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ABSTRACT

This paper deals with a study of striker type impact hammer drill for improving the drilling

performance. The study was performed through a numerical simulation of the impact hammer

mechanism and an experimental comparison of the numerical simulation results was followed. Optim-

ization of the impact mechanism was also performed. The numerical model of the impact hammer drill

takes into account the striker motion and the effects of the pressure in the cylinder as well as the

friction acting on the striker. The equation of motion is solved with the pressure equation in the

cylinder including the friction force. The friction is considered as a combination of Coulomb friction

and viscous damping friction. At the moment of impact, an ideal impact model that uses restitution

coefficient is used to calculate the sudden change of the striker motion. The numerically simulated

impact force shows a good agreement with the experimental result and thus, the validity of the

numerical model is proven. Based upon the proposed model, an optimization was performed to improve

the impact force of the hammer drill. The objective function is to maximize the impact force and the

used design variables are striker mass, frequency of piston, bit guide mass, cylindrical diameter and

dimensions of the mechanism components. Each design variable and some other conditions that are

essential to maintain normal operation of the hammer drill are considered as constraints. The optim-

ized result show a remarkable improvement in impact force and an experimental proof was investigat-

ed.
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Fig. 1 Cross section of impact hammer drill
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Fig. 2 Schematic diagram of impact hammer drill.
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Variable name Value Coefficient name Value
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b (w) 3000 spm Damping coefficient 1.0
bs(dz) 1.2 mm Friction force 0.5
b (d) 30 mm Alpha 0
bs(z1) 279 mm Mean restitution coefficient 0.5
be (22) 45 mm Deviation of restitution coefficient 0.05
b (7) 13.5 mm b2 101332 Pa
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Table 2 Initial and Optimal design results of impact hammer drill

Initial design

Optimal desitgn

Variable name Value Lower limit Upper limit Optimal Result
b1 (ms) 0.230 kg 0.2 kg 0.27 kg 0.27 kg
b2 (w) 3000 spm 2800 spm 3300 spm 3270 spm
bs(dy) 1.5 mm 1.2 mm 2.0 mm 1.32 mm
b (d) 36 mm 34 mm 38 mm 38 mm
bs(z1) 27.2 mm 26.6 m 27.8 mm 27.6 mm
be(22) 45 mm 41 mm 47 mm 454 mm
b (r) 13.5 mm 12 mm 14 mm 13.7 mm
bs (ma) 0.505 kg 0.4 kg 0.7 kg 0.603 kg
be (1) 47 mm 40 mm 50 mm 48.5 mm

Cost function 10641 (N) - - 14739.5(N)
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Fig. 9 Displacements and impact force of optimally
designed impact hamer (simulation).
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Fig. 10 Pressure, p, and striker velocity of optimally
designed impact hammer (simulation).
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