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Description 

This  invention  relates  to  a  method  for  measuring 
the  continuity  and  resistance  of  electric  wire 
circuits  used  in  blasting  with  electric  blasting  caps 
and  explosives  in  mining  and  like  operations  and, 
more  particularly,  relates  to  the  use  of  an 
improved  galvanometer  arrangement  to  measure 
the  continuity  and  resistance  of  these  circuits. 

In  blasting  circuits  where  a  large  number  of 
individual  electric  blasting  caps  are  initiated  by 
means  of  an  electronic  firing  signal,  up  to  several 
hundreds  of  meters  or  even  a  kilometer  of  electric 
wire  conductor  may  be  employed  in  the  circuit.  In 
the  environment  of  the  blasting  location,  for 
example,  in  an  underground  mine,  it  is  critically 
important  to  test  the  continuity  and  resistance  of 
the  circuit  before  blasting  is  undertaken  to  ensure 
that  all  blasting  caps  are  connnected  for  initiation 
and  that  no  short  circuits  exist  in  the  wiring 
network.  Generally,  electric  wire  circuit  testing  is 
accomplished  by  applying  a  voltage  to  the  circuit 
of  such  low  amplitude  that  there  is  no  danger  of 
igniting  the  attached  blasting  caps.  The  instru- 
ment  of  choice  for  such  circuit  testing  is 
commonly  called  the  blasting  galvanometer  by 
which  a  constant  current  of  low  intensity,  genera- 
ted  by  a  cell,  is  passed  through  the  circuit.  The 
current  flow  activates  a  pivoted  indicator  needle 
against  a  scale,  which  scale  is  adapted  to  show 
the  resistance  of  the  circuit  in  ohms. 

A  ratio-metric  method  of  measuring  the 
resistance  of  a  blasting  network  has  been  used 
wherein  a  constant  current  is  cyclically  passed 
through  the  network  and  a  reference  resistor  and 
the  voltages  across  the  network  and  the  reference 
resistor  are  measured  and  compared  to  derive  the 
network  resistance.  Such  a  ratio-metric  method  of 
measuring  resistance  is  described  in  FUNK- 
SCHAU  No.  8  April  1981  page  98. 

There  are  often  galvanic  currents  caused  by  the 
presence  of  nitrate  salts  or  the  like  in  the  metallic 
ore  of  the  blasting  location.  These  currents  cause 
voltages  to  develop  across  the  firing  circuit  that 
cause  error  in  the  ohmmeter  readings.  The  volt- 
ages  are  low  and  not  dangerous  but  they  do  affect 
measurements  taken  by  ohmmeters.  The  volt- 
ages  vary  slowly  with  respect  to  time.  They 
usually  have  a  rate  of  between  2  to  5  cycles  per 
second.  They  are  essentially  d.c. 

As  is  well  known  to  those  who  are  engaged 
with  blasting  work,  there  are  also  stray  currents 
due  to  radio  and  like  transmission,  local  electrical 
machinery  and  electrical  storms.  One  does  not 
operate  a  blasting  circuit  in  the  presence  of  these 
stray  currents  because  of  dangers.  During  blast- 
ing  radio  transmission  and  power  machinery  is 
turned  off  and  electrical  storm  conditions  are 
avoided. 

The  only  type  of  ground  current  that  cannot  be 
removed  during  blasting  is  the  current  caused  by 
galvanic  action  and  it  is  the  purpose  of  this 
invention  to  provide  a  circuit  testing  apparatus 
and  a  measurement  method  that  measures  the 
resistance  of  an  electrical  blasting  circuit  while 

minimizing  the  effect  of  the  voltages  due  to 
galvanic  currents. 

The  present  invention  provides  a  method  for 
measuring,  by  means  of  a  ratio-metric  method, 

5  the  continuity  and  resistance  of  an  electric  wire 
blasting  network  wherein  a  constant  current  is 
cyclically  passed  through  the  network  and  a 
reference  resistor;  and  the  voltages  across  the 
reference  resistor  and  the  network  are  measured 

10  and  compared  to  derive  the  resistance  of  the 
blasting  circuits;  the  measured  voltages  are 
sensed  with  a  converter  and  their  values  are 
converted  to  display  resistance  of  the  blasting 
network  directly,  in  which  method  compensation 

15  for  the  effect  of  voltages  due  to  currents  emanat- 
ing  from  stray  potential  from  galvanic  action  is 
provided  by  including  the  steps  of: 

connecting  a  storage  capacitor  to  the  blasting 
network  to  assume  a  charge  proportional  to  the 

20  voltage  across  the  blasting  network  due  to  only 
the  flow  of  galvanic  current  through  the  network; 
and 

passing  a  reference  current  through  the  ref- 
erence  resistor  and  blasting  network  and,  while 

25  the  said  reference  current  is  passing  through  the 
reference  resistor  and  blasting  network,  compar- 
ing  the  voltage  across  the  reference  resistor  with 
the  voltage  across  the  blasting  network  and 
storage  capacitor  to  derive  a  reading  of  the 

30  resistance  of  the  blasting  network;  the  steps  of 
connecting  the  storage  capacitor  to  the  blasting 

network  and  comparing  the  voltage  across  the 
reference  resistor  with  the  voltage  across  the 
blasting  network  and  storage  capacitor  being 

35  done  within  a  time  cycle  wherein  the  voltage 
across  the  blasting  network  due  to  the  flow  of 
galvanic  currents  is  substantially  constant. 

A  galvanometer  arrangement  for  use  in  the 
method  of  the  invention  advantageously  com- 

40  prises: 
a  reference  resistor;  a  storage  capacitor  for 

voltage  due  to  galvanic  currents  associated  with 
the  blasting  network;  an  input  terminal  for 
supplying  a  test  voltage;  terminals  for  connection 

45  to  the  electric  wire  blasting  network;  switch 
means  operable  between  two  positions,  the  first 
position  being  one  wherein  said  storage  capacitor 
is  connectible  only  to  the  blasting  network  to 
assume  a  charge  proportional  to  the  voltage 

so  across  the  blasting  network  due  to  galvanic  cur- 
rents  in  the  blasting  network  and  the  second  one 
being  one  in  which  said  input  terminal  is  connect- 
ible  to  the  blasting  network  through  said  ref- 
erence  resistor,  and  in  which  said  reference  resis- 

55  tor,  blasting  network,  and  voltage  storage 
capacitor  are  connectible  to  a  converter;  whereby 
the  resistance  of  the  blasting  network  is  dis- 
played;  and  synchronizing  means  for  cyclically 
moving  said  switch  means  between  said  first  and 

60  said  second  positions  at  a  frequency  at  which  the 
voltage  applied  to  the  storage  condenser  is  sub- 
stantially  constant;  the  time  constant  of  said 
storage  capacitor  being  adapted  to  fully  charge 
when  said  switch  means  is  in  said  first  position. 

65  The  invention  will  be  clearly  understood  after 
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ference  to  the  following  aetanea  specmcauun 
ad  in  conjunction  with  the  drawings. 
In  the  drawings: 
Figure  1  is  a  schematic  illustration  of  apparatus 
accordance  with  the  invention;  and 
Figure  2  is  a  graph  showing  voltage  forms  at 
e  indicated  places  in  the  apparatus  in  one  cycle 

operation  of  the  synchronizing  circuit  con- 
Dller. 
Referring  to  the  drawings,  the  numeral  10  is  an 
lalog-to-digital  converter  capable  of  converting 
voltage  measurement  applied  at  its  input  ter- 
inals  12  and  14  and  a  voltage  measurement 
jplied  at  its  input  terminals  16  and  18  into  a 
presentative  reading  in  ohms  for  the  circuit 
)nnected  to  terminals  16  and  18  and  display  the 
jtput  on  a  display  unit  50. 
The  general  method  of  measuring  the 
isistance  of  a  blasting  circuit  is  to  pass  a  low 
Dltage  d.c.  current  through  the  circuit.  The  cur- 
snt  passing  through  the  circuit  is  maintained 
jnstant  so  that  a  voltage  measurement  taken 
;ross  the  circuit  element  reflects  its  resistance 
alue.  Voltages  are  applied  to  the  terminals  12 
nd  14  and  the  terminals  16  and  18  for  the 
urpose  of  deriving  the  resistance  of  the  blasting 
ircuit  as  will  be  explained  later. 
In  Figure  1,  numeral  20  represents  the 

asistance  of  the  electric  wire  circuit  (the  blasting 
etwork)  used  in  a  dynamite  blasting  operation  in 

mine  or  the  like.  Numeral  22  represents  a 
oltage  across  the  wire  circuit  due  to  currents  in 
le  earth  caused  by  galvanic  action.  This  voltage 
/ill  adversely  affect  the  accuracy  of  the 
neasurement  of  the  resistance  of  the  electric  wire 
ircuit  by  the  normal  measuring  method  of 
neasurement  wherein  an  indication  of  the 
esistance  is  taken  from  the  voltage  across  it 
mder  conditions  of  constant  current  due  to  the 
ipplication  of  a  constant  external  test  voltage, 
"he  normal  instrument  contemplates  the  voltage 
icross  the  electric  wire  circuit  due  to  the  applica- 
ion  of  the  test  voltage  but  not  the  voltages 
:aused  by  the  flow  of  galvanic  currents  in  an  ore 
)ody  or  the  like.  They  introduce  error  into  the 
eading. 

Numeral  24  is  a  standard  or  reference  resistor. 
Mumerals  26,  28,  30  and  32  are  current  limiting 
esistors.  Numeral  34  is  a  storage  capacitor 
laving  a  capacity  to  store  the  electrical  charges 
associated  with  the  voltage  22  across  the  blasting 
network  20.  Numerals  36  and  38  are  switches 
Dperable  between  two  positions  in  response  to 
the  synchronizing  circuit  controller  40,  the  first 
position  being  one  wherein  the  storage  capacitor 
34  is  connected  to  the  blasting  network  20 
whereby  it  assumes  a  charge  proportional  to  the 
galvanic  voltage  22  associated  with  the  blasting 
network  and  the  second  one  being  one  in  which 
the  test  voltage  input  terminal  42  is  connected  to 
the  blasting  network  through  the  reference  resis- 
tor  24  and  in  which  the  reference  resistor,  blasting 
network  and  voltage  storage  capacitor  are  con- 
nectible  to  the  convenor  10  through  terminals  12 
and  14  and  terminals  16  and  18.  A  low  d.c.  voltage 

jJUVVCI  OUU  I  V*W  w  y  •  —  -/  •  — 
the  terminal  42  and  is  taken  from  the  9  volt  power 
cell  44  which  is  used  to  power  the  converter  10 
and  its  associated  circuit  controller  40  and  display 
unit  20. 

The  synchronizing  circuit  controller  operates 
the  switches  36  and  38  between  their  two  posi- 
tions  at  the  rate  of  about  three  cycles  per  second. 

The  converter  for  taking  voltage  measurements 
at  input  terminals  12  and  14  and  terminals  16  and 
18  and  deriving  a  value  for  the  resistance  of  the 
firing  circuit  20  is  well  known  and  not  referred  to 
in  detail  in  this  application.  This  invention  is 
concerned  with  an  improvement  which  corrects 
such  a  reading  for  the  galvanic  voltage  22  that  is 
associated  with  the  electric  wire  circuit  20. 

The  galvanic  voltage  22  is  essentially  a  d.c. 
voltage.  For  proper  operation  of  this  instrument, 
this  voltage  should  be  constant  for  at  least  one 

i  cycle  of  the  operation  of  the  synchronizing  circuit 
controller  and,  in  practice,  it  is.  As  noted  above, 
galvanic  currents  tend  to  fluctuate  at  a  rate  of 
between  2  and  5  cycles  per  second.  Thus,  the 
frequency  of  operation  of  the  synchronizing  cir- 

?  cuit  controller  should  be  in  the  range  of  2  to  5 
cycles  per  second  for  commonly  encountered 
conditions.  Three  cycles  per  second  has  been 
found  satisfactory.  The  elimination  of  the  effect  of 
the  spurious  voltage  22  in  the  measurement  of 

5  the  resistance  of  the  firing  circuit  20  is  achieved  in 
the  two-step  cycle  of  operation  or  the  synchroniz- 
ing  circuit  controller  40.  Figure  2  is  a  graph 
showing  the  position  of  the  switches  36  and  38  as 
they  respond  to  the  operation  of  the  circuit  con- 

5  trailer  over  a  complete  cycle  of  operation  of  the 
circuit  controller  and  typical  voltages  across  the 
storage  capacitor,  input  terminals  16  and  18,  input 
terminals  12  and  14  and  the  firing  circuit  20. 

During  the  first  half-cycle  of  a  cycle  of  operation 
o  of  the  circuit  controller,  switch  36  is  open  so  that 

there  is  no  supply  voltage  applied  from  terminal 
42  to  the  firing  circuit  20  and  switch  38  is  closed 
so  that  the  storage  condenser  34  is  connected 
directly  across  the  firing  circuit  20.  There  is  a 

15  galvanic  voltage  22  due  to  ground  currents,  indi- 
cated  on  Figure  2  having  a  value  of  +V22.  In 
practise,  this  is  small  and  in  the  order  of  two  volts. 
This  voltage  charges  the  storage  condenser  34 
with  a  voltage  having  a  maximum  value  of  -V22 

jo  as  indicated  on  Figure  2.  Capacitor  34  must  have  a 
time  constant  shorter  than  the  half-cycle  so  that  it 
can  fully  charge  within  the  half-cycle.  When  the 
steady  state  is  reached,  there  is  no  current  flow- 
ing  in  the  balance  of  the  first  half-cycle.  Figure  2  is 

55  a  representation  of  the  voltage  forms. 
In  the  second  half-cycle,  switch  36  is  closed  and 

switch  38  is  opened.  Under  these  conditions, 
current  U  flows  through  reference  resistor  24  and 
the  resistance  of  the  electric  wire  circuit  20  pro- 

60  ducing  a  voltage  l,R24  across  the  reference  resis- 
tor  and  a  voltage  l^zo  across  the  electric  wire 
circuit. 

The  voltage  across  the  terminals  12  and  14  is 
1̂ 24  and  it  is  constant  so  long  as  the  current 

65  remains  constant.  The  voltage  across  the  input 

o 
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terminals  1  6  and  1  8  is  I,  R20  plus  the  voltage  due  to 
spurious  currents  V22  minus  the  voltage  on  the 
condensor  34  previously  stored  from  the  first 
cycle  -V22.  It  will  be  apparent  that  the  +V22  and 
that  the  -V22  cancel  and  that  the  net  voltage 
appearing  at  terminal  16  and  18  during  the 
second  cycle  is  the  result  of  the  voltage  drop 
across  firing  circuit  20,  liR20  which  is  constant  so 
long  as  I  remains  constant  and  not  dependent  in 
any  way  upon  the  voltage  22  due  to  galvanic 
currents. 

Thus,  the  reference  voltages  at  terminals  12  and 
14  and  the  measured  voltages  at  terminals  16  and 
18  put  to  the  converter  10  are  independent  of  any 
voltages  caused  by  galvanic  currents  and  asso- 
ciated  with  the  firing  circuit.  They  accurately 
reflect  the  value  of  the  resistance  of  the  firing 
circuit.  The  converter  effectively  compares  the 
resistance  of  the  reference  resistor  24  with  the 
measured  resistance  of  the  firing  circuit  20  at  the 
frequency  of  operation  of  the  synchronizing  cir- 
cuit  controller  40  to  give  an  ohmic  value  of 
resistance  for  the  blasting  circuit  at  the  display  20. 
The  operation  of  the  converter  is  well  known  and 
not  described  in  further  detail.  Apart  from  the 
operation  of  the  compensating  means  described 
herein,  the  operation  of  the  ohmmeter  is  standard 
and  well  known. 

Embodiments  of  the  invention  other  than  the 
one  illustrated  will  be  apparent  to  those  skilled  in 
the  art.  The  important  thing  about  the  invention  is 
the  sequential  storing  of  the  effect  of  the  stray 
voltage  associated  with  the  firing  circuit  on  a 
condenser  and  then  using  that  stored  charge  to 
cancel  out  the  voltage  that  is  spurious  and  is 
associated  with  the  firing  circuit  under  conditions 
where  it  is  compared  to  the  reference  resistor  as 
an  indication  of  the  resistance  of  the  firing  circuit. 

Claim 

A  method  for  measuring,  by  means  of  a  ratio- 
metric  method,  the  continuity  and  resistance  of 
an  electric  wire  blasting  network  wherein  a  con- 
stant  current  is  cyclically  passed  through  the 
network  and  a  reference  resistor;  and  the  volt- 
ages  across  the  reference  resistor  and  the  net- 
work  are  measured  and  compared  to  derive  the 
resistance  of  the  blasting  circuits;  the  measured 
voltages  are  sensed  with  a  converter  and  their 
values  are  converted  to  display  resistance  of  the 
blasting  network  directly,  characterized  in  that 
compensation  is  provided  for  the  effect  of  volt- 
ages  due  to  currents  emanating  from  stray  poten- 
tial  from  galvanic  action  by  including  the  steps  of: 

connecting  a  storage  capacitor  to  the  blasting 
network  to  assume  a  charge  proportional  to  the 
voltage  across  the  blasting  network  due  to  only 
the  flow  of  galvanic  current  through  the  network; 
and 

passing  a  reference  current  through  the  ref- 
erence  resistor  and  blasting  network  and,  while 
the  said  reference  current  is  passing  through  the 
reference  resistor  and  blasting  network,  compar- 
ing  the  voltage  across  the  reference  resistor  with 

the  voltage  across  the  blasting  network  and 
storage  capacitor  to  derive  a  reading  of  the 
resistance  of  the  blasting  network; 

the  steps  of  connecting  the  storage  capacitor  to 
5  the  blasting  network  and  comparing  the  voltage 

across  the  reference  resistor  with  the  voltage 
across  the  blasting  network  and  storage  capacitor 
being  done  within  a  time  cycle  wherein  the 
voltage  across  the  blasting  network  due  to  the 

io  flow  of  galvanic  currents  is  substantially  constant. 

Patentanspruch 

Verfahren  zum  Messen  des  Durchgangs  und 
15  des  Widerstands  eines  elektrischen  Zundleitungs- 

netzes  mittels  eines  ratiometrischen  Verfahrens, 
bei  dem  periodisch  ein  konstanter  Strom  fiber  das 
Netz  und  einen  Bezugswiderstand  geieitet  wird 
und  die  Spannungen  an  dem  Bezugswiderstand 

20  und  dem  Netz  gemessen  und  verglichen  werden, 
•  um  den  Widerstand  der  Ziindstromkreise  herzu- 
leiten,  die  gemessenen  Spannungen  mit  einem 
Wandler  erfaBt  werden  und  ihre  Werte  zur  direk- 
ten  Anzeige  des  Widerstands  des  Ziindleitungs- 

25  netzes  umgesetzt  werden,  dadurch  gekennzeich- 
net,  dalS  fur  die  Auswirkung  von  Spannungen,  die 
auf  aus  einem  Streupotential  von  einer  galvani- 
schen  Wirkung  stammenden  Stromen  beruhen, 
eine  Kompensation  durch  die  Aufnahme  folgen- 

30  der  Schritte  vorgesehen  ist: 
AnschlieBen  eines  Speicherkondensators  an 

das  Ziindleitungsnetz  zum  Aufnehmen  einer 
Ladung,  die  zu  der  allein  auf  das  FlielSen  von 
galvanischem  Strom  uber  das  Leistungsnetz 

35  zuriickzufiihrenden  Spannung  an  dem  Ziindlei- 
tungsnetz  proportional  ist,  und 

Durchleiten  eines  Bezugsstroms  uber  den 
Bezugswiderstand  und  das  Ziindleitungsnetz  und, 
wahrend  der  Bezugsstrom  uber  den  Bezugswider- 

40  stand  und  das  Ziindleitungsnetz  geieitet  ist,  Ver- 
gleichen  der  Spannung  an  dem  Bezugswider- 
stand  mit  der  Spannung  an  dem  Ziindleitungs- 
netz  und  dem  Speicherkondensator,  um  eine 
Ablesung  des  Widerstands  des  Zundleitungsnet- 

45  zes  zu  erhalten, 
wobei  die  Schritte  des  AnschlieBens  des  Spei- 

cherkondensators  an  das  Ziindleitungsnetz  und 
des  Vergleichens  der  Spannung  an  dem  Bezugs- 
widerstand  mit  der  Spannung  an  dem  Ziindlei- 

50  tungsnetz  und  dem  Speicherkondensator  inner- 
halb  einer  Zeitperiode  ausgefuhrt  werden,  inner- 
halb  der  die  auf  das  FliefSen  galvanischer  Strome 
zuriickzufiihrende  Spannung  an  dem  Ziindlei- 
tungsnetz  im  wesentlichen  konstant  ist. 

55 
Revendication 

Procede  pour  mesurer,  au  moyen  d'une 
methode  radiometrique,  la  continuity  et  la  resis- 

60  tance  d'un  reseau  electrique  cable  de  sautage 
dans  lequel  un  courant  constant  est  mis  en 
circulation  periodiquement  a  travers  le  reseau  et 
une  resistance  de  reference;  et  les  tensions  aux 
bornes  de  la  resistance  de  reference  et  du  reseau 

65  sont  mesurees  et  comparees  pour  qu'en  soit 
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eduite  la  resistance  des  circuits  de  sautage;  les 
snsions  mesurees  sont  captees  a  I'aide  d'un 
Dnvertisseur  et  leurs  valeurs  sont  converties 
our  afficher  directement  la  resistance  du  reseau 
e  sautage,  caracterise  en  ce  qu'une  compensa-  5 
on  de  I'effet  de  tensions  dues  a  des  courants 
rovenant  d'un  potentiel  parasite  resultant  d'une 
ction  galvanique  est  realisee  par  les  etapes 
onsistant: 
a  connecter  un  condensateur  d'emmagasinage  10 

u  reseau  de  sautage  afin  qu'il  acquiere  une 
harge  proportionnelie  a  la  tension  a  travers  le 
§seau  de  sautage,  due  uniquement  au  passage 
'un  courant  galvanique  a  travers  le  reseau;  et 
a  faire  passer  un  courant  de  reference  a  travers  is 

i  resistance  de  reference  et  au  reseau  de  sautage 

u 

o 

10 

DU 

DO 

OU 

OO 

[,  xanuis  que  leuu  uuuiaiu  uts  ibibicih-c  paooc  a 
avers  la  resistance  de  reference  et  le  reseau  de 
autage,  a  comparer  la  tension  aux  bornes  de  la 
jsistance  de  reference  a  la  tension  aux  bornes  du 
jseau  de  sautage  et  du  condensateur  d'emmaga- 
inage  pour  en  deduire  une  valeur  lue  de  la 
jsistance  du  reseau  de  sautage; 
les  etapes  de  connexion  du  condensateur  d'em- 

lagasinage  au  reseau  de  sautage  et  de  compa- 
aison  de  la  tension  aux  bornes  de  la  resistance 
e  reference  a  la  tension  aux  bornes  du  reseau  de 
autage  et  du  condensateur  d'emmagasinage 
tant  effectuee  pendant  une  periode  de  temps  au 
ours  de  laquelle  la  tension  aux  bornes  du  reseau 
e  sautage,  due  au  passage  de  courants  galvani- 
ues,  est  sensiblement  constante. 
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