
























































5.3.15 AFC1l1 Low-Level Analog Input Subsystem

The AFCll is a flexible, high performance, differential analog
input subsystem for IDACS-11l industrial data acquisition conttol

systems.

The AFCll system multiplexes up to 1024 differential input'
analog signals, selects gain, and performs a 13-bit analog-
to-digital conversion at a 200 channel per second rate under
program control. Three signal conditioning modules and eight
program-selectable gains allow the system to intermix and
accept a wide range of signals: low level (10mv f.s.), high

level (10070v f.s.), and current inputs (1 to 50ma f.s.).

Designed for accurate and reliable operation in demanding
industrial environments, the AFCll achieves high isolation
and common mode noise rejection through relay switched
capacitor multiplexing. The subsystem also simplifies input
wiring, requiring only simple twisted pairs which connect

to screw terminals.

Modularly constructed in eight—channel standard hardware
units, the AFCll is easy to configure to user applications,

and simple to expand.

The analog input subsystem is particularly suited for data
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acquisition in the high noise environments encountered in
process monitoring and control, production testing and laboratory
applications. In such environments common and normal mode
noise,cabling and grounding problems can greatly affect the

operation of such transducers as thermocouples, strain gages,

analytical bridges, and .industrial milliamp, current transmitters. ;

These problems can also affect the accuracy and performande

of the measuring system.

In typical applications, use of ungrounded sensors could cause
common mode voltages of up to 150 volts peak~-to-peak (at powér
line frequency) to appear on the input signal leads to the
measuring system. For example, if termocouples become
ungrounded during operation, large common mode voltages can
appear in coincidience with the signal. The design features

of the AFCll allow either floating or grounded signal sources
thus insuring reliable, trouble - free operatiog, Due to

the flying capacitor design, the system tolerates common

mode voltages in excess of 200 volts. FET solid-state
multiplexers, in contrast, can be seriously damaged with common

mode voltages over 25 volts.
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5.3.16 ADQ1-D Analog-to-Digital Conversion Subéystem

The ADO1-D is a flexible, low—=cost multichannel analcg

data acquisition option which interfaces directly to PDP-11
computers. When it is under computer or external clock
control, the ADOl-D rpovides 1l0-bit digitization of unipolar
high-level analog sighals having a nominal full-scale range
of 0 to _1.25, +2.5, +5.0 or +10.0 volts. An optional sign-
bit addition allows ll-bit bipolar operation. Programmable
input range selection extends the ADO1-D's dynamic range at
moderate sampling rates the the equivalent of 13 bits for

unipolar signals or 14 bits for bipolar signals.

An optional sample-and-hold amplifier reduces the conversion

aperture to 100 nanoseconds.

Available as a factory or f&ld-installed PDP-11 option, the
standard ADOl-D consists of an expandable solid-state

inpﬁt multiplexer, programmable input range selector, A/D
converter, control, and bus interface in a single 5 1/4 inch
rackmountable assembly plus a separate logic power supply.
The multiplexer can be expanded by adding 4-channel modules
up to 32 channels. An expansion multiplexer may be added to

provide a manimum configuration of 64 channels.
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The subsystem is well suited to a variety of tasks-testing,
monitoring, logging, and analytical instrument data reduction -
in both laboratoy and manufacturing environments. It is also
a first choice with OEM's and system contractors as an

economic and efficient system component for sophisticated data

acquisition systems.
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5.3.17 AAl1-D Digital-to-Analog Conversion Subsysfem

The AAll-D is a low cost, high performance multichannel

digital to analog conversion subsystem for PDP=ll computers.

Interfacing directly to the PDP-11 Unibus, the AAll-D controls
up to four single buffered, 12 bit bipolar digital to analog
converters. Each BA614 converter, which includes output
amplifier and reference voltage‘source, is contained on a
plug-in module and provides 10 ma current output at ilQ

volts. Full scale output voltage is timpot adjustable from

+1lv to +10v in two ranges.

Storage scope, display scope, and light pen control options
are available for the AAll-D. These options provide Z axis
blanking for intensity control and require two D/A converters

to control X and Y trace coordinates.

Available as a factory or field installed option, the AAll-D
fully implemented with four digital to analog converters and
a scope control option, is contained in a single System Unit.

A rack mountable power supply is separate.
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6 EQUIPMENT MOUNTING AND POWER

6.1 SCOPE

The purpose of this chapter is to provide detailed information on the

PDP=11/40 mounting and power system.

The BA11-FC mounting box is basic to the PDP=11/40 mounting system and
is discussed in paragraph 6.2. System unit allocations as well as
processor and basic memory slot allocations are noted for the basic
box. This mounting information is presented in context with the

system mounting space within the same cabinet and in adjacent cabinets

(paragraph 6.3).

System power is provided by a cabinet ac power control unit (paragraph
6.4) and a basic power supply. This power supply (paragraph 6.5)
consists of an H742 bulk power supply and its individual H744 (4+5V)

and H745 (=15V) regulators. These three items are covered separately

in paragraphs 6.5.1 through 6.5.3.

Basic dc power distribution is covered in paragraph 6.5.4 and trouble-

shooting of the power system is described in paragraph 6.5.5.




6.2 SYSTEM MOUNTING BOX “;

The major components of the PDP=11/40 System, with the exception of
the power system and console I/O device, are mounted in a single
BA11=FC mounting box. Space for additional memory and/or peripheral

interfaces is also provided within this mounting box.

The BA11=FC mounting box is mountedrin a standard DEC H960=C cabinet

as shown in Figure 6=1., The box is mounted on Chassis slides so

that it can be pulled out for maintenance and/or installation of logic
modules; the power supply, however, remains within the cabinet. Cooling
fans are mounted on top of the box to provide proper cooling of the
logic elements within the box. The KY11-D Programmer?®s Console is

located on the front of this box. ﬂwﬁ

The mounting box is capable of holding nine system units or
equivalents. Each system unit casting contains four slots for
mounting logic modules, An alternate double system unit contains nine
sloté as it has no center casting, This double system unit is used

for the KD11=-A processor and MF11-L memory. o

Allocation of logic within the box is shown in Figure 6-2. A double
system unit (with nine slots) is used for the processor and processor
options, Another double system unit is used for the MF11-L core memory
which includeskthree-modﬁles to provide a basic 8K memory. This leaves
space for five additional system units (or equivalents) for additional

memory and/or peripheral interfaces. Note that core memory should always



E

be placed asclose to the processor as possible. The basic mounting

~

box provides mounting space, power, and cooling for these additional

(expansion) units.

Module allocations for the processor, memory, and programmer®s console

are covered in paragraphs 6.2.1 through 6.2.3, respectively.

Whenever an expansion item is added to the basic bhox, certain factors
must be considered such as the number of system units required by

the device, power cable connections, Unibus connectioﬁs, and jumpers.
Power cable connections are covered in paragraph 6.5, Unibus inter=
connections are discussed in paragraph 6.3.2. When certain devices
(such as the KT11-D, KJ11=A, etc.) are installed in the bhox, it is
often necessary to cut jumpers both on the new device and on an
existing device (such as the processor). Pertinent jumper information
is included in the manual covering the device. However, information
on the KT11=-D, KE11=E, KE11=F, and KJ11=A processor options is also

included in Chapter 2 of this manual.
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6,2.1 Processor Module Allocations

Figure 6=3 shows the module allocation for the KD11=A double system
unit for the basic KD11=A processor and processor options. The modules
noted with an asterisk are the standard basic modules and must always
be present. Other modules are optional with the specific option
designation noted on the figqure. The KT11-D Memory Management option
requires the M7237 module in addition to the M7236 module. The KM1i=A
Maintenance Console option may be plugged into either slot F1 or E1
depending on whether the user is monitoring the basic KD11=A procéssor
or one of three processor options (KT11=D, Memory Management, KE11=E,

Extended Instruction Set, or KE11=F, Floating Instruction Set).
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6.202 Memory Module Allocations

Figure 6-4 shows the module allocation for the MF11-1 double system
unit. This memory unit is provided with é single 8K memory segment
for the basic PDP=11/40; two additional 8K segments (MM11=Ls) can
also be mounted within the same system unit. Additional MF11-L and
MM11=L memories can be installed in the free system unit space within

the BA11~FC mounting box (Figure 6=2).,




6:2.3 Programmer®s Console Mounting

The KY11=-D Programmer’s Console is mounted on the front of the BA11=FC
mounting box as shown in Figure 6-1., Mounting is integral with the bezel
‘and panel mounting. The console is cabled directly to the processor
modules and provides both switch and display signals. Power to the console

is applied through these same cables.
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6.3 CABINET AND SYSTEM MOUNTING

Because of the modularity of the PDP=11/40 System, a variety of
peripherals may be added to the basic system. Depending on the type
and number of peripherals selected, the remaining space in the basic
system cabinet may be sufficient, or additional cabinets may have to
be added to the system. The basic system cabinet is discussed in
paragraph 6.3.1 and multiple=-cabinet systems ére discussed in

paragraph 6.3.2.




6.3.1 System Cabinet

The cabinet housing éhe basic PDP=11/40 is divided into six levels,
The bottom level (level six) is reserved for power supplies and cable
entry. Levels four and five contain the BA11-FC mounting box which
houses the basic system. Levels one through three provide space for
kmountingAup to three peripherals, each having a front panel height

of 10% inches. If a high=-speed paper=-tape reader is added to the basic
system, it always is installed directly above the BA11=-FC mounting
box., There are certain restrictions to mounting peripherals in
cabinets. These are discussed in paragraph 6.3.2. As far as the basic
system cabinet is concerned, it should be noted that any freee-standing
peripheral (system I/0 device, card reader, etc.) can be no further
from the cabinet than the maximum length of the interconnecting

cable between the interface in the cabinet and the device itself,
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6.3.2 System Configuration

In many cases, the number and types of peripherals added to a basic system
necessitate additional mounting cabinets; The standard cabinet

layout for PDP-11,systems starts at the right and evolves to the left.
Another standard practice is to define the equipment in the processor
cabinet first, then move to the next cabinet not defined for a specific
device, It is always necessary to keep in mind the overall Unibus
chain to keep Unibus length tc a minimum., Cooling, cabling and logic

interaction are all system considerations which must be accomodated.

Configuring multiple cabinet systems therefore requires, as a general
rule, no fulledepth device, or combination of devices, should be placed
at the top position (level 1) or bottom position (level 6) of a cabinet.,
This restriction is necessary to ensure unrestricted cable entry at the
bottom. Devices can be placed in the unused cabinet space of another
device provided the installation does not interfere with the operation
of that device. Disk cabinets are normally used only for mounting that

specific disk system and its options.

In any cabinet, the top position (level 1) should be used only for
rigidly fixed equipment. Levels 2 through 5 may be used for either
rigidly fixed equipment or slide-mounted equipment. The level in any
cabinet may be used for a peripheral device or for mounting an extension
mounting box which is then used to house various device interfaces at
the discretion of the user. Figure 6=5 illustrates typical mounting

information for a multiple cabinet system.




The major logic interaction consideration in multiple cabinet systems
is latency. Latency is defined as the longest time a device can be

left unserviced before it loses data. Latency is usually a problem

only in extremely large systems but should still be considered for
optimum system performance. A recommended priority has been established

to determine which peripherals should be mdunted closer to the

processor to compensate for timing characteristics of NPR devices and

latency requirements for BR devices. These priorities are listed in
Tables 6=1 and 6=2, respectively. The typical mounting information

of Figure 65 accomodates these priorities. Additional information

on system configuration is contained in PDP=11 Configuration Worksheet

and the PDP=11/40 Site Preparation Worksheet.
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Table 6=1

Timing Characteristics of PDP-11 NPR Devices

NPR

Priority Device

1 RK11/RKO03
2 RP11

3 RC11

4 RF11

5 RK11/RK02
6 ™11

7 TC11

8 DM11

9 Cb11

10 DR11=B

Worst Case

Latency (usec)

8.5
11
12
13
19
29
67
100

800

Dependent on

customer use

Time Between Data

Available (usec) -

1.1

*14.8

16

16
22.2
32 (at 800 bpi)
200

119 (at 1200 baud)

#The RP11 transfers two words each 14.8 microseconds

11




Table 6=2

Priority of Devices Affected by BR Latency

Priority BR7 BR6

1 *ADOT KWii=1L
2 . DT11=B TC11

3 CR11

4 CM11

5 KWil=p
6 +UDC11
7

8

9

10

11

*For ADO1 sampling at high rates. Can be assigned to a lower level for

slow input applications.

BR5

DP11

[

DC11
DP11

DC11

m ® W™

DP11
DCi1 @
DP11 @
DC11 @

DM11

9600
1800
4800
1200

2400

baud or higher
baud
baud
baud

baud

600 baud

2000

baud

3n0 bhaud

**DR11=A

DR11=B

**priority positions depend on customer application.

+ UDC immediate = BR6; UDC deferred =

12

BR4,

BR4

KL11
+UDC11

% AFC11

J



(w 6.4 POWER CONTROL SYSTEM

Both the basic and expanded versions of the PDP=-11/40 include a
power control system that controls ac power to system components,
permits operation of the entire system from a single master switch,
and shuts down the entire system in the event of fire in any cabinet.
This power control system is functionally the same for all PDP=-11

computers and consists of the following:
a. cabinet-mounted power control unit

b. a master power switch (OFF/POWER/PANEL switch on programmer?®s

console of the PDP=11/40)

RN

c. cabinete=mounted thermal switch

A specific PDP=11/40 system may use either an 860 or 861 power control
system., The 860 power control unit is described in paragraph 6.4.1

and the 861 power control unit is referenced in paragraph 6.4.2.




6.4,1 860 Power Control Unit

The 860 power control unit is operated from the console panel switch
and is capable of switching up to 30A of 115 Vac (860A) or up to

15A of 230 vac (860B). The power control unit distributes ac

voltage to two output strips located within the cabinet. One strip
provides switched (or controlled) ac power; that is, any component

plugged into this strip is under control of the master switch. The

second strip provides unswitched ac for operating devices that require

continual application of power, such as magnetic disk drives. These
strips permit all system devices to be connected within the cabinet,
thereby necessitating only one power cord from the cabinet. In the
basic PDP?T/@O cabinet the right strip (as you face the cabinet from

the front) is the switched or controlled ac power strip.

In multiple cabinet configurations, operatiocon of the entire system ca
be controlled by the console OFF/POWER/PANEL switch provided there is
at least one power control unit. However, any systems containing more
than one processor require a master switch that is separate from the

processor console switch.

The cabinet-mounted thermostat removes power from the switched ac

power strip in the event of fire in any cabinet.

A power control bus cable is used to interconnect all devices in the
system. Devices may be added to the system by connecting them to the

bus in parallel at any convenient point. No terminators are required

n

on
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the bus and ¢°T®® connections may be used without any restrictions. The
powef control bus cable is a 3-wire cable joining two 3-wire male

Mate=N=-Lok connectors. Detailed instructions for interconnecting devices

are given in paragraph 6.4.1.1.




6.4.1.1 860 Physical Description \@}

The 860 power control unit consists of an input circuit breaker, line
filter, pilot light, relay, output filter, control board, and thermal
detector. These components are housed in an enclosure which is mounted

in the top of the system cabinet next to the cabinet air intake fan.

The bottoﬁ of the enclosure contains three 3-pin Mate=-N=-Lok connectors,

a REMOTE/OFF/LOCAL switch, and the detection element of the thermal switch. "
The three connectors are wired in parallel to accept connection from the
standard 3-wire control system. These connectors permit interconnection
of power control units from one system cabinet to another. The
REMOTE/OFF/LOCAL switch permits all system power to be controlled by )
one power control unit. When set to LOCAL, it allows the specific power 'wj
control unit to be removed from the overall power system so that it can
be run independently. In a system containing more than one power

control, interconnecting cables would be installed between the connectors
of adjacent power control units in a daisy chain manner to provide

system power control (Figure 6=6). In this instance, the switch

would be set to REMOTE to allow routing of power control fromone s

‘cabinet to another,
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Figure 6=6 Power Control Interconnection

6=-16A







 6,4.1.2 860 Functional Description

The 860 power control unit has two main functions: to route ac power
from its line cord to an unswitched ac power strip and to switch

the incoming ac on another power strip when the console switch is
closed to turn on the system. The PDP=-11/40 system may use either an
"860A or 860B power control unit. The differences between these two

models are listed in Table 6=3.

The power control operates on a 3=wire parallel control. The three

lines are:

a, Line 1 = power on
b. Line 2 = emergency off

c. Line 3 = ground

If neither Line 1 or Line 2 is connected to Line 3, the system is in

a power off state.

When lines 1 and 3 are connected through the console switch, operation
of the switch causes activation of the power relay within the 860
power control and provides input power to fhe switched or controlled
ac power strip. Connecting Lines 2 and 3 causes an override of any
other state of the power control and removes the switched‘ac power

by opening the 860 power control internal relay.

Line 2 is utilized by the thermal detector to provide protection in

case of fire or excessive heat.




Item

Input line voltage

Circuit breaker CB1

Transformer T1 primary

Input power line cord

Table 6-=3

Model Differences’

Model

860A

115 Vac

30A

115 Vac

115 Vac

30A

25 feet

P/N 1203485

6-18

Model

860B

230 Vac

15A

230 Vac

230 Vac

153

25 feet

P/N 1204687

i



6.4.1.3 860 Circuit Description

The basic 860 power control circuit is shown in Figure 6-7. A pilot
light on the line side of the circuit breaker lights when the ac line
cord is plugged into the wall and power is applied to the unit. The
voltage from the secondary of transformer T1 is half-wave rectified

to provide 424V which is used to provide B+ to control transistors Qf
and Q2, and to energize relay K1. The transformer s%condary is fused.
In the event the system is connected properly and ac power is applied
to the power control but no output is present on the sWitched‘ac strip,
this fuse should be checked. Note that power is available on the

unswitched ac power strip in this case because it is tapped off the

line and does not pass through relay K1.

When the power control is used as a switched power control, the
REMOTE/OFF/LOCAL switch S1 is set to REMOTE. When the console
OFF/POWER/PANEL switch is set to POWER, it completes a ground
circuit that causes Q1 to cut off. When 01 cuts off, Q2 conducts

and causes relay K1 to energize, which closes the switched ac output
circuit. Other connectors are provided to allow remote power control
switches to perform the same function as the console switch (close
the circuit between pins 1 and 3). A remote power switch would be

used, for example, in systems containing more than one processor,

Thermal switch S2 provides protection against fire or excessive heat.
It is normally open but closes if the cabinet ambient temperature

exceeds 130°F (54°C). When it closes, Q2 cuts off, relay K1 deenergizes,




and the switch connects Line 2 (emergency off) to ground, thereby ;»}
switching off the ac output. Pin 2 on connectors J1, J2, and J3 permits
additional thermal switches (in the cabinet and extension mounting

box) to be connected in parallel with thermal switch S2 to perform

the same function. The switch opens to restore power once the temperature

falls below 85 F.

When the power control is used as an unswitched power control,
REMOTE/OFF/LOCAL switch S1 is always set to LOCAL. Thus, Q1 is ‘
always cut off, Q2 always conducts, and K1 remains energized. Relay

K1 is deenergized, thereby removing power from the switched ac power

strip, only if there is an input power failure or if an overtemperature

condition occurs.



(ﬁu . 6.4.2 861 Power Control Unit

A specific PDP-11/40 system may use an 861 power control unit rather
than an 860. The 861 power control is a later version and is available

in three different models:

a. 861A = 115 Vac, 50/60 Hz, 2-phase
b. 861B = 230 Vac, 50/60 Hz, single phase

c. 861C = 115 Vac, 50/60 Hz, single phase

A detailed description of the 861 power control unit is given in the

Type 861=A, 861=B, 861=-C Power Controller Maintenance Manual.




6.5 PDP11/40 Basic Power Supply W}

The basic PDP11/40 power system consists of the power control unit,
the ac power distribution strips, power distribution for the cabinet and

basic box fans, and a modular power supply for requlated dc voltages.

A block diagram of the basic power system is shown in Figure 6.8. The
power control unit (860 or 861) and the ac power strips have already
been discussed., The distribution for cabinet fan power is the unswitch
ac power strip with the basic box fans receiving power through the
H742 bulk power supply. The PDP11/40 Modular Power Supply (Figure 6.9)
consists of this H742 bulk power supply, two H744 15V regulatcrs and
two H745 =15V regulators. These elements of the modular power supply

are discussed in detail in paragraphs 6.5.1 through 6.5.3, respectively. uwﬁ

Please note that these details are for theory of operation and off=line

repair. Maintenance should consist of replacement per paragraph 6.5.5.

DC power distribution and cabling are covered in paragraph 6.5.4 with
information on expansion provided. Power supply maintenance is

covered in paragraph 6.5.5.

e
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Figure 6-8 PDP-11/40 Power System Block Diagram
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' 6.5.1 H742 Bulk Power Supply
'The H742 power supply is functionally divided into two major parts:

a. Bulk Power Supply (drawing D=CS=H742-0-1) -~ used to provide
ﬁhe various ac input voltages required by the fans, regulators,

and power control board.

b. Power Control Board (drawing C=CS-5409730-0-1) - used to
provide 415 and +8 voltages, 1ine‘clock, and AC LO and

DC LO signals for system use.

The PDP=11/40 power systeﬁ operates with 115 Vac or 230 Vac primary
soﬁrce power inputs. Although different 860 (or 861) power control
units are proﬁided for each input voltage, the same H742 power
supply can be used with both versions. Jumpers are connected fo
terminal strip TB1, which is the primary of power supply transformer

T1, so that it can operate with the selected input voltage.

If 115 Vac operation is required, jumpers are placed between pins
1 and 2, and between pins 3 and 4 of TB1, If 230 Vvac operation is

required, a jumper is connected between pins 2 and 3.

Line power is applied through TB1 to the primary of transformer

T1. The transformer secondaries provide 20-30 Vac input power for

the regulators and power control board as well as 15-24 Vac power

for the power control board. Power to cooling fans is tapped directly

from TB1 and does not come from the transformer.




The power control board portion of the power supply (drawing “w)
C=CS=5409730=0=1) provides +15 and +8 vdc outputs, a clock

output used to drive the KW11-L Line Frequency Clock option, and

the AC LO and DC LO control signals used for power fail sequences,

These outputs are discussed in paragraphs 6.5.1.1 through 6.5.1.3.




6.5.1.1 +15V and +8V of the H742 Supply

The power control board of the H742 supply contains a +15V/48V
dc supply and is described on print C=CS=5409730=0=1, This dc
supply receives 15=24 Vac from the secondary of transformer T1,
This ac input is fulle-wave rectified by diode bridge D1. The resultant
dc is applied to Darlington power amplifier Q1, through fuse F1i,.
The bias on Q1 is controlled to provide +15 Vdc at output pins 2
and 3 with respect to output pinsA4, 5, and 6 (ground). If the Q1
collector voltage starts to increase, the bias at the base of Q2
increases, and Q2’conducts slightly more current to maintain a
constant output voltage. Zener diode D7 provides aprroximately

+8 Vdc at output pin 1. When DC LO is grounded at output pin 9,
Q2 conducts hard to cut off Q1 completely; thus removing bhoth the

+15V and +8V outputs.




6.5.1.2 Clock Output of the H742 Supply

The CLOCK output is derived off one leg of full-wave rectifier

bridge D1 by voltage divider R10 and R11, and Zener diodé D2. The
CLOCK output is a 0 to 5V square wave at the line frequency of the
inpuf power source (47 to 63 Hz). The CLOCK output is used to drive
fhe KW11=L Line Frequency Clock option, which mounts in slot F3 of the
processor backplane or the KW11-P option, which can be mounted in

the Small Peripheral Controller slot. Operation of the KWii-L

option is described in the KD11=A Processor Manual; operation of

the KW1i=P is described in its manual.
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6.5.1.3 AC LO and DC LO Circuits

The AC LO and DC LO control signals are used to warn the processor
that a power failure is imminent so that the processor has timeAto
perform a power-fail sequence. If there is an ac power failure
(line power or bulk supply failure), AC LO is asserted on the bus
followed by DC LO. Sufficient time exists between these signals to

allow storage of volatile data and the conditioning of peripherals.

The 20=30 Vac input from the secondéry of transformer T1 is applied to
the AC LO and DC LO sensing circuits on the power control board. The
ac input'is rectified and filtered by diodes D8 through D11, and
capacitor C3. A common reference voltage is derived by resistor

R18 and zener diode D12. Both sensing circuits operate in a similar
manner. Each contains a differential amplifier, a transistor switch,
and associated circuits. The major difference is that the base of

Q6 in the AC LO circuit differential amplifier is at a slightly

lower value than that of Q9 in the DC LO differential amplifier.

The operation of both sensing circuits depends upon the Voltage across

capacitor C3.

When AC LO is being sensed, the 20=30 Vac input is rectified and
stored in capacitor C3 which charges and discharges at a known

rate whenever the ac power is switched on or off,., Thus, the voltage
that is applied to the emitters of differential amplifier Q6/Q7
through R17 is a rising or falling waveform of known value. For

example, when power fails, or is shut down, the dc voltage decays




at a known rate as determined by the RC time constant. If the voltage
decreases to approximately 20V, the base of Q6 becomes negative with
respect to the base of Q7. The increased forward bias on Q6 causes

it to conduct more and the resultant decrease in Q7 causes it to cut
off. This removal of voltage across R16 causes Q5 and Q4 to conduct,
grounding the AC LO line‘at pin 8. The AC LO signal is applied
through the cable harness and processor backplane toc the processor
power fail initialize logic so that the power fail sequence can be

started.

The DC LO sensing circuit operates in a similar manner to the AC LO
sensing circuit. The prime difference between these two circuits is
the voltage level at which they ¢¢trip.°®® For example, if the ac input
starté to decrease, as a result of a power failure or shutdown, the

AC LO lines are grounded before the DC LO lines. As power is restored,
the ground is removed from the DC LO lines before it is removed from
the AC LO lines. The DC LO signal is also applied to the power fail

initialize logic.

A description of how the AC LO and DC LO control signals are used

in the KD11=A processor is provided in the KD11-A Processor Manual,
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6.5.2 H744 +5V Regulator

Two H744 +5V regulators are used in the basic PDP=11/40 Powef System,

' The H744 circuit schematic is shown in drawing D=CS=H744-0=1, The

,following paragraphs describe the reqgulator circuit, overcurrent

sensing circuit, and overvoltage crowbar circuit.




6.5.2.1 H744 Regulator Circuit

The 20=30 Vac input is

a full wave which is rectified by bridge D1 to

provide a dc voltage (24 to 40V, depending on line voltage) across

filter capacitor C1 and bleeder resistor R1. Opefation centers on

~ precision voltage regulafor E1 which is configured as a positive

swifching regulator. A

simplified schematic of E1 is shown in Figure 6-10.

Regulator ET1 is a monolithic integrated circuit that is used as a

precision voltage regulator. It consists of a temperature=-compensated

reference amplifier, error amplifier, series-pass power transistor,

and the output circuit
In addition to ET1, the
02, pre=drivers Q3 and
used with Q5 and R2 to

shifter®’; most of the

requifed to drive the external transistors.
regulator circuit includes pass transistor
04, and level shifter Q5. Zener diode D2 is
provide +15V for E1. Q5 is used as a ®‘level

input voltage is absorbed across the collectoreemitter

of Q5. This is necessary since the raw input voltage is well above

that required for E1 operation. This 415V input is supplied while still

retaining the ability to switch pass transistor Q2 on or off by drawing

current down through the emitter of Q5.

The output circuit is standard for most switching requlators and

consists of ¢¢free=wheeling®® diode D5, choke coil L1, and output

capacitors C8 and C9. These components make up the regulator output

filter. Free wheeling diode D5 is used to clamp the emitter of Q2 to

ground when Q2 shuts off, thus providing a discharge path for L1,

In operation, Q2 is turned on and off generating a square wave of

b
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Figure 6-10 Simplified Diagram of Precision Voltage Regulator E1
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voltage which is applied.across DS‘at the input of'the IC filter

(11, C8 and C9). This type circuit is basically only an averaging
device, and the square wave of voltage appears as an average voltage
at the output terminal. By varying the period of conduction of Q2, the
output (average) voltage may be varied or controlled, thus supplying
regulation. The output voltage is sensed and fed back to E1 where

it is compared with a fixed reference voltage. E1 turns pass transistor
Q2 on and off according to whether the output voltage level decreases
or increases. Defined upper and lower limits for the’output are

approximately +5.05V and +4.95V,

During one full cycle of operation the requlator operates as follows:
02 is turned on and a high voltage (approximately +30V) is applied
across L1, If the output is already at a +5V level, then a constant
+25V would be present acrdés L1. This constant dc voltage causes a
linear ramp of current to bukld up through L1. At the same time,
output capacitors C8 and C9 absorb this changing current and voltage,
causing the output level (4+5V at this point) to increase. When the
output, which is monitored by E1 reaches approximately +5.05V, E1
shuts off turning Q2 off, and the emitter of Q2 is clamped to ground.
L1 discharges into capacitors C8, C9, and the load. Pre=drivers Q3
and Q4 are used to increase the effective gain of Q2 to ensure that

Q2 can be turned on and off in a relatively short period of time.

Conversely, once Q2 is turned off and the output voltage begins to
decrease, a predetermined value of approximately +4.95V will be

reached causing E1 to turn on which in turn causes Q2 to conduct,




beginning another cycle of operation. ﬁ}

Thus, a rip?le voltage is superimposed on the output and is detected
as predetermined maximum (45.05V) and minimum (+4.95V) values by E1,
When +5.05V is reached, E1 turns Q2 off and when +4.95V is reached,
E1 turns Q2 on. This type of circuit action is also referred to as

a ¢¢ripple regulator,®?®

%



6.5.2.2 +5V Overcurrent Sensing Circuit of the H744

The overcurrent sensing circuit consists of: Q1, R3 through R6, R25,

R26, Q7, and C4. Transistor Q1 is normally not conducting; however,

if the output exceeds 30A, the forward Voltage across R4 is sufficient

to turn Q1 on, causing C4 té begin charging. When C4 reaches a value

equal to the voltage on the anode gate of Q7, Q7 turns on and E1 is

biased off, turning the pass transistor off. Thus, the output voltage

is decreased as required to ensure that the butput current is maintained
below 35A (approximately) and the regulator is ¢‘short circuit?®’® protected.

The regbulator continues to oscillate in this new mode until the overload

condition is removed.




6.5.2.3 45V Overvoltage Crowbar Cirdﬁit of the H744

The‘overvoltége crowbar circuit consists of the following components:
Zener diode D1, silicon-controlled rectifier (SCR) D7, D8, R22, R23,

C7, and Q6.

Under normal conditions, the trigger input to the SCR (D7) is at

ground because the voltage across Zener diode D3 is too small to cause
it to conduct. As the +5V line approaches 6V, Zener diocde D3 conducts
and the voltage drop across resistor R23 draws gate current and triggers
the SCR. The SCR shorts the +5V line to ground through resistor R21,
which is a current-limiting resistor. The SCR remains on until the

capacitors discharge.



6.5.3 H745 -15V Regulator

Two H745 -15V regulators are includéd in the PDP-11/40 Power System.
Operation of the H745 is basically the éame as that of the +5V
regulator. The H745 schematic is shown in drawing C-CS-H745-0-1. Input
power (20 to 30 Vac) is taken from the secondary of transformer T1

and applied to the full-wave bridge rectifier (d1). The output of

D1 is a variable 24 to 40 Vdc and is applied across capacitor C1 and
resistor R1. The following paragraphs discuss the regulator\circuit,

overcurrent sensing circuit, and the overvoltage crowbar circuit.




6.5.3.1 =15V Regulator Circuit of the H745

Reqﬁlator operation is almost identical to that of the 45V regulator;
however, the 415V input that is‘required for operation of E1 is
derived externally and is applied across capacitor C2 to E1 and the
inverting and non-inverting inputs to E1 are reversed. In addition,
the polarities of the various components are reversed. For example,
Q5, which is used as a level shifter, is an NPN transistor on the +5V
regulator but a PNP is required on the -15V regulator to allow the

regulator to operate below ground (at =-15V).

Under normal operating conditions, regulator operation centers around
linear regulator E1 and pass transistor Q2, which is controclled by
ET1. Pfedetermined output voltage limits are =-14.85V (minimum) and
=15.15V (maximum) . When. the output reaches -15.15V, E1 shuts off,
turning Q2 off, and L1 discharges into C8 and C9. When the output
reaches =14.85V, E1 conducts, causing Q2 to turn on, increasing the

output voltage.



6.5.3.2 -15V Overcurrent Sensing Circuit of the H745

The =15V requlator overcurrent sensing circuit is basicallyv made up of
the same components as the +5V regulator except Q1 is an NPN transistor
in the =15V regulator. Transistor 01 is normally not conducting;
however, once the output exéeeds 15A, Q1 turns on and C3 charges. When
C3 reaches the same value as the anocde gate of Q7, E1 is biased off,
which turns Q2 off, thereby stopping‘current flow and turning the

=15V regulator off. Thus, the regulator is short-circuit protected.




6.5.3.3 =15V Overvoltage Crowbar Circuit of the H745

When SCR D5 is fired, the -15V output is pulled up to ground and latched
at ground until input power, or the +15V input is removed. A negative
slope on the +15V line can be used to trip the crowbar for power ~down

sequencing, if desired.
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6.5.4 DC Power Distribution

Distribution of dc power from the basic PDP11/4O power supply is
Shown on the cabling diagram (Sheet 3) of the BASIC ASS°*Y (11/40)
print (D=-VA-11/40-0-0). Distribution is. effected by cabling from
the various H744 and H745 regulator to a power distribution panel
with further cabling to the individual svstem units. The cable
(E-IA570008754-00) from the regulators to the power distribution
panel is defined in the prints: POWER HARNESS (11/40), D-IC-IV40-0-2
and HARNESS, POWER (WIRE LIST), K-WL-7008784-0-1. The cables from
the power distribution panel to the system units are diverse, and
relate to the power interconnection techniqgue on the system units.
Detailed information is provided for the connections to the KD11-2
backpanel and for the MF11-L backpanel, both basic to the PDP11/40.
The cable types are noted on Sheet 3 of the BASIC ASS’Y (11/40),
print D-VA-11/40-0-0 with details on connection on Sheet 4 and in
the respective cable drawings. Connection to DD11 type system
units requiring the G772 module connection is provided by the

D-IA-7009177-0~-0 cable.

The distribution of dc power from the regulatqrs to the power
distribution panel results in certain regulators driving certain
connectors. Limitations, therefore, exist on the amount of power on

a connector and the number of connectors available. Fiqure 6-11

is a representation of the distribution panel with usage (KD11=-A, MF11-L)
and source (H744°s and H745°’s per slot assignment in the H742 bulk

power supply) .




Power is supplied to three groups of connectors on J1, J2 and J3,
J4 and J5, J6, respectively. Each of these input connectors have
output connectors: J1, J2 ahve 1, 2 and 3; J3, J4 have 4, 5 and 6;

and J5, J6 have 7, 8 and 9.

Connectors J1, J2Z receive power from the +5V regulator of SLOT A
and the‘-15V regulator of SLOT E. All of this power is committed

to the KD11-A processor and the MF11-6 memory. Note that this
happens with only two of the three distribution conneétors being
used, 1 and 3. The cable from 3 is a joint cable, this portion from

3 suuplying the MF11-6 with =15V power.

Connectors J3, J4 receive power from the }5v regulator of SLOT B and
the =15V regulator of SLOT D. Note that only two distribution
connectors, 5 and 6, are available for expansion use; connector 4 is
already used to provide‘+5V power (A) to the basic MF11-6. The

45V power left for connectors 5 and 6 is reduced by that amount;

the -15V power must be shared with any further expansion logic from

connector 7, 8 or 9.

Connectors J5, J6 receive power from the optional +5V regulator of
SLOT C and the already mentioned ~15V regulator of SILOT D. Three
distribution connectors 7, 8 and 9 are available but care must be
used to avoid overloading the -15V regulator also used for the J3, J4
connectors. Note that expansion bevond two additional single system
units réquire the option 45V regulator of SLOT C due to distribution

connection limitation. The first two svstem units use up connectors



5 and 6, additional units require connector (and therefore power) from
the J5, J6 connector group. The optional +5 regulator of SLOT C
is provided with logics origianally‘ordered with the PDP11/40; it

must be separately ordered for add on situations.
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6.5.5 Maintenance of Power System . 'W}

For the most part, maintenance of the power system at the field level
consists of replacing defective modules, such as the regulators. The
details on regulator operation presented in paragraphs 6.5.1 through
6.5.3 are for theory of operation and off-line repair of failed

units (see paragraph 7.5). With Maintenance consisting of module
replacement, the major maintenance effort consists of failure isolation.
Table 6-4 lists a procedure that can be followed as a guideline to e

assist in locating defective components.
CAUTION

Because there are two +5V and two -15V _ ﬁﬁ
regulators in the PDP-11/40 System, a

common troubleshootihg technique would

be to swap an Operéting regulator with

a faulty requlator. If this is done,

first check regulator input voltages to

prevent damage to the second regqulator

in the event the fault lies in the power

supply.
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Table 6-4
Power System Troubleshooting Guide
Test

Step Procedure

1 Verify that proper ac voltage 115V system - measure

input to power supply is between pin 1 or 2 and

present. pin 3 or 4 of TR1 on
H742 power supplv.
23NV system - measure
between pin 2 and 3 of TR1.
2 Verify that H742 hulk 20-30 volts should bhe

power supply is providing present on the following

the proper ac outputs. pins:

J1 - pins 1,2
J2 - pins 1,2
pins

pins 11,12

Results
Correct - proceed to Step 2.
Incorrect - indicates
failure may be in 860
power control or input

line. Proceed to Step 5.

Correct - proceed to step 3.
Incorrect = indicate
failure of 1742 transformer.
If all voltages are correct
except‘one, problem could
be either transformer

secondary or a wiring

malfunction.




VAR

Step

Table 6-4 (Cont)

Power System Troubleshooting Guide

Test

vVerify that the proper
input voltage is present

‘at the requlator.

Procedure

J3 - pins 1,2
pins 3,4
pins 5,6

pins 7,8

15-24 volts should be
present between pins

3 and 4 of J1.

+5V Requlator - check for
20=-30 Vac at pins 6 and 7

of J1.

=15V Regulator - check for
20-30 Vac at pins 6 and 8
of J1. Check for +15V at

pins 4,5 of J1.

Results

Correct -~ proceed to step 4.

Incorrect - indicates
failure is probably in
the wiring between the
H742 and the regulator.
If the +15V for the =15V
regulator is not present,
the trouble may be in the

H742 power control board.

&
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Step

Table 6-4 (Cont)

Power System Troubleshooing Guide

Test

Verify that the proper
output voltage is being
produced by the regula-

tor.

Procedure

+5V Regulator = measure
between pin 2,5 (45) and
3,4 (GND) of J1. Outpu£
must be between +5.05V

and +4.95vV,

=15V Regulator - measure
between pin 1 (=15V) and
pin 2;3 (GND) of J1.
Output must be between

-15.15V and =-14.85V.

Results

Correct = check remaining
regulators. If all
regulators are within

tolerance, the power

‘system is not malfunctioning

and the problem exists

elsewhere,

Incorrect - If the 45V
regulator is not functioning
replace. If the -15V
requlator is not functioning
check fuse F1 in the
regulator. If this does not
correct the problem, replace

the regulator.
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Step

Table 6-4 {(Cont)

Power System Troubleshooting Guide
Test Procedure

If previous tests indicate a. Verify that proper ac
that proper input voltage voltage is sqpplied to
is not being supplied to bulk input terminals of 866
supply, perform the tests (or 861) power control.
listed in this step. |

b. Verify that circuit

breaker CB1 is ON.

c. Verify that REMOTE/
OFF/LOCAL switch Si
ig set to either LOCAL

or REMOTE.

d. Verify that thermal

switch 82 is closed.

Results

If not, check input
line cord and line

power receptacle.

If none of these tests
correct the problem,

proceed to step 6.
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Table 6-4

(Cont)

Power System Troubleshooting Guide

Step - Test
6 Verify that the power

control board is

functioning properly.

Procedure

Verify that the power
control board is pro-
ducing the proper
outputs. Refer to
drawings

C=-CS=860-0-1 and

C-CS~-5409770-0-1.

Results

If the board is
producing the proper

outputs, the problem

could be a malfunction

of power control

relay K1.

If the board is not
producing correct
outputs, replace the

board.







7 GENERAL MAINTENANCE

7.1 SCOPE

This chapter provides general maintenance information for the PDP-11/40
System and includes: preventive maintenance of mechanical assemblies,

system power checks, and power supply maintenance.

Maintenance information related to the processor and memorvy
components of the hasic PDP-11/40 Systém is presented in the
associated maintenance manuals. Maintenance of Unibus peripherals
requires not only the associated maintenance manual, but also an

" understanding of Unibus operation.

In addition to the maintenance information contained in the
processor, memory, and peripherals manuals of the PDP-11/40,
significant maintenance information is available in the diagnostic
programs documentation. The diagnostic programs are a major tool for
detecting and isolating machine faults and Preventive maintenance

should include their regular use.




7.2 OVERALL MAINTENANCE TECHNIQUES

Maintenance of the PDP-11/40 System requires:

knowledge of proper hardware operation,

ability to detect and isolate an error condition, and

means to repair the error condition.

This is true for all but the preventive maintenance procedures for

mechanical assemblies and for the relatively
procedures. This section outlines techniques
maintenance on the PDP-11/40. Note, however,

starting point is to have knowledgeab le and

simple power check-out
for performing
that the essential

able service personnel.
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7.2.1 Knowledge of Proper Hardware Operation

Training courses and machine documentation provide information on
hardware operation and is available at the programming, svstems,

and individual device levels.
The training courses available for the PDP-11/40 System include:

PDP-11/40 Hardware Familiarization (10 days)
PDP-11/40 Options Maintenance (5 dayvys)

Interfacing the PDP-11 (5 days)

Other courses are available on Paper Tape Software, Disk Operating
System Software, and Resource Timesharing System Software. Information
on these and other PDP-11 courses is available from either the

Digital Account Representative or from the Digital Education Centers.

Documentation pertinent to the PDP-11/40 System includes documents
produced specifically for the PDP-11/40, and common PDP-11 documents
on programming and Unibus interfacing. All of the relevent documents

are listed in Table 1-2 of this manual.

A special effort has been expénded in production of documents
relating to the PDP-11/40 processor (KD11-A) and processor options
(KE1t1-E, KE11-F, and KT11-D). Innovations include: print set
formats, tables and notes on the prints, and wire list print

notations. These are provided to facilitate initial learning but,




more importantly, to provide instant reminders of specific details
during maintenance. Information describing the print sets appears

in the processor and options maintenance manuals.

23



7.2.2 Detection and Isolation of Error Condition

Malfunctioning hardware is normally indicated by either software failure

or by peripheral malfunctions. This can occur with customer’s svstem
software or with the periodic overation of various MainDEC diagnostic
programs. If the failure occurs with system software, verification

by MainDEC programs is suggested.

Isolation of the specific failure is the most difficult aspect of
maintenance repair and the reason for trained service personnel.
Operatioh of MainDEC diagnostic programs can isolate the failure to

a specific device or operation but knowledge of program operation

and documentatioh is necessary. The modular nature of the Unibus, with
its separate peripherals, may also help isolate failures, but
knowledge of Unibus specifications and peripheral operation is
essential. Often, however, error detection is reduced to knowledge

of proper machine operation with detection of discrepancies. Detailed
manuals on device operation with clear, annotated prints, provide
information on operation. Detection of discrepancies requires

experience and expertise.

The level of fault isolation is important. In the power suoply,

regulator units such as the H744 or H745 are replaced if their




output voltages are in error; the circuit board of the H742 unit }
is replaced if the AC LO or DC 1.0 control signals are in error. w
Repair procedures for the replaéed units are given in paragraph
7.5.2. Replacement of KD11-A processor modules is suggested for

situations requiring minimum down time. Experienced service

@&

personnel, however, may find integrated circuit (IC) replacement a

practical alternative to the cost or transportation of modules.



7.2.3 Means of Repairing the Error Condition

The method of repairing an error condition is directly related to
the level of fault isolation mentioned in the previous paragranh.
I1f, for example, fault isolation aﬁd repair is to be at the IC
level, then the parts identified in the machine documentation must
be available. Suitable repair and rework techniques must be
followed to avoid equipment damage. If modulé or sub assembly level
of fault isolation and repair is to be used, these units must

be available. Spare part kits are available for the PDP=-11/40 (SP11-KP
for processor and SP11-PD for the power supply) and the various

Unibus devices. Repair is normallv at this level when down time is

critical or when a large number of machines is involved.

Verification of repair at any level is made by running the appbropriate

MainDEC diagnostic programs.




7.2.4 Digital Field Service

The present state-of-the-art in complex computer systems requires

gualified service personnel. Installation and 90-day warranty

service are provided by such personnel from Digital Field Service.

These people are trained both in basié PDP-11/40 components {processor, @
conscle, and memory) and in the peripherals that may be placed on

the Unibué. Material support exists both at the IC level (directly

equivalent parts) and at the module and subassembly level.

Digital Field Service support may be continued beyond the warranty

period with a Digital Service Agreement. Total equipment maintenance
programs are available. Details of this service may be obtained

from the Digital Account Representative at the local Field Service ) ﬁ}

Office.
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7.3 MAINTENANCE EQUIPMENT REQUIRED

Maintenance procedures for the PDP-11/40 require the standard egquipment
(or equivalent) listed in Table 7-1. Especially important in analyzing
operation of the processor, or processor options, is the KM11 option
consisting of Wi130 and W131 modules and associated overlays. Use of

the KM11 maintenance displays and switches is covered in the processor
and processor options maintenance manuals. The module extender board
(W900) is also an important diagnostic tool and is discussed in

paragraph 7.4.




Table 7-1

Maintenance Equipment Required

Equipment : Model, Type,

or Tool Manufacturer or Part No. DEC Part No.
Oscilloscope Tektronix | §453

Volt/Ohmmeter (VOM) Triplett 29-13510
Unwrapping Tool Gardner-Denver 505 244-475 | 29-18387

(Cat. H812R)

Hand Wrap Tool Gardner -Denver A-20557-29 29-18301

(Cat. H811A)

Diagonal Cutters Utica 47 -4 29-13460
Diagonal Cutters Utica 466-4 (modified) 29-19551
Miniature Needle Utica 23-4-1/2 29-13462

Nose Pliers
Wire Strippers Millers 101S 29-13467

Solder Extractor . 8older Pullit Standard 29-13467



Table 7-1 (Cont)

Maintenance Equipment Required

Equipment Model, Type,

or Tool Manufacturer or Part No. DEC Part No.
Soldering Iron Paragon €15 29-13452

(30 watts) (IC type head)
Soldering Iron Tip Paragon 605 29-19333
16-pin IC Clip AP Inc. APS23700 29-10246
24-pin IC Clip AP Inc. AP923714 29-19556

KM11 Option DEC KM11-A **W130,W131

Maintenance Modules

Maintenance Card DEC 559081-0-12

Overlay (KD11-R)

Maintenance Card DEC 5509081-0-13
Overlay (XE11-E,F,

KT11-D)

Module Extender DEC W900

Board




Table 7-1 (Cont) J}

Maintenance Equipment Required

Equipnent Model, Type,
or Tool Manufacturer or Part No. DEC Part No.
e
Regulator Extender DEC 70-08850-0-1
Cable
* Tektronix Type 453 Oscilloscope is adequate for most test

procedures; Type 454 (or equivalent) may be reguired for

some measurements.

%k W133 is a dual version of W130. It provides the drivers for

two Wi31 maintenance cards. The 130 may still be used:;
however, two units would be required for simultaneous
monitoring of the basicvprocessor and options. Two W131s

are required for simultaneous monitoring in any case.



7.4 PREVENTIVE MAINTENANCE

Preventive maintenance consists of specific tasks to be performed
periodically; its major purpose is to prevent future failures caused
by minor damage or progressive deterioration due to aging. A
preventive maintenance log book should be established and necessary
entries made according to a regular schedule. This data, compiled
over an extended period of time, can be very useful in anticipating
possible component failures resulting in module replacement on a

projected module or component reliability basis.

Preventive maintenance tasks consist of mechanical and electrical
checks. All maintenance schedules shbuld be established according

to conditions at the particular installation site that are dependent
on environmental conditions, usage, etc. Mechanical checks should be
performed as often as reéuired to allow the fans and air filters to
function efficiently. All other pfeventive maintenance tasks should
be performed on a regular schedule determined bv reliability
requirements. A recommended schedule is every 1000 operation hours

or every three months, whichever comes first.

~
]
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7.4.1 Physical Checks

The following procedure contains the necessary steps regquired for

mechanical checks and physical care of the PDP-11/40:
Step . Procedure

1 Clean the exterior and interior of the cabinet with a.
vacuum cleaner or clean cloth moistened with non-

flammable, non-corrosive solvent.

2 Check all fans to ensure that they are not obstructed
in any way. Vacuum clean the air vents of the upper and
lower logic fan housings, and upper and lower regulator
fan housings. Remove and wash the filters in the cabinet

fan, located in the top of the cabinet.

3 Inspect all wiring and cables for cuts, breaks, fraying,
deterioration, kinks, strain, and mechanical security.

Repair or replace any defective wiring or cable covering.

4 Inspect the following for mechanical security: LED or
lamp assemblies, jacks, connectors, switches, power supply
regulators, fans, capacitors, etc. Tighten or replace as

required.

7-14
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Inspect all module mounting panels to ensure that each
module is securely seated in its connector and the

locking-releasing mechanism is functioning properly.

Inspect power supply capacitors for leaks, bulges, or

discoloration and replace as required.

Inspect module guides for wear, damage, and secure fastening.




7.4.2 Electrical Checks and Adjustments

The following checks should be made when the system is first
installed and whenever a new component is installed in the
system (such as an additional regulator, processor option

module, interface module, etc.).

7=-16
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7.4.2.1 Voltage Regqulator Checks — Perform the power system

checks listed in Table 7-2. Use a VOM to check the output voltages

under normal load conditions. Use an oscilloscope to measure the

peak-to-peak ripple content on all dc outputs. Each voltage regulator

has an adjustment potentiometer located
indicator lamp. If the regulator outout
tolerance, adjust as required to obtain
a non~conducting adjustment tool). If a

adjusted to meet specifications, remove

REgulator

H744 +5V Regqulator

(slot A)

H744 45V Regulator

{slot B)

H744 45V Regulator,

optionsl (slot C)

H745 =15V Regulator

{slot D)

Table 7-2

Voltage

+5.0 volts

$5.0 volts

+5.0 volts

=15.0 volts

just below the output

is not within the specified
an acceptable output (use-
voltage reculator cannot be

and replace the regulator.

DC Output Voltage Checks

Ripple

Peak-to-Peak

0.15 volts

0.158 volts

0.15 volts

0.45 volts




Regulator

H745 - 15V Regulator

{slot E)

H742 Power Supply

Table 7-2 (Cont)

DC Output Voltage Checks

Voltage

-15.0 volts

+8.0

(6.8 to 9.2)

18

Ripple

Peak-~-to-Peak

0.45 volts

0.24 volts



7.4.2.2 860 Power Control - Operate the REMOTE/OFF/LOCAL switch S1
on the 860 Power Control to make sure power is turned on in the
LOCAL position and disconnected in the OFF position. Return S1 to
the LOCAL position after performing this test if only a basic

(single box) PDP11/40 is present. See section 6.4 of this manual for

other connections.




7.3.2.3 Ac Power Connector REceptacles — Test the output voltage

at each plug to be sure 115- or 230-volt ac power is available.

20
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7.4.3

7.4.3.1

ASR33 Teletype

Preventive Maintenance Checks — Check the following ASR33

items during system preventive maintenance:

Check distributor plates for deposits.

Check platen and typewheel for deposits.

Check wires around distributor area for secure

mechanical and electrical connections.

Check the print hammer and replace if worn.

Rotate the mainshaft manually and check that movement
is free. If movement is restricted, check clutch

assemblies.

Check typewheel pinion racks, and gears for dirt.




7.4.3.2 Lubrication — Use a 50-50 mixture of 20 weight, non-detergent

0il and STP oil additive for viscosity improvement to perform the

following lubrication, except where otherwise noted:

a. 0il all clutch‘assembliesg

b. 0il

all felts until saturated.

C. Lightly oil all pivot points.

d. 0il

e. 0il

£. 0il

g. 0il

h. 0il

i. 0il

j. o0il

drive motor at both lubrication points provided.
print carriage bearings.

main shaft‘bearings°

bearing on funétion shaft.

the eye en@s of all springs.

the typewheel pinion and gear.

repeat mechanism in keyboard assembly.

k. Clean the dashpot assembly and lubricate it with

graphite dust.

@
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NOTE

Do not put oil in the dashpot.

Grease the teeth on spacing ratchet.

"




7.4.4 LA30 DECwriter wwj

7.4.4.1 Preventive Maintenance Schedule - When the LA30 DECwriter
is included in the sytem, it is supplied with a maintenance manual
that contains detailed preventive maintenance procedures. The items
to be cleaned, inspected, and replaced on a reqular schedule are

listed in the following chart:

Printing Interval Clean Inspect Replace
(Hours)
300-500 1. Ribbon Idlers 1. Ribbon Tension 1. Print &ﬁ
(Para. '5.2) Head Assy
(Para.5.4.2)
2000 1. Ribbon Motors 1. Ribbon Tension
{Para. 5.2) (Para. 5.4.6)

2. Carriage Assy
Round Shaft )
{(Para. 5.2)

3. Ventilating Fan 4
Blades, if nec-
essary

{Para. 5.2)

(.



Printing Interval Clean Inspect

{(Hours)

4, Linkage Pins,
Ratchet and
Pawl Mechanism

(Para. 5.2)

NOTE
Paragraphs referenced in this chart refer
to applicable paragraphs in Chapter 5 of

the LA30 DECwriter Maintenance Manual.

Replace




7.4.4.2 Cleaning Procedures - Aiways use a clean, lint-free cloth
to wipe off outside surfaces and a lightly-oiled cloth to remove any
dust or ink from inside the unit. (The ink is oil-base). Use
commercial furniture or automotive wax to protect the outside of

the cover. Dust the cover and wipe the kevboard clean whenever

paper is replenished.

Do not attempt to clean the print head assembly; rather, replace
it after 300-500 hours of operation. The replacement procedure is
described in Paragraph 5.4.2 of the LA30 DECwriter maintenance

Manual. At the time it is replaced, wipe the ribbon idlers clean

with an oiled cloth.

After 2000 hours of operation, remove each ribbon motor, as
‘described in Paragraph 5.4.5 of the LA30 manual. Apply a light

0il to the lower bearing felt. At this time, lubricate the carriage
assembly round shaft, DEC éart number 74-8656-1/2. Spray a light
coating of Molykote 557 along the entire shaft and sipe lightly

with a dry cloth to leave a thin coating of lubricant on the shaft.

NOTE
S
Do not attempt to clean e&f vacuum-clean
the control box assemwbly. It will function

better if left alone.

If necessary, after 2000 hours of operation remove the fan and

wipe the blades clean with an oiled cloth. The fan motor does



not require scheduled lubrication.

At the 2000-hour interval of preventive maintenance, check the
paper advance mechanism linkage pin and pivot pins for grease
and freedom of movement. Normally, no maintenance is required.
However, if the terminal is in an extreme ambient temperature
environment, these pinstill require lubrication. If so, disassemble

the linkages and apply Molykote B2KR grease to all bearing surfaces.

NOTE
The two dark green nylon rollers must
remain free of 0il or grease to allow

the mechanism to function nroperly.




7.4.5 PCO5 High-Speed Paper=-Tape Reader/Punch (optioq}

The PC0O5 High-Speed Paper-Tape Reader/Punch includes a ROYTRON

500 Series Reader /Punch mechanism. Complete lubrication and

preventive maintenance instructions for this mechanism are contained
in the Preventive Maintenance Section of the Roytron Maintenance
Manual, which is supplied with the PC05. In addition to the preventive
maintenance procedures listed in that manual, perform the following
mechanical and electrical checks as part of the system preventive

maintenance procedure.,



N

7.4.5.1

Step

Mechanical Checks - Inspect the PC05 as follows:
Procedure

Visually inspect the general condition of the tape

reader.

Clean the PCO05, inside and out, using a vacuum cleaner
or a clean cloth that has been moistened with a

non-flammable solvent.

Lubricate the chassis slide mechanism with a light

machine oil. Wipe off excess oil.

Inspect all wiring and replace any defective wiring

or defective cables.

Check that the READER FEED switch, READER ON/OFF

LINE switch light condensor, phototransistor assembly,
depressor arm, hold-down bracket, all connectors and
circuit modules, tape feed motor, front cover, and

resistor assembly are mechanically secure.,




7.4.5.2 Electrical Checks - Perform power supply output

tests listed in the following charte

Output Pin Number ‘Tolerance Ripple

(peak-to-peak V}

+5 volts A1A2 f 0.25 volts 0.1 volts
-15 volts A1B2" 7 1.0 volts 0.1 volts
-18 volts  B8V2 2.0 volts 1.0 volts
-36 volts ABV2 +4.0 volts 1.0 volts

Use a VOM to measure output voltage and an oscilloscope to check
ripple voltage. The +5- and -15-volt outputs are adjustable;

the -18- and -36-volt outputs are not adjustable.



7.5 USE OF MODULE EXTENDERS

The W900 module extender is a double-height, multi-layer etch

board that provides one-to-one connections between module
connectors and corresponding processor backplane connector slots.
Thus, three W900 module extenders can be used to extend a PDP=11/40
hex-size module from thé processor backplane to provide access

to ICs and discrete components for test purposes under active

operating conditions.

CAUTION
Do not attempt to extend more than one
module at a time while performing tests.
Note that the processor clock may have
to be adjusted to allow operation with

the modules extended.




7.6 PDP-11/40 POWER SYSTEM MAINTENANCE

Syétem maintenance of the PDP11/40 power system consists of
replacement of the modular elements. Offline repair is then
necessary for the replaced element, and is presented in this
sect_ion° Detailed circuit operation is presented in paragraph 6.5
and is necessary for background to the troubleshooting procedures

of this section.



7.6.1 Circuit Tracing

The user should first read the description of the power svstem
contained in Chapter 6 of this manual. By next referring to the
schematic and interconnecting diagrams in the print set, the

user should be able to trace through the ac power control and dc

power distribution circuits from the primary ac input connectors

to the dc inputs of each logic module.




7.6.2 Voltage Regulator Tests (0Off-Line Repair) w}

Figure 7-1 shows a recommended bench test source that can be
fabricated from standard parts. It also shows the bench test

loads used to test the voltage regulator outputs under various

load conditions. No additional test equipment or tools are required

other than those listed in Table 7-1.

The voltage regulator extender cable allows a voltage regulator
to be removed from its assigned slot on the H742 power supply to
provide access for test purposes. This cable only supplies-ac
input power to the voltage requlator. An additional voltage

regulator bench test source and load fixture can be fabricated

“

from standard DEC parts to perform troubleshooting and performance
tests under the various load conditions required. The circuit
schematic and part numbers required to build this optional test

fixture are shown in Figure 7-1.

Whenever a power system fault has been isolated to a voltage
regulator, examine the internal fuse F1. A blown fuse usually

means that the main pass transistor Q2, and/or one of its

drivers (03, Q4) is short circuited. This can be checked by «

using the following procedure:



Step

Procedure

Check for damage to base-emitter bleeder resistors
and scorching of the etched board in the area or

03 and Q4.

If the pass transistor and drivers are not faulty,
the fault may be caused by continuous base drive to
the first driver (Q4) . Check level shifter Q5 for

a short circuit.

Check the resistance to éround at the input to the
precision voltage regulator integrated circuit E1

(pins 4 and 5) to determine if an external short

circuit is holding the IC in conduction. The approximate
resistance to ground is listed for each voltage

regulator in Table 7-3.

Use a VOM to check for short circuit between fuse
terminals and ground. Possible short circuits involving
mounting TO-3 components to the heat sink may be

located bv connecting the VOM leads between TO-& cases and

a requlator mounting screw on the end of the heat sink.
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Figure 7-1 Voltage Regulator Test Bench Source and Loads
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Regulator

Type

H744

H745

Table 7-3

Regulator Resistance to Ground

Inverting (-)

Input at Pin 4

20K

1.5K

Non-Inverting (+)

Input at Pin 5

A voltage regulator that provides no output, or a low output,

without causing fuse F1 to blow, probably has a short circuit

in the output. This can be checked by the following procedure:

Step

1 If fuse F1 is not blown,

NOTE

An activated crowbard, or a short-circuited

output, in an otherwise properly operating

voltage regulator does not cause F1 to blow.

Procedure

and the area of etched

circuit around the ac input to the bridge circuit

is not damaged,

it is safe to apply an ac input to

the voltage regulator to determine if the regulator

is overloaded by a short circuit across the output.



Step Procedure

2 Connect the voltage regulator to the bench test
source and advance the variac to about 90 volts.

An audible tone indicates overload conditions.

If the output is near 0 volts, turn the voltage

adjustment fully CCW and repeat the test.

3 If the regulator appears overloaded, check for

short circuits across the output and for a

component failure in the crowbar circuit.

NOTE
H744 revision G modules contain an additional
SCR in the crowbar circuit to pull down the
+15V control voltage and hold the IC drivers
off until ac power is removed. Therefore, the
‘c¢‘overload whistle’’ may not be heard under

failure conditions of some of these modules.

If a faulty voltage regulator does not exhibit any of the

previous symptoms, then perform the following steps:
Step Procedure
1 Apply 115 Vac to the bench test source (25 Vac at the

voltage regulator input) with no load on the

regulator output.




Step

Procedure

Check for 30 Vdc across filter capacitor C1.

Check for 415 Vdc at pin 12 of precision voltage
regulator E1. No voltage at this point could mean

that Zener diode D2 (in the H744) has failed.

Check for 6.8 to 7.5 Vdc at pin 7 of E1 with respect

to ground (pin 6).

If all output measurements in the above steps are
correct, and if there is no output voltage, then

pin 5 of E1 should be positive with respect to pin 4.

Pin 2 of E1 should be +0.6V with respect to pin 3.
If it is not, connect emitter and base of 05
together. If a 0.6V indication is then obtained,
precision voltage regulator E1 is not faulty and

the fault is probably caused by 05 or Q4.



7.6.3 Voltage Regulator Test (RAfter Repair)

After a voltage regulator has been repaired, it should be
tested with the bench test source before installing it into
the system. Use the recommended bench test loads when performing

the following steps:

Step : Procedure

oy B

1 Connect the repaired voltage regulator to the appropriate

source connector.
2 Set voltage adjustment full CCW and set load to zero.

( 3 Close input circuit breaker and advance variac until

e

output voltage is indicated (at approximately 60-80 Vac
input) . No audible noise should be heard under no-load

conditions.
4 Advance variac to 130 Vac and return to 115 Vac.

5 Make certain Q2 is connected and soldered before loading

the regulator.

6 Apply a 30% to 50% load. The output voltage should
remain nearly constant. A clean whistlé may be heard.
A buzz or a harsh hissing sound indicates possible

(, instabilitv. Check waveforms as shown in Figure 7-2,




Step

10

Procedure

Apply 100% load and set voltage adjustment for

nominal output as follows:

H744 +5.10 Vvdc

H745 -15.10 Vdc

Apply 200% load and check for a decrease in the

frequency and the output voltage.

~ CAUTION
If the output voltage does not decrease
noticeably (1 volt on H744; 1 to 5 volts
on H745), do not attempt the following

short-circuit test.

Short circuit the output. The regulator should continue
to operate at a low frequency, with a clean, smooth

whistle and stable waveforms.

Increase the voltage adjustment and observe the output
voltage when the crowbar circuit fires. A sudden decrease
in frequency and output voltage should be observed.

The output voltage should be within the following ranges:

H744 6.00 - 6.65V

H745 16.8 = 20.5V

.



Q2

j

P

NOTE 1: 30 volt level shifts with AC input voltage. This vaiue
doubles in H746 (i.e. 60V). Small 120Hz jitter is

normal

NOTE 2: Output ripple and noise as follows:

H744 H745 H746
RIPPLE (P to P)| 3% max.| 3% max. 3%mux}ALL

2%typ. | 2%typ. |2%typ. | OUTPUTS
NOISE (PEAK) | 1% 1% 1%

Measure noise with a short 1008 terminated piece of foil
coax. Normal 10:1 scope probe will not give an accurate

noise measurement.

40V

3oV

Vout —=

: 50-200us
@ FULL LOAD

NOTE 2

—

Figure 7-2 Typical Voltage Regulator Output Waveforms

7=40A
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