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Abstract: The Down-the-Hole hammer is one of the pneumatic drill equipment used for grinding, drilling, and
mining. One the advantages of which is that a reduction work efficiency at deep site are relatively small
compared to other drilling methods. Due to the large vibration in the underground area, it is difficult to
measure the performance of the hammer, and hammer testing requires substantial production cost and operating
expenses so research on the development of the hammer is insufficient. Therefore, this study has developed a
dynamic simulation model that apprehends the operating principles of an 8-inch DTH hammer and calculates
performance data such as performance impact force, piston speed, and BPM. By using the simulation model,
design factors related to strike force and BPM were selected, and the influence of each design factors on
performance was analyzed through ANOVA analysis. As a result, be the most important for BPM and the
strike force are position of upper port that push the piston in the direction of the bit and in BPM, the size of
the empty space between the bits and the piston is the second most important design factor.

7|z M9 V, : top chamber volume, mm?

V, : lower chamber volume, mm?

E, : strike force, J D, : piston rod diameter, mm
W : out put, J/s Uy + upper port underlap, mm
M,;, : piston mass, kg U, : lower port underlap, mm

bis © Piston velocity, m/s Uy : distributor underlap, mm
@in + supply flow rate, cfim K., : equivalent spring constant
T;,, : supply Temperature, C A : bedrock surface, mm?
BPM : bit per minute, N/min E : elastic modulus, Mpa
Py, + supply pressure, bar L : bedrock height, mm

M : bedrock weight, kg

* Corresponding author: hsjeong@kunsan.ac.kr ~ : damping coefficient
1 Construction Mechinery Engineering, Kunsan University, z : damping ratio
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Fig. 3 Working principle of DTH hammer
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Table 1 Initial condition

Parameter Value Unit
Simulation Time 5 sec
Sampling rate 0.0001 sec
M, 51.5 kg
Vyis 10.427 m/s
Q;n 1070 cfm
7, 20 T
N 1125 BPM
E, 2799.6 J
W 52492.5 J/s
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Fig. 5 DTH hammer simulation model
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Table 2 Simulation—-Field Test result
Simulation Field Test
Parameter | Unit Dry Water Air
Air Vapor + Oil
in bar 18.5 16.7 14.5
N BPM 1255 1205 1050-1150
E =Y. v [J] 3)
n 9 pis Vs
W= (s !
= %0 s “)
3. gz B4

3.1 A X MF
B4 oA DTH diH 9] F8

@ 457

ke

of

:
o

- Q%
shueltt. EfA A= 2 3)3 o] AL F
Jdtt. BHEUAE F7HA717] YeiAe daE
Ade 2dete Aol 7P T2 oA AlF
=719] Aeko] Q7] W] AFS 2™y RE
B4 EE F7HA71E o] ddrew 4g.?

DTH siwe] &8 4 @2 ol A 5 9

o} BoluA EE BASE S olE 27442
& 9t BAdUAs g% % s~ge] A, Be
o) HEw 7t §2o) AN o] So| By
Aol UERIT, B =RAE o s4A A
A £ BERAAH T2E £E HE £l
Qe Fi A AU, she A, Bejr] A
G, o] Qe Wi HAE A 2=go), Ad
3 ahk AW & oo AARMSE MG A7
B 417 A= Fig 8ol »mmaiu}

o 6718 HA AAE s5EOE Rl AEgre

71E%e] At Hoge 71—:&4 159 oz A
At zF AA AL ghe] Wstol| wet gpA oA
o b4 42] Wl wE HA AR} vAE= G
A

[e]

=

I\IE.

st AA <

L EERE o}aau}.

33 Mojelxt M & HolH
AR 2| BARSR WAE

Be BASE AgsiRon], o g7 asle

& WA Aol Aolur] W 2swe] AE

2

s}

29
gle]

5

Egloje - HEE 2017. 12



8MNAw B H&(DTH) sive] &

Table 3 L,;(5°) Simulation Matrix and Result
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No Uy Ly D D, Vr V: P, BPM E, AW
[mm] | [mm] | [mm] | [mm] | [mm®] | [mm®] | [m/s] | [V/min] | [J] [J/s]
1 -50% -50% -50% -50% -50% -50% 3.8 1600 3754 10009.6
2 -50% -25% -25% +0% +25% +25% 10.1 1100 2645.0 48491.6
3 -50% +0% +0% +25% +50% +50% 10.8 1170 3003.5 58567.9
4 -50% +25% +25% +50% -25% -25% 10.6 1080 2908.0 52344.5
5 -50% +50% +50% -25% +0% +0% 10.0 1080 2590.5 46628.5
6 -25% -50% -25% -25% -25% -25% 9.2 1140 2173.8 41302.2
7 -25% -25% +0% +50% -50% -50% 10.5 1080 2849.8 51295.7
8 -25% +0% +50% -50% +25% +25% 8.8 1220 2003.2 40730.8
9 -25% +25% -50% +25% +0% +0% 10.1 1040 2642.4 45801.3
10 -25% +50% +25% +0% +50% +50% 10.8 1180 3003.5 59068.4
11 +0% -50% +0% +0% +0% +0% 10.4 1160 2792.6 53990.7
12 +0% -25% +50% +25% -25% -25% 10.6 1240 2905.8 60054.0
13 +0% +0% +25% -25% -50% -50% 9.9 1100 2510.0 46016.9
14 +0% +25% -25% -50% +50% +50% 8.0 1180 16394 32240.7
15 +0% +50% -50% +50% +25% +25% 10.4 1120 2794.2 52159.0
16 +25% -50% +25% +25% +25% +25% 10.2 1120 2691.7 50244.2
17 +25% -25% -50% -25% +50% +50% 9.3 1240 2212.8 45730.6
18 +25% +0% -25% +50% +0% +0% 10.4 1200 2803.9 56078.0
19 +25% +25% +50% +0% -50% -50% 10.4 1160 2798.5 54104.8
20 +25% +50% +0% -50% -25% -25% 8.1 1180 1698.6 33406.7
21 +50% -50% +50% 50% +50% +50% 9.9 1080 2511.5 4134
22 +50% -25% +25% -50% +0% +0% 10.1 1180 2643.4 446.4
23 +50% +0% -50% +0% -25% -25% 9.7 1070 2440.8 396.1
24 +50% +25% +0% -25% +25% +25% 10.9 2020 3059.4 555.8
25 +50% +50% -25% +25% -50% -50% 10.0 1090 25493 422.8
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Table 4 Analysis of Variance (Piston Velocity)

Parameters Z:Tar::: DOF SZ?;I;S
Uy 6536896 4 1634224
Ur 135818 4 33954
Up 136138 4 34035
D, 135067 4 33767
Vr 135985 4 33996
Vi 134519 4 33630
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Table 5 Analysis of Variance (BPM)

Parameters Sum of DOF Mean
Squares Squares
Uy 5391354 4 1347839

U, 35681 4 8920

Up 30820 4 7705

D, 64580 4 16145

Vi 26277 4 6569

Vv, 83442 4 20861

Table 6 Analysis of Variance by F-test (Piston

Velocity)
Para Sum of DOF Mean F. Fla)
-meters | Squares Squares | -ratio
Uy 6536896 4 1634224 | 48.04 | 2.81
Ur 135818 4 33954 1.00 | 2.81
D, 135067 4 33767 0.99 | 2.8l
Vv 134519 4 33630 0.99 | 2.81
Error 272123 8 34015 0 0
Total | 7214423 | 24 - - -

Table 7 Analysis of Variance by F-test (BPM)

Para Sum of DOF Mean F. Fla)
-meters | Squares Squares | -ratio
Uy 5391354 4 1347839 | 188.85 | 2.81
U 35681 4 8920 1.25 | 2.81
D, 64580 4 16145 226 | 2.81
Vi 83442 4 20861 292 | 281
Error 57098 8 7137 - -
Total | 5632155 | 24 - - -
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Fig. 9 Piston velocity F-test result
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Table 8 Result of design factor value change
Para Design | Result | Result of
meters factor of Vyis W [J/s]
value BPM [m/s]
Basic 0% 1146 10.5 -
U +50% 1140 10.15 7% |
v -50% 1178 10.62 52%1
I +50% 1040 10.59 1.2% 1
v 50% | 1248 8.44 0.2% 1
D +50% 1120 10.43 3.6% |
" -50% | 1170 10.5 2.1% 1
v +50% 1072 10.36 8.9% |
. 50% | 1230 10.6 9.4% 1
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