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ABSTRACT
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explained, and a case study of hydraulic breaker is reported. We explained the merits and
limitations of the load estimation method of TPA, and improvement method was suggested
through case analyses of drilling equipment. The necessity of R&D of load-estimation
technology was discussed. A new strategy for developing new techniques for impact load
measurement was proposed.
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== FA0]tKSong et al., 2016).

QA HE- 7] T AAARE A, 759 A" st 55 DTH hammer 3! =2]E(drifter) ©] BFA 52 2419t
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Fig. 1. Schematic of transfer path analysis model; active subsystem generating force and acoustic loads, and a passive subsystem
responding to these loads (Song et al. 2017)
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| Quantification of TPA sources |

|
| |
Air-borne Structure-borne
(Source strength) (Force)

Direct method (by measurement): Ideal cases
Indirect method (by calculation): Widely used

l |

| Intensity method | | Dynamic stiffness method ‘

| Matrix inversion method | | Matrix inversion method ‘
| |

Full matrix inversion method: Consider interfaces between sensors
Driving point inversion method: Consider only source individually

Fig. 2. Process for quantifying transfer path analysis sources (Song et al., 2017)
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Fig. 3. Schematic diagram of the procedure for load estimation method
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Impact piston
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Fig. 4. Schematic of the hydraulic breaker; (a) isometric view, (b) cross section A-A’ (Song et al., 2017)
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Fig. 5. Installation positions of triaxial accelerometers, (Song et al., 2016)
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Fig. 6. Mechanism of the hydraulic breaker and vibration test setup (Song et al., 2017)
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Fig. 7. Measured vibration signal from the operating hydraulic breaker.(Song et al., 2017)
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Fig. 9. Mode shapes and natural frequencies of the hydraulic breaker housing. (Song et al., 2017)
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Fig. 10. Position of isolation pad in a hydraulic breaker (Song et al., 2016)
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Fig. 11. Contribution of impact loads in the hydraulic breaker (Song et al., 2016)

TUNNEL & UNDERGROUND SPACE Vol. 29, No. 3, 2019



144 - Dae-ji Kim, Jung-Woo Cho, Joo-Young Oh, Jintai Chung, and Changheon Song

Table 1. Results of impact loads in the hydraulic breaker

No. Path Force (KN)
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2154
344.0
286.9
262.9
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410.7

399.0
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Fig. 12. Breaker shock wave of impact energy strain (Song et al., 2017)

TUNNEL & UNDERGROUND SPACE Vol. 29, No. 3, 2019



The Theory of Load Estimation Method and Case Study of Hydraulic Breaker for Rock Drilling « 145

Table 2. Results of impact energy measurement

Item Description Unit Value

. . Young’s modulus GPa 2.06e+2
Chisel properties . )

Cross section area m 0.0213

Impact energy of chisel J 4659.68
Impact energy .

Strain rate 8.42e-04

Impact force Impact force of chisel kN 3,693

g7 |5t 51471 Boll =E&S obe-g x1&9] efA=at HlwslHH, 2F2F2,853.2 kN, 3,693 kKNOZ 2fol=22.6% &
Agotaiet. ofefgt Aik= eF4 A 21ZllA WAk slso] WAHES Bal 72]=lo] 51-e-Ael HE=]7] wjo|ct,

Aol A= eFAAIE o) AEd E et ebA ] S Slofl olwto] ofd st epA R 0 & Alo] ZISYE|Q]TE. whabA] A
Z9| H4 A] A, Z5ol| oJgt ofluix] 4 W Hl o] e E’rZ% sFso] kAol MaEth= /M £, S5k 9 1150l
HPge R 7| ARG A O] tiel] 2 =Rell A a7l 719 e] A4S ERIekit) 2 7o) A2l 3-8 Slei e Wrln =) siadd
o]l thall CAE(computer aided engineering) & =15l 78T B a7} olom, F7HQ1 B4dAIH0] Q7 Ak 3 obsFdwid
o g & o et F7H Q1 A7 HSYE T, S HIEs] Tt 71 ARl 54 A g TS 4 e A= A

ol AAIE 4= 3k& Aotk

Aol 2E7 Rt ste7d 71 o] ol 24 vl 2 8AE
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SISHck £ AR ol A S 3615 A0 ERels 714 HUE - T

2 7R A7l FA6kS 5971 24 (Crusher) o] W[l Z2¢], TBM Y 2 E5||t] 9] Aefoke 4w} A ZH, 71
5241 9] 5197 A 453 H(down-the-hole hammer) 9] 5974 5 /oot 252} S 71 theet X-g-dH]of 285t SA5)
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