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Abstract: In recent times, turbomolecular pumps (TMPs) have been used frequently to generate and maintain high and
clean vacuum. Because of the high-speed rotation of the rotor, its structural safety should be treated as the first design
concern. This paper presents the structural analysis and optimization of rotor blades of a TMP. To increase the
numerical efficiency in the finite element modeling and analysis, the P-method provided in Pro/ENGINEER was used
for simulation. The structural responses for several types of rotor blades were investigated, and the effects of the blade
angle, blade length, and round size are thoroughly studied for each type of TMP blade. In addition, structural
optimization to reduce and even the maximum stress at each stage of the TMP by changing the size of rounds between
the blade and the hub was performed very successfully by using the P-method.
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(a) TMP

(b) Rotor of TMP
Fig. 1 Parametric model of TMP (unit: mm)
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Fig. 2 Arrangement of rotor and stators and the exhaust
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Table 1 Material properties of AL-2024-T6

E (GPa) v oy (MPa) | ours (MPa)
72.4 0.33 315 415

(a) Flat model (b) Twist model
Fig. 3 Blade types according to the shape of blade

(a) Flat
Fig. 4 Definition of length of blades

(b) Twist
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Table 2 Initial values for design parameters

Ay A, L R Q
Stage Angle | Angle | Length | Round | Rotational

@) ) (mm) | (mm) |Speed (RPM)
1 40 35 101.5 3
2 45 40 96.5 2
3 41.5 36.5 84.5 1
4 35 30 69.7 1
5 1 35 | 30 | 570 | 1 22,000
6 31.5 26.5 53.9 1
7 27.5 22.5 50.2 1
8 27.5 22.5 50.2 1

R(round)
hub

Fig. 5 Position of round and hub
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Table 3 Analysis cases by variation of design parameters

Case Design Parameters Model
A () A, L R Q
1 Initial Initial | Initial | Initial 22,000
2 A -5 Initial | Initial | Initial 22,000
3 A +5 Initial Initial Initial 22,000
4 | A,+10 | Initial | Initial | Initial | 22,000 | Flat
5 Initial | Initial | Initial |R—02| 22,000
6 Initial | Initial | Initial | R+0.2 | 22,000
7 Initial | Initial | Initial | R+0.4 | 22,000
8 Initial Initial | Initial | Initial 22,000
9 Initial A, —3 | Initial | Initial 22,000
10 Initial | A,+3 | Initial | Initial | 22,000
11 Initial | A,+6 | Initial | Initial | 22,000 | Twist
12 Initial | Initial | Initial | R-0.2 | 22,000
13 Initial | Initial | Initial | R+0.2 | 22,000
14 Initial | Initial | Initial | R+0.4 | 22,000
15/16 | Initial | Initial | L—10 | Initial | 22,000
17/18 | Initial | Initial | L—5 | Initial | 22,000 Flat
19/20 | nitial | Initial | L+5 | Initial | 22,000 /
21/22 | Initial | Initial | L+10 | Initial | 22,000 .
Twist
23/24 | Initial | Initial | Initial | Initial | 20,000
25/26 | Initial | Initial | Initial | Initial | 24,000

TEef Aol e E At (Fig. 3 #HaL)
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Fig. 9 Maximum displacement in the r-directions for
the flat model
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Fig. 15 The maximum stress at the round between hub
and blade
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Table 4 Summary of objective and constraint functions

2He Fxad 2 BAHA A

Objective function Mass (kg)
Initial 90,796 7.559
Optimum 7,540 7.558

Table 5 Summary of design variables for optimization

Design variable
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lower

L. 1.5 1 05(105(05]051]05 0.5
limit
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optimum 24 |1 1.8 | 1.7 (10| 14| 16 |21 2.5
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