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DBNGER HIGB VOLTAGE 

This  geophys ica l  t r a n s m i t t e r  is  des igned  t o  produce h i g h  v o l t a g e s  
and c u r r e n t s  f o r  geophys ica l  s u r v e y  purposes.  The v o l t a g e s  
p r e s e n t  a t  e i t h e r  t h e  g e n e r a t o r  o r  t r a n s m i t t e r  o u t p u t s  are 
e x t r e m e l y  lethal (dead ly )  and extreme care must be e x e r c i s e d  a t  
al l  t i m e s .  Whereas S c i n t r e x  has  t a k e n  reasonab le  p r e c a u t i o n s  i n  
i t s  des ign t o  minimize t h e  p o s s i b i l i t y  of p e r s o n a l  i n j u r y  i n  i t s  
normal and p roper  u s e ,  S c i n t r e x  can bea r  no r e s p o n s i b i l i t y  i n  t h i s  
regard .  

A l l  u s e r s  a r e  cau t ioned  t o  e s t a b l i s h  and adhere  s c r u p u l o u s l y  t o  
s a f e  o p e r a t i n g  p rocedures  i n  t h e  f i e l d ,  as  w e l l  a s  s a f e  p r a c t i c e s  
i n  t h e  maintenance and r e p a i r  of t h i s  u n i t .  

It  is  recommended t h a t  a l l  f i e l d  o p e r a t o r s  be f u l l y  adv i sed  of t h e  
p o t e n t i a l  haza rd  from high v o l t a g e  and of t h e  o p e r a t i n g  p r o c e d u r e s  
necessa ry  t o  avo id  a c c i d e n t s .  

T e s t i n g  and r e p a i r  of t h i s  t r a n s m i t t e r  when o u t  of i ts  (g rounded)  
c a s e  shou ld  be done on ly  by an exper ienced  t e c h n i c i a n  and w i t h  t h e  
g r e a t e s t  of cau t ion .  

WARNING 

Opera to r  must r e a d  S e c t i o n s  5 .2  and 5.3 be fore  o p e r a t i n g  t h i s  
i n s t r u m e n t  o r  s e r i o u s  damage may occur  due t o  improper e l e c t r o d e  
and wire  c o n t a c t s .  
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The. b a s i c  equipment r equ i red  f o r  an  induced p o l a r i z a t i o n  s u r v e y  
c o n s i s t s  of a t r a n s m i t t e r ,  a  r e c e i v e r ,  wi re  and e l e c t r o d e s .  The 
t r a n s m i t t e r  c o n s i s t s  of a  power s o u r c e  and an e l e c t r o n i c  c o n t r o l  
u n i t ,  Power i s  d e r i v e d  from a  motor-generator  s e t  o r  from 
b a t t e r i e s .  A b lock diagram showing a  b a s i c  I P  sys tem is p r e s e n t e d  
i n  F igure  1. 

Motor-Generalor or 
batteries 

Receiver 
such as IPR-8. 
IPR-10, IPR-11, -P2 
IPRF-2, IGS-2/IPRF-3 

Control Unit 
such as TSO-3 

F i g u r e  I 
Basic  I P  System 

, ~ l  curren; 
w ~ r e  > elec?rodes 

*C 

The purpose of t h e  p r e s e n t  i n s t r u c t i o n  manual i s  t o  d e s c r i b e  t h e  
o p e r a t i o n  of t h e  TSQ-3 Time and Frequency Domain I F  and 
R e s i s t i v i t y  T r a n s m i t t e r .  Receiver  o p e r a t i o n  i s  covered i n  t h e  
S c i n t r e x  i n s t r u c t i o n  manuals f o r  t h e  r e c e i v e r s  normal ly  used w i t h  
t h e  TSQ-3 such a s :  RDC-8 R e s i s t i v i t y ,  IPR-8 I P / R e s i s t i v i t y ,  
IPR-lO/IOA I P / R e s i s t i v i t y  a l l  f o r  t ime domain measurements and 
IPRF-2 I P / R e s i s t i v i t y  f o r  f r equency  domain measurements. The 
TSQ-3 i s  a l s o  compat ib le  w i t h  most o t h e r  induced p o l a r i z a t i o n  
r e c e i v e r s .  

WARNING: Poor e l e c t r o d e  c o n t a c t  w i t h  ground or  poor  wire c o n t a c t  
w i t h  t h e  e l e c t r o d e  may cause  s e r i o u s  damage t o  t h e  
i n s t r u m e n t .  Wer  t o  S e c t i o n s  5.2 and 5.3 b e f o r e  
o p e r a t i n g  the ins t rument .  

For i n f o r m a t i o n  on e l e c t r o d e  a r r a y s ,  f i e l d  p rocedures ,  i n t e r -  
p r e t a t i o n  and o t h e r  m a t t e r s  p e r t a i n i n g  t o  induced p o l a r i z a t i o n  
su rvey ing ,  t h e  r e a d e r  i s  r e f e r r e d  t o  o t h e r  S c i n t r e x  l i t e r a t u r e  a s  
w e l l  a s  t e c h n i c a l  j o u r n a l s  such a s  "Geophysics" and "Geophysical 
P rospec t ing" .  There  a r e  a l s o  a n  i n c r e a s i n g  number of t e x t  books 
a v a i l a b l e  s p e c i f i c a l l y  w r i t t e n  on t h e  induced p o l a r i z a t i o n  
t echn ique .  

The TSQ-3 complete  u n i t  shown i n  F igure  2 i s  a  t r a n s m i t t e r  
s u p p l i e d  by S c i n t r e x  Limited f o r  f requency domain o r  t ime domain 
I P  o p e r a t i o n s  and r e s i s t i v i t y  measurements, it is a low w e i g h t ,  
p o r t a b l e ,  s o l i d - s t a t e ,  compact and h i g h l y  v e r s a t i l e  u n i t  which 
l e n d s  i t s e i f  t o  o p e r a t i o n  i n  most g e o l o g i c a l  and geophys ica l  
environments.  



Figure 2 
The TSQ-3 Transmitter and Motor-Generator Set 

Time Domain: T = 1 , 2 , 4  or 8 seconds, switch selectable 

Frequency Domain: T = 1 and f = 0.1, 0.3,  1.0 or 3.0 Hz. - 
f 

Figure 3 
The TSQ-3 O m t p u t h k ~ e f ~ ~ ~  



The Motor-Generator S e t  c o n s i s t s  of a  r e l i a b l e  Br iggs  and S t r a t t o n  
f o u r  s t r o k e  eng ine ,  coupled t o  a b rush less  permanent magnet a l t c r -  
n a t o r .  The t r a n s m i t t e r  des ign  employs s o l i d - s t a t e  components both  
f o r  power s w i t c h i n g  and c o n t r o l  c i r c u i t s .  Output waveforms and  
f r e q u e n c i e s  a r e  s w i t c h  s e i e c t a b l e ;  square  wave cont inuous  f o r  
f r equency  domain and square  wave i n t e r r u p t e d  f o r  t i n e  domain. The 
programmer i s  c r y s t a l  c o n t r o l l e d  f o r  high s t a b i l i t y .  While c a r e  
s t i l l  must be t aken  when working wi th  high v o l t a g e s ,  t h e  TSQ-3 
f e a t u r e s  over load ,  under load and thermal p r o t e c t i o n  f o r  maximum 
s a f e t y .  S t a b i l i z a t i o n  c i r c u i t r y  ensures  t h a t  t h e  o u t p u t  c u r r e n t  
i s  a u t o m a t i c a l l y  c o n t r o l l e d  t o  w i t h i n  *0.1% f o r  up t o  50% e x t e r n a l  
load  o r  110% i n p u t  v o l t a g e  v a r i a t i o n s .  Vol tage ,  c u r r e n t  and 
c i r c u i t  r e s i s t a n c e  a r e  p resen ted  on a  LED d i g i t a l  d i s p l a y .  

B a s i c a l l y ,  t h e  Motor-Generator and T r a n s m i t t e r  f u n c t i o n  a s  
f o l l o w s .  The motor t u r n s  t h e  g e n e r a t o r  ( a l t e r n a t o r )  a t  twice  t h e  
r a t e d  s p e e d ,  which produces  800 Hz, t h r e e  phase ,  230 V AC. Th i s  
energy i s  t ransformed upwards accord ing  t o  a  f r o n t  pane l  v o l t a g e  
s e t t i n g  i n  a  l a r g e  t r a n s f o r m e r  housed i n  t h e  TSQ-3. The r e s u l t i n g  
AC is  t h e n  r e c t i f i e d  i n  a  r e c t i f i e r  br idge.  Commutator s w i t c h e s  
t h e n  c o n t r o l  t h e  DC v o l t a g e  ou tpu t  accord ing  t o  t h e  waveform and 
f requency  s e l e c t e d .  

2. TSQ-3 TRANSMITTER & MOTOR-GENERATOR SPECIFICATIONS 

Transmitter Console 
- 
Output  Power 3000 VA maximum (excep t  a t  300 V range)  

Output  Vol tages  300,  400,  500,  600, 750, 900,  1050,  1200, 
1350 and 1500 v o l t s ,  s w i t c h  s e l e c t a b l e  

Output Cur ren t  10 amperes maximum 

Output  Cur ren t  Automat ica l ly  c o n t r o l l e d  t o  w i t h i n  10.1% 
S t a b i l i t y  f o r  up t o  50% e x t e r n a l  load  v a r i a t i o n  o r  

up t o  *lo% i n p u t  v o l t a g e  v a r i a t i o n s .  

S t a b i l i z a t i o n  Over- High v o l t a g e  s h u t s  o f f  a u t o m a t i c a l l y  i f  
r ange  P r o t e c t i o n  t h e  c o n t r o l  range of 50% is exceeded,  

excep t  a t  maximum o u t p u t  power, where t h e  
range is  l i m i t e d  t o  12%. 

D i g i t a l  Disp lay  L i g h t  e m i t t i n g  diodes  pe rmi t  d i s p l a y  up t o  
1999 w i t h  v a r i a b l e  decimal p o i n t ;  s w i t c h  
s e l e c t a b l e  t o  read i n p u t  v o l t a g e ,  o u t p u t  
c u r r e n t ,  e x t e r n a l  c i r c u i c  r e s i s t a n c e ,  d u a l  
c u r r e n t  range,  switch s e l e c t a b l e .  



Current  Reading 10 mA on c o a r s e  range (1-1OA). I mA on 
Reso lu t ion  f i n e  range (0-2A) 

- 
Frequency Domain Square wave, approx imate iy  6% of f  a t  each 
Wavcf o r n  p o l a r i t y  change 

Frequency Domain S tandard :  0 .1 ,  0 .3 ,  1.0 and 3.0 Hz, s w i t c h  
s e l e c t a b l e ,  
Opt iona l :  any number of f r e q u e n c i e s  i n  
range 0.1 t o  5  Hz. 

Time Domain Cycle  t : t : t : t ;  o n : o f f : o n : o f f :  au tomat ic  
Timing 

Time Domain Each 2 t ;  au tomat ic  
P o l a r i t y  Change 

Time Domain P u l s e  Standard:  t = 1 , 2 , 4 , 8 , 1 6  and 32 seconds 
Durat ions  Opt iona l :  any o t h e r  t imings  

Time and Frequency C r y s t a l  c o n t r o l l e d  t o  b e t t e r  t h a n  0.1% 
S t a b i l i t y  w i t h  e x t e r n a l  c lock o p t i o n  b e t t e r  t h a n  

20 ppm over  o p e r a t i n g  t empera tu re  range.  

E f f i c i e n c y  .78 

Opera t ing  -30°C t o  +50°C 
Temperature Range 

Overload P r o t e c t  i o n  Automatic shut-off  a t  3000 VA. 

Underload P r o t e c t i o n  Automatic shut-off  a t  c u r r e n t  below 8 5  mA 

Thermal P r o t e c t  i o n  Automatic shut-off  a t  i n t e r n a l  t empera tu re  
of 85°C 

Dimensions 350 mm x  530 mm x  320 mm 
- -- 
Weight 25.0 kg 

Type Motor f l e x i b l y  coupled t o  a l t e r n a t o r  and 
i n s t a l l e d  on a  frame w i t h  c a r r y i n g  
hand les .  

-- 

Motor Br iggs  and S t r a t t o n ,  f o u r  s t r o k e ,  8 XP 



A l t e r n a t o r  Permanent magnet t y p e ,  800 Hz, t h r e e  
phase  230 V AC a t  f u l l  l o a d ,  

Output Power 3500 V A maximum 

Dimensions 520 mm x 715 mm x 560 nm. 

Weight 72.5 kg. 

Total System 

S h i p p i n g  Weight 150 kg i n c l u d e s  t r a n s m i t t e r  c o n s o l e ,  
motor -genera to r ,  connec t ing  c a b l e s  and 
r e u s a b l e  wooden c r a t e s .  

-- 

I n  Tab le  1 t h e  maximum o u t p u t  c u r r e n t  from t h e  t r a n s m i t t e r  a t  
c e r t a i n  va lues  of load r e s i s t a n c e  is  g iven  f o r  each p o s i t i o n  of 
t h e  o u t p u t  v o l t a g e  s e l e c t o r  swi tch .  The maximum load  r e s i s t a n c e  
l i m i t  occurs  because of t h e  b u i l t - i n  underload p r o t e c t i o n  which 
s h u t s  o f f  t h e  t r a n s m i t t e r  i f  t h e  o u t p u t  i s  less t h a n  8 5  mA. 
F i g u r e  4 i s  a  graph of o u t p u t  c u r r e n t  vs vo l t age .  

3. THEORY OF OPERATION 

Power is s u p p l i e d  t o  t h e  TSQ-3 t r a n s m i t t e r  through t h e  a l t e r n a t o r  
i n p u t  connec to r  from t h e  t h r e e  p h a s e ,  800 Hz a l t e r n a t o r  d r i v e n  by 
a  s i n g l e  c y l i n d e r ,  4 s t r o k e  8  HP engine .  The main advan tages  of 
t h i s  b r u s h l e s s ,  permanent magnet a l t e r n a t o r  a r e :  h i g h  e f f i c i e n c y ,  
h i g h  over load c a p a c i t y  , s h o r t  c i r c u i t  immunity and minimum main- 
t enance .  The 10 m long  i n p u t  c a b l e  has  f o u r  conduc to r s ,  t h r e e  f o r  
t h e  t h r e e  phases  and t h e  f o u r t h  t o  connect  t h e  a l t e r n a t o r  hous ing  
and t h e  back pack t o  t h e  TSQ-3 grounding lug. An a d d i t i o n a l  
g round ing  l u g  i s  provided on t h e  mounting frame of t h e  motor- 
g e n e r a t o r  which must be grounded a s  we l l .  

F i g u r e  5  i s  a  b lock  diagram showing t h e  b a s i c  f u n c t i o n  of t h e  
TSQ-3 t r a n s m i t t e r .  

Two of t h r e e  i n p u t  phases  a r e  sensed  by t h e  Overload Sensors .  I n  
c a s e  of a n  over load ,  t h e  P r o t e c t i o n  C i r c u i t s  open t h e  s o l i d - s t a t e  
Inpu t  Switches .  The same a c t i o n  t a k e s  p lace  if t h e  o u t p u t  c u r r e n t  
drops  below 8 5  mA, which is  sensed  by t h e  Open Loop Sensor ,  I f  
t h e  c u r r e n t  s t a b i l i z a t i o n  range of 50% i s  exceeded,  t h e  Over-Range 
Sensor  i n i t i a t e s  t h e  same a c t i o n .  
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Table 1 
Maximum output currents for minimum and maximum load resistances. 

Figure 4 
Outpu t  Characterist ics of the  TSQ-3 
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Any e x c e s s i v e  t empera tu re  i n s i d e  t h e  t r a n s m i t t e r  i s  sensed  by the 
Temperature  Sensor and opens t h e  i n p u t  Switches a s  v e i l .  The 
cor respond ing  Warning L i g h t s  i n d i c a t o  t h e s e  unsa fe  c o n d i t l  ~ o n s .  
P r e s s i n g  t h e  Reset  Button causes  t h e  i n p u t  Switches t o  c l o s e ,  
P r e s s i n g  t h e  emergency s t o p  b u t t o n  opens t h e  Inpu t  Switches  by 
d i s a b l i n g  t h e  I n p u t  Swicch D r i v e r s .  

The h igh  v o l t a g e  output  i s  s e l e c t e d  by t h e  Output V o l t a g e  S e l e c t o r  
Switch which connec t s  the  d i f f e r e n t  secondary winding t a p s  of the  
Power Transformer  t o  t h e  Phase C o n t r o l l e d  R e c t i f i e r .  

The conduc t ion  a n g l e  of t h e  o u t p u t  v o l t a g e  i s  c o n t r o l l e d  by t h e  
Cur ren t  S t a b i l i z e r  i n  such a  way a s  t o  keep t h e  o u t p u t  c u r r e n t  
c o n s t a n t ,  w i t h i n  l i m i t s ,  r e g a r d l e s s  of t h e  v a r i a t i o n s  of t h e  i n p u t  
v o l t a g e  o r  t h e  ground ( l o a d )  r e s i s t a n c e .  The d e v i a t i o n  between 
t h e  a c t u a l  o u t p u t  c u r r e n t  and t h e  r e q u i r e d  s t a b i l i z e d  v a l u e  h a s  
z e r o  average v a l u e ,  however t h e  instantaneous d e v i a t i o n s  may be 
s e e n  on t h e  Deviation/Range Meter. The same meter  i s  used t o  
d i s p l a y  t h e  DC v o l t a g e ,  which c o n t r o l s  t h e  conductance  a n g l e  when 
t h e  Devia t ionjRange Func t ion  Switch is i n  t h e  RANGE p o s i t i o n .  The 
c u r r e n t  can be s t a b i l i z e d  a t  a  v a l u e  as much a s  50% lower  t h a n  t h e  
u n s t a b i l i z e d  va lue .  I n  two c u r r e n t  s t a b i l i z a t i o n  OFF modes, t h e  
conduc t ion  a n g l e  c o n t r o l  of t h e  Phase C o n t r o l l e d  R e c t i f i e r  i s  
f i x e d  a t  two v a l u e s  and t h e  o u t p u t  h igh  v o l t a g e  has  e i t h e r  85% o r  
100% of t h e  maximum va lue  f o r  t h e  s e l e c t e d  output  v o l t a g e  
s e t t i n g .  I n  t h e  c u r r e n t  s t a b i l i z a t i o n  ON mode, t h e  o u t p u t  c u r r e n t  
s c a l e d  by t h e  c u r r e n t  c o n t r o l  is  compared wi th  t h e  s t a b l e  
r e f e r e n c e  and t h e i r  d i f f e r e n c e  i s  brought t o  z e r o  by t h e  c u r r e n t  
c o n t r o l  c i r c u i t s .  

The o u t p u t  c u r r e n t  i s  sensed  by t h e  Output Cur ren t  Sensor  and 
measured by t h e  D i g i t a l  Multi-meter.  The same mul t i -me te r  i s  used 
t o  measure t h e  i n p u t  AC v o l t a g e  and t h e  ground r e s i s t a n c e .  

The p o l a r i t y  of t h e  ou tpu t  v o l t a g e  i s  reversed  by t h e  Output  
Commutator Swi tches  which a r e  d r i v e n  by t h e  Programmer C o n t r o l l e d  
Commutator Swi tch  Dr ive r s .  

The Frequency/Tine  Domain S e l e c t o r  Switch s e l e c t s  t h e  o u t p u t  
v o l t a g e  f requency  o r  ON-OFF t imes .  The c r y s t a l - c o n t r o l l e d  
O s c i l l a t o r  i n  t h e  Programmer e n s u r e s  h igh  f requency s t a b i l i t y  of 
t h e  o u t p u t  waveforms. 

The R e c e i v e r  Check C i r c u i t  p r o v i d e s  a t  i t s  ou tpu t  t h e  waveforms 
shown i n  F i g u r e  3. The R e c e i v e r  Check C i r c u i t s  can be used t o  
check t h e  r e c e i v e r s  f o r  z e r o  s t a b i l i t y  and s e n s i t i v i t y .  With t h e  
s w i t c h  i n  t h e  OFF p o s i t i o n ,  Vp w i l l  be p r e s e n t  wi thou t  charge-  
a b i l i t y .  I n  t h e  O N  p o s i t i o n  a  r e a c t a n c e  i s  enre red  i n t o  t h e  
c i r c u i t  which s i m u l a t e s  a n  induced p o l a r i z a t i o n  e f f e c t .  



A l l  t h e  power s w i t c h i n g  i s  done by s o l i d - s t a t e  swi tches .  The 
d i g i t a l  c i r c u i t s  a r e  h igh  noise-immunity CMOS c h i p s .  This should  
e n s u r e  h igh r e l i a b i l i t y  and long l i f e  of t h e  TSQ-3 transmitter, 

4 FRONT PAMEL DESCRIPTION 

The f e a t u r e s  of t h e  TSQ-3 correspond t o  t h e  numbers i n d i c a t e d  i n  
F i g u r e  6. 

1 .  High Voltage Output Terminals. The ends of t h e  w i r e s  t o  t h e  
c u r r e n t  e l e c t r o d e s  Cl and C2 a r e  connected h e r e .  A s e t  of s p e c i a l  
h i g h  v o l t a g e  p lugs  is  s u p p l i e d  wi th  t h e  u n i t  which shou ld  be used 
t o  connect  t h e  w i r e s .  This  a s s u r e s  p roper  and s a f e  connec t ion .  
Merely s t r i p p i n g  t h e  wi res  and i n s e r t i n g  them i n t o  t h e  r e c e p t a c l e s  
s h o u l d  be avoided t o  p reven t  m e l t i n g  of t h e  i n s u l a t i o n .  

2 .  Alternator Input Connector. The i n t e r c o n n e c t i n g  c a b l e  from 
t h e  motor-generator  i s  connected here .  

3 .  Overload Indicator. L i g h t s  amber when t h e  o u t p u t  i s  over-  
loaded .  The o u t p u t  v o l t a g e  swi tch  should  be s e t  a t  a  lower l e v e l  
be fo re  r e s e t t i n g .  

4. Open Loop/Overheat Indicator. This lamp l i g h t s  amber when t h e  
o u t p u t  c u r r e n t  f a l l s  below 8 5  mA such a s  when t h e  c u r r e n t  w i r e s  
a r e  broken o r  d i sconnec ted .  It a l s o  glows i f  t h e  i n t e r n a l  
t empera tu re  is  t o o  high.  

5. Display Zero Adjustment. This  p o t e n t i o m e t e r  i s  a d j u s t e d  w i t h  
a  s c r e w d r i v e r  when n e c e s s a r y  t o  show z e r o  c u r r e n t  on t h e  d i s p l a y  
when t h e  high v o l t a g e  i s  OFF. 

6 .  Display Function Switch. Used t o  s e l e c t  whether  i n p u t  
v o l t a g e ,  ground r e s i s t a n c e  o r  ou tpu t  c u r r e n t  a r e  d i s p l a y e d  on t h e  
d i g i t a l  d i s p l a y .  

7 .  Receiver Check Terminals. A low o u t p u t  v o l t a g e  is  a v a i l a b l e  
h e r e  f o r  t h e  purpose  of t e s t i n g  I P  r e c e i v e r s .  

8 .  Simulator Switch. The a c t i o n  of t h i s  s w i t c h  a l t e r s  t h e  ou tpu t  
waveform a t  t h e  above t e r m i n a l s .  With t h e  s w i t c h  OFF, t h e  Vp 
f u n c t i o n  of t h e  r e c e i v e r  can be checked, as  w e l l  as  t h e  z e r o  
s t a b i l i t y  of t ime domain r e c e i v e r s .  It i s  a l s o  u s e f u l  t o  a d j u s t  
t h e  z e r o  c o n t r o l s  of f r equency  domain r e c e i v e r s .  With t h e  s w i t c h  
Oh', a  r e a c t a n c e  i s  e n t e r e d  i n t o  t h e  t e s t  c i r c u i t  which s i m u l a t e s  
an  induced p o l a r i z a t i o n  e f f e c t .  Note t h a t  t h i s  i s  no t  a  q u a n t i -  
t a t i v e  c a l i b r a t i o n  s i ~ c e  the  t r a n s m i t t e r  o u t p u t  v o l t a g e  and 
c u r r e n t  waveforms cannot  be cons ide red  t o  be t h e  same. T h i s  
occurs  because t h e  e x t e r n a l  load i s  not p u r e l y  r e s i s t i v e .  





9. Ground R e s i s t a n c e  Terminals .  P r i o r  t o  t u r n i n g  t h e  ou tpu t  
v o l t a g e  O N ,  i t  i s  b e s t  t o  check t h a t  t h e  C1C2 c i r c u i t  h a s  been 
p r o p e r l y  connected.  This  i s  done by i n s e r t i w  t h e  c u r r e n t  w i r e s  
i n  t h e  ground r e s i s t a n c e  t e r m i n a l s  and read ing  t h e  r e s i s t a n c e  i n  
kilohms on t h e  d i g i t a l  d i s p l a y .  The des ign  of t h e  TSQ-3 employs 
t h i s  s e p a r a t e  c i r c u i t  r a t h e r  t h a n  a  s w i t c h  a c r o s s  t h e  h igh  v o l t a g e  
o u t p u t  t e r m i n a l s  f o r  obvious s a f e t y  reasons .  

10. Frequency/Time Domain S e l e c t o r  Switch. This  s w i t c h  i s  used t o  
s e l e c t  t h e  f requency  domain f r e q u e n c y  (Hz)  o r  t ime domain p u l s e  
d c r a t i o n  ( s e c )  d e s i r e d .  Note t h a t  t h e  term ' p u l s e  d u r a t i o n '  
r e f e r s  t o  t h e  symbol T  i n  t h e  t ime domairl diagram of F i g u r e  3 ,  
i . e .  one p u l s e  d u r a t i o n  = c y c l e .  

11. C u r r e n t  S t a b l i z a t i o n  Over-Range Lamp. This  lamp l i g h t s  amber 
when t h e  c u r r e n t  s t a b i l i z a t i o n  reaches  t h e  upper o r  lower  limit of 
i t s  range and t h e  s t a b i l i z a t i o n  is  no longer  e f f e c t i v e .  The 
o u t p u t  v o l t a g e  is then  a u t o m a t i c a l l y  s h u t  o f f .  The Cur ren t  
S t a b i l i z a t i o n  Switch ( 1 2 )  has  t o  be s e t  t o  OFF b e f o r e  t h e  p r o p e r  
s t a b i l i z e d  c u r r e n t  v a l u e  i s  r e s e t .  

12. C u r r e n t  S t a b i l i z a t i o n  Switch. Th i s  t h r e e  p o s i t i o n  t o g g l e  
s w i t c h  a c t i v a t e s  t h e  s t a b i l i z a t i o n  c i r c u i t r y  when i n  t h e  c e n t r e  Of; 
p o s i t i o n .  The two OFF p o s i t i o n s  p r o v i d e  e i t h e r  100% o r  85% of t h e  
maximum c u r r e n t .  

13. Output  Vol tage  S e l e c t o r  Switch.  Used t o  c o n t r o l  t h e  l e v e l  of 
t h e  o u t p u t  v o l t a g e .  To p r e v e n t  h i g h  v o l t a g e  a r c i n g ,  t h i s  s w i t c h  
s h o u l d  on ly  be t u r n e d  when t h e  o u t p u t  v o l t a g e  i s  OFF. I f  t h i s  
s w i t c h  i s  manipula ted  when t h e  o u t p u t  v o l t a g e  is  O N ,  t h e  o u t p u t  
v o l t a g e  w i l l  a u t o m a t i c a l l y  s h u t  o f f  and t h e  Emergency S t o p  But ton  
(17)  w i l l  glow yellow. The same w i l l  occur  i f  t h e  s w i t c h  is  n o t  
p r o p e r l y  indexed.  To r e s t o r e  o p e r a t i o n ,  t h e  Reset  Bu t ton  ( 1 6 )  
must be depressed .  Th i s  w i l l  a l s o  e x t i n g u i s h  t h e  Emergency Stop 
L igh t .  

14. Output  Vol tage  Toggle  Switch. Used t o  t u r n  o u t p u t  v o l t a g e  ON 
o r  OFF. 

15. Output  Voltage I n d i c a t o r  Lamp. L i g h t s  red when t h e  o u t p u t  
v o l t a g e  i s  ON. 

16.  R e s e t  Button.  Th i s  b u t t o n  must be pushed t o  r e s e t  t h e  
c i r c u i t r y  a f t e r  p lugg ing  i n  t h e  Motor-Generator Power Connector  t o  
t h e  A l t e r n a t o r  I n p u t  Connec to r (2 )  of t h e  TSQ-3, an  emergency s t o p  
o r  o v e r l o a d ,  u n d e r l o a d ,  open loop o r  o v e r h e a t i n g  c o n d i t i o n s  have 
o c c u r r e d .  It w i l l  not  r e s e t  u n l e s s  t h e  Output Vol tage  S e l e c t o r  
Switch i s  a t  a  p r o p e r  s e t t i n g  - i . e ,  low enough i f  t h e  problem was 
o v e r l o a d ,  o r  h i g h  enough i f  t h e  problem was under load.  

1 7 ,  Emergency Stop Button.  Depress  t o  s h u t  down i n  a n  emergency. 
T h i s  a c t i o n  c u t s  t h e  AC v o l t a g e  d e l i v e r e d  t o  t h e  pr imary of t h e  
t r a n s f o r m e r  so t h a t  che @mire t r a n s m i t t e r  i s  i n a c t i v e .  The L igh t  



i n s i d e  t h e  swi tch  l i g h t s  up yellow. The emergency s t o p  i s  a c t i -  
va ted  a s  w e l l  i f  I) t h e  Output  Vol tage  S e l e c t o r  (13) is no t  
p r o p e r l y  indexed; 2 )  i f  t h e  swi tch  has  been tu rned  whi le  under  a 
l o a d ;  3 )  if t h e  F r e q u e n c y l T i ~ e  Domain Switch was a c t i v a t e d ;  o r  
4) if the  t r a n s m i t t e r  overhea ted ,  

18. Fuse. This  1 A  f u s e  p r o t e c t s  t h e  i n t e r n a l  power supp ly  
c i r c u i t .  

19. Output C u r r e n t  S e l e c t o r  Switch. Used t o  s e l e c t  t h e  p r o p e r  
range of the  c u r r e n t  t o  be s t a b i l i z e d .  

20. Output Cur ren t  Con t ro l .  Used t o  f i n e l y  a d j u s t  t h e  Output 
C u r r e n t  t o  be s t a b i l i z e d .  

21. Deviation/Range Meter. Th i s  meter  d i s p l a y s  e i t h e r  t h e  o u t p u t  
c u r r e n t  d e v i a t i o n  (DEVIATION p o s i t i o n )  o r  t h e  amount by which t h e  
s t a b i l i z e d  c u r r e n t  is reduced from i t s  u n s t a b i l i z e d  va lue  (RANGE 
p o s i t i o n )  depending on t h e  p o s i t i o n  of t h e  Deviation/Range 
F u n c t i o n  Switch. 

22. Deviation/Range F u n c t i o n  Sv i t ch .  S e l e c t s  which one of t h e  two 
v a l u e s  is  shown on t h e  Deviation/Range Meter. S e t  t h e  D e v i a t i o n  
Range Func t ion  Switch i n  RANGE p o s i t i o n  i f  t h e  c u r r e n t  s t a b i l i -  
z a t i o n  is not employed. 

23/24. Air I n l e t / O u t l e r .  Allows i n t a k e  and e x i t  of c o o l i n g  a i r .  
I t  c o n t a i n s  a n  a i r  f i l t e r .  

25. Grounding Lug. To l e s s e n  t h e  p o s s i b i l i t y  of t h e  o p e r a t o r  
r e c e i v i n g  a  shock shou ld  h igh  v o l t a g e  l eak  t o  t h e  c h a s s i s  of t h e  
t r a n s m i t t e r ,  a  wi re  s h o u l d  be used t o  connect  t h i s  l u g  t o  a w e l l  
grounded s t a k e .  

26. Synchronism. To connect  a n  o p t i o n a l  mas te r  c lock  t o  p r o v i d e  
s y n c h r o n i z a t i o n  t i m i n g  f o r  t r a n s m i t t e r  and r e c e i v e r .  

15. OPERATING PROCEDWES 

5.1 S a f e t y  Procedures  

The TSQ-3 T r a n s m i t t e r  h a s  been des igned w i t h  over  and under load  
p r o t e c t i o n  c i r c u i t s .  However l i k e  o t h e r  h igh  v o l t a g e  
i n s t r u m e n t a t i o n ,  i t  s h o u l d  be used  wi th  extreme c a u t i o n .  The 
f o l l o w i n g  p o i n t s  s h o u l d  be c l e a r l y  unders tood and f o l l o w e d ,  not  
on ly  by t h e  t r a n s m i t t e r  o p e r a t o r ,  but by t h e  e n t i r e  su rvey  crew, 



1, There s h o u l d  be good vo ice  communication between a l l  members 
of t h e  crew, Th i s  normally means t h a t  p o r t a b l e  r a d i o s  shou ld  be 
used. 

2 .  The t r a n s m i t t e r  o p e r a t o r  should  never  t u r n  t h e  h igh v o l t a g e  on 
before  checking t h e  ground r e s i s t a n c e  i n  t h e  C I C ~  c i r c u i t .  I f  t h e  
r e s i s t a n c e  i s  above normal f o r  t h e  su rvey  a r e a ,  i t  i s  p o s s i b i e  
t h a t  t h e  c u r r e n t  e l e c t r o d e s  a r e  no t  y e t  grounded and t h a t  men may 
be working w i t h  t h e  wires .  A s u r e  s i g n  of t h i s  is i f  t h e  C1C2 
c i r c u i t  r e s i s t a n c e  is changing, i . e .  t h e  meter  need le  is swinging.  

3. The T r a n s m i t t e r  Console and Elotor-Generator should  be w e l l  
grounded. 

4. The Output  Vol tage  Toggle Switch ( 1 4 )  s h o u l d  be OFF ech t ime 
t h e  Output V o l t a g e  S e l e c t o r  Switch ( 1 3 )  is  moved. This  a v o i d s  
h igh  v o l t a g e  a r c i n g .  

5 .  When working i n  popula ted a r e a s ,  e x p l a i n  t h e  p o t e n t i a l  danger  
t o  t h e  l o c a l  peop le ,  h i r e  a  watchman t o  guard  remote c u r r e n t  
e l e c t r o d e s  and p o s t  s i g n s  warning of h igh v o l t a g e .  

6. It is a d v i s a b l e  t o  unplug t h e  Motor-Generator power c a b l e  from 
t h e  t r a n s m i t t e r  whenever o p e r a t i o n s  a r e  s topped.  

7. The most dangerous  s i t u a t i o n  is f o r  a  man t o  hold  t h e  ba re  end 
of a  w i r e  i n  one hand and a  grounded e l e c t r o d e  i n  t h e  o t h e r  hand. 
A proper  i n s u l a t e d  c l i p  should  be used a t  t h e  w i r e  end and t h i s  
should  be connected d i r e c t l y  t o  t h e  grounded e l e c t r o d e .  

8. E x t r a  c a r e  s h o u l d  be t aken  when working i n  wet o r  swampy 
c o n d i t i o n s .  

5 . 2  Problems That  May Occur I f  Good E l e c t r o d e  Contac t  To Ground 
Is Not Achieved 

I f  you do no t  t a k e  adequate  c a r e  t o  make good e l e c t r i c a l  c o n t a c t  
t o  ground w i t h  your  c u r r e n t  e l e c t r o d e s ,  you may run i n t o  some o r  
a l l  of t h e  f o l l o w i n g  problems: 

1.  Low S i g n a l  L e v e l  

I f  our  s i g n a l  l e v e l s  a r e  too  low, you w i l l  have t o  w a i t  
l o n g e r  t o  g e t  a c c u r a t e  measurements, o r  e l s e  s u f f e r  from 
e r r o r s  i n  measurement. 



The s i g n a l s  t h a t  yon measure on your I P  and r e s i s t i v i t y  
r e c e i v e r s  a r e  d i r e c t l j  p r o p o r t i o n a l  t o  t h e  c u r r e n t  t h a t  
f lows i n t o  t h e  ground,  no t  t o  t h e  v o l t a g e  t h a t  your 
t r a n s m i t t e r  a p p l i e s  t o  t h e  ground. That i s :  

where V i s  t h e  v o l t a g e  t h a t  you measure wi th  your r e c e i v e r ,  

I i s  t h e  c u r r e n t  f lowing  i n t o  t h e  ground i n  amperes, a n d  

k  i s  a  f a c t o r  which depends on t h e  e l e c t r o d e  a r r a y  employed 
( i t s  geometry and s c a l e )  and t h e  e l e c t r i c a l  p r o p e r t i e s  of 
t h e  ground. 

The c u r r e n t  I is r e l a t e d  t o  Vo, t h e  v o l t a g e  a p p l i e d  by t h e  
TSQ-4 t o  t h e  ground,  by t h e  e q u a t i o n  

where Ro is t h e  r e s i s t a n c e  of t h e  e x t e r n a l  c i r c u i t ,  
i n c l u d i n g  t h e  c a b l e s  and t h e  grounding r e s i s t a n c e  of t h e  
e l e c t r o d e s .  

Except i n  h i g h l y  unusual  c i r cumstances ,  t h a t  i s  w i t h  v e r y  
l o n g  l i n e s  and ve ry  h i g h l y  conduc t ing  s u r f a c e  s o i l s  ( u s u a l l y  
i n  s a l i n e  a r e a s ) ,  i n  r e s i s t a n c e  of t h e  grounding e l e c t r o d e s  
w i l l  dominate t h e  e x t e r n a l  c i r c u i t  r e s i s t a n c e  and c o n t r o l  
t h e  c u r r e n t  f low i n t o  t h e  e a r t h .  

I d e a l l y ,  we would l i k e  t o  o b t a i n  t h e  maximum p o s s i b l e  
c u r r e n t  i n t o  t h e  ground f o r  each se t -up ,  c o n s i s t e n t  w i t h  t h e  
l i m i t a t i o n s  of c u r r e n t  and power r a t i n g  of the  t r a n s m i t t e r  
and i ts  motor g e n e r a t o r  s e t .  The more c u r r e n t  we a c h i e v e ,  
t h e  h i g h e r  w i l l  be our  measured s i g n a l  l e v e l s  and t h e  b e t t e r  
chance we w i l l  have t o  overcome n a t u r a l  o r  manmade 
e l e c t r i c a l  n o i s e  i n  t h e  a r e a .  This  r e q u i r e s  us t o  make a s  
good e l e c t r i c a l  c o n t a c t  t o  ground a s  is  p r a c t i c a l l y  
a c h i e v a b l e .  

2 .  Leakage From t h e  Cables  t o  Ground 

When your  e l e c t r o d e  r e s i s t a n c e  is h i g h ,  t h e  u s u a l  t endancy  
is t o  i n c r e a s e  t h e  ou tpu t  v o l t a g e  of t h e  t r a n s m i t t e r  i n  
o r d e r  t o  ach ieve  a  h i g h e r  c u r r e n t  l e v e l ,  and t h e r e b y ,  h i g h e r  
s i g n a l  l e v e l s  i n  t h e  ground, The h i g h e r  t h i s  ou tpu t  v o l t a g e  
may be ,  t h e  g r e a t e r  i s  t h e  tendancy f o r  leakage t o  o c c u r ,  
between t h e  c a b l e s  and t h e  ground, a t  p l a c e s  o t h e r  t h a n  a t  
t h e  e l e c t r o d e s .  Typ ica l  l o c a t i o n s  f o r  leakage a r e  where 
t h e r e  i s  a  weakness i n  t h e  i n s u l a t i o n  due t o  a b r a s i o n  o r  



a t t a c k  by a  r o d e n t ,  and where t h a t  s e c t i o n  of t h e  c a b l e  may 
l i e  on wet ground o r  v e g e t a t i o n ,  e t c .  The e f f e c t s  of s u c h  
l eakage  p a t h s  may i n c l u d e :  1) e r r o r s  i n  t h e  c a l c u l a t i o n  of 
r e s i s t i v i t i e s ,  b )  e r r a t i c  r ead ings  because t h e  l eakage  p a t h s  
a r e  not  g e n e r a l l y  s t a b l e ,  and may change w i t h  t h e  passage of 
c u r r e n t ,  c )  t h e  I P  and r e s i s t i v i t y  va lues  may no t  r e l a t e  t o  
t h e  geometry and s c a l e  of t h e  a r r a y  being employed, and 
t h e r e f o r e ,  cause  e r r o r s  i n  i n t e r p r e t a t i o n  and ,  d )  I P  e r r o r s  
may be in t roduced  because  of p o l a r i z a t i o n  c u r r e n t s  
c i r c u l a t i n g  i n  t h e  leakage loop d u r i n g  t h e  c u r r e n t  off  t ime .  

The p o t e n t i a l  f o r  l eakage  from a  c a b l e  is more extreme i f  
o n e  e l e c t r o d e  is w e l l  grounded and t h e  o t h e r  is p o o r l y  
grounded. In  t h i s  case, t h e  v o l t a g e  t o  ground on t h e  p o o r l y  
grounded s i d e  may be n e a r l y  equal t o  t h e  t o t a l  a p p l i e d  
v o l t a g e ,  which, i n  t h e  case of t h e  TSQ-4, may be  as much as 
5000 v o l t s .  

3. Curren t  Imbalance 

O c c a s i o n a l l y ,  you may obse rve  t h a t  t h e  c u r r e n t  being passed  
i n  one p o l a r i t y  of t h e  c y c l e  i s  c o n s i d e r a b l y  g r e a t e r  t h a n  
t h a t  i n  t h e  o t h e r  p o l a r i t y .  Normally t h i s  is a  s i g n  t h a t  
one c u r r e n t  e l e c t r o d e  h a s  r e l a t i v e l y  poor c o n t a c t  and t h e  
o t h e r  has  much b e t t e r  c o n t a c t ,  and should  be r e c t i f i e d .  

T h i s  imbalance is u s u a l l y  caused by e l e c t r o - o s m o s i s  
e f f e c t s .  Water i s  " e l e c t r o d e  pos i t ive" .  T h i s  i s ,  when i t  
o c c u r s  i n  g r a n u l a r  m a t e r i a l  o r  c a p i l l a r i e s ,  under  t h e  a c t i o n  
of  an  e l e c t r i c  f i e l d ,  i t  t e n d s  t o  move away from t h e  anode 
o r  p o s i t i v e  e l e c t r o d e  and towards t h e  ca thode o r  n e g a t i v e  
e l e c t r o d e .  Thus, when t h e  e l e c t r o d e  w i t h  t h e  poor  c o n t a c t  
becomes t h e  anode,  t h e  s m a l l  amount of w a t e r ,  which p r o v i d e s  
t h e  a c t u a l  p a t h  f o r  t h e  c u r r e n t  from t h e  e l e c t r o d e  i n t o  t h e  
ground,  is  d r i v e n  away from t h e  e l e c t r o d e ,  t h u s  
d e t e r i o r a t i n g  t h e  c o n t a c t  and reducing t h e  c u r r e n t .  

5 .3  Obta in ing  Good E l e c t r o d e  Contact  

1. Choose your e l e c t r o d e  l o c a t i o n  c a r e f u l l y .  Avoid p a t c h e s  of 
s a n d ,  g r a v e l  o r  pe rmaf ros t  o r  a r e a s  of ou tc rop .  Look f o r  
nearby pa tches  of mois t  s o i l ,  even i f  t h i s  may be a t  t h e  
expense of d e p a r t i n g  somewhat from t h e  i d e a l  geometry of t h e  
a r r a y .  It is  b e t t e r  t o  have good s i g n a l s ,  and a  10% 
u n c e r t a i n t y  i n  t h e  geometry of t h e  a r r a y  o r  i n  t h e  
i n t e r p r e t a t i o n  of t h e  d e p t h  t o  an  anomalous i n d i c a t i o n ,  
r a t h e r  than  have a  poor s i g n a l  which i s  t o t a l l y  u s e l e s s .  



2.  Go deeper  where necessa ry  t o  g e t  good c o n t a c t .  When 
o p e r a r i n g  i n  a r e a s  which may be t o t a l l y  covered wi th  a l a y e r  
of dry  s a n d ,  snow o r  i c e ,  and where adequa te  ground c o n t a c t  
cannot r easonab ly  be obtz inet !  i n  t h e  s u r f a c e  m a t e r i a l ,  t h e n  
i t  may be necessa ry  t o  t a k e  s t e p s  t o  p e n e t r a t e  below t h i s  
adverse  cover  i n  o r d e r  t o  emplace t h e  e l e c t r o d e s  i n t o  t h e  
more h i g h l y  conduct ing l a y e r  below. Th i s  u s u a l l y  e n t a i l s  
d r i v i n g  long metal  e l e c t r o d e s  t o  t h e  d e s i r e d  depth.  A l s o ,  
check your  e l e c t r o d e s  a f t e r  they have been placed.  
E l e c t r o d e s  should  always be i n  t i g h t  c o n t a c t  wi th  t h e  
su r round ing  s o i l .  They should  never  be l o o s e  t o  t h e  touch.  

If your  c u r r e n t  is too  low, t h a t  i s ,  i f  your  e x t e r n a l  
r e s i s t a n c e  i s  too  h i g h ,  i t  is u s u a l l y  one c a b l e  o r  t h e  o t h e r  
which is  not s u f f i c i e n t l y  w e l l  grounded. To determine which 
e l e c t r o d e  has  t h e  poor c o n t a c t ,  you shou ld  measure t h e  
r e s i s t a n c e  between each e l e c t r o d e  and a  t h i r d  e l e c t r o d e ,  
which might be t h e  ground s t a k e  f o r  t h e  t r a n s m i t t e r  c h a s s i s ,  
f o r  example. Remember to reverse the polarity of the ohm 
peter and take a second laeasurement of resistance and 
average the two each time, to overcome the &feet of 
polarization at the electrodes. Otherwise ,  you may mis lead 
y o u r s e l f  a s  t o  which e l e c t r o d e  is  t h e  bad one. Once you 
f i n d  t h e  bad one,  you must improve it o r  move i t .  

3.  Water Your E l e c t r o d e s .  When working i n  a r e a s  of dry  s u r f a c e  
m a t e r i a l s ,  i t  may be necessa ry ,  a s  a  m a t t e r  of r o u t i n e ,  t o  
apply w a t e r  t o  t h e  e l e c t r o d e s  i n  o r d e r  t o  c r e a t e  a  
s u f f i c i e n t l y  good c o n t a c t .  Use wa te r  w i t h  a  h igh  i o n i c  
c o n t e n t .  If n e c e s s a r y ,  add s a l t  t o  t h e  water .  Be l i b e r a l  
w i t h  t h e  w a t e r  and a l l o w  a  reasonab le  amount of t ime ,  
e .g .  10-20 minu tes ,  a f t e r  pour ing t h e  w a t e r  on i t ,  f o r  a  
s u f f i c i e n t  r e g i o n  of h i g h e r  c o n d u c t i v i t y  t o  be b u i l t  up 
around t h e  e l e c t r o d e .  

4. Use m u l t i p l e  e l e c t r o d e s  i n  p a r a l l e l .  I f  you can n o t  succeed 
i n  g e t t i n g  your  c o n t a c t  r e s i s t a n t  down low enough w i t h  one 
e l e c t r o d e  a t  t h e  end of t h e  c a b l e ,  t h e n  you can  improve t h e  
s i t u a t i o n  by u s i n g  m u l t i p l e  e l e c t r o d e s ,  i n  p a r a l l e l ,  t o  
reduce t h e  n e t  c o n t a c t  r e s i s t a n c e .  I n  o r d e r  f o r  t h e  
a d d i t i o n a l  e l e c t r o d e s  t o  be e f f e c t i v e ,  they must be p laced  
s u f f i c i e n t l y  f a r  from one a n o t h e r  s o  t h a t  t h e i r  e l e c t r i c a l  
f i e l d s  do no t  i n t e r f e r e  w i t h  one ano the r .  I n  p r a c t i c e ,  t h i s  
means t h a t  each e l e c t r o d e  should  be more t h a n  abou t  5 t imes  
i t s  maximum in-ground dimension from a l l  o t h e r  e l e c t r o d e s ,  
e.g. 5 meters  a p a r t  f o r  meta l  rods which a r e  each d r i v e n  one 
meter  i n t o  t h e  ground. 



5 . Choice of E l e c t r o d e s .  The cho ice  of e l e c t r o d e s  t o  be used 
depends somewhat on t h e  l o c a l  c o n d i t i o n s ,  and even on 
h i s t o r i c  p r a c t i c e  i n  t h e  a rea .  S t e e l  r o d s ,  u s u a l l y  1 m e t e r  
t o  1 - 5  mete r s  i n  lengtk, ,  a r e  commoniy employed, These range  
f r o n  s t a i n l e s s  s t e e l  (which a r e  e x p e n s i v e ,  bu t  
n o n - c o r r o s i v e )  t o  a n g l e  i r o n  and f e n c e  p o s t i n g  ( u n p a i n t e d ,  
of c o u r s e ) .  These a r e  u s u a l l y  d r i v e n  i n t o  t h e  ground u s i n g  
s l e d g e  hammers. 

Shee t s  of aluminum f o i l ,  e.g. 30 cm x 6 0  em, a r e  o f t e n  u s e d  
a s  w e l l .  They a r e  bur ied  i n  t r e n c h e s ,  which have been dug 
i n t o  t h e  ground,  thoroughly  w e t t e d  w i t h  s a l t  wa te r  and 
covered w i t h  s o i l .  

6 .  Long C u r r e n t  Lines .  I n  t h e  r a r e  e v e n t  t h a t  very l a r g e  
e l e c t r o d e  s p a c i n g s  a r e  employed and t h e  ground r e s i s t a n c e  i s  
very  low, t h e n  t h e  r e s i s t a n c e  of t h e  c u r r e n t  l i n e s  may be 
t h e  l i m i t i n g  f a c t o r  i n  r e s p e c t  t o  t h e  amount of c u r r e n t  t o  
be passed  i n t o  t h e  ground. I n  t h i s  e v e n t ,  e i t h e r  h e a v i e r  
cab les  must be used f o r  t h e  c u r r e n t  l i n e s ,  o r  t h e  c u r r e n t  
l i n e s  may be doub led ,  us ing  e x t r a  l e n g t h s  of t h e  same c a b l e ,  
t o  r educe  t h e  r e s i s t a n c e  and t h e  v o l t a g e  l o s s  i n  t h e  l i n e s .  

5.4 P r e p a r a t i o n  

1. S e t  t h e  motor-generator  and t h e  TSQ-4 o n  l e v e l  ground o r  a  
s u i t a b l e  s u p p o r t  ( such  as  a  wooden packing c a s e ) .  Ensure  t h a t  t h e  
TSQ-4 i s  a s  f a r  from t h e  motor-generator a s  t h e  i n t e r c o n n e c t i n g  
c a b l e s  w i l l  a l low.  Check t h e  gas and o i l  l e v e l s  i n  t h e  
motor-generator .  

2 .  P l a n t  two g round ing  s t a k e s  i n  mois t  s o i l  and connect  one of 
them w i t h  a  w i r e  t o  t h e  Grounding Lug ( 1 3 )  on t h e  T r a n s m i t t e r  and  
t h e  o t h e r  t o  t h e  s i m i l a r  l u g  on t h e  motor-generator .  This  
procedure  is i m p o r t a n t  i n  p r o t e c t i n g  t h e  o p e r a t o r  from shock. 

3. Lay out t h e  C1 and C2 c u r r e n t  wi res  and connect  them t o  
t h e i r  e l e c t r o d e s  ( u s u a l l y  s t e e l  s t a k e s )  i n  l o c a t i o n s  determined by 
t h e  e l e c t r o d e  a r r a y  and spac ing  t o  be employed. 

4. Connect t h e  c u r r e n t  wi res  t o  t h e  Ground R e s i s t a n c e  Termina l s  
( 9 ) .  

5. Before c o n n e c t i n g  t h e  Motor-Generator t o  t h e  T r a n s m i t t e r  and 
s t a r t i n g  t h e  e n g i n e  p r e p a r e  t h e  T r a n s m i t t e r  a s  o u t l i n e d  i n  
paragraphs  6 t o  10. 



6. S e t  t h e  High Voltage Toggle Switch ( 1 4 )  t o  OFF, It i s  a  s a f e  
p r a c t i c e  t o  keep t h i s  swi tch  off  when no t  r e q u i r e d  t o  be on, bo th  
from t h e  o p e r a t o r  s a f e t y  po in t  of view a s  w e l l  a s  t o  p r e v e n t  
damage t o  t h e  h igh  vo l t age  s e c t i o n  due t o  p o s s i b l e  overshoo t  of 
t h e  supp ly  v o l t a g e  when t h e  engine  is s t a r t e d .  

7 .  S e l e c t  t h e  domain and f requency  of p u l s e  d u r a t i o n  u s i n g  t h e  
Frequency/Time Domain S e l e c t o r  Switch (10).  

8. S e t  t h e  Cur ren t  S t a b i l i z a t i o n  Switch ( 1 2 )  t o  e i t h e r  OFF 100% 
o r  OFF 85%. The l a t t e r  p o s i t i o n  i s  recommended i f  c u r r e n t  
s t a b i l i z a t i o n  is t o  be employed subsequen t ly .  

9. S e l e c t  t h e  v o l t a g e  u s i n g  t h e  Output  Vol tage  S e l e c t o r  Swi tch  
(13) .  The v o l t a g e  s e l e c t e d  depends on t h e  ground c o n t a c t  resis- 
t a n c e  of t h e  c u r r c n t  c i r c u i t  a s  w e l l  as t h e  c u r r e n t  d e s i r e d  t o  
ach ieve  a  r e a s o n a b l e  s i g n a l  a c r o s s  t h e  r e c e i v e r  d i p o l e  (PIP2) .  
Unless one i s  c e r t a i n  of t h e  v o l t a g e  r e q u i r e d ,  i t  is b e s t  t o  beg in  
on t h e  lowes t  (300 V) s e t t i n g .  

10. S e t  t h e  Disp lay  Funct ion Switch t o  ( 6 )  f o r  t h e  Vin p o s i t i o n .  

11. Before  f i r s t  t ime o p e r a t i o n ,  o r  a f t e r  s e r v i c i n g  t h e  Motor- 
Genera to r  i t  i s  a d v i s a b l e  t o  connect  t h e  g e n e r a t o r  o u t p u t  f i r s t  t o  
t h e  T e s t  Meter which i s  s u p p l i e d  w i t h  t h e  TSQ-3 a s  a c c e s s o r y  f o r  
v e r i f i c a t i o n  of t h e  g e n e r a t o r  o u t p u t  v o l t a g e .  It shou ld  be 
between 240 and 250 V. I f  i t  i s  n o t ,  t h e  eng ine  governor  s h o u l d  
be a d j u s t e d  a s  o u t l i n e d  i n  t h e  eng ine  manual. 

12. During normal o p e r a t i o n  t h e  g e n e r a t o r  and t h e  t r a n s m i t t e r  may 
now be i n t e r c o n n e c t e d  and t h e  eng ine  s t a r t e d  up. The d i s p l a y  
shows t h e  i n p u t  v o l t a g e  which shou ld  be between 245 and 250 V 
under  no l o a d ,  I f  i t  is  d i f f e r e n t ,  governor  ad jus tments  s h o u l d  be 
made a s  o u t l i n e d  i n  t h e  eng ine  manual. Under heavy l o a d  t h e  
v o l t a g e  w i l l  drop and no a t t empt  s h o u l d  be made t o  keep t h e  o u t p u t  
v o l t a g e  w i t h i n  t h e  above l e v e l s .  

CAUTION 
Do n o t  race t h e  e n g i n e  by p l a y i n g  w i t h  t h e  t h r o t t l e  or by 
d s a d j u s t i n g  t h e  governor. The generator o u t p u t  v o l t a g e  is 
p r o p o r t i o n a l  to  t h e  eng ine  speed ,  and, if e x c e s s i v e ,  may c a u s e  
damage i n  t h e  t r a n s m i t t e r .  

13. Turn t h e  Disp lay  Func t ion  Switch ( 6 )  t o  t h e  Lout  p o s i t i o n a n d  
a f t e r  a  warm up of 2 t o  4 minutes  r e - a d j u s t  t h e  Disp lay  Zero 
Adjustment ( 5 )  t o  z e r o  u s i n g  a s c r e w d r i v e r ,  i f  n e c e s s a r y .  



14 .  With t h e  c u r r e n t  w i r e s  connected a s  i n  I t em L above,  t u r n  t h e  
Disp lay  Funct ion Switch t o  t h e  k p o s i t i o n  and measure t h e  v a l u e  
of t h e  c u r r e n t  c i r c u i t  r e s i s t a n c e  on t h e  D i g i t a l  Disp lay .  Check 
Tab le  1 and F igure  4 t o  de te rmine  what vo l t age  l e v e l  s e t t i n g  i s  
r e q u i r e d  f o r  t h e  d e s i r e d  c u r r e n t  g iven  t h e  measured c u r r e n t  
c i r c u i t  r e s i s t a n c e .  I f  t h i s  r e s i s t a n c e  i s  above 20 k ohms t h e n  
t h e  TSQ-3 w i l l  not  o p e r a t e  s i n c e  i t  w i l l  s e e  a n  under load  condi-  
t i o n .  I f  t h e  r e s i s t a n c e  is  t o o  h igh  t o  a l low d e l i v e r y  of t h e  
d e s i r e d  c u r r e n t ,  a n  e f f o r t  must be made t o  ground t h e  c u r r e n t  
e l e c t r o d e s  b e t t e r  by s i n k i n g  them f a r t h e r  i n t o  t h e  ground o r  by 
pour ing  wa te r  on them. S e t  t h e  Output Voltage S e l e c t o r  Switch 
( 1 3 )  t o  t h e  requ i red  p o s i t i o n .  

CAUTION 
Whereas t h i s  transmitter  is designed fo r  3000 W output power i t  is 
advisable t o  minimize operation a t  f u l l  power as much as possible 
t o  optimize the service  l i f e  of the engine. It is suggested tha t  
the  maximum power output is res t r ic ted  t o  15 minutes a t  a time 
separated by equal in te rva l s  of lower power. No such res t r ic t ions  
apply below 2500 W. 

15. Ascertain tha t  the  current wires are properly connected t o  
the  electrodes and tha t  no one is near the  electrodes. This 
should be conf inned by checking the ClC2 c i r cu i t  res is tance and 
by voice contact with a l l  helpers using portable radios i f  
required. 

16. T r a n s f e r  t h e  o u t p u t  w i r e s  t o  t h e  High Vol tage  Output  
Terminals  (1) .  

1 7 .  Turn t h e  Disp lay  F u n c t i o n  Switch ( 6 )  t o  t h e  Iout p o s i t i o n .  
S e t  t h e  Output Toggle  Switch ( 1 4 )  t o  ON. The Output Vol tage  
I n d i c a t o r  (15)  s h o u l d  l i g h t ,  i n d i c a t i n g  t h a t  t h e  v o l t a g e  i s  on. 

18. I f  c u r r e n t  does no t  f l o w ,  keep p r e s s i n g  t h e  Rese t  But ton (16)  
f o r  a  few seconds .  I f  c u r r e n t  s t i l l  does not f low,  check t h e  
Overload ( 3 )  and Underload ( 4 )  I n d i c a t o r s  and c o r r e c t  ground 
c o n t a c t ,  broken c u r r e n t  w i r e s  o r  Output  Vol tage  S e l e c t o r  Switch 
( 1 3 )  s e t t i n g .  Before doing any of these, however, switch OFF the 
Output Voltage Toggle Switch (14) as  a matter of safety. Also, 
never touch the current wires or  electrodes, or  stand close t o  the 
electrodes when the  output voltage is ON. 



19. I f  c u r r e n t  s t a b i l i z a t i o n  i s  r e q u i r e d ,  set  t h e  Current  
S t a b i l i z a t i o n  Switch (12) t o  t h e  85% OFF p o s i t i o n ,  then s e t  t h e  
Output Gurrent  S e l e c t o r  Switch ( 1 9 )  t o  t h e  p r o p e r  range and a d j u s t  
t h e  Output Cur ren t  Con t ro l  ( 2 0 )  u n t i l  t h e  Devia t ion/Range Meter 
( 2 1 )  shows z e r o  w i t h  t h e  Deviation/Range Func t ion  Switch (22)  i n  
t h e  DEVIATION p o s i t i o n .  When t h e  Current  S t a b i l i z a t i o n  Switch 
( 1 2 )  i s  tu rned  t o  O N ,  t h e  c u r r e n t  w i l l  be s t a b i l i z e d  at  a  v a l u e  
approx imate ly  15% l e s s  than t h e  maximum va lue .  Under t h i s  
c o n d i t i o n ,  however, t h e  r e g u l a t i o n  range is l i m i t e d  i n  one 
d i r e c t i o n  t o  15%, and i n  t h e  o t h e r  d i r e c t i o n  ( lower  c u r r e n t )  t o  
35%. 

20. I f  t h e  ClC2 l o a d  is expected t o  vary w i t h  time, f o r  example, 
a )  due t o  l o s s  of m o i s t u r e  a t  t h e  c u r r e n t  e l e c t r o d e s  due t o  
h e a t i n g ,  o r  b) t o  g a i n  of mois tu re  due t o  m e l t i n g  of f r o z e n  
ground, it may be a d v i s a b l e  t o  s t a b i l i z e  t h e  c u r r e n t  a t  some v a l u e  
o t h e r  t h a n  one c l o s e  t o  t h e  u n s t a b i l i z e d  (maximum) value .  I f  t h e  
l o a d  r e s i s t a n c e  is  expec ted  t o  i n c r e a s e  ( c a s e  a ) ,  then  t h e  Output  
C u r r e n t  C o n t r o l  (20)  s h o u l d  be tu rned  c o u n t e r  c lockwise  t o  reduce 
t h e  c u r r e n t  l e v e l  by up t o  50% of t h e  u n s t a b i l i z e d  maximum v a l u e  
s o  t h a t  some r e s e r v e  i s  l e f t  f o r  when t h e  r e s i s t a n c e  i n c r e a s e s .  
I f  t h e  load  r e s i s t a n c e  i s  expected t o  d e c r e a s e ,  then  t h e  Output 
C u r r e n t  Con t ro l  (20)  s h o u l d  be l e f t  as  i t  is o r  i n c r e a s e d  by 5-10% 
s o  t h a t  some r e s e r v e  is  l e f t .  

T h i s  Output C u r r e n t  Con t ro l  ( 2 0 )  adjus tment  s h o u l d  be made w i t h  
t h e  Cur ren t  S t a b i l i z a t i o n  Switch (12)  i n  t h e  ON p o s i t i o n  and t h e  
Dev ia t ion jRange  F u n c t i o n  Switch ( 2 2 )  i n  t h e  Range p o s i t i o n .  The 
m e t e r  w i l l  i n d i c a t e  by how much t h e  c u r r e n t  is reduced from t h e  
u n s t a b i l i z e d  va lue .  The maximum amount i s  g e n e r a l l y  -50%, but f o r  
low c u r r e n t s  t h e  range i s  reduced somewhat. The changes i n  
c u r r e n t  o u t p u t  as t h e  Output  Cur ren t  Con t ro l  is  turned can be more 
p r e c i s e l y  measured on t h e  D i g i t a l  Display.  

S i n c e  t h e  ground r e s i s t a n c e  g e n e r a l l y  i n c r e a s e s  w i t h  passage of 
t i m e ,  t h e  range i s  set s o  t h a t  s t a b i l i z a t i o n  w i l l  occur  a t  a  
s t a b i l i z e d  o u t p u t  c u r r e n t  a t  l e a s t  10% t o  15% below t h e  
u n s t a b i l i z e d  c u r r e n t .  By a d j u s t i n g  t h e  Output  Cur ren t  Con t ro l  
( 2 0 )  s o  t h a t  t h e  Devia t ionfRange Meter i s  a t  a p o s i t i o n  o t h e r  t h a n  
z e r o  i n  s t e p  19, t h e  o p e r a t o r  can a d j u s t  t h e  range l i m i t s ,  but  
a lways  w i t h  a  t o t a l  range of 50%. For example, i f  t h e  o p e r a t o r  
f e e l s  t h a t  t h e r e  is e q u a l  chance t h a t  t h e  ground r e s i s t a n c e  w i l l  
d e c r e a s e  o r  i n c r e a s e ,  he should  s e t  t h e  meter  a t  -20% i n  s t e p  19. 

I f  t h e  load  d r i f t s  o u t s i d e  t h e  s t a b i l i z a t i o n  range ,  then t h e  
Gur ren t  S t a b i l i z a t i o n  Overrange Lamp ( I I )  wi l l .  glow, i n d i c a t i n g  
t h a t  t h e  o u t p u t  v o l t a g e  and /o r  c u r r e n t s  must be s e t  up a g a i n  t o  
match t h e  changed l o a d ,  



Note t h a t  t h e  ou tpu t  c u r r e n t  i s  measured ( " t r o b e d ' j  a t  t h e  end of 
each h a l f  c y c l e .  Consequently t h e r e  is  a  s h o r t  l a g  between t h e  
Output Cur ren t  C o n t r o l  (20)  ad jus tment  and t h e  d i s p l a y e d  c u r r e n t .  
I n  t h e  DEVIATIOK p o s i t i o n ,  t h e  Dev ia t ion lRange  Meter (21)  d i s p l a y s  
a  c e r t a i n  i n s t a b i l i t y  whjch could be miscons t rued  a s  a  d e v i a t i o n  
between t h e  a c t u a l  ou tpu t  c u r r e n t  and t h e  r e q u i r e d  s t a b i l i z e d  
value .  However, t h e  des ign  of t h e  TSQ-3 i s  such t h a t  t h e r e  c a n  be 
no DC d e v i a t i o n  between t h e  a c t u a l  o u t p u t  c u r r e n t  and t h e  r e q u i r e d  
s t a b i l i z e d  va lue .  I n  suppor t  of t h i s  s t a t e m e n t ,  it w i l l  be no ted  
t h a t  t h e  i n s t a b i l i t y  of t h e  Devia t ion/Range Meter i s  cen te red  
around t h e  z e r o  p o i n t .  The ampl i tude of t h e  i n s t a b i l i t y  depends 
on v a r i a t i o n  of t h e  i n p u t  v o l t a g e ,  which is  a f u n c t i o n  of t h e  
Motor-Generator c o n d i t i o n  ( f u e l  p u r i t y ,  governor  and c a l i b r a t i o n  
a d j u s t m e n t s )  and t h e  change from o u t p u t  v o l t a g e  OFF t o  ON. Under 
heavy l o a d  c o n d i t i o n s  i t  is  normal t h a t  t h e  motor speeds  up d u r i n g  
t h e  c u r r e n t  OFF t ime caus ing  a  s h o r t  ' o v e r s h o o t '  i n  t h e  o u t p u t  
c u r r e n t  when i t  comes O N ,  a s  t h e  c o n t r o l  c i r c u i t  h a s  a  l i m i t e d  
speed of r e a c t i o n  (approx imate ly  0.5 s e c ) .  

21. I n  c a s e  of o v e r l o a d ,  under load ,  i n t e r n a l  o v e r h e a t  o r  when t h e  
Output C u r r e n t  C o n t r o l  (20) i s  ou t  of ad jus tment  (overrange condi-  
t i o n )  t h e  o u t p u t  v o l t a g e  w i l l  be a u t o m a t i c a l l y  s h u t  down and t h e  
a p p r o p r i a t e  i n d i c a t o r  l i g h t  w i l l  glow. The o p e r a t o r  shou ld  t h e n  
t u r n  OFF t h e  Output  Vol tage  Toggle  Switch (14) .  Re should  t h e n  
measure t h e  load  r e s i s t a n c e  and r e s e t  t h e  Output Vol tage  S e l e c t o r  
Switch ( 1 3 )  and Output  Cur ren t  S e l e c t o r  Switch (19 )  and Output 
Cur ren t  C o n t r o l  (20)  a s  r e q u i r e d .  

A s  i n d i c a t e d  i n  S e c t i o n  4 ,  t h e  STOP i n d i c a t o r  i s  t r i g g e r e d  by 
e i t h e r  1) manual s t o p ,  2)  o p e r a t i o n  of e i t h e r  Frequency/Time 
Domain S e l e c t o r  (10) o r  Output Vol tage  S e l e c t o r  (13)  o r  3 )  by 
i n t e r n a l  o v e r h e a t i n g .  I f  t h e  f i r s t  t h r e e  s w i t c h e s  were n o t  
a c t i v a t e d ,  t h e  l a s t  i s  t h e  p robab le  cause.  I f  t h i s  i s  t h e  c a s e ,  
then  t h e  h i g h  v o l t a g e  shou ld  be t u r n e d  o f f  u n t i l  t h e  f a n  d r i v e n  
a i r  c i r c u l a t i o n  c o o l s  t h e  T r a n s m i t t e r .  

22.  The Emergency Stop But ton (17)  s h o u l d  be used a s  i t s  name 
impl ies .  A f t e r  i t  h a s  been used ,  t h e  Rese t  But ton (16)  must be  
depressed.  It s h o u l d  no t  normally be used t o  t u r n  off  t h e  h i g h  
v o l t a g e  s i n c e ,  upon r e s e t t i n g ,  t h e  h i g h  v o l t a g e  may come on 
u n i n t e n t i o n a l l y ,  pos ing  a  s a f e t y  hazard .  

23. The R e c e i v e r  Check Terminals ( 7 )  and S i m u l a t o r  Switch ( 8 )  c a n  
he used i n  t h e  manner d e s c r i b e d  i n  t h e  s e c t i o n  on FRONT PANEL 
DESCRIPTIOEU'. The o u t p u t  v o l t a g e  ampl i tude  is 1 v o l t  peak i n  t h e  
s i m u l a t o r  OFF (Vp) p o s i t i o n  and has  t h e  i d e a l i z e d  waveform 
s e l e c t e d  on t h e  FrequencyiTime Domain S e l e c t o r  Switch ( 10 ) .  With 
t h e  S i m u l a t o r  Switch ( 8 )  ON,  i t  reads  a p p r o x i m a t e l y  14  m V / V  on t h e  
S c i n t r e x  IPR-8 o r  IPR-IO/iOA t ime  domain r e c e i v e r s  i n  each of t h e  
s i x  s l i c e s ,  u s i n g  t h e  2 second t r a n s m i t t e r  and r e c e i v e r  t imings .  



For t h e  f requency  domain IPRF-2 r e c e i v e r  t h e  va lues  w i t h  t h e  
S i m u l a t o r  Switch ( 8 )  ON a r e  g iven  approximate ly  as  fo l lows .  The 
va lues  f o r  your  s p e c i f i c  combinat ion of IPRF-2 and TSQ-3 s h o u l d  be 
determined by experiment.  

f (HZ)  3 1  0.3 0 .1  
PFE (%)  +O.8 +I .  1  + l .  1  + I .  1 
RPS (deg)  -1.4 -1.7 -1.7 -1.7 

6. MAINTENANCE AND TROUBLE SROOTING 

Most of t h e  problems which w i l l  occur  whi le  us ing  t h e  TSQ-3 w i l l  
i n v o l v e  t h e  c u r r e n t  c i r c u i t ,  i . e .  o v e r l o a d ,  underload and over-  
range. P roper  manipula t ion of t h e  t r a n s m i t t e r  and exper ience  w i l l  
overcome most of t h e s e  problems. 

For s e r v i c e  convenience,  t h e  major system f u n c t i o n s  of t h e  TSQ-3 
T r a n s m i t t e r  a r e  performed on removable c i r c u i t  boards.  An 
e x t e n d e r  board is supp l i ed  f o r  s e r v i c i n g  i n d i v i d u a l  boards w h i l e  
m a i n t a i n i n g  t h e  c i r c u i t .  

P r o g r e s s i v e  checking of t h e  boards i s  t h e  s i m p l e s t  means of d e t e r -  
mining i n  which p o r t i o n  of t h e  c i r c u i t  a  ma l func t ion  e x i s t s .  
P r o v i d i n g  t h e  i n p u t  v o l t a g e  from t h e  Motor-Generator i s  s t a b l e  a t  
approx imate ly  245 V ,  r e g u l a t e d  supp ly  v o l t a g e s  of +10 V +6 V and  
-10 V can  be checked. Trouble  s h o o t i n g  of t h e  boards and r e s t  of 
t h e  c i r c u i t r y  can be done w i t h  t h e  a s s i s t a n c e  of schemat ics  a v a i l -  
a b l e  on demand from S c i n t r e x .  

I n  o r d e r  t o  e n s u r e  good performance of t h e  u n i t ,  keep t h e  con- 
n e c t o r s  and t h e  f r o n t  pane l  c l e a n .  I n s p e c t  t h e  c a b l e s  occas ion-  
a l l y  t o  make s u r e  they a r e  i n  good o r d e r .  Open t h e  A i r  I n t a k e  and 
A i r  O u t l e t  covers  and wash t h e  a i r  f i l t e r s  i n  water and d e t e r g e n t  
s o l u t i o n  i f  they a r e  dusty .  

S c i n t r e x  i s  p r e p a r e d ,  i n  our  p l a n t  i n  Concord, O n t a r i o ,  t o  c a r r y  
ou t  any n e c e s s a r y  r e p a i r s .  F u r t h e r ,  we a r e  p leased  t o  a s s i s t  i n  
t r o u b l e  s h o o t i n g  by t e l e p h o n e ,  t e l e x  o r  w r i t t e n  communication. 
P l e a s e  a d v i s e  us  of t h e  e x a c t  symptoms of t h e  problem, and chances  
a r e  we can s u g g e s t  t h e  cause of t h e  problem and s h i p  replacement  
p a r t s  from o u r  i n v e n t o r y .  



The TSQ-3 T r a n s r r i t t e r  and Motor-Generator s e t  a r e  s u p p l i e d  i n  
s t o u t ,  r e u s a b i e  wooden c r a t e s  f i l l e d  w i t h  packing m a t e r i a l  such a s  
polyfoam. We a d v i s e  t h a t  t h e  system always be sh ipped  i n  t h i s  
manner. 

F o r  i n t e r n a t i o n a l  sh ipments  we have found a i r  f r e i g h t  t o  be t h e  
b e s t  method. This is f a s t ,  t r a c e a b l e  and l e a d s  t o  t h e  l e a s t  
customs problems. 

8. WARRANTY AND REPAIR 

A l l  S c i n t r e x  equipment,  w i t h  t h e  e x c e p t i o n  of consumable i t e m s ,  is 
war ran ted  a g a i n s t  d e f e c t s  i n  m a t e r i a l s  and workmanship f o r  a  
p e r i o d  of one y e a r  from t h e  d a t e  of shipment from o u r  p l a n t .  
Should any d e f e c t s  become ev iden t  under normal u s e  d u r i n g  t h e  
war ran ty  p e r i o d ,  S c i n t r e x  w i l l  make t h e  n e c e s s a r y  r e p a i r s  i n  i t s  
p l a n t ,  f r e e  of charge.  

T h i s  warranty  does no t  cover  damage due t o  misuse o r  a c c i d e n t  and 
may be voided i f  t h e  i n s t r u m e n t  conso les  a r e  opened o r  tampered 
w i t h  by persons  no t  a u t h o r i z e d  by S c i n t r e x .  

To v a l i d a t e  t h e  w a r r a n t y ,  t h e  warranty  ca rd  s u p p l i e d  w i t h  t h e  
i n s t r u m e n t  must be r e t u r n e d  t o  S c i n t r e x  w i t h i n  t h i r t y  days of 
shipment from our  p l a n t .  

I n s t r u m e n t s  sh ipped  f o r  r e p a i r  from o u t s i d e  Canada s h o u l d  be s e n t  
by a i r  and addressed  t o  S c i n t r e x  L i m i t e d ,  
L e s t e r  B. Pearson (Toron to )  I n t e r n a t i o n a l  A i r p o r t ,  T o r o n t o  AMF, 
Canada. Three s e t s  of customs documents shou ld  be i n c l u d e d :  one 
s e t  i n s i d e  t h e  package,  one a t t a c h e d  and s e a l e d  t o  t h e  o u t s i d e  of 
t h e  package and one a t t a c h e d  t o  t h e  airway b i l l .  Documents shou ld  
s t a t e  c l e a r l y  "Canadian Goods Returned t o  Canada f o r  Repair"  and 
s h o u l d  i n c l u d e :  1) name of equipment,  2 )  v a l u e ,  3 )  s e r i a l  
number ( s ) ,  4 )  r eason  f o r  r e t u r n ,  5 )  packaging and w e i g h t ,  6 )  
c o u n t r y  of o r i g i n  (Canada).  Since  S c i n t r e x  i n s t r u m e n t s  a r e  manu- 
f a c t u r e d  i n  Canada t h e r e  i s  no customs de lay  o r  d u t y  payab le  i n  
Canada. Within Canada, s h i p  by a i r  d i r e c t l y  t o  S c i n t r e x  L i m i t e d ,  
222 S n i d e r c r o f t  Road, Concord, O n t a r i o ,  L4K 1B5.  No i n s t r u m e n t  
w i l l  be accep ted  f o r  r e p a i r  u n l e s s  i t  i s  shipped p r e p a i d ,  A f t e r  
r e p a i r  it w i l l  be r e t u r n e d  c o l l e c t ,  

P i e a s e  mention t h e  i n s t r u m e n t  s e r i a l  number i n  a l l  communications 
r e g a r d i n g  equipment l e a s e d  o r  purchased from S c i n t r e x .  


