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Design and experimental verification of ultrasonic drill resonance
control algorithm

QUAN Qiquan, JIN Yikang, ZHANG Qiukui, TANG Dewei, DENG Zongquan

(State Key Laboratory of Robotics and Systems ( Harbin Institute of Technology) , Harbin 150001, China)

Abstract; To solve the problem of small objects with low gravitational force and large temperature difference, we
propose to use ultrasonic drill as an anchoring tool and adopt a combination of fuzzy control and constant current
control strategy to achieve ultrasonic drill drilling and anchoring under low drilling pressure and high and low
temperature environment conditions. The piezoelectric-driven ultrasonic drill converts high-frequency electrical
energy into high-frequency mechanical vibration to drive the drilling tool to break the rock at high frequency, which
has the significant advantage of very low drilling pressure and is especially suitable for drilling and anchoring
operations of small bodies with weak gravity. The resonant vibration control algorithm of ultrasonic drill is studied
for the drive of ultrasonic drill. Firstly, the equivalent circuit model of the ultrasonic drill transducer is established
and the impedance characteristics, load characteristics, temperature characteristics and hysteresis characteristics of
the transducer are studied on the basis of the equivalent model. Secondly, the resonant frequency identification
algorithm, resonant frequency tracking algorithm and constant current control algorithm are developd according to
the working characteristics of ultrasonic drill. The frequency tracking algorithm based on recursive least squares
estimation and the frequency tracking algorithm based on fuzzy control are studied for the resonant frequency
tracking algorithm. The actual control performance of these algorithms is compared and analyzed. Finally, drilling
tests are conducted under normal temperature and pressure conditions, as well as high and low temperature
environments. The test results show that the designed resonant control algorithm can achieve stable driving of the
ultrasonic drill under different temperature environments and different drilling object conditions. The research
results show that the fuzzy control and constant current control methods proposed in this paper can effectively
achieve efficient drilling under low drilling pressure and different temperatures.
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Fig.1  Anchoring scheme with ultrasonic drill
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Fig.2  Structure of ultrasonic drill
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Fig.3  Working principle of ultrasonic drill

1.3 #ReesR RS

FLF BVD S50 Y g N7 68 7 I 40 BE AR I A5 AL
LR AL N K] 4 PR TS SIS S LA € H i
fear B B S e, S A LB Eh SR L, B
A C FEhASHRH R A AL, 43 A FR s 4 e % T AR
A | AT BB B FE

Ll
e S

= C, C

B4 BEKREERREF R EEE

Fig.4 Equivalent circuit model of ultrasonic transducer
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Fig.5 Impedance curve of transducer without load
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Fig.6 Impedance curve of transducer with load
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Tab.1 Transducer characteristic parameters at different temperatures

WE/C R/NBHYURR/kHz  F/NBRE/Q XERIAHA/ (°)
-60 20.256 84.456 42.613
-30 20.140 86.255 48.924

0 19.965 91.080 54.931

30 19.802 113. 118 53.724

60 19.663 122.480 56.556

90 19.539 128.475 64.583

120 19.413 132.758 70.134
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Fig.7 Hysteresis characteristic curve of transducer
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Fig.8 Flow chart of ultrasonic drill resonance control
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Fig.9 Flow chart of frequency scanning algorithm
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Fig. 10 Frequency tracking algorithm based on RLS
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Fig. 11 Hysteresis curve of ultrasonic drill
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Fig. 12 Frequency tracking algorithm based on fuzzy control
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Fig. 15 Frequency tracking effect comparison
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Fig.20  Amplitude comparison of transducer end face
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Fig.21 Impedance curve of transducer
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