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[ BUS 2 ' — 7 Z NLG SHUTTLE v
V. X7 OM (FPC 3 1 VLY READY e
. DS o 0 .
e " - [6)) H 1® L I C YA L0 Do Al ] ; V. /1 I ! : Pon o 15 P N/ FANDING-GEAR e SIGNATURE DATE NATIONAL AEROAUTICS AMD SPACE ADNINISTRAT 10N
' = L5/
Shis ’_T 3 o GSE INHIBIT o) [ = U6 CORTGL. SHUTTLE VLY ,J—L L — — —— L1IOON . JOHSON SPACE CONTER WOUSTOM, TEXAS
- “l.u—’/
GEAR = e ILS SEE ! cLosen | OPEN  yuLve WiEss PCLOSE=765 PS|
o W m = 10.20 For DETA e 1 I : e NG n mw—er s | ST
ARWON RESET MNB VIA LG ARM ARM ] I I I VALVE - TRUT I
>t VAl i Leasa | | I I b PCA = 3955 PS| 2 UATOR 14— Caalll KL LANDING GEAR
RMG DOOR o VALVE N0 2 EXTEND PRS = 1450 PS| EXTEND ACT!
b Vessine 2 { PLOCKED=0 1925 > — 1 - FLOY exTe0 ] (8RB nad Tallepk [7-14-99
S e ) RN RTN N
oruns EZ2 LG IsoL 100 PSID REQUIRED win - o I I l l I I l * ]nnmn fose isg 177989
PML R1SeF catos 3 v/ FIRE 2 VALVE NO 3 T0 ACTUATE LG i el SPACE SHUTTLE | OWG NO
ACA PNL_FEAS
VIA LG DOWN ™ TION VALVES 7 | 13.1
REF LEAA 1 sec NO 2 LEOCAT ‘ S, x s A S A S RETRACT FLOW T Limretd ALL *
vl GSE INHIBIT | | 1 1 CONTROL VALVE Louscsssssssaasil -+ PHL FBAS OMNIPLAN 5. £/ 7859
- 34 RMG PCR = 1000 PSI s Toc 4 T2 X 34 Jeaee .12 Serr ot
43 T s 2 LMG ES PRS = 785 PSI| TE———
et BRAXES SEE DG 13.2 BRAK SEE DWG 13.2
i P M B VIA LG DOWN A FIRE 1 FOR DETAIL FOR DETAIL
REF
e = ove 5. 1K GSE INHIBIT .
. s 8US 1
S aid cH 40
P 12 513 Scsssesss
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L | v | u ] T | S | R | Q | P | 0 | N I M l 48 I K | J I I I H I G I F I £ 1 D I C | B ____A

ot =
DATE: 07/12/89 | WaMEs BJT | VERSIOW 1MKeS | §
[oare 0w/ 12709 | e /4 FROM ANTI-SKID SWITCH POSITION ANTISSKTD EATL ‘MATRIX DATEs 07/05/89 | NAMEs VSH | VERSIOM BPT,5
INDICAT 10N HYD PRESS HYD PRESS HYD WD DAT®N 07/12/89 | NAMEs BJT | VERSIOM INKGS
YORIE X0432€ X0440E XOA43E CAUSE (OTHER THAN FAIL LIGHT) SYS 3 (STANDBY) SYS 1 (ACTIVE) RETURN RETURN
oy ok B soxs ot REGULATED REGULATED sYs 3 sYs 1
FROM BRAKE/SKID BRAKE POWER ON SWITCH TH=0 1500 PS| MAX 1500 PS1 MAX (STANDBY) (ACTIVE)
LN VST £ VST CONTROL BOX B F ACA 2 BUT ANTI-SKID POWER VS1S0405E , ’ R
/XO430E_\ / XO433E_\ XO441E /_X0442E \ FAULT DETECTION LCA-2 CHAN 12| OFF sTBY PRIN STBY Rerin 8
LOB SKID LIB SKID ROB SKID CIRCUIT nere D8t CHANNEL TH=0 + ‘ ’ *
VALVE FAILED VALVE FAILED VALVE FAILED VALVE FAILED SEE o 5.3 LZ‘ SKID CONTROL CHANE
0= AT ) 0 - FauLT ) O = FAULY o= ) EAILS SELF TEST oR | L0B-V51X0413E VS1X0411E
T LIB-V51X0412E V51X0410E
N0 5/ 05/ N0 55 _/ SEE DWG 4.3 K POWER LOST
— S ~——— RIB-V51X0416E V51X0414E
ROB-VSIXOMLTE YS1XOMSE BYPASS FLOW VALVE BRAKE/SKID CONTROL MODULE
Varien CHARNEL TH0 P <250-425 PS| (SHOWN WITH NO PRESSURE TO BRAKES)
12K toF02) (oF02) coro2) & oFo1 (oFo2) HUDE SKID CONTROL VALVE il X8 FLOW = .10 70 .20 oPH ] =
108 BK LN ¢ — 22 WATTS e el o it LOB~V51X0430€ V51X0431E 465455 pSi —
v . CIRCUIT LIB~V51X0433E V51X0432E FLOW = 2.1 CC/MIN
H:JggR) 1 RIB-V51X0441E V51X0440€ >
= I RIGHT OUTBOARD CIRCUIT 1 MO0 Vo1 X0RE YeuRMse b—— b —d § L
WHEEL SPEED SENSOR P =
LOB BK LN 2 - 21 WATTS l RIGHT INBOARD CIRCUIT OPEN OR SHORT FAIL LIGHT ONLY
¢ SEE DWG 9.20 JZ CIRCUIT
= | LEFT INBOARD CIRCUIT FLCA-1
= . -
L)
LIB B 0 3 2 waTs o 0 0 e e BRAKE/SKID CONTROL BOX A . 7
4 -IN- i
an A(BC) 1 1 LEFT OUTBOARD CIRCUIT Ll T0846A
nCA 1 (2 = 1 WHE] N = (73
LIB BK LN 1 - 20 VATTS H FAULT DETECTION CIRCUIT >t o 1 e o
s : DETECTS OPEN OR SHORT CIRCUIT ! I \ >t RIN T W
1 IN WHEEL SENSOR k2 —
V. i 1.2 K RPC = H H 75 10+ 300° F
(8c1) | L | RIB BK LN 1 = 20 WATTS ! . LxET
LOB SPEED SENSOR INPUT
- ] xe @ ' | SKID CONTROL TEST CIRCUIT 1 SEE DWG 2.2-1 LZ
1 1
= PERFORMS SKID EFFICIENCY TEST AT HYD PRESS HYD PRESS
LIB SPEED SENSOR INPUT [ e [] SYS 1 HYD
_ ANTI-SKID ACTIVATION. PROVIDES . 4 R 3 X = —= RETURN
RIB.ECLH 3= 21.VATTS 4 1 FAULT SIGNAL IF TEST Is FAILED | B TN REGULATED iethoy REGULATED s
_ N 1 /OA13E_\ 1500 PSI MAX 1500 PSI MAX
RIB SPEED SENSOR INPUT R N\ foesd ] ] X Ix
= |Zs . . : IF INPUT POWER OR REGULATED ' ngs?‘;:lfg (:o;ln) g;g :nzss o ::2 :uess o
+
(SO061E) B AUTO ROB BK LN 2 - 21 WATTS ROB SPEED SENSOR INPUT H POVER IS LOST H T ArcuATED = — RETURN ArouaTEn > X —» as;m:n
(30082%). C-AUTO 'Z5 @'_’— 1 1 _0vs / 1500 PSI MAX ~ N » Sveie 1500 PSI MAX bl ¢ 3 6
= 147> H -
= 1 SKID VALVE FAULT DETECTION 1 CONTROL MOOULE. STBY  ACTIVE  STBY  ACTIVE STBY  ACTIVE  STBY  ACTIVE
- CONTROL MODULE
AOBIBRILN 4 SIREMATTS 1 CIRCUIT 1 ™y SELECTOR VALVE SELECTOR VALVE e BRAKE/SKID COIL
L 1 DETECTS OPEN OR SHORT CIRCUIT [~ Yo/ 5Ki Gil. 6 Sin/coii 'Z’
- 1 IN SKID VALVE ASSOCIATED ] FRo Box B &1 P crow box B T0 SKID cou@—— ——@ TO SKID COIL |Z: ) |
= V H WIRING, OR DRIVER FAILURE N oat0e BRAKE/ SK1D BRAKE/SK1D BRAKE/SKID BRAKE/SKID
TUMNEL LINE V L J (BDX 5) CONTROL CONTROL IZ] CONTROL CONTROL
EXTEND - 10 WATTS - —— - - - - — - TO BRAKE COIL VALVE VALVE 0 BRAKE COIL VALVE VALVE
ANTISKID CA FROM BOX B )—- 1 2 ‘—( FROM BOX B TO BRAKE COIL 3 4 TO BRAKE COIL IZS L hd
0 vs p—
1 Vum.uu — o\ p IO L8 T _ +28v0c VELOCITY SOMARATOR 22 T v .
= SKID 1. PROVIDES EXCITATION CURRENT va _
mu.nun ;‘: B TUMNEL L INE TO LIB KT POVER FOR WHEEL SPEED . COMPARES WHEEL SPEED / oFos T omz _\ / OFos T oWz \ . .
A RETRACT - 10 WATTS . SUPPLY 2. CONVERTS VELOCITY IN TO SIMULATED VEHICLE
NOT ON oV-102 . TOlNB, CRT TO DC VOLTAGE VELOCITY ROB
1 ] JET] 3. PROVIDES ANTI-SKID LOW SPEED + <IN BRAKE PRESS 2A BRAKE PRESS 3A BRAKE PRESS 4A
= H = DROPOUT (1015 KTS) V. /o41eE N\
- H REF V CoRoz) RIB SK!D SELF\ [ 0414 0 10 2000 PSIA 0 10 2000 PSIA ~ I
N—105_/
4 . 2 REFERENCE DECELERAT 10N VELOCITY REFERENCE sLip TEST FAILED ) | BOX 8 sl 1055 IST STAGE
. [P —— CONTROL. INTEGRATOR FLOW LIMITER 5
1 : > TOUCHDOWN PROTECT ION “Z‘
. LS . + = ~~——— x| ]
. 6 i a 5 L ® PREVENTS BRAKE APPLICATION [ DETERMINES VEHICLE AVERAGE PROVIDES PSEUDO VELOCITY o/ HTRS
H YO NPT, A W UNTIL TOUCHDOWN AND DECELERATION AND FORCES THE REFERENCE VOLTAGE - A ﬂ
. A - Y v PROPORT [ONAL TO WHEEL
" 7 ANTI-SKID SYSTEM IS ACTIVATED S VELOGITY BEFERENCE zgv;menm h R —— Auulalew] Y6, RiGHF oliTa
NO WOW !NPUT | ® TO LIB CKT VN CIRCUIT BOX B CIRCUIT BOX B = ]
£ XO41TE
V‘NTIS‘ID BC & } ) (0F02) XO41TE ALL CONTROL VALVES IDENTICAL TO ONE SHOWN IN DETAIL BZ
NO WOW |NPUT L® & TO RIB CKT R0B SKID SELF | [ 0415E - TO RIGHT OUTBD
V. s A TEST FAILED | | Box 8 CIRCUIT BOX A ‘_
PILOT'S INSTALLATION e . . * o/ s h 8
’ TO ANTISKID TO ROB CKT 10 5/S CIRCUIT BOX A
\ FAIL LIGHT: O RB KT ) SPIN-UP_CONTROL PRESSURE BIAS MODULAT ION
1 ZI
2ND STAGE ] %]
e, Sy le-¢-8  INTEGRATES VELOCITY ERROR
REFERENCE TO TRACK OUTPUT FROM COMPARATOR
iRl AND CORRECTS BRAKE PRESSURE
o/s 75 10 +300° F =75 70 +300° F
1 vs 1S X x|
13.1-2
TOE PORTION 5 e RELAY K12 ne b Ix x| X -/ N -
{ BRAKES) FPC 1 NO WO 1 ' RELAY K13 TRANS | ENT CONTROL SUMH ING VALVE I" o x| CONTIROL
FPC 1 4+ POINT X X X X X X X X VALVE
B> = : 1
= E s -5 PROVIDES RAPID RECOVERY o ] | L =
= POVER FROM SKIDS
0 L0B CXT +28v0¢ SUPPLY + X X X % X X X X X X X
TO LIB CKT e
TO RIB CKT N"DT2 LMG BK DI SPLACEMENT DISPLACEMENT
L T0 ROB CKT COMPENSAT |ON_NETWORK _.C) 'Z“ RTN T W LINITER LIMITER
CLOSES WHEN CLOSES WHEN
60 IN3 PASS 60 IN3 PASS
l RIGHT OUTBOARD CIRCUIT Ly PROVIDES PHASE COMPENSATION 3) /s
VELOCITY FOR HYDRAULIC AND BRAKE PHASE
| RIGHT INBOARD CIRCUIT L08 WHEEL BoX B o L OW4 T " s }
VELOCITY sYs 2 SYS 1
I LEFT INBOARD CIRCUIT LIB WHEEL BOX A b REGULATED — o X X X — :5;‘1’;" REGULATED — ¥ X X — :5;"';“ (TYPICAL FOR ALL 4 CONTROL MODULES) 3
VELOCITY Xs:::tl;g B 1500 sl max X} X 1900 PS mAx 1|
10 ROB
N\ BRAKE/ SK 1D RiB WAEEL 80X A or S = Hro press Wro press '
24 FOUR WHEELS IF VELOCITY IS 60 PERCENT BELOW BRBKE. LINIT-SIONAL sYs 3 i o sYs 3 4
T0 RIB CONTROL BOX VELOCITY AVERAGE VELOGTIVL GINIT Eou — X X — RETURN p > X X___ —#= RETURN T0 T0
o LEFT OUTBOARD CIRCUIT OB WL 80X A VELOCITY g s BEamATED, svs 2 SERLATH SYS 1 LEFT ouTBD LEFT INBD
> LOB WHEEL APPLIED BRAKE PRESSURE 1500 PSI MAX ] 1500 PSI MAX | |
2A VALVE DRIVER [X] X} BRAKE BRAKE
L R S BOX A L _@ Zs
1008 24 ZS LEFT mutE Lo "Z° - cﬁmgsm”:;%;%;‘fmw CORTROL HOGULE STBY  ACTIVE  STBY  ACTIVE STBY  ACTIVE  STBY  ACTIVE | . CONTROL MODULE
POSITION TRANSDUCER N\ p SERVO CONTROL VALVE =€> 72 T SELECTOR VALVE : SELECTOR VALVE —
2 TO SKID COIL
- TO ROB CKT BOX A LVOT I {12) cZz Z:o:‘;gxc:u i la— :zo:KIa:xC:IL 70 SKID conL@—— T0 SKID COIL |Z:
L TO RIB CKT EXCITATION OUTPUT CURRENT IS . BRAKE/ SK1D BRAKE/SKID BRAKE/ SK 10 BRAKE/ SK 1D
V 2 2.5 VMRS 2.5 KHZ PROPORT IONAL TO LARGEST CURRENT OUTPUT CONTROL CONTROL |Zz CONTROL CONTROL
CeNTLBC2 } Yo L1B OXT o COMARDER" S BRAKE 1,) APPLIES BRAKE PRESSURE BRAKE_COMMAND TO BRAKE COIL /T 72 TO BRAKE COIL VALVE VALVE TO BRAKE COIL 1o oo 6= 00 VALVE VALVE 70 sRaKe coit 173
1a% PEDAL DEFLECTION 7 COMMAND REQUEST Fron Box 8 &1 2 1 [ Fron Box 8 4 3
™ . TO LOB CKT sc l/ WHEN THE COMPARATOR DETECTS A LOCKED WHEEL, THE COMMAND
N ( SEE CONTROL BOX = D VBTN FROM THE BRAKE PEDAL IS INHIBITED AND SLOWLY RE-APPLIED
s ~ A FOR LOGIC AND AS THE WHEEL SPINS-UP
] s TELEMETRY) BOX A LVOT —_— 2
s Ao T0 ROB EXCITATION OUTPUT CURRENT IS b WHEN RELAYS ARE ENERGIZED (CLOSED), ANTISKID RECEIVES
H P e ‘Z" 2.5 VMRS 2.5 KHZ o PROPORT IONAL TO PILOT' S NO WOW INPUT. WHEN RELAYS ARE DE-ENERGIZED (OPEN)
M A 5 ) BRAKE PEDAL DEFLECTION BRAKE CONTROL MATRIX ANTISKID RECEIVES WOW INPUT. NO WOW SIGNAL IS 28 VDC
Lo A To RiB H UNTIL TOUCHDOWN
— e LEFT OTBD LEFT INBD RIGHT INBD RIGHT 0TBD
= 0 70 2000 PSIA i
) 1 WHEEL WHEEL WHEEL WHEEL NOTESs 1. FOR DRAWING REFERENCES SEE TABLE 13-1
A0 T0 LIB 1 -
TO COMMANDER' S SIDE L )‘— PILOT'S J BOX A - BRAKE/ANTI-SKID POWER cA cA cA cA
NWS RUDDERS SYSTEM 3 LEFT BRAKE LVOT D=
ARTIFICIAL FEEL BUNGEE b0 R 0 LoB Z INPUT 5T P Tt TN BOX B - BRAKE/ANTI-SKID POMER 8c 8 8c 8c
VOS13A £ __VOSITA _ N\ £__VOSITA N\ e
BOX A-SERVO VLV 4 | BOX A-SERVO VLV 3 | BOX A-SERVO VLV 3 | BOX A-SERVO VLV 4
»'us cn'\g(c (0F2) (0F02)/ OF01 OF1_\ (0F2) (oFo2) /_OF01 OF1_\ (0F2) (0F02)/ OFO1 OF1_\ (OF2) A o SERVO VALVE CONTROL BOX B-SERVO VLV 2 | BOX B-SERVO VLV 1 | BOX B-SERVO VLV i | BOX B-SERVO VLV 2
TO LEFT oUTBD
Vvos31 CHOR LOB VoS11A V0535 PLT RIB CHOR RIB V05154 Tl CIRCUIT BOX 8 EEL SEED SOWOR INUT 80X A-SERVO VLV 4 | BOX A-SERVO VLV 3 | BOX A-SERVO VLV 3 | BOX A-SERVO VLV 4
BOX B BK XDCR BK XDCR BOX B BOX B BK XDCR BOX B BOX B-SERVO VLV 2 BOX B-SERVO VLV 1 BOX B-SERVO VLV 1 BOX B-SERVO VLV 2
— SIGNATURE DATE NATIONAL AEROMAUTICS AMD SPACE ADMINISTRATION
0 ‘ms/ssvoc 0 10 _5VDC Z Z?mL:\EJTI Sg;sz o n z?ntsn ;:DA "Z DSON LiNOA 5. DUMIS | &/7e LYNOON B. JOHNSOM SPACE CENTER HOUSTON, TEXAS
== N—L35__/ £ VST N £ V5T
:!DOER PEDAL i ~V51 ~VET™ AV0538A AVos1eA BOX A WOW INPUT VIA RELAYS cA cA CA CA DR
ASSY (RPTA) £ __VO532h N\ £ __VOSI2A 1\ (oFo2) / OF0T OF1_\(0F2) t0F02)/ OFOL OFT_\ (0F2) S £l
13.1-2 (oFo2) /GFo1 OF1_\ (0F2) (0F02)/ GF01 OFT_\ (0F2) 17004 HTRS 17028 BOX B WOW INPUT VIA RELAYS 8c [ 8c BC ENGR  B. IRLBECK
BRAKE/SKID BOX B IDENTICAL TO BOX A VOS536A PLT ROB CMDR ROB Vo516A WHEEL SPEED 4 OM2. 0F04 oM2 BRAKES
e VOS30A PLT LIB CHOR LIB VOS10A BOX B BK XDCP BK XDCR BOX B SENSOR (TYP) uZ7 HYDRAULIC SYSTEM - ACTIVE 1 AND 2 1 AND 2 1 AND 2 1 AND 2 ENGR B g ko [9-14-8
NO WOW 2 ¢ 8 rewr ar 80X 8 BK XDCR BK XDCR 80X B LG 18 tho o SV IEW
fre2 T 10 svoC m T4 HYDRAULIC SYSTEM - BACKUP 3 3 3 3 g1 7-/739]
15 o5 7 = WG NO
D = N5/ v‘ 5 vm — =75 70 +300° F =75 70 3007 F 7570 +300° 7 / APP G 0o 3 1) Jettl 7 fa/gg] SPACE SHUTTLE 13.2
= —— TS 1S TS O IPLANS A’ Embnet | 18- ALL *
LTR D PCN_4 | 126.5 X 34 | Pace i3.2-1 sweer 1o 1
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F | E | D ] C | B A

DATEs 07/10/89 | wamEs JoF | VERsiom M6 | s
HEE Y- vV I —— ey » 10817 PARALLEL OUTPUT DATA BUS
H Ll H :“Cl " - a - — e s = e - e DATEs 07/05/89
! MARY = N CAR__| VERsiom BPT,8
H) : PRIMARY Deceenciy VB DRO ( HCIU=8=0MC WD DTO DRCHCIU W DRZ = 3 7 DATEs 07/11/89 + WFB_ | VERSIOM INKGS
F S0A POWER FOR GPC DATA FAIL WN  X2022J JOINT ANGLE K3003J b BRAKES CHD 2985 MAN P, B : SeeoeCiy 0 01 L i N NCIU-S=DsC WD DT2 :
:r l I : S, poRT APT o0 30254 SAFING IN PROGRESS X2023J  VEL X/Y/Z  K30044 MM oD hs HARAToAD xzecs) SINGLE ] % AUTO SEQ PRCD K2983J ABE FAIL WN  vS4x2021J AP ue ] oV DATE: ovie/es | wane OF ] VERSIOM e
RELEASE CHO 30260 ALL BRAKES ON X20244  POS X/Y/Z  K3001J DIRECT X29800 : 9400 3
H H teas SPARE EE EXTENDED %20300 AT P/Y/R  K30020 SOl SPITCE,  Ko0u Ao ¢ Xx2900J PR CHD 29704 ATQ 5605708 Kived) STeo'Tow joss) X10 SCALE Xx29394 ] 10-817 PasALLEL Jpriosiice SELECTOR MCIU INTERFACE AND ADDRESS DECODER ~IN EACH 42 HSEC MCIU FRAME THE MCIU SENDS 17 MCIU-TO-DC WORDS (DTO-16)
: . : ORT S IR 30380 P/L CAPTURED X20279 AATE P/ ik k3008 ] JOINT ELB-RITCH  R30rRd Aurg : :;:;j AUTO 1 K2s71J A RESET K29164 Aol xgg;j HIN PATE Xx2938J OUTPUT DATA BUS vor ( XA4) AND CALLS IN 7 D&C-TO-MCIU WORDS (DRO-6). WORDS DT3, DT4, DT15, & DT16 AND
VmA STHO = ER EE RIGIDIZED a0ty TEsT ¥3000) 1 Jotur wm piT Sais a AUTO 2 X29720 s it ST STOR X SPARE (DR WORD BITS S-14) gl 1 0F 10 DRS ARE NOT USED. WORD DTG IS SENT BACK TO THE MCIU UNCHANGED AS DR6. THIS TEST
o H . L EE AUTO MODE  K2990J X20330  MAN ORB UNL K29754 . s Ll xea0n) AUTO 3 k29734 SAF CAN X29894 SEACH LIl sty AUTO SEQ READY  X2941J = e - WORD (TW6) IS USED BY THE MCIU TO CHECK THE HEALTH OF DLC/MCIU COMMUNICAT IONS.
.S eare | EE MAN MODE K2991J EE CLOSED X2034  MAN EE K2976J P J AUTO 4 29749 COARSE X30270 ' AUTO SEQ IN PROG X2942J 14 PARFTY THE FIRST 5 BITS (BITS 0-4) OF EACH D&C RECEIVE (BY MCIU) OR TRANSMIT (FROM NCIU)
1 . EE MAN RIG K29924 EE DERIGIDIZED X2032J  MAN ORB L K2977J IRECTi(x Koeou SARE TESL, 29814 £ Mz | s HAN, 088 L. X29064 ~* PESTORES' CORRECT SENERATOR WORD (S AN ADDRESS COD
o e 1 4 ML CIREEL ) Fioety g o) RATE HOLD  K30280 EE AELEASED it ;o X E USED BY THE DAC PANEL TO ROUTE EACH DT WORD AND TAG EACH DR
1 H EE MAN DERIG K2993J SH BRACE RELEASED X2223J MAN P/L X2978J ) JOINT-EE TENP X30160 WA SELECT e DAC STROBE k29824 PORT TEMP K3006J CHECK CRT Nve 29074 SIGN OF BITS DT WORDS ~COUNTS THE NUMBER OF 1'S WORD. BITS 5-14 ARE DATA, BIT 15 IS A PARITY BIT USED BY THE MCIU TO CHECK THE HEALTH
H ' — SPARE . v J o\ o ) ks , Jo]NT CRIT TEMP K3017J ) STBD TEWP K3007J CONTRAL ERRON 3 MAN ORB LD X2308J INVERTED BY THE BITS 5-14 IN THE DATA WORD. SETS OR OF D&C/MCIU COMMUNICAT |ONS.
[ H H € FOR PORT ARM ALL V54 AL VT2 ] Y % . X S TRANS! STOR N PARALLEL TO CLEARS PARITY BIT, (817 19)
¥ ! mr N
1 ' : V P FZ- ] e AL vz ‘“-L yiz ! ALL VT2 Ll LR 1 4 SERIAL 10 nz:i':' ?:ET;‘[‘..'”,@"E:“
1 : 1 :.Cz 10-BIT PARALLEL OUTPUT DATA BUS oS 14 ALL V72 TEST ADDRESS 6 SHIFT REGISTER & OF 1°S IN THE WORD ODD. 16-BIT SERIAL OUTPUT DATA BUS
14.4-3 A VORD ~ 3
1 ° e » e i Fouh \ O - e — —— — || ——— - — . 4 a4 10-81T PARALLEL INPUT DATA BUS ” B P M IO AL =2222F RS SMERSN A =c5sssssssssssssatessds 8/8 10 HCIU DIGITAL INTERFACE BOARD
V" 1 eeree 104 FOR STBD ARM feteaped A el B ¢ || I = ainipieieialalal [ A e = "1 SESEESEEE - [ CoNVERTS 1T TO SERIAL 00D NUMBER OF 1S IS NOT
i WORD TRANSI1STOR WORD WORD DT3 ! WoRD DTS | L LT T T LT T T L L L L L L T T T K e K e T T PP [ . S RS { 1 = et A e MG Cam RAIL
15848 > L H ! ENABLE TRIVER: CIRCDIT ENABLE ENABLE 58 < ENABLE DISCRETE TRANSISTOR Vo, oet WORD DTO ] voro 074 ) R : pink=ies - - B LT T o £ A £ o L s pip— % 7o e reiu SOTED, /2
/ Ry N\ 1 (1 OF 10 INPUT/ DRIVER CIRCUIT ENABLE ENABLE ISCRETE TRANSISTOR DRIVER CIRCUIT WORD DT1 - mp mz DISCRETE ¢ q °
e m - ' H 1 o Hic Al - e PANEL LIGHTING = _ISOLATES AND INVERTS o ok 0 (1 0F 10) - INPUT/ . ' (1 0F 100 ENABLE ENABLE < H ¥ = sooness oo polUore) STROBE LEN o STROBE
ANEL/ INST - = - v
ultte H H e F et el ; UTPUT = -ISOLATES AND INVERTS o o OUTPUT ! — = INPUT/ 4 DECODER AS WORD DRS P e 2) /s
1 1 1 ' (] ! ] 0-5v B=YYPE FLIP-FLOP D-TYPE FLIP-FLOP { XA6) EACH LINE OF THE BUS ' . = -ISOLATES AND INVERTS oK A 2 z Lock
PITCH 1 1 H ' H N 1 10 (1 0F 10 (1 OF 10) D-TYPE FLIP-FLOP D-TYPE FLIP-FLOP (XAT) ) H EACH LINE OF THE BUS D-TYPE mp FLOP D-TYPE FLIP-FLOP L 3 164a=2
V A Il M 3 ~ON A CLOCK PULSE THE . | -ON A CLOCK PULSE THE 10 {1 OF 10} (1 0F 10) ' 1 (1 0F (1 OF 10! Staoe
o 1 [] & 4 $ [} B mﬁfélméw SELECTOR INPUT DATA IS TRANSFERRED | INPUT DATA IS TRANSFERRED ~ON A CLOCK PULSE THE ~ON A CLOCK PULSE THE . 1 10 - - i oK STROBE 2 iz
8 oeins ! gl - CCReT TO THE OUTPUT SIDE 0 THE OUTPUT SIDE T INPUT DATA IS TRANSFERRED | INPUT DATA IS TRANSFERRED ' [ 0N A CLOCK PLLSE THE -ON A CLOCK PULSE THE 5 hiys o4 14.4-2
1 I . H 1 H PAL ARENCLATIRE, ” 0 SeLRaron TO THE OUTPUT SIDE 0 TR OUTEGT ‘S1pE H 1 SeLEcTon INPUT DATA IS TRANSFERRED | INPUT DATA IS TRANSFERRED 4 T SERIAL T0
[ty ] H e 1 e H 1 1 6 - - i : . 1 OF 10) TO THE OUTPUT SIDE TO THE OUTPUT SIDE 6 1N P) EROM MCIU DIGITAL INTERFACE BOARD
H S H 1 1 ® 0 10 10 H ' 10 10 5 EE VECTOR VEL CMD SEL 7 ) SHIFT REGISTER Z’ Gk ’Z
: H H I 10 -SELECTS WHicH [ 2 ~CONVERTS MCIU [NPUT DATA WORD
N ! H (] ] b ® ® s H H EE VECTOR VEL ACT SEL 8 | pevice wiLL TO PARALLEL FORM AND STRIPS
= D i : : oFF w T Bl — : ! L) L) HONITOR WORD 1 SEL 7 3] prace TS oaTh |-t OFF THE ADORESS OF THE »
H N . H gl s ] BRIGHT 108 VAC " m IVER:Cinel TRANS ISTOR : H | | - MO WD T8 BeL T ON ; 5 D&C 0 RECEIVED WORD (BITS 0-4). BIT 2y 7
1 H = -----J —e MODE DRIVER CIRCUIT N h OUTPUT DATA 15 OF THE MCIU—#= D&C A 3
N [} 30-T6VAC — INCREASES VOLTAGE LEVEL 10 10 (1 OF 10) . : DRIVER CIRCUIT r MONITOR WORD 2 SEL 11| BUS (DR WORDS) WORDS IS NOT USED 16-B1T 14, 4-2
L g e, T By —L AND ISOLATES AND INVERTS ~INCREASES VOLTAGE LEVEL ' 1 0 10 (1 or 20) r MONITOR WORD 2A SEL ORLEATCH-OATA - SERIAL .
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14,41 COMPARISON (2. 9V) rov R98 \/ml LoGIC AND (TIME DELAY) uzrc oFF=" 0 o END-EFFECTOR COMMUTATOR SWITCH DECODE LOGIC CHART
+ - . |
SIGNAL 1 SEC (NOM) Lo
TOs EEEU LS _I_ COND | T10NING ~ENABL ING I Ao« +5. 1V — : COMMUTATOR MOTOR TOR
oS PULLS A - H sicron |_LEVELS DIRECT [N % CONTROL ENABLE |  SWITCH/DECODER LOGIC CONTROL 0UTPUTS | poron
| e| e
HOTOR POWER z| 2| 2 ' R o¥ (0) SWL | sw2 | su3 | swa | sws | swe | PHASING
OUTPUT TO ' ale]|c ON (0) [ OFF (1) = | = - = | = = * ¥
GROUND ] gl gl & Len ' AT | Kc | Re | aB | Bec | 8T
'
ol | < ' 1 o o OFF OFF
-’ ol o o ' 1 besonsouwd) _@_.._-- i
COMMUTATOR WORD = ! — | eew o 1 1 oN OFF oFF
'
Rl 8o ' 5 L o
RIPPLE 1 +28V MNA COMMUTATOR WORD ) 1
FILTER/REGULATOR 1 MOTOR HOUSING P
1
4 = HOTOR DRIVE POWER oc 3
o EE POWER COND [TIONER FE
EE SNARE/RIGIDIZE MECH 4
POSITION MICROSWITCHES
= NO CONNECTION (TYP) 98
i A)N_ﬁi o o 1
e 5
S— POMER CONVERTER FILTER 2 FILTER 2 S.1v oo SIGNAL CONDITIONING D * s
— ,
WRIST FILTER 5 FILTER 1 CONTAINS TRANSFORMER AND TRANS|STOR €E FOR EE T NC
JOINT 1/F e CKTS DESIGNED TO REGULATE +28V SUPPLY T TR T i MICROSW I TCH O=P/L_CAPTURED = 1 oA oo 1
— 327-S - 1 J 1 6 .
N 428 WA RETURN [——my s STATUS FLAGS s o
FILTER 4 {FiTen s | oo teo
_L 1 I ot 0=RIGIDIZED ALL OFF OFF OFF OFF OFF OFF OFF OPEN
= INHIBIT|  SENSE 1 THRU 6] ALL CODES | W OR CCW | DECODES AND f=m= === mmob e b e e e e b e el e feee
| COMPL IMENTS OFF orf | ofr | ofF [ orr | orr | oFF | open
- SPEE I/F WIRING i R T LT RO TIMEISTe, mmmem e 1=SNARE OPEN ShARE . i nhalselenlce
'Z‘ +28V A reban rehan AMPLIFIER, AND DIODE CKTS DESIGNED TO V CLUTCH ¥ LOGIC "0 CAUSES CW MOTOR ROTATION AND LOGIC
L TB401 SPEE_POMER MONITOR INPUT UNDERVOLTAGE AND OUTPUT V., Ve Gt *1' CAUSES CCW ROTATION. MOTOR POWER TERMINAL CONFIGURAT ION ¥
X .l <3 1 TRANSFER RELAY < ] OVERCURRENT/ OVERVOLTAGE CONDITIONS TO (] @: ' A e % WHEN SWITCH (SW) DECODED OUTPUTS ARE TURNED *ON'. NOTEs WAVE FORMS ON DRAWING ARE SHOWN FOR
7 [] ) »__® 287 A PREVENT ELECTRICAL DAMAGE ' RMALLY! ¢ = THE HOTOR @A, 8B AND OC WINDINGS ARE CONNECTED TO SECTOR NO. 1 (l.e., COMM A,B,C=1,0,0) 3
-y <! P -y ,< 1 ENGAOED POWER AS FOLLOWSs H1=28V, LO=RETURN
H < H ' at® H ] 2.7 0=DERIGDIZED :
sl g 1 3 n 9 ul s H _L.m-,;\N uisp 3 4 NOTESH D CAP/REL/RIG/DERIG COMMAND DECODER LOGIC CHART
1 1A V= [ D SNARE
)
] [] \ 4 < sZa [E— 1 BRAKE BRAKE/ CLUTCH RIGIDIZING
1 g SPEE PWR ON 4 = (TYPICAL 1 OF 6) 1 L T FAIL SAFE TRISTATE LEVEL COMAND POWER SHaRE MECHANI SH Horon
swmoem g g TRawsre Rewav| 4 n.‘ = b tuan Hi INeUT ONOFF DETECTOR OUTPUTS DECODE LOGIC SWITCH CS""HTE"SL CONTROL g
J108 i 1 y ¢ + o 5< SWITCHES SHOWN IN NORRALLY. 1 = COMMAND LEVEL DRIVERS STATES
r==1 i H i B e STRUCTURE READY FOR CAPTURE e 4 (FRoM 0k) | DETECTOR e DERIG REL | 0ERIG
—d SPEE PVR ON saevil o i * H< GROUND OuTPUT or | cap OR RIG | REL | TAP | DERIG| RiG | oR orR | BRAKE | cLUTCH BRAKE |  CLUTCH P';m DIRECTION | ===
TRANSFER 2 cAP RIG cae | ric
NO=NORMALLY OPEN
RELAY 1 1 RELAY RTN 6 Y H
ORBITER I/F RN g 2 T <7 [] = NC=NORMALLY' CLOSED OFF (OV) 0 (OFF) o 0 0 0 1 1 1 t | open | open | on | encacen on | encacen OFF STILL
1 P B Ll 1 owo REF o)
I l ' BACKUP 1 (CMD= +28V) , FROM DAC v REL (6.2V) 1 (0N 1 o o o o 1 1 1 (+28V) OPEN OFF ENGAGED OoN DI SENGAGED ON o
& —0 BACKUP
T T T g oz TN TN P e PATLORD 13q cap (12.4v) [ 1 com 1 1 0 0 1 [ 1 1| ooy | open | orr | enoacen | on [orsenoacen | on o
2 -
ud & cLuTCH (g DERIG (6.2v) | 1 (oM o 0 1 3 1 1 o 1 | oren | S0 1 on | oisenoacen | orr | encacen oN con
1 1 1 EEEU BITE (+28V)
2 T - T 2:< NO. 4 FLAG :‘,:I;‘:Lg';' = RIG (12.4V) 1 (ON) o [ 1 1 1 1 1 0 OPEN (52:3) ON | DISENGAGED | OFF ENGAGED oN cow 2
1 i 4
DT <IK ] - WRIST PITCH SPA - WRIST YAW SPA = WRIST ROLL SPA X FOTOR POUER On 15 OELATED FoR 170 MScC AFTCR RECEIPT OF AN " OW COMIAND (FOR 1/DERIG/ CAP/RELY .
P + "< No. § REF WR PITCH (EE INTERFACE ONLY) WR YAW (EE INTERFACE ONLY) WR ROLL “Z’ (EE INTERFACE ONLY) ' MOTOR POWER OFF IS ALSO DELAYED FOR 170 MSEC AFTER RECEIPT OF AN *OFF' COMMAND.
< H H WR P1TCH ENCODER| WR PITCH TACH TZ‘ STATUS FLAGS e WR_YAW ENCODER WR_YAW TACH ,Z; STATUS FLAGS i a WR ROLL ENCODER WR ROLL TACH 7 STATUS FLAGS Sk e T ! NOTESs 1. FOR DRAVING REFERENCES SEE TABLE 14-1
eE 3 oo OUTPUT DATA OUTPUT DATA i STATUS ‘FLAGS: OUTPUT DATA OUTPUT DATA e Siais FLAGE OUTPUT DATA OUTPUT DATA b 14.4-3 T taas
4= (——H LATCHES LATCHES 4= (—*—ﬂ LATCHES LATCHES 4= r—*ﬁ
on ! < < Y. 8 T0 AT Lz I 2 SNARE/ CAPTURE/RELEASE
n‘:ﬁ H H SPEE SHOULDER SHOULDER ELBOW BIT 0 7O 15 BIT 0 TO 11 BIT 12 | BIT 13 BIT 14 | BIT 15 BIT 9 70 14 BIT 0 TO 15 BIT 0 TO 11 |BIT 12 BIT 13 BIT 14 | BIT 15 BIT 9 70 14 BIT 0 TO 15 BIT O TO 11 |BIT 12 BIT 13 BIT 14 | BIT 15 BIT O BIT 9 70 14 1 ] MECH DRIVE
siouaL & 16 g s (- SIMO YAW PITCH PITCH H :
i Lines H . o il DATA ouUT SPA SPA SPA ABE-TO-HC : ! —
SIGNAL ABE-TO-HCIU ABE-TO-HCIU -~ w ' 1 1
<! Lo w10 LINES Jo meiy ARE-TD HEIY. DATA WORD 11 I ARE-TORC1Y DATA WORD 14 I ARe=TO 1l DATA WORD 17 AR1OLA AR10L3 ARL3L3 ARI6LA ey ' ARLT L8
ORSITER ] 1 (HISSION ———— DATA WORD 9 ABE-TO-MCIU DATA WORD 10 SERIAL OUTPUT SR T DATA WORD 12 ABE-TO-MCIU DATA WORD 13 SERIAL OUTPUT SNIAL CoPT DATA WORD 15 ABE-TO-HCIU DATA WORD 16 SERIAL OUTPUT iy therraiud b s iy b aoia b b e b g '
F t+ <7< 1% 11 | peregu REF I SERIAL QuyPOY (WR PITCH FLAG WORD) I SERTAL ouTPUT (WR YAV FLAG WORD) I SEMAL QuTEUY (VR ROLL FLAG WORD) ETBER ETBER ETBER ETBER 5 ey EBER
(MISSION [] 1 !.,< g2 INTERFACE) 'Z‘ REF REF REF T T T 1 v SIGNATURE DATE NATIONAL AERONAUTICS AD SPACE ADMINISTRATION
DEPENDANT 1/F) > 1 (] ey Z., ”Z’ qu usignsnl EEEY: ! : H DSGN VICKI S. DOGGETT| 1274/8 LYNDON B. JOMMSON SPACE CENTER WOUSTON, TEXAS
3 M '
2 “< L) DATA IN 14.4-3 14.4-3 14.4-3 H ABE-TO-HCIU ABE-TO-MCIU ABE-TO-MC U ABE-TO-MCIU : : : 1 OR
P | 1 FROM HCIU DATA WORD 23 DATA WORD 22 H DATA WORD 21 DATA WORD 20 DATA WORD 19 DATA WORD 18 N i 1
l <7 T g o & >l SERIAL RETURN SERIAL RETURN 1 SERIAL RETURN [ ™|  SERIAL RETURN SERIAL RETURN SERIAL RETURN 0 H 1 ENGR D.E. PALLESEN RMS CONTROL SYSTEM 1
s Ll Vwoss (MR PITCH CUR LIMIT) (WR PITCH RATE CHO) ' (WR YAW CUR LIMIT) (WR YAW RATE CHO) (WR ROLL CUR LINIT) (WR ROLL RATE CHMD) 1 H !
S ] H \ H ' ( EEEU AND MOTOR CONTROL)
46 NO. 16 1 ]
< <6 ) v : ' ! /]
- | W 1 ! ) ! .9a| SPACE SHUTTLE | DWG NO 14. 4
[ e T e i —— — om0 o i i
r |' omIPLANS. . timinedd | 7-4.84) ALL .
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DATEs 07/21/89 | MAMEs mOU | VERSIOM INKs6 |

To opC

COMMUTATOR DISC

COMMUTATOR
FIBRE-OPTICS

COMMUTATOR ELECTRONICS

TYPICAL MOTOR MODULE CONFIGURATION

SRMS_COMPONENTS

INDUCTOSYN TACHOMETER

MOTOR WINDINGS

G1 - WIGH SPEED DRIVE

WRIST BRACKET
& LIGHT BRACKET

STANDARD
END EFFECTOR

WRIST CCTV
CAMERA

EEEU

MOUNT ING BRACKET

BOA - BACKUP DRIVE AMPLIFIER
D&C - DISPLAY AND CONTROLS
EEEU - END EFFECTOR ELECTRONICS UNIT
GPC - GENERAL PURPOSE COMPUTER

JPC - JOINT POWER CONDITIONER WRIST. WLk
MCIU - MANIPULATOR CONTROLLER INTERFACE UNIT

MWSCU - MOTOR MODULE/SIGNAL CONDITIONING UNIT

RHC - ROTATIONAL HAND CONTROLLER

SPA - SERVO POWER AMPLIFIER

THC ~ TRANSLATIONAL HAND CONTROLLER

LIGHT 40° S \
MAX INTENSITY -\ 3
\ﬂ s )
WRIST CCTY I /1/" \ \
CAMERA 1 ‘_\-.’/’

o

= ~

R

|
ORBITER Z AXIS
Yo-108. 01
0.52* (REF)
RMS TVC AND VIEWING
LIGHT CENTERLINE
VIEWING LIGHT

3.0 —-‘

0.5 —
|

\TT

\

-3 «
&

TELEVISION CAMERA

FIELD OF VIEW

M EVA
~ HANDHOLD 11.25

/

-~

Zg 444.765

ARM PITCH
\ AXis
| ?r.;zcm. VIEW LOOKING FORWARD
Xg 1253.70  Xo 1261.0 Xo 1262.5 PORT ARM DEPLOYED
CENTER OF  WRIST/END EFFECTOR
MOUNTING  INTERFACE
BRACKET

RMS CCTV WRIST CAMERA AND LIGHT SUBASSEMBLY DESIGN CONF |GURATION

Yo=-89. 40
MOTOR MAGNET
PINION TO HIGH SPEED
TRAIN Gi GEAR OUTPUT GEAR TRAIN G2
HIGH SPEED GEAR TRAIN G1
244600
SHOULDER PITCH
MOTOR MODULE
45°
2P
9.6000
MRL STRIKER
SHOULDER YAW JOINT
FWD DRIVE CURRENT LIMIT  4.53A
BACK DRIVE CURRENT LIMIT  2.57A
GEAR RATIO 1843
MIN OUTPUT TORQUE 772 FT LB
1.000 DIA REF BRAKE SLIP TORQUE 57 02 IN
TRAVEL LINITS 2180°
TACHOMETER SIGNAL CONDITIONING UNIT
937 R MAX
SHOULDER
MPH PIVOT CABLE
@ POINT HARNESS
OuTPUT 2g=412.25
Yo=-96.50

1

®
oo
®

elle

Omd o wm®
®

G1 - HIGH SPEED DRIVE 62 - OUTPUT GEAR STAGE
@ ROTATING OUT OF THE PAGE

@© ROTATING INTO PAGE

TYPICAL JOINT GEAR SCHEMATIC
NOTEs GEAR RATIOS ARE DIFFERENT FOR EACH JOINT

VIEW LOOKING AFT - PORT ARM STOWED
ARM BOOM/MRL _STRIKER CROSS SECTION

62 - OUTPUT GEAR STAGE

SHOULDER PITCH JOINT

sToven  [vg = -89.4
POSITION | Zg = -446

DEPLOYED fYq = -108
POSITION | Zg = -444.77

SHOULDER YAW JOINT

GEAR RATIO

SHOULDER YAW
MOTOR MODULE

MPWRMS INTERFACE

SHOULDER ELECTRONICS COMPARTMENT

SHOULDER BRACE

MIN OUTPUT TORQUE
BRAKE SLIP TORQUE
TRAVEL LIMITS

SHOULDER PITCH JOINT

FWD DRIVE CURRENT LIMIT
BACK DRIVE CURRENT LIMIT

4.53A

2.57A

1842

172 FT LB
57 02 IN
~2° TO +145°

SHOULDER ELECTRONICS
COMPARTMENT

(2 SPA’S, 1 JPC, 1 BDA)

UPPER ARM BOOM
INTERFACE

ELBOW ELECTRONICS
COMPARTHENT (1 SPA)

FWD DRIVE CURRENT LIMIT
BACK DRIVE CURRENT LIMIT
GEAR RATIO

MIN OUTPUT TORQUE

BRAKE SLIP TORQUE
TRAVEL LIMITS

ELBOW RETENTION INTERFACE

POSITION ENCODER

OUTPUT GEAR TRAIN G2

PAN/TILT UNIT

ELBOW PITCH JOINT

4,534

-160° TO +2°

[ELBOW JOINT

ELBOW PITCH JOINT
ELBOW ELECTRONICS COMPARTMENT

HIGH SPEED GEAR

STOWED
POSITION

Yo =-70.76 DEPLOYED
2p =-462.36  POSITION

WRIST PITCH ELECTRONICS COMPARTMENT

WRIST PITCH ELECTRONICS
COMPARTMENT
(2 SPA’S, 1 JPC)

FOR 25° WEDGE {xo =-953.03  FOR 25° WEDGE

WRIST PITCH JOINT

FWD DRIVE CURRENT LIMIT  3.43A
BACK DRIVE CURRENT LIMIT  1.95A

GEAR RATIO 738

MIN OUTPUT TORQUE 231 FT LB
BRAKE SLIP TORQUE 42 0Z IN
TRAVEL ‘LIMITS $120°

WRIST PITCH JOINT

WRIST PITCH RETENTION
INTERFACE

WRIST PITCH MOTOR MODULE

WRIST YAW JOINT

WRIST JOINT

WRIST PITCH JOINT
WRIST YAW JOINT

WRIST YAW JOINT

FWD DRIVE CURRENT LIMIT  3.43A
BACK DRIVE CURRENT LIMIT  1.95A
GEAR RATIO

MIN OUTPUT TORQUE
BRAKE SLIP TORQUE

TRAVEL LIMITS

231 FT LB
42 0Z IN
£120°

OUTPUT GEAR TRAIN 62

s

MEA
N

L_A;‘v

= -

7,

\od

2/

HIGH SPEED
GEAR TRAIN Gi

POSITION ENCODER

4
N,
N/

WRIST ROLL ELECTRONICS COMPARTMENT

e

J

N

1

INVOLUTE SPLINE
SHAFT

WRIST ROLL JOINT

FWD DRIVE CURRENT LIMIT  3.43A
BACK DRIVE CURRENT LIMIT  1.95A
GEAR RATIO 738

MIN OUTPUT TORQUE 231 FT L8
BRAKE SLIP TORQUE 42 0Z IN
TRAVEL LIMITS ta47°

MOTOR MODULE

OUTPUT GEAR TRAIN G2

HIGH SPEED
GEAR TRAIN G1
END EFFECTOR
INTERFACE

T
N

WRIST ROLL CABLE
HANDL ING SYSTEM

WRIST ROLL
ELECTRONICS
COMPARTHENT
(1 SPA)

WRIST ROLL RETENTION

WRIST CCTV CAMERA LIGHT INTERFACE

WRIST CCTV CAMERA

STANDARD END EFFECTOR

WRIST ROLL JOINT

Xo =-1283.7

= { \
N
Tl"_ = 7
e - \ Lr
. rd
2 1
® {2 = {—A
=
(S s~
~4 ’!
z I
! T_7¥
T ¥ L i
4 i
| \— ./ \. I 21.5
UPPER ARM BOOM o | q';
I \_ I
) | ;
! X=-107. 966 Xo=-905. 05 ELBOW RETENTION INTERFACE i Xo=-943. 05 X g-1169.034 WRIST PITCH ! ::;:;YTE'L‘L Ngpineiiod
| ' RETENTION | INTERFACE
' I 1 INTERFACE '
| . |
. | '
I ) | X,=-1256.5
: Xgm-911. 05 | Xo=-1188 i °
e 251.08 ! 277,95 + 74.00
5 48 | Xo=-1208.5
T MPWRMS INTERFACE Xo=930: 58 Xomri2e2.5
|
Xo=-679.5

BACKPLATE

SPRING RETURN

BALL SCREW
(TOTAL OF 3)

ROLLER BEARING
(TOTAL OF 12)

ROLLER GUIDE

EVA HANDRAIL

OUTER FRAME
CAPTURE MICROSW | TCHES

ROTATING
RING

SNARE CABLES
(TOTAL OF 3)

SPLINE
OPEN MICROSWITCH

INNER CAGE
ASSEMBLY

FIXED END
RING

CLOSE MICROSWITCH

MICROSWITCH

EXTEND MICROSWITCH FIXED RING

HEATER

RIGID
MICROSWITCH

SNARE DRIVE
GEARBOX

SPEE  CONNECTOR

FLAT CONDUCTOR
CABLE

STANDARD END EFFECTOR

A WITH SNARES OPEN AND IN
FORWARD ( EXTENDED) POSITION
GRAPPLE PIN ENTERS OPEN

END OF EFFECTOR
B. GRAPPLE PIN INSIDE OPEN
END OF END EFFECTOR STORED

GRAPPLE PIN

GRAPPLE PIN

WITH SNARE WIRES OPEN

W
\
)\
pavLoAD
N

SNARE WITH
WIRES OPEN

END EFFECTOR

C. END EFFECTOR RING BEGINS
TO ROTATE; SNARE WIRES
BEGIN TO CLOSE ONTO

GRAPPLE PIN

E. OPERATION OF BALL SCREW AND NUT
WITHDRAWS SNARES PULL ING

PAYLOAD INTO KEY ORIENTED, FULL CONTACT.
FURTHER OPERATION TENSIONS WIRES
RIGIDIZING THE EE AND GRAPPLE

FIXTURE CONTACT

80 80
h
D. END EFFECTOR RING FULLY
ROTATED; SNARE WIRES
CLOSED ON GRAPPLE PIN,
CENTERING IT AND CAPTURING =
GRAPPLE FRAME .

STANDARD END EFFECTOR CAPTURE AND RIGIDIZE SEQUENCE

POSSIBLE MISAL|GNMENT OF
GRAPPLE FIXTURE IN YZ PLANE

END EFFECTOR
CYLINDER
2.30 —8  j— n
[ﬁ 4 llj

GUARANTEED

SNARE
UNCERTAINTY CAPTURE ZONE CABLE 4.00
-y — = ——- -G
MAX UM THEORETICAL oo
GRAPPLE PROBE CAPTURE ZONE
MAX DIA OF M1SAL | GNMENT
GRAPPLE FIXTURE —
‘ 15

——2.«LQ—

— 3.9 j@—

POSSIBLE MISALIGNMENT IN ROLL AXIS
BEFORE CAPTURE AND RIGIDIZATION

PRECAPTURE MISAL IGNMENT ENVELOPE OF GRAPPLE FIXTURE AND END EFFECTOR

gl
|

|
BRAKE
y ]

MOTOR HODULE

I
; CLUTCH
=0 L 45 0Z IN

PRIME croren |
Inmv: HOTOR 45 02 IN 20 3 =
I

CLUTCH
BACKUP
100 0Z IN

SHOULDER PITCH

+145°

JOINT

SHOULDER YAW

SHOULDER PITCH

ELBOW PITCH

WRIST PITCH

WRIST YAW

WRIST ROLL

MOTOR

(SPRING)

END EFFECTOR DRIVE TRAIN

SHOULDER YAW

-180°

CEI SPEC
TRAVEL

ELBOW PITCH

+180° WRIST PITCH

JOINT

JOINT TRAVEL LIMIT LOCATIONS

DATEs 07/10/89 | NAMEs LAM VERSIONs BPTy 3

DATEs 07/17/89 | NaMES BJT VERS10Ns BPTy 4

DATEs 07/21/83 | NAMEs MOU VERS 10Nt INKy 6

RIGIDIZE 0
L =
oericiize O 2/REV

BALLSCREWS

WRIST YAW
-120°*

+120* WRIST ROLL

ﬁi«v

REFERENCE SYSTEM

D THIS GEAR ONLY ROTATES ON A BEARING AND IS NOT RIGIDLY ATTACHED
TO THE INVOLUTE SPLINE SHAFT

3. FOR DRAWING REFERENCES SEE TABLE 14-1

b ASSUMES MAXIMUM 48° DIAGONAL FOV

NOTES) 1.  ALL DIMENSIONS ARE IN INCHES

4 MECH OV 7

REACH LIMIT  SOFT STOP  SOFTWARE STOPPING  MECHANICAL STOP

LOCAT 10N LOCATION DISTANCE
+175. 4 +17T.4% 2.6°
-175.4° -177.4°
+2.6° +0.6* 2.6°
+140. 4 +142.4°
-2.4° -0.4% 2.8°
~155.6° -157.6°
114. 4 -116.4 5.0°
1440 +116.4
-114.6 -116.6 4.7
+114.6 +116.6
~440.0 -442 5.0°
+440.0 +442

LOCATION

'
SR ERAR

SIGNATURE DATE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
DSGN . A. NEELY 138§ LYNDON B. JOWNSON SPACE CENTER HOUSTON, TEXAS
DR J. A NEELY 2/13/86]
ENGR! 0 HUGHES RMS MECHANICAL
G K Fu SYSTEM OVERVIEW
Y £La0) 11204y
APP“h A OWE [2-2/gq| SPACE sHuTTLE | OVG NO 4,4
om1PLAN S Kimbned, | 74-50 ALL 14.
LR 0 Jeon 4 126.5 X 34 | pase 1447  [swxr 7 o 8
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DATEs 07/20/89 | NAMEs MAG | VERSIONs INKi3

FLIGHT RELEASABLE GRAPPLE FIXTURE (FRGF)

ROTATE OUT TO RELEASE
GRAPPLE SHAFT

RELEASE ROD
POSITIONING
LINES (4)

& @ /] >z,

WHITE PAINT

PAYLOAD
ATTACHMENT
HOLES (6)

6.54 R

"* ROTATE IN TO
RELEASE
GRAPPLE SHAFT

ABUTHMENT PLATE

GREY PAINT

SIDE VIEW (FRGF)

| PAYLOAD
:/_ HOUNT ING PLANE

.43 CAM ARM (3) ﬁ

|
|
|
|
t
|
|
|
|

— 1.25 DIA GRAPPLE CAM

!

eSS 14.0 DIA

T— 0.625 DIA
REMOVABLE N— stuss
GRAPPLE
SHAFT

\ BASEPLATE

— g 08

[@——————— ABUTMENT PLATE

10.17

SHAFT ALIGNMENT
PIN sLOT

SHAFT ALIGNMENT PIN

REPLACEMENT
GRAPPLE SHAFT

SHAFT BUFFER
COLOR CODED

>

BASEPLATE
SHAFT
HOUS ING

BACK VIEW ( FRGF)

SLUG LOCATION

5.0 RAD

PAYLOAD
ATTACHMENT
HOLES (6)

ROTATE BOLT IN
TO RELEASE
GRAPPLE SHAFT

. WIRE TERMINATED
AT PAYLOAD

STATIC
ELECTRICITY
GROUND

STRAP
0.5 NOMINAL (OPTIONAL 3 POSITION
TRAVEL MATING TO BASEPLATE)
OF ROD

THERMAL/ ELECTRICAL | SOLAT ION.
(SUPPLIED WITH GRAPPLE FIXTURE)

PAYLOAD
INTERFACE PLANE

ROTATE BOLT OUT

TO RELEASE
GRAPPLE SHAFT

D ch

14.7-2

GRAPPLE FIXTURE AXIS SYSTEM (GFAS)
CALL GRAPPLE FIXTURES USE THE SAME AXIS SYSTEM)

ORIGINt AT THE BASE OF THE GRAPPLE SHAFT,
ON THE ABUTHMENT PLATE PLANE
IS OUT THE CENTERLINE OF GRAPPLE PIN
IS UP THROUGH THE CENTER OF GRAPPLE TARGET

POSITIVE X
POSITIVE Z
POSITIVE Y

¢ ////////////'// )
////////////////////‘/////

DATEs 07/05/89 | NAMEs BJT VERSIONe |NKs 1

DATEs 07/18/89 | NAMEs MAG VERS 10N INKs 2

DATEs 07/20/89 | NAMEr MAG VERS 10N INKs 3

Y oFas

OPERATION OF FRGF EVA RELEASE
1. 1/2' RATCHET WRENCH IS USED
2. A) ROTATE WHITE RELEASE ROD
OUT ( COUNTERCLOCKWISE) UNTIL IT
HITS MECHANICAL HARD STOP (APPROX 0.5')
B) RELEASE RODS HAVE POSITIONING LINES
TO INDICATE LIMIT OF TRAVEL
€) 32 90° TURNS
COMPLETE 0.5' OF TRAVEL
3. A) ROTATE BLACK RELEASE ROD
IN (CLOCKWISE)
B) THIS POSITIONS THE SLUGS TO
RELEASE THE GRAPPLE SHAFT
4. SHAFT IS RELEASED FROM FIXTURE

9. FOR VENDOR REFERENCES, SEE TABLE 14-1
8. REPLACEMENT SHAFT IS INSTALLED IN REVERSE ORDER
FROM RELEASE SEQUENCE

7. DURING THE SAME EVA TO RELEASE THE GRAPPLE SHAFT, A CREWMEMBER
PUTS A REPLACEMENT GRAPPLE SHAFT BACK INTO THE FIXTURE FOR

BASIC REV D-4

DETAIL A-A FUTURE RETRIEVALS. THE REPLACEMENT SHAFT HAS A RED COLOR
CODED CAP TO INDICATE IT HAS BEEN REPLACED
6. THE GRAPPLE SHAFT REMAINS SNARED IN THE END EFFECTER (EE) AND
REMOVABLE GRAPPLE SHAFT A COVER IS PLACED OVER THE EE TO CONTAIN THE SHAFT IN THE EE
[ SHOULD IT JAR LOOSE OF THE SNARES DURING RE-ENTRY
. D BALL DETENT PREVENTS THE SLUG FROM MOVING
BALL DETENTS WHEN IN THE GRAPPLE SHAFT
RELEASE RELEASE RELEASE i e
ROD BLACK RELEASE ROD BLACK RELEASE ROD BLACK D SEE *GFAS' DWG 14.7-2
ROD WHITE ROD WHITE
Iy L : :
. . e S A I SEE * TARGET ASSEMBLY' (DG 14.7-2)
on ——> STTTCTOMDIO,— X — ouT IN — | — ot v —s I
N ) v =
\\\\\\\\\\\\\\\\‘\\\\\\\‘Q\ b REPLACEMENT SHAFTS HAVE A RED COLOR CODED CAP ON
A XN THE SHAFT. REGULAR SHAFTS HAVE A WHITE CAP
sLUG NOTES: 1.  DIMENSIONS ARE IN INCHES
BALL DETENT H BALL DETENT 1
| |
GRAPPLE SHAFT HOUSING GRAPPLE SHAFT HOUSING Ny N\ i -
NT PLATE BALL DETENT
ABUTHES —/" 3 -
GRAPPLE SHAFT A ALIGNMENT PIN CRAPPLE: SHAFT ALIGNMENT PIN £
i \ 1 SHAFT ALIGNHENT PIN
NAMEPLATE ! | ! /_
. ' =
SIGNATURE DATE NATIONAL AERONAUTICS AMD SPACE ADMINISTRATION
BASERLATE DSGN L.A. MARTINDALE |1/20/88 LYIORN0. SRE) IPAGK. SONTER, NATON, “TEXAS
1. SHAFT IN POSITION, UNDER RIGIDIZATION FORCE 2. SHAFT POISED FOR RELEASE 3. SHAFT IS REMOVED DR L.A. MARTINDALE |1/20/89)
ENGR DANIEL GOODWIN FLIGHT RELEASABLE
DETAIL OF SLUG OPERATION £N0R D uasd Goodar| T/ 19180 GRAPPLE FIXTURE
Lasd & A YY1 1309
mm?u» /1. SPACE SWITILE [OVO 0
OMNIPLANS. A € hul]%w-?y ALL ®
‘m4 2.5 X 34| raec ~ weer | o 2




_. 6.54 R

DATEs 07/05/89 NAMEs BJT &lﬂh 1Ny 1

DATEs 07/18/89 NAMEs SEW VERS10Ns  INKy 2

THERMAL/ ELECTRI CAL DATEs 07/20/89 | NAMEs SEW VERS10Ns  INKy 3

ISOLATION (SUPPLIED WITH G. F.)
RIGIDIZE SENSING GRAPPLE FIXTURE (RSGF) N
[ ZgFas

—
A
== N W ' i
) PAYLOAD !
HOUNT ING PLANE %
[ PAYLOAD H

= INTERFACE
PLANE GRAPPLE FIXTURE
EVA RELEASE PLANES

%
= (1 0

/ )
//////////////////////4////////////////

DETAIL B

WHITE PAINT
DARK GREY PAINT

}_ /— GRAPPLE SHAFT
1.1 CAM ARM (3) 1
5 i P
It " YorAs
1t -1 Y
PAYLOAD ; 'z
ATTACHMENT %
HOLES (6) 0.50 RIGIDIZATION SHAFT MOVEMENT | ‘g
rt ;
S 2.0 DIA " %
— g | :/
ROTATE :%
\
ouT FOR N — GRAPPLE CAM 1.25 DIA ,%
RELEAse RELEASE ’-— 0.50 RIGIDIZATION /

GRAPPLE FIXTURE AXIS SYSTEM (GFAS)
(ALL GRAPPLE FIXTURES USE THE SAME AXIS SYSTEM)
ORIGINs AT THE BASE OF THE GRAPPLE SHAFT,
ON THE ABUTHMENT PLATE PLANE
POSITIVE X 1S OUT THE CENTERLINE OF GRAPPLE PIN
POSITIVE Z IS UP THROUGH CENTER OF GRAPPLE TARGET
Z6FAs POSITIVE Y COMPLETES RIGHT HANDED
COORD INATE SYSTEM

S

2l

AN

ROD (2) GRAPPLE
SHAFT
¥
]
[ «625 DIA

0.5
MOVEMENT

N
le— 1.00 }7

e
v/

VENT HOLES

ROTATE
OUT FOR 91

_i_.

EVA |
RELEASE |
ROTATE OUT FOR RELEASE ROD 10.2 AFTER RIGIDIZATION ———fl |
EVA RELEASE |"}_ NOTEs PAYLOAD CUSTOMER PROVIDES ]
BASEPUATE: SWITCHING MECHANISH TO
BLACK PAINT ! ATTACH TO THE GRAPPLE

108 FIXTURE —
|
1.00 —— e d
L
OUTER ~
ABUTHENT PLATE T—™ 16 je— RSGF SPRING MECHANISM XGFAS
EVA RELEASE ROD 3.3
(SAME ON OPPOSITE SIDE) E

OPERATION OF RSGF EVA RELEASE

1. 1/2 RATCHET WRENCH IS USED
J 2. ROTATE RELEASE RODS
WHITE - ROTATE OUT (COUNTERCLOCKWISE)
BLACK - ROTATE OUT ( COUNTERCLOCKWISE)
THIS CAUSES THE RELEASE RODS
TO BACK OUT OF THE INNER GRAPPLE PLATE
3. THE INNER GRAPPLE PLATE WILL BE
RELEASED FROM OUTER ABUTMENT PLATE AND
REMAINS SNARED IN THE EE

TARGET ASSEMBLY
(FRGF, RSGF, AND EFGF ARE THE SAME)

ROLL LOAD + ORIENTATION PINS
- 1/2' LONG

~ NESTED IN CORRESPOND ING
PILOT HOLE IN BACK
INNER GRAPPLE PLATE

\ WHITE PAINT

0.2" WIDE LINE

6. FOR VENDOR REFERENCES, SEE TABLE 14-1

1.2 DIA

1.6 OUTSIDE DIAMETER b SEE ALSO *GFAS' DWG 14.7-1

4.0 DIA

4. DURING THE RIGIDIZATION PROCESS, THE GRAPPLE SHAFT DOES NOT
BEGIN THE 0.5° OF MOVEMENT UNTIL THERE IS A RIGIDIZATION
FORCE OF 300 LBF. A PRE-LOADED SPRING PREVENTS MOVEMENT OF THE
SHAFT WITH LESS THAN 300 LBF

3. WHEN THE RSGF IS EVA RELEASED THE INNER GRAPPLE PLATE REMAINS
WITH THE EE. THE INNER GRAPPLE PLATE BECOMES AN ADDITIONAL
PROTRUSION FROM THE END EFFECTER, AND CAN HIT CAMERA B

2. THE BLACK AND WHITE COLOR CODE FOR THE RSGF IS DIFFERENT
FROM THE FRGF. BOTH RODS ARE ROTATED OUT

NOTESs 1. DIMENSIONS ARE IN INCHES

7 RSGF 2

RSGF
C INNER GRAPPLE PLATE)
(REMAINS WITH EE)

TARGET ROD \

BLACK PAINT
0.38 DIA
ABUTHENT PLATE
INNER ABUTHMENT PLATE

SIGNATURE DATE MATIONAL O seAcE ™
?ﬁﬁﬁm e - DSGN L.A. MARTINDALE | 2/1/89 LYWOON B JOISON SPACE CENTER HOUSTON, TEXAS
ABUTHENT PLATE DR L.A. MARTINDALE | 2/1/89
RSGF BASEPLATE VA RELEASE BASEPLATE ENGR DANIEL GOOOWIN RIGIDIZE SENSING
(REMAINS WITH PAYLOAD) ENGR N ~ Mﬂ GRAPPLE FIXTURE
APP 2,
Sl fongy v tur [7-1opg] s [ove e
OMNIPLAN 5 K hpclére l’/‘-}oﬂ ALL 14.7
LTR ﬂ 4 §6 X 34 pacE  14.7-2 | sweer 2 of 2

BASIC REV D-4 [ ) BASIC REV D-4



Vv | U | T | S | R | a | P | 0 | N | M | L K | J | I | H | G | F | E | D | C | B A

—
DATEs 7/05/89 | NAMES CAR | VERSIOM INKi2 | MCIU DATE: 12/7/88 | NAME' BCH | VERSIOM BPT,6
MCIU/GPC ASYNCHRONOUS TIMING DIAGRAM DATEr 6/28/85 | NAME: JHL | VERSION® BPT,7
DATEs 7/05/89 NAME» CAR VERSIONs  INKy 2
g 2 g H g
£ £ £ s £
3 3 3 & &
- w w w w w
8 INTRODUCT 10N H g g £ 2% = z
[ €8 S £ 8 8 4
THE MCIU FIRMMARE 1S A MACHINE-LANGUAGE PROGRAM WHICH IS
PERMANENTLY STORED IN PROGRAMMABLE READ-ONLY MENORY (PROM).
IT DOES NOT CHANGE BETWEEN FLIGHTS AS GPC SOFTWARE DOES. GPC INTERFACE BOARD
THE FIRARE §S DESIGNED 10 PERFORN CYCLIC PROCESSING 2 T T T e T T P F T P T P I
VITHIN THE 42 MILLISECOND MCIU CYCLE, YET MAINTAIN AN ——— *E0BIR® 3 3 3 €
s \NTERrACY VITH THECQRG WMITH. IS EROCESS 1M DATA WORDS (COW { - COW 45) (ROL,M - R44L,M) GPC_COMMUNICATION_ERROR )
LAUNCH DATA BUS 1 (LDB1) FROM GPC. ISSUES RIP TO * SYNCIR* s s s s s s s s
— THIS: CAPABIL LT IS ACHIEVED BY. A DESIGHED. SER|£5-0F TWd @ TRANSMITS FORTY-FIVE 28-BIT RESPONSE RECEIVE IN PROGRESS (RIP) Z
INTERRUPTS (EOB AND FRAME SYNC) WHICH INITIATE A PRIORITIZED FoBiF ST OATA VORDS (RON © = AOWL48) 4 TOUs W= FASC i
SET OF ROUTINES (‘EOBIR' AND ‘SYNCIR' ). IN THE UNUSED TIME TO GPC. ISSUES TIP TO MICROCOMPUTER TRANSHIT IN PROGRESS (TIP) e s L . 7. = = -
OF EACH MCIU CYCLE, BACKGROUND PROCESSING (’BACKER' ) PERFORMS T T T e e T T T T T T e T e F T T T T T T ) . s e
CONTINUOUS TESTING OF ROM PROGRAM INTEGRITY. -~ MIA ERROR POWER STATUS BIT 5 h—‘z HS —*—(2 NS —ﬂ
= INCORRECT ADORESS T N i o
~ NO. OF WORDS NOT EQUAL TO 45 RIP/TIP RESET 5 L 80 us 1 £
® PLACES POWER STATUS BIT IN BIT 25 d =
RMS POWERUP SEQUENCE OF EVENTS OF EACH ROW H
H
7 .’fﬁ'u‘.c".’. :::A‘s:;vf (LDB1) ASSIGNED TO SM GPC FRAME SYNC INTERRUPT - GENERATED EVERY 42 MILLESECONDS BY THE MCIU SYSTEM CLOCK IN THE GPC INTERFACE BOARD. CAUSES *SYNCIR' 3 2 : ALL BRAKES ON SETUIE A : RATE- =
©© INITIALLY, NEITHER RMS 1/0 NOR RMS GPC SOFTWARE IS ACTIVE TO START PROCESSING, AS LONG AS *EOBIR® NOT PROCESSING. - 3 H o @ sToP 8U AcT o HIN
o ; : : S (B B
° m: m; POVER 1"5’ %aﬂ:c PANEL . = END OF BLOCK (EOB) INTERRUPT - GENERATED IMMEDIATELY FOLLOWING THE SUCCESSFUL EXCHANGE OF DATA BETWEEN THE GPC AND THE MCIU. Z 8 o 8 ] STHOLARN SELECTED @ = — TONE VOLLHE ] @ @
MASTER ALARM (MA) ISSUED DUE TO TIMING BETWEEN MCIU AND DAC PANEL d 3 H 2 A N [ oFF ] | oFF |
- DMC ELECTRONICS ARE POWERED BEFORE HARDWIRED MA LINE (BETWEEN ) GPC/MCIU DATA TRANSFER - THE GPC ISSUES A TRANSMIT COMMAND WORD (CW) TO THE MCIU TO TRANSMIT THE 45 RESPONSE DATA WORDS ( ROW) 1 l 1 l H MASTER ALARM FPS 0S4 (0s5)
THE NCIU AND THE DEC) ADJUSYS TO NOWINAL NO-FALLT STATE 16-81T 1 e-mi7 TO THE GPC. DURING THIS PROCESS, THE TRANSMIT IN PROGRESS (TIP) FLAG IS SET. FOLLOWING 1 1 TINE / ] osn (0s2) (0s3) .25 — g
(' HIGH ) PARALLEL ] PARALLEL OF THE 45TH RDW, AN EOB INTERRUPT IS ISSUED BY THE MCIU’S GPC INTERFACE BOARD. THE RECEIVE PROCESS / 1 MCIU FAIL (R3) SCALE @
~ THE MCIW'S SLUGGISH *LOW" STATE ON THE MA HARDWIRE CAUSES THE OUTPUT BUS 4 1neuT BUs IS SINILAR EXCEPT THAT THE RECEIVE IN PROGRESS (RIP) FLAG IS SET WHILE THE MCIU IS RECEIVING 45 —— — z A | E—
ALANR TG Bk SeT 1 COMMAND DATA WORDS (COM) FROM THE GPC. e /1P H e SAF
‘ g : =
— @ MCIU ENTERS POMER-ON INITILIZATION HODE (POIM) AFTER COMING UP TO : 3 H [oFRam, ) [ STeLE ) A =)
POVER ! w| al a 2 AUTO SAF ING CKT u = (ose.
] 5| 2| 2| warowires (3 £ __1551 ol __nmzn i y @ = 06
@ SPEC 94 (PORS mm:‘o;s ch‘L:n 0 PREVIUSL S ops 2 on 4, THE HE1B n EE CAP/REL CMD (s2) 0 =
@@ IF THIS SPEC HAS BEI CALLED 1 Y IN o3 @ o -
GPC WILL START PROCESSING RMS SOFTWARE AND BEGIN ‘POLLING' THE . MICROCOMPUTER MEMORY BOARD ol 8| & : p— (x0s1) Ty
MCIU FOR DATA EVERY 80 MILLESECONDS, WITHOUT 1/0 ESTABLISHED. 2 z| = A Q/DERIG:CHD: [E
POLLING IS TERMINATED ONLY WHEN THE MCIU IS BYPASSED OR THE SM OPS g = = @ i @ [
i el 6 s 1 °
©© IN RESPONSE TO THE GPC POLLING, THE MCIU SENDS TO THE GPC A BLOCK ROM I Bl & —
OF 45 RESPONSE DATA WORDS (ROW'S). A TRANSHISSION IN PROGRESS : BRI (D SR SR pR—— HANUAL GPC DATR
6 (TIP) FLAG IS GENERATED IN THE MCIU DURING THIS TRANSACTION y DATA BUS DATA BUS ORB UNL (o @ ® —mm ® @
@ ® AFTER SUCCESSFUL TRANSMISSION OF THE BLOCK OF DATA, AN END OF 4 EFF READY, STNGULAR
BLOCK (EO0B) INTERRUPT IS GENERATED IN THE MCIU GPC INTERFACE : o 10 X I e T )
: alto IN PROG. _miﬂ;! _-'!nucn g, HODE MAN CONTR
©@ THE £0B INTERRUPT CAUSES THE FIRMVARE TO RUN *EOBIR', WHICH DROPS , 2 | AUTO RIGIDY RIGID
THE MCIU OUT OF POIN 3 4 ON_EOB INTERRUPT, BRANCH TO ‘ EOBIR T
© @ WHEN POIN IS EXITED, THE *OPC WATCHDOG TIMER® BEGINS TO COUNT UP R SINGLE o
"::-:Alguune TIMER IS RESET TO -6 EVERY MCIU CYCLE WHEN IN ¥ ON FRAME SYNC INTERRUPT, BRANCH TO “ SYNCIR' DIRECT sy :
- - TEST
POIM.  UMEN SAFING 1S LED,. O FOLLOMING A RECERTION OF FAILURE DETECTION BOARD ABE DIGITAL INTERFACE 1 D&C DIGITAL INTERFACE CHD ::‘TXO:E::: Cse) o
AMe o wE o ® RECEIVES TWO 8-BIT DATA WORDS FROM @ TRANSHITS TWELVE 16-BIT COMMAND WORDS | @ TRANSITS SEVENTEEN 16-81T DATA WORDS ran DERiGIDA DERIGID
- NCRENEN HICROCOMPUTER (CTOL, CTOM) C(ATOL,M ~ ATBL,H) FROM THE MICRO- I " (OTOL,M - DTGL,M) FROM THE MICROCONPTER
©© THE TIMER IS NOT RESET WITHIN THE FIRST 6 MCIU CYCLES FOLLOWING e Tt I o oL MASTER
THE FIRST TRANSHISSION OF DATA TO THE GPC SINCE NO DATA BLOCKS ; © ISSUES HARDWIRE CWM INDICATIONS FOR MASTER ALARM
ARE BEING RECEIVED FROM THE GPC ALARM, MCIU FAIL, AND CHECK CRT @ RECEIVES EIGHTEEN 16-BIT DATA WORDS 1 @receives SEvEN 16-B1T DATA worDs ENTER
- THE TIMER REACHES O AND *TINES OUT' CAROL, M - ARHL,H) AND THE ORIGINAL 0 (DROL,M - DR6L,H) FROM THE DAC PANEL AND (s6)
- THE MCIU ENTERS SAFING MODE { " POIR’ " BACKER' / SYNC IR’ " EOBIR’ @LISSUES: HANIMIAE (EE AT GOIFANDS"TO| DAGZPANEL. TWELVE COMMAND WORDS FROM THE ABE, | SENDS THEN TO THE MICROCOMPUTER STOPA (05100 T
- THE ONBOARD ‘ GPC DATA’ LIGHT IS LIT : @ ISSUES HARDWIRE AUTO SAFING TO DRC PANEL RELAY AND SENDS THEM TO THE MICROCOMPUTER T @ @ @
~ ONE-WAY TRANSHISSION FROM THE MCIU TO THE GPC CONTINUES (WHICH i 1] @ !5SES DAC_PARITY-FAILURE-SIONAL TO @ 341 1 2 3
stk L ST R e il : CPOWER-ON INITIAL IZATION ROUT INE) (BACKGROUND LOOP) CHAIN HCIU SYNCHRONOUS PROGRAM) CEND OF BLOCK INTERRUPT) © COMMANDS BRAKES ON/OFF §  MICROCOMPUTER
©1/0 15 ESTABLISHED ¢ ITEN 5, SPEC 34) y ® PREPARES THE DIRECT MEMORY ACCESS © REENABLES INTERRUPTS WHICH ALLOWS FRAME ® SWITCHES GPC RECEIVE PAGES @ RESETS THE DIRECT MEMORY ACCESS © SENDS FIVE SIONALS TO NICROCOMPUTERs 1 ° ° °
oS e AL T p— ! CONTROLLER (DMAC) FOR SM GPC DATA SYNC AND EOB INTERRUPTS TO TEMPORARILY ® CLEARS BITE STATUS REGISTER (*BOL.M') CONTROLLER (DHAC) LOWER ADDRESS AND L BARES O
5 COURNICATION BETWIEN Tt e ity e 4 TRANSHISSION AND RECEPTION SUSPEND BACKGROUND PROCESSING © RESETS MASTER ALARM BIT (*RFS') RECORD LENGTH FOR THE NEXT GPC 1
= MCEIVE "T'l!tl'm“! S IR PN e SUED, 4 @ PREPARES THE PARALLEL DATA CONTROLLERS @ CONTINUOUSLY CALLS ROM CHECK SUBROUTINE NITIALIZES DMAC FOR PDC 1/0 TRANSMISSION OR RECEPTION e 1
CHOOG " (PDC) FOR INPUTS FROM , AND OUTPUTS TO, “ROBER’ FOR EACH ROM CHIP @ CALLS SUBROUTINES TO RECEIVES @ SWITCHES GPC DATA RECEIVE OR TRANSHIT EATLURE DETECTION (166 1
© SAFING IS MAMUALLY CANCELLED ( FROM THE DAC PANEL) EXTERNAL DEVICES @ (18) ABE WORDS PAGES IF ACCEPT RECEIVE (* IFLS') OR A Uiine peaee H ) ) nay
© @ THE HCIU EXITS SAFING MODE, AND ENTERS IDLE MODE (GPC TEMP ® CLEARS RAM PAGES 0,1,2,3,4 NOTESH ©@ (12) ABE COMM BITE WORDS DATA UPDATE TRANSHIT (* [FLT'), —
MONITOR MODE). THE SAFING TALKBACK IS STILL BARBERPOLE (SAFING /@ INITIALIZES REGISTER FOR RAM ADDRESS © RUNS WHEN ‘EOBIR’ OR *SYNCIR' NOT (7) DAC WORDS RESPECTIVELY, IS SET L XPITC Y/YAW Z7ROLT ] sov73amy
INDICATED) BECAUSE AN ARM IS NOT SELECTED DATA PROCESSING OPERATING HOOES STACK PROCESS NG @@ (8) MADC WORDS @ RESETS WATCHDOG TIMER (TO -6) AFTER EACH 2 : 1 5
@ THE GPC DATA LA IS EXTINGUISHED ® COPIES INITIAL VALUES OF FLAGS, COUNTERS, © ON FRAME SYNC INTERRUPT, BRANCHES © CALLS SUBROUTINES TO TRANSHIT: GPC RECEPTION
e HODE ENTRY/EXT_REQUIREMENTS FUNCT 1ONS AND DATA WORDS FROM ROM TO RAM PAGE O 70 * SYNCIR' ©® (17) DAC DISPLAY WORDS @ SETS THE POWER STATUS FLAG (*FTLS") @
©© DATA COMING N FROM THE ABE IS IGNORED FOR 1,05 SECONDS BY POIM |® INITIATED BY POWER-ON ® SETS POVER-ON INITIALIZATION *POWER ON'  COPIES DEVICE SELECT TABLE FRON Row T0 WHEN COMPLETE © ON EOB INTERRUPT, BRANCHES TO ’EOBIR’ 00 (12) ABE AETER EACH 960 TRANSHI XS v : ] PARAMETER
-. FIRMWARE RESET WHEN PRIMARY RMS FLAG ( INTERNAL) AND SAFING SIGNAL =i} AM PAGES 6 AND 7 ®® (1) FAILURE DETECT WORDS @ COPIES THE GPC-MCIU TEST WoRD (*R44L,w> | ¢ | S e ko =3 .
S0 FATTER LA A FAGLT HEREAGES: (SSUE0 FOB POVER SELECTED 16 1* IAMEEITISER SAFING . ; VHEN RMS @ COPIES EE BITE TABLE FROM ROM TO RAM © COMPLIMENTS EEEU BITE (* ARHMS') INTO BOTH TRANSHIT PAGES AFTER EACH BACKUP CORTROL s
~ SHP REACH LIMIT ® TERMINATED WHEN COMMUNI- HODE) PRIMARY POWER PAGE 7 © ISSUE EE AUTO DRIVE COMMANDS RECEPTION : s
ey oo AT o BTN GrC. 0 ®.EARS B(TEISTATIS NEGISTER i SELECTED ® CLEARS, SETS, THEN CLEARS THERMISTOR CALLS SUBROUTINES TO PERFORM RAM @ SETS THE POIM END FLAG (* IFMT') : /\ L
- ELBOW SINGULARITY HCIU_ESTABLISHED (SPEC (BSR) (BOL", B0 ) e s ) NRIP/TIP-RESET D Ao os A Sy Yot DAC PARITY FAILURE ] sHouBer ELeow | WisT JOINT ANGLE RATE P/Y/R
94 ITEM 5) @ CLEARS FAILURE DETECTION WORD . . ‘ ROBER’ ° NoTES: Z
(cToL) 3 ® CLEARS POWER STATUS FLAG (*FTLS") @ 3N FILTERS BITE STATUS REGISTER @ HIGHEST PRIORITY FIRMWARE ROUTINE g PITCH PITCH ATTITUDE P/Y/R PORT —\
ALLS SAFING PROGRAM ® INITIATED BY THE EOB INTERRUPT 4 Yan , TEMP LED/ABE/ 1D
RMS POWER CYCLE SEQUENCE OF EVENTS : :::g: :&tanms";‘l‘su:go -6 p— (ROM BITE) ALL: THERMTSTOR SCRVIGE: PROGRAN by : 2 Q\ YAW POSITION X/Y/Z H Pk
® SH 201/401 OPS ACTIVE S PTET 300 ® FIRST FIRMWARE ROUTINE TO BE EXECUTED, @ ADDS ROM OPERANDS (512 AT A TINE) TO A ® SWITCHES GPC TRANSHIT PAGES ¥ : ROLL: o
@ © VHEN THE MCIU LOSES POER (RMS PRIMARY POWER (S DESELECTED), @ INESETS Ghe ERiLORE VAiTNG INITIATED BY A HARDWIRED * POWER-ON' CONSTANT WHICH SHOULD RESULT IN ZERO Biis e T e — I £ e \ TEST
4 THE GRC DETECTS TVO'CONSECUTIVE '1/0/ ERRORS, WD QLTS ROLLING BITS (" T4OM3* /* DTSH3' ) SIGNAL EROH. HALN BUSA7(0145A0) ECHECR ST @ INITIATED BY THE FRAME SYNC INTERRUPT 3 (30 SEC hAx]
(BYPASSES THE MCIU) @ CLEARS CAE THASHIT DATK, IF EXECUTED ONCE © IF THE RESULT IS NOT ZERO, A BIT IN THE SIGNAL g
©© 1/0 1S LOST, AMD THE BYPASS FLAG IS SEEN ON THE GROUND © WHEN COMPLETE, BRANCHES TO * BACKER' COMPUTER BITE STATUS REGISTER (*CBL") s . : § + @ ©)
O AN SELRETED, OTHER)SE CIF NO INTERRUPTS PENDING) IS SET DEPENDING ON THE ROM ADDRESS © RETURNS 70, BACKEN MHEN COFLETE : A2)
@ RMS PRIMARY POVER IS SELECTED PASSES EE AND SHL BRACE et lgo ey Lol © FOR “SYNCIR' PROCESSING DETAILS, | THERmiSTOR ReseT % r y
© © MASTER ALARM ISSUED DUE TO NONSYNCHRONOUS MCIW/D&C TINING TALKBACK STATUS BITS : SEE DWG 14.8-2 :
MCIU ENTERS POIM @ RESETS MASTER ALARM (*CTOL3') ] ! 0 ope I/F ¥ X T PANEL/ INST SINGLE/DIRECT
@ SPEC 94 (PDRS CONTROL) IS CALLED NEEETS CHECK oMY {ICTOLE) 1 ) y PAYLOAD RELEASE DIRECT DRIVE BRIGHT DRIVE
©© SINCE THIS SPEC HAS BEEN CALLED PREVIOUSLY, AND SINCE THE SAFING | @ INITIATED WHEM © ZEROS SPA HOTOR COMMAND RATES Y4} : AL +ow
HCIU IS BYPASSED, THE GPC DOES NOT POLL THE MCIU AMD @8 SAFING FLAG SET IN @ ZEROS SPA CURRENT LIMITS TO 1 :
THEREFORE NO RIP/TIP FLAGS ARE GENERATED “POIR’ (POIM MODE) ALLOW MAXIMUM DYNAHIC BRAKING : : : y
— ~ MCIU REMAINS IN POIN INDEF INITELY ©@ SAFING INITIATED FROM © SETS SAFING TALKBACK , ’ : 4
- GPC DATA LIGHT IS NOT SEEN SINCE THE WATCHDOG TIMER DMC PANEL (*DTSMZ" ) NOTESH RETURN TO * BACKER y DEVICE 3 (s12 ] (514
DOES NOT TIME OUT (CONTIMUOUSLY RESET WHILE IN POIM) @© VATCHDOG TIMER TIMES OUT | @ SENDS SAFING FLAG TO GPC 4 i % q™) (513) o (515)
© ®® GPC RMS SOFTWARE REMAINS IN SUSPEND MOOE (6 HCIU CYCLES) (* Taom2* ) 1. THE HCIU READ-ONLY MEMORY (ROM) 1 o G 5 RHC = =& Lov oFF 8RT - a
© TERMINATED WHEN SAFING : RESIDES IN EIGHT 512-BYTE CHIPS RETURN TO PREVOUS ROUT INE g
@ 170 IS ESTABLISHED ( ITEM S, SPEC 94) CANCELLED FROM DMC PANEL 9 @
©© GPC ISSUES TRANSHIT COMMAND WORD 2. SEE DWG 14.8-3 FOR ROM DETAILS MADC @ @
~ THE FIRST BLOCK OF DATA SENT BY THE MCIU IS IGNORED SINCE IDLE_|® EXCLUSIVE OF POIN AND ©® INHIBITS ABE AND EE BITE 4 ;
THE *POWER STATUS BIT' (BIT 25) OF EACH ROW IS INTENTIONALLY (GPC TEMP|  SAFING MODES FUNCTIONSs RESETS CORRESPOND- 8-81T q e8iT MULT IPLEXER ANALOG-TO- J = SHOULDER BRACE RELEASE
SET “LOW BY THE MCIU DURING THIS FIRST TRANSHISSION HONITOR) [@ INITIATED WHEN AN ARM ING BITS IN THE BSR T0 O ekl U ) L J U J e DIGITAL CONVERTER RELEASE
@ AN END OF BLOCK INTERRUPT IS ISSUED FOLLOWING THE TIP IS NOT SELECTED © RESETS ARM SELECTED BIT DATA BUS *FRLY * PRI L J/0ATA BUS @ DIGITIZES ANALOG SIGNALS
AND THE MCIU DROPS OUT OF POIM @ TERMINATED 1.05 SECONDS T0 0 (*T40M4, 5° ) 1 FROM HAND CONTROLLERS,
GPC ISSUES RECEIVE COMMAND WORD AFTER AN ARM IS SELECTED ©® CLEARS SHOULDER BRACE THERMI STORS, AND MCPC
- MCIU RECEIVES TEST WORD 45 DATA IN THIS FIRST RECEIVE BLOCK RELEASE AND EE MSW <y 3 SUPPLY VOLTAGES
AND RETURNS (T IN THE MCIL S NEXT TRANSHIT BLOCK TO THE GPC INDICATIONS (* DTSL') o SOES EHH (6T T
= THE QPG VATCHDOS TAMER |3 RESET FOLLONINGITHIS-AND SUBSEQUENT WCIU | ® INITIATED IF ANY ONE OF @ SENDS HCIU FAILURE VARNING <y i oA e oA s A e DATA WORDS TO MICRO- @ @
N e i MG IAELY FAILURE | THE MCIU FAIL BITS IS SET 0 DAC (* CTOL4" ) COMPUTERs
ROM SECOND CYCLE ON, Fon 3 CveLes: CAUSES AUTO SAFING RAM [TPocez ] [Poces ] [TPoc=a | oL, MRILL  HROL, 1 ' THC
@ SAFING IS MANUALLY CANCELLED (FROM THE DMC PANEL) @@ ICF RESETS MCIU FAILURE WARNING MRAL, MRBL HRIL, M (36VI3ABAL)
© @ THE MCIU EXITS SAFING MODE, AND ENTERS IDLE MODE (GPC TEWP @ MCPC OUT OF TOLERANCE UPON EXIT FROM THIS MODE PARALLEL DATA CONTROLLERS MRCL, MROL HR2L,M
MONITOR MODE). THE SAFING TALKBACK IS STILL BARBERPOLE (SAFING @@ MADC OUT OF TOLERANCE : PAGE:Q PAGE 1 PAGE 2 PAGE3 PAGE 4 PAGE § PAGE € PAGE T MREL, MRFL HRIL, M X
INDICATED) BECAUSE AN ARM IS NOT SELECTED ® THIS WOE i3 INIBITED W BITE STATUS REGISTER (BSR) _ COMPUTER BITE STATUS REGISTER (CBSR) _ FAILURE DETECTION CIRCUIT END_EFFECTOR STATUS DISCRETE INPUTS DISCRETE OUTPUTS INTERNAL FLAGS RUNG/FAIL FLAGS o RELEIVE e TRARSHIT. E RECEIVE S TREGHIT P 56768 SeliET o6 e TR Sk R callass
© PORT MtS 1S SELECTED (*FRL8*) IS SET (GSE TEST ONLY) " BOL" " CBL" *CcToL* " EESTAT* (pTsu) * FRL* "FTL* " IFLY " RF* TABLE TABLE THE MADC TO START SENDING
NORMAL MASTER ALARM AND FAULT MESSAGES |SSUED @ TERMINATED WHEN ABOVE 3 EE BITE TABLE g THERMISTOR VALUES BEGINNING
DATA COMING IN FROM THE ABE IS |ONORED FOR 1.05 SECONDS U oy e SEr 100 BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER T o i sToRS
ABE  |@ INITIATED IF ANY ONE OF @ SENDS ABE FAILURE WARNING 1 SPARE 1 ROM ADDRESS 000-1FF 1 ABE COMM FAILURE ; mm\ SRACE RELEASED 1 ALL BRAKES ON 1 THERMISTOR RESET 1 GPC FAIL FLAG 1 EEEU ALARM RUNG ’\ ’_\_ ’_\_. ’\__ ,_\__ l’_\_ NOTES: ST8O (12)
FAILURE | THE ABE FAIL BITS IS SET T0 DAC (*DTIN3*) 2 SPA COMMUTATOR FAIL .2 ROM ADDRESS 200-3FF 2 CHECK CRT CAUTION i 2 SPARE 2 SPARE 2 1/F CONT FAIL FLAG 2 CHECK CRT CAUTION 1. DATA IS TRANSFERRED
FOR 3 CYCLES @ SENDS ABE FAILURE VARNING 3 SPA 28V POMER FAIL 3 ROM ADDRESS 400-5FF 3 MASTER ALARM ee s e aaen: 3 SPARE 3 SPARE 3 ARM PV AND NOT POIM 3 GPC ALARM RUNG BETWEEN THE PDC'S,
©© SPA COMMUTATOR FAIL 0 oPc (" T4OLZ") 4 9PC FAIL 4 ROM ADDRESS 600-TFF 4 KCIU FAILURE Ty o 4 STARBOARD ARM SELECTED 4 SPARE 4 BLOCK VALID RECEIVE 4 0PC_FAILURE MODE CPU THE CPU, AND RAM
@ SPA 28V POWER FAIL 5 MDA FAIL 5 ROM ADDRESS 800-9FF 5 DERIGIDIZE O M il 5 PORT ARM SELECTED 5 POVER STATUS BIT 5 ACCEPT RECEIVE 5 MASTER ALARM FLAG F OVER AN 8-BIT PARALLEL
2 ®® JPC FAIL § MCIU-ABE COMY FAIL 6 ROM ADDRESS AOO-8FF 6 RIGIDIZE OO S Rl LR 6 DAC PARITY FAILURE 6 SPARE 6 TASK RECEIVE DONE 6 DKC ALARM RUNG oty 8 4 DATA BUS S
©8 oA FAIL 1T ER FAIL 7 ROM ADDRESS COO-DFF 7 RELEASE CMD el 7 FAILURE DETECTION 7 SPARE 7 DATA UPDATE TRANSHIT 7 THERMISTOR ALARM RUNG LY
@@ CIU ABE-COMM FAIL 8 END EFFECTOR FAIL 8 ROM ADDRESS EQO-FFF 8 CAPTURE C1O 8 FAILURE WARNING RESET 8 RIP/TIP RESET 8 TASK TRANSHIT DONE 8 THERMISTOR 3N FAIL FLAG L]kl YoLYAGES
@8 TACH FAIL p
© THIS MODE IS INHIBITED WHEN N "
e i e eseT - - - - - - - - T NOTESs 1. FOR DRAWING REFERENCES SEE TABLE 14-1
(*FRLS") IS SET BOM! CBM CTOM' FRM " IFMt NOTES: 8-BIT AN
B TERRAED N AR AL 1. THE MCIU RANDOM ACCESS MEMORY (RAM) RESIDES Fhadl (DIRECT MEMORY
fosglnin g g e BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER IN FOUR 256-BYTE CHIPS AND IS PARTITIONED INTO s ACCESS CONTROLLER)
NTERFACE CONTROL FAIL 1 RAM ADDRESS 000-OFF (P 0, 1) 1 BRAKES ON COMMAND SPARE NOT FIRST CYCLE Fl § SECTORS (PAGES O°T) OF 128 BYTES EACH. 2 S TRANSFER MCPC
NORMAL | ® WHEN NONE OF THE ABOVE 1 1 1 LAG R = B <
— MODES ARE IN EFFECT 2 MCPC OUT OF TOLERANCE 2 RAM ADDRESS 100-1FF (P 2,3) 2 USED FOR CPU BITE 2 SPARE 2 RELEASE SELECT MODE KA 15 INITIALIZED AT POVER-ON_IN SPOIR . _PAGES h NV, ;o DATA BETUCEN MANIPULATOR CONTROLLER
3 MADC OUT OF TOLERANCE 3 RAM ADDRESS 200-2FF (P 4,5) 3 USED FOR CPU BITE 3 SPARE 3 CAPTURE SELECT MOOE 0-4 ARE_CLEARED, _TMEN DATA STORED'IN'NOM 13 BAR_ N0 S, 17X POMER CONDITIONER
HoTESs 4 SPARE 4 RAM ADDRESS 300-3FF (P 6,7) 4 USED FOR CPU BITE 4 SPARE 4 THERMISTOR FAIL LATCH COPIED T PAGES:0;; 5 M) T WITHOUT-DI STUNS--
1. EXCEPT FOR MORMAL MODE. MULTIPLE MODES CAN BE ACTIVE SIMULTANEOUSLY 5 THERMISTOR CIRCUIT FAIL 5 CPU TEST CPUBER 5 USED FOR CPU BITE 5 SPARE 5 THERMISTOR PAST BITE FLAG 3. PAGES 0-4 ARE DYNAMIC WHILE PAGES 6 AND 7 1NG CPU; GRERATION @ PROVIDEY 00N 7| OveD
2. MCIU *IDLE MODE IS NOT RELATED TO RMS GPC SOFTWARE * IDLE MODE 6 DAC COMMUNICATION FAIL 6 SPARE 6 USED FOR CPU BITE & GPC_COMMUNICATION ERROR 6 SAFING FLAG ARE PRIMARILY STATIC AND READ-ONLY. g o oo ST T T
7 DAC FAILURE (MOT, USED) 7 RAM ADDRESS CHECK FAIL 7 USED FOR CPU BITE 7 RECEIVE IN PROGRESS 7 POIN ¢ A
8 GPC COMMUNICATION FAIL 8 COMBINED RAM BIT ® USED FOR CPU BITE 8 TRANSHIT IN PROGRESS v 4/ GPC RECEIVE/TRANIHIT PAGES ARE TRANSFENRED SEMY_TO: M) CROCONPLTER o 5. 'soson PACE corTE WSTIN, O
TO THE OPC INTERFACE UNDER CONTROL OF THE DMAC. FOR TOLERANCE COMPARISON DSGN MICHAEL MURPHY
: 5. SEE DWG 14.8-3 FOR RAM DETAILS. DR MICHAEL MURPHY
1 o rows Lo MCIU FIRMWARE
M| CROCOMPUTER oorEngt o |15 OVERV | EW
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DATEs 07/11/89 | NAME oM | VERSIOM INKy3 - - DATEs 4/6/88 NAMES BCH | VERSIONt INKs2
SYNCIR DATEs 07/05/89 | NAMEs MAG VERSIONs BPTy 5
SYNCHRONOUS |NTERRUPT ROUT INE) DATEs 07/11/83 | NAMER JM8 VERS1ONe INKs 3
@ PERFORMS THE FOLLOWING ROUTINES WITHIN A SINGLE 42
MILLESECOND CYCLE
, , @ INITIATED WHEN A FRAME SYNC INTERRUPT IS ISSUED BY THE
_SYNCIR' ROUTINE CALL SEQUENCE MCIU SYSTEM CLOCK. IF ‘EOBIR’ IS CURRENTLY PROCESSING,
8 THE SEQUENCE OF FUNCTIONS WILL START AFTER ’EOBIR' HAS
MCIU  RAM  ABE ABE  D&C  DC  MADC COMPLETED PROCESSING
ROUT INE XMIT RCY  XMIT  RCY @ IF AN END OF BLOCK (EOB) INTERRUPT OCCURS DURING THIS
e e it SEQUENCE OF FUNCTION CALLS, CONTROL IS TEMPORARILY
e o TRANSFERRED TO ‘EOBIR'. UPON COMPLETION OF ‘EOBIR', BIT PARANETER
sy G CONTROL RETURNS TO ’SYNCIR' WHERE IT LEFT OFF IN THE
IR6TBER o SEQUENCE OF FUNCTION CALLS 1 NOT USED
AREN ° @ TERMINATES WAEN THE SEQUENCE OF FUNCTIONS IS COMPLETED. 2 SPA COMMUTATOR FAIL
P o CONTROL RETURNS TO ‘ BACKER’ FOR BACKGROUND PROCESSING 3 SPA 28V POWER FAIL
@ CLEARS BITE STATUS REGISTER  ARF* 4 JPC FAIL
- ARER 4 ARFT 'S o FAIL
RETBER o 6 MCIU-ABE COMM FAIL
RETBER 1 7 TACHOMETER FAIL
LNRABER L 8 NOT USED
ARBER 2
POIMER [ 1 SPARE
RABER1 0 2 SPA COMMUTATOR FAIL
ar i 3 D&C TRANSM|T/RECEIVE MADC RECEIVE s e e TouEn EAIL
;’:szm 2 4 ABE TRANSMIT/RECEIVE ® DATA TRANSMISSION TO (RECEPTION FROM) THE DMC PANEL (ABU) IS @ DATA RECEPTION FROM THE MADC (MANIPULATOR ANALOG TO DIGITAL : :Eﬁuf:;; COMM FAIL
7 precses s PERFORMED BY SEVEN FIRMWARE ROUTINES, ALL CALLED BY ‘SYNCIR' CONVERTER) IS PERFORMED BY FOUR FIRMWARE ROUTINES, ALL CALLED 7 TACHOMETER. FAIL
5 @ DATA TRANSMISSION TO (RECEPTION FROM) THE ABE IS END EFFECTOR PROCESSING WITHIN A SINGLE MCIU FRAME BY 'SYNCIR' WITHIN A SINGLE MCIU FRAME 8 END EFFECTOR FAIL
::::‘" = PERFORMED WITHIN A SINGLE MCIU FRAME © 17 16-BIT DATA WORDS ARE TRANSMITTED VIA THE DIGITAL © 16 8-81T DIGITIZED DATA WORDS ARE RECEIVED FROM THE MADC EACH
i) o @ 12 16-81T COMMAND WORDS FROM THE GPC ARE TRANSMITTED @ EE MICROSWITCH INDICATIONS ARE EXTRACTED FROM ABE INTERFACE 70 THE D&C. THESE WORDS CONTAIN DATA TO BE CYCLEY 1 INTERFACE CONTROL FAIL
oy 6 TO THE ABEs RECEIVE WORDS AND COPIED TO GPC TRANSMIT PAGE DISPLAYED BY LAMP INDICATORS, TALKBACKS, DIGITAL READOUT @@ 8 HAND CONTROLLERS SIGNALS (3 THC, 3 RHC, 2 SPARES) 2 MCPC OUT OF TOLERANCE
pocnt 3 © @ EACH WORD CONTAINS RATE DEMAND AND CURRENT LIMIT @ IN THE EE AUTO MODE, THE APPROPRIATE DRIVE SIGNALS UNIT, AND RATE METERS 3 MADC CALIBRATION VOLTAGES 3 MADC OUT OF TOLERANCE
HeiseR = GPC TRANSMIT/RECEIVE DATA FOR EACH OF THE SIX JOINTS (CAP/REL, RIGID/DERIG) ARE GENERATED VIA LOGIC BASED @ 7 16-BIT DATA WORDS ARE RECEIVED FROM THE DAC DIGITAL 4 MCPC SUPPLY VOLTAGES cgow | 4 SPARE
yriis . - @ 30 16-B1T RESPONSE WORDS ARE RETURNED FROM THE ABE UPON THE CURRENT EE MICROSWITCH STATUS INTERFACE AND TRANSMITTED TO THE GPC. THESE WORDS CONTAIN @@ 1 THERMISTOR VALUE (OF 32) 5 THERMISTOR CIRCUIT FAIL
o ‘ @ DATA TRANSHISSION TO (RECEPTION FROM) THE GPC IS ©® 18 WORDS CONTAIN POSITION, RATE, AND BITE DATA @ IN THE EE MANUAL MODE, THE COMMAND SIGNALS FROM THE SWITCH POSITION INFORMATION ( COMMANDS) @ THE SUPPLY AND CALIBRATION VOLTAGES ARE COMPARED TO SAF ING/AUTO BRAKES 6 DC COMMUNICATION FAIL
ARBER 3 CONTROLLED BY THE DMAC, INDEPENDENT OF THE MCIU FRAME FROM EACH OF THE SIX JOINTS, AND END EFFECTOR DLC ARE COPIED INTO THE DRIVE SIGNALS WHICH ARE SENT @ HMCIU TO D&C COMMUNICATION IS VERIFIED VIA COMPARISON OF TEST TOLERANCES DEFINED IN THE FIRMWARE FAILURE DETECTION CIRCUIT 7 D&C FAILURE (NOT USED)
o] . SYNC CYCLE MICROSMITCH AND EEEU BITE INDICATIONS BACK TO THE GPC WORD 6 AND PARITY CHECK OF EACH WORD FROM D&C TO MCIU ® FOUR VALUES AND 1DENT IFIERS & TG EEHARE BAEG oy 8 GPC COMMUNICATION FAIL
— o o © A "PAGE SWITCHING' SCHEME IS IMPLEMENTED WHICH ALLOWS ©® 12 VORDS CONTAIN THE COMMAND WORDS WHICH WERE @ THE EE MICROSWITCH AND SHOULDER BRACE RELEASE ARE SENT TO THE GPC DURING EACH ASYNCHRONOUS @ DATA TRANSMISSION TO THE FAILURE DETECTION BOARD (FDB) IS el A CLEARS ALL DX RANSH 1 ROM ADDRESS DOO-IFF
ONE MEMORY PAGE TO BE ACTIVE WITH THE GPC WHILE THE ORIGINALLY SENT OUT INDICATIONS IN *EESTAT* (*DTSL*) ARE CLEARED WHEN AN nse Ls8 DATA TRANSFER PERFORMED BY A SINGLE FIRMWARE ROUTINE A THE,SERINL (DATA BUS , , 2 HOM: ADDRESS 200-30F
RAHCK. 3 s OTHER PAGE IS BEING ACCESSED BY THE MCIU @ THE 12 RETURNING COMMAND WORDS ARE COMPARED TO THE ARM IS NOT SELECTED (7tb bp) @ A THERMISTOR CIRCUIT FAILURE IS 3N-FILTERED OVER 96 @ TWO 8-BIT DATA WORDS (*CTOL' AND *CTOM') ARE TRANSFERRED TO ©/{ONCE NJTIATED, SAFING.CAN ONLY:BE CANCELLED/WITH .".CANCEL 3 RO, ADDRESS. 406 56
:':E: ' @ GPC RECEIVE PAGE (1 AND 3) SWITCHING IS PERFORMED IN ORIGINAL VALUES SENT OUT TO INSURE CORRECT COMMANDS @ THE 'EE FAIL’ FLAG STATUS IS BASED ON THE ‘EEEU BITE’ CDIXIXTTT] LT TTTTTIx MCIU FRAMES (3 X 32) THE FDB. DISCRETE INPUT/OQUTPUT COMUNDFROM THE DA PANEL 4 ROM ADDRESS 600-7FF
RABER1 s BOTH *EOBIR® AND *GRER" ARE BEING RECEIVED BY THE SPA’S. A MISCOMPARE BETWEEN fLAG AND E!W 'KFFECT?R HlCR?SNITCN STA]US_ . S 765 4321 % 76 5 43 2 1 @@ 'CTOL1"  ABE COMM FAIL == @® AUTO-BRAKING ISSUES A BIT TO THE AUTO-BRAKE CIRCUIT IN THE “cBLt 5 ROM ADDRESS 800-9FF
ARER 10 ® GPC v!unsmv PAGE.lz AND 4) SWITCHING IS PERFORMED IN THESE RESULTS IN AN MCIU-ABE COMM FAIL AND AUTO SAFING @ 'EEEU BITE’ (*ARHM8") AND 'EE DERIGID’ (*ARGLI') BITS @@ 'CTOL2"  CHECK CRT CAUTION @ VARIOUS DISCRETES (FLAGS) ARE GENERATED WITHIN THE MCIU FAILURE DETECTION BOARD WHICH EFFECTIVELY REMOVES POWER FROM 6 ROM ADDRESS AOO-BFF
oaen 8 ‘uom r:ogm: AND *GTER* @ THE RATE DEMAND IDENTIFIER GENERATED BY THE GPC (FOR ‘ARE INVERY‘ED PRIOR TO TRANSMITTING TO THE GPC. THE @ BITS 4-8 OF THE MSB OF DATA WORD CONTAIN THE DAC ©®@°CTOL4"  HCIU FAILURE THAT ARE USED INTERNALLY OR ARE SENT TO THE GPC THE BRAKE SYSTEM, THEREBY APPLYING THE BRAKES MCIU CPU MCIU RAM/ROM 7 ROM ADDRESS COO-DFF
o N @ 'GRER' AND *GTER® ARE TIMED SUCH THAT AN EOB INTERRUPT THE CONSISTENCY CHECK) |S RETURNED TO THE GPC EEEU BITE' FLAG IS REVERSE LOGIC WHEN COMING FROM COMPONENT ADDRESS "MRER’ CTOLS-8" END EFFECTOR COMMANDS @ THE DISCRETES ARE RECEIVED/TRANSMITTED BY ' FRER’ AND @ AUTO BRAKES CAN BE INITIATED BY THE GPC IN RESPONSE TO A ————— ——n & ROH ABORESS LOO-FFF
s " WILL OCCURE BEFORE THE SUBROUTINE IS COMPLETED IF THE @ ABE FAILURE INDICATIONS ARE 3N-FILTERED PRIOR TO THE ABE (0 = FAIL). THIS CAUSES THE FLAG TO BE SEEN @ BIT | OF THE LSB OF EACH DATA WORD CONTAINS THE PARITY BIT T ® @ 'CTOMI'  ALL BRAKES ON “FTER’, BOTH OF WHICH ARE CALLED BY ’SYNCIR' CONTROL ERROR OR BY THE MCIU AFTER 3N-FILTERING AN ABE TACH POWER-ON INITIAL[ZATION MODE @ SELF TESTS ARE PERFORMED TO DETERMINE THE HEALTH @ SELF TESTS ARE PERFORMED TO DETERMINE THE HEALTH
e P RIP/TIP RESET BIT IS SET ANNUNC I AT 1ON (ON THE GROUND) WHEN AN ARM IS NOT SELECTED WHICH IS SET BY THE PARITY CHECK IN THE DC PANEL. © @ 'CTOM2-8' RAM TEST WORD @ TRANSMIT DISCRETES ARE ALSO SET AND OUTPUT IN ’EOBIR’ BITE FAIL OF THE MICROPROCESSOR OF RANDOM ACCESS MEMORY & RAM/ADORESS000-0FF (£ 0, 81
6 ARBER 1 @ CALLED 8 TIMES PER MCIU FRAME § ::: ::g:g:: ;gg-;;g :: 3:;
P , T 7 @ READS ONE 8-BIT HAND CONTROLLER SIGNAL TCTER & g
SADERI ¢ ; * GRER® ATER ERER " DTER’ FROM THE ANALOG INTERFACE CTER " FRER’ ' SAFER’ " POIMER’ " CPUBER’ " INRABER’ scar |3 "N ADDRESS 300-3¢F (P 6,1}
ARER 12 (GPC RECEIVE) (ABE TRANSHIT) (EEE RECEIVE) (DMC TRANSMIT) * gg:;fzu?'::éﬁry‘;gff"c TRANSMIT PAGE (¢ FAILURE DETECTOR CIRCUIT) (DISCRETE FLAG RECEIVE) ¢ SAFING) (POMER-ON INITIALIZATION MODE) ( CENTRAL PROCESSING UNIT BITE) CINITIALIZE RAM BITE) 6 SPARE VoER
::’Z“ 3 " © CALLED ONCE PER HCIU FRAME AT BEGINNING @ CALLED 12 TIMES PER MCIU FRAME ® CALLED ONCE PER HCIU FRAME @ CALLED 13 TIMES PER MCIU FRAME ° :;IEZ 'sgcsatEIIvncI:u "";"f - sen @ CALLED ONCE PER MCIU FRAME @ CALLED ONCE PER MCIU FRAME JUST PRIOR @ CALLED ONCE PER MCIU FRAME NEAR THE @ CALLED ONCE PER MCIU FRAME (EARLY IN @ CALLED ONCE PER MCIU FRAME (EARLY IN 7 PAM ADDRESS CHECK FAIL
e & OF *SYNCIR® READS ONE 16-81T ABE TRANSHIT WORD FROM @ READS ABE RECEIVE WORDS ‘ARAL’, ‘ARDL’, @ READS ONE 16-BIT DAC INPUT WORD FROM THE ° i ING BITS (IF SEDI @ READS IN TWO 8-BIT DATA WORDS (*FRL® AND TO CALLING ‘DTSER’ BEGINNING OF ’ SYNCIR YSYNCIR ) CSYNCIR ) 8 COMBINED RAM BIT
s 3 @ INPUTS 8-BIT DISCRETE WORD (*FRM') GPC RECEIVE PAGE AND SENDS 70 ABE DIGITAL AND * ARGL’ FROM GPC TRANSMIT PAGE GPC RECEIVE PAGE ° g;:r:ac:;ltzn :L;G :'n:.f..)) T0 *cToLy *FRM') WHICH CONTAIN DISCRETES FROMs @ THE SAFING PROCEDURES @ WHEN POIM FLAG (* IFM8*) IS SETs @ TESTS THE MICROPROCESSOR WITH SETS OF @ SELECTS THE RAM PAGE TO BE TESTED (0 TO 4) 1 ABE COMM FAILURE
ABER . @ SWITCHES GPC RECEIVE PAGES IN RAM (1 AND 3) INTERFACE @ EXTRACTS EE MSW INDICATIONS (TWO PER @ INSERTS D&C WORD ADDRESS IN FIVE MOST ' MRBER' - z'( i AUTI N (."TZ .T° C'TUU ; FAILURE DETECTION BOARD (*FRL1,4,5,7") @® SETS INTERNAL SAFING FLAG (' IFM6*) SETS INTERNAL SAFING FLAG (* IFM6') INSTRUCTIONS WHICH PRODUCE A PREDEF INED BY / RABER1’ 2 CHECK CRT CAUTION
ORER 2 AND SENDS THE CURRENT RECEIVE PAGE ADDRESS ® STORES THE TRANSMIT WORD IN RAM (PAGE 0) WORD) AND STORES THEM IN PAGE O WORD SIGNIFICANT BITS, BUT DOES NOT MODIFY DATA ECK CRY ‘CAUTION (*OTILS ) 0/*CTOLY @ DLC DIGITAL I/F (*FRLE") @@ CLEARS ALL ABE TRANSMIT WORDS (*ATO- CLEARS ALL ABE TRANSMIT WORDS (*ATO" - BIT-PATTERN WHEN THE TESTS ARE COMPLETE @ SETS THE RAM FAILURE COUNTER (*NRAF') TO 3 MASTER ALARM
i TO THE RECEIVE OMA CONTROLLER IFy FOR LATER COMPARISON BY ‘ACBER’ TO VERIFY DTSL’ (* EESTAT") @ SENDS WORD TO D&C DIGITIAL INTERFACE (MADC RECEIVE BITE) @ CLEAR °CTOL® IF POIM FLAG (° IFN8") IS SET @ GPC I/F (*FRM6,7,8") *ATB') BY BRANCHING INTO ‘POIMER’ *ATB') @ SETS 'CTOM' TO '55° IF NO ERRORS ARE -3 4 MCIU FAILURE
— 3‘:?:‘ . @ @ THEY WERE NOT SWITCHED DURING THE MCIU-ABE COMMUNICAT |ON @ INVERTS DERIGID MSW IND (*EESTAT3') @ INCREMENTS D&C WORD ADDRESS @ CALLED 7 TIMES PER MCIU FRAME @ OUTPUTS *C7OL" AND *CTOM' TO THE FDB @ STORES *FRL' AND *FRM' IN PAGE 0 @@ CLEARS D&C TRANSMIT WORD 5 MSB @ CLEARS ALL D&C TRANSMIT WORDS IN FOUND *CTOL" | o DERIGIDIZE CMD
ol " LAST EXECUTION OF ‘EOBIR' (*BLOCK @ CLEARS THE ENTIRE WORD ‘EESTAT’ ( INCLU- © PORTIONS OF THIS ROUTINE ARE CALLED BY @ READS ONE 8-B1T CAL |BRATION/SUPPLY (*DTSM" ) GPC RECEIVE PAGE (*DTO"-* @ OTHERWISE, SETS INTERFACE CONTROL FAIL 6 RIGIDIZE CMD
AR ” VALID RECEIVE' IS SET (* IFLA' = 1))y DING SHOULDER BRACE REL IND) IF AN ARM DTOER', ‘DT1ER', ‘DTSER’, AND ‘DTGER VOLTAGE FROM THE ANALOG INTERFACE @@ SETS SAFING BIT WHICH DRIVES TALKBACK *DTT' - 0TG' ). *OTS' AND *BOMI" AND CPU TEST CPUBER (*CBMS') 7 RELEASE CMD
MRBER 4 @ THEGRC RECEIVE .IN. FROGRESS (RIP) TARER’ 1S/ NOT: SELECTED (*FRL4=0 OR *FRLS’ =0) @ COMPARES VOLTAGE TO A SPECIFIED REFERENCE TBT3ER " = ON D&C PANEL (*DTSM2') IF AN ARM IS STORED IN PAGE O AND NOT CLEARED HERE ' RABER1’ 8 CAPTURE CMD
ARER 15 e RT;A?SI:EIT‘O(" ?::wl FWII- =0 ° I‘E?EIE )AIIIFI 'Pg:T:EgL::? INOIFPIl: :o::‘s?{m YOLTAGE y FIER PONERED M0 T I poim panaat) (RAM BITE) 1 BRAKES ON COMMAND
= . PERFORMS THE SAF.
RABERL 8 © SETS * AGCEPT RECEIVE' (* 1FLE ), (ABE RECEIVE) OFUEIISE, SETS YIFLS'~E TF-AN AR 19 "DTOER’ ° gf:_:E:::zg?:;é:?E;A;hA:L:ﬂ‘I’SA;EQPAR|suu (CHECK CRT BITE PROCESSING) UDISCRETE FLAG TRANSHIT) o“ FURES THe S PoIIII; ‘F‘UIN:;!I'D!': )\mzm TR o CALLED 22 TIHES Pem mrs oA 1 SRAKES N Camun
ARER 18 WHICH CAUSES THE RECEIVE PAGES TO BE @ CALLED 12 TIMES PER MCIU FRAME SELECTED TOLERANCEs. @ SET CHECK CRT CAUTION (*CTOL2') IF CHECK CALLED ONCE PER MCIU FRAME @8 SAFING INITIATED BY THE DAC PANEL "BT1ER’ ® TEL7S DA MeRORY U1K DiTES A% h TikEl 3 USED FOR CPU BITE
g::: 9 s SWITCHED WHEN ’EOBIR’ 1S EXECUTED NEXT @ RECEIVES ONE 16-BIT ABE RETURN DATA WORD @ COPIES THE CONTENTS OF ‘EESTAT' (*DTSL') (0AC TRANSMIT VORD 0) TMCPC OUT OF TOLERANCE' (°BOM2*) CRT CAUTION (*RF2') IS SET @ READS IN ONE 8-BIT DATA WORD FROM PAGE O (*DRILT" =1) (HCIU BITE PROCESSING) BY WRITING AND READING A TEST PATTERN (55) crow |4 USED FOR CPU BITE
SAFER ° @ SETS ' TASK RECEIVE DONE’ (* IFL6") AND STORES IN THE GPC TRANSMIT PAGE INTO GPC TRANSMIT PAGE WORD 42 (*T40L') @ CALLED ONCE PER MCIU FRAME “MADC OUT OF TOLERANCE’ (*BOM3*) (*FTL') WHICH CONTAINS DISCRETES BEING @® SAFING FLAG IS SET (* IFM6*=1) AND (POIM PROCESSING) ® SETS INTERFACE CONTROL FAIL (®BOMI®) IF AND ITS COMPLEMENT (AA) TO AND FROM EACH 5 USED FOR CPU BITE
OTSER 5 @ MNOLES POSITONAND RATE DATA(FIRST THO @ READS D&C_INPUT WORD O (FIRST WORD) FROM @ PART OF THIS ROUTINE IS CALLED BY ’ TBER' ENT TOr NOT BEING CANCELLED (*DR3L" =0) @ SETS SAFING FLAG (* IFM6*) WHEN IN POIM FAILURE DETECTION FLAG SET (*FRLT"=1) MEMORY LOCAT ION 6 USED FOR CPU BITE
5 it - WORDS FROM EACH JOINT SPA) THE GPC RECEIVE PAGE L @ MADC (*FTLI") @ RESETS WATCHDOG TIMER (TO -6), THE GPC (* M8’ =1) 5 @ INCREMENTS RAM FAILURE COUNTER (*NRAF') 7 USED FOR CPU BITE
EBER 0 “GTER ®00ES NOTIHODIFY: RETURNDATA 7 q ® SETS INTERNAL MASTER ALARM FLAG (*RFS") ® GPC I/F (*FTL5,8") ALARM RUNG FLAG (*RF3'), AND THE GPC @ WHEN POIN FLAG OR FAILURE WARNING RESET EACH TIME AN ERROR IS DETECTED 8 USED FOR CPU BITE
el . EBER IF GPC-INTIATED MASTER ALARM BIT ® OUTPUTS *FTL* FAILURE MODE FLAG (*RF4') WHEN SAFING (*FRLE') ARE SETs @ SETS COMBINED RAM BIT IN BSR (*BOM8') IF 1 SPARE
RGTBER 6 (GPC TRANSMIT) TEE BITE) s ;R"“L? 7°DT0L22), 1S SET ' TRER' IS CANCELLED (*DR3LE" =1) CLEARS BITE STATUS REGISTER (*BOL,M') *NRAF® GREATER THAN OR EQUAL TO ZERO 2 SHOULDER BRACE RELEASED
(e 3 = - ANCHES INTO *DTER’ TO PERFORM DATA TR @ RESETS INTERNAL SAFING FLAG (* IFME') AND @ CLEARS RUNG/FAIL FLAGS (*RF*) ' BT3ER’ (THREE OR MORE RAM FAILURES) A vores | 3 EE DERIGIDIZED
ACBER o @CALLED {ONCE PERNCIU FRANE LLATE IN ARBER © NOT A FORMAL FIRMWARE SUBROUT INE WORD TRANSMIT - - CLEARS *DT5M* WHEN SAFING CANCELLED, MCIU RESETS THE WATCHDOG TIMER (*WTCHDG' ) LIOTSL 14 EE FuLLy cLoseo
ORER 4 SYNCIRL) . TABE RECEIVE BITE) ® PERFORMED ONCE WITHIN *SYNCIR' [MMEDIATELY @ CALLED ONCE PER MCIU FRAME BT2ER NOT IN POIM, AND SAFING NOT REQUESTED RESETS INTERNAL GPC FAIL FLAG (* IFL1®) (MCIU BITE PROCESSING) CTEESTATM 5 £e FucLy open
0TGER 5 @S HEUTS :8-B1T. OISCRETEINORD. | ER:). AFTER READING ABE RECEIVE WORD *ARH' © READS ONE B8-BIT THERMISTOR VALUE FROM THE @ RESETS POIM FLAG IF POIM END FLAG (* IFMT*) ® WHEN INTERFACE CONTROL FAIL (*BOMI') IS SET 6 EE RIGIDIZED
ETBER ° @:READS, (NCRENENTS, AND UPDATES MCIi FRAME @ CALLED 6 TIMES PER MCIU FRAME (WHICH CONTAINS THE EEEU BITE BIT) = " ANALOG INTERFACE (MCIUBITE PROCESSING). IS SET FOR 3 CONSECUTIVE CYCLES ' IR6TBER’ 7 PAYLOAD CAPTURED
HREcR & IDENTIFIER IN RAM PAGE 0 (*FRIDENT'). @ RECEIVES ONE 16-BIT ABE RETURN DATA WORD @ INVERTS EEEU BITE BIT (*ARHME") DT1ER @ THE THERMISTOR TABLE IN PAGE O (* TROL- @:SETS INTERFACE CONTROL FAIL. (*BOML*) jIF - - © @ SETS HCIU FAILURE WARNING (* CTOL4") 8 EE EXTENDED
ACI9ER 1 STORES *FRIDENT' IN GPC TRANSMIT WORD 44 AND STORES [N THE GPC TRANSMIT PAGE SETS 'EE FAIL' (*BOL8’) IF 'ARHME® IS TDMC TRANSHIT WORD 1) TRIM') IS 'PUSHED' UP BY ONE AND THE NEW FAILURE DETECTION FLAG SET (*FRLT"=1) CABR -l b Sl Moy (INITIALIZE RAM 6 & T)
RAMCK ® SWITCHES GPC TRANSMIT PAGES IN RAM (2 AND 4) @ HANDLES ABE BITE DATA (THIRD WORD FROM SET (AFTER BEING INVERTED). ‘BOL’ 1S DATA WORD INSERTED AT THE BOTTOM OF THE T AUTO BRAKES) @ ® SETS MASTER ALARM (*RF5') (F NOT @ CALLED ONCE PER MCIU FRAME (EARLY IN SGALL BRAKES OM
RAMCK AND SENDS THE CURRENT TRANSHIT PAGE EACH JOINT SPA) LATER CLEARED IN ‘BTIER’ IF AN ARM IS CALLED ONCE PER MCIU FRAME TABLE PREVIOUSLY ANNUNCIATED * SYNCIR' ) 2:SAFING
g ADDRESS TO"THE TRANSMIT DMA CONTROLLER IFs @ DOES NOT MODIFY RETURN DATA NOT SELECTED @ READS D&C INPUT WORD 1 ( SECOND WORD) FROM @ THE THERMISTOR IDENTIFIER (*TROM') (S @ CALLED ONCE PER MCIU FRAME @@ SETS ICF ALARM RUNG (*MRF1*) @ SELECTS THE RAM PAGE (6 OR 7) TO BE 3 GPC DATA FAIL WARNING
ACBER ® THE GPC TRANSHIT IN PR?GRESS e @ EXTRACTS SPA BITE INFO FROM EACH JOINT AND THE GPC RECEIVE PAGE . ) INCREMENTED AND STORED WITH THE NEW @ SET AUTO-BRAKES BIT (*CTOMI®) WHENs CHECKED BY ‘R67BER’ AND ’ XR6TBER’ corse |41
DRER _FLAG IS NOT SET (*FRMS® = 0 STORES IN BITE STATUS REGISTER (*BOL') @ SETS ABE FAILURE WARNING (°*DTIM3") IF ANY THERMISTOR VALUE @@ AUTOBRAKES COMMANDED BY THE GPC 50
DTER @UERTIP (SISET (O S L g - ABE FAIL INDICATIONS ARE SET IN THE 3N- @ WHEN THE LAST (32ND) THERMISTOR CHANNEL (*T30L4*/* DTOL4® =1) 6 1 » DC ADDRESS FIELD
RETBER AR e AL ' ETBER o LACIERED DITE STATS RaISTER/SEaN ™) IS READ, THE THERMISTOR RESET BIT (*FTL1") @0 ABE BITE TACH FAIL (*BINLT'=1) IS Ie
v IS SET, CAUSING THE MADC TO RESET THE SET IN BITE STATUS REGISTER FOR THREE ' R6 TBER’
:::: SWITCHED WHEN *EOBIR' IS EXECUTED NEXT " AC19ER’ (EE DATA TRANSFER & BITE) WORD TRANSMIT THERWISTOR ADDRESS 70, CHANNEL 0 CONSECUTIVE CYCLES T A o
RABER1 @ SETS *TASK TRANSMIT DONE'. (*/IFL8") TABE GOl WORD 19) ©® CALLED ONCE PER MCIU FRAME @ WHEN THE FIRST THERMISTOR CHANNEL IS READ @ RESETS THE AUTO-BRAKES BIT WHENt (RAM € & 7 BITE) 2 SPARE
ACBER PAOES: ARE_SWAPPED, *GPC FAIL. FLAG! © CLEARS ‘RELEASE SELECT MODE’ (' IFM2') AND THE NEXT MCIU FRAME, 'FTL1' IS CLEARED @@ AUTOBRAKES NO LONGER COMMANDED BY ® CALLED 16 TIMES PER MCIU FRAME 3 SPAR
OREBER €*IFLI®) IS CLEARED @ CALLED ONCE PER MCIU FRAME ‘ CAPTURE SELECT MODE’ (*IFN3') IF DAC 5 7S @ AFTER EACH THERMISTOR VALUE IS STORED IN GPCy OR ® GENERATES A CHECKSUM FOR A COMPLETE RAM 4 STARBOARD ARM SELECTED
Srin @ RECEIVES LEAST SIGNIFICANT BYTE OF ABE PANEL EE MODE SWITCH IS NOT IN AUTO DTSER PAGE 0, THE THERMISTOR TABLE IS COPIED ABE TACH FAIL NO LONGER EXISTS AND PAGE BY ADDING THE CONTENTS OF EIGHT PR |'s poRT ARM SELECTED
RETBER RETURN DATA WORD 19 (CONTAINING THE RATE (* DRALE* =0) (D&C TRANSHIT WORD 5) TO THE GPC TRANSMIT PAGE THE BRAKE SWITCH ON THE DA&C PANEL MEMORY LOCATIONS TO THE RAM CHECKSUM 6 DAC PARITY FAILURE
ACBER "BTLER' DEMAND IDENTIFIER) AND STORES IT IN @ SETS ' CAPTURE SELECT MODE' (* IFM3') IF @ ‘TBER' IS CALLED FOR THE FIRST TWO IS CYCLED (ON-OFF) EACH TIME THE ROUTINE IS CALLED 7 FAILURE DETECTION
RABER1 RESPONSE DATA WORD 44 (*T42M') OF THE GPC THE CAPTURE SWITCH (*DR4M3') IS SELECTED ® CALLED ONCE PER MCIU FRAME THERMISTOR CHANNELS @ COPIES BRAKE SWITCH STATUS INTO LAST @ ADDS RAM OPERANDS (8 AT A TIME) TO A 8 FAILURE WARNING RESET
ACBER (BITE PROCESSING) TRANSHIT PAGE FOR THREE CONSECUTIVE CYCLES (EE AUTO @ READS D&C INPUT WORD 5 (SIXTH WORD) FROM PASS STATUS FLAG (* ABRF3') CONSTANT ( CHECKSUM) WHICH SHOULD RESULT
RETBER @ CALLS ‘ACBER’ TO RECEIVE REMAINING PORTION MODE ONLY) PAGE 0 (NOT GPC RECEIVE PAGE) @ BRAKES TALKBACK SET IN ’DTSER’ IN ZERO. IF THE RESULT IS NOT ZERO, 1 SPARE
ity ® IF WATCHDOG TIMER IS POSITIVE OR ZEROM OF DATA WORD 19 @ SETS ’RELEASE SELECT MODE' (* IFM2') IF @ COPIES SHOULDER BRACE RELEASE [ND FROM oCBMA® 1S SET 2 SPARE
R ® SETS OPC FAIL FLAG (*RF4") THE RELEASE SWITCH (*DR4M2') IS SELECTED ABE RETURN WORD * AR2M8' TO *DTSL2' " TBER' 3 SPARE
ACBER SETS  SAFING FLAQ {*IFHE*) FOR THREE CONSECUTIVE CYCLES (EE AUTO @ SETS ALL BRAKES ON BIT (*DTSMI') IF ARM et - - crrie | 4 SPARE
RABEY ° ‘s‘a:"":s;:: "L;II:G( FﬁZSI':NngPiUR" ACBER’ LOIS A :::E:Ef Q:ﬂu'z‘?m"": PngI‘x(. IFII. - " : BT2ER : 2:2R§omumm 10N ERROR
. . g s o= . g ‘ g T R
Acaes FUNG FLAG NOT PREVIOUSLY SET © THBLE CORRESPOND NG 7O THE CURRENT ££ @ PREPARES ONE OF THE FIRST 0 THERNISTO LBITE PROCESS NG} XRoTRER 7 RECEIVE IN PROGRESS
OTER 10 TRF4) IS SETs (ABE COMM BITE RECEIVE) AES ONE OF THE PIRST THO THERRISTOR . " CEXIT RAM 6 & 7 BITE)
TRER 9 @/iLF OPC FAILURE HODE: FLAG.(* R MICROSW I TCH CONF|GURATON ANDY CHANNEL VALUES ( CALIBRATION VOLTAGES) @ SETS ‘ALL-BRAKES ON’ BIT IN T40M IF 8 TRANSMIT IN PROGRESS
ACBER 9 @ SETS SAFING ELAD (*|FH6") @ CALLED 12 TIMES PER MCIU FRAME (11 TIMES @ @ SETS ‘EE FAIL' (*BOL8") IF THE BITE 3 7 FOR COMPARISON DISCRETE FLAG FROM FAILURE DETECTION @ CALLED ONCE PER MCIU FRAME (LATE IN 1 THERMISTOR RESET
RABERY 12 @ SETS MASTER: ALARMI(=RES") “AND_GFC BY “SYNCIR', ONCE BY ’AC19ER’) BIT (*EETAB8') IS SET (INDICATING AN DTEER @ BRANCHES INTO ‘MRBER' TO PERFORM BOARD (*FRL1*) IS SET “SYNCIR' ) 2 SPARE
ACBER 10 ALARN ¢’ RF3') RUNG FUG: ;'TGPC ALARM @ RECEIVES ONE OF THE RETURNING TWELVE ABE INVALID MICROSWITCH CONFIGURATION). (DMC TRANSMIT WORD 6) COMPARI SON @® COMPARES THE CHECKSUM GENERATED BY 3 SPARE
FTER 0 1mm FLAG NOT PREVIOUSL 5 € s % TRANSMIT WORDS WHEN ‘EETAB8’ IS SET, EE AUTO COMMANDS @ SETS * THERMISTOR CIRCUIT FAIL’ (*BOMS®) ‘R6TBER’ WITH A PREPROGRAMMED VALUE. IF vers | 4 SPARE
R6TBER 12 @ TRANSFERS DATA FROM SDTSIE._(PAGE. O @ COMPARES THIS WORD TO ORIGINAL VALUE FROM ARE INHIBITED @ CALLED ONCE PER MCIU FRAME IF COMPARISON DIFFERENCE IS GREATER THAN THE TWO NUMBERS DO NOT MATCH, *CBM4' IS FTL 5 POWER STATUS BIT
OTER 1 T4OM' (GPC TRANSHIT PAGE ROW 38) PREVIOUS FRAME (STORED N RAM PAGE 0) ® ® CLEARS ' CAPTURE SELECT MODE’ (* IFM3') @ READS DAC INPUT WORD 6 (TEST WORD) FROM ALLOWABLE TOLERANCE SET 6 SPARE
3 MRER 10 @ OPC DATA FAILURE WARNING ( LAMP) @ SETS ‘MCIU-ABE COMM FAIL’' IN BITE STATUS IF *CLEAR CAPTURE MODE’ BIT (*EETABT') PAGE 0 (NOT GPC RECEIVE PAGE) 7 SPARE
el i @ SAFING IN PROGRESS ( TALKBACK) REGISTER (*BOL6') IF THERE IS A MISCOMPARE IS SET (AT END OF NOMINAL CAPTURE © CHECKS DLC COMMUNICATION FAIL FLAG FROM B RIGFRIBAESES
el s ALL BRAKES ON ( TALKBACK) SEQUENCE) PREVIOUS FRAME (*BIMG'). IF NOT SET, . -
pss o ® ® CLEARS ’ RELEASE SELECT MODE’ (* IFM2') THE BIT PATTERN IN *DT6' |S COMPLEMENTED, " BT2ER’ “RAMCK’ /* RAMCK 1’ 1 GPC FAIL FLAG
DTER 12 — - IF *CLEAR RELEASE MODE' BIT (*EETAB6') STORED IN PAGE 0, AND SENT TO DAC. IF CTIERIISION BITE PROCESEING 2 I/F CONT FAIL FLAG
RABER1 14 TBT3ER’ BT1ER IS SET (AT END OF NOMINAL RELEASE In;‘rua IS SET (1.E., DMC COMM FAIL), . : ! (RAM ADDRESS CHECK) 3 ARM PW AND NOT POIM
ATER " T IDLE FOEE BITE RECEIVE SEQUENCE) HEN THE OLD BIT PATTERN IS SENT TO DAC e :ne;cmgunzm =0 (THERMISTOR CONDITIONING @ CALLED 8 TIMES PER MCIU FRAME a4 BngTW\UD RECEIVE
RETBER 13 (BSR BITE PROCESS ING) e ©® IN THE EE AUTO MODE, COPIES DRIVE L . PERFORMS A RAM ADDRESS CHECK Ac RECEIVE
et ” @ CLEARS ABE BITE BITS (*BOL') IF ARM NOT COMMANDS FROM ' EETAB2-5' TO CTOL FOR @ CLEARS THERMISTOR PAST BITE FLAG @ TESTS RAM ADDRESS BY EXCHANGING OPERANDS 6 TASK RECEIVE DONE
Bren = ® COPIES *BOL, M TO *TOL,M', *TIL, M, *T2L,M, SELECTED (* FRL4® AND *FRLS'=0) OR FOR TRANSFER T0 THE FAILURE DETECTION - - (*IFM5') IF THERMISTOR CIRCUIT FAIL NOT Mg ds 7 DATA UPDETE: TRANSHIT
] sl i AND *T44L,M' IN GPC TRANSHIT PAGE 25 FRAMES AFTER AN ARM IS SELECTED BOARD OPTOISOLATORS AND TO GPC DRER SET (+BOMS* =0) 0 OIS LT FLAD!(* CEHE 1F . T e T
here 5 (APPROX 1 SEC) . . TRANSMIT PAGE WORD 43 (*TA1M') TOSC RECEIVE) @ SETS ' [FMS' AND THERMISTOR SELECT IF AN OPERAND CHANGES IN THE PROCESS 1 NOT FIRST CYCLE FLAG
RABER1 15 O TRANSFERS ARH SELECTED BITS FRON * FRL4, 5 © @ IN THE EE MANUAL MODE, COPIES CAP/REL MODE * IFM4* |F *BOMS® =1 2 RELEASE SELECT MODE
e “ TO "TAOMA,S' IF IN POIM (* IFMB"=1) OR AND RIGID/DERIG COMMANDS FROM THE DAC ® CALLED 6 TIMES PER MCIU FRAME @ WHEN * THIDENT* =1 (THERMISTOR CALIBRATION 3 CAPILRE SELEGT (ODE
oren 5 IF AN ARM IS SELECTED (*FRL4" OR *FPL5'=1) PANEL (*DR4M2-3' AND *DRAL3-4') TO GPC @ READS ONE 16-81T DAC RETURN WORD FROM THE VOLTAGE) s 4 THERMISTOR SELECT MODE
MRER 12 TRANSMIT PAGE WORD 43 (* T41M') DAC DIGITAL INTERFACE AND STORES IN THE @ @ RESETS * IFM5' AND THERMISTOR ALARM RUNG "BT2ER’ CIF® | S THERMISTOR PAST BITE FLAG
ool " GPC TRANSMIT PAGE (*RF8') 70 ZERO, AND THERMISTOR FAIL & SAFING FLAG
ATER 4 ® DOES NOT MODIFY RETURN DATA CO:N;E! (*THC1®) TO -3 IF *BOMS' AND (RAM BITE PROCESSING) 7 POIM END FLAG
* IFMS* =0
OTER 15 n - . T o @ IF COMBINED RAM BIT IS SET (*CBM8*), SETS 8 POIM FLAG
HRER 13 BT2ER BT1ER OTHERNISE, IN-FILTERS *THCL*, AND IF THE APPROPRIATE BIT IN COMPUTER BSR WHICH
POSITIVE OR ZERO, SETS *RF8* INDICATES FAILED CHIP (* o 1 INTERFACE CONTROL FAIL RUNG
RAMCK 5 ( ABE BITE PROCESSING) (IDLE MODE BITE PROCESSING) * DR6BER’ CBH1, 2, OR 3 2 MCPC OUT OF TOLERANCE RUNG
2 RAMCK 6 ey @ COPIES *CBL,M' TO GPC TRANSMIT PAGE (*T36L.M")
ATER s 3IN-FILTERS BITE STATUS REGISTER LSB (*BOL') @ CLEARS EE FAIL BITE BATI(*R0CE%) IE ARN 1S (DMC RECEIVE WORD 6 BITE) @ SETS INTERFACE CONTROL FAIL (*BOL1") IF ANY 3 NADC.OUT OF TOLERANCE FUNG
MRER 14 @ CLEARS ABE RUNG/FAIL FLAGS (*ARF') IF NOT SELECTED (*FRL4' AND *FRLS*=0) OR FOR ‘ BT3ER’ BITS IN *CBL' OR *CBM', EXCEPT CPU TEST CPUBER e |4
e " NO ABE FAIL BITS SET IN THE BITE STATUS 25 FRAMES AFTER AN ARM IS SELECTED (APPROX @ CALLED ONCE PER MCIU FRAME e e ("CBMS*), FOR 6 CONSECUTIVE CYCLES 5 NOTEr 1. FOR ORAING REFERENCES SEE TABLE 14-1
ReToER 18 STATUS REGISTER (*B0OL2-7") 1 SEC) @ READS D&C RETURN WORD 6 (TEST WORD) FROM HERMI ! ING) 3 NOT USED 4
MRER 15 @ SETS ‘ ABE FAILURE WARNING' (*T40L2') IF THE DC DIGITAL INTERFACE. @ 3N-FILTERS BITE STATUS REGISTER MSB (*BOM') 7
ATER 6 ANY ABE FAIL BITS (*BOL2-7*) ARE SET FOR @ COMPARES RETURN WORD WITH THE TEST WORD @ WHEN THERMISTOR 3N FAIL FLAG SET FOR - vi 8
st - THREE CONSECUTIVE CYCLES (ALSO SEE ‘DTLER') = = STORED IN PAGE O. IF MISCOMPARE, SETS 3 CONSECUTIVE CYCLES (*RF8'=1)s BT3ER S tEl ALAT NG
ATER 7 @ SETS ‘ABE COMM FAIL’ (*CTOL1") IF *BOLG" BT2ER DUC COMMUNICATION FAIL FLAG (*BOME") © SETS CHECK CRT CAUTION (*RF2*) W10 B1TE PROGESSINGY s g e
FRER 1 IS SET FOR THREE CONSECUTIVE CYCLES, WHICH (EE BITE PROCESSING) SETS MASTER ALARM FLAG (*RFS*) IF NOT 3 GPC ALARM RUNG
: BTIER o RESULTS IN AUTO SAFING @ 3N - FILTERS BITE STATUS REGISTER LSB (*BOL') ' FAEVIOUSLY MMANCIATED O MHEN_INTERTACE CONTROL FAIL:*BOLLY), 13 EY, 4 GPC FAILURE MODE
—— AR i @ SETS 'MASTER ALARM FLAG' (*RF5') IF NOT - - @ @ SETS THERMISTOR ALARM RUNG FLAG (*RFT*) FOR 3 CONSECUTIVE CYCLESH 8 | ASTER ALAGH. FLAG
XRETBER & PREVIOUSLY ANNUNCIATED BT3ER F NOT PREVIOUSLY ANNUNCIATED SETS MCIU FAILURE WARNING TOL4" ) 6 DAC ALARM RUNG
BT2ER 0 DG BITE PROCESSING) @ OTHERNISE, RESETS *RFT* SR I AR VRNID-1L Tt 7 THERMISTOR ALARM RUNG
e . @ NOTEs ANNUNCIATION OF ABE FAILURES IS BASED — (MCIU BITE PROCESSING) SETS MASTER ALARM (*RFS') IF NOT e
Arien o g«T:n Txg:nTloﬂuéan‘«Euzgnogcs:;' 1{::0:“ BT3ER @ SETS D&C COMM FAIL (*BOME') IF D&C PARITY @ WAEN MADC OR MCPC OUT OF TOLERANCE (*BOM2,3') ::S;I?g:“ ANNUNC I ATED
1. AN A RS, FAIL FLAG (*FRLT*) 1S SET IS SET FOR 3 CONSECUTIVE CYCLE! ALARM RUNG (*MRF1®) S| GNA’
Al o 10 BIT REMAINS SET UNLESS THE FAILURE GOES AWAY. (EE'BITE PRACESSING) @ 3N-FILTERS BITE STATUS REGISTER MSB (*BOM') @ ® SETS HCIU FAILURE WARNING (* CTOL4") TURE DATE MATIOL ARASTIS WO SPAC AN STRAT o
e o THEREFORE, SUBSEQUENT ABE FAILURES OF THE @ 3N-FILTERS BITE STATUS REGISTER (*BOM') @ WHEN *BOM6' IS SET FOR 3 CONSECUTIVE CYCLESH @ SETS MCIU FAILURE WARNING (* T40M8") DSGN_VIC ORTIZ 6/12/87
il 2 SAME TYPE ON A DIFFERENT JOINT WILL NOT BE @ WHEN 'EE FAIL' FLAG SET FOR THREE SETS *CHECK CRT CAUTION (*RF2') SETS MASTER ALARM (*RFS') IF NOT =
1 b i Amcva‘I:SI’nr?memz , .c:uggsuwézccvmésg vs:u;:: -(ner , ° :szs m:zsﬁ :l'.‘cng (-':;5'1 IF NOT PREVIOUSLY ANNUNCIATED
*BOLZ ), S * CHECK CRT CAUTI *RF2* REV | ANNUNC | A @ @ SETS CORRESPONDING ALARM RUNG
T:ﬁ:‘ 5 9 8 j:e ::IILIIB:I;:.Q . ’s_;: w;sme ALARM’ FLAG (*RFS') [F NOT . @ SETS DLC ALARM G FLAG (*RFE') FLAG (*MRF2,3) i ‘R;“m ":J;ERR SMYCNICUI RF IRRMNTAREE
*BOL4), 10USLY ANNUNCIATED THERWISE, RESETS (*RF6") ENGR
© @ MDA FAIL (*BOLS'), OR @ SETS ' EEEU ALARM RUNG' FLAG (*RF1") IF i 2 1/11/04 OUTIN
TACH FAIL (*BOLT*) NOT PREVIOUSLY ANNUNCIATED APP, = & LAyl ol
@ OTHERWISE, RESETS 'RF1* o e
A Y Yi4/gq | SPACE swutTLE
OMNIPLAN S £ &omtretl | 70- 59 ALL 14. 8
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DATEs 07/11/89 | NAMEs JMB | VERSIONs INKiS : TR T T TR
) o INKy
: DECIMAL RAM M E M O RY MAP DATEr 07/05/89 | NAMEr BCH | VERSIOMI BP7s3
: BYTES o 128 256 384 512 640 768 896 1024 DATE: 07/11/89 | NAMEr JMB | VERSIONt INKiS
H PAGE O PAGE 1 PAGE 2 PAGE 3 PAGE 4 PAGE 5 PAGE 6 PAGE 1
]
H FLAGS, COUNTERS, GPC RECEIVE GPC TRANSMIT GPC RECEIVE GPC TRANSHIT DEVICE SELECT DEVICE SELECT
H ADDRESSES NOT USED TABLE TABLE (CONT)
] ( TEMPORARY Ll
H bty (45 16-BIT WORDS) | (45 16-BIT WORDS) | (45 16-BIT WORDS) | (45 16-BIT WORDS) TABLE
HEX
] ADDRESS 0 80
100 180 200 260 300 380 400
L)
ROM MEMO .
EMORY MAP H PAGE 0 PAGES 1 & 3 (GPC TO MCIU) PAGES 2 & 4 (MCIU TO GPC) PAGE 7
[}
HEX ROUT INE DESCRIPTION HEX BYTE DESCRIPTION T
END EFFECTOR MICROSWITCH STATUS END EFFECTOR STATUS TABLE * EETAB'
| Aooress  _wawe ] : __ ADDRESS  NAME e oW _ _ _ DEST DESCRIPTION FW ADDRESS( ES) HS1D ROW SOURCE DESCRIPTION F¥ ADDRESS( ES) HsID
000 POOL M sy STack 646 oRD ipiess 1 SPARE ROL, M 1 HCIU BITE STATUS REGISTER (OLD) BOL,BOM  V54H3402J INPUT FROM * EESTAT* OUTPUT TO EE AND TO BITE SEQUENCE | IN HEX
565 POTR SOER-DN TN 2 SPARE RILM 2 Heiu BITE STATUS REGISTER TOLM  BOL,BOM  V54M3402J
180 £0BIR e L L ] 21 [ DWC WORD ADDRESS 3 SPARE 3 Heiu BITE STATUS REGISTER TILM  BOL,BOM  V54M3402J (ASARSEARRAERR plrjelojalslelt w | w
22F SYNCIR SYNCHRONOUS INTERRUPT ] 22 GOt DMA TRANSMIT PAGE POINTER 4 SPARE 4 Meiu BITE STATUS REGISTER T2L,M  BOL,BOM  V54M3402J g s|2
55 Soinen BOUERLOH INITSALFZAT (6 HOBE H 23 oPT PROGRAM TRANSMIT PAGE POINTER 5 ABE WRR RATE DEMAND ATOL,M  V54M3305P 5  ABE SHY ENCODER OUTPUT T3LM  AROL.M V54H2205) a b5 E|bw H P =
8 onER OPC RECEIVE H 24 RABSUB RAM BYTE SUBCOMMUTATION COUNTER 6 ABE WRR CURRENT LIMIT + RATE DMD 1D ATILLM  V54M3306P 6 ABE SHY TACH OUTPUT, FLAGS TALLH  ARILM V54M3406P glg|x” a S |E8|lw |w |¥ |3 S|&|ag|®
100 FRER DISCRETE FLAG RECEIVE H 25 LART NOT USED 7 ABE WRY RATE DEMAND AT2L,M  V54M3307P 7 ABE SHY FAIL FLAGS, SHL BR REL TSLM  AR2L,M V54M3407P wlw|%8| 5|2 |5.]%8] 2 wlzulzolBel2elee]|c8] @ ole |E8|<
40F ERER £EE RECEIVE 26 GPR PROGRAM RECEIVE PAGE POINTER 8 ABE WRY CURRENT LIMIT ATILM  V54M330BP 8 ABE SHP ENCODER OUTPUT TEL, M AR3L.M V54H23050 B EE B R EH EE v (58|58 |85|28(c58|z°] 5|518=z|%5
445 SAFER SAFING ENABLE (MCIU SAFING) [ ] 21 GOR DMA RECEIVE PAGE POINTER 9 ABE WRP RATE DEMAND ATAL,M  V54K2500J 9 ABE SHP TACH OUTPUT, FLAGS TILM  ARALM V54M3409P S| & |25 S| = |28|=23| & = |88|3d|S |8 |z |8 3 = | % ||s=paie
478 SRER DAC RECEIVE M 28 WTCHDG WATCHDOG TIMER 10 ABE WRP CURRENT LIMIT ATSL,M  V54K25104 10 ABE SHP FAIL FLAGS TEL, M ARSL,M V54M3410P
480 FTER DISCRETE FLAG TRANSHIT [ 29 NROF NO OF ROM FAILURES COUNTER 11 2 ABE ELP RATE DEMAND AT6L,M  V54K2400J 11 ABE ELP ENCODER OUTPUT TOLM  ARGL,H V54H2405J o g g g g o ejojofjrjojoraje 0o | 12
487 DTOER DAC TRANSHIT WORD O 25 MRAE NO.OF RAM.FAILURES: GOUNTER 12 ABE ELP CURRENT LIMIT ATTLM  V54K24100 12 (18)4  ABE ELP TACH OUTPUT, FLAGS TIOL M ARTL,H V54M3412P 9 1 [F====et oo o ripyfoq o0 pssssts 5o |18
492 DTSER DAC TRANSHIT WORD 5 . 28 PATTERN RAM BITE TEST WORD 13 ABE SHP RATE DEMAND ATBL,M  V54K2300J 13 ABE ELP FAIL FLAGS TIILM  ARBLM V54M3413P g g g g : ‘: ojojojolojol]ijo 02 | 0z
481 DT6ER DMC TRANSHIT WORD 6 ] 2 AT RAM TEST PAGE POINTER . 14 ABE SHP CURRENT LIMIT ATSL,H  V54K2310J 14 ABE WRP ENCODER OUTPUT T12L, M ARSL,M V54H2505) slalelElals ojojojojijojojo 03 | 08
ac2 DTER DLC TRANSMIT [ ] 20 AsT RAM TEST BLOCK POINTER 15 ABE SHY RATE DEMAND ATAL,M  V54K22004 15 ABE WRP TACH OUTPUT, FLAGS TI3L,M  ARAL,M V54M3415P s 181 : i gjlojojlsjoqolalo 04 | 12
405 DT1ER DLC TRANSHIT WORD 1 2 25 Po76 FLIP OF Pcs7 16 ABE SHY CURRENT LIMIT ATBL,M  V54K2210J 16 ABE WRP FAIL FLAGS TI4L M ARBL,M V54M3416P slhalis : A ; """ 9 g g ; g g 1 |10 pEssSns 6 o5 )12
4E1 DRGBER DAC RECEIVE WORD 6 BITE H 2F P67 PAGE 6 OR 7 RAM TEST PAGE POINTER 17 SPARE 17 ABE WRY ENCODER OUTPUT TI5L,M  ARCL, M V54H26054 slolelalsli ! o b tlo 06 | 82
500 ARER ABE RECE IVE 30 RACHKS RAM CHECKSUM 18 SPARE 18 ABE WRY TACH OUTPUT, FLAGS TI6LM  ARDL,H V54M3418P ! el ofty)o o1 | ez
500 ARBER ABE RECEIVE BITE L} ” RAPL RAM TEST ADDRESS POINTER 19 SPARE 18 ABE WRY FAIL FLAGS TITLM  AREL,M V54M3419P ojojtjojojeo ojofoftjpojolfi}o o8 | 12
SiE ae ABE TRARENIY M 32 ROCHKS ROM CHECKSUM 20 SPARE 20 ABE WRR ENCODER OUTPUT TIBLLM  ARFL,M V54H2705J eloprjo]olt £ haqorptjce]o] onpo 03 | 98;
5% ACBER ABE COMMONT CATIONS BITE H 33 EE3N END EFFECTOR 3N FILTER 21 SPARE 21 ABE WRR TACH OUTPUT, FLAGS TISLM  ARGL,M Vs4m3421P ol oo ole]|loleqgelioe] sy o | g2
544 AC19ER ABE COMMUNICATIONS WORD 19 H A toLe |DLE MODE COUNTER 22 SPARE 22 L ase WRR FAIL FLAGS, EEEU BITE T20L, M ARHL, M V54M3422P srel syl sletelapelerels 08 | 88
S4E CTER FAILURE DETECTOR CIRCUIT TRANSMIT 38 LLow L REGISTER LOWER BYTE 23 SPARE 23 MADC SPARE ANALOG CHANNELS T21L, M MROL, MRIL 0 tloflo]t]|o oc | 12
580 HRER HADC RECEIVE L} 3% Lhion L REGISTER UPPER BYTE 24 SPARE 24 HADC THC X, THC Y T22L,M  MRAL,MRBL  VS4MA324P g o Lipagoog s tlojofrjojojajo o0 | 92
588 MRBER MADC RECEIVE BITE | 37 CPUSUB NO OF CPU FAILURES COUNTER 25 SPARE 25 MADC THC Z, RHC PITCH T23L,M  MRCL,MROL  V54M3425P oo 1 1 1 o 1 o ] ] ] o 1 0 0E | 82
s9C TBER THERMISTOR BITE M 3 Irct THERMISTORUFAIL COONY 26 SPARE 26 MADC RHC YAW, ROLL T24L, M MREL,MRFL  V54M3426P ol inEy] ]y ilojefjofojol]io oF | 82
5A6 TRER THERMISTOR RECE |VE H ;: ;:f:zm :coTuuzsan JoENTIF 1ER 21 SPARE 27 48 MADC THERMISTOR TEMP, |DENT T25L,M  HROL, M V54M3427P g : g g g ‘: g g g : ‘:‘ g ; g P :? ::
600 ETBER EE TRANSMIT BITE i 28 SPARE 28 HADC THERMISTOR TEMP, [DENT T26L,H  HRIL, M V54M3428P
680 BT1ER BITE ] ;o) CSH CBSR SAMPLE AND HOLD COUNTER 29 paC ADDRESS FIELD, DATA FIELD DTOL M 29 MADC THERMISTOR TEMP, |DENT T2TL,M  HR2L, M V54M3429P Spijojorsjo olojojojojrjrjo 6 | 2| 12|06
63 BT3ER BITE [} 3% cro FAILUIRE DETECYION NORD LSB 30 oac ADDRESS FIELD, DATA FIELD DTIL M 30 HADC THERMISTOR TEMP, |DENT T28L,H  HR3L,M V54M3430P gysjofolalt ojojojoltltjoejo s[3]3]oc
12 BT2ER BITE H 30 cTOM FAILURE DETECTION WORD MSB 31 DaC ADDRESS FIELD, DATA FIELD DT2L, M 31 DAC ADDRESS FIELD, DATA FIELD T29L,M  DROL,M V54M3431P gt ] oo tlojoltjojol1t]o 14 ] 82
820 GTER GRC TRANSHIT POWER-ON TABLE { 3E oTSL EESTAT (EE MSW, SHL BR REL) 32 [ ADDRESS FIELD, SPARE DT3L,H 32 DAC ADDRESS FIELD, DATA FIELD TI0LM  DRILM V54M3432P oft]olt]of1 tfolo]lt]oflof1fo 15 | 92
851 INRABER INITIALIZE RAW BITE [ ] (POTAB) 3F DTSH GPC DATA FAIL, SAFING, BRAKES ON 33 DAC ADDRESS FIELD, SPARE DT4LH 33 DAC ADDRESS FIELD, DATA FIELD T3IL M DR2L M V54M3433P g 1 g t11]o tjojojojof s} 1}o 16 | 86
880 RABER RAM BITE [} 40 oT6L DLC TEST WORD LSB 34 oac ADDRESS FIELD, EE VECT VEL CMD DTTL,M 34 (m< pac ADDRESS FIELD, DATA FIELD T32L,M  DR3LM V54M3434P s 1 L IR I3 1lojojelogigjo 17 | &6
8E3 IR6TBER. INITIALIZE RAM 6 & 7 BITE [ ] 4l oren OMC TEST WORD MSB 35 & ADDRESS FIELD, EE VECT VEL ACT DTBL M 35 DaC ADDRESS FIELD, DATA FIELD TI3LM DRALM V54M3435P st eqel sjojojsjojolsjo 18 | 12
900 RETBER RAN'S'S T BITE H 2 cBL MICROCOMPUTER BITE STATUS REGISTER (BSR) LSB 3% (154 DA ADDRESS FIELD, MON WORD ® 1 DTSLLM 3% e ADDRESS FIELD, SPARE TMLH  DRSLLM ot 1t]ofo] tlololtlstfofo]o 13 | 98
910 XR6TBER EXIT RAM 6 & 7 BITE H 43 cB HICROCOMPUTER BITE STATUS REGISTER (BSR) MSB 37 DAC ADDRESS FIELD, MON WORD ® 1A DTAL,H 37 ot ADDRESS FIELD, DAC TEST WORD T3SL, M DRGL,M g : : g : ‘l’ [FESE2EE ‘: ; g g ‘: g ; g s I :; ;5
4 44 FTL DESCRETE FLAG TRANSHIT (PDC O/P) 38 uC ADDRESS FIELD, HON WORD ® 2 DTBL. M 38 He1u MICROCOMPUTER
92€ INTER INTERRUPT ENABLE . . BITE T36L, M CBL, CBM
92F BACKER BACKGROUND [ 45 FRL DESCRETE FLAG RECEIVE LSB (PDC I/P) 39 DUC ADDRESS FIELD, MON WORD ® 24 DTCLLM 39 SPARE TSTLM ot ]t 1]o]o tfololt]ofofis]o 1c | 92
98E ROBER ROM BITE M 46 FRM DESCRETE FLAG RECEIVE MSB (PDC I/P) 10 DMC ADDRESS FIELD, MON WORD 3 OTOL, M 0 SPARE T3BL M ol st t]o] tfolJolt]oflofifo 10| 92
a6 CPUBER oPU BITE H a7 RF RUNG/FAIL FLAGS 4 oac ADDRESS FIELD, MON WORD ® 3A OTEL, M 4 SPARE TS M oft ]t sfu1]o tfolo]loloflo|t]o 1€ | 82
coo SYNCIR SYNCHRONOUS INTERRUPT ( CONT D) H 48 ARF ABE RUNG/FAIL FLAGS 42 DAC ADDRESS FIELD, MON WORD ® 4 DTFL. M 42 MCIU FLAGS, EE MSW IND T4OL, M V54H3442P ‘: é ; zlz ; ; tlofojofofolf1ty]o 1F | 82
b b TTIAL IR AN CorC L1 ST S T TRIFRANE) 49 MRF MCIU RUNG FLAGS 43 DAC ADDRESS FIELD, MON WORD ® 4A DTGL, M 43 MCIU EE DRIVE COMMANDS TAIL M V54M3443P elzl 2 ylopo gyl ogogelo 20 | s0
it i INiTIALI7E Rk Cileen [ 4A IFL INTERNAL FLAGS LSB 44 SPARE R43L. M 44 GPC/MCIU RATE DMD 1D, MCIU FRAME 1D T42L, M V54M3444P ! 9Nk ==jojofoeflajolgiofo ==] 2 21 | 18
c80 AMCK i 48 IFH INTERNAL FLAGS MSB 45 opc GPC/MCIU TEST WORD R44L, M 45 oPC GPC/MCIU TEST WORD TA3LH tloJolo]|t]o tlololoflofofo]fo 22 | 80
RAMC) AM ADDRESS CHECK g iy B AT aen e pn tfolofof t] oflofolo]1t]olofo 23 | o8
ccA CABR AUTO BRAKES [
" BOM E . S8 tlololt]ofo tlolJo]lt]oflofofo 24 | 90
000 RAMCK1 RAM ADDRESS CHECK (F INAL) H
4€ BIL CE . CIN FILTERED) LSB tlofol v o] st pemmm~=lofo|t|1]o]o]o|]ofpmmmmuef |7 ]25]30
beg Rasen BM T H pod 6 S % 2 LN FICTEAE: fn wores ABE RECEIVE WORDS tlolofs]1]o tfo]Jo]lololofofo 2 | 80
50 B2L v - (2N FILTERED) LSI * A tfofjof 1| tjfoflofofofofolo 21 | 80
F00 0ST6 DEVICE SELECT TABLE (PAGE 6) [} & ot .o . it 1. DMC ADDRESS FIELD (BITS 4-8 OF MSB) INSERTED BY FIRMWARE L ==\ tlol1]olofo tfofo]lt]olofofo 28 | s0
F80 0sT? DEVICE SELECT TABLE (PAGE T) [ ] i @ I 2. 17 WORDS TRANSMITTED TO D&C WITH WORDS *DTS' AND *DT6* READ FROM PAGE O " " /0 . . . s . . " /0 . . " /e . " " /e . 1 ]o 1 ol o
Fco EETAB END EFFECTOR STATUS TABLE M 52 B3N (3N FILTERED) LSB TAL' /" ARIL TSL* /* AR2L T8L" /" ARSL T11L*/* ARBL T13L" /" ARAL 1 tjofofst)ptfofolo 29 | 98
53 B3NM o » L (3N FILTERED) MSB t)o 1 0 1 o 1 ofojojrofojolto 2A | 80
FFF LAST STATEMENT H & oo THERHISTOR YALLIE 3 RANES Glo Beb BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER 1ol v ]o] |1 t1lolololst|ofo]o 28 | 88
. tlo]lt]1]ofo 1lo]o [
[} o s ; VERJFIER (3 TS oo 13 1 SHY FWD/BACK DRIVE FLAG 1 SPARE 1 SPARE 1 SPARE 1 VRP FWD/BACK DRIVE FLAG v lolslslo] tleneslaletalsls b (4
[ X 2 SHY CURRENT LIMIT 2 SHY SPA COMM FAIL 2 SHP SPA COMM FAIL 2 ELP SPA COMM FAIL 2 WRP CURRENT LIMIT 1ol sl il i ]o
51 TR2L IDENTIFIER (2 FRAMES OLD) LSB 1 olo ojojojofo 2E | 80
M 28 Bl . VALE I e 3 SPARE 3 SHY SPA 28V FAIL 3 SHP SPA 28V FAIL 3 ELP SPA 28V FAIL 3 PAYLOAD CAPTURED ilol il i ]y t]lololelolo]lol]o i o]
: 4 SPARE 4 SPARE 4 SHL JPC FAIL 4 SPARE 4 EE EXTENDED ililololo]o t]olo H
[ 59 TRIL IDENTIFIER (1 FRAME OLD) LSB 1 ofo]o 30 | s0
H TR S TRokt 5 5 5 SHY MDA FAIL 5 SHP MDA FAIL 5 ELP MDA FAIL 5 tlilololo] s boeeeclololol il i]lolo]lobamaaaa]s =
6 | suovaw 6 SPARE 6 SPARE 6 SPARE s L wrpitch
1. LSB = LEAST SIGNIFICANT BYTE 58 TROL * IDENTIFIER LSB ( THIDENT) t1tr)pofo tlo t1ofofofof]olfo 32 | 84
: B ROt ST TEART R Lsc o — 1 7 Taow outeur 1 00 ThH FAIL T She TAcH FAIL T ELP TAcH FAIL 1 f vaesioueut tlilolol 1] ¢ kessnas olololalilclslokbesssss 4 i [
50 ABOL-ABBM 12 ABE TRANSHMIT WORDS 1 tlo 1 ol o 1 ofo 1 olofojo 34 | 90
2. THE POMER-ON TABLE
M 75 sPo tft]olt]of: tlofolit]ololofo 35 | 90
(POTAB) IS INITIALLY LOADED
of 1| 1o tlofolo]lo|1]o]o 36 | 84
] INTO PAGE O DURING ’POIR’ 42 SEL 114
7 sP2 SCRATCH = T - = " - 1o oot 1]Jofolo]of1]o]o 37 | 84
1 7 5 o e TAM /' ARIM' *T5M'/* ARZM' *TBM/* ARSM TLIM'/* ARBM TTI3M /" ARAM' tlildlelalsn tlealelalalalags ] 1
: L] s A BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAHETER BIT PARAMETER A RAEY L k- el 2latalletele Pla
LAG!
vl a]o] ] tfofololr]ofofo 38 | 88
M 1 1 1 1 1
2 2 2 2 2 1] ifo]o tfofo]lt]ololofo ac | so
[}
3 3 3 3 3 P S N I O t]Jofolt]ofo]o]o 30 | %0
SH YAW WR PITCH sl il o 0
: : R S e o Pl -, fi]i]i] i) ele]efefefe]e x|
6 a 6 6 6 : 2
: COMPUTER BITE STATUS ABE TRANSHIT: WoRDS 7 7 1 7 7 NOTESH
H FAILURE DETECT ION CIRCUIT REGISTER (CBSR) DISCRETE INPUTS INTERNAL FLAGS I \ 8 8 SHL BR REL IND 8 EXTERNAL FLAG ( SPARE) 8 EXTERNAL FLAG ( SPARE) 8 1. THE *EESTAT® ADDRESS IS COMPOSED OF THE SIX END EFFECTOR MICROSWITCH STATUS INDICATIONS.
. . . . . . . z : 5 v e = . o A THE BITS HAVE BEEN SHIFTED TWO PLACES TO THE RIGHT TO CLEAR BITS 7 AND 8 (SEE *DTSL').
[} *cToL CBL . FRM IFL ' R4L*/* ATOL RSL* /" ATIL R7L* /" AT3L T o SN TR PO e THE DERIGID MSW HAS ALREADY BEEN INVERTED IN *ERER" . R (SRR
) CTIT/*ARE CWRY) J PER" .
: BIT PARAMETER. BIT PARAMETER BIT PARAHETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER *T10°/*ART" (ELP) ABE{RECEIVEINORDS DAC RECE|VE WORDS 2. THE END EFFECTOR BITE AND AUTO CAPTURE/RELEASE LOGIC ARE DERIVED FROM THE PAGE 7 EE STATUS
: 1 18t com FarLune T ROHADORESS/000LIFE. i SN T 656 EUIL FLkE : e i r N N TABLE (" EETAB') BASED UPON THE *EESTAT' ADDRESS. EETAB IS LOADED INTO PAGE 7 DURING *POIR'.
HECK CRT CAUTION 2 ROM ADDRESS 200-3FF 2 SPARE 2 1/F CONT FAIL FLAG 2 2 2 " T16L' /" ARDL" *T19L*/* ARGL® T T20L" /* ARHL® T T29L*/* DROL® *T30L' /' DRIL® 3. A “1° IN THE BITE COLUMN (*EETABB") INDICATES AN INVALID EE MSW COMBINATION. THIS WILL
: 3 MASTER ALARM 3 ROM ADDRESS 400-SFF 3 SPARE 3 ARM PW AND NOT POIM 3 " SPARES 3 3 Ri RESULT IN AN “EE FAIL’ ANNUNCIATION AND WILL TERMINATE AN EE AUTO SEQUENCE.
4 MCIU FAILURE 4 ROM ADDRESS 600-7FF 4 SPARE 4 BLOCK VALID RECEIVE 4 4 4 BIT PARAMETER BIT PARAHETER BIT PARAMETER BIT PARANETER BIT PARAMETER - p . . _
H 5. DERIGIDIZE. MO S NOH ADDRESS. 800 5EF § SPAtE § Moot AEEvE : b A Ty 1 b seanes 4. A “1' IN THE *CLEAR CAPTURE MODE' COLUMN ('EETABT') CAUSES TERMINATION OF A NOMINAL AUTO
6 RIGIDIZE CHD & ROM ADDRESS AOO-BFF & GPC COMMUNICATION ERROR 6 TASK RECEIVE DONE & | wr RoLL 6 [ 10enTiFiEr 6 1 WRY FVD/BACK DRIVE FLAG 1 VRR FWD/BACK DRIVE FLAG 1 SPARE 1 PARITY FIELD 1 PARITY FIELD CAPTURS. SEOUENCE.
[} 7 RELEASE CMD 7 ROW. ADDRESS CHO=DFF 7 RECEIVE ‘N PROGRESS 7 DATA UPDATE. TRANSHIT 7 RATE comNiD 3 s 2 WRY CURRENT LIMIT 2 WRR CURRENT LIMIT 2 WRR SPA COMM FAIL 2 MODE SEL - MANUAL PL 2 JOINT SEL - EE TEMP 5. A“1° IN THE *CLEAR RELEASE HODE' COLUMN (*EETABG') CAUSES TERMINATION OF A NOMINAL AUTO
8 8 CAPTIRE CID & ROM ADDRESS EOO-FFF & TRANSMIT  IN. PROGRESS 8 TASK TRANSHIT DONE s u i 3 EE OPEN 3 €€ DERIGIDIZED ( INVERTED) 3 WRR SPA 28V FAIL 3 MODE SEL - MANUAL ORB LD 3 SINGLE/DIRECT DRIVE NEG RELEASE SEQUENCE.
H 4 EE RIGIDIZED 4 £E CLOSED 4 SPARE 4 MODE SEL - MANUAL EE 4 SINGLE/DIRECT DRIVE POS . -
s s S WRR MDA FAIL 5 MODE SEL - MANUAL ORB UNL 5 JOINT SEL - WR ROLL . A 1" IN THE COMMAND COLUMNS (*EETAB2-5') CAUSES THE LISTED COMMAND TO BE ISSUED IN EE AUTO MODE.
: RUNG/FAIL FLAGS 6 | wr vaw 6 | wr ROLL & SPARE & PARAM SEL - TEST 6 JOINT SEL - WR YAW l;:;u::o::g :E:':clzlilzngngz énignmtnTvuz:x Agrgocuvunz MODE, AND CAPTURE AND RIGIDIZE ARE
B " . S DES W B 5 n s = " Py . = = = I | LEA! . TH AN UMNS ARE NOT N %
CTOM * CBM! RF' | FM RAM" /* ATOM RSM* /' ATIM RIM' /* AT3M 1 vacH oureur T [ Tack oureur T VAR TACH FAIL 7 PARAM SEL - RATE P/Y/R 7 JOINT SEL - WR PITCH 13 L £ NOT USED WHEN IN EE MANUAL MODE.
] Al 8 PARAM SEL - ATT P/Y/R 8 JOINT SEL - ELB PITCH 7. THE DEVICE SELECT TABLE (NOT DETAILED HERE) IS LOADED INTO PAGES 6 AND 7 DURING ‘POIR'.
H BIT PARAMETER. BIT PARAMETER BIT PARAMETER. BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER
[} 1 BRAKES ON COMMAND 1 RAM ADDRESS 000-OFF(P 0, 1) 1 EEEU ALARM RUNG 1 NOT FIRST CYCLE FLAG 1 1 1
H 3 UseD on ceu BiTE 3 Ran ADDRESS 200-21r(p 45) | |3 Gre ALARY RONG 3 Chprine SELECT HooE 5| we s 3 [ seanes 3 pseanes " T16M" /* ARDHM® " T19M"/* ARGH' * T20M" /* ARHI' * T29M" /* DROM" “T30M/* DRIM
4 USED FOR CPU BITE 4 RAM ADDRESS 300-3FF(P 6,7) 4 GPC FAILURE MODE 4 THERMISTOR SELECT MODE 4 > RATE COMMAND 4 ) BIT PARAMETER BIT PARAMETER BIT PARAHETER BIT PARAMETER BIT PARAMETER
[ ] DATA WORD BIT CORRESPONDENCE
5 USED FOR CPU BITE 5 CPU TEST CPUBER 5 MASTER ALARM FLAG 5 THERMISTOR PAST BITE FLAG 5 | (12-81T 2''s cowe)
] 6 USED FOR CPU BITE 6 SPARE 6 DC ALARM RUNG 6 SAFING FLAG 6 : V8 ROLL : ¥R YAV, ! ! 1 1 PARAM SEL - POS X/Y/Z 1 JOINT SEL - SH YAW
8 7 USED FOR CPU BITE 7 RAM ADDRESS CHECK FAIL 7 THERMISTOR ALARM RUNG 7 POIM END FLAG 7 7: fFAMRENT LINIT 7 (¥ CURRENT & IBIT & 2 2 8 PARAHSEL - WEL: X(¥/2 2:JOINT SEL ~-SH P1TCH SYNC HCIU ADDRESS HsB Ls8 SEV BITS  PARITY
M 8 USED FOR CPU BITE 8 COMBINED RAM BIT 8 THERMISTOR 3N FAIL FLAG 8 POIM FLAG 8 SIGN BIT 9 J (4BIT BINARY) 85 H4BIT BINARY) 31 wrovav 3| wroroue S 3 PARARSEL =" JOINT ANOLE 3, BRAKES 0N CHO 7 A N - A ~ — A
4 4 4 P SPARES 40 41 —
s TACH OUTPUT TACH OUTPUT
: SQ:E/F::;‘('\;:W . §;:_E/f:::lk(1":g?- : (12-BIT 2'S COMP) : (12-BIT 2'S COMP) : : g :;gRESS 2 g %ga:ss GPC T2l sl s el 7T e sTrol s v ss]vass]se s 1o 1o 20 21 J22[ 23] 24] 25 [ 26 [ 27] 28]
] *R8'/* AT4" ( WRP) PR11* /7 ATT" (ELP) 1 i 7 70 | Fiewo 10 | FiEw Lo slrlelsjajsj2jr]e §1s14f312] 1) (a7 25 pover
8 *R10*/* AT6" ( ELP) *R13"/" ATS" ( SHP) s 8 8 EEEU BITE ( INVERTED) 8.0 80 DMC, ABE, MADC olt]e|s]|4]s|e]r[efo]to]r]12]13f[14]15] STATUS BIT (*FTLS'))
i YR12 /% ATS" ( SHP) DUC TRANSHIT VORDS *RIS* /" ATB® ( SHY) DUC RECEIVE WORDS
*RI4/* ATA ( SHY)
. END_EFFECTOR STATUS DISCRETE OUTPUTS ABE_RUNG/FAIL FLAGS BITE STATUS REGISTER (BSR) r A ~ I — N\ MCIU WORD NOMENCLATURE
: *DTSL" /* EESTAT® “FTL * ARF* *BOL* *R28L' /* DTOL* *R29L' /' DTIL' *R30L'/*DT2L* *T31L'/* DR2L* *T32L' /" DR3L* * T33L"/* DRAL" *T40L' /' RDW 42* *T41L'/*RDW 43 ! NOTESH 1. FOR DRAMING REFERENCES SEE TABLE 14-1
1 ) 1 1 ) )
H BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER iST LETTER ' 240/ LETIER s OBOALETTER gy ATHCLETIER ) 'STHILETTER: j EXAMPLESH
A = ABE R = RECEIVE ! No oF THE WORD ! L = Ls BYTE ! Mo OF THE ! TOL - FIRST (W ) F o
[} 1 NOT USED 1 THERMISTOR RESET 1 NOT USED 1 SPARE . 1 NOT USED 1 NOT USED 1 NOT USED 1 PARITY FIELD 1 PARITY FIELD 1 PARITY FIELD 1 SPARE 1 C = FAIL DETECT CKT ! T = TRANSMIT e p AL R - LA LA B R
5 2 SHOULDER BRACE RELEASED 2 SPARE 2 SPA COMMUTATOR FAIL 2 SPA COMMUTATOR FAIL 2 MASTER ALARM (NOT USED) 2 CONTROL ERROR CAUTION 2 SPARE 2 JOINT SEL - CRIT TEMP 2 PARAM SEL - STBD TEMP 2 SPARE 2 ABE FAILURE WARNING 2 D = D&C (MITH RESPECT | (IN HEX) ' VORD (1-8) | DRSNS - DAC RECEIVE WORD NO 5, HOST
M 3 EE DERIGIDIZED 3 SPARE 3 SPA 28V POWER FAIL 3 SPA 28V POWER FAIL 3 SINGLE MODE IND 3 CHECK CRT (NOT USED) 3 MANUAL ORB LD (ND 3 CONTROL MODE ENTER 3 PARAM SEL - PORT TEMP 3 EE MAN DERIGIDIZE 3 €E DERIGIDIZED 3 | F = DISCRETE FLAG 0 THE MCIUY H H I SIGNIFICANT BYTE, BIT 8
H 4 EE FULLY CLOSED 4 SPARE 4 JPC FAIL 4 JPC FAIL 4 AUTO BRAKES FLAG (NOT DISP) 4 EE RELEASED WARNING 4 MANUAL EE IND 4 MODE SEL - TEST 4 RATE HOLD SEL 4 EE MAN RIGIDIZE 4 EE CLOSED i e I M= MADC H ' H | ATAL - ABE TRANSMIT WORD NO 11, LEAST
5 EE FULLY OPEN 5 POWER STATUS BIT 5 MDA FAIL 5 MDA FAIL 5 TEST MODE IND 5 EE DERIGIDIZED WARNING 5 MANUAL ORB UNL IND 5 MODE SEL - AUTO 4 5 COARSE RATE SEL 5 EE MAN MODE SEL 5 EE OPEN 5 . . . . SIGNIFICANT, BYTE :
6 EE RIGIDIZED 6 SPARE 6 MCIU - ABE COMM FAIL 6 MCIU-ABE COMM FAIL 6 AUTO SEQ NO 4 IND 6 REACH LIMIT CAUTION 6 AUTO SEQUENCE IN PROGRESS & MODE SEL - AUTO 3 6 SAFING CANCEL 6 EE AUTO MODE SEL 6 EE RIGIDIZED 6
[ 7 PAYLOAD CAPTURED 7 SPARE 7 TACHOMETER FAIL 7 TACHOMETER FAIL 7 AUTO SEQ NO 3 IND 7 SINGULARITY CAUT(ON 7 AUTO SEQUENCE READY 7 MODE SEL - AUTO 2 7 SAFING INITIATE 7 STBD SHL BR SEL 7 PAYLOAD CAPTURED 7
8 8 EE EXTENDED 8 RIP/TIP RESET 8 NOT USED 8 END EFFECTOR FAIL 8 AUTO SEQ NO 2 IND 8 SOFTWARE STOP 8 SPARE 8 MODE SEL - AUTO 1 8 MASTER ALARM RESET 8 PORT SHL BR SEL 8 EE EXTENDED 8 GPC WORD NOMENCLATURE:
[}
DISCRETE |NPUTS MCIU RUNG FLAGS - CV - GPC COMMAND WORD
8 3 - COW ~ GPC COMMAND DATA WORD (DATA FROM GPC)
: DT5M FRL * MRF* " BOM" " R28M' /" DTOM" " R29M' /" DTIM" ' R30M' /* DT2M" " T31M' /" DR2M" * T32M' /* DR3M* " T33M" /' DR4M* * T40M' /" RDW 42" *T41M' /" RDW 43" DW= RESPONSE' DATA! WORD tDATA T0.GPC):
BIT PARAMETER BIT PARAMETER BIT PARAETER BIT PARAMETER BIT PARAMETER B T e
H ETE Bl PARAMETER BIT PARAMETER 8IT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARAMETER BIT PARANETER ' rer ermen ! woteren ' soiemer ' a ermen ! eoneLes S |GNATURE DATE rioL TICe 0 B emathrion
M 1 ALL BRAKES ON 1 ALL BRAKES ON 1 INTERFACE CONTROL FAIL 1 INTERFACE CONTROL FAIL 1 AUTO SEQ NO 1 IND 1 PORT TEMP CAUTION 1 MIN RATE IND 1 MODE SEL - OPR CMD 1 SPARE 1 SPARE 1 ALL BRAKES ON 1 X 1 1 : 1 EXAP<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>