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Stress and Modal Analysis for the Rotor System of a Medical Centrifuge
using Finite Element Method

Sung Min Kim*, In Chul Yang’, Do Gyoon Kim™ and Hak Chul Kim"

ABSTRACT

In this study, we performed finite element analysis for the design of a medical centrifuge and two-types of
centrifuge were compared with each other. The types of centrifuge are 2-arm straight type and 3-arm type.
Structural analysis was done with respect to the change of the rotational speed of the rotor of a centrifuge. When
the rotor of centrifuge was rotated, the von Mises stress of 2-arm straight type-rotor was compared with the von
Mises stress of 3-arm type. The margin of safety was estimated from the result. We found the critical speed of
centrifuge from the campbell diagram by modal analysis.
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Table 1 The number of mesh element

2-Arm
. Straight 3-Am
Part Name | Material Type Type
Node |Blarent| Node |Elemet
—
Side Arm | UmInUm o001 11397] 3872 | 1841
Alloy
tural
Sice Am Pint | Sl | 303 12185 | 1506 | 856
Steel
1
s Am P2 | STUNmal | 20519703 | 1519 | 866
Steel
Sce Amn Pir | STVNral | ies | 2838 | 1286 | 725
Steel
truct
Sice Am P | ool | 3 12275 1399 | 809
Steel
truct
S Ampis| Srectral | 0o | 741
Steel
1
S Ampns| Socrl | L]
Steel
Alumi
Bucketl | MUY o350 | 3668 | 7487 | 3815
Alloy
i
Bucketz | A1UMINUM | oo | 3686 | 6802 | 3469
Alloy
Aluminum
Bucket2 - - 2621 | 3472
Alloy
Total 49790128752|29.114(17,337
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Figs. 2, 32 YAEE7] 2-arm straight typed}
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Fig. 1 The part name of a centrifuge

Fig. 2 The finite element model of 2-arm straight
type centrifuge
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Fig. 3 The finite element model of 3-arm type
centrifuge
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Table 2 The condition of contact

Condition Drop | Slide |Gcpetiion
Bonded x x %
No_separation x 0 %
Frictionless 0 0 0
Rough 0 x 0

Table 28] A& ZAZ 39 A Al 949
o 2|8 90° Rotationg 3} Bucket® SZE Side
arm pin%t No separation Z3A& L& dx Uox
HEZEd 2% &5 E Bonded Z2AE H L34
t}. No separation A& 8¢ part: Fig. 49
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Fig. 4 The parts of no separation condition
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Fig. 5 Constraint condition of a rotor
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Table 3 Material properties of centrifuge

Type Aluminum | Structural
P Alloy Steel
Young's Modulus
(GPa) 71 200
Poisson's Ratio 0.33 0.3
Density
(kg/mm3) 2.77¢-006 | 7.85e-006
Tensile Ultimate Strength
MPa) 310 460

2.4 S7+3® (von Mises stress) 841
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Fig. 6 The during rotation of the bucket
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(a) Side Arm
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Fig. 7 The von Mises stress plot of 2-arm straight
type centrifuge
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(c) Bucket 1

(b) Side Arm Pin 1

Fig. 8 The von Mises Stress plot of 3-arm type
centrifuge
3.2 2HH O F(Margin of Safety, M) 3} A& 3}
2-arm straight type®] 3,450rpmO.Z ¥ A Al
3-Arm Type2] 4800rpm2 2 3 Al Margin of
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Table 4 The margin of safety of 2-arm straight type
centrifuge at 3,450rpm

Velocity Part Sya o, M,
(rpm) (Pa) (Pa)

Side Arm 3.10E+08 | 9.19E+07 1.25

Side Arm Pin 1| 4.60E+08 | 3.64E+07 7.43

Side Arm Pin 2 | 4.60E+08 | 4.61E+07 5.65

3450 | Side Arm Pin 3 | 4.60E+08 | 3.74E+07 7.20

Side Arm Pin 4 | 4.60E+08 | 4.17E+07 6.36

Bucket 1 3.10E+08 | 1.32E+08 0.57

Bucket 2 3.10E+08 | 1.32E+08 0.57
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Table 5 The margin of safety of 3-arm type centrifuge

at 4,800rpm
Velocity Part Suya o, M,
(rpm) (Pa) (Pa)
Side Arm 3.10E+08 | 4.67E+08 | -0.557
Side Arm Pin 1 | 4.60E+08 | 9.75E+07 | 2.144
Side Arm Pin 2 | 460E+08 | 1.47E+08 | 1.093
Side Arm Pin 3 | 4.60E+08 | 1.06E+08 | 1.895
Side Arm Pin 4 | 4.60E+08 | 8.39E+07 | 2.653
4800
Side Arm Pin 5 | 4.60E+08 | 7.22E+07 | 3.246
Side Arm Pin 6 | 4.60E+08 | 8.62E+07 | 2.556
Bucket 1 3.10E+08 | 6.38E+09 | -0.967
Bucket 2 3.10E+08 | 2.80E+09 | -0.926
Bucket 3 3.10E+08 | 2.67E+09 | -0.922
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Table 6 The modal analysis results of 3-arm type
centrifuge

Mode| Shape

Condition

Empty

l

Full

Frequency (Hz)

2500
pm

4800
rpm

Orpm

4800
rpm

2500
rpm

Natur

al Frequency

(Hz)

418

80

0

41.8 | 80

Bending for
XY Plane

64.388

76.622

91.128

59.448

72.491 1 88.156

Bending for
XY Plane

72.033

717.786

91.175

67.57

73.85788.203

Rotation for
Z-axis

72.11

77.852

102.47

67.64

73.91999.339

Bending for
XY Plane

327.76

328.84

33175

304.73

305.86 | 308.93

Bending for
XY Plane

329.91

330.99

333.87

307.05

308.17)311.22

Empty Frequency Mode

—&— 1at Fraquoncy Mode

2000

3000

pm

4000

(a) Campbell diagram on empty tube
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(b) Campbell diagram on full tube
Fig. 9 Campbell diagram of 3-arm type
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