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SECTION 1 
INTRODUCTION 

1.1 SCOPE 

This new edition of the Data Processing System - System Briefs, Basic 
Revision B, is totally reorganized. This new edition includes not only 
hardware, but also software system briefs. Moreover, where applicable, 
failure analysis has been added to the hardware briefs to document corporate 
knowledge on failure modes. The data in this book should not be considered 
as source data. Please refer to the sources when they are supplied. 
Eventually there will be appendices containing a bibliography and a key word 
index. 

This new edition is divided into one minor and two major sections. First, 
the INTRODUCTION section relays to the reader the scope and purpose of this 
book and also presents an overview schematic of the data processing system. 
Second, the HARDWARE portion of the book contains briefs on the SiX major 
hardware elements of the DPS. Both the AP-101B and the AP-101S computers 
are covered in this section. The new SOFTWARE section of the book is 
divided into three sub-sections including initial program load descriptions 
for both GPCs, primary avionics software system, and backup flight software. 
The PASS and BFS sections are further subdivided to cover system services, 
input/output, and systems management software. 

Please submit all corrections and comments for improvement to me so that 
periodic updates can improve the quality of this book. Please be patient 
while the new software section matures. 

Data Processing System 
System Briefs 
Book Manager 

John D'Agostino 
Rockwell Shuttle Operations Company 

Johnson Space Center 
DF22 

Houston, Texas 77058 

1.2 PURPOSE 

The purpose of this book is to condense a large amount of hardware vendor 
specifications, IBM and Rockwell software specifications, and DPS deve loped 
information into a book that is operationally functional. Hopefully, the 
new edition of software briefs to this document will improve its value to 
the operational engineer. Please refer to the vendor documents and drawings 
if there is a question concerning the validity of the contents. 

[-1
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1.3 GENERAL LRU CONFIGURATION 

See figures 1-1, 1-2, and 1-3. 

1.4 REFERENCES 

References for the sources of data in this book are annotated thrugh the use 

of superscripts. Superscript numbers will generally be found at the end of 

a section or subsection title, table titles, and figure titles. Super- 

scripts refer to source documents listed in the REFERENCES subsection. This 

subsection is typically the last subsection in each section. 
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SECTION 2 
GPC-AP-101B 

2.1 OVERVIEW 

Each GPC is a modified IBM AP-101 CPU with a specially designed IOP which 
interfaces with the serial data bus network. These two line replaceable 
units (LRUs) of the GPC both contain portions of the main memory which are 
used by either LRU on a nondedicated basis. The CPU initiates al] input / 
output actions through the execution of instructions to the IOP. These 
instructions and data words are transferred between the CPU and IOP on a 
bidirectional parallel word data bus. 

  

The CPU is assigned the task of computation associated with the application 
programs. The CPU also provides clock synchronization, central control and 
handling of interrupts, and program control of IOP input/output requests. 
In fixed point, it is capable of 400,000 full word operations per second 
(four indexed full word adds to one indexed full word multiply). 

  
  

An IOP is asociated with each CPU to provide control and monitoring of data 
bus traffic, and thereby relieve the CPU of these time consuming operations. 
All data transmissions between GPC's, communications on the serial data 
buses, and discretes into and out of the GPC are handled by the IOP. Each 
TOP bus interface can operate independently of the others within that IOP. 
Each IOP has the capability of interfacing with 24 serial data buses. The 
data buses that the IOP actually monitors or controls are determined by 
software assignments. IOP data processing programs, which are stored in 
common main memory, are independent of CPU instructions and have their own 
unique instruction set. The CPU controls the IOP by instructions issued 
over an input/output parallel data bus which connects the CPU and the IOP. 

  

2.1.1 Component Locations 

The GPCs are located in the pressurized portion of the Orbiter in avionics 
bays 1, 2, and 3A. Figures 2-1 and 2-2 show these AV bays and the positions 
of the GPC's and other equipment in them. 

  

2-1
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2.1.2 Crew Controls (Hardware Switches) 

All hardware switches which interface directly with the GPCs are found on 
panel 06 (fig. 2-3). The GENERAL PURPOSE COMPUTER POWER switches 1 through 
5 supply power to each GPC (CPU and IOP pair). The OUTPUT switches, which 
have positions BACKUP, NORMAL, and TERMINATE, provide discrete inputs to the 
GPC (through the BFC), which enable/disable the GPC's transmitters on the 
flight critical buses, and provide a means of selecting one GPC as the BFS. 
The OUTPUT talkback shows barberpole if the GPC's flight critical trans- 
mitters are disabled (via hardware), and gray if the flight critical trans- 
mitters are enabled. The INITIAL PROGRAM LOAD (IPL) pushbuttons are momen- 
tary contact switches, and are used in the GPC initialization process. The 
IPL SOURCE switch has three positions, MMU 1, MMU 2, and OFF, and is used to 
select which MMU a GPC should use for initialization. For more information 
on GPC initialization, see section 9. The MODE switch provides the GPC with 
one of three possible discretes, RUN, STBY, or HALT (halt first goes through 
the BFC). When in HALT, the GPC is in a hardware control state and cannot 
execute software, STBY and RUN are software control states. 

2.1.3 Power 

Figure 2-4 shows how the GPC's receive power. As can be seen in the figure, 
each GPC has triple redundant power. OI telemetry indicates the status of 
each RPC supplying CPU and IOP power. The Forward Launch Control Assemblies 
(FWD LCAs) shown allow the ground to command GPC's on and off through LFl 
while the Orbiter is on the pad. | 

The CPU and IOP power supplies are identical. The normal input voltage for 
the GPC is 28 volts dc. The GPC will continue to operate normally for in- 
terruptions of input power of up to 400 ps. A GPC will operate at a steady 
State voltage of 18.5 volts (plus or minus .5 volts). A Power Off Interrupt 
(POI) is issued when the input voltage falls to 17.5 volts, or when any GPC 
internal power supply voltage falls to 95 percent of its normal operating 
value. A shutdown condition detected by either the CPU or IOP power supply 
will result in a power off of both supplies. A POI results in an orderly 
GPC shutdown wherein the CPU Program Status Word (PSW) and registers are 
stored in memory. The GPC response to powerup after a POI is software 
dependent. (A PASS GPC cannot be used if powered off in RUN or STBY. The 
BFS has a power-on restart capability and may be used even if it iS powered 
off in a state other than HALT.) 

2.1.4 Cooling 

GPCs are cooled with air which is circulated through the AV bay by AV bay 
Fans. There are two fans in each AV bay, and normally only one fan in each 

bay 1S powered. . 

Thermal tests were conducted to determine how long a GPC might be expected 
to run in a loss of cooling case. In the test, a GPC was allowed to run 
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until its hottest component reached the maximum specification temperature 
(125° C). A GPC should continue to operate up to a maximum component tem- 
perature of 150° C. Therefore, the data from the thermal tests were extra- 
polated to determine how long it should take to reach a maximum temperature 
of 150° C. The information from the tests is shown in table 2-I. The 
Flight Data File procedures for loss of cooling cases were built using the 
150° data. 

  

The term “cold soak" means to let the GPC cool off while being powered off 
until it reaches ambient temperature. A GPC which is turned off as soon as 
cooling is lost will be cold soaked in approximately 3.5 hours. A GPC which 
is allowed to continue operating after cooling is lost until its maximum 
component temperature is 125° C, will be cold soaked after being off for 
approximately 4.5 hours. 

  

  

  

  

  

TABLE 2-I.- GPC LOSS OF COOLING OPERATION LIMITS     
  

Operating time (minutes) to reach 
Initial conditions at time 

cooling lost   

125° C 150° C 

  
  GPC powered on and at normal 26 60 

operating temp, 1 atm 
pressure 

GPC cold soaked, 1 atm 56 90 
pressure , 

a 
GPC powered on and at normal 20 50 

operating temp, O atm 
pressure 

GPC cold soaked, O atm 45 75 
pressure 

  

    

          
  
  

  2.1.5 Connectors 

    Figures 2-5 and 2-6 show the connector locations for the CPU and IOP. Fig- 
ure 2-7 shows the pin assignments for a typical 128-pin connector used in 
the GPC. Figure 2-8 shows the pin assignments for the four-pin power con- 
nector used in the CPU and IOP. Table 2-II defines the signals for each of 
the connectors’ pins. 

 


