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THEORY OF : ERA 1103 SECTION 4
OPERATION

with the O MT RESUME signal,

2., LOCKOUT DURING PRINT REFERENCES, - During the execution
of a typewriter operation, the Typewriter Control (ITWC) lockout circuit allows
the equipment program to continue unless apother reference is made to the type-
writer before the previously-initiated operation is completed,

When a Print (6ljv) instruction is executed, a TEST LOCKOUT signal is re-
ceived by PDC on MP 1, 1If no previously initiated printing operation is still
in process, the TEST LOCKOUT signal from the current instruction sequence has
no effect on the Wait External flip-flop, On MP 2 of the current instruction,
the print operation is initiated and an INITIATE LOCKOUT TWC signal sets the
Wait TWC flip-flop to "1" so that the next instruction referring to the type-
writer will not be executed until TWC RESUME for the current operation has been
received,

If the next Print instruction is started before the previously initiated
Print operation has been completed, the Wait TWC flip-flop will be in the "1"
state due to the INITIATE LOCKOUT TWC signal which occurred on MP 2 of the pre-
vious instruction, and the TWC REFERENCE enable to CTC will not be present,

When the Wait TWC flip-flop is set to "1" and MCT 61 (negative-going) enable
is present, a TWC LOCKOUT enable is applied to gate V06-30112, On MP 1 of the
current instruction sequence, the TEST LOCKOUT signal passes through this gate
and sets the Wait external flip-flop to "1", stopping MPD, -

If MPD is stopped in this manner, the completion of the printing operation
produces a TWC RESUME signal from the typewriter, which clears the Wait TWC flip-
flop in PDC, Wnhen this flip-flop is cleared, a TWC REFERENCE ENABLE is applied
to V04-30112 which allows the next CONTROLLED CLOCK PULSE to pass through gates
V04-30112 and V03-30112, The Wait External flip-flop is cleared to "0" and MPD
resumes operation, The TWC REFERENCE enable is also sent to CIC,

3. LOCKOUT DURING HIGH-SPEED PUNCH REFERENCES, - During the
execution of a high-speed punch operation, the HPC Lockout circuit allows the
program to continue until another reference is made to the high-speed punch be-
fore the completion of the previously initiated operation, The operations pro-
duced by this circuit are the same as the operation of the TWC Lockout circuit
described in the previous subparagraph, except that the Wait HPC flip-flop in
PDC is used, and the lockout operations are performed during the Punch (63jv)
instruction,

4. LOCKOUT FOR IOA AND IOB REFERENCES, - During the opera-
tion of the external input-output equipment, the Wait Read and Wait Write flip-
flops for IOA and IOB operate in a manner similar to the Wait TWC and Wait HPC
flip-flops described above, The operation is described in detail in Paragraph
8, Input-Output Section, in this volume,

¢, MAIN PULSE DISTRIBUTOR, - The Block Diagram, Main Pulse Distributor, is
in Envelope #4 of Volume 7, All instructions are executed in either 4, 5, 6, 7,
or 8 steps with the execution of each step being initiated on a different "main
pulse" (MP), The Main PulseDistributor (MPD) provides the control for select-

ing and generating only those MPs which are required for the execution of the
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instruction. The generation of MPs is not periodical since they are produced

by gating the intermittent ADVANCE MPD signals through selected MPD output gates.
An MP is produced at the conclusion of each step of an instruction, thus in=-
itiating the next step of the instruction. The automatic selectivity of MPD
executes each instruction in 'a minimum of steps. This selectivity is accom=
plished by combining MPD register outputs with operation code enables from

the Main Control Translator. The combinations so derived provide enables for
the MPD output gates. MPD is inherently an eight-pulse distributor, but, de=
pending upon the instruction being executed, the pulse cycle may be reduced to
as few as four pulses.

N ‘?he MP cycles produced to execute the steps of the various instructions
(indicated by operation code) are as follows:

four=-pulse cycle (MP O, MP 5, MP 6, MP 7) ~ for instructions 11,
13, 15, 16, 44, 45, 46, and 56; -
five~pulse cycle (MP O, MP 1, MP 5, MP 6, MP 7) - for instructios

12, 17, 31, 32, 33, 34, 47, 76, and 77:

six~puise cycle (MP O, MP 1, MP 2, MP 5, MP 6, MP 7) = for in-
structions 14, 35, 36, 51, and 54;

seven-pulse cycle (MP O, MP 1, MP 2, MP 3, MP 5, MP 6, MP T7)-
for instructions 42, 52, 53, 55, 71, 72, and 73;

eight-pulse cycle (MP O, MP 1, MP 2, MP 3, MP 4, MP 5, MP 6, M 7)
-for instructions 21, 23, 27, 37, 41, 43, 61, 63, 64, 65, 66,
67, and T4; ‘

special pulse cycles ~ for instructions 57, 75 and repeated
instructions.

As each MP is produced, the MP sets the MPD register to the next MP number.
lhat is, as MP 1 is generated, the MPD register is set to store 2; as MP 2 is
generated, the register is set to store 3, etc; so that MPD functions like a
counter advanced by ADVANCE MPD signals. If the operation of MPD was entirely
dependent upon the number stored in the register, MPD would be a fixed, eight-
cycle distributor, Thus the ADVANCE MPD signal probing the enabled MP O out-
put gate (V02~»30122) would generate MP O; MP O would set the MPD register to
store 1 and the MP 1 output gate (V05-30122) would be enabled. Following the
conclusion of the instruction step initiated by MP O, the next ADVANCE MPD sig~
nal from PDC would be gated from MPD as MP 1. This process would be cyclic,
producing in turn each of the eight MPs. Huwever, the output gates are enabled
by "AND" circuits connected to the output of the MPD register and conditional
MCT enables; i.e., each output gate is enabled from the output of the MPD re-
gister on the condition that the resulting MP is required in the execution of
the instruction.

For example, a four-pulse cycle is required for the execution of the Trans-
mit Positive (1luv) instruction. During the execution of this instruction MP O
is generated when the MPD register stores 0. MP O sets the register to store 1.
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Lowever, the presence of the MCT 11 enable, applied through a "NOT" cirecuit,
prohibits the MP 1 enable; thus the MP 1 output gate (V05-30122) is not en-
abled even though the MPD register stores 1, The absence of MP enables 0, 1,
2, 3, 4, 6, and 7 completes the "AND" circuit and produces the MP 5 enabled,
This "AND" circuit is complete whenever the number in the MPD register is pto-
hibited from producing a torresponding kP enable due to the presence of a con-
ditioning operation code enable from MCT, When the MP 5 enable present, the

next ADVANCE MPD signal is gated (through V05-30142) as WP 5, Thus, by inhibiting

MP 1, the MP cycle is made to skip to MP 5, so that a four-pulse cycle (MP O,
MP 5, MP 6, MP 7) is produced, .

To produce a five-pulse MP cycle a skip after the MP 1 to MP 5 is made; a
six-pulse cycle requires a skip after MP 2 to MP 5; a seven-pulse cycle requires
a skip after MP 3 to MP 5; and eight-pulse cycle requires no skip, Notice that
only in the eight-pulse cycle is the MPD register actually set to 5, since only
in this cycle is an MP 4 produced to set the register; however, the enables re-
sulting from this setting are not used, and the MP 5 enable is derived from the
absence of all other MP enables in the same manner as it is derived when a skip
is required, During the execution of the Repeat (75jnw) instruction, a special
pulse cycle, which excludes MP 6, is generated, Following MP 5 during the ex-
ecution of the Repeat instruction, the SET MPD to 7 signal from the Repeat
Sequence Control (RSC) sets the MPD register to store 7; thus MP 6 is excluded
from the cycle, MP 6 is also excluded from the normal cycle during the repeat-
ed execution of any instruction, This exclusion is also controlled by the SET
MPD TO 7 signal from RSC, Thus, if the normal execution of an instruction re-
quired a S-pulse MP cycle, the repeated execution of this same instruction
would be accomplished by the normal pulse cycle with MP 6 excluded, The re-
sulting MP cyclewouldbeMP O, MP 1, MP 5, MP 7, During the last execution of
the repeated instruction both MP 6 and MP 7 are generated, so that the normal
instruction termination occurs,

The jump termination for the repeated Threshold Jump (42uv) instruction and
the repeated Equality Jump (43uv) instruction requires a special MP cycle which
excludes MP 0, This MP pulse cycle is generated when the SET MPD TO 1 signal,
occurring after MP 5, from RSC sets the MPD register to store 1, Thus, both
MP 6 and MP 7 of the final execution of the repeated Threshold Jump or repeated
Equality Jump are not generated, and MP 1 is the next MP generated, This MP 1
initiates a jump termination operation, The jump termination pulse cycle so
generated is ¥P 1, MP 2 MP 3, MP 4, MP 5, MP 6, MP 7,

(1) INITIAL SETTING OF MPD, -~ The manual selection of MD START results
in the PRESET MD signal, which sets MPD to 6, This results in MP 6 and NP 7
being the first pulses generated, The manual selection of MI START results in
the PRESET MT signal which sets MPD to "0", This results in the first MPD cycle
beginning with MP 6 or MP O,

_ (2) STOPPING MPD, - Any stop operation will result in the termination
of the MP cycle since the STOP signal from Stop Control to PDC terminates the
ADVANCE MPD signal input to MPD, During the Final Stop (57--) instruction,
the MP cycle will stop after MP O, During a Manually Selected Stop (56jv)
instruction the MP cycle will stop after MP 5, The MP cycle will also stop as
a result of divide faults, MCT faults, and SCC faults,
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d, PROGRAM CONTROL REGISTER, - The Program Control Register (PCR) is the
name used to designate the 36 flip-flops which register an instruction word
while it is being executed, PCR consists of the Main Control Register (MCR),
the U-Address Counter (UAK), and the V-Address Counter (VAK), 1In preparation
for the execution of each instruction PCR receives the instruction from internal
storage via the X-Register, MCR receives the six-bit operation code; UAK re-
ceives the 15-bit "u" execution address; VAK receives the 15-bit "v" execu-
tion address, MCR stores the operation code and produces inputs to MCT, UAk
and VAK store the two execution addresses u and v, respectively, and handle the
"j", "n" and "k" factors of instructions, During repeat operations the execu-
tion addresses of the repeated instruction may be advanced, if so programmed,
in UAK and VAR, VAh is also advagced during block transfer operations between
MC and MT, :

(1) MAIN CONTROL REGISTER, - The Main Control Register is shown on the
BElock Diagram, Main Control Translator and Main Control Register, in Envelope
#4 of Volume 7, At the conclusion of each instruction operation, a new in-
struction is read into X, and the content of X is transmitted to PCR, which
consists of MCR, UAh, and VAK, The X3p through X35 "operation code" portion
of the instruction goes to MCR stages O through 3, respectively,

If MD START is selected, MPD is set to 6, and the first instruction is ob-
tained from the address spacified by PAK, If MI START is selected,, K the PRESET
MT signal initially sets MCR to 64 (octal), the Read Magnetic Tape code, and
sets UAKg to "1", This prepares the equipment for the transfer of the first
block of information from MT Unit O to MC, Further operations after an MT
START must be self-sustaining from the program contained in- the block of in-
formation transferred from MT, Outputs fromthe "1" and "0" sides of all MCR
stages go to MCT to produce the operation code enalles,

(2) U-ADDRESS COUNTER, - The U-Address Counter (UAK) is shown on the
Flock Diagram, Address Registers, in Envelope #3 of Volume 7, At the conclusion
of each instruction the "u" execution address of the next instruction is re-
ceived by UAK from a portion of the X-Register (X|5 through X9g) to prepare for
the execution of the next instruction, (This transmission from the X-Register
also includes Xp through Xj4 to VAK and X3g through X35 to MCR,) The "u”
address is stored in UAK until transmitted to SAR in preparation for a storage

reference, In lieu of a "u" execution address, UAK may store the "j" and "n"
factors during certain operations,

A "j" factor of a coded instruction is stored in UAKyo and UAK)3, For
Manually Selected Jump (45)v) and Manually Selected Stop fS&jv) ins?ructions,

a "j" factor of octal O, 1, 2, or 3 is stored in UAK; enables from UAK{y and
UAh 13 are used in MCT to produce the proper operation enables, For operations
requiring an external storage (MI) reference a "j" factor of 0, 1, 2, or 3 is
stored in UAK producing "j" enables for use in PDC to address the proper MT
unit, For high-speed punch operations a "j" factor of 1 is stored in UAK}2 and
is used to produce a seventh level hole, For external input-output operations
a "§" factor of "1" or "0" is stored to determine the selection of ICE or IOA,

An "n" fasctor of a coded instruction is stored in UAKy through UAk}j, An
"n" factor, accompanied with a "j" factor, is stored for operations requiring
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an external storage (MT) reference, The number "n" stored indicates the number
of magnetic tape blocks required by the operation, During the operation, the
number "n" is transferred from UAK, via SAR and the X-Register, to the MT block
Counter determined by the accompanying "j" factor,

The counting properties of UAK are utilized during repeat operations, The
“jn" factor of the repeat instruction is received by UAh and subsequently trans-
ferred to PAK where "jn" is complemented and used in the control of the opera-
tion, Following this operation, the "u" execution address of the instruction
to be repeated is received from the X-Register, (This transmission from the
X-Register also includes the "v" execution address to VAK and the operation code
to MCR,) If the "u" address is to be advanced, as determined by a programmed
selection of j = 2 or j =3, this initial address in UAK is advanced by a signal
from RSC after each execution of the repeated instruction, Note that the UAK
cycle depends upon the initial "u" address of the repeated instruction, If the
initial address is an MD address, UAKj4 is "1" which enables the gate (VOl-
30214) dllowing the ADVANCE UAK signal to sample UAK( through UAK]3, Thus the
count in UAK advances from the initial MD address to MD address 77777, and then
continues from MD address 40000 as the repeat operation continues, (It is poss-
ible to repeat an instruction a maximum of 4095 times, the capacity of PAKg

through PAK}),) 1f the initial address is not an MD address, UAK)4 is "0" which
disables the gate (V01-30214) allowing the ADVANCE UAK signal to sample only
UAhg through UAKg, Thus, if the initial UAK address is an MC address, UAK ad-
vances from the initial MC address to MC address 01777, then continues from MC
address 00000, If the initial address is either the Q-Register address or the
Accumulator address, the advance of the ten lower-order stages of UAK is
meaningless,

(3) V-ADDRESS COUNTER, - The V-Address Counter (VAK) is shown on the
Plock Diagram, Address Registers, in Envelope #3 of Volume 7, The operation
of VAK is essentially the same as that of UAK, At the conclusion 'of each in-
struction the "v" execution address of the next instruction is received by VAR
from a portion of the X-Register (X through X;4) to prepare for the next
programmed operation, (This transmission from the X-Register also includes X5
through Xog to UAK and Xg, through X35 to MCR,) The "v" address is stored in
VAK until transmitted to gAP in preparatxon for a storage reference, In lieu
of a "v" execution address VAK may receive a shifting factor "k" for operations
requiring a programmed number of shifts, During such operations, the number of
shifts, "k", is transferred from VAK to SAR, thus setting the SK portion of SAR
to "k".

As in UAK, the execution address of a repeated instruction in VAK may be
advanced by a signal from RSC after each execution of the repeated instruction,
The programmed selection of j = 1 or j = 3 controls the advance, The VAK cycle
depends upon the initial "v" address of the repeated instruction, This cycle
control, provided by the gate (V01-30194), is identical to that of UAK, The
counting properties of VAK are also utilized during block transfer operations of
information between MC and MI, During these operations the execution address
in VAK is transmitted to SAR and VAK is advanced by signals from MT, 1If the
initial "v" execution address during a block transfer is not an MC address, an
SCC fault will result,
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e, MAIN CONTROL TRANSLATOR, - The Main Control Translator is shown in the
Block Diagram, Main Control Translator and Main Control Register, in Envelope #4
of Volume 7, From the six-bit operation code stored in MCR, MCT produces opera-
tion code enables necessary for the execution of the instruction, The outputs
from MCRy through MCRy are translated producing the unit’s digit enables of the
octal code, The translations so produced are defined as the enables X0 through
X7, 1In like manner, the outputs from MCR3 through MCR; are translated producing
the eight's digit enables, defined as OX through 7X, of the octal code, These
enables produce, from the principal translator, the prime operation cocde enables
and produce, in the auxiliary translator, the composite and condition operation
code enabhles,

In the principal translator (the matrix-like circuit in the center of the
diagram) the eight’s digit enables and the unit's digit enables produce unique
prime operation code enables for each computer instruction, Note that enables
for 10, 20, 30, 40, 30, 60 and 70 are not produced, and prime operation code
enables are produced for 00, 01, 02, 03, 04, 03, 06, 07, 22, 24, 25, 26, and
62 although there are no instructions assigned to them, An MCT fault will
occur if MCR stores an operation code which is not included in the repertoire
of the equipment, /

In the auxiliary translator (the circuits at the top of the diagram), the
eight’s digit enables, the unit's digit enables, the MCR enables, the prime
operation code enables and other relevant enables are combined to produce the
following: (i) composite operation code enables, and (2) conditional operation
code enables,

Composite operation code enables are produced by combining digit enables
and MCR enables; thus enables are produced which represent several operations,
They are used if several identical commands occur during the execution of the
includéd operations, Such identical commands must occur at corresponding times
during the respective operations, The use of composite operation code enables
minimizes the combining of prime operation code enables in the Command Timing
circuits, :

Conditional operational code enables are used where optional sequences
exist, These enables incorporate manual selections, the condition of arithmetic
registers, "j" factors, and/or the condition of RSC with a prime operation code
enable, To produce conditional operation code enahles, the proper digit enables
are combined with relevant enables which originate elsewhere ip the equipment,
The A Zero flip-flop (V80-30242) is included in MCT to produce conditional
operation code enables, When A Zero is set to "1" by a signal from ASC, the
"1" state registers the fact that the content of A was initially zero,

Outputs from MCT, from both the principal and auxiliary translators, are
utilized throughout control, but mainly in CIC and ¥PD, In CTC, the MCT enables
are used in the production of the command signals necessary to execute the in-
structions, In MPD, the MCT enables are used in the selection of the MP cycle
required for the operation, MCT enables are also used in ARAC, PDC, the Fault
Detector and Stop Control, Their use in these control circuits is discussed
under the associated subjects, Where used, the MCT operation code enables are
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identified, except for the STOP and JUMP ON enables, by the term "MCT" included
in the enable name,

f, COMMAND TIMING CIRCUIl'S, - These circuits are shown on the Block Diagram,
Command Timing Circuits (sheets | and 2) in Envelope ¥4 of Volume 7, The Com-
mand Timing Circuits (CTC) are the gates which produce the command signals
necessary to execute the instructions, Each gate is enabled by one or more MCT
enables and is probed by one or more MPs from MPD, The output from each gate is
a "command" signal,

To facilitate the location of the gates, the block diagram is divided into
groups, each labelled with a title which indicates the destination of the com-
mands produced by the gates in the group,

The Command Timing Circuits produce a distinct sequence of commands for each
instruction, These instruction sequences are presented in tabular form in Ap-
pendix B, under the Command Timing heading, The tables are arranged consecu-
tively by instruction operation code, '

On each table, the left-hand column lists the sequence of MPs that produce
the sequence by probing the CIC gates,

The "command" column lists the names of the signals produced by each MP,
The "Source" column lists the abbreviation for the portion of CTC producing the
command, In this latter column, the abbreviations listed in Table 4-5 below
are used, The "Destination” column lists the register, storage system, or con-
trol circuit that receives the command,

Table 4-5

Portions of CTC
PORTION OF CTIC ABBREVIATION
ARAC COMMANDS CTC -ARAC
ARITHMETIC REGISTER COMMANDS CTC -AR
ASC COMMANDS CTC-ASC
INPUT-OUTPUT (IOA-IOB) COMMANDS CTC-I0
QUTPUT COMMANDS CTC-0UT
MT COMMANDS CTC -MT
PDC COMMANDS CTC-PDC
PAK COMMANDS CTC-PAK
PCR COMMANDS ’ CTC-PCR
RSC COMMANDS CTC-RSC
SAR (SK) COMMANDS CTC -SAR
SCC COMMANDS CTC-5CC
SKC COMMANDS CTC -SKC
STOP CONTROL COMMANDS CTC -STOP

To use the Command Timing tables in Appendix B, it is necessary to under-
stand the basic operation of MPD, There are two general types of MPD cycles:
(1) a four, five, six, seven, or eight-pulse cycle produced after an MD START
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or MT START; (2) special pulse cycles produced for the Repeat (75jnw) in-
struction and repeated instructions,

(1) NON-REPEATED INSTRUCTION SEQUENCES, - The sequence for all pro-
grammed instructions (except for the Repeat (75jnw) and repeated instructions)
consists of a cycle that starts with MP O, continues to MP 5, then concludes
with MP 6 and MP 7, Because the operations performed by MP 6 and MP 7 are the
same for all these instructions, these two MPs are not shown at the bottom
of each Command Timing table but are listed on Page B-5 instead, As an example,
the use of the tables for the Transmit Positive (lluv) instruction is described
below, '

The Transmit Positive instruction is executed by a four-pulse MPD cycle con-
sisting of MP O, MP 5, MP 6, and MP 7, This cycle is produced when PCR contains
an lluv instruction word, As shown on Page E-6, MP 0 produces commands which
clear X, transmit an address into SAR, initiate a reading operation, and tempo-
rarily stop the advancing of MPD (WAIT INTERNAL REFERENCE), When the reading
operation to X is completed, the Master Clock resumes the advancing of MPD, and
mP 5 is produced next, MP 5 transmits a new address into SAR, initiates a
writing operation, and produces another WAIT INTERNAL REFERENCE signal that stops
MPD, When the content of X has been written, MPD is advanced to MP 6, As
shown on Page B-5, MP 6 produces commands that clear PCR, insert an address from
PAK into SAR, initiate a reading operatim to obtain a new instruction, and
stop MPD, When t he reading operation is completed, MPD is advanced to produce
MP 7, On MP 7, SAR is cleared and the new instruction is transmitted into PCR,

(2) REPEAT SEQUENCES, - The execution of the Repeat instruction causes
the instruction which follows it to be executed n times, During the repeated
execution of the instruction which follows, the execution addresses may be ad-
vanced after each execution depending upon the selection of j, If j is O,
neither execution address is advanced, If j is 1, the v execution address only
is advanced, If j is 2, the u execution address only is advanced, If j is 3,
both execution addresses are advanced, If the instruction iIs executed n times
and no jump occurs, the program is jumped to fixed address (F;), If a jump
occurs, the program is jumped to the v execution address of the repeated Jump
instruction, All instructions can not be repeated although the execution of
the Repeat instruction may set up RSC for the repeat, An attempt to repeat an
instruction in which a jump operation is called for will result in the immed-
iate termination of the repeat by the clearing of RSC, Then the jump is made
8s the normal execution of the instruction continues, (Operation codes, 41, 44,
45, 46, 47 and 56 are the examples of such operations,) However,the Threshold
Jump (42uv) and the Equality Jump (43uv) may be repeated and a special Jump
Termination sequence is provided solely for these two operations,

The sequences occurring during the Repeat (75jnw) instruction and repeated
instructions are shown graphically on Page B-98,

The Repeat instruction is executed by a cycle consisting of MP O through MP
5, On MP 5, the next instruction (to be repeated) is inserted into PCR, and a
"repeat condition” is registered in BRSC by an RSC Initiate Repeat subsequence,

If the value n in the Repeat instruction was not equal to zero, MPD is set
to 7 and the resulting MP 7 clears SAR,
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Next, the instruction to be repeated in PCR is executed up to n times by a
repetitive MPD cycle starting with MP 0 and ending with MP 5, The operations
during these instructiens (except for the 42uv and 48uv instructions) are the
same as those listed on pages B~6 through B-48, but in additien, s test is
made on P 5 to determine whether the cycle should be terminated,

If the cycle is to be terminated because n performances have occurred, MPD
is permitted to advance to MP 6 'and MP 7 for a CTC Repeat Terminatiens sequence,
In CTC, these MPs insert an imstruction obtained from F{ imto PCR,

If the cycle is terminated because a jump eccurred, RSC operations cause &
CIC Jump Termination sequence to be performed, This sequence, comsisting of
MP 1 threugh MP 5, causes the jump address te be inserted inte SAR, and the
"jump coust™ (§, n~¢) to be stored im Q, Next, MPD is advamced te produce MP 6

- and MP 7, which at this time produce the same CIC commands preduced by MP 6 and

MP 7 after any non-repeated instruction,

g, PROGRAM ADDRESS COUNTER, - The Pregram Address Counter (PAK) is shown
on the Block Diagram, Address Registers, in Envelope ®3 of Volume 7, PAK is

an additive 15-stage binary counter whese principal function is to store se-

quentially the consecutive addresses used in the computer program, PAK per-
forms an auxiliary fumction during repeat eperations by serving as a repeat

counter end by centrolling the advancement of the executien addresses, Infeor-

?ation from PAK goes to SAR only, Information input to PAK is either menus]l or
rom SAR,

The initial setting of PAK is made manually fellewing the selection of
either MD or MI START, This setting need only be made with ar MI START if the
starting program address is other tham 00000, and need only be made with MD
START if the starting program address is ether tham 40000, After the initial

setting, the advance of PAK is automatic, At the conclusien of each non-repeat-
ed or non-jump instruction the next address in PAK is transmitted te SAR, where
it determines the sddress from which the next imstruetien is obtained; then PAK
is advanced by a signal frem CIC, As a result, iastructiems stored at consec~
utive storage nddresses are per!ormed sequentially, until a jump or repeat con-
dition occurs,

~ When the program address sequence is brekem by a juup instructian, PAK is
cleared and the address of the next instrnctiaa is transmitted to PAK via SAR
from either UAK or VAK,

- When a REPEAT (73jaw) instructien is performed, PAK serves as a repeat
counter and an auxilisry centrol, During the Repeat instruction sequence, the
complement of the number of repeats to be performed (n') is stoered in PA
through PAKj], As each repeat operation is concluded, PAK is advanced by a
signal from RSC until the PAK)] carry is produced, giving rise te the END REPEAT
signal, The complement of the facter "j" is stered in PAK}o, PAK)3 and PAK)4
to control the advancement of the execution addresses during the repeat, (Note
that if "j§" 15 greater than 3, the complemented j value in PAK disables gate
V01-30204, becnuse PAKy4 is set to "0", This gate blocks all carries above
PAKg, makin a repeat termination impossible,) Because PAK is used to store n',
thepiunp address w (see description of the Repeat Instruction) cammot he stored
in PAK,
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For this reason the address w is stored in the v-portion of a jump instruction
stored at "fixed address" 00000, and a jump to this fixed address is made at
the conclusion of the operation.

When the execution of consecutively stored program instructions has pro=-
ceeded to the last address of MDS or MC, the next ADVANCE PAK signal returns
PAK to the first MDS or MC address, respectively. This "closed loop" feature
prevents transfer of operations from MC to MDS, or vice~versa, unless such a
transfer is intentionally programmed by the insertion of anm instruction result-
ing in a jump. The MDS "closed loop" operation is caused by the absence of a
carry input on PAK stage 14. The MC "closed loop" operation is caused by a
gate that blocks the PAK stage 9 carry if PAK stage 14 is equal to "0", which
will be the case if the PAK-stored address refers to MC, @, .or A, }

h. REPEAT SEQUENCE CONTROL. - The Repeat Sequence Control (RSC) is shown
on-a block diagram in Envelope #2 of Volume 7. The Repeat Sequence Control pro-
duces special RSC and CTC sequences during the execution of the Repeat (75jnw)
instruction and during repeated instructions. These sequences are shown in Ap~
pendix B under the R5C heading.

(1) GENERAL. < 1f a program instruction is to be performed "n" times,
the instruction is preceded by the Repeat (75jnw) instruction. In the 75an
instruction word, the value n determines the maximum number of times the in-
struction is to be executed, the value w is a “replace“ address that is transe
mitted to the v-address portion of a "fixed address', and the value j causes
the u and v address portions of the repeated instructlon to be altered after
each performance in the following manner: '

if j =0, or 4, u and v are not ‘altered.
if j =1, or 5, v i{s increased by 1.

if j =2, or 6, u is increased by 1.

if j =3, or 7, both u and v are lincreased

by 1.

During MP O through MP 5 of the CTC 75 sequence, the replace address w is
transmitted to the v address portion of fixed address F;. The fixed address
is located at either Magmetic Core Storage address 00000 or Magnetic Drum add-
ress 40001, depending upon the setting of & switch on the Supervisory Control
Panel. However, during the normal mode, this switch must be set to the MC (Fy
= 00000) position. The current program address in PAK is used to leocate the
next instruction (to be repeated), and then PAK i{s altered to contain the com-
plements of the values j and n. An INITIATE REPEAT signal initiates an RSC In-~
itiate Repeal sequence.

During an RSC Initiate Repeat sequence, the value n, stored in complemented
form in PAK, is altered. If n is equal to "0O", the RSC Initiate Repeat sequence
is followed by a CTC Repeat Termination sequence. If the value of n is greater
than "0", the ESC Initiate Repeat sequence establishes a "hold repeat" condition
in RSC and CIC, and a CTC MP 7 Repeat sequence results.

On MP 7, the instruction to be repeated is retained in PCR. 1If the instruce
tion is not a jump instruction, the normal CTC operations for the particular in-
struction are performed on MP O through MP 5. 1In addition, the previously esw-
tablished "hold repeat" condition causes special CTC MP 5 Repest operatioms to

¢
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be produced on MP 5. These special operations initiate an RSC End Test (No
Jump) sequence.

If the next instruction is either a Threshold Jump (42uv) or an Equality
Jump (43uv) instruction, the "hold repeat” condition established earlier mod-
ifies the CTC operations normally occurring during these instructions. If
jwnp conditions do not occur during the repeat-modified CTC 42 or 43 sequence,
an INITIATE END TEST signal initiates an RSC End Test (No Jump) sequence. If
jump conditions occur, two signals, INITIATE END TEST and INITIATE JUMP TER-
MINATION, initiate an RSC End Test (With Jump) sequence.

During an RSC End Test (No Jump) sequence, the value n', stored in PAK, is
altered by one count. If the altered value n is not zero, the RSC End Test (No
Jump) sequence alters UAK and VAK as specified by the value j, and initiates a
CIC MP 7 Repeat sequence, so that the instruction PCR will be retained and will
be repeated. If the altered value n is equal to zero, indicating that the pro-
per number of repeat instruction executions have been performed, the RSC End
Test (No Jump) sequence is followed by a CIC BRepeat Termination sequence,

The CIC Repeat Termination sequence differs from the normal CIC MP 6 and
MP 7 sequence in that the previously established "hold repeat™ condition causes
an additional subcommand, SET SAR TO F; to be produced. As a result, the next
instruction is obtained from Fj. Usuaily, F)] stores a jump instruction, and
the v address portion of Fi, inserted during the CTC 75 sequence, causes the
program to jump to a new routine starting at the w address specified in the
75jnw instruction.

1f the repeated instruction is either a 42uv or a 43uv jump instruction and
jump conditions are fulfilled, the resulting RSC End Test (With Jump) sequence
initiates a CIC Jump Termination sequence by setting MPD to MP 1,

The CTC Jump Termination sequence is produced in CTC when MPD is set to
MP 1 and the "hold repeat" condition exists. The sequence, consisting of MP 1
through MP 5, transmits the values j and n-r, where r equals the number of re-
peated instruction performances, into the Q register. These values may be used
in subsequent program routines to locate the address of the data fulfilling :
jump requirements. The CIC Jump Terminate sequence is followed by a normal
CIC MP 6 and MP 7 sequence, which causes the program to jump to the v address
specified in the last performed 42uv or 43uv instruction.

(2) RSC OPERATIONS. - The specific operations that occur in the Repeat
Sequence Control are described in detail below.

(a) OPERATIONS DURING THE 75 SEQUENCE. - During the 75 sequence,
MP O through MP 5, the 75 FF flip-flop is set to "1" and an INITIATE REPEAT
signal produces an RSC Initiate Repeat sequence. .
The CIC 75 sequence differs from other instruction sequences in that MCR is
cleared on MP 3, and the next ipstruction is transmitted into MCR on MP 5 instead
of P 7. As a result, MCR is empty on MP 4 and MP 5. On MP 3, as MCR is clear-
ed, the SET 75 FF signal registers a "75" condition in RSC by setting the 75 FF
flip-flep to "1". In CTC, the 75 instruction sequence operations are made poss~
ible by the 75 FF "1" enable from RSC.
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The CIC 75 sequence is also unique in that PAK is used to count repeats in-
stead of progrem addresses, The values j and n are transmitted into PAK on MP
4, Later, PAK is complemented and each ADVANCE PAK signal advances by one count

the complemented n value toward "o",

An INITIATE REPEAT signal is produced on MP 5, In CTC, this signal trans-
mits the next instruction from X into PCR, temporarily stops the Master Clock,
and complements the value n stored in PAK, In BSC, the Initiate Repeat signal
sets the Initiate Repeat and End Repeat flip-flops to "1",

(b) RSC INITIATE REPEAT SEQUENCE, - When the Initiate Repeat
flip-flop is set to "1", an Initiate Repeat sequence occurs in RSC, The first
operation performed by this sequence alters the repeat count by advancing PAK,
'If the value n was initially equal to zero, the ADVANCE PAK signal produces a
" PAK END CARRY or END REPEAT signal that sets the End Repeat flip-flop in RSC
to "0", Other operations of the Initiate Repeat sequence clear the 75 flip-
flop, register the "hold repeat™ condition by setting the "Hold Repeat" flip-
flop to "1", and restart the Master Clock with an RSC RESUME signal,

The final operation of the sequence, performed only if the End Repeat flip-
flop has remained set to "1", sets MPD to MP 7, If this final operation does
not occur, MPD advances in the normal manmer to MP 6,

‘ The "hold repeat" condition, registered by the Hold Repeat flip-flop set to
the "1" state, alters normal CTC operations so that the MP 6 or MP 7 pulses oc-
curring after the RSC Initiate Repeat sequence perform either a €IC MP 7 Repeat
sequence or a CTC Repeat Termination sequence,
(c) CTC MP 7 REPEAT SEQUENCE, - The absence of a Hold Repeat "0Q"
enable in CIC prevents the forming of an X—> PCR command, and the instruction
stored in PCR during the CIC 75 sequence is retained, The MP 7 operations are
‘followed by the exeéecution of the next (repeated) instruction,

(d) CTC REPEATED INSTRUCTION SEQUENCE, - If the repeated instruc-
tion is neither a 42uv nor a 43uv instruction, the MP O through MP 5 ‘operations
occur in the normal manner, but the presence of the Hold Repeat "1" enable pro-
duces additional operations on MP'5, These CTC MP 5 Repeat operations initiate
an BSC End Test sequence and alter the value n by advancing PAK,

If the repeated instruction is either a 42uv or a 43uv instruction, the MP
O, MP 1, and MP 2 operations occur in the normal manner, but the presence of the
Hold Repeat."1" enable in MCT and CIC alters the MP 3, MP 4, and MP 5 operations,
Principally, these operations are altered so that a jump condition, if satisfied,
causes the values j and n-r to be transmitted to {, If a jump condition is
satisfied, MP 3 operations produce an INITIATE JUMP TERMINATE signal, On MP &
an INITIATE END TEST signal initiates an RSC End Test sequence, '

(e) RSC END TEST SEQUENCES, - Two forms of RSC End Test sequences
are possible, If the repeated instruction was not a Jjump instruction, or if
the repeated instruction was a jump instruction but jump conditions wéra not
fulfilled, an INITIATE END TEST signal produces an RSC End Test (No Jump) se-
quence, If the repeated instruction was a Jump instruction and jump conditions
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were fulfilled, the resulting INITIATE JUMP TERMINATE signal followed by an
INITIATE END TEST command produces an RSC End Test (With Jump) sequence,

If the value n-r is not "0", the RSC End Test (No Jump) sequence condi-
tionally advances UAK and VAK as specified by the complemented j value obtained
from PAK stages 12 and 13, and sets MPD to MP 7 so that a CTC MP 7 Repeat se-
quence occurs and the instruction stored in PCR is repeated, If previous MP 7
Repeat sequence operations have altered the complemented n-r value, stored in
PAK, to "0", the resulting END REPEAT signal will have set the End Repeat flip-
flop to "Q", If this has occurred, the RSC End Test (No Jump) sequence allows
a CIC Repeat Termination sequence to occur, A CIC Repeat Termination sequence
clears the "hold repeat" condition by clearing RSC, and obtains the next in-
struction from fixed address Fy,

The presence of the Jump Terminate "1" enable causes the End Test sequence
to set MPD to MP 1, In CTC, the presence of the Jump Terminate "1" enable pro-
duces the MP 1 through MP 5 CTC Jump Terminate sequence of operations, This
sequence transmits the values j and n-r into Q and transmits the current con:
tents of VAK into SAR, so that the next instruction will be obtained from the
address specified by the last performed 42uv or 43uv instruction, The CTC Jump
Terminate sequence is followed by a normal CTC MP 6 and MP 7 sequence, that
causes the program to resume at the specified v address,

i, FAULT DETECTOR, - The Fault Detector circultry is shown on the Block
Diagram, Fault Detector and Stop Control, and Block Diagram, Manual Controls,
both in Envelope #5 of Volume 7, The Fault Detector detects the presence of
faults and stops equipment operation when a fault occurs, Of the 12 types of
faults that may be detected, seven produce an A Fault stop equivalent to a
Force Stop (CONTROLLED CLOCK PULSES cease) and five produce a B Fault stop
equivalent to a Final Stop (CONTROLLED CLOCK PULSES cease and selections on the
Supervisory Control Panel drop), The two types of stops are used because the B
Faults are more serious than the A Faults, and B Faults usually necessitate the
restarting of the computer program, When a fault occurs, the specific type of
fault is indicated on the Supervisory Control Panel in Fault Indicators Group,

(1) A FAULTS, - When an A Fault condition exists, an A Fault voltage
from the Fault Detector energizes the A Fault relays K30006 and K30036, When
this occurs, a sequence of relay operations stops the distribution of CONTROLLED
CLOCK PULSES from the Master Clock, and the Operate relays are dropped, However,
the contents of the computer storage and flip-flops are not dropped, so that op-
eration may usually be resumed by removing the cause of the fault, pressing
the CLEAR A FAULT button, and pressing the START button, Pressing the CLEAR A
FAULT button clears all flip-flops used to detect the fault, The specific
faults that produce an A Fault condition are listed below,

(a) $CC FAULT, - An SCC Fault is produced if,a reference is made
to a storage class erroneously, The erroneous references that are detected in
the Fault Control are listed in Table 4-6 below,
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TABLE 4-6

SCC TFAULT CONDITIONS

SIGNALS PRODUCING THE FAULT ' REASON
PULSES ENABLES
"1" From Initfate Write (0-~14)  Aor Q Partial writing impos-
sible in A or (.
"1" From Initiate Write (0-14) Not A,Q,MC.or MD  Unassigned address in
SAR
"1" From Initiate Write (15-29) AorQ Partial writing impos-~
sible in A or Q,
"1" Frow Initiate Write (15-29) Not A,Q,MC,or M Unassigned address in
SAR q
"1" From Initiate Write (0-33) Not A,Q,MC, or M Unassigned address in
' SAR
"1" From Initiate Read Not A,Q,MC,or M Unassigned address in
SAR
Initiate Read A MP 7 Enable Next instruetion should

not be read.from A,

Internal Storage Resume MCT 64 and NOT MC Tape information not
writing in MC,

Internal Storage Resume MCT 65 and NOT MC Tape information not
read from MC,

This table shows that the production of a partial write signal (INITIATE
WRITE O-14 or 15-29) is a fault if a reference is made to A or (. Also, any
INITIATE WRITE or READ signal is invalid if no reference is made to A, Q, M,

~or MD. If an instruction sequence is performed that specifies that the next
instruction is to be obtained from the A register, the MP 7 enable and the
INITIATE READ A signal produce an A Fault, This is detected as a fault because
there is a possibility that the ARAC RESUME produced in ARAC mav cause the in-
struction sequence to proceed to MP 7 bhefore FCR has had time to clear and re-
ceive the instruction from A, so that an erroneous instruction may be registered
in PCR, An SCC Fault is also registered if a Read or Write Magnetic Tape (é64juv
or 63 jnv) instruction is being performed and a reference has been completed to
an address not in MC. Instructions 64 and 65 specify that operands in the Mag-
netic Tape System are to be transmitted only to and from MC, sc¢ that a reference
to an address not in MC is invalid.
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When an SCC Fault occurs, the SCC Fault flip-flop 1s set to "1" and an
MCT/SCC FAULT signal is produced. The SCC Fault relay K30059 energlzes and
closes a contact to produce the A FAULT signal. 1In the Stop Comtrol, the

MCT/SCC FAULT signal produces m STOP signal, which immediately shuts off
CONTROLLED CLOCK PULSES.

{b) DIVIDE FAULT. - During the performance of a division, the ASC
Divide sequence performs two division checks to detexrmine if the quotient re-
sulting from the division will exceed the capacity of Q. If the quotient is
too large, s DIVIDE CHECK STOP gignal is produced. In the Fault Detector, this
signal sets the Divide Fault flip-flop to "1", so that the Divide Fsult relay
K30058 emergizes. When energized, thls relay closes a contact to produce an
A FAULT signal. The DIVIDE CHECK STOP signal is also sent to Stop Control to
produce a STOP gignal.

(¢) PRINT FAULT. - During the execution of a Print (6l-v) instruc-
tion, the lower-order gix bits of an operand are translated. If the combination
is acceptable, a character is printed or a typewriter functiom Is performed.

If the combination is one of the unacceptable combinations, & feult is detected.

When any of these "impossible characters” are present im the Output Trans-
lator, a sequence of Output System relay operations produces a PRINT FAULT
signal that energizes the Impossible Print Fault relay K30062 in the Fault De-
tector. When energized, this relay produces an A FAULT signal.

(d) WATER FAULT. - If the pressure of the cooling water in the
Blower (90000) Cabinet drops to a preset value, a pressure switch operates to
de-energize the Water Fault relay K30072. When de-energized, this relay produces
an A FAULT signal.

‘ (e) TEMPERATURE FAULT. - When the temperature above a chassis
channel of any bay exceeds 1000F, the low temperature thermostat located at the
top of the channel operates to illuminate an indicator above the channel, and
to open the Temperature Interlock circuit. This de-energizes the Temperature
Fault relay K30074, allowing an A FAULT signal to be produced.

The BYPASS INTERLOCKS key switch on the Supervisory Control Panel provides
means of bypassing this circuit so that the computer may be operated evem though
this fault exists. A buzzer sounds continually if this switch is turned.

(f) ABNORMAL CONDITION. - If the equipment is im the NORMAL operating
mode, certain improper switch settings or power supply comditions produoe an
Abnormal coadition fault,

When the POWER SEQUENCE gelector switch on the Main Power Panel is not in
the OPERATE position, the MT and MD Write voltages are discomnected and an
ABNORMAL CONDITION signal is produced. An ABNORMAL CONDITION signal is also
produced if the POWER SEQUENCE selector switch on the MC Power Panel is-not in
the OPERATE position, or if any of the Supervisory Control Panel TEST SWITCH GROUP
switches are not inm the normal condition. The Abmormal Condition is indicated
by the illumination of the ABNORMAL CONDITION indicator im TEST SWITCH GROUP of
the Supervisory Control Panel. No fault stop will occur if the equipment is in
the TEST mode.
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{g) OVERFLOW FAULT, - When the INITIATE MULTIPLY signal occurs
and A34 # A3;, the Overflow flip-flop is set to "1". The OVERFLOW STOP signal
is produced. This signal, sent io the Stop Contrel, produces a STOP signal
which stops the computer. Also, relay K21602 is energized, which, in turn,
energizes the A Fault .relay, and illumimates the OVERFLOW indicator. This indi-
cates that there is a possibility that the product about to be formed may be
too large for A.

(2) B FAULTS, ~ Whena B Fault condition exists, a B FAULT voltage
from the Fault Detector energizes the B Fault relays (K30008 and K30038g.

When this occurs, a relay sequence stops the distrxibution of CONTROLLED CLOCK
PULSES from the Master Clock, drops the Operate relays, and drops the manual
selections previously made at the Supervisory Control Panel. As a result, the
equipment can be restarted only by making new manual start selections. The
specific faults that produce the B Fault condition are described below.

(a) MCT FAULT, - An MCT Fault is produced if PCR contains an in-
valid operation code. Thé fault is registered by the MCT Fault flip-flop,
which is set to "1" by MP O when invalid MCT enables 00, 01, 02, 03, 04, 05,
06, 07, 10, 20, 30, 40, 30, 60, 70, 22, 24, 25, 26, and 62 are present. When
the fault occurs, the MCT Fault flip~flop is set to "1" on MP O and an MCT/SCC
FAULT gignal is produced. MCT Fault relay K3006l1 energizes and closes a contact
that produces a B FAULT signal. In the Stop Control, the MCT/SCC FAULT signal
produces a STOP signal that stops CONTROLLED CLOCK PULSES.

(b) MISSING LINE PULSE FAULT. - In the Magnetic Tape Storage
System, the magnetic tape stores information in "blocks” consisting of 576 lines.
In each block, each line 18 accompanied by a LINE PULSE written on two parallel
timing tracks of the tape. No LINE PULSES are present In the "interblock space”,
the space hetween blocks. During the reading of a block, the LINE PULSES are
counted. When 576 have been counted, a BLOCK PULSE is produced while an inter-
block space is passing through the readimg station. If more than 576 are
counted, the BLOCK PULSE is produced while LINE PULSES are being read. If less
than 376 are counted, the BLOCK PULSE is mot produced until the mext block is
read, and additional LINE PULSES are being read. In either case, a LINE PULSE
read coincidemtly with a BLOCK PULSE sets an Ervor flip-flep to "1", indicating
that the block contalned either more or less than 576 LINE PULSES, This ener-
glzes the MISSING LINE PULSE relay, which, in turu, energizes the B FAULT relay.

This type of fault algso occurs if the end of any tape reel is approached.
Special LINE PULSES recorded in the interblock spaces at the extremities of
each reel of tape produce the fault condition so that the tape 18 not run too
far in one direction.

(¢) VOLTAGE (BIAS) FAULTS. ~ When the detection of a f{aulty voltage
causes the Fault Relay of either the Malnm or MC Power Supply to de-energize,
a BIAS FAULT signal energizes the B FAULT relay, and the VOLTAGE FAULT indicator
of Supervisory Control Panel FAULT INDICATORS GROUP jlluminataes.

(d) IO FAULT. - If the control for the external equipment conpected
to I0A and IOB calls for a reading operation before the data from a previous
reading operation has been assimilated by the computer, or before the data
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from a previous write or select operation has been assimilated by the external
equipment, four types of IO Faults may occur. Each of these emergizes the IO
Fault relay X21601, which in turn energizes the B Fault relays. When one of
these faults occurs, the IO indicator in Supervisory Control Panel FAULT INDI-
CATORS GROUP glows, and ome of the four READ FAULTS indicators on the upper
Input-Output panel glows. v

1. I0A 1 FAULT. - Each time a reading operation from IOA is
performed, an IOA WAIT READ "1" emable is produced in PDC. When the computer
is through processing the informatiom, the IOA WAIT READ "1" ensble is removed
from the Fault Detector. However, if another reading operation occurs before
the IOA WAIT READ "1" enable is removed, the I0 FAULT relay K21601 is energized.

. IO0A 2 FAULT. - If a writing operation occurs before the
I0OA WAIT READ "1" enable is removed, the I0 FAULT relay is energized.

3. IOB 1 FAULT. - This fault is similar to the IOA 1 FAULT,
except that it involves IOB imstead of IOA.

4. 108 2 FAULT. - This fault is similar to the IOA 2 FAULT,
except that it involves I0B instead of IOA,

(e) EXTERNAL FAULT. - Im the control circuits of the external in-
put-cutput equipment connected to IOA end I0B, there are usually several fault
detection circuits. If any of these produce a fault, an EXTERNAL FAULT signal
from the external equipment control emergizes the IO Fault relay K21601. An-
other voltage from the external equipment illumimates the EXTERNAL FAULT indi-
cator onm the upper section of the Supervisory Control Panel. When energized,
the 10 Fault regay illuminates the I0 FAULT indicator and emergizes the B Fault
relay.

J. STOP CONTROL. - The Stop Control is shown on the Block Diagram, Fault
Detector and Stop Control, im Envelope #5 of Volume 7. The Stop Control stops
the equipment when a Manually Selected Stop (56jv) imstruction is executed to
produce a stop, when a Final Stop (57--) imstruction is executed, or when cer-
tain A Faults occur.

(1) MANUALLY SELECTED STOP. - Whem a Manually Selected Stop (36jv) in-
struction is executed, a stop is produced if the j value of the instruction word
is equal to O, or if j is equal to 1, 2, or 3 and if the correspondingly labelled
SELECT STOP buttons on the Supervisory Control Panel have been pressed.

In the Main Control Translator, the manual selections produce STCP O,
MANUAL STOP 1, MANUAL STOP 2, or MANUAL STOP 3 enables whea a 56jv instruction
is performed. In the Command Timing Circuits, the 56 instruction sequence pro-
duces a STOP CLOCK command on MP 5 {f amy of these enables are present.

In the Stop Control, the STOP CLOCK command produces a STOP signal that

gshuts off CONTROLLED CLOCK PULSES in CRC and ADVANCE MPD in PDC (see Block Dia-
gram, Master Clock). In PDC, a STOP ENABLE is produced.
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In the Stop Control, the STOP ENABLE and the STOP O, MANUAL STOP 1, MANUAL
STOP 2, or MANUAL STOP.3 enables produce a 0, 1, 2, or 3 STOP voltage, that
energizes a Stop relay. When any of these relays are energized, other relays
are de-energized so that certain operating voltages are removed from the equip-
ment, The operends in the Storsge and Arithmetic Systems are not destroyed,

50 the program may be resumed by pressing the START button on the Supervisory
Control Panel.

(2) FINAL STOP. ~ When a Final Stop (57--) instruction is executed, a
STOP CLOCK signal is produced in CIC on MP O, In the Stop Control, this signal
produces a STOP gignal that shuts off CONTROLLED CLOCK PULSES in CRC and
ADVANCE MPD {n PDC. 1In PDC, a STOP ENABLE is produced.

In the Stop Control, the MCT 57 enable and the STOP ENABLE produce a FINAL
STOP voltage that energizes the Fimal Stop relay K30057. When energized, the
Final Stop relay drops the Supervisory Control Panel start selections; therefore,
new program start selectlons must be made befor¢ the equipment is restarted.

(3) A FAULT STOPS. - In most cases, the A Fault condition causes a re-
lay sequence that shuts off CONTROLLED CLOCK PULSES. However, a few A Fault
conditions operate through the Stop Control so that the CONTROLLED CLOCK PULSES
are shut off immediately, because these faults are the type that affect operands
in the computing system. The particular A Faults which shut off the Master
Clock fmmediately are the Divide Fault, MCT Fault, SCC Fault, and Overflow Fault.
These faults produce DIVIDE CHECK STOP, MCT/SCC FAULT, ard OVERFLOW STOP gignals,
respectively.

In the Stop Control, any of these gignalsproduce a STOP signel that imme-
diately stops the distribution of CONTROLLED CLOCK PULSES in the Master Clock.
Later, a relay sequence im the Comtrol System relays removes certain operating
voltages from the equipment. After the fault has been corrected, if possible,
the equipment may be restarted by pressing the START button.

k. MANUAL AND RELAY CONIROLS .- The Manual Controls and aggoclated relay
circuitry are shown on the Block Diagram, Manual Controls, in Envelope *#5 of
Volume 7. The pushbuttons amd indicators for these circuits are located on the
Supervisory Control Panel. The relays are contained in the Control (30000)
Cabinet.

The circuits are divided om the drawing into groups, according to function.

(1) START SELECTION GROUP. - The START SELECTION GROUP pushbuttons and
relays provide a means of presettinmg the equipment before a start is made,
Selections for MD START or MT START may be made by pressing the appropriately
labelled pushbuttons. Making a selection produces MASTER CLEAR signals and
special PRESET gignals that preset registers and flip~flops in preparation for
the selected type of start,

The pushbuttons and relays are interlocked so that only one of the selections
may be made im START SELECTION GROUP, If a new selection is desired, pressing
the RELEASE button drops the previous selection, if the equipment is not in
operation. After the RELEASE bhutton is pressed, K30009 is emergized through
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normally-closed contacts of the selection pushbuttons.

Pressing any one of the selection pushbuttons produces a relay sequence that
creates the proper set and clear pulses. When one of the buttons {s pressed,
K30009 is de-energized. A normally-closed contact of K30009 then emergizes
K30010. Pressing the button also energizes one group of selection relays,
K30003 and K30004 or K30001 and K30002. A contact of selection relay K30002
or K30004 re-energizes K30009, which im turn de-energizes K30010. The overall
result is that pushing either selection button causes K30009 to de-energize
momentarily, causes K300l0 to emergize momenterily, and causes one group of
selection relays to emergize and hold. During this sequence, the opening and
closing of relay contacts produce the clear and set signals.

The operation of K30009 and K30010 contacts and the operation of selection
relay comtactg produce MASTER CLEAR I gnd MASTER CLEAR II gignals, and apply
screen grid voltage to amplifier V31009-30103. The next CLOCK PULSE produces a
MASTER CLEAR III signal. These MASTER CLEAR gignals clear PDC, PAK, ASC, SCC,
the Fault Detector, MTS, A, Q, and PCR. MASTER CLEAR I and II perform clearing
and setting operations through crystal "OB"™ circuitry comnected to the manual
pushbuttons on the upper parts of the Supervisory Control. MASTER CLEAR III
1s applied directly to circuits in the Control (30000) Cabinet.

Other signals produced by making selections are described below.

(a) MT START. ~ When the MT START button is presgsed, the relay
sequence causes K30003 and K30004 to energize and hold, amd K30010 to energize
momentarily. After the MASTER CLEAR signals occur, contacts of these relays
produce a PRESET MT signal. This signal sets MCR to 64, UAK to "1", MPD to
0, and PAK to 00000, so that when the equipment is started, the first block of
MT Unit O is tramsmitted to the first MC Address, 00000,

(b) MD START. - When the MD START button is pressed, the resulting
sequence causes K30001 and K30002 to emergize and hold, and K300l0 to emergize
momentarily. After the MASTER CLEAR signals otcur, contacts of these relays
produce a PRESET MD gignal that sets MPD to 6 and sets PAK to 40000. Conse-
quently, when the equipment i{s started, the first imstruction is read from the
first address of the drum.

(2) SELECTIVE JIMPS GROUP. - The SELECTIVE JUMPS GROUP pushbuttons ahd
relays provide means of manually selecting programmed Mamually Selective Jump
(45jv) imstructions im the program. If all three RELEASE buttons are pressed,
only the 45jv imstructions having j = O, produce jumps. If one of the jump
selections 1, 2,or 3 is made, not only the 45jv instructions of the program
having j = O produce jumps, but also the imstructions having j = 1, 2, or 3 pro-
duce jumps, depending upon the selection made. If desired, all three selections
(1, 2, and 3) may be made, and as a result all 45 jv instructions are performed.

The SELECT JMP pushbuttons are imterlocked by OPERATE relay comtacts so
that a SELECTIVE JIMPS GROUP selection mmst be made before the equipment is in
operation., The RELEASE JIMP contacts are iamterlocked by OPERAIE relay contacts
so that a selection cannot be dropped during operstion. When any of these relays
are enorglzed, contacts of the relays produce the JUMP ON enable im the
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Main Control Translator when MCR {s set to 45 and the j portion of UAK is set
to the jump number selected in SELECTIVE JUMPS GROUP. The JWMP ON enable ini-
timtes the jump. (See Block Diagram, Main Control Tranmslator.)

(3) SELECTIVE STOPS GROUP. - The SELECTIVE STOPS GROUP pushbuttons and
relays control the stopping of computer operations. This group not omly pro-
vides means of selecting progremmed Manually Selective Stop (55jv) instructions
for execution, but also provides means of stopping the computer when a Final
Stop (57--) instruction is executed, when FORCE STOP is pressed, or when a
B Fault occurs.

(&) MANUAL STOP SELECTIONS. - Programmed 56jv stop instructions
are selected for execution by pressing SELECT STOP buttons of SELECTIVE STOPS
GRODP. If all three RELEASE huttons are pressed, all selections are dropped
and only the 36jv instructions having j = O asre performed. If one of the stop
selections 1, 2, or 3 1s made, not only the 356jv instructions having j = 0 pro--
duce stops, but also the instructions having j =1, j = 2, or § = 3 produce
stgps. sccording to the selection made. Aany combination of selections may be
made.

Pressing one of the SELECT STOP buttons 1, 2, or 3 energizes one of the
Select Stop relays K30024, K30025, or K30026. The selected relay closes con~
tacts that hold the relay emergized. In the Main Control Tramslator, a contact
of the selected relay enables an MCT circuit that sends a MANUAL STOP 1, 2, or
3 sigasl to the Stop Control and to CTC whem one of the selected 56jv Stop in-
structions is performed. (See Block Diagrams, MCT and Stop Comtrol.) If a
56jv imsgtruction having j = O 1s performed, a STOP O signal is sent to the Stop
Control and to CTC. These signals initiete the stopping of the Master Clock.

In the Stop Comtrol, the recefpt of ome of these 'signals produces a O STOP,
1 STOP, 2 STOP, or 3 STOP voltage when a STOP enable is received from PDC. The
0, 1, 2, or 3 STOP voltage energizes one of the Stop Control relays K30054
through K30057. The energized relay opens contacts im & STOP circuit, which
causes the OPERATING GROUP Start amnd Operste releys to drop, so that the equip-
ment may be restarted by pressimng the OPERATING GROUP START button.

The Manual Stop selections may be made at any time, or may be dropped at
any time by pressing the appropriate RELEASE buttons.

(b) FORCE STOP, - If the FORCE STOP button is pressed, K30039
energizes. If this button is pressed before a start is made, the relay holds
untili OPERATING GROUP START is pressed. Whem energized, K30039 opens a contact
in the STOP circuit so that the OPERATING GROUP Start amd Operate relays de-
energize, and opens a comtact in the circuit of Master Clock relays K31201 and
K81202., When K31201 and K31202 are de-energized, the Clock Rate Comtrol Circuit
is eltered, and theraby distribution of CONTROLLED CLOCK PILSES is discontinued.
After a force stop occurs, the equipment may be restarted by pressing the
OPERATING CROP START button.

(¢) FINAL STOP, - When s Final Stop (57--) imstruction is performed,

the Master Clock is set so that MPD is no longer advaaced. and a FINAL STOP
voltage is produced in the Stop Coatrol.
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In the Stop Control, this voltage energizes K30057, which opens a contact
in the STOP AND DROP SELECTION Circuit. This causes the START SELECTION GROiP,
OPERAT ING RATE GRQUP, and CLOCK SOURCE GROUP selections to be dropped, so that
new selections must be made before the OPERATING GROUP START button is pressed.
When the START SELECTION GROUP selection drops, Ready relay K30050 of OPERATING
GROUP de-energizes. When de-energized, this relay de-energizes the OPERATING
GROUP Operate relays and Master Clock Relays K31201 and K31202. The Master
Clock stops the distribution of CONTROLLED CLOCK PULSES. The equipment can be
restarted only after new Start selections have been made.

(d) B FAULT. -~ When a B Fault occurs, B Fault relay K30038, in
the Fault Detector, energizes and opens a contact in the STOP AND DROP SELEC-
TION circuit, so that a B Fault produces a stop similar to the Final Stop des-
cribed above.

(4) A/B FAULT GROUP. - This circuit operates in conjunction with an A
Fault or a B Fault, and clears the A Fault portion of the Fault Detector when
the CLEAR A FAULT button is pressed. (See Block Diagram, Fault Detector and
Stop Control, Envelope #5, Volume 7.)

(a) A FAULT, - When an A Fault condition occurs, Fault Detector
A’Fault relay K30036 energizes. When this A Fault relay is energized, the
OPERATING GROUP Ready relay K30050 de-energizes. When de-energized, K30050 de-
energizes the OPERATING GROUP Start and Operate relays, and de-energizes Master
Clock relays K31201 and K31202. This stops the distribution of CONTROLLED CLOCK
PULSES.

The equipment is restarted by removing the cause of the A Fault (if possi=-
ble), pressing the A/B FAULT GROUP CLEAR A FAULY button, and then pressing the
OPERATING GROUP START button. Pressing the CLEAR A FAULT button momentarily
energizes K30037, which applies a CLEAR A FAULT pulse to the A Fault portions of
the Fault Detector.

{b) B FAULT. - When & B Fault condition occurs, the Fault detector
B Fault relay K30038 energizes. when energized, this relay opens a contact in
the STOP AND DROP SELECTION Cfrcuit, so that the START SELECTION GROUP, OPERA-
TING RATE GROUP. and CLOCK SOURCE GROUP selections are dropped. Then the START
SELECTION GROUP selections drop, the OPERATING GROUP Ready relay K30050 de-~
energizes. When de-energized K30050 de-energizes the OPERATING GROUP Start and
Operate relays, and de-energizes Master Clock relays K31201 and K31202, which
in turn stop the distribution of CONTROLLED CLOCK PULSES. As a result, it is
necessary to clear the source of the fault and make a new start selection
before operations can be resumed by pressing the START button.

(5) OPERATING GROUP. - The OPERATING GROUP relays and' pushbuttons pro-
vide means of starting computer operations after all preliminary manual selec-
tions have been made. Also, a OPERATING GROUP STEP button on the Supervisory
Control Panel provides means of manuelly advancing the control system when a
MANUAL-STEP selection has been made in OPERATING RATE GRCUP.

The Ready relay K300350 is energized after START SELECTION GROUP, OPERATING

-RATE GROUP, CLOCK SOURCE GROUP, and OPERATION MODE GROUP selections have been

made.
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When energized, the Ready relay closes a contact in the circuit of K30041
and K30042. Pressing the START button initiates a chain of relay operations.
First, K30041 energizes and holds, and K30041 energizes K30042. Next, K30042
energizes K30043, K30044, and K30045, then K30043 energizes K30047 and K30048.
Finally, K30047 holds K30042 energized and also de-energizes K30040, which in
turn de-energizes K30041. At the end of these operations, Operating relay
K30042 and Operate relays K30043 through K30048 remain energized. The Operating
relay is held energized through a STOP circuit, which is held closed by Stop
relays of GROUP SELECTIVE STOPS GROUPS.

During the relay cycle following the closure of the START button, START
pulses are produced by the opening and closing of relay contacts. After the
cycle has been completed and the Operate relays are energized, contacts of the
Operate relays supply special operating voltages, and remove other voltages to
disable manual controls on the Supervisory Control Panel. Thesé outputs are
described in detail below.

(a) START, - During the relay sequence, a START pulse is produced
by the closing of a K30042 contact and the opening of a K30048 contact. In
PDC, this pulse seis the PDC Stop flip-flop to "0" so that CONTROLLED CLOCK
PULSES will advance MPD. .

(b) START CLOCK or MANUAL STEP. - If HIGH SPEED has been selected
in OPERATING RATE GROUP, a START CLOCK signal is produced by the closing of con- -
tacts of K30048 and K30041. In the Master Clock, this signal is shaped to form
a pulse which sets CRC so that CONTROLLED CLOCK PULSES are released. If a
MANUAL STEP selection has been made in OPERATING BATE GROUP, each closure of
the STEP button produces a MANUAL STEP pulse that performs the same function.

(c) RUNNING TIME. - While the equipment is in operation, a contact
of K30045 applies a-c to the RUNNING TIME meter on the Supervisory Control Panel.
This meter measures operating time to the nearest 1/10th second.

. (d) PAK SET COMMON. - Before the START button is pressed, a PAK
SET COMMON voltage supplies the PAK set and clear buttons, thereby PAK may be
set or cleared. During operation, a contact of K30043 interrupts this voltage
so that PAK cannot be altered manually.

(e) SET COMMON (OPERATION MODE GROUP), - If TEST has been selected
in OPERATION MODE GROUP and the OPERATING GROUP Ready Relay is energized, SET
COMMON voltage is applied to all Supervisory Control set and clear pushbuttons
except the PAK buttons. This permits the maintenance personnel to set flip-
flops manually.

(6) OPERATING RATE GROUP. - The OPERATING RATE GROUP relays and push-
buttons provide means of selecting the rate of operation of the Control System,
Although the control circuitry operates only from 500 kc clock pulses, the over-
all rate of operation may be effectively reduced by altering the Clock Rate Con-
trol so that 500 kc CONTROLLED CLOCK PULSES are supplied to the control circuitry
singly or in bursts. As a result the equipment performs all operations in steps.

During NORMAL operation, an automatically acquired HIGH SPEED selection
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causes CRC to supply 500 kc CONTROLLED CLOCK PULSES continuously, until a Stop
oceurs.

For TEST operation, one of six different selections may be made: HIGH
SPEED, MANUAL STEP OPERATION, MANUAL STEP CLOCK, MANUAL STEP DISTRIBUTOR, AUIO-
MATIC STEP CLOCK, or AUTOMATIC STEP OPERATION. A MANUAL STEP CLOCK selection
alters CRC so that a single CONTROLLED CLOCK PULSE is distributed each time the
GROUF V STEP bhutton is pressed. A MANUAL STEP DISTRIBUTOR selection causes CRC
to release bursts of CONTROLLED €LOCK PULSES, each burst lasting from the time
the STEP button is pressed until MPD is advanced or a reference to a storage
system, Output 8ystem, Input-Output system, or Arithmetic system has been com-
pleted., A MANUAL STEP OPERATION selection causes CRC to release burst of CON-
TROLLED CLOCK PULSES each time STEP is pressed, each burst lasting until one
complete instruction sequence has been performed, The AUTOMATIC STEP CLOCK and
AUTOMATIC STEP OPERATION selections are similar to the MANUAL STEP CLOCK and
MANUAL STEP OPERATION selections, except that the CRC operations are not initia-
ted by @ pushbutton, but instead are initiated repetitively by a 5 to 35 cps
thyratron oscillator, The AUTOMATIC STEP RATE potentiometer on the panel pro-
vides means of adjusting the repetitive rate.

The OPERATING RATE GHOUP pushbuttons are interlocked so that selections can.
be made manually only after a CLOCK SOURCE GROUP TEST selection and before a
OPERATING GROUP START selection., The selection relays are interlocked s¢ that
the automatic selection of MANUAL STEP OPERATION or of HIGH SPEED (occurring
after selections OPERATING RATE GROUP NORMAL and START SELECTION GROUP START
or MD START) drops any previous OPERATING RATE GROUP selection,

Any OPEBATING RATE GROUP selection may be dropped manually by pressing the
OFERATING RATE GROUP RELEASE button, providing” the equipment is not in operation.
After a new selection is made, K30034 and K30035 energize, which causes the
Ready relay of OPERATING GROUP to energize. When this occurs, the equipment is
ready to be started. '

The effects produced by each selection is described in detail below. These
subparagraphs refer to the Master Clock Block diagram,

(a) MANUDAL STEP CLOCK. - After MANUAL STEP CLOCK is selected and
the system is started, each closure of the OPERATING GROUP STEP button causes
CRC to pass a single 500 ke CONTROLLED CLOCK PULSE,

Pressing the SELECT MANUAL STEP CLOCK button energizes K30027, and opens
contacts in the circuit of CRC relays K31201 and K31202., As a result, the
latter two relays de-energize and alter the circuit of CRC so that each MANUAL
STEF pulse initistes a CRC flip-flop operation that distributes a single CON-
TROLLED CLOCK PULSE. The MANUAL STEP pulses are produced by pressing the
OPERATING GROUP STEP button.

(b) MANUAL STEP DISTRIBUTOR. - Selecting MANUAL STEP DISTRIBUTOR
energizes K30028, which holds energized. When energized, this relay de-energizes
CRC relay K31202. This alters the CRC circuitry so that each time the STEP
pushbutton is pressed, CRC starts to release CONTROLLED CLOCK PULSES. If the
first clock pulse released advanced MPD, CRC is shut off and no additional CON-
TROLLED CLOCK PIRLSES are distributed until the next c¢losure of the STEP button.
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If however, the previous step produced a storage or output reference command,
the resulting WAIT signal prevents the formation of an ADVANCE MPD signal, and
CRC continues to distribute CONTROLLED CLOCK PULSES until a RESUME signal is
received. As a result, MPD is advanced by one closure of the STEP button if no
internal or external reference commands are produced and two closures of the
STEP button if a reference is produced.

(c) MANUAL STEP OPERATION. = Selecting MANUAL STEP OPERATION ener=
gizes K30029, which holds emergized. When energized, this relay drops any other
OPERATING RATE GROUP selection that may have been made previously, and de=ener-
gizes K31201 in the Clock Rate Control. This alters the circuit of CRC so that
each MANUAL STEP pulse causes CBC to distribute CONTROLLED CLOCK PULSES until
MP 7 is received from MPD, Thus, each closure of the STEP button steps the
system through one complete program instruction.

(d) AUTOMATIC STEP CLOCK. - When this selection is made, K30030
and K30031 energize and hold. In the Clock Rate Control, K30030 de=energizes
K31201 and K31202. When this occurs, an oscillator having a frequency adjuste
able from 5 to 35 cps is enabled and the Manual Step shaper V01=30102 is dis=
abled. Also, the circuit of CRC is altered so that each pulse from the 5=35
cps oscillator causes CRC to pass a single CONTROLLED CLOCK PULSE. This selece
tion effectively slows the operational speed of the control system from 500 kc
to 5«35 cps.

(e) AUTOMATIC STEP OPERATION. - When this selection is made, K30032
energizes and holds. 1In the Clock Rate Control, this relay de«energizes K31201
and enables the 5«35 cps oscillator. When de=energized, K31201 alters the cire-
cuit of CRC so0 that each pulse from the 5=35 cps oscillator causes CRC to dis=
tribute CONTROLLED CLOCK PULSES untii MP7 is received from MPD. As a result,
each pulse from the 5-35 cps oscillator steps the control system through one
complete instruction sequence.

(f) HIGH SPEED, « When NORMAL or TEST and HIGH SPEED are selected
K30033 energizes and holds. When energized, this relay disables the STEP but-
ton circuit and closes a contact in the line connected to the grid of shaper
tube VOl=30102. After the START button is pressed, the operation of Start ree
lay K30041 and Operate relay K30048 creates a single START CLOCK pulse that
triggers the shaper. The resulting shaped pulse causes CRC to distribute CON-
TROLLED CLOCK PULSES until a stop occurs.

This selection is made either manually in OPERATING RATE GROUP or sutomati-
cally by selecting NORMAL in CLOCK SOURCE GROUP. After this selection has been

made and START is pressed, the Control System operates at a 500 k¢ rate until a
SLOp occurs.

(7) CLOCK SOURCE GROUP. « The CLOCK SOURCE GROUP controls provide means
of selecting the source of 500 ke CLOCK PULSES. During normal operation, the
CLOCK PULSES are obtained from the Magunetic Drum Storage System (MDS). During
test operation, the CLOCK PULSES may be obtained from either MDS or from a 500
kc oscillator, by pressing the CLOCK SOURCE GROUP DRUM or OSCILLATOR button.

When OPERATION MODE GROUP NORMAL is selected, a CLOCK SOIRCE GROUP DRUM
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selection is made automatically. Uroviding the equipment is not in operation,
either selection may be dropped by pressing the RELEASE button, The CLOCK SOURCE
GROUP relays are interlocked so that either selection, when made, disables the
selection of the other. ’

When DRUM is selected, K30G00S and K30020 energize and hold. 1In the llaster
Clock contacts of K31101 cause CLOCK PULSES to set fiip-flop €SS I to "1";therefore
the Clock Source Selector, €SS, accepts MDS CLOCK PULSES instead of 3500 k¢ 0S-
CILLATOR PULSES.

When OSCILLATOR is selected, K30017 and K30018 energize. 1In the Master Clock,
K30018 energizes relay K31101. When energized, K31101 transfers the CLOCK PULSES
from the "1" input of flip-flop CSS I to the "0" side, which causes €SS to accept
500 ke OSCILLATOR PULSES instead of MDS CLOCK PULSES, This selection is used dur-
ing test operation if it is desired to operate without the Magnetic Drum System.

{(8) OPERATION MODE GROUP. ~ The OPERATION MODE GROUP pushbuttons and re-
lays provide means of selecting the NORMAL or TEST mode of equipment operation.
If the equipment is not in operation, a previous OPERATION MODE GROUP selection is
dropped by pressing the RELEASE putton. Either TEST or NORMAL may then be selected
by pressing the appropriate button. The OPERATION MODE GROUP relays are interlocked
so that either selection, when made, prevents the other selection from being made.

Pressing the NORMAL button energizes K300ll and K30012. These relays, when
energized, produce automatic selections in OPERATION RATE GROUP and CLOCK SOURCE
GROUP, and energize Normal relays K30013, K30016, K30077, K30078, K30046, K30051,
and K30052, In CLOCK SOURCE GROUP, a DRUM selection is automatically made. In
OPERATING RATE GROUP, a HIGH SPEED selection is automatically made.

The Superwvisory Control Panel manual controls that are affected by an OPERA-
TION MODLE GROUF TEST selection are described below.

{a) SET COMMON. - The SET COMMON voltage is applied to the set and

clear buttons when the Ready relay OPERATING GROUP is energized. This permits
the wanual setting or clearing of flip<flops.

(b) MI STOF COMMON. - An MT STOP COMMON voltage permits the operation
of manual controls located on the left side of the Supervisory Control Panel, lab-
elled ADVANCE, STOP, BACK and STOP DISCONNECT. These controls are used to operate
the Mugnetic Tape Units manually.

(¢) AMPLIFIER MARGINAL CHECK COMMON. - An AMPLIFIER MARGINAL CHECK
COMMON voltage is applied to the TEST SWITCH GROUP AMPLIFIER MARGINAL CHECK swit-
ches. By setting the TEST SWITCH GROUP switches, selected groups of amplifiers
may be checked. ‘ .

(d) MT WRITE COMMON. - The TEST SWITCH GROUP switches can be set to
disconnect write voltage from MI pnit O, 1, 2, or 3. During NORMAL, the MT WRITE
COMMON voltage is interrupted so that these TEST SWITCH GROUP switches are disabled.

(e) MT TEST COMMON, - Voltage is supplied to enable the manual con-
trols located near the OPERATING TIME meter. These controls, labelled LP, LP and
WP, AND LP, WP AND STOP are used to introduce artificial pulses into the Magnetic
Tape System during TEST.
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10. POWER SUPPLY AND DISTRIBUTION

a. GENERAL. - System power is derived from two separate power supply units,
as follows: (1) the Main Power Supply, serving the Control (30000) Cabinet, .
Magnetic Drum (60000) Cabinet, Magnetic Tape (70000) Cabinet, Arithmetic (10000)
Cabinet, Cooling System, and external input-output equipment; and (2) the
Magnetic Core Storage (MC) Power Supply serving the Magnetic Core Storage (55000)
Cabinet. '

Each supply furnishes the a-c and d-c voltages required to operate its part
of the computer and provides for the regulation, control and distribution of
these voltages. Both supplies operate from a 220 vac, three phase, 60 cycle
primary source, and in full operation require approximately 45 KW at a power
factor of 92% inductive.

The two power supplies are shown on block diagrams in Envelope 5 of Volume 7.

(1) PRIMARY POWER DISTRIBUTION. - From the building power, unregulated
220 vac (indicated by bold lines on the block diagrams) is distributed to the
following elements of the two supplies: (a) in the Main Power Supply: the
blower motor, the drum motor, the generator motor, the induction regulator, and
the power control and sequencing circuit; and (b) in the MC Power Supply: the
generator motor, the power control and sequencing circuit, and a portion of the
filament transformers. :

Application of power to both power supplies is contrclled manually by opera-
tion of the Main Disconnect Switch S88001.

(2) CONTROL AND SEQUENCING., - The greater portion of each power supply
is energized by its own power control and sequencing circuit. Un each power
control door is a NORMAL ON-OFF button for that supply. Pressing of the NORMAL
ON-OFF button energizes a cycle timer which then drives a series of cam operated
switches in sequence. As the switches operate, relays within the power sequence
control are energized. Their contacts then apply power, by stages, to various
components of the power supply and, ultimately, to the computer. To de-energize
the equipment, the NORMAL ON-OFF button is pressed. The cycle timer is again
actuated and power is removed, by stages, in reverse sequence. Automatic shut-
down, due to a power supply fault, is initiated by the computer's protective
system.

(3) PROTECTION. - Overload protection is provided by circuit breakers
and replaceable fuses in the alternating current distribution systems and by
thermal-overload relays and fuses in the direct current distribution system.
Other elements of protection include bias sensing circuits and voltage sensing
relays to guard against bias and -80V faults, while cabinet interlocks, thermo-
stats, the vane switch, and emergency switches furnish protection to personnel
and machine components,

b. MAIN POWER SUPPLY. - The Main Power Supply consists of step-down trans-
formers, the 88001 motor generator set, the induction regulator, voltage recti-
fier circuits, d-c voltage regulators, power sequence controls, and a-c and d-c
power distribution systems.
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This supply controls the application of power to all main equipment circuits
and produces and distributes d-c voltages, Table 4-7 lists the voltages used
by the main equipment and the source and distribution of each voltage,

(1) TRANSFORMERS, - Transformer T8000l located in the Main Power (80000)
Cabinet steps down a simgle phase of 220 vac to 110 vac as supply for external
equipment, bias, -80V fault indicators, amd 110 vac service outlets of the com-
puter, A similar transformer (T70001) located in the Magnetic Tape Cabimet
supplies 110 vac to the magnetic tape units, Filament transformers located in
the main equipment cabinets reduce 220 vac to 6.3 vac as supply for electronic
tubes filaments, An externsl red lamp at the top of each bay imdicates the
presence of 220 vac in the bay., A center-tapped filament tramnsformer in the
Supervisory Control Cabinet supplies 3,2 vac to indicator lights on the Super-
visory Control Panel, .

During certain test procedures, the outputs of selected filament transformers
in the Magmetic Tape, Magretic Drum, Arithmetic, and Comtrol Cabimets may be
reduced to about 5,7 volts by operating the REDUCE HEATHER WLTAGE switches on
the Supervisory Control Pamel,

(2) MOTOR-GENERATOR, ~ This unit develops the bulk of the main equip~
ment's direct current supply, A 20 HP, three phase, squirrel-cage induction
motor drives & pair of direct curreant gemerators, one developing +250 vde,
the other ~125 vdc, The generator output voltages are applied to direct current
regulators for regulation to lower values, .

(3) INDUCTION REGULATOR, - This unit regulates 220 vac, three-phase,
60 cycle a=c from the primary source and supplies the rectifier circuits and
transformers,

(4) VOLTAGE RECTIFIERS, -~ The rectifier circuits inelude the -300 vde
reference supply, the +60 vdc and +120 vde relay supplies and the -30 vde flip-
flop set supply,

(a) NEGATIVE REFERENCE SUPPLY, - The -~300 vdec reference smpply is
produced from 220 vac stepped-up through a center-tapped transformer and recti-
fied by a conventional full wave rectifier circuit employing a pair of 3B28
electron tubes as rectifying elememnts., The output voltage is filtered by a
choke input filter, regulated to ~300 vdc and applied, as negative reference,
to the d-c regulator control umits,

(b) RELAY SUPPLY, - The +60 vdc and +120 vdc relay supplies are -
produced from 220 vac through step-down transformers and full wave, delta-wye
rectifier circuits, The output voltages are not critical and are distributed
without regulation to both the main equipment and the Hagnetic Core Storage
System,

(¢) FLIP-FLOP SET SUPPLY, - The -30 vdc set supply employs a step-
down tranmsformer and full-wave, selenium bridge rectifier circuit, As in the
case of the relay supplies, the output is distributed unfiltered and umregulated,

(3) DC VOLTAGE REGULATORS, ~ The output voltages of the +250V generator,
~125V generator and ~300V rectifier supply are reguisted to lower voltages by
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conventional electromic voltage regulator umits, Each umit comsists of two or
more paralleled 6AST's (called slave regulators) in conjunction with a comtrol
circuit, Each control circuit regulates the current through the slave regula-
tors to maintain a comstant ouwtput voltage, The voltages produced by these
regulators are +200 vdc, +150 vde, +100 vdec, +80 vde, +5 wvde, -15 vde, ~25 vdc,
and ~80 vdc,

{6) POWER CONTROL AND SEQUENCING, - The power control and sequencing
circuits inclwie the power comtrol panel, relay sequencing circuits, fanlt
circuits, amd miscellameous relays and circuits efgected durinq energiziug or
de-energizing of the mein equipment power supply, «

In the upper left hand corner of the Overall Block Diagram Main Equipment
Power Supply in Envelope *35 of Volume 7, running from left to right are shown
the camoperated switches S81901 through S81909. In the upper right hand
corner is the Switch Time Distribution chart, To the left of the chart is the
fault circuit and, in the d-c distribution system, are the bias sensing cir-
cuits, voltage sensing relays, and thermal overload heaters associated with the

“contacts of this circuit, The main contactor, M-G start coil, apd contacts

controlled by the sequencing circuit are located in both the a-c¢ and d-c dis-
tribution systems,

Table 4- 8 lists the steps, sub-steps, action, and result incurred during
energizing, partial de-energizing, or fully de-energizing the Maim Power Supply,

(a) NORMAL ON SEQUENCE, -~ In mormal operation, to emergize the
main equipment power, the MAIN DISCONNECE SWITCH is switched to the ON position
and then the NORMAL ON-OFF buttom on the main equipment power control panel is
pressed, The sequence of operations is presented in Part A, Table 4‘8 Steps
1 and 2,

(b) VOLTAGE FAULT SEQUENCE, - Whea certaim voltages fauil, fault
relay K818l15 is de-energized and a sequence of operatioms occurs whick partially
de-energizes the Main Power Supply, These operations are listed in Part A of
Table 4- 9, Steps 1, 2, 3, and 4, ' -

(c) NEGATIVE DC OVERLOAD SEQUENCE, - The operatiom of amy one of
the THERMAL OVERLOAD RELAYS, k81805, KB81806, K81807 or KB1B0B located im the
~125 vdc generator output linos, in1£1ates a sequence of operations that removes
all direct current voltages except the rectified voltages, Part A of Table 4-9
Steps 5 and 6 lists these operatioams,

(d) EMERGENCY SEQUENCE, - The emergeuncy circuit opens if ome or
more of the following events occurs: if the temperature at the top of a bay
exceeds 1200F, if air fiow in the main air duct decreases, if a cebinet door is
improperly opened, or if either of two EMERGENCY OFF buttons is pressed, Opera-
tion of the emergency cirecuit removes all power from the computer with the ex-
ception of the drum and blower drive motors, Step 7 of Table 4-'9 lists omly
the operations affecting main equipment power, However, a similar shutdown is
initiated simultaneously in MC power, :

(e) NORMAL OFF SEQUENCE, - To turm off mein equipment power, the
NORMAL ON-OFF button on the power control door is pressed, and after the cycle
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timer has completed the off cyecle, MAIN DISCONNECT SWITCH S86001 is switched to
the OFF position, This sequence is shown in Steps 1 and 2 of Table 4~ 9,

(f) RE-ENERGIZING MAIN EQUIPMENT POWER, ~ Operations necessary to
re~energize the equipment after a fault or emergency initiated shut-dows are
listed in Part C, Table 4- 9,

{g) MANUAL SFLECTION, -~ Selector switch S82205 may be operated
when it is desirable to shut down the equipment partially, Whem the switch is
operated, contacts of section A are opered to partially shut-down the main
equipment power supply; contacts of sectiom B short reley contacts withinm the
fault circuit thereby allowing the equipment to be re-emergized when the switch
is turned back on; contacts of section C emergize a power sequemce relay in
the control cabinet which, in turn, causes am ABNORMAL CONDITION indicator on
the Supervisory Control Panel to glow

Should the selector switch be turned back to the OFF position, the d-c
relay supply to the MC Power Supply will be removed, thus de-emergizing the
Bias Fsult relay in that supply and causing a partial shut-down of MC power,

To re~energize main equipment power from the OFF position, turn the selector
switch to the LOW HEATER positiom, press the CLEAR POWER SUPPLY FAULT buttan
and turn the SEQUENCE CONTROL. switch, by steps, to the OPERATE position,

(7) PRIMARY POWER DISTRIBUTION. - From the buildimg power, unregulated
220V, three phase a~c is applied through the main disconmect switch and main
fuses to circuit breaker panel EB88002 of the motor generator assembly unit,
From E88002 distribution im ‘the Main Power Supply is to the power control and
sequencing circuit through circwit breaker S88003, the motor-generator set
through circuit breaker S88006, the induction regulator through circuit breaker
588004, and the drum and blower drive motor circuits through circuit breaker
S88002,

From the induction regulator, regulated 220V, three phase s~c is applied
to circuit breaker S81301 (labeled FILAMENT AND POWER SUPPLY) on circuit breaker
panel 81300 inm the Main Power cabinet, From S81301 power is distributed through
secondary circuit breakers S81302-03~04-05-06 and 07 (labeled respectively MTS
FILAMENTS, CONTROL FILAMENTS, MDS FILAMENTS, ARITHMETIC FILAMENTS, EXTERNAL
EQUIPMENT, and POWER SUPPLY AND POWER SUPPLY FILAMENTS) to the corresponding
cabinets,

Within the power supply cabimet, a single phase from the power supply cir-
cuit breaker (S81307) goes to the 220V~110V step-down tramsformer and the voltage
rectifier supplies. Within the Magnetic Tape Cabimet, a single phase from MTS
FILAMENT circuit breaker 581302 goes to the 220V-110V step-dowa tramsformer,

In each cabinet e single phase from one breaker goes to the filament transformer
primaries,

The 110 vac from the step-down transformer in the power supply is distri-
buted directly to indicators and voltage testing circuits of the Mainm Power
Cabinet and through fuses and manual comtrol switches on the DC DISTRIBUTION
PANEL to external equipment and the Supervisory Conmtrol Pamel, The 110 vac
from the MTS step-dowm tramsformer is distributed through fuses and control
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switches to the four magnetic tape units.

From the building power, 110 vac is distributed through a switch box and
fuses to the motorized valve in the Blower (90000) Cabinet and to convenience
outlets in all cabinets. :

A 6,3 vac filament supply voltage is distributed directly to electronic
circuits within each cabinet.

(8) DIRECT CURRENT DISTRIBUTION. - From the d-c generators, +250 vde
and -125 vdc are distributed through Disconnect Switch S88007 and d-c¢ fuses to
relay panel 81800, then through the overload relays of this panel to d-c voltage
requlators. The regulator outputs are then distributed through fuses and dis-
tribution switches on the 81600 distribution panel to electronic circuits re-
quiring these voltages.

From the rectifier supplies, -300 vdc is distributed through fuses to the
main equipment d-c regulator control units. The +60 vdc and +120 vdc relay
supplies are distributed directly to electronic circuits of the Main Power
Supply and through fuses and distribution switches on the distribution panel
to the Control Cebinet and the Supervisory Control Cabinet. From the Super-
visory Control Panel they are distributed to fault and sensing relays within
the Electrostatic Storage Cabinet.

The -30 vdc supply is distributed through fuses and switches on the d-c
distribution panel to circuits of the control cabinet.

(9) OVERLOAD PROTECTION. - Overload protection is provided by fuses,
circuit breakers and overload relays in the a-c distribution system and by fuses
and overload relays in the d-c¢ distribution system.

(a) AC FUSES AND CIRCUIT BREAKERS., - The a-c fuses include replace-
able cartridge fuses at the primary power input, type 3AG replaceable fuses
located in twist-lock. fuse holders in the rectifier supply units, filament
transformer input circuits, and input lines to the tape units in the magnetic
tape storage cabinet.

The circuit breakers are magnetic-thermal overload, trip action units
located on the motor-generator assembly panel, the Main Power Cabinet and in
the motor-starter circuits of the drum and blower drive motors.

The thermal overload coils ere a part of the motor-starter units of the
motor-generator, blower, and drum drive motors.

(b) DC FUSES AND OVERLOAD RELAYS, - The d-c¢ fuses include replace-
able cartridge fuses in the motor generator output lines, and type 3AG replace-
able fuses held in twist-lock fuse holders in the output lines of the rectifier
supplies and on the d-c distribution panel.

- D-C overload relays are in the +250 vdc and -125 vdc generator output lines,
and are located on relay panel 81800 in the Main Power Cabinet.
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(¢) BLOWN FUSE INDICATION. - A blown fuse is indicated by the glow-
ing of a neon lamp associated with the fuse. Most blown fuse indicators are
wired directly across the fuse terminals. However, since an absolute voltage
of 80 vdc or greater is required to fire a neon lamp, those lamps indicating
blown fuses In lines of less than 80 vdc are tied to sources of sufficient
value to provide the necessary voltage.

¢. MAGNETIC CORE STORAGE POWER SUPPLY, - The Magnetic Core Power Supply
consists of power transformers, & motor-genmerator set, rectifier supplies,
voltage regulators, s power sequence control and power distribution system.
This supply controls the application of power to the Magnetic Core Storage
System and produces and distributes direct current power. The Magnetic Core
Power Supply is shown in block form on the Block Diagram, MC Power Supply. Table
4-10 lists the voltages used by the Magnetic Core Storage System and the origin, .
and destination of each voltage.

(1) TRANSFORMERS. - Filament transformers reduce a single phase of 220 vac
to 6.3 vac as filament supply for all units within the core storsge system. Out-
put voltages of selected trensformers may be reduced to sbout 3.7 vac by opera-
tion of the MC REDICE HEATER VOLTAGE switch located on the Supervisory Control
Panel, Other transformers step up 220 vac and apply the increased voltage to
the plate circuit of the rectifier supplies.

(2) MOTOR-GENERATOR. -~ The Motor-Generator unit consists of a three phase,
10 HP motor driving a peir of direct current generators. The generators produce
output voltages of +260 vdc and - 165 vde which are applied to voltage regulator
stages for regulation to lower values.

(3) VOLTAGE RECTIFIERS. - The voltage rectifier units produce voltages of
~500, ~390, -300 and ~290 vdec. All units employ tonventional full wave recti-
fier circuit with choke input filters. The =500 vdc 1s applied without regula-
tion as reference voltage to the reguletor stages of the rectifier supplies.

The -300 vdc supply is regulated to ~300 vdc and serves as the reference voltage
for the DC regulator stages of the generator outputs., The -290 and -390 vdc
supplies are regulated to -200 and -300 vdc respectively and distributed to cir-
cuits of the Magnetic Core Storage System.

(4) VOLTAGE REGULATION. -~ The voltage regulators regulate the outputs of
the +260 and -165 vdc generators and the -390, -300 and -290 vdc rectifiers.
Each regulator unit consists of two or more paralleled 6AST's (the slave
regulators) in conjunction with a control circuit. The control circuit requlates
the current through the slave regulators to maintain a congstant output voltage.
The regulator ocutputs produce DC voltages of +200, +100, +80, +5, -14, ~-25, -00,
-100, =200 and -300. Voltages dividing networks across the -200 and -300 vdc
outputs supplies =220 vdc as the bias voltages of the inhibit and drive circuits.

(3) POWER CONTROL AND SEQUENCING. - The power control and sequencing cir-
cuits include the MC Power Panel, the relay sequencing circuits, the power fault
circuits and miscellaneous relays and circuits effected during energizing or
de-energizing ¢f the core storage power supply.

In the upper left hand corner of the block diagram and running from left to
right are the cam~operated switches S57101 through S57100. In the upper right
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hand corner is the Switech Time Distribution Chart. To the left of the chart is
the fault circuit, and in the DC distribution system are the bias sensing cir-
cuits, voltage sensing relays and thermal overload heaters associated with con-
tacts of this circuit. Contacts controlled by the sequencing circuit are located
in both the AC and DC distribution systems. Although the core storage power
supply has its own power sequencing circuit, certain power sources are supplied
through units of the Main Power Supply as follows: regulated 220 vac to the
rectifier circuit and filament transformers, *120 vdc (relay supply) to the
bias sensing relays and +60 vdc to the voltage fault circuit. Consequently,
the main equipment power should be in process of energizing prior to initiating
the MC power ON sequence. By the game token, initlation of the MC power OFF
sequence should preceed the main power OFF sequences.

Table 4-11 lists the steps, sub-steps, event, and result incurred during
energizing, partial de-energizing or fully de-energizing of the MC Power Supply.

MC Power Supply voltages may also be removed manually by operation of the
Sequence Control switch (S57805) located on the MC Power Panel. When re-
energizing the power supply after a manual shut down, allow the specified amount
of time between switch positions to insure proper warm-up. At the BIAS posi-
tion, press the CLEAR POWER SUPPLY FAULT button to energize the fault relay be-
fore preceeding to the next position.

(6) ALTERNATING CURRENT DISTRIBUTION, - From the MAIN DISCONNECT switch
(S88001), three-phase 220 vac is distributed through the main circuit breakers
S88009 and S86010 to the power sequence control and the motor gemerator re-
spectively. A single line of 220 vac from S88009 also supplies the power fault
indicators. From the Main Equipment AC Regulator, regulated 220 vac is supplied
through circuit breaker S81307 of the Maim Power Supply and circuit breakers
$57701, 857702 and S57703 of the MC Power Supply to the transformer primaries
of the power rectifier circuits and filament supply circuits. Filament supply
voltage of 6.3 vac from the filament transformer secondaries {s distributed to
electronic tube filaments of the core storage and core storage power circuits.

(7) DIRECT CURRENT DISTRIBUTION. - The direct current voltages origlinate
at the direct current generators and the voltage rectifier supplies. The out-
put from the positive generator is distributed through a disconnect switch to
relay contpcts of the power sequence control. One branch of +260 vdc is dis-
tributed through a contact of K57309 and through overload relays K57301, K57302
and K57303 to the +200, +150, *+100 and +80 vdc regulators. The other branch is
distributed through a contact of K57310 to the +5, -14, and -25 vdc bias regu-
lators. The negative generator output is distributed through a disconnect
switch to relay contacts of the power sequemce control. Ome branch is distributed
through a contact of K57310 and through overload relay K57304 to the bias regu-
lators, +5, -14 and -25 vde. The other branch is distributed thromgh a contact
of K57309 and overload relays K57305 and K57306 to the -80 and -100 vdc regula-
tors. The output of the -290 vdc rectifier supply is distributed through an out-
put fuse and overload relay K57307 to the -200 vdc regulator. The -390 vdc recti-
fier output is distributed through a fuse and overload relay K57308 to the -300
vdc regulator. The negative reference supply output is regulated at -300 vdc with-
in the supply end applied through an output fuse to the DC regulator control
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units., The -525 vdc supply is supplied unregulated through a fuse to the-300,
~-200 and ~160 vdc regulators. The regulated voltages +200, +130, +10C, +80, +5,
-14, -25, ~80, ~100, «200 and «300 vdc, and the -200 vdc inhibit and driver bias
voltages are distributed through fuses and switches of the DC distribution panel
to electronic circuits of the Magnetic Core Storage System.

(8) OVERLOAD PROTECTION, - Overload protection is provided by fuses, cifcuit
breakers and thermal overload relays in the AC distribution system and by fuses
and overload relays in the DC distribution system,

(a) ALTERNATING CURRENT FUSES, CIRCUIT BREAKERS AND OVERLOAD RELAYS. -
The alternating current fuses are located in the primary power input lines
{(Main Disconnect Switch), the input lines of the power rectifier supplies, and
the primaryv circuits of the filament supply transformers, Circuit breakers are
of the magnetic thermal overload type and are located in the input lines to the
motor-generator unit and the primary lines to the rectifier and filament trans-
former supplies. The AC thermal overload relays are a part of the motor genera-
tor start circuit, The coils operate contacis of the start circuit if the cur-
rent to the drive motor becomes excessive. .

(b) DIRECT CURRENT FUSES AND OVERLOAD RELAYS. - Direct current fuses
are located in output lines of the voltage generators, the rectifier clircuits
and the voltage regulators, The thermal overload relays are located in the
branch lines of the DC generator outputs.
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VOLTAGE

Primary
220 vac

Regulated
220 vac

110 vac

110 vac.

6,3 vac
3.2 vac
+250 vdc
+200 vde

+150 vde

+120 vde
+100 vdce
+80 vde
+60 vdc
+3 vde

-15 vde
-25 vdce
-30 vde

-0 vde

-125 vdc

-~ 300 vde

ERA 1103

TABLE 4-7

SECTION 4

MAIN POWER SUPPLY VOLTAGES

SOURCE

Building supply

Induction regulator

Step-down transformers

Building supply

Step-down transformers
Step~down transformer
Motor-generator

+200 vdc regulator

+150 vde regulator

Rectifier supply
+100 vdc regulator
+80 vde regulator
Rectifier supply
+5 vde regulator
-135 vdc regulator
-23 vde regulator
Rectifier supply
~-30 vdc regulator

Motor-gencrator

Reetifier supply

Feovsrington Fland
Ewewerams ZEseanch /fssocmcs ovis.on

DISTRIBUTION

Blower drive motor

Drum drive motor

Power control and sequencing circuit
Induction regulator ‘
Motor-generator set

110 vac and 6,3 vac transf, pri,
Rectifier circuits

External equipment

Bias and -80V fault indicators
External equipment

Supervisory Control Panel
Magnetic tape units

Convenience outlets
Motorized valve

Electronic circuits filaments
Supervisory Control Panel indicators
Voltage regulator circuits
Electronic circuits

Electronic circuits
L.o-temp, thermostat circuits

Relay circuits

Electronic circuits
Electronic circuits
Relay circuits

Electronic circuits
Electronic circuits
Electronic circuits
Electronic circuits

Electronic circuits

Voltage regulators

d-c¢ regulator control units

(
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TARLE 4- 3
NORMAL ON-OFF SEQUENCE OF OPERATIONS
FOR MAIN EQUIPMENT POWER SUPPLY
A, NORMAL ON SBEQUENCE
STEP SUB-STEP EVENT RESULT
1 Main Disconnect Switch Drum Motor Start K6000l1 energized,

S868001 closed,
K60001 energized,
K90001 energized,

BLOWER operating,

K81903 energized,

AN

NORMAL ON-OFF (start-
stop) button
S82201 pressed,

K81901 energized,

K81902 energized,

Cycle Timer operating,

581901 actuated f{our
seconds after NOKRMAL
ON-OFF button is pressed,

I»

Porsrinngton Foand
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Blower Motor Start K9000l energized,
220 vac applied to drum drive motor,
220 vac applied to blower drive motor,

Vane tilts within cooling air duct of
blower cabinet,

Mercury switch S$90001 connected to
vane closes to provide continuity in
the Emergency Interlock Circuit and
thereby energizes Emergency relays
K81903 in the Main Power Supply and
KS7103 in the MC Power Supply,

Holds KB81903,

Provides comtinuity in the power se-
quencing circuit,

Opens EMERGENCY imdicator circuit,

Energizes K81901

Holds K31901,

Energizes K81902,

Energizes cycle timer B31901,
Lights TIMER ON indicator IS82202,

Closes contacts in fault circuit to
allow Fault relay K81815 to be
energized by bias (see substep 2F),

Operates switches S81901, S81902,
581903, S81904, S81903, S81906,
S81907, and S81908 in sequence over
a four-minute period, (See "Switch
Time Digtribution” chart on Overall
Block Diagram, Main Equipment Power
Supply.) -

Holds cycle timer K3190Z and TIMER
ON indicator,

Opens NORMAL ON-OFF circuit, thereby
de~energizing K61901,
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STEP . SUB~STEP
2 A (CONT'L)

ERA 1103

TABLE 4- g (CONT’D)

EVENT
K81901 de-energized,
S81902 actuated,
S81903 actuated,
K81904 and K81905

energized,

K10201, K30201, K60201
and K70201 energized,

S81904 actuated,

K81906 energized,

K88001 energized,

531905 actuated,

KA31907 energized,

Porningtorn Fand
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RESULT

Opens contact in timer circuit,
Opens contact in NORMAL ON-OFF
circuit, '

Allows Emergency relay K81903
to be reset only when timer is
in the "home™ position,

Energizes K81904 and K819035,
Lights INIT, SEQ, indicator
182203,

Energizes filament dropping re-
lays K10201, K30201, K6020l and
K70201, i

Connects resistors inte primary
circuits of selected filament
transformers,

Energizes relay K81906,
Lights LOW HEATER indicator 182204,
Starts FIL _HRS, meter M82201,

Energizes main contactor K88001,

220 vac applied to induction re-
gulator which in turn applies
regulated 220 vac to all trans-
former primaries,

Allows distribution of 6,3 vac
and 5,7 vac filament supply,

110 vac supply, -30 vde "set"”
supply, +60 vdc and +120 vdc
relay supplies, and 220 vac to
external equipment,

Energizes K81907,
Lights FULL HEATER indicator
182203,

De~cnergizes K81904 and K&1905,
Energizes motor-generator start
coil K388002,

Applies 220 vac to -300 vdc
rectifier circuit, (Neg, Ref,
supply) :

Permits distribution of negative
reference supply voltage,

“1en
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TABLE 4- 8 (CONT'D)
STEP SUB- STEP EVENT RESULT

2 E (CONT'D) K81904 and K81905 De-energizes filament dropping
de-energized, relays K10201, K30201, K60201
and K70201, ¢

K10201, K30201, K60201 Shorts filament dropping re-
and K70201 de-energized, sistors im primary circuit of
selected transformers,
Applies full heater voltage to
circuits supplied by selected
transformers,

K88002 energized, : 220 vac applied to motor-gene~
rator drive motor,
Allows distribution of -125
vdc generator output to ~25
vdc regulator,

- F S81906 actuated, Energizes K81908,
Lights BIAS indicator 182206,

K81908 energized, Energizes K81810,
Closes contact in circuit of
K81909,

K81810 energized, Applies outputs of +250 vdc
and -125 vdc generators to the
+5 vde, -15 vde and -25 vdc
requlators, which in turn
energize bias sensing relays
KB1201, K81202, and K81203,
Allows distribution of bias
voltages,

K81201, K81202 and Energizes fault relay K81615,

KB81203 energized, ‘ Opens contacts in circuit of
BIAS FAULT indicators 182209,
182210 and 182211,

K81815 energized, Holds K81815, :
Closes contact in cireuit of
relay K81909,

Opens contact in +60 vdc line
to B Fault relay,

i'i'(:til

3 ‘ S ¢ $81907 actuated, Energizes relay K81909,
= _ Lights POS, VOLTAGES indicator
182207,

K81909 energized, Energizes K81809,

[ — P S———
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STEP SUB-STEP
2 G (CONT'D)
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TABLE 4~ 8 (CONT'D)

EVENT

K81809 enérgized.

Kslell, Kel81l2, K81813
and K81814 energized,

S$81908 actuated,

881901 actuated,

K81902 de-energized,

RESULT

Applies +250 vdc gemerator out-
put to the +200 vdc, +130 vdc,
+100 vde and +80 vdc regulators,
Applies -125 vdc gemerator out-
put to the -80 vdc regulator
which energizes -80 vdc sensing
relays K81611, Ks81812, k81813,
and K81814,

Allows distribution of +200 vdc,
+150 vde, +100 vde, +80 vdc and
~80 vdc,

’ .ot
Closes contacts im fault cir-
cuit, Opens contacts im cir-
cuit of ~80V FAULT indicator
182208,

Opens circuit to power sequence
relays,

Stops eycle timer.

De-energizes K81902,
Extinguishes TIMER ON indicator
182202, '

Closes contact im circuit of
k81901,

Allows Fault relay KB1515 to be
reset only through CLEAR POWER
SUPPLY FAULT button S$82203,
Opens contact in shunt circuit
of -80V fault contacts,

B, NORMAL OFF SEQUENCE

NORMAL ON~OFF button
$82201 pressed,

K81901 energized,

K81902 energized,

Cycle Timer operating,

Enemernns Eszmu‘/fssomms orvisIoN

Energizes K81901,

Holds K81901,

Energizes KB190Z,

Starts cycle timer B81901,

Lights TIMER ON indicator 182202,

* Provides continuity in fault cim

cuit,

Operates switches S81901, S8190§,

- 881907, S81906, S81905, S81904,

$81903, $81902, and 581901 in
seguence over a two~minute per-
iod, (See Switch Time

1 165
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TABLE 4- 8 (CONT'D)

STEP SUB-STEP EVENT
1 (CONT'D)
A S81901 actuated,
K61901 de-energized,
B S81908 actuated,
C S81907 actuated,
K81909 de-energized,
K81809 de-energized,
D SB81906 actuated,
K81908 de-energized,
K81610 de-energized,
!ﬁﬂg{ymﬁmgﬂ&?nn"qﬂznui
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RESULT

Distribution chart on Overall
Block Diagram, Main Equipment
Power Supply, in Envelope #5,
Volume 7).

Holds cycle timer circuit,
De-energizes K81901,

Opens contact in circuit of
timer,

Opens contact in NORMAL ON-OFF
circuit,

Energizes Power Sequence Relay
in main control which in turn
causes ABNORMAL CONDITION indi-
cator to glow,

De~energizes K81§09,
Extinguishes POS, VOLTAGE indi-
cator 182207,

De~energizes K81809,

Removes +250 vdc generator out-
put from +200 vdc, +130 vde,
+100 vdc and +80 vdc regulator,
Removes +200 vdc, +150 vdc,

+100 vdc, and +80 vdc from main
equipment,

Removes ~1235 vdc generator out-
put from -80 vdc regulator,
Removes ~80 vdc from main equip~
ment

De~energizes K81908,
Extinguishes BIAS indicator
182206,

De-energizes K81810,
Opens contact in circuit of
K81909,

Removes +250 vdc from +5 vdc,
-15 vdc and -25 vdc bias regu-
lators,

Removes ~125 vdc from +5 vdc
and -15 vdc regulators; removes
+5 vde and -15 vdc from main
equipment,
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TABLE 4- B (CONT'D)

STEP SUB-STEP EVENT

1

(CONT'D)

E S81905 actuated,

K81907 de-energized,

K88002 de~ enefgi zed,

K81904 and K81903
energized, -

K10201, K30201, K60201

and K70201 energized,

F ' S81904 actuated,

K81906 de-energized,

K86001 deQenergized.

G 581903 actuated,

K81904 and K81905
de-energized,

Flovaireggtovrn. ]ﬂﬂz@yﬂ
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ERA 1103

SECTION 4

RESULT

De-energizes K81907,
Extinguishes FULL HEATER indi-
cator 182205, )

De-energizes motor-generator

start coil KB8800:Z,

Energizes K81904 and K819035,

Removes 220 vac from ~-300 vdc
rectifier,

Stops motor-generator 88002,

Energizes filament dropping re-
lays K10201, K30201, K60201,
and K70201,

Switches filament dropping re-
sistors into primary circuit of
selected transformers in the
Arithmetic, Control, Magnetic
Drum and Magnetic Tape cabinets,
Applies low filament voltage to
circuits supplied by selected
transformers,

De-energizes K81906,
Stops FIL, HRS, meter M82201,
Extinguishes LOW HEATER indi-
cator 182204,

{
De~-energizes main contactdr
K88001,

Removes 220 vac supply to in-
duction regulator, rectifier
circuits, 220 vac-110 vac step-
down tramsformers, and filament
transformers, which stops dis~
tribution of +60 vdc, +120 vde,
-30 vdc, 110 vac and filament

supply.

De~energizes K81904 and K819035,
Extinguishes INIT, SE}, indi-
cator 182203,

De~-energizes K10201, K30201,
K60201 and K70201,
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STEP  SUB-STEP

1 G (CONT'D)

=)

g

ERA 1103

TABLE 4- g (CONT'D)
EVENT

K10201, K30201,K60201
and K70201 de-energized,

S$81902 actuated,

S81901 actuated,

K81602 de-energized,

Main Disconnect switch
to OFF position,

Sy dvvagitorvi. HQarndd

o >
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SECTION 4

RESULT

Opens contacts in primary cir-
cuit of selected transformers

in Arithmetic, Control, Magnetic
Drum and Magnetic Tape cabinets.

Closes contact in circuit of
K81903,

De-energizes K81902Z,

Stop cycle timer B81901,
Extinguishes TIMER ON indicator
182202,

Closes contact in circuit of
K61901,

Closes contacts in fault circuit,
Removes 220 vac from the equip-
ment,

Stops blower and drum drive
motor.
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OPERATI1ON

TABLE 4- 9
SEQUENCE CF OPERATIONS

FOR VARIOUS VOLTAGE FAILURES OR EMFRGENCY CIRCULIT INTERRUPT1ONS,
AND CORRECTIVE PROCEDURES REQUIRED ( MAIN POWER SUPPLY)

i

—
£

F18

PX

A, FAILURES AND INTERRUPTIONS
STEP SUB-STEP EVENT RESULT
1 +35 vdc FAILURE, De-energizes K81201,
A K61201 de-energized, Lights +5V FAULT indicator
182211,
De-energizes K81815,
B K81815 de-energized, Allows Fault relay to be reset
only through CLEAR POWER SUPPLY
FAULT button S82203, _
Energizes B Fault relay in Contwl
Cabinet,
De-energizes K81909,
C K81909 de-energized. De~energizes K81809,
D K81809 de-energized, Removes positive‘d—c voltages,
: Removes -80 vdc, (-80V Fault
relays de-energize, ~80V FAULT
indicator illuminates,)
2 -15vDC FAILURE : De-energizes K81202,
A K81202 de-energized, Lights -15V FAULT indicator
192210,
De-energizes K81815,
B K81815 de-energized, See step 1, sub-steps B,C, and
D of this table (part A),
. . {
3 -25VDC FAILURE De-energizes K81203,
A K31203 de-energized, Lights -25V FAULT indicator
182209,
De-energizes K81815,
B K81615 de-energized, See step 1, sub-steps B,C, and
D of this table (part A),
4 -80 VWDC FAILURE, De-energizes -80V Fault relay
KB81611l, K81612, K81813, or
K81614,
A K61611, K818l2, K81813

or K81614 de-energized,

i ossnioveptorr Beard
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Lights =80V FAULT indicator
182208, ' :
De-energizes K816135,
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STEP SUB-STEP

4

(CONT'D)
B

ERA 1103

TABLE 4- 9 (CONT'D)

EVENT
K31615 de-energized,

+250 vde Overload Relay
K81801, K81802,K81803
or K81805 tripped,

K81615 de-energized,

-125 vde Overload Relay
KB81805, K81606, K81607
or K81808 tripped,

K81809 and K81810
de-energized,

K81815 de-energized

Sail (vane) Switch
actuated, Hi~Temp
Thermostat operates,
Cabinet Interlock
opened, or an EMERGENCY
switch is pressed,

K81903 de-energized,

SECTION 4

RESULT

See step 1, sub-steps B, C, and
D of this table (part A),

KB1815 de~energized,

See step 1, sub-steps B,C, and
D of this table (part A).

De-energizes K81809 and K81810,

Removes generator output from
all regulators except negative
generator supply to -25 vde
regulator,

Bias and -80 vdc sensers oper-
ate to de-energize K81815,

See step 1, sub-steps B,C, and
D of this table (part A),

Emergenty relay K81903 de-

. energized,

Lights EMERGENCY indicator
162201, Removes 220 vac to
power sequence relays which in

‘turn removes all power to the

equipment with the exception of
220 vac to the drum and blower
drive motors,

Allows emergency relay to be
reset only when timer has re-
turned to Home pgsition_
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STEP SUB-STEP

ERA 1102

TABLE 4-9 (CONT'D)

o

SECTION

CORRECTIVE PROCEDURE FOR ALL VOLTAGE FAILURES

EVENT

RESULT
Provides continuity in Fault

Energizes Power Sequence relay
which causes ABNORMAL CONDITION

De-energizes B Fault relay,

Allows distribution of positive
d-c and ~80 vdc voltages,
Energizes K81811, KB8lglz,

Closes -80vde fault contacts

Extinguishes -80V Fault indi-

Opens circuit to power sequence
Extinguishes ABNORMAL CONDITION

Opens contact in shunt circuit
of -80 vde fault contacts,

Energizes cycle timer B81901
which then returns to home

Equipment power returned to
condition commensurate with
completion of step 1, Normal
On sequence,Table 4-8 (part A),

Sze step ?,Normal-On sequence,

1 Set SEQUENCE CONTROL
switch S82205 to POS, circuit,
VOLTAGES position,
indicator to glow,
2 Press CLEAR POWER Energizes KB1815,
SUPPLY FAULT button
S82203, _
K81815 energized, Holds K818135,
Energizes K81909,
K81909 energized, Energizes K81809,
K81809 energized,
K81613 and KB1814,
K81611, K81812, K81613
and K81814 enmergized, in fault circuit,
cator 182208,
3 Set Sequence Control
switch S822035 to OPERATE relay,
position,
indicator,
C. CORRECTIVE PROCEDUGRE FOR EMERGENCY SHUT-DOWN
1 Press NORMAL ON-OFF K81901 energized,
button S82201,
A K81901 energized,
position,
B B81901 in home position,
2 Press NORMAL ON-OFF
button 582201, Table 4~ B,
Forsringtorn Fland
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SECTION 4

DISTRIBUTION
Power sequence control.
Motor-generator set,
Voltage rectifiers. _
Filament transformer primaries.
Electronic circuit filaments.
Voltage regulators,
Electronic circuits.
Electronic circuits.

Bias Sensing relays

Electronic circuits,
Electronic circuits,

Voltage fault circuit

Electronic circuits,
Electronic circuité.
Electronic circuits.
Electronic circuits,
Electronic circuits.
Electronic circuits.
-200 vdc regulator

-300 vdec regulator,

DC voltage regulator control
units,

Electronic circuits,

-300 vde regulator,

THEORY OF ERA 1103
OPERATION
TABLE 4-~10
MC POWER SUPPLY VOLTAGES

VOLTAGE SOURCE
Primary Building supply
220 vac
Regulated Main Equipment
220 vac AC regulator
6.3 vac Filament transformers
+260 vde Motor-generator
+200 vdc +200 vdec regulator
+150 vde +150 vde regulator
+120 vde Rectifier supply

(main equipment power).
+100 vde +100 vdc regulator
+80 vdc +80 vde regulator
+60 vdc Rectifier supply
' (main equipment power).
+5 vde +5 vdc regulator
~14 vdc -14 vdc regulator
-80 vdc -80 vdc regulator
~100 vde -100 vdc regulator
=200 vdc ~-200 vdc regulator
~220 vde R57916 & RST917
=290 vdc Rectifier Supply
-300 vdc Rectifier supply (ref.)
-300 vdc ~-300 vdc regulator
-300 vdc ~300 vdc regulator
~390 vde Rectifler supply
72 . 72 ¢
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THEORY OF ERA 1103 SECTION 4
OPERATION

TARLE 4-11
NORMAL ON-OFF SEQUENCE OF OPERATIONS FOR
MAGNETIC CORE POWER SUPPLY

A. NORMAL ON

SuB

STEP STEP EVENT RESULT

1 Main Switch Energizes circuits of the
(S88001) ON Main Power Supply
Energizes MC Emergency
relay K57103.

K57103 Energized Holds K5710C3.
Provides continuity to
sequence control switch.,
Opens contact in EMERGENCY
OFF indicator circuit,

2 Main Fower NORMAL : Initiates Main Power ON
ON-OFF button pressed sequence.

3 MC Power NORMAL ON-OFF Energizes K57101
button pressed

K57101 energized. Holds K57101. '
Energizes K57102.
Starts cycle timer (B57101).
Lights TIMER ON indicator.

- K57102 energized Provides continuity in MC
power fault cirouit.

CYCLE TIMER Operates switches 557101,
B57101 running, 557102, S57103, S57104,
557105, S57106, 557108,
and S57101 in sequence
over a four-minute period.
(See switch time distribu-
tion chart on block diagram, )

A S57101 actuated. Holds cycle timer, lights
TIMER ON indicator, and
energizes K57102,
De~energizes K571C1.

.Renu'nytnm Farnd 4-173

&E nemerine asmcu /fssocm:s ovision



ERA 1103

TABLE 4-11

SECTION 4

NORMAL ON-OFF SEQUENCE OF OPERATIONS FOR

MAGNETIC CORE POWER SUPPLY.

K57101 de~-energized

THEORY OF
OPERATION
SUB-
STEP grrgp
B 557102
C S57103
K57104
K55701
D 557104
KS7105
K57701
I-
=
t—
-
Mornnington Farnd

-~

EVENT

actuated

actuated

energized

energized

actuated

energized

energized,

Evemerning Leseancn ASS1cATES owision

(CONT*'D)

RESULT

Opens contacts in start circuit
and cycle timer circuit.

Allows Emergency relay to be
reset only when timer is in
"home™ position.

Energizes K57104.
Lights INIT. SEQ. indicator.

Energizes K55701 through
normally~closed contacts of
K57106.

Opens contacts in 226 vac lines
to MC filament transformer
primaries thus inserting fila-
ment dropping resistors into the
primary circuits. '

Energizes K57105.
Lights LOW HEATER indicator.
Starts HTR. HRS. meter.

Energizes AC Contactor K57701,

Applies regulated 220 vac from
the main power supply to the
~-500 vdc reference supply, fila-
ment transformer primaries of
the ~300 vde reference supply
and regulator circuits, and,
through the limiting resistors,
a reduced voltage to the MC
filament transformer primaries,
The output of the latter trans-
formers is reduced to about

5-7 vac. 220 vac is also sup-
plied to the =500 vac reference
supply which in turn applies
~500 vde to the control circuits
of the rectifier supply regu~-
lators.
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THEORY OF

TABLE 4-11

SECTION 4

NORMAL ON-OFF SEQUENCE OF OPERATIONS FOR

OPERATION
MAGNETIC CORE POWER SUPPLY
. SUB-~ .
STEY  Zrpp EVENT
E 557105 actuated.
K57106 energized.
K88003 energized.
K55701 de-energized
F S5T106
K57107 energized
KS57310 energized
K81201, KB1202 and K81203
energized,
Memington FBarnd
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(CONT'D)
RESULT

Energizes K57106.
Lights FULL HEATER indicator.

Energizes MG Start relay (K88003).
De-energizes K55701.

Applies 220 vac to -300 vdc
rectifier supply which in turn
applies regulated ~-300 vdc to

the regulator control circuits,

Applies 220 vac to the motor
generator,

Closes contacts in 220 vac lines
to MC filament transformer pri-
maries thus shunting limiting
resistors and permitting full
heater supply to MC filaments,

Energizes K57107.
Lights BIAS indicator.

Closes contact in circuit of
K57106 and K57109,
Energizes K57310.

Closes contacts in generator out-
put lines to bias circuits. The
bias voltage +5 vdec, -14 vdc and
-25.vde energize the vias sensing

-relays K81201, KB1202 and KB1203,

and provide continuity in MC
power fault circuit that ener-
gizes Bias Fault relay K57312.

Opens contacts in the bias fault
indicator lines.

Provides continuity i the bias
fault circuit thus energizing
Bias Fault relay K57312 through
the closed contacts of K57102.
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" THEORY OF ERA 1103 SECTION 4
OPERATION

TABLE 4-11
NORMAL ON-OFF SEQUENCE OF OPERATIONS FOR

MAGNETIC CORBRE FOWER SUPPLY (CONT’D)
v " S5UB-~ . .
STEP STEP EVENT RESULT
K57312 energized. Opens contacts in line to equip-
ment Fault Control.
Closes holding contact in bias
fault circuit,
Closes contacts in circuit of
relays K57108 and K57109.

G S57107 actuated Energizes K57108 through ¢losed
contacts of K57107 and K57312.
Lights. POS. VOLTS indicator,

K57108. energized. _ Energizes K37309.
- Energizes K57315.

K57309 energized Closes contacts in output lines
of DC generators. Voltage out-
puts are regulated to +200, +150,
+100, +80, -80 and -100 vde, and
distributed to electronic cir-
cuits of the MC system; +100 vdc
energizes K57313, -80 vdc ener-
gizes KG7311.

K57315 energized Applies 220 vac to +290 vdc and
+390 vdc rectifier supplies which
in turn are regulated to =200
and -300 vdc respectively. Volt-
ages are distributed through the
DC distribution panel to circuits
of the MC system,

K57313 energized, Closes contact in MASTER CLEAR
circuit to produce MASTER CLEAR
signal, '

KG7311 energized Closes contacts in circuit of
K57312.

Opens contacts in circuit of -80 vde
FAULT indicator.

H ~ §57108 actuated Eneraizes K57109.
Lights OPERATE indicator.

Mm Mornd 1-176
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SECTION 4

RESULT

Opens contacts in +200 vde and
~100 vdc distribution lines.
Energizes K57314.

Opens contact in MASTER CLEAR
circuit,

Allows K57101 to be re-energized
with start of the OFF Cycle.
Stops timer motor.

Extinguishes TIMER ON indicator.
De-energizes K57102.

Opens by-pass contacts in bias
fault circuit. Fault relay can
be energized only through con-
tacts of CLEAR POWER SUPPLY
FAOLT button.

Energizes K57101.

Holds K57101.

Energizes K57102.

Holds K57102.

Starts cycle timer (B57101).
Lights TIMER ON indicator. -

Closes contacts in fault circuit
which prevents fault relay K57312
from de-energizing with loss o
-80 vde.

Actuates switches S57101, S$57108,
S57107, S57106, S57105, S57104,
S57103, S57102 and S57101 in that
sequence over a two-minute period.

THEORY OF ERA 1103
OFPERATION
TABLE 4-11
NORMAL ON-OFF SEQUENCE OF OPERATIONS FOR
MAGNETIC CORE POWER SUPPLY (CONI'D)
SUB-
STEP STEP EVENT
K57109 energized
K57314 energized
I S57101 actuated
K57102 de-energized
B. NORMAL OFF
1 NORMAL ON-OFF button
pressed.
K57101 energized
K57102 energized
Cycle timer running
MRormington Farnd
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THEORY OF ERA 1103 SECTION 4
OPERATION
TARLE 4-11 !
NORMAL ON-~OFF SEQUENCE OF OPERATIONS FOR
MAGNETIC CORE POWER SUPPLY (CONT'D)
. SUB~
| STEP STEP EVENT RESULT
{

A S57101 actuated. De~energizes K57101.u
Holds K52702, and cycle timer,
and lfghts TIMER ON indicator.

K57101 de-energized., Permits.MC power to be re-ener~
gized only through NORMAL ON-OFF
button,

B $57108 actuated. De-energizes K57109. |
Extinguish OPERATE indicator.

K57109 de~energized. . Removes +200 vdc and ~100 vdc
operate voltages.

De-energizes K57314.

K57314 de-energized. Closes contact in MASTER CLEAR
line. '

C S57107 actuated, De-energizes K37108,
Extinguishes POS, VOLTAGE in-
dicator. :

K57108 de-energized. De-energizes K57309.
De-energizes K57315.

K57309 de-energized. Removes generator output volt-
ages to +200, +150, +100, +80,
~-80 and ~100 vde regulators.

K57315 de-energized. Removes 220 vac to -290 and -390
vde rectifier supplies.

D S57106 actuated, De~energizes K57107.
Extinguishes BIAS indicator.

K57107 de-energized. De~energizes K57310.

Opens contact in circuit of
K57108 and K57109.
K57310 de-energized. Removes generator output volte

ages from bias regulators.
Bias sensing relays de-energize,
opening circuit to K57312.
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THEORY OF ERA 1103

OFERATION

TABLE 4-11

SECTION 4

NORMAL ON-OFF SEQUENCE OF OPERATIONS FOR

MAGNETIC CORE POWER SUPPLY (CONT'D)

SuB-

STEP EVENT

STEP
K57312 de-energized.

E S57105 actuated.

K357106 de-energized.

K55701 energized.

K88003 de-energized.

F S57104 actuated.

K57105 de~energized.

’K57701 de-energized.

G S57103 actuated

K57104 de-energized.

K55701 de~-energized,

H S57102 actuated.

i’lkumn&nqrﬂawz,ZHﬂnwza!

Enemneerine ZAsianch AS0TIATES oision

RESULT

Re-sets contacts to normal

- position,

De-energizes K57106,
Extinguishes FULL HEATER
indicator,

Energizes K55701.
De-energizes MG Start relay
(K88003). .

Removes 220 vac from =300 vde
reference supply.

Shunts filament dropping re-
sistors into primary circuit
of MC filament transformers.

Removes 220 vac supply to MG set.

De~energizes K357105.
Extinguishes LOW HEATER indicator.
Stops HTR, HRS, meter.

De-energizes AC Contactor (K57701).

Removes regulated 220 vac from
«500 vde rectifier circuit, M
filament transformers and MC
Power Supply filament transformers.

De-energizes K57104.
Extinguishes INIT, SEQ. indicator.

De-~energizes K55701,

Close contacts in primary cir-
cuit of MC filament transformers.

Contacts close, creating ener-
glzing path for Emergency relay
during next ON cycle.



THEORY OF
OPERATION

ERA 1103

TABLE 4«11

NORMAL ON-OFF SEQUENCE OF OPERATIONS FOR

MAGNETIC CORE POWER SUPPLY (CONI'D)

SUB-

STEP STEP EVENT

I S57101 actuated. De-energizes KS57102.

K57102 de-energized.

J Main Disconnect Switch
(588001) off '

K57103 de-energized.

P
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RESULT

Stops cycle timer.

SECTION 4

Extinguishes TIMER ON indicator.
Provides energizing path for
K57161 when NORMAL ON-QFF is
pressed for POWER ON sequences.

circuit.

equipment.

De~energizes Emergency

K57103.

Opens contacts in bias fault

Removes AC power from the entire

relay

Opens contact in sequence con-

trol switch circuit and relay

holding circuit.

Closes contact in EMERGENCY OFF

indicator circuijt.
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OPERATION

SUB-
STEP STEP EVENT

1 A K81201, KB1202, K81203
K57311, K57301, K57302
or K57303 de-energized.

B K57312 de-energized.
C K57109 de-~energized.
D K57314 de~energized.
E K57108 de-energized.
F K57309 de-energized.
G K57315 de~energized,

1 A Overload relay K57304,
K57305, K57306, KS57307
or K57308 de~energized.

B K57309 and K57310
de-energized.
Note:

L

ERA 1103

TABLE 4-12

SECTION 4

SEQUENCE OF OPERATIONS FOR VARIOUS VOLTAGE FAILURES OR
EMERGENCY CIRCUIT INTERRUPTIONS IN THE MC POWER SUPPLY

A, BIAS, -80 VDC, OR POSITIVE DC OVERLOAD FAULT

RESULT

De-energizes K37312.

Lights appropriate voltage FAULT
indicator if caused by Bias or
-80 V Fault,

De-energized K57109 and K57108.
Closes contact in eircuit to
equipment Fault Control.

Remover +200 vdc and -100 vde
voltages,
De-energizes K57314.

Closes contact in master clear
line.

De-energizes K57309 and K573135.
Removes generator supply to +200,
+150, +100, +80, -80 and ~100 vdc

reqgulators.

Removes 220 vae to =290 and -390 vd
rectifier supplies,

B. NEGATIVE DC OVERLOAD FAULT

De-energizes K57309 and K5731C.

{
Removes generator supply to DC
regulators. As a consequence,
the bias sensing relays de-
energize, creating a repeat of
part A above.

To re-energize the MC pBwer after bias or overload

failure, correct the cause, turn the power sequence
switch to POS. VOLTAGE, press the CLEAR POWER SUPPLY
FAULT button, then return the SEQUENCE switch to-

OPERATE.

. Heanned
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TABLE 4-]2

SECTION 4

SEQUENCE OF OPERATIONS FOR VARIOUS VOLTAGE FAILURES OR
EMERGENCY CIRCUIT INTERRUPTIONS IN THE MC POWER SUPPLY

R C. EMERGENCY OFF
oo SUB-
STEP STEP EVENT
1 A Emergency interlock circuit

open, (sail switch open,

high temperature thermostat

operates, or an EMERGENCY
button is pressed).

B K57103 de-energized.

RESULT

De~energizes Emergency relay
K37103,

Opens contact in circuit of
power sequence switch thus
causing all power sequence re-
lays to de-energize thereby
removing all power to the MC
system with the exception of
220 vac to the power supply
START circuit, cycle timer,
and EMERGENCY OFF indicator.’

Lights EMERGENCY OFF indicator.

Note: To re-edergize the equipment after an emergency
stop, return the cycle timer to the "home" pos-
ition, then re~energize the equipment through

the NORMAL ON cycle.

Forningtorn Mand
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GUERATTON

it. CULOLING SYSTEM

a. COOLING ATk. - The computer 1s cooled by water-cooled air streams

¢vhich enter each of the cabinets through adjustahle overlapping grills at the
hottom of each bav and leave through a gritl at the top of each bay. The air.
drawn {rom the room through dust-removing oil-coated metal filters, is passed
nver water-cooled coils, then pumned into a plenum chamber bv two centrifugal
blowers, The air pressure in the plenum chamber is constant but the flow of

air through a particular bay is regulated bv adjusting the overlap of the grills
located at the botiom of that bav. Temperature of the cooling air is maintained
at H4°F by the air temperature controller located in the bay behind the requlator,

Under narmal conditions the temperature of the cooling alr will be raised
from 04° to about B82°F maximum during the heat exchange. Should the exhaust
temperature exceed 100%F in anv of the tube chamnels a "Klixon" thermostat
nmounted at the top of the channel will break cnntact and create an A FAULT
couputer ston, This is indicated hv operation of the TEMPERATURE indicator
on the supervisory CUontrol P'anel und the amber light located above the over-
heated channel, The thermostat will reset sutomatically when the temperature
is reduced to 90° (see sub-paragraph 12b (2} of this section).

Fach bay, except the bay containing the Supervisory Control Panel, contains
a higyh temperature thermostat mounted asbove the channel having the highest amhi-
ent Lempersture. This thermostat breaks contact if the exhaust temperature ex-
ceeds 120°, Operation of a high temperature thermestat creates an Emergency
computer stop which shuts down the power supplv.

A high temperature fauit is indicated by operation of the EMERGENCY OFF
indicators on the Main and MC Fower Supply panels. All high temperature ther-
mostats must be reset manually,

L.  COOLING WATER. -~ The cnoling water requirement for the computer de-
pends upon the room temperature and the temperature of the water supplied.
{hwler conditions where the temperature of the water is 50°F, the relative
humidity 50%, and the room temperature a‘maximum of 82°F, a water pressure of
A0 psi is needed to provide the 41 gallons per minute necessary for cooling
the air,

The water, supniied from the cooling water main, passes through a pressure
sensitive "Vacuumstat™ valve and a motorized valve in the water intake line. It
is then circulated through cooling coils located on each side of the blower bay
and finally discharged through a common vpipe to the sewer, Condensate from the
cooling coils is drained off to the sewer through # 1/2 inch pipe. Water flow
throuab each of the cooling cnils is maintained squal by equalizing valves located
in the coolinyg coil discharge pipes. Temperature of the water being discharged
from the cooling coils may bhe checked by observing the thermometers mountod in
the discharge pipes near the equalizing valves, The "Vacuumstat® initiates an A
FAULL if the water pressure is drastically reduced, The water fault is indicated
by the glowing of the WATER indicitor on the Supervisory panel. The motorized
vazlve is controlled by an air temperature controller located in the blower cab-
inet and opens or closes to maintain sufficient cooling.

5 e »
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12, PROTECTIVE INTERLOCKS

a. GENERAL. - The ERA 1103 computer contains two protective interlock
systems, as shown on the Block Diegram, Protective Interlocks, im Envelope ¥6
of Volume 7. They are named as follows: the Fault Imterlocks, designed pri-
marily to protect the equipment; the Emergenmcy Interlocks, designed to protect
both the equipment and personnel. The operation of either of these interlock
systems will stop the computer program and/or remove equipment power.

b. T[AULT INTERLOCKS. - The Fault Interlocks consist of a Water Pressure
Switch in the Blower (90000) Cabinet and Low Temperature Thermostats distrib-
buted throughout the computer, They are cornected in two separate circuits
and operate as follows: '

(1) WATER PRESSURE SWITCH., - This mechanism, connected to the input
water line of the cooling system, contains a diaphragm that is positioned by
water pressure and a set of conmtacts that 1s operated by the diaphragm. During
normal operation the contacts close to energize the Water Fault relay located
in the Control (30000) Cabinet. When water pressure drops the contacts open
to de-energize the Water Fault relay (K30072). This relay, in de-energizing,
illuminates the WATER FAULT indicator on the Supervisory Control Panel and
energizeg the A Fault relay. The subsequent A Fault stops the computer program
until water pressure is restored and the START button on the Supervisory Control
Panel is pressed.

(2) LOW TEMPERATURE THERMOSTATS. - This circuit consists of 98 bimetal,
disc type thermostats distributed through the equipment such that one is located
above each vertical row of plug-in chassis. Connected in series, they provide
a ground for the Temperature Fault relay (K30074) located in the Control
(30000) Cabinet and thus keep it energized during normal operation.

A thermostat is actuated when the exhaust temperature of any tube channel
reaches 100°F, Should this happen, the Temperature Fault relay is de-energized
which in turn illuminates the TEMPERATURE FAULT indicator on the Supervisory
Control Panel, lights an amber indicator above the over-heated channel, and
energizes the A Fault relay. The subsequent A Fault stops the computer program
until the proper temperature Is restored and the START button is pressed. The
tripped thermostat will reset automatically when the exhaust temperature drops
to 90°F,

c. EMERGENCY INTERLOCKS. - The Emergency Interlocks consist of cabinet
door switches, high temperature thermostats, vane switches inm the main air duct,
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“no bwe SIERGENCY OFF pushbutton switches, They are all connected in series
Letween 220 vae and twe pavallel kEmergency relays: K3T103 in the MC Power
Srauiy o oand KBI90GH% in the Main Power Supply. Should the Emergency Interiock
«irey’i pe broken by any one of the switches both Emergency relays de-energize
witteh, in turn, will remove all Main and MC power.

i CABINET DOOR INTERLOCK SWITCHES. - Fach cabinet door interlock is
composed of iwo switches. One is o plunger type microswitch whieh is the
setual interjock., the other a vush button type microswitch in parallel with
the first one so that the interlock may be temporarily by-passed, making it
vescible to open a cabinet door without breaking the Emergency Interlock circuit,
There mre 36 pairs of these switches throughout the equipment; one pair is
meurnted on the frame of each cabinet door. The plunger of the one switch pro-
trudes into the channel in which the door runs such that when the door is
Ziused the plunger is depressed. When the plunger is depressed, the switch is
ciosed Lo provide continuity in the Emergency Interlock circuit., The other
switeh is mounted such that the button which operates it protrudes outside the
cubinet. When it is desired to open a cabinet door without creating an emer-
yrncy stop the steps iisted below must be foilowed.

Step 1. VYress and hold in the byw-pass button mounted on the frame
adjacent to Lthe door handle.

ne

Open the door and pull out the plunger located near the upper

Step
: corner of the door opening.

Stép 4. After pulling out the plunger, release the by-pass button.

e

step To close the doeor, press the by-pass button and hold in until
1

the door is fully closed.

(2 PIGH TEMPERATURE THERMOSTATS. - There are eleven High Temperature
Thermostats in the Emergency Interlock circuit which are identical to the Low
femperature Thermostats in the Fault Interlock circuit except they operate at
iMC°F rather than 10OSF and must be reset manually after they have been tripped.
ihere is one located in each bay (with the exception of the Supervisory Control
%y & Dlower Caebinet) at the top of the tube chauwnel having the highest ambient
temperature,  Hhould the exhaust temperature of a particular bay exceed 120°¢F,
the High Temperature Thermostat associated with that bay will trip which will
freak the Emergency Interlock circuit and thereby remove all power from the
computer. As stated previousiy, all High Temperature Thermostats must be
manually reset by pressing a plunger connected to each thermostat.

There is no indicator iamp conneeted to the High Temperature Thermostats
'y show when & particuiar thermostat has bheen tripped. Tt is sufficient that
betare High Temperature Thermostal overates one or more Low Temperature Thermo~
stats wili have been operated und thereby will indicate where the overheated

bay is lucated.
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(3) BLOWER VANE SWITCHES. - Mercury switches, operated by air vanes
mounted in the main air ducts of the Blower (90000) Cabinet, provide interlock
protection for the computer in the event a blower should fail. The air vanes,
struck by moving air, waintain a torque on a linkage that close mercury switches
as long ss the blowers are operating. When the mercury switch contacts are
closed, continuity is provided in the Emergency Interlock circuit. Should a
blower stop, the weight of the vane allows one of the mercury switches to open
and thereby creates an emergency power shutdown fn the computer.

(4) EMERGENCY OFF SWITCHES. - Om both the Main Power Supply control
panel and the MC Power Supply control panel is a red EMERGENCY OFF pushbutton
switch. When either ome of these switches is manually actuated, the Emergency
Interlock circuit is broken.
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