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Development of Characteristic Vibration Measurement Technology for

Components with Complex Geometric Shapes

Naoki FUSE and Koki NISHIZAKI

Synopsis

In the measurement of natural frequencies, it is common to detect the sound and vibration generated when the object to be
measured is hit with an impact hammer, or the like, and to calculate by analyzing the frequency. However, when measuring the
characteristic vibration of a specific part of an object with a complex free shape, the point of impact and impact range of the
impact hammer greatly affect the measured values. There may be areas that are difficult to hit.

Therefore, in this paper, instead of hitting with an impact hammer, we developed a characteristic vibration measurement
technology that uses the impact of high-pressure air injection, and obtained the following results.
(1) It is possible to measure natural frequency in a local area of a complex free-form object.

(2) A simple and reproducible measurement was realized by a non-contact vibration excitation method using high-pressure air.
(3) Assuming that the material properties of the object to be measured are the same, the natural frequency can be used to identify

dimensions such as thickness.
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Fig. 1. Structure of turbocharger .
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Fig. 2. Experiment using aerial ultrasound.

Table 1. Excitation/receiving methods and experimental results.

System Types of elements or devices Summary of results
+ Difficulty in reproducibility
Impact hammer of hitting position and striking force
Contact - :
Ultrasonic transducer * Influenced by element mounting
(Piezoerectric/Magnetostrictive element) - Difficult to vibrate in confined areas
. - Concern over burn marks by ablation
Exciter Laser ultrasonic on appearance quality
Aerial ultrasonic + Ultrasonic propagation power too small to excite
Non-contact
EMAT (Electromagnetic acouctic transducer)| + Short lift-off and limited T/W excitation
— . + Capable of measuring local areas
High-pressure air + Easy excitation force control and position control
Ultrasonic transducer
Contact * Influenced by element mounting
Strain gauge
Recei Condenser microphone * Possibility of picking up sounds
eceiver (High-frequency microphone) from other than the target site
Non-contact |Speckle interferometer + Good sensitivity but expensive
: - Good sensitivity, although easily affected
Laser doppler vibrometer by the surface texture of the object
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Fig. 3. Input burst wave signal to air probe.
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Fig. 4. Vibration observed on air probe surface.
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Fig. 5. Detected signal.
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Fig. 7. Experiment in natural frequency measurement
using high-pressure air injection.

Table 2. Specifications of main experimental equipment.

System Specification
Response speed =10 msec
Soradyme | e repetton o100t
Pulse duty ratio 0~100 %
Laser doppler viborometer| Response speed 3.2 MHz
A/D converter Sampling frequency| 500 kHz
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Fig. 8. Natural frequency measurement flow chart.
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Fig. 9. Measurement position on
the turbine blade surface.
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Fig. 10. Natural frequency at top edge.
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Fig. 11. Natural frequency at mid edge.
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Fig. 12. Natural frequency at root edge.
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Fig. 13. Natural frequency at center.
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Fig. 14. Natural frequency at bottom edge.
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Fig. 15. Natural frequency for each blade at top edge.
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Fig. 16. Natural frequency for each blade at mid edge.

Fetrieodt > 40 A RO A IRE = Bt %€ 33

10 10
0.8 0.8
8 8
2 0.6 2 0.6
£o4 S04
< <
0.2 0.2 i i
Pl L) £ "
P (R T e T A, I
0.0 0.0{ " o A =
10000 15000 20000 25000 21000 21200 21400 21600 21800 22000

Frequency [Hz] Frequency {Hz]

Broadband

Fig. 17. Natural frequency for each blade at root edge.
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Fig. 18. Natural frequency for each blade at center.
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Fig. 19. Natural frequency for each blade at bottom edge.
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Fig. 21. Variation due to lot differences at top edge.
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Fig. 22. Variation due to lot differences at bottom edge.
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Fig. 23. Higher-order natural frequency at top edge.
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Fig. 24. Higher-order natural frequency at mid edge.
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Fig. 25. Higher-order natural frequency at root edge.
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Fig. 26. Higher-order natural frequency at center.
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Fig.27. Higher-order natural frequency at bottom edge.



5. #&

FE OV A LT K B iRE & L 7z A REDE
ETIE, TEROITERER 2 L D)k i L T4 < OF|
HreBThAHZ ENELESINT.

(1) 37 B IR R O R P EIs o0 B A SR8 % 52 5
HZENUEETH 5.

(2) ko FFELIE L, M OB E CHBAMEOS
WEGIREEE S EHTE S,

(3) HHEWOMEHFEDH L CTd 25 LAGE L7286
TR % B A RE L CRE CTE 2 WML H 5.

6. HHIC

A CIXEARBIOENZ ERE LTwaHS, FEEM
L LT, EARBOREHMEIC L CERELS LS T
HoH0%, %E— FIREFENT 2 EO THEET 5 2 & A8
HEETOLZATIIEEE L2 -TL A, T2, HHERNSR
YRR o®EL, K, YA 2 IVIES R ED, BEEIRE
NOFELRFEET ARETH L. SHBRIEIZOLHI R
MEEDED TR IA LTnELW,

][

( #h)

1) B — IEICE Fundamentals Review, 9(2016), 3,
205.

2) fAtGEA, @ A, 83(2012), 87

3) EHFEHI: Mg, 11(2006), 9, 8.

4) KFEFEHHE— L=
http://www.daidoseimitu.co.jp/

5) KIFFFHRIMERA — L=
https://www.daido.co jp/

6) XiiE: ¥ — B, 15(1987), 6, 367.

7) MMEIERE, ST, AR HAMAEMEYSS
75, 25(1990), 9, 652

8) PNHfE: &P LifZEfT R&DL ¥ 2 —, 35(2000),
3 7.

9) = EB&E% : IIC REVIEW, 33(2005), 12.

10) = k&5 1IIC REVIEW, 34(2005), 19.

11) = EFES: 1IIC REVIEW, 35(2006), 22.

Tty g > W0 TR O [ A R 7 By Bl 56

35



