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Abstract-Electric Detonators with its two terminal paired cable may

act as an efficient receiving antenna. Radiated field from other
sources may optimum level of current in the cable and in turn
accidental detonation may occur. Present work is focused on
estimation of hazardous field strength level.
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I.  INTRODUCTION

In recent times RF wireless instenmts are taking
entry in to mining environment. Use

aspect of wireless devices. Very reason is, an EMencarries
energy in its field. In the propagation path EM rgyegets
coupled to all sorts of matters, particularly thattars with
conductive properties. In conductors current isugetl due to
EM field and it may reach to the level of detonati&o it is
essential to have an idea of radiated field sttemgtich can
create inadvertent ignition of detonators.
PRECAUTIONERY MEASURES
In general practice mining authorit@ssures intrinsic

is mostly fosafety of each and every instrument which is gatnge used

communication. It may be for voice or remote equépin in mining environment. Till date, intrinsic safegnsuring
control. Environment in the mining is totally difemt from process primarily considers electrical and meclaraspects.
open space environment. Numbers of chemical comysrie  Unfortunately, no guideline is available in the oty for
the form of inflammable gases are present in minirghsuring safe character of wireless instrumenteftect of

environment. Also present are electro explosiveiadsv or
detonators. Detonators are used for deliberateosiql to
blast the rocks. Any energy emitting source witheded
amount of energy can initiate ignition of gase®xplosion of
detonators and cause devastating damage to huwesndiher
than financial loss [1],[2],[3]. So it has beenme concern to
the authority to ensure a threshold level of enevgich can be
permitted to emit in mining environment. In thisntext RF
experiments have been carried out for detonators

Il. BACKGROUND OF WORK

Discussion here is focused on td cgiae activities
There are lot of activities which can have vereefive use of
EM(RF) technologies of today. To name some arassefare

electromagnetic energy in that sense. Where astybis of
instruments are slowly taking entry into mining uistty. So it
becomes essential to determine safety propertieshese
instruments.

Recently SAMEER Kolkata took part onels exercise
for estimation of RF power level where detonatisrinitiated.
Aim of this exercise was to verify standing of tlhhetruments
mentioned below in terms their potential to ingiaiccidents.
LAN instruments in the form of WI-FI system.

VHF and MF cross band communication repeaters
Communication system which use magnetic coupling

DETONATION MECHANISM
In detonator fuse head is encapsuléted metal

+ communication among the personnel on surface angylinder which also contains explosive materialsé&iead is

personnel in underground
e Instrument control

a resistance and detonation current is fed fronatéety by
2.5 mtr of paired two wire cable. Resistance is@urded by

+ Continuous updating of data on every parameteexplosive material and energy for initiation of aledtion is

underground.
* locating of miners at the time of disaster
ASSOCIATED UNDESIRABLE EFFECTS

Mining environment, be it ungeyund or surface,
is quite different from normal free space environineln

underground there are pockets where hazardous @mseo

components are present. On the surface eledgionators are
most potential device for inadvertent accidents.

Up to very recently, any thingifor precaution is
guided by the idea of accidental firBut now use ofwireless
technology is compelling the authority for evaloatof safety

thermal. On flow of requisite current resistanceésdeeated
and raised the level of heat to the point of detiona

Ill. THEORETICAL ANALYSIS
In the attempt of determination of threshdtd/
energy level, experiment is considered best way to
facilitate the decision. To have the reference pofee
detonation, first DC experiment is carried out.

For RF experiment, frequencies were awrsid as
the frequencies of instruments mentioned above.sd&he
frequencies are

* 470 KHz for magnetic coupling
» 147.32 MHz for cross band repeater
» 2.4GHz and 5.8 GHz for WI-FI system



Due to facility limitations experimewas carried out
up to 1GHz. RF power is fed to detonator cable fiigmal
source and amplifier combination. Power is vardadte the

Table2. Actual power dissipated at fuse heatlf OKHZ

point of detonation. Then keeping the instrumesattirgy as it | Pave | Voo Rekr | Poet DsTaT
is same power is measured by power meter. Testpsblock 10.02 31.66 55.41 0.59 Detonated
diagram is shown in Fig.1.Since we can not meaauteal 9.35 30.59 55.41 0.55] Detonated
power dissipated in detonator resistance it isrdeted by 7.96 28.22 55.41 0.47 Detonated
calculation. 6.32 2515 55.41 0.37 Detonated
At 470 KHz, length of the detonator cablesisort in 502 22 41 55 41 030] Detonated
terms of wave length. Therefore quasi static orticsta [ 3 g9 1998 | 5541 0.04| Detonated
approach is valid. From power measured & &pen circuit 317 | 1780 | 5541 o0.19] Detonated
voltage of source is found. Then for that openuiirsource > 52 1587 55 41 0151 Detonated
voltage.actual power delivergd to Qetona}tor rescsa in 283 16.61 541 517]  Detonated
;?én!;egﬁoiz ttgthcu)It;rl fz(r)r\g:tr delivered, is estimated eesults > o4 T6.24 541 o16] Detonated
At 147.32MHz and 1Ghz static approach aslanger 2.58 16.05 2541 0.15 getonate:
valid and transmission line approach is adoptededtonate 2.2 1587 2541 0.15 clona® -
actual power delivered [4]. Line parameters areagxed first L2401 1551 ] 5541] 014] No detonatign

from the measurement ofZand Zc, short and open circuit Pave i total power output of amplifier v open circuit
impedance of 2.5mtr two wire lines. Actual powessifpated generator voltage, &gr total circuit resistance with detonator
at fuse resistance is found using the equatié@sistance and source impedanggsrRower at detonator fuse
7.2, head, Rrar detonation status.

(Zo+Z6)Z0+2)€ ~(Zo-26)Zo-2)¢

V| =2x%V,
: ¢ Table3: Actual power dissipated in fuse head
at147.32 MHz

V. is load end voltage, §/is open circuit generator voltage,

Actual powers dissipated at fuse head at RF poivselected

frequencies are shown in table2, 3 and 4.

Zo is characteristic impedance of the line, & load Power Power Power at _
impedancey is propagation constant of the line. input to| inputto 1.8 Detonation
detonator| detonator | detonator dSt?tUS tOf
For a power which detonates the devicercmpower is ggt:r']e in| cableinW reif]'s(‘\‘;‘,;‘ce etonator
measured by power meter. Power meter is d2580, giving 3 15589 0.643 o
Z, a value 500 Vg is calculated from above equation. Once 29 79.43 0.405 )):es
Vs is known then load voltage is found and inturnuatt 48 63.09 0.322 yes
power dissipated in detonator resistance is caledla 47.8 60.26 0.307 yes
47.6 57.54 0.293 yes
IV. RESULTS 47.4 54.95 0.280 yes
At DC, firing power level varies from 19@mw to :;:g gg:zg g:ggg 3:1605
133.77 mW for fuse head ranges from 02 1.82). 47 50.12 0.255 ves
Data for RF power are as given in tables below.l&hb 46 39.81 0.203 ves
shows power dissipated by fuse head at detonation. 45 31.62 0.161 yes
43 19.95 0.102 no
. . . o 41 12.59 0.064 no
Table 1: Power levels at DC with detonation prdlitgb 20 10.00 0.051 no
“No Fire Power” 36 39.81 0.021 no
Average with 95% confidence 31 12.593 0.0064 L
. Power for :
Name of Resistan 50% firin interval
detonatot ce of probabilit?/ For 0.1% |For 0.019% Table4. Actual Power dissipated at fuse heddsdiz
fuse heal (mw) firing firing
(Q) probability |probability, Amplifier | Amplifier Power at Detonation
( (mw) (mw) output output 1.80 status
(dBm) (W) detonator
Ccv 1.82Q 133.77 50.94 43.35 resistance
CDD 1.86Q 177.31 101.19 93.17 (mW)
49.49 89 160 No detonation
CDD 1.22Q 196.92 124.61 116.69 49.34 86 155 No detonation
48.92 78 140 No detonation
APPDD| 1.91Q 151.63 59.57 51.21 46.72 47 85 No detonation




Somewhat opposite results have been fountiGhiz

cylinder wall provides a least impedance path foe t
microwave signal and fuse head get bypassed.

In actual mining environment a detonatwill
receive power from field due to wireless devicen. |
experiment, source impedance is alwayQ.5Bor radiated
field three types of source impedance can be agsifhe

From the experimental results and theoretisimation |,
experiment. Though estimated power at fuse heath iseffective power level of an intentional
detonation level, it did not explode. Most probablige determined which will not create inadvertent acoidén
capacitance formed between fuse head and detonamdming environment.

radiatocan be

= Very low impedance due to dominant magnetic fiel
= Very high impedance due to dominant electric field
= Free space impedance due to electromagnetic field

POWER

MEIER [ 7\
SIGNAL POWER 60 Db
SOURCE AMPLIFIER |----» ATTENUATOR

These assumptions are indicator of the pwsitf the
detonator from radiating source. When actual povfeer
detonation is determined from direct measuremeiiated
field strength also can be estimated considerirayabthree
assumptions. Table6 below shows the source pownergth
for dominant magnetic and free space event.

Tableb. Predicted Power levels at fuse head féerdifit
source impedances

Power input to| Power input Power at 1.82
P P detonator resistance i
detonator to detonator
cable in dBm | cable in mW W)
For 7, For Z,
=0Q =377

51 12.59 0.643 0.651

49 79.43 0.397 0.411

48 63.09 0.316 0.326
47.8 60.25 0.302 0.312
47.6 57.54 0.288 0.298
47.4 54.95 0.275 0.284
47.3 53.70 0.269 0.278
47.2 52.48 0.263 0.272
47 50.12 0.251 0.259

46 39.81 0.199 0.206

45 31.62 0.158 0.164

43 19.95 0.100 0.103

41 12.59 0.063 0.065

40 10.00 0.050 0.052

36 39.81 0.021 0.021

31 12.59 0.0063 0.006 [4]
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Fig. 1.Block diagram of Measurement set up

Kolkata, without

V. CONCLUSION
This investigation has been carried out only wethctric
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It is seen from the table that in comparison viif2 source
impedance fuse head will receive more power wheurcgo
impedances are of dominant magnetic and electroetiagn

and



