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Preface

The purpose of this manual is to provide the Customer
Engineer with consolidated information on sws:
standard packaging, electrical connections, wiring,
tools, and service techniques.

This edition, Form 223-6900-2, is a minor revision
of, but does not obsolete, the previous edition, Form
223-6900-1.

Copies of this and other 18M publications can be obtained through 18am Branch Offices.
Address comments concerning the content of this publication to:
IBM Corporation, CE Manuals, Dept. B96, PO Box 390, Poughkeepsie, N. Y.
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Safety

1. Remember that 208 volts, 400 cycles, and 120 volts,
60 cycles, are present inside the sms frame on a normal
orF. If it is necessary to work near power connectors,
convenience outlets, or any high voltage, perform an
emergency OffF or disconnect the power cables.

2. Always turn power off before replacing any fuse.

3. Remember that there may be no bleeder resistors
in the standard pc supply in sms frames. The pc volt-
ages present are not dangerous, but condensers should
be discharged before working on the supply.

4. The spider capacitors (p/N 596557) located on
back panels of sms modules, and electrolytic capacitors
used on some sms cards have occasionally exploded.
Be alert to this possible hazard; wear safety glasses
while working in the panel areas. A slight crack in a
spider capacitor may lead to an explosion. If one of
these capacitors is found cracked, it should be re-
placed. Be careful when wire-wrapping the capacitor
to the panel, to avoid cracking the capacitor where the
lead enters the ceramic.

5. Tailgates should not be lowered unless absolutely
necessary. If it is necessary to lower a tailgate, two
men must perform the operation. Always close the slide
before lowering a tailgate.

6. Wear safety glasses when soldering, or when
working with sms cards that have power on them.



Expanding business and growing competition have
vividly shown the need for more automation in the pro-
duction of machines. Automation, however, depends
largely on the standardization of products and methods.
Significant progress has been made in this direction.

To achieve automation of computer design and pro-
duction, it is essential to have standard logic diagrams
and a standard method of packaging. The packaging
need is met by the Standard Modular System (sms).
The sms packaging scheme provides a moderate num-
ber of standard building blocks to be used in the design
and manufacture of solid-state data processing equip-
ment. Some important advantages of sms packaging
are:

1. Standardization of circuits and packaging meth-
ods to reduce stocks of parts in the field and parts
handling in the manufacturing process.

2. Increased serviceability by allowing rapid access
to cards and test points and eliminating cover removal
and storage problems.

3. Use of latest production techniques such as wire-
wrapped connections and automated production lines.

4. Reduced requirements for space, power, and air
conditioning.

SMS Packaging

sMs packaging provides a moderate number of stand-
ard building blocks that can be produced with a high
degree of automation. Five physical configurations are
provided by sms. These are:

1. 29.5-inch sliding gate frame
20-inch sliding gate frame
Rack and panel module
Swinging gate cube
. Double cube

The frame is the largest physical breakdown of sms
packaged equipment. The basic sMs component is the
printed circuit card. Any sms printed card may be used
in any of the sms frames.
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Electrical Connections

Most repairing of sms will be replacing the printed cir-
cuit cards. Occasionally, a more permanent electrical
connection will require service. Four types of electrical
connections are used:

1. Mechanical connectors (plug-in)

2. Crimped connections

3. Wrapped connections

4. Soldered connections

SMS Components

29.5-Inch Sliding Gate Frame

This sliding gate frame (sms Module 1) is for large
data processing systems. The frames are 29.5 inches
wide, 56 deep, and 69 high (Figure 1). Each frame
consists of four vertical sliding gates (Figures 2 and 3)
that hold the printed circuit cards, and tailgates E
and F for interconnections between towers of a frame
and between frames. Note that tailgate F is inverted
with respect to tailgate E.

Sliding Gates

The four sliding gates, A, B, C, and D, are attached to
slides that allow a tower of two gates to pull out hori-
zontally. Each pair of gates (tower) has the wiring side
out. Once free of the frame, the two gates in the tower
can be separated like the covers of a book, giving access
to the printed circuit cards (Figure 3). An sMs power
supply at the rear of each tower provides all power to
the two gates (A and B or C and D).

Panels

Four panels (chassis) are mounted on each gate for a
total of 16 panels per frame (Figure 4).

Each panel consists of 280 sms card sockets, arranged
in a 10 x 28 matrix. The rows of sockets are labeled with
letters from top to bottom and columns are numbered
from the hinge side out (Figure 4). This system of
numbering permits a socket location to be determined
easily from either the wiring side or the card side of
the panel.

A panel can be completely wired before it is installed
in a gate. This is made possible by standard wiring con-
nections for input and output lines to the panels.

Panel Connectors

Four sets of input and output line connectors are used
for the panels:

1. Edge connectors

2. Hinge connectors

3. Panel connectors

4. T-connectors

Edge connectors, hinge connectors, and panel con-
nectors are sMs card sockets and modified printed cir-
cuit cards. The card sockets used for these connector
purposes are part of the 280 available sockets on each
panel. Cable wires are soldered to modified printed
circuit cards that plug into the connector sockets.
Figure 5 shows the location of card sockets used for

SMS Components 5
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Figure 2. 29.5-Inch Sliding Gate Frame
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corresponding terminals of the two rows are jumpered
together by solid wire and wrapped connections.

The following table summarizes the use of all sms
card sockets on a gate. See also Figures 7 and 8.

PanNeL 1 PANEL2 PANEL 3 PaneL 4
s™Ms CARDS

Rows B-K B-K A-J A-]

Columns 3-27 2-28 3-27 2-28
Ence CONNECTORS

Rows A A K K

Columns 1-28 1-28 1-28 1-28
Hince CONNECTORS

Rows B-K None A-J None

Columns 1-2 None 1-2 None
PANEL CONNECTORS

Rows B-K B-K A-] A-]

Columns 28 1 28 1

Note: Specific columns used are: 1, 2, 3, 5,7, 9, 11, 13, 15,
17, 19, 21, 23, 25, 27 and 28. The columns not used for edge
connectors are not used for any function due to space limita-
tions.

C
A/
2 |1 1
vd \2
vd ™
4 13113 4/
//\\ B
~
. \\
s N
r'g ~
28 1 28 - 1
A
B
C
D
2 24" 1 £
280 F
Sockets G
H
J
K
A
f—— 14" |
4 3
K
28 1 28 1

Figure 4. Sliding Gate Panels

Tailgates

The tailgate assembly consists of two T-shaped gates,
gate E on top and gate F on bottom. Tailgates connect
the 1-0 cables to the sliding gates and provide intercon-
nections between gates. Access to the tailgates is from
the rear of the frame. Both gates swing down for
servicing.

Each gate has both sms sockets and special cable
sockets, arranged in nine columns labeled A through ]
{Figure 9). In the top of gate E and the bottom of
gate F are located 16 sms sockets in each column
except in column E, gate F. These sockets are used
for slide connectors that provide cable connections to
the gates.

In the bottom part of gate E and the top of gate F
are positions for 50 cable connectors used for inter-
connection between frames. These cable connectors
are either the 40- or 20-position type.

For numbering purposes the tailgate is considered
a rectangular block nine sas sockets wide and 56
sockets deep. Rows are numbered 1 through 56 from

SMS Components 7
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Figure 5. Panel Input-Output Connectors

the hinge up. Because the cable connectors are equiv-
alent to four sms sockets in width, the numbering on
gate Eis 1,5, 9, and so on, and on gate F is 17, 21, 25
and so on.

LOCATION AND NUMBERING DESIGNATION

To properly locate pins, cards, or components in a
system using Module II type packaging, the following
identification system is assigned.

IDENTIFICATION ASSIGNED EXAMPLE
Machine type 3 or 4 digit number 7070
Frame 01 to 99 03
Gate A through D A
Chassis 1 through 4 2
Row A through K (omitting I) ]
Column 1 through 28 20
Pin A through R (omitting I and O) D

Cable Routing

The edge connectors provide external connections for
the gate, which mate with terminations of the drape
cables.

The drape cables are terminated with soldered con-
nections to modified printed circuit cards. One end of
each drape cable is plugged into an edge connector; the
other end is plugged into an sms card socket mounted
in the tailgate assembly. The drape cables connect
corresponding terminals of the two sms card sockets,
regardless of whether all terminals are used. Figure 10

8

To connect panel |
to 3, or panel 2to
4, 0 "T" connector
is used.

"T" connectors are
physically outside of
the panels in a row
that is labeled "T".
There may be four or
eight pins per column
in each connector.

28 «—2

Figure 6. T-Connectors

shows the physical layout of the drape cables and the
tailgate assemblies. The sms card sockets are in the
upper part of gate E and the lower part of gate F and
are called slide connectors. The remaining portion of
the tailgate contains cable connectors. These may be
either coaxial connectors (16 or 20 position) or open-
wire connectors (32 or 40 position), Both tailgates
swing down to provide access to the wiring side.

A signal routed between the two towers of a frame
must pass through one or both tailgate assemblies.
Figure 11 shows an approved signal path between
gates C and A of a frame. The circled numbers in the
figure refer to the following paragraphs:

1. A signal is generated on sms card X on panel 1 of
gate C. Printed wiring carries the signal into a terminal
of the card socket. A wrapped connection on the wiring
side of the socket connects the signal into a jumper
wire that is terminated with another wrapped connec-
tion on an edge connector socket terminal.

2. A drape cable connector picks up the signal on the
card side of the panel, and a soldered connection passes
the signal to a coaxial conductor in the drape cable.
The opposite end of the drape cable plugs into a tail-
gate slide connector.,

3. A wrapped connection on the wiring side of the
tailgate connects the signal into a jumper wire that is
terminated with a crimped connection and plugged
into a cable connector.

4. A jumper cable is plugged into the opposite side
of the cable connector on tailgate E and also into a
cable connector of tailgate F.

5. A jumper on the wiring side of tailgate F joins the
cable connector terminal to a slide connector terminal.

6. A drape cable carries the signal from the slide
connector to an edge connector on gate A.

7. A back panel jumper wire completes the route by
connecting the edge connector terminal to a terminal
on card socket Y.
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Figure 8. Connector Terminals

Signal routing between frames is accomplished by
cables between tailgates.

Figure 12 shows the power distribution to the card
sockets. Circled numbers refer to the following para-
graphs:

1. Voltages are developed in the power supply unit
on the rear of the tower.

2. A cable connects the voltages to a barrier strip on
the hinge edge of the gate.

3. A horizontal, insulated laminar bus passes the
power on to a vertical laminar bus (Figure 13).

4. The vertical laminar bus has terminals to accept
spring crimped connectors for each card row.

5. Jumper wires connect the laminar bus terminals
to card socket terminals.

6. The card socket terminals (jumpered to the
laminar bus terminals) are connected to all other
terminals of the panel that lie in the same horizontal
row. These connections are made by printed con-
ductors on a card (overlay) or by flat conducting strips
(voltage chains). In either case (overlay or voltage
chain), the horizontal conductors are soldered to the
card socket terminals.

10
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20-Inch Sliding Gate Frame

The 20-inch sliding gate frame, like the 29.5-inch frame,
is intended for large data processing systems. This
frame is 20 inches wide, 56 inches deep and 69 inches
high. One two-gate tower is housed in the 20-inch
frame, which allows greater clearance for cabling than
two towers in a 29.5-inch frame.

The sliding gates are identical to those of the
29.5-inch frame except that more edge connector
sockets are available due to the additional cable clear-
ance. The available edge connector columns are 1, 2, 3,
5,7,8,9, 11, 12, 13, 15, 16, 17, 19, 20, 21, 24, 25, 27,
and 28.

The tailgates of the frames do not contain slide con-
nectors. Coaxial connectors (16 and 20 position) and
open-wire connectors (32 and 40 position) fill all posi-
tions on the two tailgates. Individual conductors of
the drape cables terminate with crimped connections
on the wiring side of the tailgate cable connectors.
Note that tailgate G is identical to tailgate H (Fig-
ure 14).
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rear raceway normally contains Ac voltages, and other
cabling from module to module.

COVERS

All front and rear outer covers of a rack and panel
module are interchangeable, and may be removed by
lifting them off their hinges. Name plate doors are on
the extreme right end, front and back. End covers are
bolted on, and require a wrench for removal.

Swinging Gate Cube

Swinging Gate

The vertical swinging gate frame is designed for
smaller data processing systems. Each frame consists
of two basic cubes (sMs MobuLE 1), 29 inches wide,
30% deep, and 27 high without casters. A module
may be used alone or stacked with another module to
form a frame.

Each module contains eight gates, numbered as
shown in Figure 19. Gates 1 to 4 open to the front of the
module, and gates 5 to 8 open to the rear of the module.
The gates in module B swing up to open; those of
module A swing down (Figure 20).

A gate may contain 156 card sockets arranged in six
columns and 26 rows (Figure 20). Normally, the card
sockets of rows 1 and 2 of module B and rows 25 and 26
of module A are used for cable connectors. One gate of
the frame houses the power supply, which may be in
either module A or Module B.

There are no tailgates associated with a swinging
gate frame; regular gate positions are used for input
and output cable connections. The gate contains a
maximum of three cable connectors, which are any
combination of summary punch connectors and 200-
position cable connectors. Cable connector gates are
in module B; the connectors are designated as shown
in Figure 21.

Wiring between gates of a swinging gate frame is
made through card sockets used as edge connectors.
Cables connecting edge connectors may be between
any two gates within the frame. Unlike the sliding
gate frame, the location and number of cables depend

T
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Figure 19. Vertical Swinging Gate Numbering
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on the requirements of an individual frame; there is no
standard set of interconnecting cables.

Identification of locations within a swinging gate
module is:

)] A 4 E 03 K

] [
Pin

Col

Gate

- Module

kFrame

Open-Wire Connector, 200-Position

The 200-position open-wire, low-voltage multiple con-
nector is used in the sMs swinging gate frames and on
auxiliary devices such as tape units. A complete con-

nector is made up of a cable-half and a machine-half
(Figure 22).

COMPONENTS

The Terminal Board is the basic unit of the con-
nector. Identical terminal boards are used in the cable-
half and in the machine-half. Two boards mate to-
gether by a tongue and groove arrangement when
opposite sides of the board face each other. A board
can be mounted in any one of eight positions (four
positions 90° apart, with either side out), allowing
eight different connectors to be assembled.

Mountings: The machine-half board is mounted by
means of two mounting guides (Figure 22}. Two types

SMS Components 15
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Figure 21. 1-O Cable Connector Gates

of shells can be used for mounting the cable-half: one
has a 90° cable entrance into the shell; the other has a
45° cable entrance into the shell.

Strain Relief: Figure 23 shows the correct assembly
of the strain relief components that are located in the
strain relief well of the cable-half shell. For large
cables, the metal adapter is omitted. New rubber col-
lets are for 134 inch cables. If the cable diameter is less
than 134 inch, the rubber collet must be cut to fit.

Terminals: The AMP open-wire connector terminals
are sometimes called dual contact terminals because

Mounting Guides

Figure 22. Mating Cable-Half of Connector to Machine-Half
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of their dual mating surfaces. Complete information
on these terminals and the procedures for their use are
stated under “Crimped Termination Procedures.”

Latching Mechanism: Mating dual contact terminals
must be held together under pressure to form an elec-
trical connection. This is accomplished by a latching
mechanism that holds the connector halves together.

The mechanism consists of a latch and two keeper
plates. One keeper plate is attached to the center of
each terminal board. A latch is operated by the oper-
ating handle (Figure 22) on the cable-half shell and
extends through the keeper plate of the cable-half
terminal board. The latch has a notch that fits over a
lip in the keeper plate of the machine-half. When the
operating handle is moved upward, the latch retracts,
forcing the connector halves together.

Three positions of the operating handle are used: the
extreme up position forces the connector halves to mate
completely; the normal down position allows the con-
nector halves to be mechanically latched, with no
electrical connection (the latch is hooked over keeper
plate lip); the extreme down position (spring-loaded)
lifts the latch so that the connector halves can be
separated.

Mating Cable Halves: The latching mechanism
allows two cable halves to be mated, if the terminal
blocks are properly oriented. An example of this appli-
cation is found on tape units connected to a computer
system. One cable from the system is connected to one
tape unit; a second tape unit is connected to the first; a
third connected to the second. . . . When one tape unit
is removed from the chain for off-line testing or repair,
the remaining cable-halves can be mated to allow all
other units to be used in the system.

When mating two cable-halves, care must be taken
to prevent breaking one of the keeper plates. Note that
a latch from each half is locked in the opposite keeper
plate. If the operating handles are in different posi-

Strain Relief Clamp

Metal Adapter

Strain Relief Well Housing
Rubber Collet

Metal Adapter
Figure 23. Strain Relief
















L 4 - 18
F 1 . [ e
Lad = & o—"r - [
L4 e ¢ ——— [
Ls 4 [ ¢ Y~ |»
_6 . ——. . .—1 _23
Ly | = & ~—— [,
-8 - 7/\. .~ 25
-9 o o ta
10 4 PG N
-1 4 Ole 907 - 28
i Pt
2O || ®n
Ti % o o T4
13 =l 0.7 [0
H14 o ¢ 3
-15 * 32
F16 ML) 33
197528 L7 A [o—"or° L34
INRRRAEAARNA R RN
|II||III||II|I|l|||||II||I|I
Auunegnn II LAyl
Q N L J E C A

RPMKHFDB

Temperature Contacts  Part Number Card Type

107F N/O 371696 UX-~
107F N/C 371697 Uy--
122F N/O 371698 RD--
122F N/C 371699 RE--

Figure 30. Thermal Card

card is used in gates containing alloy junction tran-
sistors. The thermal switches on the cards are con-
nected to the bias winding of the magnetic amplifier
in the power supply. Operation of the switch by a rise
in temperature drops power to the power supply.

Air Flow Cards

Air flow cards ( Figure 31) are similar to thermal cards,
but have two heating resistors. Air flow cards are
located at the bottom of the gates, over the blowers.
As long as the blower is running properly, the flow of
air is sufficient to carry away the heat generated by the
resistors. If the blower should stop, the resistors would
heat the thermal switch on the card, causing the switch
to open and drop power, as with the thermal cards.
The switch opens within two minutes starting at an
ambient temperature of 65°F, or within 30 seconds
starting at an ambient temperature of 80°F

Baffle Cards (P/N 598225)

Baffle cards simply divert the air flow for more efficient
cooling. The bafle card is a gray plastic card with two
adjustable flaps that may be swung down from a ver-
tical position to any angle between 0 and about 90
degrees. By reversing the card, these flaps may be

Thermostat
Switch

/Copper Shield

[ ——

Heater
Resistors
. under
Component Side Copper

Shield

Part Number Ambient  Blower

371751 80F 1/30 hp

371752 8OF 1/8 hp

327888 90F 1/8 or 1/30 hp

Figure 31. Air Flow Card

swung right or left. The baffle card assembly can be
attached to the eight 8-32 studs in the neoprene card
cover retaining strip on the vertical center channel of
the gate.

Short card guides should be positioned adjacent to
the baffle card. A full complement of eight baffle
cards is recommended for gates of high wattage
dissipation. None need be used on gates having a
maximum wattage per column less than 14 the rated
wattage. Otherwise the recommended minimum is two
baffle cards for two horizontal panels, and four for the
complete gate of four panels. It is preferable to locate
the four baflle cards on the 1st, 3rd, 5th, and 7th studs
from the bottom. The cards should be oriented so that
the flaps swing toward the printed side of the circuit
cards rather than the component side, except in areas
at the vertical edge of a panel where baffles are
needed. The card flap may be adjusted to block the
air flow from one through four columns by resting the
end of the flap against a circuit card or gate wall. If a
baffle card is removed, be sure to reinstall it in the same
position.

Dummy Cards (P/N 598081)

Dummy cards are black plastic, blank cards having no
components, used to mark the extent of occupied
socket positions, or to indicate unused sockets. Before
removing isolated sMs circuit cards, flank the cards to
be removed with dummy cards to insure putting the
circuit cards back in their proper sockets.
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Soldered Connections

Soldering is one of the most popular methods of joining
conductors because of the excellent physical and elec-
trical qualities of a properly made soldered connection.
One disadvantage of the soldered connection is that
the quality of the connection depends greatly on the
skill of the individual. sms soldering requires even
greater than normal skill; this is especially true for
printed circuit repair.

This section contains general soldering information
that applies to any soldered connection. Special con-
siderations, necessary for the repair of printed circuit
cards, are given under “Service Techniques.”

Soldering Theory

Metal is, to a small degree, like a sponge. Under a
powerful microscope, it does not look as smooth as
when it is observed with the naked eye. A metal can
absorb a gas just as water absorbs gas. It can, to a lesser
degree, absorb moisture.

When heated metal is brought into contact with
liquid solder, the metal actually absorbs some of the
solder. When cooled, the solder solidifies or freezes in
the pores of the metal, and has tentacles into the metal
which fasten it securely. The solder has actually pene-
trated the metal, but only for less than a thousandth
of an inch.

If the metal is cooler than the temperature needed
to melt the solder, the solder freezes across the pores
instead of filling the holes in the metal. When this hap-
pens, the solder does not stick to the metal and can be
easily removed. To make a strong joint, the work must
be hot enough to keep the solder melted and allow it to
penetrate.

When exposed to air, all metals become covered with
a layer of oxide. Often this layer is so thin that it cannot
be seen; however, it acts like a blanket, preventing
the soldering iron from properly heating the metal.
This oxide layer also prevents the liquid solder from
penetrating the metal, and, therefore, it must be re-
moved. This oxide removal is accomplished by the flux.

The following sequence occurs whenever a good
soldered connection is made:

1. Heat is transferred from the soldering iron to the
work.

2. As the temperature of the work rises, solder and
flux are applied.

3. At a temperature of about 300°F, flux reaction
begins. The flux flows over the work and chemically
removes the oxide coating.
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4. When the work reaches a temperature of about
361°F, the solder begins to melt.

5. The liquid solder penetrates the pores of the work,
displacing the flux.

6. When the source of heat is removed, the work
and solder begin to cool.

7. As cooling progresses, the solder solidifies, com-
pleting the process.

Steps in the Soldering Process

The soldering process involves six steps: selection of
materials, preparing the soldering iron and tip, pre-
paring the work, heating the work, applying the flux
and solder, and cooling.

Selection of Materials

Selection of the proper materials is essentially limited
to the soldering iron and tiplet. Recommended items
are:
1. Soldering iron transformer
a. Single tap — p/N 460818
b. Four tap — p/N 460976
2. Soldering iron handle — p/N 454332
3. Soldering iron thread element — p/N 454333
4, Pencil Tiplet — p/n 454334
The solder supplied to the field is similar to a piece of
spaghetti; the hollow center is filled with flux that flows
over the work when heated to a moderate temperature.
This temperature is below the melting point of the
solder. The flux becomes active upon further heating,
but prolonged exposure to heat causes it to decompose.

CavuTion: Do not use acid-core solder.

HOOK

WRAP—-AROUND

Figure 32. Terminal Connections




Component Body

Figure 33. Axial Lead Connections

Preparing the Soldering lron and Tip

The soldering iron is used only to transmit heat to the
work. Before using the iron, heat it to operating tem-
perature and tin it: wipe the tip with a clean cloth
or canvas; then apply flux and solder, giving the tip a
clean, shiny coat of solder. Tinning is done to insure
good heat transfer and, at the same time, to keep the
connection area free of contamination. Subsequent
accumulation of flux residue and solder dross can be
removed in the same manner.

Preparing the Work

In an electrical connection, metal-to-metal bond is the
basic mechanism. Foreign materials must be removed
from the surfaces of the metal to be joined. No grease,
wax, paint, or dust should be present. Preferably, the
surfaces to be soldered should be pretinned. Pretinning
means the application of a thin layer of solder over
the surfaces of the metals to be joined, using the same
process as for tinning the soldering iron tip.

Use extreme care when stripping insulation from
wire. The stripping tools should be adjusted so that no
metal is removed from the wire during the stripping
operation. Cutting the strands in stranded wire reduces
the cross-sectional area, which decreases current carry-
ing capacity and presents a mechanically weak spot.
A nick in solid wire has much the same effect.

Unless otherwise specified, insulation should be
stripped so that not more than % inch nor less than s
inch of wire will be exposed between the soldered
terminal and the insulation (Figure 32). Leads of an
axial lead component should not be formed closer than
% inch from the component body (Figure 33).

Heating the Work

Before applying solder, the joint must be thoroughly
heated. Efficient heat transfer from the iron to the work
depends on the cleanliness of the surfaces and the size
of the contact area. A small amount of clean solder on
the iron tip will insure effective heat transfer.

The majority of poor solder connections are the
result of insufficient heat. Use reasonable care to pro-
tect components, but remember that a destroyed com-
ponent is less expensive than a cold soldered joint that
causes intermittent failures.

Applying the Flux and Solder

If the surfaces are clean and are at the correct tem-
perature, flux and solder will flow freely over the sur-
faces and wet the metal. This wetting action is the
basic solder bond. After the solder solidifies, it will
remain adhered to the surface and will provide elec-
trical continuity.

The proper amount of solder is important. The solder
bond occurs on the surfaces and excessive solder does
not improve the joint but can introduce undesirable
side effects. For best results, use enough solder to cover
the parts to be joined, but leave the outlines visible.

Cooling

Once the solder has been applied, withdraw the solder-
ing iron and allow the joint to cool. Solidification of
solder is not instantaneous, and any movement during
this time may cause a solder bond of unacceptable
quality. It is essential to keep the parts perfectly still
until the solder is frozen. With a little practice, an
operator can tell by the way the solder melts and cools
whether a good bond has been made.

Visual Inspection of Soldered Joints

A good soldered connection is bright and smooth. The
solder feathers out to a thin edge from the main body of
solder in the joint. It also approximately outlines the
wire and terminal. Figure 34 illustrates good soldered
connections.

Contour of
Wire Visible

’ /Filleﬁng

Contour of
Wire Visibl

Contour of
Wire Visible

Figure 34. Good Soldered Connections

Soldered Connections 23



AN

INNNNN\N

W j ANNANN

Cold Soldered Joint Rosin Joint

NN\ i3 NN\

i

Fractured Soldered Joint Exc“emvdy Soldered Joint

Figure 35. Defective Soldered Connections

The Cold Soldered Joint has a dull, granular appear-
ance. It is caused by insufficient heating, or movement
of the work during cooling. Figure 35 illustrates a cold
soldered connection.
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The Rosin Joint has a rosin inclusion. Rosin joints
can be due to insufficient heat to permit the rosin to
be displaced by the solder, or insufficient heat to
permit adequate melting of the flux (Figure 35).

The Excessively Soldered Joint hides the outline of
the joint components with an excessive amount of
solder (Figure 35).

The Fractured Soldered Joint is one in which small
cracks are present. This condition can be due to stress
applied before the solder is completely solidified
(Figure 35).

Soldering Summary

The following points are of primary importance in
making good soldered connections.

1. The work must be clean.

2. The iron tip must be clean and bright.

3. The iron should heat the work enough to cause
the work to melt the solder and allow it to penetrate.

4. The solder should be applied to the work, not to
the iron.

5. The joint must not be moved until the solder is
completely solid.



















Figure 51 illustrates a typical amp terminal. To
crimp this type ‘of terminal in the AMP nonratchet tool,
proceed as follows:

1. Determine the wire strip length and die-set groove
from Figure 54. Strip the wire.

2. Center the wire crimp portion of the terminal in
the 1ns groove, with the open side of the barrel facing
the 1ns letters on the tool. Do not insert the wire.

3. Close the tool, exerting enough pressure to com-
pletely mate the die-set. Remove the terminal from the
tool.

4. Insert the stripped wire into the terminal so that
the insulation ends in the first window and the wire
ends in the second window (Figure 51).

5. Center the wire crimp portion of the terminal in
the proper tool groove (A, M, or P). The bottom of the
terminal (opposite the open side) must be adjacent to
the stamped letter (A, M, or P) on the die-set.

6. Close the handles, taking care that the terminal
does not turn. Exert enough pressure to completely
mate the die-set. Remove the terminal from the tool.

7. Center the insulation crimp portion of the termi-
nal in the INs groove of the tool, with the open sidc
facing the stamped letters, 1ns.

8. Close the tool, exerting enough pressure to com-
pletely mate the die-set.

9. Remove and inspect the finished termination

INSERTION AND EXTRACTION TOOLS

The assembled tools are used to insert taper pins into
sockets. Although taper pin terminals are not used in
sms frames, these pins are still used in some of the
auxiliary equipment used in sMs systems.

Two tools are manufactured by amp to install and
remove the laminar bus terminals, p/N 259009. The
extraction tool, p/N 461074, is available for field use.
The insertion tool has no 18BM part number at this time;
this tool is AMP 380-306-5 and may be released in the
future.

Even if these special tools are used, use care when
installing or removing the laminar bus terminals to
prevent breaking the soldered connection that joins
the fixed part of the connector to the laminar bus.
At present, there is no available crimping tool for the
laminar bus terminal (p/~ 259009). When a repair of
one of these terminals is necessary, replace the assem-
bly, which consists of a terminal and jumper wire, with
the crimped connection already made. The assembly
is installed by making a wrapped connection to the
proper card socket terminal. The part numbers of the
laminar bus jumper assemblies are 532078 through
532085. The eight assemblies differ from each other
only in the wire insulation color
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First Window Second Window

Y Wire Crimp

Insulation NOTE: Two wire
Crimp sizes, two tools.

Figure 51. Open-Wire Connector Terminal

Connectors and Terminals

Many kinds of connectors and terminals that involve
crimped connections are used in sMms. The three firms
(Burndy, Winchester, and AMP) that supply crimping
tools also supply most of the connectors and terminals.

Connectors and terminals are classified by manufac-
turer and in two other ways. One classification is the
type of wire barrel on the terminal; this may be either
open or closed. The second classification is by the use
of the terminal: either power, or signal (sometimes
called low-loss ).

The signal terminals, with few exceptions, are gold-
plated. For crimped connections in signal wiring, the
resistance introduced by each termination must be of
the order of 1 to 9 milliohms depending on the wire
size. To obtain this low resistance, factors such as
contact area, crimp shape, and crimp pressure must
be closely controlled. These terminations are truly
precision connections and must be attempted only with
a combination of wire, tool, and terminal that have
been proved to produce the desired connection. All
gold-plated connectors and terminals should be ob-
tained from 1M stock. A similar item purchased
through electronic distributors is usually gold-flashed,
not gold-plated. Gold flashing has a limited life, re-
sulting in intermittent contact problems.

The power terminals are normally constructed of
copper, coated with a thin layer of tin to impede
corrosion. These terminals are usually larger than the
signal terminals and are normally used with stranded
wire. Because power connections are less critical than
signal connections, there are no special tools supplied
to the field for crimping the majority of the power
terminals. When it is necessary to attach one of these
terminals and the proper crimping tool is not available,
use the following procedure:

1. Strip the wire to approximately the length re-
quired. Insert the wire into the terminal barrel and
adjust the strip length as necessary.

2. Use the area just behind the pivot of a pair of
pliers or diagonal cutters to crimp the terminal barrel
enough to hold the wire. Do not deform the terminal
barrel enough to embrittle the terminal or the wire.

3. Solder the wire in the terminal. Make sure that
the solder flows freely into the terminal barrel.



















then crimped into the dual contact terminal (Figure
55). Crimping tool, p/~N 461070, is used with the above
terminals.

The following points should be borne in mind to
insure contact reliability with dual contact terminals.

1. Identical terminal p/N’s must be used in the same
positions of the two connector halves being mated.

2. When a terminal is inserted into the terminal
board, be certain that the claw of the terminal is
snapped over the raised lip of the terminal board.
The ski (protruding contact face of the terminal)
should be no more than 0.005 inch from the terminal
board wall.

3. The following procedure should be used to re-form
a ski that has been deflected more than the specified
0.005 inch:
a. Remove the dual contact from the terminal
board (see 5).
b. Hold dual contact at its crimped area in an
upright position.
c. Push top end of ski toward formed tip of claw.
Release and allow to spring back.
d. Reinsert dual contact into terminal board and
inspect for 0.005-inch clearance (see 2).

4. Gold plating is used on the terminals to reduce
contact resistance and corrosion. A wiping action as-
sures final contact on a clean surface. Should it be
necessary to remove dust or other particles from the
dual contacts or terminal board, use only clean, lint-
free cloth.

Ski 598041

596224
596230

Figure 55. Dual Contact Terminals
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Cavution: Do not use any cleaning fluid, of any type,
for this purpose. Cleaning fluids, including 18M P/N's
450608, 451053, and 517690, will damage the termi-
nal board and will remove lubricant petroleum jelly
applied to the dual contact terminals.

5. No special tools are required to remove the dual
contact terminals from the terminal board.

Caution: To prevent damage to the finish of the
gold plated contact surface and to the raised lip
of the terminal board, do not use a metal tool for
contact removal. A nylon or plastic probe, or fiber
screwdriver, /N 460811, is recommended.

6. Do not attempt repairs to dual contact terminals
while they are inserted in the terminal board.

Slip-On Terminal

A slip-on terminal, p/N 216265, may be used to connect
wiring to sms terminal pins. This terminal may be
crimped to solid or stranded wire of awc size 20 to 24.
The maximum current carrying capacity is 8 amperes.
Use tubing, p/n 216309, to prevent close terminals
from shorting,.

Crimped Termination Procedures

The following paragraphs describe the complete termi-
nation procedures for the two most commonly used
crimped connectors in sMs equipment. These are the
Burndy coaxial cable connector and the amp terminal
for open-wire connector blocks.

Dual Contact on Open Wire Conductor,
#20 to #24 Solid or Stranded

Dual Contact for #16 and #18 Stranded.
Also Used on Coax Center Conductor as Shown




Coaxial Cable Connector

The Burndy coaxial cable connector is used in 16- and
20-position connector blocks in the sliding gate frames.
Coaxial cable and twisted-pair wire are used with
these connectors.

COAXIAL CABLE

To attach coaxial cable to the outer plug body,
p/N 595986, refer to Figure 56 and proceed:

1. Strip the cable following the dimensions shown in
Figure 56.

2. Use die-set N22RVT-1 (p/~ 461038) in Burndy
tool MSND (p/~ 461036) to crimp inner socket, p/N
598662, to the cable center conductor. Make certain
that the wire is visible through the small hole in the
socket barrel, and that the socket barrel is butted
against the coax inner insulation.

3. Slide an insulated HYRING, P/N 596226, over the
cable. (Earlier machine units used a noninsulated
HYRING, P/N 595981, crimped with die-set N22RVT-1,
p/N 461038.)

4. Snap-lock the inner socket into the outer plug
body, making sure that coax braid slides over the outer
plug barrel.

5. Slide the HYRING over the coax braid and insula-
tion so that it butts against the connector body.

6. Make two crimps on the HYRING with a Burndy
tool MRSEC-16, p/N 461071. Use the die-set groove
marked 120 to crimp the myrING to the connector
barrel. Make certain that the outside edges of the
die-set are aligned with the end of the mymrinG that is
butted against the connector body. You may insert the
connector from either side of the die-set, but make
sure that the die-set edges do not overlap the large
part of the connector body. If these parts do overlap,
the connector body will be crimped when the tool is
closed. Use the die-set groove marked 110 to make
the second crimp near the opposite end of the HYRING.

To attach coaxial cable to the outer receptacle body,
P/N 595980, refer to Figure 56 and proceed:

1. Strip the cable, following the dimensions shown
in Figure 56.

2. Use die-set N22RVT-1, p/N 461038, in Burndy tool
M8ND, p/N 461036, to crimp inner pin, p/N 598661, to
the cable center conductor. Make certain that the wire
is visible through the small hole in the pin barrel, and
that the barrel is butted against the coax inner
insulation.

3. Slide an insulated nyriNG, /N 596226, over the
cable.

4. Snap-lock the inner pin into the outer receptacle
body making sure that the coax braid slides over the
outer receptacle barrel.

5. Slide the insulated HYRING over the coax braid and
insulation so that it butts against the connector body.

316"

5/16" | /g

If non-insulated HYRING, P/N 595981, is used
this dimension is 7/32 inch

Strip Length

Inner Pin Inner Socket

Insulated
HYRING

Insulated
HYRING

Outer Plug Body,

Outer Receptacle Body

Completed
Termination

Completed
Termination

Figure 56. Coaxial Cable Connector Assembly

6. Make two crimps on the HYRING with Burndy tool
MRSEC-16, p/N 461071, following the same procedure
used for the outer plug body (step 6).

7. Slide the small white insulating washer over the
inner pin, and place insulation boot p/N 596227, over
the outer receptacle body.

The completed assemblies are snap-locked into the
connector blocks. The assemblies may be removed from

the connector blocks by using Burndy extraction tool
RX4-1 (p/~N 461044).

TWISTED-PAIR

When twisted-pair wire is routed to the plug-half of a
coaxial cable connector, perform the termination as
follows:

1. Cut the black wire 5/16 inch shorter than the
yellow wire. Strip 3/16 inch of insulation from the yel-
low wire and 348 inch of insulation from the black wire.
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2. Use die-set N22RVT-1, p/~ 461038, in Burndy tool
MS8ND, p/~ 461036, to crimp inner socket, p/n 595987,
on the stripped end of the yellow wire.

3. Slide a blue, insulated nyring, p/N 595726, over
the twisted-pair wire. ( Earlier machine units used non-
insulated HyriNG, p/N 593981, crimped with die-set
N22RVT-1, »/N 461038.)

4. Use insert tool, p/N 461083, to snap-lock the inner
socket into the outer plug body.

5. Slide the HYRING over the barrel of the outer plug
so that the stripped portion of the black wire is
between the HYRING and the barrel. Crimp the HYRING
with the circular shaped groove of die-set N12ECT,
P/N 461122, in Burndy tool MSND.

It is not probable that twisted-pair wire will be
routed to the receptacle-half of the coaxial connector.
If this case arises, however, the procedure for the
termination is the same as for the plug-half with the
following exceptions:

1. Substitute inner pin, p/~ 595985, for inner socket,
P/N 595987,

2. Place insulation boot, p/N 596227, over the re-
ceptacle body when the assembly is completed.

Should it be necessary to remove the center con-
ductor of a coaxial connector, clip off the entire coax
connector and crimp on a new one.

Open-Wire Connector Terminals

Open-wire connector terminals are used in 32-, 40-, and
200-position connectors. Terminals are identical for all
sizes of connectors. Each terminal serves both a pin and
socket function; a terminal mates with an identical
terminal. The connector blocks are also universal in
that two identical blocks are mated to form a con-
nector. Refer to “Service Techniques” for additional
details of the 200-position connector.

Use only a clean, lint-free cloth to clean the open-
wire connectors. Cleaning fluid of any type will damage
the connector block and will remove a lubricant that
has been applied to the contact surfaces.

The open-wire connector terminals may be used with
single wire, twisted-pair wire, or coaxial cable.

SINGLE WIRE AND TWISTED-PAIR

Single wire is stripped 5/32 inch and crimped in the
proper terminal before insertion into the block. For
20-24 awc wire, /N 597590 terminal is used, and the
crimp is performed with AMP tool 59501, p/~ 461070.
For 16-18 awc wire, p/N 597591 terminal is used and
the crimp is made with the groove marked P of AMP
tool 47745, /N 450898. Follow the procedure given
under “AMP Tools” when using tool 47745,

The open-wire connector terminals are inserted into
the connector block after the crimped termination is
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Primary Dielectric

Outer Shield
Insulation Braid
Center
}_Z/Conducra
—> 3/8 L - L 5/32

/ 24 AWG Conductor

—
{l\~ 5/32
1516 |
Outer (Blue) Hyring 597590
Inner (Red) Hyring Ski
/—— 4 [ e
VY

597591

596230

Figure 57. Coaxial Termination at Open-Wire Connectors

complete. The terminal claw (Figure 57) must snap
over the raised lip on the block. The terminal ski must
not be raised more than 0.005 inch from the block. If
this condition is not met, the terminal may be re-formed
by removing it from the block and pushing the free end
of the ski toward the tip of the claw. The terminals
are easily removed from the block without special tools
by sliding the claw over the raised lip and pulling the
contact out. Never use a metallic object to aid in this
removal; the gold-plated terminal surfaces are easily
damaged.

Twisted-pair wire is terminated by using two termi-
nals and treating each wire of the pair as a single
conductor.

COAXIAL CABLE

To terminate a coaxial cable in an open-wire connector,
refer to Figure 57 and proceed:

1. Strip the cable to be terminated according to the
dimensions in Figure 57.

2. Cut and strip a length of 24 awg solid conductor
(black insulation) to the dimensions shown in Figure
57.

3. Slide a blue, insulated outer HYRING, P/N 595726,
over the cable outer insulation. Install a red, nonin-




sulated, inner HYRING, P/N 595725, underneath the
stripped braid of the cable.

4. Center the outer HYRING over the inner HYRING
with the 3g-inch stripped end of the 24 Aawc wire
between the coax braid and the outer HYRING.

5. Crimp the outer HYRING with die-set N12ECT in-
stalled in Burndy tool M8END.

6. Use AMP tool 59501, p/N 461070, to crimp an
open-wire terminal, p/N 597590, to the free end of the
black wire.

7. Use AMP tool 47745, p/N 450898, to crimp stuffer,
P/N 596230, to the coax center conductor. Use the die-
set groove marked A, and follow the crimping pro-
cedure given under “AMP Tools” for the nonratchet
tool.

8. Use the die-set groove marked P of AMP tool
47745 to crimp terminal 597591 over the stuffer.

Insert the completed terminations into the connector
block, following the same procedure as used for single-
wire and twisted-pair terminations into open-wire con-
nector terminals.

Crimped Connection Quality

As previously mentioned, the quality of crimped con-
nections depends largely on the correct combination
of wire, terminal, and tool for each application. Finding
this combination is usually more difficult than perform-
ing the actual crimping procedure. It is important to
control the factors that affect the quality of a con-
nection because of the difficulty in determining the
quality after a connection is complete.

Inspection

Visually inspect all completed connections for the
following:

1. Stripped portion of the wire centrally located
under the crimp.

2. No deformation of the terminal outside of the
crimp area.

3. No fractures of the terminal or wire.

Do not use a connection that does not meet these
criteria.

Tests

Test connections with no visual defects as follows:

1. Grip the wire between the thumb and forefinger
of one hand and the terminal between the thumb and
forefinger of the other hand.

2. Pull the wire, exerting only enough pressure to
make the wire taut. Check for any movement of the
wire within the terminal barrel (see Note).

3. Bend the wire about 30° and repeat step 2. Bend
the wire 30°, from center, in the opposite direction and
again repeat step 2.

Note: Wire movement in the terminal barrel can
often be heard, but not seen. Such a connection is
called a clicker and must not be used.
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Figure 59. End of Wrapping Bit

an amber colored handle.
2. p/N 451142 is used with 24-26 awc¢ wire and has
a blue handle.

Squeeze-Type Wrapping Tool

A manual, squeeze-type wire-wrap tool, p/N 451572,
is available for field use. The bits and sleeves are
identical to those used with the electrically powered
gun:

WIiRE S1ZE AwWG WRAPPING BiT SLEEVE
26 461063 461014
24 461235 461015
22 461010 461015
20 461011 461016

Right and Left-Hand Unwrap Tool

An unwrap tool, p/N 451573, is available that will un-
wrap both the right and left-hand wraps.

Wrapping Procedure

CautioN: Only nylon-jacketed or semi-rigid pvc
(polyvinyl chloride-insulated) wire should be used
for re-wiring back panels. Teflon-insulated wire,
used in panels produced by automation, is unsuit-
able for re-wiring in the field due to the difficulty
in stripping without damaging the conductor.

Electrically Operated Tool
1. Select the bit and sleeve for the wire size to be
used.

2. Install bit and sleeve in the nose assembly of the
power tool:
a. Loosen the collet nut on the nose assembly.

N

Sleeve Wrapping Bit

Figure 60. Wrapping Tool

Figure 61. Wrapping Procedure

b. Insert the wrapping bit into the collet. Rotate the
bit while applying slight pressure against the end
until it seats itself. (To remove the bit, reverse
this process. )

c. Place the sleeve over the bit and into the collet.
Rotate until sleeve is seated and positioned. With
tool running, apply slight pressure to the .end of
the sleeve and tighten collet nut.

3. Strip 138 to 1% inch of insulation from the wire
to be wrapped. This will result in about six wraps
around the terminal. The completed terminal must
have at least five turns of bare wire. Be careful not
to nick or scrape the wire. A nicked wire is subject
to breaks that are difficult to detect. Areas where
plating is removed will oxidize, causing an unreliable
connection,

4. Insert the stripped wire into the small hole of the
wrapping bit (Figure 61A) taking care to insert the
wire up to the insulation. Do not bend the bare end of
the wire; it may be difficult to slide into the bit. If the
wire is not inserted in the wrapping bit up to the insula-
tion, a “shiner” (bare wire between insulation and
terminal) may result. There should be %4 turn to 34
turn of insulation at the beginning of each wrap, except
for coaxial cable. Coaxial cable insulation should not
be wrapped, but it must end no more than 1/16 inch
from the terminal.

5. Hold the wire with the fingers and bend the
insulated portion of the lead into the retaining notch
in the sleeve (Figure 61B). Use the right or left notch

Collet Nut
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005" Max

Figure 62. Wrap Spacing

as determined by the direction of the approach (or
exit) of the lead. Place the wrapping bit on the termi-
nal. Be sure the terminal is inserted into the bit as far
as it will go. Use reasonable care to hold the tool in
line with the terminal.

6. Hold the tool on the terminal and squeeze the
trigger to wrap the wire on the terminal. The tool will
automatically recede as the wire coils on the terminal.
Release trigger and remove tool from terminal. The
wrapped connection is complete (Figure 61C).

NorteE: If too much pressure is used to push the tool
on the terminal, a turn of wire will wrap over a previous
turn. If too little pressure is exerted, the adjacent wraps
of wire may not touch each other. Maximum separation
between individual turns on the terminal must not
exceed 0.005 inch, excluding the first and last wrap
(Figure 62).

Screwdriver Handle Tools

1. Select the tool for the wire size to be used.

2. Strip 1% inches of insulation from the wire. The
flat portion of the shank of the tool is 138 inch long and
can be used as a wire strip gage (Figure 63).

3. Fully insert the stripped wire into the off-center
retaining hole. Use enough force to cause the insula-
tion to bind in the tapered portion of the hole.

4. Bend the insulated wire across the end of the tool,
locating the wire in the sloped notch in the outer rim
of the tool. Avoid pulling the insulation out of the tool,
by holding the bare wire against the flat portion of
the shank (Figure 63).

5. Insert the tool center-pilot-hole over the contact
pin until the tool bottoms against the block or pre-
ceding wrap.

Wire Strip
Gage

AWG Tool Color

20-22 451140  Amber
24-26 451142 Blue

Figure 63. Hand Operated Wrap/Unwrap Tool
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Figure 64. Hand Unwrap Tool, p/~ 461013

6. Hold the loose end of wire and turn the tool to
the right, applying light pressure to insure that the
turns are against each other.

Note: Do not attempt to wrap a left-hand wrap.
Although factory wired machines will have both left
and right-hand wraps, the tool is designed to wrap
right-hand only.

Unwrapping

Wires may be removed from a terminal by using the
hand unwrap tool, »/N 461013 (Figure 64). The open
end of the tool is placed over the terminal and rotated,
screwing the tool under the wraps of wire.

The combination wrap/unwrap tools have a right
and left-hand unwrap feature. The amber-handle tool,
p/N 451140, is for 20 and 22 wire: the blue-handle tool,
p/N 451142, is for 24 and 26 wire. Unwrapping is ac-
complished by catching the tail of the wire with the
unwrap point and turning the tool in a direction op-
posite to that of the wrap. In some cases, it may be
necessary to lift the wire tail away from the pin before
the wire can be unwrapped. Apply only enough pres-
sure to loosen turns. A left-right unwrap tool, »/~
451573, is available.

CavutioN: An unwrapped wire must never be re-
wrapped. A new wire must be used as a replacement,
or a length of wire spliced to the existing wire by
using a butt connector, p/n 216230 (Figure 65);
strip wire ' inch and crimp with bare wire crimping
tool, p/N 461070.

Caution: Never slide a termination on a pin be-
cause this rounds the sharp corner of the pin and
makes subsequent connections unreliable. As you
unwrap a wire, watch to see that the first coil does
not break off and drop into the panel. This breakage
is often caused by the lip of the tool not engaging
the tail of the wire. Terminals may be wrapped ten
times before replacement is necessary.

m—
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Figure 65. Butt Connector, p/N 216230
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Wrapped Connection Quality

The nature of the wrapped connection makes it ex-
tremely difficult to determine if a good quality junc-
tion has been made. This is primarily due to the
destruction of the connection if the wrap is disturbed
in any manner. The most common factors causing poor
quality wraps are:

1. Incorrect wrapping bit for the wire size in use.

2. Worn or damaged wrapping bit.

3. Dirty wrapping bit.

A defective wrapped connection may be either too
tight or too loose. If the wrap is made too tight, the
wire is deformed to such an extent that it becomes
brittle. The wire may then break under vibration and
handling. A loose wrap will not have sufficient pressure
to bond the wire to the terminal.

sMs back panel wires are frequently routed around,
but not attached to, an intermediate terminal. If a
wire is pulled too tight or excessive pressure is exerted
at the point of contact with the intermediate terminal,
insulation damage may result, allowing the wire to
short to the terminal. This short may be intermittent.
When wiring back panels, be extremely careful not to
pull wires tightly around intermediate terminals, or
to allow a wire to rub along a terminal pin.

Wire Size

A good quality wrap cannot be made unless the
wrapping bit and sleeve are of compatible size. The
wire size to be used must be determined by whatever
means are available. When the wire size has been

Strand Insulation OD (in.)

AWG Strands Diameter (in.) | AWG Type Min. Max.
7 0.010 PVC 0.063 0.075

22 22
19 0.0063 Teflon 0.046 0.054
7 0.0126 PVC 0.071  0.084

20 20
19 0.0080 Teflon 0.054 0.062
7 0.0159 PVC 0.082 0.095

18 18
19 0.010 Teflon 0.064 0.074
PVC 0.091 0.105

16 16
19 0.0113 Teflon 0.073 0.087
PVC 0.106 0.120

14 14
19 0.0142 Teflon 0.098 0.114
PVC 0.127 0.142

12 12
19 0.0179 Teflon 0.113 0.132
PVC 0.147 0.167

10 10
37 0.0159 Teflon 0.135 0.15)

Figure 68. Wire Sizes

determined, the part number of the correct wrapping
tool may be located under “Wrapping Tools.”

Checking Wire Size

To determine wire size accurately, measure the diam-
eter of an individual strand with a micrometer, and
compare with Figure 66. For an approximate check,
measure the diameter of the insulation.

Wrapping Tool Maintenance

To produce wire-wrap of the highest quality, keep the
bit and sleeve free of foreign matter. To clean a sleeve:
dip surgical cotton or a clean, lint-free cloth in 1BM
cleaning fluid, p/N 450608, and pass this through the
barrel at least twice. Follow with a clean, dry cloth to
remove all foreign matter and cleaning fluid.

To clean a bit: dip a clean, lint-free cloth in clean-
ing fluid and clean the outside of the bit, paying atten-
tion to the wrap end. Clean the wire groove from collet
end to wrap end, paying attention to the wrap end.
Lubricate the collet end of the bit with a cloth damp-
ened in 1BM 6 oil. Do not let oil enter the wire groove.
The foregoing cleaning procedure should be performed
every eight hours of use, and prior to using after pro-
longed storage of the tool.

CautioN: Do not use a bit that has been dropped.
Do not use a bit that is damaged or worn. Do not
store a bit in a gun. Be careful when storing bits to
prevent their being damaged. If there is any doubt
about the condition of the tool, send the bit to
Customer Engineering Department, Poughkeepsie.

Test Wraps

It is not advisable to perform any tests on a wrapped
connection that is intended for use. A wrap can be
made, however, for the specific purpose of testing. Test
wraps should be made immediately prior to the opera-
tional wraps, using the tools and materials to be used
for the operational wraps.

Test wraps should be subjected to the following
tests:

Wire Breakage: Unwrap the wire from the terminal;
the wire must not break when unwound with reason-
able care. Avoid twisting the wire when unwinding,
and avoid contact with other wraps during the un-
wrapping process. A wrap that does not pass this
check was wrapped too tight.

Stripping Test: Apply a stripping force perpen-
dicular to the terminal board to strip the wrap from
the terminal. This test is designed to determine if the
wrap is too loose. Experience must be relied upon to
determine if the amount of pressure necessary to strip
the wrap from the terminal is correct.
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SMS Wiring Change Procedures

To insure standardization of wiring and maximum re-
liability, specific wiring procedures have been de-
veloped. These procedures must be followed for all
wiring changes.

Avutomated Wiring Lists

Most wiring on sMs back panels is made according to
automated wiring lists. Three automated lists are pro-
vided for each engineering change:

1. Automated Add List (Figure 67).

2. Automated Delete List.

3. Installation Sequence List.

Instructions for changing relays, switches, and back
panel components are given on a manually prepared
listing.

Note that the add and delete lists, produced through
automation, are for panels only. There is no provision

made for interpanel wiring changes. When a wire is
added to a T-row, be sure there is 2 connecting wire to
the adjacent panel. Figure 68 shows the abbreviations
used on add and delete lists.

Whenever two Customer Engineers install an engi-
neering change, each should check the other’s work.
Make a continuity check of the deletes and then the
adds. Finding an error by this method is less time-
consuming than troubleshooting with power on.
Accuracy in performing the deletes and adds cannot
be overemphasized.

sMms back panel wires are frequently routed around,
but not attached to, an intermediate terminal. If the
wire is pulled too tight, or excessive pressure is exerted
at the point of contact with the intermediate terminal,
insulation damage may result, allowing the wire to
short to the terminal. This possibility should be con-
sidered when diagnosing hard-to-find troubles. When

INTERNATIONAL BUSINESS MACHINES

AUTOMATED ADD LIST PANEL 16A3 MACHINE 7301 09-16-59 PG 1
FIGURE 69 MACH, VERSION PART NO, 0536402 ENG, C(HG, 246421 DATE - -
WIRE NUMBER PREVIOUS MACHINE VERSION PART NO., 0536402 ENG, CHG. 246331
NET LGTH TYPE FROM VIA VIA TO FROM TO

1 340 4 1/8 Y E27A E28A
2 311 3 5/8 Y E28D E28F
3 304 4 5/8 Y E25A E268B
4 133 4 0/8 Y E23A E238
5 302 4 1/8 Y E25F E26F
6 299 4 4/8 Y E27F E28J
7 135 5 2/8 Y E25L E27L
8 138 5 7/8 Y E24E E24N
9 132 5 7/8 Y E26R E28M
10 101 5 7/8 Y E08B E10F
11 107 8 4/8 Y EO01C FOL1E
12 245 6 7/8 Y EOLP FO2J
13 312 5 1/8 Y E02A EO2F
14 146 4 4/8 Y E02M E03Q
15 165 5 2/8 Y FOlP Fo2P FO3pP
16 167 5 7/8 Y EO03K EOSF
17 243 6 3/8 Y F03C FOSF
18 303 5 2/8 Y Fo4Q FOBP
19 106 7 1/8 Y E04B EO5A EO7A EQ07G
20 134 6 5/8 Y EO5M EO5R EOB6R E07Q
21 149 7 0/8 Y FOSD FO7¢C FO7P FospP
22 316 6 4/8 Y E08Q F08% FO9# FO9E
23 281 8 4/8 Y E10K F10% Flo# FO9M
24 298 6 3/8 Y F25H F23M F23N
25 300 5 1/8 Y F24A F24E F24G

26 109 6 6/8 T F11C F1l1Q F11B F11R

27 291 9 7/8 C £23Q F26# G26% F27R E23H F27J

END OF WIRINC LIST

Figure 67. Automated Add List
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making changes on back panels, be careful not to pull
wires tightly around intermediate terminals or allow
wires to rub along a terminal pin.

Avtomated Add List

The automated add list gives precise information for
adding wiring to an sms back panel. The following
columns appear on the list (Figure 67):

NET — This column is used by the design program. It

Primary Header Identification

MACH - Machine EC! -  Engineering Change Number
FR - Frame MFl - Machine Features Index
GATE -  Gate P.N. - Part Number of Listings

PL - Panel

Title Abbreviations

CBL ASM BFR # -
INTCD -CS -
INTGT JPR CBL -
INTPL JPR CBL -
STDRIBBON CBL -
T-ROW SIG JPR -
VOLT JPRS -

Cable Assembly Buffer #

Integrator Card to Card Socket

Intergate Jumper Cable

Interpanel Jumper Cable

Standard Ribbon Cable

T-Row Signal Jumper

Voltage Jumpers Laminar Bus to Card Socket

Secondary Header Identification

NAME - Name of Component
PART NO. - Part Number
w/N - Wire Number
WA - Wire Length to the Nearest Tenth
FROM - From Location
TO - To Location
GT - Gate and Panel
C/N - Component Number
TERM - Terminal or Location
T - Type of Terminal
CL - Classification
Type of Termination T
A - Small Single Taper Plug N - Voltage Terminal Tab
B - Large Single Taper Plug P - Two Way Insulated Connector
C - Small Double Taper Plug Q - Coax Connector Female
D =~ Llarge Double Taper Plug R - Male Burndy Connector
E - Ring Clip S = Skin & Tin Solder
F - Spade Clip T - Taper Tab
G - Amp Teminal U =~ Splice Link
H -~ Female Taper Pin Terminal V = Small Female Taper Tab
J - Horse Shoe Jumper Small W - Wire Wrap
K - Horse Shoe Jumper Medium X - Insulation on one end of Twisted
L - Horse Shoe Jumper Large Pair Reference Line
M - Coox Termination Male Y =~ Female Burndy Connector
Z - Continvous Jumper

Classification CL

AS - Arc Suppressor NE -  Neon

C - Capacitor PC -  Printed Circuit

CS -~ Card Socket PR - Pemmissive Make Relay
DB -  Diode Block QD - Quick Disconnect
EC - Edge Connector R - Resistor

HR - Heavy Duty Relay SC - Shoe Connector

IL - Incandescent Lamp SW - Switch

IC - Integrator Cord St - Solenoid

J - Jones Plug T8 - Teminal Block

KB - Keyboard VB -  Voitage Board
LB~ Laminar Bus WR - Wire Contact Relay

Figure 68. Abbreviations Used on Add and Delete Lists

may also assist in servicing; wires with the same NET
number are electrically common.

LeTH — This column gives the wire length, in inches,
including three inches for wrapped terminations. The
length listed does not include the extra length neces-
sary because of build-up of wires on a panel.

TYPE — This column gives the wire type to be used:

Y — single conductor solid copper 24 awc, with
yellow insulation. Part numbers are 216225 for nylon
jacketed pvc insulation, and 532031 for Teflon in-
sulation.

T — twisted-pair wires, solid copper 24 awg, one
lead with yellow insulation and one lead with black
insulation. Part numbers are 216228 for nylon jack-
eted pvc insulation, and 532030 for Teflon insulation.

C — coaxial cable with 26 awc center conductor,
p/N 532029. The lead attached to coaxial cable
shields is solid copper 24 awg, with black insulation.
Part numbers are 216284 for nylon jacketed pvc in-
sulation, and 532032 for Teflon insulation.

P — printed wiring on back panel cards.

FROM — This column gives the location of the first
terminating terminal. A wrapped connection is made to
this terminal.

vIA-VIA — These two columns give routing informa-
tion for the wire. A via terminal is listed for each bend
in the wire. The wire is routed by forming it around
the via terminals but no electrical connection is made.

To — This column gives the location of the second
terminating terminal. A wrapped connection is made
to this terminal.

FROM-TO — These two columns give the location of
the reference lead termination terminals when coaxial
cable or twisted-pair wires are used. These columns are
blank if single conductor wire is used or if a reference
lead is not to be terminated.

To keep track of an add wire, cut two pieces of
spaghetti, one inch long. Place one on the T0 pin and
the other on the FroM pin, as read from the add list.
Remove the spaghetti just at the time you are ready
to wire-wrap the pin. Alligator clips may be used in-
stead of spaghetti.

Automated Delete List

Automated delete lists give the necessary information
for removing wires from a back panel. The delete list
format is identical to the add list format. All types of
information provided by the add list are also provided
by the delete list, except for wire length. The LcTH
column of a delete list contains slash bars instead of
wire lengths.

Engineering change automated delete lists call out
the wires to be removed. Usually it will be necessary to
remove other wires in order to gain access to the wires
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Figure 69. Panel Wiring

listed. The following illustrates recommended proce-
dure (with reference to Figures 70 and 71):

1. Unwrap the level 2 wire on A03C.
2. By tracing this wire (visual or continuity check)

determine that this is one end of the active wire (A03C
to A04C).

3. Remove the level 2 wire on A04C. Checking will
show that this is not the other end of the wire removed
from A03C.

4. Unwrap the level 1 wire on A04C. This removes
the active wire, A03C to A04C.

Example A:

02 03 04 05 06
LEVEL 2
LEVEL ]
C C

Automated Delete List Panel 16D3
Net Length Type From Vie Via To

COLUMN

ROW A
PIN
100 938 Y  A0C --- -—= AQ4C

125 9 Y BYG --- --- BO9G

Figure 70. Two-Level Wrap
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. Via Terminals

5. Cut the old wire wrap from the wire removed
from level 2 of AO4C. Use a butt connector, p/n 216230,
to splice 2 new section onto this wire. Wrap this new
section of wire back on A04C. The butt connector is
used to eliminate the chain reaction of removing wires.

NotE: The above condition should arise very seldom
since wires in new machines will have the same wrap
level on each end.

Installation Sequence List

The installation sequence list gives a complete wiring
list for the panel, or panels, affected by the engineering
change. The list is correct after the change has been
installed. The sequence list starts with terminal AO1A
(or the first terminal containing a wire ) and progresses
through the panel, listing all terininals which have

Example B: 02 03 04 05 06 COLUMN
LEVEL 2 CB & &L
b b
c:> =S <>
LEVEL 1 F P ® ROWG
R P
C C PIN

Figure 71. Same-Level Wrap




wrapped connections. The format of the sequence list
is identical to the format of the add list. Although the
installation sequence list is not necessary for installing
an engineering change, it is ideal for locating wiring
errors after the change has been installed.

Wiring Rules

Wiring procedures depend on the type of wire used.
Rules apply in four categories:

1. Single wire and twisted pair.

2. Coaxial cable.

3. Laminar bus jumpers.

4. Back panel components.

Single Wire and Twisted Pair

The following rules apply for single-conductor (Y) and
twisted-pair ('T) wire when no via terminals are speci-
fied on the add list. Figure 69 illustrates the proper
installation of wires listed in Figure 67.

Direct Route: A wire is routed in a straight line when
there are no terminals to prevent this route. Figure 69,
examples 1, 2, 3, 4, 5, 6, and 14 illustrate the direct
route.

Horizontal Route: A wire connecting two terminals
of the same letter in a card socket row must lie in the
channel immediately above the two terminals (Figure
69, example 7). When one letter difference exists be-
tween card socket terminals, the wire is routed in the
horizontal channel between the two pins (Figure 69,
example 18).

Vertical Route: A wire connecting two terminals in
the same sms card socket column, and in line, must lie
in the channel immediately to the right of the two
terminals (Figure 69, examples 8 and 11). When one
column number difference exists between the two ter-
minals, the wire is routed in the vertical channel be-
tween the two terminals (Figure 69, examples 12
and 13).

Diagonal Route: A wire connecting two terminals on
either diagonal, must lie in the diagonal channel imme-
diately above the two terminals (Figure 69, examples 9
and 10). When a diagonal channel exists between the
two terminating terminals, the wire is routed in this
channel (Figure 69, examples 16 and 17).

Twisted Pair Reference: The black (reference) lead
of a twisted pair must follow the signal (yellow) lead
to within %2 inch of the signal lead termination terminal
(Figure 69, example 26).

When via terminals are specified on the add list, the
following rules apply:

Rule Reversal: When the two terminating terminals
and a via terminal are in-line (horizontally, vertically,

or diagonally ) the wire is routed below or to the left of
the terminals ( Figure 69, examples 15, 24, and 25).

Channel Change: When a wire is routed in a com-
bination of horizontal, vertical, and diagonal channels,
a via terminal is designated for each bend in the wire.
The wire is formed around the via terminal and each
segment of the wire (horizontal, vertical, or diagonal)
follows the wiring rules for wires where no via ter-
minals are specified (Figure 69, examples 19, 20,
and 21).

Imaginary VIA Terminals: For routing purposes, six
terminals are assumed to lie in each column, between
card socket rows. Figure 69, column 28 shows the
placement of the imaginary via terminals, and the spe-
cial characters used to designate these locations.

Coaxial Cable

Figure 69, example 27 illustrates a coaxial cable routed
according to the following rules:

Coax Body: The coax body may be routed vertically
or horizontally, but not diagonally. Horizontal routing
must be between card socket rows.

Coax Signal Lead: The length of exposed insulation
on the coax signal lead must be as short as possible. The
maximum length allowed is 1% inch. The signal lead is
routed in a straight line from the coax body to the ter-
minating terminal. The signal lead. insulation must not
wrap around the terminal but must be within Xs inch of
the terminal.

Coax Shield Lead: The shield (black) lead is routed
directly to the terminating terminals listed in the right
hand FroM-1O columns of the wiring list. If no ter-
minals are listed in these columns, the shield is not
terminated.

Coax Ferrule: The ferrule must lie in the channel
between card socket rows.

The imaginary via terminals shown in Figure 69 are
used in programming the automatic wiring machine
for wiring panels during manufacture.

Laminar Bus Jumpers

Laminar bus jumpers are solid copper wire, 22 awg,
with color coded insulation as shown in Figure 72.

Back Panel Components

Back panel components are mounted after other panel
wiring is completed. The location of these components
is designated by manually prepared lists and draw-
ings. Back panel capacitors should be mounted in one
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VOLTAGE WIRE COLOR CODE VOLTAGE  WIRE COLOR CODE VOLTAGE WIRE COLOR CODE
+82 IND Red +12M White =12 Violet

+60 White, red tracer +6 Orange -12M Aqua

+48 White, black tracer +6M Tan -18 IND White, brown tracer
+30 Pink Ground Biack =20 White, violet tracer
+30M Pink, black tracer ) Blue -36 Brown

+12 Gray -6 Sp White, blue tracer -48 White, orange tracer

Figure 72. Service Wiring Standard Color Code

The jumpers are wire wrapped to the overlay terminals

Six-or-Eight Section Capacitor ~ One-Section Capacitor ) -
and have spring connectors, p/N 259009, that slide over

\ / \ the terminals on the laminar bus.
L Automated add and delete lists for voltage jumpers
[_—_t: give a pin identification for the laminar bus (LB) in-
) 7 stead of specifying the voltage. See Figure 75.
Bin [N
Figure 73. Component Mounting - -
J - Gnd -
of the four positions shown in Figure 73. Figure 74 f - :g: i
gives the color codes necessary for identifying com-  m - [y |-
N - +30v - ¢ Row of Laminar Bus
ponents. P - 36w _f
Q- +HM -
R - M| -
Laminar Bus Pin Identification - -
. . J - Gnd -
The laminar bus on the rear of a sliding gate frame i - bl -
distributes pc power from the sms power supply on /\J
each gate. Jumpers from the laminar bus to the power
distribution overlay provide power to each card socket.  Figure 75. Laminar Bus Pin Identification
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First Ring = | Second Ring = | Third Ring -
Color st Figure 2nd Figure Multiplier
Black 0 0 None
Brown ! 1
Red 2 2 00
Orange 3 3 000
Yellow 4 4 0,000
Green 5 5 00,000
Blue -] é 000,000
Violet 7 7 0,000,000
Gray 8 8 00,000, 000
White 9 9 000,000, 000

NOTE: A fourth colored ring on resistors determines tolerance
ratings as follows:

Gold = £+ 5%
Silver = + 10 %

Absence of a fourth colored ring indicates +20% tolerance.

MOLDED PAPER CAPACITORS

TUBULAR TYPE

Ist Significont Figure

2nd Significant Figure
Multiplier

L} Maximum Working

Voltage (Add Two Zeros)

Tolerance

MOLDED FLAT CAPACITOR (Commerciol Code)
Black '—Working Voltage

Body o
lo o) c>|
I—Multiplier

2nd Significant Figure

Ist Significant Figure

MOLDED FLAT CAPACITOR (JAN Code)
Sitver

Ist

2nd

00O
O 0 o0

Multiplier

Tolerance

Characteristic

NOTE 1: Unless otherwise specified, the moximum work-
ing voltage rating of capacitors is obtained by
multiplying the capacitor body color code value
by 100.

NOTE 2: The tolerance rating of capacitors is determined
by the color code value in percent. For example,
Green equals +5%.

Figure 74. Component Color Codes

AXIAL LEAD RESISTOR

—

BANY

‘— Tolerance
Multiplier

2nd Significant Figure

Ist Significant Figure (Wire wound resistors

have double width color band).

Resistor wattage rating is determined by physical size. However,
resistors most commonly used at |BM are one-half watt and higher

rated; resistors are progressively larger.

FIVE DOT DISK CERAMIC CAPACITOR

Temperature Coefficient

Ist Significant Figure

l_ 2nd Significant Figure

~—— Multiplier
—Tolerance

DISK CERAMIC CAPACITORS

Ist Significont Figure
2nd Significant Figure

—Multiplier

MOLDED MICA CAPACITORS
White = RMA, Black = JAN

— Ist Significant Figure

(— 2nd Significant Figure

O 0O
O O O J Multiplier

Tolerance
Closs

BUTTON SILVER MICA CAPACITOR

Class — Ist Significant Figure

Tolerance

Multiplier —/

2nd Significant Figure
3rd Significant Figure

SMS Wiring Change Procedures
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Figure 77. Backpanel Scope Probe Tiplet, P/~ 461118 and 461119

being inserted onto a back panel pin, remove a small
portion of the rubber insulation with a sharp knife.

p/~N 461119 — Back panel scope probe tiplet, similar
to p/N 461118 but with 6-32 thread for use with a
P6000 probe. This tiplet is a rubber-covered coil spring
(Figure 77).

p/N 451060 — Ground wire for use with P410 and
P510 probes (Figure 78). The slotted tip fits the
ground pin on any sMms card socket. For accurately
measuring voltage noise or ripple, connect the at-
tenuator probe to the circuit ground.

P/N 461085 — Oscilloscope attenuator probe, type
P6000, with a 9-foot cable (Figure 79). This is a light-
weight probe for use with Tektronix types 5314, 535A,
and 545A oscilloscopes. The P410, P510, and P6000
series probes have been discontinued and are no longer

available, except for replacement parts; they are re-
placed by p/~ 451215,

Frequency compensation of the »/N 461085 probe
is accomplished as follows:

1. Hold the nose-and-body assembly A and loosen
locking stop B.

2. Rotate A while holding C until a flat-topped
square wave is obtained when the probe is connected
to the calibrator output.

3. Hold nose-and-body assembly A and tighten
locking stop B.

461086

461159

Figure 79. Oscilloscope Probe, p/N 461085

461093

Figure 78. Ground Wire, r/N 451060

Components of the probe which will most likely re-
quire field replacement are the following:

461086 Pincher Tip Assembly 461090 Hook Tip Assembly
461087 Holder—Probe 461091 Straight Tip Assembly
461088 Nose Assembly 461092 Ground Lead Assembly
461089 Body Assembly 461093 Locking Stop

p/N 451215 — Oscilloscope probe, type P6017 (Fig-
ure 80) replaces the Tektronix type 510A probe,
p/N 450857, and Tektronix type P6000 probe, »/N
461085. Both are discontinued and unavailable,
although replacement parts may be obtained.

All oscilloscope types 310A, 5314, 5354, 5454, and
551 will include the P6017 probe, which is similar to
the P6000 but has the compensating capacitor at the
scope end of the cable. Accessories included with the
P6017 probe are shown in Figure 80.

Card Extender

sms card extender, p/N 451075 (Figure 81), allows
access to the components and wiring of an sMms card
while the card is connected into the system. Wave-
forms can be taken at points within the circuitry of a
card by use of the extender. Two card extenders should
be used if access to a double sms card is desired. The
socket end of the tool can be rotated on the support to
any of six positions. The support can be removed by
unscrewing it from the card end of the tool. These
features make it possible to check cards in any machine
location.
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451215 Attenuator Probe, Type P6017, 9 Foot Cable

461091 -

Straight Tip 461090 - Hook Tip

461087 - Holder - Probe

461119 - Probe Tiplet = SMS

s

Figure 80. Oscilloscope Probe, p/n 451215

461160 - Ground Lead Tip - SMS

The wires from the card end connect to the socket
with slip-on connectors, which can be removed or
interchanged when checking circuitry.

Card Socket Terminal Extractor

A special soldering iron tip, p/N 451111, is used to re-
move sMms card socket terminals. The tip is used in
thread element, /N 454333, and must be heated only
if the terminal to be removed is soldered to a printed
circuit overlay or a voltage chain. See Figure 82. In use,
the tool is inserted over the terminal after wrapped
connections have been removed. If a soldered connec-
tion is involved, the tip of the tool will melt the solder.
A plunger, extending from the rear of the tool, is
tapped to drive the terminal out of the socket. A new
terminal is installed by inserting it into the socket from
the card side of the panel.

If an overlay or voltage chain is involved, the extrac-
tion tool is used to solder the new terminal to the con-
ductor. Removed wiring must be repaired by installing
butt connectors (Figure 54), by installing new wires,
or by wrapping new portions of the original wires.

A plunger, p/~N 451113, and an insulator sleeve, p/N
451114, are available as spare parts for the card socket
terminal extractor.

CavutioN: Apply just enough heat to release the pin
or to resolder the connection. If damage to the land
pattern occurs, repair by wrapped wire connections
between the pins affected.
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Figure 81. Card Extender, p/x 451075

Laminar Bus Terminal Extraction Tool

This tool, p/~ 461074, is described under “Insertion
and Extraction Tools” in the section on anMPp tools for
crimped connections. In addition to its normal use in
the installation and extraction of laminar bus terminals,
this tool may be used to “hook out” panel lamps for
replacement (see "Lamp Removal Tools”).

Precision DC Voltmeter

P/N 461079 is a precision pc voltmeter that permits
rapid, accurate measurement of voltages or percent
deviation from a central voltage. Some features of the
meter are:

1. Self-powered with built-in battery check.

2. Rapid measurement of voltages by use of test
probes, or auxiliary cable and selector switch.

3. pc voltage measurement accurate to 2% of total
scale on two ranges: =100 volts or =% 200 volts.

4. Percent deviation measurement accurate to
*+0.25% between 5 and 200 volts; from 0 to 5 volts
the accuracy is *(0.25% + 20 millivolts).

Lamp Removal Tools

To facilitate insertion and removal of incandescent
lamps, use lamp extraction tool, p/~x 461163, and clip
insertion pliers, p/N 461158. The pliers will remove the
retaining clip from lamps on the operator’s console.
The extraction tool removes the lamp from the in-
dicator.

Pin ldentification Panel

Pin identification panel, p/~N 216250, slips over back
panel pins of a sliding gate module for rapid pin identi-
fication in areas of dense wiring. The panel covers an
area 8 card sockets wide by 10 card sockets long.

Figure 82. Card Socket Terminal Extractor, p/~ 451111




New techniques used with soldered, crimped, and
wrapped connections are given in earlier sections of
this manual. This section describes other techniques
used in troubleshooting and repairing sMs components.

Visual Inspection

Inspection of SMS Components

Check the following items during scheduled mainte-
nance or after emergency repairs:

1. Wires and cables — for signs of physical damage,
fraying, breakage.

2. Drape cables in sms frames — for nicking by sharp
metal edges. Be careful when handling these cables
and watch for rubbing or damage. If a sliding gate
must be pulled beyond the latch point during power
supply servicing, check for correct hinge movement
of the cable trough while closing the gate. If the gate is
pushed in without this check, the hinged trough may
bend where attached to the gate, and may damage the
drape cable.

3. Cables and coaxial lines —for proper support,
lacing into cables, and sufficient slack for servicing.

4. Metallic chips, ends of wires, and improper wire
wraps that may cause short circuits.

5. Bent pins in the rear of sms card receptacles.

Inspection of SMS Cards

sMs cards must be firmly seated in their sockets, and
removed only when necessary for troubleshooting. If
a suspected card has been removed, check the follow-
ing:

1. Components on the card — for physical damage or
overheating,

2. Printed conductors and contacts — for tightness to
the card and freedom from cracks. Gold-plated con-
tacts should be smooth, with no sign of copper or
nickel breakthrough.

3. Cold, rosin, or fractured solder joints.

4. Solder splashes, which may short-circuit printed
wiring,

5. Damaged card sockets or guides.

6. Base-to-base shorts between adjacent transistors.
On sxs cards, adjacent transistors have sufficient lead
length to permit contact and an intermittent base-to-
base short. See Figure 83.

CauTion: Pencils are not to be used for marking sn1s

cards. Troubles have been traced to pencil mark-

ings, which can act as conductors.

Service Techniques

SMS Card Maintenance

Scheduled maintenance consists of cleaning and lubri-
cating the card terminals of both single and double
cards. Corrective maintenance usually consists of dis-
carding the defective card and replacing it with a new
one. Occasions may arise, however, where a new card
is not immediately available, and a defective card must
be repaired.

Tests of sms cards show that fingerprints can cause
failures: oil or moisture from the fingers can critically
decrease the insulation resistance on the land pattern
side of the card. Cards should be handled carefully, by
the edges only. Use a card puller for all card removals
and insertions. The single card puller is »/~ 451030;
the double, /N 461110; the stan-pac, p/N 461103.

Cleaning and Lubricating

When sms card is removed from its socket, the card
contacts should be cleaned and lubricated before the
card is reinstalled if either of the following conditions
exists:

1. The card contacts are visibly contaminated.

2. The card contacts have been handled. If there is
any doubt about the contamination of the contacts,
clean and relubricate them.

The following cleaning and lubricating procedure
insures low contact resistance and reduces wear of the
gold-plated contact surfaces. The procedure may be
performed any number of times without affecting con-
tact reliability. To clean and lubricate the contacts:

1. Apply lubricant, p/n 451053, either directly to the
contacts or indirectly with a saturated, clean, lint-free
cloth or tissue.
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Figure 83. Base-to-Base Shorts
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2. Wipe the contacts toward the component section
of the card with a cloth or tissue moistened with the
lubricant.

CavuTioN: Use extreme care so that the lubricant does
not contact the clear plastic coating on the com-
ponent portion of the card. The solvents in the lubri-
cant can dissolve the plastic coating, which will act
as an insulator if rubbed on the contacts.

3. Rub the contacts with a clean, dry piece of cloth
or tissue until there is no visible trace of the lubricant.
The cloth or tissue will darken if further cleaning is
necessary. Repeat the procedure from step 1 if further
cleaning is needed.

Card Repair

Repair of printed circuit cards primarily consists of
soldering and unsoldering operations. The specific jobs
involved are:

1. Removal of defective components.

2. Installation of replacement components.

3. Joining broken printed conductors.

Care must be taken to avoid damage to the card as-
sembly during the repair process. The card assembly is
easily damaged in two ways:

1. Heat damage to the card or to components on the
card.

2. Physical damage.

The card is made of an insulating material that will
withstand a dip-solder temperature of about 515°F for
30 seconds. This compares with a minimum solder
melting temperature of 361°F and an average solder-
ing iron temperature of 750°F. This means that the
soldering iron must contact the card for only a short
interval of time. Excessive heat may damage a card
in two ways by:

1. destroying the bond between the insulated board
and a printed conductor, resulting in a raised con-
ductor;

2. scorching or burning the board.

Excessive heat may also damage components on the
card. Semiconductors are especially sensitive to heat.
Use of the soldering tools recommended under
“Soldered Connections” will help avoid heat damage.

Physical damage in the form of a raised conductor
is easily inflicted if stress is applied in a direction that
tends to separate the conductor from the board (Fig-
ure 84).

COMPONENT REMOVAL

Single Cards: When the leads of the defective com-
ponent must be saved, use the following procedure to
remove the component:

1. Straighten the component leads that are bent over
on the wiring side of the board. Figure 85 illustrates a
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Figure 84. Stress Applied to Component Leads

method of using the soldering iron tip as a wedge to
prevent pulling the land away from the board. A pair
of long-nose pliers may be used on the component side
of the card to prevent downward movement of the
lead.

2. Heat the component leads and pull them through
the holes from the component side of the board.

If the leads of the defective component may be
destroyed, use the following removal procedure:

1. Cut the leads of the defective component as close
as possible to the board on the component side of the
card. Be careful not to damage the board or adjacent
components.

2. Hold the card in your hand and use a clean, tinned
soldering iron to heat the solder connection between
the remaining portion of the leads and the conductor
pattern.

3. When the solder starts to flow, rap the hand hold-
ing the card on the work surface. Repeat steps 2 and 3
if the solder and piece of lead fail to leave the hole.

Double Cards: sms double cards have a conductor
pattern on both sides of the board. Small tips, known
as Berg wraps, are placed on most component leads
and inserted through plated holes in the board. The
Berg wraps insure electrical continuity through the
holes in the board and anchor the component leads.

During manufacture, the Berg wraps are installed by
machine. These wraps should not be removed or dis-
turbed in any manner. To remove components that are
installed with Berg wraps (Figure 86):

1. Cut leads as close as possible to the component
body.

2. Straighten the leads so that they are perpendicular
to the card. (The new component will be attached to

Wedge with Long Nose
Pliers to Prevent Down-
ward Movement of Lead

g W
Soldering Iron Tip

Figure 85. Component Removed
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Figure 86. Berg Wraps

these leads.) Certain double card components are in-
stalled without Berg wraps and should be removed
as described for single cards.

COMPONENT INSTALLATION

Single Cards: This installation procedure applies to
components not installed with Berg wraps.

1. Insert component leads through the holes in the
board. Cut the leads so that about 1/16 inch remains
to bend over on the conductor pattern. Bend the leads
parallel to the component body and toward each other.
Axial lead components, such as resistors, are mounted
flush against the surface of the board.

Cavution: Do not bend leads close to components
(see “Soldered Connections” for technique). The
leads on tantalum capacitors are particularly subject
to damage.

2. Solder the component leads to the conductor pat-
tern. Avoid excessive heat and solder, particularly with
transistors and diodes. If space permits, heat shunts,
P/N 460846, may be used to draw heat away from the
component being installed. It is not desirable to fill
the hole in the board with solder.

Field
Replacement

Standard
Production

Card

Figure 87. Fiel((ll Replacement Card and Standard Production
Car

3. Wash the general area of repair using a typewriter
cleaning brush and 18y cleaning fluid, »/~ 450608. Dry
the affected area by wiping with a clean piece of cloth
or tissue.

Double Cards: Use the following installation pro-
cedure for components employing Berg wraps.

1. Wrap the leads of the new component one turn
around the perpendicular wires that remained after
defective component removal. Adjust the height of the
installed component so that it is the same distance
from the board as the other components of the same
(first or second) level.

2. Solder the connections. Use heat shunts, p/~
460846, if space permits.

3. Clip off the excess portion of component leads
and perpendicular wires.

PRINTED CONDUCTOR REPAIR

Two printed conductor defects may be found: broken
conductor, or delaminated conductor (raised land).

To repair a broken conductor, solder a 24 awg solid
wire jumper across the break. The wire should overlap
the printed conductor at least 1/16 inch on each end.
If the break is long, and the possibility of a short exists,
use insulated wire stripped on each end.

To repair a delaminated conductor, cut both ends of
the loose section at a point where the bond is not
broken. After the loose section is removed, repair the
conductor using the same method used for a broken
conductor.

Field Replacement Cards

Field replacement cards are multipurpose sms plug-
gable cap cards that may be used to replace approxi-
mately eight types of production cards of similar func-
tion, permitting a substantial reduction in field stock.
Field replacement cards differ from production cards
in the following respects:

1. Each field replacement card contains a full com-
plement of components.

2. Field replacement cards have barrel-type program
receptacles, p/N 216258, assembled on each card, in
contrast to the factory programmed cap used on pro-
duction cards. Programming is accomplished by selec-
tively cutting a pluggable contact strip, p/n 216259,
to obtain the specific jumpering required. The strips
are inserted into the barrel receptacles. Figure 87
shows a field replacement card and a factory card.
Figure 88 shows an index and a cap code template
from cap kit, B/M 451271. Use the index to select the
proper field replacement card; use the template for the
cap code desired. The cap kit and the pluggable con-
tact strip, /N 216259, are all that is necessary to use
field replacement cards.
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/ INDEX-"ALLOY" FIELD REPLACEMENT CARD PART NUMBERS\

FAMILY -[- SINGLE CAP CARDS

PRODUCTION CARD FIELD REPL. CAP
ASM, P/N CODE PART NO, CODE
O 371200 AM 370904 zz
371201 AM 370904 zY
371202 AM 370904 zX
371208 AM 370904 -
371204 AA 370900 W
371205 AA 370900 zv
371206 AA 370900 ZU
OV 371207 AA 370900 -
371208 AM 370904 WX
371209 AN 370905 47
371210 AN 370905 zy
371211 AN 370905 zX
371212 AN 370905 -
~ 3711213 AB 370901 W

Figure 88, Cap Code Index and Template

Measurements

Component Testing

Most defective components can be located by using an
ohmmeter to check for an open or shorted condition. Be
sure to consider parallel components when testing with
an ohmmeter. An excellent method of determining the
correct readings is to compare the readings of an
identical, good card with those of the defective card.
Specific component checks follow.

DIODES

Check the forward and reverse resistance with an
ohmmeter adjusted to the X 100 ohm scale. If the
resistance is high in both directions, the diode is open.
If the resistance is low in both directions, the diode
is shorted. Reverse resistance should read at least ten
times the forward resistance.

Note: Before removing and discarding the diode as
a result of this test, check the printed circuit card to
establish that a back-circuit is not responsible for a low
back-resistance reading. The X 100 ohm scale of the
ohmmeter is used to protect the diode from excessive
current.

TRANSISTORS

A good-bad test, to indicate open or shorted transistor
junctions, may be performed on a transistor without
removing it from the printed circuit card. For this
test, transistors are considered back-to-back diodes,
arranged in NPN or PNP configurations. Check the for-
ward and reverse resistance of each diode with an
ohmmeter adjusted to the X 100 ohm scale (Figure
89). If the resistance is high in both directions, the
transistor is open. If the resistance is low in both
directions, the transistor is shorted.
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NorE: Before removing and discarding the transistor
as a result of this test, check the printed card to
establish that a shorted transistor junction is not the
result of its being shunted by a low-resistance com-
ponent. The X 100 scale of the ohmmeter should
always be used to protect transistors from excessive
currents.

FUSES

An effective way to locate a blown fuse is to connect a
voltmeter across it. If the fuse is blown, the terminal
voltage of the power supply will indicate on the meter.
If there is no meter indication, and the power supply
is operating properly, the fuse is good. Be sure to use
the proper scale on the meter.

TANTALUM CAPACITORS

Observe polarity and voltage rating when testing
tantalum capacitors. Maximum voltage allowed on
some units may be as low as three volts.

Pulse Measurements

These measurements require an oscilloscope with a
calibrated time base and a frequency response high
and low enough to pass all frequencies in the pulse

[ N P N p N
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Forward Resistance Reverse Resistance

Reverse resistance should measure at least 10 times forward resistance

Figure 89. Transistor Testing
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Figure 90. Pulse Rise Time

spectrum to be measured. A high impedance (10:1
attenuating) probe is usually used in this type of
measurement to avoid distorting the pulse. Refer to
Customer Engineering Manual of Instruction, Tek-
tronix Oscilloscopes, Form 223-6725, for details of
oscilloscope operation.

RISE TIME AND DECAY TIME

A pulse rise time is the time required for the leading
edge of a pulse to complete 80 per cent of its change in
level as measured between the 10 per cent and 90 per
cent points. Calibrate the oscilloscope sweep time for a
slightly greater time than the rise time to be measured.
The pulse rise time can be read directly from the
oscilloscope (Figure 90).

Pulse decay time is the same as pulse rise time, except
that it occurs on the trailing edge of the pulse.

PULSE DURATION

Pulse duration is the time between a 50 per cent point
on the pulse rise time and a 50 per cent point on the
pulse decay time (Figure 91). This quantity can be
measured using the same techniques as for measuring
pulse rise time.

DROOP AND OVERSHOOT

Pulse droop and pulse overshoot are measured as a per-
centage of total pulse amplitude (Figure 92).

PHASE SHIFT AND TIME DELAY

Phase shift is a time delay of less than one cycle of the
fundamental frequency of the measured waveform and
is usually expressed in cycle degrees. Time delay is a
delay of more than one cycle. Phase shift and time
delay are measured in the same way, using an
oscilloscope.

Figure 91. Pulse Duration

Percent

Total Pulse £
Amplitude
= 100%

Figure 92. Pulse Droop and Overshoot

Signal Level Measurements

Use the oscilloscope for point-to-point P and N line
measurements. A special 5-inch oscilloscope face (Fig-
ure 93) is available to show P and N line levels and
tolerance limits:

LiNE VOLTAGE TOLERANCE LimiTs

+N +0.6v +0.8to +0.4v
Ov Ground ( N-line reference)

~N —=0.6v —0.4to —0.8v
+P —-54v —5.2to —5.6v
—6v (P-line reference)

—P —6.6v —6.4to —6.8v

Although the foregoing are the design limits and
expected voltages, circuits may operate properly with
voltages slightly beyond these limits.

Cooling System

Lubrication

1/8 and 1/30 up Blowers: Lubricate the three blower
shaft bearings with 18M 6 every 400 hours. Saturate the
wicks, which may be reached by removing the left
filter; check the filters.

1/9 and 1/4 HP Blowers: Lubricate the four blower
shaft bearings with 1BM 9 every 600 hours. Saturate
the oil wicks and press them in so that they bottom
on the bearing (Figure 94). Check the filters.

Blowers shipped as spare parts are not lubricated
prior to shipment. Lubricate all new blowers at the
time of installation. Initial production blowers have
0il cups that can cause an air lock and prevent proper
lubrication. Remove and discard these oil cups.

o0 0]0)
+N
O
-N
+P
-6
-P
00 00

Figure 93. Oscilloscope Graticule, p/N 461098
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Figure 94. Blower Lubrication, 1/9 and 1/4 np

NotE: Saturating a wick may be done more easily
by removing the wick from the blower assembly. To
remove a wick, twist a spring, p/~ 150395, to engage
the felt wick; then pull both the spring and wick out.

Motors

Both the 1/30 mp and the 1/8 np motors require 60-
cycle, 208/230-volt, three-phase power input. Check
the motors periodically for excessive noise, heat, or
vibration. Motor bearings are sealed and require no
periodic lubrication.

The 1/30 #p motor runs at 3,400 reM and is directly
coupled to the blower assembly shaft. The three motor
mounting screws must be tight to insure proper align-
ment between the motor and blower shafts.

The 1/8 ur motor runs at 7,000 reM and drives the
blower shaft by means of two belts. Periodically check
the pulley setscrews for tightness and inspect the drive
belts for wear and proper adjustment. Belt tension
should allow 0.18+0.02 inch of deflection midway
between the two pulleys. If adjustment is necessary:

1. Adjust the tension of the belt between the trans-
mission and blower pulleys by loosening the four trans-

mission casting mounting screws and shifting this
casting,.

2. Adjust the tension of the belt between the motor
and transmission pulleys by loosening the four motor
mounting screws and shifting the motor.

Blower Assemblies

Periodically determine the performance of the blowers
by checking for good air flow at the top of the frame,
and by checking for excessive noise or vibration of the
blower. If abnormal operation is indicated:

1. Check for proper direction of rotation of the
blower. One-quarter and 1/9 np, four-scroll blowers
turn clockwise in gates A and C, viewed looking at
the front of the gate; and counterclockwise in gates
B and D. One-eighth and 1/30 np, seven-scroll blowers
turn counterclockwise.
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On new installations, any blower unit turning in the

wrong direction should be reworked as follows:

a. Remove power from the system.

b. Disconnect, at the circuit breaker box, the cable
to the blower. The Jones plug is accessible upon
removal of the rear top module cover. There is
no need to lower the tailgate.

c. Reverse the leads on pins 1 and 2 of the Jones
plug and re-insert the plug.

d. correct the wiring diagram.

NoTe: When a blower is replaced or the CB assem-
bly is worked on, check blower rotation.

9. Check the blower shaft for freedom of rotation,
The rotor assembly, including the motor, should turn
when a force ( given below) is applied to the periphery
of any one blower wheel.

ASSEMBLY  SCROLLS P/N Forck (inch-grams)
1/30 7 598593 30
1/8 7 598594 60
1/8 9 594976 —
1/9 5 594638 (gates A, C) 42
594639 (gates B, D) 42
1/4 4 594683 (gates A, C) 42
594684 (gates B, D) 42

If the proper force does not turn the blower, the follow-

ing should be checked:

a. Lack of lubrication.

b. Improper endplay of the blower shaft. Remove all
endplay in the flexible coupling and set a clear-
ance of 0 to 0.040 inch between the collar, /N
587329, and the adjacent sleeve bearing face.
After the endplay is adjusted, be sure that each
rotor clears the bell-shaped portion of the housing
by 1/32 to 1/16 inch throughout the complete
rotation of the blower.

c. Misalignment of the blower shaft. Blower assem-
blies are designed to float on the gate. Protrusions
of more than 3/64 inch below the bottom surface
of the gate can warp the frame and cause pressure
on the blower assembly. Incorrect adjustment of
a gate caster can deform the gate and bind the
blower shaft.




3. Check for loose pulley setscrews, which may be a
source of noise.

4. Check for worn belts or improper belt tension.
These can cause noise. Apply a force of four pounds
midway between the pulleys; the belt should deflect
0.18£0.02 inch. Adjust the primary belt by loosening
the four motor mounting screws and shifting the motor.
Adjust the secondary belt by shifting the transmission
casting.

CavutioN: On earlier machines, blower cables must
be disconnected if a gate is opened beyond 45
degrees. A redesigned sms frame now permits a gate
to be opened to 70 degrees with the blower cables
connected. In addition, components on the blower
assembly may now be replaced.

Filters

Two aluminum air filters are used on each blower
assembly. When lubricating the blowers, check the air
filters and replace those that are dirty.

To change filters, turn power off, open the gate, and
slide the old filter forward out of its holder.

Caution: The filters bend easily; when sliding in
a new filter, use care not to damage it.

On 1/8 and 1/30 Hp blower assemblies, if necessary,
replace the blower filters every 400 hours of operation;
first remove the kickplate. On 1/9, 1/12, and 1/4 up
blower assemblies, replace or clean and recharge the
filters every 600 hours.

Vibration Technique

Vibration should be performed only as a last resort in
troubleshooting intermittent failures. Confine vibration
to those areas of the machine that are suspect. The
following methods of vibration should be used in con-
junction with an applicable diagnostic:

1. Remove covers and rake lightly across the exposed
sms cards with the edge of a dummy card.

CautioN: do not apply a lateral force sufficient to
cause the adjacent cards to touch, thereby shorting
components.

2. Rake back panel pins with a dummy card to
detect loose pins.

3. Lightly tap the perimeter of the tailgate frame
with a plastic hammer.

4. Gently shake the external cables plugged into the
tailgate. Be careful of single-wire conductors.

5. Pull out each slide; open and close each gate,
and close the slide — all while a diagnostic is running.

Backpanel Power Circuits

Short circuits and some opens are usually difficult to
locate and sometimes difficult to repair. The chief aim
of the following paragraphs is to suggest methods that
may help in locating a short circuit and to recommend
a repair method that has been used successfully for
shorts underneath the printed power distribution
laminate.

Location

A power short circuit may be between a voltage line
and ground or between two voltage lines. The first step
in the repair of a short circuit is to isolate the source
of trouble to as small an area as possible.

The power from the power supplies goes to a laminar
bus on the rear of each gate. Jumpers from each lami-
nar bus connect to terminals on a power distribution
laminate overlay. A separate overlay is provided for
each row of sms card sockets. The card socket pins
are soldered to the printed circuit on the overlay.

When the particular frame and gate having the short
are known, connect an ohmmeter to the laminar bus
terminals of the shorted line (or to line and ground).
Remove the laminar bus jumpers one at a time. If no
increase in resistance is noted after all jumpers are
removed, the short is in the laminar bus or the power
supply itself. If there is an increase in resistance as a
jumper is removed, the short is in the particular row
of cards.

Reconnect the chmmeter across the short at the over-
lay terminals. Remove cards in the shorted row one
at a time. If the short is in a card, an increase in
resistance will be noted when the defective card is
removed. If all cards are removed and the short re-
mains, the short is in the overlay.

Shorts in Power Distribution Overlay

Remove all the laminar bus jumpers from a row, as
well as the cards in the row. Repair of a shorted pin
is made difficult by the many soldered connections to
the socket pins. The procedure to be described will
save dismantling or replacing a panel; also see “Short
Circuits in Laminar Buses.”

The short may have occurred at any of the socket
pins for the power supply in question. Examine the
socket pins for foreign matter. Look for a wire with
insufficient insulation to protect it from shorting to an
adjacent pin or to the ground plane. Move wires
slightly if necessary to check thoroughly. If the short
still exists, the specific pin or pins must be located by
using a device, such as a Wheatstone bridge, that will
measure very low resistances. Use the device to deter-
mine the card socket pin (or pins) having the lowest
resistance.

Service Techniques 59



When the pin (or pins) causing the short is deter-
mined, and there is no visible cause for the short, it is
likely that the source of the short is underneath the
printed power distribution laminate.

During production, the printed overlay is placed over
the card receptacle pins that supply power to the cards,
and then soldered to each pin. A small gap remains
between the overlay and the card receptacles into
which small pieces of wire, solder, or other foreign
material may fall, shorting two pins or shorting a pin
to a printed circuit ground plane. The removal of this
foreign material is a difficult problem because the over-
lay has many soldered connections and also has wires
routed over it. The following section describes a
method that has been successful in removing these
short circuits.

Overlay Drilling

A short caused by foreign material underneath the
printed circuit overlay may be eliminated by drilling
away the phenolic material around the affected pin or
pins. The foreign material that causes the short is
drilled away at the same time.

The drilling tool is manufactured by altering an
unwrapping tool. Use a jeweler’s file to make small
notches so that the unwrapping tool is converted to a
small hole saw. Check the inside surface of the tool
and remove any burrs that could catch on the pin
during the drilling operation. Mark the tool in some
way to indicate the maximum depth to drill. The depth
is determined by the distance to the card socket, which
must not be drilled into,

Connect an ohmmeter between the shorted row of
pins and ground or between the shorted rows of pins
so that you may stop drilling as soon as the short is
removed. Install the tool in an electric drill and guide
the tool over the affected pin. Drill through the overlay
or overlays until the ohmmeter indicates an open
circuit. Be careful not to drill into the card receptacle.
Drill slowly and take care to remove all chips so that
additional shorts are not caused at other locations.

The drilling process will cause an open circuit in one
row of the printed overlay. This must be repaired by
short jumpers wrapped to the appropriate terminals.

Open Circuits in Power Distribution Overlay

An overload can cause an open circuit in the printed
circuit on the power distribution overlay. Do not
attempt to repair the overlay. Use a voltage chain,
p/N 212822, to bypass the damaged area. The chain
should be coupled, from a point two pins beyond the
defect, to the beginning of the voltage distribution for
the particular chassis. Solder the voltage chain to each
pin.
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Short Circuits in Laminar Buses

The laminar power distribution bus within sliding
gates consists of strips of copper alternated with strips
of plastic film. Many of the supply voltages are applied
to two strips of copper in each bus, using the capaci-
tance thus created between the copper strips for
filtering.

The edges of the bus are open, exposed to abrasion
and short-circuits. Burrs on the edges of the copper
strips can cut through the plastic strips and cause short
circuits, if the bus is subjected to undue pressure or
flexing.

To locate a short circuit in a laminar bus:

1. Disconnect the suspected bus from all power sup-
ply lines and jumpers to printed-circuit overlays.

2. Using an ochmmeter, determine the two shorted
strips and connect the ohmmeter to them.

3. Carefully flex small areas of the bus. If necessary,
remove the bus from the gate. Flexing may cause the
short to open and close intermittently as the area of
the short is manipulated, and thus localize the defec-
tive area.

4. Inspect the defective area to locate the short.
Repair by inserting plastic electrical tape between the
copper strips at the shorted point.

A likely source of trouble is in the horizontal section
of the bus, where connections are made to the terminal
board for the power supply cable. Sharp bends in the
copper strips where connected to the terminal board
can cause a burr that will penetrate the plastic film.
It may be necessary to separate the strips where they
feed the terminals, and insert electrical tape between
all layers. Wrap the outside of the bus wherever a strip
leaves the bus. This wrapping not only provides extra
insulation, but guards the edges against abrasion and
contamination.

200-Position Low Voltage Connector

Assembly instructions follow for the 90° cable half,
p/N 598254, and 45° cable half, /N 598255. See Figure
95 (A through I). Tools required are:
5/32” Allen wrench, for strain relief well assembly.
3/32" Allen wrench, for board to shell assembly, and
keeper to board assembly.
1. Disassemble connector:
a. Remove the protective cover.
b. Remove the screw (in keeper) that holds the
board.
c. Slide the board and strain relief well from the
shell assembly.
d. Disassemble the strain relief well by removing
the two hex head socket screws at the rear of
well housing.




Watch that thumb |

Figure 95A. Assembly of 200-Position Connector

2. Cut rubber collet to fit cable [Figure 95(A)]. For
134 inch diameter cable, use the rubber collet as re-
ceived. For cables smaller than 134 inch diameter, cut
the rubber collet between the arrow and the 134 inch
mark. Next, cut the collet to the length desired, leaving
the numbered lug that has the nominal cable diameter
mark. Check the fit of the collet on the cable. Cut off
a lug if the collet is too large.

Rubber Collet

Metal Adapter

Strain Relief Clamp

Metal Adapter

Figure 95B.

3. Use a pair of metal adapters (B) for cable sizes
from 34 to 1-7/16 inch. Because some cables are larger
than the inside diameter of the adapter, it may be
necessary to ream or split the adapter.

Figure 95C.

4. Slide strain relief well assembly back on cable,
out of the way.

5. Using prepared cable, apply proper terminals
(C). Snap the terminals into the correct numbered
holes in the board (D).

Figure 95D.

6. Slide strain relief well assembly into place.
Tighten the Allen screws until the rubber collet holds
the cable without slipping.

Figure 95E.

7. Move handle of shell assembly to open position
(E). Slide strain relief well, board, and cable assembly
into shell (F). When using 45° well assembly, check
orientation of the well.

Figure 95F.
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8. Seat board in position in the shell. Place screw junction with one operating handle; the keeper plate

through hole of keeper plate, and tighten (F). may break. Also move both operating handles simul-
taneously when disconnecting the external cable

halves.

Cleaning

Whenever a connector has been opened, and before
reconnecting it, use the following cleaning procedure:
moisten a clean piece of cheesecloth or industrial tissue
with 1BM cleaning fluid, p/~ 450608. Wipe the contacts
from the leading edge toward the plastic base; then
dry them with a piece of cloth or tissue.

Cavution: Do not use cleaning fluid, p/N 450608, to
clean plastic parts.

If Present: Rework To:

Tighten Nuts To Washers Tighten Nuts To Spacer

Figure 95G. Assembly of 200-Position Connector

Checks

Check for looseness at all 200-position connectors re-
sulting from shimming of the keeper plate, p/N 598239,
on the machine half of the 200-position connector. The
shims or washers should be removed and reinstalled IF Present: Rework To:
behind the head of the keeper plate mounting screw,
thus preventing the screw from protruding too far
through the keeper plate.

External cables equipped with this connector can
be connected without the use of a junction box, pro-
vided the boards are assembled to accept each other.

CavutioN: After mechanically latching the two ex-
ternal cable units together, close both operating
handles simultaneously. Do not attempt to make this Figure 96. Power Supply Connections
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Power Supplies

Fuse Clips

Loose fuse clips are a source of trouble in frame power
supplies. In no case should a power supply be ad-
justed until the fuse clips have been checked for
tightness.

B Dancer: Turn power off.

Do not turn the screw holding the fuse clip. Tighten
a loose fuse clip by turning the nuts behind the mount-
ing board while preventing the screw from turning.
See that the leads behind the mounting plate do not
short to each other.

Connections

Figure 96 shows the different connections used on
power supplies, and the recommended method of
tightening each. Always lower the fuse panel to gain
access to the nuts.

Connectors
Twist Lock Electrical Connector

Individual manufacturers of twist lock connectors are
careful to design so that their own connectors mate in
only one manner. However, a 3-prong Hubbel male
plug can be inserted into a Rodale female plug in three
different ways. As a result, machine covers could be
placed at line potential instead of ground.

DANGER: Be certain that twist lock connectors are
correctly mated when inserted into a power
receptacle.

Jones Plug Cable Connector

Although a fiber insulator is used internally to prevent
shorts to the shield, the shield is not grounded. When
you rework a plug, always re-insert the insulator. Add
electrical tape if there is a possibility of a wire-to-
shield short. In addition, fasten loosely-mated plugs
with electrical tape or an elastic band.

Service Techniques 63



Index

PAGE
Abbreviations, Add/Delete Lists. ............ .. .. . .. ... 45
aMp Crimp Tools. .. .. ... .. . .. ... ... ... ... ... .. ... 29
Blowers
Assembly ... ... 58
Blower Cables .. ... ... .......................... 58
EndPlay ... ... .. ... ... . 58
Filters .. ... .. ... .. . . ... 59
Lubrication . ... ... .. .. ... ... . ... . ... 57
Motors ... ... ... 58
RackandPanel.. ... ... . ... ... . ... .. ... ... ... ... 13
Rotation ..... ... ... ... ... ... ... ... .. ... .. ... 58
Shaft Alignment .. ... ... ... ... . ... ... ... .. ... ... 58
Sliding Gate ........................... ... ....... 17
Burndy Crimping Tools........................ ... ... 25
Cables
Coaxial ... ... ... ... 47
Drape ....... . ... ... . 8
Routing to Tailgates.. ... ............ .. ......... .. 8
Cap Code Templates. . .. ........................... 55, 56
Cards
Air Flow ... ... ... . 21
Baffle ... .. ... 21
Cap Code Templates. ... ......................... 55, 56
Double ... ... .. ... 19
Dummy ......... .. .. . 21
Field Replacement Cards. .......................... 55
Identification of sms Cards....................... ... 20
Inspection of Cards. ... ... ... ... ... ... ...... ... 53
Maintenance .......... ... ... . ... ... . ... . ... ... 53, 54
sMs Printed Wiring Cards. ... . ................... ... 18
Stan-Pac ............ .. ... 20
Thermal ... .. ... .. .. . 20
Card Extender ............ .. ... .. ... . ... ... ... ... 52
Card Pullers ... . ... ... ... . ... .. ... . ... ... ..., 50
Card Socket Terminal Extractor....................... 52
Cleaning sMs Cards. . .................. ... ........... 53
Connections
Crimped . ... ... ... ... ... .. . ... ... ... .. 25
Pin Connections on sms Cards .. .. ... ... ........... . 20
Soldered .. ... ... .. ... .. . ... ... 22
Twisted Pair and Coax. ... ... .. ... ... ... . ...... .. 37
Types of Electrical . ........ .. .. .. .. ... ... .. . .. 5
Wrapped ... ... ... ... 40
Connectors
Burndy Coax .. ... ... ... ... ... ... ... ... ... 37
Butt ... ... ... . - 14
Cleaning ... ... ... ... ... .. ... ... . ..., 62
8-Position Socket .. ... ... . ... ... ... ... .. . ... ... 20
Hinge ... ... . .. .. . ... 8
Jones Plug ... ... .. ... ... . .. C........... .. 83
Panel ... . .. 5
Panel Input-Output .. ... .. .. .. ... . ... . . . . . .. 8
Slide ... ... 7

sMs Card Sockets. . . ... ....... .. .. ... .. ... ...711

T-Connectors ... ... .. . ... . .. . L 6,8
32-Position Open Wire Socket. . ... ... ... .. ... .. .. .. 13
29.5 Inch Frame ... .. .. ... . ... . .. ... .. ... ... .9
200-Position Assembly 15, 60

64

PAGE
Twist Lock .. ... .. 63
Crimp Connectors/Terminals ... ... ... ..... ... .. .. . 30
Crimping Tools
AMP . ., 29
Burndy ... . 25
Cleaning . ........ ... ... . . . ... .. ... ... . 25
Jammed ... .. 27
Limit Adjustment .. ... ... ... ... ... ... . ... 28
Locator Adjustment ........ .. ... ... .. .. ... ... ... 29
MSND .. 26
Termination Procedures ....................... .. .. 36
Double Cube .. ... ... .. .. ... .. ... .. . ... ... ... ... .. 17
Dual Contact Terminal Cleaning. . .. .. ........ ... ... ... 36
Field Replacement Cards ... ........... ... ... ......... 55
Filters .. .. ... ... .. 59
Frames
Double Cube ........... .. ... ... ... ... ... ... ... 17
Rackand Panel ......... .. ... ... .. .. .. ... ... .. 12
Sliding Gate, 20-Inch ............. . .. .. ... . . ... ... 10
Sliding Gate, 29.5-Inch ......... .. .. ... ... ... .. .. 5
Swinging Gate Cube ............ ... ... ... ... .... 15
Gates
1-o Cable Connector .......................... ... . 16
Sliding Gate Panel (Layout)........ .. .. ... .. ... ... 7
Swinging Gate Identification ... .. ... ... ... .. ... .. .. 15
Swinging Gate Numbering Details ... ... ... ... .. .. .. 19
JonesPlug ... ... ... ... ... . 63
Laminar Bus .. ... ... ... .. ... ... ... .. ... ... ... .. 13
Laminar Bus Extraction Tool. ... ... ... ... .. ...... .. 52
Laminar Bus Pin Identification. ... ... ... ... . ... ... . 48
M8ND Crimping Tool ................ .. ... .. ... .... 26
Open-Wire Connector Terminal .. ... .. ... ... ... ... ... 30
Oscilloscope Graticule ....... ......... ... ... ...... ... 57
Oscilloscope Probe P8O17 .. ... . ............ ..... ... 51,52
Oscilloscope Probe Tips ... ... ... ... ... ... ... ... ..... 50
Overlay Drilling ..... .. .. ... ... ... ... .............. 60
Pin Identification Panel . ... ... ........... ... ... .. . ... 52
Power Supplies ....... ... . ... ... ... ... ... ... 63
Power Distribution, Rack and Panel. .. . ... .. ... .. ... .. 15
Power Distribution, Sliding Gate. .. ... .. ... ... .. .. . . . 12
Printed Conductor Repair .. ........ .. ............. .. 55
Rack and Panel Module . . .................. .. ... . ... . 12
Repairingsms Cards . . ....... ... ... ... .. ... ... .. ... 54
Rewiring Procedures . ............ ... .. ... .. ... ... ... 44
Safety .. .. ... Opp. 5
Service Techniques
Backpanel Short Circuits ... .................... . ... 59
Checking Wire Size . ... ... . ... ... ... . ... .. ... 43
Component Color Codes ... . ... .......... ... ... .. 49
Component Inspection ... .. ... ... .. .. .. ... ... .. .. 53
Diode Measurement ... ... ... ... ... ... ... ... ... 56
Fuse, Location of Defective ... ... ... ... ... .. .. .. .. 56
Laminar Bus Shorts . ... ... ... .. ... ... .. ... .. 60
Lamp Removal .. .. ... . .. . ... . . .. . . ... . .. .. 52




Overlay Open Circuits .. ........................... 60
Overlay Shorts ... ... ... ... ... .. . ... ... ... .. 59
Pin Identification Panel . ... .. ... . ... . ... ... .. ... .. 52
Power Supply Connections ......................... 63
Pulse Measurements . ... ... ... .. ... .. ... ... ... 56
Quality of Crimped Connection. .. ................... 39
Rewiring Techniques .............. .. ... ......... 42, 44
Signal Level Measurements . ........................ 57
Tantalum Capacitors ... ... .............. ... ....... 56
Transistor Measurement . .. ......................... 56
Vibration Techniques . ... .. ... ... .. .. ............ 59
Voltmeter, nc Precision .. ....... ..... ... .......... 52
Signal Routing, Tower to Tower. ... ... ... ............. 12
SlidingGates .. ............... .. . .. ..o 7
Sliding Gate Cooling System. ......................... 17
Sliding Gate Frame, 20-Inch .......................... 10
Sliding Gate Frame, 29.5-Inch ... ...... ... .. ... ... ... 5
sMs, Purpose ... ... 5
Soldering Rules ........ ... .. ... ... ... ... ... ... ... .. 22
Swinging Gate Cube ........ ... ....... ... .. ... ...... 15
Tailgate, 20-Inch Frame ... ... ... .. ... ............. .. 13
Tailgate (29.5-Inch) ... ... ... ... .. ... ... ..... ... .... 11
Terminals
AMP, _ . 35
Burndy . ...... .. ... . 31
Dual Contact . ........ ... ... ... ... ... ... ... ..... 36
Open-Wire Connector ... ...... ... ... ........... 30, 38
Slip-On .. ... ... 36
Sliding Gate Connector ... ... ... ..... ............. 10
Winchester .. ... ... .. .. . ... .. ... .. ... ... ... 35
Tools
Burndy Extraction . ... ... . ... .. ... ... ... .. . ...... 27
Card Extender . ... ........................ ..., 51, 52
Card Pullers ... .. ... . ... .. . .. ... ... . ... .. 50

Card Socket Terminal Extractor
Crimp
Laminar Bus Extraction
Lamp Removal
Oscilloscope

SMS
Voltmeter, pc Precision

200-Position Connector Assembly
200-Position Connector, Mating

Unwrapping Wire-Wrap
Winchester Crimping Tools
Wire-Wrap

Manual Wrapping Tool . ...................... ....

Power Wrapping Tool
Quality
Rewiring Techniques
Right/Left Unwrap Tool
Screwdriver Handle Tool

Stripping Tool
Tool Maintenance
Unwrapping
Wrapped Connections
Wrapping Procedure
Wiring

Add List

Backpanel
Checking Wire Size
Coaxial Cable Wiring Rules
Color Codes
Single Wire Wiring Rules
sMms Wiring

Index

Soldering ........ .. ... .. ... ... ... ... ... ...
Wire-Wrap . ... ... ... ...

Squeeze-Type Wrap Tool . ... .. ... ... ... ... .. ...

65






CUT ALONG LINE

FOLD

FOLD

COMMENT SHEET

STANDARD MODULAR SYSTEM

CUSTOMER ENGINEERING INSTRUCTION-REFERENCE FORM 223-6900~-2

FROM

NAME

OFFICE NO,

CHECK ONE OF THE COMMENTS AND EXPLAIN IN THE SPACE PROVIDED

E] SUGGESTED ADDITION (PAGE sy TIMING CHART, DRAWING, PROCEDURE, ETC,)
D SUGGESTED DELETION (PAGE )

D ERROR (PAGE )

EXPLANATION

NO POSTAGE NECESSARY IF MAILED IN U.S. A,

FOLD ON TWO LINES, STAPLE, AND MAIL

FOLD

FOLD



STAPLE

STAPLE

FIRST CLASS
PERMIT NO.

POUGHKEEPSIE,

BUSINESS REPLY MAIL

NO POSTAGE STAMP NECESSARY IF MAILED IN U, S, A,

POSTAGE WILL BE PAID BY
IBM CORPORATION
P.O. BOX 390
POUGHKEEPSIE, N.Y,

ATTN: CE MANUALS, DEPARTMENT B96

STAPLE

STAPLE

]
]

W
HEA
:J
12
19
i<
E
l(.)
]

]
]
]
]
[}
]
[ ]
[}
]
]
]
]
1
]
]
3/63:6M-FW.



