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An Empirical Study and Structural Analysis for localization of

Ship’ s Rope cutter

Sul, Young-yun

Department of Maritime Engineering
Graduate School of Maritime Industries
Korea Maritime & Ocean University

Abstract

Currently, ship propulsion wind-up(entanglement) accidents caused by
offshore suspended solids in Korea continue to occur more than once a
week. Most of the accidents are only short-term delays, but when
additional factors such as tough weather conditions and reduced
restoration force are added, they can caused to major human accidents
such as the sinking of West Sea ferry (October 1993, 292 deaths) and
chater boat the dolphin (September 2015, 18 deaths). In addition, there
1s a risk of secondary casualties as divers or crew members dive while
not enough safety measures have been taken to remove ropes and net around

the propulsion system.

As a measure to prevent similar accidents, related ministries are
strengthening the collection and suppressing the generation of causative
substances such as waste fishing nets and waste ropes, but there are many
practical difficulties and various preventive measures are needed to
prevent accidents more effectively. Currently, as part of efforts to
prevent ship thrusters from wind-winding accidents, rope cutting devices
developed in the private sector of foreign countries are imported and

used to attach them to some small vessels and government vessels in
Korea, but little verification of their safety and effectiveness has

been made. Also, since it relies on foreign-invested products, the

- viii -

Collection @ kmou



problems of foreign-invested products currently occurring in Korean
waters are used as a starting point for upgrading the functions of
locally produced rope cutting devices.
Therefore, in order to prevent frequent accident of propeller rope at
sea, the direction of development of localized rope cutter system was
investigated, the structural stability and simulation analysis of
localized rope cutting devices were introduced, and the results of lab
test and chater boat yard test. Based on these points, I would like to
present the current problems of ropecutters in Korean ocean and the

direction of further research.

KEY WORDS: Ship propeller; Entanglement accident; Rope cutter; Structural analysis;
Cutting test; Actual ship test
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Table 2 Dimensions of rope cutters

Al < A
Propeller Shaft Dia. 80~120 mm
Rope Cutter Dia. 145~200 mm
Cutter Length 343 mm
Thickness 43 mm

CUTTER SIZING DIAGRAM
FACE VIEW OF CUTTERON SHAFT  SIDE VIEW

Fig. 6 Scissor type 2 ZATGA 3]

2) Disc type cutters

A=A A FHske = o8] daEe dE o, =X E ddst|
Aelxe Haart E7tes Z2de 7HA ok 3t Ads2 2EHES =23
gholl Aol du o] wAstoiok st 1 Ao o3 A dso] ¢
HH, dd=o] 7]EA olde 2t FAHE A sHo| oxn.
Hag Add AA = Addr] 5|87 go] =g o] 47FE oA A
Blo]d & cavitationS FEAZ 4 lom o] wjiEo] & Huto] ALgs)
Zloll= Bl &Aoot
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Table 3 Nodes & Elements of FEM

Case No. Node (EA) Element (EA)
7 (t:10) 7ew0 14,360
8 (t:11) 71,570 14,360
9 (t:12) 86,650 17,950
10 (t:13) 86,650 17,950
11 (t:14) 86,650 17,950
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3-D 20-Node Structural Solid
20 nodes 3-D space

DOF: UX, UY, UZ

Fig. 9 Element information
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Fig. 11& §3tas)aS
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Table 4 444 A3 A4 Ald

1 A9 22+ 4% 32+ A%

v HEH s B3 AR

TET 9.97 t 5.53 t 5.53 t

T8 &Y 890 hp 380 hp 380 hp
&7k A3 A, £ Ak, =9

AFZE 27 853} 803}] 80}o]
Ho 3|7 1,850(1,300) 1,700(1,200) 1,700(1,200)
Hof £H=(F) 26 knot(18) 17 knot(12) 17 knot(12)

7o) 7H4:1) 2251 4:1 4 :1

Fig. 15 Propeller shaft of test ship a) before installing, b) after installing
rope cutter
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Reow, ddt S Fdstr] fa z2dy Q] F
Wt g 5 ROVE o &ste] AR 2 F4e FHa

23+ 10mm, 30mm, 50mm, 65mm<e| FH71E 7} PP(Poly
Propylene)9} oj%& 3mme] #7]1S 712 PE(Poly Epriopylene)S AF&3F43 .
Adt 3 A 2" mAE S st AP oFe EX £o=® st
ATt Table 5= 7 A3 43 A& Ut ok

— =
Asl, defl s xR ofde] Fert Mell= 28, ARk BB

Table 5 Locations for cutting test

1st test location
(REA], 243

2¢@

2nd test location

(A4, W)
o

3nd test location

$ALA), e
o

_18_

Collection @ kmou



A3F A A R 3F
3.1 =34
311 §384 A

1A Aol2F Aostel fERL HUS Bo) WIELE L $HEEE 53
s3 A%g WA FELE A4S A AWM BASE B2 9
shel AZEZ} SAFT Y Belolse] 2y} Ay Hxel HA ¥ 71

Sgefel e AP Ao 249 Beols F Are] Beolso] =iz}
AR Aol B AN T W2 AYF oo,

)

A3 AREZE FEE YA Z2 3R EFolmdA 7 3

o] WA= AL A T F ANoH, Case 7~1144 A= WP
nng Holmg ZIAHANAE &

Aol BASA RS AR ATHT

A S T B AolzolA TAstE AP 74 A& SUS630E

ZHstA] gFom 7H w2 Fgo] WA Aol FE7T gu Hoy <Y
o] otAE 1342 FH3lT Qo] IF FTRE 4 ok A BRI} Spes)
t}.

ofg) Tz Az g 2L A} Fig. 16914
HolA TAsty A S¥H& £l

_19_

Collection @ kmou



ny
o
=0{=t

X
oM.
2,
B
ny
flo
e
&
ol
3R
fd
il
[
2
L
o
N
=2
2
(2
o
ok
rir
oo
L

o7 Hu ¥ A Fof SHFZF o FAsF FHFold I
7 315 Agoz A7 AgEAAS Owstr] st A3 AANA @)
e I9 Aty stes B4k AA E et S AoE dAud
Max. Equivalent stress ( MPa )

Oy

)

T00

G0

= =11

= 400

300

200

100

0

Tit:10) Bl(t:11] 9{t:12) 10({t:13) 11(t:

=g Az, Equivalent stress ( MPa )

_20_

Collection @ kmou

14 )



Safety Factor
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Max.Deformation ( mm )
45
40
i .----.‘_'__
3.0 L v . ———
—a
E 25
E oo
15
05
]
7(r:10) B(t:11) 9(t:12) 10(t:13) 11 (1t 14)

=g ax Deformation ( mm )

Fig. 16 Scissors type F7Hsle] @& 314 A3 M5 F0]
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Table 6 Scissors type 314 A3} Az

Max. Yield
Max. .
. Equivalent strength
Case No. Deformation Safety Factor
( ) stress of SUS603
mm
(MPa) (MPa)
7 (t:10) 3.87 819.11 1.34
8 (t:11) 3.52 742.19 1.48
9 (t:12) 3.22 676.94 1105 1.63
10 (t:13) 2.97 622.89 1.77
11 (t:14) 2.76 576.58 1.91

Aol 79 FAVE ZAEZFH FL3 vw ol o]l Aol ~(casel~6)

Lo
b3
_‘Y:l‘
o
o
1>
(@)
&
D
NG
©
S
X
Lo
i
o
Lo
1
o
of

o

_22_
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Fig. 177} Zo] case 7olA= Hdl WP FS Edol= EdFoA 3.87mm &
Astn Ho) 8-S BEol=o X Fo oA 819.11MParl HA & AT

A: Static(case 7-35/10)_819
Tatal Deformation

Type: Total Deforrnation
Unit: mm

Time: 1

A Static(case 7-35/10)_819
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

2.8699 Max 819.11 Max
34399 755.01

30000 89091

258 626.81

215 562.72

1.72 498.62

1.29 43452

085998 37042

042999 20238

0 Min 0.00014338 Min

i

Fig. 17 ¥¥ 9 SHEX (Case 7)

Fig. 187} Zo] case 8dlA&= HO HIFFL Edol= ETF oA 3.52mm
A sl Ho 28 Beolse] x| F oA 742.19MPar}t
A SEA T

_23_
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B: Static(case 8-35/11)_742
Total Defarration
Type: Total Deformation

B: Static(case 8-35/11)_742
Equivalent Stress
Type: Equivalent (von-Mises) Stress

Unit mm Unit: MPa

Time: 1 Time: 1
1.5169 Max 74219 Max
31261 88417
2.7354 62615
2.3446 56814
19538 51012
1.5631 4521
11723 394,09
078153 336,07
039077 183.74
© Min 0.00013608 Min

z

i,

Fig. 18 ¥¥ € S E= (Case 8)

Fig. 199} Zo] case 9ol & Ht) WP FE Edol= ETFolA 2.97mm T4
3 Ao ¥ Egol=o w2 F9 oA 676.94MPar}t A3 T

Total Deformation
Type: Total Deformation

C: Static(case 9-35/12)-677
Equivalent Stress
Type: Equivalent (von-Mises) Stress

Unit: mm Unit: MPa

Time: 1 Time: 1
3.2229 Max 676.94 Max
28648 624.09
2.5067 571.24
21486 51839
1.7905 46554
14324 41269
1.0743 35984
071619 30699
0.3581 16819
0 Min 0.00012309 Min

g

prhs,

Fig. 19 W3 2 3HEX (Case 9)

Fig. 203} Zo] case 10914= Ho HPFL EFol= EHF oA 2.76mm
HAStH Ho 88 Egol=o =X B oA 622.89MPar} A5 T

_24_
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Dz Staticicase 10-35/13)_623
Total Deforrnation

Type: Total Deformation
Unit mm

Tirme: 1

29739 Max
26435
2nn
1.9826
1.8522
1318
099131
066088
033044

0 Min

A,

Fig. 20 3 ¥ Y& =X (Case 10)

Fig. 213} o] case 1lo4= o) AP FL =dol= EeFolA 3.87mm
At Hd 82 Egol=e] A F-9jellA 576.58MPart A3 T

E: Static(case 11-35/14) 577
Total Deformation

Type: Total Deformation

Unit: mm

Time: 1

27606 Max
24538
214N
1.8404
1.5337
1.2269
09z019
0.61346
030673

0 Min

Zz

e

Fig. 21 A%

Collection @ kmou

D: Staticicase 10-35/13)_623
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

622.89 Max
5743

525.72

47713

42854

379.95

33136

282.77

154 45
0.0001182 Min

E: Static(case 11-35/14) 577
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

57658 Max
53164

48671

44177

30684

3519

30696

26203

1427
0.00011436 Min

SHEX (Case 11)

25 -
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3= 84 1) torque 1/10

1
2 Units mm mm MPa
3 | DPO(Current) | 10 0.052822 343.47 0004759 313
4 |DP1 11 0.048063 312.16 0.003971 26.04
5 DP2 12 0.044092 286.12 0.003249 2549
6 DP3 13 0.040843 260.63 0002882 18.64
7 |DP4 4 0.037951 241.99 0.002502 16.11
8 DPS 15 0.035459 225.88 0002193 14.07
g DP& 15 0.033266 21181 0001938 124
w0 |DP7 17 0.031328 199.41 0.001725 11
11 |ors 18 0.029603 188.41 0001486 11.69
12 | DP9 19 0.028117 176.72 0.001392 8.76
13 | DP10 20 0.026724 167.96
- - * Result : 13mm
b=} 29

0.06 350

005 | 300

0.04 ! 250

0.03 200

002 — 150

10 11 12 13 14 15 16 17 18 19 20 10 11 12]43 14 15 16 17481920

Fig. 22 Torque 1/10¢] #A T4 A3 (38 D

8= 8¢ 1) torque 1/100

Tabie of Design Points

1
2
3 DP 0 (Current) | 10 0.0052822 34.347 0.000476 3131
4 |DP1 1 0.0048063 31.216 0.000397 2.604
5 DP2 12 0.0044092 28.612 0.000325 2.549
& DP 3 13 0.0040843 25.063 0.000288 1.864
7 |oP4 14 0.0037961 24.199 0.00025 1.611
8 |DPs 15 0.0035459 22.588 0.000219 1.407
9 |DPs 1 0.0033266 21181 0.000194 1.24
10 DP7 17 0.0031328 19.941 0.000173 13
11 | DP8 18 0.0029603 18.841 0.000149 1.169
12 | DP9 19 0.0028117 17,672 0.000139 0.876
13 |[DP10 E] 0.0025724 16.796
* Result : 13mm
Sk 29
0.006 | 35 |
0.005 | 30 |
0.004 25 I
0.003 20 |
0.002 15 |
10 11 12 13 14 15 16 17 18 19 20 10 11 12 13 14 15 16 17 18 19 20

Fig. 23 Torque 1/100¢] A4 A4 A% (3 D
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sE f4 1) torque 1/1000

Tahle of Design Points

A B c D

1 Name < ] P27 -Extrude2.FDL - P28 - Total Deformation Maximum  ~ | P29 - Equivalent Stress Maximum  ~ H

2 Units i mm MPa

3 DP 0 (Current) 10 0.00052822 3.4347 0.00004759 03131
4 DP 1 iz 0.00048063 3.1216 0.00003971 0.2604
5 DP 2 12 0.00044092 28612 0.00003249 0.2549
5 |DP3 13 000040843 2.6063 0.00002882 0.1864
7 |ora | 14 0.00037961 24199 0.00002502 0.1611
8 DP 5 15 0.00035459 2.2588 0.00002193 0.1407
E] DP6 16 0.00033266 2.1181 0.00001938 0124
10 DP 7 17 0.00031328 19941 0.00001725 0.11
1 |ors |18 | 0.00029603 18841 | 000001486 01169
12 |or3 |18 | n.00028117 L7672 | 000001393 0.0876
13 DP 10 o) 0.00026724 16796

* Result : 13mm

1
o
oo
B

0.00055 35

3
0.00045

25
0.00035
2

0.00025 15
10 11 12 13 14 15 16 17 18 19 20 10 11 12 13 14 15 16 17 18 19 20

Fig. 24 Torque 1/1000¢] AA 4 A% (3 1

st 7@ 29 AW WP F2 Fig. 25279 Zo] E#ol= EdHolA, torque
1/109] 7% 0.04mm, torque 1/100¢] 73-¢ 0.004mm, torque 1/10002] 74-$-
0.0004mm A ATE. Ho $HL Egoj=9 =X F$JolA, torque 1/102]
739 10MPa, 1/100¢] 7% 10.8MPa, torque 1/1000¢] 7-$- 1MPar} ‘A48 3} ch.
stE 13 29 A5= FA7F 12mm o] dol® oAE F3He] F3HF AlolHth
HAoug ol glas ¢ F Atk EF HA oA FEfste HolW, 2=
°F 18~40mme] FNHAE FH7IE At A A2 Egol=d A+ 3FE&
7Hgst At o] ERF AR oftoA HIWE W EE gZoln He R 1

=T
gol AP A% = TS T & Yok

_28_
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5l5 8% 2) torque 1/10

A B & ]
1| Neme - |P12- d | P14-Total Deformation Maxmum  ~ |
2 Units mm x mm
3 | oPofcurent) | 10 131.74 0.048967
4 DP1 11 118.9 0.044507
5 |[oe2 12 108.37 0.04073

ENLEE 13 100.65 0.037645
7 DR 4 14 92.901 0.034548
8 DP s 15 86.224 0.032611
s |oes 16 80,501 0.030565
10 DP7 17 75.4968 0.02876
11 DP8 18 71.008 0.027155 |
12 [pre 13 67,504 0.025719 |
13 | DP10 20 63.824 0.024427 |
H =
0.0s 140
120 |
0.04
100 '
0.03
a0
oo2 - | TN s ] =5
10 11 12 13 14 15 16 17 18 19 20 10 11 12 13 14 15 16 17 18 19 20

0.00446
0.003717
0.003145
0.002697
0.002337
0.002046
0.001805
0.001605
0.001436
0.001292

* Result : 12mm

12.84
10.53

772
7.749
6.677
5723
5033

446
3.504

368

Fig. 25 Torque 1/10008] AA T A% (+3 2)

5tE 88 2) torque 1/100

Tabie of Design Points

A B
1 | WNeme - P4-Exousezro sentstress
2 Units mm MPa mm
3 DP O (Current) | 10 13.174 0.0048967
L DP1 11 11.89 0.0044507
5 DP2 12 10.837 0.004079
& DP3 13 10.065 0.0037645
7 DP 4 14 9.2901 0.0034348
8 DP S 15 8.6224 0.0032611
9 DPE 16 8.0501 0.0030565
10 DP 7 17 7.5468 0.002876
i1 DP8 18 7.1008 0.0027155
i2 DP S 19 6.7504 0.0025719
13 DP 10 20 6.3824 0.0024427
Ek =L
0.005 14
12
0.004
10
0.003
a
0.002 &
10 11 12 13 14 15 16 17 18 19 20 10 11 12 13 14 15 16 17 18 19 20

Collection @ kmou

Fig. 26 Torque

0.000446
0.000372
0000315

0.00027
0.000234
0.000205
0.000181
0.000161
0.000144
0.000129

* Result : 12mm

1.284
1.053
0772
0.7749
06677
0.5723
05033
0.446
0.3504
0.368

1/10008] A7 FA A3 (%8 2)
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55 8% 2) torque 1/1000

-
| A B c D
t | Name - |P3m-Bdude2rpr v | P31 Maximum v | P32~ Maemum ||
Z5al| Units mm = WP mm
3 | PO (Curent) | 10 13174 0.00048967 00000446  0.1284
4 |op: |1 1189 | 0.00044507 1 o.ooo03717 0.1053
s [op2 |1 [toey  Tepeswm® | p0o003145 00772
s |oe3 3 1.0065 0.00037645 | 0.00002697 0.07749
T |oed al | 0.92901 | 0.00034348 | 000002337  0.06677
8 DP 5 15 0,86224 0.00032611 | 0.00002046 0.05723
9 P& 16 0.80501 0.00030565 0.00001805  0.05033
w | De7 7 0.75468 0.0002875 | 0.00001605 0.0446
1 | oPB 18 | 0.71008 | 0.00027155 | 000001436 003504
12 DP9 13 0.67504 0.00025719 | 0.00001292 0.0368
13 DP 10 20 0.53824 0.00024427
* Result : 12mm
R =E
0.0005 14
0.0004 =
1

0.0003

o8
0.0002 06

10 11 12 13 14 15 16 17 18 19 20 10 11 12 13 14 15 16 17 18 19 20
Fig. 27 Torque 1/10008] AA A A3 (§3 2)
35 #8 39 Hu WIS Fig. 28~303 #o] Edolt EdRoA], torque

1/10¢] A% 0.04mm, torque 1/100¢] A-$ 0.004mm, torque 1/10002] 73-%-
0.0004mm TAsIFT Ho S8 EFol=9 x| HLJolA, torque 1/102]
74-%- 106MPa, 1/1002] 7% 10.5MPa, torque 1/10002] - 1MPa’} AYsHA

3% 7339 ASE AA ok=olA WA ‘RA—E— 4 %
40~80mm Atol&] vt AFMN =9 FH7]E 7k
ATE AT, AEEE oF lonm A BA 1 olgel AL

48 249 ¢ & AUk

,ﬂ
i)
e
ol
o
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5tE 7E 3) torque 1/10

A B C D
1 Name v | Pi8-Extrude2D1 = | P10 -EcquivalentStress Maximum + | P20 - Total Deformation Maximum  ~
2 Units mm - = wm
3 | oPo(curent) | 10 128,44 0,058733 0.005346 12.39
4 |DP1 11 116,05 0,053387 0.004455 1027
5 |op2 12 105.78 0,048932 0.003773 7.771
& |oP3 13 98,009 0,045159 0.003232 7.409
i CP4 14 90.6 0.041927 0.002801 6.401
8 | DPS 15 84.199 0,039126 0.00245 5583
9 |oPs 16 78616 0,036676 0.002163 4911
w |DP7 17 73705 0,034513 0.001922 4351
11 DP & 18 69,354 0.032591 0.001722 3559
12 DP9 19 65.795 0.030865
0.001548 3.492
13 DP 10 20 62.303 0.029321
* Result : 12mm

ol 29
0.055 120
0.045 100
0035 8o |
0025 ] L —

10 11 12 13 14 15 16 17 18 19 20 10 11 12 13 14 15 16 17 18 19 20
. o = o]
Fig. 28 Torque 1/10¢] AA FA A3 (3 3)
=l O
stE /& 3) torque 1/100

1
2
3 | DPO(curent | 10 12,84 00058733
4 oP1 11 11.605 0.0053387
s | op2 2 [10.57 0.0048932
s | o3 13 9.8009 0.0045159
7 | opa 14 3.0 0.0041327
8 DPS 15 8.4199 0.0039126
9 |oee I3 7.8616 0.0036676
o |7 7 7.3705 0,0034513
1 DP8 18 6.9354 0.0032591
12 DP9 19 6.5795 0.0030859
13 DP 10 20 6.2303 0.0029321
= (=]

faik=x) 9
0.0055 12
0.0045 10
00035 | 8
0.0025 [

10 11 12 13 14 15 16 17 18 19 20 10 11 12 13 14 15 16 17 18 19 20

0.000535 1.239
0.000446 1.027
0.000377 0777
0.000323 0.7409

0.00028 0.6401
0.000245 0.5583
0.000216 04911
0.000192 04351
0.000172 03559
0.000155 03492

* Result : 12mm

Fig. 29 Torque 1/100¢] A& A A# (F3 3)

Collection @ kmou
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slE |89 3) torque 1/1000

A B c D
1 | MName - | P33-ExtrudeZFD1 ~ | P34-Equivalent Stress Maximum ~ | P35 - Total Deformaton Maximum ~ |
2 Units mm =] MPa mm
3 DPO (Curent) | 10 1.2844 0.00058733 0.00005346 0.1239
4 DP 1 i1 1.1605 0.00053387 0.00004455 0.1027
5 DP2 12 1.0578 0.00048932 0.00003773 0.07771
6 |DP3 13 0.98009 0.00045159 0.00003232 007409
7 DP 4 14 0.906 0.00041927 0.00002801 0.06401
8 DF5 15 0.84199 0.00033136 00000245  0.05583
9 DPe 16 0.78516 0.00035675 0.00002163 0.04911
10 DR 7 17 0.73705 0.00034513 0.00001922 0.04351
1 | DP8 18 0.69354 0.00032591 0.00001722 0.03559
12 oPg 19 0.65795 0.00030869 0.00001548 003492
13 |oP10 20 0.62303 0.00029321
* Result : 12mm
L 83
0.00055 12
0.00045 1
0.00035 0.8
0.00025 0.6

10 11 12 13 14 15 16 17 18 1920 0 11 12 13 14 15 16 17 18 19 20

Fig. 30 Torque 1/10002] A 4 A3 (£3 3)

st & 49 Ho) M T2 Fig. 31-333% o] £ ol= EFolA, torque
1/109] 74§ 0.057mm, torque 1/100¢] Z-%- 0.0057mm, torque 1/10002] 74-$-
0.00057mm AYSIATE Hol §8L2 EFol=e =X F9A, torque 1/109]
74-%- 103.3MPa, 1/100¢] 7% 10.3MPa, torque 1/10002] 74-%- 1.03MPar} wHAy s}

_32_
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& 4) torque 1/10

_o_l-
of
30

4!
2 mm
3 | DPO(Curent) | 10 125.44 0.068334 [E| « 0.006307 12.09
s |Dp1 1 113.35 0.063027 [ 0.005254 10.02
5 |pe2 2 103.33 0.057773 ] 0.004453 7567
s |DP3 13 95.763 0.053314 0.003811 7.232
7 |ora b7 88.531 0.048503 [=] 0.003303 6.248
s |Des 15 82.283 0.0%2 B 0.00289 545
3 [ & L= e I‘TJ 000255 4795
10 I 08078 A
.0022 42
u |ors ) 67.79 0038494 [& of2e60 o
12 | DP3 3t} 54.33 0.03646 1] 0002054 340
13 |oPw0 20 60.92 0.034635 [ =] 0001825 4
. I
B 2a * Result : 12mm
0.07 130 |
0.06 110 |
0.05 90 |
0.04 70
0.03 50
10 11 12 13 14 15 16 17 18 19 20 10 11 12 13 14 15 16 17 18 19 20

Fig. 31 Torque 1/109] &A F7 A3 (3 4

515 84 4) torque 1/100

]
2

3 0.000631 1.209
7 0.0063027 0.000525 1.002
5 0.0057773 0.000446 0.7567
= 0.0053314 0.000381 0.7232
7 0.0043503 0.00033 0.6248
= 0.00462 0.000289 0.545
3 0.004331 0.000255 04795
0 0.004076 0.000227 0.4248
1 0.0038434 0.000203 0.346
12 0.003%46 0.000183 0.341
13 0.0034635

* Result : 12mm

Y S5
0.007 13
0.006 11
0.005 9
0.004 T 7
0.003 5 1|
10 11 12 13 14 15 16 17 18 19 20 10 11 12 13 14 15 16 17 18 19 20

Fig. 32 Torque 1/1008] A4 A A% (F3 4
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55 8% 4) torque 1/1000

A B c D
1 ‘ Neme v | P36 -Extrude2.FD1 ~ | P37 -Equivalent Stress Maximum ¥ | P38 - Total Deformation Maximum JL
2 Units mm hd MPa mm
3 | DPO(Curent) | 10 1.2544 | 0.00069334 | 6307E-05  0.1209
[+ [op2 | n 1.1335 0.00063027 0.00005254 0.1002
Top2 [ 2 1.0333 | 0.00057773 4459E-05  D07567
s |DP3 3 0.95763 000053314 3811E-05 007232
ENCIE 0.88531 0.00049503 0.00003303  0.06248
s | DpPs 15 0.82283 ["0.000%2 0.0000289 00545
9 | DP6 [ 16 0.76833 | 0.0004331 | 0.0000255 004795
10 | DP7 |17 0.72038 | 0.0004076 | 000002266 004248
11 ] 18 0.6779 0.00033494 0.00002034 0.0346
12 | 0P | 0.6433 | 0.00036% | 000001825  0.0341
13 DP 10 20 0.6092 0.00034635 * Result : 12mm
B 27

0.0007
0.0006
0.0005
0.0004 24

0.0003 06

10 11 12 13 14 15 16 17 18 1920 1011 12 13 14 15 16 17 18 1920

Fig. 33 Torque 1/10008] AA A A3 (§3 4)

12
oxl

ol
L
o
=
E
v
ol
L
38
B
r d
Jo
ol
NS
Lo
o
o
—
w
=2
B
W
()

© % 194 1% Fig 348} o] F7
4= 75 HYE 044mm 2861Mpacl™  13mmolA Zt=
E BEZ P& 4F HPYE 040mm 2606Mpa©]t}.
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1

2 mm

3 DPO (Current} | 17.5 35° 12 0.44092 2861.2
3 DP1 125 258° 12 0.8267 2956.1
5 DP2 15 30° 12 e 0.57028 2898.3
& |DP3 20 40° 12 | P4 § 0.38497 842.2
7 oPa 225 45° 12 0.34999 28313
8 DP 5 25 50° 12 0.326499 2823.6
El DP6 17.5 0352 13 0.40843 2606.2
0 |DP7 1255 2§° 13 0.76297 2636.4
11 | DP8 15 30° 13 P 0.52632 2636
12 | DP9 20 40° 13 IS0 |oa3ssn 2590.7
13 | DP10 225 45° 13 0.32356 2582
14 | DP11 25 50° | 13 0.30173 2575.9

« Result(12mm) : 35°
* Result(13mm) : 35°

Fig. 34 A4 Z4= 4% ({3 D

1
2 mm

3 |DPO(Cument) 175 35° 12 0.4079 1083.4
4 DP1 12.5 ||| 28 12 0.76991 1874.7
s |op2 15 30° 12 P 0.53804 1399.8
& |DP3 2 40° 12 1y 0.32878 999,14
7 | DP4 25 45° 12 0.278 953,97
8_lops 25 50° 12 0.24333 926.71
9 DPE 125 35° 13 0.37845 1006.5
0 |DP7 125 25° 13 0.71053 1729.9
11 | DP8 15 30° 13 ——_ 0.49655 1294.1
12 |DPo 20 40° 13 1ot 0.30344 922,98
13 | DP1D 25 45° 13 0.25657 87114
14 |DP11 25 50° 13 0.22513 844.2

« Result(12mm) : 35°
* Result(13mm) : 35°

Fig. 35 34 4= 24+ (+¥ 2

_35_
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74 3)

A B c £

1 a - - -
2 Units degree | mm hd MPa
3 | DPofCureny | 175  35° 2 0.48932 1057.6
4 |oP1 125 2g5° 12 0.86952 1834.5
=] DP 2 15 30" 12 e 0.62432 1369.1
6 |DP3 0 AQ° 12 1£T | 0.7 843.56
7 |DP4 225 45° 12 0.35781 684,19

8 DPS 25 5°° 12 0.32416 568.58

—_—-
9 DP 6 17.5 35° 13 0.45159 979.87
0 |or7 125 250 13 0.80255 1693.5
11 | DP8 15 30° 13 _ 0.57617 1266.1
12 |DP3 1 40° 13 i 3t 0.37719 781.89
13 |pP10 25  gg5° 13 0.33022 635,53
14 |DPL1 s 5Q° 13 0.29917 529.1
* Result(12mm) : 35°
* Result(13mm) : 35°
C (o)
Fig. 36 44 2= Ad (3 3)
= O
ol /¥ 4
A B o0 E:

1 - - -

7 Urnits degree | mm - MPa
3 | DPo(curent) | 17.5 35° 12 || 0.57773 1033.1

s |DP1 125 25° 12 0.37627 1794.9

5 |op2 15 30° 12 o~y |l 07175 1339.5

6 |Dr3 20 40° 12 TELL | 09563 928.08

7 |ora 225 45° 12 0.44464 913.22

8 |DP5 25 | 5p° 0.41143 904.3

D 175 35° 3 0.53314 957.43

w |oP7 125 25° 13 0.50094 1657.6

11 | DPB 15 = 30° 13 — 066218 1239.2

12 | DP9 20 40° 13 15T 0,45738 849.44

13 |oPw0 2.5 45° 13 0.41033 834.47

14 | DP1L 25 50° EE 0.37%8 825.62

¢ Result(12mm) : 35°
« Result(13mm) : 40°

Fig. 37 34 4= A3 (%8 49

_36_

Collection @ kmou




32 ARA= A A-EF ANE

1A == KS B 0802 72 o E AF3 Ay oAAEE 773N/mm?, FELE
+ 548N/mm*, AAES 40%9] AA7t =EHAT o5 F2+= KS B 0802 1+
Aol HAAsIth. AFEFAIFE2 KS D 9502 o= 4 7
FrET AP Ay FHo| AFEHA F& AR YEyH

N —

Table 7 AZAZ=E AE A

A= 9] 2 3

NFE= N/mm? 773
FEZZ0.2% LZA) N/mm? 548
A& % 40

Table 8 ATEF Ad 23

qdFE Al 71zt A3t
=

A 2407 7¢ = AR o

Fig. 38 &% A3d 23

_37_

Collection @ kmou



3.3 Lab Al E#°lH HZE

Fig. 31& Lab AlE# o8 HIZE 3 ARolm, AlEHCIHY RH &9
0.4KW, Max 1700rpm, #+<H] L10e|tt. Z1ejar A4y A z2d2]e 3Jdqe=
15091 A 170rpme] =7 34 SlolA] AAFH oW, Z3Zo] Alo]ZE= bmm,
8mm, 12mm, oj%o] Aol ZE 35mmoE M2 APS 3tk Alg Ay »
2o} ofifo A HatE = AS glstdth

Fig. 39 Lab A& olg A4 A5
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Fig. 41 2,33 4% 44 A ¥
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