case 1 : 7] =3

Case 1& A2l Zlo] d& 040 mm, 0.80 mm, 1.20 mm=E & %7] Z7dolt}
(&8 59 At 98] 1.60 ~ 2.00 mmE A2 H). Table 9= 2] (3.4)°] 2l
A E3 @S A2 zloloh g wet et ek "a zlol7h Ao
met B3 gho] AAY, IH5TE Aol wel 28 T8 =S AT i
2o A Zolo Mo e WE B Atole wlvsit o714 yEhd
Hu g ztol= At AMEEE AFFo]l AZSFE Folerh Fed vEd o

I

Table 9 Calculated torque versus cutting depth (d= 0.40 ~ 1.20 mm)

Torque Repre-
7 Nm|]| 7 [Nm]| 7 [Nm]| 7 [Nm] | 7 [Nm] | sentative
d @ 10 rpm|/@ 20 rpm|@ 30 rpm|@ 40 rpm|@ 50 rpm| value
[mm] [Nm]
0.40 22.37 22.38 22.38 22.38 22.38 22.38
0.80 44.75 4476 4476 4476 4476 44.76
1.20 67.12 67.15 67.14 67.13 67.14 67.14
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Case 2& Case 19 Alg¥ HA
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Table 10 Calculated torque versus cutting depth (d= 0.05~ 0.40mm)

Torque Repre-
d 7 Nm] | 7[Nm] | 7[Nm] | 7 [Nm] | 7 [Nm| | sentative
[mm] @10rpm | @20rpm | @30rpm | @40rpm | @50rpm value

[Nm]
0.05 2.80 2.80 2.80 2.80 2.80 2.80
0.10 5.59 5.59 5.59 5.59 5.59 5.59
0.15 8.39 8.39 8.39 8.39 8.39 8.39
0.20 11.19 11.19 11.19 11.19 11.19 11.19
0.25 13.98 13.99 13.99 13.99 13.99 13.99
0.30 16.78 16.79 16.78 16.78 16.79 16.78
0.35 19.58 19.58 19.58 19.58 19.58 19.58
0.40 22.37 22.38 22.38 22.38 22.38 22.38
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Fig. 8 Modeling of automatic in-situ machine for structural analysis
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Fig. 9 Modeling of bite & bite holder for structural analysis
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Table 11 Structural analysis of bite & bite holder (d= 0.40 ~ 1.20 mm)

Bite Bite holder
tress | \fax, principal stress | Mini. principal stress .
] ) Equivalent stress
(Tensile stress) (Compressive stress) (MPal
d[mm] [MPa] [MPa] ’
0.40 964 -3,778 18
0.80 992 -4,053 32
1.20 1,087 -4,157 45
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Fig. 10 Max. & min. principal stress of bite (d= 0.40 mm)
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Fig. 12 Max. & min. principal stress of bite (d= 1.20 mm)
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Fig. 13 Equivalent stress of bite holder (d = 0.40mm)

Fig. 14 Equivalent stress of bite holder (d = 0.80mm)
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Fig. 15 Equivalent stress of bite holder (d = 1.20mm)
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Table 12 Structural analysis of bite & bite holder (d= 0.05~ 0.40mm)

Bite Bite holder
Stress
Max. principal stress Mini. principal stress .
. . Equivalent stress
(Tensile stress) (Compressive stress) MPal
d[mm] [MPa] [MPa] ’
0.05 137 -1,446 3
0.10 295 -1,901 6
0.15 377 -2,198 8
0.20 407 -2,379 10
0.25 463 -2,534 12
0.30 562 -2,540 14
0.35 537 -2,792 16
0.40 954 -3,778 18
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Fig. 16 Max. & min. principal stress of bite (d= 0.05 mm)

_33_



-234.41 Min

Fig. 17 Max. & min. principal stress of bite (d= 0.10 mm)
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Fig. 18 Max. & min. principal stress of bite (d= 0.15 mm)
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—269.76 Min

Fig. 19 Max. & min. principal stress of bite (d= 0.20 mm)
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Fig. 20 Max. & min. principal stress of bite (d= 0.25 mm)
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Fig. 21 Max. & min. principal stress of bite (d= 0.30 mm)
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Fig. 22 Max. & min. principal stress of bite (d= 0.35 mm)
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Fig. 24 Equivalent stress of bite holder (d= 0.05 mm)

Fig. 25 Equivalent stress of bite holder (d= 0.10 mm)

Fig. 26 Equivalent stress of bite holder (d= 0.15 mm)
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Fig. 27 Equivalent stress of bite holder (d= 0.20 mm)

Fig. 28 Equivalent stress of bite holder (d= 0.25 mm)

Fig. 29 Equivalent stress of bite holder (d= 0.30 mm)
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Fig. 30 Equivalent stress of bite holder (d= 0.35 mm)

Fig. 31 Equivalent stress of bite holder (d= 0.40 mm)
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Table 13 Comparison of cutting resistance with estimated value

(d=0.05 ~1.20mm)

Cutting depth ) ) )
(mm] Cutting resistance [ N] Estimated value [N]
0.05 9.1 24.2
0.10 23.8 48.4
0.15 41.2 72.6
0.20 59.5 96.8
0.25 79.2 121.0
0.30 95.3 145.2
0.35 122.2 169.4
0.40 188.9 193.6
0.80 405.3 396.4
1.20 623.6 580.7
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Fig. 32 Cutting resistance and estimated value (d= 0.05~1.20mm)
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