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"THEORY OF OPERATION'' 

1. GENERAL 

1.01 This chapter  provides a  general  overview of t h e  e l e c t r i c a l  
opera t ion  of  t h e  TS21. 

2. CIRCUIT CONTROL AND SIGNALING 

2.01 A l l  TS21 c i r c u i t  con t ro l ,  s igna l ing  and muting is  provided 
by t r a n s i s t o r  switching. 

2.02 DTMF s i g n a l i n g  i s  accomplished by an i n t e g r a t e d  c i r c u i t  
c o n t r o l l e d  by a  high s t a b i l i t y  c r y s t a l ,  This design i n s u r e s  

t h a t  DTMF tone frequencies  a r e  c o n s i s t e n t l y  wi th in  indus t ry  accepted 
l i m i t s .  

2.03 Pulse  s i g n a l i n g  i s  accomplished by an i n t e g r a t e d  c i r c u i t  
c o n t r o l l e d  by a  high s t a b i l i t y  resonator .  Puls ing speed and 

break accuracy i s  assured by t h i s  design. 

3. POWER REGULATION 

3.01 The TS21 opera tes  on a regula ted  power supply derived from t h e  
telephone l i n e  vol tage.  This prevents  telephone l i n e  high 

vo l t age  surges  from damaging c i r c u i t  components while allowing t h e  
u n i t  t o  funct ion  properly over  long loops. 

3.02 I n  a d d i t i o n  t o  t h e  i n t e g r a l  power supply regu la t ion ;  a  v a r i s t o r  
provides a d d i t i o n a l  p ro tec t ion  a g a i n s t  high t r a n s i e n t  vol tages  

on t h e  telephone l i n e .  

3.03 The r e c e i v e r  c i r c u i t r y  incorpora tes  a  v a r i s t o r  t o  p r o t e c t  t h e  
test  set u s e r  from sound l e v e l  pressures  t h a t  could cause damage 

t o  t h e  e a r .  

3.04 A l l  TS21 I C s  a r e  t h e  CMOS type. The lower power requirements 
of  t h e  CMOS I C s  i n s u r e  low telephone l i n e  loading. 

4 .  LINE POLARITY 

4.01 The TS21 i s  n o t  p o l a r i t y  s e n s i t i v e .  A  ridge ~ e c t i f i e r  
funct ions  a s  a p o l a r i t y  guard, allowing t h e  TS21 t o  opera te  

i n  e i t h e r  p o l a r i t y .  

4.02 P o l a r i t y  i n d i c a t i o n  i s  provided by LEDs (Light  ~ m i t t i n g  Diodes). 

5. MODES OF OPERATION 

5.01 The TS21 has  two b a s i c  opera t ing  modes; t h e  ~ a l k i n g  o r  
normal opera t ing  mode and t h e  Monitor mode. 



5.02 Talking Mode: The Talking mode i s  s e l e c t e d  by p lac ing  t h e  
TALK/MONITOR switch i n  t h e  "T" pos i t ion  and t h e  network i n  

e i t h e r  pos i t ion .  The Talking mode is  t h e  normal opera t ion  mode. 
I n  t h i s  mode, t h e  TS21 opera tes  a s  a  modern telephone instrument and 
e i t h e r  DTMF o r  pulse  s i g n a l i n g  may be s e l e c t e d  with t h e  MODE switch. 

5.03 Monitor Mode: The Monitor mode i s  s e l e c t e d  by p lac ing  t h e  
TALK/MONITOR switch i n  t h e  "M" pos i t ion .  The network switch 

and t h e  MODE switch may be i n  e i t h e r  pos i t ion .  The Monitor mode i s  a  
high impedance l i s t e n / t e s t  mode. This allows t h e  user  t o  monitor 
t h e  te lephone l i n e  without d i s r u p t i n g  voice communications o r  d a t a  
t ransmissions.  

1. SWITCH FUNCTIONS 

1.01 Talk/Monitor switch: The Talk/Monitor switch is a  black rocker  
switch loca ted  on t h e  s i d e  of t h e  test s e t ,  near  t h e  r ece ive r .  

I n  t h e  "T" (Talk) p o s i t i o n ,  it e s t a b l i s h e s  an off-hook condi t ion  f o r  
d i a l i n g  and t a l k i n g .  I n  t h i s  mode, t h e  test set performs a s  a  common 
b a t t e r y  telephone. I n  t h e  "M" (Monitor) p o s i t i o n ,  t h e  switch removes 
t h e  t r a n s m i t t e r  and e l e c t r o n i c s  from t h e  c i r c u i t  and provides a  high 
impedance coupling t o  t h e  l i n e .  This allows l i n e  monitoring without 
d i s r u p t i n g  conversat ions,  d a t a  o r  s ignal ing .  

1.02 Mode Switch: The Mode switch i s  a  white  rocker  switch loca ted  
i n  t h e  bottom r i g h t  of  t h e  key bezel .  This switch s e l e c t s  

e i t h e r  DTMF o r  d i a l  pulse  s i g n a l i n g  output .  I n  the "TONE" p o s i t i o n ,  
t h e  switch s e l e c t s  DTMF output .  I n  t h e  "PULSE" p o s i t i o n ,  t h e  switch 
selects d i a l  pu l se  output .  

1.03 Network In/Out Switch: Located adjacent  t o  t h e  Mode switch on 
t h e  key pad beze l ,  t h i s  switch s e l e c t s  e i t h e r  of two t ransmission 

modes. I n  t h e  "IN" p o s i t i o n  t h e  TS21 opera tes  l i k e  a  modern telephone 
instrument ,  wi th  an e l e c t r o n i c  t ransmission network. The "IN" p o s i t i o n  
should be used f o r  a l l  normal t a l k i n g ,  monitoring, and s i g n a l i n g  
funct ions .  

With t h e  Network switch i n  "OUT" p o s i t i o n ,  t h e  usefulness  of t h e  TS21 
a s  a  t roubleshoot ing  t o o l  is  mul t ip l i ed ,  because t h e  t ransmission 
network i s  then  switched o u t  of t h e  c i r c u i t ,  al lowing " t r ansparen t "  
t e s t i n g  of  t h e  l i n e .  The sounds from t h e  r e c e i v e r  can g r e a t l y  a s s i s t  
a  s k i l l e d  c ra f t spe r son  i n  l o c a t i n g  open c i r c u i t s ,  s h o r t s ,  c rosses ,  
and grounds. 

1.04 The Keypad: The keys on t h e  keypad a r e  used f o r  s i g n a l i n g  
( d i a l i n g ) .  There a r e  twelve keys on a  beze l  which i s  recessed 

i n t o  t h e  r e c e i v e r  end of t h e  case t o  provide both phys ica l  p r o t e c t i o n  
t o  t h e  keypad and prevent  a c c i d e n t a l  key operat ion.  

1.05 P o l a r i t y  Switch and LEDs: The P o l a r i t y  switch is a s m a l l  b lack 
bu t ton  loca ted  on t h e  i n s i d e  of t h e  handgrip, j u s t  under t h e  



r ece ive r .  The p o l a r i t y  LEDs a r e  an  amber LED i n  t h e  upper l e f t  
corner  of t h e  key beze l . and  a  red  LED i n  t h e  upper r i g h t  corner.  
The P o l a r i t y  switch and LEDs a r e  used t o  test l i n e  p o l a r i t y .  The 
procedure f o r  conducting a p o l a r i t y  check is  explained i n  2.02. 

Note: The Dracon TS21 i s  no t  p o l a r i t y  s e n s i t i v e .  The t e s t  
set w i l l  funct ion  normally when connected t o  t h e  l i n e  
i n  e i t h e r  p o l a r i t y .  

1.06 Mute Switch ( o p t i o n a l ) :  The Mute switch i s  loca ted  on t h e  
i n s i d e  of t h e  handgrip, j u s t  above t h e  t r ansmi t t e r .  When 

pressed,  t h i s  but ton  mutes t h e  t r a n s m i t t e r ,  thereby allowing 
b e t t e r  aud ib le  recept ion  i n  noisy areas .  

2. OPERATION 

2.01 Signal ing:  

(1) Pos i t ion  t h e  Talk/Monitor switch t o  " M a t ,  
(The Network and Mode switch may be i n  e i t h e r  pos i t ion . )  

( 2 )  Connect t h e  test  c l i p s  t o  t h e  t i p  and r i n g  of 
t h e  c i r c u i t  t o  be used and i n s u r e  t h a t  it i s  i d l e .  

( 3 )  P o s i t i o n  t h e  Network switch t o  e i t h e r  pos i t ion .  

( 4 )  P o s i t i o n  t h e  Mode switch t o  t h e  type of s i g n a l i n g  
required.  ("TONE" f o r  DTMF of  "PULSE" f o r  d i a l  
pulse .  ) 

( 5 )  P o s i t i o n  t h e  Talk/Monitor switch t o  "T" and v e r i f y  
t h a t  a  d i a l  tone  i s  received (when furn ished) .  

(6)  Enter  t h e  d e s i r e d  number on t h e  keypad. 

Note: When "PULSE" i s  s e l e c t e d ,  t h e  number may 
be keyed i n  a t  any r a t e .  ~ i g i t s  w i l l  automatical ly  
outpulse  a t  t h e  c o r r e c t  r a t e .  

( 7 )  To te rminate  t h e  c a l l ,  r e t u r n  t h e  Talk/Monitor switch 
t o  "M". 

2.02 P o l a r i t y  Check: 

(1) P o s i t i o n  t h e  Talk/Monitor switch t o  "M". 
(The Network and Mode switch may be i n  e i t h e r  pos i t ion . )  

( 2 )  Connect t h e  t e s t  c l i p s  t o  t h e  t i p  and r i n g  of t h e  
c i r c u i t  t o  be used and i n s u r e  t h a t  it i s  i d l e .  



(3)  P ress  t h e  P o l a r i t y  button: 

Line 

I f  t h e  red  LED i l lumina tes ,  t h e  red  t e s t  c l i p  i s  
connected t o  t h e  t i p  (+) and t h e  black t o  t h e  r i n g  ( - ) .  

I f  t h e  amber LED i l lumina tes ,  t h e  red  test c l i p  i s  
connected t o  t h e  r i n g  (-) and t h e  black t o  t h e  t i p  (+). 

Caution: Operation of t h e  P o l a r i t y  but ton on a busy 
c i r c u i t  may cause annoying c l i c k s  o r  s e r v i c e  i n t e r r u p t i o n s .  

(1) P o s i t i o n  t h e  Talk/Monitor switch t o  "M". 
(The Network and Mode switch may be i n  e i t h e r  pos i t ion . )  

( 2 )  Connect t h e  test c l i p s  t o  t h e  t i p  and r i n g  of t h e  
c i r c u i t  under test. 

Note: With t h e  Talk/Monitor switch set t o  "M" , a high 
impedance condi t ion  i s  es tab l i shed  which allows monitoring 
o r  t e s t i n g  without  d i s rup t ing  t r a f f i c  on t h e  l i n e .  

3. TEST SET DISASSEMBLY 

3.01 To Open t h e  Case: 

(1) Remove t h e  f i v e  screws t h a t  hold t h e  case together .  

(2 )  Separate  t h e  two p a r t s  of t h e  case and l a y  them 
cord end toward you, PC board t o  your l e f t .  

CAUTION: The f r o n t  p a r t  of t h e  case w i l l  b ind 
around t h e  Talk/Monitor switch. U s e  g e n t l e  
p ressu re  t o  f r e e  it. 

Note: Arranging t h e  two p a r t s  of t h e  case a s  descr ibed 
i n  #2 above w i l l  reduce t h e  r i s k  of a c c i d e n t a l l y  p u l l i n g  
loose  t h e  r e c e i v e r  o r  t r a n s m i t t e r  w i r e s .  

3.02 To Free t h e  PC Board: 

(3)  Remove t h e  screws t h a t  connect t h e  l i n e  cord l eads  
t o  t h e  c i r c u i t  board. 

3.03 To Remove t h e  Line Cord: 

( 4 )  Remove t h e  screw t h a t  f a s t e n s  t h e  cord s t r a i n  r e l i e f  
b r a i d  t o  t h e  case.  

(5) L i f t  t h e  c i r c u i t  board s l i g h t l y  and p u l l  t h e  cord 
l eads  and stay-connect b r a i d  o u t  of t h e  case.  



3.04 To Remove t h e  Transmitter:  

( 6 )  Remove t h e  t h r e e  p h i l l i p s  screws from t h e  
t r a n s m i t t e r ' s  p l a s t i c  r e t a i n e r .  

(7) Remove t h e  p l a s t i c  r e t a i n e r .  

( 8 )  Remove t h e  t r ansmi t t e r .  

(9 )  Remove and inspec t  t h e  rubber gasket .  (Replace 
t h e  gasket  i f  necessary.)  

3.05 To Remove t h e  Receiver: 

(10) Loosen t h e  r ece ive r  terminal  screws and disconnect 
t h e  spade connectors from t h e  rece iver .  

(11) Remove t h e  t h r e e  p h i l l i p s  screws from t h e  r e c e i v e r ' s  
p l a s t i c  r e t a i n e r .  

( 1 2 )  Remove t h e  r e t a i n e r .  

(-13) Remove t h e  rece iver .  

(14) Remove and i n s p e c t  t h e  rubber gasket.  (Replace 
t h e  gasket  i f  necessary.)  



T S - 2 1  PARTS L I S T  

BD. 
REF. 

M e t a l  

U 1  

u 2  

u3 

u 4  

T 1  

Y 1  

Y2 

B R 1  

Q 9  

Q 5  

43 

Q 4 , 6  

Q 1 , 2 , 8 , 1 0  

VR2 

CR3 

CR5 

C R 1  

C R 1 4 , 1 5  

C 2  

C 3  

C 4  

C 6  

C 7 , 8  

C 9  

C10 

DESCRIPTION 

C o n n e c t o r ,  F lex C a b l e  

I. C. H e x  Inver ter  (CMOS) 

I . C .  T o n e  D i a l e r  

I . C .  P u l s e  D i a l e r  

SIP R e s i s t o r  P a k ,  1 Meg, &W, 5% 

T r a n s f o r m e r  

C r y s t a l  3 . 5 7 9 5 4 5  MHz 

R e s o n a t o r ,  C e r a m i c ,  4 5 5  KHz 

R e c t i f i e r ,  B r i d g e  

T r a n s i s t o r  

T r a n s i s t o r  

T r a n s i s t o r  

T r a n s i s t o r ,  Selected 

T r a n s i s t o r  

D i o d e ,  Z e n e r ,  3 . 9 V  

V a r i s t o r ,  MOV 

V a r i s t o r  

D i o d e ,  S ignal  

D i o d e  

C a p a c i t o r ,  C e r m ,  . 0 0 2 u f ,  2 2 0 % ~  1KV 

+ C a p a c i t o r ,  T a n t ,  1 0 0 u f ,  , 2 0 % ,  . 1 0 V  

C a p a c i t o r ,  C e r m ,  .Oluf,  f 5 % ,  lOOV 

C a p a c i t o r ,  C e r m .  4 7 0 0 p E .  + l o % ,  lOOV 

C a p a c i t o r ,  C e r m ,  1 0 0 p f ,  i 2 0 % ,  5 0 V  

C a p a c i t o r ,  C e r m ,  l u f ,  f 2 0 % ,  5 0 V  

C a p a c i t o r ,  C e r m ,  .O luf ,  t 2 0 % ,  5 0 V  



C a p a c i t o r ,  Cerm, . 033u f ,  f 2 0 % ,  50V 

R e s i s t o r ,  Ca rb ,  1 0 0 u f ,  f 5 % ,  %W 

R e s i s t o r ,  Ca rb ,  2.7K, 2 5 % ,  $W 

R e s i s t o r ,  C a r b ,  10K, f 5 % ,  $W 

R e s i s t o r ,  Ca rb ,  27K, +5%, %W 

R e s i s t o r , C a r b ,  47K, f 5 % ,  $W 

R e s i s t o r ,  Ca rb ,  330K, k 5 % ,  $W 

R e s i s t o r ,  C a r b ,  470K, 2 5 % ,  $W 

R e s i s t o r ,  C a r b ,  1 8 0  , f 5 % ,  $W 

R e s i s t o r ,  W.W.,  1.5K, f 5 % ,  2W 

R e s i s t o r  W.W.,  5 1  f 5 % ,  3W 

R e s i s t o r ,  W.W.,  330 , 2 5 % ,  3W 

R e s i s t o r ,  W.W., 1 0 0  , f 5 % ,  5W 

S w i t c h ,  P.B. Momentary - P o l a r i t y  

Conformal  C o a t i n g  

Cove r ,  P l a s t i c ,  RCVR/XMTR, L i g h t  B l u e  H a l f  

R e t a i n e r ,  R e c e i v e r  

R e t a i n e r ,  T r a n s m i t t e r  

T e r m i n a l ,  S p r i n g  

R e c e i v e r ,  T e l e p h o n e  

T r a n s m i t t e r ,  T e l e p h o n e  

Washer, R e c e i v e r ,  Neoprene 

S w i t c h ,  DPDT, T/M 

I n s e r t ,  B r a s s  #6 ,  Type H 

Washer, XMTR, N o  S t i c k  Type 

T e r m i n a l ,  S p a d e ,  Rec. Lugs  

D iode ,  Zener, 2.7V, ? l o % ,  +W 

059-20018-140 

060-01003-041 

060-02704-041 

060-01005-041 

060-02705-041 

060-04705-041 

060-03306-041 

060-04706-041 

060-01803-041 

062-21504-044 

062-25102-045 

062-23303-045 

062-21003-046 

034-20062-259 

DOW-RTV 

035-21823-000 

035-21837-001 

035-21836-001 

020-21841-001 

091-20085-053 

091-20085-052 

036-21830-001 

034-20062-995 

025-Temp80-040 

036-21861-001 

037-20015-154 

074-20017-003 



Varistor 

Cork, Shoulder Support 

Clip,  B e l t  

Retainer, Keyboard, Gold Plate  

Bezel ,  Metal Plate  

Assy Cable, Linecord 

Keypad, MATRIX 

Switch, DPDT, BBM, ON-ON 

Diode, Light Emitting, Red 

Diode, Light Emitting, Yellow 

Extrusion, U-Channel 1" 

Capacitor, C e r m ,  1 .5uf ,  50V 

Fastener, Self-Retaining 

Mute Switch - Mounts on Housing 

Capacitor, Cerm,  .Oluf, *20%, 50V 
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* 

SPECIAL INSTRUCTION 
SUBJECT % 

Field Modification 

This instruction provides for the repair of test set models 
21800-000 through 21800-008 where the plastic housing has 
failed at the line cord mounting stand-offs. This alternate 
line cord fastening method consists of a 4-40 x 3/8" pan head 
machine screw, a #4 flat washer and a #4 hex nut. 

Although the P.C. board will now float within the housing, 
it will not present any problems since the board cannot move 
far enough to cause any damage. Remember to install the 
line-cord spade tip under the flat washers when making this 
alteration. 

DRACON PART NUMBERS 

4-40 x 3/8" machine screw 
8 4  flat washer 

#4 lock washer 

# 4  hex nut 

0 

1 
---- - 
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1-m A FARWON COMPANY DEV E N G R  NO 104.01 R E V  01 

51 NO. 

EFFECTIVE DATE 

SPECIAL INSTRUCTION 

Thi s  i n s t r u c t i o n  o u t l i n e s  t h e  upda t ing  o f  t e s t  set models 
21800-000 th rough  -008 where t h e  da rk  b l u e  h a l f  i s  t o  be  r ep l aced .  

An improved housing i s  now a v a i l a b l e .  However, s e v e r a l  modif ica-  
t i o n s  are r e q u i r e d  t o  adap t  t h e  o l d  p r i n t e d  c i r c u i t  board  t o  t h e  
new da rk  b l u e  h a l f .  

1. The r i n g  s i d e  o f  t h e  P.C. board  must be  e longa t ed  s l i g h t l y  
t o  a l l o w  f o r  t h e  a t t achment  of  t h e  l i n e  cord  t o  t h e  da rk  
b l u e  h a l f .  See Diagram B-1. 

2. The P.C. board  must be updated  t o  a c c e p t  t h e  new s t y l e  
keypad. See i n s t r u c t i o n  C;  b u t  d i s r e g a r d  s t e p  #6 .  

3 .  The new keypad shou ld  be  mounted t o  t h e  da rk  b l u e  h a l f  
b e f o r e  s e c u r i n g  t h e  t i p  and r i n g  l e a d s  t o  t h e  P.C. board.  

P l e a s e  n o t e  t h a t  t h e  network sw i t ch  i s  now l a b e l e d  keypad,  b u t  
s t i l l  s e r v e s  t h e  same f u n c t i o n .  

Order ing  In format ion :  

Dark Blue Half  P/N 024-21863-002 

L i g h t  Blue Half P/N 024-21862-002 

Keypad P/N 024-21875-001 

(Both Dark and L i g h t  b l u e  h a l v e s  c o n s t i t u t e  one hous ing)  

 SHEET 1 OF 2 . 
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A R e s i s t o r  R27 u s e d  on -002 a s s y .  o n l y  

F I L E  OR G R I N D  OUT M A T E R I A L  .ONLY 

FROM THE 3 O'CLOCK TO 5 O'CLOCK 

P O S I T I O N  U N T I L  MOUNTING HOLE 

C 
A 

A 

kh S e c u r e  Y1 as shown i n  v i ew A-A w i t h  R W  

. 

- 

' 
A s e n d  Y2 as f a r  a s  s u r r o u n d i n g  cornponeuts w i t h  HTV 

SHEET 2 of 2 
. - - - - - - - - - - - - . - . -  



51 NO. 

EFFECTIVE DATE 

C 

SPECIAL INSTRUCTION 

For updat ing t e s t  s e t  models 21800-000 through -008 t o  t h e  l a t e s t  
v e r s i o n  keypad, perform t h e  fol lowing modi f ica t ions :  

1. Cut t h e  c i r c u i t  t r a c e  of keypad p i n  1 on top of t h e  board.  
(See below) 

2. Cut t h e  c i r c u i t  t r a c e  of keypad p i n  8 on bottom of board.  
(See below) 

3. Add 30 AWG i n s u l a t e d  wi re  from keypad p i n  1 t o  p i n  3 of 
I . C .  u2. 

4. Add 30 AWG i n s u l a t e d  wire  from keypad  in 8 t o  p i n  5 of 
I . C .  u2. 

5. Add 30 AWG i n s u l a t e d  wi re  from p i n  9 of keypad r ibbon c a b l e  
t o  pad El2 on P.C. board.  

6 .  Add 30 AWG i n s u l a t e d  wi re  from p i n  10 of keypad r ibbon c a b l e  
t o  pad E20 on P.C. board.  

7. P l ace  new keypad i n t o  t h e  dark b l u e  h a l f  and secure  i n  
p l a c e  w i t h  t h e  s p e c i a l  r e t a i n e r  and use  t h e  new screws.  

8 .  Remove o l d  keypad connector p i n s  and s o l d e r  new keypad l eads  
t o  t h e  P . C .  board.  Renew RTV coa t ing  over t h e  exposed p i n s .  

Ordering Informat ion KEYPAD KIT 23(575-(300 COPITAIYS TXi3 FOLLOWING: 

Reta ine r  PIN 020-21877-001 

Keypad PIN 024-21875-001 

Screws PIN 025-20256-006 

1 1 
1)  Cut between X ' s  

2) Make similar cut on underside of board. 
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