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Creation of the Block Il Controller

The Block Il Controller was created primarily due to parts obsolescence
in the existing Block | SSME Controller. In 1980, Signetics discontinued
production of the 8000 series logic microchips. The series 8000 is the main
logic family in use on the Block I. By 1982, 37 of the 266 electrical part types
had become commercially unavailable. This trend continued so that by 1985
over 30% (80 parts) were unavailable.

In September 1982, Honeywell proposed the inception of the Block Il
Controller in order to address this issue of parts obsolescence.

Block Il Program Milestones

r
Honeywell submitted a formal change proposal for the Block Il Controller

mber 1

Rocketdyne approved Honeywell's change proposal and issued a purchase
order

January 23, 1984
Block |l Controller ECP 704 Basic approved by MSFC

September 5, 1984
Preliminary Design Review (PDR) held at Honeywell with 47 Review ltem
Discrepancies (RID's) generated - all have been closed

September 10, 1985
Critical Design Review (CDR) heid at Honeyweli with 24 RID's generated - all
have been closed

Block |l Controller Brassboard unit #1 shipped in place to Honeywell

Febryuary 27, 1986

Block Il Controller Brassboard unit #2 shipped to Rocketdyne Canoga Software
Lab (CSL) for software development

December 5. 1986
Block |l Controller Brassboard unit #3 shipped to Huntsville Simulation Lab
(HSL) for software testing

Block Il Controller completed Qualification Testing

June 30, 1989
First flight configuration Block Il Controller (F31) shipped in place to Honeywell
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April 10, 1990
Block Il Controller F34 successfully hotfired at J.C.Stennis Space Center (SSC)
for 265 seconds duration utilizing single DCU software

December 12, 1
Block Il Controller F40 successfully hotfired at SSC for 530 seconds duration
utilizing dual DCU software (AAB08)

m

Block Il Controllers F32 and F35 successfully completed hardware hotfire
certification

Block Il Controller began software hotfire certification utilizing flight software
(AAA02)

March 13, 1992
Flight Readiness Firing (FRF) for OV-105 scheduled to be supported by Block |l

Controllers
April 16, 1992
Scheduled first Block Il Controllers flight use on orbiter OV-105 (STS-49)
Design Guidelines for the Block Il Controller
Primary Design Goals
: Design the Block Il Controller to be mechanically and electrically equivalent
to the Block | Controller
: Maintain existing engine control accuracy and stability
: Improve MCC Pc and LPFP Discharge Pressure measurement stability
: Maintain fail-op / fail-safe capability

: Utilize updated microelectronic parts having a minimum commercial
availability forecast of 10 years

: Provide hardware selt-test to reduce the dependency on software to do the
same function

: Improve processor and memory margins to allow higher order language
and resident ground checkout program (no software overlays or patches)

: Increase reliability by decreasing the number of EEE parts using Class S
parts where available
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- Provisions for spare sensors / effectors which could be used on the next
generation SSME

: Incorporation of FASCOS into the controller
: Production cost reduction

< Maintenance cost reduction

Physi i irem

Size : Length 24" x Width 14.5" x Height 18.3"
Weight : 190 pounds or less

Parts : Mechanical - MC, MS, AN or MIL

: Electrical - 85M03928 Grade 1 Level
: Connectors - RES1235 and 85M03928 (MIL-STD-975)
Seal : Hermetically Sealed
Cooling : Radiation and/or Convection Cooling
Redundancy : Dual Redundant (Fail Operational after first failure, Fail-Safe
after the second failure)

Electrical Design Requirements
Input Power :AC - 309, 115V (+5 V), 400 Hz
: DC - +28V (+4V)
Processor : MC68000 (8 MHz Model) in self-checking pair configuration
Memory : 84K Words of CMOS RAM at 16 Bits per word in self-checking
pair configuration
: 2K Words of PROM at 16 Bits per word in self-checking pair
configuration
Inputs : 22 Temperature Sensors
: 34 Pressure Sensors
: 10 Pulse Rate Counters
: 6 Igniter Monitors
: 12 Hydraulic Actuator Valve RVDT Position Sensors
: 15 Pressure Actuated Valve LVDT Position Sensors
: 3 Serial Data Command Channels
: 6 Vibration Sensors
Outputs : 26 Solenoid Drivers
: 18 Servoswitch Drivers
: 6 Igniters Command Drivers
: 12 Servovalve Drivers
: 6 Vibration Telemetery Outputs
: 2 Serial Data Recorder Outputs

Acceptance Test Environmental Requirements
Thermal : 8 Thermal Cycles from -55+5°F to +95 +5°F while operating
Vibration : Axis X1 =7.2 Grms, X2 = 7.13 Grms, X3 = 7.41 Grms ranging

from 20 to 2000 Hz, 10 minutes per axis, hardmounted
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lificati vir l men
Thermal : 55 Thermal Cycles from -55+5°F to +95 +5°F while operating
5 Thermal Cycles from -55+5°F to +140 £5°F in a vacuum while
not operating
Vibration : Workmanship - 10.77 Grms from 20 to 2000 Hz, 90 minutes per
axis, hardmounted
: Shock - 120 transient vibration pulses (composite shock),
softmounted
: Steady State - 27.64 Grms (X axis), 33.06 Grms (Y and Z axes)
random vibration with super imposed sine wave 7.5 hours per
axis, softmounted
EMI : Following tests per MIL-STD-462 and SL-E-002
Conducted emission (CE01, CEO3)
Conducted susceptibility (CS01, CS02, CS06)
Radiated emission (RE02)
Radiated susceptibility (RS03)
Time domain and transient ripple (TT01)

Lightning : Meet applicable requirements of NSTS 07636 for field intensity
of 150 amperes per meter
Acoustic : 153 db near field acoustic noise for 35 minutes

Block Il Qualification Test Summary

55 thermal cycles from -55°F to +95°F, with 10 cold starts
Completed January 5, 1989 - TR34080203

90 minutes vibration in each axis - hardmounted
Completed January 9, 1989 - TR34080206

Steady State Vibration Test
7.5 hours vibration in each axis - softmounted
Completed January 25, 1989 - TR34080205

120 shocks in each axis
Completed January 25, 1989 - TR34080204

Conducted emission (CE01, CE03)
Conducted susceptibility (CS01, CS02, CS06)
Radiated emission (RE02)

Radiated susceptibility (RS03)

Time domain and transient ripple (TTO1)
Completed March 3, 1989 - TR34080209
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35 minutes exposure to an acoustic noise field from 10 Hz to 10,000 Hz,
with a sound level of 153 db
Completed March 23, 1989 - TR34080210

Pressurized to 58.9 PSIG for 2 minutes
Completed March 30, 1989 - TR34085021

H 1
25 openings and closings of the dog house filter cover, inboard cover
and electronic chassis
Completed April 3, 1989 - TR34087499

herm n- i n
8 thermal vacuum cycles for -75°F to +150 °F
2 thermal cycles at ambient pressure from -55°F to +190°F with 6 hour
dwells at +150°F
3 thermal cycles from -75°F to +190°F with memory hold-up voltages
applied
Completed April 5, 1989 - TR34080207

Break Open Inspection
Thorough teardown hardware inspection
Completed May 8, 1989 - TR34085022

Prototype Design Verification Tests
Ground Bounce, Completed May 8, 1989 - TR34080210
Intermittent Solenoid, Completed June xx, 1989 - TR34088259
I/O Faulit insertion, Compieted June xx, 1989 - TR34079282
Power Transient, TBD by HSL - TR34080202

ightning Pr ion Verificati
Lightning Transient Analysis Completed

NSTS 07636 Rev.F deleted test, exempted SSME from Indirect Effects
Verification - October 16, 1991
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Block | vs Block Il Controller Summary

Production Comparison

BuldTime 45 weens 25 wasks

MIB - final assy time 37 weeks 11 weeks

MIB - assy method hand solder & stitch weld wave solder

MIB - inkprocess assy 5,900 hours 2,700 hours

Hand solder joints 137,000 10,000

EEE Part types _ 1,936 840

Total Number of parts 24,479 15,806

System Comparison

FAS%%%QM Exl%glnéﬁlal thru DIO Bus Ir%?rﬁg-ll{hru IE

Special memory loader Tape Internal PROM

Ground checkout programs  Overlays Resident
Failure data recorder None 2K x 48 Bits

Weight 233 Ibs with FASCOS 210 Ibs

Power 620 Watts with FASCOS 400 Watts

Sensor inputs 91 106

Control outputs 44 62
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Computer
Throughput

Error detection
Inter-DCU comm.
Software language
Memory

Access time

Error detection
Volatility
MIB

Honemyv%gﬁ_lsoz
400 KIPS
Sample problem
OE output words
Assembly

16 K (Plated wire)

400 nsec read
1 usec write

Parity
Non-volatile

Stitch wire

Electronics Comparison

lock |
Motorola 68000

573 KIPS

Self-checking pair proc
Inter-DCU status register
'C' (higher order)

64K (SRAM IC's)

75 nsec read
75 nsec write

Self-checking data/addr
Volatile (batt backup req'd)

Multi-layer circuit board

Sensor Interface Comparison

I/O control

A/D conversion
Temperature Accuracy
Temperature Failure

MCC Pc / LPFP Disc Pr
stability

IE speed
2 KHz source

Servoswitch monitor

Block |

Special instructions

10 Bit - 100 usec

1.5% of full scale

Block |
Memory mapped 1/O
12 Bit - 50 usec

1.0% of full scale

Hot gas can fail qualified Cannot fail qualified

0.50%

9.5 msec (all words)

0.25%

6.4 msec (all words)

CIEB cannot supply OEA CIEB can supply OEA

Voltage

Current
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Input / Output Comparison

System Block | lock Il

Input Electronics

Temperature sensors 20 27

Pressure sensors 32 36

Pulse rate convertors 18 10

Igniter monitors 6 6

RVDT sensors 11 12

LVDT sensors 4 15
Output Electronics

Solenoid drivers 13 26

Servoswitch drivers 15 18

Igniters 6 6

Servovalve drivers 10 12

FASCOS
Vibration inputs 0 (external controller) 6
Telemetry outputs 0 (external controller) 6

Card Module Comparison

Module Block | Block 1l
Input Electronics 16 11
Output Electronics 14 14
Computer Interface Electronics 15 13
Processor 14 2
Power conditioner 2 0
Memory 16 8
Voltage monitor _0 0
Totals 77 50

Engine Interface Differences
Mounting and Harness brackets differ
J14 harness required modification (connector clocked differently)
Ground straps are different lengths
Accelerometer cables are different lengths

28 VDC power (J57 on engine interface) requires capped connector to maintain
Block | / Block Il interchangeability on the orbiter
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@3103130 OVA 0€F NVHL H3LV3IHD dI AT3LVIGIWANI NMOA SLINHS -

HOLVHVAWOD Sng OV JHL WOHd ANVWWNOD
NO NMOQLNHS HOLHIANOD GNV (1AHS) NMOALNHS ‘(1agd) NMOa snd 4HIMOd 3NSSI

219017 sSng JV -
HOLHIANOD 3a - 3d STOHLINOD HOIHM H3ITdNOD TVIILdO OL JdA SiI S3lddV -
A 6'G < dN-GTOH A S+ dI HOLHIANOD 34 - 040 dN-GTOH NMOALNHS -
NMOQLNHS HOLYIANOD dN-CTOH -

3ON3HI43H NOISIOFHd OL dN-ATOH A S+ A3AIH3A OAA 82 SIHUVINOD -
HOLVHVAWNOD 3IDVLITOA HIAO dN-GTOH LTOA S

HOLINOW SISSVHO QHVOS@NI
AlddNS H3IMOd 11 X008




(04TONOW) SIDVLTIOA HNILVHILO 40 SSO1 -
I9VLTIOAHIAO SNA IV
I9VLTOAHIANO AlddNS AHVANODIS V
NOdn (ONO4VSMd) NO HOLIMS AL34VS HIMOd S3ANSSI °
JOHLNOD HOLIMS AL3dVS HIMOC °

I9VLTOAHIANN (0ANTOAS) J1D0T LTOA § V NOdN °
IDVLTIOAHIANN SNE OV NV HIL4V Sh 001 -
IOVLTOAHIAO HOLVINDIH AHVANOOIS HO SNE IOV NV NOdN °
(1440AND) NMOALNHS HOLHIANOD S3ANSSI °
NMOQLNHS HOLYIANOD AHVWIHM °

HOLINOW SISSVHO QHVOENI
AlddNS HIMOd 1l 10018



(Sn 00L) NMOGQLNHS HOLYIANOD HOS SLINOHIO JIDOTVAVIAA -
21901

dnN HIMOd NOdN SLINJYHID TV S13S3H -
Hv3T1O dn H3IMOd

HOLINOW SISSVHO auvOeNI
AlddNS HIMOd 1l X004




NOILIGNOD NMOQ HIMOd 40 HITTOHLNOD S1HITV -
NOILIONOD NMOQd HIMOd V S103130 -
J1907 440 / NO HIMOd

(LIAVSWIN) IAVS AHOWIW ‘013S3IH ‘0HVITO ‘(0HTONOW) HVITO HOLINOW -
019071 440 / NO HIMOJ OL HIWIL 13S3H SN ST'I IAIAOHd -
moicﬁom._m mu.:_oﬁzao oz_._m<zw 0oL HolHd AV130 sui gt 30IA0Hd -
mmwxﬁ ‘Avi3a -

) ATANISSY HOLINGH

{ m0<._.._0>
~A1ddNS-HIMOd |

V_OQ g



