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ABCRT GUIDANCE SECTICN,

GUIDANCE, NAVICATION AND CONTRQL SUBSYSTEM,

DESIGN CONTROL SPECIFICATION FOR

1 SCOFE

1.1 Scope. - This specification establishes the general
fest and performance requirements for the Abort Guidance Sonfwnn_(AFQX

G5 ),
which forms a part of the Guidance, Navigation and C:nurol Subsystem

a
" (GN and C) for use in the Lunar Module {IM) of the A.ollo Spacecraft.

.

1.2 » Eouioment Breakdown. - The AGS shall consist of the
1lowing asgembl
1.2.1 "~ Abort Sensor fcssembly (ASA). - The ASA shall consist
of three strapped-down pulse rebalanced rate integrating gyros and three

strapred-down pulse rebalanced accelerometers. The ASA shall be capable of
sensing accelerations along the vehicle axes and angular ratzs atout the
vehicle axes. The detailed requirements of the ASA are delineated in
LSP-300-37.

1.2.2 Abort Elec s As
a magnetic core memory with a carn
of fulfilling all the computati requ
requirements of the AEA are de ed i

2ta En

]

1.2.3
consist of a keyboard elect
The DEDA tshall be capable of contrq;llnn AGS m
ation, 1qsert1ng data into the AFA memory and 41
an AFA memory location on the LilA numerical diszp
ments of the DEDA are delinezted in LSP-300-39.

L
’1 d‘
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2 APPLICABLE DOCUMENTS

2-1 Grurman Documents. - The following Grumman documents
form a part of this specification to the extent specified herein.

SPECIFICATIONS
Number Title
LSP-300-33 Mrort Electronics Assembly, Guidance,
. Navigation and Control Subsystem, Design
Control Specification for
ILSP-300-37 Aport Censor Assembly, Guidance, Navigation
' and Control Subeystem, Design Control
Specification for
LSP-300-39 * " Data Entry and Display Assembly, Guidance,
. . Navigation and Control Subsystem, Design
Control Specification for
Drawings
L5C300-300 Meort Guidancs Section, Guidance, Navigation
and Control, Specification Control Drawing
for
3 REQUIREMENTS
3.1 Geaersl AGS Performance. - The AGS chall be ca able
of performing the following during the I¥ mission:

3.1.1 Provide guidance Lunctiony wihich will recult in a LV/CuM
rendezvous from any point in thz 1M micsion, r trzjectory, vehicle,
data availability, and enviromnental oqditidns and dispersions as speci-
fied in Section 2.2, The following reg.irements shall apply under the
stated cocnditions: '

O

c
€
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3.1.1.1 For aborts prior to powered descent, a direct intercept
transfer or a concentric orbit sequence capability shall be provided, as
described below.

3.1.1.2 For aborts subsequent to .the start of powered descent
and prior to the end of powered ascent, the AGS shall have the capability of
inserting the IM initially iIntc an elliptical orbit. After incertion into
.the elliptical corbit, a series of concentric rendezvous burns thall be per-
formed ag decscribed below resulting in an intercept trajectory passing
through the CSM.. The AGS will perform mideccurse corrections based upor
Rendezvous Padar (RR) navigation update as specified in paragraph 3.3.2.8.
and/or CSM/MEFI update as specified in 3.2.11.2.

3.1.1.3 For aburts af'ter the end ot powered ascent, the A3S
shall either complete the unfiniched concentric rendezvous burns or '
rerform 2 direct transfer intercert burn, as decerited below.

2.1.2 Guidance Procrams. - The sbove abort missions shall be
performed using the following four btasic guldance programs.

3.1.2.1 Orbit Insertion. - The insertion targeting raremeters
will be fixed quantities specified before flight. These quontiities will be
turnout lt tude, altitude rate, and horizontal velocity., The AGS shall steer
the IM into the CSM orbital plane during the ¢ : to orbit.
The powered ascent time shall be cupplied Trow e external scurce. (i.e.
C8M or w:rn} Dd th maximum out-of-rlane ancle ot lzunch ehell be as

3.1.2.2 Coslliptic Pendezvous. - O
burnout, the astronaut will celect tne C
the DEDA. t a specifi~d AGS absolute time
naut), a horizontal (thrust vector along local
S=quence Initiate (CSI) burn of flexible m=cnitu

(]
o)
D
H
l_l
"

D

Yyt

magnitude of this burn will be determined fronm
FPIGURE 1A, A fixed inertial line (referenced
ence frerz) will be chogen before flizht. The parsmeters deflnlnr this
line (purcrebers required for computing the CSI burn) will be A, {the
angle betwsen the projection of the LM-CEM LCS on the X-Z inertial plan
and the 1M local horizontal\, and the abeclute tire of the IM crossing the
inertial line. Thez:= varamsizsres will be obtainsd from an external scurce
(CSM or MOFW) and in:.% via the DEDA. '

1 Thrust constrained to point in forward direction

Eng 2003 5-66
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An intermediate req.irement of the coelliptic
rendezvous program is that the IM reach this inertial line coincident
with the CSM arrival at this line. Thus, the CSI burn is calculated
to reach a desired appcynthion altitude such that if the IM were to per-
form a Constant Deltal Maneuver (CDH) at this apocynthion altitude, the
subsequent time in the coelliptic orbit to the defined line plus the
previous time from the CSI burn to apocynthion is equal to the CSM time
from its position at CSI burn time to the came inertisl line. Hence,
the seccnd maneuver in the coelliptic rendezvous program is the CDH
(coelliptic) burn. This burn will be initiated at the predicated
apocynthicn t;mv calculated by the AGS. This time is not to be upda

J-A
U'C s
i.e., the CDH maneuver will be performed at whatever atlitude is present
et the pred La'ed apocynthion time calculated by ths AGS. Ncte that .the

ndezvous sequence will be initiated only if the differential
within prescribed limite, \O nautical miles (this

L
coelliptic re
altitude Dr
rerareter will be isplayed via PR

rzint cheeck (which is performed mznually prior to CSI by displaying
Vo, via tre ‘DEDA utilizing a chart for Delta V direct transfer
and breaking; and knowledge of the Delta V budget) is satisfied. The
intercept transfer will be initiated on & relative IM/CSM line-of-sight
angle with respect to the IM local horizontal. Midcourse corrections
during the intercept trajectory will be performed by the AGS at fixed
ed time from TPL, Tre braking manesuver will be rerformed manually
is not an LGS rpﬂuirewent) acecording to a rredetermined relative

e
€]

=

Q)

CLE LI TTIOT UC ol

3.1.2.3 Direct Intercept. - The AGS cshall have the.capability,
. 7 - . - . L
upon DEDA command of caleulating land €rform:ng) a alrect intercept
tra wsfer at a future specified absolute time prcint. Thi

te his time point,
The transfer time of the direct intercept trejectory will be input
via the elapsed time indicator. '

3.1.2.4 Externzl Delta V. - The AGS will bte implemented to
accept at any time during the 1M miscsion, components of Delta V from an
external sourcs (e.g., MSFW. C8) along the local radius vector (positive
down), horizontal paraliel 52 the OIS0 orbit piane (Fositive forward), and
ncroal to the CSY orbit plane. The pecsitive direction of the third
component iz opposite to the angular momentum vector. The AGS must be
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3.1.2.4 (Continued)

implimented to perform this maneuver utilizing guidance steering, or
manually, utilizing individual body axes jet firing tc null out component
of velocity to be gained along the body axes (while holding vehicle
attitude).

'NOTE: For the programs speci ied above, all burns resulting in a
Delta V of less than 60 fps, shall be performed with the
RCS. For velocity charges greater than 60 fps and les

than 200 fps, elther the main engine or the RCS shall be

used at the crew option. Tor wvelociiy changes greater than
200 fps, the main engine shall be vcpd and alen for the
CS8I and CLH burns (specirled above ) the steering shall be
gach that thrusting is parallel to the CSH purn
steering shall renmove atl residual out-of-ph conditions.

3.1.2.5 Residual Trimning Carubility.- - At termination of
AGS controlled maneuvers utilizing a main engine, the AGS shall be
implemznted (upun astronaut regquest) to null out ingividual bholy axes
components of velocity to be gained.

3.1.3 AGS Functisnal Requirements. - The AGS is required to
provide the following functions :

'3.1.3.1 Navigation, Guidance, Stearing, - Ths AGS is recuired
to pzrform all navigation, ¢ it gaidance, and steering functions
consiztent with the reguiremsnts of this specification.

3.1.3.2 , Attitude Reference "o n inertial refesrence
freme -hich can be used as an =zt i stabilizatizn
during the coasting phases of zaticn and
control during the powered rhas he vehicle
coordinate axes as defined by n 3.3.1.2.2.1.

3.1.3.3 M - ction by utiziz-
1ng TETA inputs, Control hkliect mode switeh
inputs.
Eng 2003 5-66
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3.1.3.4 Time Initialization. - Absolute time shall be initial-

ized through the DEDA, and shall be the difference in current mission
time and a known time bias constant. . Current mission time is denoted by
G.E.I. (ground elapsed time from eatth liftoff), which is the difference
in Current Greenwich lMean Time (GMT) and the GMT of liftoff. Thus, the
AGS abesolute time is GET-K, where K is the time bias constant. Absolute
time shall be inputted via the DEDA in seconds, with a quantization of

10 seconds. '

3.1.3.5 Navigation Initialization. - Provide the necessary
processing of the PGNCS downlink data to extract IM and CSM pasition,
velocity and their associate time of computation., This information will

be used to initialize or update the AGS navigation comonutations upon
command from the DEDA &

uring non-powered flight rhacses of the mission.
IM and CSM initialization or updating capability ic alss t5 be rrovided by
means of ingerting the data directly wia the DEDA,
3.1.3.6 - Telemetry. - Provide the capability of ocutputting
digital data via the telemetry data output channel,
3.1.3.7 Monitoring. - Provide the capability of

furnishing output. -analeg signal to the instrumentioén subsystem
to verify AGS perforwance. :

"'3.1.3.8
the IM Z-axis toward I
the DEDA and using this data for midc s r
reder data inpute will have accuracies vwhich are consistent with the end -
point criteria specified in 3.2.1. ' :

the capability of orientin
3

4= S S ~1m 3
the g range and angle null

:3.1.3.9. Sengor Calibration and Comrensation. -

3.1.3.9.1 Calibration. - The AGS shall have the minimum capability
to calibrate {(measure) ASA giro channel bias (non-acceleraticn se sitive)
drift rate and accelerometer channel bias error under the following mission

phases conditions:

(1) Durin- -re-launch -checkout

(2) During coast flight (lunar orbit)

Eng 200.3 5-66




GRUMIWAN AIRCRAI‘T ENGIN'EERING CORPORATION
Bethpage, L. I, N. Y.
Code Ident. No. 26512

A

SPECIFICATION
-No. - ISP-300-3B

3.1.3.9.1 (Continued)

(2) (3) On the lunar surface

(b) Accelerometer channel bias: ‘ddring coast flight

3.1.3.9.2 - Ceomoencatisn. - The ACS shall have the minimum
capability to compensate for the fnllowing ASA sensor errors during

prelaunch checkout, coast flight and lunar stay;

(a) GCyro channel non-acceleration sensitive drift rate

-~
o
N

X-gyro channel spin axis mass unbalance drift rate

(

(d) Accelerometer channel bias error

) Giro channel scale factor error

[¢]

(e) Accelerometer channel scale factor error

3.1.3.9.3 Error Values. - Thn AGS chall mset
of this zpecification if the values the errors in 3.
(d),(e) are determined at the times ec1f1ed below.

he reguirements

'U HJ
"“ ct
UJ
.

0

N Q
—~
4
~

-

—_
(e}
~—

-

(a) Cyro channel non-azcceleration sensitive {pias} 4rift rate deter-
mined during rre-launch checkout is no more than 8 days rrior %o 1¥M/CeH
docking. '

%) Gyro and accelercmeter channel scele fzctor errors, and
aecelerormeter channel biss ervor detsrrined just rrior to installaticn of
the ASA in I, no more then 123 dzys orior to IM/CSM docking.

3.1.3.10
comrrehensive In-fli
test schems zhall =2

Tailures en
Ve

est shall provide g
me ¥, the self
identifying

ie. The self test
consist of the

Eng 2003 5-66
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3.1.3.10 (Continued)

(b) Memory Sum Check
(c) Results display (when requested by astronaut)

The test will stop and the AEA will provide a warning
signal if a failure occurs. The astrcnaut may re-initiate the test by
cormand through the DEDA,

3.1.h : Design Migsion,
ment of this specification under i
The design mission shall consist of a restric

C
operating modes and operating sequences as de

3.1.4.1 Tnitizl CordiSiznz., - fhors nansuvers ghall siart

NS REVAR-NEE SEAlT v S 19

from anywhere in the nominal trajectory given in Tables VI and VII,

3.1.h.2 Aligrment and Initializaticon Prior to Abort. - Align-
ment and initialization to the PGHCS shall teke plzce at the time points
given in 3.2, 12(a) and 3.2. 13, except for gbort from Lunar Surface. For
launch from the lunar surface.a lunar align and MSFY initializasion is

gssumed.

. tion. wission .shall use only
prelq¢nc“ end prefllgb ca]ibratiﬁn.

3.1.4.L Navigation Initialization., - The sequence of initial-
ization after abort sb_ll bz an" of th. Toliow

Seguence ﬁl )

20 min Prior to Launch MSFN update
Pricr to CSI burn - no update
Prior to CILH burn - no upizie

10 min Pricr to TPI burn - MSFN update
Prior to MC Correction ER urpdate

Eng 2003 5-66
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3,100 (Continued)

Sequence #2

20 min Prior to Launch MSFN update
Prior to CSI burn RR update
Prior to CDH burn RR update

10 min Prior to TPI burn' RR update

' Prior to MC Correction RR update

Seaquence #3
20 min Prior to Launch MSFN update
icr to CSI burn RR update
Prior to CDH burn RR update
10 min Prior to TPI burn MOFW update
Prior to MC Correction RR update

3.1.4.5 Guidance Seguence, - The following sequence of
guidance maneuvers shall be used for the Design Mission.

Orbit Insertion

Ccst

CDH

TPI

Two Mid Course Corrections

3.1.4.6 Targeting Parameters. - For the DM the neminal
trajectory parameters to be used shall be as follows:

h = 60,000 ft. above the mean lunar radius
h = O0fps
Vho = 5510 fps

Eng 200.3 5-66
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SPECIFICATION
No. LSP-300-3B
3.1.4.6 (Conﬁinued)
AE - 26.60 o
tiga = 111.02 . : .
ty,0 = 112,20 :
1gC . i T -5 .,
3.2 AGS Design. Constraints. -
3.2.1 Trajectory Conctraints. - The AGS shall Le designed
Yo meet the delalled requirements within the nominal ascent and descent
trajectories as defined in Tables VI and VII and including the dispersions
about "the nominal trajectories as defirsd helo The end roint conditions

~for abort trajectories shall be achieved wlthln the injection
conctraints as listed in paragraph 3.2.17.

. (a) Dispersions during descent -
(1) Initial Conditions for AGS Aborts with the Déscent Engine
During Powered Descent
Time~grom fﬁm .
Initiation h ho R R T T
of Braking (£t) (fos) (tt) (fps) (£t) (fps)
| Phase (Sec)
0 +25,000 | 4100 +20,700 | 416 +h0,000 | +39
100 +20,152 +479 +20,800 +95 +40, 000 +85
- 15 y 788
270 +16,579 +123 +22,000 +hh +40, 000 +215
-14,139 | v
350 +6778 +17 +283,000 +60 46,500 +275
400  +2219 +79 +231,200 +1k5 455,000 4200
|
Eng 2003 5.-66
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SPECIFICATION
‘No.  LSP-300-3B

3.2.1

Qontinued)

(a) (Cﬁptinued)

(2) Initial Conditions for AGS Aborts with the Ascent Encine

During Powered Descent

Time h h 'R R T T
(Min) (£t) (£ps) (ft) (fes) (£t) | {fps)
0 +25,000 +110 20,700 | 416 +L0,000 +39
100 +19,277
-15,085 - +h50 +20,800 95 +L0, 000 +85
270 +14,949 +107 +22,000 | -~ +hh +40,000 +215
-13,789 :
350 + 5,05k +12 +28,000 +60 |, #46,500 | . *275
400 + 9716 433 +31,200 +145 +55,000 | 4200
(3) fvort Condi
vertical P
ascent engi
are precented in
in 3.2.1{e)(%) pres
velocity deviations
touchdown manecver, 1 3 ti
may occur in any combination with the alti
rates presented in Figures 1B and 1C.
Eng 200.3 5-66
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SPECIFICATION NO._ LSP-300-3B

3.2.1 , (Continued)

(a)

(Continued)

(4) TInitial Conditions in Downrange and Track Position and
Velocity for AGS Aborte with the Accent or Descent Enzine
During Hover-to-Touckdown

Time h , h R R T T
(Sec) (£t) (fps) (rt) (£t) (£t) (fps)
97.2833 | See Fig. See Fig. | +1k4,400 +120 +53,000 | +1ks

1B & 1C 1B & 1C
515 See Fig See Fig. | +1l,89% 2, +53,700 +2
Descent 1B & 1C 1B & 1C
“ 1 Engine
515 See Fig. | See Fig. | +15,365 | +2 54,530 | 42
Descent 1B & 1C 1B & 1C
Engine
L 2 e e e I B - O
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3.2.1 o . (Continued)

(v) Dispersions during Ascent

Time ffom " . .
Lift off h h - R R T T
(seconds) (£t) (fps) (£t) (rt)  (f%) (fps)
0 + 0 + 0 + 9,180 + 0 + b,260 + 0
60 + 320 + 16 + 9,200 + 30 + 4, 10D + 40
100 + 1,200 + 30 + 9,370 + k5 + 5,0 + €0
160 + 3,750 + 65 +11,000 + 75 + 9,150 + 70
.200 . - + 6,300 + 75 +13,250 + 95 +12,750 + 110
260 +11,650 +110  +18,800 +125 +18,500°  + 120
300 +12,000 + 110 +19,300 ko +24,300 + 130
360 412,000 £ 110 #32,300  #1T5 . 32,200  + 130
400 S
(to be defined) - Where h = altitude -
430 R = downrange (in the plane of CSM)

T

+

track {normal to plane of CSM)

It shall be assumed that the IM fuel expended zand the AGS navication
.errors incurred in arriving at a dlscerolon from the nominal PGICS guided
trajectory chall be the same as that incurred for the corresponding tlme A
on the nominal trajectory.
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3.2.1 ' (Continued)

(¢) The targeting parameter scaling shall be constrained to the
following ranges:

h = 0 to 2,000,000 ft.
h = + 8000 fps

"0 to 8000 fps

<!
o
O

]

o) o]
A o = between +20° .and 90
' a0
R
tigA =0 to (27¥-2)

=0 %o (218—2}

U

3.2.2 CSM Orbit Characteristics. - The CSM shall have a
nominal circular Orbit whose altitude above the mean lunar radius is
between 10 n. mi. and 85 n. mi. The variation in the C3M circular orbit
will be such that the eccentricity is less than .015. The orbital
inclination will be within + 10 degrees of the lunar eguator.

3. ,3 Mizeion Environment. - The AGS shall meet all the
requirements of this specification for vehicle environmsntel conditions
(performanc durlng\ with durobicn znd conditions of exposure as specified

.in Table I of LSP-300-33, ISP-; 0-37, and LSP-300-39. The mission profile
shall be 'as per Table II.

3.2.4 .Maés Properties. - The mass properties of IM shall
be as follows:

(a) Weight Breakdown - The.weight breakdown »f IM is shown in
Table VIII.

(v) Evrendables Profile -
engine fuels and inclu
fuel, waste products,
expelled -r left on th
The decrpuce of LM mass
insignificzat and shal
ment of the AGS.

Fxpendables as used here excludes main

des those items such as reaction control
experiments, etec., which are jettisoned,
lunar surface during the IM mission.
due to the removal of expendables is:
not be considered during the develop-

[ ID
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3.2.5 Descent Engine Performance. - The characteristics
of this engine, while operating in this condltion, shall be as given in
 Table III.

3.2.6 Ascent Engine Performance. - The characteristics
of this engine, wvhile operating in this condition, shall be as given in
Table ITIT. '

3.2.7 IM Center of Gravity. - The nominal position of
the IM center of gravity shall be as shown by the curves presented in
Figures 2C, 2D, '

3.2.8 Staginz. - The ceguence of events occurring at
staging of the LEM vehicle during AGS guldance shall nominally: be as
follows: :

(a) Descent Engine Initially on

~ 0 msec Abort Stage Signal Received
30 msec Descent Engine On Signal Removed
280 msec Descent Engine Thrust Decay to 10%
420 - msec fiscent Engine Armed and On Signal Present

Staging Signal Sent
LEO msec " Blow Interface Bolts

Open Ascent Dead Face

500 msec Open Descent Dead Face
550 msec Fire Cable Cutter Staging Complete
820 msec Ascent Engine Thrust Build-up to 90%
(b) Descent Ensine Off (Abort from Coasting Descent with Ascent
Engine)
0 msec Abort Stage Signal Received
420 msec ‘ Ascent Engine Armed

Eng 200.7 3-65
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3.2.8 (Continued)

(v) (Continued)

lP@riod of Vehicle Orientation and Ullage
0 m;ec. GS issues‘Engine On Command
50 msec, Ascent Engine -On Signal Received
. Staging Signal Sznt
90 msec. Biocw Interface Bolts
Open. Ascent Dead Face
130 msec. Open Descent Dead. Face

180 msec. Fire Cable Cutter

Staging Complete

u'so msec. | Ascent Engine Thrust Build-up to 90%
(c) .Liftoff from Lunar Surface - Same ag paragrarh 3.2.8(@), except
delete thz following cteps and remaining times apply:
30 mseec. D2scent Engine On Signal Remqved
280 msec. Descent Engine Thrust Decay tbo 10%
3.2.9 IM Attitade Control Characteristics. - The IM

attitude control characteristics from AGS command (attitudg_errors) to
vehicle rates for the ritch, roll and yaw axes as a function of mission
phase are shown below. Noment of inertia variations shall be in accord-
ance with the curves presented in Figures 24, 2B.

“Eng 200.7 3-65
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SPECIFICATION NO._ LSP-300-3B

3.2.9

(a)

(v)

(Continued)

The folloﬁlnc equivalent transfer function from AGS attitude
error signal (E) to body rate (O) will be used for the pitch,
yaw and roll axes:

) ) 1 /K.
E
I
RK.. S +1
where
1.5 sec (Descent System)
T 0.4 sec (Ascent System)
6.7 x 107 ft-1b/rad-(Descent System)
K = .
4

©1.16 x 10 ft-1b/rad-(Ascent System)

and where "I" is the vehicle inertia in slug-ft3 as
referenced in curves of Figures 2A and 2B.

The Body \wes attitude Dynamics shall be as spscified in
Tablg IV, '

Eng 200.7 3-65
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SPECIFICATION
- No. .LSP-300-3B

3.2.10 Accuracy of PGNCS Alignment Data. - The accuracy
of PGNCS alignment data transferred to the AGS is determined by errors
associated with the measurements and computations involved in defining
the desired orientation, the process of fine IMU alignment, the orienta-
tion drift of the IMU since the last fine alignment, the angle readout
assoclated with the CDU's and the errors associated with the mounting
misalignment of the ASA with respect to the attachment points of the PGNCS
Navigation Base.

ta from the CDU,

A lirit on AGS aligmment input da
j= by
referred to the PGNCS Navigation Base attachment points for the purpcses
of interface design is 2 milliradians plus 3 milliradians times the time
in hours (3 .Y ) since the last IMU fine alignment.
A 1limit oh alignment of the ASA reference axes
with respect to the PGNCS Nuvigation Puse is 0.8 milliradians (370 ).
3.2.11 ‘ - Initialization Uncertainties. -
3.2.11.1 Initialization Via PGNCS Downlink. -.
3.2.11.1.1 Prior to Descent Orbit Insertion. - The IM and

CSM state vector covariance matrix at the start of insertion.

Eng 200.3 5-66 .
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- The following uncertainties
. Wing \

3.2.11.1.2

P?ior to Powefed I@scenf{‘
shall be used dqring initialization of‘the navigaﬁion ten mlnutes prior %o
thevstart of pbwered de;cent.

(é)' L= state vector covariance Matrix 10 minutes prior to the

start of power descent:

Eng 2

x X z X 4 z
X 2.2187 E06 -2.8.89 Eok -1.4087 EOL  2.661& 02
Y -2.3L93 LO4 |;3 2322 205 -2.5314 E01L -1.3729 =01
Z 3.0285 £06 -1.03G3 204 | 5. -1.4959 EOL  5.2682 0%

| "% -1.6319 E03 2.9510 EOL -2, 5 T00  6.L735 £-03 -2.5864 IGO0
¥ -1.4L089 EO1 -2.5314 EO1 -1 £03 + £-03 | 2.9260 E-O1 7 7541 E-03
Z  2.6617 03 -1.,3721 EOL 5.2681 E03 -2.568k [00 -7.Th98 E-03] 4.7989 E00
(b) CSM State vector covariance matrix 10 minutes priocr to the start
of powered descent:
EO E0 £0 e T E .
X 1.895038+6 -3,129885+4k  1,515933+6 -1.107371+3 =1.T7LL878+1  1.L63L17+3
Y ~3.130225+k4 L,v 2L03L5+5  -6,0743452+3  2,001n320+41 2. LLLEES+T  -1.4L1T05+1
7 1.51889+6  =06.005951+3 | 1.5b2228:5 -7.074735-2  -1.303004+1  1.302133+3
X 107369+3 - 2. 69;1Lo+v -7.077210+2 | 7.7.525%-3 £.887785-3  -8.1667L9-1
Y -1.745097+1  2.hLLL83+1 -1.393805+1 ©.0s%093-3 | 2.142083-1 -8, 921L51-3
Z  1.563323+3 ~1,LL0935+1  1.302121+3 -8.1£686330-1  -5.916501-3] 1.223637+0
NOTI: | Uiz above two matrices should be modified by the time synchroniza-
tion errors specilied in the following paregraph.* -
* ﬂ??@’uzc Time Uncertainty. -
The Absolute tirne uncertainty iz + 40O milliseconds or less.
00.3 3-65 21
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SPECIFICATION
No.  ISP-300-3B .

3.2.11.1.3
uncertainties are:

3.2.11.1.%
3.2.11.1.5
3.2.11.1.6
3.2 11.1.7
3.2.11.2

3.2.11.2.1
uncertainties are:

On Lunar Surfaée.

~ The one-sigma site.location

(&) In any dlrection in the local hor 1zontal plane - 1500 feet
(b) Along the local vertical - 1000 feet

Prior to CSI burn . = TBD
Prior to CI¥ burn . - T8D
Prisr to TPI burn . - IB8D
Prior to Mid-Coirce Corrections. - TBD

r{ace. - Tne cne-sigma site location

(a) In any direction in the local norizontal plane - 1500 feet

(b) Along the local verticel - 1030 feet

(v)

Along the local verticel - 1030 feet

3.2.11.2.2 Priocr to CSI burn . - TBD
3.2.11.2.3 Prior to CDH burn ' . = 18D
3.2.11.2.4 Pricr to TPI bura . - TBD
3.2,11.2.5 Prisr t5 Mid-Cource Corvections, - TBD

: 3.2.11.3 Tnitielizotion Via MIFW, -
3.2.11.3.1 Lunar Surface. - The one-sigrma site location

: uncertainties are:

{a) 1In any direction In the :ocal norizental plane - 1500 Tleet

(¢) Ten Minutes Prior to Tounch. - Tae fellowing covariance matrix
represents the expected accuracy of the TSM. It is bvased on 98.4
minutes of tracking. The units are £t° and 1t /sec2.

.690376E5 -.0L09TRES .25904LI5  .631L67D2. 51705632 .661812E3
LO341GLES 23255357 - LG0397E3  L15152382 -, 3281608k
.150280z8 -.21733?24 u11576u3 -.130120E5
.33049020 -.Q0LZ97ER2 25516281
.L983668-1 .15L818E0
.180570E2 .
1 = 3.280833 £t
1Y 2 = 10.76387 £t2
£ag2003 5.66 o0
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SPECIFICATION
No. LSP-300-3B

13.2.11.3.2 Prior to CSI burn . = TBD

Prior

v
alized using s

owitlink &t the

(1) 30 minutes or less prior to insertion into desce“t

(2) 20 minutes or less
(3) 20 minutes or less prior %o lunar 1ift off ..
(k) 10 minutes or less pricr %o

prior to start cf pow

e
v}
{5} 10 minutes or less nrior %o CJH bura
o 2

) m*
< o

3
/
) 10 minutes or le.: prior to mid-zourse corrections

(b)

5OL10W15

L149117E 03
2158718 02
.5L6E61E Ok
2571222 00 .
.10CL59Z-01
<4T3182E+0L

. . .
3:2.11.3.3 to TPI burn . - The I State Vector
covariance matrix, 10 minutes prior to TPI burn: .
< LO8LY0E06 -, TLIOI2EDS « 730386806 2739738103 =.39525808+02
«336705E05 ~.5755L2m05 -.5531L28+02 .1392328+02
: L149LBBE08 .1206712E+0L -.1785 I9=+03
. 3904143 .5707625-01
.1025015-01
3.2.11.3.h Prior to »ii-Course Corrections. -« 78D
3.2.12 Fregueney of Initialization. -
(a) Automatic (IEM and CSM). < Durins non-abort conditicns,
in wnien the AGZCS is the ACE v“:ll

coast

zred descent

Yonual (IBY snd C8M). - Daring an cborit situation in which the

PGICS is not operating properiy, oo automatic Initialization

data cshall be available Irom the P3ICS. In this case initizliza-
tion data will be avalilsble from MSIN or frow the CZil and shall

te inscerted manually into the AGS using the IZJA. Manual
initislization shall faxke place at the Tfollowing times:

(1) 20 wminutes or less prior to lunar 1ift off .
(2) 10 minutes or less prior to coelliptic seguence initiation:

Eng200.3 5-66 ' ' _ 23
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SPECIFICATION
‘No. 1SP-300-3B -

3.2.12 (Continued)
(b)l (Continued)
(3) 10 minutes or less prior to CDH burn
(4) - 10 minutes or less prior to terminal phase initiation
*(5) 10 minutes or less prior to mid-course corrections
(c) Manua1_£§g§élgte Time). - Initialization of AGS absolute time
will take place twice during the IM mission in orbit (prior

to inse;t%og)'a?a on the lunar surface. (See paragraph
3.2.11.1.2 Note).

3.2.13 : Frecuency of Alicmment. -

(a) IMU Aligrment. - During non-abort conditions or an abort in which
the PGNCS is operating properly, the AGS shall be aligned using
signals from the PGNCS at the following times:

(1) 15 minutes or less prior to inéertion.into coasting descent

(2) 5 minutes or less prior to start of powered descent

sul lalt

(3) Tmmediately after touchdown on the lunar surface (and again
25 to 30 minutes later after PONCS, fine align)

(4) b minutes or less prior to lunar 1lift off

(5) 5 minutes or less prior to coelliptic sequence initiation

(6) 5 minutes or less prior to CDH burn

(7) 5 minutes or less prior to terminal phase initiation

* Should not be performed if ER data is used to update IM-AGS navigation.

Eng 2003 5-66
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mission:

(a)

base.

&2 T VN
NSy -

3.2.1k4 Frequency of Calibrations. - The AGS will be -
calibrated at the following times prior to, and during the lunar landing

Preflight Calibration - The AGS will be calibrated immediately
prior to installation in IM. This calibration will be performed
a maximum of 120 days prior to completion of the lunar landing
mission, i.e. docking. The following paremeters will be measured
and compensation will be inserted into the AEA:

) Gyro Channel Scale Factor

—~
}..—l

(3) Accelerometer Bias

(4) Gyro Channel Bias Drift Rate

(5) Gyro Channel Acceleration sensitive drift (X gyra.onlyj
Earth-?relaunch Calibrétion - The AGS automatic earth prelaunch
calibration of gyro channel bias will beperformed no.more than '

8 days prior to completion of the mission while the IM is in a
stacked configuration.

Inflicht Calibrati.:: - The AGS automatic inflight calibration
of gyro channel non-g sensitive bias and accelerometer channel
gtatic bias will be performed during the period from lM/CSM
separation to deboost into coasting descent.

(@) ILunar Prelaunch Celibration - The AGS automatic lunar prelaunch
calibration of gyro> channel bias will be performed prior to
liftoff from the lunar surface.

3.2.15 ' Tire Fange. - The range of absolute time to be

employed by the AGS shall be from O to T2 hours. After absolute time
initialization (specified in 3.1.3.&), there will be a known one-to-one
correspondence between the AGS absolute time and the current mission time

Eng 200.3 5-66
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SPECIFICATION
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3.2.15.1 Compatibility with Epoch Times Obtained¥Via PGNCS
Downlink. - The IM/CSM state vector epoch times will be referenced to GET,
the PGNCS absolute time base. When initializing the AEA via the PGNCS
downlink, the epoch times will be converted by the LGC to the AGS absolute
time base, GET-K (as specified in 3.1.3.4); prior to placing it on the
. downlink. .

3.2.16 Time to Rendezvous. - The maximum time allowed
for any rendezvous conducted by the AGS shall be 10.5 hours 1ncludinv time
spent on lunar surface waiting for proper CSM pha51ng

Eng 2003 5-66
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3.2.17 Delta V Const

aints.. - Tne AV used by.the AGS for

orbit insertion with the Ascent Engine shall be constirained by the

following equation:

AV 6586 -

AV, - 30 - 50 ~_-Z§vé - 25 (FpS)

’ where: [SVE = AV allowed for orbit insertion with AGS and the
conGitions listed below:
6586 = Total guaranteed AV available from the full ascent
- tank plus the RCS subsystem.

[SVé = The sunm of
the CSI

sideraticn;

computation

the case O

the sum of
[

maneuve
and termiral bre
nominal orbit in

30 = Allotied &V

the magnitude of JAR impulses recuired in

s the CDAH maneuver, the TPI maneuver,
ins maneuver, as computed at -

" "

@ o
'

3
48]
@
¥

ion (for the abort under con-
) by & perfecs co exllou¢c'rendezvous
ubilizing perfect navigation data. In
f & direct intercepi the ZlVb is equal %o
the &irect transier and the Draking maneuver.

50 = Allotted AV for midcoursce corrections

.25 = Alotted DV for manual Gocking

LV = Ascent Engin
e S—-0
6586 fpe,

(1) Zivorts take place Irom

or equal to 1/2 degree.

e AV exrended by the PGNCS oub of the
pricr to the abort initiation.

0

above constraint equation are as follows.

niane oy an angle less than

Eng 200.7 3-65
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3.2.17 '(Continued)

[} -

(2 TheA Va equatlon applies only for aborts from p01nts in the
: De81gn Mission (See. ‘paragraph 3.1. L),

(3) ;SP = F306.3 se¢s.. .

LEM delta V Available =

7 N\ o -~ E-) o~
\a) Descent Stage - 7332 fi/sec
(b) Ascent Staze - 6586 ft/sec

5 s . k)

The Descent Propuléion Subsyster shall be used to availabie Delta V depletion,

3.2.18 Tunar Charactewlsulc . - The reference lunar gravita-

~ tional mode ohall be trl-ax1al with the following parameter values:

jUﬁ% 1. 731399 x lOlh (international ft)-3‘./sec2

P&lnc1paL moments of inertia (rotational)f'

A = '0.8378179834 x 10% X5 meter?
B = 0.8880010502 x 10% Kg meterc '
C = .0.8883697818 x lO35 Xg meter2

Waere A is about an axis directed toward the mean libration point (earthn),
C is ebout the lunar rotational axis, and B about the romaining orthogonal
axis.

¢ , _
ar - . -2 - ) . 4 . .
ween lunar radius = 5.702395 x 107 international feet (6076.11549 internation-

al feet = 1 nautical mile.)

Eng 200.7 .3-65
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3.2.19

i

Coordinate Svstenms.

ing coordinate systems:

(a)

teble Member Axis Svetem (Inertial Freme):

Axis System is inerti

moon's center. Its orienta

landing, positive outward from the lunar cente

is normal to Xg,
The ygy-axis is normel to the e
(7M1

~ sense,

For the ascent phace

the intended launch-site.

The AGS,shail utilize the follow-

Trhe Stable Member
ally fixed in space with its origin at the

tion is different for the descent

intended 1= ndlnn-Slte at the nuM‘nal time of

v -3
L1h€e ., ~axis
[S3A

, exis, and parallel to the CSM orbital plane.
-zgy plane in a right hand

the xgy-axis passes through
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at the nominal time of launch, positive outward from the lunar center . The

Sv-axis is normal uO XSM and parallel to the CSM orbit plene. The ygy-axis

is normal to the XSN ZSM plane in a right hand sense,

i
i

“Ysum

:£§ 7 - . f/\\j! out-of-plan
;>>\\\\“ﬁ ' . rd \ displacement
;y ) Z 'u?&;,\ww - // .

S Hc, = vuu. O”Dlt A"Xgular
JUY
Momentum
L.S.= Landing or Launch Site
‘Stable Member Axis Systen

s

20
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(b) Body Axis Sﬁstem'- The figureﬂbelow defines;the reference IM:

body axis system. (XB, y z ) The origin -of this frame is fixed at IM
vehicle station X = 200, Y =.O, and Z = 0, The z axis (Zg) is normal to

xé and passes through the interse;tiog of the vehicle separation sta@ion

(X = 200) and the plane of symmé£ry of the IM cabin front view. The
y-axis (yé) is normal to the xL'zl plane in a right handed éense. Anﬁther '

D "D

body axis system (XB, ¥3s zB) whose coordinates are paraileil to reference

body axis system but centered at the instantaneous veillcle cenver of gravity

is necessary when discussing vehicle motion.

"

8

Bodyv Axis System

”~
£

lam2lar Rates

q Pitch Rate
r Pilot Roll Rate:

p Pilot Yaw Rate

| RN

anAn 1 1.4¢ .o : ' 23
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3.2.20 Cut-0f-Plane Reauirement for Lunar Launch Phase, - Prior

to "IM ascent, a plane change will be made by the CS¥ to permit a nominal

co-planar IM ascent. This plane_ch*age ghall result in a maximum out-of-.

plane angle of.0.5° at IM. launcih time. This residual out-of-plane angle

shall be removed by IM roll steering during orvbit insertion. The AGS
shall have the guidance capability of removing a residual out-of-plane
angle of 2.0 degrees, (assuming sufficieat &V is available).

3.2.21% Initial Attiiude Constraint. - For analysls purposes,

it shall te assumed that, at the initiation of abort during powered phases,
the vehicle attitude shall be within iFSO of the nominal attitude which is
specified in Table VII. Angular rate at abort initiation about each axis

shall pe less than 250/sec,

3.2,22 Prelaunch Bocster Swov Data, -

{a) Zrmemic: Elliptical Motion

et e —
Freguency: 0.6 cps empty vehicle .
: 0.3 cps - full vehilcle

: 2siocn Goal Secuirerment
Perpgndicular to wind: 14 in. (6 In) 7 in. (3 1ns)
rarallel to wind 2 in, (1 in,) 1 in. (0.5 in.
(b) Stutic: - Tesign Goal Reguirement
Wind Velocity (3¢ ): 63 knot 38 knots
Lateral Digplacement: 20 inches 10 inches

]

Tt shall be assumed that the sway data defines the total lateral a
J :

al motion (except in azimuth) and that the rotation in azimuth is negligible.

Eng 200.3 3-65




et P i e AT S - Ao b

GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. I, N. Y.
CODE IDENT 26512

SPECIFICATION NoO.__ 5F3%0-3%

3.2.23 Rédar Data Accuracy. =

. . )
3.2.23.1 ) Radar Rsnoe, - Radar range will be measured with no

range averaeging. There will be a bizs error of +80 £t for ranges< 50.8 nm
. H . e -

L4y

and +500 ft for ranges = 50.8 nm., The .random uncertainty on range will

be independent between measurements &nd has the following characteristies:

L.

Rzdar Ranre Redear Fandom Zrror Zizzlayv Resolution
40O rm to 10 nm 0.083% (1) or 300 £t* - , 1 mm

0m o 5m - 300 £t | 0 7t

5 nm to 1000 £t 0. 3393 17 ) or 80 ££* 50 £t

10C0 £t to 80 ft _ . 80 Tt 2.5 1t
¥yiaichever is greater

Tre inpaut date word format wil zivs., The

data w1ll be in units of nautlcal miles.  The. least significant digi
ve 0.1 n.mi. The maximum limit renge data ll be 400 n., mi. Naximum

vaeriation in RR angle bpias snall not exceed 0.5 mr in any 10 minute time

period.
3.2.23.2 .~ Rader Pginting Zrror Tulled. - When the radar pointing
error is rnulled, & code is entered vis trhe DEDA, The error in nulling

The one-sigma bias error on the radar gimbali null angular measurement 1s

=y fve

5 mr., vector sum, .total.

Lo
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x
1
!
:

‘The random error has the one sigma values given below.

. -
Range' : . - Random Error | Random Trror Variation
Lo0 r. mi. = 2.7 mr'} \ Direct Variation -
. S ‘ A : with range
300 n., mi. . 2.5 mr ? K . : -

200 n. mi, ' 2,3 m:).

200 n. nmi. : 2.3 nur\
' _ Cons%ant
S n. mi. - Lo 2.3 mr;( _ X

’

S s ~
Display resolution is 1/12° (10 )
(a) DBias error 'is the mean value of the error between the true value

ol the parameter and the indicated value averazed over any

.10 min. interwval.

(b) Rendom error is the variation of the errsr about the bies error.

O

Lt least one radar éaia rpoint will te available to the aGS in
every b minute interval. raximun variasica ia ER angle bias shall not

exceed 0;5 mr in any 10 minute vime pericd.

Eng 260.3 3-65

(93]
\Ji




GRImﬁMAhIAIRCRAFT]ﬂqGﬂNEERUNGrCORPORAJTOBI
Bethpage, L. I, N. Y.
Code Ident. No. 26512

SPECIFICATION
‘No. __ LSP-300-3B

3.3 | ‘ Detailed Requirements. -
'3.3.1 - Operations Performed by AGS. -
3.3.1.1 Functions of AGS. - The functions of the AGS

during various phases of the mission shall be as shown in Table I.

3.3.1.2 . AGS Onefational Requirements. - Selection of AGS
operation shall be performed via the AGS mode switch, the DEDA, and
discretes from the CES. These AGS operations are described below.

3.3.1.2.1 . AGS Operational Conditions. - Tne AGS shall be
placed in any one of the following conditions: :

when AGS ig unpows as
breaker panel. The circuit breaker panel is not part of the AGS. This
mode is used in the Event of an AGS failure. ‘

P OR

3.3.1.2;1.1 Unnowered., -~ The AGS will be in this condition

red 'ag determined by civoniit hroalows ~n +thae adw 1t
QoVErniine Oy CLYCULT Drearerts . gn Lhe Circu

3.3.1.2.1.2 Off. - The ASA is in a temperature'controlléd
condition. : ' : .
3.3.1.2.1, 3 Standby. - The ASA is fully powered, In

addition, the capability shall be provided in the AFA to
accept PGNCS. alignment intormation twenty (20) seconds er enterlng the

4
Lu
STANDBY corndition. This information shall include the i e, + $ and + N
and the "CDU Zers". signals. '

3.3.1.2.1.h4 Operate. - In this condition the three assemblies.
(AEA, ASA, DEDA) must be functioning, inputting, and outputting such
information 2z is needed to properly execute the Flight Frograms under one
of the suvnmcdes defined in 3.3.1.2.2 of this specification.

3.3.1.2.2 AGS Modes and Submodec - The AGS shall always
be in one of the follow1nv modes: o o

Eng 200.3 5-66
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3.3.1.2.2.1 Alignmént Mode. - During this mode of operation,:

the AGS shall be capable of aligning to any inertial reference frame as
determined by the alignment submode scheme selected via the DEDA., Entry
into the ALIGNMENT mode shall always be made by inserting one of the
following submode instructions.

(a) IMU ALIGN Submode
(p) LUNAR ALIGN Suﬁmode-
(¢) BODY AXIS‘ALIGN Submode
The AGS shall have the capability to initialize

the na avigation computation during bthe ALIGWMENT mode, Tne AGS shall -
cause the attitude error signals to the CES to be reduced to zero during

the ALIGNMENT mode. On exit from onz of the ALIGIMENT Submodes and entry.

into the INERTTAL REFERENCE mode, the AGS shall be capable of performing

all the abort guidance functions required by this specification within
2 seconds.

3.3.1.2.2,1.1 " IMU ALIGN Submode., - When AGS alignment is to be

accomplished using PGNCS Euler angle signals, the IMU ALIGN submode shall

- be utilized. .This submode shall be initiated by utilizing the DEDA to
apply en instruction (MU align instruction). In the IMU ALIGN submode
the AGS shall align to the inertial reference frame as detarmlned by the
PGNCS Euler angle 51gnals. :

3.3.1.2.2.12 " LUNAR ALIGN Submode. - When AGS alignment is to
be accomplished on the lunar surface and the PGNCS is inoperative, the
TUNAR ALIGN submode shall be utilized. In this submode, the AGS shall
use the local vertical and the AEA stored azimuth data After the lunar
align submode is complete, the AGS shall provide an "Alignment Complete
indication via the DEDA upon operator request.

: The ASA aécelerometer outputs shall be used to
determine the local vertical with respect to the instantaneous vehicle
coordinates.

Eng 2003 5-66
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3.3.1.2.2.1.2 {Continued)

The vehicle 321muth angle with respect to the
csM orbit plane at lunar touchdown shall bedetermined by either of two
methods:

(a) If no IMU/CDU failure has occurred, IMU ALIGN shall be entered
and the value of azimuth stored in .the AEA,

(v) If an IMU/CDU failure does occur prior to touchdown, the-
azimuth information stored in the AEA shall be used. The
instruction to store the information shall beentered through
the DEDA at the time it is expected to be stored.

A correction factor shall be added to compensate
for the effects of lunar rotation durinzg the lunar stay time.

: The correction factor (ZXCY) will be supplied
- via the voice link and inserted using the DEDA where/\ J” is the change
in azimuths due to lunar rotation and CEM plane change.

3.3.1.2.2,1.3 BODY AXIS ALIGN Bubmode. - When AGS alignment
is to be accomplished in orbit and no external information is available,
the BODY AXIS ALIGN submode chall be utilized. This s.bmode shall be
initiated by utilizing the DEDA to apply an external instruction (BODY
AXTS ALIGN 1nstructlon) The AGS sh align ites inertial reference Franm
to the body reference axes as defins v the ASA input axes. During this
submode, the vehicle motion will be- tricted to:

1

j 3¢
a1l
(= e
db
res

(a) Vehicle limit cycling as given in Table IV,
(b) Vehicle slewing rates up to 2 deg/sec.

3. 3 1.2.2.2 Inertial Reference Mode.- When the AGS is in the
INERTIAL REFERENCE mode, it shall provide attitude error information and
engine on/off commands which will be used for vehicle stabilization and/or
for directing vehicle abort. When in the IIERTIAL REFERENCE mode, the AGS
shall always be in one of the following submodes:

(a) TFollowup Submode

Eng 2003 5-66
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'3.3.1.2.2.2 . " (Continued).
(b) Attitude Hold Submode
(c) Antomaﬁic Submode
(d) Semi-Automatic Sﬁbmoaé
(e) CEM Acquisition Submode

ne TNERTTAT R:F“RFNﬂE mode shall be initiated upon

application of an external instruction utilizing the DEDA., The submode
shall be determined from discrete signals -from the CES and the DEDA as
defined hereln.'

3.3.1.2.2.2.1 FOLLOW.UP Sulmode. - With the AGS in the INERTIAL
REFERENCE mode and the "Follow-Up"' signal present, the AGS shall be in the
FOLLOW-UP submode. While in the FOLLOW-UP submode the AGS shall be capable
‘of performing the following functions: e .

(a) Maintain an inertial reference frame and output total attltude
signals for display.’

(v) Maintain the Atiitude error cignals to the CES-at zero unless
the Display Steering Commands in Follow-up and Auto signals are
present In this czse, error signals will be available on the
FDAT for- monltorlnc by the astronaut; dbut will not be used by
CES, o .

(¢) Utilize accelerometer inputs from the ASA to calculate IM vehicle
present position and velocity in the inertial reference frame.

(@) Solve the LM abort guidance problem using an explicit guidance
scheme, in accordance with the guidance option selection.

(e) Accept initializing information either from the PGNS downlink
B .
or the DZDA.

(f) Command Engine-ON if eitherthe Ascent Engine-ON signal or the
* Deccent Engine-ON signal are present and command Engine-OFF
othervise,

Eng 2003 5-66
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3.3.1.2.2, 2.2 ATTITUDE HOLD Submode. - The AGS shall be in the
ATTITUDE HOLD submode when the attitude hold submode conditions 6f
Figure L are satisfied. In this submode the AGS shall output attitude
error signals which will maintain the vehicle attitude which existed upon
entering this submode. ' . ' ‘

The ATTITUDE HOLD submode shall be entered in
the absence of the other INERTIAL REFERENCE submodes and- at the following
times during an abort operation:

(a) During staging as signaled by the Abort Stage Signal and )
: thereafter for a prescribed time between 1 and 10 seconds after
receipt of the Ascent Engine-0ON swonal.

(b) At lift-off from the lunar surface and thereafter for a prescribed
time between 1 and 10 seconds after receipt of the Ascent
Engine-ON signal.

(¢) Upon computer recognition of velocity to be gainnd threshold
prior to termination of AGS contrﬁlled powered maneuvers,

During the ATTITUDE HOLD submode, the AGS shall

‘perform the functions detailed in paragraphs 3.3.1.2.2.2.1 (a), (e¢), (d),

(e), (£) of this specification except during staging and at l1ift-off when
engine-0 is commarded. '

3.3.1.2.2.2.3 AUTOMATIC Submode, -~ The AGS shall be in the

'AUTOMATIC submode when the sutomatic submode conditions of Figure 3 are

catisfied. In this submode, the AGS shall output attitude error signals
and engine commands which are necessary to guide the vehicle during the
burns specified in the Coelliptic Flight Plan (see paragraph 3.1.2.2).
Duaring this submode, the AGS shall alsc perform the functions detailed in
paragraph 3.3.1.2.2.2.1 (a), (c), (a), (e).

3.3.1.2.2.2.L SEMT-AUTCMATIC Submode, - The AGS shall be in this
submode when the semi-automatic submode conditions of Figure U4 are satis-
fied, When in this submode, the AGS shall generate attitude error signals
to reorient IM to the degired thrust direction. An Engine-ON command will
be generated on completion of this maneuver provided ullage has been
detected. During the SEMLI AUTOMATIC submode, the AGS shall also perform
the functlon detailed in paragraph 3.3.1.2.2.2.1 (a) (c) (d)

Eng 2003 5-66
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3.3.1.2.2.2.5 CSM Acguisition Submode. - The AGS shall be in
this supmode when the CSM acquisition submode conditions of Figure L are
satisfied, During this submode, the AGS shall orient the IM vehjcle
z-axis toward the AGS computed direction of the CSM. During this submode, -
the AGS shall also perform the functions detailed in paragraph 3,3.1.2.2.2. l
(a), (c), (d). The x-axis is dlrected parallel to the CSM orbit plane.

3.3.1.2.2.2.6 . Callbratlon Mode. - The requirements of this mode
are that it provides the capabilitj for in-flight gyro drift and accele-. -
rometer bias calibration and lunar pre-launch gyro drift calibration, These:
requirvements are given in 3.1,3.9. The calibration mode shall provide the
following functions: : »

(a) In-flight calibration/IMU align
(v) Lunar surface callbratlon
(e)’ Earth prelaunch callbration

3.3.1.2,2.3 AGS Operation in Each Submode, - The operations
performed by the AGS in each of the submodes are given in Table V.

_ Tne operatlons performed in a submode can be
classifled as those which are always performed in the submode and those
‘which are performed on command via the DEDA, The former are identified by
a "1" and the latter by a "2" in Table V. The exceptions to this are that
when IM and CSM initialization via the downlink or IM initialization vig
the DEDA are commanded, CSM Navigation, and the Guidance computation are
not performed In the Calibration mode, comnanded via the DEDA, the.AGS
performs Inflight Cyro Drift Calibration, TMU Align and Inflight Accelero--
meter Bias Calibration, and the additional operations indicated in Table V
when IM is in coasting light. When on the lunar surface, as indicated by
the lunar surface signal (an internal flag set when Store ILunar Azimuth
is commanded at lunar touchdown), the AGS performs Lunar Surface Gyro .
Drift Calibration and the additional operations indicated in Table V.

Eng 200.3 5-66
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3.3.2 Attitﬁde Reference, Guidance and Other Requirements. - - |

3.3.2.1 Inertial Reference Alignment Accuracy. - The AGS shall”
be aligned to the accuracy specified within a 3 minute period. The single
axis alignment error 1s defined as . the average of the angular rotation _about
an axis of the desired inertial reference required to rotate each of the
nominally orthogonal-axes of the AGS inertial reference frame to be coinei-
dent with the corresponding gxes of the AGS inertial coordinate frame,

"

() TIMU Alignment Accuracy - The AGS inertial reference frame shall
be aligned to the PGNCS command angles with a maximum error of
L arc minutes at the completion of the IMU alignment submode.

(b) ILunar Alignment Accuraci,- The AGS inertial reference Trame shall
be aligned to within 10 arc minutes, maximum, per axis of the
gravity vector at the completion of the lunar align submode and

shall be aligned to within 10 arc minutes of the stored value
of a21muth (See note.) ‘

‘(c) Body Axis Alignment Accuracy -~ The AGS inertial reference frame
shall be aligned to within 3 arc minutes per axis of the ASA
frame at the completion of the Body Axis Align Submode.

NOTE: If, as a result of the mission environment specified in 3 2.3
the lin°a£ acceleration and angular rates exceed * 259/sec and
90 ft/sec , and the inertial sensors encounter their stops,
loss of attitude reference and velocity may result, at which
time the performance requirements of this specification will
not be met. Immediately after the shock, the AGS shall meet
all the requirements of this specification after subsequent
alignment and initialization, or after a lunar align provided
the loss of azimuth reference due to the shock does not exceed
1.0 degrees.

. Eng 200.3 5-66‘
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3.3.2.9 Orbit Insertion. - For aborts subsequent to the
start of powered descent and prior to the end of powered ascent, the AGS
shall have the capability of inserting the IM initially into a standard
elliptical orbit having a minimum clear pericynthion of 30,000 feet above
the mean lunar radius. Capability shall be provided to perform a fully
automatic orbit insertion maneuver as described above using initialization
data from any one of the following sources: PGNCS, CSM Voice Link, MSFN,
whenever they are gvailable. Accuracy and availebility of these initial-
ization sources are given in paragraph 3.2.11.

3.3.2.10 Coelliptic Orbit. Sequence. - For aborts prior to
the start of powered descent or after insertion into the elliptical orbit,
the AGS shall have the capability to perform a series.of coelliptie
rendezvous burns as described in paragraph 3.1.2.2. For aborbs gftér-the
end of powered asceint, the AGS shall have the capebility to complete the
unfinished burns of the coelliptic sequence. For the Design Mission, an
orbit with a minimun clear pericynthion of 30,000 ft. above the mean lunar
radius shall result after each of these burns,

The burns for for the above casecs shall result

in an intercept trajectory passing within a sphere having a 5 n. mi.
(3 sigma) radius with its center at the CSM. A% the point of intersection
of the IM and the sphere, the magnitude ofthe vector differsnce between

- the ‘nominal AGS computed relative velocity (i.e., velocity of IM with
respect to the CSM) and the actual relative velocity shall be less than
30 fps (3 sigma). This requirement shall be contingent upon the target
constraints and the AGS performance of miscourse corrections based uonon
RR navigation updates as specified in paragraph 3.3.2.8.and to cases
where the TPI burn is completed in less than one revolution of the CSM
after the CSI maneuver. Capability chall alsn be provided to perform a
coelliptic orbit sequence as described in 3.1,4,2, using initialization
data from the following sources: PGNCS, CSM Voice Link and MSFN, whenever
they are available. Accuracy and avallability of the 1n1t1allzat10n
sources are given in paracraph 3.2.11.

3.3.2.11 ' Direct Inter;ept. -~ The direct intercept maneuver
described in 3.1.2.3. shall only be used for aborts prior to powered descent,
and after the end of powered ascent. The direct transfer burn shall result
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e e e A A g bl g s

‘GRUMMAN AIRCRAFT ENGINEERING CtﬂtPCﬂlAJ1CﬁN
Bethpage, L. I, N. Y.
Code Ident. No. 26512

SPECIFICATION
‘No. __ LSP-300-3B

in an’intercept trajectory passing within a sphere having a 5 n. mi. :
radius (3 sigma) with its center at the CSM. At the point intersection
of the LM and the sphere, the magnitude of the vector difference between

"the nominal AGS computed relative velocity (i.e., velocity of IM with

respect to the CSM) and the actual relative velocity shall be less than
30 fps (3 ). This requirement shall be contingent upon the AGS perform-
ance of midcourse corrections based upon RR navigation updates as
specified in paragraph 3.3.2.8. Capability shall also be provided to
perform the Direct Intercept Maneuver using initialization data from any’
one of the follcwing sources: PGNCS, CSM Voice Link, and MSFN, whenever
they are available. Accuracy and availability of these sources are given
in paragraph 3.2.11. ’ o

3.3.2.12 External Dslita V. - Capability shall be provided
to oerform a velocity change based on veloeity components obtained from

an external source znd inserted via the DEDA, (Sce paragraph 3.1.2,L).

-3.3.2,13 - Engine On/Off Commands. - In the semi-automatic
mode, the AGS shall be required to initially turn on either the ascent or
descent engine if a state of ullage has been detected by the AGS.

The AGS shall detect ullage when the accumulated
velocity increments along the X-axis exceeds 0.2 ft/sec in each 2 second
computer cycle, for 3 conseecutive cycles. The AGS shall:detect loss of ullage
when, in'anws 2 secgnd computer cycle, the accumulated velocity increments
alonc the vehicle X-axis is less than 0.2 ft/sec.:

‘ The AGS shall continue to maintain an engine ON
signal until the velocity to be gained ( ) decreases below a
preselected threshold.

3.3.2.14 Earth Prelaunch Calibration/Compensation. - Shall
be based on a scheme which uses the known latitutde of the launch site,
a self alignment to local vertical and a known azimuth angle with respect
to true north known to 0.1 degree. The calibration scheme shall also
use a measurement of the X-gyro channel spin axis mass unblance made a.
paximum of 120 days prior to completion of the lunar landing mission. -

The implementation of this scheme shall have a
calibration capability within a maximum of 20 minutes such that the com-
pensated AGS attitude drift rate . during the mission environment, when the
AGS is operating,.shall be less than the following:

Eng 2003 5-66
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3.3.2.14 (Continued)

‘Days After

Calibration Enviromment X Channel - Y & Z Channels

0 to 8 days Coasting = 2.49%nr (36 ) 0.90°/nr (38)
0 to 8 days  Boosting * 1.0°°/nr (30°)

uncorrelated bias 1.03 /hr 3d)
* uncorrelated g Sensitive 0.96° /ar/g (3 o)
{correlated bias and g.Sensitive 2.32 (l-accel. along x- ax1s) O/HR (3¢

3.3.2.15 AGS In-Flieht Calibration/Compensation. - Shall be
initiated via a DEDA command and shall be performed based on a scheme
which compares the PGNCS reference with the AGS attitude drift rate.
For a calibration time of not more than 5 minutes, during coasting phase,
compensation shall be performed such that the resultant AGS attitude drift:
rate during the mission enviromment, when the AGS is operatln » Shall be.

The PGNS total attitude drift rate shall be as-
sumed to be 0.15°/hr (3 ¢°) for the purposes of this requirement. A
filtering technique =hall be implemented in order to minimize noise present
in the PGNCS and AGS angle data.

3.3.2.16 Accelerometer Channel In-Flight Calibration/
Compensation. - The AGS upon DEDA command shall have the capability to
calibrate/compensate AGS accelerometer channel bias. Tor a calibration
time of not more than 4 minutes, during the coasting phase, compensation
shall be performed such that the resultant AGS accelerometer channel bias
during the mission environment, when the AGS is operating, shall be less
than the following:

less than the follow1nv o
Days. After - s . ‘
Calibration Environment . X Channel - Y & Z Channels
. o 0 ‘
0 to 3 days - Coasting 0.73"/hr (3 7) 0.737/hr (307)
0 to 3 days "~ Boosting * . - 0.89%/n+ (3 ¢*)
N éhncorrelated bias 0. 89°/hr (30°) .
% correlated bias and g 1 2.35 (l accel alonc x-axis) /HR (35)
g - Sensitive”

)
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3.3.2.16 (Continued)

Days After Calibratign X, Y&2Z Channgls.

0 to 3 days (Boost Environment) 230 x 106 g's (307)

3.3.2.17 Lunsr Surface Prelaunch Calibration/Comoensation. -
The AGS shall have the capability to automatically callbrate/bomp°nsate AGS
Attitude drift rates while IM is resting on the lunar surface. This oper-
ation shall be initiated by & DEDA command after the appropriate constants
are inserted via the DEDA for use in the calibration process.

The implementation of this operation shall have
a calibration capability within a maximum of 5 minutes, such that the
comoen:ated AGS attitude drift rate during the mission env1ronmcnu, when
the AGS is operatlng, shall be less than the follow1ng.

Days After’Calibration . X Channel Y and Z Channels
0 to 1l day (Coasting) Q.TT?/hr (3 &) O.Sho/hr (3 0~)
: . R . o, '
0 to 1 day~ (Boosting) - * 1.00 /hr (3¢~ )
- Cuncorrelated ‘ 0.78%/hr (3 c”)
¥ < uncorreleated g sen51t1v . 0. h6°/hr/g (32-)
correlated - - _ 2.35"(1/6-accel dlong X?&XiS)O/HR(3o‘)
©3.3.2.18 Gyro Channel Scale Factor Pre-Flight Callbration/

Compencation. - The AGS shall have the capebility to ccmpensate AGS gyro
channel scale factor. The compensation coefficlents shall be entered
into the AEA via the DEDA, The AGS gyro channel scale factor error after

. compensation and in the mission environment when the AGS is operating,
shall be less than the following:

Days After Calibration X, ¥ & Z Channels

0 to 120 days 935 x 10~ deg/deg (3 o’)
Eng2003 566
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3.3.2.19 Aceelerometer Scale Factor Channel Pre-Flight
Calibration/Compensation. - The AGS shall have the capability to compensate
AGS accelerometer channel scale factor.. The compensation coefficients
. shall be entered into the AEA via the DEDA. The AGS accelerometer channel
I scale factor error after compensation; and in the mission environment when
i‘ the AGS is operating, shall be less than the following:

Days After Calibration ' X, Y & Z Channels
0 to 120 days ' 9k0 x 1070 g/g (307 )
3.3.2.20 . Accelerometer Bias Pre-Flight Calibration/

Compensation. -  The AGS shall have the capebility to compensate AGS accel-
erometer channel bias. The compensation coefficients shall be entered
into the AEA via the DEDA., The AGS accelerometer channel bias after com-
pensation during the mission enviromment when the AGS is operatlnﬂ, shall
be less than the following:

‘ Days After Calibration X, Y & Z Channels
0 to 120 days - 615x 100 5 (3 s)
3.3.2.21 Combined Rates, - The AFA sﬂall be capable of

following gyro input rates up to and including 25°/sec. consecutively or
concurrently about all vehnicle axis with a maximum computational lag
error of + O, 70O per axis.

3.3.2.22 Attitude Error Signal Range. - The deviation of
the actual attitude from the commanded. shall have a maximum magnitude of
i 180°. The range of attitude error °1gnals issued by the AGS shall be
+ 15 degrees.

NOTE: The numerical values specified in the previous paragraphs shall -
be considered as the absolute value of the 347 dispersion plus:
the absolute value of the mean of the performance values obtained
during any 300 sec interval during the total time interval
associated with each performance number (i.e., 3 day, 8 day,

120 days, as applicable). '

Eng 200.3 5-66
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"3.3.2:23.v o Drift Rate. - All errors.resulﬁing from the AEA

processing limitations shall add up to an attitude reference drift rate
of not more than 0.2 degrees per hour. The processing limitations shall
include fictitious coning errors, coning errors;apd ASA meding errors.

S 3.3.2.24 Total Attitude Signal Accuracy, - The total
attitude signal shall be accurate to + 0.5 degrees, maximum, per axis
except when within + 0.5 degrees of eitherof the two attitude points of
signularity. In this case, the maximum error in the angle "o " shall be . |
less than 0.5 degree and the maximum error in the sum of the angles +
shall be less than 0.5 degree. '

3.3.2.25 Acceleration Range., - The AEA shall be capable
of processing accelerometer range of + 90 feet/second2 with a velocity
increment of (,003125) feet/second per pulse. :

3.3.2.26 Flight Director Attitude Indicator. - The sines and
cosines of the Euler angles o ,;9 and Yy~ that are output by the AGS to the
FDAT for total attitude display shall be defined by the following trans-
formation between vehicle axes and AGS inertial coordinates axes:

X ) Cc Cv S, SR S S< Cyv +Cr 52 S v Ca Syl fX
< CY Sk 58 Sy SKCyiCiSgSy BY
Y = -8 CF CC €8 -Sg | ¥
z -C<& S s s8 ¢ Su+C »r SR Cur cy cyl\z
0L 5% COr Sy Sp oy G o\
Inertial Bodyi
Eag 2003 5-66 |
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b QuALTTY ASSUBANCE PROVISIONS =~ E
Toha E Test Requirements. - This section'of ‘the 6pecificetion f)

establishes the general test requirements to be followed during the AGS .
teat program. The program shall consist of the following test categoriea'

PR

(a)} Design Verification Tests (h 2)
(v) Qualification Tests (h.3)
() Acceptance Tests (4.4)

(a) system Simulation Tests

L.2 5 Desien Verification Tests. - Design verification tests
shall include all tests conducted to substantiate the .correctness of the
design for its intended mission under simulated ground and flight environ-
ments and off ~deslgn conditions.

1

Lh.2,1 " Critical Environmental Tests. = Those tests which are
conducted on early production test units, (assemblies or sections) under
selected critical environments to provide confidence that the test unit
shall pass qualification design limit load tests., Selection of environmenta
shall be made by the vendor subject to Grumman approval.

_-h.2.2 © 'Specific Tests. - As a Culmination to design verifica-
‘tion the test unit (section or assembly) shall be subjected to the tests
listed in the following subparagraphs., Tests applicable to this require-
ment of design verification.shall fulfill the following essentiails: :

(a) 4”he tests shall be performed on production equipment.

(b) The test sequence shall be in the order presented herein.

Deviations from the sequence can be made subject to Grumman approval

(c) Successful completion of portions of these Design Verifica-
- tion Tests will permit performance of corresponding portions
of the»Qualification tests as approved by Grumman.

(d) No replacement of parts, adjustments or maintenance shall be
permitted during the selected environmental tests except when
- approved by Grumman.

s

- H - L L. -
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(1) If a failure occurs during the tests, preliminary analysis
shall be performed and Grumman immediately notified of the
fallure, Action may be initiated such as the replacement
of parts only with the approval of Grumman, -

(2) 1fa redesign or a retest or both of any part, component
or assembly of the section under test is indicated from
(a) above, the selected environmentsl tests shall be
considered incomplete until retest has been completed to -
the satisfaction of Grumman. At the discretion of Grumman,
redesign and retesting may be required of any part,
assenbly or equipment which fails to survive the selected
environments or exhibits damage which is in excess of the -
‘minimum acceptable operating mode, Feilure of any part or
component of a redundant circuit or mode shsll be considered
fallure of the equipment. At the completion of the :
selected environmental tests, in addition to the functional
check specified, the equipment shall be visually inspected
and its circuitry checked to the extent allowable, short of
disassembly, in order to ascertain to the highest degree
possible the condition of the parts and coﬁponents, within
the equlpment.

h.2.2.1 i Selected Environments. = The test.AGS section shall be
successfully subjected to the sclected environments of the operational
cycle in accordance with the Selected Environments table of the respective
assembly (AEA, DEDA and ASA) Design Control Specifications.

y,2,2,2 E Qverstress Tests. =~ At the completion of the selected
environmental tests, the test unit (section or assembly), AGS shall be
tested to failure under systematically increasing dynemic and environmental
stresses. - Deviation of performance from the minimum acceptable operating
mode shall constitute a failure, The equipment shall dwell long enough
at each increment of overstress to stabilize conditions .end complete the .

sbbreviated operational test, when applicable,

|

¢
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4.2,2,2,1 | Selection of Stresses. = The Failure Mode Prediction

Analysis shall provide the basis for the selection of critical stresses to

be employed in the overstress tests. Only conditiond frém the launch and
post-launch phase -of the misgion shall be used for the overstress tests.
If the critical mission stresses are due to a combination of dynamiec and -
environmental conditions, the tests shall be performed under that combina-
tion of environments, If the.critical stresses are due to several dynamic
and environmental conditions which are not in combination in the mission,
the test increments shall be performed with each condition imposed
separately. Each increment of the test conditions shall be 1ncreased in
proportion to 1ts values at mission levels. '

- 4,2,2,2,2 Input Parameters. - The input parameters, such as mass
flow, voltage, current, frequency, etc., shall be maintained at the values
chosen for the selected environmental tests.

h.2.2.2.3 _'\ lelted Llfe ITtems, = 1he test items for whlch operating

“time or cycles may produce lower failure modes shall be tested with each

increment proportioned to the exposure time or number of cycles used in the
Flight Simulation tests. :

h.2.2.3 i Analysis of Results. = An engineering analysis of the -
data generated by the overstress tests ineluding & correlation with the

Failure Mode Prediction Analysis shall be performed for Grumman evaluation.

4,3 © - Qualification Tests, - Qualification tests shall be
performed using two production AGS's to demonstrate attainment of design
objectives including margins of safety., The quaelification tests listed
below ‘shall be performed on . the AGS' o .

(=) ‘Design Iimit Tests (h 3.4)
(b) Endurance Tests (4.3.5) =

. Design limit tests shall be performed on a section or

.an assembly level. Endurance tests shall be performed on a section level,

i
4
#

"
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%,3.1  General. - The test sequence shall be in the order -

presented herein, Deviation from the sequence can be made subject to
Grumman approval.. The test unit (assembly or section) and test apparatus
shall be subjected to inspection by Grumman Quality Control representatives.
At convenient times prior to and after the tests, the test unit (essembly
or section) shall be examined to determine if it conforms to &ll require=
ments. At the option of Grumman, measurements shall be made of critical ‘
dimensions prior to start of the qualification tests. During the progress
of tests, examinations may be made at the option of Grumman. The results
of these examinations shall be a part of the qualification test data. Any
test articles that have undergone qualification tests shall not be used
for flight acceptence tests, nor shall they be used as flight equipment or
flight spares. All parts or elements which have been subject to qualifica-

" tion tests, elther individually or as part of a larger assembly shall be
distinctively marked as qualification tested parts. Unless prior approval
has been obtained from Grumman, items of equipment which have been
qualification-tested shall not be used for qualification testing as part of :
e higher order assembly. .

4,3,2 Purts Failure and Replacement. - No replacement of
parts, adjustments or maintenance will be permitted during quﬂliflcation
. tests except mhen approved by Grumman, :

(a) If a failure occurs during & qualification.test, Grumman shall
: be.notified immediately. Corrective action may be initiated-
only with the approval of Grumman.

O

(v) In general, redesign of parts failed due to an inherent design
deficlency during qualification tests shall be mandatory; how-
ever, in the event of circumstances which Gruymman shall have the
option of designating as mitigating, parts may be replaced and
the test continued.

(c) If a redesign or a rete %t or both of any part or coﬁponent of
the test unit (assembly or section) under test is indicated
from ga) or (b) above, the qualification test of the test
unit (assembly or section) in which the part or component

ig contained shall be considered incomplete until the retest

of the part or component in. questiop has been completed to
- the satisfa"tion of Grumman,

Code 20313 Eng-170C QB 847 . S -53~ . o e o
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(a) At the discretion of Grumman, redesign and tretesting may be
required of any part which has completed the qualification
test program, but feils or indicates weakness when retained
to complete testing of other parts. -

4,3.3 : Inspection Before Tests. = The test unit (assembly'or
section) shall be completely inspected for compliance with the drawings and
specifications prior to qualification testing, Deviations from the drawings
and specifications shall be cause for -rejection approved by Grumman.,

L.3.h ' Desien Tdmit Tests. - The test unit (assembly or gection)
shall be successfully subjected to the Flight Simulation tests of the opera-
tion cycle &t design limit levels as given in the design limlt tables of
the respective assembly design control specification.

" 4.3, 5 ! Endurance Tests. - The test settion shall be success=
fully subjected to & complete Operational Cycle including super flight
simulation, -at migsion levels in accordance with the Endurance . -

Test tables of the respective asgsembly design contfol specifications. ..

A e : : . I : ’
© 4,3.6 {  Inspection After Tests, = After completion of the’
qualification test program, -each test unit shall be disassembled to the ,
component or module level and subjected to a tear-down inspection., Measure=
ments shall be taken, as necessary, to disclose excessively worn, distorted,

or weakened parts. Photographs shall be taken of such discrepant. parts

" end these photographs shall be included in the test report.

4,3,7 - A Post-Quallflcatlon Tests. - At the completion of the
qualification tests, the test unit (assembly or section) shall be subjected
to the following additional tests in order to increase confidence in
equipment design life end strength. Post-qualification shall not constrain
production nor be & cause for additional facility or special test equipment
requirements, Equipment fallures experienced during post-qualification
testing shall be brought to the attention of Grumman for an evaluation of
the lmpact on the flight worthlness of the equipment, -

-
i
; .
4
i
;
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Lh.3.7.1 Overstress Tests. - The post-qualification testing
of the Design Limit test unit (section or assembly) shall consist of over-
stress tests in the same mode or condition as selected or the design
verification overstress tests.

kL Acceotance Tests. - Each deliverable assembly of the
AGS shall be subjected Lo an acceptance test as per LSP-300-37,
LSP-300-33 and LSP-300-39. After each ascembly has successfully -completed
the assembly acceptance test, the AEA, DEDA and the ASA shall be subjected
to an AGS acceptance (compatibility) test The acceptance (compatibility)
test shall demonstrate that:

(a) The AGS satisfies all applicable requirements of this spe01flcat10n
o urder the restricted set of initial conditions, operating modes
'and operatinv sequences of paradraph 3 1.4 (Deelgn M1581on).

(v) Conforms to the approved de51gn correspondlnc to the particular AGS .
~+ production model under test. .

- [N

AGS's t5 bé used on fllcht Spacecraft shall not: contaln an
assembly which has been subjected to more than two gcceptance tests, nor an
assembly which has been subject to environments:of an intensity high than -
acceptance test levels, nor an assembly which has accunulated an excess of
200 hours total running time, during acceptance testing. No more than

150 hours shall be accumulated during the "assembly level ‘acceptance testing
No more than 50 hours shall be: accumulated during the comoatlblllty testlng;

o
-

k.5 "Systems Simulation Tests. -
k,5.1 Scope. - Sufficient System Simulation Tests shall

be run to verify that the computations required of the AEA meet all the
requirements of this specification and the applicablz subassembly speci--
fications. These tests shall not use actual flight hardware but math., ‘
models that simulate the hardware and associated environment where required.
The simulations may be divided into Open Loop Checkout and Closed Loop

- Simulations.

T
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4.5.1.1 . Open Ioop Checkout., - The Interpretive Computer
simulation (ICS) shall be used in open loop pperations with drivers
consistent with this specification to checkout selected functions as
required prior to their testing in closed-loop operation. The.ICS shall
provide the computation chargcteristics of the AEA and shall accept the
hard wired and soft wired programs as written for the AEA.

h.5.1.2 A flight simulation (ICS/FS) hwerein the ICS and
the N-stage dynamics are integrated, will be used to simulate aborts.

5 PREPARATION FOR DELIVERY

5.1 Preservatlon, Packavlnc and Packing. ~ Preservation,
packaging and packing shall be in accordance w1th Section 5 of referenced
speciflcatwons 11sted in 2.1.

6 NOTES

Eng 200.3 5-66
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TABIE I

~ ABORT GUIDANCE SE TICH FU\CTIGNS' *

«

- A EARTH PRELAUVCH

- Prefllght checkout and calibration

B. EARTH LAUNCH THROUGH TRAubIUVAR FLIGHT
- Nonfunctioning (off condition)

[PPSR WS
.

C. IUNAR ORBIT (PREPARATION FOR IANDING ‘WISSJ.ON)
’ -  OFF-STANDBY OPERA‘EE Conditions

- = SELF Test '
- - IN FLIGHT CALTBRATION/CC“PZJSATIOR
- ALIGN IIERTIAL REFERENCE to PGLS

’ | ‘ o ~ Inrhlallze Absolute Time via the DEDA

= Initislize I and CSH State Vecters using PGNS Dowvnlink
.~ AGS in FOLLOWUP Submode before Descent (rbit Injection

D.. LUNAR DESCENT GRBI‘I‘ INJECTION (NON-A.BORT conmn;:orr)
" - FOLLOWUP Submode L o

= - Maintain inertial reference

-, Maintain Navigation

- Conulnually solve for Abport Trajectory which will either .
Intercept the CSM in its Orbit Directly or ¢vecute concentric .
Flight plan’ (dep"ﬂdlrg on option selected) ' :

=  Provide Englne—Oh commands
- Provide Data for Inflight Lonltorlng
- Provide Analog and Digital Telemetry

"« Accept orbit insertion targeting deta |

Code 20312 Eng-278C QB 887
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| TABLE I (Continued)

e e s i

IUNAR DESCENT ORBIT INJECTION (ABORT CONDITION)
- AUTOMATIC Submode

- Meintain Inertlal Reference »
= Continually Solve for Abort Trajectory
- Provide'Eﬁgine-ON'COmmands

- Provide Steering Signals and Engine-OFF Command as required to
Steer IM to Rendezvous .

.= Provide data for Inflight Monitoring
- After Engine Shutdown AGS Functions same as in para. "0."

IUNAR DESCENT;COAST‘(NON;ABORT CONDITION)-
- .. FOLLOWUP Submode{ .

- Maintain Inertial Reference

- ‘Malntain Navxgatlon

- Accept PGNS Allgnmcnt Informaulon - Realign ‘ :
-  Accept PGNS Downlink Information - Reinitialize ~IM and CSM
- Continually Solve for Avort Trajiectory . ’

~ g

-  Provide Data for Inflight }onltorlng

- Provide Digital Telemetry

~ " Accept Qorbit insertion targéiing date-via the ~ "t .-
DEDA :

IUNAR DESCENT COAST (ABORT CONDITION)

-~  Automstic- Submode - -
- Meintain Inertisl Reference.

- Maintein .vigation

- Continuall; solve for Abort Trajectory

Provide Englne-ON Commands

Code 26312

"
I
o)

[

Eng-273C QB 887 S ' =2 . ] g




: S - i S U

Code 26312

Eng-278C Q3 687

I
| Spec. No.___LSP-300-3B
) { ;
S'PECBFICA?ION Date: SOl
Page: -
: -
E ‘ - TABLE I (Continued)
G (Contlnued) E R RN
- Provide Steerlng Slgna.ls and Engine-O"‘F Command as Required to
Steer I to Rendezvous with the CSM or to a Pa.rkmg Orbvit
+  After Engme Shutdovn AGS Functions same as in para. "M" = ‘Ascent
Boost .(Abort Con&ition)
-  Provide Data for Infllght Monitoring‘
H. PCHERED DESCENT (NON-ABORT CONDITION) -
-  Sane as "D ~Lunar Descent Injection (Non-Abort Condition)
"I, POWERED DESCENT (ABORT CONDITION) -
- Same as "E" 2 Lunar Descent Injection (AborAt' Condition)
J. IUTAR SURFACE. (PRELAUNCH CHECKOUT, NON-ABORT CONDITION)
- 01 "F-STANDBY -OPERATE Condition )
<«  Iunar Prefllght Checkout and Calibratlon/Compensatlon
.= In SELF TEST.
- Align Tnertial Reference to PGNS
- Initialize CS and Absolute Time through DEDA
' - Initializé I through PGNS Downlink |
- AGS in FOLLOWUP Mode before “Liftoff
K. LUIAR SURFACE (PRETAUNCH CHECKOUT, ABORT CONDITION)
‘- Orr -CTAITLBY-OPERATE Conditicn o
~ Iunar Preflight Checkout and Calibration/Compensation
- Self Test 'Mode |
- Znter ILUIAR ALIGN Submode
~  Accept Azimuth Alignment Data through DEDA
= Accept IM. CSM and Lbsolute Time Data through DEDA
- Initialize LM , CSM, Absolute Time via DEDA
:
A -50- SO e
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‘K., (Continued) { S s

- Enter Inertial Reference Mode

- Contmual]y Solve for Abort Trajectory from Iunar Surface
which will either Intercept the CSM dlrectly or Place 1M
in & Parking Orbit .

= Provide Data for Inflight Monitoring
-  Provide Digital and Analog Telemetry ,
- On Entry into AUTOMATIC Submode Function as described under para "E".

TUNAR ASCENT BOOST (NON~ARORT CONDITION)

- Same as"H"- Powered Descent (Ilon-Abort Condition)

TUNAR ASCENT BOOST (ABORT CONDITION) == <

- Same as"I"- Powered Descent (Abort Condition) |

IUNAR ASCELT COAST (NO-ABORT COWDITION)

- Same as"F"- Tunar Descent Coast (Non-Abort Condition)
LUNAR ASCENT COAST (ABORT commzov)

- ATTITUDE HOLD, Submdde »

- Maintain Inertial Referencc T

= Acguisition Submode

- Accept Radar Data to.Update Navigaticn

- Continually splve. for Parking or Inertcept Trajectory
- Provide Inflight Mornitoring Data = - |

=  Frovide Analog and Digital Telemetiy*

IUTAR ASCENT IMIDCOURSE CORRECTION. (ABORT CO&DITION)

- Maintain Inertial Reference

Code 26312

Eng-278C QB 807
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P ' | Spec. No,___LSP-300-33

PECIFICATION Dite: e
A ' Page:
TABLE I (Continued)
P. (Continued) i ‘ | : B

(]

- Provide ' . Attitude Reorientation Commands on Entry into
SEMI-AUTO\IA 'IC Submode

- On Entry into AU”OMA“IC Submode Function as described under para "E"
Q. csM/ . RLNDLZVOUS (ABORT ATD NON-ABORT CONDITIOJS)

- Maintain Inertlal Reference

-« Maintain &avigation'

= FOLILOWUP or ATT I.LUDL. HOLD Subm ode '

i

Sam s merr——a
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GRUMMAN AInCRAFI‘ ENGINIERING CORPORATIO\T

- Bethpage, L. I, N. Y.
Code Ident. No. 26512

SPECIFICATION | | -
No. __TLSP-300-3B ’

TABLE IT. . R R

MISSICH PROFILE

Time  {Minutes)
* Non- :
_ o Boost | 3oost _En v‘ronnent
Phase . Total | Total -
Prelaunca* 120.0 | Prelaunch
days Unpackaged
Earth launch/ & ascent = . ‘ 11.8 Launch &
: o : : Boost
Farth orbit through transposition o 5.2 210.9 Translunér
Continue translunar trip through . 6.4 [3627.4 |Translunar
insertion into lunar orbit .
Coast in lunar orbit (IEY checkout) "1 223.3  |Translunar
Total preseparation C : 23.4  [L661.6
LE{ separation to insertion . ' 20.0 | Descent
sertlou end iichmana Transler vrbl.. ' 0.6 57.9 IEscent'
Pou&‘ 4 descent from rericynthion to . -
nover 8.k Descent
Eover to touchdown : 1.1k Descent
Eng200.3 $.66




GRU\IN AN AIRCRAFT ENGINEERING CORPORATION
Bcthpqrzc L I,N. Y.
Code Ident. No. 26512

SPECIFICATION |
No.  LSP-300-3B

TABLE Iif:, (Continued)

Tive (r.a.ﬁhl tes)
nOn- . .
Boost Zo0st Envirorment
Phase Tctal | Total | oL
Post landing checkout ) 75.0 | Lunar Stay
i ‘ . P .‘
Exploration : ] : 05.0 Lunar Stay
Prelaunch preparation ) 100.0 | Lunar Stay.
Total lunar stay for mission success -1 2153.5 | - Lunar. Stay
estinate o
Adéitional lanar stay for crew sa;ety 1200.0 | Lunar Stay
estimate
"'7_ -
Powered ascent ' ' . ' 7.2 Ascent
oY '
Coast (a proerately) 30 min 28. Ascent.
’ (no vibration)
Cozlliptic secuence initiation, RCS 0.5 - { Ascent.
.crizontal burn .
Coast to apocynthion : L9, Ascent
' ! (no vibration)
Circularization burn a% 65 mi., RCS burn 0.5 _ Ascent
? ' e Ascent
Cocest in 65 mi. parking orbit A 45, . cen
| (no vibration)

Eng2003 566 _
..__63._
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GRUM\IAN AIRCRAFT E\’GI’\TIRII\G CORPO’KATION

Bethpage, L. I, N. Y.
.  Code Ident. No. 26512

SPECIFICATION

No. LSP-300-3B

TABIE IL  (Continued)

e (11 nutes)

Non- _
Boos Boost Environment

Phase Total | Total T
Terminal Phaée Initiation, RCS burn 0.5 Ascent
Coast 1hko° central angle, {ncludes
2 midcourse corrections with RCS : 48, Ascent
ourns of 24 and b seec. (V=30 and 5 fps) (no vibration)
Rendezvous, includes 3 RCS burns of .
aoproximately 4,8, and L sec 10. Ascent
(V=5, 10 and S fps) (no vivration)
Docking 15. Ascent

T

3

*This phase consists of pad tirme after calibratlon on site-and does not
include 4.5 years of storage or 850 hours of op erauinv test time.

£552003 5-66
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Bethpage, L. I, N. Y.

GRUMMAN 'AIRCRAFT ENGINEERING CORPORATION
' CODE IDENT 26512 ‘

4 -

SPECIFICATION NO. SP-3%-3

1 . TABIETIIT

 IMENGINE PERFORMANCE

DESCENT ENGINE ’ |

'Throttle range - 1050 - 6 300 1b. w1th a step to nominal max thrust.
Nominal max1mum thrust - 9,880 lb. * 1. Sp w1th no erésion

Nominal Isp 7 303.5 sec0nds,,one sigma dev1ation 15 sec.

Thrust Profile - 30% for 3 'sec, 10% for next 23 sec., Maximum
Thrust thereafter "Defined in TBD " .

Thrust Cut—off.impulse* - + 100 1b-sec (3 sigma)
Tar st misaiignmént (to be revised)
0.5° cone | Replace witn 3 dr;alues

defined in
o] :
2 . cone

. . R '
a. Thrust uncertainty

il

b. Mount miéalignmept
c. -Gimbal atgle - 6° cone -

The mominal descent engine ¢npulbe occurring bétween AGS. Eng ine ot
command and complete shut-down shall be variéble:betkeen 800 and
1600 lt-sec.‘ The AGS shell beldesigned to allow £or the variatién {
from engine to engine.

'~*Nominal valu% ﬁnknowp
ASCENT»ENGINE,? o | | o
Noﬁinal thrust - 3500 + 52.5 1b. |

Nominal Igp } 311., one sigma deviation: 2 sec.

L
H
}.
&

Eng 200.7 3-65




GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. I, N. Y.
' CODE IDENT 26512

'm

SPECI CATlON N O. 'LSP‘-;j%bb’-BB

B, (Oontinued)

3.

1
F
i
1
!
, TABLE IIT {Continued)

| e ' |
i

o

. Tarust. Cut-off Profile.

~a. Thrust decay to lO% rated thrust in O 20 seconds

l
b. Engine cut-off command delay
. | | o . o |
Trne nonlnal éut—off impulse shall be'variable between 300 end

B
LS50 1lb-sec. {The AGS shall e ce51vned to allow this: var;atlon

from engine %o encine. The 3 sigma cev1ation about the nominal

]

shell be 75 1b sec.

Thrust misallénment (to be revised.)

u

a. Thrust u;certalnty
. o
b. Mount miéalignment

0.3 cone

il

20 - code“
xhe delay beTween englne on command and ascent envlne 1gn1tion
shall not eXgeed 1 séc. during iaunch from the lunar-surface,
The Ascent Eggine will be canted as follows:
{
OV - 2'.0? (about Z)
' !
(56 = 3.57 + 2° (about ¥)

Eng 200.7 3-65
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Bethpage, L. I, N. Y.
CODE IDENT 26512

GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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GRU\IMA’\T AIRCRATT ENGI’\TI CRING CO*{PORATIO\T

Bethpage, L. I, N. Y.
Code {dent. No. 26512

- SPECIFICATION
No. -ILSP-300-3B

AGS Orerations Perforred in Submodes

TABLE V

Q
"Q o
o G ol <
R jore] = . [o} (o]
Opereation 2 - b 3 % E E E :—24 g Notes
gl Sl e~ | ol OF m) A
=] S| oAl = ] 9 T
Al 2| &% & & & 2| & &
FGIS Downlink 2] 24 2 2j2:0}010 |2 (l) Zero atiitude errors
Processing i are output
Initialize 2f 241 2 2121010110 {2 | (2) Performed only on lunar
: o - surface if lunar surface
Gyro Data sigral is present
Processing and 1 L+l 11111 41 ,
Compensation ‘ ” (3) FWot performed when luner
surface signal is
Accelerometer . _ present (input via DEZDA)
Dava Processingt 1 1} 1 14101114111 '
and Compensation ' (&) Engine OFF command is
ocutput _
Update Direction 1| 1 i1 2113141191 L
Cosines ' (5). Wot performed for 2
] (6) (31 g?cénds when initialize
W Align 1 it vie downlink or IM
initialize via DZDA is
Lunar Align 1 comnandea
Zody Axes Align 1 - (6) paus Euler An«les Pro-
4 cessed only when LI
Compute Abtitudd(L){ (1) (1)1 (1) (1)~ elign operation is
errors 11 i1 PO I 11 10T 11 11 performed
Delenetry 1 14 1 1411124311411
ER Data
Srocessing 0o 040 21.2: 0101210
. % ' ) :
ZDA Processingi 1] 1| 1 1111111111 -
FDAT 11 111 111 1t141111

Ing 2003 5-66
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G‘(UM.MA’\Y AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. I, N. Y.
Code Ident. No. 26512~

SPECIFICATION
No. LSP—SOO—BB

TABLE V (Contlnued)

Q
LR
i1s O ] ol o N
85 = | 81| o
o bt w [ [@] Ll o4
2 202l 2lels|z| B3
. . - * , -7
Operation = =& S| 3| < < 2 S notes
- 1 =) o] RE} = o~ e}
T >t = == &5 A
2 15182 312181581813
= 5 <)
= =t - =T N = = I
h I )
, (5) 1 (5p. (5] . (5. (5] (5)
LEM Favigation TN 1 171 b 1§11
0 J
o . (5) (5] ,(5D, (51 (5) zend :
CSii Tavigation 1.5 L( 1YL 111 41 41 Legend:
Inflight Self-Test {1 1 |1 |1 L f14{141111 1 - These operatiocns
_are always per=
nflight Gyro . (3) _ formed in the.
Drife Calibra ion submodes indicateqd
Lurar Surface 1(2) 2 - These operations
Gyrc Drift é : are perforred oa
Calibration * i : cemmand via DZTA
_ q - ir the submodes
Inflight indicated
Lccelerometer . (3)
Bias Calibrati b 0 - Thcze operations
, ehousd not te
Tavigation Display |1 1 1y 11212 41 vL {1 -commanded in th

suomodes indicated
L () T

* « Trese operations
<

are not descrived
in the Flight
Leuations documens

(Ret 5).

n
(@]
(@]
n
n
(o]
o
(@]
(o]
1=

Eng 2003 5-66
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GRUMMAN AIRCRAFT ENGINEERRI\'G CORPORATION

Bethpage, L. I, N. Y..

CODE IDENT 26512

LSP-300-3B

N O.

f

SPECIFICATION
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION

SPECIFICATION NO.
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FIGURE 3
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