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On MP 5 of the current instruction sequence, an INITIATE LOCKOln' 0 MT sig­
nal is received by PDC, and the required' advancing or backing operations are in­
it.ieted in MT Unit O. The INITIATE LOCKOLT 0 MT Signal sets the Wait MI' Unit 0 
flip-flop.to "1", thereby dropping a 0 Mf REFERENCE enable to CTC, so that the 
next instruction requiring 8 reference to MT Unit 0 will not be execl.ited to com­
pletion unti 1 an 0 �~�f�f� RESUME for the current operation has been received from 
MT Unit 0 indicating it is aQain free. 

If another instruction involving MT Unit 0 is started before the advancing 
. and backing of the tape has been completed, the Wait MT Unit 0 flip-flop wi 11 

be in the "1" state due to the INITIATE LOCKOur 0 MT signal whIch occurred on 
MP 5 of the previous ADVANCE or BACK 0 MT instruction. When the Wait MI Unit 0 
flip-flop is set to "1" and the negative-going j :: 0 and MeT �6�4�~�6�7� enables are 
present, the positive 0 1lI LOCKOur line enables gate V 06 ... 30 1 12. , On MP 1 of the 
current instruction, the TEST LOCKOUr signal passes through gate V06-30112 and 
sets the Wait E1'ternal flip-flop to Ifl" so that MPD is stopped. 

If MPO is stopped in this manner, the conlpletion of the MT Unit 0 operations 
initiated by the previolls instruction produces a 0 MT REStME signal, which 
clears the Wait �~�n� Unit 0 flip-flop to "On. When the Wait MT Unit 0 flip-flop 
is in the "0" state and the ftegative"'goin,g j = 0 and K;T �6�4�~�6�7� enables are pre­
sent, the 0 MiC RESUivlE line enables gate V04-30112 in PDC, so that a 0 MY HEFEHENCE 
erwble is sent to GTC. The next CONTROLLED CLOCK PULSE passes through gates V04-
�:�~�O�l�1�2� and �V�O�:�~�·�-�3�0�1�1�2� and clears the \voit External flip-flop to .It)" so that MPD 
resumes operation. Thus the lockout is cleared and ere prepared for another 
reference to MT ;;nit u . 

.Q. READ OR WRffE MI. - When reading or writing is to he 
performed in a pBrtjcular �~�r�r� unit, the MT lockout circuits stop MPD if a pre­
vious back or advance operation is in process in the same �~�I�T� unit. The four MY 
loekout cirCulits each function in the same manner. As an example, the operation 
of the 0 MT lockout circuit is described below. . 

When a READ MAGNETIC TAPE or WRITE MAGNETIC TAPE instruction (64jnv or 65 
J flV) is executed and j is equal to 0, a TEST LOCKOur signal' is received by PUC 
at MP1 and both WAIT MT READ OR WRITE and INITIATE LOCKOUT 0 MT are received on 
MP 5. 

The TEST LOCKOUr signal performs the same functions as described in the pre­
vious subparagraph; i.e., if a previous advance or back operation has not been 
completed in \n' Unit 0, Wait External is set to til'" and �~�l�P�D� stops. If this oc­
curs, MPD reSLlmes when 0 MT RESUME is received. 

On MP 5 of the current instruction, WAIT ArT READ OR WRrfE sets the Wait 
External flip .. ,flop to "1" so that ADVANCE MPD is blocked anq MPD stops. The 
101Il �I�A�T�f�~� LOCKOUT �~�n� signal sets the Wa it MT Unit 0 fl ip-flop to "1", dropping 
the 0 MT REFERENCE ENAl:LE to eTC. When the reading or writing operation has 
been completed, 0 wrr RESUME is sent from MT (Jnit 0 to POC. When the �~�f�r� Unit 0 
flip .... flop is set to "Ou by this RESUME signal, and the negative-going j ::: 0 and 
MeT 64-67 enables are present., an 0 MT RESUME enable is produced for gate V04-
:)0112. The next CONTROLLED CLOCK PULSE passes through gates V04-30112 and V03-
30112, setting the ,Wait External flip .. flop to nO". MPD thus reswnes operation 
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~o LOCKOUT DURING PRINT REFERE.'l::ES. - DUring the execution 
of a typewriter operation, the Typewriter Control (!WC) lockout circuit allows 
the equipment program to continue unless another reference is made to the type­
writer before the previously-initiated operation is completed. 

When a PrInt (61Jv) instruction is executed. a TEST LOCKOUT signal is re­
ceived by POC on MP 1. If 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 LOCKOlIT TWC signal sets the 
Wait TWC flip .. flop to "1 It so that the next instruction referring to the type­
writer •. il1 n()t be executed until TWC RESUME for the current operation has been 
recei ved. 

If the ne){t 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 eTC will not be present. 
When the Wait TWC flip-flop il set to ttl" and MeT 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 !We RESUME signal from the typewriter, which clears the Wait !We flip­
Clop in POC. When this flip-flop is cleared, a TWe REFERENCE ENABLE is applied 
to V04-30l12 .. 'bich allows the next CONTROLLED CLOCK PULSE to pass through gates 
V04-301l2 and V03-30112. The Wai t External flip-flop is cleared to "0" and ~1PD 
resumes op~ratlon. The!WC REFERENCE enable is also sent to CTC. 

~. 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 ot the TWC Lockout qircuit 
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. 

{a LOCKOUT FOR lOA AND lOB REFERENCES o - During the opera­
tion of the external input-output equipment, the Wait Read and Wait Wr~te flip­
flops for lOA and lOB operate in a manner similar to the Wait TWC and Wait 'HPC 
flip-flops described above o The operation Js described 'in detail in Paragraph 
8, Input-Output Section, In this volume o 

c. MAIN PULSE DISTRIBUTOR. - The Block Diagram, Main Pulse Distributor, is 
in Envelope #4 ot 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 "ma"in 
pulse" (liP). The Main Pulse Distributor (MPD) provides the control for· select­
ing and generating only those UPs 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 ~WD 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 MPO 
executes each instruction in '8 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 ~1PO 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. 

'The MP cycles produced to execute the steps of the variouS inst~uctions 
(indicated by operation code) are as follows: 

four-pulse cycle (MP 0, MP 5. MP 6, MP 7) - for instructions 11, 
13, 15, 16, 44, 45, 46, and 56; 

five-pulse cycle (~P 0, MP 1, MP 5, MP 6, MP 7) - for InstructioG 
12, 17, 31, 32. 33, 34, 47, 76, and 77; 

six-pul~ cycle (MP 0, MP 1, MP 2, MP 5, MP 6, MP 7) - for in­
structioHS 14, 35, 36, 51, and 54; 

seven-pulse cycle (MP 0, MP 1, MP 2, MP 3, MP 5, MP 6, MP 7)­
for instructions 42, 52, 53, 55, 71, 72, and 73; 

eight-pulse cycle (MP 0, MP 1, MP 2, MP 3, MP 4, MP 5, MP6, ME 7) 
-for instructions 21, 23, 27, 37, 41, 43, 61, 63, 64, 65, 66, 
67, and 74; 

specinl pulse cycles .. for instructions 57, 75 and repeated 
instructions. 

/\5 each MP is produced, the MP sets the MPD register to the next MP number. 
[hat 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 MPO!unctions like a 
c.ounter advant:;ed 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 0 out­
put gate (V02 ... 30122) would generate MP 0; MP 0 would set the MPD register to 
store 1 and tbe MP 1 output gate (V05-30122) would be enabled .. Following the 
conclusion of the instruction step initiated by MP 0, the next ADVANCE ~~D sig­
nal from POC would be gated from MPD as MP 1. This process would be cyclic, 
producing in turn each of the eight MPs. Hvwever, the output gates are enabled 
by "AND" circ:Lli ts connected to the output of the MPD register and condi t ional 
MeT 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 instructi!)n. 

For example, a four-pulse cycle is required for the execution of the Trans­
mit POSitive {IIuv) instruction. During the execution of this instruction MP 0 
is generated when the MPD register stores O. MP 0 sets the register to store 1. 
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However, the'presence of the MCT,11 enable, applied through a "NOT" circuit, 
prohibits the IP 1 enable; thus the MP 1 output gate (V05-30122) is not en­
abled even though ,the MPO register stores 1. The absence of MP enables 0, 1, 
2, 3, 4, 6, and 7 completes the "ANDtt circuit and produces the MP 5 enabled. 
This "AND" circuit is complete wbenever the number in the MPD register is ,*0-
bib! ted from produc Ing a corresponding i!.P enable due to the presence of a con­
ditioning operation ,code enable from MCf. When the MP 5 enable present, the 
next ADVANCE MPD signal Is gated (through V05-30142) as IP 5. Thus, by inhibiting 
MP l, the ~' cycle is made 'to skip to MP 5, so that a four-pulse cycle (MP 0, 
MP 5, UP 6, MP 7) is produced. 

To produce a five-pulse IP cycle a skip after the MP I to MP 5 is made; a 
six-pulse cycle requires a Skip after MP 2 to MP 5; a seven-pulse cycl~ requires 
a skip after MP 3 to MP 5; and eight-pulse oycle requires no skip. Notice that 
only in the eight-pulse cycle is the MPD register ac~ually 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 exeeution of an instruction re­
quired 8 5-pulse MP cycle, the repeated execution of this same instruction 
would be aecomplished by the normal pulse cycle with MP 6 excluded. The re­
sulting MP cycle would beMP 0, UP 1, MP 5, MP 7. During the last execution of 
the repeated instruction both MP 6 and IP 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 O. This MP pulse cycle is generated when the SET ~1PD TO I 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 UP 1 is the next UP generated g This MP 1 
initiates 8 jump termination operation. The jump termination pulse cycle so 
generated is tlP 1, ~fP 2, MP 3, MP4, MP 5, MP 6, IP 7. 

(1) INITIAL SETTING OF MPD. - The manual selection of MD START results 
in ,the PRESET iI) signal, which sets MPD to 6. This results in MP 6 and b,P 7 
being the first pulses geherated. The manual selection of AIT START results in 
the PRESET Ilf signal which sets MPD to "0". This results in the first MPD cycle 
beg1~ft1ng with MP 6 or MP Op 

(2) STOPPING MPD. - Any stop operation will result in the termination 
of the If cycle since the STOP Signal from Stop Control to poe terminates the 
ADVANCE MPD signal input to MPD" During the Final Stop (57--) instruction, 
the IP cycle will stop after MP O. During a Manually Selected Stop (56jv) 
instruction the MP cycle will stop after PdP 5. The MP cycle will also stop as 
a result of dAvide faults. MCT faults, and sec faults o 

_LIIIuuL 
-·-------g;~I;(~;,JI' ~S£AlCH #SSOCIAHS DIVISION 

4-130 



TIiEORY OF' 
OPERATION 

ERA 1103 SECTION 4 

d. PROGRAM CONTROL REGISTER. - The Program Control Register (peR) is the 
name used to designate the 36 flip-flops which register an instruction word 
while it is being executed. peR consists of the Main Control Register (MeR), 
the O-Address Counter (UAK) , and the V-Address Counter (VAK)., In preparation 
for the execution of each instruction peR receives the instruction from internal 
storage via the X-Register. MeR receives the six-bit operation code; UAK re­
ceives the l;i-bit "u" execution address; VAK receives the 15-bit "v" execu-
tion address.. MeR stores the operation code and produces inputs to tvr:T. UAl\ 
and VAK ston~ the· two execution addresses u and v, respectively, and handle the 
"j", "n" and ttk" factors of instructions., During repeat operations the execu­
tion addresses of the repeated instruction may be advanced, if so programmed, 
in UAK and VJ~. VAh is also advaQced during block transfer operations between 
MC and MT. 

(1) MAIN CONTROL REGISTER. - The Main Control Register is shown on the 
Block 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 peR, which 
consists of MeR, OM, and VAK. The X30 through X35 "operation code" portion 
of the instruction goes to MeR stages 0 t.hrough 5, respectively. 

If MD START is seleeted, MPD is set to 6, and the first instruction is ob­
tairled from the address SPecified by PAK. If MT START is selected, I the PRESET 
t.rr signal inJltially sets MeR to 64 (octal), the Read Magnetic Tape code, and 
sets UAKO to "I". This prepares the equipment for the transfer of the first 
block of information from NT Unit 0 to Me. Further operations after an MT 
START must be self-sustaining from the program contained in- the block of in­
formation trnnsferred from MTo Outputs from the "}" and "0" sides of all MeR 
stages go to MeT to produce the operation code ena~Jlf'so 

(2) U-ADDRESS COUNTER. - The O-Address Counter (UAK) is shown on the 
Block 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 (X15 through X29) to prepare for 
the execution of the next instruction o (This transmission from the X-Register 
also includes Xo through X14 to VAK and X30 through X35 to MeR.) The "u lt 

address is stored in UAK until transmitted to SAR in preparation for a storage 
reference. In lieu of a "u" execution address, UAK mal' store the "j" and "n" 
factors during certain operations. 

A "j" fae: tor of a coded ins true t ion iss tored in UAK 12 and UAK 13. For 
Manually Selected Jump (45Jv) and Manually Selected Stop l56Jv) instructions, . 
a "j" factor of octal 0, 1, 2, or 3 is stored in UAK; enables from UAK12 and 
UAl\13 are used in MeT to produce the proper operation enables. For operation~ 
requiring an external storage (MT) reference a uf' factor of 0, 1, 2, or 3 is 
stored in UAK producing "j" enables for use in POe to address the proper MT 
unit. For high-speed punch operations a "j" factor of 1 is stored in UAK12 and 
is used to produce a seventh level hole. For external input-output operations 
a "f' factor of "1" or "0" is stored to detennine the selection of IOE or lOA. 

"n" 
An "n" factor of a coded instruction is stored in UAKO through UAKll. An 
factor, a.ccompanied with a "j" factor, is stored for operations requiring 
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an external storage (MT) reference. The number un"~ stored indicates the number 
of magnetic tape blocks required by the operation o During the operation, the 
number "n" is transferred from UAK, via SAR and the X-Register, to the MT block 
Counter determined by the accompanjing "]" factor o 

The counting properties of UAK are utilized during repeat operations" The 
"jn" factor of the r,epeat instruction is received by UAr. 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 trans~ission from the 
X-Register also includes the "v" execution address to VAl( and the operation code 
to MeR.) 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 o Note that the UAK 
cycle dependf, upon the ini tial "u" address of the repeated instruction o If the 
initial address is an MD address, 'l}AK14 is ttl" 'which enables the gate (\101-
30214) allowJng the ADVANCE OAK signal to sample UMO through UAK130 Thus the 
count in UAK advances from the initial MD address to MU address 77777, and then 
con tin u e s from MD add res s 40000 as the r e pe at 0 pe rat ion con tin u e s • ( It i s po S S -

ible to repeat an instruction a maximum of 4(1)5 times, the capacity of PAKO 

through PAKl].) If the initial address is 1121 an MD address, LJAKl4 is "0" which 
disables the gate (VOl-30214) allowing the ADVANCE UAK signal to sample only 
VAhO through UAK9. 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 VM. is 
meaningless. 

(3) V-ADDRESS COUNTER., - The V-Address Counter (VAK) is shown on the 
Clock Diagram, Address Registers, in Envelope #3 of Volume 7. The operation 
of VAK is essentially the same as that of UAKo At the conclusion (of each in­
struction 'the' "v" execution address of the next instruction is received by VAl\. 
from a portion of,the X-Re~ister (XO t~rough X1 4) to pre~are for th~ next , 
programmed operatIon. (ThIS transmISSlon from the X-RegIster also lncludes XI5 
through X29 to UAK and X30 through X.35 to MCR.) The "v" address is stored in 
VAK until transmitted to SAR in preparation for a storage referenceo In lieu 
of a "vft execution address VAK may receive a shifting factor "k" for operations 
requiring a programmed number of shifts. During such operations, the number of 
shifts, "kit, 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 o The VAl\. cycle 
depends upon the initial "v" address of the repeated instruction" This cycle 
control, provided by the gate (VOl-30194), is identical to that of UAK. The 
counting properties of VM are also utilized during block transfer operations of 
information between Me and MT. During these operations the execution address 
in VAK is, transmitted to SAR and VAK is advanced by signals from MT. If the 
initial ltv" 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 
Ulock Diagram, Main Control Translator and Main Control Register, in Envelope #4 
of Volume 7. From the six-bit operation code stored in MeR, MeT produces opera­
tion code enables necessary for the execution of the instruction. The outputs 
from MCHO through MCR2 are translated producing the unit"s digit enahles of the 
octal code. The translations so produced are defined as the enables XO through 
X7~ In like manner, the outputs from MCR3 through.MCRS are translated producing 
the eight's digit enable$, defined as OX through 7X, of the octal code. These 
enables produce, from the principal translator, the prime operation code enables 
and produce, in the auxiliary translator, the composite and condition operation 
code enables .. 

In the principal translator (the matrix-like circuit in the center of the 
diagram) the eightVs digit enables and the unitqs digit enables produce unique 
prime operation code enables for each comput~r instruction. Note that enables 
for 10, 20, 30, 40, 50, 60 and 70 are not produced, and prime operation code 
enables are produced for 00, 01, 02, 03, 04, 05, 06, 07, 22, 24, 25, 26, and 
62 although there are no instructions assigned to them. An MCT fault will 
occur if Nr:R stores an operation code which is not included in the repertoire 
of the equipment. J 

In the auxiliary translator (the circuits at the top of the diagram), the 
eight~s digit enables, the unitqs digit enables, the MeR enables, the prime 
operation code enables and other relpvant enables are combined to produce the 
following: (1) composite operation code enables, and (2) conditional operation 
code enables. 

Composite operation code enables are produced by combining digit enables 
and MeR enables; thus enables are produced wh ich represent several opera tions o 

They are used if several identical commands occur during the execution of the 
included 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 
circ-uits. 

Conditional operational code enables are used where optional sequences 
exist. These enables incorporate manual selections, the condition of arithmetic 
registers, tlj"l factors, and/or the condition of RSC with a prime operation code 
enable. To produce conditional operation code enables, the proper digit enables 
are combined ~rith relevant enables which originate elsewhere 10 the equipment a 

The A Zero flip-flop (V80-30242) is included in,MeT to produce conditional 
operation code enables. When A Zero is set to HI" by a signal from ASC, the 
"1" state registers the fact that the content of A was initially zero .. 

Outputs from MGr, from both the principal and auxiliary translators, are 
utilized throughout control, butmainl) in erc and li:E>Do In CTC, the MeT enables 
are used in the production of the command signals necessary to execute the in­
structions. In MPO, the MCT enables are used in the selection of t~e MP cycle 
required for the operation" MeT enables are also used in .tRAC, PDC, the Faul t 
Detector and stop Control o Their use in these control circuits is discussed 
under the associated subjects. Where used, the MCT operation code ena~les are 

H~N-~ 4-133 

--------- ---$~~I;E~RIJU: ~;~-~~ #SSOCIATES DIVISION 



THEORY OF 
OPERATION 

ERA 1103 SECTION 4 

identified, except for the STOP and JUMP ON enables, by the term "MCT" included 
in the enable name. 

f. COMMAND TIMING CIRCUIT S. - These ci rcui ts are shown on the Block Diagram, 
Command Timing Circuits (sheets 1 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 MeT 
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 tablet the left-hand column lists the sequence of MPs that produce 
the sequence by prohl ng the CTC gates. 

The ucommand" col ul1In 1 is,t5 the names of the signal s 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. 

PORTION OF' CTC 

ARAC COMMANDS 

Table 4-5 
Portions of CTC 

ARITI1METIC REGISTER COMMANDS 
ASC COMMANDS 
INPUT -OUTPUT (lOA-lOB) COMMANDS 
OUTPUT COMMANDS 
MT COMMANDS 
PDC COMMANDS 
PAK COJlr1ANDS 
PeR COMMANDS 
RSC COMldAI'I>S 
SAR (SK) COMl"NDS 
sec COMMANDS 
SKC COIl4ANDS 
STOP CONTROL COMMANDS 

ABBREVIATION 

CTC-ARAC 
C'rc-AR 
CTC-ASC 
CTC-IO 
CTC-OUT 
CTC-MI' 
C'OC-PDC 
CTC-PAK 
CTC-PCR 
CTC-RSC 
CTC-SAR 
eTC-Sec 
CTC-SKC 
CTC-STOP 

To use the Command Timing tables in Appendix B, it is necess,ary to under­
stand the basic operation of MPD. There are two general types of MPD cycles: 
(1) a four, five, six t 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 INS'TRUCTION SEQUEM:£So - The sequence for all pro­
grammed instructions (except for the Repeat (75jnw) and repeated instructions) 
consists of a cycle that starts with MP 0, continues to MP 5,' then concludes 
with UP 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 COIDmElnd Timing table but are listed on Page B-5 instead o As an example, 
the use of the tables for the Transmit Positive (lIuv) instruction is described 
below. 

The Transmit Posit~ve instruction is executed by a four-pulse MPD cycle con­
sisting of Mp 0, MP 5, MP 6, and MP 70 This cycle is produced when peR contains 
an lluv instruction word. As shown on Page B-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 laster Clock resumes the advancing of MPD, and 
llP 5 is produced next o MP 5 transmits 8 new address into SAR, initiates a 
writing operation, and produces another WAIT INTERNAL REFERENCE Signal that stops 
MPD. Wben the content of X has been written. MPD is advanced to MP 6. As , 
shown on Page 8-5, UP 6 produces commands that clear peR, insert an address from 
PAK into SAR, initiate a reading operatim to obtain a new instruction, and 
stop MPDo Whlen t be reading operation is completed, MPD is advanced to produce 
IfP 7. On MIl '1-, SAR is cleared and the new instruction is transmitted into PCR o 

(2) REPEAT SEQUEOCES o - The execution of the Repeat instruction causes 
the Instruction which follows it to be executed a times o During the retleated 
executiort of the instruc~ion which follows, tbe execution addresses may be ad­
vanced atter each execution depending upon the selection of j. If j 1s 0, 
neither execution address is advanced o If J is 1, the v execution address only 
is advanced o It j i. 2, th~ u execution addresl only is adyanced o If j 1s 3, 
both execution addresHs are advanced o If the instruction is executed n times 
and no JUl:1J.P occurs, U~e progran ia jumped to fixed address (F1). If a jump 
occurs. the program is jumped to the v execution address of the repeated Jump 
in.structioft o All instructions can ftotbe repeated although the execution of 
the Repeat instruction lDay setup RSC for the repeat o 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 ot RSC o Then the jump is made 
as tbe normal execution of the instruction continues o (Operation codes, 41, 44. 
45, 46, 47 and 56 are'. too examples, of such operetions o ) However, the Threshold 
Jump (42uv) and the Equality Jump (43uv) may be repeated and 8 special Jump 
Ter.ieatioll sequence i. prov1ded lolely toJ' these two operations. 

The sequentces occurring during the Repeat (75jnw) instruction and repeated 
instractions are shown graphi cally on Page 8-98. 

The Repeat instruction is execyted by a cycle consisting of MP 0 through MP 
5. 00 lIP 5, the next instruction (to be repeated) is inserted into PCR~ and a 
"repeat conditiontt is registered in RSC by an RSC Initiate Repeat subsequence. 

It the value n in the Repeat instruction was not equal to zero, MPD is set 
to 7 and the rf~sul ting MP 7 clears SAR. 

~.R.nd 
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Next, the injtr.etioa to be repeated in PCR is exectttedup to n times by 8 

repeti ti va MPD cyele starting with lIP 0 a'lId ending wi th lIP 5. The operatldnl 
during these in.tru.etiens (except for the 42uv and 4Iuv 1.It.rtaetlO11I) are the 
.1 •• 1 those li.ted .. pages 8-6 throagh B-48. but in addt tl ••• test 1s 
made on MP 5 to deteralne whether the cycle should be te~lDated. 

If the cycle is to be terminated becaa.se n perfOl'1R8Dce.s have occurred, MPD 
is permi tted to advlnce to IP 6 "aDd MP 7 fer a ere Repeat Temittat1 •• lequ~nee. 
In ere, these lIPs insert an In"structiOil obtained from Fl iato PCR. 

If the cycle 1 I termi.ated becauae a jump occurred, ISC operations 'Oatlse 8 
crCJump Terai:lUltioD sequeDee to be performed. This seq_ee, cOlI.l'ting of 
MP 1 thre",1l MlP 5. cau.es tile j UIIp addre •• t. be inserted iato SAl, aad tile 
"j18p eeUllt" <It n-t) to be stored 18 Q. Next, lPD'is Idna.eeI te preduce lIP 6 
aDd MP 7, whiclll at this ti.e produce the I.me ere c-.nds produeed by MP 6 and 
tIP 7 after I.Y aN-repeated instruetien. 

g. PROGRAM ADDRESS COtJHrER. - The PHiJraa Add:re.s Co_ter (PAl) 11 ShOWD 
011 the Block Diagrall, Addrels Regi sterl, in Envelope #3 f)f 'ol_e 7. PAl is 
III ttddi t1 ve Hl··stage binary counter -be.e priaeipal lunetl •• 11 to .iore .... 
q\lent~811y the eons.cutl ve addresses used in the cClllputer Pr8frlll. PAl per­
forms 8ft lull iary faction dur1DO repeat eperatlG1ls by .e1"Yi89 a. a repeat 
eeuater •• d by eetrolling t.he advlJlc-.nt .f the execat1_ Iddreslles. IDfer­
_t1Oft fr. PAJ[( goes to SAl only. Information input to PAr i. either _lnUll or 
from SAR. 

The inltl11 settlag of PAl is •• de .. nually ftllewiag the selection of 
either III or Ml' START. This s'ettlao need OIlly be made with an JrI STARr if tbe 
starting program address i8 other th •• 00000, aad Beed •• 1y b8 aade with ID 
START If tile starting ,regn. address I •• tlter tbo 40000. After tile iaitle1 
.etihtg, the advllDce of PAl is lut-..tlc. At t.he cODcltlliaa of each 1I000-repeat­
ed or 1tOll-J tap illltruetiOll the Dext acWre., 1a PAl 1. tralld1 tted te SAR, where 
it detertliaes ~t.he address tr_ 1Ihiclt the next 1lstret1. is obtai.eel ; th .. PAK 
i. advanced by 8 sigDa! fl'. cre. All 8 r.ad tt ia.trueti.sltored at CODsec­
uti'8 storage addresses are performed sequ_tially, util • J1IIp or repeat con­
dition occurs. 

, 
When the plt'ograa address sequenee is brotea by • J1IIP iJlI'trllCtioJl. PAl is 

cleared and th1! address of the next illstrllCtieft 1. tAnai tted to PAl via &Aft 
froa either UAJC or VAl. 

, Whea a REPEAT (75Jllw) instruction is perlo1'll8d, PAK aerves II • repeat 
eOWlter and an auxiliary control. During tbe Repeat instruction sequeJtce, the 
complement of the n.aber of repeats to be pert.med (ft') il stered in' PAlo 
through PAlll. As each repeat operation is concltadecl. PAl is adyaneedby I 
sigaal frOll RS(~ until the PAIIl carry is preduced, giyiag rise to the Ertl REPEAT 
sigDal. The eOllp18~.ent of the lacter "j ft is st.reel ift PAk12. PAK13 and PAK14 
to control the adYllIcem_t of the execution addresses dllring tile repeat. (Note 
that if ttJ" is greater than 3, the eomplemeated j value ia PAl( disables gate 
VOl-30204, bee.ause rAK14 18 set to "0·1f. This gate bleaks all carries abeve 
PAI9, aaklng a repeat terMinatieft imposlible o ) Because PAl 1s used to store n f

, 

the J \lIP addreasl " (s •• description at the Repeat Iltltrtlcti01l) ca_ot be stored 
18 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 tt 00000, and a j wnp 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 
PAR to the first :iIDS or Me address, respectively. This "closed loop'· feature. 
prevents transfer of operations from IIC to ~IDS, or vice-versa, unless such a 
transfer is intentionally programmed by the insertion of an 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 Me "closed loop" operation is caused by a 
gate that blo,cks the PAl< stage 9 carry if PAK stage 14 is equal to flO", which 
will be the case if the PAK-stored address refers to Me, Q. ~or A. 

h. REPEAT SEQUENCE CO~TROL. - 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 Repe~t (75jnw) 
instruction and during repeated instructions. These sequences are shown in Ap­
pendix B under the RSC heading. 

(1) GENERAL. - If a program instruction is to be performed un" times, 
the instruction is preceded by the Repeat (75jnw) instruction. In the 75jnw 
instruction w(Ird, 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 trans­
mitted to the v-address portion of a "fixed address", and the value j causes 
the u and v address portions of the repeated instruction to be altered after 
(~ach performance in the following manner: 

if j 
if j 
if j 
if j 

= 
= 
_. 
:;: 

0, 
1, 
2 , 
3, 

or 4, 
or 5, 
or 6, 
or 7, 

u and v are not altered. 
v is increased by 1. 
u is increased by 1. 
both u and v are increased 

Ly 1. 

During MP 0 through MP 5 of the ("l'C 75 sequence. the replace address w is 
transmitted to the v address portion of fixed address Fl - The fixed address 
is located at either .agaetic Core Storage address 00000 or Magnetic Drum add­
ress 40001, depending upon the set_ting of a switch on the Supervisory Control 
Panel. Howeve:r, during the normal mode, this switcb must be set to the IC(FI 
= 00000) position. The current program address in PAl{ is used to locate the 
next instruction (to be repeated), and then PAl( is altered to contain the com ... 
plements of the values j and n. An INITIATE REPEAT signal initiates an RSC In­
itiate Repeat sequence. 

During an nsc Initiate Repeat sequence, the value n, stored in complemented 
form .in PM, i~: altered. If n is equal to "0", the RSC Initiate Repeat sequence 
is followed by a eTC Repeat Termination .equence~ If the value of n 1s greater 
than "Q", the RSC Initiate Repeat sequence establishes a "hold repeat" condition 
in RSC and CTC. and a eTC MP 7 Repeat sequence results. 

On MP 7, the instruction to be repeated is retained in peR. If the ins.t~uc­
tion is not a jump instruction, the normal ('''fC operations for the particular in­
struction are performed on MP 0 through MP 5. In addition. the previously es. 
tablished ."hold repeat" condition causes special eTC MP 5 Repeat operations 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
j fies the Cit oper8t ions norma lly occurring during these instrJ.letions. If 
j wnp condi tions 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 Jwnp) 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 OAK and VAK as specified by the value j, and initiates a 
ere MP 7 Repeat sequence, so that the instruction PeR 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 eTC Repeat Termination ~equence, 

The ere Repeat Terminat ion sequence dfffers from the normal eTC MP 6 and 
MP 7 sequence in that the previously established "hold repeat" condition caus~s 
an additional subcommand, SET SAR'TO Fl to be produced. As a result, the next 
instruction is: obtained from Fl. Usually, Fl stores a jwnp instruction', and 
the v address portion of FI, inserted during the ere 75 sequence, causes the 
program to joolP to a new routine starting at the w address specified in the 
75jnw instruction. 

If the repeated instruction is either a 42uv or a 43uv jump instruction and 
Jump condit~ons are fulfilled, tbe resultinq RSC End Test (With Jump) 'sequence 
initiates a eTC Jump Terminat.ion sequence by setting MPD to UP 1. 

The ere Jump Termination sequence is' produced in ere when MPDis 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 thp Q register. These values may be'used 
in subsequent program routines to locate the address of the data fulfilli~g 
j UlDp requirements. The ere Jump Terminate sequence 1s followed by a normal 
eTC MP 6 and MjP 7 sequence, which causes the program to j wnp to the· v address 
specified in the last performed 42uv or 43uv instruction. 

(2) Hse OPERATIONS ... The specific operat ions that oC,cur in the Repeat 
Sequence Control are described in detail below. 

(8) OPERATIONS DlRING THE 75 SEQtENCE. - During the 75 sequence, 
MP 0 through MP 5, the 75 FF flip-flop is set to ttl" and an INITIATE REPEAT 
signal produces an RSC Initiate Repeat sequence. 

The eTC 75 sequence differs from other instruction sequences in that MeR is 
cleored on MP 3, and the next i~struction is transmitted into MeR on MP 5 instead 
of M~ 7. As a result, MeR is empty on MP 4 and MP 5. On MP 3, as MeR is clear­
ed, the SE."T 75 FF signal registers a "75 ft condition in RSe by setting the 75 FF 
flip-flop to "1". In eTC, the .75 instruction sequence operations are made poss­
ible by the 75 FF "1" enable from RSC. 

~Rand- 4 .. , 1 ~)8 
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The tTC 7:; sequence is also: unique in that PAl( is used to count repeats in­
stead of prog:ram addresses. The values j and n are transmitted into PAl( on MP 
4. Later, P~( is complemented and ~.ch ADVANCE PAK signal advances by one count 
the complellen:ted n value toward "0"", 

An INITIAT~ REPEAt, signal is produced on MP 50 In eTC, this signal trans­
mits the next instruction from X into peR, temporarily stops the Master Clock, 
and co~plemen1~s the value n stored in PAK. In RSC, the Initiate Repeat signal 
sets the Initjlate Repeat and End Repeat flip..;flops to "1". 

(b) RSC INITIATE REPEAT SEQUEf'£E •• When the Initiate Repeat 
flip-flop 1s f~et to ttl", an Initiate Repeat sequence occurs in RSC o The first 
operation performed by this sequence alters the repeat count by advancing PAK. 
'If the value II was initially equal to zero, the ADVAr«:E PAK Signal produces a 
PAK END CARR1 or END REPEAT signal that sets the End Repeat flip-flop in RSC 
to no". 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", ~md restart the. Mastel' Clock with an RSC RESUME signal. 

The final operation of the sequence, performed only if the End Repeat flip­
flop has remai.ned set to "1", sets MPD to MP 7., If this final operation does· 
not occur. MPD adv.ances in the normal Manller to MP 6 0 

The "hold repeat" condition. registered by the Hold Repeat flip-flop set to 
the "1" state, alters normal C'I'C operations so that the MP 6 or MP 7 pulses OC­
currin.g atter the RSC Ini tia te Repeat sequence perform e1 thera eTC MP 7 Rep~at 
sequence or a CTC Repeat Termination sequence o 

'·:l 

(c) CTC liP 7 REPEAT SEQUEr«::E" - The absence of a Hold Repeat "0" 
enable in eTC prevents the forming of an x~ PCR command, and the instruction 
stored in PCR during the CTC 75 sequence is retained. The MP 7 operations are 

'followed by the execution of the next (repeated) instruction o 

'd) 'CTC REPEATED INSTRUCTION SEQUENCE. - If the repeatedinstruc­
tion is neither a 42uv nor a 43uv instruction, the MP 0 through IP 5 (operations 
occur in the normal Ilanner. but the presence of the Hold Repeat "1" enable pro­
duces additional operations onlP'So These ere tiP 5 Repeat operations initiate 
an esc: End Tes t sequence and alter t.he value n by advancing PAK o 

If~he repeated instruction is eith,er a 42uv or a 43uv instruction'o the IP 
Ot MP 1 t aDd .,;P 2 c.tperations ~ cur in the normal manner, but the presence of the 
Hold Repeat."l" enable in MeT and CTC alter, the MP 3, MP 4, and MP 5 operations. 
Principally. tines. operations are altered so that a jump coodition, if satisfied, 
eauses the vahle, j and o-r to be translJi tted to <to If 8 jump condition is 
satisfied, MP :3 operations produce an INITIATE JUMP TERMINATE signal On MP 5 
an INITIATE END TEST signal inl t1ates an RSC End Test sequence.· , 

(e) RSC END TEST SEQUENCES. - Two forms of RSC End Test sequences 
are posslble o If the repeated instruction was not 8 jump instruction, or if 
the repeated instruction was 8 jump instruction but jump conditions were 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 cOl1llland produces an RSC End Test (With Jump) sequence o 

If the value n-r is not "0", the RSC End Test (No Jump) sequence condi­
tionally adV8J1CeS UAK and VAK as specified by the complemented j value obtained 
from PAK stagE~1 12 and 13. and sets MPD to MP 7 so that a el'C MP 7 Rep,eat se­
quence occurs and the instruction stored in PCR is repeated. If previous IP 7 
Repeat sequence operations have altered the complemented n-r value, stored in 
PAK, to "0", t.he resulting END REPEAT sIgnal will have set the End Repeat flip­
flop to "0"" If this has occurred, the RSC End Test (No Jump) sequence allows 
a CTC Repeat Termination sequence to occuro A CTC Repeat Termination sequence 
clears the "hold repeat" condition by clearing RSC. and obtains the next in-
s t ruc t ion froKI fixed address Flo 

The presence of the Jump Terminate "1 tt enable causes the End Test sequence' 
to set MPD to MP 1. In CTC, the presence of the Jump Terminate nl" enable pro­
duces the MP I through MP 5 CTC Jump Terminate sequence of operations. Tbis 
sequence transmits the values j and n-r into Q and transmits the current con­
tents of VAl( 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 eTC MP 6 and MP 7 sequence, that 
causes the program to resume at the specified v addre~so 

i. FAULT DETECTOR. - The Fault Detector circuitry 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 pre~ence 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. 'hen a fault occurs, the specific type of 
fault is indicated on the Supervisory Control Panel in Fault Indicators Groupo 

(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 0 When 
this occurs. a sequence of relay operations stops the distribution of CONTROLLED 
CLOCK PULSES fTom the Master Clock, and the Operate relays are dropped.( However I 

the contents ot the computer storage and flip-flops are not dropped, so that op­
eration may uSl.lally be resumed by removing the cause of the faul t, 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 belowo . 

(a) sec FAULT. - An sec Fault is produced if,a reference is made 
to a storage cla~s erroneously. The erroneous references tbat are detected in 
the Faul~ Control are listed in Table 4-6 below. 
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sec FAULT CONDITIONS 

SIGNALS PRODUCING THE FAULT P.EASON 

PULSF..5 

''In From InitJLate Write (0-14) 

"1" From Initiate Write (0-14) 

t·l" From Ini tiate Wri te (15-2C» 

"Itt From Initiate Write tl5-29) 

"1" From Initiate Write (0-35) 

"1" From Initiate Read 

Initiate Read A 

Internal Storage Resume 

Internal Stor<Jge Resume 

ENABLES 

A or Q Partial writing impos­
sible In A or Q. 

Not A,Q,MC,or MD Unassigned address in 
SAH 

A or Q Partial writing irnpos­
s i tJ 1 e inA or Q. 

Not A,Q,lOC.or rtf) Unassigned address in 
SAR 

Not A.Q.Mt. or MD Unassigned address in 
SAN 

Not A,Q.r«:,or tt) Unassigned address' in 
SAR 

MP 7 Enable Next instruction should 
not be read. from A. 

w;r 64 and NOT t.C Tape information not 
writing in 111[;. 

~x.;T 65 and T'DT ltl.: Tape information not 
read from ~[;. 

This table shows that the production of a partial write signal (INITltTE 
i~RITE 0-14 or 15-29) is a fau 1 t i. f a reference is made to .A or Q. A 1 so, any 
INITIATE WRITE or READ signal f.s invalid if no reference is made to At Q; r&:. 
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 thp. 
INITIATE READ A Signal produce an A Fault. This is detected as a fault because 
there is a possibility that the ARAC RESUME produced 1n ARAC may cause the in­
struction sequence to proceed to MP 7 before Fcn has had time to clear andre­
cei ve the inst:ruction from A, so that an erroneous instruction may be registered 
in peR. An sec Fault is also registered if a Read or Write M:lgnet:ic Tape (64jnv 
or 65 jnv) instruction is being performed and a reference has been completed to 
an address not in r«:. Instructions 64 and 65 specify that operand,; in the Mag­
netic Tape 5ylttem are to be transmitted only to and from Me. so that a rHference 
to an address not in Me is invalid. 
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When an sec Fault occurs. the sec Fault flip-flop is set to "I" and an 
MGT/sec FAlLT siglla1 Is produced. The sec Fault relay K30059 ellergizes and 
closes a contact to produce the A FAlLT signal. In the Stop Control. the 
MGT/SOC FAULT signal produces a STOP signal, which immediatel1 shvts off 
CONfROLLED CLOCK PULSES. 

r[b) DIVIDE FAULT. - During the performance of a division, the ASC 
Divide sequence performs two division checks to determine if the quotient re­
sulting from the division will exceed the capacity of Q. If the quotient Is 
too large, a DIVIDE CHECK STOP lignal is produced. In the Fault Detector, this 
signal le~8 the Divide Fault flip-flop to '-1", $0 that the Divide Fault relay 
K30058 easrgizes. When energized, this relay closel a contact to produoe an 
A FAULT lignal. The DIVIDE CHECK STOP signal Is also sent to Stop Control to 
produce a STOP signal. 

(e) PRINT FAULT. - During the execution of a Print (61-v) instruc­
tion, the lower-order six bits of an operand-are translated. If the combinatioft 
1s acceptabl.~, a charac ter is printed or a typewri ter function Is performed. 
If the combillatio.ll is one of the unacceptable combination., a fault is detected. 

When any of these "impossible charactera" are present 1a the Output Trans­
lator. a Beql~ence of Output System relay operations produces a PRINT FAULT 
signal that energizes the Impossible Print Fault relay K30062 In the Fault De­
tee to'r. Whel:J. energized. this relay produces an A FAUL,T signal. 

(d) WATER FAlL!. - If tbe pressure of the coollnu water in the 
Blower (900DJ) Cabinet drops to 8 preset value, 8 pressure .. itch operates to 
de-energize the Water Fault relay K30072. \fllen de-energized. this relay produce.s 
an A FAULT slgnal. 

(e) TEl1PERATURE FAULT. - Wben the temperature above a chassis 
channel of any bay exceeds lOOoF ,the low temperature thermostat locat'ed at the 
top of the channel operates to illuminate an indicator above the channel, and 
to opeD the Temperature Interlock circuit. This de-energizes the Temperature 
Fault relay K30074. allowing an A FAULT signal to be produced. 

Tbe BYPASS INTERLOCKS key switch on the Supervisory Control Panel provides 
means of bypassing this circuit 10 that the computer may be operated eveD though 
this fault exists. A buzzer sounds coatiuually if this switch is turned. 

(f). ABNOOMAL COrt)ITICJI. - If th~ equipment 11 1. the NORMftL operating 
mode, oertain improper switch settiags or power supply coaditioRS produce an 
Abnormal coudltioD fault. 

When the P(JJlER SEQtEfCE .alec tor swi teh on the Main Power Panel Is Dot in 
the OPERATE position. the NT and MD Write voltages are disconneCted and an 
ABNOm.AL CONDITION signal i8 produced. An ABNORMAL CONDITION .lgoa1 Is also 
produced if the POWER SEQUENCE selector switeh OD tbe MC Power Panel Is-not in 
the OPERATE position. OT if any of the Supervisory Control Panel TEST SWITCH GROlJP 
switches are not in the normal condition. The Abnormal Condition is indioated 
by the illum.lnation of the ABNORMAL CONDITION indicator 11l TEST SVHTCH GROUP of 
the Supervisory Control PaneL' No fpult stop will occur if the equipment is in 
t he TEST modi e. 
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(g) OVERFLOW FAtLT. ~ When the INITIATE &UJLTIPLY lignal ocours 
aDd A84 ; A3~it the Overflow flip-flop I. set to "Itt. The OVERFLOW STOP signal 
is produced. This signal, sellt i.O the Stop Control,produce. a STOP signal 
which stops the computer. Also. relay 121602 is energized, which, in turn. 
energize. the A Fault.relay, and illumiaates the OVERFLCM indicator. This indi­
cates that there 1. a possibility that the product about to be formed may be 
too largo for A. 

(2) B FAtn...TS. - When a B Falll t ooudi tion exis ts taB FAULT vol tage 
from the Fault Detector energize. the B Fault relays (K30008 and K3(038). 
When this oec:urs. a relay sequence 8topS the distribution of CONTROLLED CLOCK 
PULSES from the Master Clock, drops the Operate relays. and drops the manual 
selections previog,ly made at the Supervisory Control Panel. As a result, the 
equipment call be restarted only by making new manual start .elections. The 
specific faults that produce the B Fault coRditlon are described below. 

(a) MeT FAILT. - All &£T Fault is produced if PCB contains an in­
valid operatt.oa code. The fall I t Is registered by the &1CT Faul t flip-flop, 
whicb is set to "1" by MP 0 when invalid MeT enables 00, 01, 02, 03, 04, 05, 
06, 07, 10, ::!Ot 30, 40, 50, 60, 70, 22, 24. 25, 26, and 62 are present. WheD 
the fault oec:url, the r.£T Fault flip-flop is set to "f' 011 MP 0 and an MeT/SeC 
FAULT lignal is prod~ced. MeT Fault relay K3OO6l energizes and closes a contact 
that produce,~ a B FAULT sigDal. In the Stop Control, the MGT/sec FAULT signal 
produces a STCP. signal that stops CONI'ROlLED CLOCK PULSES. 

(b) MISSING LINE PULSE FAULT. - In the Magnetic Tape Storage 
System, the rnagnetic tape store. information in rtblocks" consisting of 576 lines. 
In oach bloc.:. each lIne 1s accompanied by a LINE PULSE wri t ten on two parallel 
timing tracks: of the tape. No LINE PULSES are present in the" interbloek spaee", 
the space bet.ween blocks. During the readlag of a block, the LINE PULSES are 
counted. When 576 have been COllllted, a BLOCK PULSE Is produced while an inter­
block space is passing through the read1Dq station. If more than 576 are 
counted, the BLOCK PULSE is produced wbile LINE PULSES are being read. If less 
than 576 are counted, the BLOCK PULSE Is Dot produced until the next block is 
read. and addl tional LINE PtLSES are belJag read. Ia a1 tber case, a LINE PULSE 
read ooiacldel11tly wi th a BLOCK PULSE lets an Error flip-flop to "1", indicating 
that the bloc.k oontalfted either more or less thaD 576 LINE Pt1t$ES. This ener­
gizes the MISSING LINE PULSE relay. wh1ch, in turn, energizes the B FAtn..,T relay. 

Th1s typE: of fault alia occurs if the end of any tape reel Is approacbed. 
Special LINE PULSES recorded in the iaterbloek spaces at the extremities of 
each reel of tape produc·e the faul t condl tlon so that the tape Is not run too 
far in one direction. 

(c) VOLTAGE (BIAS) FAULTS .... \~hel\ the detection of a faulty vol tage 
causes the Fa.ul t Relay of 81 ther the MaIn or Me Power Supply to de-energize, 
a BIAS FAULT signal energizes the B FAULT relay. and the VOLTAGE FAULT indicator 
o.f 5up,ervisolY Control Panel FAlLT INJICATORS GROUP illuminates. 

(d) 10 FAULT. - If tbe control for the external equipment cOIlJtected 
to lOA and lOB 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 .elect operation has been assimilated by the external 
equipment, four types of 10 Faults may occur. Each of these e8ergi~es the 10 
Fault relay K2160l, which in turn energizes the B Fault relay.. When one of 
these faults occurs, the 10 indicator in Supervisory Control Panel FAULT INDI­
CATORS GROUP glows. and oDeo! the four READ FAULTS indicators on the upper 
Input-Output panel glows. 

1. lOA 1 FAULT. - Each time a reading operation from IDA is 
performed, an lOA WAIT READ ttl" eraable is produced ill POC. When the computer 
is through processing the informatioa, the lOA WAIT READ "1" enable is removed 
from the Fault Detector. However. if another reading operation occurs before 
'the rOA WAIT READ ttln enable is removed, the 10 FAULT relay K'2l601 1s energized . 

.2,. IDA 2 FAULT. - If a writing operation occurs before the 
lOA WAIT READ "Itt enable is removed, the 10 FAULT relay is eD8rgized. 

a. lOB 1 FAULT~ - Thi, fault is similar to the lOA 1 FAULT, 
except that it involves lOB ialtead of lOA. 

t. lOB 2 FAULT. - This fault is similar to the lOA 2 FAULT, 
exc'ept that it lnvol ves 100 in.tead of IDA. 

(e) EXTERNAL FAULT. - la the control circuits of the external in­
put-output ~[uipment connected to IDA aDd lOB, there are usually several fault 
detection circuits. If QUY of these produce a fault, an EXTERNAL FAULT Signal 
from the external equipment control energizes the 10 Fault relay, K21601. An­
other voltage from the external eq~ipmeDt 111umlaate. the EXTERNAL FAULT indi­
eator OB the u.pper lectictD of the Supervisory Control Panel. When energized, 
the 10 Fault relay illuminates the 10 FAULT indIcator and energizes the n Fault 
relay. 

j. STOP CONTROL. - The Stop Control Is shown on the Block Diagram, Fault 
Detector and Stop Control, 18 Envelope #5 of Volume 7. The Stop Control stops 
the equipment. wben a Manually Selected Stop (56jv) instruction is executed to 
produce a .top, when a Final Stop (57--) instruction Is executed, or when cer­
tain A Faulta occur. 

(1) MANUAILY SELECTED STOP. - When a Manually Selected Stop (56j v) in­
struetion Is executed, & stop 18 produced if the j value of the instruction word 
is equal to 0, or if j is equal to I, 2. or 3 and if the correspondl»gly labelled 
SELECT STOP buttoDS on the Supervisory Control Panel have been pressed. 

In the Main Control Tran,lator, the manual selectioJls produce ST(Jl 0, 
MANUAL STtP 1, MANUAL STOP 2, or MANUAL STOP 3 .Dables whell a 56jv instruction 
Is performed. Iu the Command Ti~Dg Circuit •• the 56 instruetion sequence pro­
duces a STOP CLOCK' command OD MP 5 if allY of these enables are present. 

In the Stop Control, the STOP CLOCK command produces a STOP SigDal that 
shuts off COOTROLLED CLOCK PDLSES in CRe and ADVANCE MPD 1a PDC (see Block Dia­
gram, Ma.ter Clock). In PDC, a STOP ENABLE is produced. 
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In the Stop Control, the STOP ENABLE and the STOP 0, MANUAL STOP 1, MANUAL 
STOP 2. or MANUAL STOP, 3 enables produce a 0, I, 2, or 3 STOP voltage, that 
energizes a Stop relay_ When any of these relays are energized, oth$r relays 
are de-energi:~8d so that certain operating vol tsges are removed from the equip­
ment. The opt~rands 111 the Storage and Arl tbmetic. Systems are Dot destroyed, 
so the progrmn may be relumed by pressing the START button on the Supervisory 
Control Panel. 

(2) FINAL STOP. - When a Final Stop (57--) instruction 1s executed. a 
STOP CLOCK silJnal is produced in ere on IP O. In the Stop Control, this signal 
produces a STOP sigaal that shuts off C($TROlLED CLOCK PtLSES in CRG and 
ADVA!£E MPD iUI POC. 1ft PDC, a STOP ENABLE Is produced. 

In the Stop Control, the MeT 57 enable and the STOP ENABLE pToduee a FINAL 
STOP voltage t.hat energizes the Final Stop relay K30057. Whea energized, the 
Fisal Stop relay drops the Supervisory Coatrol PaDel ,tart selections; therefore, 
new program start selections must be made befor6 the eqaipmeat 1. restarted. 

(3) A FAULT STOPS. - In mOlt calel, theA Fault condition causes a re­
lay .equence that shuts off C(!iTROLLED CLOCK PULSES. However, a few A Fault 
conditions operate through the Stop Control 10 that the CONTROLLED CLOCK PtLSES 
are 'hut off :lrmnedlately. because these faul ta are the type that affect operands 
In the comput:tng sys tern. The particular A Fall I t8 whieh shut off the Master 
Clock imediately are the Divide Fault, ICT Fault, sec FaY-It. and OVerflow Fault. 
The •• faults produce DIVIDE CIECK STOP, MCT/Sec FAULT, aad OVERFLOW STOP signals, 
respectively. 

In the St.:>p Coatrol, allY of. these signals produce a STOP lignal that imme­
diately stops the distribution of CCl\t'I'ROLLEO CLOCK PULSES in the Master Clock. 
Later. a relay sequence i. the Co.trol System relays removes certain operating 
voltages from the equipment. After the fault hal been corrected. if possible, 
the equipment may be restarted by prel.lng tbe 5rART button. 

k. MANUAJL Am RELAY CCNmOLS • - The Manual Controls aad 8SIociated relay 
circuitry are shown OR the Block Diagram, MaDual COBtrols. 1» Envelope #5 of 
Volume 7. Tht9 pushbutton. aad indicators for the.e circuits are located on the 
Supervisor)' Cloatrol Panel. The relays are contained in the Control (30000) 
Cabinet. 

The circuits are divided OD the drawlag into groups, according to function. 

(1) s'rART SE[ECT~~ GROUP .... The START SELECTI~ GROUP pushbuttons and 
relays provld1t a means of preset t18g the equipment before a start ia ma(h~. 
Selections fo:r ID START or MT START may be made by pressiag the appropriately 
labelled p~shb.ttOR'. Making a leleetio. produce. MASTER CLEAR SlgDsls aDd 
special PRESET ,ignals thtat pre.et registers and flip-flops ill preparation for 
the selected type of Itart. 

The ptl.bhlttonl alld relays are iaterloeked so that only olle of the selections 
may be made 111 START SELECTICfi GROOP.. If a new seleetion 15 desired, pre.sing 
the RELEASE button drop. the previo •• selection. if the equipment Is not in 
operation. After the RELEASE button 11 pres.ed, K30009 18 8Berglzed through 
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Pressing uny one of the selection pushwttons produces a relay sequence that 
creates the proper set and clear pulses. When one of the buttons Is pressed, 
K30009 Is de-energized.. A normally-closed contact of K30009 then energizes 
K30010. Pressing the button alia energlz~1 one group of selection relays. 
K30003 and K30004 or 130001 and K30002. A contact of selection relay K30002 
orK30004 re-f,aerg1ze. K30009, which 1. tyrn de-energizes K3OO10. The overall 
result. is that pu!ltlillg either selectioll button caUles K30009 to de-energize 
momentarily. (~auses K:IXlIO to energize momentarily t and causes one group of 
selection. relays to energize aDd hold. During this sequence, the opening and 
closing of relay contacts produce the clear and set signals. 

The operetioD of K30009 and K3OO10 contacts and the operation of selection 
relay cont.acts produce MASTER CLEAR I and MASTER CLEAR II signals, and apply 
.eree~ grid voltage to amplifier V31009-30lOG. The next CLOCK PULSE produces a 
MASTER CLEAR III sigasl. These MASTER CLEAR signals clear PDC. PAK. ASCt sec, 
the Fault Detector, MTS, A, Q, and PCR. MASTER CLEAR I and II perform clearing 
aad lettl:119 operations through crystal "OR" circuitry coruaected to the manual 
pushbut toni otl the upper parts of th.e Supervisory Control. MASTER CLEAR III 
is applied directly to circuits 1A the Control (30000) Cablmet. 

Other slgnnl. produced by making .elections are described below. 

(tl) JdT START. - Whu the IT START button 1.8 pressed. the relay 
sequence eau.e, K30003 and K30004 to energize and hold, aad K3OO10 to energize 
momentarily. After the MASTER CLEAR Ilgaals occur, contact. of these relays 
produce 8 PRESET MT signsl. This sigaal sets MeR to 64, UAK to t'l" f MPD to 
0, and PAK to 00000, 10 that .beD the equipment is started, the first block of 

-MT Unit 0 is transmitted to the first Me Address, 00000. 

(b) NO START. - When the IV START button is pressed. the resulting 
sequence cause. K3000I and K30002 to e.ergize and hold. aDd K3OO10 to energize 
momentarily. After the MASTER CLEAR signala occur, contacts of these relays 
produce a PRESET MD lignal that lets MPD to 6 and 8et$ PAK to 40000. Conse­
quently, wben the equipment Is started. the firat la.truetlon 1s read from the 
first address of the drum. 

(2) SELECTIVE JUMPS GROUP. - The SELECTIVE JUMPS GROUP puahbuttons abd 
relay. provide meaDS of maRKall, .eleetlag programmed Manually Selective Jump 
(45jy) ia,trwctlofts 1. tbe program. If all thre6 RELEASE buttons are pressed. 
only the 45jv 1 •• tructioft. haviJIQ j = Ot prodace Jump.. If one of the Jump 
selectio.s 1, 2.or 3 is made, not oaly the 45jv instructions of the program 
having j % 0 produce jtIDp', but a1.0 the iutruetiofts haviDQ j ::: I, 2. or 3 pro­
duce Jumps. depeudlag upon the selectloD made. If de.ired, all three selections 
(I,. 2, and 3) Bay be made. and as a result all 45 Jv lnstrlSctlollS are performed. 

The SEI.JlI:T JtJ;ip pushbuttoll. are iJlterlocked by OPERATE relay contacts so 
that a SELECTIVE JUMPS GROUP selectloa must be made before the equipment is in 
operation. The RELEASE JBiP contact. are laterloeked by OPERATE relay contacts 
'0 that 8 .election cannot be dropped during operetto.. Whea any of these relays 
are ellergized. con,taots of the relay, prodtace the JtI1P ON .. able ill the 
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Main Contro] Translator when MeR is set to 45 and the j portion of UAK is set 
to th~ jump number selected in SELECTIVE JUMPS GROUP. The J~'P ON enable ini­
tiates the Jwnp. (See Block Diagram, l~ain Control Translator.) 

(3) SELECTIVE STOPS GROUP. - The SELECTIVE STOPS GROUP pushhu t tons and 
relays contI'ol the s topping of computer operations. This grovp not ooly pro­
vides means of selecting programmed Manually Selective Stop (50jv) instructions 
for execv.tio,n, but elsa 'provIdes means of stopping the computer when a Final 
SLop (57--> instruction is executed, when FORCE STOP is pressed, or wl1en a 
n Fault occurs. 

(a) MANUAL STOP SELECTI~S. - Progranuned 56j v s top ins true t1 ons 
are .elected for •• cutloB by pressiAg SELECT STOP but toDS of SELECTIVE STOPS 
GROtP.. If a1.1 three RELEASE but ton. are pressed, all lelect~ons are dropped 
and only the 54jv instruetions having j ::; 0 are performed. If one of the stop 
selections 1, 2. or 3 Is made, not only the 56jv iutructions having j ::'0 pro- . 
due. stops, but also the Inst~ctlolla having J ::; 1. j == 2, or j :::: 3 produce 
stops, acco~jiDg to the .election made. Aay combination of selection. may be 
made. 

Prelsing one of the SELECT STOP buttons 1, 2. or 3 energizes one of the 
Select Stop relay. K3OO24, K30025. or K30026. The .elected relay closes con­
tact, that hold the relar eaerglzed. In the Main Control Traaslator, a contact 
of the seleeted relay suable. aD MeT eireui t that leDds a MANUAL STOP 1 t 2, or 
3 81g881 to the Stop Coatrol and to eTC wheD one of the selected 56Jv Stop in­
structions i~; performed.. (See Block Diagrams, MeT and Stop Co.trol.) If a 
56Jv 1.'truc1~!on having j :: 0 11 performed, a STOP 0 lignal Is .ent to the Stop 
Co.trol and 1:0 Cn::. These ligula i.itllte the stoppiag of the Master Clock. 

II the Stop Coatrol, thetece1pt of olle of these)signa1a produces a 0 STOP, 
I STOP f 2 STCP, or 3 STOP vol tage when a STOP eDible Is ree&i ved from POC. The 
0, 1, 2, or ~~ STOP vol tege 8saerglzel olle of the Stop Control relay. K30054 
through lC3OO~i7. The euergtzed relay open. COD-tac ts ill a STOP cireui t, tlhich 
cawles the OPERATING GROUP Start &lid Operate relaY$ to drop,~ so that the equip­
ment may be r'estarted by presllag the OPERATING GROUP START but ton. 

The MaDusl Stop selectloumaJ be made at 8ay time. or may be dropped at 
aDY time by pr ... lag the appropriate RELEASE button •• 

(b) FooCE STOP. - If the FORCE STOP b¥t ton 1. pre.sed, K30039 
eaergizea. If tbl. bat tOD. i, pressed before a Itart 1. made, the relay holds 
IUlt!l! 'l'EMrIN& GRorF ·STAllT 1.a pre •• ed. Whel energized, tt30039 open. a coutaet 
in the STOP eireut tlO that the OPERATING GROUP Start and Operate re.lfl)" de­
euerglze. aad opens a cOJItaet 1. the eirc"it of Master Clock relay. lC31201 and 
K31202. Whell 1<31201 aDd K31202 are de-energized. the Clock Rate COlltrol Circuit 
i. altered. a;~ thereby dlstrlbut,loll of COOROLLED CLOCK PULSES is discontinued. 
Aft.r 8 force .top occurl, the equipment may be reltarted by pres.ing the 
CPERATING GRCllP START button. 

(e) nNAL STOP. - IVhen a Final Stop (57--) ill.truction i. performed, 
the MSlter elf)" 11 set 80 that MPD 11 no IOJ1{Jer advallee.d, and a FINAL STOP 
voltage Is prcKfuoed 18 the Stop COlltrol. 
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In the Stop Control, this voltage energizes K30057, which opens a contact 
in the STOP A,ND DROP SELECTION Circuit. This causes the START SELECTION GROUP, 
OPERATING RATE GROUP, 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 K300S0 of OPERATING 
GROUP de-energizes. When de-energized, this relay de-energizes the OPERATING 
GHOUP Operate relays and Master Clock Relays K31201 and K~1l202. The Master 
Clock stops the distribution of CONTROLLED CLOCK PULSES. The equipment can be 
restarted only after new Start selections' have been made. 

(d) H FAULT. - When a B Fault occurs, F3 Fault relay 1(30038, 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) AlB 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 CLEAH 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 Heady relay K30050 de-energizes. When de-energized, K30050 de­
energizes the OPERATING GROUP Start and Operate relays, and de-energizes Master 
Clock relays K3120l 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), pressin'g the A/B FAULT GROUP CLEAH A FAULT 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 a 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 GHOUP, OPERA­
TING RATE GROUP. and CLOCK SOURCE GROUP selections are dropped. Then the START 
SELECTION GROUP selections drop, the OPERATING GROUP Ready relay K300S0 de­
energizes. When de-energized K30050 de-energizes the OPERATING GROUP Start and 
Operate relayn, and de-energizes Master Clock relays K31201 and K31202, which 
in turn stop' the distribution of CONTROLLED CLOCK PULSES. As a result, it is 
nec~8sary to clear the source of the fault and make a new start selection 
before operatllons can be resumed by pressing the START button. 

(5) OPERATING GROUP. - The OPERATING GROUP relays and l 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 manually advancing the control system when a 
MANUAL-STEP selection has been made in OPERATING RATE GROUP. 

The Ready relay K30050 is energized after START SELECTION GROUP, OPERATING 
,RATE GROUP. CLOCK SOURCE GROUP, and OPERATION MODE GROUP selections have been 
rnade. 
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When enerigized, the Ready relay closes a contact in the cir~ui t of K3004l 
and K30042. Pressing the START button initiates a chain of relay operations. 
First, K3004lenergizes 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 K3004l. 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. These 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 
POC, this pulse sets the POC Stop flip-flop to no" so that CONfROLLED CLOCK 
PULSES will advance MPD. 

(b) START CLOCK or MANUAL STEP. - If HIGH SPEED has been selected 
in OPfllATING RATE GROOP. a START CLOCK signal is produced by the closing of con-I 
tacts of K30048 and K30041. In the Master Clock, this signal is shaped to form 
a pulse whicb sets CRe so that CCfiTROLLED CLOCK PULSES are released. If a 
MANUAL STEP selection has been made in OPfllATING nATE ,GROUP, each closure of 
the STEP butt.on produces 8 MANUAL STEP pu_~se that perfonns 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 mE~asures operating time to the nearest l/lOth second. 

(d) PAl( SET CCNMON. - Before the START button is pressed, a PAl( 
SET COMMON v(lltage supplies the PAK set and clear buttons, thereby PAK may be 
set or clearod. During operation. a contact of K30043 interrupts this voltage 
so that PAl( (:annot be altered manually. 

(e) SET COMMON (OPERATION MODE GROUP). - If TEST has been selected 
in OPERATION MODE GROUP and the OPmATING GROUP Ready Relay is energized, SET 

COMMON voltane is applied to all Supervisory Control set and clear pushbuttons 
except the PAl( buttons. Thi, permits the maintenance p,ersonnel to set flip­
flops manually. 

(6) OPERAIIl'fi RATE GROUP. - The OPERATING RATE GROUP relays and push­
buttons provide means of lelecting the rate of operation of thet!:ontrol System. 
Although the control circuitry operates only from 500 kc clock pulses, the over­
all rate of operation may be effectively reduced by alte-ring the Clock Rate Con­
trol so that 500 kc CONTROLLED CLOCK.PtLSES are supplied to the control circuitry 
singly or in bursts. As 8 result the equipment performs all operations in steps. 

During NORMAL operation. an automatically acquJr ed HIGH SPEED selection 
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causes eRG to supply 5{)O kc CONTROLLED CLOCK PULSES continuously. until a Stop 
occurs. 

For TEST operation, one of six dIfferent selections may be made: HIGH 
SPE~:D, MANUAL STEP OPERATION. MANUAL !>"'TEP CLOCK, MANUAL STEP DISTRI IIJTOR, AUTO­
MATIC STEP CU)CK, or AlJ1'OMATIC STEP OPERATION. A MANUAL STEP CWCK selection 
alters CRe so that a single CONTROLLED CLOCK PULSE Is distributed each time the 
GROUP V STEP but ton is pressed. A MANUAL STEP DISTRIB1JTOR selection causes eRe 
to release b1.u"sts of CONI'ROll..ED £LOGK PULSES t each burst lasting from the time 
the !>TEP button is pressed until APD is advanced or a reference to a storage 
system f Output system, Input-Output system, or Aritluaetic system hal been com­
pleted. A MArroAL srEP OPERATION selection causes cae to release burst of CON­
TROLLED CLOCK PULSFS eacb time STEP Is pressed. each burst lasting until one 
complete in5tl~uction sequence has been performed. The AUTOMATIC STEP CLOCK and 
AUTOMATIC STEP OPERATION selections are similar to the MANUAL STEP CLOCK and 
j~NUAL STEP OPERATION selections, except that the eRe operations are not initia­
ted by a pushbutton, but instead are initiated repetitively by a 5 to 35 cps 
thyratron oscillator. The AtrroMATIC STEP RATE potentiometer OD the panel pro­
vi'des meaD. ojf adjusting the repetitive rate. 

The OPERATING RATE GII)UP pushbuttoras are interlocked so that ,selections ean , 
be made manually only aft~ra CLOCK SOURCE GROUP TEST lelection and before ~ 
OPERATING GROUP START select.ioD. The selection relay. are interlocked so that 
the automatic selection of MANUAL STEP OPERATION or of HIGH SPEED (occurring 
after selecticlns OPERATING RATE GROUP f«)RMAL and START SELECTION GROUP START 
or Mil START) drops any previous OPERATING RATE GROUP selection. 

Any OPERATING RATE GOOUP selection may be dropped I18nually by preSSing the 
OPERATING BATE: GROUP RELEASE but ton, providing- the equipment is not in operation. 
After a new se!lection is made. lC30034 aDd K3oo35 energize, which causes the 
Heady relay of OPERATIl"IJ GROm> to energize. When tbis occurs, the equipment is 
ready to be started .. 

The effect.s produced by each selection is described in detail below. These 
subparagraphs refer to the Master Glock Block diagram. 

(8) MANUAL SrEP CLOCK. - After MANUAL STEP CLOCK is selected and 
the system is started, each closure of the OPERATING GROUP STEP button eauses 
cne to pass a single 500 kc c.;ONI'ROLLED Cu)CK PULSE. 

PreSSing t.he SELECT MAMJAL STEP CLOCK button energizes 1<30027. and opens 
contacts in tbe ci roui t of CRe re lays K31201 and lC31202. As a resul t, the 
latter two relays de-energize and alter the circuit of CRe so that each MAr\'UAL 
STEP pulse initiates a CHC f lip-flop operation that distributes a 'single CON­
TROLLFjD CLOCK PULSE. The MANUAL STEP pulses are produced by preSSing the 
OPERATING GROUP STEP button. 

(b) MAMlAL STEP DISTRIBOTOR. - Selecting MANUAL STEP DISTRlOOTOR 
energizes 1\30028. which holds energized. When energized, this relay de-energizes 
eRe relay 1(312:02. This alters the eRe circuitry so that each time the STEP 
pushbutton is pressed, eRe starts to release CONfROLLED CLOCK PULSKS. If the 
first clock plJilse released advanced MPD, eRe is shut off and no additional CON­
TROLLED CLOCK PU£. ... ,:)E..S are' dlstribllted until the next closure o.f 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 
eRe continues to distribute CONTROLLED CLOCK PULSES until a RESUME signal is 
recelved. As a result, MPD is advanced by one closure of the STEP button if no 
internal or external reference CODlDands Bre produced end two closures of the 
STEP button if a reference is produced. 

(c) MANUt\L STEP OPERATION. Q Selecting MANUAL STEP OPERATI~ enerQlo 
glzes K30029 , which holds energized~ When energized. this relay drops any other 
OPERATING RATE GROUP selection that may have been' made previously. and dec;:>ener ... 
gizes K31201 in the Clock Rate Control. This alters the circuit of eRe so that 
each MANUAL STEP pulse causes CRC to distribute CONTROLLED CLOCK PULSES until 
MP 7 is received from MPD. Thus, each closure of tbe STEP button steps the 
system through one complete program instruction. 

(d) AUTOMATIC STEP CLOCK. • When this selection Is made, K30030 
and K3003l energize and bold. In the Clock Rate Control, K30030 de-energlzes 
K3l201 and K31202. When this occurs,an oscillator having a frequency adjust­
able from 5 to 35 cps is enabled and the Manual Step ,shaper VOI-30102 is dis­
abled. Also, the circuit of CRe is altered so that each pulse from the 5-35 
cps oscillatclr causes CRC to pass a single CONTROLLED CLOCK PlLSE. This selec­
tion effectiv'ely slows the operational speed of the control systttm from 500 kc 
to 5-35 cps. 

(e) AUfOMATIC STEP OPERATION ..... When this sel~ction 15 made, K300:32 
energizes and holds. In the Clock Rate Control, this relay de=energizes K31201 
and enables t.he 5-35 cps oscillator. When de ... energized, K3120l alters the cir­
cuit of eRC e:o that eacb pulse from the 5Q35 cps oscillator cau.ses eRC to d11i= 
tribute CON11tOLLED CLOCK PULSES until MP7 is received from MPD. As 8 result. 
each pulse from the 5G35 cps oscillator steps the control system through one 
complete in S1~ruction sequence. 

(I) HIGH SPEED. - When NORMAL or TEST and HIGH SPEED are selected 
K30033 energllzes 8.nd holds. When energized, this relay disables the STEP but­
ton circuit nnd close. a contact in the line connected to the grid of sheper 
tube V01 .... 30102. After the START button is pressed, the operation of Start re ...... 
lay K30041 and Operate relay K30048 creates a sinyle START CLOCK pulse that 
triggers the shaper. The resulting shaped pulse causes eRe to distribute CON<:>­
TROLLED CLOCK PULSES until 8 stop occurs. 

This self~ctlon is made either manually in OPERATING RATE GROUP or automati­
cally by sell~cting NORMAL in CLOCK SOtRCE GROUP. After this selection has been 
made and STAHT is pressed. the Control System operates at 8 500 ko rate until Ii 

stop occurs. 

(7) CLOCK SOLRCE GROUP. QII The' CLOCK SOmCE GROUP controls provide means 
of selecting the source of 500 ko CLOCK PULSES. During normal operation, the 
CLOCK PULSES are obtained from the Magnetic Drum Storage System (MDS). During 
test operatiDn. tbe CLOCK PlLSES may be obtained from either MDS or from a 500 
kc oscillator. by pressing the CLOCK SOURCE GROUP DRUM or OSCILLATOR button. 

When OPERATlcr. MODE GROUP NORMAL 1s selected, a Cl..DCk SOrnCE GROUP DHUM 
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selection is made automatically. Providing the equipment II not 1n operation, 
ei ther select:lon may be dropped by press ing the RELEA.(?E bllt ton. The CLOCK SOURCE 
GRODP relays 'lre interlocked so that either selection, when made. disables tbe 
selection of the other. 

When DRUM is selected, K30005 and K30020energlze and hold.. In the Alaster 
Clock contact.s of 1(31101 cause Cu)CK PULSES to set flip-flop CSS I to "1 "; therefore 
the Clock Source Selector, CSS. accepts MDS CLOCK PULSES instead of 500 Ire os­
CILLATOR Prn...sES. 

When OSCILLATOR is selected, K30017 and [(30018 energize. In the Master Clock. 
1(30018 energi:l:es relay K31101. When energized r K31101 transfers the CLOCK PULSES 
froll the MI" Input of flip-flop CSS I to the "0" side, which causes CSS to accept 
500 ke OSCILL\TOR PULSES instead of MDS CLOCK PULSES. Tbis selection is used dur-
ing test operation if it is desired to operate without the Magnetic Drum System. 

(8 ) OPERATION mOE GROUP. - The OPERATION JlJDE GROUP pushbut tons and re­
lays provide JDe8nS of selecti ng the NORMAL or TEST mode of equipment operation. 
If the equipllli~nt is not in operation. a previous OPERATION MODE GROUP selection is 
dropped by pr,;:!ssing the RELFA.'->E button. Either TEST or NORMAL may then be selected 
by pressing t;ne appropriate button. The OPERATION WDE GROUP relays are interlocked 
so that either selection, when made, prevents the other selection from being made. 

PreSSing 'the l'l>RMAL button energizes K30011 and K300l2. These relays, when 
energized, produce automatic selections in OPERATION RATE GBOIDJ and CLOCKSOUHCE 
GROUP. and ennrgize Normal relays K30013. K30016. K3 0 077 , 1\30078, 1C30046, 100051, 
and fC~0052. In CUlCK SOURCE GROUP, a DRUM selection is automatically made. In 
O['ERATING nATI~ GROUP, a HIGH SPEED .selection is automatically made. 

The Supervisory Control Panel manual cont.rols that are affected by an. OPERA­
TION rJJODE GROIJF TEST selection are described below. 

ta) SET COMMON. - The SJ:'7r COMMON voltage is ;.'!DPlied to the set and 
clear buttons when the Ready relay OPERATING GHOlJP Is energized.. This permits 
the manual setting or clearing of flip"",flops. 

(b) Mr STOP COMAK>N. - An MT STOP COMMON voltage permits the operation 
of manual controls located on the left side of the Supervisory Contral Panel. lab­
elled ADVANCE\. STOP, BACk and STOP DISCONNECT. These controls are used to operate 
the Magnet.ic Tape Units manually. 

(n) AMPLIFIER MAHGINAL CHECK COMMON. - An AMPLIFIER MAHGlNAL CHECK 
COMMON voltag«~ is appli.ed to the TEST SWITCH (,ROUP AMPLIFIER MARGINAL CHECK swit-
ches. By set1~illg the TEST SWITCH GROUP switches, selected groups of amplifiers 
may be checked. 

(d) ~IT \~Rlli~ COhfIDN .. ,- ~The TEST SWITCH GROUP switches can be set to 
dlsconneet write vol tage from r.n: Unit 0, 1, 2. or 3. During NORMAL, the MT WRITE 
COM.\1O!'\J voltage is interrupted so that these TEST SWITCH GIlUUP switches are disabled. 

(e) MT TES! COMIDN, - Voltage is gupplled to enable the manual con­
trols located near the OPEHATING TIME meter. These controls, labelled LP, LP and 
wp. A~ LP, WP ~NP STOP are used 'to int roduce a rtiflcia 1 pulses into the Magnotic 
Tape .sys tern during TEST. 
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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 (Me) 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 voltagE:s. Both supplies operate from a 220 vae, 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 Me Power Supply: the 
generator motor, the power control and sequencing circuit, and a portion of the 
filament transformers. 

Applic?tion of power to both power supplies is controlled manually by opera­
tion of the Main Disconnect Switch 580001. 

(2) CONTROL AND SEQUENCING. - The greater portion of e~ch power supply 
is energized by its own power controL and sequencing circuit. ~n each power 
control door is a NORMAL ON-OFF button for that supply. Pressing of the NORMAL 
ON-OFF buttol1 energizes a cycle timer which then drives a series of cam operated 
switches in sequence. As the switches operate, relays withi~ the power sequence 
control are etiergized. 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 s power supply fault, is initiated by the computer's protective 
system. 

(3) PROTECTION. - Overload protection is provided by circuit breakers 
and replaceahle 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 -BOV faults, while cabinet interlocks, thermo­
stats, the vane switch, and emergency switches furnish protection to personnel 
and machine components. 

b. MAIN POViER SUPPLY. - The Main Power Supply consists of step-down trans­
formers, the 00001 motor generator set, the induct"ion regulator, vOlts"ge 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 applica~io. of power to all main equipment circuits 
and produces liUlld distribu.tes d-c voltages" Table 4-7 lists the voltages used 
by the .. aill equ.ipment and the sOllrce and distribution 01 each voltage. 

(1) TRANSFORMERS. - Transformer 1'80001 loeated in the Main Power (00000) 
Cabinet steps down a siagle ph"se of 220 vac to 110 vac as supply for external 
e(l.uipment! bias, -BOV fault indicators, and 110 vat service outlets of the com­
puter. A similar trallsformer (T70001) located in the MagnetIc Tape CabiDet 
supplies 110 vac to the magnetic tape uRi t5. Filame.llt transfo'rmers located in 
the main equipment cabinets reduce 220 vee to 6.3 vat as supply for electronic 
tubes filaments. An external red lamp at the top of eacb bay iadlcates tbe 
presence of 220 'fac ill the bay. A ceater-tapped filameat tran.sformer in the 
Supervisory Control cabinet supplies 3.2 vae to indicator lights Oil tile Super­
visory Control Partei. 

During eertain test procedures, tile outputs of selected filameat traDsformers 
in Ute lIagBetie Tape, Magnetie Dr •• AritJJaetic t aDd COatrol Cabiaets may be 
reduced to about 5.7 volts by operatillg the REDUCE HEA11IER VOLTAGE switohes OR 
the Supervisory Coatrol PaDel. 

(2) MOTOR-GENERATOR. - T~i$ unit develops the bulk of the main eq~ip­
ment's direct current supply. A20 BP, three pltase, squirrel-cage 1Bduetion 
motor drives a pair of direct carreat geJ&erators. one develophlg +250 vde, 
the: other -125 vdc. The ge.erator output voltages are applied to direct CllrreJlt 
l'egulators for regulatioD to lower values. 

(3) INDUcrlON REGULATOR ... This tmit regulates 220 vec, three-pltase. 
60 cycle a-c from th.e primary souree aDd 1ntpplies ~e rectifier circuits and 
transformers. • 

(4) VOLTAGE RECTIFIERS. - The rectifier circuits include the ·300 vdc 
referel1ce supply, the +60 vdc sad +120 vde relay supplies and the ... 30 vdc flip­
flop set supply. 

(8) NEGATIVE REFERENCE SUPPLY .... The -300 vde reference 5\lpply is 
produced from 220 vac stepped-up through 8 center-tapped transformer SJld recti­
fied by ~ conventional full wave rectifier ciretli t employiftiJ a pair ot 3828 
electron tubes as rectifying elemellts. Tile output voltage is filtered by 8 
choke input filter. regulated to -300 vdc aad applied, as negative reference, 
to the d-c regl.l.lator control "IIi ts. . 

(b) REl.AY SUPPLY .. - The +60 vdc aDd +120 vdc relay s\tppl1es are 
produced from 220 vac through step-down transformers and full wave, delta-wye 
rectifier circ'tJLits" The output yoltaqes are not critical aDd are distributed 
without regulation to both the mai.n equipment aDd thE' lag-netie Core Storage 
System. 

(c) FLIP-FLOP SET SUPPLY. - Tbe -30 vde set supply employs a step­
dow» transformer and full-wave, selenium bridge rectifier circuit. As in the 
case of the relay supplies. the output is distrib"ted unfiltered 8bd unregulated. 

(5) I)C VOLTAGE RmtlLATORS, .. Tile outp.t voltages of the +250V generator, 
-125V generator and -300V rectifier supply are regulated to lower voltages by 
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CODventional electronic voltage regulator aits. Eacb .Bit consistso! two or 
more paralleled 6AS1' s <called slave regalators) hi eoaJ .etion wi til 8 co.trol 
ci reu! t. Each eGfttrol cl rClli t regulates tile e'UTent tllrouglt the slaveregula­
tors to maintaift 8 constant o.tput voltage. The voltages produc$l by tbese 
regulators are +200 vdc, +150 vde. +l~ vdc, +80 vde. +5 vdc, -15 vdc .. -25 vdc, 
and -80 vdc. 

(6) POWER CONTROL AND SEQUENCING. - The power control and sequenting 
circuits include the power cOJltrol panel, relay sequenciRg cireuitlf hult 
ci reu! ts. ..d Iltiscellueo¥s relays and ci reUl ts effected duriaq energl~iftg, or 
de-eaergizing f)f the main equipment power supply .. 

In the Uppt~r left liand call1er of the Overall BloGk Diagram MaillEqulpment 
Power Supply hi Envelope #5 of Vol um.e 1 t running from left to right are 'showa 
the cam- operat.~d swi teltes 581901 tbrough 581909.. In the upper right ltaDd 
corner is the Swi tch Time DistributiOD chart. To the 1el'\ of the cliett i. the 
faul t ci reu! t I!ud, in the d-c distri butio. system. are tile bias sens!llg &1 r .... 
cults, voltage sensing relay •• atld tkerul overload heaters -associated with the 
tontacts of this circuit. The main cOlltaetor, M-G start coil, 8ltd CGltt8tts 
co.trolled by the sequencing circuit are located ill both tlae B-C and d-e dis-
tribution systlams. . 

Table ~ 8 lists the steps. sVG-steps, actlolt, and result ineurr(!td during 
energizing. partial de-energizing, or fully de-energizing the Maip PoWer Supply. 

(Ii) NORMAL CW SEQUENCE. - Is Jlol"Mal operatioJl, to eaergize the 
ma1n equipment power, the lAIN DI5O)tfiECl SWITCH is switched to the ON position 
and U •• a tbe NORMAL ON-OFF butto. aD t.ke main eqlitipaeat power control panel is 
pressed. The ;sequence of operations Is presented 1n Part Af Table .4- '8 t Steps 
1 aad 2. 

(b) VOLTAGE FAlLT SEQUENCE. - Whee certai. voltages fall, fault 
relay kB1615 ilS de-eaergi zed and a sequence of operatlOftI occurs whick partially 
de-energizes tlae Main Power Supply. These operations are listed i. Part A of 
Table 4-9 f Stl~pS 1, 2, 3, and 4. 

(,~) NEGATIVE DC OVERLOAD SEQUENCE. - Tbe operation of aBY aae of 
the THERMAL OV1~RLOAD RELAYS, K81805, K81806. K81607 or KB1808 l()cated la the 
-125 vdc generl:ltor output lines, fai tiates a sequence of operatiolls tJlat remove~ 
all direct Cllr:rent voltages exoept the rectified voltages. Part A of Table ,4 .... 9 
Steps 5 and 6 lists these operatioDs .. 

(d) 91ERGENCY SFlJUENCE. - The eIRe rgency ei rcui t opens i ,f one ot' 
more of the following events occurs~ if the temperature at tile top t)f 8 bay 
exceeds 1200Ft if air flow in the main air duct decreases, if a cabinet door is 
improperly opened, or if eit.her of two EMEHGENCY OFr buttons is pres~ed. Opera­
tion of the emergency circuit removes all power from the computer with the ex­
ception of the drum and blower dri va motors. Step 7 of Table 4- ·'9 lists only 
the operations affecting mail'! equipment power. However, fj similar shutdol\,1l is 
in! tiated s imul taneously in Me _ power. 

(.~) NORbW.. OFF SEQUENCE. - To turn off main 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 cycle, MAIN DISCONNECT SWITCH 588001 is switched to 
the OFF position, This sequence is ShOWD fa Steps 1 aDd 2 of Table 4- 9. 

(f) RE-ENERGIZING MAIN EQUIPMENT POWER. - Operations aeeessary to 
re-eRergize the equipmeat ~fter a fault or emergency inJtiated shut-dOlG are 
li sted in Part C. Table 4- q .. 

(g) MANUAL SELECTION. - Selector switch 582205 may be operated 
wheD it is desirable to sAut don the eqaipmeJlt partially. When the switch .is 
operated. contacts of section A are opened to partially shut-dow. the main 
equipment power supply; contacts of section B short relay contacts witll!. the 
fault circuit thereby allowing the eqUipment to be re-energized when tbe switch 
is turned bac:k: on; contacts of section C eaergi ze 8 power seq\lftee relay ill 
the control cabinet which, in turn, causes aD ABNORMAL CONDITION indicator Oft 

the Supervisory Control Panel to glow, 

Should the selector switch be turned back to the OFF position. the d-c 
relay supply to the Me Power Supply will be removed. tbus de-eaergizi.g tke 
Bias Feal t relay in that supply, and causing a partial shut .... down of Me power, 

To re-energize maiD eq"ipmellt power from the OFF positiC)Jl, turn tlle selector 
switch to the LOW HEATER positioa. press the CLEAR POWER SUPPLY FAILT buttoa 
artd turn the SEQUENCE CONrROI." switch, by steps, to the OPERATE positiOll .. 

(1) PRIMARY POWER DISI'RIBtITION. - From the buildiJlg power. wtregulated 
220V, three pbase a-e is applied through t.e main diseoaaect switcb sad mail 
fuses to ei rC'tli t breaker paael E88002 of the motor generator assembly tuli t Ii 

From E88oo2 d istributioJl ill ·the lain Power Supply is to the power CGlltrol and 
sequencillg ci:rcuit through eire_it breaker 588003, the motor-generator set 
tarough circuit breaker 588006, the induetlou regulator tbrough circvit breaker 
S88OO4. altd tbe drUID aud blower drive motor circu.its tlarough eire.it breaker 
588002. 

From the inductioR regulator, regulated 220V, three phase 8-C is appliecl 
to circuit br4~aker 581301 (labeled FlLAMOO" AM) POWER SUPPLy) on circuit breaker 
panel 81300 ilt the Main Power cabinet. From 581301 power is di stributed through 
secondary cirti:ui t breakers 581302-03-04-05-06 aad 07 (labeled respectively arrs 
FIlAMENTS. COJ'fI'ROL FILAMENTS. II)S FILAMENTS, ARITHtrlETIC FILAMENTS. EXTERNAL 
EQUIPMENl\ and POWER SUPPLY AND POWER SUPPLY FILAlOO'S) to the corresponding 
cabinets .. 

Wi thin thl~ power supply cabinet, a single phase from the power supply cl r ... 
cuit breaker (581307) goes to the 220V-IIOV step-down transformer and the voltage 
reetifier SVPlplies. Within the MagnetiC Tape Cabinet. ~ single phase from MrS 
FILAMENT circulit breaker 581302 goes to the 220V-IIOV step-dow. trails former • 
1ft eleil cablnf~t 8 single pJtase from one breaker goes to the filament transformer 
primaries. 

The 110 VlilC from the st0P"'"doMl transformer in the power supply· is distri­
buted directl:r to indicators aad voltage testing circuit& of the Main Power 
Cabinet and througb fuses and manual calltrol switches .on the DC DlSfRIBUTION 
PANm.... to external equipment and the Supervisory Control PaRel. Tae 110 vae 
from the MTS :;tep-doWll trallsformer is distribut.ed through fuses and control 
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From the building power, 110 vac is distributed through a swltch box and 
fuses to the motorized valve in the Blower (90000) Cabinet and to convenience 
outlets in all cabinets. 

A 6.3 vac fllament supply voltage is distributed directly to electronic 
circuits within each cabinet. 

j 

(0) DIRECT CURRENI' DISTRmUfION. - From the d-c generators, +250 vdc 
and -125 vdc are distributed through Disconnect Switch S88OO7 and d-c fuses to 
relay panel 81000, then through the overload relays of this panel to d-c voltage 
regulators. 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 i. distributed through fuses to the 
ruain 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 Cabinet 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 8ystel1) and by fuses 
and overload relays in the d-c distribution system. 

(8) PC FUSES AND CIRCUIT BREAKERS. - The a-c fuses include replace­
able cartridge fu.ses 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 colIs are 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 beld 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 linea, 
and are located on relay panel 81800 in the Main Power Cabinet,> 

~.",,-., 
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(c) 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 fir.e a neon lamp, those lamps indicating 
blown fuses in lines of le88 than 80 vdc are tied to sources of sufficient 
value to provide the necessary vol t8ge. . 

c. MAGNETIC CORE STORAGE POWER SUPPLY~ - The Magnetic Core Power Supply 
consists of power transformers, a motor-g&nerat'or set, rectifier su.pplies, 
voltage regulators. a 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, Me Power Supply. Table 
4..;.]0 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 vae 
to 6.3 vae as filwment supply for all unit. within the core storage system. Out­
put voltages of selected transformers may be reduced to about 5.7 vac by opera­
tion of the Me REDOCE HEATER VOLTAGE switch located on the Supervisory Control 
Panel~ Other transformers .tep up 220 vac and apply the increased voltage to 
the plate eircl.lit of the rectifier supplies. 

(2) MOTOR·.GEr£RATOR. - The Motor-Generator unit eon'Sists of a three phase, 
10 HP motor driving a pair of direct curreNt generators. The generators produce 
output voltages of +260 vdc find - 165 vdc which are applied to voltage regulator 
stages for regulation to lower values. 

(3) VOLTAGE RECTIFIERS. - The vol tage recti.fier uni ts produce vol teges 0 f 
--500, -390, -3fX) and ~290 vdc. All units employ conventional full wave recti­
fier circuit with choke input filters. The -500 vdc is applied without r69u1a­
tion as referollce voltage to the regulator stages of the rectifier supplies. 
The -300 vdc supply is regulated to -300 vdc and serves as the reference voltaue 
for the OC regulator stages of the generator outputs. The -290 and -390 vdc 
supplies are r.~gulat.ed to -200 and -300 vdc respectively and distrihuted to cir­
cuits of the Magnetic Core Storage System. 

(4) VOLTAGE REGULATION. - The voltage regulators regulate the outputs of 
the +260 and -Jl65 vdc generators and the -390, -300 and -290 vdc rectifiers. 
Each regulator unit consists of two or .ore paralleled 6AS7's (the slave 
regulators) in conjunction with a control cireuit. The control circuit regulates 
the current through the slave regulators to maintain a constant output Voltage. 
The regulator outputs produce DC voltages of +200. +100, +00, +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. 

(5) PO~~R CONTROI~ AND SEQUENCING. - The power control and sequencing cir­
cui ts include t.he Me Power Panel, t,he relay sequencing cireui ts, tbe power faul t 
circuits and miscellaneous relay, and circuits effected during energizing or 
de--.encrgizinfJ of the r.ore stornge power supply. 

In the upper left hand eorner of the block ditl<]ram and running from left to 
right are the cam-operated ItAll tches 557101 through S5710G. In the upper' right 
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hand corner is the Switch Time Distribution Chart. To the left of the chart is 
the fault circuit, and in the OC distribution system are the bias senaing cir­
cuits, voltage sensing relays and thermal overload heater. associated with COD­
tscts of thls 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 lources are supplied 
through unit.s 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 vde to the vol tage faul t circui t. Consequently, 
the main equipment power should be in process of energizing prior to initiating 
the l£ power ON sequence. By the .ame token. lui tiation -9£ the Me power OFF 
sequence should preceed the main power OFF .sequences. 

Table 4-11 lists the steps, sub-steps, event, and result incurred durinu 
energizing f partial de-energizing or fully de-energizing of the ~r: Power Supply. 

Me Power Supply voltages may also be removed manually by operation of the 
Sequence Control switch (557005) located on the Me Power Panel. When re­
energizing the power supply after a manual shut down, allow the specified amount 
of time between switch pOlitions 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 DISTRmUTION. - From the MAIN DISC<l'lNECT swi tch 
(588001>. three-phase 220 vae il distributed through the main circuit breakers 
588009 and 588010 to the power sequence control and the motor generator re­
spectively. A single line of 220 vac from S88009 also supplies the power fault 
indieators. From the Main Equipment At Regulator, regulated 220 vat is supplied 
through circuit breaker S81307 of the Main Power Supply and circuit breakers 
557701, S57702 and 55,7703 of the r.t:; Power Supply to the transformer primaries 
of the power rectifier circuits and filament supply circuits. Filament supply 
voltage of 6~3 vae from the filament transformer secondaries is distributed to 
electrordc tllhe filaments of the core storage aud core storage power cireu! ta. 

(7) [)IRECT CURRENT DISTRIBUTION. - The direct current voltages originate 
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 con~ct. of the power sequence control. One b.ranch of +260 vde Is dis­
tributed-through a contact of K573Qq and through overload relays K5730l, K57302 
and K57303 t(l the +200, +150, +100 and +80 vdc regulators. The other branch is 
diatributed through a contact of (57310 to the +5, -14, and -25 vdc bias regu­
lators. The negative generator output i. di.tributed through a disconnect 
switch to relay contacts of the power sequeace control. One branch is distributed 
through a eontact of K57310 and through overload relay K57304 to the bins reg" ... 
lators. "5. -14 and -25 vde. The other branch is di.tributed through a contact 
of K57309 and overload relay. K57305 and K57306 to the -80 aDd -100 vdc regu.la­
tor •• The output of the -290 vdc rectifier supply is ,distributed through an out­
put fuse and overload relay «57307 to the -200 vdc regulator. The -390 vdc recti­
fier output i, distributed through 8 fUle and overload relay K57308 to the -300 
vdc 1'891l1ator. The Aegatlve reference supply outpu't 1s regulated at -300 vdc with­
in the lupply aDd applied through aft output fuse to the DC regulator control 

~~ 
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un! ts. The -52~) vdc supply is suppl led unregulated through a fuse to the -300, 
-200 and -100 vdc regulators. The regulated voltages +200, +150, +100, +00, +5, 
-14 t -25, -80, -100. -200 and -300 vdc, and the -200 vdc inhibit and driver bias 
voltages are distributed through fuses Rnd switches of the DC distribution panel 
to electronic circuits of the Magnetic Core Storage System. 

(8) OVERlnAD PROTECTION. - Overload protection is provided by fuses, circuit 
breakers and thermal overload relaYb in the AC distribution system and by fuses 
and overload relays in the OC distributiolJ system. 

(a) ALTERNATING CURRENI' FUSES, CIRCUIT BREAKERS AND OvERLOAD RELAYS. -
The alternating current fuses are located in the primary power input lines 
(Main DisconnE~ct Switch), the input lines of the power rectifier supplies. and 
the primary circuits of thp. filClment supply transformers. Circuit breakers are 
of the magn~tJtc 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 contacts 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 circuits 
and the volta~Je regulators. The thermal overload relays are located in the 
branch 1. ines c-f the DC generator out put s. 

R~~'1and. 
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VOLTAGE 

Primary 
220 vac 

Regulated 
220 vac 

110 vee 

110 vae 

6.3 vac 

3 .) .... vee 

+250 vdc 

+200 vdc 

+150 vdc 

+120 vdc 

+100 vdc 

+BO vdc 

+60 vdc 

'i"5 vdc 

-15 vdc 

-25 vdc 

-:~o vdc 

-BO vdc 

-125 vdc 

-·30n vde 

ERA 1103 SECTION ·f 

TAlIJE 4-7 

MAIN POWEll SUPPLY VOLTAGES 

SOUHCE 

Building supply 

DISTRIBUTION 

Blower drive motor 
Drum drive motor 
Power control and sequencing circuit 
Induction regulator . 
Motor-generator set 

Induction regulator 110 vac and 6.3 vac trans!. pri. 
Rectifier circuits 
External equip'ment 

Step-down transformers Bias and -80V faul t indicators 
External equipment 

Ruilding supply 

Step-down transformers 

Step-down transformer 

Motor-generator 

+:200 vdc regulator 

+150 vdc regulator 

Hcctifier supply 

+100 vdc regulator 

+HO vdc regulator 

Hectifier supply 

+5 vdc regulator 

-15 vdc regulator 

-25 '(ioe regulator 

Hectifier supply 

-dO vdc regulator 

Motor- gene rato r 

Hectifier supply 

Supervisory Control Panel 
Magnetic tape units 

Convenience outlets 
Motorized valve 

Electronic circuits filaments 

Super~isory Control Panel indicators 

Voltage regulator circuits 

Electronic circuits 

Electronic circuits 
I..o-temp. thermostat cireui ts 

Relay circuits 

Electronic circuits 

Electronic circuits 

Helay circuits 

Electronic circuits 

Electronic circuits 

Electronic circuits 

Electronic circuits 

Electronic circuits 

Voltage regulators 

d-c regulator control units 
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ERA 11<X3 SECTION 4 

TAILE 4- 0 

NORMAL ON-OFF SEQUENCE OF OPERATIONS 
FOR MAIN EQUIPMENT POWER SUPPLY 

A. NORMAL ON SEl)UENCE 

EVFNf 

Main Disconnect Switch 
508001 closed. 

K6000l energized. 

K90001 energized. 

BLOWf]{ operating. 

K81~)3 energized. 

NORMAL ON-OFF (start­
stop) button 
582201 pressed. 

KH1901 energized. 

K81902 energizpd. 

Cycle Timer operating. 

!:>H1901 actuated f nul' 
seconds nfte r NOi\~I ... \L 
ON-OFF hutton is pressed. 

RESULT 

Drum Motor Start K60001 energized. 
Blower Motor Start K90001 energized. 

220 vae applied to drum drive motor. 

220 vac app1i ed to blower dri ve motor., 

Vane tilts within cooling air duct of 
blower cabinet. 
Mercury switch 590001 c.onnected to 
vane closes to provide continuity in 
the Emergency Interlock Circuit and 
thereby energizes Emergency relays 
K81903 in the Main Power Supply and 
K57103 in the Me Power Supply. 

Holds K81903. 
Provides continuity in the power se­
quencing circuit. 
Opens EMERGENCY iudicator circuit. 

Energizes KH1901 

Holds "01901. 
Energizes K~1902. 
Enerni zes cycle timer .B{H 901. 
Lights TIMER ON indicator IB220:!. 

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

Operates switches S81901. 581902, 
SB1903, S01904, 581905, SH1906. 
SB1907, and 501908 in sequence (}Vf'r 

a four-minute period. (See "Swi tch 
Time Distribution" chart on Overall 
Block Diagram, Main Equipment Power 
Suppl y.) , 

Holds cycle timer K31902 and TIMER 
ON i ndi cator. 
Opens NORM/\L ON-OFF ci~cuit, thereb'y 
de-enerujzi~g KB1901. 

II,plnJnq#on.. ~ 
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TABLE 4- 8 <CONTg D) 

STEP SUB-STEP EVENT 

2 A (CONT'D) K81901 de-energi zed. 

B 

c 

D 

E 

501902 actuated. 

581903 actuated. 

K81904 and 181905 
energized. 

KI0201. K30201, K60201 
and K7020l energized. 

S81904 actuated. 

K81906 energized. 

K88001 energized. 

St31905 actuated. 

KB1907 energized. 

~"RIuuL 
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SECTION 4 

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 tlhome" position. 

Energizes K81904 and K8l905. 
Lights INIT. SEQ. indicator 
182203. 

Energizes filament dropping re­
lays KI0201, K30201, K60201 and 
((70201. 

Connects resistors into primary 
circuits of selected f:ilament 
transformers. 

Energizes relay K81906. 
Lights LOW HEATER indicator 182204. 
Starts FIL.HRS. meter M02201 .. 

Energizes main cOlltactor (('80001. 

220 vac applied to induction r~· 
gulator which In turn applies 
regulated 220 vac to all trans­
former primaries. 
Allows distribution of 6 c 3 vac 
and 5.7 vae filament supply. 
110 'Vac supply, -30 vdc "set" 
supply, +60 vdc and +120 vdc 
relay supplies, and 220 vac to 
external equipment. 

Energizes K81907. 
Lights FUll. HEATER indicat.or 
IB2205. 

De-energi zes K81904 and KC1905. 
Energizes motor-generator start 
coil K08002. 
Applies 220 vue to -300 vdc 
rectifier circuit. (Neg. Ref. 
supply) 
Permits distribution of negative 
reference supply voltage. 
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TABLE 4- 8 (CONT 'D) 

2 E (CONT'D) K81904 and K81905 
de-energi zed. 

F 

G 

KI0201. K30201, K60201 
and K70201 de-energized. 

K88002 energized. 

581906 actuated. 

K81900 energized. 

K81810 energized. 

K81201, K81202 and 
K81203 energized. 

K81815 energized. 

581907 actuated. 

K81909 energized. 

_.:IIIuuL 
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SEcrION 4 

RESULT 

De-energizes filament dropping 
relays K10201, K30201. K60201 
and K70201. 

Shorts filament dropping re­
sistors in primary circuit of 
selected transformers. 
Applies full heater voltage to 
circuits supplied by selected 
transformers. 

220 vac applied to motor-gene­
rator drive motor. 
Allows distribution of -125 
vdc generator output to -25 
vdc regulator. 

Energizes KBl908. 
Lights BIAS indicator I82206. 

Energizes K81810. 
Closes contact in circuit of 
K81909. 

Applies outputs of +250 vdc 
and -125 vde generators to the 
+5 vdc, -15 vdc and -25 vdc 
regulators. which in turn 
energize bias sensing relays 
KB1201, K81202, snd KB1203. 
Allows distribution of bias 
voltages. 

Energizes fault relay K81815. 
(~ens contacts in circuit of 
BIAS FAULT indicators 182209. 
182210 and 102211. 

Holds K81815. 
Closes contact in circuit of 
relay K81909. 
Opens contact in +60 vdc line 
to B Fault relay. 

F~ergizes relay K81909. 
Lights POS. VOLTAGES indicator 
182207. 

Energizes K81809. 
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TABLE 4- '8 (CONI" D) 

51 EP SUs. STEP EVENT 

. 2 G (CONT'D) K81S09 energized. 

B 

I 

K81ell, KB1812, 181813 
and Ke1814 energized, 

581900 aetuated. 

581901 actuated. 

[81902 de-energized. 

RESULT 

Applies +250 vdc generator out­
put to the +200 vdc, +150 vdc,. 
+100 vde and +80 vdc regulators. 
Applies -125 vdc generator out­
put to the -80 vdc regulator 
which energizes -80 vdc sensing 
relays Kalall, K81e12, K81613, 
aud 181814. 
Allows distribution of +200 vdc, 
+150 vdc, +100 vdc, +80 vdc and 
-80 vdc. 

. ( 

Closes contacts in fault eir-
cui t. Open. contacts i. ci r­
cuit ~f-80V FAULT indicator 
182206. 

Opens circuit to power sequence 
relays. 

Stops eycle timex. 
De-eaergi zes KSl902. 
Extinguishes TIMER ~ indicator 
182202. 
Closes co.taet ia circuit of 
K81'Kl1. . 

Allows Fault relay 181515 to be 
reset only through CLEAR POWER 
SUPPLY FAULT button 582203. 
Opens contaet in shunt circuit 
of -80V fault contacts. 

B. NORMAL OFF SEQUENCE 

1 NORMAL ON-OFF button 
882201 pressed. 

K81901 eaergized. 

181902 energized. 

Cycle Timer operating. 

_1LuuL 
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Eaergizes K81901. 

Holds 1<81901. 
Energizes KB1902. 
Starts cycle timer B8190l. 
Lights TIMER ON indicator 182202. 

Provides continuity in fault ci~ 
cuit. 

Operates swi tches 581901, 581908., 
. 581901, 581906, S81905, 581904, 
581903, 581902, and 581901 in 
sequenee over a two-minute per­
iod. <See Switch Time 
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B 

c 
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TAELE 4- 8 (caNT'D) 

EVEN! 

501901 actuated. 

K81901 de-energized. 

581908 actuated. 

581907 actuated. 

K81909 de-energized. 

K81809 de-energized. 

581906 actuated. 

K81908 de-energized. 

K81810 de-energized. 

RtP.~'- II.a.nd 
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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. 

Oe-energizes KB1909. 
Extinguishes POS. VOLTAGE indi­
cator 182207. 

De .... energtzes K81809. 

Removes +250 vdc generator out­
put from +200 vde, +150 vdc, 
+100 vdc and +80 vdc regulator. 
Removes +200 vdc, +150 vdc, 
+100 vdc, and +80 vdc from main 
equipment. 
Removes -125 vdc generator ~ut­
put from -80 vdc regulator. 
Removes -80 vdc from main equip­
ment. 

De-energizes K81908. 
Extinguishes BIAS indicator 
102206. 

De-energizes KSl810. 
Opens contact in circuit of 
1(01909. 

Removes +250 vdc from +5 vdc, 
-15 vdc and -~5 vdc bias regu­
lators. 
Removes -125 vdc from +5 vdc 
and -15 vdc regulators; removes 
+5 vdc and -15 vdc from main 
equipment. 
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TABLE 4- 8 (OONTtD) 

EVENT 

581905 actuated. 

K81907 de-energized. 

KS0002 de-energi zed. 

K81904 and K81905 
energized. 

KI0201, 130201, K60201 
and K70201 energized. 

581904 actuated. 

K81906 de-energized. 

Ke800l de-energized. 

581903 actuated. 

K81904 and K81905 
de-energized. 

SECTION 4 

nESULT 

De-energizes K8l907. 
Extinguishes FULL HEATER indi­
cator 182205. 

De-energizes motor-generator 
start coil K8H002. 
Energizes K81904 and K81905. 
Hemoves 220 vac from -300 vdc 
rectifier •. 

Stops motor-generator 88002. 

Energizes filament dropping re­
lays KI0201, 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 KB1906. 
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-IlO vac step­
down transformers, and filament 
transformers, whi~h stops dis­
tribution of +60 vdc, +120 vdc. 
-30 vdc, 110 vae and filament 
supply. 

De-energizes K8l904 and K81905. 
Extinguishes INIT. Sa). indi­
cator 182203. 

De-energizes KIO~Ol, K30~OI! 
K60201 and K70~Ol. 
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TABLE 4- 8 (CONT'O) 

STEP SUB- STEP EVENT 

1 G (Q)NTtlD) KI0201, K30201.K60201 
and K10201 de-energized. 

H 

I 

S81902 actuated. 

581901 actuated. 

K81902 de-energized. 

Main Disconnect switch 
to OFF position. 

SECTION 4 

RESULT 

Opens contacts in primary cir­
cuit of selected transformers 
in Arithmetic. Control, Magnetic 
Drum and Magnetic Tape cabinets. 

Closes contact fn circuit of 
KB1903. 

De-energizes K8l902. 
Stop cycle tin~r 881901. 
Extinguishes TIMER ON indicator 
182202. 
Closes contact in circuit of 
KB1901. 

Closes contacts in fault circuit. 

Removes 220 vae from the equip­
ment. 
Stops blower and drum drive 
motor. 
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TABLE i1.- 9 

SEQUENCE OF ·OPERAT] ONS 
FOR VARJOUS VOLTAGE FAILURES OH EMERGENCY CIRCUIT INTERRUPTIONS. 

AN) CORRECTIVE PROCEDURES REQUIRED ( MAIN POWER SUPPLY) 

A. FAILURES AND INTERRUPTIONS 

STEP SU B- STEP EVENT RESULT 

1 

2 

3 

4 

A 

B 

c 

D 

A 

B 

A 

B 

A 

+5 vdc FAILURE. 

KU1201 de-energized. 

K818l5 de-energized. 

K8l909 de-energized. 

K81609 de- energi zed. 

-15VDC FAILURE 

181202 de-energized. 

K81815 de-energized. 

- 25VDC FAILURE 

KH1203 de- energi zed. 

K818l5 de-energized. 

-00 VDe FAILURE. 

K8lell, KB18l2, K81813 
or K01814 de-energized. 

r - ,. ....,. . ., -_. A 
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De-energizes K81201. 

Lights +5V FAULT indicator 
102211. 
De-energizes K81Bl5. 

Allows Fault relay to be reset 
only through CLEAR Pl>WEH SUPPL Y. 
FAULT button 582203. 
Energizes B Fault relay in Control 
Cabinet. 
De-energizes K01909. 

De-energizes K81809. 

Removes positive d-c voltages. 
Removes -80 vdc. (-BOV Fault 
relays de-energize, -GOV FAULT 
indicator illuminates.) . 

De-energizes K81202.' 

Lights -15V FAULT indicator 
rB2210. 
De-ene~gizes K81815. 

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

I 

De-energizes K81203. 

Lights -25V FAULT indicator 
182209. 
De-energizes K81815. 

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

De-energizes -BOV Fault relay 
KAlBll, K8l812, K8l8l3, or 
KBlB14. 

Lights -BOV FAULT indicator 
182208. 
Dc-energizes K81815. 
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THEOHY OF 
OPERATION 

ST E"P SUB-STEP 

5 

6 

7 

(CONT'D) 
B 

A 

A 

B 

A 

ERA 1103 

TArLE 4- 9' (roNT'D) 

EVENT 

~i1B15 de-energized. 

+250 vdc Overload Relay 
K81eOl, 1(81802·, KA1803 
or K81805 tripped. 

K81615 de-energized. 

-1~5 vdc Overload Relay 
KA1805, K8l806, 1<81807 
or KeIS08 tripped. 

K81B09 and K81810 
de-energi zed. 

K81815 de-energized 

Sail (vane) Switch 
actaated. Hi-Temp 
Thermostat operates, 
Cabinet Interlock 
opened, or an EMERGENCY 
switch is presseq. 

K8l903 de-energized. 

SECTION 4 

RESULT 

See step I, sub-steps Bt C, and 
D of this table (part A) • 

KBIB15 de-energized. 

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

De-energizes K81809 and KU1810 .. 

Removes generator output from 
all regulators except negative 
g~nerator supply to -25 vdc 
regulator. 
Bias and -80 vdc sensers oper­
ate to de-energize KB1815. 

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

Emergency relay K81903 de­
energized, 

Lights EMERGENCY indicator 
182201. 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 bp 
reset only when timer has re­
turned to Home position. 

( 
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ERA 110:J 

TAlLE 4- 9 (CONT'D) 

SECTION 4 

B. CORRECTI VE PROCEDURE FOH ALL VOLTAGE FAILURES 

STEP SlJ B- STEP 

1 

" ... 

3 

EVENT 

Set SEQUENCE CONTROL 
switch 582205 to P05. 
VOLTAGES position. 

Press {l.,FAR POWER 
SUPPLY FAULT button 
582203. 

K81815 energized. 

KOl909 energized. 

K81809 energized. 

K81811, K81812, K81B13 
and K8lB14 energized. 

Set SequeRce Control 
switch 5B2205 to OPERATE 
position. 

HESULT 

Provides continui ty in Faul t 
circuit. 
Energizes Power Sequence relay 
wlaich causes AmORMAL roNDITION 
indicator to glow. 

Energizes KBIBI5. 

Holds K81815. 
Energizes K81909. 
De-energizes B Fault relay_ 

Energizes K81809. 

Allows distribution of positive 
d-c and -80 vdc vol tuges. 
Energizes KUl8ll, K81612, 
K8lel3 and K81814. : 

Closes -80vdc fault contacts 
in fault circuit. 
Extinguishes -BOV Fault indi­
cator 182208. 

Opens circuit to power sequence 
relay. 
Extinguishes ABNORMAL CONDITION 
indicator .. 
Opens contact in shunt circuit 
of -80 vdc fault contacts. 

C. CORRECI'I VE PROCEDURE FOR E1t1ERGENCY SHUr-DOWN 

1 

A 

B 

Press NORM!L ON-OFF 
button S82201. 

K81901 en.ergi zed. 

881901 in home position. 

Pre s s NORMAL ON- OFF 
button 582201. 

R~Rand 
---._-- ------$~~I;E~;;~~~SURCH ,fsSOCIATU DIVISION 

K81901 energized. 

Energizes cycle timer B81901 
which then returns to home 
position. 

Equipment power returned to 
condition commensurate wit'lt 
completion of step 1. Normal 
On sequence,Table 4-8 '(part A) • 

See step 2,Normal-On,sequence; 
Table ·4- 8 • 

4 ... 17\ 
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OPERATION 

ERA 1103 SECTION 4 

TABLE 4-10 
Me PQWER SUPPLY VOLTAGES 

VOLTAGE 

Primary 
220vac 

Regulated 
220 vac 

6.3 vac 

+260 vdc 

+200 vdc 

+150 vdc 

+120 vdc 

+100 vdc 

+80 vdc 

+60 vdc 

+5 vde 

... 14 vdc 

-80 vdc 

-100 ydc 

-200 vdc 

-220 vdc 

-290 vdc 

-300 vdc 

-300 vdc 

-300 vdc 

-390 vdc 

SOURCE 

Building supply 

Main Equipment 
AC regulator 

Filament transformers 

Motor-generator 

+200 vdc regulator 

+150 vdc regulator 

Rectifier supply 
(main equipment power). 

+100 vdc regulator 

+80 vdc regulator 

Rectifier supply 
(main equipment power). 

+5 vdc regulator' 

-14 vdc regulator 

-80 vdc regulator 

-100 vdc regulator 

-200 vdc regulator 

R57916 & R57911 

Rectifier Supply 

Rectifier supply <ref.) 

-300 vdc regulator 

-300 vdc regulator 

Rectifier supply 

--~ --·---cf.~';(~~ItC ~SU'CH ,fsS'CIATES DIVISION 

DISTRlBUI'ION 

Power sequence control. 
Motor-generator set. 

Voltage rectifiers. 
Filament transformer primaries. 

Electronic circuit filaments. 

Voltage regulators. 

Electronic cireui t5. 

Electronic circuits. 

Bias Sensing relays 

Electronic circuits. 

Electronic circuits. 

Voltage fault circuit 

Electronic circui ts. 

Electronic ci rcu its . 

Electronic ci rcu! ts. 

Electronic ci rcu! t5. 

Electronic ci rcui ts. 

Ele<:t ronic circuits. 

-200 vdc regulator 

-300 vdc regulator. 

DC voltage regulator control 
units. 

Electronic circuits. 

-300 vdc regulator. 

4-172 



THEORY OF 
OPERATION 

EHA 110:1 

TAfLE 4-11 

SECTION 4 

OORMAL ON-OFF SEQUEl'CE OF OPERATIONS FOR 

MAGNETIC CORE POWER SUPPLY 

STEP 

1 

2 

SUB 
STEP 

A 

A. mRMAL ON 

EVENr 

Main Switch 
(S88001) ON 

K57103 Energized 

Main i-'ower NORMAL 
ON-OFF button pressed 

Me Power K>RMAL ON-OFF 
button pressed 

K57101 energized. 

K57102 energiled 

CYCLE TIMER 
8..17101 running. 

557101 actuated. 

~~'RL.~ 
------------$~~t~E~RIMC ~;l~;~;,fssOCtAnS alVISION 

RESULT 

Energizes cirelli t5 of the 
Main Power Supply 
Energizes Me Emergency 
re 1 a y K571 03. 

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

Initiates ~~in Power ON 
sequence. 

Energizes K57101 

Ho lds K57101. 
Energizes K57102. 
Starts cycle timer (857101). 
Lights TI~ER ON indicator. 

Provides continuity in Me 
power fault cirouit. 

Operates switches 557101, 
557102, S57103, S57104, 
557105, 557106, S57108, 
and S57101 in sequence 
over a four-minute period. 
(See switch time distribu­
tion chart on block diagram. ) 

Holds cycle timer, lights 
TIMER ON indicator, and 
energizes K57102. 
De-energizes K57101. 
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TABLE 4-11 

SECTION 4 

NORMAL ON-OFF SEQUEl'CE OF OPERATIONS FOR 

MAGNETIC CORE POWER SUPPLY. (CONTVD) 

STEP 
SUB­
STEP 

B 

c 

D 

EVEN!' 

K51101 de-energized 

557102 actuated 

S57HX1 actuated 

K51104 energized 

K55701 energized 

~57104 (lC t uated 

K51105 energized 

K57701 energized. 

~IL.~ 
-----------$N~I~E;.I .. G ~hEA.CH ,fsSOCllT£S OI\fISION 

Rf.:sULT 

Opens contacts in start circuit 
and eye le timer circui t. 

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

Energizes K571~1. 
Lights INIT. SEQ. indicator. 

Energizes K55701 through 
normally-closed contacts of 
K57106. 

• Opens contacts in 220 vac lines 
to Me 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 trans former prima ries of 
the -300 vde reference supply 
and regUlator circuits, and, 
through the limiting resistors, 
a reduced voltage to the l~ 
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 vdc to the control circuits 
of the rectifier sup~ly regu­
lators~ 
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TABLE 11-11 

SECTION ,~ 

OORMAL ON-OFF SEQUENCE OF OPERATIONS FOR 

MAGNETIC CORE POWER SUPPLY (CONT'D) 

STE~ 
sus.. 
STEP 

E 

F 

EVENT 

S57105 actuated. 

K57106 energized. 

K88003 energized. 

K55701 de-energized 

S57106 

K57107 energized 

K57310 energized 

KBl201, KB1202 and K81203 
energized. 

~n.."R.nd 
----------.---$;~,~E ;~;-~;~-~su;~·;·,,(sSOCIATES OlViSION 

rlliSULT 

Energizes K57106. 
Lights FULL HEATER indicator. 

Energizes ~ 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 Me filament transformer pri­
maries thus shunting limiting 
resistors and permitting full 
heater supply to Me filaments. 

Energizes K57107. 
Lights BIAS indicator. 

Closes contact in circuit of 
K5710n and K5710C), 
Energizes K57310. 

Closes contacts In generator out­
put lines to bias circuits. The 
bias voltage +5 vdc, -14 vdc and 
-25·vdc energize the vias sensing 
-relays K81201, 1<81202 and KB1203, 
and provide continuity in Me 
power fault circuit that ener­
gizes Bias Fault relay K57312. 

Opens contacts 1n the bias fault 
indicator lines. 
Provides continuity ~ the bias 
fault circuit thus energizing 
Bias Fault relay K57312 through 
the closed contacts of K57102. 



THEORY OF 
OPERATION 

EllA 1103 

TABLE 4 .... 11 

SECTION 4 

NORMAL ON-OFF SEQUENCE OF OPERATIONS FOR 

MAGNETIC CORE l-OWER SUPPLY (CONT?D) 

STEP 
SUB­
STEP 

G 

H 

EVENT 

K57312 energized. 

557107 actuated 

((57108. energized. 

K57309 energized 

((57315 energized 

K57313 energized. 

KS7311 energized 

557108 actuated 

~-".,.. 
------" .. ---~~f~[;RINta 13;ulclt #SSOCIATU OI'lISION 

HESULT 

Opens contacts in line to equip­
ment Faul t Cont ro l. 
Closes holding contact in bias 
fiJ u 1 t c i rc u it. 
Closes co ntacts in ci rcui t of 
relays K:-j7108 and ((57109 .. 

Energizes K57100 through closed 
contacts of K57107 and K57312. 
Lights. POS. VOLTS indicator. 

Energizes KS7309. 
, Ene rgizes K..C)7315. 

Closes contacts in output lines 
of DC generators. Voltage out­
puts a rt~ regu lated to +200, +150, 
+100, +80, .80 and -100 vdc, and 
distributed to electronic cir­
cuits of the AI; system; +100 vdc 
energizes K57313, -80 vdc ener­
gizes KS7311. 

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 Me system. 

Gloses contact in MASTER CLEAR 
circuit to produce ~~STER CLEAH 
signal. 

Closes contacts in circuit of 
K57312. 
Opens ~ontacts in circuit of ~AO vde 
FAULT indicator. 

Energizes K57109. 
Lights OPERATE indicator. 



THEORY OF' 
OPERATION 

ERA 110:i 

TAfLE 4-11 

SECTION 4 

OORMAL ON-OFF SEQUEM::E OF OPERATIONS FOR 

MAGNETIC CORE POWER SUPPLY (CONr'O) 

STEP 

1 

SUB­
STEP 

I 

EVENr 

K57109 energized 

K57314 energized 

557101 actuated 

K57102 de-energized 

B. I'D RMAL OFF 

NORMAL ON-OFF button 
pressed. 

K57101 energized 

K57102 energized 

Cycle timer running 

RJP.~L~ 

----".- --$~~I~(~;I"S -KtS£;'~~SOCIATES OI~tS'ON 

RESULT 

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

Opens contact in MASTER CLEAR 
circui t. 

Allows K51101 to be re-energized 
with start of the OFF Cycle. 
Stops timer motor. 
Extinguishes TII£R 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 
FAULT but ton. 

Energizes K57101. 

Holds K57101. 
Energizes K57102. 
Holds K57102. 
Starts cycle timer (857101). 
Lights TI~R ON indicator. ' 

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

Actuates switches 557101, S57108, 
557107, 557106, 557105, 557104, 
S57103, S57102 and S57101 in that 
sequence over a two-minute period. 

4-177 



THEORY OF 
OPERATION 

EHA 1103 

TABLE 4-11 

SECTION 4 

M>RMAL ON-OFF SEQUENCE OF OPERATIONS FOR 

~lAGNETIC CORE POWER SUPPLY (CONr~D) 

STEP 
SUB­
STEP 

A 

B 

c 

D 

EVENT 

557101 actuated. 

[(57101 de-energized., 

S57108 actuated. 

K57109 de-energized .. 

K51314 de-energized. 

557101 actuated. 

K5710B de-energized. 

K5730Q de-energized. 

K57315 de-energized. 

557106 actuated. 

K57107 de-energized. 

K57310 de-energized. 

HtP.~IRL.~ 
·--·---·-------t~~';[~IU.G ~S~AI;~/fs$OCIATU DIVISION 

RESULT 

I 

De-energizes 1(57101.].1, 
lfulds K52702, and cycle timer, 
and lights TIMER ON indicator. 

Per,m1ts.MC power to be re-ener­
gized only through NORMAL ON-OFF 
but ton. 

De-energizes K57109. 
Extinguish OPERATE indicat'or. 

Removes +200 vdc and -lOOvdc 
operate voltages. 
De-energizes K57314. 

Closes contact in MASTER CLEAR 
line. 

De-energizes K57108. 
Extinguishes POS. VOLTAGE in­
dicator. 

De-energizes K57309. 
De-energizes K51315. 

. '. Removes generator output volt-
ages to +200, +150. +100, +80, 
-80 and ... 100 vde requlators. 

Removes 220 vac to -290 and -390 
vdc rectifier supplies. 

De-energizes K57107. 
Extinguishes BIAS indicator. 

De-energizes K51310. 
Opens contact In circuit of 
K57108 and K57109. 

Removes generator output volt. 
ages from bias regulators. 
Bias sensing relays de-energize, 
opening circuit to .K57312. 

4-178 



THEORY OF 
OPERATION 

ERA 11 O~1 

TABLE 4-11 

SECTION 4 

NORMAL ON-OFF SEQUENCE OF OPERATIONS FOR 

MAGNETIC CORE POWER SUPPLY (CONr'D) 

STEP sus. 
STEP 

E 

F 

G 

H 

EVENT 

K57312 de-energized. 

557105 actuated. 

K57106 de-energized. 

K55701 energized. 

K88003 de-energized. 

557104 actuated. 

K57105 de-energized. 

K57701 de-energized. 

557103 actuated 

K57104 de-energized. 

K55701 de-energized. 

557102 actuated. 

R~~~ 

---8'~~';E~;-I-~~; ~SE;~CN ,fsSOCIATES L)rVISION 

RESULT 

Re-sets contacts to normal 
position. 

De-energizes K57106. 
Extinguishes FULL HEATER 
indicator. 

Energiz"es "K55701. 
De-energizes MG Start.relay 
(1(88003). ( 
Removes 220 vac from -300 vde 
reference supply. 

Shunts filament dropping re­
sistors into primary circuit 
of Me fi lament transfornlers. 

Removes 220 vac supply to MG set. 

De-energizes K57105. 
Extinguishes LOW HEATER indicator. 
Stops·8TR, HRS. neter. 

De-energizes AC Contactor (157701). 

Removes regulated 220 vae from 
-500 vdc rectifier circuit, Me 
filament transformers and M:; 
Power Supply fi lament trans formers. 

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

De-energizes K55701. 

Close contacts in primary cir­
cuit of JI,[: filament transformers. 

Contacts close, creating ener­
gizing path for Emergency relay 
during next ON cycle. 
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ERA 1103 

TABLE 4-11 

SECTION 4 

OORMAL ON-OFF SEQUENCE OF OPERATIONS FOR 

MAGNETIC CORE POWER SUPPLY (CONTIID) 

STEP 
sus.. 
STEP 

I 

J 

EVENT 

557101 actuated. 

K57102de-energized. 

Main Disconnect Switch 
(S88oo1) Off 

K57103 de-energized. 

_L~ 

._.- ----- .. ---t..~,~[~;~~~ ~~~A~c~lfssICIAT£$ DIVISION 

RESULT 

De-energizes K57102. 
Stops cycle timer. 
Extinguishes TIMER ON indicator. 
Provides energizing path for 
K57101 when ~RMAL ON-OFF is 
pressed for POWER ON sequences. 

Opens contacts in bias fault 
circuit. 

Removes AC power from the entire 
equipment. 
De-energizes Emergency relay 
K57103. 

Opens contact in sequence con­
trol switch circuit and relay 
holding circuit. 
Closes contact in EMERGENCY OFF 
indicator circu~t. 

4 --IHO 
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STEP 

1 

1 

TAII.E 4-12 

SEQUE~E OF' OPERATIONS FOR VARIOUS VOLTAGE FAILURES OR 
EMERGENCY CIRCUIT INTERRUPTIONS IN THE Me POWER SUPPLY 

SUB­
STEP 

A 

B 

c 

o 

E 

F 

G 

A 

B 

A. BIAS, -80 VDC, OR POSITIVE OC OVERLOAD FAULT 

EVENT 

K81201, KB1202, KB1203 
K57311, K57301, K57302 
OX" K57303 de-energized. 

K57312 de-energized. 

K57109 de-energized. 

K57314 de-energized. 

K5710B de-energized. 

K57309 de-energized. 

K57315 de-energized. 

RESULT 

De-energizes K57312. 
Lights appropriate voltage FAULT 
indicator if caused by Bias or 
-no v Fault, 

• 
De-energized K57109 and K57108. 
Closes contact in circuit to 
equi pment Faul t Contro L 

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

Closes contact in master clear 
line. 

De-energizes K~7309 and K57315. 

Removes generator supply to +200, 
+150, +100, +80, -80 and -100 vdc 
regu lators. 

Removes 220 vac t.o -290 and -390 vd~ 
rectifier supplies. 

B. NEGATIVE DC OVERLOAD FAULT 

Overload relay K573 04 , 
K57305, K57306 t K57307 
or K57308 de-energized. 

K57309 and K57310 
de-energized. 

De-energizes K57309 and K57310. 

Remo~es generator supply to DC 
regulators. As a consequence, 
the bias sensing relays de­
energize, creating a repeat of 
part A above. 

Note~ To re-energize the Me power 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 SEQUEOCE swi tch to· 
OPERATE. 

__ Rand. 
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ERA 1103 SECTION 4 

STEP 

1 

SEQIJEOCE OF OPERATIONS FOR VARIOUS VOLTAGE FAILURES OR 
EMEJ~GEM;Y CIRCUIT INTERRUPTIONS IN THE rwr; POWER SUPPLY 

SUB­
STEP 

A 

B 

C • £MERGEr«.: Y OFF 

EVENT 

Emergency interlock circuit 
open, (sail switch open, 
high temperature thermostat 
operates, or an ElffiRGENCY 
button 1s pressed). . 

K57103 de-energized. 

RESULT 

De-energizes Emergency relay 
K57103. 

Opens contact in circuit of 
power sequence swItch thus 
causing all power sequence re­
lays to de-energize thereby 
removing all power to the Me 
system with the exception of 
220 vac to the power supply 
START circuit, cycle timer, 
and EMERGEM:;Y OFF indicator. ' 

Lights EMERGEM::;Y OFF indicator. 

Note ~ To re-ene"rgize 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. 

H~RruuL 
----·-~~f;E;RU'C ~;~~~~~S8CI&TfS n""",,,,, 
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SECTION 4 

a. rOOLING f.\Itc - The computer is cooled bv water-cooled air streams 
\','hieh enter ~!ach of the cahint~ts throU~lh adJustahle overlapping grills at the 
b"ttom of each bay rind leave through;] gri 11 cIt the top of each bay. The air. 
drawn from the room through dust .... removinq oil··conted metal filters. is passed 
I)n~r water-cc:lo]pd ~oils. then pumnedinto n plf"rtum chHmber by two centrifugal 
blowers. The air pressure in t~e plenum chBmbcr is constant but the flow of 
nir through a pRrticular bay is regulated bv adjusting the overlap of the grills 
loc(.lted nt the bot.tom of that hay. 'j'empe,rntur~ of the cooling air is maintained 
at ( .. 1(l~· by tlle air temperature controller locatect in the bay behind the regulator. 

Under nOl11ml conditi.ons the temperature of the cooling air will be rnised 
frnm 64°F' to about f32°F maximum during the heat exchanue. Should the exhaust 
temperature exce(~d 1 O{)Ul·' in any of the tube ch::Hll1els a "Klixontt thermostat 
mounte<i at the top of thf:~ ehrittne'l wi 11. hre:l k cnntact and create an A FAULT 
eOlaputer stop. This is indic::Jted hv operation of th,' TEMPERATURE indicator 
on the Supervisory Control hine1 nnd the amber tight locnted above the over-
i}{~(lted channeL The thermostat wilJ respt :]utontnt.icRlly when the temperature 
is reduced to 90°F (see suh--parngraph 12b (2) of this sect jon). 

Each bay, except the Imy containing the Su~ervisory Control Panel, contains 
a hi~lh temperatun~ thp.nnost~lt mounted nho\'e the channel having the highest ambi­
ent temperHt.ure. This thermostat brp.aks contact if the exhaust temperature ex-
(:eeds120oF. Operation of Cl high temperature thermostat creates an Emergency 
computer stop which shuts down the power supplY. 

i\ high temperature fault is indicated by operation of the EMERGEP«:Y OFF 
indicators on the l'{tain and OC rower Supply pnrlfds. All high temperature ther­
mo;;;tats must. be reset manually. 

b. COOLING WATf~R. - The cooltnn water rf:>quirem~nt for the computer de-
t.H'nds upon the room temperature and the temperature of the water supplied. 
Onder conditions where the tpmpen::iturp of the water is 50°F, the (relative 
humidity 50~'~;l and the room temperature a 'maximum of 82°F, a water pressure of 
;~o f.,s.i is needed t.o provide t.he 41 gallons ppr minute necessnry for cooling 
the a .i. r. 

The ;,vater, supplied from the cool i.na \vater main, passes through a pressure 
sensitive "Va 1cuumstat l1 valve ~lflri a rnotori7.Hd valve in th~ wHter intake 11n(~. It 
is then circulated through cooling coils located on each side of the blower hay 
and finally discharged throuqh a cort1rnon pipe to thH sewer. Condensate from the 
,:;00] ing coi Is i6 drained off to the sew~r throu(Jh <l 1/2 inch pipe~ Water rlo\~ 
through each of the cool ing coils is mnintHined equnl hy aqunlizing valves located 
in the eoolintJ coil discharue pipes. Temperature of the water being discharged 
from th~ cOl)l ing r.oils may be chfl'cked by ol)servinJ thE' thp,rmometers mounted in 
the discharge pipes near the (~qll;)lizjng valves. The "Vacuumstatt:· initiates an A 
F;.\ULl' if the watel' PTf!SSUrt~ is U18stieally reduced. The \vatcr fault is indicated 
by the glowing of the WATEH indic;.ltor on the Supervisory panel. The motorized 
valve is controlled by an air temperature controller located in the blower ci'-ih­
inpt Dnd opens or closes to maintRin sufficient cooling. 

,1-1n3 
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ERA 1103 SECTION 4 

8. GE~~RAL. - The ERA 1103 computer contains two protective interlock 
systems. as fshown on the Block Di&g'ram, Protective IAterlockl, 1. Envelope ~6 
of Volwne 7. They are named al followS: the Fault In'ter locks. designed pri­
marily to protect the equipment; the Emergency Interlocks. designed to protect 
both tbe equipment and personnel. The operation of either of these interlock 
systems will stop the computer program and/or remove equipment power. 

b. FAULT INTERLOCKS .... The Faul t Iuterlocks consist of 8 \A/atar Pressure 
Switch in thEt Blower (90000) Cabinet and Low Temperature Thermostats distrib­
buted th.roughout the computer. They are couected 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 pressur'e and a set of C01'1tacts that is operated by the diaphragm, During 
normal operation the contacts close to energize the Water Fault refsy located 
in the Control (30000) Cabinet. When water prelsvre drops the contaets open 
to de-energize the Water Fault relay (K30072). This relaYt in de-energizing. 
illuminates the WATER FAULT Indicator on the Supervisory Control Panel and 
energizes the A Fault relay. The subsequent A Fault stop. the computer program 
until water pressure is restored and the START button on the Supervisory Control 
Panel i. pressed. 

(2) LOW 1'a1PERATtJRE 1'8ERMOSTATS. - This eircui t consists of 98 bimetal. 
disc type thermostats distributed through the equipment such that one is located 
above eaeh vertieal row of plug-in chassis. Connected in series, they provide 
a ground for the Temperature Fault relay (K30074) loeated 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 lOOOF. Should this happen, the Temperature Fault relay is de-eneruized 
which in turn illuminate. the TDtPERATURE FAULT indicator on the Supervisory 
Control Panel 'f 1 igh t5 an amber Ind! ca t or above the over-haa ted 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 9OOF. 

c. D1ERGE~Y INfERLOCKS. - The Emergency Interlocks cODaist of cabinet 
door switehel" high temperature thermostats. vane switc.hes 1ft t1l8 main air duet, 
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/;" IMI ;:,;dEi\I;FNC:Y OFF pushhut.ton switches.. I'heY;l re n 11 connected in series 
;' !"jt>(~n 2~U V~lC and two pHralJf~1 Emergency relays: K~)710:3 in the Me Power 

• ;;:Jlld KHlI)U:) in the \lni,n Power Supply. Should the Emeruency Interlock 
:.i t'!"i'\·' ; be hroken by anyone of the switches both Emeruency relays de-eneruize 
wille in turn. will remove illl rvt;.~in and Me power. 

\ Ii CAIHNET nOOH INfEHLOCK SWITCIIE~, - Each cabinet door interlock is 
'O!!HV):-Of'd of iWo switches. One is D plunger t)'pe microswitch which is the 
~'LUril Jnt.~rlock. the other a push hutton type microswitch in parallel w.ith 

~ h,· fin,,! one "0 that the interlo"k may be t(:.mpornrily by-passed, making it 
: ·~,'iblf" ~o open a eabinet. uoor without breaking the Emergency Interlock cireuit. 
';H'(t~ Hn~~ 36 p.:dr;. of these swi1ches throughout the equipment; one pair is 
Pl\'lHil.p.d on th~ framfl' of e(tch cabinet door. The plun~er of the one switch pro­
trud~s Into the channel in which the door runs such that when the door is 
;os~d thA pJung~r is depressed. When the plunger is depressed. the switch is 

C OSPd 10 prov.ide continuity in thB Emergency Interlock circuit. The other 
s~ltcn is mounled such that the button which operates it protrudes outside the 
;ddneL When it is desired to oJJen a eabinpt, door without creating a.n emer-
I'ncy s,top the steps I.i.sted below must he f01loweo. 

Step 1. I'ress and hold in the by-pa!"s button mount(~d on the frame 
i.dJaeent to the door handle. 

~';tep 2.. Open the door and pullout the plunger located near tile upper 
corner of the door opening. 

Stt~p :;, After pulling out the plunger, release the by-pass button. 

,";!.e}) .::1, To elose the dOOf , P["(-'ss the by-pass button and hold in until 
U led 00 r i ~ f u 11 y c los ed . 

(2' HIGH TEMPEHATURE 'nIER~X)STArS. - Thert~ are eleven High Temperature 
ThermostlJr,s in the Emer\1(-Hlcy Interlock circuit which are identical to the Low 
remperaturp Th(~rmost.at:s in thp, Fault Interloek circuit except they operate Ht 
;',,(;c.'F r,:'ithpr than tOU"F and mUl'it be n'!Sf~t mHnually after they have been tripped. 
i,'here is one lOCHtf'd in each bay hvith the exception of the Supervisory Control 
I.~:iy {, IHower Cabinet I at the top of the tube channel having the highest ambient 
t f>mv(~rature. Should the exhaust temperature of a particular bay exceed 120uF, 
the High Temperature Thermostat associated with that bay will t.rip which will 
break the Emerqency Interloek circuit and t.hereby remove all power from the 
computer. As stated previousLY, all Hi9h Temperature Thermostats must be 
manuBlly reset hy pressinq a ptunqer connected to each thermostat. 

Thpre i~ no indicBt.or lamp eonneeted to the Hiqh Temperature Thermostat~ 
sho~ when ~ particular thermostat has been tripped. It is sufficient that 

~\I:fi)n"> Hiph Tpmper:at.ure Thermo~tnt oHend.es one or more Low Temperature Thermo­
»tats wi}; have be(~n operated and thereby will indicate where the overheated 
;.1,:) is IOf:ated 
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(3) ·BLCMER VANE SWITCHES. - Mercury switches. operated by air vanes 
mOWlted 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 mOlring air, maintain a torque on 8 linkage that close mercury Iwitches 
as long 8S the blowers are operating. When the mercury switch contacts are 
closed, contj~nui ty i. provided in the Emergency Interlock circu! t. Should a 
blower stop, the weight of the vane allows one of the mercury switches to open 
and thereby ereates an emergency power shutdown In the computer. 

(4) f~ERGENCY OFF SWITCHES .... On both the Main Power Supply control 
panel and the Me Power Supply control panel 1. a red EMERGENCY OFF pushbutton 
switch. When either one of these switches I. manually actuated, the Emergency 
Interlock circuit is broken. 
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