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SECTION 164-171

15.9 mm

Figure 1 M-164 CONVERT-A-PAK

" 1. GENERAL

1.01 This technical practice describes the

TELTONE® M-164-70, -71, -72, and
-73 CONVERT-A-PAK™ Tone-to-Pulse Con-
verters (Figure 1). Installation and trouble-
shooting procedures, specifications, and or-
dering information are included. ‘

1.02 This practice is reissued to change the
loop current recognition specification.
A revision history is contained in Part 8.

1.03 The installation procedures in this

practice are also published separately
as Installer's Aid 164-271, which covers the
M-164-70, -71, =72, and -73. One installer's
aid is provided with each M-164 ordered.
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2. CONCEPT

2.01 The M-164 is a dedicated tone-to-

pulse converter designed for step-by-
step central offices. Operating on the same
-48 volt battery supply as other telephone
equipment, it converts the Dual-Tone Multi-
frequency (DTMF) digits produced by a
pushbutton telephone into equivalent trains
of rotary dial pulses. One M~-164 converts
one linefinder.

2.02 Packaged to mount on the back of a

switeh rack, the M-164 does not
require additional floor space. Installation
requires connecting only Tip and Ring pair
leads and battery and ground leads (see
Figure 2). Line split does not ocecur until the
signal has been verified as a valid digit and
has ended; this avoids having the line split by
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M-164 CONVERT-A-PAK

CONNECTING

TTITI3T \L/CABLE PLUG

sY 6f of 3 2] 1)
-48V_BATTERY T SPLICES
GROUND
TIP IN RING OUT FIRST
LINEFINDER SELECTOR
RING IN | L11p our
SLEEVE OR C-LEAD
SUBSCRIBER

Figure 2 System Connections

spurious noise. M-164 features include the

following:

® ANI Forwarding forwards an Auto-
matic Number Identification (ANI) or
a coin ground indication received
during line split. Note: _ANI mark
systems which do not apply the ground
mark until requested by the CO may
not be compatible with the M~164.

® Answer Supervision Release inhibits
the M-164 whenever Answer Supervi-
sion is received.

® End of Dialing Release inhibits the
M~-164 whenever an * or a # is
received.

® Time-Out Release inhibits the M-164
if 16 seconds elapse without a digit
being received.

2.03 The M-164-70, -71, =72, and -73 are
identical except for the following
features:

® The Time-Out Release timer in the
M-164-70 and -72 starts when the
caller goes off-hook.

e The Time-Out Release timer in the
M-164-71 and -~73 starts when the
first digit after off-hook is received.
If this is a rotary dial digit, a special
Dial Pulse Release feature inhibits the
converter for the duration of the eall.

e The M-164-72 and -73 include a
special mounting bracket, as defined
in Appendix 1.

3. PHYSICAL DESCRIPTION

3.01 The M-164 CONVERT-A-PAK consists

of the converter unit shown in Figure
1 and a cable assembly. Ordering details are
given in Appendix 1.

3.02 The converter unit housing is thermal

plastic and meets UL94 V-O require-
ments. A mounting bracket is included that
can be rotated, offset, or attached to the top
or bottom of the unit. The unit is not
position-sensitive; it can be mounted upside
down if convenient. Optional hardware is
available that permits mounting the unit on
virtually any kind of frame, wall, panel, or
cabinet. Once a unit is mounted, one or two
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additional units can be piggybacked onto it
using the keyslots and retainers on the
housings.

3.03 The cable assembly provided with the

unit is 24 inches long. Cables of other
lengths can be ordered separately. All cables
have a keyed connector at one end, contain
six leads, and are equipped with two splicing
connectors.

3.04 Loop-through plugs are available to

retain rotary dial service where the
M-164's are not to be placed in service
immediately after wiring. The plugs main-
tain continuity between the Tip-Ring pairs
when the M-164 cable is not plugged into an
M-164.

3.05 The M-164 is designed to perform as
specified with 0.194 VRMS (-12 dBm)
or less of Precise Dial Tone (pure tones of
350 Hz plus 440 Hz 0.5 percent, with no
more than +3 dB of amplitude variation).
The M-164 will also work with most other
dial tones. Installation of the TELTONE M-904
Precise Dial Tone Generator is recommended
wherever the available dial tone is unsatis-
factory. ' -

4. FUNCTIONAL DESCRIPTION

4.01 Connected in series between the line-

finder and the first selector (Figure 2),
the M-164 receives incoming DTMF signals
from the linefinder and converts them into
equivalent trains of dial pulses which step the
forward equipment.

4.02 The M-164 is enabled by the flow of

loop current which results when a
caller goes off-hook. It remains enabled until
the caller goes on-hook or one of the release
features causes it to be inhibited. An
inhibited M~-164 is transparent to both rotary
dialing and DTMF signaling. Once inhibited,
a unit cannot be reenabled until the caller
goes on-hook and then off-hook again to
place another call. M~-164 operational states
are summarized in Figure 3.

Page 4

A. Tone-to-Pulse Conversion
DTMF Signal Reception

4.03 The M-164 digit receiver shown in

Figure 4 is enabled at the end of a 130
ms blanking period which follows recognition
of an off-hook. (This blanking period
prevents switching transients from being
considered as signals.) The input stages of
the receiver provide DC isolation, protection
from excessive line voltages, and dial tone
filtering. The bendsplit stages of the
receiver separate each DTMF digit into its
high-frequency and low-frequency compo-
nents, in which form it is forwarded to
control logic for validation.

4.04 To be recognized as valid, a digit must
include only one tone from each of the
two DTMF frequency groups, and both the
high- and the low-frequency tones must
persist for 40 ms. When the tones of a valid
digit end, the digit is written into memory.

4.05 The M-164 memory is a recirculating

register which can accommodate up to
20 digits at one time. A digit remains in
memory no longer than is required to
outpulse any preceding digits with the
specified interdigital pauses.

Line Split

4.06 To prevent outgoing dial pulses from

interfering with incoming DTMF sig-
nals, a relay splits the Tip-Ring path after a
valid digit is detected. When the line is split,
dial tone to the caller is cut off. The line
remains split until the last digit in memory
has been outpulsed.

4.07 During line split, the incoming Tip-

Ring pair is connected to the M-164
internal battery feed source and the M-164
ANI forwarding circuit:

e The internal battery feed source
provides a termination and loop cur-
rent for the incoming pair.

e The ANI forwarding ecircuit ensures
that the impedance imbalance which
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130 ms ELAPSE
| AFTER OFF-HOOK
]
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IDLE
TYPICALLY DRAWS 70 mA
MONITORS LINE FOR OFF-HOOK
NO LINE SPLIT

UNIT DETECTS
VALID DTMF
DIGIT

"""

200 ms ELAPSE

|
——{ AFTER LOSS OF
| LOOP CURRENT

__._.1-_..._.._.;

ENABLED
TYPICALLY DRAWS 90 mA
WILL RECOGNIZE DTMF DIGITS
NO LINE SPLIT

OUTPULSING
LINE IS SPLIT
WILL RECOGNIZE OTMF DIGITS

DTMF DIGITS BEING VALIDATED,
ENTERED INTO MEMORY, AND
OUTPULSED .

TYPICALLY DRAWS 90 mA
(EXCLUDING BATTERY FEED
TO CALLER)

CALLER IS CONNECTED TO:

® M-164 BATTERY FEED
® ANI FORWARDING CIRCUIT

SELECTOR TIP AND RING ARE
CONNECTED TO PULSING CIRCUIT

[ e e e e ey

A
M
0

LL DIGITS IN
EMORY HAVE BEEN
UTPULSED

——

]
I
I
I
|
|
|
|
I
L

ONE OF FOLLOWING OCCURS:
® TIME-OUT RELEASE
® DIAL PULSE RELEASE
@ END OF DIAL SIGNAL
©® ANSWER SUPERVISION

INHIBITED
WILL NOT RECOGNIZE DTMF SIGNALS

LINE IS RESTORED

TYPICALLY DRAWS 70 mA

|
L

200 ms ELAPSE
AFTER LOSS OF
LOOP CURRENT

.

Figure 3 State Diagram
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" REVERSED LOOP CURRENT REVERSE TO FIRST SELECTOR
-FROM LINEFINDER CURRENT TP ouT N\
[\§ TIP IN . 4 OETECTOR 7
4  —
~ RING IN c&%w A'} L }
4 OEVECTOR T oia
; BATTERY
: FEED
' VOLTAGE
SOURCE
DN-HOOK / LINE SPLIY >
DFF-HOMK RELAY AND 2
LOGIC DRIVER <
ENABLE | 1 owone
CONVERTER e
LOOP
CURRENT
SIGNAL e — Y e PULSING
c%%”r‘:‘:v!‘rm LOW FREQUENCY PROCE SSOR LIKE SPLIT LATCH o oRIvER
FILTERS INKIBIT PULSE BREAK AND LOGIC
Figure 4 Block Diagram
occurs when the Tip party of a two- line is restored, its outpulsing will be delayed
party line is off-hook is forwarded for one make period.
during line split. ANI forwarding is
compatible with most toll systems, 4.09 An attenuated indication of the gene-
including A.E. SATT equipment, most rated pulses (Dial Pulse Feedback) is
pay-station coin ground detection sys- capacitively coupled from the outgoing Tip-
tems, and most electronic ANI mark Ring pair to the incoming Tip-Ring pair.
systems. ANI mark systems which do
not apply the ground mark until B. Release Features
requested by the CO may not be
compatible with the M~-164. 4.10 End of Dialing Release allows the
caller to inhibit the M-164 by signal-
. ing an * or a #. After the * or # is received,
Outpulsing no additional digits are recognized. How-

4.08 Digits are read out of memory and

outpulsed in the same order that they
were written in. Outpulsing is accomplished
by the pulsing driver, under the control and
timing of the digit receiver and call
processor. The pulsing driver opens and
closes the holding loop once for each unit of
digit value (nine times for a digit 9, eight
times for a digit 8, etc.). The line is held
split for a specified interdigital time, and
restored after outpulsing of the last received
digit. If another digit is received after the
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ever, digits already in memory are outpulsed.

4.11 Time-Out Release inhibits the M-164

if 16 seconds elapse without a digit
being received. This feature ensures that the
M-164 does not remain enabled in applica-
tions where Answer Supervision is not
present. The Time~Out Release timer in the
M-164-70 and ~72 starts when the caller goes
off-hook. The timer in the M-164-71 and -73
starts when the first digit after off-hook is
received. In both units, the timer is reset to
zero on receipt of each digit. If time-out




occurs while the line is split, the M~-164 is
not inhibited until all digits in memory have
been outpulsed. Any succeeding digits are
ignored.

4,12 Answer Supervision Release inhibits

the M-164 if the forward equipment
returns a reversal of loop current when the
called party goes off-hook. This ensures that
no additional outpulsing occurs after the
called party answers.

4.13 Dial Pulse Release inhibits the

M-164-71 and -73 if a rotary dial digit
is the first digit received after the off-hook
blanking period expires. These units recog-
nize any 30 ms break in loop current as a
rotary dial pulse. Any succeeding DTMF
digits are ignored. (The M-164-70 and -72 do
not provide Dial Pulse Release.)

4.14 On-Hook Release inhibits the M-164 if

the caller goes on-hook before out-
pulsing is completed. Loss of forward loop
current at Ring-In for over 200 ms is
considered an on-hook.

5. INSTALLATION AND TESTING

5.01 An installation checklist is provided in

Table 1, a cable wiring diagram in
Table 2, and an installation testmg checklist,
in Table 3.

A. Installation Procedures

5.02 Preinstallation Checks: Contact the

engineering department of the operat-
ing company if the following checks cannot
be completed using office records or standard
test equipment.

(1) Ensure that dial tone supplied from

the first selector is either Precise Dial

Tone (350 Hz plus 440 Hz) or a standard dial

tone which does not contain components

within the DTMF frequency range above the

noise tolerance level (noise and Precise Dial
Tone tolerances are specified in Part 7).

(2) Ensure that equipment connected to
the linefinder does not incorporate
Wink Start or Stop Dial polarity reversals.

ISS 4, SECTION 164-171

(3) Ensure that the linefinder and forward
equipment operate properly for rotary
dial calls. ‘

5.03 Preliminary Steps:

(1) Ensure that the M-164 has not been
damaged in shipping.

(2) Ensure that the ordering number
stamped on the M-164 housing front
label agrees with the invoice and packing list.

(3) Select a site for the M-164 on the
linefinder frame, usually behind the
switches and just above the cable trough (see
Figure 5). If required, reposition the
standard mounting bracket (see Figure 6) or
install any accessory mounting hardware (see
Figures 7, 8, and 9).

5.04 Wire the Connecting Cable:

(1) Busy out the linefinder when it is idle
and remove its fuse.

Note: Where several linefinders are as-
sociated with one fuse, busy out all those
linefinders before removing the fuse.
Wire all the linefinders, plug the con-
necting cables into the M-164's, and
mount the units. Before replacing the
fuse, test for rotary dial operation by
placing a call through each linefinder.
Replace the fuse. Installation testing
can be performed at this time or, if
testing is to be done later, unbusy those
linefinders that have passed the rotary
dial call test to restore rotary dial ser~
vice.

(2) At the linefinder jack, disconnect the
Tip and Ring leads going to the first
selector. Tag these leads and remove them
from the linefinder jack. The polarity of this
pair is critical to the operation of the M-164%

Note: The first color listed is the back-
ground color; the second color is the
stripe. Refer to.Table 2 when making
the following wiring connections.

Page 7
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Table 1 Installation Checklist

{0 1. Recommended Precise Dial Tone
supplied.

0O 2. Make linefinder busy and remove
its fuse.

0O 3. Remove and identify Tip and Ring
leads going to the first selector
from the linefinder jack.

[0 4. Wire the six cable leads as shown
in Table 2.

‘0 5. Plug the connecting cable into the
socket on the bottom of the M-164.

0 6. Perform the installation tests in
Part 5.

0O 7. Restore the linefinder fuse and un-
busy the linefinder to put the
M-164 into service.

Table 2 Connecting Cable Wiring

(3). Splice the M-164 ORANGE-WHITE
cable lead to the Ring lead just
disconnected. .

(4) splice the WHITE-ORANGE cable lead
to the Tip lead just disconnected.

(5) Connect the M-164 BLUE-WHITE
cable lead to the Ring terminal of the
linefinder jack.

(6) Connect the WHITE-BLUE cable lead
to the Tip terminal of the linefinder
jack.

(7) Connect the WHITE cable lead to the
-48 volt terminal of the linefinder jack.

(8) Connect the RED cable lead to the
ground terminal of the linefinder jack.

(9) Dress and secure the cable.

(10) Plug the cable into the socket on the
bottom of the M-164. Ensure that it

Page 8

PIN | WIRE COLORS | FUNCTION | CONNECTION
t | ORANGE-WHITE | RING OUT | 15 pimsT
2 | WHITE-ORANGE | TIP OUT SELECTOR
3 | BLUE-WHITE RING IN FROM
\j
4 | WHITE-BLUE TIP IN LINEFINDER
5 | WHITE BATTERY | LINEFINDER
TERMINAL
6 | RED GROUND | BLOCK

Qyoz Os O"C?
o° f'

CABLE CONNECTOR SOCKET DESIGNATIONS ON M-164

locks with a definite eclick. (Ensure that the
first selector does not seize when the cable is
plugged in or when the first selector fuse is
installed. If there is no off-hook phone on
the line, such a seizure indicates a wiring
error.)

5.05 Mount the Units: At the site selected
“in paragraph 5.03, mount the M~164 as
described below.

® If the unit is to be mounted directly on
the linefinder frame, tighten the
screw clamp with a screwdriver or a
relay wrench (W.E. Co. 417A or the
equivalent). See Figure 5(A).

¢ If the unit is to mounted piggyback on
a previously mounted M-164 (see.
Figure 5(B)), insert the retainers of
the second unit into the keyslots of
the first unit and press downward until
the two units are flush at the top and
bottom. To separate units so mount-
ed, pull backwards on the retaining
clip. (Figure 5(C)) of the second unit
while pulling it up and out of the
keyslots of the first unit.




KEYSLOTS TO MOUNT
SECOND M-164

(A} MOUNT FIRST UNIT BEHIND LINEFINDERS .

(B) SECOND UNIT SECURES TO FIRST

RETAINERS GO INTQ KEYSLOTS OF
UNIT SECURED TO MOUNTING BAR

= =

3 ey —— 2 e 8‘7 ——ESDJ

\CDNNECT!NG
(C) BACK VIEW OF M-164 \ CASLE SOCKET

RETAINING CLIP
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Table 3 Installation Test Checklist

O 1. Rotary dial operation is not
impaired.

O 2. Call was completed through
DTMF telephone at linefinder's
test jack or equivalent test
point.

O 3. Called party can be heard in
test telephone.

O 4. Time-Out release exercise
completed.

O 5. On-hook inhibit exercise
completed.

O 6. End of Dialing feature exercise
completed.

O 7. Answer Supervision release
exercise completed.

O 8. ANI Forwarding feature exer-
cise completed.

a 9. Dial Pulse Release feature
exercise completed.

Figure 5 Linefinder Mounting

e If the unit is to be mounted on a wall
or rack, attach it using the M-164-26
(Figure 7) brackets and appropriate
hardware (obtained locally).

B. Installation Tests
5.06 Rotary Dial Operation:

(1) Before installing the linefinder fuse
(or whatever power source is being
used), connect a rotary dial test phone at the
linefinder test jack and go off-hook. Note
that dial tone is connected.

~

(2) Dial a digit. Note that dial tone is cut
off. Dial a number and verify that the
call goes through. Go back on-hook.

Page 9
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(A) BRACKET ATTACHED TO TOP OF UNIT

- (C) BRACKET OFFSET

Figure 7 M-164-23 Mounting Bracket

Warning: Do not proceed with testing
until. both (1) and (2) of paragraph 5.06
have been successfully completed. The
failure of either test indicates a fault
which will impair rotary dial service and
possibly damage the M-164 if the
linefinder fuse is installed. Correct the
wiring before proceeding with testing. If
the fault persists, see Figure 11 for

Figure 6 Repositioning the Standard Bracket

troubleshooting procedures.

(3)
(4)

(5)

5.07
(1)

(2)

Install the linefinder fuse.

Go off-hook at the test telephone and
note that dial tone is connected.

Dial a digit and note that dial tone is
cut off.

DTMF Conversion:

Connect a DTMF test phone at the
linefinder test jack.

Go off-hook, listen for dial tone, and
signal a test number. Note that dial

tone is cut off, that dial pulse feedback is
heard, and that the call goes through.

5.08

Answer Supervision Release:

If the DTMF test phone is polarity
guarded, go off-hook and signal a test
number which will return Answer
Supervision before the M-164 times
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SCREW HOLES FOR
RACK MOUNTING

BRACKETS SHOWN
POSITIONED FOR
WALL MOUNTING

Figure 8 M-164-26 Mounting Brackets

out. When the called station goes off-
hook, signal additional digits.

e If the DTMF test phone is not polarity
guarded, connect a second unguarded
DTMF phone at the linefinder test
jack in parallel with the first phone
but with the polarity of the Tip and
Ring connections reversed. Go off-
hook with the first phone and signal a
test number which will return Answer
Supervision before the M-164 times
out. When the called station goes off-
hook, go off-hook with the second
phone and signal additional digits.

In either case, dial pulse feedback
should not be present, indicating that
the additional digits were not out-
pulsed because the M-164 has re-
leased. Go back on-hook.

5.089 Time-Out Release: Go off-hook. Wait
10 seconds and signal a digit. Verify
that the digit is outpulsed. Wait 20 seconds
before signaling another digit. This digit
must not be outpulsed. Go back on-hook.

BOLT AND NUT
SUPPLIED WITH
ADAPTER PLATE

Figure 8§ M-164-27 Box Frame Adapter Plate

5.10 On-Hook Inhibit: Go off-hook and sig-

nal several high-value digits. Quickly
go on-hook and off-hook again. Dial pulse
feedback should not be present, indicating
that the M-164 was inhibited by the loss of
loop current. Go back on-hook.

5.11 End of Dialing: Go off-hook and signal

several digits. When dial pulse
feedback ceases, signal an * followed by
additional digits. Dial pulse feedback should
not be present, indicating that the M-164 has
been inhibited from further outpulsing. Go
on-hook and repeat the test, substituting a #
for the *. Go back on-hook.

5.12 ANI Forwarding: Test for an ANI

indication at the forward equipment as
described in the appropriate BSP or local
practice. The M-164 forwards an ANl
indication only while it holds the line
split—that is, during outpulsing and the
interdigital times.

C. Complete the Installation

5.13 Disconnect the test phone(s) from the
linefinder test jack and unbusy the
linefinder to put the M-164 into service.
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CONNECT TEST PHONE | 'E5
AT FIRST SELECTOR
TEST JaCK. IS DIAL
TONE PRESENT? ¥
START HERE
———————— NO
ANY INSTALLATION 1S DIAL TONE PRESENT
TEST FAILURE, SEE e MEN TEST PHONE GOES
EXCEPTION IN NOTE I OF F . HOOK ? Yes
T —

|

!

SLES LI AnTaER
H-168 SHOWING NO gégt:g :’}alfpgcgkf
FAULTS: R AT LEAST YES |1 FUSE REMOVED; 60 TO
:ggsgs SAME ONE. Rt o e T
OCCURS ONLY WITH POW-

WIRING DR INSTALLA~
TION FAULT, 60 TO

SWAP CONNECTING CA-
BLES WITH ANOTHER WIRING DR INSTALLA-
M- 164 WMICH DOES GET | ygs TION FAGLT, CO TO
DIAL TONE. REPEAT FIGURE 11.
THE TEST AT BOTH
LINEFINDERS. THE
FAULT SHOULO EITHER
MOVE YO THE OTHER
uussrng:a OR PERSIST
AT THE ORIGINAL LOCA- REPLACE THE SUSPECT
TION. DOES IT PER- No nEl(L‘M. ¢ suseec
SIST AT THE ORIGINAL
LINEFINDER?

FAULT IS IN FORWARD
UNPLUG CONNECT NG NO EQUIPMENT OR TONE
CABLE FROM M-16d. SOURCE OR WIRING TO
1S DIAL TONE MOW PRE- 1
SENT AT FIRST SELEC- |

TOR TEST JACK?

'_______J

THE TEST AT BOTH

ER FUSE INSTALLED
m——

SWAP CONNECTING CA-
BLES WITH ANOTHER
M-164 WHICH DOES GET
DIAL TONE. REPEAT
THE TEST AT BOTK

FAULT IS IN LINE-
FINDER OR WIRING FROM
LINEFINDER TO M-164,
PROBABLY A SHORT

LINEFINDERS. THE —
FAULY SHOULD EITHER
MOVE TO THE OTHER
LINEFINDER OR PERSIST
AT THE ORIGINAL LOCA- | g
TION. DOES IT PER-
SIST AT THE ORIGINAL
L INEF INDER?

REPLACE THE SUSPECT
M. 164

NOTE 1:

UNDER CERTAIN CIRCUMSTANCES AN M-164 MAY QUTPULSE ONLY PART OF THE SIGNALLED NUMBER ({SAY THE FIRST THREE DIGITS OF

A SEVEN-DIGIT NUMBER} AND THEN STOP. THIS IS5 USUALLY CAUSED BY A REVERSED TIP AND RING PAIR [N THE FORWARD SWITCHING
EQUIPHMENT THAT DID #OT AFFECT ROTARY DIAL OPERATION BUT APPEARS TO THE M-164 AS ANSWER SUPERVISION. THE PROBLEM TEWDS
TO FOLLOW PARTICULAR DIGITS ARD IS ASSOCIATED WITH INDIVIDUAL SELECTOR POSITIONS. SINCE A GIVEN SELECTOR DOES WOT
ALWAYS CONNECT TO THE SAME POSITION, THE FAULT WILL APPEAR INTERMITTENTLY.

WHEN THE CONVERTER IS STOPPEC IN MID-NUMBER BY A WIRING REVERSAL THE LINE REMAINS CONNECTED TD THE FAULTY SELECTOR
POSITION UNTIL THE CALLING STATION GOES ON-HOOK. A TEST PHONE CONNECTED WITH NORMAL POLARITY, AND KO POLARITY GUARD,
AT THE LINEFINDER'S TEST JACK, WILL MOT BE ABLE TO GENERATE OTMF SIGNALS. LEAVE THE TEST PHONE OFF-HOOK TG HOLD UP
THE SELECTORS AND THEN TRACE THE LINE TO THE LAST CLOSED SELECTOR POSITION. THAT WILL BE THE REVERSED PAIR.

LINEFINDERS. THE
FAULT SHOULD EITHER
MOVE TO THE OTHER
LINEFINDER OR PERSIST
AT THE ORIGINAL LOCA- N REPLACE THE SUSPECT
TION. DOES IT PER- M-l64.

SIST AT THE ORIGINAL
LINEF INDER?

Figure 10 Fault Isolation for In-Service Units

6. TROUBLESHOOTING

6.01 The simplest way to determine

whether a fault is in the wiring or the
M-164 is to swap the suspect unit with a
known-good one. If the fault disappears, the
original unit must be replaced.

6.02 If the fault persists, one of the follow-
ing troubleshooting charts can be used
as an aid in locating the fault:

® Figure 10, for an in-service unit.

® Figure 11, for a wunit that fails
installation testing before the line-

Page 12

finder fuse has been installed (i.e.,
fails rotary dial operation tests (1) and
(2) of paragraph 5.06).

® Figure'12, for a unit that fails any of
the installation tests performed after
the fuse has been installed.

6.03 The most common wiring fault is to
reverse Tip and Ring leads.

6.04 Any faulty M-164's must be returned

to Teltone Corporation. The M=164
has no field-serviceable or -replaceable
components.
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START HERE
FAULT APPEARS BEFORE
CORRECT THE FAULT
e ARE ALL SIX CABLE No #-1 AND REPEAT THE ROTARY
NO DIAL TONE OR LEADS CONNECTED, EACH DIAL TEST (SEE PARA-
SWITCHHODK FLASH ONE TO ITS OWN TERMI- GRAPH 5.06)
DOES NOT BREAK DIAL NAL? YES

TONE {SEE PARAGRAPH
5.06)

|

IF FLASHING ggmm- : - NO -y A
SWITCH WILL IS DIAL TONE CONNECT-

DIAL TONE, BUT A RO- ED THROUGH TO THE

TARY DIAL CALL CARNOT TEST PHONE?

BE COMPLETED, THE ) YES

UNIT IS WIRED TO MORE
THAN ONE LINEF INDER
AND/OR SELECTOR

|

|

NO ] CORRECT IT AND REPEAT
| LOCATE AND TEST THE THE ROTARY DJAL TEST
GROUND CONNECTION
AS DESCRIBED IN NOTE
1. IS IT CORRECT? YES

UNPLUG THE CONNECT- | ygs o] REMOVE THE SHUNT(S)
ING CABLE AND TEST AND REPEAT TEST
FOR SHUNTS AT THE

LINEFINDER, ARE

THERE ANY SHUNTS? NO

SEE NOTE 2

|

TEST FOR GROUND AND

CORRECT THE WIRING

BATTERY ON SOCKETS KO -
1 AND 2 OF THE CABLE AND REPEAT TEST
CONNECTOR AS DE-

SCRIBED IN NOTE 3.

ARE THE TESTS SUC- YES

CESSFUL?

|

PLUG THE CABLE BACK
INTO THE M-164. TEST

CORRECT THE WIRING

FOR PROPER TIP AND o 7| AND REPEAT TEST
RING INDICATIONS AT

THE LINEFINDER TEST

JACK AS DESCRIBED

IN NOTES 4 AND 5. YES

ARE THE TESTS SuC-
CESSFUL?

|

FAULT 15 IN THE SELEC-
TOR OR THE WIRIN
FROM THE M-164 TO

UNPLUG THE ConnECTING | TES THE SELECTOR

CABLE. G0 TO THE

FIRST SELECTOR. IS

1T SEIZED? No o] REPLACE THE SUSPECT

M-164

Figure 11 Fault Appears Before Fuse Installed (Rotary Dial Operating Fault) (Sheet 1 of 2)
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SECTION 164-171

CORRECT THE WIRING
AND REPEAT THE
ROTARY DIAL TEST

TEST FOR GROUND AND | ]

BATTERY ON SOCKETS NG KO
1 AND 2 OF THE CABLE LOCATE AND TEST THE

w4 CONNECTOR AS OE- GROUND CONNECTION

Y

G*

TO FIRST SELECTOR —\ /—FROH LINEF INDER
|

SCRIBED IN NOTE 3. AS DESCRIBED IN NOTE

ARE THE TESTS SUC- YES 1. IS IT CORRECT? YES
CESSFUL?

]
PLUG THE CABLE INTO CORRECT THE WIRING
THE M-164. TEST FOR | no |—med TEST THE CONTINUITY NO |—gae] AND REPEAT THE

OF THE TIP AND RING ROTARY DIAL TEST

IN LEADS AS DESCRIBED

IN NOTE 5. ARE THE
TESTS SUCCESSFUL? YES f—am] REPLACE THE SUSPECT

PROPER TIP AND RING
INDICATIONS AT THE

LINEFINDER TEST JACK
AS DESCRIBED IN NOTE
4. ARE THE TESTS YES
SUCCESSFUL?

PROBLEM IS IN THE
CONNECT THE TEST NO -4 SELECTOR OR THE WIR-
PHONE AT THE SELEC- ING FROM THE SELECTOR
a4 TOR'S TEST JACK AND TO THE M-164 OR THE
GO OFF-HOOK. IS DIAL DIAL TONE SOURCE.
TONE CONNECTED? YES

PROBLEM IS IN THE
SELECTOR OR THE WIR-
ING FROM THE SELECTOR

BATTERY
1

RO TO RI TI

NO ed TO THE M-164 OR THE

SOCKETS 1 AND 2 OF
THE CABLE CONNECTOR
ARE WIRED TO SOME
OTHER SOURCE OF BAT-
TERY AND GROUND THAN
THE TIP AND RING OF

Y

O, GO ON-HOOK WITH THE DIAL TONE SOURCE
TEST PHONE. OOES
1O ZO 3O 4O 5) THE SELECTOR DROP? vES

MOTE
1.

ra
GROUND ——/

THIS SELECTOR

S:

TRACE THE RED CABLE LEAD TO THE TERMINAL TO WHICH IT IS CONNECTED. VERIFY THAT TERMINAL
TO BE POWER SUPPLY GROUND. THEN CHECK CABLE CONTINUITY BY CONNECTING A VOLTMETER BETWEEN
CABLE CONNECTOR SOCKET 6 AND A BATTERY BUS NOT SERVING THE M-164. REPLACE CABLE IF FULL
METER DEFLECTION DOES NOT OCCUR.

WITH CABLE UNPLUGGED FROM THE M-164, TEST FOR BATTERY AND GROUND AT THE LINEFINDER JACK
TERMINALS. PRESENCE OF EITHER INDICATES A SHUNT.

WITH A VOLTMETER CONNECTED TO A BATTERY BUS NOT SERVING THE M-164, CHECK FOR GROUND ON CABLE
CONNECTOR SOCKET 2. THIS GROUND SHOULD BE SELECTOR TIP. [IF IT IS NOT ON SOCKET 2, TRY
SOCKETS 1, 3, 4, AND 5 AND CORRECT THE WIRING. THEN CONNECT THE VOLTMETER TO GROUND AND
TEST FOR BATTERY ON SOCKET 1 {SELECTOR RING). TRY SOCKETS 3, 4, AND 5 AND CORRECT THE WIRING
IF BATTERY IS NOT ON SOCKET 1.

PLUG CABLE INTO M-164 AND CONNECT VOLTMETER AS IN NOTES 1 AND 3. TEST FOR GROUND ON THE
LINEFINDER TIP TERMINAL AND FOR BATTERY ON THE LINEF]NDER RING TERMINAL. IF EITHER IS AB-
SENT, THERE IS A FAULT. IF THE CONNECTIONS ARE REVERSED, CORRECT THE WIRING AND CONTINUE.

UNPLUG THE CABLE FROM THE M-164. WITH AN OHMMETER, TEST THE CONTINUITY OF THE CABLE BETWEEN
SOCKETS 3 (RING IN} AND 4 (TIP IN) AND THE LINEFINDER TERMINALS TO WHICH THEY ARE CONNECTED.

Figure 11 Fault Appears Before Fuse Installed (Rotary Dial Operating Fault) (Sheet 2 of 2)
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START HERE

ANY INSTALLATION TEST
FAULT WITH THE LINE-
FINDER OR OTHER POMWER
SOURCE FUSE INSTALLED
AND IF THE TEST IN
PARAGRAPH 5.06 WAS
SUCCESSFUL.

IDENTIFY AND TEST
THE GROUND CONNECTION

REPEAT THE RDTARY DIAL
TEST (PARAGRAPH §5,06)

AS DESCRIBED IN NOTE | YES
1 T0 FIGURE 11. MAKE SWAP CONNECTING CA- REPLACE THE SUSPECT
ANY NECESSARY CORREC- BLES WITH ANOTHER YES o1 M_164
TIONS AND ASSURE THAT UNIT SUPPLIED FROM
ALL SIX CABLE LEADS A DIFFERENT FUSE.
ARE CONNECTED. WERE | MO DOES THE OTHER FUSE | yo |—me] CHECK THE WIRING FOR
CORRECTIONS NEEDED? NOW BLOW? SHORTS
[ |
| REPLACE THE SUSPECT
YES IS DIAL TONE PRESENT | NO I—%1 M 154
| ooes the unIT BLOW AT THE TEST PHONE
™1 THE FusE? CONNECTED AT THE
NO LINEFINDER TEST JACK? | yeo
] CORRECT THE FAULT(S),
REPLACING THE CABLE
IF REQUIRED, AND RE-
N0 YES |—mem] PEAT ALL THE PREVIOUS
DOES FLASHING THE TEST THE CABLE MIR- INSTALLATION TESTS
ING AS DESCRIBED IN
HOOKSWITCH BREAK DIAL NOTE 1. ARE THERE
TONE? .
YES ANY WIRING FAULTS? N . §E§EQCE THE SUSPECT
i UNIT IS WIRED TO MORE
| THAN ONE LINEFINDER
Y [ #=1 AND/OR SELECTOR OR
THE LINE 15 SHORTED
T0 BATTERY OR GROUND
AFTER GOING ON-HOOK, | yee
CAN A ROTARY DIALED NO CAN A DTMF SIGNALED NO FAULT IN CONVER-
CALL BE. SUCCESSFULLY CALL BE SUCCESSFULLY SION FUNCTION. IF
COMPLETED? COMPLETED WITH THE UNIT FAILS SOME OTHER
: ? YES PHONE AT NORMAL PO- NO INSTALLATION TEST
LARITY? IT MUST BE REPLACED
J SEE NOTE 1 TO FIGURE
4 10
Y i
DOES PROBLEM OCCUR | yes YES w{ 2
ONLY INTERMITTENTLY ARE DTMF TONES AUDI-
IN THE FORM OF PAR- BLE IN THE TEST
TIAL OUTPULSING OF PHONE EARPIECE?
THE SIGNALED NUMBER? | NO NO

TO FIRST SELECTOR ————\ /_——— FROM LINEFINDER

TI

[@W)

GROUND

CABLE CONNECTOR SOCKET DESIGNATIONS

BATTERY

Figure 12 Fault Appears After Fuse Installed (Sheet 1 of 3)

-
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SECTION 164-171

TEST PHONE IS FAULTY

REVERSE THE POLARITY
OF THE TEST PHONE.

ARE THE TONES NOW

NO

CAN A DTMF SIGNALED
CALL NOW BE SUCCESS~
FULLY COMPLETED?

YES

Y

TIP AND RING IN PAIR
IS5 REVERSED

AUBILE YES [ NO

—

TEST PHONE 1S POLAR-
ITY GUARDED. USE
A VOLTMETER TO CHECK
TIP AND RING PAIR
POLARITY, SEE NOTE 2

Y

YES CONNECT THE TEST NO i C
g§V$ﬁ§Eng§ ;3‘6;“;”" PHONE AT THE POLARITY
o BRI Ry S REQUIRED TO GENERATE ,
BLE? ) TONES, IS DIAL TONE
: NO AFFECTED AT ALL? YES
; CHECK THE DIAL TONE
NO - YE ] SOURCE, SEE PARAGRAPH
BREAK DIAL TONE WITH ,
DOES DTMF DIGIT BREAK A HOOKFLASH. CAN 3.05
| DIAL TONE? A DTMF CALL NOW BE ‘
YES COMPLETED? N0
Y L
) NO : NO >®
DOES PHONE SIGNAL IS DIAL TONE INTER-
DIGITS AT NORMAL PO~ RUPTED AFTER EACH
LARITY? DIGIT AND THEN RE-
ves | TURNS? YES
I Y drie ook ring
' , A MISWIRED TO THE M-164
®— UNPLUG CONNECTING | YES TEST CABLE CONNECTOR | TES
' STILL PRESENT AT TIP SOCKET 3 WITH VOLT-
OF THE LINEFINDER o] AR 15 48V PRE- pECT
° TEST JACK? NO s ? NO fte :5;’{‘-?55 THE SUSPE

1. {A) UNPLUG THE CABLE FROM THE M-164. CONNECT THE POSITIVE SIDE OF A VOLTMETER TO GROUND
AND VERIFY THAT BATTERY IS ON CABLE CONNECTOR SOCKET 5, THEN VERIFY THAT BATTERY
IS PRESENT ON SOCKET 1.

(B8} CONNECT THE NEGATIVE SIDE OF THE VOLTMETER TO A BATTERY BUS NOT SERVING THE M-164 AND
VERIFY THAT GROUND IS ON SOCKETS 2 AND 6 AND NOT ON SOCKETS 3 AND 4.

(C) TEST THE CONTINUITY OF THE CABLE WITH AN OHMMETER.

2. TO CHECK THE POLARITY OF THE LINEFINDER TEST JACK, LEAVE THE TEST PHONE CONNECTED“AND GO
OFF-HOOK. CONNECT THE POSITIVE SIDE OF A VOLTMETER TO GROUND. IF THE POLARITY IS CORRECT,
THE RING TERMINAL WILL BE MORE NEGATIVE THAN THE TIP TERMINAL. (IF IT IS REVERSED, THE TIP
TERMINAL WILL BE MORE NEGATIVE.)

Figure 12 Fault Appears After Fuse Installed (Sheet 2 of 3)
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wed TIP AND/OR RING
‘ MISWIRED TO THE M-164

IS EITHER BATTERY YES NO
OR GROUND PRESENT é;’; agg;sgvlpﬁégsm
ON" SOCKETS 3 AND 4 P tEm SOCRET 2
Oy CABLE CONNEC- OF THE CONNECTOR? | yes |_gm] REPLACE THE suspECT
? =1 M-164
ERrTIRY AND cRoub. | YES |—= o
CONNECTIONS AS DE- - MUST PHONE POLARITY
- BE REVERSEO TO SIGNAL
SCRIBED IN NOTE 3. panres
ARE THESE LEADS PRO- | yo - ves L—ad TIP AND/OR RING
PERLY WIRED? MISWIRED TO M-164
CORRECT THE BATTERY
—o| AND GROUND WIRING.
ASSURE THAT ALL SIX
CABLE LEADS ARE CON-
NECTED. REPEAT ALL
PREVIOUS INSTALLATION
TESTS
O *1 15 GROUND PRESENT KO
DOES THE UNIT PULSE ON SOCKET 1 AND BAT-
#=-1 BACK INTO THE TEST TERY ON SOCKET 4 OF
PHONE ? vES THE CABLE CONNECTOR? | yeg |ramd TIP AND/OR RING
L | mIswIReD TO THE M-164

NOTES:

3. {A} REMOVE THE FUSE AND UNPLUG THE CABLE FROM THE M-164. WITH AN OHMMETER, VERIFY CONTINUITY
BETWEEN CABLE CONNECTOR SOCKET 6 AND THE TERMINAL TO WHICH THE RED WIRE IS CONNECTED,
AND CONTINUITY BETWEEN SOCKET 5 AND THE TERMINAL TO WHICH THE WHITE WIRE IS CONNECTED.
IF EITHER OF THESE CONTINUITIES IS NOT PRESENT, CORRECT THE CABLT WIRING.

(B) IF BOTH CONTINUITIES ARE PRESENT, INSTALL THE FUSE AND VERIFY THAT THE WHITE WIRE IS
CONNECTED TO -48 VOLT.BATTERY AND THE RED WIRE TO GROUND.

{C) IF THE POWER CONNECTIONS ARE SATISFACTORY, ENSURE THAT THERE ARE NO SHUNTS IN THE WIRING
BY LEAVING THE CABLE DISCONNECTED AND VERIFYING WITH THE METER AT THE LINEFINDER TEST
JACK THAT NEITHER BATTERY HOR GROUND IS PRESENT ON THE TIP OR RING TERMINALS.

Figure 12 Fault Appears After Fuse Installed (Sheet 3 of 3)
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7. SPECIFICATIONS
Input Impedance

(tone receiver)

Input DTMF Signaling

Signal accept level
(per frequency).

Signal reject level
(per frequency)

75K ohms mini~
mum, AC coupled
(see Note 1)

0.062 to 1.55
VRMS (-22 to +6
dBm), see Note 2

0.138 VRMS
(~35 dBm) see
Note 2

Interface Characteristics

Insertion loss

Longitudinal balance

talkthrough

signaling during
line split

Loop current
recognition

ANI offset
recognition

ANI offset
forwarding

Input DC Signaling

<0.1dB

<60 dB
(see Note 1)

<50dB
(see Note 1)

=12 mA
<2700 ohms

1500 £ 150 ohms

Tone accept bandwidth $(1.5% +2 Hz) Answer Supervision

recognition 100 ms (typical)

Tone reject bandwidth  +3.5%

On-hook recognition 200 ms minimum

Signal accept duration =240 ms
. _ Blanking for Dial
Ir}pgt accept inter Pulse Release 2 to 3 seconds
digital time =40 ms from off-hook
. . = ,
Signal cycle time 285 ms Dial Pulse Break .
Amplitude difference recognition 30 ms minimum
(twist), high fre~ . .
quency relative to Output Signaling
low frequency g Pulse rate 10 £ 0.5 PPS
’
see Note 3

Noise tolerance

Precise dial tone
tolerance

DTMF digit recognition

after off-hook.

Register Capacity

Page 18

20 dB, see Note 4

-12 dBm per tone
maximum (0.194
VRMS, see Note
2)

2130 ms

20 digits,
recirculating

Pulse ratio

Outpulse interdigital

time

Outpulse loop
resistance

Time-Out Feriod

Line restoral time
after last break pulse
of most recently
received digit

58% to 62% break

710 to 760 ms

300 ohms +10%

16 +1 seconds

715 to 755 ms




Power Requirements

Voltage ~43 to -56 VDC
Current
Idle or inhibited 70 mA, typical
Enabled 90 mA, typical
Outpulsing 90 mA, typical

(does not include
battery feed
current to-
subseriber)
Fusing requirement 1/3 ampere
Environmental Requirements |
Temperature limits 0° to 55° C

Relative humidity
limits 0 to 85%

Note 1: For frequencies 200 Hz to 3000
Hz, loop current 60 mA minimum.

Note 2: Voltage levels stated in dBm are“

obtained using a standard voltmeter cali-

brated to provide a scaled voltage mea-

ISS 4, SECTION 164-171

surement in dBm for a 600 ohm impe-
dance. No termination should be applied
for this measurement.

Note 3: Combined level of random,
difference, and harmonic noise compo-
nents at least 40 dB below the lowest
level DTMF component.

Note 4: Relative to lowest level DTMF
component with DTMF test tones at cen-
terband, twist 1 dB with combined har-
monies and difference frequencies at -32
dB below lowest level DTMF component.
Noise level is not to exceed -35 dBm.

8. REVISION HISTORY
Issue 2, January 19, 1979

Practice revised to include information on
the Dial Pulse Release feature.

Issue 3, January 7, 1982

Revised to add the M-164-70, ~72, and ~73; to
change the register storage capacity and out-
put interdigital time specifications; and to
include additional optional mounting hard-
ware. :

Page 19
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LCELTONE’ SECTION 164-171
Technical Practice Issue 4, April 29, 1982
Appendix

ORDERING INFORMATION

BASIC UNITS
M-164-70 Tone-to-Pulse Converter with time-out starting at off-hook. Includes
cable (-05), mounting bracket (-25), and installer's aid (164-270). Techni-
cal practice 164-171 also included with each 10 units or with each order.
M-164-71 Tone-to-Pulse Converter; same as -70 but has Dial Pulse Release and
time-out starting after first digit. Includes cable (-05), mounting bracket
(~25), and installer's aid (164-271). Technical practice 164-171 also
included with each 10 units or with each order.

M-164-72 Tone-to-Pulse Converter; same as -70, with same accessories and docu-
ments except that mounting bracket (-23) is substituted for (-25).

M-164-73 - Tone-to-Pulse Converter; same as -71, with same accessories and docu-
ments except that mounting bracket (-23) is substituted for (-25).

CABLE ASSEMBLIES
CA-164-05 24-inch, 6-wire Cable Assembly (included with basic units).
CA-164-06 48~-inch, 6-wire Cable Assembly
CA-164-12 12-foot, 6-wire Cable Assembly
MOUNTING HARDWARE
M-164-25 Standard Mounting Bracket, for mounting units on ?3/4-inch or smaller
frames, can be attached to top or bottom of unit or offset for clearance of
equipment on frames (included with basie units -70 and -71).
M~164-23 Mounting Bracket for mounting units on 1/4-inch or smaller frames where

space limitations preclude use of standard bracket; can be attached to top
or bottom of unit but not offset (included with basic units -72 and -73).

M-164-26 Two Wall/Rack Mounting Brackets (two required for each M-164)

M-164-27 Box Frame Adapter Plate for Automatic Electric type equipment frames.
One required for every two M-164's.

MISCELLANEOUS

M-164-22 Loop-Through Plug. Maintains rotary dial service when cable is unplugged
from the M-164 by connecting Tip and Ring IN and OUT pairs.

M-164-171 Technical Practice (this document). One provided with each order.

Page 1
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LEELCONE®

Readers Suggestion Form

Any sGggestions you can offer to improve the use-
fulness and accuracy of this practice for your applica-
tion will be appreciated and duly considered.

Iin the block below, please indicate the practice num-
ber, issue number, and date shown in the upper right
hand corner of the front page. Then write out your
suggestions and other applicable information in the
provided spaces. Finally, detach this sheet from the
practice, fold as indicated, staple once, and mail it.

How do you use this practice?

[J Product familiarization
1 instaliation

J Training

[ Maintenance

{1 Other

Do you find this practice suitable for your needs”
OYes ONo

Thank you. Please check any specific criticism(s), give page
number(s), and explain below.
. Clarification needed, page(s)
[J Additional information needed, page(s)
TELFONE
TECHNICAL O Information not required, page(s)
PRACTICE ISSUE DATE [1 Error(s), page(s)_— £ .
{
COMMENTS

[ Please have a representative call.

[ Please send information on other Teltone products:

NAME

POSITION MAKE AND MODEL OF INTERFACING EQUIPMENT
COMPANY

ADDRESS

City STATE ZIp CODE REFERENCE DRAWING OF INTERFACING EQUIPMENT

TELEPHONE EXT.




For technical assistance or repair and return information
on this product please call:

1-800-426-3926 or 206-487-1515
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