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C 6

CHANGE HEADQUARTERS
DEPARTMENT OF THE ARMY

No. 6 WAS H I N GTON , D.C. 17 Decem ber 1973

TEST SET TS-27B/ TSM

TM 11-2057A, 9 October  1952, is changed as follows:
Page 1, paragraph  1.1. Delete paragraph  1.1 and subst itu te:

1.1 Indexes of Publications
a. DA Pam  310-4. Refer  to the la test  issue of DA Pam 3104 to

determine whether  there a re new edit ions, changes, or  addi-
t iona l publica t ions per ta in ing to the equipment .

b. DA Pam  310-7. Refer  to DA Pam 310-7 to determine
whether  there a re modifica t ion  work orders (MWO’s) per ta in ing
to the equ ipment .

Paragraph  2. Delete paragraph  2 and subst itu te:

2. Maintenance Forms and Records
Maintenance forms, records, and repor t s which  a re to be used
by main tenance personnel a t  a ll main tenance levels a re listed
in  and prescr ibed by TM 38-750.

2.1. Reporting of Errors
The repor t ing of er rors, omissions, and recommenda t ions for
improving th is publica t ion  by the individua l user  is encouraged.
Repor t s should be submit ted on  DA Form 2028, Recommended
Changes to Publica t ions, and forwarded direct  to Commander ,
US Army Elect ronics Command, ATTN: AMSEL-MA-C, For t
Monmouth , NJ  07703.
Page 4. After  paragraph  5 add:

5.1. Components Comprising the Operable End Item
FS N QT Y N om enclature,part N o. and  m fr code

NOTE

T h e  p a r t  n u m b e r  i s  f o l l o w e d  b y  t h e  a p p l i c a -

b l e  5 - d i g i t  F e d e r a l  s u p p l y  c o d e  f o r  m a n -

u f a c t u r e r s  ( F S C M )  i d e n t i f i e d  i n  S B  7 0 8 - 4 2

a n d  u s e d  t o  i d e n t i f y  m a n u f a c t u r e r ,  d i s -

t r i b u t o r ,  o r  G o v e r n m e n t  A g e n c y ,  e t c .
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Fs.v
5995-405-5519

6625-545-8229

6625-261-4172
6625-2554658
6135-533-6213

Qn’ .Vomcnclature,  Paii .Vo. and otlr code

1 Cable Assembly,  Special Purpose,  Electrical:  51 in. IG
D-168841; 64959

1 Chart Set,  Calibration: c/o o each of the  following  No.
SC-D-1155*G, SGD-11559-F, SC-D-1 1560-~,
SGD-11561-F,  SCD-11562-F,  and SGD-11563-D;
80063

3 Lead, Test: uses  wire WS16/U;  Black; 5 ft Ig
2 Lead, Test: uses  wire WS-17/U;  red; 5 ft IR
1 Retainer,  Battery:  hold batt and make contact;

SM-C-126074;  80063
N O TE

T h e  a b o v e  c o m p o n e n t s  a r e  a l l  p r o c u r e d

f r o m  U n i v e r s a l  E l e c t r i c  C o .  O r d e r

2 2 5 2 4 - P - 5 1  a n d  6 9 4 6 - P - 5 1 ;  G e n e r a l  C o m -
m u n i c a t i o n  C o .  1 6 1 9 0 - P - 5 5  a n d  2 1 5 1 4 - P - 5 6 ;

A l b e r t  M f g  C o r p  O r d e r  2 5 6 5 8 - P - 5 4 ,  a n d  A r -

t i s a n  E l e c t r o n i c s ,  O r d e r  2 9 1 6 0 - P - 5 8 .

Page 73, appendix III. Delete appendix III and subst itu te:

A PPENDIX III

BASIC  ISSUE ITEM S LIST (BIIL) AND ITEM S TRO O P

INSTA LLED O R A UTHO RIZED LIST ( ITIA L)

Sec tion I. INTRODUCTION

1. Scope.
This appendix list s on ly basic issue it ems required by the
crew/opera tor  for  insta lla t ion , opera t ion , and main tenance of
Test  Set  TS-27B/TSM.

2. Genera l.
This Basic Issue Items and Items Troop Insta lled or  Author ized
List  is divided in to the following sect ions:

a. Basic Issue Item s L ist-S ection  II. A list , in  a lphabet ica l
sequence, of it ems which  a re furn ished with , and which  must  be
turned in  with  the end it em.

b. Item s T roop Installed  or Authorized  L ist-S ection  III. Not
a pplica ble.

3. Explanation of Columns.
The following provides an  explana t ion  of columns found in  the
tabula r  list ings:

a. Illustration . This column is divided as follows:
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(1) F igure num ber. Indica tes the figure number  of the il-
lust ra t ion  in  which  the it em is shown.

(2) Item  num ber. Not  applicable.
b. Fed era l  S tock  N u m ber. In d ica t es  t h e  F eder a l s t ock

number  assigned to the it em and will be used for  requisit ion ing
purposes.

c. Part N um ber. Indica tes the pr imary number  used by the
manufacturer  (individua l, company, firm, corpora t ion , or  gov-
ernment  act ivity), which  cont rols the design  and character ist ics
of the it em by means of it s engineer ing drawings, specifica t ions
standards, and inspect ion  requ irements, to iden t ify an  it em or
range of it ems.

d . Fed era l  S u pp ly  Cod e for  M an u factu re (F S C M ).  T h e
FSCM is a  5-digit  numer ic code used to iden t ify the manufac-
turer , dist r ibu tor , or  Government  agency, etc., and is iden t ified
in  SB 708-42.

e. Descrip t ion . In dica t es  t h e F eder a l it em  n a m e a n d a
min imum descr ipt ion  requ ired to iden t ify the it em.

f. Unit of Measure (U/ M). Indica tes the standard of basic
quant ity of the listed it em as used in  per forming the actua l
main tenance funct ion . This measure is expressed by a  two-
character  a lphabet ica l abbrevia t ion , (e.g., ea , in ., pr , etc.). When
the un it  of measure differ s from the un it  of issue, the lowest
unit  of issue tha t  will sa t isfy the required un it s of measure will
be requisit ioned.

g. Quantity Furnished  with  Equipm ent (Basic Issue Item s
Only). Indica tes the quant ity of the basic issue it em furn ished
with  the equipment .

4. Special Information.
Usable on  codes a re included in  Column 5. Uncoded it ems a re
applicable to a ll models. Iden t ifica t ion  of the usable on  codes
are as follows:

Code Used on

1 Refer s t o TS-27B/TSM procured  from Universa l E lect r ic Co. order

22524-P-51 and 6946-P-51.

2 Refers t o TS-27B/TSM procured  from Genera l Communica t ions Co.

1619@P-55 and 21514-P-56.
h Refer s t o TS-27B/TSM procured from Alber t Mfg Corp  Order

2565S-P-54.

4 Refer s t o TS-27B/TSM .4r t isan E lect ron ics, Order  29160-PP-58.
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By Order of the Sec reta ry of the Army:

Officia l:
VERNE L. BOWERS
Major General, United  S tates

Arm y
T he Adju tant General

Distribution:

Active Army

USASA (2)
CNGB  (1)
ACSC-E (2)
Dir of Trans (1)
COE  (1)
TSG  (1)
USAARENBD (1)
USAMB (10)
AMC (1)
TRADOC (2)
ARADCOM  (2)
ARADCOM  Rgn  (2)
OS Maj Cored  (4)
LOGCOMDS  (3)
MICOM  (2)
TECOM (2)
USACC  (4)
MDW (1)
Armies  (2)
Corps  (2)
HISA (ECOM) (21)
Svc Colleges  (1)
USASESS  (5)
USAADS  (2)
USAFAS  (2)
USAARMS (2)
USAIS  (2)
USAES  (2)
USAINTS  (3)
WRAMC  (1)
USACDCEC  (10)
ATS  (1)
USASES  (2)
USASA-PAC (2)
USAAESWBD  (1)
Army  Depot  (2) except

LBAD  (14)

CREIGHTON W. ABRAMS
General, United  S tates

Arm y
Chief of S taff

SAAD  (30)
TOAD  (1)
ATAD  (10)

Inst l (2) except
For t  Gordon  (10)
For t  Huachuca  (10)
WSMR (1)
Ft  Richardson

(ECOM  Oft) (2)
USA Dep  (2)
Sig Sec USA Dep  (5)
Sig Dep  (5)
Sig FLDMS  (1)
USAERDAA (1)
USAERDAW  (1)
MAAG (1)
USARMIS  (1)
Units  org  under  fol TOE:

(1 copy  each  un it )
6-100
6-200
 6-201
6-300
6-302
6-401
6-501
6-575
6-576
7
11-16
11-25
11-36
11-35
11-37
11-38
11-39
11-95



● 11-97
● 11-98
11-117
11-158
11-215
11-217
11-218
11-237
11-500( AA-AC)
17
29-1
29-15
29-16
29-17
29-21
28-25

29-26
29-27
28-35
29-36
29-37
29-51
29-55
29-56
29-136
30-25
30-26
32-500
37
39-51
57

N G: St a t e AG (3)
U S A R : N o n e

For  explana t ion  of abbrevia t ions used, see AR 310-50.
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DEPARTMENTS OF THE ARMY
AND THE AIR FORCE

WASHINGTON 25, D. C., 9 October 1952
TM 1l-2057A/TO 16-35TS27-6 is published for  the in format ion

and guidance of a ll concerned.
[AG 413.6 (17 Sep 32) ]

BY ORDER OF THE SECRETARIES OF THE ARMY AND THE AIR F ORCE:

OFFICIAL: J . LAWTON COLLINS
WM. E. BERGIN Chief of S taff, United  S tates Arm y
Major General, US A
T he Adju tan t General

OFFICIAL: HOYT. S. VANDENBERG
K. E. THIEBAUD Chief of S taff, United  S tates Air Force
Colonel, US AF
Air Adju tan t General

DISTRIBUTION:
Active Arm y;

Tech Svc (1) ; Tech  Svc Bd (1) ; AFF Bd (ea  Svc Test
See) (1) ; AFF (5) ; AA Cored (2) ; OS Maj Cored (5)
except  USARPAC & USARCARIB (10) ; Base Cored (5) ;
Log Cored (5) ; A (20); MDW (5) ; CHQ (2) ; FT (2);
USMA (5) ; Sch  (5) except  11 (25) ; PMS & T 11 (1);
Gen  Dep (2) ; Dep 11 (20) except  Sig See, Gen  Dep (10) ;
Tng Div (2) ; POE (10), OSD (2) ; Lab 11 (5) ; Mil Dist
(3); 4th  & 5th  Ech  Main t  Shops 11 (3) ; Two (2) copies
to each  of the following T/O & E’s: 6-10N; 6-12; 6-75;
6-77; 6-101; 6-200; 6-201; 6-301; 6-501; 7N; 11-15N;
11-25; 11-57N; 11-65; 11-67; 11-95; 11-107; 11-127A;
11-128; 11-500 CA-CD, GA-GX; 11-537; 11-587; 11-592;
11-597; 17N ; 20-300 ; 57.

N G: Same as Act ive Army except  one copy to each  unit .
OR C: Same as Act ive Army except  one copy to each  unit .
For  explana t ion  of dist r ibu t ion  formula , see SR 310-90-1.
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1. Scope

C HAPTER I

IN TRO DUC TIO N

Section I. GENERAL

a . These inst ruct ions a re published for  the informat ion  and guidance
of the personnel to whom the equipment  is issued. They conta in  in -
format ion  on  the opera t ion , organiza t iona l main tenance, and field
maintenance of the equipment , as well as a  discussion  of the theory of
opera t ion . They apply only to Test  Set  TS-27B/TSM.

b. Appendix I conta ins a  list  of current  references, including supply
ca ta logs, t echn ica l manua ls, and other  ava ilable publica t ions applicable
to the equipment . Appendix II conta ins an  ident ifica t ion  table of par t s.

2. Forms and Records

The following forms will be used for  repor t ing unsa t isfactory condi-
t ions of Army equipment  and in  per forming prevent ive main tenance:

a . DD Form 6, Repor t  of Damaged or  Improper  Shipment , will be
filled out  and forwarded as prescr ibed
AFR 71-4 (Air  Force).

b. DA AGO Form 468, Unsa t isfactory
filled out  and forwarded to the Office of
prescr ibed in  SR 700-45-5.

in  SR 745-45-15 (Army) and

Equipment  Repor t , will be
the Chief Signa l Officer , a s

c. AF Form 54, Unsa t isfactory Repor t , will be filled ou t  and for -
warded to Commanding Genera l, Air  Mater iel Command, Wright -
Pa t terson  Air  Force Base, Dayton , Ohio, as prescr ibed in  SR 700-45-5
and AFR 65-26.

d. Use other  forms and records as au thor ized.
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Section II. DESCRIPTION AND DATA

3. Purpose

Test  Set  TS-27B/TSM provides a  means of test ing wire communica t ion
lines and of loca t ing fau lt s in  such  lines. It  may be used for  direct
measurements of conductor  and insula t ion  resistance and for  the lo-
ca t ion  of grounds, crosses, and shor t s. It  a lso may be used for  the
measurement  of capacit ance and for  the loca t ion  of opens in  wire lines.

4. Tabulated Data

Measurements:
Resist ance . . . . . . . . . . . . . . . . . . . . 0 to 50 megohms.
Capacit ance . . . . . . . . . . . . . . .075 to 3.0 microfa rads.

Accuracy:
Resist ance measurements . . . . . . . . . . . . . ohms ±2.0%.

ohms x 100 ±5.0%.
Capacit ance measurements . . . . . . . . . . . . . . . ±5.0%.

Power  Supply:
Externa l . . . . . . . . . . . . . . . . . . . . . . . . . .. none
In terna l . . . . . . . . . . . . . . . . . . . . 1.5 v, 4.5 v, 90 v .

Oscilla tor  frequency . . . . . . . . . . . . . . . . 20 cps ±3 cps.

5. Packaging Data and Tables of Components

a . DOMESTIC. When packed for  domest ic sh ipment  one Test  Set
TS-27B/TSM is placed in  a  moisture-vapor-proof conta iner . Three
of these conta iners a re then  placed in  a  wooden  sh ipping conta iner .
A typica l illust ra t ion  for  domest ic sh ipment  is shown in  figure 2.
The size, weight , and volume are shown in  the table below.

1Unit
Number Height Width Depth Volu m e Weigh t
of Unit s Con t en t s ( I n . ) (In .) (In .) (cu . ft .) (Lb.)

3 Test  Set 16-1/2 17-3/4 36 6.11 147
TS-27B/
TSM

b. EXPORT. Packaging of the Test  Set  TS-27B/TSM for  expor t
shipping is the same as for  domest ic sh ipping.

2



Figure 2.
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c. TABLE OF COMPONENTS,

Dim e n sion s  (In ch e s)
Qu an tity

1

Com pon e n t

Test  Set  TS-27B/TSM
Consist ing of

1 Case

1 Capacitance-Resistance
Br idge

1 Cont rol panel

5 Test  leads

2 Ba t ter ies 45-v, BA-59

2 Bat ter ies 45-v, BA-63

1 Ba t tery 4-1/2 v, BA-31

2 Bat ter ies 1-1/2 v, BA-30

1 Ba t tery 1-½  v, BA-15-A

1 Patch  cord

Heigh t

9

9

Widt h

13

13

3-1/2

3-1/2

Weigh t
(Lbs )

23

10 oz

4 oz

6. Description

a . Test  Set  TS-27B/TSM (fig. 1) compr ises a  single self-conta ined
unit  which  is supplied complete with  five leads for  making rapid con-
nect ions to wire communica t ion  lines and a  cord for  use when  it  is
more convenient  to plug in to a  switchboard than  to connect  direct ly to
the line being tested. Two spare vacuum tubes a lso a re furn ished with
the un it .

b. The unit  is conta ined in  a  por table water t ight  car rying case 13-1/2
inches long, 13 inches wide, and 9 inches h igh . The unit , complete
with  a ll accessor ies, weighs approximately 30 pounds. A circu it  dia -
gram is fastened to the inside of the case, below the test  set . All
wir ing with in  the test  set  is color -coded or  marked to a id in  t racing
circu it s and in  loca t ing fa ilu res. All components a re marked by the
same circuit  symbol used in  the circuit  diagram to facilita te replace-
ment  if necessary. Tabula ted da ta  to a id in  the rapid loca t ion  of line
t roubles a re con ta ined on  the inside of the case lid in  a  cha r t  a ssembly.
The da ta  a lso includes char t s for  conver t ing dia l sca le divisions to
m icr ofa r a ds. A char t  of condensed inst ruct ions is pasted to the lid
just  under  the char t  a ssembly, and is a lso shown as fig. 30 a t  the end
of th is manua l.
4



c. Test  Set  TS-27B/TSM is a  form of Wheatstone br idge powered by
dc (direct  cur ren t ) obta ined from dry-cell ba t ter ies. It  is used for
measur ing conductor  and insu la t ion  resist ance and for  loca t ing grounds,
crosses, and shor t s. When the test  set  is used for  measur ing capaci-
tance and to loca te opens, 20-cycle ac (a lterna t ing current ) is supplied
by a  vacuum-tube oscilla tor . Two 45 volt  Bat ter ies BA-59 or  BA-63
in  ser ies a re used to energize the br idge when making d-c measure-
ments. The vacuum tubes, which  a re used only for  a -c measurements,
receive pla te power  from the same two ba t ter ies ment ioned above tha t
are used for  d-c measurements. F ilament  power  is supplied either  by
a  single 1-1/2-volt  Ba t tery BA-15-A or  by two 1-1/2-volt  fla sh-ligh t
type Bat ter ies BA-30 connected in  para llel. Gr id bias is supplied by
a  4-1/2-volt  Ba t tery BA-31. An adapter  is provided for  Ba t ter ies
BA-30 so tha t  they can  be subst itu ted readily for  Ba t tery BA-15-A.
Two pa ir s of binding posts, T and R of PR-1 and T and R of PR-2,
provide a  means of connect ing two pa ir s of wires to the test  set
simultaneously. Binding posts TEL are provided for  connect ing a
telephone in to the line circu it s under  test . A ground binding post  is
provided a lso. Two cam lever  switches permit  switch ing either  pa ir
of line test  binding posts to the test  circuit  or  to the telephone. These
two switches a re designa ted PR-1 TEST--TALK and PR-2 TEST --
TALK. Four  push  switches a re used. Three of these switches (OHMS,
OHMS X100, and MEGOHMS) a re used in  connect ion  with  d-c measure-
ments. The four th  switch , designa ted OPENS, is used only for  a -c
measurements. A view of the test  set  with  the cover  ra ised is shown
in  figure 1.

SAFETY NOTICE

Th e re  is  n o  dan ge r of h arm fu l sh ock from  Te st Se t TS-27B/
TSM be cau se  th e  se t  is  e n e rgize d  e n tire ly  by  batte rie s , bu t on e
of th e  lin e s  to  be  te s te d  m ay form  across  w ith  a  h igh -te n s ion
pow e r lin e . Th is  m ay be  dan ge rou s  to  life  as  w e ll as  to  th e
te st se t. Be  care fu l. Han dle  lin e s  su spe cte d of carryin g h igh
voltage  cau tiou s ly  an d on ly  w h e n  h an ds  are  cove re d w ith  m a-
te ria l h avin g a  h igh  in su latin g  qu ality . Te st th e  lin e s  for in -
dication  of vo ltage  be fore  con n e ctin g  th e m  to  th e  te s t  se t . Do
th is  by  tou ch in g  th e  bare  e n d of on e  lin e  of a  pair again st th e
e n d of th e  oth e r, an d th e  e n ds  of e ach  se parate ly  to  a  grou n d.
Note  w h e th e r th e re  is  an  arc  or spark. Cle ar a ll bin din g posts
w h e n  disasse m blin g  an y part of th is  e qu ipm e n t.
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C HA PTER 2

O PERA TIN G  IN STRUC TIO N S

Section I. SERVICE UPON RECEIPT OF MATERIEL

7. Uncrating and Unpacking

When uncra t ing and unpacking the equ ipment , avoid th rust ing tools in to
the in ter ior  of the sh ipping conta iner . Be carefu l not  to damage pack-
aging mater ia ls and conta iners any more than  is necessary; these
items may be required for  fu ture repacking. Carefu lly stow the in -
ter ior  packaging mater ia ls and conta iners with in  the wooden sh ipping
conta iner . When uncra t ing and unpacking, proceed as follows:

a . Unpack the equipment  in  a  loca t ion  where it  will not  be exposed to
dust , dir t , or  excessive moisture.

b. Cut  the meta l st raps with  a  su itable cu t t ing tool.

c. Remove na ils from the top of the sh ipping conta iner  (fig. 2) with
a  na il pu ller .

d. Carefu lly cu t  the tape and sea ls of the case liner , so tha t  the
waterproof paper  will be damaged as lit t le as possible.

e. Lift  ou t  the packaged equipment .

f. Carefu lly cu t  the tape, which  sea ls the flaps of the car ton , so tha t
the car ton  will not  be damaged.

g. Cut  the bar r iers and carefu lly remove the inner  car ton .

h . Open  the inner  box and remove the cush ioning mater ia l and the
desiccant .

i. Lift  ou t  the equipment .

j. Return  a ll in ter ior  cush ioning mater ia ls to the inner  ca r ton  for
re-use in  fu ture repacking of the equipment .
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8. Checking

a . Inspect  the ou tside of the ca r rying case for  signs of mechanica l
damage, such  as dents, broken  handle, or  broken  la tches.

b. Release the ca tches and remove the cover  from the case.

c. Thoroughly check the equipment  aga inst  the packing list  to see if
any par t  is missing.

d. Thoroughly inspect  the equipment  for  signs of possible damage
dur ing sh ipment .

Not e. When used equipment  is received, follow the same procedure
as out lined in  paragraphs 7 and 8 for  new equipment .

Section II. CONTROLS AND INSTRUMENTS

9. Controls

a . GE NE RAL.  All cont rols used in  opera t ing Test  Set  TS-27B/TSM
are loca ted on  the main  panel (fig. 3) of the equipment . The cont rols
are accessible a fter  the top cover  of the equipment  is removed.

b. GALVANOMETER.  The ga lvanometers is used to indica te the
set t ing of the var iable resistor  R22 which  will ba lance the capacitance-
resistance br idge of the test  set . The dia l of the ga lvanometers (10,
fig. 3) is graduated in  30 a rbit ra ry divisions, 15 divisions on  each  side
of zero. When the ga lvanometers poin ter  is opposite the zero in  the
center  of the sca le, the capacitance-resist  an te br idge is ba lanced.

c. GALVANOMETERS CLAMP. When not  in  use, the ga lvanometers
movement  must  be locked in  posit ion  to prevent  swinging of the needle
and the coil. The ga lvanometers clamp bu t ton  (2, fig. 3) locks the move-
ment  when the clamp is pushed toward the ga lvanometers knob. Move
the clamp away from the knob to release the ga lvanometers movement .

d. GALVANOMETER ZERO-SETTING KNOB. The ga lvanometers knob
(3, fig. 3) is used to set  the needle to the zero mark on  the sca le when
the needle is off zero with  no current  flowing through the meter  coil.
The knob is locked in  posit ion  by means of a  set screw (4, fig. 3) in
the side of the knob. To zero the ga lvanometer , place the test  set  on
a  level sur face, loosen  the setscrew in  the side of the knob, and move
the knob to cen ter  the needle on  the zero marking. Tigh ten  the set screw.

e. POTENTIOMETER (R22). Var iable resistor  R22 is used to ba lance
the resistance-capacitance br idge circuit . The set t ing of the slide-wire
poten t iometer  R22 is adjusted by means of the la rge round knob (9,
fig. 3) on  the inst rument  panel. As the knob is moved, the SLIDE-
WIRE DIAL loca ted direct ly above the knob moves in  the same direct ion .
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Figure 3.

1.
2.
3.

4.
5.

6.
7.
8.

10.
11.
12.

8

Bat tery compar tment  cover .
Ga lvanometers clamp bu t ton .
Ga lvanometers zero-set t ing

kn ob.
Ga lvanometers knob set screw.
Bat tery compar tment  cover

scr ew.
Test  lead compar tment .
SELECTOR switch  (S7).
SLIDE- WIRE DIAL (R22) .
SLIDE-WIRE DIAL (R22) knob.
Galvanometers dia l.
OPENS push  switch  (S1).
MEGOHMS push  switch  (S4).

13.
14.
15.
16.
17,
18.
19,

20.

21.
22.
23.

OHMS X100 push  switch  (S5).
OHMS push  switch  (S6).
TEL binding post  (E  1).
TEL binding post  (E2).
PR-2 binding post  R (E4).
PR-2 binding post  T (E3).
PR-2 TEST - TALK lever

switch  (S3).
PR - 1 TEST - TALK lever

switch  (S2).
PR-1 binding post  R (E6).
PR-1 binding post  T (E5).
Binding post  G (for  ground)

(E7).



f. SLIDE-WIRE DIAL. The dia l (8, fig. 3) loca ted direct ly above the
slide-wire knob indica tes the posit ion  of the poten t iometer . The dia l
has four  sca les A, B, C, and D. These let ters a re etched in  the plast ic
window which  protects the dia l and the wire tha t  forms the ha ir line.

(1)

(2)

(3)

(4)

Sca le A is divided in to 20 divisions marked from 0 to 100 in
equal steps of 5. When used with  the proper  conversion  char ts
(fig. 4 th rough  12), th is sca le is used to measure capacitance
and to loca te open circuit s in  communica t ion  lines (par . 17e).

Sca le B is divided in to 100 equa l divisions. The two ends of
the sca le a re marked 0, and the middle of the sca le is marked
100. On each  side of the 100 marking, the sca le is marked in
steps of 10 down to 0. This sca le is used to loca te shor t s and
crosses and is used as descr ibed in  paragraph  17b.

Sca le C is divided and marked coun terclockwise from 0 to 5000.
When  used in  con junct ion  with  OHMS push  switch  S6, the sca le
reads direct ly in  ohms and indica tes conductor  resistance up
to approximately 5,000 ohms. The sca le readings a lso may be
mult iplied by 100, and resistance va lues from about  500 to
500,000 ohms may be measured by using the sca le together  with
OHMS X100 push  switch  S5. On  th is h igher  sca le the va lues
obta ined may be used to indica te low insu la t ion  resistance.
Sca le C a lso may be used to indica te the approximate loca t ion
of shor t s or  crosses when the resistance per  mile of the con-
ductor  being tested is known, and a  good wire is not  ava ilable.

Sca le D is divided in  a  manner  simila r  to sca le C, except  tha t
the divisions a re marked from 0 to 50. This sca le is used in
conjunct ion  with  MEGOHMS push  switch  S4 and indica tes re -
sistance va lues in  the range of 0 ohms to 50 megohms. This
sca le is the one genera lly used for  insu la t ion  resistance
measurements.

g.  SWITCHES. Seven switches a re mounted on  the two panels of the
test  set . These switches a re used to change connect ions to the externa l
and in terna l circu it s. The reference symbols, S1 to S7, ment ioned in
subparagraphs (1) th rough (7) below refer  to figure 20.

(1)

(2)

Push  switch  S1 (11, fig. 3) is marked OPENS and is loca ted
near  the bot tom of the inst rument  panel. This key-type push
switch  changes connect ions to the ga lvanometers and the filament
circu it  of the vacuum tubes. The ga lvanometer s M1 is connected
in  para llel with  the slide-wire poten t iometer  R22 (fig. 19).
When OPENS push  switch  S1 is depressed, the test  set  is used
to measure capacitance and to loca te opens.

Lever  switch  S2 (20, fig. 3) is loca ted on  the cont rol panel and
is marked PR-1. The switch  is a  lever -type switch  which  has
two ON and one OFF posit ions. When  the switch  lever  is moved
to the side marked TALK, connect ions are made between the
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(3)

(4)

(5)

(6)

(7)

line under  test  and a  telephone set  which  can  be connected to
the termina l post s marked TEL. When the switch  lever  is
moved to the side marked TEST, the line being tested is con-
nected in  the t est  circu it  of the t est  set . Although  the equ ipment
is not  marked off, the normal posit ion  of the lever  switch  is the
off posit ion .

Lever  switch  S3 (19, fig. 3) is simila r  in  a ll r espect s to lever
switch  S2, except  tha t  it  is marked PR-2 and is used to make
connect ions to a  possible second pa ir  of lines to be tested or
to the pa ir  used for  ta lking.

Push  switch  S4 (12, fig. 3) is loca ted near  the bot tom of the
inst rument  panel. This push  switch  is marked MEGOHMS
and is used when measur ing resistances having va lues above
500,000 ohms. When  depressed, push  switch  S4 connects
1 -megohm precision  resistor  R19 (fig. 20) as the standard
and applies power  to the br idge.

Push  switch  S5 (13, fig. 3) is marked OHMS X100 and is simila r
to MEGOHM push  switch  S4. When depressed, push  switch  S5
connects precision  10,000-ohm resistor  R20 (fig. 20) as the
resistance standard for  measur ing resistances having va lues
between  5,000 ohms and 500,000 ohms, and applies power  to
the br idge.

Push  switch  S6 (14, fig. 3) is marked OHMS and is simila r  to
push  switch  S4. When depressed, push  switch  S6 connects
precision  100-ohm resistor  R21 (fig. 20) as the resistance
standard for  measur ing resistances having va lues below 5,000
ohms, and applies power  to the br idge.

SELECTOR switch  S7 (7, fig. 3) is a  two-wafer  rota ry selector
switch  tha t  can  be set  in to any one of four  posit ions by turn ing
the rectangula r  handle loca ted near  ga lvanometers M1. The
switch  is marked SELECTOR, and the four  posit ions a re marked
T-R, T-G, R-G, and GNDS. The SELECTOR switch  is used to
connect  the test  set  in  anyone of four  of the five possible basic
circuit s provided by the equipment .

10. Panel Connections

Test  Set  TS-27B/TSM is provided with  seven  binding posts mounted
on the cont rol panel. The binding post  in  the upper  r ight -hand corner
of the cont rol panel is marked G (23, fig. 3) and serves to connect  an
externa l ground to the test  set . The two binding posts marked T and R
of PR-1 (21 and 22, fig. 3) a re used to make connect ions to a  pa ir  of
lines being tested. Binding posts marked T and R PR-2 (17 and 18,
fig. 3) a re used to make connect ions to a  second pa ir  of lines when two
pairs a re to be tested a t  the same t ime, and, a lso, PR-1 is used for
test ing and PR-2 for  ta lking. The two binding posts marked TEL (15
and 16, fig. 3) a re used to connect  a  handset  to the test  set  when it  is
desired to ta lk over  a  line being tested.
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Section III. OPERATION UNDER USUAL CONDITIONS

CAUTION: To obta in  cor rect  readings, the opera tor  should be
thoroughly familia r  with  the theory of the equ ipment  (pa rs. 34 and 35).

11. Preparation for Use

a . Release the la tches and remove the cover .

b. Unclamp the ga lvanometers by sliding the clamp (2, fig. 3) forward,
aga inst  the direct ion  of the a r row.

Note. The reference symbols in  parentheses in  the legend of figure
3 cross references of symbols marked on  figures 19 and 26.

c. If necessary, adjust  the ga lvanometers needle to zero by loosening
the set screw (4, fig. 3) and turn ing the ga lvsnometer  knob (3, fig. 3).
Then  t igh ten  the set screw.

d. If the equipment  is to be used for  t rouble shoot ing on  communica-
t ion  lines in  the field, use the test  leads provided (fig. 1) for  making
firm connect ions to the lines to be tested. Clips a re provided a t  the
ends of these leads. These clips have sharp pins which  can  cut  through
the line insu la t ion  and st rong spr ings which  insure a  good elect r ica l
contact  with  the line. The other  ends of the leads a re provided with
probes. P lace the probes in  the proper  binding posts and fasten  them
firmly in  place.

CAUTION: Do not  use t est  picks or  poin ted test  clips on  Wire W-143.
Make test s on  Wire W-143 only a t  terminal st r ips, splices, or  a t  load-
ing coil connect ions.

e. When t rouble-shoot ing on  communica t ion  lines which  termina te
a t  a  switchboard, it  may be more convenien t  to use the pa tch  cord
(fig. 1) for  making connect ions to the lines under  test . The cord is
terminated a t  one end in  P lug P1-51 and a t  the other  end in  three cord
t ips. Inser t  the plug in to the switchboard jack to make connect ion  with
the line to be tested. Connect  the t ips a t  the other  end to the appropr i-
a te test  set  binding posts.

12. Definitions of Line Trouble

Fault s on  a  line may be of the following kinds:

a . One or  both  of the line conductors may be broken . This fau lt  is
ca lled a  break or  an  open . The na ture of the break may be such  tha t
the ends of the conductor  a re left  en t irely insu la ted or  the wire may
fa ll and it s insu la t ion  may be impaired so tha t  a  ground, a  cross, or  a
shor t  a lso may occur .
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b. One or  more  conductors of a  circuit  may accident ly come in  con-
tact  with  the ground (ear th). This fau lt  is ca lled a  ground.  A very low-
resistance ground is known as a  direct  ground. A h igh-resistance
ground (or  h igh-resistance cross) is known as a  leak or  escape.

c. Two conductors of a  line may accidenta lly make contact  with  each
other , and, as a  resu lt , form a  new pa th  for  cur ren t  flow. This fau lt
is ca lled a  shor t  circu it .

d . One or  both  conductors of a  line may be in  contact  with  one or
more conductors of other  lines. This fau lt  is known as a  cross,

13. Types of Operation

a . ONLY ONE FAULTY PAIR

(1)

(2)

(3)

(4)

(5)

(6)

Disconnect  a ll equ ipment  from the fau lty pa ir  a t  both  ends.

Connect  the fau lty pa ir  to binding posts T and R of PR-l; use
the leads furn ished with  the test  set .

Connect  a  ground to binding post  G. The ground connect ion  may
be made to a  meta l rod dr iven  in to the ear th  or  to a  grounded
pipe or  cable system.

Throw lever  switch  PR-1 to the TEST posit ion , and turn  the
SELECTOR switch  to T-R; a lso release the ga lvanometers clamp
but ton .

Mainta in  communica t ion  with  the distan t  end of the sect ion , if
possible, with  a  good pa ir  of wires. Connect  the good pa ir  to
binding posts T and R of PR-2 on  the test  set . Connect  a  tele-
phone to binding posts TEL and throw lever  switch  PR-2 to the
TALK posit ion , thus connect ing the telephone to the good line.

Inst ruct  the repa ir  man  a t  the distan t  end to have the fau lty pa ir
clea r  and open ; then  measure the insu la t ion  resist ance between
the two conductors (T-R) of the fau lty pa ir  and between  each
conductor  (T-G and R-G) and ground (T-G and R-G). Deta iled
methods of per forming these measurements a re expla ined in
paragraph  14a  and b. A rela t ively h igh  resistance in  a ll th ree
posit ions indica tes tha t  there is no insu la t ion  t rouble on  the pa ir
under  test . A low-insu la t ion  resistance reading between  two
conductors t ip and r ing may indica te a  shor t  circu it  between  the
two conductors of the pa ir . Low-insula t ion  resistance to ground
for  either  conductor  (T-G or  R-G) indica tes the possibility of
a  ground or  cross on  the conductor  or  conductors for  which  the
reading is low.
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(7) If a low reading is obtained, instruct the repair man at the
distant  end to shor t -circuit  the pa ir  under  test . Then measure
the loop resistance (par . 15). The resistance per  mile can  be
determined from the resistance da ta  (table I); the loop re-
sistance is known from the measurement  just  completed. The
approximate distance to the end of the line a lso is known. A
simple ca lcula t ion  will indica te whether  the loop resistance is
near ly correct . For  example, if the line is 5 miles long and the
loop resistance per  mile, according to the resistance da ta
table for  the type of cable under  test , is 84 ohms, then  the loop
resistance should be 420 ohms. An excessively h igh  va lue of
loop resistance indica tes an  open . Excessively low va lue of
loop resistance indica tes a  shor t . Thus by loop resistance and
insula t ion  resistance tests, it  is possible to determine whether
the line is open, shor ted, or  grounded.

b. MORE THAN ONE FAULTY PAIR.

(1)

(2)

(3)

(4)

Follow the procedure out lined in  subparagraph a  above for
every fau lty pa ir .

Next , connect  one fau lty pa ir  to binding posts T and R of PR-1.
Remove the ground connect ion  from binding post  G and connect
in  it s place both  wires from another  fau lty pa ir .

Then  proceed to measure insu la t ion  resistance (par . 14a  and
b). In  th is case, however , fir st  measure the insu la t ion  resis -
t ance between  the wire connected to binding post  T and the two
wires connected to G. This is done by set t ing the SELECTOR
switch  a t  T-G and proceeding with  inst ruct ions given  in  sub-
paragraph  14a . A low reading indica tes crosses between  the
wire connected to binding post  T and the wire connected to
binding post  G.

Next , set  the SELECTOR switch  a t  R-G and aga in  determine
the insula t ion  resistance. A low reading here indica tes crosses
between the wire connected to binding post  R and the wire con-
nected to binding post  G. Crosses a lways should be suspected
if the insu la t ion  resistance is abnormally low, par t icu la r ly in
the case of mult iple-conductor  wire or  cable, or  if t rouble de-
velops a t  the same t ime in  two pa ir s. In  such  cases, t est  for
crosses (par . 17 b and d ). Low-insula t ion  resistance between
any two conductors indica tes a  cross.

14. Measuring Insulation Resistance

a . ONLY ONE FAULTY PAIR.

(1) Open the faulty pa ir  a t  both  ends of the line and disconnect  a ll
equipment . Connect  the fau lty pa ir  to binding posts T and R of
PR-1. Connect  a  good pa ir , if ava ilable, to binding posts T and
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R of PR-2. This la t ter  connect ion  is made so tha t  communica-
t ion  may be mainta ined between the two test  poin ts. For  th is
purpose, connect  a  telephone to binding posts TEL.

(2) Throw lever  switch  PR-1 to the TEST posit ion  and lever  switch
PR-2 to TALK posit ion . Set  the SELECTOR switch  a t  T-R.
This is the posit ion  for  measur ing the insu la t ion  resistance
between the two wires of the faulty pa ir .

(3) Depress the push  switch  marked MEGOHMS. (1 megohm is
equal to 1,000,000 ohms.) Keep the push  switch  depressed and
turn  the slide-wire dia l knob slowly, sta r t ing with  the knob
turned as fa r  as possible in  a  clockwise direct ion . As the knob
is tu rned in  a  counterclockwise direct ion , the ga lvanometers
needle will deflect  to the left . Cont inue turn ing the knob unt il
the needle reads zero.

(4) Then  read sca le D on  the ca libra ted dia l. The cor rect  reading
is obta ined direct ly in  megohms a t  the dia l poin t  exact ly be-
nea th  the ha ir line in  the t ransparent  window. Sca le D is ca li-
bra ted in  megohms from 50 megohms (50,000,000 ohms) down
to zero ohms.

(5) When  measur ing insu la t ion  resistances below 100,000 ohms,
depress the OHMS X100 push  switch  instead of the MEGOHMS
push  switch .

(6) If a  reading below 100,000 ohms is obta ined, st a r t  aga in  with
the slide-wire dia l knob turned as fa r  as possible in  a  clockwise
direct ion . This t ime, depress the OHMS X100 push  switch  and
turn  the knob slowly in  a  counterclockwise direct ion  unt il the
needle reads zero. The reading from sca le C, mult iplied by
100, yields the insu la t ion  resistance in  ohms.

(7) By using the OHMS X100 push  switch , it  is possible to measure
resistance accura tely below 100,000 ohms down to about  100
ohms. Very low resistance is measured by depressing the
OHMS push  switch . This push  switch  is not  used for  measur ing
high  insu la t ion  resistance. If th reading obta ined is abnormally
low, th is indica tes a  shor t .

(8) Next , set  the SELECTOR switch  a t  the T-G posit ion . This po-
sit ion  measures the insu la t ion  resist ance between  the wire con-
nected to binding post  T and ground. Follow the same procedure
given  for  the SELECTOR switch  set  a t  T-R (subpar . (3) th rough
(7)) above. A low reading in  th is instance indica tes a  ground
at  some point  on  the wire connected to binding post  T.

(9) Repea t  the procedure given  in  subparagraphs (3) th rough  (7)
with  the SELECTOR switch  turned to the R-G posit ion . A low
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reading in  th is posit ion  indica tes a  ground a t  some poin t  on  the
wire connected to binding post  R.

b. MORE THAN ONE FAULTY PAIR.

(1)

(2)

(3)

(4)

(5)

Open  each  fau lty pa ir  a t  both  ends of the line and disconnect  a ll
equipment . Connect  one of the fau lty pa irs to binding posts T
and R of PR-1. Connect  both  wires of another  fau lty pa ir  to
binding post  G. Do not  use a  ground connect ion . If a  good pa ir
is ava ilable, connect  the wires of th is pa ir  to binding post s T
and R of PR-2 and connect  a  telephone to binding posts TEL.
The pa ir  connected to binding posts T and R of PR-2 will then
be usefu l for  communica t ing between  the ends of the cable.

Throw lever  switch  PR-1 to the TEST posit ion  and lever  switch
PR-2 to the TALK posit ion . Set  the SELECTOR switch  a t  T-G.
This is the posit ion  for  measur ing the insu la t ion  resistance
between the wire connected to binding post  T of PR-1 and the
two wires connected to binding post  G.

Measure th is insu la t ion  resist ance by following the same genera l
procedure as ou t lined in  subparagraph  a  above. If a  low-
resistance reading is obta ined, it  indica tes a  cross between the
wire connected to binding post  G and the wire connected to
binding post  T.

Next  set  the SELECTOR switch  to R-G and aga in  measure the
insu la t ion  resistance. If there is a  cross between  the wire
connected to binding post  R and the wire connected to binding
post  G, it  will show up as a  low-resistance reading.

Repea t  the procedure given  in  subparagraphs (1) through (4)
above for  other  fau lty pa irs unt il a ll have been  checked for  in-
su la t ion  resistance.

15. Measuring loop Resistance

a . To measure the conductor  resistance of any pa ir , fir st  clear  both
ends of a ll equ ipment .

b. Next , shor t -circuit  the distan t  end by using a  low-resistance st rap
or  wire or  by solder ing one bare end to the other . Connect  the pa ir  to
be tested to binding post s T and R of PR-1 and th row lever  switch  PR-1
to the TEST posit ion .

c. Set  the SELECTOR switch  a t  T-R. Depress the OHMS push  switch .
Keep the push  switch  depressed and turn  the slide-wire dia l knob as
far  as possible in  a  clockwise direct ion . Then turn  the knob slowly in
a  coun terclockwise direct ion  un t il t he ga lvanometer s needle r eaches the
zero poin t  on  the sca le. The resistance then  may be read direct ly in
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ohms on  sca le C. Values of resistance per  mile for  differen t  types of
wire a re given  in  table I. If the resistance is unduly h igh , it  indica tes
an  open. If the resistance is abnormally low, check for  a  ground, shor t ,
or  cross.

d. For  measur ing conductor  resistances above 5,000 ohms or  for
making more accura te determina t ion  of resistance above 500 ohms,
use the OHMS X100 push  switch  instead of the OHMS push  switch . The
procedure is exact ly the same, except  tha t , when the OHMS X100 push
switch  is depressed, the reading obta ined on  the sca le C must  be mult i-
plied by 100 to determine the conductor  resistance in  ohms.

e. The methods expla ined in  subparagraph  a  th rough  d above for
measur ing conductor  resistance a lso may be used to measure re-
sistance of components, such  as fixed resistors and poten t iometers.
To measure resistor s from 500,000 ohms up, the MEGOHM push  switch
is used in  conjunct ion  with  sca le D. The procedure is exact ly the same
as for  measur ing insu la t ion  resistance, except  tha t  the resistor  or
other  component  to be measured is connected direct ly to binding posts
T and R of PR-1 or  T and R of PR-2.

16. Measuring Capacitance

The line capacitance is measured as follows:

a . F ir st , clear  the line of a ll equipment . Connect  one end, t ip and
r ing of the line, to binding posts T and R of PR-1. Have the other  end
of the line open.

b. Throw lever  switch  PR-1 to the TEST posit ion . Set  the selector
a t  T-R. Depress the OPENS push  switch . Keep the push  switch  de-
pressed and turn  the slide-wire dia l knob as fa r  as possible in  a  clock-
wise direct ion.

c. Turn  the knob slowly in  a  counterclockwise direct ion  unt il the
galvanometer  needle reaches the zero poin t  on  the sca le.

d. Read sca le A. This is divided in to 100 equal par t s. Note the exact
indica t ion  on  the dia l a t  which  zero reading resu lt s on  the ga lvanometer ,
then  refer  to the capacitance ca libra t ion  curve (fig. 4) conta ined on  the
inside of the lid. From th is curve, conver t  the dia l reading in to a
capacitance va lue in  microfarads. For  example, if the dia l reading is
70, refer  to the poin t  a t  which  the curve passes th rough  70 and read
1.165 microfa rads a t  the left -hand margin  of the char t . The capacit ance
reading thus obta ined is used to determine the loca t ion  of opens. (Refer
to the char t s in  the lid of the test  set  and to figures 4 through 12.)

e. It  is a lso possible to check the capacitance of capacitors ranging
from approximately .075 microfa rad to 3.0 microfa rads by using the
procedure out lined in  subparagraph  a  th rough d above. In  determining
the capacitance of a  capacitor , connect  the capacitor  direct ly to binding
posts T and R of PR-1 or  T and R of PR-2 and by throwing the appro-
pr ia te lever  switch .
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Figure 4.

Figure 5.
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Figure 6.

Figure 7.
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Figure 8.

Figure 9.
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Figure 11.

Figure 10.

21



Figure 12. Test  Set  TS-27B/TSM, opens loca t ion  curve
for  Wire W-153

17. Determining Location of Faults

a . GROUNDS.  After  preliminary test s indica te tha t  the fau lt  on  a  line
is due to a  ground, determine the loca t ion  of the ground and remedy
the t rouble.

(1)

(2)

(3)

(4)
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First , clear  the fau lty line of a ll equipment . Connect  the near
end of the line to binding posts T and R of PR-1. Shor t -circuit
the distan t  ends of the line. Main ta in  t elephone communica t ion
with  the tester  a t  the fa r  end by using a  good pa ir  connected to
binding posts T and R of PR-2. The method of using the tele-
phone for  th is purpose is descr ibed in  pa ragraph  13a(5) and (6).

Connect  a  su itable ground to binding post  G. Set  the SELECTOR
switch  to GNDS posit ion .

Depress the OHMS push  switch . The circuit  is now as shown
in  figure 18.

Throw lever  switch  PR-1 to the TEST posit ion . Turn  the
SLIDE-WIRE DIAL knob as fa r  as possible in  a  clockwise
direct ion.



(5)

(6)

(7)

Keep the OHMS push  switch  depressed and slowly turn  the
SLIDE-WIRE DIAL knob in  a  counterclockwise direct ion  unt il
the ga lvanometer s needle reads zero.

Then  read sca le B. This sca le is ca libra ted 0-100-0 and in -
dica tes the percent  of the distance to the fault .

When  ba lance is r eached, the sca le B gives the dist ance between
the test  set  and the ground as a  percentage of the length  of the
line under  t est . When  the indica t ion  fa lls in  the range 0-100
(left -ha lf of the sca le), the ground lies in  the conductor  con-
nected to binding post  T; when  the indica t ion  is in  the 100-0
(r igh t -ha lf of the sca le), the ground lies in  the conductor  con-
nected to binding post  R. For  example, if a  two-conductor  cable
2,000 feet  long yields a  ba lance a t  35 in  the 0-100 range, the
ground lies in  the conductor  connected to binding post  T and is
loca ted .35 by 2,000 or  700 feet  from binding post  T. It  is a s-
sumed tha t  the resistance per  foot  of both  conductors is the
same and is un iform. The jumper  tying the distan t  ends of the
faulty line together  must  be a  good connect ion , because contact
resistance a t  th is poin t  may in t roduce an  appreciable er ror .

b. SHORTS AND CROSSES (GOOD WIRE AVAILABLE).

(1) Shor t  circu it s and crosses a re loca ted as specia l cases of
grounds. If a  shor t  circuit  is indica ted between two conductors,
and a  good conductor  (of a  para lleling pa ir ) is ava ilable, use
binding post s T and R of PR-1, with  the good conductor  connected
to binding post  R. Connect  one side of the faulty wire to the T
binding post  and the other  side of the fau lty wire to binding post
G. The second wire of the good pair  is not  used.

(a .)

(b.)

At  the fa r  end of the fau lty pa ir , connect  a  jumper  between
the ends of the wires which  terminate a t  binding posts T and
R of PR-1.

Throw lever  switch  PR-1 to the TEST posit ion , set  the
SELECTOR switch  to the GNDS posit ion , depress the OHMS
push switch , and follow exact ly the same procedure out lined
in  subparagraph  a (5) and (6) above. The percent  read on  sca le
B a t  ba lance, mult iplied by the length  of the line, will give the
distance from the test  set  to the shor t  circuit . The good con-
ductor  of the para lleling pa ir  must  have the same resistance
as tha t  of each  conductor  of the shor ted pa ir .

(2) Crosses a re loca ted in  the same manner  as shor t s. One side
of the good wire is connected to binding post  R, and one side of
the faulty wire is connected to binding post  T; the second wire
of the fau lty pa ir  is connected to binding post  G. The second
wire of the good pa ir  is not  used. Follow the same procedure
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as out lined in  subparagraph  b(1) above; mult iply the length  of
the line by the percen t  r eading a t  ba lance, to obta in  the dist ance
from the test  set  to the fau lt . Conductors of a  pa ir  being
measured a re assumed to have equal resistance.

c. SHORT CIRCUITS (NO GOOD WIRE AVAILABLE). If no good con-
ductor  is ava ilable for  loca t ing shor t s, an  a lterna t ive approximate
method must  be used.

(1)

(2)

(1)

(2)

(3)

Connect  shor ted wires to binding posts T and R of PR-1. Make
no connect ion  to post  G. Clear  the two wires of a ll equipment ,
leaving the distan t  ends open .

Then  follow the procedure ou t lined in  pa ragraph  15 for  measur -
ing conductor  resistance with  the SELECTOR switch  a t  T-R
and the OHMS push  switch  depressed. Take readings in  ohms
on sca le C. Values of loop resistance per  mile for  differen t
types of wire a re given  in  table I. Divide the ohms reading by
the resistance per  mile, thus determining the distance in  miles
to the fault . The accuracy of th is determinat ion  depends on  the
resistance of the fau lt . The lower  the resistance of the fau lt
it self, the more accura te the resu lt . Usua lly the loca t ion  de-
termined in  th is manner  will appear  to be beyond the actua l fau lt .

d . CROSSES (NO GOOD WIRE AVAILABLE). This a lterna te method
of loca t ing crosses is only approximate.

Connect  the fau lty wire of the fir st  pa ir  to binding post  R of
PR-1. Connect  the fau lty wire of the second pa ir  to post  T of
PR-1. Clear  both  pa ir s of wires of a ll equ ipment , leaving the
distan t  ends open. Do not  connect  anyth ing to binding post  G.

Throw lever  switch  PR-1 to the TEST posit ion . Set  the
SELECTOR switch  a t  T-R and depress the OHMS push  switch .

Follow the procedure out lined in  paragraph 15 for  measur ing
conductor  resistance. Take readings in  ohms on  sca le C.
Divide the readings thus obta ined by the loop resistance per
mile, as obta ined from table I. The result  will give the approxi-
mate distance in  miles to the fault . Here aga in , the lower  the
resistance of the cross, the more accura te the resu lt . The
loca t ion  as determined from th is test  will usua lly appear  to be
beyond the actua l fau lt .

e. OPENS. Opens genera lly a re loca ted by conver t ing a  dia l reading
to distance in  miles to the open , by reference to a  ca libra t ion  curve.
In  genera l, the open  pa ir  is connected to binding post s T and R of PR-1.
In  order  to reduce the va r ia t ions of capacit ance with  respect  to ground,
binding post  G is grounded and connected to one side of the open pa ir ,
and to the good side when  the open  is in  one conductor  on ly. The shea th
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of the cable, if any, and the other  conductors a re a ll grounded or  left
floa t ing according to the method used in  collect ing the da ta  from which
the char t  was prepared. Separa te curves a re furn ished in  the char t
assembly in  the lid of the case for  Wires W-110-B, W-143, WD-1/TT,
and WD-14/TT, and for  spira l-four  Cable Assembly CC-358-E, five-
pa ir  rubber  Cable Assembly CC-345, spira l-four  Cable Assembly
CX-1065 and open  Wire W-153 with  8-inch  spacing. In  addit ion , blank
curve sheets a re provided in  the char t  assembly for  plot t ing facilit ies
tha t  do not  have ca libra t ion  curves. The da ta  for  these curves is ob-
ta ined exper imenta lly by measur ing and plot t ing the capacitance of
known lengths of the facilit ies. The following specific inst ruct ions for
loca t ing opens apply to those facilit ies for  which  ca libra t ion  curves
are ava ilable:

(1) Opens in  Wire W-110-B, WD-1/TT or  WD-14/TT.

(a )

(b)

(c)

(d)

(e)

(f)

(g)

When test ing th is type of wire for  opens, connect  the two sides
of the open pa ir  to binding posts T and R of PR-1 and throw
lever  switch  PR-1 to TEST. Clear  the wires under  test  of a ll
equipment  and have the distan t  end open , A ground is not
necessary in  th is test .

Set  the SELECTOR switch  a t  T-R. This is the selector  posi-
t ion  used for  a ll opens test s. Turn  the SLIDE-WIRE DIAL
knob unt il sca le A reads zero.

Then , with  the OPENS push  switch  depressed, slowly tu rn  the
slide-wire dia l knob in  the opposite direct ion , When a  ba lance
is obta ined, a s indica ted by a  zero reading of the ga lvanometer ,
read dia l A in  divisions. This procedure is ca lled taking an
open s  reading.

Est imate the moisture condit ion  of the wire under  test  and
select  one of the five curves shown on opens loca t ion  curves
for  Wire W-110-B. Curve 1 applies when  the wire is very
dry, curve 5 when the wire is very wet , and curves 2, 3, and
4 apply for  in termedia te condit ions.

Transla te the opens reading in to distance in  miles to the fau lt
by means of the curve selected.

Dispa tch  a  repa ir  man to the loca t ion  and cut  the line nearest
the fau lt . Take another  reading on  th is new open and then ,
knowing the actua l distance tha t  th is open  is from the test ing
poin t , determine a  bet ter  curve for  the condit ion  of the line
by loca t ing th is poin t  on  the curve sheet .

Close the line a t  the poin t  where it  was cut  and take a  second
reading. Knowing the proper  curve, a  more accura te loca t ion
of the actua l fau lt  can  be made.
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(h) Then  send the repa ir  man  to invest iga te condit ions a t  th is new
loca t ion . If a  pa ra lleling good line is ava ilable, a  known length
of th is line may be used to determine the appropr ia te curve.
To do th is, t ake an  opens reading on  th is known length  of line
and loca te the poin t  on  the curve sheet , thus determining the
curve. This poin t  may fa ll between two curves, in  which  case
it  is necessary to consider  tha t  other  dia l readings a lso will
be a t  poin ts simila r ly situa ted between the same two curves.

(2) Opens in  spira l-four  Cable Assembly CC-358-E or  CX-1065.

Connect  the open  pa ir  to binding post s T and R of PR-1. If the
open  is in  one conductor  on ly, connect  the good wire to binding
post  T.

Connect  a  ground to binding post  G; connect  binding post  G to
binding post  T; a lso connect  the remaining pa ir  and the steel
bra id to binding post  G. If the conductors of the remain ing
pa ir  a re not  accessible for  grounding, they may be left  floa t ing
without  excessive er ror .

Set  lever  switch  PR-1 a t  TEST and set  the selector  switch
a t  T-R. Depress the OPENS push  switch  and turn  the knob of
the slide-wire dia l unt il the ga lvanometers reads zero.

Read sca le A in  divisions and conver t  the dia l reading in to
distance in  miles to the open by the opens loca t ion  curve for
Cable Assembly CC-35-E. Since the capacitance of th is type
of ‘cable is rela t ively stable with  moisture condit ions, on ly
one ca libra t ion  curve is necessary.

(3) Opens in  Cable Assembly CC-345.

(a )

(b)

(c)

(d)
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To loca te opens in  five-pa ir , rubber -covered cable, connect
the open  pa ir  to binding posts T and R of PR-1 and ground
binding post  G. St rap T or  R of PR-1 to binding post  G. In
the case of a  single-conductor  open , the conductor  st rapped
to G shou ld be the good one.

Set . lever  switch  PR-1 a t  TEST and the selector  switch  a t  T-R.
Depress the OPENS push  switch  and turn  the SLIDE-WIRE
DIAL knob un t il the ga lvanometer s r eads zero.

Read sca le A in  divisions and conver t  th is r eading in to dist ance
in  miles to the open using the opens loca t ion  curve for  Cable
Assembly CC-345.

Use th is same procedure (subpars. (a ) th rough (c) above) for
loca t ing opens in  l0-pa ir , rubber -covered cable, such  as
Cable Assembly CC-355-A.



(4) Opens in  open wire lines.

(a )

(b)

(c)

(d)

To locate opens in  open wire lines, connect  the open pair  to
binding posts T and R of PR-1 and ground binding post  G. If
the fau lt  consist s of an  open  in  one side on ly, connect  the good
side to binding post  T. Connect  binding post  G to binding post  T.

Set  lever  switch  PR-1 a t  TEST and the SELECTOR switch  a t
T-R. Depress the OPENS push  switch , tu rn ing the knob of the
slide-wire dia l un t il the ga lvanometers reads zero.

Read sca le A in  divisions and conver t  the reading in to dist ance
in  miles using the curve applying to the open wire line used.
Since the capacitance per  mile of an  open  wire line is con-
siderably less than  tha t  of the cables, the dia l reading for
fault s the same distance away will be lower .

The 8-inch  spacing curve for  Wire W-153 (fig. 12) provides
a  means of conver t ing the dia l r eading to the number  of miles
to the open for  one of the more common types of open wire
line. The curve for  W-143 open  wire line provides simila r
informat ion  for  th is facility. Data  for  curves for  other  types
of lines may be obta ined exper imenta lly by t aking opens read-
ings on  five or  six opens inser ted for  the purpose a t  var ious
distances from the test  set . Blank curve sheets a re provided
in  the lid of the char t  assembly case for  plot t ing such  curves.

18. Stopping Procedure
a . Lock the ga lvanometers movement  by means of the clamp (par . 9c).

b. Disconnect  the t est  leads or  the pa tch  cord from lines being tested.

c. Replace the test  leads and the pa tch  cord in  the test  lead compar t -
ment  of the test  set .

d . P lace the char ts inside the holder  in  the lid.

e. P lace the lid over  the case, and secure the lid to the case by means
of the four  spr ing la tches.

Section IV. OPERATION UNDER UNUSUAL CONDITIONS

19. General

The opera t ion  of Test  Set  TS-27B/TSM may be difficu lt  in  regions
where ext reme cold, hea t , humidity and moistu re, sand condit ions, etc.,
preva il. In  the following paragraphs inst ruct ions a re given  on  proce-
dures for  minimizing the effect  of these unusual opera t ing condit ions
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20. Operation in Arctic Climates

Subzero tempera tures and climat ic condit ions associa ted with  cold
weather  a ffect  the efficient  opera t ion  of the equipment , Inst ruct ions
and precau t ions for  opera t ion  under  such  condit ions follow:

a . Handle the equ ipment  ca refu lly.

b. Keep the equipment  warm and dry. If the set  is not  in  a  hea ter
inclosure, and capacitance measurements or  open  test s have to be
made, be sure to a llow ample t ime for  the tubes to warm up proper ly.
As can  be seen  on  the circu it  diagram (fig. 20), the filament  cur ren t  is
supplied th rough  the contact s of the OPENS push  switch  S1. When th is
switch  is in  a  normal nonopera ted posit ion , it  keeps the tubes from
being lighted when the set  is not  in  use. To prehea t  the tubes, it  must
be held opera ted manua lly.

c. When  equ ipment  which  has been  exposed to the cold is brought  in to
a  warm room, it  will sta r t  to sweat  and will cont inue to do so unt il it
reaches room tempera ture. When the equipment  has reached room
tempera ture, dry it  thoroughly. This condit ion  a lso a r ises when equip-
ment  warms up dur ing the day a fter  exposure dur ing a  cold n igh t .

d. Use any improvised means to protect  dry ba t ter ies, since they
will fa il if not  protected aga inst  cold. Prehea t  the ba t ter ies. To pre-
vent  hea t  loss, place them in  bags lined with  kapok, spun glass fiber
mater ia ls, an imal skins, or  woolen  cloth ing.

21. Operation in Tropical Climates

When opera ted in  t ropica l climates, par t icu la r ly in  swampy areas,
moistu re condit ions a re more acu te than  normal. Ven t ila t ion  is usua lly
very poor , and the h igh  rela t ive humidity causes condensa t ion  of mois-
tu re on  the equ ipment  whenever  the t empera tu re of the equ ipment  be-
comes lower  than  the ambient  a ir . To minimize th is condit ion , place
ligh ted elect r ic ligh t  bu lbs under  the equipment  wherever  possible.

22. Operation in Desert Climates

a . Condit ions similar  to those encountered in  t ropica l climates often
preva il in  deser t  a reas. Use the same measures to insure proper
opera t ion  of the equ ipment .

b. The main  problem which  a r ises with  equ ipment  opera t ion  in  deser t
a reas is the la rge amount  of sand or  dust  which  en ters the moving
par t s of the equ ipment . Make frequen t  preven t ive main tenance checks
and endeavor  to keep the equipment  covered as much as possible. See
chapter  3 for  prevent ive maintenance checks.
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C HA PTER 3

O RG A N IZA TIO N A L M A IN TEN A N C E IN STRUC TIO N S

Section I. PREVENTIVE MAINTENANCE SERVICES

23. Tools and Equpment Supplied with Test Set TS-27B/ TSM

Specia l tools or  sets a re not  supplied with  Test  Set  TS-27B/TSM. Two
vacuum tubes, 1LN5 and 3Q5GT, a re the on ly spares supplied with  the
test  set .

24. Definition and Importance of Preventive Maintenance

a . DEFINITION. Prevent ive main tenance is work per formed on
equ ipment , u sua lly  when  not  in  use, to keep it  in  good working condit ion
so tha t  break-downs and needless in ter rupt ions in  service will be kept
a t  a  minimum. The object  of prevent ive main tenance is to elimina te
the need for  t rouble shoot ing and repair .

b. IMPORTANCE. Since the fa ilu re or  inefficien t  opera t ion  of even
one componen t  may cause the break-down of the en t ire equ ipment , the
impor tance of prevent ive main tenance is obvious. Opera tors must
main ta in  equ ipment  placed in  their  cha rge in  such  condit ion  tha t  it  will
work a t  top efficiency a t  a ll t imes.

25. Performing Preventive Maintenance

a . GENERAL. Every 6 months, the test  set  should be inspected
completely and the necessa ry preven t ive main tenance measures t aken .
Follow the procedure given  in  subparagraphs c th rough e below.
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b. TOOLS AND MATERIALS REQUIRED FOR PREVENTIVE
MAINTENANCE.

Tool or material Signal Corps stock No.

Cheesecloth, bleached (lint free) 6Z1989

Cloth, crocus 6Z2000

Screwdriver TL-467/U 6R15371

Solvent, dry-cleaning (SD) QM 51-S-4381-1 (Quartermaster
stock number)

Sandpaper #0000 6Z7500-0000

Brush, soft bristle CE 38-3706.400-130

Note. Gasoline will not  be used as a  cleaning flu id for  any purpose.

c. REMOVING BRIDGE FROM CASE.

d.

(1)

(2)

Prepar ing working a rea . Prepare a  clean  place to set  the in .
st rument  once it has been  removed from the case. When  placing
the inst rument  chassis on  the prepared sur face, be sure no
project ions or  poin ted objects a re undernea th  the panel. See
tha t  no meta l filings a re near  to, or  loca ted above, the exposed
wir ing and in terna l par t s of the capacitance resistance br idge.
F ilings, which  can  cause elect r ica l shor t  circu it s, can  fa ll ac-
ciden ta lly in to the chassis as a  resu lt  of vibra t ion  or  an  in -
adver ten t  a rm movement  by the main tenance personnel.

Removing chassis from case. Unscrew the four  panel mount ing
scr ews. Lift  ou t  the chassis by grasping the handles, and ca re-
fu lly place the chassis panel down on  the prepared working
surface.

PREVENTIVE MAINTENANCE PROCEDURES.

(1) Cleaning.  Clean  the ent ire chassis with  a  clean  lin t -free cloth .
Use a  small camel’ s-ha ir  brush  on  the par t s tha t  a re not  ac-
cessible for  clean ing with  the cloth . Remove dir t  or  oil with
solven t  (SD). Clean  the switch  contact s with  the cloth ; use
solven t  (SD) if fu r ther  clean ing is necessa ry. Thoroughly polish
the insu la t ion  between  the binding post s. Clean  the con tact  a rm
of the resistor  R22 and be ca refu l to avoid damaging the slider s
or  resistance wire. Remove a ll t races of lin t  a fter  clean ing.
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(3)

Tigh ten ing. Tigh ten  the mount ing screws on  switches S1 to S7
inclusive. Do not  use excessive force. Tighten  a ll the set -
screws in  the knobs and var iable resistor  shaft s. Tighten  the
capacitor  mount ing screws, Be carefu l when working near  the
rheosta t  resistor  R22 windings; a  slip of the tool may damage
the windings beyond use. Check the binding post s for  loose con-
nect ions and t ighten  if necessary.

Inspect ion .  After  clean ing and t igh ten ing, inspect  the en t ire
chassis for  poor ly soldered join ts, misa linement  of par t s, and
lack of tension  in  the resistor  R22 contact  a rm and the switch
brushes. Do not  a lter  the posit ion  of the blades on  switches.
Check for  posit ive contact  on  the switch  arms. Do not  bend the
arms for  the purpose of making a  more firm contact .

e. REPLACING CHASSIS IN CASE. Before replacing the chassis in to
the case, per form the following:

(1)

(2)

(3)

(4)

Clean  the case in ter ior  thoroughly. Remove any residue in  the
ba t tery compar tment  with  a  damp cloth , and then  rub down the
ba t tery compar tment  with  a  slight ly oily cloth .

Set  the br idge chassis in to the case. Replace the four  screws
in  the panel and t igh ten  the panel.

Measure the ba t tery voltages. If ba t ter ies a re less than  ra ted
under  load, replace them with  fresh  cells.

Replace the ba t tery cells and ba t tery compar tment .
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Section II. LUBRICATION AND WEATHERPROOFING

27. Lubrication

Test  Set  TS-27B/TSM does not  require any lubr ica t ion .

28. Weatherproofing
a . GE NE RAL. Signal Corps equipment , when opera ted under  severe
climat ic condit ions, such  is prevail in  t ropica l, a rct ic, and deser t  re-
gions, requires specia l t rea tment  and main tenance. Fungus growth ,
insects, dust , cor rosion , sa lt  spray, excessive moisture, and ext reme
tempera tures a re harmful to most  mater ia ls.

b. TROPICAL MAINTENANCE. A specia l moistureproofing and
fungiproofing t rea tment  has been devised which , if proper ly applied,
provides a  reasonable degree of protect ion . This t rea tment  is ex-
pla ined in  TB SIG 13 and TB SIG 72.

c. WINTER MAINTENANCE. Specia l precaut ions necessary to pre-
vent  poor  performance or  tota l fa ilure of equipment  in  ext remely low
tempera tu res a re expla ined in  TB SIG 66.

d. DESERT MAINTENANCE. Specia l precaut ions necessary to pre-
ven t  equ ipment  fa ilu re in  a reas subject  to ext remely h igh  t empera tu res,
low humidity, and excessive sand and dust  a re expla ined in  TB SIG 75.

29. Refinishing

When the fin ish  on  the case has been  badly scar red or  damaged, touch
up the outer  sur face to prevent  cor rosion  of the meta l. The scar red
sur face shou ld be cleaned down to the ba re meta l with  #000 sandpaper ;
obta in  a  br ight , smooth  fin ish . The bare spots should then  be touched
up with  su itable pa in t .

CAUTION: Do not  use steel wool. Minute par t icles of steel wool
may enter  the case and cause elect r ica l shor t ing or  grounding of the
circu it s.

Section III. TROUBLE SHOOTING AT ORGANIZATIONAL
MAINTENANCE LEVEL

30. General

The t rouble shoot ing and repa ir  tha t  can  be per formed a t  the organi-
za t iona l level (opera tors and repa irmen) is necessar ily limited in
scope to the replacement  of defect ive or  discharged ba t ter ies, and to
the replacement  of the two vacuum tubes used in  the test  set . Trouble
shoot ing procedures given in  th is sect ion  are therefore rest r icted to
the determinat ion  of these deficiencies.
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31. Checking Batteries

Test  Set  TS-27B/TSM is provided with  two 45-volt  Bat ter ies BA-59,
one 4-1/2-volt  Ba t tery BA-31, and either  a  1-1/2-volt  Ba t tery BA-15-A
or  two 1-1/2-volt  Bat ter ies BA-30. Remove the ba t tery compar tment
cover  (fig. 3), and remove the ba t ter ies from the ba t tery compar tment ;
do not  disconnect  the ba t ter ies from the test  set . Use a  20,000 ohms
per  volt , voltmeter , to measure the ba t tery voltages while the test  set
is in  use. Push  down the OPENS push  switch , and measure the ba t tery
voltages. Replace the new bat ter ies in  the test  set  if the voltage read-
ings a re less than  1.2 volt s for  the BA-15A or  BA-30, less than  4.0
volt s for  the BA-31 or  less than  40 volt s for  the BA-59. (See par . 42
for  the removal and replacement  of ba t ter ies.)

32. Replacement of Vacuum Tubes

Test  Set  TS-27B/TSM is provided with  two spare vacuum tubes, one
for  each  tube used in  the set . The spare tubes a re mounted in  spare
socket s, which  a re secured to the case by means of a  mount ing bracket .
Check the opera t ion  of the un it  by means of the equ ipment  per formance
checklist  (par . 33). If the unit  fa ils to opera te, check the ba t tery volt -
ages (par . 31) and, if necessary, replace ba t ter ies. Again , check op-
era t ion  of the test  set . If the un it  fa ils to opera te proper ly, inspect
the un it  a s descr ibed in  pa ragraph  25d(3). Should th is inspect ion  show
no visible signs of damage, remove the vacuum tubes one a t  a  t ime
from their  sockets in  the chassis, and subst itu te the spare tubes from
the spare sockets. If the equipment  st ill is not  opera t ing proper ly,
forward the unit  to an  author ized depot  for  repa ir .

33. Trouble Shooting, Using Equipment Performance Checklist

The equipment  performance checklist  is used to determine whether
Test  Set  TS-27B/TSM is funct ion ing proper ly. Items 1 through 6 a re
checked before sta r t ing, it em 7 when  sta r t ing, and it ems 8 th rough
10 when  stopping. The in format ion  given  under  the act ion  or  condit ion
column represen t s the con t rol set t ing a t  which  the it em is to be checked,
or  act ion  tha t  must  be taken  in  order  to check the normal indica t ion
given  in  the normal indica t ion  column. The normal indica t ions listed
include the visible signs the opera tor  will perceive when he checks
the items. If the indica t ions a re not  normal, the opera tor  should apply
the recommended cor rect ive measures. The cor rect ive measures
list ed a re those tha t  the opera tor  can  make withou t  tu rn ing the equ ip-
ment  in  for  repa ir s. If the equipment  will not  opera te, or  if the rec-
ommended correct ive measures do not  yield the desired result s, turn
the equipment  in  for  repa ir  by proper ly author ized personnel.
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C HA PTER 4

THEO RY

34. General Theory

Test  Set  TS-27/TSM ut ilizes a  modifica t ion  of the Wheatstone br idge
pr inciple.

a . ELEMENTARY WHEATSTONE BRIDGE. This consist s of four
arms connected in  a  closed circu it  (fig. 13). In  the elementary br idge,
three a rms, R1, R2, and R3, a re known adjustable resistors, and the
four th , R4, is the unknown resistor . A ba t tery is connected across the
opposite corners of the br idge, A and B. A galvanometers is connected
across the other  opposite corners, C and D. The purpose of the Wheat -
tone br idge is to make cer ta in  elect r ica l measurements, ch iefly meas-
urements of resistance. To accomplish  th is purpose, the br idge must
be ba lanced. The br idge is ba lanced when  no cur ren t  flows th rough  the
ga lvanometer . In  the elementary br idge, ba lance is a t ta ined by vary-
ing any one or  a ll of the th ree adjustable known resistor s un t il the ga l-
vanometers reads zero. When th is ba lanced condit ion  is reached, the
unknown resistance, R4, is equal to the product  of the two adjacent  re-
sistors divided by the remaining non-adjacent  resistance. Expressed
in  the form of an  equa t ion .

Since R1, R2, and R3 a re known, R4 can  be determined simply by mul-
t iplica t ion  and division .

b. SLIDE-WIRE WHEATSTONE BRIDGE. Test  Set  TS-27B/TSM ut i-
lizes a  slide-wire (fig. 14) in  place of the adjustable resistances, R 2

and R3, of figure 13. The slide-wire is of uniform resistance through-
out  it s length . In  the test  set , the slide-wire is potent iometer  R22 (fig.
15). A sta t ionary contactor  is pressed aga inst  th is wire by a  spr ing.
A cont rol knob turns a  drum upon which  the slide-wire is mounted. As
the knob is turned, a  poin t  is loca ted where the ga lvanometers shows
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Figure 13.

Figure 14.
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(1)

(2)

no deflect ion . A ca libra ted dia l, visible in  a  t ransparent  window, ro-
ta tes with  the drum and the wire. The sca le is read direct ly below a
fine wire marker  in  the window of the dia l. The unknown resistance,
R4, may be ca lcu la ted as expla ined above from the equa t ion:

where r  is the resistance per  unit  length  of the slide-wire, and 12 and
13 a re, respect ively, the lengths of the slide-wire cor responding to
R2 and R3. This makes it  possible to use a  fixed resistance a t  R 1, and
to ca libra te the slide-wire sca le so tha t  the va lue of unknown resist ance
may be read direct ly in  megohms or  ohms from the posit ion  of the
poin ter  or  marker  on  the wire or  sca le. This has been  done in  Test
Set  TS-27B/TSM.

35. Circuit Analysis

The circu it  of Test  Set  TS-27B/TSM (fig. 20) can  be subdivided in to
five basic circu it s. The four  posit ions of the SELECTOR (S7) switch
provide four  of these circu it s. The fifth  circu it  is obta ined with  the
SELECTOR switch  in  the T-R posit ion  and with  the OPENS push  switch
depr essed.

a . SELECTOR SWITCH AT T-R.

This circu it  (fig. 15) shows the connect ions used for  measur ing
insula t ion  and conductor  resistance. The 20,000-ohm resistor ,
R18, in  ser ies with  the ba t tery, serves to limit  the ba t tery cur -
rent , thus protect ing the ba t tery and the circu it . Var istor  CR2,
shunted a round the ga lvanometer , protect s the meter  from over -
voltage. As the voltage across the var istor  r ises, it s resistance
decreases rapidly, thus shunt ing most  of the cur ren t  a round
the ga lvanometers. As the voltage across th is va r istor  ap-
proaches zero, it s resistance becomes very h igh  and the shunt -
ing effect  is negligible. Nonessent ia l elements have been  left
out  of the diagram (fig. 15) to make it  easier  to understand.

Switch  S4 is shown depressed or  closed. This connects the 1-
megohm resistor , R19, in  the circu it  as an  a rm of the br idge.
Therefore, sca le D must  be read when the br idge is ba lanced.
If it  is desired to connect  the 10,000-ohm resistor , R20, in
place of resistor  R19, press OHMS X100 push  switch  S5 instead
of S4 and read sca le C, mult iplying the reading by 100. Sin l-
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Figure 15.

ila r ly, the 100-ohm resistor , R21, may be subst itu ted by de-
pressing OHMS switch  S6. In  th is case sca le C reads direct ly
in  ohms. This flexible a r rangement  permit s the same basic
br idge circuit  to be used for  measur ing both  h igh  and low re-
sistance. With  the selector  in  the T-R posit ion , no externa l
ground is connected to the br idge.

b. SELECTOR AT T-G. The second basic circu it  (fig, 16) is obta ined
by set t ing the selector  a t  T-G and depressing switch  S6, S5, or  S4. In
th is circuit , ground post  G is connected as shown, making it  possible
to measure any resist ance connected between  binding post  T and ground.
It  is a ssumed tha t  an  externa l ground is connected to the ground bind-
ing post .

c. SELECTOR AT R-G. The th ird basic circu it  (fig. 17) is obta ined
with  the selector  a t  R-G and with  switch  S4, S5, or  S6 depressed. This
circu it  is iden t ica l with  the second basic circu it  except  tha t  binding
post  T is replaced by binding post  R, thus making it  possible to meas-
ure insula t ion  resistance between the line connected to R and ground.
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Figure 16.

d. SELECTOR AT GNDS.

(1)

(2)

The four th  basic circu it  (fig, 18) is obta ined with  the selector
switch  a t  GNDS posit ion  and with  OHMS key depressed. In  th is
circuit , ground post  G is connected to the posit ive terminal of
the ba t tery, binding post  T is connected to one end of the slide-
wire, and post  R is connected to the other  end of the slide-wire.
No standard resistance a rm, such  as R19, R20, or  R21, is used
in  th is circu it . This circu it , known as the Murray loop, offers
a  conven ien t  method of loca t ing grounds.

A line suspected of having a  ground is connected between  bind-
ing posts T and R, the ends of the line being clear  and shor ted.
From the diagram it  can  be seen  tha t  the por t ion  of the line be-
tween post  T and the ground form one arm of the br idge; the
por t ion  of the line between  post  R and the ground form a  second
arm of the br idge. The th ird and four th  a rms are supplied by
the sect ions of the slide-wire it self. When the br idge is ba l-
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Figure 17.

(3)

anced, the distance from the t est ing end to the fau lt  is obta ined
by reading dia l B in  percent  and mult iplying th is by the length
of the line. The exact  deta ils u t ilized in  making the Murray
loop test  a re given  in  subparagraphs a  and b above.

This circuit  is a lso su itable for  use in  determining the loca t ion
of crosses. All the above-ment ioned four  basic circu it s use
90-volt  ba t tery (two 45-volt  Bat ter ies BA- 59 in  ser ies) as the
source of energy for  the br idge.

e. MEASUREMENTS WITH SELECTOR AT T-R POSITION AND
OPENS KEY DEPRESSED.

(1) The ar rangement  of the circuit  under  these condit ions is shown
in  figure 19. F rom th is diagram, it  may be seen  tha t  the br idge
is now basica lly a  capacitance br idge because of the standard
capacitor  C10. Power  a t  20 ±3 cps (cycles per  second) is sup-
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Figure 18.

(2)

plied by the oscilla tor  and amplifier  to the br idge. The output
from the br idge is conver ted to direct  cur ren t  by the copper-
oxide var istor  CR1, connected as a  modula tor . Resistors R13,
R14, R15, R16, and R17 const itu te a  t ermina t ing and ba lancing
network for  the modula tor . Var iable resistor  R14 provides the
means for  adjust ing the ga lvanometers M1 to zero deflect ion
when the slide-wire resistor  R22 is set  a t  zero and terminals
T and R are open-circuited. The frequency of the oscilla tor  is
set  by means of var iable resistor  R1.

The br idge is made to ba lance, when an  unknown combina t ion
resist ance and capacit ance is connected across t ermina ls T and
R, by vir tue of the combined act ion  of the br idge, the phase-
shift  network, and the modula tor . The phase-sh ift  network in-
cludes circu it  elements R11, C8, R12, and T1. Potent iometer
R12 con t rols the phase of the voltage ou tpu t  from termina ls 4-5
of t ransformer  T1. When R12 is adjusted proper ly, the br idge
will yield the correct  indica t ion  of the equiva lent  para llel ca-
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Figure 19.
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(3)

pacitance  of any circu it  connected across termina ls T and R,
regardless of the resistance component  of the unknown, pro-
vided tha t  the power  factor  of the unknown does not  exceed 25
percen t , or  the t ime constan t , RC, is not  less than  .030 seconds,
Capacitor  C9 adjusts the t ransformer  circuit  to the impressed
fr equ en cy.

When the set  is adjusted proper ly, and the slide-wire dia l is
rota ted un t il the ga lvanometers indica tes zero, the voltage
across the termina ls of the slide-wire is genera lly not  zero.
However , tha t  voltage is then  exact ly 90° ou t  of phase from the
voltage tha t  appears across termina ls 4-5 of the t ransformer
T1. Under  these condit ions, the opera t ion  of the modula tor  is
such tha t  zero direct  current  is delivered to the ga lvanometer ,
and ba lance is indica ted.

(4) P la te voltage of 90 volt s is impressed across vacuum tubes V1
and V2 from the posit ive termina l of Bat tery BA-59, plug P3
through termina l A of plug P1 and termina l A of receptacle J 1,
and through resistors R7 and R10 respect ively. This pla te volt -
age is present  across the two vacuum tubes a t  a ll t imes. How-
ever , due to the OPENS push  switch  not  being closed, the tubes
are not  opera t ing because of the absence of filament  voltage.

(5) When the OPENS push  switch  is depressed, the filament  circu it
for  the vacuum tubes is closed from the posit ive side of the
BA-15-A ba t tery through termina l C of the P1 plug and termi-
na l C of the J 1 receptacle, through the outside make contact  of
the OPENS push  switch , t ermina ls 7 and 2 of V2, and termina l
8 of V1, back to the nega t ive side of BA-15-A from termina l 1
of V1 and termina l 8 of V2 through termina l B of receptacle J 1
and termina l B of plug P1 to the negat ive side of plug P2.

(6) The closing of the filament  circu it  a lso applies to the pla te
voltage across the oscilla tor  (V1) feedback circuit , which  con-
sist s of capacitors C1, C2, C3, and C4, and resistors R1, R2,
R3, R4, and R5. As a  resu lt , the oscilla tor  circu it  gives r ise
to an  a lterna t ing cur rent  with  a  frequency determined by the
t ime constan t  of the feedback circu it . The feedback circu it
components a re selected so tha t  the current  through the pla te
circu it  of tube V1 will have a  frequency of 20 cps. Small ad-
justments in  the oscilla tor  frequency may be made by varying
the set t ing of resistor  R1.

(7) The output  of oscilla tor  tube V1 is coupled to the cont rol gr id
of tube V2 through capacitor  C6 and resistor  R8. A nega t ive
bias is main ta ined on  the cont rol gr id of V2 by having the neg-
a t ive terminal of the 4.5-volt  Bat tery BA-31 connected to the
gr id th rough  termina ls G of plug P1 and receptacle J 1, and
through resistor  R9. Vacuum tube V2 is connected as an  am-
plifier .
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(a ) Lever  switch  S2 is provided with  12 contact s, four  of which
are not  used. The contacts a re a r ranged in  four  groups of
three contacts each . The center  contact  of each  group is mov-
able. One pa ir  of center  contacts is connected to binding post
T of PR-1, and the other  is connected to binding post  R of
PR-1.

1. When lever  switch  S2 is moved to the TALK posit ion , the
center  movable contact s will close the circu it  from T and
R of PR-1 to the pa ir  of t ermina ls marked TEL. If a  t ele-
phone is connected to the binding post  marked TEL, lever
switch  S2 in  the TALK posit ion  will make it  possible to t a lk
over  a  line connected across binding posts T and R of PR-1.

2. When lever  switch  S2 is moved to the TEST posit ion , the
center  contact s establish  the circu it  from binding post s T
and R of PR-1 to the top sect ion  of SELECTOR switch  S7
through  termina ls D and F  of plug P1 and receptacle J 1,
Connect ions a re made through the SELECTOR switch  (S7)
as descr ibed in  pa ragraph  35a  th rough  e._

(b) Lever  switch  S3 is simila r  to lever  switch  S2, and is connected
to binding posts T and R of PR-2. It  establishes the same cir -
cu it s to these binding post s as lever  switch  S2 does to the
binding posts T and R of PR-1 (subpar . (a ) above).—

(c) Push  switch  S4 (MEGOHMS) consist s of two sets of contacts,
Each set  comprises one center  movable contact  and two la t -
era l st a t ionary con tact s.

1. In  the normal posit ion , push  switch  S4 connects par t  of the
outpu t  of amplifier  V2 (fig. 20) to the var iable a rm of the
slide-wire poten t iometer  R22. This circu it  is established
through  the lower  st a t ionary con tact  of the upper  set  of con-
tact s, the upper  cen ter  con tact , and th rough  the cor responding
contact s of push  switches S5 and S6.

2. When push  switch  S4 is depressed (closed), the nega t ive side
of Bat tery BA-59 is connected through terminals B of plug
P1 and receptacle J 1, r esistor  R18, upper  st a t ionary con tact
and upper  center  contact  of push  switch  S4 to the var iable
a rm of the slide-wire poten t iometer  R22 th rough  the top set
of con tact s of push  switches S5 and S6.

3. In  the normal posit ion , push  switch  S4 a lso closes the cir -
cu it  from termina l 5 of sect ion  1 of SELECTOR switch  S7,
t ermina ls 7 and 10 of sect ion  2 of S7 th rough  ca libra t ing
capacitor  C10, top sta t ionary contact  of the lower  set  of
contact s of push  switch  S4, lower  cen ter  contact  of push
switch  S4, and the cor responding set s of contact s of push
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switches S5 and S6 to termina l 8 of sect ion  1 of SELECTOR
switch  S7.

4. In  the closed posit ion , the lower  set  of contacts of push
switch  S4 establishes the same circu it  as descr ibed in  sub-
paragraph  (c)3 above, except  tha t  resistor  R19 is subst itu ted
for  capacitor  C10.

(d) Push  switch  S5 (OHMS X100) is ident ica l in  const ruct ion  to
push  switch  S4 (subpar . (c)).

1. The upper  set  of th ree con tact s of push  switch  S5 establishes
the same circuit s as the upper  set  of contacts of push  switch
S4 (subpar . (c)1 and 2).

2. In  the normal posit ion , the lower  set  of three contacts of push
 switch  S5 establishes the same circu it  a s the lower  set  of
contacts of push  switch  S4 (subpar . (c)3)._ _

3. In  the closed posit ion , the bot tom set  of contacts connects
resistor  R20 in  place of R19 in  the circuit  descr ibed in  sub-
paragraph  (c)4 above.

(e) Push  switch  S6 (OHMS) is iden t ica l in  const ruct ion  to push
switch  S4 (subpar . (c)).

1. The upper  set  of three contacts of push  switch  S6 establishes
the same circuit s as the upper  set  of contacts of push  switch
S4 (subpar . (c)1 and 2).

2. In  the normal posit ion , the lower  set  of th ree contacts of— push  switch  S6 establishes the same circuit  as the lower  set
of contacts of push  switch  S4 (subpar . (c)3).——

3. In  the closed posit ion , the bot tom set  of contacts connects— resistor  R21 in  place of R19 in  the circuit  descr ibed in  sub-
paragraph  (c)4 above.——

(8) The indica t ions of the br idge, when the OPENS push  key is de-
pressed and the SELECTOR switch  is set  a t  T-R, a re read from
scale A on the dia l. These readings a re then  t ransfer red to the
appropr ia te curve in  the lid of the ca r rying case and the equ iva -
len t  pa ra llel capacit ance of the unknown, or  the dist ance to the
open  fau lt , is determined from the curve. More specific in -
st ruct ions may be found in  pa ragraph  17e.
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C HA PTER 5

FIELD M AINTENANC E INSTRUC TIO NS

Section I. TROUBLE SHOOTING AT FIELD
MAINTENANCE LEVEL

36. Test Equipment Required for Trouble Shooting, and Testing Power Supply
The equ ipment  list ed below is r equ ired for  t rouble shoot ing and t est ing
power  supply.

Tool or  test  equipment Stock No. Use

Tube Tester  I-177 3F5700-177 For  t est ing tubes
Mult imeter  TS-352/U 3F4325-352 Genera l purpose mult imeter
Test  Set  ZM-4B/U 3F 3936-4 In terna l ba t t ery

37. Trouble Shooting Procedure

a . Unnecessary disassembly of the test  set  may cause addit iona l
t rouble instead of cor rect ing exist ing t rouble. Before a t tempt ing to
t rouble shoot  the set , make sure tha t  fau lty opera t ion  is not  due to in-
correct  usage or  to causes outside of the set .

b. Check the panel cont rols to make sure they a re posit ioned ac -
cording to the inst ruct ions which  cover  the specific test  being made.
In  many cases, fa ilure to obta in  a  br idge ba lance is due to the wrong
posit ion  of one or  more of the panel controls.

c. Check connect ions between  the br idge binding post s and the ou t side
circu it . Faulty indica t ions may be due to poor  ou tside connect ions.

d. Check the t est  leads and the pa tch  cord to make sure tha t  the wires
a re not  broken  or  the insu la t ion  is not  damaged. Replace new leads
for  those found to be damaged.

e. Check ba t tery voltages and connect ions to the ba t ter ies. Fa ilure
to ba lance the br idge may be due to weak or  dead ba t ter ies, or  to poor
con n ect ion s .

Note. The opera tor  must  acqu ire a  knowledge of abnormal ou t side
condit ions which  result  in  unsa t isfactory test  set  opera t ion .
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39. Con tin u ity  Te sts

Check the five test  leads and the cord a t  weekly in terva ls for  opens or
poor  connect ions. Use a  Mult imeter  TS-352/U.

a . The Mult imeter  TS-352/U has an  indica t ing meter  mounted in  the
cen ter  of the panel near  the top. Set  the FUNCTION SWITCH on  OHMS
and inser t  CORD CX-939/U in  the two jacks marked OHMS and set  the
RATIO SWITCH (bot tom r igh t -hand corner ) on  RX-1, then  set  the needle
on  zero by turn ing the OHMS ZERO ADJ . switch . This should be re-
peated each t ime the ra t io is changed, in  order  to insure correct  read-
ings. Cord CX-939/U is supplied with  the mult imeter .

b. With  the switches in  the same posit ion  as in  subparagraph  a  above,
remove Cord CX-939/U from the OHMS jacks and replace it  with  one
of the cords to be tested for  cont inuity. The meter  should indica te a
shor t  circuit . If the needle fa ils to swing across the sca le, an , open is
indica ted. While t est ing the lead, move it  about , keeping the pins firmly
in  the jacks. If the needle jumps or  flickers, it  indica tes a  poor  con-
nect ion . Such  fau lt s a re likely to occur  a t  the poin t  where the cord
t insel en ters the t ip. The cords supplied with  Test  Set  TS-27B/TSM
have a  pin  t ip on  one end and a  clip on  the other  end, making it  neces -
sa ry to use two cords clipped together , when  per forming the above test .
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c. If an  open is suspected in  the test  set , make a  poin t -to-poin t  con-
t in iu ity t est  of the wir ing, a s ou t lined above, bu t  use the cords fu rn ished
with  Mult imeter  TS-352/U. Be sure Test  Set  TS-27B/TSM bat ter ies
are disconnected and tha t  no resistors, capacitors, or  open switches
are in  ser ies with  the wir ing being checked for  the open. Refer  to fig-
ures 20 and 21.

40. Resistance and Voltage Tests

The var ious resistors may be checked while the chassis is removed
from the case. This should be done every six months or  whenever
some fau lt  in  the opera t ion  of the set  indica tes the need for  such  a  t est .

a . Use the mult imeter  with  the FUNCTION switch  set  for  OHMS and
the other  switch  set  for  whatever  ra t io is needed for  the par t icu la r
circuit  component  being measured. These resistance va lues for  each
component  may be obta ined from the schemat ic diagram, figure 20, or
the wir ing diagram, figure 21. Table II, fu rn ishes a  t ermina l-to-
termina l measurement  of the oscilla tor  circu it . F igure 28 expla ins
the resistor  color  and let ter  code. Carefu lly follow the direct ions
supplied with  the mult imeter . Be sure tha t  noth ing except  the test
prods, or  clips, is in  contact  with  resistor  t ermina ls while test ing
them. Such  contacts may cause the mult imeter  to give a  fa lse read-
ing, especia lly when  h igh  resistances a re tested. Be sure tha t  a ll
ba t ter ies in  the test  set  a re disconnected.

b. Standard resistors R21 and R20 a re precision  un it s accura te to
100 and 10,000 ohms, respect ively, with in  ±.1 percent . Resistor  R19
is one megohm ±1.0 percen t , These th ree st andards cannot  be checked
accura tely by means of ordinary ohmmeters. To check these stand-
ards, use Test  Set  ZM-4B/U or  another  Test  Set  TS-27B/TSM, known
to be in  good condit ion . Indica t ions for  the 100- and 10,000-ohm unit s
should be with in  ±2 percent ; for  the megohm unit , with in  ±5 percent .
Fa ilure to meet  these accuracies means tha t  either  the standards in
the br idge or  it s slide-wire is a t  fault , or  the contact  resistance a t  the
switch  and keys may be excessive. Loca te the actua l fau lt  by the proc-
ess of elimina t ion .

c. Voltage tests a re made with  the ba t ter ies connected and with  the
appropr ia te switches closed. To check pla te, screen , and filament
voltages, tu rn  SELECTOR switch  S7 to T-R posit ion  and keep OPENS
push key S1 depressed. Take voltage readings with  a  mult imeter  hav-
ing it s FUNCTION switch  turned to the VOLTS posit ion . Be sure to
use a  voltmeter  range h igh  enough to permit  the meter  to measure up
to 90 volt s when  checking pla te, screen , or  the 45-volt  ba t t ery voltages.
Use the lowest  r ange when  checking filament  volt ages. Check readings
with  those given  in  t able III on ly when  a  VTVM (vacuum tube voltmeter )
is used. Readings mater ia lly below normal indica te loose contacts,
resistor  deter iora t ion  or  the need for  ba t tery replacements. Lack of
voltage indica tes an  open  or  a  dead ba t t ery.
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Figure 20.
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d. When test ing the pla te voltage of tube V2, difficu lty may be ex-
per ienced in  taking a  reading because of the vibra t ion  caused by the
20-cycle a lterna t ing current  present  in  th is circuit . Observe the aver-
age deflect ion .

TABLE II

RESISTANCE READINGS

Condit ions:  Remove V1 and V2.

Disconnect  plug P1 from socket  J 1.

M e a s u r e

F r o m T o R e s i s t a n c e

I t e m T e r m i n a l I t e m T e r m i n a l ( o h m s )

X V 1 1 X V 1 2 i n f i n i t y

X V 1 1 X V l 3 i n f i n i t y

X V 1 1 X V l 4 i n f i n i t y

X V 1 1 X V 1 6 1 . 3  m e g

X V l 2 X V 1 3 5 . 6  m e g

X V 1 2 X V 2 3 5 1 3 , 0 0 0

X V 2 2 X V 2 5 i n f i n i t y

X V 2 2 X V 2 7 0

X V 2 3 X V 2 4 3 , 0 0 0

X V 2 4 X V 2 8 i n f i n i t y

T 1 1 T 1 3 1 , 5 0 0

T 1 1 T 1 4 i n f i n i t y

T 1 4 T 1 5 3 0
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TABLE III

VOLTAGE READINGS

Condit ions: All voltages a re dc.

All voltages are measured with  respect  to negat ive side
of B ba t tery (termina l - on  P2).

Voltages a re measured with  VTVM.

Voltages between - of P2 and + on  P3 to be 92 volt s with
S1 depressed.

Close S1 for  a ll measurements.

I t e m T e r m i n a l V o l t a g e

X V I 1 0

2 8 6

3 5 6

4 0

5 0

6 - 0 . 4

7 0

8 1 . 5

X V 2 1 0

2 1 . 5

3 8 9 . 5

4 9 2

5 - 4 . 4

6 0

7 1 . 5

8 0

T 1 1 9 0 . 5

2 9 2

3 9 1 . 5

4 9 2

5 9 2
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Section II. REPAIR

CAUTION: Be sure to fina l t est  the t est  set  a fter  every disassembly
or  repa ir  (pa r s. 49, 50, and 51) to insure tha t  it s accuracy has not  been
impaired by adjustment  or  replacements.

41. Removal of Chassis from Case

a . Loosen  the four  thumbscrews in  the corners of the inst rument
panel, and lift  the br idge from the case by means of the two handles
on  the panel. Sufficien t  slack is provided in  the cable to a llow the
chassis to rest  on  the top edges of the case.

b. To separa te the chassis from the case, disconnect  P1 from recep-
tacle J 1 on  the chassis. To do th is, fir st  unscrew the r ing a t  the base
of the plug, then  pu ll the plug away from the receptacle.

42. Removal and Replacement of Batteries

a . REMOVAL.

(1)

(2)

(3)

(4)

Loosen  the thumbscrew (fig. 22), and remove the ba t tery com-
par tment  cover  from the case.

Lift  Ba t ter ies BA-59 from the ba t tery compar tment , and remove
plugs P2 and P3 from the ba t ter ies.

Lift  Ba t tery BA-15-A from the ba t tery compar tment , loosen
bat tery termina l nuts, and remove wires from ba t tery.

Lift  Bat tery BA-31 from the ba t tery compar tment , loosen  ba t -
tery termina l nuts, and remove wires from the ba t tery.

b. REPLACEMENT.

(1)

(2)

Secure wires to Bat tery BA-31 termina ls by means of the ter -
mina l nu t s. Connect  blackwire to the plus t ermina l, and brown
wire to the minus terminal. Check the wir ing with  the wir ing
diagram shown in  figure 21. Inser t  the ba t tery in  an  upr ight
posit ion  in to the lower  left -hand corner  of the ba t t ery compar t -
ment  under  the ba t tery clip (fig. 22).

Secure wires to Ba t tery BA-15-A termina ls by means of the
two termina l nu t s. Connect  the brown wire to the plus t ermina l,
and the red wire to the minus terminal. Check the wir ing with
the wir ing diagram shown in  figure 21. Inser t  the ba t tery fla t
aga inst  the bot tom of the ba t tery compar tment  between  the two
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Figure 22.

bat tery flanges so tha t  the ba t tery termina ls face toward the
test  lead compar tment .

(3) Inser t  plug P2 in  Ba t tery BA-59 termina ls. P lace the ba t tery
inside the ba t tery compar tment  fla t  on  top of Ba t tery BA-15-A.
Inser t  plug P3 in  the second Bat tery BA-59, and place the ba t -
tery inside the ba t tery compar tment  fla t  on  top of the fir st  Ba t -
tery BA-59.

Note. When 45-volt  ba t ter ies a re used, which  a re sligh t ly wider
than  the standard Bat tery BA-59, remove the ba t tery spacer  (fig. 22)
from the side of the ba t tery compar tment .

(4) Replace the ba t tery compar tment  cover  by fit t ing the end oppo-
site the thumscrew to the flange of the test  set  case. Secure
the ba t tery cover  to the case by means of the thumbscrew.

42. Control Pa ne l

a . REMOVAL.

(1) Remove chassis (par . 41).
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Figure 23.

(2) Remove two fla thead screws from upper  and lower  end of con-
t rol panel, and lift  panel (fig. 23) from case.

b. REPLACEMENT.

(1)

(2)

(3)

P lace the con t rol panel on  the case so tha t  top of the panel bind-
ing post  G is closest  to the ba t tery compar tment .

Secure the panel to the case by means of two fla thead screws.

Replace chassis (par . 41).

CAUTION With the chassis and the cont rol panel removed from
the case, the elect r ica l components of the test  set  a re sufficient ly ac-
cessible to perform a ll necessary tests in  order  to determine and lo-
ca te fau lty components. Fur ther  disassembly of the un it  is not  rec-
ommended, unless such  disassembly is made necessary by the need to
replace defect ive items. For  procedures to be followed dur ing such
replacement  refer  to the inst ruct ions given  in  paragraph 45. Refer  to
paragraphs 37 th rough  40 for  component  t est s.

44. Replacement of Tubes

Spare tubes for  the t est  set  a re provided in  the bot tom of the compar t -
ment  undernea th  the con t rol panel (fig. 20). To ga in  access to the tubes,

remove the set  from the case (par . 41).
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a . One tube V1 (1LN5) and one tube V2 (3Q5GT) a re required for  the
opera t ion  of the test  set . The former  tube has a  specia l locking a r -
rangement  for  holding it  securely in  the socket  and assur ing good con-
tact . This tube is known as a  locta l-type tube. It  should not  be removed
with  a  direct  upward pull as in  the case of tube V2 (3Q5GT). Remove
tube V1 (1LN5) by applying a  gen t le off-side pressure. This releases
the socket  lock and the tube is then  readily removed. Be carefu l not
to apply pressure in  a  side-wise direct ion  a fter  the lock has been  re-
leased; th is may cause the tube prongs to bend. If a  locta l tube lifter
is ava ilable use th is, prying the tube ca refu lly from the socket  and
guiding it  a t  the same t ime with  the free hand.

b. After  removal of the tubes, t est  them with  Tube Tester  I-177-A,
or  equiva lent . It  will be necessary to use a  locta l adapter  to test  tube
1LN5 on some tube checkers. If the needle swings to the green  sect ion
of the sca le, the tube is good. If it  fa ils to reach  the green  sect ion ,
the tube should be replaced. Check the tubes for  shor ted elements and
leakage. Return  the good tubes to their  or igina l sockets. Since one
tube is an  octa l type and the other  is a  locta l, it  is impossible to in ter -
change them accidenta lly. Replace defect ive tubes with  the tubes from
the spare compar tment , and order  replacement  as soon as possible.

45. Replacement of Components

a . GENERAL.

(1)

(2)

Faulty components may be removed from the test  set  and re-
placed with  new ones withou t  undue difficu lty. Specia l tools a re
not  needed. Whenever  a  par t  is to be replaced, fir st  remove
the set  from the case and disconnect  plug P1 from receptacle
J 1 (par . 41). Recommended methods for  replacing new par t s
are given  below.

When  reassembling componen ts, make connect ions to each  pa r t
as tha t  par t  is being reassembled, and check a ll connect ions
with  the wir ing diagram of figure 21. Make sure tha t  color
coding of each  wire is the same as tha t  shown in  figure 21.
Complete a ll solder ing as descr ibed in  TB SIG 222. Remove
loose solder  to prevent  shor t  circu it s. Make sure bare wires
or  termina ls do not  touch  chassis or  other  st ructura l par t s.
Ca libra te the t est  set  a s inst ructed in  pa ragraphs 46 th rough  48.

b. SLIDE-WIRE POTENTIOMETER R22. Release the inst rument
panel by taking ou t  the fla thead screws in  each  of the four  corners.
Turn  the panel over  (fig. 24) and rest  it  ca refu lly on  a  su itable suppor t .
Loosen  the small hexagona l nu t  (fig. 25) on  the end of the shaft  nea rest
the drum. Remove the dia l drum carefu lly so as not  to damage the
contact  a rm which  bears on  the slide-wire. A cer ta in  amount  of pres-
sure may be necessary to do th is. Remove the pin  from the knob shaft
and then lift  out  the knob. Solder  the leads to the new slide-wire po-
ten t iometer  R22; check connect ions with  the wir ing diagram of figure 21.
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Figure 24.

Figure 25.
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CAUTION: Handle the slide-wire potent iometer  carefully to avoid
damaging the winding. Do not  touch  the winding with  bare hands or
fingers, since th is may throw the poten t iometer  ou t  of ca libra t ion .
Sligh t  n icks in  the wire may a lso cause fau lty indica t ions, and a re
therefore to be avoided. Reassemble the new slide-wire potent iometer
to the inst rument  panel by reversing the removal procedures given
above. Make cer ta in  the leads from the slide-wire a re wrapped around
the shaft  proper ly (fig. 24) to a llow for  the slack needed by the turn ing
of the drum.

c. SELECTOR SWITCH S7. Remove the knob after  loosening the set -
screw, then  loosen  and remove the hexagonal nut  which  holds the se-
lector  switch  shaft  bushing to the inst rument  panel. Tag a ll leads and
unsolder  from the selector  switch  termina ls, Solder  leads to new se-
lector  switch , and check connect ions with  the wir ing diagram of figure
21. Mount  the new selector  switch  on  the inst rument  panel by revers-
ing removal procedures given  above.

d. GALVANOMETER M1. Remove the two fillister -head screws
from the ga lvanometer  system (front  of panel) and lift  ou t  the ga lva-
nometer . These screws make the circu it  connect ions to the meter  so
tha t  on  their  removal the meter  is ou t  of the circu it  and free for  re-
moval. P lace new meter  in  posit ion  on  panel and secure with  two
fillister -head screws. Check the cont inu ity of the ga lvanometer  con-
nect ions.

e. PUSH SWITCHES S1, S4, S5, AND S6. Tag and disconnect  wires
from push  switch  termina ls. Remove the fla thead mount ing screw
from top of panel, and separa te the defect ive push  switch  from the
panel. Inser t  the new push  switch  through the hole in  the panel, and
secure with  a  fla thead screw. Make connect ions to the push  switch
termina ls, and check with  the wir ing diagram of figure 21.

f. LEVER SWITCHES S2 AND S3. Remove the cont rol panel, and
turn  it  face down on  a  su itable working sur face (fig. 23). Disconnect
the lead's from the terminals. Remove four  mount ing screws from the
defect ive lever  switch , and remove the lever  switch  from the cont rol
panel. Mount  the new lever  switch  in  place by reversing the removal
pr ocedu r es.

g. BINDING POSTS. Remove cont rol panel, and turn  it  face down on
a  su itable working sur face (fig. 23). Disconnect  wire from defect ive
binding post . Remove mount ing nut  from under  side of panel, and re-
move the binding post  from the panel. Mount  new binding post  in  place
by reversing removal procedures.

h . TRANSFORMER T1. Remove the chassis from the case (par . 41),
and remove the inst rument  panel from the chassis (subpar . b above).
Disconnect  the lead from the t ransformer  terminals, on  the bot tom of
the chassis (fig. 26). Loosen  the four  mount ing nuts on  the bot tom of
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Figure 26.

62



Figure 27.

the chassis, and remove the four  mount ing screws from the top of the
chassis (fig. 27). Insta ll the new t ransformer  by reversing the removal
pr ocedu r es.

i. CAPACITOR C7. Remove the chassis from the case (par . 41). Re-
move the inst rument  panel from the chassis (subpar . b above). Dis-
connect  the leads from the capacitor  termina ls on  the bot tom of the
chassis (fig. 26). Loosen  and remove the two mount ing nu ts on  the bot  -
tom of the chassis, lift  the mount ing brackets from the top of the chas-
sis, and remove the capacitor . Insta ll the new capacitor  by reversing
the removal procedures.

j. OTHER PARTS. Par t s, such  as resistors, va r istors, capacitors,
receptacles, etc., a re readily replaced and require no specia l inst ruc-
t ions. In  some instances, for  example in  the case of var iable resistors,
one-hole mount ing is used and it  is necessary merely to loosen  the
hexagonal nut  to remove the component . In  other  cases the par t  may
be held in  place by mount ing screws and nuts. An examina t ion  of the
par t  to be replaced will show the method to be followed in  making the
change. F igures 26 and 27 show the bot tom and top of the chassis re-
spect ively. After  insta lling new par ts, check the circuit  with  the wir -
ing diagram of figure 21.
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Section III. CALIBRATION

46. Preliminary Procedure

a . Release the four  screws a t  the corners of the panel, and lift  ou t
the panel and chassis assembly of the set , Rest  the chassis on  a  pa ir
of suppor ts so tha t  a  small screw dr iver  may be used to reach  the slots
in  the var iable resistors mounted on  the chassis. This usua lly requires
tha t  the lid be completely removed from the rear  h inges and the case
set  on  it s side, with  the ba t tery compar tment  uppermost .

b. Check the tubes and the ba t ter ies and change any equipment  tha t
does not  measure up to the required standard.

c. Make cer ta in  tha t  the ga lvanometer  indica tes zero when none of
the push switches is depressed. If th is is not  the case, adjust  the ga l-
vanometer  to zero by releasing the clamping screw on  the knob, tu rn ing
it  un t il zero is indica ted, and then  t igh ten ing the screw aga in . Be ca re-
fu l not  to t igh ten  the clamping screw too much or  the knob may crack.

47. D-c Calibration

a . Connect  a  resistor , known to be accura te, to terminals T and R of
PR-1 of the set , th row lever  switch  PR-1 to TEST, set  the selector
switch  a t  T-R, and depress the OHMS push  switch  S6 or  OHM X100
push  switch  S5. Release the ga lvanometer  movement  and turn  the dia l
slowly un t il the ga lvanometer  indica tes zero. If the resist ance indica ted
on sca le C checks the va lue of the known resistor  under  test , the con-
tactor  on  the slide-wire need not  be disturbed.

b. If the reading on  sca le C differs by more than  two percent  from
the known va lue of the resistor  under  test , release the screw which
clamps the slide-wire contactor  to the ha ir line bracket  (fig. 24), and
carefu lly sh ift  the posit ion  of the contactor  unt il the ga lvanometer  in-
dica tes zero when the proper  push  switch  (OHMS or  OHM X100) is de-
pressed. Then  t igh ten  the clamping screw, being very carefu l not  to
change the posit ion  of the con t ractor .. Depress the proper  push switch
again  and check the clamped posit ion  of the contactor . Disconnect  the
known resistor  from binding posts T-R of PR-1.

48. A-c Calibration

a . With  noth ing connected to the T and R binding posts of the set  and
both  PR lever  switches in  the upr ight  or  normal posit ion , set  the SE-
LECTOR switch  S7 to T-R and depress the OPENS push  switch  S1. The
galvanometer  should deflect . Carefu lly turn  the slide-wire knob in  a
clockwise direct ion , as fa r  as it  will go. It  should come to a  stop a t  a
point  where the ha ir line will indica te zero on  sca le A.
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b. With  the ga lvanometer  zero proper ly adjusted, and the slide-wire
set  with  the zero on  sca le A a t  the ha ir line, depress the OPENS push
switch  S1. The ga lvanometer  should read exact ly zero. If it  does not ,
release the locking device on  var iable resistor  R14, and reset  tha t  re-
sistor  unt il the ga lvanometer  does indica te zero. This should be done
very ca refu lly, because any er ror  in  th is set t ing will be ca r r ied in to
a ll a -c measurements. Tighten  the locking device on  R14 and repea t
the test  to check the fina l set t ing. With  the resistor  R14 shaft  locked
and the slide-wire R22 set  a s descr ibed above, the ga lvanometer  shou ld
read exact ly zero.

c. Connect  a  good paper  or  mica  capacitor , of a  va lue equa l to one
listed in  t able IV, to binding post s T and R of PR-1 and tu rn  lever  switch
PR-1 to TEST. With  the SELECTOR switch  S7 set  a t  T-R, depress the
OPENS push  switch  S1 and tu rn  the slide-wire R22 knob un t il the ga l-
vanometer  indica tes zero, Do not  disturb th is set t ing of the slide-wire
R22. Next , connect  the corresponding resistor  listed in  table V to bind-
ing posts T and R of PR-2, and throw lever  switch  PR-2 to TEST. This
para llels the capacitor  and the resistor , Depress the OPENS push
switch  S1 once more. The ga lvanometer  should read zero. If it  does
not , release the locking device on  var iable resistor  R 12 and vary tha t
resistor  un t il the ga lvanometer  does read zero. When th is is done,
lock the resistor  R12 shaft  and repea t  the t est  to make cer ta in  tha t  the
locking process has not  sh ifted the set t ing of R12. The set  is now com-
pletely ca libra ted.

d. Occasiona lly, it  may be found tha t  the limit  of adjustment  of R12
is-reached before the ga lvanometer  returns to zero, when the resistor
is shunted across the capacitor  as descr ibed in  subparagraph c above.
When th is is the case, release var iable resistor  R1 and turn  it s shaft
counterclockwise (thereby increasing the frequency of the oscilla tor )
unt il the ga lvanometer  needle indica tes zero, then  lock the resistor  R1
shaft  and repea t  the t est , a s in  subparagraph  c above, to make sure tha t
both  R1 and R12 are set  proper ly.

e. Var iable resistor  R1 cont rols the frequency of the oscilla tor . This
frequency is a ffected considerably by the select ion  of the oscilla tor
tube, V1. When tha t  tube is such  tha t  the frequency of the set  is low-
ered too much, R12 cannot  sh ift  sufficien t ly the phase of the voltage
output  of t ransformer  T1, and the set  cannot  be adjusted. Under  such
condit ions, the frequency of the oscilla tor  must  be reset  by varying R1;
a  h igher  resistance in  th is var iable resistor  yields a  lower  frequency,
and vice versa .

T A B L E  I V

PARALLEL R-C  COMBINATIONS FOR CALIBRATING TS-27B/TSM

R e s i s t a n c e  ( o h m s ) C a p a c i t a n c e  ( u f )

15 ,000 2

30 ,000 1

60 ,000 . 5

300 ,000 .1
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f. It  may be not iced tha t  the products of cor responding va lues of R
and C listed in  table IV, a ll equa l 30,000, when C is expressed in  mi-
crofarads. These para llel combinat ions a ll yield a  power-factor  of ap-
proximately 25 percent . If the capacitor  which  is ava ilable is not  one
listed in  table IV, the corresponding resistor  may be ca lcula ted by di-
viding 30,000 by the capacitance expressed in  microfa rads. For  ex-
ample, if the capacitor  ava ilable is a  1.5-uf unit , the proper  shunt ing
resistor  is

The capacitors used for  ca libra t ing the TS-27B/TSM should be good
quality paper  or  mica  un it s. E lect rolyt ic capacitors should never  be
used, because such  capacitors have leakages which  are too la rge to be
neglected. Even capacitors of good quality but  of unknown capacitance
may be used to ca libra te TS-27B/TSM. Such  a  capacitor  is connected
to the inpu t  of the set , a s descr ibed in  subparagraph  c above. When  the
set  is ba lanced, the reading on  sca le A is t r ansfer red to the capacit ance
ca libra t ion  curve, on  the char t , in  the lid of the set . From th is curve,
the va lue of the capacitance may be determined. The cor responding
va lue of the necessa ry shunt ing resistance is ca lcu la ted by dividing
30,000 by the capacitance in  microfarads. Remeasure the va lue of the
unshunted, unknown, capacitor , used for  ca libra t ion , a fter  the set  is
ca libra ted. The va lues indica ted before and after  the adjustments re-
qu ired for  ca libra t ion  is made, should check very closely. If they do
not , repea t  successive ca libra t ions and measurements unt il the indi-
ca ted va lues of the unknown capacitor  a re a lways the same.

Section IV. FINAL TESTING

49. Galvanometer

As soon as the ga lvanometer  is unclamped make sure tha t  the needle
swings freely. If it  fa ils to do th is, the inst rument  probably has been
damaged, and it  will be necessary to replace it .

50. D-c Circuits

To check the opera t ion  of the d-c circuit s in  the test  set , shor t -circuit
binding post s T and R of PR-1, th row lever  switch  PR-1 (S2) to the
TEST posit ion , and set  the selector  switch  S7 to the T-R posit ion . De-
press the OHMS push  switch  (S1). The ga lvanometers needle should read
zero when  the slide-wire dia l is set  a t  the zero poin t  on  sca le D. It
should deflect  to the r igh t  a t  a ll other  posit ions of the dia l. Remove
the shor t  circu it  and depress the OHMS push  switch  (S6). The ga lva-
nometer  needle shou ld read zero when  the slide-wire dia l is set  a t  zero
on  the sca le A and should deflect  to the left  a t  a ll other  posit ions of the
dia l. Th is t est  should a lso be possible with  the OHMS X100 push  switch
(S5) or  the MEGOHMS push  switch  (S4) depressed. This en t ire t est
should be repea ted with  lever  switch  PR-2 (S3) th rown to the TEST po -
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sit ion , using binding posts T and R of PR-2 instead of posts T and R of
PR-1. If the ga lvanometers fa ils to deflect , th is may be due to the fact
tha t  the 45 volt  ba t ter ies a re disconnected or  run  down or  because of
a  loose connect ion  in  the ba t tery circu it . Make sure tha t  the ba t tery
plugs P2 and P3 a re inser ted in  the ba t ter ies proper ly. Replace the
bat ter ies if necessary. Restore a ll switches to their  normal posit ions.

51. A-c Circuit

To test  the opera t ion  of the a -c circu it , shor t -circu it  binding post s T
and R of PR-1 (S2), th row lever  switch  PR-1 (S2) to the TEST posit ion ,
and set  the SELECTOR switch  (S7) to T-R. Depress the OPENS push
switch  (S1). The ga lvanometers should read zero when the dia l is set
a t  100 on  sca le A. It  should deflect  to the r igh t  a t  a ll other  posit ions
of the slide-wire dia l. Remove the shor t  circuit  and restore PR-1 (S2)
to it s normal posit ion . When the slide-wire dia l is set  a t  zero on  the
OPENS sca le, the ga lvanometers needle should read zero when the
OPENS push  switch  (S1) is depressed, and should deflect  to the left  a t
a ll other  t imes. If the ga lvanometers fa ils to deflect , check Bat tery
BA-15-A and Bat ter ies BA-59. Check both  tubes and take pla te and
screen voltage readings to determine if t rouble has developed in  any
por t ion  of the oscilla tor  circuit . Voltage readings should check with
those shown in  table III when  taken  with  a  VTVM. When checking
tubes, note whether  the prongs a re bent  or  coa ted with  an  insula t ing
film. This la t ter  t rouble may be remedied by cleaning the prongs with
fine sandpaper  or  crocus cloth .
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C HA PTER 6

SHIPM EN T A N D LIM ITED STO RA G E A N D
DEM O LTI O N  TO  PREV EN T EN EM Y USE

Section I. SHIPMENT AND LIMITED STORAGE

52. Removing Test Set TS-27B/ TSM from Service

a . Remove ba t ter ies from ba t tery compar tment .

b. Clean  cor rosion  from wire ends and dir t  accumula t ion  from the
bat tery compar tment . Use a  clean  cloth  moistened with  solvent  (SD).

c. Fold the test  leads and the pa tch  cord, and place them in  the test
lead compar tment . F ill up the compar tment  with  paper  or  other  ma-
ter ia l which  will prevent  excessive movement  of the leads dur ing t ran-
sit .

d. Make sure tha t  the ga lvanometer  movement  is clamped by moving
the CLAMP but ton  away from the ga lvanometer  sca le.

53. Packing the Test Set for Storage

Repack the t est  set  in  the or igina l package if the packaging is ava ilable
(fig. 2). If the or igina l packaging is not  ava ilable, pack the unit  ca re-
fu lly in  a  wooden box of appropr ia te size with  corrugated paper  cush-
ion ing a t  least  1 inch  th ick on  a ll sides of the test  set  case. Na il a
wooden box cover  securely in  place over  the open top of the box.

54. Packing for Shipment

If the test  set  is to be t ranspor ted or  sh ipped, it  must  be repacked.
Repack it  as closely as possible in  accordance with  the packaging dia-
gram in  figure 2.
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Section II. DEMOLITION TO PREVENT ENEMY USE

55. Methods of Demolition

a . SMASH .  use sledges, axes, handaxes, pickaxes, hammers, crow-
bars, heavy tools.

b. CUT. Use axes, handaxes, machetes.

c. BU RN . Use
gr en a des.

d . E XP LODE .

gasoline, kerosene, oil, flame throwers, incendiary

Use firearms, grenades, TNT.

e. DISP OSE .  Bury in
in to st reams. Sca t ter .

N o t e . Use anyth ing
equ ipm en t .

slit  t renches, fox holes, other  holes. Throw

immedia tely ava ilable for  dest ruct ion  of th is

56. Destruction of Components

When ordered by your  commander , dest roy a ll equ ipment  to preven t  it s
being used or  sa lvaged by the enemy.

a .

b.

c.

d .

e.

Smash  (pa r . 55a) the case, panels, meter ._

Cut  (par . 55b) a ll wir ing in  elect r ica l circu it s._

Burn  (par . 55c) a ll inst ruct ion  books, char t s, etc._

Bury or  sca t ter  (par . 55e) a ll remain ing par t s of_

DESTROY EVERYTHING.

the equ ipment .
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A PPEN DIX  I

REFEREN C ES

Note. For  ava ilability  of it ems listed, check SR 310-20-3, SR 310-
20-4, and SR 310-20-5. Check Depar tment  of the Army Supply Ca ta log
SIG 1 for  Signa l Corps Supply Ca ta log pamphlet s.

1. Army Regulations

AR 380-5

AR 750-5

2. Supply Bulletins

SB 11-6

SB 11-47

Milit a ry Secur ity (Safeguarding Milit a ry
Informat ion).

Main tenance of Supplies and Equipment
(Main tenance Responsibilit ies and
Shop Opera t ion).

Dry Bat tery Supply Data .

Prepara t ion  and Submission  of Requisit ions
for  Signal Corps Supplies.

Serviceability Standards for  Signa l Equipment
in  Hands of Troops.

3. Auxiliary Equipment and Test Equipment

TM 11-300 Frequency Meter  Sets SCR-211-A, B, C, D, E , F ,
J , K, L, M, N, O, P , Q, R, T, AA, AC, AE, AF,
AG, AH, AJ , AK, AL.

TM 11-307 Signa l Genera tors I-72-G, H, J , K, and L.

TM 11-2019 Test  Set  1-49.
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TM 11-2613 Voltohmmeter  I-166.

TM 11-2626 Test  Unit  I-176, I-176-A, and I-176-B.

TM 11-2627 Tube Tester  I-177 and I-177-A.

TM 11-5527 Mult imeter  TS-352/U.

4. Painting, Preserving, and Lubrication

TB SIG 13 Moistu reproofing and Fungiproofing
Signa l Corps Equipment .

TB SIG 23 Rustproofing of Engines.

TB SIG 69 Lubr ica t ion  of Ground Signa l Equ ipment ,

TM 9-2851 Pain t ing Inst ruct ions for  F ield Use.

5. Camouflage, Decontamination, and Demolition

FM 5-20

FM 5-25

TM 3-220

6. Other Publications

FM 24-5

FM 24-20

FM 72-20

SR 700-45-5

SR 745-45-5
NAV DEPT
SERIAL 85P00
AFR 71-4

TB SIG 25

TB SIG 66

TB SIG 72

TB SIG 75

Camouflage, Basic Pr inciples.

Explosives and Demolit ions.

Decontamina t ion .

Signa l Communica t ions.

Field Wire Technique.

J ungle War fa re.

Unsa t isfactory Equipment  Repor t  (Repor t s
Cont rol Symbol CSGLD-247).

Repor t  of Damaged or  Improper  Sh ipment
(Repor ts Cont rol Symbols CSGLD-66 (Army),
SandA-70-6 (Navy), and AF-MC-U2 (Air
Force)).

Prevent ive Maintenance of Power  Cords.

Win ter  Main tenance of Signa l Equipment .

Tropica l Main tenance of Ground Signa l
E qu ipm en t .

Deser t  Main tenance of Ground Signa l
E qu ipm en t ,
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TB SIG 123

TB SIG 219

TB SIG 223

TM 11-369

TM 11-371

TM 11-372

TM 11-430

TM 11-462

TM 11-475

TM 11-661

TM 11-676

TM 11-681

TM 11-757

TM 11-2050

TM 11-2063

TM 11-2261

TM 11-2262

TM 11-2263

Prevent ive Maintenance Pract ices for
Ground Signa l Equipment .

Opera t ion  of Signa l Equipment  a t
Low Tempera tures.

Field Expedients for  Wire and Radio.

Spira l-Four  Cable.

Cable Assembly CC-345 (5 pa ir ).

Cable Splicing.

Bat ter ies for  Signa l Communica t ion . (Except
those per ta in ing to Aircraft ).

Signa l Corps Tact ica l Communica t ion
Reference Data .

Long Distance Telephone Transmission ,

Elect r ica l Fundamenta ls (Direct  Current ).

Grounding Procedure and Protect ive Devices.

Elect r ica l Fundamenta ls (Alterna t ing Currents).

Pr inciples of Fault  Locat ion .

Test  Set  I-48B.

Test  Board BD-101.

Telephone Outside P lan t  Engineer ing.

Open Wire Pole Line Const ruct ion  and
Ma in t en a n ce.

Lead-Covered Cable Const ruct ion  and
Ma in t en a n ce.
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A PPEN DIX  I I

IDENTIFIC ATIO N TABLE O F PARTS

Not e. The following is an  ident ifica t ion  table of par t s for  Test  Set
TS-27B/TSM (Sig C stock No. 3F4325-27). The fact  tha t  apar t  is listed
in  th is table is not  sufficien t  basis for  requisit ion ing the item. Requi-
sit ions must  cite an  au thor ized basis, such  as a  specific T/O&E, SIG 7
& 8, SIG 7-8-10, T/A, list  of a llowances of expendable mater ia l, or
another  au thor ized supply basis.

For  an  index of ava ilable supply ca ta logs in  the Signa l
por t ion  of the Depar tment  of the Army Supply Cata log, see the la test
issue of SIG 1, In t roduct ion  and Index.
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Fig. 3 Fig. 3 Fig. 26 Fig. 26
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Figs. 26, 27
Fig. 27

Figs. 26, 27
Fig. 27 Fig. 27
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Fig. 1 Fig. 23
Figs. 26, 27 Figs. 3, 24
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Figure 28.
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Figure 29.
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