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operation, the United States Government thereby incurs no responsibility nor any
obligation wha tsoever ; and the f act  that the government may have f ormulated ,
furnished, or in any way supplied the said drawings, specifications, or other
data, is not to be regarded by implication or otherwise as in any manner licen-
sing the holder or any other person or corporation , or conveying any rights or
permission to manufacture, use, or sell any patented invention that may in any
way be related thereto .

This report has been reviewed by the Information Office (01) and is releasable
to the National Technical Information Service (NTIS). At NTIS, it will be avail-
able to the general public, including foreign nations.

This technical report has been reviewed and is approved for publication.

~~~~~~~~~~~ JANOSKO. Capt , USAF RONALD L. RINGO, Chief
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Reconnaissance & Wpn Delivery Div

FOR THE COMMANDER

“If your address has changed, if you wish to be removed from our mailing list,
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FOREWORD

This report was prepared under Air Force Contract F33615-75-C-1301, Project
No. ADP 666A and covers work performed by the Autonetics Group of Rockwell
International , 3370 Miraloma Avenue , Anaheim , CA 92803 , for the Air Force Avionics
Laboratory, Wright-Patterson Air Force Base, Ohio. This final report consists of
two volumes of which this is Volume II. The titles of the volumes are :

Volume I Technical Report

Volume II Appendices

The purpose of the MICRON Phase 2B contract was to design , develop, fabricate ,
and integrate the Engineering Prot otype MIC RON (EPM) and its associated software
and test equipment . The MICRON is a low cost , highly reliable , moderately accurate
inertial navigation system which utilizes electrostatic gyroscopes (ESG).

This program was conducted from 5 August 1975 through 25 February 1977. It
was directed by the MICRON Program Manager , J. A. Schwarz; the MICRON Assistant
Program Manager , J. E. Menzel; the Engineering Manager , A. P. Truban; and the
Project Engineer , G. E. Runyon. The cognizant Air Force Project Managers on this
phase of the MICRON program were Captain W. G. Peterson and Captain R. E. Janosko,
A FA L/RWA -666A. The contractor submitted the draft of this report in May 1977. The
contractor ’s final submittal date of this report was August 1977.

The principal contributors to this report were A. P. Andrews , T. F. Brasher ,
H. L. Bump, J .  D. Courtier , K. J. Gibson, F. 3. Guide , F. R. Hall , D. W. Holmes,
K. K. Jin, L. E . Johnsen , J. Jurison, J. F. Klinchuch, and J. M. Mille r.

This report has been assigned the Internal Rockwell Control Number , C75-787/201.
All correspondence relating to this document should reference this number .
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APPENDIXA . EPM HYBRID STATU S AND TECHNOLOGY

A. 1 HYBRID DESIGN AND STATUS

There are 31 different hybrid circuit types and a total of 63 hybrids utilized within
the EPM (N73) system. Both thick and thin film substrate technology is used. Thin
film technology is used when good resistor stability and tracking is required. Thick
film technology is used in logic-type hybrids and hybrids where resistor performance
requi rements are not too demanding. A summary of the hybrids fabricated , assembled,
and tested is given in Table A-i. Hal ex Inc. fabricated the substrates which utilize the
thin film technology. Halex resistor networks have been shown to provide very good
stability. The thick film hybrid substrates were fabricated at Autonetics. All the
hybrids were assembled and tested at Autonetics.

A. 1.1 Hybrid Packagir~g

Two basic schemes are used to package the MICRON Phase 2B Hybrid Micro-
electronics as shown ir . Figure A-i and A— 2.

L FLATPACK (BUTTERFLY)

1. 1P1605—1 60 leads 1.700 x 0.945 x 0.125

2. 1P1605—4 30 leads 1.700 x 0.945 x 0.125

3. IP1100MOD 40 leads 1.130 x 0.945 x 0.263

IL PLUG t~
1. 35018 31 pin 1.770 x 1.245 x 0.191

2. 35019 63 pin 1.770x1.245 x 0.19l

3. 35019Q01 47 pin 1.770 x 1.245 x 0.191

The packages are gold plated Kovar. The flatpacks are soldered to the PCB
board material , and the Plug in packages are inserted into sockets with the four corner
pins soldered down to the PCB.

A. 1.2 Hybrid Cireuits

Two types of hybrid technology are used:

L Thick Film

IL Thin Film

A. 1.3 Substrate Materials and Processes

A. 1. 3. 1 Thick Film Multilayer

The substrate material for hybrids using thick film multilayer is 96 percent
ungLazed alumina having a surface finish of 25 microinches CLA .

1
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The alumina substrate is used as the insulating base on which a number of
conductor , resistor , and insulating layers are sequentiaLly screened and fired. The
insulated conductor layers are connected using a system of filled vias (or windows) in
the insulating layer.

The conductor material used is a high gold content fritiess gold (016990) . Gold
conduc tor compositions are used in all applications requiring thermocompression wire
bonding, beam lead bonding and ultrasonic wire bonding. The sheet resistivity of fired
gold conductor compositions is less than 0.005 ohms per square.

The insulator is a low K com position glass-ceramic (K = 6 to 12) and is used to
provide insulation between conductor layers. Typical crossover capacitance between
two 0.005 in. wide line running perpendicular to each other and separated by a nominal
insulator thickness of 0.001 in. is 0.05 pF. Two layers of insulation between conductor
layers are used to minimize any possibility of pinholes.

The following criteria are used to design high density multilayer interconnect
structures:

Conductors

1. Minimum width and spacing 0 .005 in.

2. Lines are orien ted parallel or perpendicular to
each other and the edges of rectangular
substrate

3. Beam lead bond sites 0.006 in. wide with
0.004 in. space

4. Spacing between upper layer conductor and 0. 005 in.
edge of device installation window

5. All beam lead bond sites are screened on
the lowest metalization level

6. Maximize conductor densities on the lowest
possible conductor layer

7. Avoid adjacent parallel conductor run s
on different layers

8. Use two levels of conductors

9. Wire bond sites 0.005 sq. m m .

Insulator

1. Substrate edge distance 0.005 in. m m .

2. Via size 0.0075 in. x 0.010 in.
m m .

4
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3. Vias connecting parallel conductors
staggered.

4 Minimum insulator width 0.005 in.

A .1.3.2 Plated Thin Film

The plated thin film substrate is used in metal hybrid packages where stable
resistor values are required.

The thin film substrate is an unglazed 99. 5 percent alumina structure with a
surface finish in the order of 2 to 6 microinches CLA (as fired) . The substrate is
coated with gold over nickel over nichrome in a vacuum deposition chair ber. The
deposited gold is electrodeposited with gold to provide gold TC beam lead bondability

• and low sheet resistivity . The nichrome provides metalization adhesion to the substrate
and a nickel barrier is deposited between the gold and nichrome to eliminate adverse

• conditions caused by stresses at the interface. The conductor pattern is delineated by
a chemical etch process. The resistors are stabilized in air at 230°C for 95 hr then
at 150°C for 168 hr.

The conductor interconnect design criteria is basically that of thick fi lm.

A .1. 4 Assembly Materials and Processes

Table A—2 summarizes the use of materials in fabricating the hybrid
microcircuits.

A .1.4.1 Organics

Nonconductive epoxy is used to attach; substrate-to-case; non-beam lead active
and passive elements (not requiring back contact) and transformers.

Electrically conducting, silver filled epoxy is used to attach nonbeam lead
active devices (requiring back contact) and chip capacitors.

See Table A—3 for specific epoxy material properties.

A .1. 4 .2 Microjoining

Beam lead devices are bonded using one-at-a-time TC bonding (IC ’s).

Ultrasonically bonded aluminum or gold wires (1.00 mil diameter) are used to
interconnect nonbeam lead active and passive devices. 1.5 mu diameter gold wires
will be used for case—to—substr ate connections .

A.1 . 4.3 Hermetic Sealing

A .1.4 .3 . 1 Metal Package Seal. An 80-20 gold-tin preform is used as the
sealant between the gold plated package and lid. The seal is effected using a Solid
State Equipment Corp. (SSEC) seam sealer which allows the substrate to case epoxy
bond line to be held at < 100°C. Acceptable leak rate is equal to or less than
5 x iø~~ He ATM cc/sec.

5

A



~

TABLE A-2. MATERIA LS

Bond Method/Materials

Sub-To-Case Nonconductive Epoxy (Ablefilm 529)

Sub-To-Sub (Charge Amp) Nlonconductive Epoxy (Ableffi m 529)

Chip-To-Sub

- Chip C’s Conductive Epoxy (Able Bond 36-2)

- Chip R ’ s Nonconductive Epoxy (ECCO Bond 104)

- Chip IC’s Conductive/nonconductive Epoxy
(Able Bond 36-2/ECCO Bond 104)

- Chip Q’s Conductive Epoxy (Able Bond 36-2)

Wire Bond

- Chip IC’s Ultrasonic A on Thin Film
Ultrason ic AU on Th ick Film

- Chip Q’s Ultrasonic A on Thin Film
Ultrasonic AU on Thick Film

- Pack-To-Sub Ultrasonic AU on Flat Packs
Thermocompression AU on Plug In

Beam Lead Devices Thermocompression

Seal (Metal Package) Seam Seal 

(Gold-Tin)6
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TABLE A-3. EPOXY PROPERTIE S

Eccobond 104 (Insulat ive Epoxy)

Meets NASA Outgassing Requirements for Space Application
( < 1  percent TWL)

Thermal Stability (TGA): Flat (No Weight Loss), 100°C — 300°C

Total Weight Loss (TWL): 0. 1 peteent After 700 hr at 150°C

Shear Strength (With 150—6 Primer): >880 PSI (20°C — 250°C)

Ablebond 36-2 (Conduct ive Epoxy)

Meets NASA Outgassing Requirements for Space Application
(< 1  percent TWL)

Thermal Stability (TGA): FLAT (No We ight Loss) , 100°C - 300°C

• Total Weight Loss (TWL) : 0. 4 percent after 700 hr at 150° C

Shear Strength: >880 PSI (20°C — 250°C)

No Evidence of Corrosion or Silver Migration at 85 percent RH , and
85 C for 200 hr

Volume Resistivity : 0.0001 ohms-cm (Vendor Data Sheet)

A. 2 HYBRID ASSEMBLY AND TEST

All hybrid circuits are fabricated per Documented ESWA procedures.
Figure A-3 shows a typical E SWA Ticket. This ticket shows the step—by-ste p flow
of operations performed on the hybrids and the process specifications utilized in the
assembly process. The operator or inspector signs and dates the ticket when each
operation is completed. All rework information is also recorded on the ESWA 

ticket.7



Stabilization bake (24 hr)

Temperature cycling

Constant acceleration

Hermeticity

Burn-In (168 hr)

1?4nnl  f,,,-. .-.#t -...~nl i- .-,~ ..i- TT ~~~~~~~ - --

- -~~r-~~—~
-
~ - - -  

- 
- ~~~~~~~~~~ _J=_.__~~~~~~~~~~~

_
- -



PAGL P~~ 1

A24629 0 ESWA 
_ _ _ _ _ _ _

___________ 
M I C R O N  P HASE 25

_____________ T~ 
D/244, 251. 252 l~ 253,~~M D/252 flAT’

A~C1PTID DY AUTHO*IZSD DY

~~~~ ,~~ UT. HOURt IVT. COMPUTION DAT’

DOCUMLNTATION R(Q’D EYES I X I [~~ I~~~~~ I 
TO II FLIGHT TCSTIO OR DILIVO ~ii]~j(J [NO I

MATL TO SS PUSH. BY lISP. 5MG. Sa l- C No LIHG. SHOP $51-C No

INSTRUCTIONS SCSP. ING L. R. Enlow .~~ 1452

Perform microcircuit assembly,test and inspection per the applicable
microcircuit drawing and page 2 of this ESWA.
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The process specifications called out on the ESWA ticket are compatible with the
requirements of MIL-M-38510. The screen tests are essentially the same as the
Class B screen tests specified in MIL-STD—883. One-hundred percent screen tests
are performed on all hybrids. The screen tests include the following:

Preseal

100 percent wire bond pull

Operating temperature functiona l test (Final)

Internal visual

• Post-Seal

Stabilization bake (24 hr at 12 5°C)

Temperature cycling (10 cycles (-55°C and +125°C)

Constant acceleration (3000 G’s)

Hermeticity

Bur n—in (168 hr at 105°C ambient)

Final functional test (operating temperature)

All data have been recorded each time a hybrid circuit was functionally tested.

10
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A. 3 DESCRIPTION OF TYPICAL EPM HYBRIDS

Figures A-4 , A-5 and A-6 show samples of the hybrid types used in ithe EPM.

Figure Item Substrate Package

Figure A-4 Servo Network Two—layer 31 pin
(12405—507—1) thick film plug—in

Figure A-5 MUM Demodulator Two-layer 60 pin
(12515—507—1) thick film flatpack

Figure A-6 Modulator Thin-film 47 pin

____________________ 

(12425—507—1) plug—i n

Figure A-4. Servo Netwo rk

11
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Figure A-6. Modulator
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APPENDIX B

THERMAL STRESS ANALYSIS RESULTS
FOR ACTIVE COMPONENTS ON

HYBRID CIRCUIT S
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CIIAIIGE AMP TC = 76°C

Worst

Nominal Case Nominal Worst Case Case

Component T 
T~ TName ~ T J DP Stress ~ T J DP Stress

*
Qi 2N3439A 28.1 104.1 0.25 0.452
Q2 MJC5416B 28.1 104.1 0.25 0.452
AR1 CF2620 6.63 82.63 0.075 0.461
AR2 CF2620 6.63 82.63 0.075 0.461
AR3 LF156 6. 89 82.90 0.075 0.463
CR1 BD3600 0.3374 76.34 0.001 0.342 0.6745 76.67 0.002 0.3445
CR2 BD3600 0.3374 76.34 0.001 0.342 0.6745 76.67 0.002 0.3445
CR3 BD3BOO 0.3589 76. 36 0.001 0.342 0.7178 76.72 0.002 0.3448
CR4 BD3600 0.2548 76.25 0.001 0.342 0. 5095 76.51 0.002 0.3434
CR5 MC5639-2 0.6393 76.64 0.001 0.344 1.28 77.28 0.002 0.3485
CR6 MC5639—2 0.6394 76.64 0.001 0.344 1.28 77.28 0.002 0.3485
CR7 BD3600 0.1952 76.20 0.001 0.341 0.3905 76.39 0.002 0.3426
CR8 BD3600 0.3373 76.34 0.001 0.342 0.6745 76.67 0.002 0.3445
CR9 BD3600 0.1756 76.18 0.001 0.341 0.3512 76.35 0.002 0.3423
CR10 BD3600 0.1756 76.18 0.001 0.341 0.3512 76.35 0.002 0.3423

SAMPLE & HOLD GAP TC = 68°C

Worst
Nominal CaseNommal Case 
T Worst Case 

______ TComponent 
T 

- 
TName ~T J DP Stress 

________ 

J DP Stress

AR1 CF2620 5.091 73.09 0.090 0.385 7.015 75.01 0.124 0.4001
AR2 CF2620 4.554 72.56 0.090 0.380 6.2774 74.28 0.124 0.3942
AR3 CF2620 4.554 72.56 0.090 0.380 6.2744 74.28 0.124 0.3942
AR4 CF2620 4.554 72.56 0.090 0.380 6.2744 74.28 0.124 0.3942
AR5 LF156 5.415 73.41 0.090 0.387 7.46 75.46 0.124 0.4037
Zi CD4053 BH 0.06 68.06 0.002 0.345 0.09 68.09 0.003 0.3447
Z2 CD4053 BH 0.06 68.06 0.002 0.345 0.09 68.09 0.003 0.3447

*This data not available for nominal but since worst case Tj  stress is less tha n 0. 5,
the nominal is also less than 0. 5. Reliability guidelines recommend stress ratios
less than 0. 5 for nominal and 0. 75 for worst case.

14

-

~ 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



_ _ _  - 

~~~~~~~ 

50 KHZ BUFFE R/ EM A POWER SU PPLY TC = 65°C

Worst
Nominal CaseNominal Case T Worst Case TComponent T J T J

Name ~ T J DP Stress ~ T J DP Stress

Qi B2T2222A 0.0932 65.93 0.002 0.234 1.864 66.86 0.004 0. 2392
Q2 B2T2222A 0.736 65.74 0.002 0.233 1.473 66.47 0.004 0.2370
Q3 B2T3725B 1.667 66.67 0.013 0.238 1.846 66.85 0.015 0.2391
Q4 B2T3725B 1.667 66.67 0.013 0.238 1.846 66.85 0.015 0.2391
Zi LSO3 0.748 65.75 0.008 0.320 1.122 66.12 0.012 0.3290
CR1 BD3600 0.439 65.44 0.001 0.270 0.878 65.88 0.002 0.2792
CR2 BD3600 0.382 65.38 0.001 0.270 0.763 65.76 0.002 0.2717
CR3 BD3600 0.382 65.38 0.001 0.270 1.908 66.91 0.005 0.2794
CR4 BD3600 0.382 65.38 0.001 0.270 1.908 66.91 0.005 0.2794
CR5 BD3600 0.382 65.38 0.001 0.270 1.908 66.91 0.005 0.2794
CR6 BD3600 0.382 65.38 0.001 0.270 1.908 66.91 0.005 0.2794

• CR7 BD3600 0.382 65.38 0.001 0.270 1.908 66.91 0.005 0.2794
CR8 BD3600 0.382 65.38 0.001 0.270 1.908 66.91 0.005 0.2794
CR9 BD3600 0.382 65.38 0.001 0.270 1.908 66.91 0.005 0.2794

• CR10 BD3600 0.382 65.38 0.001 0 .270 1.908 66.91 0.005 0.2794
CR11 BD3600 0.382 65.38 0.001 0.270 1.908 66.91 0.005 0.2794
CR12 BD3GOO 0.382 65.38 0.001 0.270 1.908 66.91 0.005 0.2794
CR13 BD3600 0.382 65.38 0.001 0.270 1.908 66.91 0.005 0.2794
CR14 BD3600 0.382 65.38 0.001 0.270 1.908 66.91 0.005 0.2794
AR1 MC1538 8.68 73.68 0.151 0.389 21.67 86.67 0.377 0.4934
AR2 MC1538 8.68 73.68 0.151 0.389 21.67 86.67 0.377 0.4934
AR3 MC1538 8.68 73.68 0.151 0.389 21.67 86.67 0.377 0.4934
AR4 MC1538 9.73 74.73 0.151 0.399 24.30 89.30 0.377 0.5144

SERVO NETWORK TC = 68°C

Worst
Nom inal Case Nominal Worst Case Case

Component T TName ~T J DP Stress ~T J DP Stress

AR1 LF156 3.51 71.51 0.060 0.372 4.684 72.62 0.080 0.3814
Zi CD4053 BH 0.06 68.06 0.002 0.345 0.09 68.09 0.003 0.3447
Z2 CD4053 BH 0.06 68.06 0.002 0.345 0.09 68.09 0.003 0.3447
Z3 CD4053 BH 0.06 68.06 0.002 0.345 0.09 68.09 0.003 0.3447
Z4 CD4053 BH 0.06 68.06 0.002 0.345 0.09 68.09 0.003 0 3447
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TEMP CONTROLLER TC = 65° C

• Worst

Nominal_Case Nominal Worst Case Case
Component T 

T~ TName ~ T J DP Stress ~ T J DP Stress

ARI RM4 136 1.8815 66.88 0.053 0.335 3.0175 68.06 0.085 0.3442
AR2 RM4136 1.8815 66.88 0.053 0.335 3.0175 68.02 0.085 0.3442
AR3 RM4136 1.8815 66.88 0.053 0.335 3.0175 68.02 0.085 0.3442
AR4 RM4136 1.8815 66.88 0.053 0.335 3.0175 68.02 0.085 0.3442
AR5 RM4131 0.5496 65.55 0.008 0.321 0.9618 65.96 0.014 0.3277-• Zi LS175 1.935 66.94 0.045 0.336 3.569 68.57 0.083 0.3486

• Z2 LS175 1.935 66.94 0.045 0.336 3.569 68.57 0.083 0.3486
Z3 LSO4 0.5291 65.53 0.012 0.324 0.5732 65.57 0.013 0.3246
Z4 DM78L12 0.3555 65.36 0.005 0.323 1.0665 66.07 0.015 0.3286
CR1 BD3600 0.2114 65.21 0.001 0.268 0.4228 65.43 0.002 0.2695
CR2 BD3600 0.2114 65.21 0.001 0.268 0.4228 65.43 0.002 0.2695
CR3 BD3600 0.2114 65.21 0.001 0.268 0.4228 65.43 0.002 0.2695
CR4 BD3600 0.2114 65.21 0.001 0.268 0.4228 65.43 0.002 0.2695
CR5 BD3600 0.2114 65.21 0.001 0.268 0.4228 65.43 0.002 0.2695
CR6 BD3600 0.2114 65.21 0.001 0.268 0.4228 65.43 0.002 0.2695
CR7 BD3600 0.2114 65.21 0.001 0.268 0.4228 65.43 0.002 0.2695
CR8 BD3600 0.2114 65.21 0.001 0.268 0.4228 65.43 0.002 0. 2695

DIFF AMP/NOTCH FILTER TC = 68°C

Worst

Nominal Case Nominal Worst Case Case

Component T 
T~ 

TName ~ T J DP Stress ~ T J DP Stress

AR 1 LF156 6. 5 74.65 0.120 0.397 9.31 77.31 0. 168 0.4185
AR2 LF156 6.65 74.65 0.120 0.397 9.31 77.31 0.168 0.4185
AR3 LF156 7.45 75.45 0.120 0.402 10.43 78.43 0.168 0.4274
AR4 LF156 8.55 76.55 0.120 0.412 11.90 79.90 0.168 0.4392
AR5 LF156 8.55 76.55 0.120 0.412 11.90 79.90 0.168 0.4392
AR6 LF156 6.65 74.65 0.120 0.397 9.31 77.31 0.168 0.4185
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SEQUENCER NO.1 TC = 68°C

Worst
Nominal Case Nom inal Worst Case Case

Component T 
T~ 

TName ~ T J DP Stress ~ T J DP Stress

Zi LSO8 0.7989 68. 8 0.017 0.350 1.081 69.08 0.023 0.3526
Z2 LS175 1.935 69.94 0.045 0.3595 3.569 71.57 0.083 0.3726
Z3 LS175 1.935 69.94 0.045 0. 3595 3.569 71.57 0.083 0.3726
Z4 LS174 3.555 71.56 0.065 0.3725 6.6187 74.62 0.121 0.3970
Z5 LSO8 0.8164 68.82 0.017 0.3506 1.105 69.10 0.023 0.3528
Z6 LSO4 0.5350 68.54 0.012 0.3483 0.5796 68.58 0.013 0.3486
Z7 LS1O 0.3342 68.33 0.006 0.3466 0.390 68.39 0.007 0.3471
Z8 LS2O 0.2228 68.22 0.004 0.3458 0.2785 68.28 0.005 0.3462
Z9 LSO8 0.7989 68.8 0.017 0.3504 1.081 69.08 0.023 0.3526
Z10 5407 6.365 74.37 0.125 0.395 7.025 75.03 0.138 0.4002
Zil LS00 0.3842 68.38 0.008 0.347 0.4322 68.43 0.009 0.3474
Z12 5407 6.365 74.37 0.125 0.395 7.025 75.03 0.138 0.4002

SEQUENCER NO.2 TC = 68°C

Worst
Nominal Case Nominal Worst Case Case

Component T TName i~T J DP Stress ~ T J DP Stress

Z1 LSO4Y 1.781 69.78 0.024 0.358 2.524 70.52 0.034 0.3642
Z2 LSO8Y 0.692 68.69 0.009 0.3495 5.459 73.46 0.071 0.3877
Z3 LSO4Y 1.781 69.78 0.024 0.358 2.524 70.52 0.034 0.3642
Z4 LS1OY 0.2307 68.23 0.003 0.3458 0.4613 68.46 0.006 0.3477
Z5 LSOOY 0.2307 68.23 0.003 0.3458 0.4613 68.46 0.006 0.3477
Z6 L193Y 1.208 69.21 0.043 0.354 2.332 70.33 0.083 0.3626
Z7 L193Y 1.208 69.21 0.043 0.354 2.332 70.33 0.083 0.3626
Z8 L193Y 1.208 69.21 0.043 0.354 2.332 70.33 0.083 0.3626
Z9 L193Y 1.208 69.21 0.043 0.354 2.332 70.33 0.083 0.3626
Z10 LS112Y 5.268 73.27 0.120 0.386 12.116 80.12 0.276 0.4410
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SPIN MOTOR PHEAMP & LOGIC TC = 70°C

Worst
Nominal CaseNonunal Case 
T 

Worst Case______ TComponent T TName ~T J DP Stress ~T J DP Stress

AR1 CF2620 4.776 74.78 0.090 0.398 6.587 76.59 0.124 0.413
AR2 CF2620 4.776 74.78 0.090 0.398 6.587 76.59 0.124 0.413
AR3 CF2620 4.776 74.78 0.090 0.398 6.587 76.59 0.124 0.413
Zi CD4053 BU 0.0618 70.06 0.002 0.3605 0.0927 70.09 0.003 0.3607
Z2 CD4053 BH 0.0618 70.06 0.002 0. 3605 0. 0927 70.09 0.003 0.3607
Z3 LSOO 0.3939 70.39 0.008 0.363 0.4431 70.44 0.009 0.364
Z4 LSOO 0.3822 70.38 0.008 0.363 0.4300 70.43 0.009 0.364
Z5 LSOS 0.8613 70.86 0.017 0.3669 1.165 71.17 0.023 0.3694
Z6 LSOS 0.8613 70.86 0.017 0.3669 1.165 71.17 0.023 0.3694
Z7 LSO4 0.6080 70.61 0.012 0.3649 0.6587 70.66 0.013 0.3653
Z8 LSO3 0.3822 70.38 0.008 0.3631 0.4300 70.43 0.009 0.3637
Z9 DM78L12 0.1545 70.15 0.005 0.361 0.4635 70.46 0.015 0.3637
Qi 2N2222 0.5137 ‘(0.51 0.002 0.260 23.12 93.12 0.090 0.3893
Q2 2N2222 0.3570 70.36 0.002 0.2592 16.06 86.06 0.090 0.3489
Q3 2N2222 0.3840 70.38 0.002 0. 3631 17.28 87.28 0.090 0. 3559
Q4 2N2222 0.5137 70.15 0.002 0.258 23.12 93.12 0.090 0.3893

SPIN MOTOR CONTROL TC = 65°C

Worst
Nominal Case Nom inal Worst Case Case

Component T TName ~T J DP Stress .J DP Stress

AR1 RM4136 1.8815 66.88 0.053 0.335 3.0175 68.02 0.085 0.3442
AR2 RM4136 1.8815 66.88 0.053 0.335 3.0175 68.02 0.085 0.3442
AR3 RM4136 1.8815 66.88 0.053 0.335 3.0175 68.02 0.085 0.3442
Zi CD4053 BH 0.0618 65.06 0.002 0.3205 0.0927 65.09 0.003 0.3207
Z2 CD4053 BH 0.0618 65.06 0.002 0. 3205 0. 0927 65.09 0.003 0. 3207
Z3 CD4053 BH 0.0618 65.06 0.002 0.3205 0.0927 65.09 0.003 0.3207
Z4 CD4053 BH 0.0618 65.06 0.002 0.3205 0.0927 65.09 0.003 0.3207
Z5 CD4053 BH 0.0618 65.06 0.002 0.3205 0.0927 65.09 0.003 0.3207
Z6 DM78L12 0.3555 65.36 0.005 0.3229 1.0665 66.07 0.015 0.3286
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EMA SIGNA L FILTER TC = 65°C

Worst
Nominal CaseNominal Case T Worst_Case______ TComponent T TName ~ T J DP Stress ~T J DP Stress

AR1 CF2620 4.56 69.56 0.090 0.357 5.86 70.86 0.124 0.3669
AR2 LF156 3.33 68.33 0.060 0.347 4.43 69.43 0.080 0.3554
Zi DM78L12 0.70 65.70 0.010 0.326 1.12 66.12 0.0159 0.3290
Z2 CD4053 BH 0.60 65.06 0.002 0.3205 0.09 65.09 0.003 0.3207
Z3 LSO8 1.396 66.40 0.017 0.3312 3.614 68.61 0.044 0.3489
Z4 LSO8 1.396 66.40 0.017 0.3312 3.614 68.61 0.044 0.3489
Z5 LSO8 1.396 66.04 0.017 0.3312 3.614 68.61 0.044 0.3489
Z6 L808 1.396 66.40 0.017 0.3312 3.614 68.61 0.044 0.3489

PRECISION CRYSTAL OSCILLA TOR/GAP MONITOR TC = 65°C

Worst
Nominal Case Nominal Worst Case Case

Component T 
T~ 

TName ~ T J DP Stress ~ T J DP Stress

Zi LSO4 2.889 67.89 0.012 0.3431 5.417 70.42 0.0225 0.3634
Z2 LS112 0.88 65.88 0.020 0.327 1.76 66.76 0.040 0.3341
Z3 LS163 3.74 68.74 0.100 0.3499 6.36 71.36 0.170 0.3709
Z4 CD4053 BH 0.06 65.06 0.002 0.3205 0.09 65.09 0.003 0.3207
AR1 LF156 3.33 68.33 0.060 0.3466 4.43 69.43 0.080 0.3554
AR2 LF156 3.33 68.33 0.060 0.3466 4.43 69.43 0.080 0.3554
Qi B2T918 2.791 67.79 0.012 0.2445 3.489 68.49 0.015 0.2485
Q2 B2T9 18 6.978 71.98 0.030 0. 2685 8. 141 73.14 0.035 0.2751

MUM DEMODULATOR TC 65°C

Worst

Nominal Case Nominal Worst Case Case

Component T TName ~ T J DP Stress ~ T J DP Stress

AR1 RM4131 3.219 68.22 0.0225 0.3458 4.29 69.29 0.030 0.3543
AR2 RM4131 3.219 68.22 0.0225 0.3458 4.29 69.29 0.030 0.3543
AR3 RM413]. 3.219 68.22 0.0225 0.3458 4.29 69.29 0.030 0.3543
Zi CD4053 BH 0.06 65 .06 0.002 0.3205 0.09 65.09 0.003 0.3207
Z2 C04053 BH 0.06 65.06 0.002 0.3205 0.09 65.09 0.003 0.3207
Z3 CD4053 BH 0.06 65.06 0.002 0.3205 0.09 65 .09 0.003 0.3207
Z4 CD4053 BH 0.06 65.06 0.002 0. 3205 0.09 65.09 0.003 0. 3207
Z5 DM78L12 1.05 66.05 0.015 0.3284 2.53 67.53 0.036 0.3402
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SYNCURO DAC TC 75°C

Worst

Nominal Case Nominal Worst Case Case

Component T 
T~ T 

T~
Name ~ T J DP Stress AT J DP Stress

AR1 RM4136 7.455 82.46 0.210 0.4597 12.075 87.08 0.340 0.4966
AR2 RM4136 7.455 82.46 0.210 0.4597 12.075 87.08 0.340 0.4966
Zi AD7522 0.3510 75.35 0.015 0.4028 0.702 75.70 0.030 0.4056
Z2 AD7522 0.3510 75.35 0.015 0.4028 0.702 75.70 0.030 0.4056
Z3 AD7522 0.3510 75.35 0.015 0.4028 0.702 75.70 0.030 0.4056
Z4AD7522 0.3510 72.02 0.015 0.4002 0.702 75.70 0.030 0.4056

DAC AMP TC = 75°C

Worst
Nominal CaseNominal Case T Worst_Case______ TComponent T TName AT J DP Stress ~AT J DP Stress

AR1 RM4136 7.455 82.46 0.210 0.4597 12.075 87.08 0.340 0.4966
AR2 RM4136 7.455 82 .46 0.210 0.4597 12.075 87 .08 0.340 0.4966
AR3 RM4136 7.455 82 .46 0.210 0.4597 12.075 87.08 0.340 0.4966
AR4 RM4136 7 .455 82.46 0.210 0.4597 12.075 87.08 0.340 0.4966
Z1 CD4053 BH 0.0618 75.06 0.002 0.4005 0.0927 75.09 0.003 0.4007

SYNCHRO BITE TC 75°C

Worst

Nominal Case Nominal Worst Case Case

Component T 
T~ 

TName AT J DP Stress ~ T J DP Stress

AR1 RM4136 1.8815 76.88 0.053 0.415 3.0175 78.02 0.085 0.4242
AR2 RM4136 1.8815 76.88 0.053 0.415 3.0175 78.02 0.085 0.4242
AR2 RM4136 1.8815 76.88 0.053 0.415 3.0175 78.02 0.085 0.4242
Z1 CD4053 BH 0.0618 75.06 0.002 0.4005 0.0927 75.09 0.003 0.4007
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SUSPENSION TIMING GENERATOR TC = 70°C

Worst
Nominal Case Nominal Worst Case Case

Component T 
T~ 

TName AT J DP Stress AT J DP Stress

Zi LSO4 1.112 71.11 0.024 0.3689 1.576 71.58 0.034 0.3726
Z2 LS163 3.553 73.56 0.095 0.3885 5.984 75.99 0.160 0.408
Z3 LS163 3.553 73.56 0.095 0.3885 5.984 75.99 0.160 0.408
Z4 LS112 0.748 70.75 0.020 0.366 1.496 71.50 0.040 0.372
Z5 LSOO 0.6199 70.62 0.003 0.365 4.89 74.89 0.006 0.3991
Z6 LS1O 0.448 70.45 0.003 0.3636 3.534 73.53 0.006 0.3882
Z7 LSO8 0.6997 70.70 0.009 0.3652 5.52 75.52 0.071 0.4046
Z8 LSO4 1.781 71.78 0.024 0.3742 2.524 72.52 0.034 0.3802
Z9 L821 0.2244 70.22 0.006 0.3618 0.4114 70.41 0.011 0.363
Z10 LS21 0.2244 70.22 0.006 0.3618 0.4114 70.41 0.011 0.363
Zil LS112 0.748 70.75 0.020 0.3641 1.496 71.50 0.040 0.372
Z12 LS112 0.748 70.75 0.020 0.3641 1.496 71.50 0.040 0.372
Z13 LSO4 1.139 71.14 0.024 0.3691 1.614 71.61 0.034 0.3729
Z14 5407 0.1122 70.11 0.003 0.3689 0.2244 70.22 0.006 0.3618

MU LTiPLEXER TC = 70°C

Worst
Nominal CaseNominal Case T Worst_Case______ TComponent T TName AT J DP Stress AT J DP Stress

AR1 LF156 6.648 76.65 0.120 0.413 9.307 79.31 0.168 0.4345
Zi CF5O6A 4.5 74.5 0.036 0.396 15.0 85.0 0.120 0.480
Z3 CF5O6A 4.5 74.5 0.036 0.396 15.0 85.0 0.120 0.480

A/D CONVERTER TC = 68°C

Worst
Nominal CaseNominal Case T Worst_Case______ TComponent T TName AT J DP Stress AT J DP Stress

AR1 CMP—01 4.664 72.67 0 .078 0.3814 7.295 75.3 0.122 0.4024
AR2 CF2620 3.643 71.643 0.072 0.3731 4.503 72.5 0.089 0.380
Z1 65008 1.745 69.75 0.233 0.358 1.745 69.75 0.233 0.358
Z2 D139 4.670 72.67 0.042 0.3814 4. 670 72. 67 0. 042 0.3814
Z3 10005 11.866 79.87 0.469 0.439 11. 866 79. 87 0. 469 0.439
CR1 BD3600 4.304 72.304 0.0098 0.3154 4. 304 72. 304 0. 0098 0.3154
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MUM DEMODU LATOR SAMP LE AND HO LD TC = 65°C

Worst
Nominal Case Nominal Worst Case Case

Component 
T 

T~ 
TName AT J DP Stress AT J DP Stress

AR1 LF156 4.577 69.58 0.060 0.3566 6.102 71.1 0.080 0.368
AR2 LF156 3.726 68.73 0.060 0.3498 4.968 69.97 0.080 0.3598
AR3 LF156 3.726 68.73 0.060 0.3498 4.968 69.97 0.080 0.3598
AR4 LF156 4.59 69.96 0.060 0.3597 6.612 71.61 0.080 0.3728
AR5 LF156 3.33 68.33 0.060 0.3466 4.43 69.43 0.080 0.3554
AR6 LF156 3.513 68.51 0.060 0.3481 4.684 69.68 0.080 0.3574
Zi CD4053 BH 0.15 65.15 0.005 0.3212 0.31 65.31 0.010 0.3225
Z2 CD4053 BH 0.15 65.15 0.005 0.3212 0.31 65.31 0.010 0.3225
Z3 CD4053 BH 0.15 65.17 0.005 0.3214 0.34 65.34 0.010 0.3227
Z4 CD4053 BH 0.15 65.15 0.005 0.3212 0.31 65.31 0.010 0.3225

SYNCHRO REF GENERATOR TC = 75°C

Worst
Nominal CaseNominal Case T Worst Case

______ TComponent T TName AT J DP Stress AT J DP Stress

AR1 LF156 * 4.6 80 0.076 0.44
AR2 LF156 4.6 80 0.076 0.44
Zi SN54L123 5.8 81 0.115 0.45
Z2 CD4053 0 75 0.001 0.4
Z3, 6, 7
BL54L804 0 75 0.012 0.4

Z4, 5
BL54LS138 0 75 0.032 0.4

CR1, 2 , 3
MZC3.9A5 0 75 0.001 0.4

CR4, 5 BD3600 0 75 0.001 0.4
Q1, 2, 3

FT5416B 3.2 78 0.080 0.42
Q4 B2T2222A 

—____ ______ ______ ________ 

0 75 0.001 0.4

*This da ta not available for nominal but since worst case Tj  stress is less tha n 0. 5,
the nominal is also less tha n 0. 5. Reliability guidelines recommend stress ratios
less than 0. 5 for nominal and 0. 75 for worst case.
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MODULATOR TC = 7 1°C

Worst
Nomina l Case Nominal Worst Case Case

Component T~ T~
Name AT T~ DP Stress AT T 1 DP Stress

DZ 1 MZC3. 9A5 — 71 - - 39 110 52. 1 0. 566
DZ2 MZC3. 9A5 - 71 - - 39 110 52. 1 0. 566
AR 1 LF 156 7.3 78. 3 98 0. 430 7.3 78. 3 98.0 0. 430
AR2 LF15G 6.8 77. 8 91 0. 426 6.8 77. 8 91.0 0. 426
AR3 LF156 7.3 78.3 98 0. 430 7.3 78. 3 98.0 0. 430
A114 LF156 6.8 77. 8 91 0. 426 6. 8 77. 8 91. 0 0. 426
Z3 CD4054B - 71 0. 02 0. 46 - 71 0. 02 0. 46
Z6 CD4053B — 71 0. 02 0. 46 - 71 0.02 0. 46
Zi CD4053B — 71 0. 02 0. 46 — 71 0.05 0.46
DZ3 MZC3. 9A5 - 71 - - 14. 3 85. 3 52. 1 0. 402
DZ4 MZC3. 9A5 — 71 — - 14.3 85. 3 52. 1 0. 402

DC REF & PRE LOAD MODULATOR Tc = 71°C

Worst
Nominal Case Nominal Worst Case Case

Component T~
Name AT TT DP Stress AT T~ DP Stress

tI U

Q12N2907A * 27. 8 98.8 312. 0 0. 409
DZ 1 MZC3. 9A5 18. 1 89. 1 68. 0 0. 427
Zi CD4053B 0. 003 71. 0 0.06 0. 460
Z2 CD4053B 0. 002 71.0 0. 04 0. 460
Al MCC 1538 14. 0 85.3 302. 0 0. 482
A2 LF 156 1 5.9 77. 1 81.0 0.417
A3 LF156 2.8 83.9 39. 0 0. 39 1

• A4 LF156 5.8 77.0 80. 0 0.416
AS LF156 5.7 76. 9 79. 0 0.415
A6 MCC1538 14. 0 85.3 302. 0 0. 482
A7 LF1SB 5.7 76.9 79. 0 0.415

_ _ _ _  _ _ _ _  _ _ _  _ _  _  __I 
_ _

*This da ta not availabl e for nominal but since worst case T~ stress is less tha n 0. 5,
the nominal is also less tha n 0. 5. Reliability guidelines recommend stress ratios
less than 0,5 for nominal and 0. 75 for worst case.
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SYNCHIlO BUFFER AMPLIFIER

Nominal Wors t Case

Ampl ifier AT T~ DP Stress AT T~ DP Stress
(SL25548) 

________ _________ _____ ________ _________ _________ ______ _______

API 1.992 74. 992 0. 68 0.400 14. 650 87. 650 5 0. 501

AR2 1.992 74. 992 0. 68 0.400 14. 650 87. 650 5 0, 501

AR3 12.306 85. 306 4. 2 0.482 29. 300 102. 300 10 0. 618

AR4 12. 306 85. 306 4. 2 0.482 29. 300 102. 300 10 0. 618
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APPENDIX C. HYBRID , MODULE, AND TRANSFORMER
FUNCTIONA L TE ST SPECIFICATIONS

This appendix provides a list of functional test specifications which were
written for hybrid , module and transformer functional test. The parameters in the
functional test specifications have been derived from the detail design specifications.

TABLE C-i . MODU LE FUNCTIONA L TEST SPECIFICATIONS

Specification Number Title

AL01073 Suspension and MUM Electronics , Autonetics
Drawing Number 12302-507; Functional Test For

ALO 1074 Timing and Sequencing Module , Autonetics Drawing —Number 12305—507; Functional Test For

AL01075 Signal Generator and Memory Modul e , Autonetics
Drawing Number 12310-507; Functional Test For

ALO1O7G Converter Electronics Module , Autonetics Drawing
Numbe r 12330—507; Functional Test For

ALO 1077 Power Supply Number 1, Autonetics Drawing
Number 12345-507; Functional Test For

AL01078 Powe r Supply Number 2 and 3, Autonetics Drawing
Number 12356—507; Functional Test For

ALO 1079 High Voltage Switch , Autonetics Drawing Number
12360—507; Functional Test For

AL01088 MICRON Central Processor Unit , P/N 14219-50 1,
Acceptance Test For

ALO 1090 MICRON Processor Input Output; Autonetics
• Part Numbe r 15390-501-1, Acceptance Test for

ALO 1202 Charge Amplifier Assembly, Autonetics Drawing
Number 12725—507; Functional Test For

ALO 1203 Spin Motor Electronics Module , Autonetics Drawing
Number 12753-507; Functional Test For

AL8028 1 MICRON Data Terminal Unit; Autonetics Part
Number 12335—507, Operating Instructions For
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TABLE C-2. h YBRID FUNCTIONAL TEST SPECIFICATIONS

Specificat ion
Number Title

AL00985 Charge Amplifier , Autonetics Drawing Number
12400—507; Functional Test For

AL00986 Sample and Mold/Gap Summation , Autonetics
Drawing Numbe r 12520—507; Functional Test For

AL00987 Servo Network , Autonetics Drawing Number
12405-.507; Functional Test For

AL00988 Differential Amplifier and Notch Filter , Autonetics
Drawing Numbe r 12410-507; Functional Test For

AL00989 Modulator , Autonetics Drawing Number 12425—507;
Functional Test For

AL00990 Multiplexer , Autonetics Drawing Number 12430-507;
Functional Test For

AL0099 1 MUM Demodulator , Autonetics Drawing Number
12415—507; Functional Test For

AL00992 MUM Democulator Filter, Autonetics Drawing
Number 12420-507; Functional Test For

AL00993 MUM Demodulator Sample and Hold , Autonetics
Drawing Number 12435-507; Functional Test For

AL00994 Suspension Timing Generator , Autonetics Drawing
Number 12445-507; Functional Test For

AL00995 DC Reference and Preload Modulator , Autonetics
Drawing Number 12480—507; Functional Test For

AL00996 Precision Crystal Oscillator and Gap Monitor ,
Autonetics Drawing Number 12470—507; Functional
Test For

AL00997 Sequencer Number 1, Autonetics Drawing Number
12450—507; Functional Test For

AL00998 - Sequencer Number 2 , Autonetics Drawing Numbe r ¶
12455—507; Functional Test For
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TABLE C-2. (Cont)

Specif ication
Number Title

AL00999 50 kllz Buffe r and EMA Power Supply, Autonetics
Drawing Number 12475—507; Functional Test For

ALO1000 EMA Signal Filter , Autonetics Drawing Number
12495—507; Functional Test For

ALO 1001 A/D Converte r , Autonetics Drawing Number
12440-507; Functional Test For

ALO 1002 Spin Motor Controller , Autonetics Drawing Number
1248 5—507; Functional Test For

ALO 1003 Temperature Controller , Autonetics Drawing
Numbe r 12490—507; Functiona l Test For

ALO 1004 Spin Motor Power Pre-Amplifier and Logic ,
Autonetics Drawing Number 12525—507; Functional
Test For

ALO100G Synchro Buffe r Amplifier , Autonetics Drawing
Number 12510-507; Functional Test For

ALO 1007 Synchro Reference Generator , Autonetics Drawing
Number 12515-507; Functional Test For

ALO 1008 Synchro Bite , Autonetics Drawing Number
12505—507; Functional Test For

ALO 1009 Synchro DAC, Autonetics Drawing Number
12545-507; Functional Test For

ALO 1063 DAC Amplifier , Autonetics Drawing Number
12560—507; Functional Test For

ALO 1064 Ladder Network , Autonetics Drawing Number
12565—507; Functional Test For

AL80294 MICRON Hybrid Decoder , Autonetics Part Number
12540—507 —1; Operating Instructions For

AL80295 MICRON Hybrid Encoder , Autonetics Part Number
12535—507— 1; Operating Instructions For

AL80296 MICRON Hybrid Transmitter/Receiver , Autonetics
Part Number 12530—507—1; Operating Instructions
For
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TABLE C-3. TRANSFORMER FUNCTIONA L TE ST SPECIFICATIONS

Specification
Numbe r Title

AL O1O 55 Transformer , Power , Step-up, Autonetics Pa rt
Number 13304-404-1; Functional Test For

A L0I 05~ Transformer , Power , Step-up and Step-down ,
Autonetics Part Numbers 13313-404-1 and
13321—404-1; Functional Test For

AL0 1057 T ransformer , Power , Isolation , Autonetics Part
Number 13308—404-1; Functional Test For

AL0 1058 Transformer , Power , Step-down , Autonetics Pa rt
Number 13317-404-1; Functional Test For

ALO 1059 Transformer , Pulse , Autonetics Part Number
20321—404—1 ; Functional Test For

ALO1OG O Reacto r , Autonetics Part Number 36317-404-1;
Functional Test For

ALO 1OG1 Transformer , Saturable , Autonetics Part Numbe r
40426-404-1 ; Fuflctional Test For

28
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APPENDIX D. PRECIS ION TH IN FILM RESISTO R
REQU IREMENTS AND PERFORMANCE TESTS

There are a number of EPM hybrid substrates which contain resistors which
require good tracking stability to maintain system calibration. The estimated require-
ments are summarized in Table D— 1.

Test data has been taken on a limited sample of Halex Inc. resistors and
Collins Radio resistors. Ilalex resistors are utilized for precision electronics for
the FPM system. The preproduction system uses Collins Radio resistors.

Two networks (1101 and 1102) of Halex resistors and three networks (C 01 , C02
and C03) of Collins resistors were packaged , sealed and initial measurements were
made. Periodic resistor measurements were then made after the resistors were
stored in an 85°C environment . Collins and Halex resistors meet the stability
requirements , as shown in Table D-2 .

It is estimated that the system will have about 40 hr of operation per month when
in the field , or 480 hr per year. The temperature of the resistors in the system with
power on will be between 65°C and 70°C . It is estimated that the rate of change of
resistors doubles for every 10°C . At room temperature with power off (250C ) the
rate of change would be

( 85— 25\

2~~~ 
10 1 = 1/64

the rate of change at 85°C. Therefore the data obtained for 1020 hr at 85°C indicate
the resistors should have adequate stability for two years if all of the above assump-
tions are true. Further tests will be conducted with power on to determine if there
is a difference for these conditions.
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APPENDIX E. FABRICATION , ASSEMBLY , AND TEST
• OF EPM ELECTRONIC MODULES

MODULE FA B/ASSEMBLY/TEST

A flow diagram for the fabrication , assembly and test of the electronics
modules is shown in Figure E-1. All hardware has been fabricated per documented
ESWA procedures. Operational Sign Off Record (OSH) books are maintained for
each module type. When an operation or test is completed , it is verified by inspection ,
stamped and dated . Functional test data is also recorded in the OSR book at the time
of functional test.

Fab Priuted Circuit Board

4
Inspection

Assembly of Heaters and Heat Sinks

I
Inspection

I
Assemble Components

I
Functional Test (25°C)

- - I
Functional Test (-55°C)

I
Functional Test (70°C)

4-
Burn—In (105°C for 168 hours)

Figure E-1. Flow Diagram for Fab , Assembly and Test of Modules
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APPENDIX F. RESULT S AND ANALYSES OF
MAGNETIC FIELD SENSITIV ITY TESTS 4

A magnetic coil was fabricated and installed on Test Station No. 4. The coil
was mounte d so that the gyro would be in the center of the coil , and the generated
field would be parallel to the gyro Z—axis. The 14 holes in the m u—metal shield for
feedthroughs (eight to the gyro electrode s plus six to the spin motor windings ) are
along the +Z axis , and the 6-shaped hole for the cavity support structure and vacuum
port are along the —z axis. From this , it might be expected that the dominant weak-
ness in the shielding would be along the Z— axis. (This was found to be the case during
Phase 1A vibration testing , in which the magnetic field levels at the gyro location on
the shaker were from 20 to 55 gauss. At that time , the dominating effect was a slow—

• down torque on the rotor. This torque was maximum when the Z—axis was parallel to
the field direction. ) With the gyro removed , the magnetic field was measured by a
Hall probe at the gyro location which the coil current was varied. The coil current
levels at 1, 3. 16 and 10 gauss were noted and used later for app lying these field levels
to a gyro. The magnitude of the earth’s magnetic field is about 0 . 3 gauss in the
laboratory, and this field was also present when these measurements were made.
Consequently, the total applied field (earth field + coil field) will have the correct
value s for the orientation of the tilt table in which the coil calibration was made. The
tilt table was re—oriented to apply the field at the different angles to the spin axis , so
that the total applied field could differ slightly from the calibrated values at the non—

-

• 

calibrated orientations . However , the coil—induced field magnitudes were generally
much greater than the natural field magnitude. Consequently, the results are con-
sidered reasonably accurat e, especially at the higher field levels.

Magnetic sensitivities were determined by applying the magnetic field during
alternate samples of either drift data or angle readout data. In this way, interpolation
between the “no—field” samples could be used for removing any secular trend in the
outputs . In the case of drift data, the magnetic field was “off ” for 10 mm , then “on ”
for 10 mm , etc . In the case of angle readout data , the field was alternately “on ” and
“off” for periods of one minute , with smoothed samples recorded every 15 sec.

In the case of angle readout data , shifts of less than 0. 01 milliradians could
hav e been detected , but none were observed under any conditions — even with 10 gauss
input.

In the cas e of drift data , definite shifts were recorded. The results are
tabulated in Table F-i . These tend to support a model of “gauss-squared” sensitivity
of drift rates , which is the physically derived model relationship. This relationship
in the test data is demonstrated in Figure F—i , which is a log—log plot of measured
rss drift rat e change vs applied field strength. All the plots have a “gauss—squared”
slope , with different intercepts for different angles between the applied field and the
rotor sp in axis . The greatest sensitivity occurred with 45 deg between the field and
the spin axis . This is roughly an order of magnitude greater than the sensitivity with
the spin axis parallel to the field , and a factor of three greater than the sensitivity
with the spin axis normal to the field. A similar relationship would be predicted by
the model , which is deri’Ted from the model for an unshielded rotor.

~The N75 activities discussed in thi s appendix were performed under a separate IR&D task
using the N57A System. ALthough this activity was not performed under the MICRON
contract , this discussion in included in this report since it provides additional infor- 

4

mation on the sensitivity of system performance to magnetic fields.
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TABLE F-i. MAGNETIC FIELD SENSITIVITY SUMMARY , THREE G YROS:
(Spin Vector Oriented Polar,Magnet ic Field Case—Fixed Along Z)

Angle
Between Change of Gyros Drift Rates Average Per
Field and Gyro 

_________ 
Deg/Hr/Ax is 

__________ 
Axis Sensitivity ,

Spin Vector Number 1 Gauss 3. 16 Gaus s 10 Gauss Deg/Hr/Gauss 2

00 AO13Y 0.003 NA 0.310
AO17Y 0.011 0.062 0.194
AO2IY 0.003 0.015 0.049 0.0037
Average 0.005 0.039 0. 184

45° AO13Y 0.049 NA 2 .375
AO17Y 0.039 0.379 1. 506
AO21Y 0.029 0.291 2.219 0.0310
Average 0.039 0.335 2 . 033

900 AO13Y 0.015 NA 0.698
AO17Y 0.013 0.117 0.175
AO2 1Y 0.008 0.082 0.543 0.0088
Average 0.012 0.099 0.472

An unsh ielded spinning rotor has a drift sensitivity to a uniform magnetic field
that is modeled by the follow ing form ula:

• V = — k V x(V T f) (Vx f )

where

k is a proport ional ity constant (depend ing upon rotor speed and rotor bulk
resistivity)

V is a unit vector parallel to the rotor spin axis

I is the uniform magnetic field vector

x denotes a vector cross—product

The MESG is shielded , but there are gaps in the mu-metal shield that admit some
z —axis component of field. Consequently, the expected drift rate due to the internal
magnetic field will be approximated by a z—axis component , which is of the form

0 0

V = -k’ V x ( V T 0 ) ( y x  0

c
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Figure F—i . Drift H ate Sensitivity to a Magnetic Field
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Vy f z

0

~~Vx

= +k’ f 2 -Y

(V

where k’ now contains the attenuation factor due to the shielding for the app lied field.
(The actual field inside the mu—metal will probabl y not be uniform in direction and
magnitude , but the model may serve as an approximation. ) For this model , the
squared drift rate will be

I~12 (k,) 2 f 4
~~V

2
V 2 

± Y
2

V
2

= (k’) 2 

~: ~~~ + ~ (v~ + ÷

= (k’) 2 f 4 
(
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+

= (k’) 2 f 4 V~~ (i-V )

This will have its maximum value when

0

V 2 =~~~~and f 0z 2
Iz

wh ich is when the rotor spin axis is 45 deg from the ±z— axis and the total field is
along z. Under these conditions , the maximum magnitude

=
~~~~

k’ If~
2 (1)

max 2

The rms magnitude, over all orientations of the spin axis (V) with respect to the MESG
case, will be the root-mean (RM) :
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1~Irms = k ’ f 2 RM (V
2 -V 4)

= k ’ f 2 f i i
z ‘~~3 5

= k’

However , the MESG case may have any orientation with respect to the external field ,
also. The rms over all relative orientations of the MESG with respect to the field
will be

1”lrms = ,J~ 
k’ RM (f 4)

— f~ k’ ( 1 2
‘.J is

1~~~ k’ ~ 
2

= ‘V 75 (2)

From the meas ured peak sensitivity of 0. 031 deg/hr/axis/gauss2 , one can infer
that the experimental value of the constant k’ in Eq (1) is :

2 ’ ~’max
1112

= (2) ((2 ) (0.031)

= 0.088

(The factor of (~ is needed because the units of 
H 

are deg/hr “radial” and those of
0. 031 are deg/hr/axis. “) Consequently, from Eq (2), the rms drift rate would be
expected to be

—J- ~ = ..._L. (0 .088)rms

= 0.010 1h 12

The magnitude of the natural magnetic field ranges from about 0. 2 to 0. 7 gauss.
Consequently, one would predict that the rms induced drift rates would range from
0.0004 deg/hr/axis to 0. 005 deg/hr/axis .

The level of the natural magnetic field in the MICRON laboratory is about
0.3 gauss. From this , one would Infe r an expected rms drift rate in the order of
0. 001 deg/hr/axis due to this effect. It is interesting to note that the most significant
new drift model “discovered” in Phase 2A has exactly the same form as the magnetic
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sensitivity model , but with the magnetic field vector ‘f” replaced by the gravitational
field vector “g. ” No physical explanation of the model could be determined at that
time. It now appears possible that the effect may, in fact , be a magnetic effect ,
because the magnetic field direction is only about 30 deg from the gravitational field
direction at the laboratory .

Some additional tests were performed to determine the effect of m u—metal shield
design on sensitivity . The “N57A ” design for the spin motor coil assembly has an
extra hole along the z— axis for a screw which fixes the motor to the top of the vacuum
housing. This motor design was compared to the EPM motor design , which is with-
out the extra z—ho le. The results are tabulated in Table F—2 and summarized in
Figure F— 2 . They indicat e no dramatic reduction in sensitivity resulting from
elimination of the extra z—ho le.

TABLE F-2. MAGNETIC FIE LD SENSITIV ITY SUMMARY , EFFECT OF SPIN MOTOR SHIE LDING
(N57A Type: Hole Along Z A x i s , EPM Type: No Hole Along “Z” Axis ,

Spin Vector Oriented Polar,Magnetie Field — Case—Fixed)

Magnetic Field Motor Gyro Drift Rate Sensitivities
Orientation To Type Deg/Hr/Gaus s2 /Axis 

______________

Spin Vector Shielding 1 Gaus s 3. 16 Gauss 10 Gauss

0
0 N57A 0 . 008 0.006 0 .0 03

EPM 0 . 003 0 .001 0 . 001

450 N57A 0 . 04 5 0.038 0 .0 20
EPM 0 . 029 0,029 0. 022

900 N57A 0 .013 0.01 1 0.005
EPM 0 . 008 0.008 0 . 006

The rotor speed changes observed during the tests are tabulated in Table F— 3
and summarized in Figure F— 3. They show generally good agreement with the model ,
which would predict the maximum drag torques with the spin axis 90 deg from the
field and varying as the square of the field. They also show generally close agree—
ment in magnitude. With the spin axis 45 deg from the field direction , the model
would predict as muc h torque in drift as in drag . The tabulated results would then
relate to drifts as follows (where “ -m--~~” means “would be equivalent to ”).

• . 2 0.016 . 20.016 Hz/mm/gauss ~~~~ ~i~ Ô (Hz) rad/min/gauss

____ 

0.016 2
~60) (2460) rad/sec/gauss

____ 
(0.016) (2 x 10~ ) 2

(60) (2460) deg/hr/gauss

0 .022 deg/hr/gauss 2

-~ —~ 0.015 deg/hr/axis/gauss2

By com parison , the measured drift sensitivities at the 10—gauss level were in the
order of 0. 02 deg/hr/axis/gauss 2 .
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10 - SPIN MOTOR TY PES
- N57A (Z HOLE); MICRON
- 

OVERALL RMS OF T H R E E  GYROS
- A-013Y, A-017Y, A-021Y
- SPIN VECTOR — ALIGNED POLAR

FIELD STRENGTH = A P P L I E D
- 1~ 3.16, 10 GAUSS

FIELD ORIENTATION TO SPIN VECTOR
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0.1
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~~~~~~~~~~~;Z~~
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Figure F—2. Peak Radial Drift Rate Sensitivity to a Magnetic Field
for Two Shield Designs

41

—

• - - •-~~--~~~~ • •~~~~ -- --- -~~~~- —~~~~~~ -~~- — - - •-



TABLE F-3. MAGNETIC FIELD SENSITIVITY SUMMARY, EFFECT ON ROTOR SPEED
(Spin Vector Al igned Polar,Magnet ic Field Case—Fixed Gyro AO2 1Y)

Field Rate of C hange of Rotor Speed , RPS per Minute
Strength , Gyro

Gauss Number 45° Field Position 90° Field Position

1 AO13Y — 0. 04 —0.05
A OI 7Y — 0.04 —0 . 05
A O2 IY — 0. 04 —0.05

3. 16 AO13Y — 0 . 16 —0. 33
AO17Y — 0. 19 —0.33
AO2 1Y —0. 19 —0. 33

10 AOI3Y —1 .7  — 2 S
A0 174 — 1 .6 —3. 2
AO2 1Y — 1 . 6 —3. 2

In conclusion , these tests showed no detectable angle readout sensitivity to
m agnetic fields and drift rate sensitivities in the order of 0. 01 deg/hr/axis/gauss2.
This would yield expected rms drifts in the range of 0. 0004 to 0. 0050 deg/hr/axi s
due to natural magnetic fields. These figures tend to be consistent with the observed
performance from the “rotated” N57A tests (— 0. 1 nmi/hr CEP rates) in which the
system and its gyros were unshielded , the induced drifts appear to be within the levels
of budgeted errors for EPM. However , in the ease that other avionics equipment may
produce magnetic fields of magnitud e in excess of the natural levels , and especially
in the case of high—accuracy MICRON , the use of extra shielding was considered.

I
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Figure F—3. Rotor ~p i- t-d Sensitivity to a Magnetic Field

43 

~~~ TJ ~~~~~~~~~~



r ~

- •

~~~~~

-- - - — - — —- - —- - 

~~

--—
~~~~~

-- : --- -

Und er a sepa rate I R & D  task , an external magn etic shield was developed for
the N57 :\ naviga t ion  system. A series of calib rations was condu cted for the pu rpose
of determining the sens it i \ -i ty of calibrated drift rates and residual drift rates to the
natural magnetic field.

The effectiveness of the magnetic shield was dete rmined by measuring (with a
Hall  probe) the interna l magnetic field in the presence of the external natura l magnetic
fie ld ( —0.  5 gauss). The measurements indicated a field attenuation factor of about
I.)0 :l .

l-’ou r complete sets of cal ibrat i ons were performed with s - stem shut-downs
between all calibrat i ons. Th magnetic shield was installed between the second and
third  calibrations. In th is  way , the results could be compared between calibrations
with no shielding change (bot h with and without shielding) as well as between sh ielded
and unshielded calibrations. Each calibration included about 10 hou rs of data with the
rotor spin axis parallel to the earth rotation axis , and about 14 hou rs of data with the
rotor spin axis in the norma l navigation direct i on s (initially vertical and horizontal).

The resulting calibration parameters were compared in terms of the drift
compensation which they would cause to be app lied unde r the conditions of sensed

• acceleration and attitude (of the MESG rotor with respe ct to its suspension envelope)
experienced during calibration. The rms compensation differences are summarized in
Table F —4. These results indicate as good repeatability between shielded and unshielded
calib rations as between two shielded or between two unshielded calibrations.

TABLE F-4 . SUMMARY OF RMS DRIFT COMPENSATION DIFFERENCES , DEG/ HR/AX I S

Cal #: 1 2 3 4

Cal # (unshielded) (unshielded) (shielded) (shielded)

1 0.0 0.0048(1) 0.0040(1) 0.0049(1)
(unshielded) 0.0 0.0053(2) 0.0043(2) 0.0054(2)

2 0.0048(1) 0.0 0.0046(1) 0.0043(1)
(unshielded) 0.0053(2) 0.0 0 . 0 0 5 2 ( 2)  0 .0067(2)

3 0.00-10(1) 0.00-16(1) 0.0 0.0058(1)
(shielded) 0.0043(2) 0.0052(2) 0.0 0.0050(2)

4 0.0049(1) 0 . 0 043 ( 1)  0.0058( 1) 0.0
(shielded) 0.0054(2) 0.0067(2) 0.0050(2) 0.0

NO’I’KS: ( 1) Gyro No. 150 (2) Gyro l’~o. 182 
— __________  ______________
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As a means for evaluating the effect of shielding upon individual parameters , the
“correlation coefficient ’ between the parameter variat ion and the “shielding va riation ”
was computed for each calibration parameter for each gyro. (Two gyros in N57A we re
calibrated simultaneously.) The results are given in Table F— 5 (fo r Gyro No. 150) and
Table F — 6 (fo r Gyro No. 182). There is only one pa rameter that has a correlation
coefficient larger than 0. 5 in magnitude, and having the same sign on bot h gyros.
That is param eter number 16, which models drift s due to X-channel servo phase mis-
match at rotor frequency. Its correlation coefficient with shielding has an average
value of 0.6. Its rms %ariation on Gyro No. 150 is 0. 00025; and on Gyro No. 182,
0.0016. The units of this parameter are such that these rms va riations correspond
to 0.0001 and 0.0008 deg/hr/axis for Gy ros 150 and 182, respectively. Compa red to
the rss total error budget of 0.0100 deg/hr/axis , these values are insignificant. (For
example, it would requ i re about 150 independent error sou rces of magnitude 0. 0008 deg/
hr/axis to make up a rss total of 0.01 deg/hr/axis).

Since there are no significant drift rates due to natu ral magnetic fields which can
be detected in the modeled effects , the other place to look is in the un—modeled effects;
that is , in the measured drift rates that are not compensated by the calibration models.
These drift rates are called “calib ration residuals ,” and they are computed for every
calibration. The rms calibration residuals for all eight calibrations are tabulated in
Table F—7.

The cal ibrat ion res iduals for the unshielded sy stem are , if anything, sl ightly
la rger than those for the shielded system. The diffe rence is hardly sign i ficant , but in
the case of both gyros the residual drift rates are definitely not larger in the presence
of the natural magnetic field.

The main conclusion drawn from these tests is that the natural magnetic field
causes no significant MESG drift rates in an unshielded nautical—mile—per-hou r sy.tem.

In order to evaluate system performance at higher fi~Id levels, a 13—cm diameter
magnetic coil was mounted against the exterior of the N57A housing, at the point nearest
the two gyros. Then , during a rotated free—inertial navigation test , the induced
magneti c fi eld level was varied discretely from 0 to 10 gauss , measured at the surface
of the N57A housing at the closest point to the gyros (i. e., in the center of the coil).
The distance to the center of each gyro from the center of the coil is about 10 cm. These
conditions were intended to simulate the F—16 magnetic susceptibility specification.

The navigation performance, in terms of the measured velocity error , is shown
in Figure F-4. Drift rate errors would appea r as offsets in the mean veloc ity errors

on this plot . There is no measurable shift during the periods of coil activation and ,
there fore , no detectable performance degradation due to the induced fields.

These results are not consistent with previous tests on gyro Test Stat ion IV
where drift  rate sensitivities were measured. Anal ytical studies of the effects
of system ra~ation , performed under a separate IB &D task , had predicted
that rotation would anihilate the dominating drift sensitivity to magnetic fields and
rotor drag torques. To reconcile Test Station IV and N57A test results, the N57A
magn etic sensitivity tests were repeated with two important differences:

1. A coil with more tu rns was used, enabling higher fields to be achieved.

2. The N57A system was navigated in both the rotating and non-rotating modes
during this test series. ( Previous tests using an applied field were conducted
with the N57A system navigating in the rotated mode only.)
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TABLE F-7. RMS CALIBRATION RESIDUA LS

RMS Calibration Residuals , Deg/I lr/A xis

Unshielded (‘alibrations Shielded Calib rations

Gyro No. June 8 & 10 ,June i i  & 1G .Junc 2 1 & 23 June 24 & 28

150 0.010 0.009 0.010 0.010

182 0.011 0.011 0.012 0.011

Examination of nort h velocity error in Figure F-5 shows no detectable performance
degradation due to the induced fields where the N57A system is navigating in the rotated
mode. The calculated applied maximum field strength at the gyro rotor was 11. 8 gauss
and the rotor was noted to slow down 3. 6 rps. These results are cons istent with
previous N 57A testing and analysis which indicates that drift rate errors due to rotor
speed change and magnetic torques will be cancelled by rotation about an axis through
elect rode No. 1 center.

North velocity errors in Figures F-6 and F-7 indicate drift rate changes upon
application of the magnetic field corresponding to sensitivities of 0. 065°/hr/gauss2 and
0. 043°/hr/gauss2 respectively. These results were obtained with the N57A system
navigating in the non-rotated mode and are con sistent with the 0.03°/hr/gauss2 sensitivity
determined from Test Station IV testing.

Magnetic sensitivity of the N57A rotated in a manner to simulate the EPM configu-
ration ( rotation axis 5° off plate center 1 — toward Z) was also tested. Analysis predicted
10 percent of the sens it iv ity of operation in the non-rotated mode would result. Test data
indicates 15 percent to 23 pe rcent of the sensitivity of operation in the non—rotated mode
results when the N57A is rotated to simulate EPM.

Fu rther related tests were run to verify analysis of the benefits of rotation about
plate center No. 1. In the fi rst of these tests, a larger coil wa-s placed on the N57A and
a magnetic field of magnitude sufficient to cause a rotor speed loss of 8 Hz was applied
with no degradation of navigation performance. The second test resulted in no degradation
of navigation performance when the polar gyro rotor was overheated approximately 10°F.
Both of these tests experimentally verify the analytically predicted benefits of plate
center No. 1 rotation.

In summ ary , the N57A magnetic sensitivity testing has verified the
following:

1. In the rotated mode the N57A is relatively insensitive to magnetic fields
and gyro rotor slowdown.

2. In the stationary mode the ESG demonst rates 0.03°/hr/gauss2 to
0. 065°/hr/gauss2 magnetic sensitivity.

3. N 57A2 and T/S IV magnetic sensitivity tests are in substa ntial agreement.

4. The EPM system sensitivity to rotor speed change and to rotor temperature
change is significant ly reduced from the N57A system.

5. Analyt ical predictions of the benefits of rotation are accu rate.
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APPEN DI X 0

FAST CYCLE PROGRAM
DETAILED F LOW CHARTS

FLOW CHART SYMBOLS

ENTRY POINT OR CONNECTOR

1 
PROCESS

SUBROUTINE S

BRANCH POINT

OFF-PAGE CONNECTOR

OFF-PAGE BRANCH
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H E R E  FROM
64 HZ INTERRUPT

FST64

INTERVAL TIMER = 16MS

DSCRT

SDCK

H E R E  FROM
SIMULATOR
ENTRY

DVU

(1 PC SHUTDOW N
0100

(U) 03..

HPIN =0

HPDI 3—4

=0

NGPP = HPDI 5
HPIN#0

# 0
NGPP

=0 RAWDP

THERM

RTN
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DSCRT

PD000 1
P0001 1
P0002 0

ISSUE PDO (OM)

ISSUE SDO (WDO)

PD000 = 0
P0001 = 0
PDOO2 = 1

ISSUE P00 (OM)

R0000 = 1

ISSUE RDO (WOO)

STORE DI (ID)

R0000 O — —
~~

I ISSUE ADO (WOO)

DSCRT1
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READ 3 SUCCESSI VE ENCODER
WORDS INTO A 1, A 2. A3
(MASK OFF LSS & MSS OF
ENCODER WORD)

0 0 1= 1 . 3

(jA1. AOLDI < EN)~~~~~ 
YES

NO

I AOLDR=AOLD I
D O I 1,3

~~~1-AOLDR I~~ ENLIM(~~~—ø~ AOLDR = (AOLDR +A 1) (2 1) 
~

AOLDR = AOLD AOLD =

AOLD = A 3 EN = (A
~ 

.ENBS) /ENMX
EN = EN + ROT8 ROT8 = EN - ENOL D

_ _  

I

I ENOLD = EN I
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STO1 ) 1
4,

0 
_ _ _ _ _ _ _

- 

CHPFLG 

~ 
+ SET SITE

[HPIN -0 HPOUT = HPOUT & X~SO0O

I 0 4  
4,
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_____________ _ _ _  — -- -. - - --_----

DVPt = DVP~ XFFO 22 16 BIT

DV. =OV P-+v -
I I V I 32 BIT

= 1, 2. 3

3
DVU. = ~ Ky DV. 32 BIT

i — i  
_tj

DVUB 1 = DVUB 1 + DVU I(MSR) ~~ 16 BIT

= 1. 2, 3

58

--- . .:.::
~
-
~i 

. _ -
~~
-
~
- ...: ~~~ 

-i 
~~~~~~~~~~~~~ ~~~~

_ 1.; •~•

. 

• r . I TIr~~~~~~~~~m ~~~~~~~~~~~~~~



~
—--==

~ — - —-_-—‘—--—--- -_-  =-- - - - -— - - - - -- - - - — - - - - -

cIHPOUT
D

# O 

_ _

HPDO2 23
HPD03 4 

RTN

HPDO4 SEQ
HPDO5 T
HPDO (5 + ,~ 

= DATA IN

ADDRESS LIST 1
1= 1 .2,... 18

HPOUT = 23
NGPP = NGPP + 1

CSUM (HPDO) )

çA
~

N A ~

N
A 1 ~ A,

i = 2
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I - SEQ & X 000F J (4/SEC EACH
BRANCH)

OIHER(

j

D
~~~~~~~

....
~~~~ 

_ _ _ _

/
“

~~~ 

b44
\ [G O  = GSO1 

~ 

GO = GSO2
THERM 16 I

_ _  _ _ _  ~1~
(TX =-ATLST 1 + TMLST 1 - GND~’~1,~~~ NOJ

’ TX = -SMGAP + GND + GO

= SM~ + (TX -SM7)(2 ’2) 
) 

1t~_
SM~ = S M +  (TX -SMI)(2 2)

~OVFLW ~OVFLW

I SM~ = +T M LST, I SM~ = -SMGAP/ 2  I
Li 4

OTHER 2. 10 
I 

CG j - SMt -T XP (SM,.i ) 2+THRM 1I

‘Jr

RTN 
1 

DI 15 
~ )

~0 CGAP1 =CG CGAP2 =CG

MD000=1 MD000-O

[KXOB = KXOB +OBDT1]

RTN
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THERM 15

XR6 = (SEQ~ 2~~) & X’0006

00K = XR6 , (XR6 +1)

TX = -ATLST K + TM LSTK .GND OVERFLOW

NO OVFLW
TX = TMLST K
(CLEAR OVERFLOW )

TEMI = TCALST K - (A2 LST K •TX - A3LST K .TMP K ) (2~) OVERFLOW

4,
NO OVERFLOW 2.3.4.5 XR6 0.1.6.7

X’8800 � TEMI � X’7800 NEGATIVE POSITIVE
__________ __________ HEATER HEATER

TX ~ (HOT) + TX

(COLD) 
HOT) 

—

(COLD)

TEMI = X’8400 TEMI = X 7800

TMPK = TX
TCA LSTK = TEMI

XR6

RTN
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ENDMUC
IN TE RRUPT

BKGF L 
-0

#0 SETNG (1)
FASTC

BKGFL 0

RESUME INTERRUPTS

#0
SEQ — TWI SET BITE NO. 6

SEQ = SEQ + 1

SEQ & X ’ 0031 RTIM E = RT IME + 1

*0

AQ = AL ,~ X’FFF8 - DAL~1
BO = BT 11 X ’FFFS - DBT ,J
ALN~1 = ALU ,~ = AQ + (SFa,j )AQ + (PH~~1~)BQ
BTN ,j = BTU ,J = BQ + (SF$ ,~)BQ + (PH~~,1)AQ

= 1 , 2 j = 1 . 2, 3
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FASTC 1

NGMUM —

0

CROSS (AL U 1. BTU 1, GMU 1 )

UNITV (GMU1, GM 1)

CROSS (ALU 2, BTU 2. GMU 2)

UNITV (GMU2, GM 2)

STNV 
—

DO 1= 1. 2 O.+

UNITy (ALN 1. ABS , )

TEMPI = ABS,

UNITV (BTN1. ABS,)

ABS, = (TEMP 1 + ABS, ) /2

FASTC2
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Sç
(J s.r~v~~)# X.0100

,‘ X’OlOO

SMC

_ _ _ _ _ _ _  

+C STNV
) 

-

_ _ _ _

START 
c~i C N G M I J M D # 0

WRMUP (CROSS GMU 1. GMU2,.GMU3))

(32 = (16) (16)) I0~~
0T

~
GMul . 

GMU~J~

(32) GMDOT = GMDOT +Z3 GMDOT

(32) DDVSF 1 = DVU 1 GMU ,1

(32) DVSF, = DVSF , + DDVSF , ~~~~

I = 1. 2. 3

BKGFG 1
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UNITV
(G, GM)

DO TWICE 

T = (G~ + G~ + G~)/2 
OVERFLOW

OK

GM~ = GM /2 + T/GM 
OVERFLOW 

GM = X 7FFF

OK

00 1=1 ,3 

GM = X’7FFF RTN

G1 = 1(X’7FFD) G1~/GM
R = R EMAINDER

R -GM/2 
+- 0

= G1 + Xl

RTN
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K= bEMF

0 K ) 1.2,3

_ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _  

4,

(
STNVJ

+ 

I 
_ __ _

_ _ _ _ _ _ _ _ _ _ _  ~1~ R 1 = AL O 1
R1 = AC 1 A 1 = GMU 3 

R = ALO2
R2= AC2 R2= GMU3 

S 0

____,1_________

SL = SL + DSLK
SS=1/2 SIN (SL)

~S= 1/2 cOS (SL)

66

4- --—-~~~~~~~~



-- 

~~~~~~~~~~~~~

--  _

~~~~~~~~~~~~~~

_ 

~~j~~~~~~~ - -------±~~~~

TB = (ALN 1.R ,)SS + (BTN1 R,)CS + DMR ,DT

DFD 1 = DFD I +K 1SK TB

DMD , = DFD 1 + K~~K TB
55 = -SS

(PHASE)(FREQ) 

~~ DEMF_ 2 )~~~~ 
—

ALO , = ALN 1 _____________

+ 
~~~~~~~~~~~

SPINF 
,
,.

+ 0 %~~ITBI-TBMX

C T )  
_ _ _  

FCG~~D )

T (SEE NOTE )$
IT = — 6 4 CYCLES T = T + 1 FDEMF= DEMF+2
LDEMF = D E M F -2  

___________  T= —64 CYCLES

DMR O 1 = DMR , NOTE: 
~~ 1: GSWD tBIT NO. 15) = 1

FC DMD~+ DMR 1 i 2 :  GSWD (BIT NO. 14) = 1
DMOD 1 = (FC+T12 ) & X’FFFO
DMR ~ = FC-DMOD,
DMOD 1~2 = DMOD ,

p____ _
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K=G Y ROM I

AXD = ALN K1 CTK + BTN K1 STK
AYD = ALNK2 CTK + BTN K2 STK
AZD = ALNK3 CTK + BTN K3’STK
BXD = BTNK1 CTK - ALN K1 STK
BYD = BTN K2 CTK . ALN K2 STK
BZD = BTN K3 CTK - ALN K3 STK
SXD = G MU~<1 NTQ
SYD = GMU K2 NTQ
SZD = GMU K3 NTQ

4,
( 

LOADS (1) )
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HERE FROM (~~~\HEREFROM I/O COMPLETEINTERVAL TIMER ( IOSDN J (INOUTJ INTERRUPT (NORMAL .INTERRUPT 
\ J

( SDCK )

SIMFL

— 1=0
DSCRT ) __________

________ 
C CDUF L

I#0
i=COUNT

- -  
t10)

ç I 9 &~~~~J~~~~~~~~~~~~~ p

PHFLG - 1 
FMSRIN = COUi~71 [~~~ IN CDU IN , 

~I PHFLG~~2 j

+ 
#O

~~~~U I N _ R E ~~~=0 
+ ~~ PHFLG~~2)

#O 
•

I REF=CDUIN,~ °CSYCNT ) CDUOL
~ 

SYCNT = 8  
~ 

~ii~ ~~‘MoD&x’oop~) °  
IS
0

______________  I +~~ FA LSE

I SYMOD = CDUIN1 J I 1ENTER SY M0D&X’7~~X’80OOI

+ 0
1
4

[ CDUFL O 1

HP2100 ENABLEO (
~/O~ç

__

PRINH D ~~ PRINTE R ENABLED

ci ST0~~~~J 
I/O STILL BUSY (#O)

(x ~~~j

~ 
(0) (0) HP I( 0)

(1) 

~~ 
STO3~~~}~

NACTIV E 
~ ~~ PRFLG~J

* _ _ _ _

I NSF L ) ~~~~ I4

<
~) 

(=0) 

~~~ 
PF LAC[)

~~ _HP OUT
~J~

°1 
I PRFLG = PFLAG
[PFLAG=O

OUTPUT FROM
HPOO DATA ZHPF 4

o~~~~~ oo3F I _____  i
RE TRN

[HPOUT=0 
~~~~ 

~ NSFL IS’i” FROM TAPE FILL.
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EII~ MH~1~
_HPFi

~1 ~
, 

ISET BKGFL#0 J

I P R INT~~\
STO1 /CONVERTADR\

\ IN PRFLG
(0) SETNG (4) \ TO BCD

HPFLG~~’~INVERTED HPFLG OUTPUT TWO
WORDS TO
PRINTER

+ HPFLG~

HPOUT & X ’7FFF =0 
HPIN

#0 4#o
OUTPUT FROM INPUT INTO
HPDC DATA BLOCK . HPDIOATA BLOCK .
HPOUT & X’003F HPFLG~ (INV) & X ’003F CDUOL
NO. OF WORDS NO. OF WORDS

I 
_ _  _ _

HPFLG O J
- COUNT~ = I = MOD (COUNT , 5) + 1

OUTPUT CDUOUT , (ONE WORD )
CDU IN , IS INPUT AUTOMATICALLY
SET CDUFL #O

RESTORE INDEX REG S
AND STATUS REG .
ISSUE RESUME INT.

RET.
TO POINT OF

INTERR.
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~‘=_-t~~~
_4_r=_____~

_ ____
~

_

BIOMATION 
TRI0

S000B TO SDÔ13= 0
ISSUE SDO

( SETNG (7) )
4

ENABLE REG = X’OlOO
(INTERVAL TIMER ONLY)

( PRINH }
LOAD UP , ‘—
HP OUTPUT ( LDHPO
WITH BITE ‘___________

( NOSPN )
BTSAV- = BITE- (I = 1,2 ...8)

SAVE BITE I

WORDS IN R /W M E M  P00= RDO=0

SDO = X’4000

~~~~ 
(WAIT FOR INTERRUPT )

C 
(+)

KXOB

_________(-)

f TRANSFER
ç DATA BACK
\ TO EROM

~~~ ABLE ALL INTERRUPTSI

I STDSP = X’O3FC

LOUTPUT STDSP TO CDU
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TABLE G-1. FAST CYC LE VARIABLES

Index Word
SymisI r — Definition Max V.m.s L..sth

I j (Bits)

IK GF G i — — Set TrueWhen in Baclcground . Fsh,When ie Fast or — 16

~ow Cytles

I~~D — — Instrument Status Word — 16

3 Both Gyros Operating

=2 Gyro 2Openting

=1 GyrolOpersting

G~~D — — Demod Routine Gyro Status, Perform BITE Test: — 16
3—Bot ti cyros

- 2 — Gyro 2

1 — Gyro l

STNV — — Slow Cyde Mod. — 16

START
CALIBRAT E - 0

NAVIGAT E = -

DEMF — — Demod Routioe Mode — 16

0 5 H z~~ip,Ptias. Lodi

~ 1 O~~ip,Ph.ie Lodi
— 2 5 Hz sip, Freq Lock

-~ = 3 O SIip,Freq Lock
-
~ -1 No Control

NGMUM — — MUM Data Not Good *0 — 16

SPINF — — Hold Damod Routine in Fr.q Lock Mode *0. — 16

Perform Normal Mode S.quendng =0

_ _  _  _ _ _

— 
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TABLE G-1. (Cont )

Index Word
Symbol ~~~~~~~~~~ —~~~~~~

---— Definition Max Value Length
(Bits)

SIMFL — — Simulator Flag — 16

0 — No Simulator (Normal)

+ — Start, Rotor Deiuspended

- — Niy, Rotor Suspended. Spun
(Lead SIMFL O)

SYMOD - - System Mode from dO Panel Switch (Load - 16
SYMO D - X’15)

SYMDO — — Old Value of cm Panel Mode Switch — 16

COUNT — — Modu lo 5 Counter to Sequence cm Panel Output — 16

PFLAG — — Print Flag Set by Program . Address ef List of Data — 16
Addresses (Ii — No Print) (Lead PFLAG = 0)

PRFLG — — Buffere d PFLAG (L0ad PRFLG = 0) — 16

HPO UT — — 
Ianqthof HP Output Data Buffer (HPDO) 

— 16
HP OUT 0 For No Output

HPIN — — HP Input Data Buffer (HPDI) — 16
Contains Data If HPIN = 0

HPFLG - - I/O Control Word from HP2IOO - 16
HPFLG = + Micron Output Request
HPFLG =. Micron Input Request

ENTER — — Keybo d Input Code (SYMOD) (0— No Input) — ii
(Load ENTER —0)

LSRIN , - - Least and Mast Sipuificeut Keyboard Input - 16
MSRIN
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TABLE C-i .  (Cont )

Index Word
Max Length

Symbol Definition v~~. (Iits)

ALUj i Gy,o (1,2) Axi s (1, 2, 3) DC affset and 3-Spec,Scale Fact.r,Phaae 1. 16
rru~ Compesssated a.$

GMUj1 Gym (1,2. 3) Axis (1. 2, 3) ALU x BTU and Normalized 1. ii
GMU3 = GMUi x GMU2

DA Ljj Gyre (1. 2) Axis (1. 2. 3) a , ~ DC Offsets 1. 32
(Initial ize From Cal Param)

GMj Gyro (1, 2) — Magnitude of (ALU x BTU) 1. 16

DVU , Axis (1.2, 3) — Compensated EMA Data — MICRON Frame 2~fp~s 32

DVUBi Ax is (1. 2, 3) — Summed DVUi 21f ps 16

DVSFi Axis (1. 2, 3) — Cempesueted EMA Data — Spin Frame 2~ fps 32

SEQ — — Sequence Counter (64/Sac ) 
~~ Cycles 16

DFD1 Gyro (1,2) — Dumod Conirel Frsq Estim.to 1312.U Hz 32

— — Domed Routine Reference Phase Angle ir Red 16

SS, CS — — Sin and Cos of 5L 1. 16

RC~ Gyro (1, 2) — Demod Routine Phase Lack Reference 1. 16
Vector - Cal Mode

DMR~ Gyro (1, 2) — Darned Control Rendual Phase/1IU Second 1312.0$ Hz IS

DMRO , Gyro (1, 2) — DMR1 Lagged 1/64 Sec 131211 Hz 16

T — — Darned Routine Mode Sequ.nce Timer 215 Cycles 16
(MISec)
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TABLE G-1. (Cont )

Index Word
Symbol - - Definition Max Valve Length

ALN~ Gyro (1, 2) Axis (1, 2, 3) Normalized ALU and BTU 1. 15
BTN~

AISi Gyro (1, 2) — Length of (IALU I + IBTUI)/2 1. IS

RTIME — — Isec Clock 215 sec is

~ ICSI — — Smoothed Gyro No. I Case Temp 521°F 11

SMCS2 — — Smoothed Gyro No. 2 Case Tamp P 1 °F IS

SMCAI — — Smoothed Charge Amp No. 1 Tamp 312.5°F 11

SMCA2 — — Smoothed Charge Amp No. 2 Tamp 312.5°F II

~dEMA — — Smoothed EMA Block Temp 312.5°F 15

SMS1 — — Smoothed SEU No. 1 Tamp 312.5°F IS

SMS2 — — Smoothed SEU No. 2 Temp 312.5°F 16

$1153 — — Smoothed SEU No. 3 Temp 312.5°F 16

SMMX1 — — Smoothed MUX No. 1 Temp 312.5°F 16

SMMX2 — — Smoothed MUX No. 2 Tamp 312.5°F 16

SMAIR — — Smoothed Ai Temp 31 2.5°F iS

SMBAT — — Smoothed Buttery Temp 312.5°F 16

SMTCM - - Smoothed Converter Module Tamp 312.5°F 11

SOAP 1 1, 2 — Smoothed Gyro Gap 157.1 ~iin IS

CGAP~ 1, 2 — Compensated Rotor Temp 157.0 ~iiis 15
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TABLE G-1. (Concluded)

Index Werd
Symbol Definition Max Value Length

I (1k~

CT.,, ST Gyro 1.2 — Cos, Sin PoNiode Damping Torque AngIe 1 iS

AL0~ Gym 1. 2 — Old Value of ALN~ 1. 16

CDUI~ 1. 2, 3, 4 5 — CDU Input Data Buffer — IS

EN — — AU Rotation Encoder Positio n 155° iS

CDUFL = 1 II CDU D.ta Were Ovtput Previous Fad Cycls — 16

- 0 Otherwise

KX OB — — Integral of Battery Current 130 ampiec 15

TMPK 1 1,2,.. .. S — Previous Value of Tamp Control Loep Errer Signals 1. iS

NGPP — — Raw Data Trensmieaiea Counter (Nogatiw) 215 16

ADLD — — Old Valve of EN (Unscaled ) 363° 16

AD LD R — — 2 Cycles Old Value of EN 3630 11

ROTS — — Change in EN Over I Cycle iS
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TABLE G-2 . FAST CYC LE CONSTANTS

Symbol Definition Value Max Vein. Soeld Vales
DSL0 Denied Slip Frequency (5.11525Hz) 0.125297 Red 5.155545

DSL1 (Mode Determined by DEMF) (0 Hz) 0 1f 5

DSL2 (5.01S25 Hz) 0.025297 Red 1.151146

DSL3 (0Hz) 0 if S

K150 D.mod Control Gain, Slip-Plies. (Froq) -(0.02376) (54)/Sac 1~ (1 302.00)/S.c -$HS37i 7
K200 (r = 1/S Sec. ~ — 0.7) (Phase) -(0.2013) (64)/Sec ‘(1302.01)/Sec —1113244

K151 Demod Control Gain, 0 Slip-Phasa (Fraq) -(0.1175 (64)/Sec 410157$
K201 (-r — 1/32 Sec,~ = 0.7) (Phase) —(0.4741) (64)/S.c “ 4.117416

K152 Demod Control Gain. Slip-F req (Freq) 4/Sec “ 4.00199
K2S2 ( T  = 1/S Sac) (Phase) 0 .. s
K 153 Demod Control Gain 0 Shp.Fr.q (Freq) -11/Sec “ 4.01390
K203 ( T  = 1/16 S.c) (Phase) 0 ,,

DI Dernod Control — Residual Fr.q Scaling 64/Sec ir (1 302.01)/Sec 0.9025029

TBMX Demed Control BiTE Threshold Sin 800 2 0433

TXP Case Expansion Coefficient 0A57~ inJ°F fiS7.9,i in. 
~2 n’~ •

~~52i ’F )
ENMX Encoder Max Value 319/1(320) (2)1 1 0.4014315

ENBS Encoder Bias 112 — ENMX 1 5.9015625

ENLIM Encoder Wild Point Limit (0.13°) 6 214 0.101316
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TABLE G-2. (Cont )

Max ScaledSymbol Definition Value Valve Value

A2LS11 3.9331 4 0.15320
A2LST2 3.9331 4 0.95325
A2LST3 -0 9670 4 -0.24195
A2LST4 -0.9671 4 -0.24105
A2LST5 

Temp CentralIst Gains 
-0.0505 4 -0.24163

A2LST5 4.6463 4 —0.16155
A2LST7 0.6463 4 0.10156
A2LST5 0.6463 4 116150

A3LST1 3.6796 4 0.919144
A3LST2 36796 4 0.119544
A3LST3 -0.9213 4 4.23205
A3LST4 - Tamp Control ler Gains 0.9203 4 .5.23290
A3LST5 -0.1415 4 -0.21130
A3LST9 -0.6264 4 -5.1611
A3LST7 0.6264 4 115SS
A3LST5 0.6464 4 0.1551

— 
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TABLE G— 3 . THERM MEMORY MAP

Input Sit Point
SEa1 SM1 TMLST ATLST

0 SMCSI = SMCS1 + ITMGI - ATMG 1 - GNO - SMCS11 (2
-2)

1 SGAP1 = SGAP1 + (-SMOAP + GSO1 + GND - SGAP1 I (t2) & CGAP1~ = SGAP 1~ (TXP) (SMCS1~)
2 SMCA1 — SMCA1 + ITMCA1 - ATMC1 - GND - SMCA11 (2-2 ) & 0115 Battery Check
3 SMCA2 = $Mc*~ + (TMCA2 - ATM~2 - OND - SMCA21 (12)
4 SMEMA = SMEMA + ENEMA - ATME - GND - SMEMAl (2-2)
5 $MS1 = SMS1 + ITMS1 - ATMS1 - GN D - SMS1i (12)
6 SMS2 - $1151 + [TMS2 - ATMS2 - GND - Sli~2i (12)
7 51153 = SMST + [TMS3 - ATMS3 - GND - SMS31 (2-2)
S SMCS2 - SMCS1 + ITMG2 - ATMG2 - GND - SMCS21 (12)
9 SGAP2 = SGAPV + (-SMGAP + 0012 + GND - SGAP2 1 (2-2 ) & CGAP2~ = SGAP2~~. (TXP) (SMCS2~)

10 SMMX2 - S~~ X2 + (BMX2 - TMX2O - GND - SMMX21 (2 .2) & Dl l5Battery Check
11 SMAIR = $MAIR + (BAIR - TAIRO - GND - SMAIRl (2-2)
12 SMBAT = $MIAT + (SlAT - TBATO - GND - SMIAT 1 (2-2 )
13 SMMX1 = SMMX1 + [IMX1 - TMX1O - GND - SMMX11 (12)
14 SMTCM = SMTCM + (BTcM - T~M0 - GND - SMTCMl (2_2 )

THERM 15
(i) TCALST A2LST TMLST ATLST A3LST TMPK
0 TCGI ’ = TCGI - ((AG2} (TMG1 - ATMGI - GND) - (A63) (TMPK0)1t29) TMPK0 = TMGI - ATMI3 1 - I

1 TCG2t = TCG1 - ((A62) (TMG1 - ANG2 - GND) - (AG3) (NPK 1)1 (29) TMPK 1 = TMG2 - ATMG2 - I

2 TCCA11 
= TCCAr - [(-AC2) (TMCAI - ATMC1 - GND) - (-AC3) (1MPK2)J (29) TMPK 2 = TMCAI - ATMC1 - I

3 TCCA2~ - TCCA1 - [(-Ac2) (TMCAV - ATMC2 - GND) - (-AC3) (TMPK3)1 (2~) TMPK 3 TMCA2 - ATMC2 - I
4 TCEMA ” TCEMA - L(.AE2) (TMEMA - ATME - GND) - (-AE3) (TMPK4)1 (2~) TMPK4 = TMEMA - ATM E -
5 TCS1” - TCS1 - R-AS2) (TMSI - ATMS1 - GND) - (-AS3) (TMPK5)J (29) TMPK 5 = TMS1 - ATMS1 -
6 TcS2’ = TcST - ((*52) (11151 - ATMS2 - GND) - (AS3) (TMPK6)J (2~) TMPK 6 = TMS2 - ATMS2 -
7 TCS3’ = TCS3 - UAS2) (TMS3 - ATMS3 - GND) - (AS3) (TMPK7)I (2~) TMPK 7 = TMS3 - ATMS3 -

BKG (1-SEC RATE)
SMRF~ = SMRF + (-TMRF 1 + GND - SMRF )(2~

2)
OVR~ (PVPV) ($MRF~ - VROLD )
ATMG1 = TCO1 + (DVR~) (0.50726)
ATMG2 = TCO2 + (DVR~) (0.51126)
ATMC1 = TSC1 + (OVR~)
ATMC2 = TSC2 + (DVR 4’)
ATME - TSE + (DVR~)
ATMS1 - TSS1 + (OVR ’)
ATMS2 = 1502 + (DVR4 )
ATMS3 = TSS3 + (DVR~)

7~)/ -~”)
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Loc - SM, lnput — 
~etPoint — Loc

20 TMG1 = 083B ATMGI = 0D82
+ - + , +~ 2F AND 3C SMGAP = 0830 6S01 = 0C26& CGAP1 - SGAP 1 1TXP, ~SMCS1 , 2F TMCA 1 = 0830 ATM C1 = 0D84& 0115 Batter y Check 30 TMCA2 = 083E ATMC2 = 0085

31 TMEMA = 083F ATME = 0086
32 IMS1 = 085A ANSI = 0D87
33 TMS2 = 0856 ATMS2 = 0D88
34 TMS3 = 085C ATMS3 = 0089
35 TMG2 = 083C ATMG2 = 0D83

+ — + + 36 AND 3D SMGAP = 0830 6502 = 0C27& CGAP2 - SGAP2 . (fl (p) (SMCS2 37 BMX2 = 0840 TMX2O = 0C35& 0115 Batte ry Check 38 BAIR = 0850 TAIRO = 0C36
39 BBAT = 085E TBATO = 0C37
3A BMX1 = 085F TMX1O = 0C34
3B 61CM = 0860 TCMO = 0C38

TMPI( Input b c  Set Pou t b c  Output Loc

t~~ ’K 0)1 (2~) TMPK0 = IMS1 - ATMG 1 - OND TMG1 083B ATMG1 = 0082 TCO1 = 0804
(TMPK1)1 (29) TMPK1 TMG2 - ATMG2 - ONO TMG2 = 083C ATMG2 = 0083 TCG2 = 0805

~~~~~~~~~ 
TMPK2 = TMCA1 - ATMC 1 - OND TMCA1 0830 ATMC 1 = 0D84 TCCA 1 = 0009

(TMPK3)1(29) TMPK3 = TMCA2 - ATMC2 - GND TMCA2 = 083E ATMC2 = 0085 TCCA2 = 000A
flMPK4W(29) TMPK4 = IMEMA - ATME - GND TMEMA = 083F ATME = 0086 TCEMA = 0808
(TMPK 5)1 (2~) TMPK5 = TMS1 - ATMS1 - GND TMS1 = 085A ATMS1 = 0087 TCS1 = 0808

~TM~1(6)1 (2~) TMPK6 = TMS2 - ATMS2 - 6N0 TMS2 = 085B ATMS2 = 0D88 TCS2 = 0006
(TMPK 7)) (2~) TMPK7 = TMS3 - ATMS3 - GPIO TMS3 = 085C ATMS3 = 0089 TCS3 = 0807

b c
TMRF 1 = 0861

Set Point = Loc
ICO1 = 0C28

It — flI ’~Ifl—

ISc1 OC2A
TSC2 = OC2B
TSE = OC2C
TSSI = 0C20
TSS2 OC2E
TSS3 = OC2F
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APPENDIX H

BACKGROUND PROGRAM

DETAILED FLOW CHARTS

FLOW CHART SYMBOLS

ENTRY POINT OR CONNECTOR

PROCESS

SUBROUTINE

BRANCH POINT

L~,
) OFF-PAGE CONNECTOR

OFF-PAGE BRANCH

-

~
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H E R E  AT

IN I T L  
COMPUTER

INITIALIZE INTERRUPTS-I l
MASK R EG = X’FlOO
ENAB. REG = 0
XR7 = X~OFFF
TIMER =-15.625 MS

TCG1 = TCG2 = TCS2 = TCS3 = X~840O
TCCA1 = TCCA2 = TCEMA = TCS 1 = X~780O

MDO= X’0800 (MDOO4 )

LOC X’SOC - 820 = 0
LOC X’23 - 3D = 0 (I/O BLOCK)
TMPK u 0 (i = 0.7) (SMOOTHED TEMP & GAP)
RDO = PDO = 0

TCI SMFLG = PSPIN = SPEND = GSWD = 0
PFLAG = PRFLG = BDFLG = LOCK = NGPP = 0
NGFLG = NPOUT = 0
TLCAI = 1 LCA

/ INITIAL \ I ALSO INITIALIZE
( CHECK SUM ) f BACKGROUND

\ (LOC 5) / ICHECK SUM ROUTINE

ç_READ IN EROM )
SDO = X’4000 (SDOO1)
KXOB = X~8OOO
SMRF = VROLD
STNV~~1,DEMF -1

ISSU E IOC D CLEAR TO HP

çSIMULATOR)
4 ~

O
~~~~~~I~~F~~~yO ~~ SYMOD X~ O15 I

C
DSCRT )



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(0) (1)
0105

ENABLE REG = X’7100 ENABLE REG = X~F 100

A SET 1

I BTCNT~~~-5 (i 0-12I I STNV NV CL

“ -1—”

SPINF = MODC = MODF = MODCN = 0
NGMUM = SEQ = RT I ME = CGFLG = 0
THRM 1 THRM 2 = THRME = 0
LOC X~99B -9AC 0
TDO = PDO = 0
SD000-07 = 0, S0014 & 15 = 0
MD0 ” X’0800

[LATCH = SYCNT = ISW D = HPIN = BKGFL = 3
TCG = 0 T = -64

DM001 = DM003 = DFDP1 = H Z C1  - 128

F DMOD2 = DMOD4 = DFDP 2 = HZC2 + 128

STDSV = X 8000
STDSP = X’800C
DCG X’40
ROTC SEQ

(~~~NOSPN)~~~~~

(~~~ wA lT FOR INTERRUPT )
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( SIMFL SIMUL

-0L 1  _________ 

(~~~~~ DVU )
HPIN )u 

~
°
~C__

STO9 ) 
_ _ _ _ _ _ _ _ _ _

_____________ 
( FASTC )

( H PDI3 )  
_ _ _  

I
I+b0 ( DEBUG )

( CHECK SUM )4
n0

~~7,~TIME R.~~v )

#0

I RTSV=RTIME~ I

(~~~~~ BKG )

(-) (+)
STNV

( NVBKG ) ~~(0) 
(~~~~ STBKG )

___________  
L__

CLBKG ) 
___________

NVBIT ) 
~~ 

STBIT )

•1 ~~~~~~ TCI 15

SMFLG )
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CHECK
SUM

N DUMY

N+128
RSUM RSUM + 

~~~~
. N 

LOC1

DUMY DUMY + 128

DUMY 1638410

(0)

(~ O)
RSIJM.CKSUM

(#0)

LOC X’4 = RSUM

~ETN~~~~

RSUM 0
DUMY (- LOC,) 4096i~
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C NOCOD)~~~~~

(0)~~~~~ ~~~ (1)

_ _ _ _ _ _ _  

1~~~ ST08~~~~J _ _ _ _ _ _ _

STO3 INSFL

F PRINH = PRINH = “0’ j PRINH = “ —“ J
I ~~~

j  (HP)

(PR INTER) ______________

~~ 
sTo1~~~~~) 

~‘~‘ SETNG (92)
__
)

SMRF~ = SMRF + (GND - TMRF1 - SMRF )(2 2
~

DVR = (PVPV)(SMRF - VROLD)

~ 
ATMG1 = TCO1 + (DVR)(0.50726)

~ TEMPERATURE
1 ATMG2 = TCO2 + (DVR)(0.50726)

~E P~ NTS , ATMS~ 
= TSSj + DVR (I = 1, 2,3)

ATME TSE + DVR
ATMC~ TSC, + DVR (i = 1,2)

(~~~oi -p~ oo~~)’~° )(JSETNG(112) )

TEMPORARILY 
~~~~~~~~~~~~~~~~~~~ ,(

__

SETNG(113) )

~~~~~~~~~~~~~~~~~~~ ~~I
SET

~~
h14 

___)

0

RTN
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HPIN _)
~~ 

#0

~
-
~
(HPDI4.OLD

D 

4, -

~~~~~~ I OLD -HPDI4 1
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ID LSTX1 LSTYI LSTZA i
62 B24 -24.0 3.6 0
63 B1SC -15.0 2.25 1
64 B15 -15.0 6.0 2
65 B7 + 7.5 1.125 3
66 BM7 - 7.5 1.125 4
67 BSC + 5.2 0.78 5
68 812 +12.0 1.8 6
69 BM12 -12.0 1.8 7
70 B15S +15.0 2.25 8
71 BM15S -15.0 2.25 9
72 POS5 + 5.0 2.0 10
73 M1N5 - 5.0 2.0 11

~~~~~~~~~~~~~~~ 

~ GND

A~~ lLsTX 1+I
~
ST
~’hI I

(~~~~LSTZ)~~~~~

~ 
PSCNT 1 +1 

~ I_ PSCNT1 = -5 
~

~~~~~ iNG (i + 62)) 
(i = 13) 

• + ~ ) 
(1~12)

LWTE .
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SEU KMU

75 SMCS1 30°F (KSMCS) 0
76 SGAP1 15#~IN. (GAPT2) 1
77 SMCA1 30°F IKMUX2) 2
78 SMCA2 30°F (KMUX2) 3
79 SMEMA 30°F (KMUX2) 4
80 SMS1 30°F (KMUX1) 5
81 SMS2 30°F (KMUX1) 6
82 SMS3 30°F (KMUXI) 7
83 SMCS2 30°F (KSMCS) 8
84 SGAP2 15~LlN. (GAPT2) 9
85 SMMX2 50°F (KINT) 10
86 SMAIR 50°F (KAIR) 11
87 SMBAT 50°F (KBAT) 12
88 SMMX1 50°F (KINT) 13
89 SMTCM 60°F (KINT) 14
90 CGAP1 2~tIN. (GOT) 15
91 CGAP2 2~dN. (GOT) 18

(OVER TEMP BI~i~

DO = 0. 16

I A—SGA P+GA PT2 I4- 
( 1= l/9)~~~ 15/16)

_ _ _ _ _ _ _  
OTHER _ _ _ _ _ _ _ci A )()~ SELL - KMU)~~~~ c). ~(~~~~ iof)

ToTcNT~~1 I
~ 

OTCNT1 =-5 J 
_ _ _ _ _ _ _ _  ~ 

OTCNT, = -5 
~

A C OTCN~~~~~
# O ,

(~~TNG Ci + 75)) (75.91)

( 1016

J J

~

TJ I~ 1 ~~~~~~~~~~~~



BATE
DRAIN
BITE

(0) 
D114 

(1)

SETNG (110)

KXOB = KXOB + OBDT2

(1) (0)
D115

SETNG (111)

KXOB 
(+10)

SETNG (60)

ABORT
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~~~~~
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~~~~~~ 

~~~~~~~~ ---__ ~_ - - - -_- - - - . -“.~ --.---- --J ~~~~ 
______

SIB IT
(SY NCHRO ANALOG
OUTPUT INITIALIZA-
TION CHECKS)

I i=(BIT 14INSSTAT) I (BLOCK STBIT TEMPORARILY)

C )° 
_ _ _ _

1 SYNFL O  J

_ _ _ _  _ _ _ _

AROL1 = X’5DB4
- AROL2 O

APIT1 = X’5D84
APIT2 = 0
AHDG1 = X’5DB4
AHDG2 0

BR1=BR OL P0012= 1 BR2 BROL
BP1 = BPIT SYNFL= 1 j  BP2 SPIT
B H 1 = B HDG BH2 BHDG
AROL 1 0  AROL 1 X ’A24C
AROL2 X’5D84 AROL2 X’A24C
APIT1 =0 RTN APIT1 = X A24C
APIT2 = X’5DB4 APIT2 = X’A24C
AHDG1’O AHDG1 X’A24C
AHDG2 = X 5DB4 AHDG2 = X’A24C

SYNFL. 2 SYNFL 3
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1 BR3=BROL
I BP3=BPIT

L
A 1 BR1 + BR2 + BR3

A2 = BP 1 + BP2 + BP3

A3 BH1 + BH2+BH3

DO =1 ,3

SETBITE NO.(114+i) I

A1 = (0.57735)(BR1) - KRB1C

A2 = (0.57735) (BP1)- KPB1C

A3 = (0.57735)(BR2) - KRB3C

A4 = (0.57735) (BP2) - KPB3C

D O i = 1 ,4

(j~ iI
_

_X D080
Iy~~~~3 SET BITE NO. 118

A 1 = (0.57735)(BH1) - KHB 1C
A2 (0.57735)(BH2) - KHB3C

DO i= 1 .2

~~ j I .I 
_ x.oioo)~’°ø.I SET BITE NO. 118
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MODF ) OTHER

~~1.2

(DVM.DVM -DVG - DVBIT

I SET BITE NO. 96 1

V G - V GMX

+, 0

SET BITE NO. 98 1
1 1 ,;2

C__

j GM~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~

I SET BITE NO. (98+i) I
p

ISDOT -.ORTH

-i-,0

SET BITE NO. 101

NVBIT2
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-~ ~~~~~~~~~~~~~~~~

NVBIT2

DO i=1 ,2

DMOD1- H ZC, - DFR 
-

4,0

SET BITE NO. (3Oi-~)

EMP.
BYPASS

TO
NVBIT4 i

BITE NO.118 NVBIT4
6

BITE NO. 115

0

BITE NO. 116 1

A = (AROL1 + AROL2 ) — (KROLI) (BROL) 
~

— KROL2 
~~~~~T3

B = + (APIT1 + APIT2) — (KPIT1) (SPIT) — KPIT2

A B 
—

SET BITE NO. 104
SET BITE NO. 105

PDOO6=0
PDOO6=0

+,0
B P0006 = 1
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~~~~~~~~ —~~~----

~~I~~
TE NO. 117 ) 1

~~J~
- AHDG1 +AHDG2 - (KHDG1)(BHDG)I.KHDG2) 

—

SET BITE NO. 106

P0005=1

P0005=0

(1ADC1.(KDC1 (BADC1)I.KD)
~~~~~ 

—

+, 0

SET BITE NO. 107 1
4,4 

_ _ _C IADC2 - (KPC1)(BA0C2)I.K0C)~~~~ —

0

SET BITE NO. 108

NVB IT4

ROTC-SEQ + 128

~~~ C IEN - ENP - ENBIT

RDO =0
SET BITE NO. 109

ENP = EN
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CDPN L

DMDD1 DFDP1 X 2~ I FOR CDU
DMDD2 = DFDP2X2 1 ANO PRINTER
HDGD = HDG X 2~ DISPLAYS

ALTD = ALT/i 00K

STDSP~ = STDSP . X’O3FF + STDSV

= 1-8

(=0) # 0
BITE,

A=X’0004 (SET)

(#0) (= 0)
STDSP~& X’0004

(RESET ) A = X’0003 A = 0

STDSP~ = STDSV&X F FF0 + A (SET/RESET CDU BITE )

DATA SEL = MODE/BITE DATA SEL # MODE/BITE
SYMOD

=0 = 1 (PRESS-TO-TEST) CDCM4
SYMOD&X’0080

LATCH = 0 =0 =1 (HOLD)s
SYMOD&X 0008

BITE~ = 0

LATCH #0 (i = 1-8)

=0 
I

(-) (+)
BDFLG

WDNO + 1 BITNO = MOD (BITNO+ 1,9)

LATCH 1
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S 

~-~-( 
STNV )~

°
~

_ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _  

4,
[A = “S”. SAVE1, SAVE2, PSPIN [ A = “N”, 0, 0,0 1 ~ 

A = “4/-” , NGPMS. NGPLS,~1
= TCIMS, TCI LS, 0,0 [E = MODFMS, MODF LS, 0,0 

~ 
E = NEPMS, NEPLS, 0,0 ]

/ SAVE1 IFAM IN DAMP \ IBCD CHARACTERS

~ 
SAVE~ = NMIN IN DAMP I [MSRLH A, LSRLH = E J-~ 

CDU DISPLAY LOC’S

t PSPIN.0,NAVS~~
N 

~ 

1LH DISP~~
Y

1, POLAR SPIN I 
~~ 

BDFLG~~~~~
°
~ ~1

[ Di = BITNQ FOR I F Dl = WDNO FOR I Dl = CHECKSUM

L BCD CONVERT ] [BCD CONVERT F
FOR BCD CONVERLI

HERE WHEN DATA SEL SW BCD
IS NOT ON MODE/BITE
— 

I CDU DISPLAV LOcS (RH) ] { BCD CHARACTERS

CDPNL2

(~~~IOD &X’008~)— °

1 (PRESS-TO-TEST)

EMSRLH=X ’C888 CDCM5

I LSRLH~~X’8800
I MSRRH = X’C888

F L
LSRRH X’B88O

STDSP~ = STDSP &XO3FF + X’FCOO
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HERE WHEN DATA SEL SW IS
CDCM5 NOT ON MODE/BITE. AND

PRESS-TO-TEST IS FALSE

_______________ PITCH
LAT LONG (0)

~~~ SYM OD&X ’0007 ~~ 
( )  ROLL

~ (DATA SEL SW) 4,

Dl LAT __________  __________  Dl - DMDD1 [Dl = PITCH I
02 = LON [Dl = SM~S2 

~ 
Dl = VZ 

~ 
02 = DMDD2 D2 = R4LL]

I I I ,-~ I
02 = ALTD

~
=
4,~c~

o D7D!±j” 
(
~f!C~ D7)i~~

)

Dl = SMcS1 J ~ 
Dl = VG Dl = SGAP1 Dl = VN

02 = S G AP2 02 = VE

D2 = HDGD

-‘ I CONVER T Dl . D2
( BCD ) -

~ OCTAL TO BCO
‘ 

~ 
FOR DISPLAY

STORE Dl - BDC IN MSRLH, LSRLH
STORE D2 - BCD IN MSRRH. LSRRH

(0000/0010) CDPNL2
OFF ______‘V (0030)-
STBY(iYMOD&X’0O3~~~~\~ AV

~~~
SYSTEM MODE swj)

ALIGN (0020)

A = 0  A = S H G C  A = 3

~ 
MODC~ = MODE ~I CDENT I
M O D C = A  j
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-

~~~~~~~~~~

_______________ 

(ENTER FLAG SET
0 IN INOUT ROUTINE)

ENTER

4, 
-(~~~~NTER_&

.—CSIGN DIGIT
~) 

EN4 [ X2 - ALT

X2 = L~1~J ~ 
X2 = LONC I

F~~~~~~~~
MSRI

~~ C~~
N

DIGIT

é G  /N/S

~~~~~~~

\

Q

(~~~~~~~RT MSRIN,\ 
(~~~~BNJ / \ ~~w )

\~~~R I N TO OCT~~J  4
( K B S) (  KBE )

STORE PER X 2

[ENTER=0 I

_ _ _ _ _ _ _ _ _ _ _  

= 0
(~~~ !CL } ~~4 ~~~~~VCL ) PP(~~~CINTL )

_ _ _ _  
4, 

_ _ _ _
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(cONVE~~~~ CD. - 

# o
C

M o c)

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
I DTEMP - :;: IN X 2~ &X ’8000 1

IF N~ - 0, NVCL 0 \ GET S~
IFN, 1,NVCL - I
IFN3 - 2 ,SHGC =1 — 0

IF N~ = 3, SHGC 2 
Si

IF N~ = 4 .TCG RTIME 
_ _ _ _ _ _ _ _ _

IF N 1 = 5 ,DCG = LGAIN +/ ~ 
1A x8000 1

IF N~ = 6, DCG = HGAIN 
I S

~ 
- 19 )

IF N
~ 

= 7, ISWD = 0 (-/0)
IF N~ 

= 8. ISWD = 1 _____________

IF N1 9, ISWD 2 S- - l5
IF N 1 1O, ISWD 3 r ‘—
I F N , = l l , PSPIN O I __________

IF N , = 12, PSPIN = 1 IA — S,+ DTEMPI A = S1 
- 1

I
~1~STDSP’ = STDSV & X’O3FF 4- x’~ooo

_ _ _  

-

~~~~~~~~ 

I

(~~NVERT BCD\S~GET E, / RTN / CONVERT
( BCD TO HEX

I PDFLG= E~~+ X’8000 
\ GET W ~

I I WDNO = W~ (ADRESS)

- 
BOFLG ”- ” I
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- ______

PLSTO

=0 
PRINH

#0

PDFLG -

4/0

#0 PFLAG PDFLG&X’0007

= 0 
(A = ALIST1)

#0 PRFLG
=0 PDFLG=+

RTIME-PTIME

4

PTIME =RTIME + OPTIM
A = ALIST,

PFLAG = Adr. of ALIST~

(4)
PRINH

(—)

HPOUT4 = HPOUT 6’ X’8000

HPOUT4 &X’7FFF #0

— 0
# 0

PFLAG

-0

LDHPO HPOUr - HPOUr & X’7FFF

RTN
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—

PRFLG — PFLAG
PFLAG = Q
HPDO3 X l i

1*004 - SEQ
I-1P005 RTIME

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

LOC = ADDRESS IN LOCATION PRFLGIIJ

= 1 + 2  
_ 

-

{~~~~~:~
1} = DATA IN LOCATION LOC

PRFLG - PRFLG + 1
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r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

SETNG
(A)

K = (A /15JTRUNC.
i = MOD (A, 15)

C TH BIT OF BITE K )
#0

SET 1TH BIT OF
BITEK - 1

F PFLAG = ADDRESS OF
BITE LIST ADR

4,4
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TABLE H-i, BITE CONSTANTS

MAX SCALED
SYMBOL DEFINITION VALU E VALUE VALU E

KMUX1 SEU Delta Overtemp Limit 30°F 312.5°F 0.096

KMUX2 C/A, EMA Delta Overtemp Limit 30°F 312.5°F 0.096

KINT Uncontrolled Internal Temp 50°F 312.5°F 0.16

Delta Overtemp Limits

KAIR Inlet Air Delta Overtemp Limit 50°F 312.5°F 0.16

KBAT Battery Delta Overtemp limit 50°F 312.5°F 0.16

DVG Accelerometer Reasonableness Refere nce (32.1:4)2 ~~2 214 fps2 9.872t’4

DVBIT Acceleromete r Reasonableness Threshold t068)DVG 214 fps2 2 13

VGMX Max Velocity Threshold 211 fps 212 fps

OBDTI System-on-Battery Drain Per! sec(~~~n) (~~
_
~ m~.sec 130 0.0101

OBDT 2 28 VOC Backup Drain Per Second 0.5 amp-sec 130 0.00385

GOT Rotor Delta Overtemp Limit 2 Pin. 167 pin. 0.0120

GAPT2 Unsafe Gap Tolerance 15 pin. 167 pin. 0.0898

GMO Mum Magnitude Reference 0.9 1 0.9

DGM Mum Magnitude Threshold 0.05 1 0.05

ORTH Spin Orthogonality Threshold Sin 15° 1 2-2

DFR Demod Frequency Threshold 10 Hz 1302.08 Hz 0.00168

ENBIT IAU Rotation Motor BITE Threshold 0.08° ir red 0.000444

KSMCS Gyro Delta Over-temp Limit 30°F 521°F .0576

PVPV Temp Monitor Reference Voltage Scale Factor —.45033 1 -.45033
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TABLE H-2. BACKGROUN D VARIABLE S

INDEX MAX WORD
SYMBOL i j DEFl~flTlON VALUE LENGTH

NVCL — — CAL/Nay Mode Switch Command — 16

SMRF — — Smoothed Temp. Mon. Ret. Volts 6.6666 V. 16

DVR — — Temp. Mon. Ref. Volts. Correction 5. V. 16

SYNFL — — Synchro Initialization Check Sequencer — 16

VG — — Ground Speed (Nay) 2500 fps 16

SOOT — — SN1 SN2 (Nay) 1 32

MODC — — Mode Commend from CDU — 16

MODF — — Functioning Mode — 16

PRINH — — - 
HP-or-Printer Interface Flag
(—HP, +=Printer. 0—Neither or Instrumentation.) — 16

PFLAG — — Print Flag — 16

PRFLG — — Buffered PFLAG — 16

PTIME — — Print Time — 16

ALIST — — Address of Print LIst — 16

DPTIME — — Print Time Interval — 16

HPDl
~
,HPDO

~ 
1,...,63 — HP lnput & Output Buffers — 16

GSWD — — Gyro Status Word — 16

STDSP — — Display Status Word — 16

BITE~ 1,...,8 — BITE Flags — 16

LSRIN,MSRIN — — Leastand Most Significant CDV Input Registers — 16

ENTER — — Keyboard Entry Flag — 16

ROTC — — Time of Last Rotator Turnaround 215 Cycles 16

ENP — — Previous Value of EN (1 Sec old) ‘T red 16

SIMFL — — Simulator Flag: IF SlMFLi~0,Simulate — 16

DMOD~ 1.2 Demod Ref. Frequency 1302.08 Hz 16

HZC~ 1.2 Rotor Speed 1302.08 Hz 16

SYNOD — — CDU Input Mode Word — 16

ATMG~ 1,2 Gyro lemp Point Set 521°F 16

ATMS~ — — SEU Temp Set Point 312°F 16

ATME — — EMA Temp Set Point 312°F 16

ATMC
~ 1,2 — Charge Amp lemp Set Point 312°F 16
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~0 -5 ~0 ~0 -5 .5 -5 ~0 .5 .5 5 .5 .5 .5
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s o 5~~~~~~~~~
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_5 _5 _5 _5 _

5 ~5 
_5 _5 _5 _5 •5 .5 _5 _5 _5 _5 _5 _5 _5

a, a, a, a, = 0 0 0  0 0 0 0 0 0  0 0  0 0 0 0 0 0 5

~ E E E E E E E E E E E E E E E

~S ~~~~~~~~~~~~~~~~~~~~~~~~~5 a, a, 5 = — 0 0 0 s = c 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0
o o 0 o o a’ -~~ -~~ -~~ o a a, - -~~ -~~ .0 .0 -~~ .0 .0 .0 .5 .5 .5 .5 .0 .

C.) C.) C.) C.) C.)~~~~~~~~~~~~~~ < ) C . ) C . )

a,
a, E
.2 — —

‘.3 5- C.) . -o E = c = a,— — = a, (.1 C’) 0 0 0
.5-5

-
~~~~ r = ~ ~~ .~~~ ~~~ .° .° !~ !‘ ~ ~ ~ ~ ~ ~S

a. u — so u. a,. ~- I- I- C.) C.) C.) so so so so so c.~ so Cn so so so so so so so

F-’ — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

a,

~ -g
= = = = =

~ I so so so so so so ~, so so so so so so so so cn so so so so so
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= ~~ — ~.1 C’) ~~ 12)

S. — ‘.“ so so
— 0 “‘ II II II II II II II II II II II II II II (I

.0
— .. a, -

~~ C.) C.) C.) C.) C.) C.) C.) C.) C.) C.) C.) C.) C.) C.) C.)
-~~~~~~~~~~

— a, a, ,.~ ~~5. 0 o~~~~ a, 2 ”2 .5 2a, a, (‘-.l —a 
~~~~~~~~ 

4 .5~~~0 .5 _ = = •2~~~~.5 !
— ~~~~~ E .5.!— ° 2 a, .— = — 0

S a: —~~~~~~ a~~~~~~~~~~~~ ~,C.) 
~~~E~~~~° ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~5 ~~~~ o u 9 5 ~~~~~~o . 5  -5

‘.‘ ~~- ~~~~~~~~~~~ 3 -  0 .5 ~~ 
a, >. C.3 >- C3 -— ‘~ a , > -: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~— -~ 

U ~‘ — — a, ~ E — 2 — s • C.2 
~~ ~~. 

X ~~. a, 5 16- ~ — 16- ~~- = .2 ~ e -a. a, 
~ 

-a. ~v 5 ~ .9’ a~~~~~~~~~~~~~~~~~~~~~~~~~ s o N s o C .)so~~~~~~s o s o~~~~~~ — 6 - - s o

~~ 
.
~~ -— a, •.5 N — ~.. ~.. — , — — — ,. — — ._

U — . 5 . 5  — a, 5 = = = = = = 5 = = = 3 = =.5 .
~~ a, a, ~ a a a 0 0 0 0 0 0 5  0 0 0 0 0 0 0 0! — .a, = .5 a, a, 5 5 5 a, a, a, a, a, a, a, a, a, a, a,

-~~ 0. ~ 5, ~ .~~ 2. ~ 5 5 5 5 5 5 E S E S E 5 5 E ~ S E 
-—

>- ~ E ~~ — ‘~~ = “ 9 C.) C.) C.) UI ~~ — — — — — — — — — — — tS — — —U .5 U 5 a, a, a, a, a, a, a, a, a, a, a, a, a, a,

~ .2 9 5 — 0. ~ •~ •~ ~~ .5 .5 .5 .5 .5 5 .5 -5 .5 .5 .5 .5 .5 .5 .5
a, a,. ~~. ~~ 0 5. )C 5 0 0 ~~ ~~ a,. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

~~ UI a, Z w w UI a,

U) ~~ C’) C’I 62) ~~ C’) C’2 U)
— — — — — — — — C) so 1 -  CO II) ~~ C’) C%l — — — — — 0) 0) C’-. U) 10 ~~ C’) C’I .

8 .- C 1  C’) ~~ IC) U) PS 0) 5) 0 .- C’I C’) ~~ IC) U) PS 0) C) U) — C-I C’) ~~ It) U) r’. so C) U)
— . — — -. — — — — — C’.I C’4 C’1 C’.I C2 C’I C 1 C’.I {5C C”C C’,
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~~~~a, 3 5  - -a- ~~~S 5 0 “ 5
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• 0 >  
-—

a~ ~ a, . ~~ ~ a, = .2
= = 5 5 5 CO = 3 —= = 5 = a, ~~ 0 0

Ufl Ft ! Ft
C.) C.) C.) C.) C~ 

— — C.) C.) U) C’) C#)

-~~~

a,
=

. 5 . 5  =.5 5 , 5 , > - > -  _ g
~sso  .

~~ 
.~~ . 0 . 0>

a, .0.0 2
— > > C = ~~ =, — —O — — a a . =
I- Z Z c n s o a , .~ C.) Ca C.) U ) U )  ~~~~~~~~~~

a,.5 
~~~~~— =

Z Z s o s o Z~~~ ~~~~~~~~~~~~~~ s o s o~~~

= =
2 2
+1 +1 .~~-
0~~~0~2 !  5

.5
-

~~~ S —
~~~~~ 

a,
UI ILl ~~

1 0 U )  - 
—

a,
U 0 5 a, a, C 0 0 0= = a, a, . 5 . 5. 5 . 5  —U U

~~~~~~~ 
a,

~~~~~~~~~~!!
_ _

-; 2’-g — — a’ -5
0 ~5 ~5 a, a, UI -— 2’ 9’ 2’ 2’ ~~~ 

0 U
C.) S 

-

~ ~~.E -E 0) , 0 U U U .5
a, ø~ 5 5 0) . !  SI 0 = = a, U • — 0)

.5 9
“ 

~~ 
a rn a.

5 .! 5 5 U) U) >‘ ~ 
,~ =

— 01 . 01 — .5 — 01 — 01 01 0 
~~. a, a~ _, 9

~~~~~~~~~~~~~~~~~~~~ Z Z~~~~~~~~~~~~~~~~~~~~W W UI 2 ~~~~0 0 0 0 . 5 5 , 0 5 5 0 0  0~~~~~~~~~~~< aI w °~ a ’ s

a’ = > > >- >- 0. ~~- 5 ‘aU) U) U) U) ~~ ~~ C~ CO CO U) U) U) so so 0) so so so
- _ _ _ _

— -— — — . — — — C) so PS CD It) ~~ C’) 01 — — — — — — — 0) 0) PS CO 12) ~~ C’) 04 —
~~~so ~~ ~~

8 0 — 04 C’) It) U) PS 0) 0) 0 — 01 C’) ~~ IC) U) PS 0) 5) 0 — 01 C’) ~~ It) CO PS 0) 5) 0
C’) C’) C’) C’) C’) C’) C’) C’) C’) ~~ IC) IC) IS) 12) 12) 12) U) It) U) IS) U)
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a, = — ø~ 51 0. ~~ x a, 0 
— — .. a, a, a, — ~~. 5. 8 a,

5 5 5 5 .~~~~~0 5 5 5 .5 a, .5
0. 0. ” 3 5 . 0 .  ~ = = a, 01 0 0 0 . 5  a,

“ 0 . 55  ~ a a a
~ C.) 0) 0. a,. ~~ so so ~ 2 ~~ — 5. — .~~ — S0. a, 0. 0. * U) — — ~ 5 .51 _ 

~~ a, 01 01 01 a, .
~~ — —

5 ~ 2 2 ~~‘ 5’ S’ S’~~ ~ ~~ ‘~~ ‘~~ .~~ ~~ ~ a ~
~ ; > > > I ~~ 

Z a,

~~ PS C’~ U) , IC) U) . .- > - . 2  .2 ~ ~~ ~ - ~~ 
-
~~ ~~ S

U) I I 4- I + 4- I + I + 0 0 W C.) C.) UI a, so so U) — 0) ~~ C.) CO

— It) U C’) 04 — U) IS) U so ~~ — ~~— — — C ) 0 ) P S C O I S ) UC ’ )01 — — C ) s o P S  U) IC) U

C’) ~~ U) C O P S  0 ) C ) 0 . —01 C’) U U) C O P S  C U C )  U) — 0 1  C.) U It) C O P S  CD 0 ) 0
CD CO ID ID U) U) CO U) CO PS PS PS PS PS PS PS PS PS PS so so so so 0) so so so so 0) 0)
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r

a,
S
=
=0
CI

U) -0)
it) 05 0 0  0.

2 a
a

0 0 51 ~ , ~, a, a, a, a,
‘I = 5 = S = = S = S =CU = = = = = = 0 = a = c

‘a 0 0 0 0 0 0 0 0 = 0 0
so C.) C.) C.) C.) C.) C.) C.) C.) ~- C.) C.)

a,
=
S

C E  . 5 . 5 . 5
— . 0  = = 0 .5 . 5 . 5 . 5 . 5 . 5  . 5 . 5 . 5 . 5 . 5  = = = = = =
~5 = = = 3 = = = = = = = = = = = = = S = = = = 0 ) 5 ) 5 )
0 so 0 0 0 5’ 5’ 0) 0) 01 5’ 0) SI 01 0 0 0 0 0 .5 .5 .5 .5
— — — — .5 . 5 . 5 . 5 . 5 . 5  . 5 . 5 . 5 . 5 . 5 . 5  . 0. 0 . 0 . 0

2 2 2  ~~~~~~~~~~~~~~~~~ 2 2 22 2  ~ — — —so so 0) 2 2 2 2 2 2 2 2 2 2 2 2 so so so so so so so so

00
0

— =o - 0) 5 5 5 5 3

~~~~~~~~~~~~~~~ i i i i i ~~~~~~~~~ i i i i i i i

0 — —  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

r~ .~~
-

- h+ + )_ .5

- S
. 5 5  5)

U 2 5 )  .5

~ -2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

—~~~ .~~~ . 2 ”  2.
= 

_ s _  0
.2 ~~ 0 .“
— 0. _ a,
a — = 

S a , a ,a~ 2
= 5 1 0  2 1 1  * -0 = >, x x  a~C.) 

~~~:: .~
- 

.~~~~~~~~~~ . 0 )  ~~~~~~~~~~~~~~~~~~~ 
-

0 ~~~~~~~~~~~~~~~~~ 0 0 0 5 . 0 . 0 .
~~~~~~~ -2 

-
0) ‘a 5 ’5 ’  -

0) 0 ~ .5 ‘a — = — 0 .
~~ a, > — 04 a, — — a, .55 .5  — — 5 .5 2 2 05 1’ a0 0 08 t >  ‘a

16-
•~ 0 .5 0 ‘a = 0 — 5 . 0 .0  

— 
5 CI

51 ~~~~~~~~~~~~~~~~~~~a —  a a z = 0 0  ‘a ~~~~~~~~~.... — a, — 0 0
2 2 - UI UI 5. 1(1 ~~ 2 2  0 UI UI >- ~~ 5’ CU ~~ N ~ t ~ — UI UI

_ _ _  

i !~~~ -~~~~~!iflflH1
It) U C )  04 ‘ U) it) ~~ C’) 04 U)

0 ) 0 0  C’.. CO (C) U a, 0 ) 0 )  PS U) It) U C’) 04
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

a , a
— 01 C’) U It) CO PS 0) 0) U) I- 04 a, U U) CD PS 0) 0) 0 01 C’) U IS) U) PS CD 0) 0

CD ‘a) C) 0) 0) 0) 0) Cl) 0) 0 ) 0 0 0 0  0 U) U) U) U) U) C’S 
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APPENDIX I

START PROGRAM

DETAILED FLOW CHARTS

- FLOW CHART SYMBOLS

ENTRY POINT OR CONNECTOR

PROCESS

SUBROUTINE

Eli ~lI) 
BRANCH POINT

OFF-PAGE CONNECTOR

OFF-PAGE BRANCH
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~~~~~~~~~~~~~~~~
—-

~~~~~~~
- - - -

~~~~~~~~~~
-
~~~~~~

-

TABLE I—I .  START PROGRA M MODES

1
~cr M.~s 0. Off

S WI. x

I Syst.. Ch.cks x

2 N..t X

3 x

4 CISUrI. M..it.f x

5 !~~~~ c~ Z H 1  X

S Low F,e,..s ~y D.I..~

7 Sj.I X

$ Ousp i

I Fi..~S i..IINA)

15 $i.2 X

11 0u.p 2

12 FI.I $ i.2 (NA )

13 T..p$~b. X

14 NI F.s,is.cy Oq.uss

II $~a*i x

IS ~~~~~ x
17 ~~~~~~ 

- X

IS ~~~~~~ .hi (UA) X

IS SpI. MM r OfI.I CII

F.r This. Nsa. $0015 I Iu~I.5y Off s.d I T.r.sd is OuiI., th. M.d.
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r

START

OTHER 0
TCI

0, -
NORM NGRTN x’sooo MODC - MODCN

+

___________ 
F TCI + (NON-ZERO) ZTCI

SMFLG~~~O
TSTRT J

D lOb
I i ” 1 6 — T C I ’  I
1 SET BIT I IN 

~ 
TSTRC 

o
SSTAT TO 1 1 TCI 15 TCI - X’SOOl

SMFLG ~ O- JUMPR ‘a 0

READ Y
BUTIM = 0 N O RM

JUMPA = 0
STNV = 1
SPINF = 0
SDO15 = 0

SPN (0)_)

RETURN
TO FAST
CYCLE

113



0 

ç 
SMFLG

D 

~~o

<~NOSPN ) 
( 

JUMPR

(~~~ sDO15 )-1--~ ,.

~~
( 

RTIME BUTIM
)

~~~~~~~~~~~~~~~~~~~~~~~ 

~)-._.j M DOO1 1 
~ 

CTCI’
~~~

15D

TCI ’ ____ 
-
‘

— 
J ;;;~-] (SETNG (TCI’ + 15))

CMD~~ J~~~ 
~~7~10, L,

MDO02 - ~ 1 MDFLG # 0

SDO15 = 1 i = TCI’ ,

- i JUMPER = ADR ESS M0001, 2, 3, 4, 5 ~ 0
_________ _________ OF TH MODE I S0004, 5, 6, 7 = 0

BUTIM RTIME 
___________

+ rIME~ D~~6

~ ~~~~~~~~~~~~~ I

NOSPN 
1 ( DI00

L _ _ _ _ _ _

_ _ _ _  

C
TCI
D

L TCI = 0 
TCI = TCI + 1

SMFLG ‘a o
MDFLG 0
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_____ - -  
-

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~ 
— - - .  - - 

____

1
WRM(JP

+, 0
SM~S1 - TLG

-~~~ +, 0 -

SM~S2 - TLG
- 

PDOO4=1
P0004 = 0 THRM1 = THRM1 + FHCNT

THRM 2 = THRM2 + FHCNT

+, 0
SMCA1 - TLCA 1

- - +,0
SMCA2 - TLCA 1

PDOO3=1
PD 003 = 0 TCCA1 = X’7800
TLCAI = TLCA TLCAI=-TLCA

+, 0 I
SMS1 - TLS _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- ~~‘ ~~ 

SMS2 - TLS [

(
~I~~

SMEMA + THRME - TLE MA

- [ SDOO3 = 0] F~~ OO3 - 1
- 4-I 0 

SMS3 - TLS ITHRME - THRME + FHEM~]

S0002 = 0 S0002 — 1 
+ 0

(SEQ - SSOF)

- f SDO 1 4= 0  J
CWRMUP2 )
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_

_
(~~~SD015 

ii: :~ 
~ 
-

Z HEAT # 0  

ç 
MDO o2~~) 

-

~~~~~~

(~
A1S +~~~

1
~~) 

0 

A1S2 + A2S2 + A3S2 - 2~~

TH RM 1 - THRM 1 - UPDGZ /4 ]

~(J TOO OO

~~~
)

1

ITHRM1 = THRM1 - GCNTS/81

THRM 2 - THRM2 - UPDC~Z/4 ] THRM2 - THRM2 - GCNTS/8
1

THRM1 = THRM1 - (GTH) (THRM1)
THRM2 = THRM2 - (GTH) (THRM2)
THRME - THRME - (ETH) (THRME)

4
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SYCH5 STMCK SYSTEM CHECKS SYCH4
TCI = 1

(5) (4)
(0) SMFLG (1) TEMPORARILY

GO TO BTSTO(2) (3)
(1) 

0105 
(0) 

KB = 0

Xl - TMG1 Vi - TMG2 Z1 - PlO
X2 = TMCA 1 Y2 - TMCA2 Z2 = PlO

SETNG(8) K 0 X3 - TMG1 Y3 = TMEMA Z3 = P20
SD 014 - 1 X4 = TMS1 Y4 = TMS2 Z4 - PlO
SSOF = X5 - TMS1 Y5 ‘a TMS3 Z5 - P15

NGR TN SEQ + SSTIM 
I = 1 - 5

- (+10)
SMFL G i lxi - Vi - Zi

I—)
KB = 1

TYPND

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SETNG(I)
(I — 46 - 50)

SYCH3 - -

- (0) (2)

SAV 1 - B15C 

K 

(1)
# 0  

______  KB

TILL ABORT SAV6 - TMEMA I \
BOR SAV7 = TMSI

BITFL KB 
____________

SMFLG - 2 ~~~~~ BIIFL~~~y ’ 0

- I K - 2  ~~&O 0 O - 1

[
~~

] L L~MFLG - 1  
E +  $0

-I~~ IFLG 3
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- ~~~~~~~~~~~~~~~~~~~~~~ - —~~~~~~~- --- -~~~~~
- . ---

~~~~
. 

~~~~~~~~~~~~~~~~ - --- .~ 

(= o)r ~‘~r% (,IQ) Vi — B15C Z1 = P025
K - 3  

, Y2 — B 7  Z2 ~~~~

4 ~~

- —‘ 4 
Y3 - BM7 Z3 - P039

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  Y4 = TMG1 Z4 - P02
PDO 1 1 — 0 K 1 K + 1 Y5 — TMCA 1 Z5 - P02

Y6 - TMEMA Z6 - P 02
1 Y7 TMS1 Z7 - P02

DIO4 1)J2L

1 

i ‘a 1 - 1

______________ (+10)
( SETNG V ii

4 ( - )  I
P00 1 0 — i  I K B — i
BTIM — RTIME

- - + TCHRG
SMFLG 5 

(
SETNG~~

)

TYPND ___________ 

“ IS 
I

(
~~ 

C 
BTSTQ J- T~ 

KB

~~~ LBATST.

~
‘a ~~ BT IM - RTIME 

(# 0) TSTRT PDO11 - 1
K - O
SMFLG ‘a 4

P0010 - 0 SMBAT - FCBAT 
-

(+/0)
TVPNO

NGRT SETNG(58) -

P0010-0

BATST - 1 FROM INITIAL
TAPE FILL ; MUST BE KEYED
IN VIA KEY BOARD TO SKIP SYCH3
BATTERY TEST
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NGRTN
TCI’ 2

HEAT

0 4 

(__)
SMFLG

1 2
ZTIME = ZT IME - 1

D105

0 (DESUSPEND) SMFGL — 3 0
MD 000 - MD ZTIME

SMFLG 1
SD00 8 1
DEMF — -l
DM001 = HZC1 TYPND HEAT3

DM002 = HZC1
DM003 = HZC1
DMOD4 - HZC 1 + - o
_ __ _  

SGP1

SMFLG — 5

_____________ 

A1S = X’8000 A1S = X’FFFF

I SDO 15=0]  SG P1=SG P1 - GCNTZ

(SETNG(8 )
SGP2

ITYPNDJ

\/ A3S = x’sooo A3S = X’FFFF
SGP2 = SGP2 - GCNTS SGP2 = 0

_ _ _ _ _ _ _ _ _ _  # 0
HT 1 SGP 1 + SGP2

ZTIME = 10 SEC
S M F L G = 2  0
S DO O9- 1  -

MD= MD000 = 0  SMFLG = 
SMFLG - 1

SG P 1=SG P2=O

9 TYPNO

TYPND - TYPND
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I
(NO PRELOAD) 0

ci DIO6~~~J

C SETNG(1O~~) (~~~~SMGAP - GND - GDO ,~~
-_- X = SMGAP ]

F SGPK = X/4 1
C_l - 4

~~J-~

[SG PK = SGPK + THRM K/4 [ I = I + I

~ 
SVGP K = SGP K 4

K = 2  SDOO8, 9 0
1 = 1
MD = MD000- i  +
SMFLG = 2 c~IsGP1 - DDGZ )

C sGP2~~
DDGz Y

L:rYPNDJ ~~~~~
., 0

(~~MCS1 + ZCAS ) 
-

(SMCS2 + ZCASJ-~

F
SGAP1 - SGAP2 = DLG Z

4
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~ 
-- - 

_ _

id’ = 3, SUSPEND

_ _ _  
_ _ _ _ _  

FLG

~~ ?~~~~ 

_ _ _ _ _ _ _

LOb D~
1
~ ________ 

TI;ER = -32 MS 
IE - X’FlOO

~ (0) ( SETNG(8)) 
SDO1O = l 

4

€MCA1 + TS~~~~ 4 
4 DSCR T

___________ 

(DELAY 125 MS~
NGRTN 

4 
4

S_€MCA2 

~~~~~ 

[ soon = i 
~ ______

SDO O 8 = 1  I 
~~~~~~~~ 

I 

(DELAY 10O~LS) [1~~
7

J 

~
SMFLG= l  1 __________

_______  I SD O 12= 1’

• ______ 

IE = X’C IOO SETNG(10)

[TYPNDJ 4 4( DELAY 5MS)
______________ S1S FFFF

4
I I S0 0 0 8 - 1 3 = O
J SDO13 = 1* I SPEND— 0

L_
SMFL G= 3

_ ]

4 ______

~~~~ IS ISSUED
VIA WDO AT
TIME BIT IS SET
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~
‘

~
— --

~
-- - - - -  ------ 

___

TCI 16 T C I =4
I MONCG % MANUAL CHARGE f CGMON

J CHARGE MONITO R
MONITOR

I 
= o

~~~I
SMFLG

_
) # O

4 A = S M F L G - i  1
CHRG1 = CHRG2 0
POINT - ADR FIRST
MDO O 3 — 1  (# 0) 

AMDOO4 - 0
SMFLG- 2  __________  -

= A

I I
POINT

- (* 0) 

(~~ 1CI - ~~~~~~ 
(= 0)

[ PF LAG - ADR CHRG 1-I7~ T POINT a, ADR FIRST
[ S M F L G — 2

4 4
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— - - -- --~~~~~~~~

SDOO4 = 1
P0007 = 1 PDOO7 = 0
DMOD2 = DMOD 4 = HZC1 DMOD 2 = DMOD4 = HZC 1 - DFCG

DM00 1 = DM OD 3 = HZC 1 - DFCG DMOD 1 - DM OD3 - HZC1
SIS - X’8000 GYROM= 2

GYR OM = 1 
_________________________

PHICG = CCGB = SCGB - 0
COUNT = SEQ + 13
SMFLG = 3
POINT = POINT + 1

- 
# 0

X’CO + DVP1 - DVP2

0
SETNG(1 1)

CX

jP

~~~
VP3

* O

DVP3 - DV4O

0
SETNG(13)

TY~N D
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~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I 
*O~(sEQ COUNT) 

= 0  

1
CHARG 1 - V’j~CGB)2 + (SCGB)2

PHICG - PHICG + DLPCG -
dWT - COS (PHICG) CHRG; = ______

SWT = SIN (PHICG) (4) cGSL
CCGB~ = CCGB + (CWT ) (ALU 11 ) I
SCGB~ - SCGB + (SWT ) (ALl.)11 ) NO

COVER FLOW?}

_ _ _ _  IVES

I CHRG 1 =X7FFF 1

(+10)
CHARG - CGSL

1 SETNG- \ FAIL I - )

( - ‘ )LAR GE I P O IN T + = POINT + ij37/38 / CHARGE

-‘ TYPND
IE = X’7100
Sib = X’FFFF
SDOO4 - SDOO8 - 13 = 0
SPEND~ = SPEND + I

(
SPEN~~

+ - 6~~~~~~

# 0

TCI~ = TCI - 2
PFLAG - ADR CHRG(l/2)

4 ABORT

(SHUTDOWN)
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S HEAT
TCI = 5

(2 SEC T IMER ) 0 

ci—: ~~ FLGD~~
i

SMFLG = -32640 ] [~~ FLG = SMFLG - 1] ~~~~~~~~~~~ -

0105 D—
° 

~ ~~~~ 
~sGAPi = SGAP 1 - UPDGij 

~ 
A1S = X’FFFFI

(SUSPEND) 1 ____________

I ( SETNG(
~I) +

4 4 r-4
”

CGAP2 - UPGZ

~~~~~~~
1

1 _ _ _ _ _ _  
_ _ _ _

MDOO2 = 1 Ii~EiAP2 SGAP2 - UPDGZ1 I A3S = X ’FFFF 1
DMOO~ = HZC 1 

~~ 
- X’7800~ 
] I I

j = 1 , 2, 3.4 I________________

TYPND TSTRT
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_ — -- - _. --- 

r 
-— - -

~

--— --

~ 

- -

~~~~~~~~

TCI ’ - 6 LOW FREQUENCY HIGH FREQUENCY TCI’ - 14
LOFDG DEGAUSS MODE DEGAUSS MODE HIFDG

C~~
MFLG

~~~~~ 
#OCF

~~~~H)

KIIISMCAL )_— -  - 0  
SMCAL )

_ __ _  
_ _ _ _

L

~~

)
_ __ _

GAIN = 1
Fl = 50 Hz SMFLG = SMFLG + 1 Fl - HZC 1
F2 = 50 Hz TMS - 14 - F2 - HZC2
DE MF = -1 DEMF — 3

J 1 7J 
(~~~

LG OLD TSTRT

SMFLG = 1  1~~
Tc

~~~~Fi 

~~GYROM1~~2j 
I~~~~~~~~~~11

TMS =14
GAIN = 1
SPINF - -i TYPND 

_____________

DM003 = DMODI -DFD1 -Fl
DMOD4 - DMOD2 - DFD2 = F2
GYROM - 1

FNT CH F 2
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- -
____ ~~~T .  _ _ _

~SPNP - 0 = I I
FSPIN - HZC1
FSMC - HZC1
MFSMC = HZC1, DFSMC - 0

(SPEED DETECT) 
(SPEED ADJUST)

DM001 
= DMOD J + DFSMC ~~OTHER( 

a 

O
~~~I~

NTCH ) -
$ 

X FFFF (SECOND TIME I # 0

~~ C - D M~~~~ 
AND RE~~JThALJZE ~~TIM E) 

<~~~FSPAJ 
~~~

~ 
DMOD 1 

= MFSMC 
GYROM = i J

____________ 
1 

(
~
_ GYROM 

2

DMOD3 DMOD 1 1
DM004 = DM002 T0000 = 1 

~ FT0000 = 0
C S P N P = 0 I  ICSPNP 1

______ 
PDOO7 - iJ I PDOO7 - 0

RSPDT 4 4
( ISWD(l5) 

~)— * ~~ 0- 
~ 0
~(I~

4 +0 +0

I5M~~~~
” ” ]

(~~DESIR ~~~~ 

- FO - FSPIN

u 
DM00 1 = FSPIN

14- DM OD J 
= FSM C

DELTA = 256 Hz , KT - -1/2

AM M 1 = MM3
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RSPDT

AMMO - A8Si
TEMA = (KT) (AMMO)
TEMC=-4 

-

AMM3 + TEMA +

TEMC + 1

AMM3 = AMM2

+
AMM2 + TEMA

TEMC + 1

AMM2 - AMM1
FAIL

AMM 1 + TEMA +

DMOD3 = DM001 TEMC + 1 
DELTA~ = DELTA72

DMOD4 - DM002 FO = DFD , - SVDM

AMM1 = AMMO

1.- (DELTA~ - 30_H~ 4—
- 

AMMO + AT 
_ _ _ _ _  J ’ a O

+ I I I(SET UPSTZRO IFINE SPEED)*0  TEM C + i
=0 I K T — l

- O  I GAIN=O- 
SEQ (MOD 4)

SV DM - DM00 1 

- 

14 
* ~ ( NOSPN

DMODt = FO + (DELTA) LSEQ(MOD 4)1 2 
DEMOD - FO + (K - 3) ~ F(-1, -1/2, 0, + 1/2) 
Al = FO - 2~~F 

______

_______ A2 = FO - iF 
‘INAM’lz~~) 2~ : F O + A F
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-

- - - - ----~~~~--~~~--_ -- _ _ - - --~~~~- - -~~~~~- - - - - - - --- - -~~~~~~~~~~

TMS - 14
SMFLG +

FNTCH - FSPIN
DEMF = 3
GSWD - I

4
4 

=~( GYROM D 2  
I’

P0007 = 0 I [P0007 — 1

DFD2 = HZC1 DFD 1 - HZC 1

_  

I
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FSPAJ

= FNTCH - DF DP~

TSF LG 
# 0

— O

SPINF 
-

~1 0
A - All - DFSPN

+ A

GAIN = “1” GA IN 4- = 0.785 GAIN
TMS = 14

TMS - TMS - 1

+ TMS
-.0

A - (GAIN2) DFADJ FNTCH - 0

+ U NOSPN

A - - A

DFDP 1 — DFDP~ + A
DMOD J = DM00 1 + A

DESIR

RTN
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C
DESIR D

/AXD\ /cSPIN1K\
( AYD 

I 
= (CSPIN2K 

~ 
(GAIN) U

\AZD/ \CSPIN3KJ

/Bxo\ /CSPIN1K +

BYD = 1~~~ ’~2K + 1 
~ 

GAIN

\BZD/ \CSPIN3K + 1/

~~~~~TSFLG
D

# O  
~~~~

KIIT l~
(_~ 

LOADS(O) .)
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~~~~~~~~A1

GYROM

A1S = X FDFF - IAXD) A3S - X’FDFF - (AXD)

A2S - X’FDFF - (AYD) A25 = X’FDFF - (AYD)

A35 — X’FDFF - (AZD)  
A1S = X’FDFF - (AZD)

B1S X’FDFF - (BXD) B35 - X’FDFF - (BXD)

82$- X’FDFF - (BYD) B25 - X’FDFF - (BYD)
835 = X’FDFF - (BZD) B1S = X’FDFF - (BZD)

C A T Y  ‘U  ~C A D
el ‘oi

l

S1S— X’FD FF + SXD S3S - X’FDFF + SXD
S2S = X’FDFF + SYD $2S = X’FDFF +SYD
S3S - X’FDFF + SZD S1S — X’FDFF + SZD

D1S= SMCL 1 + (AXD) (GAIN 1) D3S = SMCL 1 + (AXD) (GAIN 1)

D2S = SMCL2 + (AYD) (GAIN 1) D2S = SMCL2 + (AYD) (GAIN 1)

D3S — SMCL3 + (AZD) (GAIN 1) D1S - SMCL3 + (AZO) (GAIN 1)

0 0 —  1
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~ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1=GYROM
SIGN - (AX D GMU,) U

_ _ _ _  

+(SIGN D- 4
TEMP = 2_2 I TEMP = _2. 2 I

AXO = 0.75 AXD + TEMP GMU11
AYD = 0.75 AYD + TEMP GMU~2
AZD = 0.75 AZD + TEMP GMU 13

4
SIGN = (BXD • GMU~) U

4
SIGN ) 

_ _ _ _ _ _ _ _ _

TEMP — 2 2 I TEMP - _2 2 I

BXD - 075 BXD + TEMP GMU11
BYD - 0.75 BYD + TEMP GMU~2
BZD - 0.75 BZD + TEMP GMU,3
TSFLG = 0

I’
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AiS — BIS = SIS — X’FFFF
DIS = SMCL~
1 — 1 , 2, 3

I
L~

)

TA 1 = SMOF~ 1(TA. - GND) (0.5)
D1S — 01S - 0.5 SMCL~ - SMCL~ ~
i = i , 2,3 1 = 1 , 2,3 L TA1 - SMOF1

I _ _  _ _  I
SMFLG = -l 

~ 
SMFLG — 1 I SDO15 = 1

___J SMFLG = -2

1~ _ 
_ _

LZ) (
NOSPN

>
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--_ -- - -- _ - - -- — --

TCI = 13
TMPST

I DEMF=3,SPINF =4 -  I 
_____________

I GAIN l ,SMFLG #O I oc \ ~ O
•
~1 

ScSV 1-SCSV 2 = l  I’ ~~~ SMFLG

I 
- 

~~~~~~ - (SMC5~)2/Ku~~

_ _ _ _ _ _ _ _ _  

4 +
C_CGAP 1 - GAPT + - (J~ TMS

_ _ _ _ _ _ _  4 4
~ 

scsv1 =0 I SCSV~ = i I # 0 
— (-GYROM+~~

4 I
+ SCSV2 ) # 0 

________+

T0000 - 2 -  GYROM
4 0  P0007 = GYROM-1

TSTRT
(FINISHED)

SGAP~~=SGAPr~~ GCNTS
2 GYROM TSFLG #O

j = 2
CSPNP =0 CSPNP = 1 / FSPAJ

SUBROUTINE

GY ROM-j
FNTCH = HZCJ

TMS= 15SEC

NOSPN
SUBROUTINE

TY PND
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LS~~N L ~~~~~~~~~~~~~~~~ I~~
8

SMFLG #O j

TCI’ = 15
STANDBY

SMFLG *0

/ R0T0 R \ 0
( POSITIONING I
\BITE S / + 2(GMU1’CSPIN1)2 + (GMU1’CSPIN2) - THPOS

SETNG (33)

+ 
(GMU2 SCSPIN2)2 + (GMU

2’ 
cSPIN3)2 - THPO

J

SETNG (34)

SMFLG # 0
RDO X 4000
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- _-- - -- -—-~ -_- -= - - ------— -—----_----- -- - -- -- --—- -

TCI ’ =8 TCI’ 1

DAMP I DAMP2

I~~~GYR0M~~1 1 [ GYROM=2

[~~
CSPNP = 0 [ 

CSPNP = 1

[ K=GYROMII

AMS 1 = AMS1 +GN1 (ABS K-AMS 1)

AMS2 = AMS2 + GN2 (AMS 1 - AMS2)

AMS3 = AMS3 + GN2 (AMS2 - AMS3)

=0 
F ILTR 

# 0

AMM - AMSL] 
AMM = AMS3

OMPIN

TORQUE) 

- +_c SMFLG~~~~)’ 
0 SMCAL } 

~o D4- 0K) 4 _____

LCNTRLJ 

SEOUN = SEQ ~7J 
~~~~~~~~

‘4,%I#
f 

~~~~~ QLT 
- ~~~~~~~~~ 

(OK)

C_ ip
~

s
~~~’~ 

~~
0M

~~~~~ 2~~uNDMp

~ 
IFAM ~~~ )#5

TST:T 
[
~~~U~~~S~~~~~~T}.4

,c)
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_

_ _

SET TO ZERO: D2OLD, AMMSI (I = 0, 1...., 9, 10)
D1, D2, D3, AMS 1, AMS2, AMS3, TH , THO , SGN. IF HZ ,
PEAKX = AMNS 11 = F LAG 51 = -1.0

I
GYROM

TD000 = 1, P0007 =0 F T0000 =0, P0007

_ _  
_ _ _  

I _ _

= Ø-(~~~ISWD (15 ) )_!
E 

ISWD (14) ) = 0

AMAX = AMAXS TA 1 = KFREQ 1 TPNBD k
THA =THA k TA2 = KFREQ 2 TPNBD k
GP12 =GPl2 k TC1 = KFREQ3 TPNBD k UNIN

FILTR = 0 TC2 = KFREQ4 TPNBD k
TPM =1.5 TPNBD k TPA = KFREQ5 TPNBD k 

__________TPD =O75TPNBD k TPCO = TPCN = KFREQ6 TPNBD k 
~ 

FILTR = I

_ _ _ _ _ _ _ _ _

~

iø
SEQUN - SEQ
SEQW D = SEQ + TC1/2 R E I N T

SEQLT = SEQ +8.TC 1

ISMIN — 2  J I ISMIN = 1

THA =2~~ NMIN =2
SGN - SGN +180° ISMAX =2
NPREV - -2~~

5 NF — 7

I 
____

[SPFLG = IFAM = ISIGN = IPHAS = AMMAX = 0
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—

DMPCP

0, +
NF

[ PFLAG - DMPAD LSTSQ

(EXIT DAMP
ROUTINE)
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~ __ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-. - --- ---_ 

___

j - P NTR ]

j = j + i  I

~°ci AMMSID
4,-

I i = °  _I

~ 
PNTR- j  

~

= D~j - 2~~ AMMS J
= D~ - D~ + (2~~ + 2~~) AMM~~

D~ = D~ - 2 . D~ - D~ - (2~~ - 2~~) (AMMSJ - AMM)

AMMSj = AMM

D~~- Dj + 2 9 AMM

D = D~ + (2~~ ÷ 2~~) AMM

4, 
_ _ _ _

~~
SIGN (D2) = SIGN (D20idi) YES

4,NO

C SIGN (02) = SIGN (03) ] NO

4 YES

D2o
~~ 

= D2 ]

AMPK = (D~ - 03 0i2820512) 465445

4 
C 

_ _ _

~7J
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- + — i -  IFRZ
i-i-~~ 

0

I- TH = T H+ F E  I
I NEW ~~~ 

NO

~
.
~~

QUANDRA
~~ ?)

4, YES\

~~~ 
2,3,4,0,1

IFAM J
4,5

N~~~

çi- 
+THO � 36O0

~~_)

1
~
__

~~ i-~~~~~
TH0 �27O0

?) 
YES -

4, YES I F R Z = O

NANG O I I
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~~~AKX= AMPK]

I
AMMAX - PEAKX — 0.10 (PEAKX — PEAKN]~~

4, MAXST

C
IFAM ~~~~~~~~~~~ 

_ _ _ _

I IFRZ = O.5

~ 
TH - THO + 900

~~~ 
AMMi)~~~~ ‘

~~~ 0

4 -
IFRZ = -1.0
TH = THO + 130°
THX - THO + 1100

1(-O)

4
4 (

~
_
~ 

N MIN
~~i-i-~~ 

0

( ISMA X 

~ ~ 
2(~O)

DMAX - -( IPEAKX - 2’ AMX 1 + AMX 2 ( 1/8 - 1/2 1 PEAKX - AMX 2()J

I
-i-. 0 

ç 
IPHAS

J 

- 

4,

( X  + EPD~~) 
~ 0 

~~~~~~~~ 
+ EPD~~~

AMAX - o~ a~ J IFAM - 4

L TPA - 800
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MINPT

PEAKN = AMPK

1, ~ IFA M

2,3,4,0
0 +

PEAKN - AMMAX - AMMAX + PEAKX

WDTST

SEQ - SEOWD 
-

- -

THO = THO + f 0°: NMIN = 1 ~0E~~)
I. 180° : NMI N = 2

1 LAG: FILTR — 0
SEQN = SEQ - 5 --(

I ALAG: FILTR *0

K = N MIN

TP = SEQN - SEQNK

FXTRP

IFRZ - -1.0

M INPT
(CONT
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_ __
~~~~~~~~~~~~~~~

--
~~
__ _ _

MI NPT
(CONT)

pp PEAKX - PEAKN
PPN PP/PEAKX
PPH (PPN)1~~

4’
K=NM I N

4
SMAX = PEAKX - AMX k
SPAIN - PEAKN - A M N k

DMAX = AMX 2 - 
2 ‘AMX 1 + PEAKX

4
SEOW O = SEQ + 5
SEQLT = SEQ + 8 • TC1

_ _ _ _ _

AMX2 = AMX 1
AMX 1 = PEAKX

AMN2 = AMN 1
AMN 1 - PEAKN
SEQN3 = SEQN2
SEQN2 = SEQN 1
SEQN 1 = SEQN

* 0  ( IFAM)~~~~~

IIDENT I 4, 
= 0

= (~~~~ ISMIN)~~~~~ 
#0

1,zz1:~;,j 
I ISMIN ISMIN- 1 I
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- -  
_ 

‘ :--
~~~~~~::~~~~~~~:: i :~~~

=6 /‘~~ ‘\ OTHER
IFAM

4=0

ATP - TP~~~~

~~~~ TEMP - LIMIT (-TPD<TP - TPM<TPD)
FE — 2/(TEMP + TPM)

TH = THO + FE (SEQ - SEQN)

I

NM IN 1 I

4
SMAX - PEAKX - AMX2
SMIN = PEAKN - A~ N2
THO = THO + 180°
TP - SEQN - SEQN2

I
( FXTRP )

_
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(=0) = 1 
~~~ 

‘\ — 2  (~~O)NM I N 
+NMIN2

- -6~AKX - AM~~~~

MAXGD4 ,~~ 
0

TST21 4 -

(FTP - TA2D 
- CISMAX 

~~~~~ FAMTS
4 4 -. 0 IT ~~~~

11h T~~0I

(
NMN2 i) 4, 

IFAM

- E~~~~~~ -~~
’ 0 1,2,3

NM IN I  
_____________

OMAX = 0.999 I BGTST 
_____ 

CNTST

_ _ _ _ _ _ _ _  

+, 0 —Q~N 
~~

A A!) 
- 

C 

TP .. TPCN)

I I ~~~~M = 2j  I I ~~ M 3 I

I NMIN - 2 4 TCLTS
ITH0-THO+180° I - 0
LI! = SEQN - SEQN3 J 

(JSPFLGD
- ANTST

ç 
FXTRP ) 

[

6~i~
KN - AM~~~~ 4+  

~~~~~~ 
TP - TA1 

-

I~~~~~~~~01 
_ _ _ _ _ _ _ _ _  

[
~~ J J,

IFAM
__
) 

~~~~~~~ 

- SMAX~ SM

~~~~
__1 

I ~~~ 
~ I 

IFAM - 4j

4 = 2 - 

C ISIGN 

~
)  

_ _ _ _

I :~~~~l
=
-~2 I - 

+. 04 FASTUFJ

I I SMIN = O.999 J [StI~~ 
- SMAX J

CMAXC T (SUBROUTINE)
PACK /I I F A M= 1]  / - - N M I N

\CMAX= AMX I - l/2(AMX 1-PEAKN)
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DMIN = 4 (AMN1 - AMN2)

DMAX = 4 (PEAKX - AMX 2)

4’
4 

(I AX I 
~~EP!) ’ ° 

4
____ - AMA~~~- 

4-~ ° C-
~” - TPCN } 

~~

4’ AORT [ IFAM = 1 F IFAM = 3 ~~~~ AM = 2

- AM~~~) I 4 [~~M IN = 1

[TPCN 0 I t~~ MN21
)

IFAM = 3 1
ISMIN = l J  ( CMAX )

I~~J [
~ 

DMAX = 0.999 I_

FILT H _______________________ 

F

_ _ _ _ _ _ _ _ _  
4, ABAM r;

~MT;’

~
p
0 

~D MI N 14- +

IDMAX I - EPS5

P P_ 8 P P F
)~~ 1

_ _ _ _ _  _ _ _ _ _  

( TP - TA2
J 

0

UNDMP UNIN 1~( NMN21 )

~Z2~
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100 : DMAX �O
THO = SGN + -(

1180° : DMAX<0

I TH : TH � 0
TH = THO + .j

ITH -180°: TH<O

TH X = TH - 90°

IPHAS = -1.0

-IPHAS 
-

PORMC
+.0 4-1 0

ISM IN

TASET 
-

SMIN - EPSCN +

- 

FLQ
- 

ISIGN

+

REINT 
SGN = SGN + 180°
ISMIN = 2
ISMAX = 2
ISIGN - _

TASET
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-— 

AN BHD

IFAM = 5

= 0
IPHAS

CALTS # 0

SPFLG 
- 

THA 
-

~. 0

PP - PPFLT 
- - 

SPFLG TCAL (TRMCL)
~-~~ a r ’ ~ 4-, 0

+10 1SMAX = 2
SPFLG = 0

ISMAX = 2 
NM I N 

1 (-0)

4 MIN2C 2 ( #0)

- F NANG = 8GP 12 (PPH - THA) 2Gp 2 PPN
NANG = 4 • AlP 

+, ~~ 

NANG = 

THA
NANG TH = TH - THO + THOS

- THO = THOS
SiNG FLGS1 = 0

N A N G = O  X R 3 = 3

FLG51 
= 0 

DAMP D

*0 ~~~~~~~~~ ZNG
THOS = THO 4+’ 0

PP - PPF-PPF -

SPF
XR3 = 2  +1 0

SPFLG - 4-0.5
NF - 6

NF= NF - XR3

ASTUF
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_~ T ~~~~~~~~~~ - - - --- _ _ _ _

~~~~
SPFLG — 05

GCAL

NANG = o 

~~~~~~~ 
~~ 4N~~

PPH1 - PPH PPH4 = PPM

PPH2 = PPH THA = 114 PPH - PPH4 1 PPH1 - PPH2(
NANG = 4 .TA2  

4,I +,0f~~ ‘ 7
_ _ _ _  

F
_ _ _ _ _ _ _ _ _ _  t~~~~THA -2

_ _ _ _  _ _ _ _  

4-

GCAL = GCAL + 1 THA = V7

‘4,
1/4 GAINA (4 • TA2)

GP 12 = ______________________

PPH1 + PPH2 - PPH - PPH4

4,

SPFLG — 0
GCAL - 0

I
COMP OVERFLOI

~~~
_
~
-
~~--l

4NO

NOE
~~

pl2 >l,2! )
YE

~I.

_______  _______  

GP 12 — l /2

ISMAX =3

4’
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_  

çF

_ _ _ _ _  

4
’
~~
_(

~~~
SMAX

D
TASET 4, 

-

*3~—~
(

~ IF A M ~~~)

I SMIN = SMIN - SM
~~ 1 3

4, —( IPHAS 
o

4-, c 

(~~4 IN + EP~~~) (~~~N - EPSAN)

N 0
~~TRYAG 

N

NPREV - ( IFAM~~~~)~~~-~

N P R E V - 1 l  5 4 ,

I ~
__ 

~~‘ 

~~
—
~
“I

~~ 
IPI-1AS )

4, 0 4 -  _ _ _ _ _ _ _ _ _ _  
Ia  4 IFN5

(I~
NPREV_ i-).....PF (GPG) (GP1 2) 

+ 

0, NPREV )— 
+

_ _ _ _ _ _ _ _ _  
4 STBN

NPREV = 0 NPREV = IPHAS

4’ INVTH 4 0 REAM X
= I [AMAX = 0.999 ]

+ 
ISMAX 3

T~ O 180 (
TH TH 4- 180
T H X T X + 1 8 0

151

~~~~~~~~ —— ——~~~~ 

-



r - -

TASET

K = G Y R O M  4
TA2—I1 2S ATP
TA1 - 0.675 ATPAMA X = AMAXS ______________________

TPA = KFREO5 TPNBD K

I F A M

CALTP # 5  
IPHAS

ATP = ATP + GTP (TP - AlP)
0 - 

I
4OLATP I TA2 = KFREQ2 ATP

>TC2~~~
1 

ATP 
).(TC1 I__ TA1 - KFREQ 1 AlP

‘ )‘TCl (0 75)
ATP = TC2] AND I ATP = TC1

J <TC2 [ISMAX = ISMAX + NMIN - 2

1~’ ISMIN = ISMIN + IF~M I N  - 2

LOAD HPDO WITH DAMP LIST
HPOUT = 18

4 -

-, 0 +
SPFLG

SPFLG = 0

# 0
FNTCH

— 0
+, 0

AF - IDFDK - HZC1(

- 

NOSPN CNTRL
STNV = 1
FNTCH = HZC 1
GAIN = 1, TMS = 8 

TYPND IFAM >1~ AF C = 3.4 Hz
SPFLG = - 

IFAM = ~~- ~ = 8 (3 .4 HZ)
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C N T R L

LOST # 0
FNTCH

[ISMAX - ISMIN = 2j NTQ = x’i~~ 
FSPAJ

4, THP TH

IFAM 

- 

STNV X’lOO TYPND

(UDTOR) (CNTOR) 0, +
3

tF AM (2) 4

0
1 B

TRTOR CNTOR
+ 0  +

THX + SGN + 180° CMAX - AMM

+, 0 c:~—~ ICNBD =4
THX + TH

- UDTOR
— N T Q = 0

ICNBD = ICNBD - 1
________________ ______ 

CFTO R ANTO R

THP = SGN + 180° + 1/2 (TH - SGN - 180°) 
~ 

ITHP = SGN + 180°] [FILTR T]

c
ICLD*0

~~~~~ 
_ _~~~~~~~~~~~~~~ 4,. 0 C NANG 

‘~~_0

( FILIR \ _2.. - 
CMAX = 0.999 ‘—
SEOWD = SEQ + 10] *0 4, ANTOR

# 0  
_ _ _ _ _ _ _ _  

1N~~G~~ NAN G - 8 I
FILTR 0 (FLTCK) I
ISMAX 3

- TORQUE - - - NANG~

_ _ _ _ _ _  

4 ,-

CTK - 1/2NTQ • COS (THP - PHASE)/GAIN2 1 INTO = V’NAti~~ 26
STK = 1/2NTQ .SIN (THP - PHASE)/GAIN2 I INANG = 0

4 
_ _ _[

~7
J 1NT0~0F~

1~53

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
- - - -~ 
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A = (SSTAT) (2~~) & X’OOOl
GSWD~ = GSWD &X’FFFE + A
A = (SSTAT) (2-6) & X’0002
GSWD4- = GSWD &X’FFFD + A
ALIST = 1 (GAP LIST)
OPTIM = 30 SEC
STDSV = X ’8000
LAT~ = LATC~LON~ - LONC~
ALT~ = ALTC~HDG~ - SMHDG~

SPIN

1 5-1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4



SPIN (VERTIC AL
\SPIN

CHDG = COS (HDG - EN - ENO)
SHOG = S(N (HOG - EN - ENO) (3 X 4 MATRIX)
C = POLAR , FOR PSPIN = 1
C = NAVSP, FOR PSPIN = 2

I
TP 11 = (CHDG) (C 1~) - (SHDG) (C21)
TP21 = (SHDG) (C 1~) + (CHDG) (C21)
TP31 — C31

= 1,2,3,4

4’
CSPIN — (CBM) (TP)
(3 X 4 )— (3 X 3) (3 X 4) MATRICES

4’
1~

)
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TABLE 1-2. START PROGRA M VARIABLES

Index Word
Length

Symbol i j - Descriptios Max Value (lift)

TCI — — Start Mod. (S.. Table I-i) — 16
(Automatic Sequence
l—l5if Sign Bit is Set)

TCI’ — — TCI with Sign Bit Set 0 — 16

SMFLG — — First lime Flsg (- 0) .nd Sequence — 16
Counter in Mode

JUMPR — — Starting Address of Mod. Specified by TCI. — II
Also Termination Flag (JUMPA = 0)

TSFLG — — Positioning Routine Flag — 16

CSPNP — — Spinup Direction Pointer (CSPIN) — lb
(Values 0, 1,2)

GYROM — — Gyro Pointw (l,2) — 16

BUTIM — — Mode Time Limit — 16
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TABLE 1-2. (Cont )

Index Word
Length

Symbol i I Degcriptien Max Value (Bits)

PFLAG — — Psint Flag — 16

FNTCH — — Speed Adjust Routine Freq Goal 1302.0$ Hz 16
(0 ’  Speed Adiust Cemplete)

SPEND - - Charge Monitor Recycle Ceuiitsr - 16

POINT - - Address of Charge Moniter Sabreotines - 16

ZTIME — — High Cunrm,t Z Heet Tuner 2 Sec 16

PHICG - - Charge Monitor Four iur AnalysisPliase ,rRad 16

CCGB,SCGB — — Cos and Sin Fouciec Coefticisnts 5 16

CHARG
~ Gyro (1,2) — Charge on Reter/Larga Charge Lmsit 100 16

TMS — — Speed Adjust Routine Timer 215 Cycles 16

GAIN — — Speed Adjust R.utincTerquiug Gain I IS

FSPIN — — Spin Routine — Roter Speed Goal 1352.1$ Hz 15

FSMC — — Spin Routine - Initial Motor Frequency 1352.6$ Hz 15

MFSMC — — Spin Routine — Max Meter Frequency 135211Hz 16

DF$MC — — Spin Routine — Motor Freq Charge/Cycle 13526$ Hz 15

F 
OELTA — — Speed Detect Reutine — MUM Freq Jitter 13021$ Hz 15

kT — — Speed Detect Routine — MUM Tlire*ald 1 lb
Gain
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‘FABLE 1-2. (Cont )

Index Word
Length

Symbol ‘i I Description Max Value (Bits)

U — — Speed Adjust Routine — Spin Olrection — lb

AMMO, AMMI, - - Speed Detect - MUM Magnitudes 1 IS
AMM2.

SVDM — — Speed Detect — Previous Demod Freq 135218 Hz IS

THRM 1 Gyro (1,2) Thermal Gradient Model — Gyro lS1~iia. 32

AXO , AYD , AZD — — Spin Motor Outputs in Gyre Coordmetes 1 15
IXD , BYD , BZD (Also AXD~, i =O , 1, 2,.- .  11)
SXD.SYD , SZD

SSTAT - - Start Med. Status lit (l6~TCl ) Set When - 16
Mode Complete

~SPI N 1J 
(1, 2, 3) (1, 2, 3,4) Spinand Dsgauss Metrix 1 16

THRME — — Tump Stat.&utine—Thurmal Gradient 312.5°F 32
Model - EMA

PSPIN — — Polar Spin Flag (1 Polar Spin , — —

0= Nov Spin)
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‘I’ABLE 1-2 . (Cont)

Index Werd
Length

Symbol 
- 

i j Oe.cripti.n Max Value (Ilts)

IFAN — — Pelhode Family (Region) — IS

• — Unidentified
I — C Nbhd
2 — C F.mily
3 - Tmneiti.n Zone
4 — A Fanaily
5 — A l i b i

SGN — — C Family Sig. (S,,r) ii-Rad IS

ISIGN — — C Family 11g. Has Been Determined (-1) — 15

IPHAS — — +A Family Identified (-I) — 15
(Net Identified - I)

NMIN - - Number of ~~a Per Pelluode Period (1, 2) - iS

SPFLG — — Spin Flag — lb

• — Ne Speed Adjsid
- — Speed Adju~ in Progress
+ — Inhibit Speed Adjbst -

IFRZ — — TH Extropolution Flag — IS
O — Do Not Extrapolate -

- — Extrapolate
+ — Do Not Extrapolate and Check

Max TIirUSIIOW

NPREV - - Counter to Detect Successive Phase Revurads - IS
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TABLE 1-2. (Cont)

l~~ z Word
___ - Length

S,uubol i j Definition Max Value (Bit~

- - Smoothed MUM Magnitude 1 32

AM$1 Filter - MUM Magnitude Filter Outputs 1 32

(1. 2,3)

SEOUl — — SEQ ThreeMld—Undamp T.rque 215 iS

SEOLT — — SEO Thrasbold — Ne I~nimum 215 lb

SEOWO — — SEO Threshold — ~~nimum Time for 2
15 lb

Next Mi.

IF — — Damping Cemplete Counter (-1) — —

XR3 — — Decrement IF — —

AMMSj (0,1, - - , II) AMM Data Storag. for Max/Mm Filter I 32
(AMM11

PNTR - - Pointer fec AMMS List - -

Dl — — 2~~ 
~~~~~~ 

AMMS
~~+6  1 32

D2 — — 2~ i AMMS1 f6  1 32

5
03 — — E i2 (2~ AMMS~ +5-01/11) 1 32

AMPIC - - Amplitude of Max or Mm 1 32

PEA ICN - - Amplitude of Mi. Point 1 32

PEAKX - - Amplitude of Max Point 1 32

TH — — Pliese Variable lTRad IS
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‘lABLE 1—2. (Cont)

Index W.rd
Length

Symbol i I Definition Max Value (Bits)

THX — — Value of TH at Last Max Threshold Point irRad lb

THO — — Cardinal Value at Last Mm Point (0, ii’ ) ir Red lb

FE — — Extrapolation Frequency for TH irflad/Cycle 15

TP — — Polhode Psri.d 2’5 Cycles IS

AMMAX — , — Mu Threshold Value 1 15

AMX1 (1.2) — Past V.lues of PEAKX (2 Oldest) 1 lb

ANN1 (1,2) — Past Values of PEAKN (2 - Oldest ) 1 iS

SEON , (1, 2, 3) — Past Values of Time of Mm (3 = Oldest) 215 Cycles 16
SEON~ (SE UN = Current M m )

PP — — Peek to Peak Amplitude (PEAKX - PEAKN) 1 
- 

32

PPW - — Normalized PP (PP~ EAKX) 1 32 F

PPH — — PeN112 1 iS

SMAX — — Slope of Mix Amplitudes 1 lb

SMIN — — Slope of Mm Amplitudes 1 15

OMAX — — Difference Between High and Low Max 1 15

ISMAX — — Data Invalid When Pasitive — 15

ISMIN — — Data Invalid When Podtive — 16

TAj (1, 2) — TP Threshold When NMIN — 1, 2 215 Cycles 15
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‘I ABLE 1-2. (Cont)

Index Word
Length

Symbol i j Definition Max Value (Bits)

TC1 (1,2) — ATP Limits (TC1 < ATP � TCZ) 215 Cycles iS

AT? — — Smoothed TP 215 Cycles IS

NANG — — Control Angles ANBHD 215 Torque 15
Units

CMAX — — AMM Threshold for CNBHD Control 1 16

GCAL — — ANBHDCaI Sequence Counter — lb

FLAG5I — — Indicates First Entiy into NMIN - 1 — 16
in ANBHO with IPHAS - -i

THOS — — THU VeIue in ANBHD NMIN 1 II-Rad lb

NA — — A Pendulosity Component 1 Red lb

6P12 — — ANBHD Control Gain Z12 Torquo 15
Units

THP — — Torque Control Angle - ir Rad 15

ICNBD — — CNBHD Control Flag — lb
- Control in Progress
O Reset

ITO - - Torque Amplitude (Current) 1 16

PeN, (1, 2,4) — PPH Stora geforANBHD Cal 1 15

AMAX — — Family Identification Threshold 1 lb

TPA — — Transition Zone TP Threshold 215 Cycles 16
— A Family lide

let — — Transition ZoneTP Thruhold 215 Cycles 16
- C Family Side 

_______  _____
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‘I’ABLE f — 2 . (Concluded)

____________  Word
Symbol j Definition Max Valu. Length

DEMF — — Demod Routine Mode — lb

SPINF — — Holds Darned Routine iii Freq Lock — lb
Mode IF ii 0; Normal Mode Sequencing
IF 0

RTIME — — 1 Sec Clock 215 Sec 16

BATh — — = 0, Do Not Perform Battery Test — lb

- 1, Do Perform Battery Test
(Load “ 1” , Keyin “0”)
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TABLE 1-3. START PROG RAM CONSTA NTS

Symbol Definition Value Max Value heeled Value

TIMEm Time Limit of ~
th Mode, I = TXP (1) 1805 S.c 215 Sec —

(2) 3.5 Mm
(3) l2O Sec
(4) 3 Sec
(5) 4O Sec
(5) 3 S.c
(7) l5Sec
(8) 6O Sec
(9) 15S.c

(10) 155.c
(ii) SO Sec
(12) l5Sec
(13) 5M m
(14) 3 Sec
(15) 3 Sec

DLGZ Z Heet Gap Threshold 34~&in lblJ~.t In. 02025

GCNTZ High Current Z Heat Predicted Gap Heating Rate 3 p. In./Sec b71.7 p.lnJ2 4 Sec 0.000070

ZCAS Z Heat Minimum Case Tamp for Termination 15°F 521°F 0.02819

DFCG Demod Slip Frequency During Charge Monitor 6.35752 Ifz 1302.08 Hz 0 0048$

DLPCG Demod Slip Phase Increment During Charge Monitor 35.76274° ir Red 0.1986819
(2~ Sac) (DFCG)

CGSL Charge Monitor Large Charge Threshold BITE 0.116 1 0.116

DDGZ Z Heat Threshold 2 ~ In. 671.7 p. In. 0.00216
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TABLE 1-3. ~Cont)

Symbol Definition Value Max Value heeled Value

GIN Thermal Transient Decay Gain
(Getter Gyros) 2~~/4O.O I 3,9\4

(VAC Iti N Pomp Gyros ) 24Sec/18.4 Sec I

KU Rotor Tamp Uncertainty Factor 2 2Dip. in l(°F) (521°F) /lb7.9p.sn. 0.001237

6APT Temp Stsbihz~tion Complete Threshold 0.5 p. in. 167.9 p.m .  0.00218

GCNTS Temp Stabilization Predicted Gap Heating Rate 0.5 p. in /Sec (lbl.9)(64) o.465’~~
p.inJSec

DFSPN Speed Adjust Routine — Termination Mode 1.9 Hz 1302.08 Hz 0.00146
Threshold

DFADJ Speed Adju st Routine Predicted Spinup Rate 5 Hz/Cycle 1302.00 Hz/Cycle 0.0039

ETH EMA Thermal Time Constant 11(U) (32) 1 2~~
1

FHEMA EMA Fast Heating Rate 50°F/Mm (66)(64 ) 312.5°F! 0.4i6”~
Mm

TSPND S.f. Charge Amp Temp far Suspension 10°F 312.5°F 0.032

UPGZ Suspended Z H t  Limit 17 p.m .  167.9 p. in. 0.101

UPDGZ Suspended Z Heat - Heating Rate 2.2p.mn./Sec (107.9) p. inihec 2.O47”~
AT hi,.md Detect Reutine AMMO Threshold -2~ I
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1 ABLE 1-3. (Cont )

Symbol Definition Vulus Max Value Scaled Value

EMA Pr.count.r BITE Test Pulie Count — 2 Pulse

DV4O EMA Precounter BITE Test Pulse Variance 2 Pulse 2~ Puke 2~
THPOS Rotor Positioning BITE Threshold -(6°) 0.01 1 0.01

FHCNT Fast Heater Gap Expansion Rate (80°Fmlin) 0.623 ~inJSec (1571)(S4)p.in./0ic 0.57I ’~(0.461 p. inJ°F)

PVF Damp — Terminat ion Threshold 0.0001 1 0.0001

PPFLT Damp — Inhibit Phase Reversel Threshold 0.01 1 0.01

AMAP Damp — P?N Threshold for ANBHO 0.04 1 o.o~
GPG 6P12 Reduction Factor in Case of Phase Loss 0.8 I 0.8

GTP ATP Fitter Gala 0.3935 1 0.3935

GAIN A AN BHD Gain 0.7 1 ti

GAIN1 SMC Electronics Gain (DC/2ed Harmonic) 0.7 1 o.i

GAIN2 SMC Electronics Gain (Fundamental/2~
d Harmonic) 0305/0.94 1 0356
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TABLE 1—3. (Cont )

Symbol Definition Value Max Value Scaled Value

GN1 MUM Magnitude Filter Gain (Light) 2 1 1 2_I

GN2 MUM Magnitude Filter Gain (Heavy ) 2-2 1 2-2

Lag Lag Introduced by Light Filter 2 Cyde 215 Cycle

ALAG Leg Introduced by Heavy Filter 7 Cycle 215 Cycle 2 i3S’~

AMAXS Family Identification MUM Mag Threshold (AMAX) 0.72 1 0.72

EPOS DMAX Threshold — Detect DMAX t~0 (0.025) 0.040 1 0.040

EPDMS DMAX Threshold — Detect DMAX = 0 0.004 1 0.004

EPSCN SMIN Threshold — t C Family Detect 0.001 1 0.001

EPSAN SMIN Threshold — A Family Phase Reverse 0.001 1 0.001

EPS5 DMIN Threshold — ANBHD NMIN 1, 2 Test 0.001 1 0.001

KFREU 1 TAt Factor 0.75 2~ 0.09375

KFREO 2 TA2 Factor 1.25 2~ 0.15525

KFREO 3 TC1 Factor 0.5 2~ 0.0625

KFREQ 4 TC2 Factor 125 0.15525

KFREO5 TPA Factor 1.5 2~ 0.1875

KFREQ 5 TPC Factor 1.3 2~ 0.1525

TPO TP Max Threshold 12$ Cycles 215 tO
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‘IA B L E  1-3. (Cont )

Symbol Definition Value Max Value Scaled Value

POLAR Polar Spin Up Matrix (3 X 4) 0.0 1 0.9

Scaled (I - 2~~) 01315 1 0.9375
0.0 1 0.0

-0.522252 1 —0.522252
0.0 0.0
0.778555 1 0 718610
0.0 1 6.0 t

-0.9315 1 -0.0375
0.0 1 0.0
0.771566 1 0.778568
0.0 0.0
0.522253 1 0.522253

NAVSP Nay Spin Up Matrix (3 X 4) 0.722488 1 0.722468

Scaled (1 - 2 )  —0 .580936 1 -0.500838

—0 130535 1 —0.139538

0.591200 1 0.597280

0.707694 1 0.707694

0.141130 1 0.146130
0.014779 1 0.014779

-0.201515 1 -0.201515

0.015475 1 0.915475

0.722408 1 0.722460

-0.580936 1 -0.580936
-0.138531 1 —0.139536
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‘JABLE 1-3. (Concluded)

Symbol Definition Value Max Value Smied Value

V24 Nei..nal Voltage Magnitude 24 36 8.0

Vl5 Nominal Vattage Maguitude 15 38

Vi Nominal Volta,. Magnitude 7.5 10 0.75

VS Nominal V oltage Magnitude 52 10 0.52

V12 Nominal Voltage Magnitude 12 30 0.4

P15 Fractional Tolerance 0.15 1 0.15

P48 FractIonal Tolerance 0.40 1 0.40

P10 Fractional Tolerance 0.10 1 0.10

P20 Fractienol Tolerance 020 1 020

P025 Fractional Telerance 0.025 1 0.025

P031 Fractimul Tolerance 0.039 1 0.039

P12 Fractional Tolerance 0.02 1 0.02

SSTIM Sure Suit Time Int.eval C.eat 1 Sec - X’40

TCHRG Battery Fast Charge Tuner 1800 Sec — X’108

FCBAT Butte ry Temp Limit During Fast Charge 70°F 312.5°F 0.224

TLG Gyro Case Fast Warmup Threshold -2°F 521eF -0.06384

TLCA Charge Amp Fast Warmup lhcsshold -2°F 312.5°F 41114

TLS SEU Fast Warmup Threshold -2°F 312.5°F 11614

TLEMA EMA Feat Wsrmvp lhus*iold -2~ 3121°F -61064
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APPENDIX J

CALIBRATION DATA COLLECT PROGRAM
DETAILED FL~~~ CHARTS

FLOW CHART SYMBOLS

ENTRY POINT OR CONNECTOR

PROCESS

SUBROUTINE

BRANCH POINT

OFF-PAGE CONNECTOR

OFF-PAGE BRANCH
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~~~~~~~~~~~~~~~~~~~ 

I CKSUM HPDI (1) I ______

0( HPIN J
_

CSUM (HPDI) ) C!~~ 
+
~~~~) 

~

bl1.CKSU~}!~~ 
4

# O ( DMDRV )

0 
_ _ _ _ _  

( MASK )
CHPOUTJ 

#0

~ ~~~ NG~~~~)

HPDO1 X’13
HPDO2 = ( GSUM (1))

(GSUM 
~~L)

DMP @ HPDl~ 
ci ~~

_)

- I lGS~~IGS.1~

NGP HPDI5 
HPIN=1

NGS = HPDI6 s 
#0
( lG~~~~)

NEP = HPDI7 I

NES = HPDI8 
A 

_______________

HPIN # 0 
DMP = DMP @ ISWD&B3

GSWD = ISWD 
NGP = NGP-1
GS1~ =G 1,
GS21 = G21

( GINTLJ 
i = 1 ,2 23

GT IME 2 = RT IME

V 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

( EINTL )
( GINTL )
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E1 = E1 + 2 15 (DVP1 -DVO)
= 1, 2,3

IES = IES-1

‘II,

___________ -

~~~ 

IES

=0

IES NES
E
~

=E 1 -I- (K E) (E
~~3)

= 4 , 5, 6 {3 2 = (16) (32))
KE = KE + 2: (KE = KE + X’400)
C64 C64 -1

DMP = DMP @ 84
ES 1 =

= 1, 2.3,4, 5, 6
ETIME 1 = SEQ
ET IM E2 = RTIME
NEP = NEP -1
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CAL3

RTN 
# 0 

HP OUT

=0

DMP(1 5) #0

=0

HPDO2 = 52
HPOO3 = 1

DMP (14) HPDO4 = GTIME1
HPDO5 = GTIME2

=0 HP DO6 = NGS
HPD0~~~

= GS1j
HP DO2 = 52 i = 1, 2, 3,...46
HP DO3 =2 DMP = DMP & X’FFFE
HPDO4 = GTIME 1 HPOUT = 52
HPDO5 = GTIME2
HPOO 

=
NGS ______________

HPD0~~, = GS2~’ CSUM (HPDO)
i =1 ,2,...46

DMP = DMP & X’FFFD

_ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

HPD06~ = ES,
i = 1 ,2,... 12

DMP = DMP & X FFFB
HPOUT 18

NOTE: GS21, GS1~, ES1 ARE 32 BIT VARIABLES. STORE CSUM (HPDO) )
THE ENTIRE BLOCK (LSR AND MSR) INTO HPDO
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~

TH = +SL + DM RO 1/DTC : GYRO 1
TH = - SL + DMR O 2/DTC : GYRO 2
CT = COS (TH)
ST = SIN (TH)
G11 = G11 + CT 2.10

G,2 = G,2 + CT2 2.10

G~3 = G~3 + (CT) (ST) 710

Gi4 = G,4 + ST 2.10

G,5 = Gi5 + ST2 2-10

= G16 + AL ,1 CT 2.10

G,7 = G~i + AL ,1 ST 2.10

G~8 =G~8 +AL ii 710

Gi9 = G19 + AL 12 CT 710

G~io G~io + AL ,2 ST2~
0

G,11 = Gill +A L~2 2~ °
G,12 = Gi 12 + AL ,3 CT 2.10

G,13 = Gi13 + AL~3 ST 710

Gi 14 = G,14 + AL,3 710

G~i5 =G~i5 +BT ii CT7 1°

G~i6 =G~i6 +BT i1 ST7 1°

G,17 = G117 + BT,1 2-10

G,15 =G~18 + BT~2 CT2~
0

G~1g =G~ig + BT~2 ST

G,20 = G,20 + BT ,2 710

G~2i = G121 + BT~3 CT ~ 10

Gi22 = G122 + BT 13 ST ~ 10

G,23 =G ,23 4- BT,3 71°
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DMDRV

D0i 1, 2 
-

+

JRC 1’ GMU~I

— (RQ1 ‘GMU 1 I -Sb

+

RQ, = GMU~ ®-RC~
RC, = RQ, ® GMU J

UNITy (RC~)

RTN

AL ,1 = AL 1 & X ’FF F8
BT ,1 = BT~J~& X ’FFF8

1,2;j 1.2, 3
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lGS~ NGS
= G2~ 

= 0
i = 1 , 2, - - ~,23

RTN

IES = NES
= 0

= 1,2,3,4,5.6
CM = 64
KE = -63
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RDO=NGP = NEP = DMP=0 I
D O i = 1 , 2

+ GMU I
2
~ - S1OD

RQ.1 = GMU~2 RQ,1 = -GMU~3
RQ 2 = -GMU,1 RQ12 

= 0
RQ13 =0 R013 = GMU11

UNITV (RQ 1)

I RC~~-RQ ~® GMU1 I
I__
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MODE = BCD (10 NGP + NEP)
(USE +/-S GN)

STDSV = X’400
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TABLE J-1. CAL DATA COLLECT PROGRA M VARIABLES

mdix W.,d
~~~bs Du,~ ipts.. Mix V~u. Lu.~th

(Sits)

NIP — — Nvab~ if Gyro Om. P.iuts 2~~ IS

01$ — — Nesb~~.f G v. S .phs/D.ta P.st 2~~ IS

UEP — — N.b~ .f EMA Gm. P.juts 211 is
MIS — — I... Ø if (MA Gm. P.i.t Cdscth. (Numiber it 2’1,s 15

54 0(5

65 — — ~ uspl. C.uiur I.itith~.d w 06$ IS

ES — — ~~.pl. C.u.st I~~~~’—~ t. NES 211 1.

GTIM E (1. 2) — rum. lyre Gm. P.i.t C.~~mi.. Cisplut. — 11

ET~~E (1.2) — T~~. EMA Gm. Peat C~~ md.. C..pluts (SEa, — 11
ITIME)

GM? ‘ - - HP Output Mid. W.rd Sit Set:
IS— Gyrel Oet.
14— Gyro 2 Dm.
13- (MA Gma

Gyro (1. 2) (1, 2. . .. 23) lyre Feuri~ Aiuifyth Risks 211 red 32

Gym (1, 2) (1,2, . .. 23) kred V.as.f 6~ 2’ r.d 32

I, - (MA List $!uiss Rsults
(1.2, 3) (1 pm.,) 2~• pm.. 32
(4~LS) (~~1puat) 2~’ 32

ES~ (1.2.3) — kred Vm.s .t E~ 2~~ puIuss 32
$ 1.5) 2~’puliss 32

kE - - EMA List S~umr..Wul ittIu~ Fixtir 21 15
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TABLE J-2. CAL DATA COLLECT PROGRA M CONSTANTS

Mu V.~.

DVO b .A~ .I .. Puhs C.ut 2NNi4puhs Z puks ?~~(3I~)
(U.. I.ts~~ Numb.. if Puks.)

Si. RVmt UpdmTWiáif ~ .iu 1~~ I Lii

OTC Rssidual O.m.d Fvsq $cifiu~ U/s.c 2114 11 Hz 11214
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APPENDIX K

NAVIGATION
PROGRAM
DETAILED

FL~~~ CHARTS

FLOW CHART SYMBOLS

ENTRY POINT OR CONNECTOR

I I PROCESS

SUBROUTINE

BRANCH POINT

OFF-PAGE CONNECTOR

OFF-PAGE BRANCH
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NAV

0 S E Q & X 7  7

1 6

M000 MOD1 MOD2 ~~~~~~~~ Mo: MOD5 MOD6 M007
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9 
__

VSPIN MODF ~)1. 2 ( DRIFT(1)

_ _ _ _ _ _  _ _ _ _ _  

~ O, 3 

_ _ _  

_ _ _ _ _  _ _ _ _ _ _

_______  _______  
(

rIME.T ~~~) 
, 
(

_______  _______

_ _ _ _ _  _ _ _ _ _  
_ _ _ _ _ _ _  

_ _ _  

~1~

VcON 
€~~

AG - VT~~~~~
O. 

~1 1~TF4~J

I~~~~~~~~~~~ l 

_ _ _ _ _

( ATUDE ) ç CG

_lIP_ _ _

I ROT (TILT 4 ONTROL

V______ ______/ 
GOES HERE)

DCOFF ) ( SNUP
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[NGMUM~~0
LCGFLG = 0 NAVIN

3/ ~~~‘\o IA LGN
MODF

4 __________  RTIME-5 
—

( MODC ) #3 ~~~ oC MOD~~~~~~ +.

3 4, #0 STDSV X’4000

MODF O
STDSV - X 9000 MODC 0

2, 3

MODF-1 MODF-2
I 

_____ STDSV = X’400 STDSV = X 2000
NAVCM ) ( ALIGN j  ALNF -0 ALNF -1

SEOC - NSH SEQC = NF

ALNC = 0
__________  

SEQAIr SEQ
PCG ’ LGAIN
AC-AS=RC = RS=0

RTIME-0
TCG-0
PTIME—O -

DALT = (ALTR )(HRSCL) - ALT - ALIB]
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GMG 1J ’ GMU 1 ~~~ 

ANGC (2~~) 
1~~~GMM3 )

i=1 ,2.3; j 1.2,3

I~=~ Th:
ç~~~NGC)~~~~~~
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_
( SUMV )

4,[ TSEQ = SEC - SEQA L I

( QSET J 
~

‘

(TSEQ&X’1FF) 
X’1F8

RESET
__
) ~,

OThER 
(
__

FILTR )

_ _ _

_
t(

ALNC
)

~~~~

_
_ _

ALIGN COMPLETE

F 
0 ( ALNF

D 
3~~~~ AV ~~OMPLETEI

CTSEQ - SEO~)-4 94-— (~~SEQ - SEQ~~) 
STDSV = X 1000

4, + 4, +. 0 RTIME = TCG =0 1.
I I ALNF O

~~~~~ I ( AZCOR )IALGN J ___________

RTN 
(~~PS~ + EPS~ >(0.07°/HR)~~~ 

NO

YES

SETBITE 36

1ä8

rn - - —- -



CIII ANGC(i))~~~~

TA1 = GMG,1

TD~ TA~
= 1, 2, 3

4,
cOMA(i) )

4,
TC1 = TB~

= 1, 2, 3

4,
(~~~CoMA(3o) )

I’

TC = TC + TA®T B

TEMP = 2 6(TC . TC r (IC. TA)2) + TC .TA
TC~ = TC1 - TA~ TEMP

GMGC~J 
= TA~ + 2~~TC1

1= 1 , 2, 3

1
3

TC1 
= IC1 + 

~~ ~ CGM~jm
GMGCim

m 1

GM,j = TA~ + ~~~ TC~
j = 1 , 2, 3

189
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ç2 

2

I K = 2 ~ 1K 11
I I

3D,1 = (TC • TA + MAGC)/DGG
3D,2 = TC• GMGK + (MAGC) GGD
GD~3 = TC• GMG3/DGG
GD 14 GD 12/DGG

4,
(ALL 16-BITS)

190
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TE1 = CkjmTAm

= 1,2,3

TB1 
= TAI

X(EA¼1 + X(EAk2 + X(EA k3 + X(EA k4 + X (EA ¼5 + X3EAk6 )))))

~TAm(EDkn(TDj - TOm) -TEe) _TA n(EEkm (TDn _TD~) _TE m)

3
+ECkjTA lTA2TA3+~~~ SFy IIm TAm

WHERE X = 2(TD1-1/2)

(j , m, n) (1.2,3). (2.3, 1), (3. 1,2)

TB~ = TB~ + EBkTD3TA 3 1

COMA — COMMON ANGLE COMPENSATION ROUTINE

NOTE: SF1 iq is PH71 IN PARAMETER LIST

(AL L 16 BIT) ALL PARAMETERS
ARE IN LIST PRM G~
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ET11 = -GD14GGD 4 GD11

ET12 =GD 14— GD 11 GGO

ET13 = GD 13

ET21 = GD24 — GD21 GGD

ET22 -DG24 GGD + GD21

ET23 = GD23
ET31 = -GD13 +GD23 (GGD +GD 1275)

ET32 = -GD23 + GD13 (GGD + GD22 75)

ET33 = -GD14 GD2275 + El11 + ET22
ET~ = ET 1 + -

~~~~ (ET0 1 - ET~)

ETO~ = ET j I
= 1,2, 3;j = 1,2,3

16-BIT

16-BIT
TA,1 = (KDSN )CSN 11

= 1,2,3,1 = 1,2,3
3

CE~1 = TA,~ ÷~~
5 
K~ 1 

TAiK El Kj 16-BIT

i = 1 ,2,3;j=1 ,2,3 
ROUND

GM3=GM 1 ® GM2
32-BIT

1~
192
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~

•

~~~~~~~~

DR IFT (I)

(K73 MODEL)

TA1=GMGC11

TG1 ~~~ DCGM,mj DVMm + DVM1 ) KVA2~
2

TAG1 = TA1 TG1
= 1,2,3

PT = P24, - P1.1~ (TAG 1 + TAG2 + TAG3)

IC = PGUS X TA

( DRI (PAi) )
4,

X = 2 (TA?- 1/2)

TC1 = TC1+ P1~ + TB1 - P32k (TA n TGm + TAm TG~)
+ TA 1 X (PD6~1 + X (PD511+X (PD411-I-X (PD3~1+X (PD211 +X(PD1~1 +X P311 ))))))

- TG1 (PT + X (P331+X (P341+XP35,)) - P4, (TAGm + TAG~))
(1. m, n) = (1,2,3), (2,3,1), (3,1,2)

. 4
( DRI (PAQ1))

4,
TC TC +TA ® TB

3
TE 1 = -IC1 - 2~~ m~ 1 

DCGM,jm TCm

3
• BS11 - m~1 

GM1m TE rn

= 1,2,3

193



r 
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~~~~~~
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~~
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~~
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~~~~~

.••_

~~~ 

-

TB1 = TA1 PAl + TA2 PA5 + TA3 PA4
TB2 = TA 1 PA5+TA2PA2 +TA3PA3

TB3 = TA1 PA4 + TA2 PA3

H
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—-

E~~
)

DVSj = DVSF1(MsR) + ~ 5 
~ ETjm DVSFm (MSR) ~: 32 = 16 +(16)(16)}

j = l , 2,3 m = 1

4
DVMJ = DVUBJ
DVUB~=0
DVSF1 (MSR) = 0
j = 1 ,2,3 •

4
GUDOT GMDOT-GGD + (GM 1. GM2)
GMDOT=0 {32}
DDOT=SDOT+GUDOT •
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r2 B DD0T ~ NO
~~~~ OVERFLO~~ )

YES

- 
+ RABIT

REDUNDANT AXIS 8DDCAGING BIT E 
______ 

( SETNG(35) ) RABIT = 

01

I RABIT
~
.RABIT-1 I

1~
’°C DDOT Y

1
A +0.999 A=-1.0 ]

L BS
~~

=BS
~3

+KCAGE A I4,
(32)

DVS~ = DVS~ + DVS~ SDOT

DVS~ = DVS~ - DVS~ GUDOT2 (32)
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___________ ________ ________________ 
-~ -

SPIN V2

DO i = x ,y , z

I = + 2’~ (SN1~DVS1 + SN2~DVS2 + SN31DVS3) KDSN (32)

4,
ERDT~ = ERDTI- + 2 ’7(ER)(CX ,) (32)

4,
THDT~ = THDT~ + 2 ’9(CSNI1BS11 + CSNI2BS 12 + CSN i3B6l3)/D~~ 32 + 

(16)(16)}

4,
THDT~ = THDT~ + 2~~ (C~~~1 BS21 + C~~~2BS~~ + C~~~38S~~)/DSN {32 =32 + 

(16) (16)J

I V~~=v; .2-9(GRAV + BIAs)
~ I

4,
THDTJX = THDTJX + 24(EPSX)(EXP )

THDTJ~ THDTJ~ + 26(EPSY )(EXP) 
(321

= 1,2

4,

197
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r ~~~~~~~~~~~~~~~~~

I EXP
~~

=E XP
~

_ K eEXP
~ 2’•6 I

ARDT+ = ARDTL.KURVX V - K U R V C V 2 13 1X X V K 

I (32)
ARDT = ARDT~ + KURVY V,~ + KURVC V~2 13 

J
_ _ _ _ _ _ _ _

BIAS~ = BIAS; + K~~ DALI 2~~

v~ = v; + 2 ’
~ K~~ DALI (32 32 + (16)(16)}

ALT~ = ALT + 2 8 (V
~ 

+ K1hDALT)

4,
POSEX (16)

4,
- TA 2 ERDT~~+AR D~~

TB =2•ERDT~~+ ARDT~ 
{16}

= 2• ERDT~

EXTRP(V)

NOTE: TEST OVERFLOW ON ALT RTNCOMPUTATION. SET TO MAX
VALUE IF OVERFLOW OCCURS
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~~~~~~
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~~~
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I TA ARDT~ ,TD~~ARDT~ ,TC”O ]
(I~

XTRP CXX 
)

ALPHA = TAN 1 (-CXY/CXX) (32 )

DA = ALPHA~- ALPHA 
(32)

M’ M M M {32=(16)(16) }
TA (CXX ‘ARDTX + (CXV )(ARDT~~)’

‘Jr+C P F9

LON = LON + 
1~A (~~ \ 2-10 LON -tON + 

TA ( i\ 2_lo

O.5+~ - CXZ \’T / 0.5+-~- CXZ \”,

-DA +DA {32}

I 
• 

I

COSAL COS (ALPHA)
SINAL = SIN (ALPHA)
LAT = TAN~~(CXZ/ [ (CXX)(COSAL) - (CXY)(S INAL)]) (32)

‘Jr
(

POSD
J

ROUND CXX M, CXYM
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-__—~ •T~~~~~~~~~~

()
~~~

SLAT = SIN (LAT)
CLAT = COS (LAT)
PLAT - LAT
PLON = LON
PALT = ALT (HSCL) 2

4,
PAINV/CLAT )OVERF 

LOW

NO I
OVERFLOW I

1 V ~~~~~
2

~~ I
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- -

(JCNTF &

• 
4,1 

____

— 

LAT = LAT + DLAT RTN
LON = ION + DLON
SLAT = SIN (LAT)
CLAT COS (IAT)
ALPHA ALPHA- (DLON) (SLAT)
CNTF (BIT 15) 0
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SNORM

TA = ERDT~
1 

+ ARDT~ - THDT
~X

TB = ERDT
~~

+ ARDT
~~~

THDT
~y (16)

Tc = ERDT~ .THDT!~

(
~ 

EXTRP(SN1

= ERDT~ + ARDT~
1 

- THDT
~X

TB ERDT~~+ ARDT~~- THDT~~ {16}

= ERDT~ - THDT~~
1
~~

( EXTRP(SN2) )
SDOT = -(SN1 1SN21 + SN12SN22 + SN 13SN 23) 

~ 
(32)

DSN = (SDOT)2 (32)

KDSN — 0.5/DSN (32 = 16/32}

SN3, = SN 1 ISN2k - SN1kSN2j
(i,j,k)= (x,y,z),(y,z,x),(Z,X,Y)_~~~

CSNI1 = SN 11 + SDo.I~
SN2j

CSNI2 SN2I+S DOTSN1I (16)
CSNI3 = SN31

= 1,2,3
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SNORM

DO I = 0, 1,2

TA= 1/2 SN~~ +1/2 SN~,,+1/2 SN~~- (1/2 -2 23) (32)

OVERFLOW
2~ TA

OK
+ TA —

TA=29TA TA = 0.999 TA= -.O.999

SN1j 
= SN,1 - 2~ TA SN,~ {32 = (16) (16))

= X , V. Z

rcxx
SN0 EI CXV

LCXZ

SCALES TO (1 - 2-22) VECTO R MAGNITUDE
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—,—— • -

X~~=X -2~~(T8X~ ~TCX~~)

4,

I x;=x;

4,
= x; -2 9(TAX

~ 
-T BX

~~
)

(ALL[32 = 32 +(16)(16)) BITS)
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DAL 11 = DAL 11 + (DCG) (AL~1 &X’FFF8—DAL 11) I
DBT ,1 = DBT ,J + (DCG) (BT ,1 & X’FFF8-DBT,1) I

I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~-~~~~~~~- --•  J



-
~

-- - -— ---

(VELOCITY CONTROL
GOES HERE)

VN = (V x COSAL - V y SINAL1 VSCL(2)
VE = ( V x SINAL - V y COSAL) VSCL (2)
VD = -V~ (VSCL) 2
VG= (VN2 -i- VE 2) 112
RN = LAT - LATC
RE = (LON -tONC) CLAT

206
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SINAL = SIN (ALPHA)
GOSAL - COS (ALPHA)

CXX (CLAT ) (COSAL)
CXV -(CLAT) (SINAI)
CXz = (SLAT )

4,

~~~~
C.SEQ+

~D
4,-

-I ~~‘ ~~ 

~~~~ NI - A OT I)
• 4-

ROTC - SEQ

(NORMAL) 4,
R0002 =0 

(1 
ROT8~~~) 

(CW)

RDOO3= 1

4, + (CCW)

RDOO3 0 J I RDOO2 = l  J
_

207
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K
~

= ( 1-s~~-S~ )
112

SPx = (s~i~-~+~ _) ) (2 t) (32)

sPy = (s~i( .~+~ _ ) ) (2 1)

~~~~ L 1 , 2 .

TA
~ 

= S~SN~1
TA,~, = -S

~
SN

~ (32)
TA1 = SXSNIV - S

~
SN1~

~1~

TB
~ 

= SPYTAZ
TBy =

~ SP~TA1 (32)
TB1 = SP

~
TA

~
—SP

~TA~

SNj~ = SN + TA
~ 

+ TB
~

SN~.= SNj +TA~~+TB~ f32}

SN~~= SN + TA1+ TB1
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- ---:

~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~~~~

— - - - -  _

~~i~~~~~~~~~

_

~~~

_ _ _  -.- - - _ --

~~~~~~~~~~~

SLAT = SIN (LAT)
CLAT - COS (LAT)
ALPHA — SMHDG

( ICXX )
V,~~ Vy V z VBAR~~~VBARv BIASz 0
EX P = 1  ARDTX - ARDTV O
RABIT = 8

4

4, ~~~
IRTIME .2 S

~~) 

-i-,o 

4,
KSN=l. 

~ 
KSN = 7~ I

I _ _ _ _ _ _

DO I = 1,2

3
TEMP1 = 

m~= 1 
CBMmI GM jm

= 1,2,3

TEMPt = TEMPI(CENM) — TEMP~ (SENM)
TEMP~ = TEMP 

~ 
(SENM) + TEMP~ 

(CENM)

SN11 = SN 1j + KSN (TEMP1 —SN~1)
1=1 ,2,3

PF = 1 SIGN (CXZ)
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r,pi _

_~~~~
-

~
—

CG

CGFLG

M0004 = 1
TCG = RTIME + TCGL

- DO i=1 ,2

2 2 11/2
A = 

IALU,l + ALU 12 + BTU ,1 + BTU 12

[ 1+GMU~~

CHRG ,=A /(CGNL 100)

SET BITE

SYSTEM SHUT DOWN

A-CGNS ~~‘
+ SETBITE {39:~~~1

TEMPORARILY — 
TCG = RTIME+TCGS

RTN
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EPSx EPSy ’O
Q~=0; i 3. 4. 5 • - 2 4

- 

~0l
Q2 = Q02

• 06 =Q06

~ io ~oio

~ i6 °016

°17 = Q0i7

~ i8 ~Ol8

~ i9 ~oi9
DELCX = DELCY = DELSX = DELSY = 0
DM = 1

0 RDO&X ’4000

*0

1 3 STATE

~ i3 ~O13 J FILTER IF
Ql5 ~oi3 ~ ROTATOR

RIN

211
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= V~ + I(CEN) DELCX + (SEN) DELSXI 2 ’hl

= V.,,, + ((CEN) DELCY + (SEN) DELSY) 2-11

_ _-; __

VBAR~ = VBAR + 2~ V~ 
(32)

V BAR~. = VBAR ,. + 2 1 V~

BIA4 - 8IAS~ + K3A V~ 
(32)

V~~=V~~+K~~~V~
ALTB = ALTB + K hB DALI

Li
• AC = AC + CEN 2~

AS = AS + SEN 2~
RC = RC + AC 2
RS = RS + AS 2~

1~
212
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Q1 = +2 Q2 + (AC) Q~ + (AS) Q5
Q2 — Q 2 + 2 

~~~ 
(AC) 08 + (AS) Og

Q3 — Q 3 +2 Q 7 + (AC) Q11 + (AS) (Q12)
Q - Q 4 +209 + (AC) Q13 + (AS) Q14

= Q~ + 2 Og + (AC) 
~ 14 + (AS) °15

=09+74 Q7

Q7 =07 +74 Q1o {32 BIT }
0 9-  ~8 + 2~~Qi -

~

~ i 
=
~~i 

+2Q2 + (AC) Q.4 + (A5) 05 +Q 16-l- Q17
= + 2~ 03
= 

~6 + 74 Q~ + 

~ i8 2 6

Qio Qio~~
Qi~~

75

~ 16 K7 016

213



— -- - 

NORMALIZE (QO + 01)
NO. SHIFTS N

N N- 1  INOTE: 2N CAN VARY
N -

~ +14Q1 =Q1 2 IFROM 71 102
1 0, 1, 2, . . - 19

1~RC= RC - AC
RS= RS - AS
Q~~ =Q 1 + RCQ4 +RS Q~

= Q2 + RCQ 8+ P50g
Q~~ =Q3 + RCQ 11 + RSQ 12 

(32)

Q23 = Q~ + RCQ13 + RSQ 14
Q~~ =Q5 + RCQ 14 +RS Q15
DM~~Q0 +Q~~ +RC Q23 +R SQ24

[ 
AC = AS RC RS 0 

]
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:~~~~~~~~~

—------- —_
~~~

_ —--
~~~~

•• -- -

~~~~~~~

K1F = 0.5 [(M3)~~n-Q2 1 - 020] /DM
K2F = 0.5021/(GRAV DM)
K3F =0.5022/(GRAV DM) t16

K4F Q23/DM
K5F = 024/DM
DELCX = DELCX - [K4F VBAR XMI

DELSX = DELSX - [(K5F ) V BARXM]
(32 =(16)(16)}

DELCY = DELCY - 
~

K4F ) VBAR VM]

DELSY = DELSY - [(KSF ) VBAR YM]

4,

V~ = V + 2~~K lF V BAR
~

+ 2~~K~~VBAR~

— K2FVBAR V (32 = (16)(16)}

Sy =
~ K2FV BAR

~
EPS~ = El’s; + 25K3FV BAR

~

EPS = Es’S; - 25K3FVBAR
~

• 4,

I V BAR~~=V BAR~~=O I
_ _ _ _

TILT

4,
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0~=Q~~(Q J+ lg) (Q K+ lg )/DM
I = i - 1
j = j - 1

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, _ ___ 

(32)

K = K - i

21
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-~ y~ - — -
~~~~~~~~~

--- _
•:~~~~

_
~~~~ •

Sz = EPSy - 1/2 ER (CXV)
C~ = 1/2 ER (CXX) - EPSx 

(32)

[k~~(s~~+c~ )1/2 I (32)

4
[ SINA L S~/K

I COSAL = CZ/KZ
_ _ _ _ _ _ _ _ _

CXX = (CLAT) (cOSAL)
CXY~ = (d AT ) (SINAL)
EPSX = EPSX + 1/2 ER (CXX ’ - CXX )
EPSY = EPSY + 1/2 ER (CXY~ 

- Cxvi
ALPHA = TAN 1 (-CXY/CXX)

217 
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GMB ,1 = 
r~=1 

CBM mI GMU 1m, I = 1, 2, 3, I 1, 2

GMB 3 = GMB1®GM B2

CBNk, = 
~~ CE~, GMB ,~
1=1

(k, j ) =  (1, 1). (2, 1) , (3,1) (3,2) (3,3) ONLY

CEN cos (EN + ENO - ROTB/2)
SEN = sin (EN + ENO - ROT8/2)

CBN3~ = (CBN~1)tCEN) - (CBN 3~) (SEN)

CBN3~ = (CBN3 j )  (SEN) + lCBN3~ (CEN)

AOL = ta~~(CBN32/(CBN33 + (PITO1) (CBN31) )) + ROLO

CR = cos (ROL), SR sin (ROL)

PIT=TAN
1(CBN 31 /(CBN 1 ~ + CBN2~) 

1/2) — CR PITO

CP = cos (Pi T), SP = sin (PIT)

HDO = (SR) (P110)/Cl’

CR = CR (0.96),SR = SR(.96),CP = CP(0 96),SP = SP(0.96)

~ 3 
C MODF D

HOG = tan’1 (-CBN 21/CBN 11 ) — ALPHA + EN + ENO - HDO - ROT8/2
SH = sin (HOG) (0.96)

CH — cos (HOG) (0.96)

SMHDG = SMHDG .2-8 (SMHDG . HOG)

ROLO ____  ~ I ~~
.EN

X
4I

P110 I RTN 1
EN CBM V CSN ~

‘H 4
‘-

~~~ * ,—* -
__

_
*,

___* —

~

1~ ~
8H0USING) (B INSI) (M) (S) (N)J
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(~!~
!
~)

CEN = cos (EN + ENO — ROT8/2)
SEN = sin (EN + ENO — ROT8/2 )

3
DVN , = > CE,1 DDVSF 1 = (16) (16))

DVN3 = DVN3— G R A V T5
DVNTH = DVN 7 COSAL — DVN 2 SINAI

• DVEST = - DVN1 SINAL — DVN 2 COSAL 32)

VN = VN + DVNTH (VSCL) 2~VE = VE + DVEST (VSCL) 76 (32 = (16) (16))
VD = VO — DVN 3 (VSCLI 2.6

AN = AN +74 (DVNTH — AN 72)
AE = AE +24(DVEST —AE 72) (32)
AD = AD + 2’4 (-DVN 3 —AD 7

2)

4, 
_____

C_ _

IN S F LDO  

4~~~~J

~~~ SEQ &X’3~~~~ 
OTHER

4,5

HPDO1 = MODF HPDO 23 24 = SN2X HDPO 45 = PIT
HPDO2 = SYMOD HPDO25, 26 SN2Y HPDO 4~ = SEQ
HPDO3 = RTIME HPDO 27,28 = SN2Z HPDO47 ~~ = CXX
HPDO4 = BITE 1 HPDO 29 ~~ = ALT HPDO49 ~~ = CXV

HPD0 31 32 = ALPHA HPDO 51
’

52 = CXZ
HPDO 11 = BITE 8 HPD0~~ ~~ = EPSX HPTO 53’ =AN
HPDO 12 = HOG HPDO35,~~ = EPSY HPDO M = AE
HPDO 13 14 = LAT HPDO37,~~ = VN HP0055 = AD
HP0015 16 = ION HPDO39 ~~ = VE HPD0~~ = EPSN
HPDO 17 18 = SN 1X HPDO41,42 = VD HPDO 57 = CHECKSUM
HPDO 19 20 = SN1V HPDO 43 = VG
HPDO 21

: 
22 = SN1Z HPD0~~ = ROL

‘iF
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FRESH

0, +
STNV

RESET P I R 4 
—

SET

1

3

~~~~~~

DVN , = 
~~ CE~1DDVSF J

= 1,2,3

DVN 3= DVN3—GRAV 7
5

DVNTH = DVN 1 COSAL -DVN2 SINAI

DVEST = -DVN 1 SINAI - DVN 2 COSAL

VN~ = VN + DVNTH . 2.6 VSCL

VE~~~VE + DVEST .2’~ VSCL

• VD~ =VD - DVN .2~~ VSCL
(32)
AN = AN +74 (DVNTH — AN 2.2)

AE = AE + 2~ (DVEST — AE 72)

AD - AD + 2~ (-DVN 3—AD 72)

220



VG~ = VG72 + (VN2 
+ yE 2) O.5/(VG + 2.15)

PALT~ = PALI - (VD) (VHSCL) 2 10

PLAT~ = PLAT + (VN) (PAINV) 2 15

PL0N~ = PLON + (VE) (ACNV) 79

RPH

GMUSV I1 
= GMU~1 - (SOOT) GMU ,2

GMUSV
~2 

= GMU~2 - (SOOT) GMU~1
GMUSV 13 = GMU,3

RTN

221



PHI = (GMU13 GMUSV 12 + GMU23 GMUSV22 + GMU 33 GMUSV 32) (KDSN) 2

PH2 = (GMU11 GMUSV 13 + GMU21 GMUSV23 + GMU31 GMUSV33) (KDSN) 2

PH3 = (GMU 12 GMUSV 11 + GMU22 GMUSV 21 + GMU32 GMUSV31) (KDSN) 2

PHB 1 =
1
~~ CBM KI PHk, j 1 .2.3

CEN =COS(EN + ENO- ROT8/2)

SEN =SIN(EN + ENO - ROT8/21
PHBt = PHBj (CENt)- PHB~ (SEN t)
PHB~ 

= PHB1 (SENt) 
+ PHB~ (CEN)~

(~~~~ 
D H = (PHB~ SR+ ~~\__

OVERFLOW
\~~~ 

PHB~ CR)/CP J
NO
OVERFLOW

I 
DH=0]

I

DR=- PHB1 (0.96) + (OH) (SP)
DP= (PHB2 CR-PHB 3 SR)

X H
SR = SR — (CR)(DR) •

CR = CR + (SR) (DR) • EN
SP=SP-(CP) (DP)

• CP = CP + (SP) (DP) • y ______

SH = SH — (CH)I~H) 
H

CH = CH + (SH) (DH)

“I

NOTE : NEGLECTS
RPH 2 SCALING ERROR 0.96

222
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AROL1 -4 SR -(S60)(CR)+X’SOOO

AROU ’~4 
SR -(S60)(CR) + X’SOOO

APIT1 =-~~- SP-(S60)(CP)+X’8000

APIT2 = 4 SP -(S60)(CP) + X’8000

AHDG1 = 4  SH - (S6O)(CH) + X’8000

AHDG2 ..
4 SH -(S60)(CH) + X’8000

ROL = ROL + (DR)(1/O.961T)
PIT = PIT + (Dl’) (1/0.96~T)

HDG = HDG + (OH )(1/w) -

223
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KORE K

*0 (SWITCH BOUNCE)

RTN
DLAT = LAIR - PLAT
OLON = LONR - PLON
PLAT = LAT R
PLON = LONR
CNTF X’l

224
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_ _ _ _  

•

r 3 1/2
DVMAG = I £ (V 1 - V oldi )2]

Li 1

~~~~ V.; I = 1, 2,3

GRAV = GRAy 1 + GRAy 2 (CXZ) 2 - GRAy3 ALT

KURVX = AINV - (TEPS) CXX2 2.13

KURVY = AINV - (TEl’S) CXV 2 2- 13

KURVC = (TEPS) (CXX) (CXV)
• 

F 

_ _ _ _ _(CXZ) 
~~~~~~~~~~~~ 

+

[ PF=1.SIGN (CXZ) I

~~~~~ KG~~~~~~~~~~~
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C_MODFD

WX = -3’(ER) (CXX) — EPSX

WV = .4(ER)(CXV) + EPSY

EPSN=-3-(CLAT) (ER) — (WX 2 +WY 2)112

—HDG = ALPHA = tan~ (~~~
) 

(16 BIT)

SMHDG = HDG

AL IST = ADDRESS OF ALIG N LIST ADR

DPTIM =60 SEC

ALIST = ADDRESS OF GAP LIST AD R • ALIST = ADDRESS OF NAV LIST ADA

DPTIM = 600 SEC DPTIM=300 SEC

LAt=L ATC LON = LONC
ALT = ALTC

• HDG = SMHDG

226



• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-----•--•• — - -  
~~~~~~~~~~~~~~~~~~ 

TABLE K-i . NAVIGATION PROGRAM CONSTANT S

D.fi.bI.. V.1.. Mu V.1.. Scthd V.1..

AINV 1/Is.. * luvars. ~1 Earth Rsd1.s (Eqiim.rI.I) 21114 ft r21 tps~ IJ1 2527374
• (323k)

ER E.’th R.t. 7.2I2ii~~ rid! 2 13 rad/i.. 1.51737114
(32 1k) s.c

Var~~ l D..plq — *J~tud (3AçJi-) 113 2~ 511
(V ill is. , 1.7)

• K~~ Vertical D plq - VaIscity (44 
+ ~~~~~ •J2114

(i/C~+2) ~ç/T 2 +2w~~t5
K1, Vertical 0..pm~ — II.. (âçIv3C2) -2’~ t~ç ~‘2h/s..2

K~~ A1.mstsrIi im -A1iu(T 54s.c) 2~~~ç 1

Vertical CI.ausI Ahp — VaIscity (2AL]v) ~~~ ~cSB sic, = 1.7)

Vartic.I Ch.a. ,I ASp — Ii. (âç/r
2

C
2
) T’~ ~

ç 24hs.

KCAGE Rsduudcat AxB C.j.1 (i’ 21... ) -2~~/ssc 2 ’~hsc

k~ By,. BIS DISsy lii , (T 2Iw) L~ç/12IS 34

LGAIN DC Offist Flftsr~~Lsw 6siu (1” 2 .sc) 2~~&~ I 34

SlAIN DC Ofium Fitar — Hick Garn (? 2...) 2 I

Ns.~~eme.t Hal.. (T fps)2 ~1 ~~
lakisi Civ - (Vii, V.1) 33 (f~,)2 21 (fp~)2 5.511125

0
~~ ~~~~~~~~~~~~~~~~ 

- Si

Imitili Civ - t9t, Tilt) (L52 l.,)2 z2,2 sd2 Lb

• 
0.. haltuli Cay - (I) jft Drift) (453 hØ~)2 

~
I2j 2 (red/s.c )2 LNSS2724
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TABLE K-i . (Cont)

1~imb.I D.fl.ltu .. Vii.. Max Vii.. $cii.d Vii..

~S13 Iahh.l Civ — (V,V) 1.17 avid (I f,,21~)2 3.1E4

Proc... Nice — (Vii) (011351 fps)2 2 ftps)2

Price.. Nois. - (Tilt) ($jr7 ~.4)2 34,,2 (red)2 ~-27

0.. Pr.... , Nil.. - (Drift) (3Jà~ d.Øir)2 2” 1j2 (rad/um)2 
~.-3I

Process Hum. - (liermal-Val) ~2-14 (f~,)2 21 (fps)2 I.IS*

KT Thermal Hum. Decay Gam.( 1’ 7 5 ..c) 0111125 1 0101125

SElF Ccarm Ah nTin. 21s’c 24sic (L$I) 211

HF Fiuu.Abp Tim.-Mlnim.m 5mm 24s.c (LSB) 15250

NIH ~ .red SaudIs, Tins - Minimum • 21 s.c 2~ s.c (LU) 312

TCGL Tim. B.w..n Char,. M.nit.r (Lois,) 3500 s.c 1 sic (LU)

TCGS Tim. Botwoos, Char,. Mossitor (~ i.rt) ISIS s.c Is.. (LII)

VTURN Mix VsIsclty Cha p iii s.c for C1ier~. M.aimr 15 ~~ ~I2 
~P’ 011244

CSNL Lu,. Ch u. ThroshaM TBO 1 TBD

ClUB Sm~~Charp.ThrasMM lID I TID

GRAV 1 Graulty Cosfhciosst 32111132 ~ ,2 21 1ps~ 1.5113755
(32 Bk)

BRA V2 GravIty Cuffud.at 0,1111511 fps2 21 fps2 
5.112111 475

(32 Bk)

GRAV 3 GravIty Cuffuciosst 3111S10/ 2 2~~~/um2 
1.151311341

(32 5k)

MAIC GMU Mipitud. Corrootiun (4.7$) 2~
1 34 111232
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‘J’ABLE K-i .  (Concluded)

$ymbul Dsfiallinn Vii.. Mu V*. ScuI.d Vii..

VSCL kella~ to Velocity Display 212 fps/ThII tsp 2 01152

TEP$ Earth Elipiloity (2./si a~t, 4.11i 11 fps~ 2~~ ~~~ 0.500011

VHICL NiIIs I to Altutud. DispIsy Extrspui.b.. ~issW4 2~~ 1.50755

PAINV I/SI s.c. l~ en. Eu’th Radi., - Display 2~ ..c/35S2IISI ft (,r/21IS fps) ~ 
15 11114755

IISCL Grm1 is Akisid. DiepIsy 217 ft/11337.5 ft 2 0.51535

KVA Velsalty kahn5 for Drift Camp 4.7117531 1 -1.7057131

ROTGL Rotator Tern Ariad Thrsth.W SN dsp iu.d 015353

M3 ASp Filter Meepiremunt C..ffisi.at ,T215 ~ 
2~/3 ,# ~I20I333
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TABLE K-2. NA V IGATION PROGRA M VARIABLES

Ind.x
Symimi D.finition Max Vii.. Loss~th(Bits)

MODC — — Mod. Command-Control/Display Panel — IS

• 0 = Stausdby
I - Stor.d Heedinq (Cal)
2 - Gyro Compass (Ahup)
3 = Nay

MODF — — Functioni.s~ Mod. (km. Code as MODC) — 15

RTIME — — 1 sic Clock 315 ,,
~ is

51DSV - - Status Display Word to Control/Display Panel - 16

CGFLG -- — Char,. Monitor FIsp, * 0 Charg. Monitor in Pro r.ss — iS

TCG — — Valu. of RTIME for N.xt Schoduhad Ch.rp Monitor 215 s.c iS

DVMAG — — Valocity Ch..s,. Over 1 sic Interval 212 
~~ Is

LATC — — Initial Latitud. (K.yboard Input) • 32

LONC — — initial I.on~itudo (K.ybowd Input) • 32

LAIR — — Check Point Latitude • 32

LONR — — Ch.clc Point Longituda • 32
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TAB LE K-2. (Cont)

Indax Word
Symbol D.fiaition Mu Vii.. Lenqds

(Its)

INS11 lyre (1, 2,3) Axis (1, 2, 3) U,scosnpasss.tedV( Y51).Gyr. Fram. 1 15

660 — — GMG1- G MG2 1 15

066 — — i_ 660 2 1 16

GD~ Gyr. (1, 2) (1, 2, 3,4) DG,1 
, tY~ + (2 ’~ - 3

_IS) 2~ rod 16
D61 = V5~~ tJYj (K*I)
D6~ = 163

.A1/DGG
064 = DG~ /D6G

6M~ Gyro (1.2, 3) Axis (1,2,3) Compsns.tsd V tV1~)~MICR0N Fram. 1 32

ET~ Row (1.2,3) Column Deft. V.loiity Correction Matrix (‘1) 2~ rid 16
(1,2,3)

ETO~ Row (1. 2, 3) Column Old El Matrix 2~ rid iS
(1. 2, 3)

GMGCq Gyro (1,2,3) Axis (1,2,3) Compws.todl-Gyro Coordinat.s (y61) I IS

DVM1 Axis (1.2,3) — Daft. Valolity From Fast Cyd. DVUI1 MICRON 2~ tsp 15
Coordinetas

EXP — — Expon.ntial Decay 1 32

151 Gyro (1. 2) Axis (1. 2, 3) Drift Rita Compensation Spin From. r15 rad/um 16

DVS1 Axis (1,2,3) - C.mp.,ss.tud Delta V.Iocity-Spm Fri.. 2~ tps 32

GM001 — — GM1 6M2 FIt.r.d 1 32

0001 — — GMDOT + SOOT 1 32

Axis (1.2, 3) — Vulocty 212 tsp 32
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IA B L E  K-2 . (Cont)

Ind.x Word
Symbol — D.(inidon Max Value Length

(Bits)

Gyro (1.2, 3) Axis (1,2,3) RSA Vectors — Nav Fram. 1 32

SOOT — — 111’U2 1 32

DIN — — i -S
~OT 1 32

KDSIf — — I/DIR 2 32

CX~ Axis (x, y, z) — Earth Polar Direction Cosin.s 1 32

ERDT~ Axis (I,2,3) — ER~ei/S s.ciRuiduii 24 rad 32

THDT~ Gyra (1,2) Axis (1,2,3) Drift Aqh.Changa Ovsr l/S sac+Rasidual 24 rd  32

ARDT1 Axis (1.2) — V.hud. Rsto • 1/I sic + Residual 2~ rid 32

ALT — — Aititud. 217 ft 32

ALTR — — Roiaronc. Akitud. (Input) TOO 16

ALTB — — Retetenc. Altitud. Bias 217 ft 32

DALI — — Altitude Error 217 ft IS

IIASZ - - Vertical Accelerometer Bias 21fpS2 32

GRAV — — Grivity 21fps2 32
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____

‘I ’ABLE K —2 .  (Cont)

Indox Word
Symbol Definition Max Vii.. Lon~th(Bits)

ALPHA — — An,la From North to X Nay Axis (CCW) ,,rad 32

tAT — — Latitud. • rid 32

LON — — Lon~itud. w rad 32

C11 Row (1.2 ,3) Column Spin to Nay Transformation Matrix 1 iS
(1,2,3)

CE1 Row (1, 2. 3) Column Spin to Nay Transformation + ARO Correction 2 rid 16
(1, 2, 3) M.trix

6MB5 Gyro (1. 2, 3) Axis (1, 2, 3) Unc.mposssutad V -Body Frame 1 16

CBN1 Row (1,2, 3) Column Body to Nay Transformation Matrix tOnly Compute 1 16
(1,2, 3) (ii) = (1,11 (2,1), (3,1). (3,2), (3,3)1

HOG — — Heeding (Load HOG 0) •rad 16

PIT — — Pitdi Angha •rad 16

ROL — — Roll Angla •rsd 16

EPS~ Axis (1, 2) - Nuqnm.nt Drift Rate Estimate 2-12 
~4/~~ 32

VBA R~ Axis (1, 2) — Aver.5. Velocity 2~ ts p 32

(0, 1,... 19) — Covenanco Matrix and Noise Variances Relative Scale 32
S.. Constants

O~~for Initial
Scale

(1, 2, 3, 4, 5) — Alignment Roset Gains
2 16

K2F V7 rid/tsp 16

K3F 2 16 rad/s.c/tps 16

KIF, KSF 2~ fps2/lps 16

KURVX Earth Curvature Terms 2~~ (f~ ) 1 32

KURVY •2 3 s.c 2~~ (fI’s)~
1 32

KURVC 2~~~(fpsF 1 16
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TABLE K-2. (Cont)

Index Word
Symbol Definition Max Value Length

(Bits)

VN, yE. — — Velocity North, East, Down — Display 2500 tsp 32
VD

VG — — Ground Sp..d ZSIO fps 16

DVNTH, — — Velocity Chaøge 1/S4 sec — North , East 2~ tsp 32
0 VEST

DVN~ Axis (1. 2, 3) — V.Iocity Change 1/64 sec — Ner Frame 2~ tps 32

AN, AE , — — Acceleration North , East, Down 512 tps2 32
AD

PLAT , — — Display Latitude , Long itude • rid 32
PLO N

DLAT , — — Latitude , Longitude Check Point Correction w rad 32
O LO N

CNTF — — Control Flag *0 Means Apply Control in ~ow — IS
Cycle Routines
(LSB) Bit 15 — Position Control

Bit 14 — Velocity Control
Bit l3 — TlIt Control

Axis (1, 2, 3) — Altituda Change — MICRON Frame I rid IS
Axis (1, 2, 3)

PHB~ — Alti tude Chang. — Body Frame 1 rid IS

DR, op — — RoN, Pitch Change 1/6.06 rid IS

OH — — Heading Change 1 rid IS

SR, CR ,SP — — Sin/Co s of Roll, Pitth, Heading 1/616 16
cP, SH ,CH
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----- -

‘FABLE K-2. (Concluded)

Indax Word
Symbol Definition Max Value Length

(Its)

ACNV - - 1/64 sec/(Earth Radius Cos Lit) =/2500 tsp 2~ 16

SLAT, CLAT — — Sin, Cos Latitude I 32

SINAL. — — Sin, Cos ALPHA 1 32
COSA L

PF — — Singla Polo Flag — IS
+ = South Pole Singularity
- - NorthPoklingulerity

DELCX, — — Rotating Bias Error Estimate — Align tsec 32
DELSX,
DELCY,
DELSY

AC, AS — — Cos, Sin of Rotation Angle 2~ sic 32

RC,RS — — _-L._f AC,ASdt 23 sec 32
O sec 0

CEN, SEN — — Cos, Sin of Rotation Angle (EN) 1 16

ROTS — — Rotation Angle in l/64 s.c = rad 16

RN, RE — — Distance From Initialization = r.d 16

EPSN — — North Drift Rat. For Display 2.12 red/sec 16
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‘I’ABLE K-3. FiVE-STATE ALIGNMENT FILTER

Mix Vale.
Parameter V alue Scaled

Slate coy Vale.
________ ________________________ 

Vector 
____________ ___________

(0.6, .0.1 ft)2 = 2 , _3 12 (tsp)2 21 (tsp)2 114 ~-lS

01 (33 tsp)2 2~ tsp 2’ (tps)2 0.515625

• 
~2 (V .4’) 34/, (r’tps)

03 (V , ~ ) 2 3/g (r/s — tsp) 0

04 (V. V5) 2~ (tsp - fps2) 0

(V . V5) 2~ (tsp fps2) S

(2.62 )2 = 5,375d0g2 2/g rid 221,2 (r2) 2 1
I.N11322r2

07 (4 ’ c ) 2~
7/g2 (r~ls) 0

(4’, V~) 2/g (r ‘tsp2) 0

(4),V5) 2/g (r . fps2) 0

(t , € ) = (I.62’fl ir)2 2”
~/g rls 112/,2 (,/~)2 2.724~ ~

LI I (fp.3)2

~ll ~ c~ 
2’~ /g (ne tps2) 0

012 (e ,V 5) 2~~/g (n/s tps2) 0

~l3 (V5, V0) (0.17 mr)2 g2 1 tsp2 I (tsp2) 3.164~~2” I5

(V5,V5) 1 (tsp2)2 0

(V,,V5) (0.17 mr)2 g2 1 tsp2 I (tps2)2 3.1S4~~2 h5

~l5 (Therm V) — 7.S”
~ (tsp)2 = 2~ 2~ (tps)2 1.IS2~~~ 2”

~~

~l7 V Noise = 0.153~ (tsp)2 = 2 16 2~ (tsp)2 r 22

~‘is 4) Noise =45 14 r2 = 241 241,2 (r2) ~ ‘27

~lS i Noisa = 14.7~ (°/lsr)2 2 151,2 (n/s)2 2”
~~

= 3,453 15 (n/s)2
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APPENDIX L

FPM SIMULATOR

DETA ILED FLOW CHARTS

FLOW CHART SYMBOLS

ENTRY PO%NT OR CONNECTOR

PROCESS

SUBROUT INE

BRANCH POINT

OFF~PAGE CONNECTOR

OFF-PAGE BRANCH

237
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PE1 =PE 1 + PEO 1
PE2 = PE2 + PEO2
PE3 = PE3 + G RAV

DVPi = ~~~~~~~ & X’FFFO

PEI(MSR) = PEi(MSR) & X’F

= 1,2,3

( ROTAT~~~)

238
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— ~~~~~~~~~~ 

*0 (EMA BITE TEST)
~~~~ TMDOO3~~~J _ _ _ _ _ _ _ _ _ _ _

I!vPi = OW 2 
DVP3 = X’2710

(CHARG E MONITOR) ~(_ 
MDOO4 

(NORMAL)

C s o ~~~D 
_ _ _ _

(TD) ~~*O (SDMOD 1. SP1 )

____________ 
- 

(~~~~SLlP (1)

1=1 ~ i — 2  4’SPD = DMOD~J SPD - DM001 
çsoMoD(2 . SP2)J

(~~MOD (i, SPDL) (~~~~LIP (2)

4’ 
_ _ _

AL
~ 

= (COSU) (CG
~
) * 

~~~~~~ 
MD004~~)

BT,~
= (SINR) (CG

~
) .L,o

j = 1,2,3

AL13 0

- IDT ‘ ‘CGii ‘ i2’ i
_ i  ‘r

‘ i 2 ’  ‘ i i ’ ’  i
BT~3 =0
i = 1 ,2

_ _  •
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[ 
TEMP1 = TEMP1 + [MAS~ (eTPCNTr & X’FCOO + TOF)] (2

i6) ]

1, 2, 3, 4, 5, 6, 7, 8

(FAST HEATERS ) 4’

J PDOO4

E TEMP1 = TEMP1 + FHG I
I TEMP2 = TEMP2 + FHG I

CP0005 

~
-
~
-i::~ 

0

~ 
TEMP6 = TEMP6 + FHCA

L TEMP7 = TEMP7 + FHCA

C~°°~ )
°

I TEMP5 TEMPS + FHEMA ]

c:i- SDOO2 

~
) 0

TEMP3 = TEMP3 + FHSE

e = ONES COMPLEMENT TEMP4 = TEMP4 + FHSE

TEMP8 = TEMP8 + FHSE
• EQUIVALENCE : 

____________________

TPCNT 1 = TCG1 TPCNT5 = TCEMA 
______

TPCNT2 = TCG2 TPCNT6 = TCCA1 SIM4 J
TPCNT3 = TCS2 TPCNT7 = TCCA2

TPCNT4 = TCS3 TPCNT8 = TCS1
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TMGt = (TEMP1 + GND) &X’F FF8

TMG2 = (TEMP2 + GND) &X’FFF8
TMCA1 = (TEMP6 + GND) &X’FFF8
TMCA2 = (TEMP7 + GND) &X’ FFFS
TMEMA = (TEMP5 + GND) &X’FFF8
TMS1 = (TEMP8 + OND) &X’FFF8
TMS2 = (TEMP3 + GND) &X’FFF8
TMS3 = (TEMP4 + GND) &X’FFF8
TMOF = (TCG 1 &X’FCOO + TOF + GND) TMGN &X’F FF8
TWI = TWO

_ Ô 
_

_

~~~1 0 ~‘\ #0
i = 1  r MD000~~~) 

i= 2

SMGAP = (—(TXPS) (TEMP
~
) + TROT~ + GND] &X ’ FFF8

SMOF~ = [ (DIS) + (A1S) + (BIS) + SIS) + SMCOF + GNDJ SMGN )
1, 2, 3

(START) + f \ -~0

____  

~~~~~~STNV J 
_ _ _ _ _ _ _

1~J 
(A B ~~~RP)
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0 
S0015

(PA ON)

MDOO2 *0 (HEAT)

*X1OO(
~~~~~

NV
~~DX

1OO (DAMP)

TD000 *~(~~~~~~~
••

)••9~

~~~~M0TR1 
) ( MOTR2 ) (~~MOTR)~~~~~ ~ 

MOTR2 )
_ _ _  4’ 4’ 4’ _  _

(~~PNUP(1)) ( SPNUP() (DAMP(1)~~~~ ( DAMP(2)) LHEAT 
)

(
GYRO 1 )~~~~

4’
(GY RO(2 

)
4,



— ~~-~~~~~~—~~~~~~~ - - -- —= — -~~~~ — — - ~~~~-— - - -~~~ ~~~~~~~~~ —.- 
~~
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SD MOD
(i, SP)

FQ = DMOD~ & X’FFFO
DELTS — (SP2~ - FQO~2

”1)
PH

~ 
= PH1 + (DELIS) KDM1

FOO~ = FO
TEMPt = (KDM2) (MUM1 )

OVERFLOW
(DELTS2)27 

+ KDM2

NO OVERFLOW

TEMPt = TEMP1/UDELTS2)27 
+ KDM2I

WSU = (TEMP1) COS (PH12
8)

SINR = (TEMP1) SIN (PH~2
8)

NOTE: SP1 AND FQO, HAVE NO SIGN BIT
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TA 1 
= (ALSIM 1J ) (cOSU) + (BTSIM1J) (SINR)1

TB1 = -(ALS IM 1~) (SINR) + (BTSIM 11 ) (COSU)
j = 1,2,3

TA~ = (TA~j ) CROT + (TA~) SROT
TA 2 = -(TA~) SROT + (TA~) CROT
TBI = (TB~) CR01 + (TB~ ) SROT
1B2 = -(1B ) SROT + (IB~) CR01

AL ,1 = 

m~~ 1 

CEGjm TA,~ + DCB

BT,1 = 

m~~ 1 

CEGjm TBm + OCR

j = 1 , 2, 3
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1 1

~t 0 (MOTO R OFF)
RDOO1

(CW) - + (CCW)

4 

DROT

( RD0:2 ) ~~~~~ 0( R0003 )
DROT = -DROT

4
ENS = ENS+DROT

0

+

EN = 2 ENS
CROT =COS (2 ENS) ROT8=4DROT
SROT = SIN (2 ENS)

1=0 
RTN 

V H1~~~~~~~~
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ABXTP

(COMPLETE UPDATE IN 4 CYCLES)

__________  
1,

~~~~
SEQ&X’3

~I~~~~ 

__________

a = ALSIM1 a BISIM1 a = ALSIM2 a = BTSIM2

a = a + c r ® E R 5 2 15

___________  ~ 
SEQ&X’3I

~~~

\

~ 

1

ALSIM
1 

= a BTSIM 1 = a ALSIM 2 a BTSIM2 = a J

L)~
246
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______

AS1 = A1S BS1 =B1S SS1 =S1S
AS2 

= A2S BS2 = B2S = S2S
AS3 

= A3S 8S3 = 83S SS3 = S3S

.1~

AS1 = A3S BS1 
= B3S SS1 = S3S

= A2S BS2 
= B2S SS2 = S2S

AS3 =A 1S BS3 =B1S SS3 =S1S .

4

H
TROT 1 = TROT1 +(RHEAT) (9A1S)2

TROT 2 = TROT2 + (RHEAT) (OA3S) 2

RTN

9-ONES COMPLEMENT
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‘—-

NTQ = (WS , . 55) / (0.5 SP.)

STK = — (AL i . AS) NTO (VECTO R DOT PRODUCT)
CTK = — (A L1 . BS) NTQ

W5,1 = WS,1 .715 WS 1~ (ROTOR SLOW DOWN
= 1,2,3 SIMULATION)

WP = (WA~) PA, +(WB ,) PB, + (WC 1 ) PC,
WA 1 = WA 1 + 2~ [(PB

~ WC~ — PC~ WB ,) STK + (WP WA 1 — PA ,) CTKI /MUM ,

WB 1 = WB 1 
+ 77 ((PC 1 WA 1 — PA 1 WC 1 ) STK + (WP WB 1 — PB~) bTKI /MUM,

wc~ = wc 1 + 2~ I(PA~ WB 1 — PB 1 WA 1) STK + (WP WC 1 — PCi) CTKI /MUM 1

NOTE:
SP1 HAS NO SIGN BIT (0.5 SP, = LOGICAL RIGHT SHIFT)
E QU IVALENT VECTOR EQUATIONS

W P = W ABCI .PABCi
W ABCi = W ABCI + ~ 6 UPABCI 0 W ABCi) STK + (WP W ABCI — 

~ABCI~ 
CTK] /MUM1

(V MUM2) (VMUM 1)
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SV = AS ® BS
TEMQ = SV • SV

-, O
~~~~7EMQ 2-12)

TROT 1 
= TROT 1 + RSPN

TEMP 1 = TEMP 1 + CSPN

p

WS 1~ = WS,1 + 2~~~ SV1
= 1, 2,3

I

NOTE: SV = TEMPORARY (3 x 1) VECTOR ARRAY (SV1, j = 1.2,3)
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TF — IXCA WA 1I — 11/2 WC1I I

lfr 
TF )

~ _ _ _ _ _

WAt = WC~
WC 1 = WA KP KA
KP = K C 

_ _ _ _

I I
SA

SB = (K B ) WC ,
WAt = WA~+ ~ 2 (SA) (WB ~ + 2’

~~ (SB)(WA )

WB~ = WB + 72 (SB) [WA’1 + 73 (SA) (WB;) ]

• wc t = wc 1/2 + 1/2 (1 — WAt2 )- WBt2)/WCI

4’ K B
= —KA — K C

~C )4 I- KcA~ 4K A

WAj’=W C~ I
WCt= WA 1

(CONT. ON
GYRO 2 NEXT PAGE)

NOTE: FIRST ORDER APPROXIMATION OF

~~~~~~~~~~~~~~~~~~~~~~~~
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WP = WA~ PA 1 + WB 1 PB~ + wc , ~~
MUM1 = 7/8 (1 -WP 2)~~

2 
f_TEM2 KS/S

ALSIM~~ I TEM 1 KS/S
TEMK = CEGnK WSin Lo

K = 1, 2.3 1-ALS1M~2
TEM 3ITSP

S= (TEM~~+ TEM~ )~ ’2 BTSIM 1 =I ALSIM,1 TEM3/TSP

TSP = (5
2 

+ TEM~) 112 L (S) (KS)/TSP
SP 2TSP
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SIMUL

(NAV) 4 4 (START)

S T N V=—  STND=+

GSW D = 3  GSWD=O
DEMF = 2 DEMF =—
Dl=X ’7C01 DI- X7801

‘ T I
ZERO ALL INPUT WORDS IN SEU I/O BLOCK

TEMP1 = TMPO1; I=1,2,.... 8 WA 1 WAO 1
TROT1 = TROTO1 WB 1 WBO 1
TROT2 = TROTO2 wc 1 = WCO 1

SP1 
= SPO1 WA2 

= WAO2
SP~, SPO2 WB2 = WBO 2MUM1 = MUMO 1
MUM2 = MUMO2 

WC2 = WCO2

WS~1 O;i l .2;j l,2.3 KB KA KC 
1/2KCA = (KCI4KA)

ALSIMi~ = ALO
~1

BTSI M11 = BTO,J
GND
POS5 = 0.9999

- M1N5 -1
TMRF 1 =TMRF2 = 0.609
DROT = X’0004
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TABLE L-1. SIMULATOR PROGRA M CONSTANTS

Spmhal Definition Value Mix Value Scaled V~~o

BRAy 1 Grayity + Acealarsrnetar I (K~ = 5.02 tsp/pulse) 257.305 pole. 211 pojia 0.141314041
(Ig 2LI3S pohe)

• ~~1 I 2
~ arp en the Rotor

CO2 2”~ I

PEO1 Accelaronsetar hiss+ Shen,XEMA 312.5 + 0.14623 211 pub. 0.15266020

Pf02 Accelerometer Iis+~~uim, YEMA 312.5+0.43157 211 __ • U10211

TXPS Cii. Coeffimant of Expernion 0.5575 ~ inJ°F (1S7J~t in./621°F)2 0.06544

KDM1 Frequency to Phase Conversion 1/64 sec 2~/2IS4,IS Hz 0.3171106

KDM2 Darned Filter Cutoff Fneq (32 Hz)2 2 ’~ (2S14.lt Hz)2 0.0113274

ERS1 Earth Rate - (Body Coordinates) -1.132456°/hr 2” hI red/s.c -0.1576173

1=1,2,3 -0.132456°/hr 2 11 
~~/am 4.0571173

1.370103°/hr 2 11 red/sac 0.1131551

RHEAT Rotor Heating — Z Heat Mod. I ~ injeac •l1.l ~t ,nJ(I/S4 sic) 2.32 x

RIM Roton Heating-Spi Mode 2’4
~~in. l67.1~~ia. 3.1 x 10’4

CIPH Case Heating — Spin Mid. 0 312.5°F 0

Pithed. Parameter ((B - C)IAI 2’4 sic 
~
TA = I sac) 4 7794\4 sac 2’2 1(2,) (2460 Hz) 0.215411

I.S17\-5

PeRodo Parameter ((A - 1)/Cl 2’4 s.c 4.31156”4 sec 2 2/(2 )  (2040 Hz) 021115

KS Msxm.un. MUM Magnitude 0.175 1 0.575

• 
DCI Desned DC Bias 2-10 1 2”10

PA1, PA2 A Axis P,dulaiity Gyros 1,2 0.02 1 0.02

PH1, ~~ I Axle Poduleilt~ Syn c, 1, 2 4,05 1 -0.06

PC1, PC2 C Axle Peduistity Syres 1, 2 -1J13 1 -0.003
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TABLE L-1. (Cont )

Symbol Definition Value Max Value Scaled Value

DROT Azitueth Rotedon (3°14) 300 dig 1.11113

SMCOF IMC Offset 2 1 2’4

TROTO1 Iuit i.ITROT 1 -130 in. I$7J~u is, -0.02$
TROTO2 -130 ~ in. 117.1 ~~~ - 

0. 1 - -

Initial IP, (No Sign Bit) 2457 Hi 1312.1$ Hz 1.15600
$PO~ 2450 Hz 1302.08 Hz 1.11021

MUMO1 Initial MUM1 0.875 1 0.575
MUMO2 0.175 1 0.075

WAO 1 Initial WA1,WB 1, WC 1 0.15451 1 0.15451
W101 0 1 0
WCO 1 0.17305 1 0.17365

WAO 2 Initial WA2, WI2, WC2 0.17365 1 0.1 7365
W102 0 1 0
WCO2 0.11451 1 0.15451

AL011 Initial ALSIM — Gyro 1 0.10 1 0J
AL012 0 1 0
AL013 0 1 0

ITO 11 Initial ITSIM — Gyro 1 0 1 0

ITO12 0.0 1 0.0
ITO13 0 1 0

ALO~ Initial ALS1M — Gyro 2 0 1 0

• ALO32 0.0 1 0.0
ALO 32 0 1 0

ITOH Initial BTSIM — Gyro 2 0 I I
ITO32 0 1 S

ITO32 0.0 1 0.0

CEO11 EMA to Gyro Frame Transformation 6.75 1 1.75
CEO 12 -025 1 -0.25
CEO13 0.1123724 1 0.1123724
CEG~~ -s~~ 1 -0.25
CES32 0.75 1 0.71
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TABLE L-1. (Concluded)

Symbol Definition Value Mix Value Scaled Value

CE523 EMA to Gyro Frame Tnasderm.tiois 5.61 23724 1 0.6123724
CBS31 -0.1123724 1 -0.1123724
CEG32 -0.6123724 1 -0.1123724
CEG32 0.5 1 0.5

TMPO1 Initial T.mperitores (Relative to Sot Point R.fenesc. -361°F 621°F -0.75
Temp) -301°F 521° F -0.75

TMPO3 —234°F 312.5°F —0.75
TMPO4 -234°F 312.5°F -0.75
TMPO5 -234°F 312.1°F -0.76
TMPO5 —234°f 312.5°F -0.75

TMPO7 234°F 312.5°F -I.7~
TWO5 -234°F 312.5°F -0.75

MAS1 Thermal Mass -0,00123°F (521.°f) (2 16) -0.15472
MAS2 -0.00123°f (521°F) (2.16) -6.15472
MAS3 -0.601325°F (312.5°F) (2 ’~~ -027787
MASS -0151325°F (312.5°F) (2-16) 027717
MAO5 0.661122°F (312.1°F) r’~6) 0.13044
MAO 0.102300°F (312.5°F) (2 11) 0.1*300
MAO7 0.002360°F (312.5°F) (2 16) 0.1*311
MAS1 0 001325°F (312.5°F) (2’11) $27717

Flea Feat Heat — Gyro 0,021°F 521°F 46* Il4

FHCA Fast Neater — Charge Amp 0.21°F 312.5°F 17* Il’4

FHEMA Fast Heater — EMA 0.021°F 312.5°F lix

FHSE Fast Heater — Systam Electronics 0.021°F 312.5°F lix

TOF Temp Control Offset 2’4 1 2

TMGN Temp Control DC Offset Sees., Gain -6.2 1 -0.2

SMGN SMC flCOffset Sansor Gain -1.5 1 -0.5
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TABLE L-2. SIMULATOR PROGRA M VARIA B LE S

Index Word
Symbol — T -• Definition Max V.lu. Length

I (Bits)

TEMP~ (1, 2, ... I) — Simulated Temperatures r521°F i 1,2 32

L312.S’F i =3 . 6

TROT
~ 

Gyro (1. 2) — Rotor limp 117.1 ~ in 32

SPO — — TD Frequency (Dummy Variable) (No Sign Bit ) 1302.0$ Hz 16

Gyro (1, 2) — Rotor Speed (No Sign Bit) 1302.0$ Hz 16

ALS1M~ Gyro (1, 2) Axis (1,2, 3) Inertial a (Body Coondinstas) 1 32

ITSfM~ Gyro (1, 2) Axis (1,2, 3) Inertial ~ (Body Coordinates) 1 32

Gyro (1, 2) Axis (1, 2,3) Spin Vector (Case Coordinates) 2114.11 Hz 32

IWAp WI~ Gyro (1, 2) - Spin Vector (Rotor Coordinates) Normalized on 1 32
Rotor Spied)

AS~ 16), Axis (1, 2, 3) - Spin Motor Commends Reordered into (x , y, z) 1 15
$5

’

CROT — — Cssof Platform Rotation Anglo — 16

SROT — — Sin of Plutform Rotation Angle — 16 
-

COW — — Cos Slip Angle 1 16

SZNR — — SinSlipAngle 1 16

EMA (1,2 ,3) — EMA Pulsas + Residual 211 pub. 32

Gyro (1, 2) - Net Deniod ham Slip 21, rid 32

DELlS — — Slip frequency 2104.16 Hz 16

FOO, Gyro (1, 2) — Previous Demod Commend (No Sign Bit) 1302.0$ Hz 11

MUM1 Gyra (1, 2) — MUM MagnItude 1 16

K5 — — Polbode Panamoter 1 16

KCA — — Pithed. Parameter 1 16
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‘FABLE L-3. GYRO PA RAMETER LIST SIMULATO R VALUES

Scaled Scaled
Word Parameter Value Value Word Parameter Valua

1.24 DAL 11-DBT 23 0 0 54 TCMO 130°F 0.366
55 VROLD 4.0ev 0.110

25 HZC1 2460 Hz X’FlDO
2$ HZC2 245* Hz X’F1A2 56 HRSCL 0 0
27 TPNBI I 2 6 57,58 LATC 330 51.26’ 0.1116711294
21 TPTIB2 I soc 50,60 LONC -117° 56.88’ -0.6547111111
29 THAi —1 -1 61, 62 ALTC 235 ft 0.0015
30 THA2 -I -1 63, 64 SMHOG 0 I
31 6P121 0.5 0.5
32 6P122 0.5 0.5 65 KRB1C 0 0
33 PHASE 90° 0.5 II KPI1C 0 0

61 KHB1C 0 0

34 GDO1 2l4~’ in. XliU II KRI3C 0 S
35 GDO2 25l~ in. X liii 69 KPB3C 0 0

36 GSO1 53~ in. X 315C 70 KHB3C 0 0
37 GSO2 62.$~~in. X2 F EC 71 ENO 0 I

72 ROLO $ I
3$ TCO1 -325.1°F X’I~~ 73 P110 0 I
39 TCO2 -325.6°F X1011 74 PITOI I S
40 TSC1 -101.4°F X’$000
41 TSC2 -101.4°F X’1000
42 TSE -101.4°f X’B000
43 TSS1 -101.4°F X’B000
44 TSS2 -1 01 .4°F X’I000
45 TSS3 —1 01 .4°F X’1000

4149 Span — —

50 TMX1O 151.IOF 027064
51 TMX2O 15S.loF 0.27064
52 TAIRO 05°f 0.478
53 TBAT O 80°F 0.521
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TABLE L-4. PRMA - EMA LIST

Simulator Values

Word Parameter Value Scaled Value

1, 2 -312.64623p -0.61063717

3, 4 V~’~ -3I2.$3ISip -0 61120834

5, 6 VV3 -312.Sp -0.61035156

7, 8 KV11 -0.41

9, 10 KV12 +0.11

11. 12 KVI3 -0.391918336

13 14 KV21 +0.16 j
1-1 0 01

15, 10 KV2Z -0.48 CEG * 0.02 fps/p/2 5 fps/p .( 0 -1

17, 18 KV23 -0.391918336 \o 0 .1/

19, 20 kV3l +0.391918336

21,22 KV32 -4.351911336

23, 24 KV33 -0.32

25 CBM11 -0.3535426

26 CBM21 -0.3535426

27 CBM31 0.1501159

28 -CBM1 2 o.7sioss
29 -CBM22 -0.707085

35 -d M32 0

31 -CBM13 0.6123537

32 -d M23 0.61 23537

33 -d M33 0.099647
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TABLE L-5. PRMG 1 AND PRMG 2 
- GYRO LIST

Simulator Values

Scaled
Weed Parameter Value Vain.

1-12 ACGM 0 0

13.80 AngIe 0 0

$1 119 Drift 0 I

120-126 Spare 0 0

127 SFA1 0.270 5.276

12$ SFA2 0.210 5.219

129 ~ SFA3 0.270 0.219

130 PHBI 0 0

131 PHB2 0 0

132 PHB3 0 5

133 PRAI 0 0

134 PHA2 0 0

f35 PHA3 0 5

135 SFBI 0.270 0270

131 SF82 0.270 0.210

131 SF83 0.210 0.270
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APPENDIX M

EPM THERMAL DESIGN AND ANALYSES

As throughout the design evolution of the MICRON INS , extensive thermal analyses
were perform ’~d during Phase 2B. These analyses were made at both the IN L~ and
module levels and were essential as an aid and as confirmation of the EPM thermal
design. INIJ level analyses consisted of setting up a 140-nod e thermal network model
of the physical INU design and ex ercizing the network by means of the  IBM 370 computer ,
using the Rockw ell XFOO 14 General Thermal Analyzer Program. These computer
analyses permitted parametri c studies , by va rying the network pa rameters , to deter-
mine system thermal design characteristics and requi rement s such as heater sizes
and locations , control set point s and control loop parameters for stable operation ,
system thermal responses to fast reaction and over-cooling transients and steady-stat e
coldplate temperatures as a function of cooling air and environmental  conditions. The
module level analyses provided detai l part s operating temperatures and thermal
stresses as primary input data for reliability predictions , using colclplate temperature
from the INIJ analyses as bases.

The requirement s and objectives of the MICR ON EP M thermal design were the
following:

1. Temperature Control. Regulate inertial instrument and critical electronics
temperature within limits prescribed by performance considerations within
the specified ranges of cooling air and environmental conditions.

2. Electronics Cooling. Provide efficient cooling of non-controlled electronics
to minimize temperature and maximize reliability throughout specified
range s of cooling air and environmental conditions.

3. Transient Conditions. Provide capability to meet specified thermal
transient conditions , including cold-start fa st reaction and overcooling.

The EPI\I thermal design , which evolved from extensive thermal analyses and
from XN—77 and N57A experience , is depicted hy Figures M-1 and M-2. The following
design features were incorporated:

1. Max imum isolation of temperature controlled and non-controlled zones. The
IAU and SEU thermally controlled regions are identified in Figure M-1 .

2. Integral chassis coldplate cooling of MHU electronics with wedge—l ock
module retention. Isolated , externally finned IAU. No contact of cooling air
contaminated with moisture and debris with circuit components. (Figure M—2).

3. External copper heat rai l thermal shunt s on electronic modules for
efficient , predictable thermal performance.

4 . Eight (8) proportional temperature control channels which use resistive
heating and the DPU as the controller.

5. Four (4) fast reaction heater circuits  which are controlled by DPI] issued
discretes via relays.
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The dies ign heat load , excluding heate rs , is given by Table M — 1 . Approximately
300 watts a re  dh ssipat ecl unde r normal operation. Tables M—2 and M — 3 l ist  E PM
temperatu re control heate r and fast reaction heater cha racteristics , respectively.
Maximum control heater power , i.e. , all  control heaters fu l ly  on as during startup,
is 190 w. Nomina l heate r powe r at nomina l cooling- -~ir flow conditions is 50— 60 watts ,
as shown by Figure M— 3. The total fast reaction heater power of 1770 watts provide
wa rm up at. the ~0°F ./min heating rate , requiring onl y 2 minutes  of heating fro m 0°F
sta rt .

The EPM the rmal design was developed and verif ied by extensive thermal  analyses
at both the INU and module levels.  The INU level analyses consisted of synthesizing
a thermal network (model) of the IN U physical—thermal  design and exercising the
network by means of the IBM 370 computer , using the Rockwell XF OO1 4 General
Thermal Analyzer  Program. These computer analyses permit ted pa rametric  studies ,
by vary ing the network parameters , to determine optimal system thermal design
requirement s and characteristics such as heater sizes and locations , sensor locations ,
control set point s , control loop parameters for stable operation , systeni thermal
responses to fast reaction and overcooling transient s, and steady-state coldp late
temperatures as a fttnction of cooling air and environmental conditions.

Figure M— 4 show s the thermal network of one-half of the INIJ. The relationship
of the rotating IAU nodes to the IAtT physical design is detailed in Figure M-5. Figures
M-6 and M-7 are computer generated CR1’ p lot s showing thermal response of element s
of the IAI] to a typical fast reaction transient condition.

Module level thermal anal yses were performed for each module type . These
analyses consisted of hand calculations of component temperature rises relative to a
reference coldplate temperature. The reference coldp late temperatures were
determined by the computerized INU level analyses.

An example of a module level analysis is shown by Figure M-8 for the SEU No. 4
Module . (Thi s example was chosen since it was the simp lest module but still i l lustrated
the procedure used.)  A thermal balance algebraic expression was generated for each
“rail” such as the rail for Ui , Q7 and Q6 , and temperature rises were calculated for
each electroni c part for module lock thermal contact , conduction along the copper rail ,
contact from rail to part case , and part case to junction , if applicable. Each hybrid
package was treated as a single heat source. Additionally, the junction temperature s
of the most highly stressed semiconductors of each hybrid were calculated. Table
M-4 shows the thermal result s of the SEU No. 4 analysis example.
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APPENDIX N. NAV IGATION PERFORMANCE DATA

This appe nd ix cont ains 1- l’~ I individual  navigation plots as well as ensemble
CEP and velocity erro r cu rves .  F igur es  N—i throug h N— 6 show summary  and
ensemble plots while the indiv idual  navi gation performance plots are given in
F igu res N—7 throug h N — i1 .

E PM 1 navigation j )osi t i on and velocity plots are contained in Figures N—7
through N—2 3 .  Plots- are prov ided Lo r  all navigation runs made throug h 25 February
1977 w ith the IAU rotating. (Some navigation runs were made in December 197(;
without the IAU rotating. ) The two demonstration navigation runs are No. 123O7( l~ 25
an d i23O7~ 2239 shown in Figures N — l i  and N—12 , respectively. Position and velocity
error summaries are plotted in Figures N—i and N-2 summariz ing  the EP M 1
nav igation performance.

Navigation plots are provi d ed (Fi g-u res N—24 throug h N — ~ - l ) for El~ \I 2 rotating
[AU testing through Februa i-v 1977. (This testing was not performed with contract
fund ing. The data has been included in this report to provide a broader statistical
base for evaluation of the navigation performance of the F PM desi gn. ) One navigation
run made on 2~ January 1977 has been excluded since it ~-as made with a defective
SEU 1 module. Position and velocity error summaries are plotted in Figures N — 3
and N— -I for the EPM 2 navigation performance.

Figures N— 5 and N— G contain the summary plots for the ensemble of EPM 1
and EPM 2 navigation runs .
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