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PREFACE

‘This manual contains maintenance information for the IBM
720102 Computing Element. The manual is divided into
six chapters and three appendices:

Chapter 1. Maintenance Philosophy

Chapter 2. Manual Controls and Maintenance Faci

Chapter 3. Preventive Maintenance

Chapter 4. Checks, Adjustment, and Removals

Appendix A. Sp::x:l Circuits
Appendix B. Reference Dat
Appendix C. Voltmeter Calibration Chart

n this manual are references to “figures”, “dia-
ns

contained in the companion FE Maintenance Diagrams
Manual. ALD references pertain to engineering maintenance

illustrations contained in a separate ALD

and companion manuals are:

Prerequisite Manuals
9020E System Intoduction, Theory of Operation
‘Manual, Form SFN-0103

9020D System_Introduction, Theory of Operation
‘Manual, Form SFN-0104

First Edition (July, 1970)

“This manual has been prepared by 1BM Product Publications, Kingston, N.

©lnternationl Business Machines Corporation, 1970

i a0

Companion Manuals

720102 Computing Element, Theory of Operation
‘Manual, Form SFN-0201

720102 Computing Element, Maintenance Diagrams
‘Manual, Form SFN-0202

720102 Computing_Element, Installation Manual,
Form SFN-0204

720102 Parts Catalog, Form SFN-0205

9020 DJE Power Controls and Distribution, Theory.
‘of Operation Manual, Form SFN-0105

1BM 9020D and 9020E System Maintenance Monitor
‘Manual, Part No. 5444417

Other Manuals Referenct
SLT Packaging FETOM, Form SY22-2800
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“This chapter consists of two sections: Section | describes
the overall maintenance concepts used by the 9020D/E
System; Section 2 describes the maintenance concepts for
the 720102 CE.

The maintenance features of the 9020D/E System are
divided into two general categories

SECTION 1. SYSTEM MAINTENANCE CONCEPTS

‘This section describes the on-line and off-line maintenance
facilties available to the 9020D/E System.

1.1 ON-LINE MAINTENANCE FACILITIES

‘The basic maintenance strategy for the 9020D/E System is
shown in Figure 1-1. Malfunctions within the 9020D/E
System are recognized by both builtin circuitry and on-ine
disgnostic routines. When a malfunction is detected, special
circuitry within the Computing Element (CE), Input/
Output Control Element (I0CE), Storage Element (SE),
and Display Element (DE) records the element’s status.
‘This recording, or logout, places the status information in
the system's primary preferential stora where it is
available for analysis by the operational Malfunc-
tions of other system elements and units are also recognized
by appropriate interrupts, and the status of these lements
is recorded as status bits in sense bytes.
ch of these malfunctions causes an entrance into the
Operational Error Analysis Program (OEAP) which is a
subprogram of the operational system. The purpose of the
error analysis program is to:
1. Analyze the logout to determine the element or inter-
face causing the malfunction.
2. Count the malfunctions and record the malfunction rate.
3. Record the logout and other system environmental data
and immediately furnish an edited hard-copy printout.

CHAPTER |. MAINTENANCE PHILOSOPHY

1. Ondine Maintenance — Those features used for error
detection and isolation when the 9020D/E System is
perfolmm! air lm[l‘u mnum functions.

se features used for diagnosis
of the mnl[un:nnmn[ shisegt s e b nared
(reconfigured) from the active 9020D/E System.

From an analysis of the edited hard-copy printout of
logout, maintenance personnel can localize the trouble area
within the indicated element and request the operational
program 1o provide the minimum maintenance subsystem
that i required (o run the off-line diagnostic programs.

1.2 OFF-LINE MAINTENANCE FACILITIES

After a malfunctioning element has been removed from the
active system, 2 maintenance subsystem is requested for
testing that clement, The request is made manually, via the
1052, with prior authorization from responsible FAA
‘personnel.

When 1 maintenance subsystem is available, diagnostic

‘maintenance programs are loaded into storage from tapes
and are executed by the CE or 10CE. The maintenance
programs fall into two major cate Fault Locating
Tests (FLTs) and Checkout and Evaluation Tests.

‘The Fault Locating Tests, which isolate malfunctions at
the circuit level, are available only for the CE and IOCE. A
complete set of FLTs is produced automatically from the
same logic description. as that used to manufacture the
element. Thus, the FLTs should be performed before any
other diagnostics to ensure that operation of the element
conforms 10 its d

The Checkout and Evaluation Tests are used to localize
malfunctions (0 a functional area within the element. In
g:nerll l)lm tests have the following characteristics:

4. Retry/restart

ies 10 aid in malfunction isolation.

5. Request a system reconfiguration when the malfunction
s nonclearing 5o that the malfunctioning element can be
excluded from the operational system.

5 Opmmt 0 run on various sizes of maintenance sub-
systems.
3. Options to run all o portions of the program.

720102 FEMM  (1170) 11



A malfunctioning clement is repaired primarily by
removal and replacement of pluggable assemblies or sub-
assemblies. An element that malfunctions because of a logic
card failure s repaired by replacing the logic card. The
following methods may be used to isolate the malfunc-
tioning card:

1. Group replacement.

12 anoy

2. One-for-one substitution.
3. Scoping.

After repai, the failing FLT or Checkout and Evaluation
Test s repeated to verify that the error has been corrected.
If it has, a request is made via the 1052 Keyboard to return
the repaired element to a recallable state.




e
ity i g ol

Figure 11, System Maintenance Strategy
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SECTION 2. CE MAINTENANCE CONCEPTS

Maintenance features for the IBM 7201-02 Computing

Element fall into two general categories:

1. On-Line Maintenance — Those features used for error
detection during normal operation, such as error-
detecting logic and interruptions.

. Off-Line Maintenance — Those features used to diagnose:
the cause of

FLTs, ROS tests, Diagnose instruction, DE wrap bus,
and a microprogram diagnostic.

1.3 ON-LINE MAINTENANCE

13.1 CE Check Handling

Check conditions are classified in two_categories: (1)
internal checks which are detected within the CE itself, and
(2) external checks which are detected by the CE as  result
of its operation with other elements. Any check condition
sets an identifier bit on in check register 1 or 2, except
outof-tolerance (OTC) condition or on-battery supply
(OBS). These two conditions set identifier bits on in DAR
and cause an external interrupt request. Check register bits
are indicated on an edited logout printout and are described
in Chapter 2.

13.2 Interruption Action

The interruption system permits the CE to change its state
25 a result of conditions arising outside the system, in 1/0
units, or in the CE itself. The five clases of these
ns are input-output, program, supervisor call, ex-
ternal, and machine-check interruptions.

An interruption consists of storing the current PSW as an
‘old PSW and fetching  new PSW. Processing resumes in the
state indicated by the new PSW.

133 Logout

The logout feature of the CE records, in fixed storage
locations, the state of the CE triggers. Recording is
accomplished by storing binary bits that represent the
states of the various triggers and registers i the CE. Logout
s automatic following a CE machine check with machine

4 /0

checks enabled (PSW 13 on and CE Check switch in

PROC), or it can be initiated manually by depressing the

LOGOUT pushbutton. Logout is also initiated under

program control by use of the Diagnose instruction (log on

count option).
The occurrence of a machine check with machine checks
enabled (PSW 13 on) forces the following sequence

1. The CE clock is stopped (controlled clock).

2. The logout is executed.

3. The CE is reset, the controlled clock is started, and an
interrupt sequence is initiated. This causes a fetch of the
new machine check PSW and a store of the old PSW.
Before the store, the old PSW is set with an interrupt
code of all 0's, which denotes a CE internal machine
check.

The logout information is then processed, edited, recorded
on tape for. history, and printed. From the printed copy,
maintenance personnel can diagnose the cause of the
‘machine che

1.4 OFF-LINE MAINTENANCE

The surest means of trouble isolation is by running FLTs
and Diagnostic programs on a maintenance suh;yncm
which includes the malfun
alfuncions can b localzed and ﬁxeﬂ by ml:lpr:imgm:
error indications on the CE - pan the
printed logout for the mxl!unchoning CE.

14.1 Edited Logout

Status information logged out into the PSA is processed
and edited by the OEAP for a hard-copy printout on the
1403 High-Speed Pnnm, The 1403 is the primary printer;
however, an o ovided to print on the 1052
Primer Keybowd 1 the 1403 i ot vaabl. When the
1403 is available and used for logout, a message is printed
on the 1052 to notify the operator that a logout has been
initiated.

“This printout of the edited logout provides maintenance
personnel with a detailed description of the status of all
triggers, latches, and registers that are displayed on the CE
console, at the time a check is detected.




14.2 Maintenance Programs
There are two categories of maintenance programs for the

1. Fault Locating Tests (FLTs) — These tests provide the
best means of isolating solid CE failures and should be
run first. The operating procedures for these tests arc on
LADS A6503

. Diagnostic Tests — There are many maintenance diag-
nostic programs for the CE, each having unique func-
tions and uses. For a description of these programs, refer

to 1BM 9020D and 9020E System Maintenance Monitor
Manual, Part No. 5444417

14.3 Diagnose Instruction

‘The Diagnose instruction is provided as a maintenance tool
and is used extensively by diagnostic programs (Refer to
720102 FETOM for a detailed description of the Diagnose
instruction.)
rom a maintenance viewpoint, troubleshooting of the
CE can be reduced to one of the following situations:
1. CE Panel Ohxznu jon. The trouble is apparent from
‘examination of error indicators on the CE panel; ¢g.,a
power fincion, I sack et the tumie of fhe
malfunction should be further isolated through suitable
test equipment. After repair, the CE panel should be
used to establish that the malfunction has been cor-
rected. If the error stil persists, further trouble isolation
should be performed through analysis of the printed
logout or by means of a maintenance subsystem.
2. Logout_Analysis. Malfunctions can be isolated to a
Tunctional area within the CE by studying the latest
logout information for that CE and by comparing the
information with previous logouts. The malfunctions
revealed by logout analysis may fall into one of two
categories: () those that can be fixed without the use of
a maintenance subsystem and (b) those hat require
‘maintenance subsystem for further troubleshooting.
Analysis by Maintenance Subsystem. A maintenance
Subsystem is the ultimate means for malfunction isola-
tion. It enables maintenance personnel to run FLTs and
diagnostic programs on the malfunctioning CE. Program
loading, control functions, and code conversations be-
tween maintenance personnel and  the diagnostic tests
are effected via the diagnostic monitor programs avail-
able to a maintenance subsystem.

The miaintenance approach for the CE is shown in
Diagram 1-1 of the 7201-02 FEMDM. This section de-
scribes, in general terms, a number of maintenance tech-
niques used for fixing the CE. Whenever appropriate, this
section refers to specific step-by-step procedures contained
in this manual or o the related diagnostic documentation.

1.4.4 Scan Operations

Scan logic and controls provide a means of implementing
FLTs and logout. Scan-in operation is a process of setting
and resstting register and control triggers with a predeter-
mined bit pattern from main storage to check for and
locate a failing component. Logout (scan-out) operation is a
process of recording the status of triggers and registers by
developing a bit pattern from the CE console indicator logic
and storing it in main storage. Refer to LADS pages
A6521-A6641 for a_ description of storage locations for
logout and scain.

145 DE Wrap Bus

‘The DE wrap bus is a maintenance feature that allows a CE
to simulate display generator (DG) operations by executing
a Diagnose instruction. It is a 16:bit bus from the DG

interface of a DE and is gated altemately to K(0~15) and
K(16-31) while being used.

The microprogram diagnostic is a special ROS routine
provided for maintenance personnel to use in locating a
failure of CE registers or data flow paths. It is started by
doing a ROS transfer to address FAA, and, once started, it
will loop on itself. If the CHECK CONTROL switch on the
CE control panel is in the STOP position, the routine is
stopped by CE error-checking logic detecting an error.

1.4.7 CE Control Panel Functions

‘The main functions provided by the CE control panel are
the ability 1o store and display information ige and
in registers, 1o load initial program information, and to
‘perform voltage bias testing.

148

ircuit Levels

The CE uses the AOI (AND, OR, INVERT) family of
high-speed circuits. The switching speeds of these circuits
are approximately 5 to 15 ns. The maximum range of signal
Voltage levels in the system is 0 to +3V.

To compare one standard level pulse to another or to
measure a pulse width, an understanding of switching
points is required. The switching points for high-speed
circuits are shown in Figure 12, A. For the positive-going
slope of a pulse, the switching point is +1.2V above ground
(OV); for the negative-going slope of a pulse, the switching

720102 FEMM (7/70) 15
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5. STANGARD SWITCHING LIVELS

Figure 1-2. CE Gircult Levels

16 (10

point is +1.9V above ground (OV). This applies to both +

pulses and - pulses. A useful method to follow when

scoping is

1. Set vertical calibration to 1V/div.

2. Ground the input to be used for scoping

3. Set the vertical position (with free-running trace) until
trace is 1.2 cm (volts) below center.

4. Now, while scoping, any steady level below the center
line is a good “down" level, any steady level i the 1-cm
division above the center line is bad or doubtful, and any
steady level in the second 1-<m division above center is a
g0od “up” level (Figure 12, B). Actually, not all of the
1-cm division above center isin the bad level range; only
07 ofit.

149 Sync Signals and Locations

Main storage address compare sync is available whenever
the CE is operating and an equal compare occurs between
the storage address bus and MAIN STORAGE ADDRESS
MPARE switches (bits 9-28 of the ADDRESS
switches). The ALD reference is MA301-321. ROS address
compare sync s available whenever the CE is operating and
an equal compare occurs between ROSAR and ROS
ADDRESS COMPARE switches (bits 8-19 of the AD-
DRESS switches). The ALD reference is RX301-303. Both
main storage and ROS address compare sync signals are
available on coaxial connectors at the front of gate C.



CHAPTER 2. MANUAL CONTROLS AND MAINTENANCE FACILITIES

The 1BM 9020D System and the 9020E System have two
principal _control facilities: (1) the Computing Element
Control Panel and (2) the System Console (9020D System)
or the Configuration Console (9020 System).

‘The System Console (SC) s the central monitoring and
control position in the 9020D System. It contains the
switches and lights necessary to selectively operate and
control each CE in the system. All crtical console functions
are duplicated on the CE Control Panel or elsewhere in the
system.

The Configuration Console (CC) provides a similar
function for the 9020E System and, in addition, provides
status indications for the display subsystem. All critical CC
functions are duplicated on the CE Control Panel or
elsewhere in the system.

‘The CE Control Panel provides the facilities necessary to
operate a computing subsystem and also contains the
controls and indicators required to diagnose and repair
machine malfunctions. This chapter describes the operation
of all controls on the CE Control Panel only. However,
control is also duplicated on the System or Configuration
Console, the operation of that control (at the SC or CC) is
also discussed. For a detailed description of all controls and
indicators on the SC or CC, refer to the appropriate
documentation for these units.

Those operator controls at the CE Control Panel which
could be inadvertently used to disrupt the operation of the
9020D/E System are under control of a key-operated
SYSTEM INTERLOCK switch. A separate SYSTEM IN-
TERLOCK switch is provided at the CE Control Panel and
at the SC or CC. When the interlock switch is operated at
the CE Control Panel, the panel can perform a number of
system functions. Thus, the CE Control Panel can also be
used as backup for the SC or CC. However, if the interlock
switch at the SC or CC and the interlock switch at the
control panel of the selected CE are operated simul-
taneously, the SC or CC takes precedence

A Computing Element with its power on can be in one
of four states: three, two, one, and zero. These states are
displayed at the CE Control Panel. In addition to the four
STATE indicators, a TEST switch is provided which is
fun only in the zero state. The states are defined by
setting the state bits (S0, S1) of the Configuration Control
Register (CCR) within the CE. The state bits and the
SYSTEM INTERLOCK switch control the effect of all
manual switches on the CE Control Panl.

2.1 CE CONTROL PANEL, DESCRIPTION OF
CONTROLS AND INDICATORS

The Computing Element Control Panel contains  the
switches and indicators necessary to operate and control a
subsystem. A subsystem is considered a combination of
CEs, SEs, DEs (9020E system only), IOCEs, control u
and 1/0 devices. The main function of the control panel
to provide the ability 0 store and display information in
main storage, local storage, some registers, part of the
program status word (PSW); to allow the operator to reset
the system; and to perform the initial program load (IPL)
sequence. Table 21 lists the CE switches and their
operational environment.
T ot I A T GEA -)4
iagram 61 of the 720102 FEMDM. The
following headings discuss the fanction o the conrols and
indicators located on each panel.

211 Panel A

1. DC voltmeter. Indicates the voltage levels of the mar-
ginable power supplies in the CE. The power supply to
b= d(:x(ed is determined by the MARGIN/METER

2. MARGINIMETER SEL switch. Enables selection of the
power supply output voltage to be indicated on the
meter. This switch has sx positions:

a. GATE A — Selects PS 16.

b. GATE B — Selects PS 15.

<. GATE C — Selects PS 8.

d. GATEE — Selects PS 7.

. GATE K AND L — Selects PS 5 (Frame 02).
f. ROS — Selects PS 11.

Indicates when any marginable power
l in the CE s varied from its nominal setting.

b. LOCATE: Indicates when the power supply selccted

by the MARGIN/METER SEL switch is varied from

i MAlN LINE oN mmmur Indicates that 208V acis
e CE, and CBI in the prime
powcr boco the CE closed. Refer to ALD YA082.

720102 FEMM (1/70) 21



Table 241, Cantrol Panel Switch Enabling

3 SYSTEM INTERLOCK
Switches Program Switeh
st
oFF on
32100 32100
x XX x [ xxxxx
XXXXX| XXXXX
X X x X x X x
X X X X x X x
X X X X x X x
XXX XX [ XxxxXX
x X x X x
Disable Interval Timer X x X x x x
Displa x XXX | X xxXXx
o XXX |[XXXXX| XXXXX
Frequency XX x x x
Indicate On Roller 1 Pos. 6 XXX [XXXXX| XXXXX
Inhibit CE Hard St X X x x x x x
Interrupt x x XXX | XXxXXX
Key (System nterlock) Xxx [xxxxx|xxxxx
Lamp Test/Alow Indicatet XXX [Xxxxxx|XxxxxXx
Losd X X x XXX [ XXXXX
Load Unit® XXX [ XXXXx
Logout % X x x| xXxxxx
Main Storage Select XXX XX [ XXXXX
Morginal Check and Voltage Controls xxx [xxxxx|xxxxXx
Power OFf X X X x x
PSW Restart X X x xx x| xxxxx
Pulse Mode X X x x x
Rate x xx x| xxxxx
Register Select” x x x
Register Se x x x
Repeat Instruction x X x X X X X
Repeat ROS Address X X x X X X X X x
ROS Transfer x X X x X x x
Scan Mo X X x X x X x
satic x XXX [ xxxxx
Surt x XX x [ xxxxx
Store x XX x [ xxxxx
Stop X x Xxx [ xxxxx
Stop On ROS Address X X x X X x X X X
Storage Select XXX [ xxXxXxx
‘System Reset X X x X x x X X X
Tost Switch X X X X X X X
Mode X xx X X x X X X
Legend: X — Controlis functional.
]
i
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b. OBS (on battery signal) indicator: Indicates that the
CE s being powered with its battery backup power.
c. THERMAL indicator: Indicates the presence of an
excessive heat condition within one of the CE's logic
gates or power panels.
K)WEK CHECK indicator: Indicates an incomplete
rup condition, a thermal condition, or an
ovm:u"enllundelvcluy condition at one of the dc
egulators.

212 Panel B

The six controls on this panel raise or lower the output
voltage level of the six marginal regulators.

213 Panel C

ELEMENT MPO PULL switch. Pulling this switch knob
opens the master power off (MPO) switch which shuts off
all power in the CE except the 24V ac supply and the
battery power supply.

2.4 Panel D

1. 360 MODE indicating pushbutton. A backlighted push-
button that places the CE (and IOCE 1 if configured) in
System/360 mode when depressed. When in 360 mode
(uyu on), depression of the pushbutton restores to 9020

2. s-r;m-: indicators. These four lamps indicate the opera-
tional capability of the CE, defined by CE CCR bits 0
.nd 138 follows:

E: Bits 0, 1 = 11. Most of the control panel
cnnuolx are disabled.

b. TWO: Bits 0, 1 = 10. Most of the control panel

contols are disbld. A CE in state fwo aid

xception).

onfoff; frequency alteration; pulse mode, manual
setting of CE CCR, ATR, and PSBAR; and external
control signals (SCON and SATR).

3. TEST switch. Switch is effective only in state zero.

215 Panel E

1. Roller indicators. These indicators are arranged in six
groups of thirty-six each, o provide a display of CE
status information. The data displayed in each set of
lights is controlled by a selector rotary switch which can
select up to six words. Roller 1 position 6 is used to
display L- and M-registers under control of IND RLR 1
switch. The selector rotary switches also adjust a roller
format to identify the information displayed. Refer to
‘Table 2-2 for a description of individual roller indicator

positions.
2. DATA 0-31 and DATA 3263 switches. These 64

switches, in hexadecimal groups, permit data 1o be

entered manually as follows:

. Main storage — swilches 063,

b. Local storage — switches 32-63.

c. ATR — switches 0-3.

d. CCR — switches 32-63.

Correct parity is generated.

Switches 5363 supply a count in pulse mode count

jon.

3. ADDRESS switches. These 24 switches provide a means
of manually selecting any location in storage. The
operation is as
a. Twenty-four switches, arranged in hexadecimal

groups, permit manual storage addressing of main
storage and local storage.

b. Correct parity is generated.

c. ADDRESS switches 9-28 are used in conjunction
with the ADDRESS COMPARE switch to cause an
address compare stop ot address compare sync.

d. ADDRESS switches 819 select the ROS address for
4 ROS address compare sync. A sync pulse is
generated whenever there s a compare between the

c. ONE: n.u o, n -m Control panel openllm\ a contrcs
are enabled. A CE in state one cannot execute a
SCON instruction (.rpccil'uiion exception).

d. ZERO: Bits 0, 1 = 00. All control panel controls are
bl TEST switch 1 10 TEST position. TEST
switch set to the normal position wil disable power

the switch setting.

4. CHECK REG 1 SUMMARY indicator. An error condi-
tion in the CE is indicated as defined in check register |
(roller 2, position 2).

5. CHECK REG 2 SUMMARY indicator. An error condi-
tion in the CE is indicated as defined in check register 2
(roller 6, position 5).
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Table 2:2. Roller Indicators

Aol Indicator aLD ‘Condition
Number Name Reference Indicated
1 cesmLecTam KROS51 |  SATRor SCON from CE 1-4.
1 KDEO1 | Time clock step rigger
1 o nsclsrsn WRITE DIRECT) [ RGOOT |  Contentsof G
' FA081 |  Contents of ATR (32-29).
1 H n:mmu (READ DIRECT) | RFOO1 | Contentsof F
1 D REGISTE AD001 | Contents of D register.
1 SREGISTER RS 001 Contents of S regster.
1 READ ONLY STORAGE RX021 | Contents of ROSAR.
ADDRESS REGISTER
1 . Ax211 ROS.
ISTER A register A, (PROSARA
1 . 24-35 | ROSPREVIOUS ADDRESS RX211 | Contents of previous ROS address
REGISTER 8 rogister B, (PROSARB),
1 5 0-35 SELECT REGISTER. Fs001 ‘Contentsof select register.
1 6 35 Lor M REGISTER XL031 | Contentsof L or M regis
ected by IND RLR 1 switch).
2 1 ADDRESS TRANSLATION FA111 | Contentsof ATR 0-31).
REGISTER 1
2 2 E REG PTY rEim | ealyarorin€ o-tel
2 2 PADD FULL SUM APO75 | Fullsum parity
2 2 MLPR DECODE PTY P09t Pty aror i m..uwn-. (S rogiater).
2 2 PADD HALF-SUM AP 791 Maisimow
2 2 ERROR TGR AP 801 Halfu
2 2 ROS PTY s 431 R0S
2 2 5A0D Asns | Watsimar
ol addor.
2 3 TREGISTER AT | Tregierconons.
2 4 FAA CONTROLS RY 015 | Miscellaneous control lines.
2 4 AB, IC INGATES RY021 | Ingatingto A8C.
2 4 RY031 | Gatelocal store toS,
2 4 ST,0,0,6, Psw Yo | lawigto OXOSTIWNG.
INGATES
2 4 17-20 | FINGT AND EOP RY071 | End ops and gats seril adder to F.
2 . 2-24 RY061 [ Emitand ingating to ER.
2 4 25- PART2 AY 101
2 a 31-35 | MISCCONTROL PART 1 RYOEL | ot oo cmrd o
2 5 0-35 | XA Xx031
2 6 0-35 | KREGISTER RAK 001
3 1 0-5 STORAGE REQUEST mcos1
3 1 6 PAGE 1 LTH mcos
3 1 9-21 MANUAL CONTROLS Kwo31
3 1 22-35 | FLTCONTRON Ku211
3 2 0-35 | aRecisTER RQ001
B 3 0-35 AREGISTER RA0OT
3 . 0-6 EXTD AY 131
3 4 7-10 | STOR REQSET MARK DR181 [ Memory request and mark setting.
3 . 1 | wexvAossascAcDREss | e | AOSAR -1 er nan ROSadd.
H . 21-25 | YBRANCH osan branch (ROSAR bit 10
o e A0S e
3 4 26-32 | XorZBRANCH ot | Conttont nd fnctiomt rnchs 08
bit 11 for next ROS address
3 . » PREV ADR A Rx201 | Comental PROSARA oireen
prvious ROS word.
3 Il 3 FLTMODE K47t | Scan mode tigger.
3 5 0-2 PERMIT I0CE s, | (008 i by i,
3 5 3-5 1OCE MACH CHK. KM 331 ine heck interrup request.
3 5 6-8 KX 111 | 10CE-CE operations in progross
3 5 9 10CE INTRPT REQ KM321 | 10CE interrupt reque
2 5 10 10CE MC REQ KM331 | 10CE machine check intorupt
being processed
3 5 " INTRPT GATE TGR KX 181 Viow i (ROS).
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Toble 22, Rol

v Indicators (continued)

Foter | Fa o odiator o Conditon

Nambor | Postion | rosion | Name Retorance indicted

3 s I rye— Xnopt | contentof Nregster.

2 5 o-3s ReGISTER Xxast | Conteneof Y regite

4 ' 08 | svstemmasc Awo:

s ' sa | kev Rwort

i ' 1 s w12

. ' 15 e Awian

i 1 16 WAIT Rw i

i ' W Proa w151

i ' s NO ReTRY k8321 | Insructon oy not disble
programmer g,

i ' 19 1cIN LswR Ksa21 | Contomsof IChaw been storedn LSWR,

i ' w2 | conocone P e

i ' 2225 | powpROGRAM MASK W30 | Curunt PoW

s ' MACH CHK INTRPT B o s g

)

s ' 2 SUPV CALL INTRT K21

. ' PROGRAM INTRPT war

4 ' INTRPT PRI KN 121

‘ 2 arecisTer Ragz)

o 3 8 e o321

4 b ASIDE CTLSERIAL ADDER | AR 301

. 4 8SIDE CTL SERIAL ADDER | AR 801

i D PADDL CONTROL )

i 4 EwexTD e

o | 1315 | GATE OnesPA S

o s N 4268 osat

i 4 7 pra v 0t

i s tez | Asiceoee Rests

i s 2 00 Apsor

" s 226 | sT.oa-ea arazz

: 4 w0 | ca-re Rasz2

i 3 w2 ATOIG Kz321

4 3 = k2321 et et control.

4 3 ;. Leave Kz 201 careel .

4 4 3 step Asc iz 501

4 s o7 | saTsTRIGaERS Koz | M convot

4 s 8 sLocK K501 ¢

4 s 911 KD | o comt

4 s " exec K@t | et eton b e

4 s 1 KDSO1 | Program store compar,

4 H s INSTOR FETCH kD701 | ket equrea

4 s ® BRINVLD ADDR KOT | e it o s

v i s

4 s ” VLD ADDR k| e

H H 1® ILNOT AVAIL Kmas Insrcton ongih ot vallablo because

3 s oz | cevce2 am

3 s = e ATLMIT n

4 s « conssic e

4 s -8 | ceaces aan

4 5 29 PIR 261 | vt request from an 10CE.

s s x oaR am_ | Ecen
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Table 22. Roller Indicators (continued)

Roller | Roller | Bt Indicator Ao Condition
Number | Position |  Position | Neme Reference Indicated
Il 5 -3 " KMo | Joi s R
. 5 ) TIME GATE TGR Kx 311
Il ] 0-35 EXTERNAL REGISTER FE0O1 5ol o
5 i 04 PHYSICAL RSBAR WAt | Commntof Povt P
5 1 5-9 PSBAR COUNTER MP301 | Contents of PSBAR Count
5 1 10-22 | LOGICAL PSBAR MP201 | Contents of Logical PSBAR.
5 1 2 P58 MP501 | PSBAR has been stepped to aternate.
5 1 28-31 | SYSTEMMASK RW161 | System mask for channels 7-A (llow.
ol
5 1 2 se sTOP KM 158 | Storage request 10.an SE or a DE that i stopped.
5 ' 333 | PsaLOCKOUT KM158 | PSAlockout signal from IOCE 1-3.
5 2 o KEY SABTP (Process KUQOT [ MCWbit O, everse SAB tag, pariy.
mode) (SAB P1-5).
5 2 1 LCMPR (Process mode) KUOOT - | MCW bt 1, start count on storage ddress
‘compare (used with MCW bits 21~31).
5 2 2 REV SAFSP (Process mode) | KUOO1 | MCW bit 2, reverseseral adder
full sum parity.
5 3 3 REV MRKP (Process mode) | KUOT1 |  MCW bit 3, reverse mark parity.
5 2 03 (CE TEST ADDR (Scan mode) | KUOT1 | MCW bits 0-3, adress of ROS bit plane.
5 i el o doey o
5 2 . REV SARPA (Process mode) | KUOT1 | MCW bit 4, revese storage address parity.
ot byie 1 SAG P 8-181.
5 2 . LFTHE (Scan mode) KUO1T | Laft half of word being scannod out contains
he ot of o e el ued,
5 2 5 REVEARPD (rocms moce) | KUOTT | MGH it . o torap s iy
5 2 5 UNCT (Scan mode) Kuo11
5 2 6 LOG CNT (Process model | KU 021
5 2 s CONDT (Scan mode] Kuo21
5 2 7 ERSLT (Scan mode) Kuo21
s 2 8 0S8LTMR Kuo21
5 2 913 | ADDRsequENcE KU 101
5 2 1a-17 | FLTCOUNTER KU1t
5 2 1819 FLT CHK kU271 ock.
5 2 21-23 | ROSTESTSEQ Kzt | 08 et soane, el san
Togi during a R
5 2 E) PASS kU39t | AnFLTors nns o3t has been completed
and the expacted rosult was obtained.
5 2 £ FAIL KU391 | An FLT or o ROS test has been completed and
xpected rosult was not obained.
5 2; E FLTSTG ERR KU471 | Any storage error detected while
Selormingan FLTor  OStt.
5 2 E MmsC. KUZ51 | Mointenance mods stop cloch
5 2 ) BFR1 KUS31 | Butfer 1 (main umpm—un conaing.
control information
test being performed.
5 3 017 RREGISTER AR001 | Contents of R register.
5 3 18-35 | EREGISTER RE001 | Contents of E regst
5 4 o $0-31 32-63 RT815 | GateS (0-31) to poralll adder A (32-63).
5 4 1 T32-6332-63T RT807 | Gate T (32-63) to paralll adder A(32-63) true.
5 Pl 2 T32-6332-83C APT31 | Gate T (32-63) o parallel sdder A (32-63]
oment.
5 Il 3 T32-6331-62TL 1 RT811 | Gato T (32-63) to paralel adder A (31-62) true.
5 4 a T32-6331-62CL 1 RT811 | Gote T (32-63) to paralel ade
31-62) compleman.

26 ano



Table 22,

Roller Indicators (continued)

Rotler | Roller | 8it Indicator ALD Condiion

Number [ Position | Position | Name Indicated

5 4 5 T32-4748-63 RT813 | Gote T (32-47 (o porallel adder A (48-63).

5 a 6 T48-6348-63 RT 8IS adder A (48-63).

5 s 7 K00-3132-63 RT817 adder A (32-63)

5 s 8 D8-318-31 T AT 803 dder A (8-31) true.

s 4 9 D8-318-31 C AT 803 dder A

5 4 10 08-317-30 T AT 805 © dder A (7-30) true.

B 4 " 08-317-30¢C RT805 | Gote D (8-31) o paralel adder A

5 a 17 D8-3140-63 T AT 801 der A (40-63) true.

s a 13 08-31 40-63C AP811 | Gate D (8-31) to parallel adder A

5 a 1 FuTO AT843 — used when

symbols instucion to
history or current data from old
ry 10 new rofresh memory.

s . 5 FMTN AT 813 ~ used when
‘executing repack symbol instruction to
move new data from a sort bin 1o new
rolrosh mamory.

s 4 1 MW RT843 | Gote LM 10 XY per E14, 15 — used when
‘executing convart weather lines instruction
10 assemble the correct doubleword
formatin XY.

5 . " ic RB811 | Gate IC (831} o parallel adder B (40-63).

5 . s A0-31 32-63 RB805 | Gote A0-31) to paraiel adder B (32-63)

5 . 19 -74-7 RB 805 o

s 4 2 A8-318-31 RB 757

5 . 2 8326332 RB 813

5 4 2 5864-6764-67 RB 761

5 4 2 A8-314-29 R8 811

s 4 2 832-6730-65 AP 745

5 4 2 B64-6728-31 RB 757

s 4 E EXCS628-63 ap 73

s a 2 Fa-760-63 AB 807

s a = HOT 160 RB 807

s a 2 EB-1156-50 Rago1

5 a B E12-1560-63 RQ801

5 a 3 E8-1160 Ra o1

5 a 2 Qa-1552-63 RaBI5

5 a 3 Q20-31 52-63 Ra 8IS

5 4 3 Q3547 52-63 Ra 8IS adder B (52-63).

5 a 35 A52-6352-63 Rasis adder 8 (52-63).

5 5 12 Feoor e

5 5 36 SCoN FC001 | Reconfiguration accepted from indicated CE.

5 5 7 iLos FCO81 | CE will not issue logout stop signal
0 SE or DE.

5 5 10-20 | se se/oe FCOT | CE s able to communicate with

s 5 226 | ce Fc191

s 5 a3-3 | toce Fean

5 6 0-35 DIAGNOSE ACCESSIBLE FDS01 | indicated element isallowed to cause an

REGISTER MASK external interruption in the CE
s 1 0-35 | PARALLEL ADDER LATCHES| AP 321 ntents o paralel adder aiches (32-63),
s 2 CTOM | Individual bytes of doubleword 10 be entered

720102 FEMM  (7/70)
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Table 2:2. Roller Ind)

eators (continued)

" . Indicator o Condition
Number | Position | Positon | Nome Reference Indicated
s 2 10-14 | LS ADDRESS REGISTER Ls8st Contnts of ot sorag s gt
g 2 15 LSWRITE ser2 micro-instruction o
wafshlphuiiy
s 2 1 INHIB STORE WRITE RAX 003 it sioring o ool o,
s 2 X TGR opont Muluply control igger.
s . 2-26 | Teuele Foam external interrupt request from a TC
an clement checs
5 . £ ore KT 291 anes requen by
‘outof-tolerance (heat) conditon in the CE.
g . » o8s K129 t request caused by an
ndition in the CE.
g . - | ceec KT291 Interrupt request caused by an
check i
g 5 1-4 STOR UNIT mcos1 !m.v denfcasonof SEorDE uing dta
CHECK 1D data bus out or causing time out
hpriraaads
s 5 ] 360 MODE KM 201 cEisi 1 operat
s 5 6 TEST MODE PX 331 CE i n state 0.and TEST switch i in TEST,
s 5 7 SE 5TOP 360 KM 201 ‘Seect pulse has been sent 10,0 SE that it
st he CE is operating in 360 mode.
6 5 10 SABPTY CHK M 951 Parity error is detected in SA
i 5 " 5081 PTY CHK M8 273 Parity urror detected on SDBI
s 5 ”? $T6T0 MC 753 SE or DE did not respond 1o a selectsignal
o i e,
i 5 13 STG ADDR CHK. MCT56 Storage address check signal recaived
from an SE or a DE.
i 5 " STG DATA CHK Me 756 Storage data check signal received from
an SE or a DE,
i 5 1 FETCH CHK mcsa Party o dactd n S080 uing
tch cycle.
s 5 16 LOS SENT mea23 Logou op na et o sEors 06,
o 5 19 10CE CHK RESP kX311
s 5 2 L5 BUS CHK. BF a41
s 5 2 CCR PTY CHK FC361
6 5 2 ATRPTY CHK Fatal
s 5 2 PSBAR PTY CHK P aa1
g 5 2 PSBAR NOT CONF wP 531
g 5 2 PSAALT e 531
g 5 E SPLIT LOGOUT mc s invali address or storage timeout detected
g logout cous CE to a0 PERAR
0 aiternate and start new fogous
s ] E LOG ROS CHK Ku231 ROS prty v dveced drig ogout
g s » LOG ADDR CHK e ‘Address outside PSA detected on
'SAB during logout.
s 5 0 CE L0G REQ Kwoz t request signal received from s CE.
g 5 a RODTO Knz81 ata not avilable on direct control
e it icrbed i g
read direct operaior
g 6 1-4 LOGOUT OR WRAP Kuos1 deniy (snare)SE o DE seced
SELECTED TG during logout, wrap D, of forca OG
D o 3
g 6 5-8 DG SELECTED. KU 081 Kty i) OO sk g e
DE o force DG request opers
o 6 10-15 | cveseLEcTED Kuon ity namere) VG pucid ring wesp
DE or force DG request operation.
e 6 1 REV NORM OP KU 081 Reve P’
o 8 7 FORCE DG REQ Kuos1
g 6 9 Kuog1 Blacks ‘invalid address decoded which
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Table 22. Roller Indicators (cantinued)

Rotter [ rotier |81t Indicator ALD Condition
Number | Posi Posiion | Name Referenc Indicated

3 6 E INVEXTPTY kU091 Invert PO—7 of external regst
3 6 2 KU 091 Reset check regiser bis.

3 6 2 WRAP DE KU 091 Virap DE oparation in progress.

720107 FEMM
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7. ADDRESS COMPARE switch. This switch has three

2.1.6 Panel F
position:

1. REPEAT switch. This switch causes the FLT or ROS

test in storage 0 be repeated or allows searching fora
particular test and repeating that test. The operation is
as follows:

REPEAT switch in REPEAT position and de-
pression of START pushbutton will cause the FLT
or ROS test in storage (0 be executed repeatedly.
REPEAT switch in REPEAT position, est number
in DATA switches (48-63), FLT tape rewound,
and depression of STORE, then LOAD push-
buttons causes test number to be stored in T, FLT
tape 1o be searched, and test 1o be loaded and
exccuted repeatedly.

ually storing or displaying data. The byte selected
by ADDRESS switches 2123 is the only byte
affected by a manual store operation.

210 (710

A sync pulse is available on a coaxial
connector at the front of gate C whenever there is
an cqual compare between storage address bus and
ADDRESS switches 9-28.

STOP: The CE stops at the end of the instruction
in progress whenever there is an equal compare
between storage address bus and ADDRESS
switches 9-2

LOOP: The CE branches to the address set in
DATA switches 40-63 when there is an cqual
compare between storage address bus and AD-
DRESS switches 9-28.

CHECK CONTROL switch. This switch has three

. ROS/PROC/FLT switch. This switch provides two o CHECK ¢
modes of testing. DISABLE INTERVAL TIMER N it 6 i pito et ik g
:;;l‘::‘ 2 bp. 6 DISARLE postion whed ruiaisg detcton of 8 (. I te machiechck msk
it, it 13, s on, logout of the CE occurs. If
+ FLT posion: CE is conditoned for roning 50 ke K. B Bt ot o
continues, the check trigger is set, and the logout

5; “PROD f:;mx) postion: sacuml porition B CH and mcvchin: check interruption is deferred until

A 3 ieie " the PSW is loaded with bit 13 on.

- ROS poion: CE s conditiond o unning ROS 5. STOP; Tha CB a siopped v detacion of 2

DEFEAT INTERLEAVING sic. Tis s posion failure. This stop ocurs at the end of the cycle in

1476 kB e ULk o which the check is detected and effectively freczes

a. PROC position: Locations of consecutive double- 5 siatus, Nologout gecues
words are |II=ml(ed between two basic storage ¢ DSBL: Upon dtection of 4 failur, the appro-
Todiles (BSM) within an B or  DE inerensy prite check trigger s set but no stop, logout, or
by interruption occurs.

b. No REV position: Locations of consecutive ~ 9- PULSE MODE. This switch provides a means of
doublewords are within one BSM of an SE or a DE looping through a selected count of machine cycles
(defeat interleave mode). starting at a sclected address or when the interval timer

c. REV position: Locations of consecutive double- is advanced. The starting address must be stored in bits
words are within one BSM of an SE or a DE, and 40 to 63 of location zero before beginning pulse mode.
odd and even BSMs are interchanged. ‘The operation is as follows:

INHIBIT CE HARD STOP switch. When this switch is . PROC: This is the normal position for CE proc-

set to INHIBIT CE HARD STOP position, conditions essing.

that cause the CE to enter hardstop state are pre- b. COUNT: The CE will proceed through a desig-

vented from doing so. nated number of machine cycles, execute a system

DISABLE INTERVAL TIMER switch. When this reset, and restart at the address in main storage

switch is set to DISABLE INTERVAL TIMER posi- location zero, bitpositions 40-63. The cycle

tion, the imeml timer is not decremented. count is duunueﬂ by the value set in DATA
6. STORAGE SELECT switch. This switch has three zwxldx sor 3-63 and cannot be greater than 2047
storage is selected for manually c. TIME: The CE will execute instructions until the
llnrm‘ordq;hym( ta. interval timer advances (16 ms between advances),

b. LOCAL: Local storage (LS) is selected for man- execute a system reset, and restart at the address
ually storing or displaying data. in main storage location zero, bit positions 40-63.

¢ MAIN BYTE: Main storage is sclected for man-  10. REPEAT INSN switch. This switch provides a method

of repeating a single instruction or a group of up to
four halfword instructions. The operation is as follows:
PROC: Normal instruction stepping is executed.




6.

. RATE switch. The s

. SYSTEM

b. SINGLE: The instruction set in DATA switches,
beginning with byte zero, is executed repeatedly.

. MPLE: The group of instructions set in DATA
switches 0-63 are executed repeatedly (looping
through the four halfwords).

The contents of DATA switches 0-63 are loaded into

Q (one time); branching instructions change the in-

struction counter but do not change Q.

. ROS ADDRESS switch. This switch provides a means

of stopping at a specific ROS address and of repeatedly

reading and pecforming the nmuiom of a specific ROS

won‘l The operation is as follows

STOP: The CE stops ‘when the ROS adiress

specified by ADDRESS switches 8-19 is the same

as the contents of ROSAR.

PROC: This is the normal processing position.

RPT: The CE continuously reads out and performs

the functions of the ROS word specified by
DDRESS switches 8—19.

INDICATE RLR 1 POSITION 6 switch. This switch

allows selection of either the L register or M register to

be displayed on status roller 1, pos

FREGUENCY. ALTERATION swich. This switch s

two positions:

DISABLE (normal position): Clock pulses are

distributed from the oscillator to cause a 200-1s

‘machine cycle.

ENABLE: Clock pulses are distributed from the

oscillator to cause a 195-ns machine cycle.

. REGISTER SELECT switch. This switch directs the

manual loading of PSBAR, CCR, or ATR upon
depression of the REGISTER SET pushbutton.

of the RATE switch
indicates the manner in which instructions are o be
performed. The four positions
PROCESS: CE runs in normal processing mode.
INSN STEP: CE fetches and exccutes a single
instruction with each depression of START push-

SINGLE CYCLE: CE exccutes a single machine
cycle (one ROS cycle) with depression of START
ushbutton, except that several cycles may be
executed to prevent losing data from main storage.
SINGLE CYCLE STORAGE INHIBIT: Same as
SINGLE CYCLE except that all storage references
are blocked.
START pushbution. Depression of this pushbution
starts the operation defined by the RATE switch.
RESET pushbutton. Depression of this push-
button initiates a subsystem reset which resots the CE
and all 10CEs, SEs, and DEs configured to the issuing
CE. It does not alter any CC]

. LAMP TEST/ALLOW IND pushbutton. Depression of

this pushbutton causes all indicators on the CE control
‘panel to light with the exception of MARGIN, POWER

s

8

- REGISTER SET pushbutton. Depres

STATUS, and roller indicators. When the CE hardstops
during a logout, all the roller indicators are on.
Depression of this_pushbutton with this condition
allows the roller indicators to display machine status.

. CHECK RESET pushbutton. Depression of this push-

button sets all CE check triggers to the non-error state.

. PSW RESTART pushbutton. This pushbutton has two

okl el
SYSTEM INTERLOCK switch off: Depression of
PSW RESTART pushbutton causes the CE to issue
a subsystem reset and load its PSW from the
doubleword at main storage location 0.

SYSTEM INTERLOCK switch on: Depression of
PSW RESTART pushbutton causes the CE to issue
a system reset, configure a subsystem according to
the setting of MAIN STORAGE SELECT and
LOAD UNIT switches, and load its PSW from the
doubleword at main storage location 0.

of this push-
button stores the data set in DATA switches into ATR,
PSBAR, or CCR as sclected by REGISTER SELECT
switch setting.

. ROS TRANSFER pushbution. Depression of this

pushbutton stores the address set in ADDRESS
switches 819 into read-only storage address register

(ROSAR),

. SET IC pushbutton. Depression of this pushbutton

stores the address set in ADDRESS switches 8-31 into
1C and loads Q and R with instructions beginning
that address.

. STORE pushbutton. This pushbutton has three modes

of operation determined by the setting of STORAGE
SELECT switch:

IN: Depression of STORE pushbutton stores
data set in DATA switches 0~63 into main storage
location specified by the setting of ADDRESS
switches 8-28.

LOCAL: Depression of STORE pushbutton stores
data set in DATA switches 32-63 into local
storage location specified by the setting of AD-
DRESS switches 27-31.

MAIN BYTE: Depression of STORE pushbutton
stores one byte of data, selected by ADDRESS
switches 29-31 from DATA switches 0~63, into
main storage location specified by ADDRESS
switches 8-31.

DISPLAY pushbutton. This pushbutton has three
modes of operation determined by the setting of
STORAGE SELECT switch:

MAIN: Depression of DISPLAY pushbutton loads
T from main storage location specified by the
setting of ADDRESS switches 8-28. This data is
displayed in roller switch 1 position 3 and roller
switch 2 position 3.
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3. POWER SEQUENCE CO!

7. SYSTEM indicator. Thi

b. LOCAL: Depression of DISPLAY pushbutton
loads T from local storage location specified by
the setting of ADDRESS switches 27-31. This
data is displayed in roller switch 2 position 3

. MAIN BYTE: This position has the same ope
tion as MAIN position.

26. STOP pushbutton. Depression of this pushbutton

causes the CE 1o enter the stopped state at the end of
instruction execution.

27. BACKSPACE FLT pushbutton. Depression of this

pushbutton causes the tape drive designated by LOAD
UNIT switch setting to backspace tape one record.

8. LOG OUT pushbutton. Depression of this pushbutton

causes the CE (o perform a complete logout, identical
with that which occurs when a check condition is
detected, and take a machine check interrupt.

217 Panel G

1. POWER ON/OFF switch. This switch initiates power-

on and power-off sequence for the CE.

2. SYSTEM INTERLOCK key switch. When this switch is

operated to the ON position, all controls that arc
interlocked for states three and two are enabled (sce
Table 2-1); load and PSW restart operations are
changed from subsystem o system functions.

MPLETE indicator. This in-
dicator is lit when all dc voltages are present in the CE.

*4. MAIN STORAGE SELECT switch. Setting this switch

specifies the PSA SE for a load or a PSW restart

operation.

5. LOAD UNIT switches. Setting these three switches
specifies the channel and 1/O unit for a load operation.

6. INTERRUPT pushbutton. Depressing this pushbutton
causes a request for an external interrupt.

icator is lit while the CE is

ot stopped and is not in wait state.
8. MANUAL indicator. This indicator is lit while the CE

wait state (PSW bit 14 set 1o 1).
0. TEST i i icator is lit while any of the
following conditions exist (CE must be in a state that
allows the condition to be effective):
. RATE switch is set to any position other than
PROCESS.
b, CHECK CONTROL switch s set to any position
other than PROC.
c. DISABLE INTERVAL TIMER switch is set to
disable
4. ADDRESS COMPARE switch is set t0 any posi
tion other than PROC.
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PULSE MODE switch s set to any position other
than PROC.
SCAN MODE (ROS/PROC/FLT) switch is set to
any position other than PROC.
REPEAT INSN switch is set to any position other
than PROC.
DEFEAT INTERLEAVING switch is set 0 any
position other than PROC.
ROS ADDRESS switch is et to any position other
than PROC.
j. Diagnose instruction is being executed.
LAMP TEST pushbutton is depressed.
11 LOAD indicator. This indicator is lit whie a load
‘operation is being performed by the CE.
12. LOAD puxhhulmn. ‘This pushbutton has two modes of
el
SYSTEM INTERLOCK switch of: Depression of
LOAD pushbutton causes the CE fo issue a
subsystem reset, search for the PSA SE (beginning
with ATR slot 1 and looking for the first
configured SE), and read 24 bytes of data from
the tape drive addressed with LOAD UNIT switch
setting into main storage locations 0-23. The CE
starts execution of the program by loading the
curtent PSW from main storage location 0.
SYSTEM INTERLOCK switch on: Depression of
LOAD pushbutton causes the CE to issue a system
reset, configure all elements of the system that are
online into a subsystem, load ATR slot | with the
value set in MAIN STORAGE SELECT switch,
load physical PSBAR with the value in ATR slot 1,
and read 24 bytes of data from the tape drive
addressed with LOAD UNIT switch setting into
‘main storage locations 0-23. The CE starts exccu-
tion of the program by loading the current PSW
from main storage location 0.

Ed

22 CE CONTROL PANEL OPERATING PROCEDURES

The following paragraphs describe operating procedures at
the CE control panel which enable maintenance personnel
to manually duplicate certain program operations and to
exercise portions of the machine at a normal or reduced
nate.

22.1 Tuming On CE Power

1. MAIN LINE ON indicator must be lit, indicating that
main line power is being supplied to the CE. If cither
THERMAL or POWER CHECK indicator is lit, the
condition being indicated must be corrected before CE

red

up.



2. Set POWER ON switch on CE power panel to POWER
ON position.

3. Set POWER ON/OFF switch on CE control panel to ON
position. CE will perform a power-up sequence and will
light POWER SEQUENCE COMPLETE indicator when
all voltages are present.

222 Tuming OfF CE Power

CE must be configured (o state 0 and TEST switch set to

TEST position for power-off switches (o be effective.

1. If MANUAL light is not lit, depress STOP pushbutton.

2. Either one of two switches will start a powerdown
sequence. POWER ON/OFF switch on the CE control
panel set 1o OFF position of POWER ON switch on CE
power panel set to OFF position (down) will cause the
CE to power down.

223 Stopping and Restarting the CE

‘The CE must be configured to state | or 0 to manually stop
its operation. Depress STOP pushbutton. The CE will
complete the instruction or 1/0 operation in progress and
enter the stop microprogram loop. To restart the CE (from
the point where it was stopped), depress START push-
button.

224 Resetting CE Logic

SYSTEM RESET pushbutton provides a means of manually

tesetting CE logic and operates as follo

. CE must be in state 1 or 0.

2. If MANUAL indicator s not Iit, depress STOP push-
button.

. Depress SYSTEM RESET pushbutton. The CE sets all
control logic to inactive condition, resets all error-check
logic, and returns t0 stopped state.

Initial program load, PSW restart, and power-on se-
quence operations include a reset of CE logic.

22.5 Resetting CE Error Check Logic

CHECK RESET pushbutton provides a means of manually
setting all error-check logic in the CE to the non-<rror state
and operates as follows:

1. CE must be in state 0.

2. Depress CHECK RESET pushbutton. The CE sets all
ermor-check logic to non-rror state. Processing may be
continued by depressing START pushbutton; however,
the results may be inaccurate.

226 Emergency Power OFF

ELEMENT MPO PULL switch provides a means of power-
ing down the CE when an emergency arises, such as fire or
maintenance-personnel contact with high voltage. This
switch s effectve nall ates and,wher p\llled gemoves ll
pover sacpl . Power

‘Aher the s ‘emergency situation is corrected, power may

be restored 1o the CE as follows:

1. Set POWER ON/OFF switch to OFF position.

2. To obtain access to ELEMENT MPO PULL switch, open
the right side cover of frame 02 and swing out gate E.

3. Reset ELEMENT MPO PULL switch by releasing latch
on the switch and pressing against switch knob.

4. Set POWER ON/OFF switch to ON position to power

227 System IPL

1. Set SYSTEM INTERLOCK switch to ON position
(Ginsert key and turn key clockwise).

2. Set address of tape drive on which load tape is mounted
into LOAD UNIT switches.

3. Set address of SE desired for PSA location into MAIN
STORAGE SELECT switch.

4. Set all control switches to PROCESS position.

5 Depe LOAD pbbutcn The O pulsemt 1 it
program load operation as
57Nl CE controllogi s s o factveconditon.
b. All CE error-check logic is set to non-error condition.
c. Logical PSBAR is set to all 0's.
d. ATRisset toall 0.
e ATR slot 1 is set with the value set in MAIN

STORAGE SELECT switch.

£ Phynu] PSBAR is set with the value set in ATR slot

I3 CCR bits 05 (state and SCON bits) are set to 1’
other CCR bits are set t0 0.
DAR mask is set 10 all 0's.
All elements in the system that are not offline are
configured into a subsystem as defined by LOAD
UNIT switches and MAIN STORAGE SELECT

s

switch.

Twenty-four bytes of data are read from the load

tape into main storage locations 0—23.

Current PSW is loaded with data from main storage

locations 0-7. Processing proceeds under control of
i PSW.

228 Subsystem IPL

1. CE must be in state 1 or 0.
2. Set SYSTEM INTERLOCK switch to OFF position (key
removed).

720102 FEMM (1/10) 213



3. Set address of tape drive on whic
into LOAD UNIT switches.
4. Setall control switches to PROCESS position.
. Depress LOAD pushbution. The CE performs an iniial
program load operation as follows:
a. All CE controllogi s st o insctve condition.
b. All CE error-check logic s set to non-error condition.
c. Logical PSBAR is et to all 0s.
d. DAR mask i set 10.all 0's.
€. ATR is searched, beginning with ATR slot 1, for a
configured SE.
. Twenty-four bytes of data are read from the load
tape into main storage locations 0~23.
& Current PSW is loaded with data from main storage
locations 0—7. Processing proceeds under control of
current PSW.

Toad tape is mounted

229 Manusl Logout

1. CE must be in state 1 or O if SYSTEM INTERLOCK
switch i set to OFF position.

2. CE must be in stopped state.

3. Depress LOG OUT pushbutton.

22,10 Display Current PSW

When the CE s in the wait or stopped state, all but two
parts of the current PSW are displayed on roller 4, position
1. The two exceptions are: (1) the instruction address
which is displayed in the Dregister (roller 1, position 2)
and (2) the instruction length code which is di
E-tegister positions 0.and I (roller S, position 3).

22.11 System PSW Restart

1. Set SYSTEM INTERLOCK switch to ON position
(insert key and turn key clockwise).
2. Set address of SE desired for PSA SE into MAIN
STORAGE SELECT switch.
3. Setall control switches to PROCESS pos
4. Depress PSW RESTART pushbutton. The CE performs a
PSW restart operation as follows:
3. All CE control logic s set to inactive condition.
b. Al CE error-check logicis set to nonrror condition.
. Logical PSBAR is set to all 0's.
d. ATRisset toall 0's.
€. ATR slot 1 is set with the value set in MAIN
'STORAGE SELECT switch.
. Physical PSBAR is set with the value set in ATR slot

g CCR bits 05 (state and SCON bits) are set to 1's,
and all other CCR bits are set to 0's.
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h. DAR mask is set to all 0's.

i. All elements in the system that are not offine are
configured into a subsystem.

j. Current PSW is loaded with data from main storage
locations 0-7. Processing proceeds under control of
current PSW.

22.12 Subsystem PSW Restart

1. CE must be in state | or 0.
2. Set SYSTEM INTERLOCK switch to OFF position (key
removed).
3. Set all control switches to PROCESS.
4. Depress PSW RESTART pushbutton. The CE performs a
PSW restart operation as follows:
2. All CE control logic is et to inactive condition.
b. All CE error-check logic s set to non-ror cor
c. Logical PSBAR is set t0 all 0's.
. ATR is searched, beginning with ATR slot 1 for a
configured SE.
e. Current PSW is loaded with data from main stora
Tocations 7. Processing proceeds under control of
current PSW.

ion.

2213 Load Instruction Counter

‘The instruction counter (bits 4063 of the current PSW) is
always dynamically displayed by roller 6, position 3. To
alter these bits without affecting the rest of the PSW:

1. CE must be in state 1 or O or have SYSTEM INTER-
LOCK switch on.

Depress STOP pushbutton.

Set desired address into ADDRESS switches 8-31.
Depress SET IC pushbutton. (The contents of AD-
DRESS switches are loaded into the address field of the
current PSW.)

5. Depress START pushbutton to resume processing.

pwp

Instruction stepping enables the CE to process one instruc-
tion at a time, toservice al interrupt, and o stop. Proceed
as follows:

1. CE must be in state 1 or O or have SYSTEM INTER-
LOCK switch on.

2. Depress STOP pushbutton.

3. Set RATE switch to INSN STEP.

4. Depress START pushbutton. The next instruction is
processed, 1/0 operations are completed, and all pending
interruptions are serviced. The program is run basially
the same as during normal processing, except that the




CE retums to the stopped state when  instruction
execution is completed. The address of the next instruc-
tion to be processed is displayed in the instruction count
portion of the PSW (D-register).

5. Repeat step 3 for each instruction step.

2215

play LS General Register

1. CE must be in state 1 or 0 or have SYSTEM INTER-
LOCK switch on.

2. Depress STOP pushbutton.

3. Set STORAGE SELECT switch to LOCAL position.

4. Set ADDRESS switch 27 to center (*0"") position.

5. Set ADDRESS switches 28-31 to binary address of
general register to be displayed.

6. Depress DISPLAY pushbutton. The contents of the
general register addressed are displayed in the T-register
(roller 2, position 3). Any general register can be
displayed by setting its address in ADDRESS switches
28-31 and depressing DISPLAY pushbutton.

22.16 Load LS General Reg

1. CE must be in state 1 or O or have SYSTEM INTER-
LOCK switch on.

2. Depess STOP pushbutton.

3. Set STORAGE SELECT switch to LOCAL R

4. Set ADDRESS switch 27 to center (“0") position.

5. Set ADDRESS switches 28-31 to binary address of
‘general register desired.

6. Set DATA switches 32-63 o generate the desired data.

7. Depress STORE pushbutton. The setting of DATA
switches 32-63 is stored in

22.18 Load LS Floating-Point Register

1.CE must be in state | or O or have SYSTEM

INTERLOCK switch on.

Depress STOP pushbutton.

. Set STORAGE SELECT switch to LOCAL position.

Set ADDRESS switch 27 to down (1) position and

ADDRESS switch 28 to center (0" position.

. Set ADDRESS switches 29-31 to binary address of
first word in floating-point register to be loaded:

s

Flsing Poin Regs Switches 2931
o o0
2 oo
H 100
. o

6. Set first word of data 10 be loaded into DATA switches
32-63. (Place the exponent in byte 0.)

. Depress STORE pushbutton. Desired data is stored
into first word of selected register,

. Set ADDRESS switches 29-31 to binary address of
second word in floatingpoint register to be loaded:

Floating Point Register

Switches 20-31
1 01
3 on
5 101
7 "
9. Set second word of data to be loaded into DATA
switches 32-63.
. Depress STORE pushbutton. Desired data is stored
into second word of selected register.

s

2217 Display LS Floating Point Register

1. CE must be in state 1 or O o have SYSTEM INTER-
LOCK switch on.

2. Depress STOP pushbut

5. Se{ STORAGE SELECT sitchto LOCAL pos

4. Set ADDRESS switch 27 to down (“1”) pnmwn and
ADDRESS switch 28 to center (*0") positio

5. Set ADDRESS switches 29_31 (0 bnry addres of
floating-point register to be displayed.

6. Depress DISPLAY pushbutton. The contents of the
floatingpoint register addressed are displayed in the
Tegister (roller 2, position 3). Any floating-point
register may be displayed by setting its address in
ADDRESS switches 29-31.

2219 t

setting with

the address sent to main storage. When the two are the

same, the CE enters the stopped state.

1. CE must be in state 1 or O or have SYSTEM INTER-
LOCK switch on.

2. Set ADDRESS switches 9~28 to the desired address.

3. Set ADDRESS COMPARE switch to STOP position.

4.To resume processing after an address compare stop,
depress START pushbuton.

2220 Display Doubleword from Main
Storage (SE)

o display any doubleword from main storage:

1. CE must be in state 1 or 0 or have SYSTEM INTER-
LOCK switch on.
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2. Depress STOP pushbutton.

3. Set ADDRESS switches 9-28 to desired doubleword
address.

4. Set STORAGE SELECT switch to MAIN position.

5. Depress DISPLAY pushbutton. The contents of main
storage doubleword location addressed are displayed in
the ST and AB registers (position 3 of rollers 1-4).
Follow the above steps to dlxp] CAW or CCW:

1. CAW displayed in roller 1,

2. CCW displayed in position 3 ol 1 and .

2221 Store Doubleword into Main
Storage (SE/DE)

o store into any doubleword location in main storage:

1.5 g 1 e 15 0,6 i SYSTEM TR
LOCK swi

2. Depress sTop pusbut

5 5et ADDRESS swtches 928 to desed doubleword
address.

4. Set STORAGE SELECT switch to MAIN position.

5. Set DATA switches 063 to generate desired data.

6. Depress STORE pushbutton.

Follow the above steps to store a new CAW or CCW:
1. CAW stored from DATA switches 0-31.
2. CCW stored from DATA switches 063,

2222 Store Single Byte into Main
Storage (SE/DE)

1. CE must be in state 1 or O or have SYSTEM INTER-
LOCK switch on.

2. Depress STOP pushbutton.

3. Set ADDRESS switches 9-31 to desired byte address.

4. Set STORAGE SELECT switch to MAIN BYTE posi-

i
5. Set_ the byte of desired data into its correct position

within the doubleword of DATA switches 0-63.
6. Depress STORE pushbutton.

2223 Clear Main Storage Procedure

“The following procedure may be used to clear (ripple) main
storage of a subsystem as well as general-purpose and
floating:point registers in local storage of a CE. CE must be
in state 0.

1. Depress STOP pushbutton.

2. Place TEST switch in TEST position.

3. Place REGISTER SELECT rotary switch in ATR

position

216 (/70)

4 Sn DATA switches as follows:
If the subsystem includes an SE, set DATA
switches 0-3 to select SE.

If the subsystem includes an SE and a DE, set
DATA switches 019 to sclect SE, repeated five
times, and set DATA switches 20-23 to select DE.
“This results in rippling the SE five times for each
time the DE is rippled, but it does not cause error
conditions. An optional procedure is to set DATA
switches 0-3 to select SE and DATA switches
4-7 10 select DE. This allows DE to ripple but
causes SAR checks during ripple of second half of
DE addresses.

If the subsystem main storage consists of only one
DE, set DATA switches 0-3 to select DE. SAR
checks oceur during ripple of second half of DE

addresses.

. Depress REGISTER SET pushbutton.

. Place REGISTER SELECT rotary switch in PSBAR
position.

7. Depress REGISTER SET pushbutton.

Place REGISTER SELECT rotary switch in PROCESS

position.

. If the subsystem includes an SE, proceed to step 10. If
the subsystem does not include an SE, remove card at
CE location 02A-C3F7 and jumper pin at location
02A-B3 B3 DI2 to ground.

. Set ADDRESS switches 8, 21, and 22 to down (*17)
position and all other ADDRESS switches to center
(0") position. Address switches 21 and 22 cause
writing into storage; if they are set to “0" position,
storage may be rippled in a Read Only mode.

1. Set STORAGE SELECT rotary switch to MAIN

position.

12. Set DATA switches 063 to *0" position.

13. Depress ROS TRANSFER pushbutton. Observe that

Dxegmer (roller 1, position 2) is stepping through all

ige addresses. DATA switch setting is continuously
bemg stored throughout the SE or DE.

ERES

3

14. Set STORAGE SELECT rotary switch to local; D-
register stops stepping.
1s. m STORAGH SRLECT i i WA

16. Deprus SYSTEM RESET pushbutton.
17.1f card was removed and jumper was installed as
described in step 9, replace card and remove jumper.

2224 Tape Drive Rewind Procedure
To cause a tape to fewind:

1. Set TEST switch to TEST.
2. Set SCAN MODE switch to FLT.



3. Set LOAD UNIT switches to address tape drive.
4. Depress FLT BACKSPACE and CHECK RESET push-
buttons at the same time.

2225 FLT Operating Procedure

Refer to LADS page AGS03 for FLT operating procedure.

22.26 Requesting a Maintenance Subsystem

The operating ATC system can configure a maintenance
subsystem. To obtain & maintenance subsystem, request
operating personnel 1o initiate a reconfiguration procedure.
Heading 4.5.1 contains a procedure for manual configura-
tion of a subsystem.
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The preventive maintenance schedule (Table 3-1) provides a
checkout routine designed to keep the CE performance at
original specifications. Several of these procedures permit
anticipation of a failure for some of the critical circuits,
providing ample warning for replacement planning. The
accuracy of these predictions depends upon the frequency
with which the checkout procedure is run. The frequency
and thoroughness of each procedure should be increased if
warranted by the conditions.

CHAPTER 3. PREVENTIVE MAINTENANCE

Table 3-1. Praventive Maintenance Schedul
hom Procedure Freq
(wks)
Disgnostics Heading 4.5 a
Morginal Checks" Heading 5.2
ROS Tests and FLT: Headings 4.3and 4.4 4
Diagnostics Heading 45 4
SEVA Heading 4.5 13
Clock Timing and Distribution | Heading 4.6 £
ROS Checks:
Optimization Heading 4.9 2
cplane pressure Heading 413 £
tontna 51 2
Hoading 5. 13
Hevdng 532 2
Heading 5.4.1.3 2
Heading 5,10 13
Hesding 4.7 2
a
of dust; vacuum or replace
Visualinspection 2%
Monual control %
Gleaning 52
Check air flow paths,

*These checks consist of running tests under
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This chapter encompasses all procedures for  trouble-
shooting and checkout with the exception of power. All

SECTION 1. SERVICE CHECKS AND
REPAIR PROCEDURES

4.1 MAIN STORAGE RIPPLE TESTS

411 Write All 1's

CE must be in state 0.
Depress STOP pushbutton.

Set TEST switch to TEST.

Set REGISTER SELECT switch to ATR.

Set DATA switches as follows:

If the subsystem includes an SE, set DATA
switches 0-3 10 select SE.

If the subsystem includes an SE and a DE, set
DATA switches 0-19 to select SE, repeated five
times, and DATA switches 20-23 to select DE.
This results in ippling the SE five times for cach
time the DE is rippled, but does not cause error
conditions. An optional procedure is to set DATA
switches 0-3 to select SE and DATA switches
4-7 to select DE. This allows DE to ripple but
causes SAR checks during ripple of second half of
DE addresses.

If the subsystem main storage consists of only one
DE, set DATA switches 0-3 o select DE. SAR
checks occur during ripple of second half of DE

B

k4

sses
Depress REGISTER SET pushbutton.

Set REGISTER SELECT switch to PSBAR.

Depress REGISTER SET pushbutton.

Set REGISTER SELECT switch to PROCESS.

If the subsystem includes an SE, proceed to step 10.1f
the subsystem does not include an SE, remove card at
CE location 02A-C3F7 and jumper pin at location
02A-B3 B3 D12 to ground.

vENo Y

CHAPTER 4. CHECKS, ADJUSTMENTS, AND REMOVALS

procedures relating to power are in 9020 DIE Power
Controls and Distribution Manual.

X‘8o0006"

10. Set ADDRESS switches 8,29, and 30 to down (1)
position and all other ADDRESS switches to center
(*0") position.

11. Set STORAGE SELECT switch to MAIN.

12. Set DATA switches 0-63 to 1.

13. Depress ROS TRANSFER pushbutton. Observe that
Deregister (roller 1, position 2) is stepping through all
storage addreses.

14. Run at nominal voltage for 1/2 minute.

15 To stop test, set STORAGE SELECT switch to

LOCAL.

16. Depress SYSTEM RESET pushbutton.

17. If card was removed and jumper installed in step 9,
replace card and remove jumper.

412 Read Al I's

CE must be in state 0.

1 chform steps 1-9 in heading 4.1.1.

2. Set ADDRESS switch 8, to 1. Set all other ADDRESS
swllchcx 100, X'800000"

3. Set CHECK CONTROL switch to STOP.

4. Depress ROS TRANSFER pushbutton.

5. Run at nominal voltage for 1/2 minute.

6. To stop test, set STORAGE SELECT switch to LOCAL.

7. Depress SYSTEM RESET pushbuton.

8.1f card was removed and jumper installed in step 9,

replace card and remove jumper.

4.1.3 Write/Read All 0's

Perform procedures under headings 4.1.1 and 4.1.2 with
DATA switches set 10 0.
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4.1.4 Write/Read Alternate Pattern

1. Repeat procedures under 4.1.1 and 4.1.2, with each byte
of DATA switches set to 10101010 (AA in hex).

2. Repeat procedures under 4.1.1 and 4.1 2, with each byte
of DATA switches set to 01010101 (55 in hex).

4.1.5 No Parity Bit Pattern
Repeat procedures under 4.1.1 and 4.1 2, with each byte of
DATA switches set 1o 00000001 (01 in hex). This test will
determine whether the parity bit for all storage addresses
can be reset. In all previous tests, the parity bit s set.

4.2 LOCAL STORE RIPPLE TESTS

42,1 Write All I's

1. Set ADDRESS switches 8,29, and 30 to I's.
2. Set DATA switches 32-63 to I's.
3. Set STORAGE SELECT switch to LOCAL.
4. Set RATE switch to PROCESS.

5. Depress ROS TRANSFER.

6. Run at nominal voltage for 15 seconds.

7. To stop test, depress SYSTEM RESET.

422 Read AllT's

1. Set ADDRESS key 8 to 1. Setall other ADDRESS keys
100.

2. Set CHECK CONTROL switch to STOP.

3. Depress ROS TRANSFER.

4. Run at nominal voltage for 15 seconds.

5. To stop test, depress SYSTEM RESET.

42.3 Write/Read All 0's

Repeat procedures under 4.2.1 and 422, with DATA

switches 32-63 set 10 0.

42,4 Write/Read Alternate Pattern

1. Repeat procedures under 4.2.1 and 4.2.2, with DATA
switches 3263 set to 10101010 in bytes 4, 5, 6,and 7.
2. Repeat procedures under 4.2.1 and 422, with DATA
switches 3263 set to 01010101 in bytes 4,5, 6,and 7.

42 /o)

42.5 No Parity Bit Pattern
Repeat procedures under 4.1.5, making sure that the
STORAGE SELECT switch is in LOCAL.

43 ROS TESTS

The ROS tests are explained in Chapter 4 of CE Theory of
opmnen Operating procedures are found on LADS page

m ROS tests provide a thorough check of the ROS bit
plane portion of the CE. These tests do not require the
exccution of a program; special hardware (hardcore) is used
1o run portions of the tests. This hardcore is tested first to
ensure that hardware testing can proceed properly. To
provide background information for troubleshooting, a
discussion of ROS parity checking follows.

43.1 ROS Parity Checking.

‘The ROS word is divided into four groups: bits 01,242,
43-68, and 69-99. Bit 01 are ignored ind are not

20 is the parity bit for bits
2-42; bit 85, for bits 43-68; and bit 91, for bits 69-99.

If a parity error is detected, the reset to the part of the
data_register or indicator backup latches containing the
failing group is blocked. The new data is not gated into this

The group or groups not in error are reset and have
their part of the next ROS word gated in. For example, if
bit 87 fails, the reset to bits 69-99 is blocked. The other
two groups, bits 6-42 and 4368, receive their portion of
the g ROS word.

¢ group in error may be determined by observing

rollcr switch 2, position 2, the first three of the last five

s (ROS PTY: 6-42, 4868, and 69-99). The

mdlulur(s) that s on indicates the failing group(s). The

faxlm; bit(s) ey be identified by comparing the indicated

ling group (roller switches 2, 3, and 4,

position 4) wuh he bit s in the ROS addres z
Iag:c) for that ROS word.

‘The address of the failing ROS word may be found in
the indicated Previous ROS Address Register (PROSAR).
[Roller switch 3, position 4, the previous address indicator
(PREV ADR A), provides the register indication. If the
indicator is ‘on, use PROSARA register; if off, use
PROSARB register.] The alternate PROSAR contains the
address of the word that accessed the failing word. ROSAR
contains the address of the next word. A ROS parity error
prevents these registers from advancing from this state. The
registers are indicated by roller switch 1, position 4.




ROS All 0's, All 1's Word Tests

Stored in ROS are four words that may be used to check

the ROS sense amplifiers, sense latches, data registers, and

indicators. Two words contain all O's exeept for the three

parity bits. The other two words contain all 1's except bit

91 (parity 69-99). Al four words have correet parity. To

use these words, proceed as follows

Depress SYSTEM RESET.

Set CHECK CONTROL switch to STOP.

Set REPEAT ROS ADDRESS switch.

Set roller switches 2, 3, and 4 to position 4.

Set address FO2 (hex) in ADDRESS switches 8—19.

Depess ROS TRANSFER.

icators of rollers 2, 3, and 4; all indicators

should be off except the three parity bits.

Depress SYSTEM RESET.

. Repeat steps 58, using address FO3.

10. Set address FOO (hex) in ADDRESS switches 819.

1. Depress ROS TRANSFER.

12. Observe indicators of rollers 2, 3, and 4; al indicators
should be on except bit 9

13. Depress SYSTEM RESET.

14. Repeat steps 10~13, using address FO1.

Nemm -
o

Incorrect indications unique (0 one word my be due to
bit plane, sense amplifer, or sense latch filures. Incorrect
indications common to F00 and FOI or common to FO2
and FO3 may be due to sense latch, data register, or
indicator falures.

43.3 ROS Word Tests

The ROS word tests check the ROS hardcore and each bit
of each ROS word. Each ROS word bit is checked by
comparing it with an expected value for it. The expected
value used for the comparison is obtained from the
manufacturing interface tape from which the ROS bit
planes are manufactured. To perform the comparison, the
ROS address is loaded into ROSAR by way of S. Each
address is used repetitively until each bit in the ROS word
is checked. If there is no comparison, the test stops with
the failing bit and its address displayed on the system
control panel.

The operating procedure for the ROS tests using the
ROS test tape is found onLADSpage A6503. If an error is
encountered during steps 1-8, proceed in accordance with
heading 4.3.4. If an error is encountered during steps 9—11,
refer to heading 4.3.5 for additional information and
proceed in accordance with 4.3.6.

434 ROS Hardcore Repair

‘This. repair procedure consists of a series of observations
and tests to locate a failure in the ROS hardcore. The

correct operation of the hardcore is necessary for successiul
testing of the ROS word bt

If any of the following failures occur, proceed as
directed:
L Fa

e 1o store 1 ;u::ts;f\llly in ST. This failure may
be identified by inspecting the indicators (roller
switches 1 and 2, position 3)
a. Check that SCAN MODE switch is set to ROS;
is not, set it and restart the tests.
b, Trace the failing bil(s), using logic, and repair.
Fanm to complete IPL (first depression of LOAD).
may be identified by not finding the
mdlcznons specified in the test procedure (LADS page
A6503) or by the LOAD indicator (panel G) or
TIMING GATE indicator (roller switch 4, position 5)
remaining on.
4. Check for the folloy
(1) LOAD UNIT switches are set o the correct
channel and 1/0 unit address.
(2) CE CHECK Control switch is set to DSBL.
(3) 1/O unit s ready and not in Test mode.
(4) MAIN STORAGE SELECT switch is set to

Depress SYSTEM RESET and BACKSPACE FLT.
BACK SPACE indicator (rvller 3, position 1)
should not come on; indicator (roller 3,
position 1) should come on. If BACK SPACE
flashes, the tape is not at load point. If it stays on,
the 10CE has a malfunction (press reset on 10CE
console) or the subsystem is not properly con-
figured.

Inspect storage location 038 (hex) for correct

IPL data. Compare display data with data specified

on LADS page A6511.

If tape runs away, a failure of (he test number

compare operation is indicated. Either the test is

not beng perfommed at sl or I s ot succeafl

Depress BACK SPACE to stop runaway tape (will

not change indications in the CE), and use the

following procedure to isolate the trouble:

(1) Clear main storage.

(2) Store all ones in 100 and 200 of main storage.
This will set up the buffers to scan in all bits

t0San
(3) Store FF FF FF FF 03 00 00 00 (hex) at
‘main storage locations 108 and 208.
(4) Jumper O02E-B3G7BI0 to DOS ground
(KU291 TIC LTH).
(5) Set the following switches:
CHECK CONTROL to DSBL.
SCAN MODE to FLT with REPEAT on.
(6) Set up ROS address. 33F in ROS ADDRESS
COMPARE switches and ~depress ROS
TRANSFER.
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(7) IF the pass wigger comes on, the test number
compare is functioning correctly. The trouble
must be something which prevents the test
from being performed ., a missing TIC

pulse.

If the fail trigger comes on, a missing bit from

either S or T is indicated. Sync on ROS

address 150 while observing ‘Scan out § + T'

for reference. Scope ‘PAL=0" which should be

active during ‘Scan out § + T'. Scope back to

the failing bit.

3. Storage check. This failure may be identified by the

FLT STG ERR indicator (oller 5, position 2) being

on. Use the ripple tests (heading 4.1) with CHECK

CONTROL switch set to STOP to locate the failing

address.

Failure to stop with the specified indications after each

depression of LOAD. The indications are listed on

LADS page A6503. (Tape must continue running.)

This failure is cavsed by the inability to make test

number comparison. The expected condition s all 1's

in S and a 0 result from PAL. Use the following

procedure to isolate the failure:

Disable interval timer.

Set CHECK Control switch to DSBL.

Add the following jumpers to ground:

(1) 02B-C2G4B10 (‘Enable scan bypass' signal on
ALD AP821).

(2) 02E- urem'l (‘Scan Out ST on KU491).

Depress SYS1

With the am svmnhes Sl up, depress

Verify that S and T contain al 0'. PAL (32-63)

should contain all 1's (roller 6, position 1).

Depress DATA switches 0-31 and depress

STORE. Verify that S contains all 1's and that

both T and PAL contain all 0's (except parity

bits).

Note: While in the stop loop, ROS address BSA
{and 893 if IC (21,22) = 1) will be gating IC and
4 constant through the adder. This may cause
some indicators to glow dimly and may generate a
pulse at the output of the zero-detection circuits.
To prevent confusion in steps f and g, eliminate
these indications by setting all ADDRESS switches
10 2610 and depressing SET IC.

»

&

Return DATA switches 0-31 10 up position and
depress DATA switches 32-63. Depress STORE
and verify that S contains all 0's and T contains all
1's. PAL should again contain all 0's.

During steps f and g, the output of the zero-
dotecion cacais shouid ndicni 3 10 o,

44 /10)

This may be verified by checking 02E-B3C6D07
for a minus level (net AZ4 on logic KU311).

If correct indications are not obtained, check
zero-detection circuilry. Figure 4-1 shows a repre-
sentative bit position in the circuitry used for test
number and result comparisons in ROS word tests
and FLTs. Note that a bit in § (roller 1) or its
corresponding bit position in T (roller 2) will
result in a zeo output from PAL. PAL is set to |
only if S and T both contain 0 in that position.
Also note that indicators are numbered 0 to 35;
€.8.,5(31) and T(63) are roller bit 35.

j. Remove ground jumpers and retum switches to

normal.
5. Hardcore error stop. See LADS page A6511.

43.5 ROS Hardware Tests

The sts provide for the i
of a failing ROS bit or bits if the failure is in the ROS
hardware (up to and including the sense latches). To aid in
understanding the adjustments and restrictions of ROS, the
following background information i provided.

The ROS uses the capacitive coupling between a drive
line and a differential sense line pair to generate a signal.
The nominal signal level from a sense line pair is on the
order of 1 mv. To amplify this Lowlend sgual to SLT
levels, a sense amplifier s used; a clipping network squares
the sigaal and limits the :mplnm

‘The sense amplifier i essentially two differential ampli-
fiers, a linear amplifier, and a clipping network. Each
amplifir differentially senses the signal from comparable
sense line pairs on each gate (C and D). The two differential
amplifiers are then dotORed into the linear amplifier.
(Since only one e o e s diion 3 G, Gy
plifiers senses a signal.) The
cutpat of the lnca amplier s then fod heaugh the
clipping network to the sense latch. Figure 42, A, showsa
typical 1 and 0 at the output of the sense amplifier (after

lipping). Reference time To may be found at location
02C-E3A2D06. Note that the output is always a bipolar
signal; the difference between a 1 and a 0 i the sequence in
which the positive and negative voltage swings occur. A 1 is
first positve, then negative; a 0, negative, then positive.
(The initial voltage swing is called the “signal™; the
following kickback, the “recovery.”

When observing a string of 1's and O's while in a
particular loop (¢g., the stop loop), the 1's may be
distinguished from the 0's by looking at the fall time of the
positive voltage swing. A 1 has a sharp rise and fall; 2 O has
¥ iharp s and 3 sower . Se0 Figure 42, Aand B.




The drive line is driven by a transistor in a 1408
transistor array drive matrix, 88 transistors per bit plane.
One side of the matrix (the base of the transistors)is driven.
by 22 select bus base drive’ (SBBD) signals, common to all
bit planes. The other side of the matrix (the emitter of the
transistors) s driven by 64 'select bus emitter drive’ (SBED)
signals, four per bit plane. The transistor in the matrix at
the intersection of the active SBBD and SBED signals drives
the selected drive line. To prevent more than one transistor
from being gated on in each cycle, the SBBD precedes the
SBED signal. See Figure 4-2,C and D.

4.3.6 ROS Hardware Repair

With the preceding background information in mind, the
results of the ROS tests may be properly interpreted. The
following discussion provides techniques for ROS. hlldwal:
tests. The procedure on LADS page A6503, e 3
wed 1o run the tests and 1o 1 up scoping loops when
failures occur. Additional troubleshooting techniques and
procedures, not based on the ROS tests, have been included
in this discussion where they have been found to be of
value to maintenance personnel.

A flowchart for ROS troubleshooting is given in the
Diagnostic. Techniques section of the 720102 FEMDM.
ROS timing information is found on LADS page AS004. A
chart of sense amplifier and sense latch locations is
provided on logic page EFSO1. Refer to heading 4.9 for
strobe timing and bias optimizing procedure.

4.3.6.1 Weak Sense Amplifier Output

A low or weak signal that appears with slow transitions and
low amplitudes (Figure 4-2, E) may be caused by low
torque on the pressure plates, dirt on the bit plane, or a
poor drive signal.

Whenever a poor 1 or O is found, the first requirement is
to substitute another sense amplifier card to be sure the
card is not at fault. The card used, PN 5801524, has four
amplifier channels on it.

ceasions, poor sense lmpllﬂel speniontin
been traced to a missing -18V bias voltage. This
sense amplfier (o behave 38 i i wers bised 31 7V, The
bits appear much wider than normal. Check for poor solder
connections to voltage buses and for loose voltage con-
nectors.

I the weak output s a result of low torque, the torque
should be corrected, using the procedure under headi
4.13.3. Contamination on the bit plane may be sufficient to
increase the distance between the drive line tabs and the
sense lines causing reduced output. If thi case, the
bit plane must be cleaned. The procedure for this is under
heading 4.13.2.

A slow or low array drive transistor output results in
teduced sense amplifier output. Figure 4-2, G, shows this
condition.

43

2 Distorted o Missing Sense Amplifier Output

A distorted or missing bit (Figure 4-2, F) may be caused by

er an open or  short circuit. Either the sense line ot the

drive line could be open. If the drive line is open, the
output of the driver transistor will appear as shown in

Figure 42, H
Possible shorted conditions are: a sense line shorted to

ground, 10 an adjacent sense line, or to a drive linc. A sense

line to drive line short is the most probable. A detailed
troubleshooting procedure for this condition follows.

The sense lines are isolated from the bit plane drive lines
by a sheet of | mil Mylar®. If this sheet is punctured or has
4 piece of conductive material embedded in it, a short may
occur. When this happens, failures can occur in all bit
planes but will be limited to one bit position in either the
upper or lower word (assuming only one puncture).

a solid short exists, the input to the sense amplifier
will be at approximately 6V. This can be scoped with the
‘machine in SINGLE CYCLE after depressing START.

An alternative procedure, which allows a complete check
for leakage between drive lines and sense lines or ground, is
as follows:

1. Remove pressure bar from bottom of bit plane without
removing pressure from pressure plates. This exposes the
overlapped area of the bit plane tabs and the drive line
tabs.

2. A red wire supplying +6V is connected to each edge of
the drive line area of the bit plane. Isolate these +6V
tabs from their mating bit plane tabs by slipping 2 small
picce of insulating material between them. A piece of
‘punch card stock can be used.

CAUTION

Be very careful olly damage the bit plane when

inserting th

3. Check for infinite resistance between drive lines and
ground. This is best done by connecting an ohmmeter
across small bypass capacitor at top of plane. There are
two capacitors, one for each half of the plane. Both
must be checked. Connect + meter lead to + side of
‘capacitor. The resistance should become infinite after 30
10 45 seconds when capacitor has fully charged

4. If reading is infinite, proceed to next plane and repeat
steps 1 through 3 above. Continue until all planes are
checked or defective plane is located. If a short is
indicated, proceed 1o step 5.

Co-(inc)

rade

OFE. T.du Pont
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Figure 4-1. Test Number Comparison Circuit
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5. Relax pressure on pressure plates one at a time. Meter
should show a higher resistance when pressure i reduced
near defect.

Note: If the resistance does not change when the
pressure plates are relaxed, examine the cabling from the
1/3 boards to the array. The short could also be in this
area.

6. Remove defective plane using procedue under heding
4.13.1. Inspect area fling bit position and
pressure plate that affected resistance reading. If a piece
of foreign material is found, carefully remove it. If a
hole is found, check for a burr or foreign substance on
sense plate, which might have caused hole. A new bit
plane must be ordered to replace any found ot to have
complete isolation from sense lines. Use steps 1 through
3 1o verify condition of new bit plane when it is
installed.
Al (emporary repair may be made while awaiting parts by

s o pldnls Wi o iincpmmt ipper

cha and by
failure of the ROS unit to operate error-free 1o he ull 7V
bias limit. Possible sources of electrical noise include: poor

system; and defective switches, capacitors, and cool
motors. A troubleshooting procedure is given in 4.3.6.3.2.

Cable dress within the ROS unit is critical. Due to the
high gain in the sense amplifiers, any noise picked up during
strobe time is set into the latches as a bit. It is therefore
wperative that all cables be carefully routed to minimize
noise coupling and pickup. Figure 44 shows the cable
dressing in a typical EI board. Note how the shielded input
cables are placed 10 act as a shield between the input and
output pins of the sense amplifiers; also note that the
ividual leads are placed down between the pins. Figure
4:5 shows the cable routing between the El, E2
boards. No significant departure from the routing shown
should be made; the exposure to noise cannot be tolerated.

Nuil! can abo renit from gound loops within the

g @
frony s clarect packaga s
thickness of insulating material wi e the output
from that plane, however. Often a d:l:chve bit plane
will work for a time after having been removed and
instaled. This should not be considered a permanent
repair.

If unable to isolate the cause of a distorted or missing bit
using the preceding procedure, one of the less probable
short or open conditions exists. The trouble may often be

that bit 87U i distorted. Bit 87L is normal but bit 86L
shows distortion. A short probably exists between bits 87U
and S6L.

A complete resistance check of the ROS array may be
made which will isolate any of the possible short or open
conditions. Proceed as follows:

1. Remove the following from the area of concern:

a. Sense amplifer cards.

b. Driver cards.

c. Bus-o-board voltage jumpers.

d. Select cables.

2. Make resistance readings between points indicated in the

table of Figure 4-3.

3. Isolate the trouble and make the repair.

43,63 Extra or Missing Bits

Extra (picked) or missing (dropped) bits can result from
electical nose, late ROS branching, or multiple drive line

the ROS frame, including

lht :ph'l:n. is ellclnnllly lwlllud from the machine frame

except for the single connection through ROS de roturn
line to the common ground in frame O1. (ROS frame is
connected to ROS de return line.) If extrancous signals to

ume ymlnd: are present, they must be removed (see

heading 4.

Annnm source of noise may be open capacitors in the
voltage crossovers on gate C, boards El and E2.
capacitors are needed only on the E1 and E2 boards.

The susceptibility of the ROS unit to noise can be
minimized by adjusting the strobe accurately. The fol-
lowing criteria should be met:

1. ROS strobe width, measured at the sense amplifier,
should not exceed 30 ns at 50% amplitude. Strobe width
25 low a5 20 ns is acceptable if the ROS bias limits can
be reached. Since the strobes are generated by many
drive sigaals, several sense amplifiers should be checked
for minimum width.

. ROS strobe timing should fall in the center of a no-bit
(negative) pulse. A bit position in the center of the plane
should be used for this measurement. Measured at SO%
amplitude, the nobit pulse should overlap the strobe
pulse by 8 ns on rise and fall.

Note: Noise proble
recommended humidity for proper oper

are intensified by low humidity. The
45 10 50%.

43632 Troubleshooting Noise Problems. The following
procedure ‘should be used in troubleshooting noise prob-
ms:

1. Stop ROS clock by setting RATE switch to SINGLE
CYCLE.
2. Depress START. The sense amplifiers are now gated.
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3.With bias at normal setting, observe failing sense

amplifier outputs with an_ oscilloscope. Failing and

‘non-failing bits can be compared

Check for noise pulses of sufficient amplitude 10 sync

the scope. Anything over 200 mv could indicate a

shorted sense and drive line.

. Slowly reduce the bias toward -7V. Noise resulting from
incorrect cable dress usually shows up between 9V an
V. It will appear as a 20-MHz signal having an
amplitude of about 1/2V. The coaxial cables from the
array to the sense amplifiers should be carefully dressed
to correct this, Refer to the discussion in 4.3.6.3.1 for
correct cable dress. When corectly dressed, the cables
should be laced into position so that the trouble will not
recur.

Noise from other sources must be found by system-
atically eliminating possible causes one at a time while
observing the oscilloscope. Cooling fans can be discon-
nected one at a ti xample. Refer to the discussion
in4.3.6.3.1 for additional information.

43633 Late ROS Branching. When the branch portion of

until late in the machine cycle. Due to a malfunction or a
timing problem, the correct next ROS address may be
decoded late. ROSAR will usually be set correctly but the
ROS word will not be driven out of the array correctly.
This condition is described as late ROS branching. It can
produce ROS parity checks in patterns which are difficult

to distinguish from those caused by electrical noise. The
following method may be used to differentiate between the
two.

After the machine has stopped with a ROS parity check
indication, one additional word will have been read out of
ROS. The address of this additional ROS word will be
indicated in ROSAR. It may or may not be in good parity.
Since the ROS clock was stopped when this word was read
out, no parity check indications pertaining to it will be on.

The ROS word which caused the error will have its
address in PROSARA or PROSARB, depending on the state
of the PREV ADR A trigger. The section of this word
which was out of parity will be saved in ROSDR. The
remainder of ROSDR will contain bits from the word read
outafter the error.

Because electrical noise bursts are usually several mi
seconds long, the second word will usually be out of parity
as well as the first if noise s the cause. Look up the address
of the last word read out (the address in ROSAR) in the
ROS address lst and determine whether it is in good parity.
If it s in good parity, late ROS branching is the probable
ble; f not, noise should be suspected.

43634 Multiple Drive Line Selection. Failures in which
some bits are picked while others are dropped may result
from more than one drive line being active at a time. When
there is insufficient information 1o establish a_pattem
which might indicate an incorrect decode of plane, quarter
plane, or drive, the following procedure may be used to
find the second active drive

1. ROS repeat an address that fails.

2. Pull the voltage connectors from the driver boards one at
a time (leaving the one for the plane being addressed)
until the failure disappears. This will be the plane with
the second conducting drive line. Reconnect all voltage
connectors.

3. Set up the oscilloscope as follows:

a. Form a small coil of insulated wire. Use one or two
turns only. Connect this coil between the probe tip
and the probe ground connection.

b. Use a low-voltage setting on the oscilloscope.

4. Move the coil slowly across the bottom of the plane near
the drive lines. As the conducting dnvc lme is ap-
proached, a voltage will be induced in the
Fette the troubl t sbout thce drive nes which can
then be scoped normally.

43.64 ROS Parity Checks in Wait State

When ROS parity checks are experienced in wait state, the
ROS clock is operating when it should not. To verify this:
. Disable interval timer.

2. Replace system in wait state as follows:

a. Depress SYSTEM RESET.
b. Set DATA key bit 14 toa 1.
c. Set all ADDRESS keys to 0.
d. Depress STORE.

e. Depress PSW RESTART.

3. Scope 02C-D3M6 (see logic RX003, net CD4 for
location). There should be no clock pulses if machine is
operating correctly.

4. Depress SYSTEM RESET; PO clock pulses should be
seen.

43.65 Intermittent ROS Failures

Intermittent ROS failures cannot always be resolved by
card replacement. An effort should be made to gather
information from logouts and indicator lights to establish
the failing pattern. One of the following conditions may be
found:

1. Failures in one bit in either the upper or lower word: A
short may exist between a drive line and a sense line.
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‘The shorted sense line can cause failures in all planes,
but only the shorted bit line will fail. Refer to 43.62
for troubleshooting information.
Failures in multiple bits in one plane: This is probably
due 10 low sense amplifier output, usually caused by
plane contamination or low torque problems. The same
bit positions in good addresses and failing addresses
should be compared for amplitude at the output of the
sense amplifiers. Varying ROS bias voltage will usually
make low output_problems more apparent. Refer to
4.3,6.1 for troubleshooting information.
Failures in one bt in one plane: Contamination or a bad
plane is indicated. When the plane must be replaced, bias
should be a temporary repair until parts arrive.
“This failure pattern could also be an early indication of
step 2, above.
. Failures in multiple bits in multiple planes (extra bits):
be due to noise problems. Refer to 4.3.63.1 for
additional information. Can be caused by gating both
upper and lower word together, producing an effective
ORing of the bits of the two words. This is usually a
sesult of late ROS branching in which bit 11 of ROSAR
s set 100 late to control gating of the upper and lower
word strobe. Consult CLDs and ROS address lsting to
verify this. Refer 10 4.3.6.3.3 for additional information
on late ROS branching.
. Failures in multiple bits in multiple planes (missing and
g bk My indicxtn ROS' power soppy -
river selection also causes both extra
and mmm. bits. An analysis of addresses which fal and
addresses which work usually isolates this problem to
incorrect decode of either plane, quarter plane, or drive.
‘The one which does not fil s the erroneous decode. A
more comprchensive procedure for troubleshooting this
condition is given in 4.3.6.3.4.

-

44 FLTS

‘The operating procedure for the Fault Location Tests s on
LADS page AG503. If an error stop is encountered, proceed
in accordance with the following 4.1 for
‘hardcore errors, 4.4.3 for zero<cycle errors, and 4.4.4 for
one<ycle errors.

44.1. FLT Hardcore Repair

This repair procedure consists of a series of observations
and tests 1o locate a failure in the FLT hardcore. Correct
operation of the hardcore is necessary for successful testing
of the remainder of the CE hardware. Before proceeding

w14 (170)

with the FLT hardcore repairs, be sure that ROS is

operating properly (heading 4.3). If any of the following

occur, proceed as directe

1. Failure to store 1's successfully in ST. This failure may
be identified by inspecting the indicators (roller switches
1 and 2, position 3):

a. Check that SCAN MODE switch is set to FLT
position: i it is not, set it and restart the tests.
b. Trace the failing bit(s), using logic, and repair.

2. Failure to complete IPL (first depression of LOAD).
Refer to heading 4.3 4, failure 2, for further details.

3. Storage check. This failure may be identified by the FLT
STG ERR indicator (roller S, position 2) being on. Use
the ripple tests (heading 4.1) with CHECK CONTROL
switch set to STOP to locate the fa

4. Failure 10 stop with the specified indications after each
depression of LOAD. Refer o heading 4.3.4, failure 4,
for further details.

5. Hardcore error stops. See LADS page A6S11.

442 FLT ZeroCycle Tests

The zero cycle or “scan in-scan out” FLTs check each
trigger by first resetting it, then setting it, and then
resetting it again. The following areas are checked with
these tests:

Reset to triggers.

Scanvin paths to triggers.

Zero and one clock advance,

Ability of triggers to retain their value in the absence of

clock.
Scan-out matrix.

443 FLT ZeroCycle Repair

When an error stop occurs, the following information about

the failure is available in the console indicators:

1. Test number of the fuiling test (S9-15). This number
tefers o zero<ycle SCOPEX which gives the name of
the trigger and its correct state, set or reset. Refer to
logic page A6503 for an explanation of the notation
used in SCOPE:

2. Whether the triger s actualy st o rset. I some cases
this s not ¢4, ROSAR and

3. Whether failure was solid or hl!tmllllen(.

4. Whether the stop was caused by an 1/0 o storage error.

To isolate the trouble
1. Set TEST MODE switch to REPEAT.
2. Depress START.



Sync the scope on the ‘ROS address compare’ signal

with the address of the last micro-instruction (se¢ Figure

46 for scanin word and ROS sync address) before the

test cycle count set in the ADDRESS switches and scope

the point called out in the zero-cycle listing.

For use as a timing reference during the scan-out

‘operation, display the ‘enable scan bypass” signal on the

scope; refer to Figure 4-7.

. SCOPEX indicates whether the trigger is set (S) or reset
(R) and whether the point called out in the listing is a 0
ora 1 (0is minus, 1 is plus).

. Divide the failure three ways:

. The trigger is not being scanned 1o the proper value
(step 7).

. The trigger is being set or reset correetly at scan-in

time but does not retain this value until scan-out time

(step8).

The trigger is at the correct value during scan-out so

the error must occur during scanout and result

comparison (step 9).

I the trigger is not being scanned to the correct state,
the cause could be bad scan-in or a faulty trigger. If so:
a. Go o the ALDs at the page called out in SCOPEX

and scope the inputs from scan (gate and bit). This is
sometimes through normal data paths; e.g., R and E
register triggers. If the gate and bit are present,
replace the card(s) in the trigger. This applies also to a
teset, except that it must be determined that none of
the inputs are present to override the reset.

b. If the gate or the data bit is missing, trace back while
syncing on the micro-instruction that scans into the
trigger in question (Figure 4-6). The word containing
the bit may be found in scandin and logout bit
assignments shown on LADS pages AG611-A6641

65

and 6521

I the failing ui ally set 1o the correct value

and changes before it is scanned out, it could be caused

by erroncous interaction between triggers. In all cases,
where possible, random values have been placed in the
other triggers.

a. Go the ALDs at the page called out in SCOPEX and
scope the inputs and resets to the trigger. The time
period of interest is after scan<in and until after
scan-out.

. This is best done by syncing on the ROS address that
performs the scanin. This may be determined from
scan-in and logout bit assignments shown on LADS
pages A6S21-AG641.

. 11 the trigger is set 1o the correct state at scan-out, do

the following:

a. Go to the logic page called out in SCOPEX and scope

the output of the trigger.

b. Go to the KT page fed by the indicator driver and

scope the AND fed by bit and roler position or scan

word. This scoping should be done with the roller
containing the trigger in question turned to another
postion.
If the bit is not present, trace back through the
circuitry 1o the indicator driver and make the repair.
. If the gate is not present, trace back to the address
sequencer. The address sequencer and left half bit are
set from word 1 of the test data during scanin with
address sequencer equal to zero.
If the gate is present, go forward to the correct
KTSXX page and check the output on the right side
of the page

4.4.4 FLT OneCycle Rej

When a one<ycle error occurs, the test number, shown in
S(0-15), refers to the one<ycle listing of SCOPEX; see
LADS page A6503. In addition, the nature of the test
failure is indicated

1. CE failure. Continual (FAIL indicator on) or inter-

mittent (PASS and FAIL indicators on).

Storage failure. STOR CHK indicator on.

1/0 failure. Channel (CCC indicator on) or 1/0 unit
(UDC indicator on).

When a failue occurs, proceed as follows:

Locate test in SCOPEX and determine number of cards

signified as G/F, G/FI, and those listed at end of test:

If four or fewer cards are signified, replace them as

described in step 2 below.

If five or more cards are signified, scoping is

required. The technique for scoping is described

on LADS page A6503.

If the timing information contains an * ora = in

the value column, refer 1o the logic because the

feedback loop of the trigger or latch involves two
or more card:

If four or fewer cards are involved, replace them as

follows:

a. Determine part number of each card from ALD or

card. Obtain one new card of each type.

Change each card, one by one:

(1) Do not turn off power.

(2) After changing a card, set REPEAT switch
and depress START. This operation resets the
pass and fail triggers and repeats the failing

L.

IF the action taken in step (2) did not correct
the trouble (PASS indicator on and FAIL
indicator off), reset’ REPEAT switch and
replace the original card.

Repeat steps (2) and (3) until all suspected
cards have been changed or the trouble is

&
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corrected. IF card replacement does not cor-
rect the trouble, proceed with step 3 below. If
replacements made this test pass, restart FLTs
from the beginning.

3.1 five or more cards are involved or card replacement
does not correct the trouble, isolate the trouble by
using the scoping technique described on LADS page
A6503. Note that the scan-out operation occurs either
at 800 ns after the last clock cycle o after the clock
has been started and three cycles have passed. The
latter is true for al triggers that are scanned out by the
address sequencer being equal to 13 or less. The
riggers that are scanned out by the address sequencer
being cqual to 14 or more are ROSAR, ROSDR, GCTs,
PAL, ST, LM, XY, K, N, and LSAR. These triggers will
change state if the normal clock is allowed o start
before they are sampled. Use the ‘enable scan bypass
signal for reference; efer to Figure 4.7

445 SCOPEX Timings

This discussion is to facilitate maintenance personnels’
understanding of the SCOPEX timings siin 0 TADS
page AGS03. It consists of an explanation of times A, B, C,
and D with reference to what s actually hlppemn in the
‘machine. Throughout this writeup, the term “Data’” means
cithera | ora 0.

The 720102 works on the basic principle that data
flows from trigger to latch to trigger, and that the triggers
are set at clock time and latches at not<lock time. The
FLTs generally test a data path from one trigger, through
an associated latch, and into another trigger. From here, it
is xunma out to “T" and checked. Only two clock pulses
i rquied to peomy i uncio, One ule b eeded
toset it into the first rigger and address some ROS w
bring up appropriate gates to pu  the i 1o he et
rigger. The not-clock pulse passes the data from the first
trigger 1o ts latch. The second clock pulse sets the data into
the trigger 10 be tested.

When synced on ROS address 150 and displaying three
clock pulses, the frst pulse seen on the scope is actually the
one at address 150 and scanin s just being completed. The
‘micro-orders to scan into § & T are in CAS block 150, but
these triggers are not actually set until the next clock pulse;
. the second clock pulse seen. This second clock pulse is
the one of interest. It s at this time that the fist trigger in

e s et o 1101 (e can o ST)
unless it has been previously scanned

Nwﬂunnllbmqhwixanbedm—d Itis
the last shown on LADS page A6503, time D. When
SCOPEX states a line should be up during D, it must be
up shortly into the second clock pulse and remain up
until almost the same time in the third clock pulse. It

may have been up solid at the start of the second clock
pulse if it was scanned into previously, but it must remain
up at least during the second clock and not-clock pulses
to transfer the data to the latch.

The second time is C. This is the time the data i passing
through the latch. The data must be up at least by the
second not-clock pulse and extend through the third clock
pul.‘e toallow it to gate into the next trigger.

e is A. This means that the line should
up sometime during the third clock pulse and remain
up. Itis from here that the data will be scanned out.

The fourth time is B. This is usually a gating line and
may have a clock pulse associated with it, but it must be up
during the third clock pulse. It s the gate which transfers
the latch data into the trigger.

Note that when working with certain tests there will be
only two clock pulses showing. When this is true, times A
and B pertain 0 the third pulse shown, time C (o the first
not-clock pulse, and time D to the first clock pulse. The CE
should follow the SCOPEX with the ALDs open, whenever
possible, 5o he may more intelligently decide what is
correct.

Figure 48, A, is a pictorial summary similar to that
shown on LADS page AGS03. It illustrates a typical FLT
that will test the ability of the machine o transfer bit 63 of
A, through the parallel adder, into position 63 of T. To do
this, bit 63 of B wil be set on during the scanvin operation.
When scan-in has been completed, the CPU clock will be
permitted to run for two cycles.

During the first clock cycle (Figure 48, B), IJn kos
word contains micro-orders necessary to gat
through the adder and into position 63 of T, wi
be decoded and executed. The second clock cyt:ln fanceded
10 accomplish ingating to T.

During the second clock cycle, the ROS sense latches are
held reset, thereby preventing decode of the second ROS
word. This prevents destroying the data set up in the
previous cycle.

3

45 DIAGNOSTICS
CE di the
System Maintenance Tape. For the most thorough testing,
the diagnostics should be run under high, low, and no bias
(tefer to Chapter S, heading 5.2, for marginal checking
procedure).

To run the CE diagnostics it is necessary to have
configured a “maintenance subsystem™ consisting of the
following minimum number of clements: the CE to be
tested, an 10CE, an SE, a TCU, and a tape drive. The
subsystem may be configured by the operating ATC system
or, if the elements are in state zero, it may be configured
‘manually. Refer to heading 4.5.1 for manual configuration
procedure.
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With a maintenance subsystem configured and the

system maintenance tape mounted on one of the subsystem

tape drives, a subsystem IPL of the diagnostic programs

may be executed from the CE as follows:

1. Turn the TEST switch off.

2. Be certain that the SYSTEM INTERLOCK key
off position (counterclockwise).

3.5t the MAIN STORAGE SELECT switch to the
‘number of the maintenance subsystem SE.

4.Set the LOAD UNIT switches 10 the address of the

tem maintenance tape driy
5. Depress LOAD.

the

IPL loads Go/No-Go which runs and subsequently calls
in the Basic Storage Tm ey i fra calls in Hardcore.
Hardcore automatically loads the Subsystem Diagnostic
Monitor (SDM). o ‘e« into @ walt state o permit entry
of input messages in which the operator specifies diagnosti
program sections to be run. SDM is intended 10 be the
primary monitor for running CE sections but will not

or

Mproceing Diagnostic Monitor (MDM) will accom-
se. DM cin beouded by SDM if it is specified
byan epemonlnpul ssage.

For runhe- information. regading GofNoGo,
Storage Test, Hardcore, SDM, and MDM D/E .em 0 =
Mannance Monior Manual (N 5444417). In
detailed operating requirements for diagnostc sections are
given in each diagnostic section description.

45.1 Manual Configuration of

Maintenance Subsystem

Manual configuration of a maintenance subsystem requires
that the subsystem elements be in state zero. Further,
consideration must be given to the I0CE to TCU channel
connections 50 that the TCU chosen will be one which can
actually communicate with the I0CE. Headings 4.5.1.1
through 4.5.14 provide procedures for manually con-
figuring each of the elements in a minimum subsystem;
namely, CE, I0CE, SE, and TCU.

45.1.1 Manual Configuration of CE.

The following procedure outlines the actions that must be
taken at the CE control panel during the manual configura-
tion of a maintenance subsystem.
1. Sett
3. Place TEST switch in TEST
b. Place REGISTER SELECT mury switch in CCR
position.

. Depress RESET (Force CE into the Stop Loop).

d. DATA switches (32-63): set switches on for this
CE's SCON and communications bits and the main-
tenance subsystem SE and I0CE communications bits
(the format is indicated beneath the switches).

Set roller o position 5 (CCR).

Depress REGISTER SET pushbutton and observe
that the bits in the data switches are set into the
CCR

2. Set ATRs | and 2:
4. Place REGISTER SELECT rotary switch in the ATR

position.

b. DATA switches (0-3): set the identifier of the
subsystem SE into the data switches.

. Set roller 2 to position | (ATR).

d. Depress REGISTER SET pushbutton and observe
that the subsystem SE identifier is transferred into
ATRslot 1.

3. Set PSBAR:

. Tice REGISTER SELECT rouy awich in ihe
PSBAR positio
DATA :w:lchn (‘I—SI) set these data switches to

¢ Sarollr Sto position 1 (PSBAR).

d. Depress REGISTER SET pushbutton and observe
that logical PSBAR is set to zeros and physical
PSBAR is st to the SE identifir from ATR slot 1.

4. Set TEST switch to normal pos

45.1.2 Manual Configuration of IOCE

The following procedure outlnes the actions that must be
taken at the 10CE control panel during the manual
configuration of & maintenance subsystem for testing of a
CE. The following steps permit the manual setting of the
JocE ck:

Place TEST switch in TEST posit

Z Place REGISTER SELECT swl!dx m CCR position.

3. DATA switches (0-31): set the controlling CE's SCON
and communications bits and the subsystem SE com-
‘munications bits into the data switches (the format is
indicated beneath the data switches).

. Set roller 3 to position 7 (CCR).

. Depress REGISTER SET pushbutton and observe that
the bits in the data switches are transferred to the CCR.

6. Set the TEST switch to normal position.

s

4513 Manual Configuration of SE
The following procedure outlines the actions that must be

taken at the SE during the manual configuration of a
‘maintenance subsystem for testing the CE.

720102 FEMM  (7/70) 419



1. Set the CCRbyte 1:
a. Place nssr swncn i the TEST position.
b. Depress R
e nm lNHIBIT 'CHECK STOP switch in OFF p

456t MARK. SWITCH 4 1o st first CCR byte
(disregard Mark Parity).

€. Set DATA SWITCHES (o the desired bit pattern for
the byte to be set. Use the format of the CCR
indicators. The bit patterns should include the com-
munications bits for the subsystem CE and 10CE
(byte 1) and the CE's SCON bit (byte 2).

. Depress SET CONFIG and observe that the data bits
are transferred o the CCR

8. Depress STOP.

2. Set the CCR byte 2
a. Repeat steps d—g using MARK SWITCH 7 in step d.

Note: Do not depress RESET.

b. Set TEST switch to normal position.

45.14 Manual Configuration of TCU

The following procedure outlines the actions that must be
taken at the TCU during the manual configuration of
maintenance subsystem for testi The procedure
‘permits the ither interface to

. Plug OB hex (Release command) in COMMAND 1 and
plug STOP for COMMAND
. Depress MACH RESET.
Depress START and observe that the interface is
released (X OP INTERFACE or Y OP INTERFACE
lamp goes off).
8. Plug the following jacks:
INTF B (if primary interface is to be configured)
INTF A (if secondary interface s to be con-
figured)
COMMAND 1 - 03 hex (Set Configuration com-
‘mand) + STOP.
WR DATA | - Desired configuratior
Bits 0~3 correspond to CE 1-4 SCON bits;
bits 57 correspond to I0CE 1-3 communi-
cations bits (observe odd parity for CE group
of bits and I0CE group of bits scparately: bit
4is the parity bit for the IOCE group).

S

Note: Be certain ALL ONES is not plugged.
9. Depress START and observe that configuration is set

10. Remove all pins in “red area” (inclu

'8 OFF LINE).

4.6 TIMING CHECKS

TOCE and incudes steps to perform a Release command
from the unused interface if it has been reserved by a
previous operation. To set the TCU CCR, perform the
following steps at the TCU maintenance panel:
1. Plug the following jacks:
LIN

TCU ADDRESS (plug a valid address observing
odd parity)
TU ADDRESS (plug a valid address observing odd.
parity)
2. Determine whether primary or secondary interface is
to be configured (depends on 10CE to TCU channel
cabling).

Note: Primary = INTF B
Secondary = INTF A

op
op

. If X or Y OP INTERFACE lamp is on for the channel
to be configured (or if neither is on), perform
configuration (steps 8-10); otherwise, it is necessary.
to perform a release on the opposite interface (steps.

4-7).
Plug: INTF A if X OP INTERFACE lamp is on; INTF
Bif Y OP INTERFACE lamp is on.

»

420 ano

The timing checks for the CE delay lines and
ingleshots are found on LADS pages A8001, AB002. ROS
ing procedure is on LADS page M8004.

4.7 LAMP TESTS

All lamps on the CE control panel, associated with a
particular roller switch, light when the roller switch is
between detents. All lamps on the CE control panel not
associated with the roller switches or power light when
LAMP TEST ALLOW IND pushbutton is depressed.

48 SIGNALTO FRAME GROUND
SHORTS; SERVICE CHECK

To make the CE less susceptible to transient voltage
problems, there should be a single frame ground connection
for each CE. That is, ll dc returns in the CEs are brought
t0a common DC return bus which is located in the power
wall. It is from this bus that a DC return to machine frame
ground is made. The system should be checked for

dditional

frame grounds cause unexplained errors; for example, ROS
parity checks or storage checks.



SECTION 2. ADJUSTMENTS

49 ROS OPTIMIZATION

The ROS timing and bias are optimized by a procedure
called “shmooing”. A ROS shmoo is a two-dimensional plot
(bias vs time) of the failure points of ROS. The shmoo
identifies the optimum operating point of both the bias
voltage and the time of the leading cdge of the strobe
signal.

49.1 Adjustment Procedure

The adjustments and shmooing procedures are found on
LADS paes ABOOH sl ABO8S. Figure 49 shows the

pes for a typical | -nn 0 bit. Basically, the
mmmm. procedures is s follows

point should be on an incremental value as close as

possible 1o the indicated point. It may be to the left or

sight of center.
6. With ROS set at optimum strobe timing, ROS marginal
panel control is to be varied £20% of its optimum value
(all other logic voltages are left at nominal); the ROS,
being again exercised in all addresses, will run error-free
during this ROS marginal panel control variation.
If step 6 is successfully completed, return ROS marginal
panel control 1o its optimum value. The optimized
values of strobe timing and ROS marginal panel control
are the new nominal operational settings for the ROS. If
step 6 cannot be successfully completed, the optimiza-
tion procedure must be repeated.

492 Debugging Procedure

1. Adjust timing in accordance ith p
1 through VIl on LADS page AB004. Prepare a plﬂl o
the bias vs time failure points while running diagnostic
program number D13CD.

Vary the strobe position about its initial time value in
Sas increments while the ROS is being exercised. At
cach time setting, vary the ROS marginal panel control
from 7V to 20V, recording both the upper and the
lower Vyq (18 variable supply) values at which ROS
exrors occur. At each failure point, also record the failing
ROS address and bit. This data should be plotted on a
graph (shmoo). A typical shmoo i illustrated in Figure
410

3.The optimum value of strobe timing and Vyy is
determined by a rectangle of arca 6V by 15 ns
within the area defined by the failure points of the
shmoo. The rectangle should be vertically centered
within the shmoo while maintaining the rectangle area
errorfree. 1t may be to the left or right of center,

depending on the available delay taps. See Figures 4-11

and 4-12.

If the rectangle cannot be placed within an error-free

area as defined above, the ROS must be debugged. This

will require bit and sense plane cleaning. Heading 4.9.2

defines the prescribed debugging procedure.

. When the machine has been debugged satisfactorily to
allow successful completion of steps 2 and 3, the
optimum strobe timing and ROS marginal panel control
setting will be the center point of the rect is
point does not lie on a value of strobe timing atainable
with the -5-ns increments of the delay lne, the operating

=

-

“This procedure shall be followed if the conditions of steps 2

and 3 of heading 4.9.1 cannot be successfully met:

1. The shmoo shown in Figure 4-10 is a typical example of
an area defined by failure points. Note that the recorded
bits and addresses in error tend to be repetitive within
the segments on either side of the peak of the shmoo. If
only one or two bits are repeatedly causing failures
throughout the shmoo, an attempt may be made to

prove the shmoo by replacing or exchanging sense
amplifier cards. If three or more bits appear 1o be
causing failures, or if replacing the cards (for one or two
bits) does not sufficiently improve the shmoo, scope the
bits to verify which, if any, is weak (see Figure 4-13).
Repeatedly failing planes should be cleaned first.

2 Rikin (e RS plasa il oy 1 s e
points and clean thoroughly according t0 4.13.
and 4.13.3. When the cleaned planes have been npllc:d
reevaluate the shmoo according to steps 2 and 3 of
49.1. If these steps are successful, continue with the

imi cedure.

initial cleaning is
not sufficient to meet the conditions of steps 2 and 3 of
49.1, repeat step 2 above.

L If, after the second cleaning, steps 2 and 3 of 49.1
cannot be successfully completed, again verify seating of
the amplifier. If all cards prove to be properly seated,
and_optimization still is not possible, replace the
amplifies card(s) in the position(s) of the predominant
failing bit(s), and repeat the entire optimization pro-
cedure.

»

720102 FEMM (170) 421



19 BASIC CLOCK TIMING 4.1 1052 SINGLESHOT ADJUSTMENTS

isfer to LADS pages A8001 and A8002 for CE clock
iming procedure and to LADS page AB006 for storage  Refer to ALD ZPO90 for 1052 singleshot adjustments.
sontrol clock timing procedure. Measure all time durations at the 1.5V level.
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SECTION 3. REMOVALS

Observe the following general hints on removal and

replacement n(.mm lies:

Turn off pos

Use the lighl ool for the job.

. Get help if the assembly is heavy.

. Pay attention to the order of parts (spacers, washers,
etc.) so that installation will be correct.

. Tag wires as they are removed. Do not trust your
memory.

4.12 BOARD REPAIR AND REPLACEMENT

‘The procedure for repaiting and replacing boards is detailed
in SLT Packaging FETOM.

413 ROS BIT PLANES

The following_paragraphs discuss removal, cleaning, and
installation of ROS bt planes.

4.13.1 Removal

‘The following procedure for removal of the ROS bit planes

must be carefully followed:

1. Release pressure on the six pressure plates by loosening
the 12 torque screws in the spider (Figure 4-14). Use
standard bristol wrench of torque wrench (PN 461450).
Do not remove torque screws; just relieve pressure. Do
not loosen retaining screws.

2. Release pressure on upper and lower drive connectors by
loosening pressure hex screws (four per connector). Do
not remove pressure hex screws; just relieve pressure.

3. Remove the two retaining screws on both upper and
Tower drive connectors.

4. Remove the four corner hex screws on the spider.

5. Remove the two knurled nuts on the spider. They may
be removed by hand.

. Remove spider from two center studs. The six pressure
plates are held to spider by the 12 retaining screws.

7. Remove rubber pressure pad from the two center studs.

8. Wearing lint-free gloves (PN 461421), carefully remove
bit plane from alignment pins and center studs by
holding at center of each horizontal edge. Plane must be
held and gently lfted without being allowed to bow or
touch anything.

426 (1110)

CAUTION
The bit plane must not be creased, folded, scratched,
allowed to come in contact with oil (including skin oils),
or subjected to dust. The same is true of the sense lines.

432 Cleaning

The following procedure for cleaning the ROS bit planes
must be carefully followed just prior to installation of these
bit planes:

1. Wearing lint-free gloves (PN 461421), prepare a large flat
surface, at least as large s bit plane, by washing it with
lintfree cloth (PN 461622) thoroughly saturated with
cl:anel solution (PN 450608). Freon* should not be

sed.

2. o sense plane and upper and lower connector tabs
by washing them with lint-free cloth thoroughly satu-
rated with cleaner solution.

3. Place bit plane on prepared surface, Mylar* side up.

4. Fold new lintfree cloth into pad about 3 or 4 inches
square and saturate it with cleaner solution.

5. Rub the bit plane with pad over entire surface, starting
at one end and rubbing back and forth over entire
length. If pad begins to dry, reapply cleaner solution.

CAUTION
Under no circumstances should the cleaner sol
applied directly to the bit plane or sense plane

n be

6. Immediately after drying, instal bit plane.

4133 Installation

The following procedure for the installation of clean ROS

bit planes must be carefully followed:
1. Tum the 12 retaining screws on spider CCW until the
six pressure plates are loose and nn against spider. Do
not back screws out past this poi

. Clean both bit and sense plln:s e descrbed n 132

CAUTION
Under o circumstances should cleaning solution be
applied directly to the bit plane or sense plane.




Pressure Hex Screw  Knurled Nut  Upper Drive
(one of four) (one of two)  Connector

Uil 'RWW///ZWWZM_/%/}M 2
) ) 25 ) oL ot

Retaining Screw
(one of two)

Corner Hex Screw
(one of four)

Retoining Screws Torque Screws
(six of twelve) (six of twelve)

Do Not Touch! (Numbers refer fo
Torque Sequence)

Pressure Plate

(one of six)
Retaining Screw.
(one of two)
Pressure Hex Screw  Spider Lower Drive
(one of four) Connector
Figure 4-14. ROS Pressre Spider and Torque Sequence
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3. Immediately place bit plane over the two center studs,
Mylar side against sense plane, with aligament hole up
and slot down. Gently press copper land around upper
alignment hole flat against sense plane and then do
same for lower slot. (Upper hole provides both
horizontal and vertical alignment; lower slot provides

only horizontal alignment.) Bit plane must be flat
against sense plane. Check registration at top and
bottom of bit planc. Drive line flag must completely
cover sense line at both top and bottom of bit plane.
(Use sense line for bit O upper and bit 90 upper for this
check.) If the registration is not correct, push the bit
plane up as far as possible. Ifthe registration cannot be
corrected, replace the bit plane and check registration
again. IF it s still incorrect, contact the plant through
your area office.

. Install both upper and lower drive connector pressure
bars with the two retaining screws on each. Do not
tighten pressure hex screws. Recheck that bit plane is
flat against sense plane and that registration s correct.

IS

Note: Clean the rubber surface of the pressure bars
before instalation.

. Install rubber pressure pad over the two center studs.
While holding rubber pressure pad in position, place
spider and pressure plate assembly over the two center
studs.

. With slight upward pressure on spider, align it with
comer hex screw holes. Install the four corner hex
s, bt d it rrighan ot bty
are bottomed anc

. nstall he o ke uts,but tghten them no more

than fingertight.

P

®

428 (110)

. Remove the two retai

=

&

CAUTION
The two knurled nuts must be installed before
torqueing and must not be more than ingertight o the
spider may fracture as it is loaded.

. Using torque wrench (PN 461450), tighten the 12

torque screws to 2vinch pounds n the sequence shown
in Figure 4-14

. In the same sequence, tighten torque screws 1-8, 11,

and 12 to 4-1/2 inch-pounds and tighten torque screws
9and 10 to 3-1/2 inch-pounds.

- In the same sequence, check that torque on torque

screws 1-8, 11, and 12 is within 4 to  inch-pounds
and that torque on 9 and 10 s within 3 to 4
inch-pounds. If any torque screw is not in required
range, retorque in same sequence, and recheck

ing screws on both upper and
lower drive connector pressure bars.

. Check horizontal alignment of bit plane drive line

connector tabs with tabs on terminating resistor card at
top of plane and tabs of drive card at bottom of plane.
Both cards may be shifted horizontally for alignment
with. bitplane tabs by loosening the two hold-down
screws i each.

Check vertical position of drive connector board. Drive
tabs on board must be visible below bit plane. If tabs
are completely covered by bit plane, drive board
should be moved down as far as possible. If this
adjustment cannot meet position requirements, board
should be replaced. A temporary repair can be made by
placing tape over diagonal land patterns on drive board.

. Install both upper and lower drive connector pressure

‘bars with the two retaining screws on cach.

Tighten the four pressure hex screws on each pressure
bar until they are bottomed and snug. Do not
overtighten.



SECTION 4. SERVICE AIDS

This section com s a collection of miscellareous service
aids which may point out a troubleshooting approach 1o a
paricalr probim when FLT: and diagnostics have not
isolated the trouble. To help maintenance personnel work
more cffectively, some common troubleshooting pitfalls are
called out here, together with positive suggestions for
avoiding them:

1. Make full use of console indicators. Much time can be
lost by scoping points which are already indicated on
the console. Lamp test should be used often to avoid
being misled by burned out indicator lamps.

2 Determine ey whether the troube is broxd o«

50 that as much circuitry as possible can be

% ln!\nd of proceeding block by block, choose scoping
points 5o that the suspected circuitry is cut in half.

4. Keep the approach to a trouble as simple as possible by
seeking the simplest operation that will fail. Do not
ey in long innction loops by hand f suchloos e
avail the diagnosti

5. When no progress is being made, recheck the most
basic assumptions. For example, the original sympiom
‘may no longer be present or it may have been a result
of an error in ﬂpﬂ'llul[ procedure. Some common
operator ertors are given here

a.  RATE switch not in PROCESS

b, Incorrect parity in generaly pulm or foating-

point registers.

‘Wait bit on in current PSW.

Program interrupt with no program new PSW

stored. The IC contains 8 or A since the blank new

PSW itself causes a program interrupt when no
lid instructions are at location zero in storage.

Program interrupt commonly caused by specifica-

tion error in instruction or by incorrect protect

key in current PSW while executing store-type

fficult to isolate, consider the more
possibilities. More than one trouble may be
pmenl or, less likely, more than one failing com-

10. To loop a program, use ADDRESS COMPARE, LOOP
(heading 2.1.6, item 7) instead of modifying the
program.

4.14 STOP-LOOP FAILURES

Failures which occur during the stop loop may be isolated
while_ope ine. speed, using the following

1. Set ROS ADDRESS switch to STOP position.

2. Set ROS ADR COMPARE switches to address of first
block of stop loop. (Refer to QY041.)

. Depress SYSTEM RESET. PROSARA or PROSARB
(depending on the PREV ADR A indicator) contains
address stopped on. Address of next block to be
executed is in ROSAR and must agee with next address
shown in CLD.

- 1f o error oceurs, repeat steps 2 and 3 using sequential
ROS addresses in stop loop until an error or wrong
branch oceurs.

IS

4.5 CE CHECKS; DETERMINING FAILING
YCLE

When a CE check occurs while operating in Check Stop
mode, the CE clock stops after exccution of the ROS cycle
in which the error trigger is set. The cycle in error is
indicated differently for ROS parity checks and adder
checks. For example, if the previous ROS address is in
PROSARA (per the PREV ADR A trigger), the address of
the failing ROS cycle in PROSARB for an adder check. Use
Figure 4-15 to determine the ROS address corresponding to
the cyele in which the failure occurred.

4.16 CE TROUBL FLOWCHARTS

7. Severa seemingy unrelated symptoms can reul from
4 loose card or a loose flat cable connector.

8. An intermittent problem may be caused more fre-
quently with voltage bias or frequency alteration.

9. If program looping is difficult because of a result from
a failure, ground an appropriate pin to climinate

result.

Refer to the following flowcharts for  troubleshooting
mrc el the CE:

E-Register Parity Checks

r\;m o Multiplier Decode Parity Checks

Figure 4-18 Serial Adder Full-Sum Checks

Figure 4-19. Parallel Adder Half.Sum Checks
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Duplicote faling
insrction n dota

Figure 416, E-Register Pasity Check Troubleshooting.
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Figure 4-17. MPLR Decode Parity Check Troubleshoo!
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4.17 REPETITION OF SELECTED ROS WORD

When the CE is not in the stop loop, the ROS TRANSFER

pushbutton is not operative. It is often useful to repeat a

ROS word when not in the stop loop; eg., after having

single-cycled up to a specific ROS address. This would

normally be done when the results from the ROS word to

be repeated are dependent upon the iunsnnm of previous

ROS words. The following procedure may be u

1. Set up address of desired ROS word in KDS ADDRESS
COMPARE switches.

2. Place ROS ADDRESS switch in RPT position.

3. Place RATE switch in PROCESS.

4. Depress START. Desired ROS word is now being
repeated.

4.18 CLEARING WAIT BIT

Three methods of clearing the wait bit i the current PSW

are given here:

1. Store all zeroes in storage location zero and depress PSW
RESTART.

2 M v B o ROS address 9B4 (PSW bit 0 to

39).
3.The following method clears the wait bit without
exccuting any instructions:
4. Depress STOP.
b. Place RATE switch in INSTRUCTION STEP.
c. Ensure that bit 14 of word at storage location zero is
azero.
. Depress PSW m—xmu'
Depress SYSTEM
Place RATE switch in I’ROCESS

moa

4.19 DETERMINING TRIGGER BEING
TESTED BY FLT

b Tl el il g st

BUFFER 1 indicat
O =buter 100
Off = buffer at 200

Observe MASK and MCW (108 or 208):

. MASK indicates which bit in scanned out word is
being tested.

b. MSW (21-25) indicates which word will scan out to
T. (The field is treated as a five-bit binary counter;
eg, 10011 = word 19) Refer to LADS pages
A6521-A6561 to determine which triggers will scan

. MCW(4), the LETHF trigger, determines which word
of doubleword will scan out to T:
On =i

Off = bits 32-63

d. MCW(7), ERSLT trigger, determines whether scanned

out trigger should be on or off.
3. The test may be restarted, after examining buffers, as

follows:

a. TEST MODE switch to FLT and REPEAT.

b. Set up ROS address AD2 in ROS ADDRESS COM-
PARE switches.

c. Depress ROS TRANSFER.

420 REPETITIVE CONSOLE PUSHBUTTON
OPERATION

‘The operation of some console pushbuttons can be made
repetitive by installing a jumper from 02C-B4L2DO04 (logic
page DSI22) to ground and holding the pushbutton
depressed. pushbuttons are _affected:
srmu: DISPLAY, SET IC, START, and ROS TRANS-

A 16-ms pulsed operation can be obtained from these
pushbuttons by adding a jumper from 02A-C2D6DO4 (logic:
page ID6OI) to 02E-E2F7D04 (logic page KWOI1) and
holding the pushbutton depressed.

421 1/0 SCOPING LOOP

The fournstruction loop shown in Figure 420 can b
keyed into storage and is helpful in troubleshooting 1/0
problems. It provides a repetitive SI

1f more than one operation i desired, specify chaining in
the CCWs. If the problem is  control unit hang condition,
it is helpful t0 store the address of the first instruction at
location zero and use PSW RESTART or PULSE MODE. In
the example shown, this address is hex 200.

422 SERVICE TECHNIQUES USING
OSCILLOSCOPE.

The Tektronix* 453 oscilloscope can be used in combina-
tion with the CE latch card (PN S801358) as an input to
SLT logic. This s done by using the +GATE outputs from
the scope as inputs o the high impedance legs of the latch
card. There are two +GATE outputs, one for each trace (A
and B). These gates are active during their associated sweep
and produce 0 to 12V signals. The ~Sync output of the CE
latch card can be dotted with any normal SLT logic circuit
(except long line emitter followers), permitting the 453
gate outputs to control SLT logic.

Two typical examples n! the use of this technique
follow:

“Trademark of TokironTy, Tcomorated.
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Example 1. To impulse an SLT line with a pulse of

‘ontrolled frequency and duration. This can be used for
simulating pushbuttons and resets, stepping counters, and
triggering singleshots.

1. Wire output of +B gate to +high impedance input.

2. Ground reset line of CE latch card.

3. Wire ~Sync output of latch card to SLT line to be
activated. Use as short a wire as possible for this
connection.

. Allow scope 10 auto-

. Place scope in A Intensi

P

d By B mode.

The frequency of the pulse will be determined by the
Asweep speed. The duration will be determined by
Bsweep speed.

Example 2. An output of a ROS field decode is found to be

Tntermittently coming up when it logically should not.
. the same decode line occurs legitimately three

other times while cycli ing loop. The problem is to

find which ROS address is producing the extra decode.

1. Allow original sync to continue (0 trigger Asweep.

2. Place scope in A Intensified By B mode.

3. Position bright spot on scope so it overlaps only the

extra decode.
. Wire output of B gate to +high impedance input of CE
latch card.

. Wire decode line in question to another leg of AND
circut.

Wire ~Sync output to some point that will freeze the

machine. The machine will stop when the extra decode

occurs, and the ROS address backup register will

indicate the ROS word that developed the extra decode.

Another service technique is to use the Add Algebraic
feature as an AND function for internal sync.

S

423 MICROPROGRAM DIAGNOSTIC

The microprogram diagnostic may be used to locate a
fuilure of CE registers or data flow paths. To start the
program, ROS transfer to address FAA (CE must be in state
0 or 1 and in manual mode to ROS transfer). The program
will 100p on itself, alternately using an all 0's and an all I’s
et 8 transfer from one register o another. Set

DRESS key 29 on to cause the program to load data
rmm DATA keys (0-63) instead of using all 0's, all 1's
patterns.

Set CHECK CONTROL switch to STOP position to stop
on an error (dctive only in state 0). Failures show up as
adder checks, local store bus checks, SDBI , E-
register parity errors, ROS parity errors, or multiply decode
parity errors. The following registers and functions are

tested: S, T, A, B, Loaal Store, K, D, IC, F, G, Select,
External, DAR Mask, M, N, Q, R, E, and multiple decode.

" errors occur in Q, R, N, or E registers due to
residual bad parity in Q or LM, set ADDRESS key 30 on to
cause the program to load good parity. The CE must have
an SE configured 1o use this option. Refer to CLD AAQOI..

424 ANALYZING IMPRECISE INTERRUPTS

An imprecise interrupt can be defined as one which does
not provide all the information pertinent to the interrupt.
“This is normal ‘under certain conditions. However, when
imprecise program interrupts occur, it is sometimes difficult
to find the instruction which caused the interrupt. The
following is an example. Given the following coding in
which a store into a protected area is followed by an
unconditional branch:

Location Coding
100 s11,20002)
104 BCF,300

The program old PSW will contain:

Systom mask
Key Greater than zero
AMwP NA
Interruption codo 0004
e 00

NA
Prog Mask NA
Instruction address 200

In this example, the instruction length code (ILC) is
‘unknown, and the instruction address s not pointing to the
instruction following the one which caused the interrupt.
There is no way 10 trace the source of the problem from
this information.

‘The following service technique may be used: float pin
02ECIF4DO4 (logic page KM831). This will cause a
storage address protect (SAP) delay (ROS address 02E)
every time a store is executed.

CAUTION
Do not leave this condition on the CE as it will cause
jobs to run slower than normal.
425 ALD AND CLD INDEX
LADS page A6011 is an index reference for ALDs, and
LADS page AG021 is an index reference for CLD:.
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CHAPTER 5. POWER

This Chapter is divided into two sections: Section 1 sense and switching circuits, bootstrap power supply, and
describes the maintenance procedures for the CE prime battery pack.

power; ., power supplies, regulators, conveNter/inverter. ~ Note: For a detailed theory discussion of CE power, refer
Section 2 describes the maintenance procedures for the CE

to Chapter 2 of 9020 D/E Power Controls and Distribution
battery backup power; ie., battery charge circuts, line  Manual.
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SECTION 1. CE PRIME POWER

Before making changes, resistance measurements, or re-
placements, be sure all power is off and all capacitors are
fully discharged; do not m!y on bleeder resistors. Never
work alone. If in doubt: Don

Figure 51 shows the ac puwer distribution for the CE.
Note that normal power-off does not turn off the 28V
the 24V de sequencing and EPO power, the 25V dc bias
power; or the 115V ac to the convenience outlets. Set CBI
off (primary input) or turn off the primary wall power
switch to remove these voltages.

5.1 VISUAL INSPECTION AND CLEANING

DANGER
Before the CE primary power system is inspected or
cleand, the CE shoud b powexed down and CBI
tripped. Lethal potentials exist within the unit whenever
power is on.

The CE power system is inspected for:

Loose or damaged wiring.

. Burned or pitted contacts on relays and contactors.

. Loose or maladjusted cams on the MC assemblics.

. Dust accumulation. (Dust should be removed with a
vacuum cleaner.)

5.2 MARGINAL CHECKING

‘The marginal checks are performed by running the FLTs
and diagnostic programs with all 6V marginable power
supplis in the CE varied by 5.5V and 6.5V and with ROS
voltage varied to 80% of nominal. The procedure is as
follows

ith the CE in state 0 and the TEST switch in TEST
position, and configured to a subsystem, load applicable
FLT/ROS or diagnostic program.

. Select a gate (GT) or select ROS with the MARGIN/
METER SEL rotary switch.

. Vary the selected voltage with RAISE-LOWER potentio-
meter to limits stated above.

. If FLT/ROS or diagnostic program does not reveal a
malfunctions while operating under marginal voltages,

return the power supply voltages to normal. Rotate

FREQUENCY ALTERATION switch to ENABLE posi-

tion and rerun the tests.

52 ano

5.3 VOLTAGE CHECKS AND ADJUSTMENTS

With the CE in state 0 and the TEST switch in TEST
position, measure the dc voltages at the locations specified
in Table 5-1(a and b). Use 0.5% precision meter. (The
voltage readings at the power supply regulators will be
higher than at the gates.) If any voltage is out of tolerance,
readjust as described in 5.3.1 through 5.33. (These
adjustments are applicable to all power supplies except
ROS For adjustment on the ROS supply, refer to heading

Aﬂu all voltages have been adjusted, the system control

panel voltmeter may be calibrated. Measure all marginal

power supply voltages with the system control panel

voltmeter, and record in Figure C-1 of Appendix C. This

information is for future reference in interpreting the

system control panel voltmeter readings and should be kept
ith the CE.

5.3.1 Regulator Output Adjustment

Set the dc voltages by adjusting the potentiometer on the
Amplifier Assembly card or on the associated panel control
of the marginable regulators. All regulators with a singl
logic pin location listed in Table 5-1 are measured at that
location. Al regulators with more than one logic p
location listed in Table S-1 are measured and adjusted
accroding to the following formula:

H-
s= -2——)4N

where: N = listed nominal voltage
ighest esired o

lowest measured volta

vlage 10 be st 3 the lgi pin with the

highest measured voltage

‘The adjustment procedure for regulators with multiple
pm locations may be implemented (in Table 5-1) as
foll

1 Measur voltgeat cach logepi os

2. Subtract owest volage seading (L) from highest ().

3. Divide result of step 2 by 2.

4. Add result of step 3 o nominal voltage listed (N).

5. Measure voltage at logic pin with highest voltage reading
().
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able §1a). DC Distribution, POU 1

Gminar Bus
Nominal Logie Voltage Measurement

Regulator Output Page Gate Vaitage Retorn Location

st +6vasamp | vaos /D upper 1” " 02c€267811

Eupper 6 5 02E-A1G1€09
2 +3vaoame | vaosz Blower B 7 028.0362003
3 +3vaoamo | vaost Elower 8 7 02€.0362003
=l - avaoame | vaos2 €/ upper 10 9 020£2G7806

/D tower 10 s 02.0362806
pss +3vaoemp | vaos2 Eupper B 7 0268262003
pss. +avaoemp | vaoe2 I upper 4 3 020£267003

/D lower 8 7 02:0362003
ps7 +6vaoamy | A0S E upper 2 " 02€.02G6811

E lower 2 " 026-84G6B11 "+
psg® +6vaoamp | vaOB2 /D tower 1”2 " 0260362811+
psot vasv 20mp | vall o1c8B9A 1 Copacitor | 01C BB OA

c2A
ps10 - avaoamp | vaor2 Aupper 10 9 02A.C1G2806

Alower 10 9 AD3G2606

Bupper 10 9 0288162606

E upper 10 9 02€-81G2808.

E lower 10 9 020362606
psie 18viteme [ yaom /D upper s 5 Gate C/0 upper -
ps12 +avaoeme | vaon2 Alower 12 n 02A-C4G8003
Ps13 +3veoemp | yaom Bupper 8 7 0288162003
Ps14 +3vaoeme | vaor2 Aupper 2 " 024162003
Ps1se +6vaoeme | vaom Bupper 12 n 028162811

Blower 2 " 028.84G6811
Psi6r +6vaoame | vaon2 Aupper 8 7 02AC1G2811°*

Alower 8 7 02A.CAGEBT1
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Table 5-1{b). DC Distrbution, POU 2

Lominar Bus
Nominal Logie i

Roguiator Output Page Gate Voltage Location
Ps1 1340 amp. Ya301 Alower 6 5 0248362003
Bupper 6 5 028.0162003

Blower 6 s 026.04G2003

ps2 -3400mp va30! Blower 0 ] 028.0462806
K 10 9 02K-€262806

L 10 9 021.c262806

ps3 1340 amp vA30! L 8 7 0210262003
pst +340 amp YA K 12 n 02K-C262003
pss* 640 amp YA0! K upper 8 7 02K-C262811
Lupper 2 " 021-C262811

* Marginable regt
U ol vnl(.qﬂmm measurement.
199 may not be insaled.
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6. Adjust potentiometer on Amplifier Assembly card (of
nonmarginable regulators) or on associated panel control
(of marginable regulators) for voltage reading (step 5)
equal to result of step 4 (5).

. Perform adjustments 5.3.2 through 5.3.4 for all margin-
able regulators that require adjustment. It is advised that
all steps be performed for one regulator before pro-
ceeding o the next regulator 1o avoid changing meter
leads.

532 Regulator Overvoltage Trip Adjustment

2. Loosen setscrew of margin control locate collar.

3. Rotate panel control potentiometer until a 46V reading
or the nominal reading for ROS is obtained. (1
nominal reading is determined by procedure in 4.9 and is
recorded on chart of Figure C-1.)

4. Rotate margin control locate collar until MARGIN
ACTIVE indicator goes out. (The follower falls into the
notch on the collar and the switch opens) Tighten
setscrew on collar,

5.4 TROUBL

Overvoltage sensing internal to each regulator is executed
by the Overvoltage/Overcurrent card.

marginal power supplies have an adjustable
assembly to permit an accurate overvoltage trip point.

Adjust as follows:

1. Loosen setscrew of clockwise limit collar on associated
potentiometer (Figure 52, A).

2. Using voltmeter (0.5% or better), measure voltage at
‘appropriate logic pin as listed in Figure 52, B.

3. Rotate panel control shaft until voltage listed in Figure
52, B, under “ax" s obtained.

4. Using a small screwdriver, very slowly decrease potentio-
meter wlling of “ax" assembly on the regulator until
power dro

5. Tum pme) ol o owe g ol sy power

on.

-

533 Voltage Limit Stop Adjustment

Limit stops of voltage RAISE-LOWER potentiometers are
set as follows:
1. Using voltmeter (0.5% or belley). measure voltage at
appropriate logic pin as listed
2. Rotate panel control until vnu..c listed under “Limit
Stop, Upper” is obtained.
setscrew of clockwise limit collar on associated
potentiometer and rotate collar clockwise (as viewed
form front of panel) until pin on collar rests on collar
stop. Tighten setscrew.
Rotate panel control until voltage listed under “limit
Stop, Lower” s obtained.
. Loosen setscrew of counterclockwise limit collar and
rotate collar counterclockwise until pin on collar rests
on collar stop. Tighten setscrew.

e 52,

5.3.4 MARGIN ACTIVE Indicator Switch Adjustment

Adjust the margin control locate collar, shown in Figure

52, A, as follows:

1. Using voltmeter (0.5% or better), measure voltage at
appropriate logic pin as lsted in Figure 5.2, B.

The troubleshooting procedures are described in three
rts: Power Supply Protection Circuits, Converter/
Inverter, and Regulators.

5.4.1 Power Supply Protection Circuits

‘The following paragraphs describe the power supply protec-
tion circiiits used in the CE: circuit interlocks, voltage

nsing circuits, overcurrent sensing circuits, and thermal
sensing circuts.

54.1.1 Voltage Sensing Circuits

The voltage sense relayd (ALD YAI11) are energized when
all dc voltage outputs from the regulators are present. If
one or more of the dc regulators do not have an output,
K10 (+ regulators) or K11 ( regulators) will not be picked
and power will be dropped approximately 10 seconds after
power on was initiated. Use the UNDER VOLTAGE
CHECK switches on the CE power panel to locate the
failing regulator. Each switch isolates the indicated regu-
Iator from the undervoltage sense circuit. Switch off all
UNDER VOLTAGE CHECK switches and cycle power on.
Switch in one regulator at a time until power drops,
ing the faulty unit. Reset the switch to off and
recycle power on. Measure the output voltage of the
regulator to ensure that the latter is not at fault. If it isat
fault, refer to heading 5 4.3 for repair procedures

Overvoltage sensing is intemal to each regulator and is
executed by the Overvoltage/Overcurrent card. Refer to
heading 5.3.2.

54.1.2 Overcurrent Sensing Circuits

An_ overcurrent condition will cause a powerdown se-
quence. An overloaded regulator will be indicated by the
indicator lamp on its Overvoltage/Overcurrent card. Refer
to heading 5.4.3.
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54.1.3 Thermal Sensing Circuits

The CE power panel has thermal trip indicators to signify
the location of an overtemperature condition. When such a
condition exists, check whether there is proper air flow
through the area, fans are running, filters are clean and not
obstructed, and the exhaust area is not blocked. IF the air
flow is proper locate and replace the component that is
overheating. Check for the cause of the overheating. Also
Check the accuracy of the sensing elements; one may have
changed the point at which it opens. The warning thermals
for logic gates are designed to open at 122°F and for PDU
at 130°F. The catastrophic thermals for logic gates are
designed to oepn at 134°F and for PDU at 140°F.

The thermal indicators may be reset by depressing
THERMAL RESET on the CE power panel. If any
indicator does not reset, check the indicator relay and
diode from the reset line (ALD YA022).

542 Converter/Inverter

DANGER
‘The internal circuitry of the converter/inverter is not
; therefore, a lothal

Exercise extreme caution. This potential exists on the
SMS cards, heatsinks, and terminals to the regulators.

For the safety reasons stated above, maintenance s i
10 the following:

1. Fuse and SMS card replacement.

2. SCR gate signal frequency adjustment.

3. Cleaning and checking for loose connections.

4. Air flow checks, including the fan.

5. Replacement of the entire converter/inverter.

Converter/inverter failures almost always show one of
the following symptoms:
imediately when power is applied.
cuit breaker (C/1-CB2) trips almost im-
" mediately when power i a
3. The fuses blow when the load is applied (3 /L3
pic
4. The fuses blow afte operating biely.

“The fist two symptoms imply an m(ﬂmI failure; the third,
excessive regulator loading; and the fourth, a thermal
condition. Upon the appearance of any ofthese symptoms,
be sure the power is off and then replace the fuses.

CAUTION
Always replace both fuses at the same time with
high-speed, 50-amp, form 101 fuses, PN 5261451

With power still off, check the SCR gate signals and
verify that the fan is running, the air input is not
obstructed, and the exhaust area is not blocked.

e SCR gate signals are generated with the 28V ac bias
power source and are observed with normal power off.
Remove the cover over the SMS cards. Set the oscilloscope
10 add the inputs algebraically and invert input B. (Input B
becomes the reference.) Observe the waveshapes shown in
Figure 5-3 at the test points noted. The card in J9-2 drives
SCRI, SCRS, and SCRG. The card in J9-3 drives SCR2,
SCR3, and SCR4. IF the frequency is not 2500 Hz (400
usec, leading edge o leading edge), adjust the potentio-
meter on the Magnetic Oscillator card in J9-1. Replace the
cards if these tolerances are not me

If the SCR gate signals are normal and the symptoms
still exist, remove the entire regulator load (P2, P3, P4, and
PS) and then cycle power or

I the symptoms still exist, replace the entire converter/
inverter (heading 5.5.1). If symptoms do not exist, replace
the regulator connectors, one at a time, cycling power each
time, until the symptoms reappear. See Figure 54 to
determine which regulators are powered by the connectors.

Once the connector has been identified, disconnect the
regulators supplied by it. Be sue all power is off.
Reconnect the regulators, one at a time, cycling power each
time, until the faulty regulator s isolated. Refer to heading
5.4.3 to isolate regulator malfunctions.

If trouble cannot be traced to a regulator malfunction,
measure the 25V dc bias voltage [C/I-TBI4 (positive) and
5 (negative)) . I the bias is off, check the 28V ac input, the
Rectifier cards in 194 and J9-6, and the Contactor Driver
card in J9-8. The GATES ON indicator should be on. If the
bias is on, with the correct polarity, inspect the contactors
for dit or oxide; burnish the contacts, if necessary. [C/1K2
picks when C1-C8 have charged to a total potential of
approximately 150V de. C/IK1 and K3 pick as C/IK2
transfers. C1~C8 surge protection resistors (R12, RI3, and
RI4) are shorted by C/IK1 contacts. C/I-K3 contacts apply
the load to the C/L.]

543 Regulators

DANGER

The input terminals of the regulators are not isolated
from the power source; therefore, a lethal potential to
ground is present whenever power is on. Exercise
extreme caution,

‘The power supply regulators are floating supplies and must
not be grounded o the frame. The regulators are isolated
by two captive mounting screws in nylon standoffs on each
regulator. If possible, limit maintenance to the following:
1. SMS card replacement

2. Output voltage adjustment.
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3. Cleaning and checking for loose connections.
4. Air flow checks
5. Resistance measurements.

Be sure that all power is off and all capacitors are fully
discharged; do not rely on the bleeder resistors. Two types
of regulators are used in the CE. One is the SCR-controlled
output; the other is the magaeticamplifier-controlled out-
put. The 18V de ROS regulator (PSI1) is of the first type;
the others are of the second type.

54.3.1 SCR Regulator

A regulator malfunction may be due to an undervoltage,
overvoltage, or overcurrent condition. If an undervoltage
condition exists within the regulator, proceed s follows:

1. Tum off power.

2. Replace Magnetic Amplifier card (socket A), cycle
‘power, and check for normal output.

. Replace Differential Amplifier card (socket B), cycle
power, and check for normal outp

. Turn off power and set CBI of.

. Remove the three SMS cards.

Remove all cables at output_positive and negative

terminals, including jumpers to T!

. Make resistance measurements between points shown in
Figure 5-5. Be sure capacitors are fully discharged by
measuring voltages at these points first. Use R x 1 scale
for resistance measurements.

s

Note: Remember that a good diode has high resistance
direction only, but a good SCR has high
resistance in both directions.

If an overvoltage or overcurrent cond

the regulator, proceed s follows:

. Tum off power

. Replace Overcurrent/Overvoltage card, cycle power, and
check for normal output. If power remains up and is
normal, check reed relay on old card to see if improper
seating and poor contact made card fail. If power drops,
proceed as described for undervoltage condition above.

Replace the regulator if the failing component(s) is not
nd.

5432 Magnetic-Amplifier Regulator

A regulator malfunction may be due to an undervoltage,
overvoltage, or overcurrent condition. If an undervoltage
condition exists within the regulator, proceed as follows:

1. Tum off power.

s12 (010

2. Replace Amplifier Assembly card, cycle power, and
check for normal output.

3. Tum off power and set CBI off.

4. Remove both SMS card:

5. Remove all cables at output_positive and negative
terminals, including jumpers to TB1.

cables 10 TBI-6.

7. Make resistance measurements between points shown in
Figure 5:6. Use that corresponds to type of
regulator under test. Be sure capacitors are fully dis-
charged by measuring voltages at these points first. Use
R 1 scale for resistance measurements.

I an overvoltage or overcurrent condition exists within

the regulator, proceed as follows:

- Turn off power.

2. Replace Ovcrcumnl/()vclvoluge card, cycle power, and
check for normal output. If power remains up and is
normal, check reed lzliy on old card to see if improper
seating and poor contact made card fail. If power drops,
proceed as described for undervoltage condition above.

Replace the regulator if the faling component(s) is not
und.

5.5 REPLACEMENT
5.5.1 Converter/Inverter Replacement

To replace the converter/inverter:

1. Turn off wall primary power switch. Al power in CPU
‘must be off.

2. As a precaution, set CBI off.

3. Measure voltage across capacitors to be sure bleeder
resistors have reduced voltage to a safe level, preferably
ov.

4. Remove P1 through P6.

DANGER
lnmm/conmm power supply, PN 5703200, should
not be installed or removed before partially dis-

mmhnng the unit. The total weight of the supply is
153 pounds. Proper safety procedures require that the
unit be disassembled to reduce the weight of each unit
bélifted to a safe amount.

(left box) and
(right box) from assembly by disconnecting necessary
wiring, removing metal stops (one at each bottom and
one at each top), and sliding section out of inverter/
converter assembly. Always remove inverter section
(right side) before converter section. Always install
converter unit before inverter unt.




6. Stand assembly on a dolly and roll it away from frame.
Do not attempt to carry it

7. Reverse  this. procedure to_ install converterfinverter
assembly.

5.5.2 Regulator Replacement

To replace the regulator:
1. Tur off wall primary power switch.
2. Asa precaution, trip CBI.

3. Remove terminal strip safety shields.

4. Bleed filter capacitors. Disconnect jumper wires con-
nected to filter capacitors.

5. Disconnect and tag each external cable lead for reinstal-

ion.

6. Remove captive mounting screws from nylon standoffs.
Remove bottom screw first, then top. Note that these
‘mounting screws are located at rear of regulators.

7. Lift out regulator.

8. Reverse this procedure to install regulator assembly.
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DANGER

Use extreme care when working in the area of the
battery packs. Lethal voltages are present. Before per-
forming any of the tests or procedures on this page, read

DDANGER notice at the start of this section.

SECTION 2. CE BATTERY BACKUP POWER

DANGER
‘The full dc potential of the batteries is available across
the red and black binding posts on the metal power-
control box (inside the battery cabinet) when both
battery switches are on and 24V de is applied to the
EPO contactor coil. This voltage ranges from 300V to
350V d and can result in a dangerous electrical sh

Interrupting the 24V dc to the contactor coil, turning
off both battery switches, or removal of the pull-type
fuse holder removes the battery potential from the
binding posts. However, if J1 is connected and the
charger is active, full charger potential (450V~S00V de)
s present at the binding posts even when the battery
switches and contactor are inactive and the pull switch is

out.

Internal 1o the battery packages beyond the protec-
tion of the OFF/ON switch, plastic shields PN 5447517,
5447518, and 5447519 (see heading 5.12.1) must be
used for assembly, disassembly, or cell testing since
nominal voltages in the range of 160V dc are always
present. The caution to be observed when the cells of
the battery package are exposed cannot be overempha-
sized. When using the insulated nut driver, avoid bridging
adjacent terminals with the exposed metal end. When
working on a battery pack, use the procedure described
under heading 5.12.4, items 1, 2, and 3, to reduce the
potential between any two adjacent trays to 25V. Safety
glasses must be worn at all times.

Battery backup power is provided by a battery package
which includes two packs of nickel-cadmium cell, a battery
charger, and an EPO contactor assembly. The batteries are
designed to maintain the CE on battery power for 6.5
seconds after a mainline power failure. The battery charger
provides a 150-ma charge current to maintain the batteries
in a fullcharge condition. The EPO contactor assembly
isolates the battery power from the rest of the SE in the
event of an EPO condition.

‘The battery pack (PN 5713548) consists of 13 battery
trays (PN 5713500) of 10 cells each. One battery pack has
all 13 of these trays wired in series; the other battery pack
(PN 5713549) has 12 of the trays in series. The
unused tray may be used for spare cells if necessary. The
bottom terminals of the OFF/ON switch connect to the
ends of the series-wired battery. The top switch terminals
connect (o the external battery cable and are not at battery
potential when the switch i in the OFF position. Refer to
Figures 5-7 through 5.9.

5.6 BATTERY CHARGE REQUIREMENTS.

For each period onbattery, a charge time equal to 300
times the on-battery time is required 1o recharge the
batteries. The CE must not repeatedly be placed on-battery
for more than  total time of 14 seconds without sufficient
recharge time. Otherwise, battery damage may result.

1f a battery pack, a tray, or cellsin the battery pack are
replaced, the CE must not be placed on-battery until
sufficient time has passed for all cell to reach a full charge.
‘The recommended time is 24 hours. Failure to allow. all
cells 10 reach an equal state of charge can lead to their
destruction, with a resultant lower level of charge.

5.7 BATTERY CHARGING RATE

Refer to Figure 5-10 for a description of battery charge
circuitry. The battery charging rate is adjusted as follows:

DANGER

High voltage s present on the cards in the charger.
Battery charger circuits are not referenced to machine de
or frame ground.
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DANGER

Use extreme care when working in the area of the

battery packs. Lethal voltages are present.

Before per-

forming any of the tests or procedures on this page, read

DANGER notice at the start of this sec

1. Turn off unit power.

2. Remove battery package cover.

3. Turn both battery pack toggle switches to OFF.

4. Remove pull-type fuse holder.

5. Connect a de voltmeter (at least 1% accuracy) across
100-0hm, 2Swatt resistor R2. (refer to logic page
YAQ08).

DANGER

IResmel R2 may have reached a high temperature
because of battery charger operation.

6. Insert fuse holder, and tum battery-pack togele
switches o

7. Bring up unit power.

8. Adjust potentiometer on card PN 374863 (card socket
B) for a reading of 16V on the voltmeter. This provides
an average charging rate of 150 ma.

9. Turn off unit power.

10. Turn both battery-pack toggle switches to OFF.

11. Remove fuse holder.

12. Remove voltmeter leads.
13. Insert fuse holder.

14. Turn battery-pack toggle s
15. Bring up unit power.

5.8 BATTERY CHARGE INDICATOR

Proper charger operation is indicated by the glow of the left

electrode (as viewed through the Plexiglas* window) on the

neon indicator located below the SOamp fuse. Improper

operation is indicated as follows:

11f only the right electrode glows, current flow is in
wrong_direction. Check CRI through CR4 of the
cha

er.

If both electrodes glow, alternating current is indicated.
Check CRI through CRd.

. If neither electrode glows, no charge is indicated. Change
charger circuit card, check CRI through CR4, and check
for open SCR 2.

. 1f indicator glows with extreme brightness, the charging
rate is 100 high. SCR 2 is shorted.

Note: Nickel-cadmium cells lose some of their ability to
deliver full load current on demand if they are not

femark of Rohm and Haas Company

sS4 ano

loaded periodically. To prevent this loss of load cap-
ability, the CE should be placed on batery within 30
days after the last battery load requirement.

59 BATTERY PACK TEST SCHEDULE

1. Perform h:ucry pack test at four-week intervals. See
heading 5.1

2. Perform mdmdual iy only when

served. See heading

3. Check appearance o teminl every three months. If
deposits appear around terminals, it is ible to
vacuum these deposits, using  plastic or rubber brush
attachment.

ilure is ob-

5.10 BATTERY PACK TEST

Figute 5-11 is provided fm bt location reference.
1. Remove CE m:
2. Remove cover from bauery assembly 10 expose bind-

ing posts on metal power control box (inside battery
inet).

3. Turn toggle switches on both battery packs to OFF.

4. Using a voltmeter capable of measuring SO0V de,
connect positive lead to red terminal and negative lead
0 black terminal.

5. Turn toggle s ON.

6. The voltage indicated should be within the range of
289V t0 350V de.

Note: The 289V minimum assumes that the batteries have
not been charged for any significant time. After bateries
have been on charge at 150 ma for 24 hours, the minimum
noload voltage must be 320V de. If the minimum voltage is
below 320V, allow at least a 24-hour charge period and
retest. Do not proceed until this requirement can be met.
If, after a 24-hour charge period (see heading 5.8 for proper
charge indication) the 320V dc minimum cannot be met,
proceed to heading 5.11.

7. With meter remaining attached, turn on CE power.

8. Load and continuously execute any diagnostic routine.

9. Place TEST switch at normal position and, while
exccuting routine, interrupt the 208V ac, 3-phase
supply to the CE by flipping the main line CB off and
leaving off.
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DANGER

Use extreme care when working in the area of the
battery packs. Lethal voltages are present. Before per-

forming any of the tests or procedures on this page,

read

DANGER notice at the start of this section.

H

Observe that power stays up for 6.5 + 0.5 seconds, as
shown by ON BAT indicator on power control panel.

. Check that, after 6.5 * 0.5 seconds power sequences
down and ON BAT indicator turns off.

Note: To change the on-battery time, rotate knob on K23
(on-battery timer) clockwise 1o increase on-battery time.
Refer to ALD YAQ04 for the location of K23.

13- s ot O sl w0 500 COMP it

bserve voltage levels stated in step 6.

13, an main line CB off and, quickly, on again.

14. Check that unit remains onbattery for the 6.5 +
0.5:second timer duration, as indicated by ON BAT
indicator. Then switch back to main line power.

15. Observe meter indication during the on-battery se-
quence. The output of the assembly must not fall to
less than 250V de before timeout ends. Allow on-
battery sequence to proceed o full timeout, A lesser
voltage is an indication of improper or insufficient
charging or of weak battery cell. If the minimum load
output voltage i less than 250V de, allow sufficient
charge time (see heading 5.6) and repeat this test. If,
upon repeating the test, a voltage less than 250V dc is
again observed, proceed to heading 5.12.

. Tum off CE power and battery switches. Remove

meter leads.

Turn on battery switches, and restore battery packsge

cover

S

18, Restore CE power.

5.11 BATTERY TRAY TEST

Note: This procedure should be performed only if a failure
is observed in the procedure described under heading 5.10.
Read DANGER notice at the start of this section before
proceeding with test.

1. Tum off CE power.
2. Remove battery package cover.

3.Tum off battery pack switches, and remove the
pullype fuse holder.

526 (110)

4. Remove battery-pack ground strap.
5. Remove side stop screw, if installed,
6. Pull out battery pack until slides lock.

7. Remove top cover from battery pack, using extreme
caution to prevent shorting the battery terminals under

DANGER
rve extreme caution. A live battery circuit voltage
of about 160V d exists beneath cover.

8. 15 on top of
only one battery tray s exposed (306 e of plasic
covers under heading 5.12.1).

. Remove the links connecting trays 2-9 and 6-13. This
divides the pack so that the voltage between adjacent
trays is 25V dc.

. With a voltmeter, measure the tray potentials across the
extreme terminals of each tray of 10 cells each. The
potential should not be less than 11.5V dc. (The tray
that is not connected in the one batery pack will not
conform to this.) If the tray potential is sufficient,
individual “cel rement in the tray is neither
necessary nor desirable. If the tray potential is lower
than 1.5V dc, either the bad tray or bad cell may be
replaced as described under headings 5.13.3 and 5.124.
Cell voltage should be at least 1.15V dc.

s

Note: To service the rear cells on a bottom pack, release the.
“Slide T luckl and slide the pack out an additional inch. Do not
pull the assembly beyond the limitations of the slide.

11. Replace battery pack cove

12 Uniock both sides, and retum battery pack to opera-
tional position.

13. Install ground strap.

14. Install slide stop screw, if previously installed.

15. Plug in the pull-type fuse holder.

16. Turn on both battery switches.

17. Replace battery package cover.

18. Turn CE power on.

For cell removal procedure, sec heading 5.12.4.



DANGER

Use extreme care when working in the area of the
battery packs. Lethal voltages are present. Before per-
forming any of the tests or procedures on this page, read

DDANGER notice at the start of this section.

5.12 MAJOR BATTERY PACK MAINTENANCE

DANGER
If the battery pack requires major maintenance, e.g.,
replacement of cells in several trays, the 13 trays of 10
cells each should be electrically disconnected from each
other. This reduces the potential to 12,5V per tray;
since there are no interconnections, this is the
maximum voltage exposure. Follow the maintenance
procedure described below when disconnecting any cell
terminal.

5.12.1 Use of Special Tools

1. The insulated 5/16-4nch nutdriver (PN 5447531) is for
use on the cell terminals inside the battery packs. Care
should be exercised to prevent bridging adjacent ter-
minals with the exposed metal end.

The three plastic covers are used to cover all but one
tray inside the battery pack. Each plastic cover is
designed to cover a specific number of trays:

The 8:1/16 x 14-inch cover (PN 5447517) covers six

trays.
The 525/64 x 14-inch cover (PN 5447519) covers
four trays.

The 5:25/64 x 14inch “L” cover (PN 5447518)
covers three trays.

The following description refers to these covers by the
number of trays covered.

Note: The six-tray cover also has a slot which is used to
remove links between trays 2 and 9 and between trays 6
d 13,

a. Refer to Figure -1 for tray identification.
b. The six-tray cover contains a notch in one edge to
clear the twistdock fastener. The three-tray cover
contains two notches in one side and one notch in the
opposite side to clear the twistock fastener.
¢. To gain access to trays 1,2, 8, 0r 9, place the six-tray
coms o tays 5, 4, 5, 10, 1, nd 12 ed the
foustey corer ot 7,12, 13, s
ee-tray cover can be placed so that only one e
mys(l 2,8,0r9) s exposed.

d. To gain access to trays 6, 7, 13, or 14, interchange
the four-tray cover with the three-tray cover of step
c

€. To gain access 10 trays 3, 4, 10, or 11, place the
sixctray cover over trays S, 6, 7, 12, 13, and 14 and
the four-tray cover over trays 1, 2, 8, and 9. The
three-tray cover can now be placed to expose only
one tray (3,4, 10, or 11).

f. To gain access to trays 4, 5, 11, or 12, place the
six-tray cover over trays 1,2, 3, 8,9, and 10 and the
fourtray cover over trays 6, 7, 13, and 14. The
three-tray cover can now be placed t0 expose only
one tray (4,5, 11,0r 12).

5.12.2 Battery Pack Removal and Replacement

1. Remove two screws holding front cover, and remove
front cover from battery package.
2 'l\lm mujc switches on both battery packs o OFF

3. Remore twistlock fstenes, nd remon top cover from

4. Disconnect ground straps.

5. Disconnect cable from toggle switch terminals, re-
cording polarity for later reconnection.

6. Replace top cover.

7. Release both slide locks, and pull battery pack out
until it is clear of slides.

DANGER
Battery pack weight exceeds 70 pounds. Normal safety
practices must be adhered to.

8. Ensure that toggle switch is in OFF position in
replacement pack.

9. Align slide assemblies and slide battery pack in unil it

10. Remove top cover.

11. Connect cable to toggle switch terminals. Observe
polarity. Make sure toggle switches are in OFF posi-
tion.

12. Replace top cover.

13. Replace pull-type fuse holder.

14. Tum both toggle switches to ON position.

15. Replace front cover by means of two screws.

16. Restore machine power.
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DANGER

Use extreme care when working in the area of the
battery packs. Lethal voltages are present. Before per-
forming any of the tests or procedures on this page, read

DDANGER notice at the start of this section.

If any cells have been replaced, batteries should be charged
for 24 hours before performing an on-battery test, Battery
damage may result by going on-battery with cells that are
not fully charged.

5.12.3 Tray Removal and Replacement

Note: An entire battery pack may be removed for tray or
cell replacement.

1. Peform steps 1 through 4 under heading 5.12.2.

2.To remove a tray, position plastic covers so that
connecting trays are exposed one at a time. Remove the
links from connecting trays. Lift entire tray clear of
battery pack. Observe polarity for replacement later.

3. Replace tray by sliding tray into position in battery
pack. Observe polarity. Bolt connecting links 1o con-
e s e, paic comn lo.cone the other
tray:

5.124 Cell Removal and Replacement

Note: If several trays in one battery pack are found 10 be
bad (see heading 5.1), it may be more desirable to replace
the entire pack (see heading 5.12.2). If site limitations
require that the pack be serviced, follow the procedure for
individual cell removal and replacement.

1. Upon isolating a battery failure to a pack, place six-tray
cover over trays 1,2, 3, 8,9, and 10 5o that the slot is
over the 2.9 link (Figure 5-12). Place other covers to
cover all other trays. Remove 2-9 link.

2. Reposition covers so that six-tray cover is over trays 5,
7, 12, and 14 and the slot is over 6-13 link. Place

other covers to cover all other trays. Remove 6-13 link.

There is now no potential higher than 25V between any

two adjacent trays.

Place plastic covers so that only the defective tray is

exposed. There is now only 12.5V exposed.

. Measure individual cells of tray. They should not

measure less than 1.15V de with no load.

Remove any defective cell found from the previous test

by unbolting connecting links from defective cell and

sliding cell out of tray. Observe polarity.

>

B

528 (17100

7. Replace removed cell by sliding in a new cell from the
spare tray or from a tray in stock and bolting the links
back in place. Observe polarity.

Note: In the case of a rear cell on the bottom tray, it may
‘be necessary to release the slide locks and slide the battery
pack out an additional inch. Care should be exercised to
prevent pulling the tray beyond the limitations of the slide
assembly.

5.13 BATTERY BACKUP CUT-IN

DANGER
The secondary winding (end-tond) of the charger
transformer contains the highest voltage in the assembly.
Unloaded, this can be as high as 897V Other
points in the circuitry are electrically “hot” with respect
to chassis ground. Removal of both J2 and prime power
ensures that the package s free from voltage.

Battery “cutin” is brought about by a prime power failure.
Confirmation of battery cutin is obtained by measuring
continuity across TB-5, connections 9 and 10. (Reed relay
contacts close.)

Note: The sensing circuitry blocks battery backup cutin

‘during the rollnwin

1. Power-on seque

2 CE insate 0 and TEST swich st (0 TEST position.

3. Power-off sequence caused by a thermal, an OV/OC, or a
regulator undervoltage condition.

4. EPO/MPO power-off sequence.

5.14 LINE SENSE AND
SWITCHING CIRCUIT

Refer to Figure 5-13 for a description of the ling sene and
switching circuit. This circui is adjusted as follows:
1. Tumn off unit power.
2. Tum both battery-pack toggle switches to OFF.
3. Remove pulltype fuse holder.
4. Remove sense card (PN 374862) from card socket A of
battery charger box. Insert card extender in socket, and
install card in extender.



D e S gy S
H

Merginal

Volloge Seme
(Wingirg 1)

ol
Veltage Some
Winding 3

Canvertr/invrter
W

Boahiro Power
Conwl Voltoge

(Connol Vaoge)

See Figur 1-14)

24V de 10 Line Sove
Switching Circut
Sanice Voikoge)
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DANGER
Use extreme care when working in the area of the
battery packs. Lethal voltages are present. Before per-

forming any of the tests or procedures on this page, read
n

DDANGER notice at the start of this s

DANGER
High voltage is present on the cards in the battery
charger and sense circuit. Sense clrcuits are not
referenced to machine dc o frame ground.

5. Connect a de voltmeter (at least #1% accuracy) across
pins A and J of sense card (pin A 10 + terminal).

6. Insert pulltype fuse holder.

7. Tum battery-pack toggle switches to ON.

8. Bring up unit power.

9. Adjust potentiometer on sense card for a meter reading
of 4.6V. This causes the sense circuit 10 switch in the
battery package when prime power input drops to
approximately 186V ac.

10. Turn off unit power.

11. Turn both battery-pack toggle switches to OFF.

12. Remove pull-type fuse holder.

13. Remove card extender, and replace sense card in

cket,

14. Insert fuse holder.

15. Turn both toggle switches to ON.

16. Bring up unit power.

5.15 BOOTSTRAP POWER SUPPLY

The bootstrap power supply (Figure 5-12) receives it input
a5 2500 Hz, 137V rms power from the converter/inverter.
‘This supply includes transformers and rectifying circuits
which provide the necessary sense and control voltages
needed for:
1. Voltage se
224V b for i pﬂme/blllely power sequencing and control.
3. 28V ac for converter/inverter bias.

ttery sense and switching circuit and service

e
g

voltages.
There is no adjustment to the bootstrap power supply.

DANGER

Most of the windings of the bootstrap power supply are
at hazardous voltages with respect 10 chassis ground. The
bootstrap supply is safe only when J1, J2, and prime
power are remoy

5.15.1 DC Voltages

Table 52 lists de voltage values of the bootstrap power
supply. Refer to Figure 5-12 008 for
voltage-measurement terminals. Table 5-3 lists ac voltages
of the bootstrap power supply.

Table 5:2. Bootstrap DC Voltage Messurements

Meter Acrom. Voltage Reading* | % Tolerance
T83and B4 2v +10,5
41 and E46 20v 10

(ALD page AQ0B)

or T86.1 and TB5:2

on assambly 6713610
E360nd €31 20v +10

(ALD page AQCB)

or T85:3 and TBE4

“Prime power input voltage to converter is 208V.

‘Table 5:3. Bootstrap AC Voltage Messurements

Terminals® Voltage**
5
95
100
£
o
2
E
o
2
T831 57
T832 25

“Messure with osclloscope referenced 1o machine  (frame]

**Voltages are pek to pesk, H10%.
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“This chapter contains figures and refercnces to aid ma
nance personnel in locating components within the CE.

Figure 6.1 identifies the frames and gates in the CE.

Figure 62 shows the board locations within gates A, B,
C, E, K, and L and gives the locations of the functional
elements within each gate.

‘Figure 63 shows the overall physical BVGGHE RS
it including parts of gate C and all of gate D.

Figure 64 shows the location and numbe
laminar bus terminal boards;

Figure 65 shows battery charger terminal board

u

g of the

CHAPTER 6. LOCATIONS

locnﬂnns and connector plug locatiors.
shows the battery package with the front
co\mrmmnvcd
Figure 67 shows the location of battery-pack com-
ponents as viewed with pack extended and top cover
removed.
Figure 68 shows the pin designations on a large board.
Figure 6:9 shows the card contact, board-pin relation-
ship, and voltage pins for the cards.
re 6-10 shows the switch contact terminal locations
for switches of the CE.
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Figure 64. Laminar Bus Terminal Board Location
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Figare 6:6. Battery Packsge with Cover Removed

Battery-Pack
Switches
(OFF/ON Toggle
Switches

Grounding
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6-13 Link
2-9 Link

¥ 3 : : ay(13)
cell 5 V
(10 Per Tray) "‘L 8 ¢ v
S=0

Battery-Pack Switch
(OFF/ON Toggle Switch)

Figure 6. Battery Pack Components
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Figure 6. Largo Board Pin Addresses
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Figure 6:9. Card Contact, Board-Pin Relationship
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Figare 610, Switch Contacts (Sheet 1 of 2)
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‘The only special circuits in the CE are in ROS for the
differential (sense) amplifiers, sense latches, and array
driver circuits. Because these circuits are internal to the
SLT pluggable cards, circuit schematics are not required for
maintenance. The ROS hardware repair is effected at the
card level as described in heading 4.3.6 of this manual.

APPENDIX A. SPECIAL CIRCUITS
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APPENDIX B. REFERENCE DATA

Tables B-1 through B-7 and Figures B-1 through B-3 are
provided o aid in diagnosing and repairing the CE.

Table B:1. Conditions at End of

AR FORMAT

Instruction in € Reg (s

For Branch Inst. sTCe4

R1Operand in'5, T Reg.
A2 Operand in A, 8 and D Reg.

RX FORMAT

Instruction in € R (first 16 bits of instruction).
A1 Oparand in's, .

Operand Addros in O (C(B2) + CIX2) + D2,
‘Storage feq for Operand given on last |-Fetch Cycle.

RS, S FORMAT

Instruction in € Reg (fist 16 bits of instruction).
1 Oparand (if spplicable) inS, T.
perand Address in D(C(B) + D).
‘Storage Req for Operand given on fast |-Fetch Cycle.

5 FORMAT

Instruction in € Reg.
Destination Operand in'S, T.
Destination Address in

Logical Operand Address = CIB1) + D1
Divide Operand Address = CIB1) + D1
Dec. & Not Div. Operand

Address - cBn+p1+LY

‘Storage Req for Source Oparand given on last

I-Fetch Cycle.

‘Source Address i IC = (IC in localstore working reg)
Logical + Mult + Div Address = C(B2) + D2
Dec. (Mt + D) Address = C(B2) + D2+ L2
Program Store Compare (ASC) has been made.
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Table 8:2. Forced ROS Addresses

Function

Lo Page

A zeros Test
Al Ones Tost

adder Full Sum (Scan)
invatis 1o Address

Rippies iC and PACDL

[No SATR RESPONSE
p0)
[Micro Disgnostic

ag, a7
as; a9
1

B2 (7/10)




Table B:3. ROS Sense Amp Outputs

The output of the ROS i read by the sense amlifiers located in boards E1 and E2. Each bit of the 200-bit word is focated as shown below:

Bt o 10 2 0 0 50 60 0 80 %0

ou | e162610 | E162610 | E184G10°| E164G10 | E1B6GI0 | E1GEGIO | E262610 | E262G10 | E284G10 | E264G10
10 10 10 10 10 10 10 10 10 510

612 612 G2 612 612 G2 G12 612 612 612
2 | E1c2610 | E1H2G10 | EvcaGi0 | E1HaGio | ErceG10 | ETHEGIO | E22610 | E2H2G10 | E2c4GIO | E2HAGTO
10 10 10 10 10 a10 10 10 10 510

Table B4, ROS Sense Latch Outpurs

[The 1004t Each bit
e o 10 20 %0 a0 50 0 70 80 %

lo | ese2n3 | eananns | espans | esnans | esesns | eavens | Ezeano | Eawent | Eacenz | E2Heion
1 10 I 10 2 a0 n2 a2 09 09 10
2 m a0 m 0 an 10 00 n2 510 a1z
s n2 m n2 m 2 m m a0 m a3
la 09 09 09 409 409 09 3 3 a3 an
5 | Esranmo | ewaso | eseano | eamno | eseeio | Eskesto | Esrairz | E2ens | E2eans | et
6 J09 09 09 909 409 409 09 m 10 a2
i a3 a2 a3 a2 3 n2 73 a2 09 3
i a2 a3 a2 n3 n2 3 m 10 n2 00
o m m m m n an 10 09 a3 10
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Toble 8:5. Disgnose Keroels

‘Table 86 (a). Disgnose Instruction 1 Field it Description

Adaress

Address

Function

Logout Storage

Function

o Bit
Branch to any ROS address

These Disgnose Kerneis may be used n sta161 3,2, 1, or 0
CAS Page.

aamn
Qe
aarar
aaie
aais

These Diagaose Kernels may be used instate 0 only:

CAS Pge

avoor
avorr
agoat
avar
Qa1
atoa

B4

()

B Use
8 feat interieaving.
s Defeat interieaving and reverse.
10 Disgnose FLT.
‘Table 8.6 (b). Diagnose Instruction MCW Bit Description
Bt [
0 Reverse SAB g parity.
1
2
3
.
5
s Lo 00 cous lmnmwl terminate for FLT).
7 Expect FLT.
8-19
] Disable intervat timar
21-31 | Count (for DE wrap qusdword count,
bits 29-31 must be 0,
32-35 | Select SE for logout or DE for DE wrap
o7 forc rucun
3639 G for DE wrap or DE force request
ok naen ihe
DGs will bo selectod)
40-45 | Seloct CVG for OF v o O foreruet.
46 50 "Norr
a7 Force DG req
a8 Prevent SAB bit 8 from setting
invalid adress.
a9 Reverso external register P07,
£




Table B:7. 1062 Latches/Triggers

fame.

FETOM Figures

FEMDM Disgrams

Address In
Auention Sutus
Binary Trigger
8us Out Che
Busy Condition
Cam Conural
Cancel
Garrer Return
Carrer In Motion

E Modo.
Channel End
‘Command Craining
Command Reject
Device End
Endof Line

Enter

Equipment Check

Inhibit Carrer Return
ect

6-29,6-32
6-33
Figure C14
6-33

6-30,6-31
Figure C5

6-31
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ADDRESS AoRess

oecooe GeneraTe
w W
o ' o ' o ' o '
o &y o
s . .
e ¢ v o T ° o ¢
2 7 2 2
o Ty o &> o &y o ¢
' ] . 8
T o o T o 1 ]
0 i o s
T o T o T o €Ty o
Pt No. SEOMDRS Loc. 0260102
G o8

Plug decede ond ganerresections fo the some ddes.

Sumper ovory it fo ithog o1 1.

Pl fo o poriy.

Euanple: For oddess 3 thox)
0011 1001 1 (sinom)

0123 4567 P (it mmben)

Jumpar cante 1 (igh forbi 2, 3, 4, 7, and P.

120 lef)for b 0, 1, 5, ond 6,

Figare B-2. Address Card Layout for 1052 Adapter
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Figure C-1, below, is a removable chart that may be
completed with applicable information and kept with the

CE for future reference.

APPENDIX C. VOLTMETER CALIBRATION CHART

Vorg Merer Sl on | Acwal+ | Measorement
[switch position | Stows | Volage | Location Indicated Voltage
ROS LOCATE | Nomiral + | Gueci
tpstil High 20v
Low v
GATE A Nominat
psicl High 65V 02a 162811
Low 55V
cate Nomin
tpsisi High 65V 028 84G6 B11
Low 55V
leaTe ¢ Nominal
(] High 65V 02¢ 0362 811
Low 55v
caTe £ Nominal
(ps7) 65V 02€ 84G6 811
Low 55V
foatexanat | Nominal
pss) High 65V o2 c262811
Low 55V

Calibeated by

Date of calibration

+Measure according 10 tes procoduro, heading 5.3,
s.

++5ut by optimization procedure, heading 4.

E Serial Number.

Figare C-1. System Control Panel Voltmeter Calibration Chart
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ACPove Dstbution. 53 Fi. 1)
o 1053 Adse 57 (Flg B)

Switch 21
Address Keys 23
Adjustments:
Battery Chasging Rate
Lne S e swucmvll Gt 528

J052Stgmbor 422

ALD Ind

Nigmentof 105 BitPine 428
“AX", Overvoltage

Battery Backup:
Bootstrap Supply 5129 (Fi, 5-12)
Sl Sl 523 i 510
Charge Indicator
er, Dncnpllen u (Fig.6:5)
Cutdn Cor
Desciion 515, 5320 7,322 615539)
intrsonnetons 521 P
Special Tools
Battery Pack:
Comporent Locations 525 (Fig. 5-11), 68 (Fig. 67)
Removal and Replacement  5-2

Test 524
By P 515,67 El )
Battery
Remevtand epacment 525
526
P R0S e ROS Ot
Bit Pla

SoierTorge 426,427 fdel
Bt huigmes €374
cvn.«mm "

Board Rej

Boostn Poves S
Dot 529(Fu.s|2).53| 66 (Fig.6:5)

Measurements 531

Danching R RS 413

Bus, Laminar, Locations 6-5 (Fig. 6-4)

Cable Dress, ROS_ 49

Calibration Chart, Voltmetes ~ C-1 (Fig. C-1)

CAS (see CLD)

A8 Logs Dl (g (1D

Duphy g 216
toring Manually  2-16

INDEX

Charge Circuit, Battery 523 (Fig. $-10)
Gt Lo 15,146 Pl 1)
CLD Index
GeingR0S B Paes 426
Clearing Main Storage  2-16.
Clearing the Wait Bit 435
Gk Timig Bsc
Al Voot (i CA)

Cnnfnulmn Manual
Console Controls 2-1
Gomele aringFrce
Corsls b, Repeie Operaton 435
Control Panels 2.1
Control Panel Switch Enabling ~ 2:2 (Table 2:1)
Control Words:

CAW 216

Controls, Console 2-1

Gt Ot ol il 51

Converter/lnve
Comacior Louding 511 Fig 54)
Failures 59

Fuses 59
Taront” 515 o)
Replacement 51
SCR Gar S 59,510 (Fig.53)
DataKeys 23
Power Disibution -5 (Table -14), 56 (Tabe 1)
DC Return Bus 42
Del Procedure, ROS.
'DEFEAT INTERLEAVING Switch  2:10
Delay Line Timing 420

Digros Kol B4 (Tale 35
Dicua
i Descpion B4 (Table B4)
m.pu.m Miesprogn 1531

15,
msuLE INTERVAL TIMER Swich 22 (Table 2, 210
CAW 216

m.nnrrqumm 215
Genenal Registers 215

ACPower 5.3 (Fi

DCPower . (Tl $10), 56 (Tl 510
Edited Logout 14
Electrical Noise 49
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ELEMENT MPO Pull Switch: Large Board Assignment 63 (Fig. 6:2)

Discussion 2-2 (Table 2-1 hlﬂlnulﬂll‘ywl 69 (Fig. 6:8)
o Pt
Entney o0t 213 Bk barae 413
EraingContot Pl Swihs 22 bl 24 s
ERegs Py Ot 431 N Cuts o 1052 b 3P B0
e s B35 5 e
oo oK Lovog Dl 215 e i o
FLT's (Fault Locating Tests s 620 .“)
Dt i b T 435 e
i B s e
Hardcore Repair  4-14 Nstmant
Description nn(Fusn)

g “p‘“ l-li Loading Floating-Point Registers 2.8

Operating
Syne Points uuru u),t-mm ) e et
Diphying and Loadin Gener Keisirs 27
ind Loading Floating-Point Registers 2.8
e 42

ZeroCycle Tests 414 e
W sechpr Fig. -
Log Dat

Forced ROS Addresses B2 (Table B2)
4

e s e s oo
FullSum Checks, Serial Adder  4-33 (Fig. 4-18) m"‘“"‘“‘l‘:‘; Y
Gate Locations 62 (Fi. t
Regitos, Lowing and Dipaing 2415 abyis 15
Ground Loops: Edited 14
Check for 420 Mamual 214
Resulting in Noise 49 S
b hecks, P s 434 . 419 Diewion 512
Hardeore Re Orevtings
undcvn'remL.lnloshm.FLrn 2 i M,(Fh 56
Hardware Repai, R indervoltags
Tt TocROS. 64" Main Storage:
»....u.w Eiecton o 49 ‘Clear Procedure 216,
1C, Man Display Procedure 215
LFeich Condblonsst Extof 51 (Tble 1) Ripple Tests 4-1
Imprecie Interrupts, Analyzing 437 Store Procedure 216
ndex: Maintenance Concepts:
ALD 437 CE 14
cLp 437 System 11
)2 !
Indicaors, Roller 22) Maintenance Facils:
o o Lo e 1Ly Offdine 11
Input/Output (see 1/0) Qa-Lise 11
: Maintenance Programs:
™31 FLT4 (ot Louting e 11,14
Instruction Counter (se 1C) cn Sty Sy 13 . 1)
ot Sping._314 Maintenance Subsystem:
Inteiocks, Power Manual Configuration 419
INTERLOCK Swich. svmm 2 Requesting  2:17
Useof 15
e 437 Margin:
, DISABLE 22 (Table 21), 210 Active Indicator Switch Adjustment 57
Scoping Loop 4.36 (Fig. 420 Gomros 21,320t 31)
IPC (Inital rogram Load): Indicators
Subsystem 213 MARGINNETER SELSwich 21,22 bl 2
System 213 Masginal Checking:
Sre Discusion
B tentiometer Adjustment Limits 5.8 (Fig. 52)
s ROS (see ROS Opimization)
Mioprmgamn Do 15,437
Laminar Bus Locatons 65 (Fig. 6-4) Multiple Driv Line Selection
Lamp Test 420 Naliple Dcode Faty Crcks” 432 Pl +17)

X2 ano



Noise, Eecrical 49 s s
OEAP Opcions Eror Anisis Fogam) 14 roliage Tip Adjosment 5.7
Of-Line Main

Protection
RepsiorOutpst Adwstment 52
Thermal Sensing.
Toublshocting 5
Visual Inspection and Cleaning 52
Sensing Circuits 57
Dot e 313
4 Power-On Procedure 2.
PREV ADR A (r.mmmxeu inPROSARA) 42
Preventive Maintenance
Program Interruption
PSW (Program Status Word):
Display Procedure  2-
art

Dhcusion 14
Facilites 11

Onary Time Adusiment 326

OnLin s

Fuiien
Operating and Maintenance Controls
‘Operating Procedures:
Address Compare Stop  2:15
Displaying CAW 216
Displaying CCW _ 2-16
Displaying Floating-Point Registers  2-15
Displaying General Registers 2-15.

Subsystem 214

o TR, e

-
w-umxu::::‘m“s 215 Pushbution, Repetitive Operation 4-35
st Pt e e 40
L ety
Ky zireses
e AT
Restarting the CE 2-13 Read-Only Storage (see RO
I T

jencral (see General Registers)

Storing CAW 2.1 n of ROS Bit Plancs 428

Turing CE Fows Offand O 212,213 ator
Optimization, ROS  4-21 Mwlnlw‘Amplm" Type (s8¢ Magnetic-Amplifier Regulator)
Oxciloscope, smumn..u.m 35 Naintenance - 5.9
Oras S O Output Volue Adjusiment 52

Creolag Tip Adjsment 57

o agtioAmpitrType Repiors 37,510 Replacement

In SCRType Repltors 57,5 s Wpe(nscl Reubon

Repshtor iy Adusiment 57 Vetngs Lisk op Adestoest 51

Remonas:

Toui e 21 Battery Pack  5-27
Fuoas Cof 21 Battery Tray  $-28
Pualel Adder HalfSum Checks 434 (Fi. 419)

426
Dl Cleing 805 42 Converter/lnverter 5112
General 426

E-Register 431 (Fig. 416)
Multiplier Decode 4-32 (Fig.

T ROS 2
Paralel Adder HollSum 4-34 (Fi. 4-19) RESEATINSN Swlch

Repet ROS AddrnSwlch (ROS ADDRESS Swich) 211

Sl Repetition of Sclcted ROS Word
Rl L s oty Repelive Comal Puthbntion Opeaion 435
(Preventive Maintenance) 3-1 Replacement:
Power: Battery Pack 527
Battery: Battery Tray 528
Bootstap Supply 529 (Fig. 5-12) 426
Block Diagram _ 5-20 (Fig. $-10) Comverter/lnverter 512
Charge Indicator 524 Resetting CE Esror Checks  2:13
Component Locations ssEesn Resetting the CE. 2-13
Interconnections 21 Restart from Inital PSW  2-14
PackTest 524 Restaring the CE 2.13
Special Tools 527 Rewind Tape Drive Procedure  2:16
ToyTe 526 Ripple Tests:
Prime:
AC Distribution 55 (Pi. 51)
Converter/l 5,511 (. 540 Rollr Swiche 24 (Tl 22)
BC Daton 5 e 549
Layout 62 (Fig. 6 it Compare $top (ROS ADDRESS Switch) 2:11
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Adjustment Procedure 421 Waveforms 47 (Fig. 4-

AllOs,all s Word Test4-3 Sen Ampier ROS 2 [ —

B6 (Fig. B-1)
49,410 (Fig. 43)

(Fig. 4:3)

by Mol SR (Fig. 418)
Service Aids:

Analyzing Imprecise Interrupts4-37

CE Clecks, DetermllagPullng ROS ek 429

Clowing o Yol B4

g Tigr B Tetd by PLT 435
426 E nqmn Py Cocks 431 Fig. +16)
Torge Sence 431 . 414 1/0 Scoping Loog

ranchi Mkplir Dot r...«y i e

Installtion  4-26
Registation 428

13
e, 110l 4, 4121049

seilocope
Debugging Procedure Pt e T Sum G, 44 Pl 419)
Drive Line Connector Bnlm 4 12 (Fig. 4-5) Repetitive Console Pushbutton Operation  4-35
B Feied i 49,41 Serial Adder FullSum Checks 433 (Fig. 4-18)
Hardeore 217,47 Stop-Loop Failures 429
Hardeors Replk 43 Stop on ROS Address Compare (ROS ADDRESS Switch)  2:11
e Rep 43 Troubleshooting Flowcharts 429
rmittent Fnlum 413 Ser 435
uu ranching 413 Set Instruction Counter 2+
i 49, 1 (Pl 44, 4412 Gl 49 Shnoo Gaph e o ROS Optmiaio) 423 (P, 410,24
Mxmn. (Drop; (Fig. 4-11,4-1
e Do e Seccion 413 Shmor RS s K0S Optniain)
Optmtston 431 Signalto Frame Ground Shorts 420
i Cock Inemitent 413 Singsbot Adtmen, 1052
Parity Checking_ 4.3, 4 Singleshot Timing
iy Check Wt it 413 SUE Bowd Amigment 63Flg. 62)
Repettion of Slected ROS Word 211, 435 SLT Bout PinLyout 610 P 61
Resistance Chln 4-10 (Fig. 4-3) Joard Repair and Replacement 426
Sense Amplifie: 517 Cut o st Cont Sl
Aveulleukl!lm"l Waveforms  4-25 (Fig. 4-13) SLT Large Board Removal
‘Special Tools, Battery &27
DhvaiedOuy StopLoop Fallures 429
Input I'(uul.neu S en Stop on ROS Address Compare (ROS ADDRESS Switch) 211
put Stopping the CE. 213
41 (FIL 4-2), 423 (Fig. 49), 425 (Fig. 4-13)
i 43 Slﬂmnlc: Main Storage 216
g 15 S e
Rioge Toss

AR Yo Tt 43
Discussion

Hava Tons 44

it Tos (S Oyt Logmy 43

Sty ks 420
Storage, Local (see Local Storage)

eqn:mx 421 g 410

Wuxd Repcllllm\ 211,435 b

Main Storage
Storing CCW  2-16

Word Tes
ROSAR (Re Oy S Addess g 42 s“h;‘:‘"?““‘.“’”‘"'""c"'*‘) gt
Scope Syne Signals 1-6 Svitch Conats 611 (Pl -
SCOPEX Timings_4-17, 418 (Fig. ) Swich Enabing Contrl Pl 22 (bl 21)
Scoping Loop for /0436 (Fg. 420) Sync Pointsfor FLT ZeroCycle Tests  4-16 (Fig. 46)
SCR Gate Signals,Converter/Inverter 59, 5-10 (Fig. $3) Sync Signals
SCR Regulator: Syem neock Sich 21

Discussion5-12 stem Maintenance Concep

- Sy Maininane Sy 1 Flg 1)
Resistances  5-14 (Fig. 5-5)
lage 512

‘Tape Drive Rewind Procedure  2:16
Slct s Base D ‘et Doty Lasos Bus Locton 65 (g 64)
Test Number Comparison
Vavtorme 47 (g4 Tests(see Specific Test)
Select Bus Emitter Drive: ‘Thermal Sensi 59
General 45 TIMER, DISABLE, Switch  2-2 (Table 2:1), 210
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y Line 420
SCOPEX 418 (Fig. 4)
si 420
1052 Singleshot 422
TN (Test Number) 43
Torque Sequence, ROS 427 (Fig. 4-14)
Troubleshooting:
Comverter/inverter 5.9
Floweharts 429
Power Supply Protection Circuits 57
Regulators  5:

ook s 57
I Mg Al Ty Rt S14
In SCRType Regdetos
Protection
Voltage:
Adjustments 52
Checks 52

FAAACTL2035 |

Limit Stop Adjustment 57
Checking 5-

Vokmete it Chnt €1 (Fig.C1)

Wait Bit, Clearing 435

Waveforms:
ROS Army Diive 47 (Fig. &
RO Semt Al 43 (i 42,423 . 49), 425
(Fig. 413

Word Tests, ROS 43

Wiap Bus, DE 15

ZeroCycle Tests (es FLT')

Zero Detection 44, 46 (Fig. 1)

1052 Adpir:

Layout B7 (Fig.B2)
LecherTrgen B3 (Fe. 5
Singleshot Adjustment 422

360 MODE Pushbution 23
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