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A Study on the Structural Design of Impeller Shafting

System for Low Noise Large Cavitation Tunnel

Dong — Chun, Jeon

Department of Marine System Engineering
Graduate School

Korea Maritime University

Abstract

This thesis 1s focused on the comparison between Numerical
Calculation and FEM Analysis by ANSYS by software for Impeller
Shafting System of Low Noise Large Cavitation Tunnel. The impeller
shafting system are considered buoyancy effect to influence driving shaft
in the water that reason why the shaft diameter 800mm above. The
shafting are arranged two solid shafts at forward end, three hallow shafts
in the water and one hallow shaft on the tail. The bearings are arranged
one self aligned journal bearing on the tail shaft and one axial thrust with
two journal bearings on the motor shaft. The strength calculation was

done by MathCAD.

- viii -



The structural analysis was done by ANSYS. The reaction forces for
bearings which are located motor shaft bearing, intermediate shaft bearing

and tail shaft bearing are measured by hydraulic jack.

The final results are as follows :

(1) The structural analysis which compared design calculation was much
higher values because the software supplier need to reduce risk for the
structural damages. Therefore most of softwares are consisted strong

boundary conditions for more safety designing.

(2) The actual reaction forces for bearings which compared design
calculation values was very much close to calculation data it with the

table 3a for comparison data of reaction forces.

Therefore, the design calculation is based on real values for structural
designing but the software is focused on the safety designing more than
30% of design calculation and some of critical designing is much higher

safety margin to improve risk of structural damages.
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Table 2.1 Boundary condition for strength analysis
of shafting system

D 4
+9 699,160 N
EA 003,384.3 kN-m
de A 25,8347 kg
TEHAH Tail, intermediate and motor shaft bearings
HeT5 (2 5) Motor shaft bearing

23 ZA A4 7t ol e wal uw
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Table 2.2 Reaction at tail shaft bearing

Reaction Force [kN]

Numerical Calculation 224.90

FEM Analysis by ANSYS 364.61

Table 2.3 Reaction at motor shaft bearing

Reaction Force [kN]

Numerical Calculation 123.10

FEM Analysis by ANSYS 220.54

Table 2.4 Reaction at intermediate shaft bearing

Reaction Force [kN]

Numerical Calculation 183.30

FEM Analysis by ANSYS 278.74

Table 25 % FAAA A7, F3tas 4 (45 2 A A= A5E v
A AaEA AA ASgkol FAALM 3 AY FASHA Rl 9l
2y ke s dfA Amelks T vk glo] tha XpolE Holal e,

& 10% oI, B ol 4% olul, 1w wE = T3 wojge
59 olulol A X wrelo] e 0w AFolA



Table 2.5 Comparison with shaft bearing reaction
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Fig. 2.4 Total displacement of shaft through shaft strength analysis
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Fig. 25 Equivalent stress distribution of hollow shaft
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Fig. 2.6 Safety factor distribution of hollow shaft

Table 2.6 Comparison with equivalent stress of hollow shaft

Equivalent stress [MPal] | Safety factor
52.99 4.44
71.43 3.29

Numerical Calculation

FEM Analysis by ANSYS
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Table 2.7 Comparison with equivalent stress of solid shaft

Equivalent stress [MPal] | Safety factor

Numerical Calculation 76.08 3.88
FEM Analysis by ANSYS 103.25 2.86
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Fig. 2.9 Strength analysis model of bolt
connecting ta,ll shaft with impeller shaft

Fig. 2.10 Boundary condition for strength analysis of bolt
connecting tail shaft with impeller shaft
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Table 2.8 Boundary condition for strength analysis of bolt
connecting tail shaft with impeller shaft

23 [ KN-m W AAZA (fixed)

503.38 Impeller axle

Fig. 2.11 Bolt connecting tail shaft with impeller
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Fig. 2.12 FEM model of bolt connecting
tail shaft with impeller shaft

Fig. 2.13 Equivalent stress distribution of bolt
connecting tail shaft with impeller shaft
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ANSYS
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Fig. 2.14 Safety factor distribution of bolt connecting
tail shaft with impeller shaft

Table 2.9+ HYFHy Jadz sjB, dally sHe Jdy & AAs=
BE 578 A QdAFE Blaste] e AL 9l o] &2l g
n1sle] freta s A Ao Fro] FA U= olfiE o]EAE 1279 BE
o Ag)E shEg ALked ¥hele] freke A S4e 16719 A BE A
T 3hEg AASE Y] wiEolth AR SCM 4409] AL = 7 EES A
o] QIFFEAE7E 8340 MPa 24 Hl v EEE WE FFdAE FxAo
2 FEs hATE gl 4 vk

Table 2.9 Comparison with equivalent stress of tail shaft
& impeller hub, impeller hub & shaft

Equivalent stress Safety Factor
[MPal] (0,=834.0 MPa )
Numerical calculation
(Tail shaft bolts) 305 2.73
Numerical calculation
(Impeller shaft bolts) 3035 2.75
FEM analysis by ANSYS 255.53 3.26
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Fig. 2.15 Strength analysis model of bolt
connecting intermediate shaft 2 with 3
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Fig. 2.16 Boundary condition for strength analysis of bolt
connecting intermediate shaft 2 with 3

Table 2.10 Boundary condition for strength analysis of bolt
connecting intermediate shaft 3 with 2

== [kN-m WO AAZA (fixed)
503.38 Impeller axle

Fig. 2172 <+
Figs. 2.18, 2.19 ¥ Table

Ee 57heH Stk ¢ref 4
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FIEAE7E 834MPa =4 Hl HE¥S W dHME FxAeR S
8 M HlE & v
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Fig. 2.17 Bolt connecting intermediate shaft 2 with 3

¥

K

Fig. 2.18 Equivalent stress distribution of bolt
connecting intermediate shaft 2 with 3
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Fig. 2.19 Safety factor distribution of bolt
connecting intermediate shaft 2 with 3

Table 2.11 Comparison with equivalent stress
of intermediate shaft 2 with 3

Equivalent stress

Safety Factor

[MPal (0,=834.0 MPa )
Numerical calculation 366.0 2.78
FEM analysis by ANSYS 295.1 2.83
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Fig. 2.21 Equivalent stress distribution of bolt
connecting intermediate shaft 2 with 3

Table 2.12 Boundary condition for strength analysis of bolt
connecting intermediate shaft 2 with 1
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Fig. 2.22 Equivalent stress distribution of bolt
connecting intermediate shaft 2 with 1

Fig. 2.23 Safety factor distribution of bolt
connecting intermediate shaft 1 with 2
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Table 2.13 Equivalent stress of intermediate shaft 2 and 1

Equivalent stress

Safety Factor

[MPal (0,=834.0 MPa )
Numerical calculation 379.3 2.20
FEM analysis by ANSYS 331.1 2.02
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Fig. 3.1 Model of tail shaft bearing

Fig. 3.2 Model of tail upper shaft bearing
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Fig. 3.3 Model of tail upper shaft bearing

><‘¢'z

Fig. 3.4 Equivalent stress distribution of tail shaft bearing
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Fig. 3.5 Boundary condition for strength analysis of tail shaft

A

Fig. 3.6 Model of tail shaft bearing
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Fig. 3.7 Boundary condition for strength analysis
of tail shaft bearing

Table 3.1 Boundary condition for strength analysis
of tail shaft bearng

FAE N e AAZA (fixed)
294.90) Bottom
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2,4939.
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1.2485
062577
0,0030744 Mjg

Fig. 3.9 Boundary condition for strength analysis of tail shaft

_33_



Fig. 3.11 Equivalent stress distribution of tail shaft bearing
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Safety Factor
Type: Safety Factor
Time: 1

Max: 15
Mini 15

15
10
5
1
0

A

Fig. 3.12 Safety factor distribution of tail shaft bearing

z

Table 3.2 Calculation result on permission compressive force
of tail shaft bearing

FEM analysis by ANSYS (average)

HN

AA 7]

0.59 MPa 0.51 MPa
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Fig. 3.13 Model of intermediate shaft bearing
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2

Fig. 3.14 Model of intermediate shaft bearing

Fig. 3.15 Boundary condition for equivalent stress
of intermediate shaft bearing
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Table 3.3 Boundary condition for strength analysis
of intermediate shaft bearng

#438% [N W9 AAZEA (fixed)
183.30 Strut

A

Fig. 3.16 Equivalent stress distribution of intermediate shaft bearing
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Type: Safety Factor
Time: 1

Y

A

Fig. 3.17 Safety factor distribution of intermediate shaft bearing

Table 3.4 Calculation result on permission compressive force
of intermediate shaft bearing

AA 7E FEM analysis by ANSYS (average)
0.29 MPa 0.23 MPa
33 ®H = Wlo]g o =34
oA 7| A= | & 7733kl e 3 7HA Wol® F EYHE wo#el gk
275 M) sl dEstax gt} Fig. 3.18 & EEH S Wlojdg& X3l
AA zHE(assembly)e] 7]8tst4] 2ES yehfal flow, o] X3hd
T35 Woj¥ 2 Fig. 3.19 ¢ YeRdT HA 732 de] F¢= EEAA
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Fig. 3.18 Model of motor shaft bearing
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Fig. 3.20 Equivalent stress distribution of motor shaft bearing
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Fig. 3.21 Model of motor shaft bearing

A

Fig. 3.22 Meshing result of motor shaft bearing
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Fig. 3.23 Boundary condition for strength analysis
of motor shaft bearing

Table 3.5 Boundary condition for strength analysis
of motor shaft bearing

A et g=lo] %1 + o] 52 1231 kN

ES
% 3}5=Max thrust / thrust bearing 699.2 kN
il Z71 (fixed) Bottom
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@ /.

Fig. 3.24 Boundary condition for equivalent stress

of motor shaft bearing

Fig. 3.25 Boundary condition for strength analysis
of motor shaft bearing
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Fig. 3.27 Equivalent stress distribution rate of motor shaft bearing
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Fig. 3.28 Safety factor distribution of motor shaft bearing

Table 3.6 Calculation result on permission compressive force
of motor shaft bearing

AA 7] FEM analysis by ANSYS (average)

HN

0.69 MPa 0.62 MPa
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Type; Equivalent (van-Mises) Stress.

Unit: MPa.
Time: 1

121,87 Max
11366

99455

86,247

71033

56,831

42624

28,416

14,208
3,5482e-5 Min

Fig. 3.29 Boundary condition for equivalent stress
of motor shaft bearing

——— S
Type: Safety Factor

Time: 1

15 Max

10

2.5206 Min
0

Fig. 3.30 Safety factor distribution of motor shaft bearing
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Table 3.7 Calculation result on permission compressive force

of motor shaft (thrust) bearing

FEM analysis by ANSYS (average)

1.93 MPa

AA 7E

1.96 MPa
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A

Fig. 3.31 Model of sleeve coupling

X

A

Fig. 3.32 Boundary condition for equivalent stress
of sleeve coupling
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Table 3.8 Boundary condition for strength analysis
of sleeve coupling and geared coupling

9 699.2 KN
Huy 22 9034 kN-+m

Fig. 3.33 Model of sleeve coupling
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Fig. 3.35 Meshing for FEM analysis of sleeve coupling
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Fig. 3.36 Meshing for FEM analysis of geared coupling

Fig. 3.37 Equivalent stress distribution of sleeve coupling
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15 Max
9.6782 Min
5

1

i

Fig. 3.38 Safety factor distribution of sleeve coupling

Table 3.9 Equivalent stress & safety factor

Equivalent Stress Safety Factor
[MPal (0 ,=834MPa)
FEM Analysis by ANSYS 86.2 9.68
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Fig. 3.39 Equivalent stress distribution of geared coupling

Fig. 3.40 Safety factor distribution of geared coupling
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Table 3.10 Equivalent stress & safety factor of geared coupling

Equivalent Stress Safety Factor
[MPal (0 ,=834MPa)

FEM Analysis by ANSYS 38.2 21.80
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