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SPECIFICATION NO.
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. I, N. Y.
CODE IDENT 26512

SPECIFICATION NO.. LEP-370-3

2.1 - (Continued)
- Militery

MIL-I-2£600/MSC~EI-10A Interference Control Requirements,
Leronautical Equitment deted 2 June 1958
with Amer*z.» lo. 2 dated 17 June 1959
&adé Notice 1 deted 1 June 19€2

MIL-E-B500 7 Glycel Composition

48-235864 ’ Metzlg, Defiriticon of Dissimiler .

16 December 1558

GRILT DOCUMELTS

LID 5L4¢-12 Design Reference lssion, £pcllo

(:isC TED) Miesicn Flenning Task Force,

3C Cctcber 19C4 nenceforth Referred
to as DEM :

2.1.1 refereonced DOCLﬁ’AtS. ~ Tre eppendix ince rporates &
ccaposite listing of iLuolio Interfece Lccuments. This listing is in-
tenced for informetion purpcsees only and will ©te pericdicelly urdated
tul coss not constitute a part of this specification.

Selecticns £ have been
referernced in Section 3 of this I o] c iocurents
£0 referenced ere also rnot o pert of thi rvecific t thelr

ntrrcte including 1 +°st ero icable

a:plicab-¢1t to the respeciive co ciu =
risicn as IRN's thereto, ere specified in the applice
aster End Item Specificsticn.

0(’3
}_.:
14
O

[o]
L‘j
s

8]

tractor's,

>
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SPECIFICATION NO._ LSP-370-3

(»

)

Precederce. - The order of precedence, in case of
. shall be &5 follows:

MIT/IL Documents -

Contract

Ziner Loeouments Felerenced Herein

P £ I Svecificetion
o1 Specification (LSP-L7C-24)

ereln

et

Othier Docurnents Referenced

]

Effectivity. - The effectivity of this specification
ne date of issue and subseauent approved Spec 'ficatlon Cranze

Eng 200.7 3-65
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. I, N. Y.
CODE IDENT 26512

SPECIFICATION NO.__ LSP-370-3

3 GFE-PGNCS REQUIREMENTS

3.1 Functional and Performance Requirements. - The
GFE~PGICS shall provide the functions necessary for performance of the
nevigation, guidence, end control tesks for 2 manned lunar landing mission
es cescrited in LED-5L0-12, hereinsfter referred to as, DRY and for aborts -
from such 2 mission. The detailed functional recuirements for the GFE-
‘PGHCE &re outlined below.

5.1.1 navizeticn Functional Recuirements. The GFE-PGICS.
ice X L3 goil s cuires for guidence of the
33 ‘CS she ll be cangble of
eitner the ALCT cr LOTS
nce of the lunear larding
cf creratineg independently
g for initializing end
for determining the location
the LFD, and prcovide
etryv. The navization dasta
(z) 1LGC Initislization Date
(v) Tnertisl Sencor Dats
(c) - RE Trackinz Deta or LOTS Tracking Data
(&) LE Treckinz Date
{e) LPD Dute
(£) SFL Datea
N 3.1.2 Guidance Functional Fecuirements., - The guicance
furcticrel nmission and atort related reguirements are listed in the following
subrparasraphs.. :

ni equirexzsnts, - The &7
furCulan 1o accomplish tne foilowing mis

FE-PEICS shall provide
sion relatedé reguirementis:

Eng 200.7 3-65 v : ) » . -
4 EDP Sheet No. 05
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. I, N. Y.
CODE IDENT 26512

SPECIFICATION N O._LSP-370-3

3.1.2.1 {Continued)

(=)

{n)

(c)

Z.i.zlz Ltert Releted Reouirements. - The GFE-PGLCS shall pro-
vide the guidance function te svort from eny point in the lunar landing
~issicon to zchieve rendezvecus with the CS5M by:

Orientation for transfer insertion

Inserticn into the recuired coastingz descent trensfer orbit that
will cause the LEM to arrive at & predetermined position relative
Tr lected lunasr landing site

jandins site via the LPD during the powered

Yoo

- v C s s
irnition time . end ignit

for nil powerel mEnSuvers

on window lirmit

ce to achieve:

{1} Burrcui conditions resulting in & LU trajectory that intercepts

re CI'7 ot the prefeters 2 aim point and time of errival,
and with e vericyninio itude grezter than a specified
cleny pericynihion eltitude consiraint or :
{(#} Turnocut cenditiens resuliine in e purkine orbit with 2 specified
clear pericynthion altituce '

MMidcourse guidance to reduce dis persicns about the norinal aim
point )

erminal rendezvous guidance

™

S

Tsteblisning burnovt conditions resultin: in & LEM ¢
T pericyninion altitude grealer
vntnion altitucde constraint -

Eng 200.7 3-65

—_ 5 ' EDP Sheet No. 06




" GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. 1, N. Y.
- CODE IDENT 26512

SPECIFICATION N O.__1SP-370-3

3.1.2.2 (Cdntinued)

(b) Establisaing burnout conditions resulting in a ‘parking orbit
with & specified clear pericynthion

(e} Performing mininmum time enercency launch from the luner surface
to CBM intercept or parkinz orbit injection

GFE-PGRCS chall also provide the cepebiility
xnd terrlnal rencezvous guidance after
above

a
Y
/

cwerec asceni poriion of the
Lt or descent engine slone,
ent remaining irn the descent

chall provide the sbort cepzbility described in
.;.2 for cases of RCS failures described in
4,1,1.2, ' ‘

(v) cnzll heve the carebility of cormpleting powered
with recuced escent encine thru:v cr by using
vithin the consirazinls of availaeble propellant and of
¢rnamics.
(¢} Trhe GFE-FGICS

'3
)
bos
t_l
)
<
47
ct
)
o
»
@]
1 £
o
s
’.._l
3
ct
<
O
5
[
P
(2]

{(4) Approoriate combinations of (1), (2), and (3)

Eng 200.7 3-65 6 EDP Sheet No. 07



‘'GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. 1., N. Y.
CODE IDENT 26512

SPECIFICATION N O.__LSP-370-3

3.1.2.2.1
(a)

Ci‘. o

S~
o'
-

—
9
~——

(a)

L1 putcretic Mode. - In the normal GFE-PEICS cpersticn of this
ot2, vehicle trznslaticn and atvitude, and flishi path profiles
urcer control of the GFE-PGICS. This ccnurol shsll be wccomplished by
cemmands which are transmitted to the CES in the form of: ’
#C8 jet commands
Lescent engine ihrottling incresse and decresse signsls

(Cdntinued)_

The GFE-PGHCS shall have the capability (prior to LEM descent *
crbit insertion) to perform the resuired guidance and control
functions utilizing the LEM descent engine, -that will allow the

Commend Medule to achieve a safe re-entry corridor.
Stzbili uncticnal Reguirements. - The
vide for ion and conurcl when operating
» the 203 end attituﬁe kold modes,
of the videc to tre SCS shall be
cee urin; gither coastins or
el cenirol medes, In-ihe:
end execvie rmanual rcotation
cent controcller inputs from
viced by irdivicduszl RCS
ants. 1In ecciticn, the GFE-
_____ follows:
ercent znd 57.5 percent
L Ctrer Tunctional Reouirsrents. ~ In addizion te the
reviration, ani conirel functicnsl renuirements cf the GFE-FGECS
» the felicwing functionel cspsvilities shall also be provided.

Ascent and/or descent engine ON/Off signals

Descent enzgine pitch and roll gimbal actuator On/Off commands

Eng 200.7 3-65

EDP Sheet No. 08



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

SPECIFICATION NO. LSP-370-3

3.1.4.1,1 Characteristics. - The basic characteristics of the
automatic mode are the following: o

(a) Vhen in the automatic mode, all attitude and translational
control commands necessary to perform all LEM mission phases
autcmatically, with the exception of separation and docking,
originate in the IGC.

(b} Durinz the latter phases of the power descent a Landing Point
i LPDY may be used in conjunctiocn with the GFE PGNCS
te the landing site,

tout the X-axis (yaw) may be commanded by -

ntical to the Axiitude Hold Mode, described
LFPD is controlling as spécified by the 1LGC
naneuvers shall be accomplished Vluhouu

ht profile, 1In the absence of attitude maneuver
will maintain yaw aititude at the -value existing
; of the last attitude maneuver cormmand. A DSKY
i1l re=store automatic control to the X-axis.

- The RCS jet commands from
to the preamplifiers of
amplifier outo 1ts are then fed to
and transl" n"l coitvol Tne RCS

szoion control forces are commanded relative to the TEM body
zxes based on the RC thruster locations stated per 3.1.5.1.4.3.
() In *the autcmatic mode, translation along the ¥-axis shall use
all OAI a"“i lable *C thrusters, After coasting phases, the

=G 1 provide automatic ullage settling X-axis translation
Sp@:ifli” in (1) and (2) below. Tke ullage settling
161l be susiained for 0.5 seconds after initiation of
Turn -on.

jegcent Engine Ullage Settling . 4 RCS engines for 5.5
seccends priocr to descent
engine on command

{z) Asceni Zngine Ullage Settling Ik RCS engines for 2
' seconds pricr to ascent
engine on commands

Eng 200.7 3-65 "
e B e : EDP Sheet No. 09




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

SPECIFICATION N O._ LSP-370-3

3.1.k.2.2

(e}

—
o
S

—~
4
N

(1)

(Continued) . "VF S :

Commends from the LGC shall be such that opposing RCS thrusters
are npever commanded On simultanecusly.

Twe-~tnruster ccuples are normally cormanded for attitude control
accut eoin iz, TFeur thrusier couples may be switched on auto-
rmevicslly oy the LGC con an as-needed basis as a fuaction.of pocl-
ticn end rate steering error mssnitude.
5t or when usinz escent ensine, the LGC shall
iet BC thruster selection fer pitch exnd roll
reizneel couples are used. Tne thrusilers to
tret o X r ie
Iz L C
e 2ol
lun: 1
zneced a
coestin ™ v oin limit
wliched tude desd 2z of nomirelily
11 three axes. Durins thrusting phases, the
ccteblisred bosed on suidance ‘steering

commands

~ands to & coxc*zat cn c? other thruster
wairs to achieve the desired contirol resronse. The thruster pairs
‘tnet carn te zhutoff are incicated in Figure 1.

ufo cenirel ghzll be maintained by the GFE-PGHCS during all

Jes. thruster failure dicatlcn has been sent to the LGC.

Eng 200.7

3-65

EDP Sheet No. 19
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L.I.,N. Y.
CODE IDENT 26512

SPECIFICATION NO.

LSP-370-3

3.1.&,3

Descent Brgine Gimbal Trim On/Off Commands. -

(2) Gimbal trim commancds are generated in the LGC and directed

to
are

(b) Ths

fe))

the DECA in the form of D.C. discretes. Four discretes
usei to command positive and negative pitch and roll
nal motions. The discretes activate power sw1tcnes in
“ECA wilzch in turn activate the GDA's.

GLA's operate in en On/Off fashion at a constant speed

2.2 :/sec.  The rise time to reach steady state speed is
sec.  The maximum angular range of each actuator is * 6.0
o

ceurs, autcmatic failure detection ci reuitry
res the LGC of the failure by one discrete,
ts off power to the GDA the IGC will receive
430 will then cease issuing commands to the

Automatic, =

( )
3]
Q
(o0
12
[
=1
ot
(4]
]

his is a semi-automati
GIiZS or AGS. :

l"’
hezr the GFE-FPG

3.1.k.8,2,1 SrE-P5TCE Operation. - GFE~PGNCS. operation is as
follows:
(a) used during certain non-thrusting
rar a :ding by the.crew FDLOV;H: instruments
ant -out-ci~-window cues. N'nhal attitude and translation commands
from the atiitude and translaticen controllers are fed to the
IGC wrnich prrovides the zutopllot function and commands RC thruster
crerati in : i to that used in the autcomatic mode.
Shi > and decrease signals are zenerated
ag & of descent commands. L?zlne on
commands and enrine zirzbal trim ﬂn/wff commansgs shall be sustained.
. ) ) . ’
(r) " signal, the LGC chall ccmmand
nal to conurollar displacement
hall range nominally from 420
h axis.
Eng 200.7 3-65
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. I, N. Y.
CODE IDENT 26512

SPECIFICATION NO._ LSP-370-3

3.1.k.k,10 {Continued)

(c) Upon removel of the "out of detent" signel, the LGC shell
commnand reduction of attitude rates to zero. VUhen the vector
sum abtout 21l axes of attitude rates goes below a specified (TBD)
degl/eee. tihe venicle mttitude enzgle at that time shall be
held by neens of RC thruster commands.

jet or 4 jet conirol ‘torgue courles
21’ ir & manner identiczl to the

(=) erew corranded ratss, from the attitude

in Yhe Attitule Hglid contrel mode shall
in Tablse I, ihe eizpzed time from

er Gisplacercrnt until the vehicle.

¢. of its stesiv-state vehicle ret

s piven in the teble. The final

1 te within 1.0 dec/sec. of the

nt and 0.4 deg/sec. durins descent.

Eng 200.7 3-65 o : S .
—_—12 ‘ EDP Sheet No.




GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. 1., N. Y. -
CODE IDENT 26512

SPECIFICATION NO._  5F-37-3

TABLE I

FLIGHT CONTROL SYSTEM

DYNAMIC PERFORMANCE

ATTITUTE EOLD MODE

FATE COMMAND RESPOKSE

Corranced Vehidle Rigid Boay Response *

Fate Moment of Inertia Time
(Fasd/co-d (Sivs - F29) (Sec)
Rely 1500 0.3
LAGS 1500 0.35
.2CO lSOu . 0.45

05 5000 2.0
100 6000 2.5
zCU0 5000 2.7
G0 10000 0.65
100 10000 1.2

z00 1G00CC 2.2
050 20000 1.1
100 20000 2.2
.2C0 20000 4.0

¥ Time for error ©o converge to within C.15 deb/sec of rate uead zone
(Two Jet Respcnse - All Axes - 1100 1b - ft. torque)

'.l'!l!!llllillll-lll-llil!l

Eng 200.7 3-65
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. 1., N. Y.
CODE IDENT 26512

SPECIFICATION. N O. LSpP-370-3

3.1.%.4.1.1  {Continued) .
(e) (Continued)

torcue impulse (about each axis) is imparted to the vehicle

gt each end of the dezdband in order to maintain vehicle
sttitude within the deadband limits. A minimum torgue impulse
shzll be less than 10.0 ft-lb-sec.

~~
th
~—
-3
o3
4]
]
(.4.
(-f-
e

uring descent engine thrusting
node shall not exceed 0.3°

(z) ? Bels rt, & minirum imyulse 1 ;
~all ve e nree exes with a wice cr narrow
. attituie 4 the erew, The DSIY shzll be used
fer this ¢ deacband shall be ncominaslly egqual to
5.07 arna Tl srell ‘not exceed G.3°.
3.1.k.5.1.2 0T Thruster Cormencs. — PCS thruster commands shell

S
be related to transletvicn conmencs from the T/TCAL in the following rmenner:

{z)  Toon receipt of a discrele signal from the T/TCA, the LGC

: cmmend 2n oren lcov accelerstion elons the arvrepriate
» discretes are.usea to command positive
leration alo‘n each exis.

(v} Two thruster is used to obtzin accelersztions aleng the
vehicle euves, The selection of which two cut of four peossible
thrusters available along the ¥ axics shall be perforrmed auto-
“Vt;cnli" by the LGC. The selection shall be such thet per-

irized t irmultaneous attitude
“hrus g

(c) sprrosch vhese (Phase lo. 3), when the descent
‘ve, GDA trim commands shall continue to
ne 1GC as in the Automatic mode,
3.1.4.5,1.3 Lurirr the panuelly cormanded attitude chanze, sttitude
error remains at zerc. The vehicle is automaiically heléd et the attitude
it hzd woen the attituvde controller was returned to neutral con31stent with
tne reculrements of 3.1.L.h, : S

Eng 200.7 3-65
—_— 1h — EDP heet No. 15
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. 1, N. Y. ’
CODE IDENT 26512

SPECIFICATION N O.__LSP-370-3

3.1.k.5 Direct Mode. - An emergency direct control is also ;
available on an indivicual axis besis when the attitude controller is moved
to the hardover position, whereby L jet operation is cormanded. The .
emergency direct rode is independent of all other attitude control modes for
GFE-PCKCS or LGS cperation.

3.1.4.5.1 . An override of +X translation is obtaineble in 211 modes
by commending 4 jet operztion direct to the RCS secondary coils by means of
a2 contrel bution on the pznel. ' :

2.1.k.6 Abori., -
3.1.L,8, The erew nzs the cholice of storiing utilizirne the descent
enrine cu.y, i fod ‘n combination.or with the ascent
« £ IS v

nT the descent encine only or the cescent-
G, the crew pushzs ithe Abort button.
cormancs ithe LGC snd the AGS {o initiete
will trolled aleons an
~the LZ¥ normal

ort encine, T

and the AGZ U

ith the ascent

staTtins 1s initi 3 T

e ascernt enzine is inhibited from ring
Stere initiaticn.

rewr elects to ebort utilizins the gscent engine only
s 8e Tne system resnonse is the sare as just
ce Butteon actuaticn. Ullege settling

ce proviced in accordsnce with parasraph
sting pheses.

- -
trenice,

_ Eng 200.7 3-65 _ )
— 15 __ EDP sheet No. 16



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

SPECIFICATION NO.__ [ISP-370-3

3.1.4.7 Rate of Descent (ROD) Mode. - The ROD mode shall be

operational when the Attitude Hold mode is’ selected in either the landing
" approach phase (Phase 2) or the final approach phase (Phase 3)*. Upon

switching to the ROD mode, the IGC shall command descent engine throttling
such that the venicle rate of descent along the calculated local wvertical at
+the time of switchover is maintained. Incremental changes in the rate of
descent srall be d Lv means of discretes coming from the crew
station, wnich to the IGC, to be eyecuted in uhe form of

ing lJrowrammed to dispilay *he e data automati-
flight crew via the DSKY. The DSIY hall
of permitting the flight crew to initiate

ion phases, perform in-Tlight checkout,

na display manval ILGC entries prior t
GIICS shall provide the capability of dis-
s .

3.1.4.9, Controls. - The GFE-PGNCS control functions are speci-
fied in ICD LIS-540~10001.

In addition, the following crew interface functional

“Eng 200.7 3-65 _ .
S [ — : EDP Sheet No. 17
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SPECIFICATION NO.__ 1SP-370-3

3'1‘

(a)

tC)

L.o.1 (Con tlnued)

The ACT will have & reticle dirming control provided
T Control Box. The AOT will provide control and readout
rerents of star pesition angles. The AOT Lontrol Box will
end VLPY REJECT controls for en terlnz star
ce cocrdinates into tre computer. The AQT

i2ity tc uve placed in 6 deient positions with .

ACT Contro* -

on the AU

circuit breszkers for
is controlled in

£

(2} LGC Power
(LY 207 Henter

Tt:  If item (C) is incluced, items (4) 2na (5) shall not be
- .

RPenuiremernts. -

e RR is- r6f Iired Lo measure &nd
te, and fosignt (10S) anzle infors
znsoonier on t“e Ccii. The RR shall be cepeble of providing data

rans
imes éuring unpowered mission pnﬁﬁes excnnt when attached to the

Eng 200.7 3-65
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SPECIFICATION N O._ LSP-370-3

3.1.%.10.1 {Continued)

The RR may be operated either with GFE-PGNCS computer (LGC) .

or in a menual ncde under crewman control. This svecification delineates
only these reculrerents necessary for the LGC mode of operation.

shell be carable of anzle designating the
ine-of-gignt, end shall issue the auto-

the indicated LCS is within 1 decree of
addition, the GIE PGLCS shaell protect
on within elecurﬁcul tracking limits, and
snrular coveresre node to another. The
interface between the BRR and the G7L-PGICS iz at the
funves and 211 EX angle dete is referenced to this
3.1.k010.20.1 GUE-PONCS BR Interface. - The electricsl interfece
wetwezen the BE and th ~FGICS is defined in LIS-370-1000L4 and
S LIS-3T0-10306. ' ' v :

S2.1.8,10.2 Lenéing Radnr (LR) Functionzl Requiremernts. - The LR is
resvired Yo wessure and farnisih the GFCD-PZUCE with vehicle renge and veloc1ty
Gzt~ reiriive %o tho lunszr surface below 25,000 ft. altitude. The LR data
outnut to the GFI-FGUCE is referred to the NAVEBASE by enmsle trar sforrutlons
in the GUE-PGICE.

The LR antenna is & two position cdevice, occupying either
of two fixed pocitiong. The CGFE-PGICS shall command the LR antenna from
positicn 1 %o peozition 2 at the aprropridte time in the mission. (See
Fizure €) The LTI modes of operstion during which LR dzta will be re"u**ed
are:

{a) Autematic convrol of LE/ by the GFE-PGIHCS.

ntrel 'of L&Y involving astroneut landing site
inq Phease 2 or astronzut translation control
cacn and lending theses.

(c) Complete menmual control of LI when within the LR operating limits.

_Eng 200.7 3-65
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CODE IDENT 26512

SPECIFICATION  NO.__ LSP-370-3

3.1.4%.10.2 {(Continued)

H0TE:  The GFE-PIICS is the controlling svstem in the first two

modez lizizi shove. During automatic, semi automatic and

oomel

nirel medes, the GFI-PGICS must mzinteain

cf vehicle position and velcecity for

requirements. Thus, in &ll three rmodes,

require LE data. This ncte dozs not

L-PGIECS iz net reguired to meintzin s
cr bl

AR R ahal 22 abee
VAT

»
K
-
~
09

g ame
Qi w

EIRPREIN RPN electrical interiace
Toatrcen e LT osne LIZ=370-1000h,
uirements., -~ The LPD
STE windew, vhich ic
& contreliler to disnlay the comrutsh
LA U ennLs thie crew to redesisy the landing site.

-~ N hibd
The L.GC s: 3 i T
the.larif:f site to which the

) und eacn closure
zhout the LEM Y bedy axis.

E 200.7 3-65
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SPECIFICATION .N O.__ LSP-370-3

3 1.4.11.1.1 Eeticle Recuirements. - The window, at the commander's

pesition, shell be esuivrped witn s double reticle system which,
from the position in wi

zree in the form descrid
encle of + 1° max.

wonen viewed
ch the reticles coincide, identifies the landing

ed below, with an eccurscy in both headinz end lock

ef the LEY is indicated by a vertical
of the LI ¥Z body plane with the

e left ané rizht of the v»*ti 21l line

:enzes about the LT X body axis 4ﬁ

HuADTLG i Errcr avout LIl

X Foar Axis (1)

506
L50°
L1ie
o]

.20

S75°

rrror about LEVY Y
Toay Axis (1 &)

sir invernelation) - .12°

cooiution ((,2°) . .06°

‘Eng 200.7 3-65
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SPECIFICATION NO._ SP-310-3

2.1.5.1.2 £EGS Alignment. - The GFE-PGHCS shall provide dats to amlign
the AGS to the accuracy specified below:

3.1.5.1.2.1 AG>/G, L=PGICS Trensfer Alienment. - The AGS ghal
o the IIU girbal angles as follows:

normally be aligned t

G i rs of
L will eccep mentel IMU glmbal angle °1gnals and the CDHU
simmels from S. The incrementel sipgnals will be in
rerresent IMJ inner, middle snd outier
ignel will ve a pulse train of 200 millisecond
ced to zero the counters in tre AT

During
in CouU,

B O e
Ll Ll

R0 eignal, the correspondin: counters

te brought to zero. 4Lt the tcr:lb;vicn ol
> increzmentel pulses will step all reforerce

ne IMU gimtel engles.  The counier:s cen
J ogimbel angles after 3 seconds. :
P :ir:al, the ALL ccunters will continuow
riel encle signals.  VWhen the crewman ¢

i

3.1.5.1.2.1.1 T sccwmulators will centinue to acewr
ginbal angle inforwustion cvern wvhile the 4GS aligrrent is talin-

elignment of the AGS from the I1_-F3i00 wwill
fcllowing phases of the missicu:

- A -
3.1.5.1.2.1.2

normally be sccempl

(a) Once in luuar croit before separetion from the CSM

0 -

(L) OCnee in lusner croit prior to injection into & Holrmenn descernt
Ui '

(c) ©onece auring ccest in descent transfer orbit prior tc sieri of
powered descent '

(@) Once cn the lurar surfece prior to launch °

(e) £&s reguire: during parking orbits

2.1.5.1.2.1.3 ip, Yp and Zp constitute the IMU inner menmber reference
orthogonal triad of cocrdinates parallel to the corresponding INU sccelier-
ometer directions.

Eng 200.7 3-65
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lunar orbit the I'U will be allvned with the Yp cxis
ated nerinel landing site verticel at the predicted
ng with the IZp-axis parellel to the cross product

' r vhere the Xp vector is a vector co-linear

e}
or is the CSM anrular momentm vecior. The
A

. - . .. .
rithi-nended ortnegenal triad. The veint {o.o,0) in
iB tne lunzr center, Fizure 2 chowe ithne coordincte
T8 Y T, 4 - J R I
3..&.“):.‘.*‘;.-..} T r=zllel
; Lowverviosl, it Zp-oxis rarsellsel to crocs oIt of the

A

[
(J-
,Jl
3
o]
>
m
o
.

~ment of the maln ensine snd
3 (u e poly axes are

v R 3

the spatial tos 1tlon. ;
ne cperation) has the n&ra*nl coor-
for the X, ¥, and Z body axes respectively,

Eng 200.7 3-65
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SPECIFICATION NO._ LSP-370-3

3.1.5.1.4.1  (Continued)

3 6'). Tre enzular aliznment of the descent engine thrus
et the followinz reguirenents:

{a) gevisticn Trow the mero $
icn) shell not excecd C.75
wien ine enciue iz c¢pereting at a static thrust

t vector shell

line shall be

ruost positicons
Gerreen {267)
level of 10,500

200.7 3-65
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Bethpage, L. 1., N, Y.
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SPECIFICATION NO. LSP-37.0-3

3.1.5.1.4.3  (Continued)

The error tolerance on these nominal coordinate

s

shall not exceed 0.3 inches (367 ). The angular alicnment of the respective

RCS thrust vectors skhall be such that they are aligned parallel to
their corrsspending vehicle exis with en error not exceeding 3.0 de

(36).
TABLE IIT

. VZCTCE COORDINATES (LOMINAL)

I -i6. . (40187, =€6.1, (+25k.0, -61.5, (+25k
+76.,1) +66.35) +€1.
1z —wc.l,  (+2kB.7, -€6.1, (+25L.0, -61.5, (+25h,
' -£6.1 +66.35) - ~f1.5
11T (+p58.8, #8501, (+2L8.7, +66.1, (+25k.0, +€1.5, (+25L,
~65.1) -£6.1) -€6.35) -€1.5
v (+c50.8, +46.1, (+2L8.7, +66.1, (+25L.0, +£1.5, (+25%.
+55,13 +€6.1) +66.35) +61.5

grees

-
- c
.O., —CO.E\/,

5)

rmance Recuirement. - The C*V
the LUS es specified below.

es given below are based on
hall perform transformat
iin

-
<
Thrr eaemy

170 alicnment ccco

) )’

se tr
£ AGS initialization, no

£GS

vectors or ID worcs and CDU zero

e 3= Lo AGE ‘each AGS initializetion shall be
ansmitted 10 times Aﬁfore roturnlng to the normal downlink format.

. N £
.y A . TV s mm o = e {a my R o "y - Y sl X
rt (! Tharusiers {3) Thrusters (¢ Mrrusters {c}  Thrusters

Eng 200.7 3-65 , :
—_— 25 EDP Sheet No.
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Bethpage, L. 1., N. Y.
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SPECIFICATION N O._LSP-370-3

3.1.5.2.1 Initializaticn for Descent Transfer Insertion. - DRM-I
Time: 68 hours - 17 minutes — O seconds. ‘

g EJ" , MS P .
Lenaing Xq,, JYSM éZSM éXSM SM éZSM S Pos. | RS Vel

- POV
Alirsnment:

{t¢) {(ft) (ft) {fps) (fps) (fns) (£t) - (fps)

LEM/CSY 640 - 500 3850 2.6 0.9 0.5 3950 2.8

S
by
e
0
—

N Lo
.
oo

Vel

i

e,
[&]
A

= O

W b

and Constreints., -

v s
V bucs

o Sy i T } - 1
znaing Accurzev. - The GFL-PTLHC shall autcmaticeliy
n

o

” : > The iz . r s.,trf‘a.ce witkin a one helf
neuticel mile CEP of desiznated near eguastorial locations. without ‘lending
° el b ]

{*Q"

E 200.7 3-6S . ’
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GRUMMAN AIRCRAFT ENGINEER!NG CORPORATION
Bethpage, L. 1., N. Y.
CODE IDENT 26512

SPECIFICATION NO._ LSP-370-3 SRR

3.1.5.3.1.1 {continued)

aids, When aided with the LPD to a range of 1500 feet in conjunction
with a 1z 1ect Gremeter visicle lanmaing aid loczted at the landing

te the CIP sizil be 10C feet. The stove guidance accuracy does

- NP R B - Ty, b

{a) ‘hodirum viss Distiznce from CSH A + 5C0 £t (347)

¢ - 10 ft/sec

ne GFE-PIICS shall provide
vhen the LI spzcecraft
recificeticn lirits

minimum clear
erationally ready for

(2) In-flisit: Less thaan 0.5 seconds

ATT-POTI0

() ILurer surfoce (3FE-PGHCS in standby)

*

{+} Ccarze alirn to steored gimval ansles - 2 min.

- - P oade e e 2 T L T
- rer an Auvtomoctic Laniing the
" 3 % -
lunar surfzoce shall be within the

Horizontal velocity¥*¥* -

Eng 200.7 3-65 o ,
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SPECIFIC_ATION.NO_. LSP-370-3

2.1.5.3.3 {Continued)

Pitch and Foll Attitude - T° degrees deviation from vertical

Yaw Attitude -

Random
Attitude rates gbout
body =xes - 3 dez/sec
ine evcve concitions will be achieved provicded LR deta is pro-
vigded Irn eccordance with 3.1.5.5.1.2

ine is defined s one in which the
tocuchdowr {no manuzl invut commands

)
or Ye-axis override),

Falong the local vertical
"% “mlong the local horizontal

S 7![ ~

-
t

R AT ~ + 3 g
tine AV bucret essisrned for.i:

TLoDATIAY o T gt 2
C¥L-P3LCS shall maintain

e such that the crewmsan
arncer's window at ell times,
cted as a result of re-~

ct

E .7 3-65 :
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SPECI

LSP-370-3

FICATION NO.

3.1.5.3.5.2
gtzll be canable of
parallel to the LEM
of the LEM, the LIM

LEM Tracking Light Constraints. - The LEM tracking light
rediating throughout a solid angle of 60° sbout a line
+Z tody axis. During coesting flight, for CSM tracking
attitude shgll te maintained such that the LEM-CSM 1OS is

within the sbove angle limits.

Cormunicatien Constraints. - Communicstion constraints

ehzll ve in accordsznce with ICD's LIS-380-1CG001 - Other (to be determined).

revulsion Performence. -

level Peculrevents. -

The DPS thrust output shall be

o~
~—
e
i
€«
o]
M
3

o)

AW 2 T 0 I &5
oo
h B

percent and 57.5 percent and .

eoa flx d-throttle cperating point corresnondlng

cent thrust the start of the duty cycle.
et reference thrust cshell be defined as

~ Thrust sccuracy when meximun thrust is commanded
as thown in Tatle IV, below.s At the end of

n éuty cyele tre Deﬁcen Prcpulsicn Subsysten

2 muxisum thrust outrut of the value determined
seconds +10 percent, -1 percent.

H:O

IS
(28
¢t

Eng 200.7 3-65
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GRUMMAN AIRCRAFI‘ ENGINEERING CORPORATION
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SPECIFICATION NO.__ 1SP-370-3

1.5.3.6.1.2

(Co“ulnued)

{Continued)

i

TARLE IV

THEUST

ACCUPACY

,,
[
—

band! -
“hrust Thrust
Tarirslar Value Tclerance
. . ot
SILTL L LLYRRS + 0
P e s pear - s o &
of waty ovele 9z .59 ~0%
1 ohary of | Incine trrust st
start of duty
crele +1.5%
o~ | .
after 410 DPS Thrust at
start of duty
. o o
cvele 45% +1%

i mesnllest chonr znG sirnal which just procduces &
crTe in UL givided vy the total inrput voltorne,
mulniviied b 100
Tae maximum chanme in output thrust for an infinitesimal change
in input cormmend s‘"nﬁl, divided by the totnl thrust range,
multiplied by 100. The ‘object here is to allow the automatic
throttle clesed-loop to cormend any desired thrust level within
1 percent.

Eng 200.7 3-65
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SPECIFICATION N O._LSP-370-3

3.1.5.3.6.1.2

(e)

Stevr Response -

(Continued) .

The resmonse time from mexirmum to minimum thrust and maximum to
0 percent thrust and vise versa shell not exceed 1.0 sec. and 0.5,
setively, in respense to & step input sipnel es def fined below.

ce time is defired =s the tirme resuired for the thrust
to enter within + 90 1bs. of the final thrust value.
to a step command of 1000 lbs. or less,
ve 83 follows:

svorshoot £ 50 lbs

né stay within + 90 1bs. of the stesdy-state

is defined &s

I oztep inmutl ¢ p liregr ramp-sirnel having e thrust
cnan~e rete of 80,000 to 125,000 1b/sec.

On-0ff Charzeteristics. = The descent encine is cavable
starts uncer all cenditicrns of LI miecsion operation
ited the & -z ~rarh 3.1.5.3.6.1.2.
54 ceconds efter receirt
e will accemrlish
cends after receipt

iryr eneracterictics

Irnulse, = The 3
o)

respoective pheses

259 , 300.3 .

Eng 200.7 3-65
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" SPECIFICATION NO._ ISP-370-3 -

)

©,1.5.3.6,1.5 Cirbal Trim System Charecteristics. -

\

L

Gimtal position + €6° + 5%
Gimbel Rete . S 0.2%°/sec + 10%
Sterdy-state rale reached 0.1 sec, after stert

o~ . - o
Overlrevel 2.5%

[ s e e e B
CoT W rracesenty 0 orzrallon )
.

O

[#)
iyl

wn

. o .
Operatineg en-Orerating
.
hoed . iy =y 7553 .
Frent Tire (seccnés) Firme
-
Lecertance >0

relsunch Up to 180 days

fonceflicht : Up to 180 hours

ok A1 . : ‘ , : 5 min. to-9 hours,

[
H
s
]

y

o

iy

(o]

]

s}

7
/

700.7 3-65 :
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(v)

(o)
()
(e)
(f)
=3
detent DOS
lac
angie r
the. retic
degrees,

ated on tne ;nob wnichn ccentr
a

5.3.7 °  Spacecraft Display Requirements. - (TED)
S.J.B GFE-PGHCS Display Requirements. - Guidance and Navigation

C ted and measured shall be appropriately displayed during the
ssion rhases,

5.2.8,1 DSEY Disnlay'Reouirements. - The DSKY shall display the

2y i heference
{0 Sterdtoar

(3} Stardby

f4) V=y Tzlease

{1} 13 Tenuerature Qut-of-Limits

(2) Gimbal Lock
{3) Frcgram Alarm
RN

L) Festart

A

Tracker Alarm

\Jl

«l‘)

(6) COpsrater Error
Coemputer Activity
rrogram

Verb

fuidance end Navigatiion Data in 3 Five-Digit Regls+ers

reguirements. - The AOT will display the
tion ar gle. The detent position display is
ls the positioning of the AOT. The reticle
n a micrometer type knob which controls the rotation of
le. This information shall be displayed to an accuracy of 0,01

\,

.

(

I

.

10
T,

=1

2]

&}
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SPECIFICATION NoO._ !SF-370-3

o

3.1.5.k Stab lizetion and Control Performance Requirements
and Constraints. -

3.1.5.k. GFE-PCICS Control Derfcr*xance Requirements. - The GFE-
FGECS control perforxance requirements, including hanéling qualities, shall
ts as specified in ICD LIS- 540-10001. "

3.1.5.5.2 . RCS Provellent Allocetion for GFE-PGNCS Contrcl Tasks. -

Tre perfornence of the GFE-PGHCS in conjunction with its related LEM

5 for the shall be such that the RCE nropellant consurmption
ot oexczed the emount aveilatle for GFE-PGHCS functions. The
G35 stiel] kave the carnctility to perforn th@ guidance and control
e rod nin the BCS propellant allotmernt listed. The
: ter is specified in perazrephs 3.1.5.1.4.3
zft mass preperties are specified in ga*arraph
3.1.5.5.2.1 rit Insertion Control. - Insertion into the required .

corsting descent transfer orbit that will ceuse the LEM to arrive at a
predéeterrined rericyninion altitude and lurnar central encle frem the
rrecelected lunar lendins site. The propellent sllotment includes pro-
vislon fcr RCS contrel cduring the descent engine start transient aseunlng
an initial wvenicle snmulnr allzh.ent error to the nominal insertion
attitude 01 10 gdegrees.

]

j2ES

ECS Proncllant Consurmntion: & 1bs.

3.1.5.L.2.2 Powered Descent Control. - Powered descent meneuver
frem ouset of brakinz phase to desired hover point, excluding pitch to
vertical attitule at hover, within regquired mission constraints of the
Dri’.  The provellant allotment ineludes provision for RCE control during
trne descent enzine start transient. ‘
ROS Propellent Consurmption: 22 lbs.
3.1.5.h.2.3 Powered Ascent Control. - Powered 4~_ent guidance with

the AV btui-et comstrzirts to rachieve (1) burnout conditions resulting in

tnzt nominally intercepts the C35¥ at the predetermined’
t;‘ruut conditions resulting in a parking orbit with a
ericynthion altitutude. )

RCS Propellant Consumption: 150 1bs.

Elesped Time in this Phase: LLO seconds

Eng 200.7 3-65 . ] S . R |
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3.1.5.4.2.4  Rendezvous Control. - Translate the vehicle using
the RCS thrusters to meel the reguired termirel conditions and maintain
attitude control ebout #ll axes within the tight RCS deadband.

RCS Propellant Consumption Rate (Averege)
0.7 1bs/ft/sec. for each axis,

3.1.5.5 Rader Perforrance Reguiremrents and Constraints. =
3.1.5.5.2 Loxding Fadar. - The operating limits and associated
perfornzace iisted in inls specificetion for the LR rerpresent the speci-
ficaticns te which this reder is dssigned. The radaer perforvance to be
zed in PGEUS rission analysis and LGC program verification will be based
r rethenztical model, supplied by Grummen subject to NASA FSC
wrmen will suirit the metheratical model throuch the G and C
rrogran cnd update it querterly. '
3.1.5.5.1.1 Oreratine Lirits. - Unless otherwise specified.
ell lipits ere with respect to DRM.

3.1.5.5.1.1.1 Altituvde Limits. =

Feximumes 25,000 Tt.
Minicum: 10 ft. for altitude deta; 5 ft. for velocity dsta

Lofks: (1) Altitude refers to distence from the anterna aleng the
lceel vertical. The LR measures altitude directly cnly
whon the renge beam is vertical.

¢ altituce limits are based on the reflection.
ents tebulated below from the reflectivit Ly
model end excluaes errors caused Dy plume effects.

Arcle from normsl: ’ Reflection in db:

o° ) -14.0

10° _ © o =16.9
20° ' -20.6

200 L ~-22.9
oo o =2h.7
50° : : . =26.6
60° . -28.5

Eng 200.7 3-65 s ' i
: —_— 36 ‘ EDP Sheet No. 37
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.3.1.5.5.1.1.2 Velocity Limits. - The three orthogonal velocity com-
ponents provided to the LGC are denoted by an, VY >and V_ .

V1 -2C0C, + 500 fps

e {rius sign indicates upward or forwerd velocities)
KA

(=) vels of
5,000 feet
o at listed
ir ia '
c
()

rhass, a L% velocis
\ci:mm*:?(= linesr
. linear accelerstions. ' 1n
errors slons the L3 ,coorii,

, the maximum linear acceleration
final approach or landing rthase

. - The LR performance for the three
d in the following subparagrapns with

which are considered singly in con-
s of 3.1.5.5.1.1.2 and 3,1.5.5.1.1.%2.

"Eng 200.7 3-65 : -
_— 37 EDP Sheet .Jo. 38
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3.1.5.5.1.1.k (Continued)

ztic Control Node - Variations about the nominal DRM .

—~
[}
S
[
33
N
fer
b r?-
r+

attituu: -xault in LR velocity and rangé verforrance as
sumrarized in Table Y3X.

Control ilodes - Tables X thru fVlll
define the perfcrrmance capability

itude cconditions, for semiautometic and
¢g, raeses I, IT and ITT of the LFI.

for"ﬂnc° for the three LTI

~ SUL s with
- . oy -3 ., N LS
considered singly, cne sxis at
. . - - = - s
limits of 2.1.5.5.1.1.1 &ad

voctor velselty

oz evrie Tetvecn voetor volociiy and the individual beam

J -
{1.e error is calculated in radians)
O = arcie Gelveen locsl verticle and tne individual beam

(The error is calculated in radidns)

R= Pange alonzg altitude beam feet

'lIllIlllIllllllllllll!!!!!-illl""

Eng 200.7 3-65 :
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3.1.9.5.1.1.5 {(Continued)

() (ucﬂt-“HEu)

tean lag errors must e resolved into -errors eslong the LR
zooriinate cues end shell "be co ~tined with the eccuracy numbers
ifi=d in 3.1.5.5.1.2.3.

Axis. - Anguler
sith the fcllowing:

may occur ebvoul eacn LID

3.1.5.5.1.2 NS Ty 23 ire CTICnVS. -
- - . Y K PR ¢ ’ . -
.2.5.5.1.501 An z -3 -~ (8ee Firure €)

L minus X exis and Antenna

n
Be?m is

nhe GFE-PGHCS. - The LR data is

ich is desce rlbed in the

Eng 200.7 3-65
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3.1.5.5.1.2.2.1 Velocity Measurement Data Format. -

{=)

—~
e
e

(c)

The

th

freq

With

s

velocity data furnished at the GFE-PGNCS LGC interface by
IR comprises three digitzl numbers representing the following
usncies. '

= (fl + fQ) + FB, corresponding to a velocity component along
- 'y
entenna exis X

= (fl - )+ ¥, corresponding to a velocity compenent aleong
&

is a bisas
L3C.

the numerical
>rface signels,
ig Is computed

i}
i
I
Cn
s}

.
b
-

<
nlified fo
hell Marnizh tne ebove Vg, Vya, and V, . date
ne form of 15 bit digital words Sy, Sya’ and

Eng 200.7 3-65
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3.1.5.5.1.2.2.2 Range leasurement Data Format. -

{a}) The range slong the range beam R is represented by the following
equation. '

Where kK dis ihe bit weignt and r is the'range count

3.1.5.9.1.2.3 [ kocursey Peguirerents. -
Fenzz: - 1.97 4+ 15 feet (=7 25,000 ft. to 2000 £t. altitude
1.55% + 5 feet (34) 2000 f1 to 10 £t altitude
Velocizyr:  Thz Tavle Telew is nosed on the IRM 4
TiIRLE VI
vedoeiwr Comreonent : . £ltituce Fanpe
27 te 200 f. 2C0 to 5 ft.
#1 fntenne Yozitvien #1 Antenna Fosition #2
Aceurzevy (2 47)
Vaa 1.50 cr 1.5 ft/sec  1.50 or 1.5 fi/sec = 1.5% or 1.5 ft/sec
oy o y 4 & y
Vya 27 er 2 ft/sec 3.5% or 3.5 ft/sec 2% or 1.5 ft/sec
Vo 29 or 2 ft/sec 3% or 3 ft/s=c 2% or 1.5 Tt/zec

1, defined as the grezter of trne two specified
?. The accurscy of the ran-se data is bzsed on a 0.2 sec.

- counting time. '

2. 'Tre zceurzey of tne velceivy dats is tzsed upen the

S ' EDP Sheet No. 42
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‘TCTE- 3:  (Continued)

(a) Smoothing consists of a tracker time-constant of the appro-
priate one of the following plus a total uninterrupted accumu-
lated time of O.4 sec. or its equivalent in the counter.

max. between altitudes of 25K ft. and 2.5K ft.
max. between altitudes of 2.5K f+. and 1,0K ft.
meyv, below 1.0K ft. S

percent of the vehicle total

with respect to the naviga-
f Table VIT and shown in

L
M
3
o
|

3
9]
o

seconcs for the velocity measurements,

the condition
racker have

Eng 200.7 3-65 .
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3.1.5.5.1.2.6 {Continued)

ion Prcbebilitr - Within the altitude interval of 25,000
5,000 £t. and feor the other operating limits specified in
.1, the LK shall have an acquisiticn probebility of at
.75 in ary 12 seceond interval. At altitudes below 15,000

o her operating limits of 3.1.5.5.1.1,
guisition protebility in any 12 second interval shall

DOl" toth to initisl
r loss of track

-~ A false alesrm is defired es the
lCC“c of a spurious signel which
gl search of more uhan 1l second.

1.5.5:1, t LE mean

3.2.5.58.2.1 asure end
Twenish cate to the below:
4.1 ~
axr 400 nm -

Eng 200.7 3-65 T :
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TABLE VII .
* GFE-PCGICS Required Data Processing Constants for LR Operation
Ho. '
1 FE Velocity Eias Frequency
z Ky . Fealie Factcr to convert the doppler freguency sum (fl + f3)
to ovelocity alcnz LF antenna coordinate Xp
3 ’Kv Tenle Faetor Yo convert the dorpler freauency difference
(f1 - f?) to veloeitly along LR antenna coordinate Yp
- i
L KZ Seale Tactor to convert the doupler freguency difference
(f3 - £_) to veloc 4y elons LR &ntenna coordinate ZA
o .
-
5 9
1
9 131 'F entenra coordinate
= f s
(1.
. Yy
- 2
G BA. 7 feevective Fuler anc~les between the LP antennaz ccordinate
. ~y 3 k! T SR T 3 At
- “\ system in Fosition £ ard the TAVBASE (Fig. 6)
1C
»/2
i1 k. BRit weight for lonz ranre sczle: 2.158 ft/bit
ri
1z ¥ . 3Bit weirsht for short ranre scsle: 0.4318 ft/rit
re v »
13 é%‘j trnples of ranre berr with resnect to the LP antenna
veloclty group beam center line
i Y
NOTE3: (1), Final Zetermination of ti ese ‘constants depends on MSC
definition of flisnt tralectory and analvsis of LR desien
verifications and flight test results.
{2) Items (11) and {12) refer to a counting interval of 0.2
seconds.
Eng 200.7 3-65
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3.1.°

Max:

5.2.1.3 Range Acceleration Limits. =

(a)

50 £t/sec? over

(t) 50 -lgﬁ-ft/sec2 over range intervel R =
wnere R is renge in nautical miles
Min: O f£i/sec®

_fmruler Veloeity Limits. -

N

range intervel 500 ft. to 100 nm.

100 to 400 nm.

raticn Linits., -

} g mew imurs

LR S £ gn
wr 1izmit refers

(3} leraticns occur during ascent cosst.
(L} Toial impuise per firinz of £.25 feot-pounds-seconds.

gocut each axis.

Eng 200.7 3-65
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3.1.5.5.2.1.7 Ansle Coverage Requirements. -

3.1.5.5.2.1.7.1 Antenna Reference Definitions. - The general configuration|

of the RR entenna assembly is illustrated in Figures 10 and 11. The notes
below relate to this Tigure and define an antenna axis orientation, rotation
conventions, and zero references:

(e) The antenna shafi axis is the outer gimbal axis and is nominally
arallel to the LE* Y axis.

"(b) The antennz trunnicn axis is t”e inner gimbal axis and is
orthorenzl to tqa shaft axis.

is perpendicuiar t6 the trunnion axis.

(a) T . and trunnion zxis anrles place the electrical
LOZ marellel to the LI +Z axis.

(e) Positive sha’t rotation is cloc vise motion of the antemna as
viewed elong the LI +7 exis.

ocktvwise motion of the eantenns
rence cooriinate syvs tem 2s
shatt anile =0°

2.1.3.5.2.1.7.1 fxncle Coverare Lirmits, - The R2 antenna angle coveras
ranuirerents with rearzhiw%b« a e illusirated in Ficures 10 and 12.
The reguired shett awic covers~e totals 225 de~rees positioned with respect .
to the vehicle 47 axis snown. Threouchout this shaeft enrle rance, the radar
must vrovide ansle meazurenents to the full accuracies for trunnion LCS.
an~les ur te + 559 with recpect %o the 1T7 ¥, Z plane. The current RR
antenna deslirn provides the srecified ancle coverase in tvo overlanoing encle
sector mcces of oreration as noted below. o

Eng 200.7 3-65 ° : P B ol e
' W __ .- ° 'EDP Sheet No. 47
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3.1.5.5.2.1.7.1 (Continued)

Electrical Tracking Limits LOS Angle Resolver Angle
Shaft Angle-Mode I | +605 —70°w' ' l.+60° ~T0°
Shaft Angle-Mode II . 4155° +ko° -25° -1h‘o'°
Trnnﬁion Angle-Mode 1 | +55° -55° o +55°  -55°
Trunnion Angle-lode IT .. +55° '-55° | +125° -125°
~ 1OS Anrle -Résolver Angle.
Meshaniesl Gimbal Lindts {Limit Stov) (Linit Ston)
Shaft Angle-idode I S - +60° © +60°
.Shai‘t Angle-liode II . fuo° ~-1k0°
Tfunnioh Angle-i‘ode I ’ - 470° S +70°
Trunnion Angle-Yode II +70° +llb°
3.1.5.5.2 kias Irror Definiuion; -~ Bies error is the mean value .

of the error be tween irne true value of the parameter and the 1nd1cated value
‘within any 10 minute intervel. :

3.1.5,5.2.3 Rendem Error Definition. - Random Error is the variation
ebout the mesn of measured parameter taken in a 10 minute averaging interval

for determiping the mean.
3.1.5.5.2.4 .Renre ”easnvevent Accuracy. - The required GFE-PGNCS range
measurement accuracy from the KR/T over the operating limits specified in

3.1.5.5,2.1 is es follows:.

Eng 200.7 3-65 ' o
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3.1.5.5.2.4 (Continued)

Rendom uncertainty (347) = 19 or 80 feet whichever is greater
Maximum Bias | = 500 ft. for ranges )’50 8 nm

= 80 ft for ranges L 50.8 om
KOTES: -(l) The bias and random error definitions specified in

3.1.5.5.2.2 end 3.1.5.5.2.3 respectively apply.

(2) lleasurement eccuracy refers to the accuracy of the digital
indication of true instantaneous rangse along the LCS by
the digital werd in the redar high speed ccunter at &
point In time irmmediately following parallel transfer

detn from data reversible counter to the radar high
epeed counter.

5 Fanre Rate Messurement Accuracy. - The recuired GFE-PGKCS

cement sccuracy from the RR over the 0perat1ng limits
5.5.2.1 is as follows.

‘ . 3.1.5.5.2.
: renre rate measy
enceified in 3

<
.

L]

Rendom uncertainty (3 § ) 1.3% or 1.3 fps whichever is greater

Bias Error: 1 fps max.
Ho1zsS: (1) The bias end random error definitions specified in
3.1.5.5.2.2 and 3.1.5.5.2.3 respectively apply.

(2) Velocity measured by the RR is represented by & number in

: the KRR counter. Measurement accuracy refers to that portion
of the number remaininz vhen the number 17,000 is sub-
tracted, and is referernced to a time midway in the 0.08
second counting interval.

{(3) .The random uncertainity specification includes gquantization
uncertainties in the RE. ‘

Eng 200.7 3-65 . o
: — k8 B ‘ EDP Sheet No. h9

eyt g i -

e

F,__‘,“-_-<~_ B T T mr et



e e

GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. 1, N. Y. . ’
CODE IDENT 26512
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3.1.5.5.2.6 Angle Measurenment Reouirements. = Angle measurement re-“"
quirements shall be in accordance with the following table.

TABLE VIIY

RR ANGULAP MEASUREMENT ACCURACIES R ‘EFERRED»TO GFE-PGNCS

. Angular Error Allowable Random
Rendom mr (3 g~ ) Bias mr Error Varistion

1

80 feet

(.286°) 15 (.86°)

n

sessrenens ' Directly with Range

&

{.223°) 15 (.86°) _ ~
o viesrsanes Directly with Range
3 (.172°) 15 (.86°)

ceresosenss Constant

W

(.172°) 15 (.86°)
& {.3LL°) 15 (.86°)
11 (.630°) ,15 (.86°)

eveesessss - Inversely with Range
N Inversely with Range

ceeseenone " Constant

11 (.620°) 15 (.B6°)

.
LOTES:

(1)

(2)

(3)

(L) T

The ancle errcrs indicated are the difference between the
trus LCS with resvect to the NAVBASE reference, and the LOS
indicated by the RP girnbal resolver signals when referred
to the HNAVEASE coordinate system.

Tre indicated accuracies must prevell for operating limits. .
specified in 3.1.5.5.2.1 vith the exception that vehicle
Anrular Velocity Limits are #+ 1.0°/second maximum per axis .
and reximum durstions of ansular scceleration is less than
15 milliseccnds in a 5 second interval.

The argle b1 s error between the true LOS and the RR indicated
LCE with resrtect to the LAVBASE reference shall not exceed 15
nr {.56°). "aﬁimum varietion in R® angle bias shell not exceed
(0.5 mr) (.025° any 10 minute time period ‘

\U
S
[
t!

Durines. tracking of the csM bv the Rl on the Lunar Surface, the
3 mr (.172°) figure iz epvlied when .racklng at angles greater.
than 25° from lunar horizon.. .

Eng 200.7 3-65
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3.1.5.5.2.7 Gimbal Servo Performance. -

(a) The acceleration capability of the gimbal servoé shall ensble

the inertial ILOS angular rate to attaln 90p of commanded rete
within 0.2 seconds.

. (b) Upon removal of an LGC rate command of no more than 6.0°/sec.,
the inertial 1LOS angle of tkhe RR antenna shall not overshoot
ansular positicn in excess of 1.0 degree.

(c) Vhen there is no command to drive the RR gimbals and the GFE-PGLCS
CDU cutrtut noise is below 5 mv RS, then the inertisl reste of '
tre entenna saall be less than 6.0 degrees per minute.

{d} Girbtal Slev rsz=es are specif

ke
13

d in LIS-370-10006.

Angle Interface. ~ The angle interface is specified

.5.2.9 Panga and Rance-Rate Ecezle Factors. - Two range scales
ed to cover the required operating rance specified ir 3.1.5.5.2.1.°
chonre oceurs at 50.8 nn and the guantizaticn bit sizes for the

ow rancze scales are 75.0hk and ©.38 feet respectively. The range

€ ire from hisn to low shall be inaicated by the RR to the IGC by

= "Range Low Sczle Fecteor' discrete signal, which is issued when the range
counter is rescaled.

) Tne quantization bit size for range rate shall bee O. 6278
ft./sec. per bit for z counting interval of 80.0 mllllseconds.

3.1.5.5.2.10  Accuisition Performance. -

L10.1 Acouisitien . Definition. ~ RR/T acquisition is defined
&5 the conditien in waich the velcecity trackers have comrmenced tracking
e sipgnzl, the ean tcnna gimoal servos are commanded by the angle error
eirnals derived from the antenna microwave measurements (radar auto-
ireex), end the ranse trackers have locked on signal and have commenced
traczing. Acguisition protavilities specified subsequently shall apply
toth te the initial acquisition and to reacculsltlon after loss of track.

'

Eng 200.7 3-65
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.2.10.2 Accuisition Probabillty.,— Provided the RR electriéal

3.1.5.5
boresight is held within 2° of tae true 'LOS to the transpeonder and the
Auto Angle Track Enable discrete signal has been issued, the RR/T acquisition

prdbhbili ty in any 12 sccond interval shall not be less than .85 Wlthln

th"e operating limits defined in 3.1.5. S 2.1.

.+ 3.1.5.5.2.10.2 Felee Alerm Rate. - A false alarm is defined as the
acguisiticen by any of the RR tracking loops of a spurious signal from any
scurce whatscever, except interferinc sisnals from other raders or similar
scure2s of rodiatlicn, vhich-is accompznied by internal switching of the
ginmbzl servos to redar self-track.

ts specified in 3.1.5.5.2.1,

the BR n less than 20 minutes.

3.1 (2er. LIS 540-10001). - ’l'"ne
"Data indication to the LGC th
ihe veloe to a signel. Accurate anV1e
deta i nce of data geod signal from
the RR or A 5 LGC, whichever is later.

3

2 ghall be capeble of operation to
tae sp d 3.1.5.5.2.2 and within the
crevw =3 zblisbed bty MSC for both inter-
nittent to com nlete the mission, in- .
cludin abort situation. (See Figure 13
for pr '

Under certein sample trajectories currertly b°1nr used
Il in GFE-PGRCS enelysis, LII! ebort conditions may develop which reguire
usaﬁe of the KR, in eddition to normal descent tracking, of the types
“described below: ’
(2) Continucus or near-continuous tracx
for pericds of U5 to 60 minutes for
after avort injection.

inz of the CS! by the LEM RR
LEY trajectory determination

Eng 200.7 3-65
VBP Sheet_No. 52

PR AT



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

SPECIFICATION NO.__ LSP-370-3

3.1.5.5.2.12.1 (Continued)

(v) Continuous or near-continuous tracking for periods of 60 to 80
' minutes during phasing angle monltorlng and subsequent midcourse
corrections and rendezvous.,

(¢) Total abort tracking time as much as 2% hours.

(d) Time lapse of up to 9 hours between the activity of Item (&) and
.that of Item (b). :

3.1.5.6 Sracecraft Mass Proverties. - The spacecraft shall be
designed to provide the capability for a lunar corbit separation weight of
32,500 pounds tased on a maximm translunar injection weight of 32,000 pounds.
The aszent stace shall be designed for a launch weight of 10,820 pounds. -
Scacecraft moment of inertia versus weight is set forth in Figures 14 and 15
for descent and ascent respectively, Spacecraft X axis center of gravity is
a2

s 16 and 17 for descent and ascent respectively. The radial
ter of gravitiy in the spacecraft Y ~ 2 planﬂ is given in
ent and Figure 19 for zscent. The spacecraft weight history

3.1.5.7 LOTS Performance Constraints. -, (TED)
3.1.6 Cperability. -
3.1.6.1 Ralisbility. - The mission success reliability

arvorticrment for the 4Gz-25L0S shall not be less than ,9969Q from earth
launch +il11 hard dock with the C8M after lunar stay period, in accordance

with NASA DRM.

3.L.6.2 Maintainability., -
3.1.6.2.1 liaintenance, - Fquipment arrangerents, accessibility;
£

and interchangesbility {=zatures that allow efficient preflight servieing
ard maintenance shall be given full consideration., Design considerations

alsc .include efficient mission scrub and recycle procedures. In-flight
n i i er .

hall formec on the GTT’PWNbS subsystem.

t

—_— 52 " EDP ‘Sheet No. 53
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TABLE IX

SPACECRAFT WEIGHT HISTORY

WEIGHT
(BARTH
LBS.)
'TRANSTUNAR INJECTION | - 32000
LE3/CSM SERABATION | B 32500
END INSERTION TO HOHMANN - DESCEI - 32112
REGIN HOVER . : ) 16947
- MINTUM : 1650
LUTIAR
TOUCHDOVH - NOMTNAT, 15021
- wamam - 16200
TUIAR 1 UTIC 4'_ _ 10820
END GISERTION TO HOHMAIN - ' 5516
BURNCUT (DOCKING) . 532é
COMPIETION OF CREW TRANSFER. | 4695

I0TE: WEIGHTS SHOWN ARE WITHIN + 5%

(]

. Eng 200.7 3-65 -
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3.1:6.2.2 Maintenence Concept. - Field maintenance of the
GFE~-PGNCS subsystem shall be performed as follows: '

(a) For airframe electrical/electronic equipment {either installed

’ or on the bench), checkout and replacement shall be at the
integral packege (Bleck Box) level. A "black box" is defined
es & combinaticon of factory replaceable units which are contained
within & phveical package, and which is reroveable from the
LE¥ es an integral unit

(b) For ndn-elestrical/electronic equirment (either installed

), checkout and replacerent shell be at the

" o
- s
lowest rerlacesble serialized unit level, which includes
cr.ly these parts u‘ic“ are rermovable as integral units from
the GFL-PCICS subsystem.
3.1.6.3 Useful Life. -
3.1.6.32.1 Service Life. - The LEM GFE-PGNCS shall be capable
of reeting the recuircments of this specification for a minimum of
2000 systen crerating heurs including the test time logged durlnv all -

T
sutsysten operations. ‘

- Fon-orerating shelf-life of the
f 356 months. Totzl useful life of the
t livery to tie procuring acency shall be
yeers with rcutine maintenance and servicing.’

h
+
[S ]
—
!_)
o3
[0
m
et
1
8]
‘J
i1
jod
o

+ bt O JHe
. ]
(JJ .

3.1.6.4 Natural Environment. - N/A
3.1.6.5 Grouné Hendling end Transrortability. - Full design
TReCs n;tlcn sh=1l be riven to the durability recuirements of the CFE-
PCI'CS equirpment during preflish® prevaration. VWherever possible, the
enuivrment snnll be desizned to be transported by common carrier with
a minimum of protection. Special packaging and transportation methods

e i
chall be as required to prevent subsystem penalties.

Eng

o e —— et ettt v
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3.1.6.6 - " Human Performance. -
3.1.6.6.1 Flight Crew. - The flight crev for the LEM shall consist

.of two men.

3.1.6.6.2 Crew Participation. - The flight crew -shall have
the capability to control the LEM through all flight modes. The flight
crew cnall perticipate in navigation, control, monitoring, and observetion
the GFS-POLCS 2s required. -Status of tize subsystem shall be displayed
£

for crev menitoring, fzilure aetectloﬁ, ané GVE-PGNCS guidance mode
selecticn.

foort Initiation. - Provision shezll be made for

.
. . .

gt 4
crevw 1nivitol!

3.1.5.7 Safety, - .

3.1.6.7.1 Hazord Proofing. - The design of the GFE-PGNCS
subgysten and surport ecuipment shall minimize the hszzard of fire,
explosien and toxicity to the crew, launch area perscnnel and fuc111t1es.

. 3.1.6.7.2 Zquivmernt. - Design of eguirment shall be in accordance
with UIZTC LONCLETL, during any part of the mission cperaticn. Vhere '
vracticatle, the varicus commonents shall be hermetically sealed or
of exvlosicen~procf construction.

3.1.6.7.3 Fail €afe. - Sutsystem or com Donent failure shall
rot propagete sequentially . that is, design shall be "fail safe"

3.1.6.8 . Induced Environments. -

3.1.6 8 1 Exterior Mounte suirment. - The required orerstion

£

£ the GFE-PGICS mounted exterior tr tre crew cavin (IMU, PTA, AOT)
shell not be adversely affected by short exvosure (up to two weeks)
tc the fellowing envirornmental conditions:

(2) Solar rzéiation at 360 BTU/ft2/hr. for 6 hours per day.

Eng 200.7 3-65
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3'1-6'.

()
(c)

(a)

(e)

()
(g)

Ozone exposure to 0.05 parts per million concentration. .

3.1.6.8.

i i
¢ during prefli ”nt—crecbcut cperztions
i =5

8.1 (Continued)
Rain up to 0.6 inches/hr. for 12 hours .(not directly exposed).

Humidity 95 + 5% relatlve humidity, 1nclud1ng possible condensatlon
of water vanor .on equipment. -

Sand . and DUSb as encountered in ocean-beach areas, eguivalent to

140 mesh silica flour with particle velocity up to 500 feet per
minute.

Funmus as experienced in tronicael clirstes. The use of non-nutrient
reverizle 1s reccommended wherever poszible; where materials which are
nutrients for funsi are used, such materizls shall be treated with en
aryroved funnmicidel asent {Ref. Spec. MIL-E-4158C).

Ealt S"ra" gincerhere as encountered in coastsl aress.

Instzlled Groun ion. ~ The GFE-PGICS
a;zble of withsternding w rimental to onerat’nz
ts tre enviromment=l con itraticon and accelerstion
erienced Guring installe: sportation, as defined
I8-510-10C01 and LIS-520
.8.3 Preflirht. - The cm"'-vm'cs shall be capzble of
nz without damere detrimental + ne reguired operation,
nmental eenditicns, shoel, Vlb*” on and ‘acceleration levels

2

s defined in ICD's
20-10001. ‘

Bk Flicht. - The GFE-PGNCS grhall be capable of overating
uirements wnen sublected to the induced flizht environments
in ICD's LIS-520-100C01 and LIS-510-10001.

Eng 200.7 3-65
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SPECIFICATION NO.__ LSP-370-3

3.2 " Interface Requirements. - The GFE-PGNCS spacecraft and
spacecraft subsystem interfaces shall be as defined in the ICD's listed in
the appendix.

3.3 Design and Construction. -

3.3.1 GFE-PGNCS Definition. -~ The GFE~PGNCS shall be an aided

rtial subsystem utilizing CSM ephemeris data and MSFN tracking data trans-
t radar and optical sensor data to provide vehicle

guidance, navigation, control, and status reporting. The subsystem shall
e

have the capability for fully automatic and manusl cperations consistent with
mission phase reguirements. The GFE-PGNCS shall consist of the following
asgemblies:

(a) Inertial lMzasurement Unit (IMU)
(b) Tower and Servo Assembly

{(¢) DPulse Torguing Assembly (PTA)

(d) Alignment Optical Telescope (A0T)
(e). Coupling.Déta-Units (cou) |
(£) 111 Guidance Computer (IGC)

(g) Display and Keyboard (DSKY)

(h) Cable Harness Assembly A~

(i) Cabielﬁarness Assembly B

(3) AOT Control Unit

(k) Navigation Ease (IIVE)
(1) Signal Tornditioning Assembly (SCA)

(m) 1EN Optical Tracker Subsystem (LOTS)

ia]

“The gssemblies shall be arranged in accordance with the L
installation ICD's (LID-340-100C0, LID-340-10010, LID-280-10004) and.shall
not protrude beyond the limiting envelope dimensicns shown thereon.

— 57 — EDP Sheet No. 58
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3.3.1.1 General Design Features. - The design features
end physical characteristics of the major assemblies of the equipment
shall conform with the requirements of the following subparsgraphs.

03.3.1.1.1 Inertial Measurement Unit (IMU). ~ The IMU shall
sense vekicle attituie and acceleration. The IMU shall consist of
three single—degree—of—f*eedcﬂ gvros (IRIG) &nd three single-degree-
of-freeicm acceleromet;rs (PIPA's) on a stable member isolated from
venicle orientetion ty & servo-driven three-degree-of-freedom gimbal

system. The IVU shell be mounted on the nzvigation base.

enbl
-

nd Servo Acs (PsA). - The PSA shall
iprent that trevicdes most of the support
, 1i7U servos., an IE* termverature control.
uz into tne psa neader'

<
',)>

w p,

modules wniea p

3.3.1.1.2 : Torouinz Asserbly (PTA). - This assembly
contains gll the ruise torguing electronics for both the gyros and
gccelercometers.

Optical Telescore (A07). - The AOT shall
cope with & reticle graduated in such
iticn angles may be nmeasured and menually read

- Lot tiar o >
cut. The LCT =21l te mounted on the novigation base. A seal shall
elicw Tor 2t n between the ACT and LUM.
3.3.1.1.% ' C\wﬂli"r Detz Units (CDU's). - The CDU is a coaversion
r : solver cutputs. 1t conteins a functionally

cenvert vulse trein LGC outputs to analog
five CLU's. ‘fThey are used to digitize the following

Zainr anterra angles (2) or LOTS gimbal angles (2)

Eng 200.7 3-65 . - .
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.. 3.3.1.1.5 _'.(Continued)

The output sections of the CDU's are used to convert
the fOllOMIMH LGC outputs to enalog form:

U alien (3) . :
. Attitude errors (3)
PR gimbal servo drive (2) or LOTS servo drive (2)

orward zni lateral. velocity (2)

GC shall be
crgenizing simultaneous
guidence and nevigation.
wired ropes, and 2048
T shall be 15 bits
all exict for double precision operation.
computer shall be thrcouzh the DSKY.

Crzwmen opersat

Dizrlsy ené Kevboard Unit . (DSXY). - The DSKY shall
ercting eonirels and dicplay for the LGC. The DSHY shell
vtozrd for erntering instructions and deta into the computer
tal nurericzl disnlay of program mode and data. It
lcy alaym irndicetions -based urcn detected mzlfunctions
outer itself or in the rest of the guicance and navigation

3.3.1.1.8 ACT Control Unit. - This unit will contain the
dimmer conircl for the ADT reticle light, the MARK X, MARX Y AMD MARK
RESEZCT switches. '

3.3.1.1.5 Leviration Bese (IIVB). - The naviration base shall
be a ricid structure cavpable of supvertins and maintaining the alignment
of the II7, the L0T and the ASA. The navigation base shall be hard
mounted tc a surrort frame on the ascent stase structure.

~ Eng 200.7 3-65 , , R AN
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3.2.1.1.10 Sirnal Conditioning Assembly (SCA). - The signal

conditioning asserbly shall contain electronlcs to interface with the
telemetry and GSE equlpment.

3.3.1.1.11 LI Optical Trecker Subsection (LOTS). - The LOTS
is a visible lirht tracier czpeble of angle tracking either a2 constant
or a modulated light source. '

T T s va B v g Y] .-
3.3.1.5.7 Performance Marcins, -

sion to desipn to sccommodate
he expected freguency
lity and safety.

. 3.3.1.2.2.2 Desicn Marcins. - The GFE-PGICS subsystem shall
ve cesirnmed to zero or rositive mergins of safety. ‘

2.z.1.e.2.2 i};i}géi_gg;Etr&intS. -~ Attitude Contrecl 1s permissible
to eliminate subsysiem consiraints waleh would impose excessive GFE~-
FGLCE subsysten reculirerments, sut’ect to ECS fuel llmltatlons en¢ other
attituce constraints. . :

3.3.1.2.2.% Trermal Contirel. - Thermal design of the GFE-PGIICS
cubsvster shall nerrally use pzssive means of thermal control, such
&s insulisticn, costincs., and control of thermal resistances. Thermal

' desirn may incorrereste the epplications o' cold piates. The GFE-PGICS

thcrmal interfaece is svecified in ICD LIS-510-10001.

"Eng 200.7 3-65 : .
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3.3.1.3 Weight and Power. - The control weight of the GFE-

PGNCS ircluding all assemblies, components, and parts shall be 240 v
pounds. The design load weight of the eassemblies of GFE-PGNCS egquipment
shall not exceed the values specified in ICD LIS-490-10001.  The power
requirements of the GFE-PGNCS shall be as specified in ICD LIS-~390-
10002. .

2.3.2 Selection of Specifications_and Processes. - N/A
3.32.3 Materiels. Parts and Processes. - Shell be in accordance

with ICD.LIS-520-1C0C2..

. - Materiels that may surport
flemmable gases (which in addition

e the ernvircenrent or condtions are such

thet combustion would take vplace.

3.3.3.2 . Texic Materiels., - Unless specific written appro#al
is cbtained from A5/, materials shall not be used that produce toxie
effects or noxicus substances wnen exnosed to LEM interior conditions.

3.3.2.3 Uncsteble YMaterials., - Materials that emit or deposit
cerrosive substances. infuce corrosion, or produce electrical lezkege .
reths within an assermbly shall be avoided or protective measures incorporated.

3.3.4 Standard Meterisls, Parts and Processes. - N/A

3.3.5 Moisture and Funsus Resistance. ~ Fungus-inert
materials shell be used to the greztest extent practicsble. Fungus~
nutrient materials may be used if proverlv treated to prevent fungus
growth for a pericd of time, derendent uncn their use within the LEM.
When used, funcus-nutrient materizls shall be hermetically. sealed or
treated for funcus resistence and shall not edversely affect equipment
ve :

rformance or service life.

Eng 200.7 3-65
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'3.3.6 Corrosion of Metal Parts. - All metals shall be
corrosion-resistant or shall be suitably protected to resist corrosion
during normal service life. Gold, silver, platinum, nickel, chromium,
rhedium, palledium, titanium cobalt, corrosion-resistant steel, tin,
lezd-tin =lloys, tin alloys, alclad aluminum, or sufficiently thick
vlatings of these metels may be used without additional protection
or treatmen

Dissimiler Metals. - Unless suitebly protected

3.3.6.1 _
or ceated to prevent electrolytic corrosion, dissimiler metals, as
defined in Standard 333586, shell not be used in intimate contact.

Tlectrica) Cenductiviiy. - lMaterials used in electronics
-1 connections sha'; have guch characteristics thet, during

‘e"~rormurt"1 cerditions, there shall be no adverse»effect
uctivity of the connections.

:1.
o

Interchancestility and Replaceabilitv. - N/A

Flectromesnetic Interference. - The GFE-PGLCS and

he LI venicle eguirrmont shall rcoet the reguirements of MSC-ASPO-
51I1-10A ¢ 1IL-I-26600. Bonding. vire confipuration and shielding
srh21l be provided in accordance with the app llcable ICD's

Eng 200.7 3-65 v : c ' o '
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4 QUALITY ASSURANCE

o1 © Guality Control. - NASA shall be responsible for the
guality control provisions to insure that the GFE requirements specified
herein are in accordance with the overall Apcllo Quality Assurance Program.

4.2 Eeliability. - NASA shall be responsible for the
reliability provisions reguired to assure that the GFE specified herein are
in accordance witin the overall Apollo Reliability Program.

5 FRCPARATIOK rOR DELIVERY

5.1

and shirment ¢

D

neral, - NASA shall be “sponsible for. the prepsration
ol .

fied herein.

1|2
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10
10.1

20

APPENDIX

SCCPE

Scove. - The followlng is a 1list of pertlnent interface

VCccuments.

Document e,

LIT-pBC-1000Lk

LID-CE0-14000

LIE-250-15001
LIS-300-10002

LIS-3L40-10000

LID-340-10008

LIz-3Lk0-10010

LIS-350-10001

LIe-350-10002

LIS-370-10003

Interface Control Documents. -

Title
T"U-AOT-NVB PTA Installation

I U-LOT-HVB-PTA Installation

. LOTS Field of View

Abert Guidance Section Electrical
Interface with GFE-PGICS

GFE-PGHCS LGC-CDU-PSA Signal
Conditioner Installation

ACT Field of View

L7 DS¥Y Instelletion

L GFL-PGICS Electrical Interfaces for

Total Attitude Signals, Attitude .
Error Siznels, and I'U Cagze Signal

LEM GFE-PGHCS Lateral end Forward
Velocity Electrical Interface -

LEM GFE-PGNCS Measurement Interface
Provisions

Eng 200.7 3-65
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20 (Continued)

LIS-370-1000k © LGC-LEM Flectrical Interfece

LIS-370-10006 GFE-PCNCS to Rendezvous Radar Angle
Electrical Interface

LIS-370-10007 . LEM GFE-PGHCS 800 CPS Electrical Inter-

. - faces o

LIS-270-1L001 LE¥-LOTS Veasurements Interface
Provisions

1IS-380-10001 S-Bend Steercble Antenna Functional

Interface with GFD-PGNCS

LID-200-10001 LE Wiring El@ctrlcal Interface for _
GFR-PGIICS

‘ LI5-3%0-13002 . . GFZ-PGIHCS Prime Power Reguirements and
L ‘ " Characteristics

LID-350-14000 LT Wiring for GFE-PEUCS (LOTS)
LIS=-2%C~-1k001 CPC-PGNCS Prize Power Reguirements and
'~ Choracteristies (LOTS)

LID-L10-15002 ' Inertiel Components Temperature

: Control System Interface
LID-1106-10003 © PSA Adanter lodule Interface
LIS~L20-10001 GFr—PSuCS Instelletion Fixtures and

Procedures :
LI5-L20-14001 - GFE-PGICS Installetion Fixtures and
. Procecdures (LOTS)

IS-450-10001 . GFE-PGIICS Mass Proverties

l

| .

i Eng 200.7 3-6$ s ‘ R ,
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20 - | ' {Continued).

LIS-L50-14001 . Veight Requirements for GFE/PGKCS
Equipment (MIT-ACTD-GAEC)

LIf-S1C-10001 Thermodrnamic Reguirements of
Guidarnce and Navigation Fouipment
Crummen-»IT/IL

LIz-r10- “lOOl Thermcivnenic uecuirerer+s of L
Optical ‘Tracier (1OTS) - quipment
ACTT_GATD
\ED-GLEC

- - T - 3~ ~

LIT=580- e L7 CFR-PCUCE Functicnzal Interfzce Flow
Dizcram

MR T atalald L7 ZPRSTETCE Funoticnz) Intorface Fe-
auirements.

T Interior Lizhting aad Functionsgl
Criterie

JC7 Guidance and Navicstion

: ( If .”J ‘Alisnmart

PSPy S
. P .

AES SR N o -~ R I l‘ﬂ‘“ . A

Eng 200.7 3-65 N
: —_ 66— ~ EDP Sheet No. 67




e g g T i, ey (s v oy g e

n'q e i oot © et e e e —— o - - (ORI S -
(@] w
=
T
Ay
3 >
Vo X -

o

Z Co

;g & @

& a &

e e e e

) g D oy (AU IR oy TS

i;{ =1 U\ o . rdN Gl [EE RN

Cd ot Qe =l by (ISR TN ey =t
! (TR Y% o~ .t - (S| Y o)

. -~ IR O\ (AN ) T [0 (PR

s . 1 « . s [ v . . .

“+ < [QVIRZS] { i~ e I tN Lt =0y

a0 O Q) e ) Gt Loy By e O .
. S A U e N S el 1 AD ~
= 1 . . . . » . . . . . . . . . >
d '10 O o~~~ [ B I | o 0oN o) — . i
= ')
et E:
O
g X %
P . . « L i
G| ARAS | ARsR | Beed L as : EN
‘I'"".?‘*f'“?"""'i’wfffr‘itgf'f” C’J i .q). ® : }WB . o . wo . (Y.) \{ PSR - » e 5 ,3 ;
: = + OO O O =~~~ s M e BEQVANQY] ~ — o
- .
jon) IO W QO Oy t~ Oy b~ wEe)
g ‘Cz)*, OO\ I~ e XaKial=y o0 = Oy =4 O @
. - a . . . - . - . . »
E = OO0 S R R - o o
o
&)

T8 0 .F DO — 4 = b= OO S o) I~ ) S

(\; O D= IN\N\O oM () (Dot N 2O N O E

! C)‘(D‘O.C) r‘ir'*lr‘:l—; r;r-{r-;r{ — O
=
=

o - O OO N N\ ONG I o) D= E@,
O 0O U SO0 O oy N~ QY ot o~ "

um . . . . . . . » . . . 3 . .

i 0 oo ~ o~ - =t - O %
£
=

; O
: TaN t~ O\ O\ = OO ~ O © gﬁ

. O ~\0 1\ oY (MY N \O 1M O G n

b“ . . . . » - - L[] . 3 . L3 . »

| —~ O O O ~ o~~~ —~ o~ o~ — — e
i
cg'

O = N QO N F b O @ O 2

3 O =0 QA on O~ O W OO s

. - . - [ . . [ - - - [ . [y +
] -~ O OO — o~ ~ o~~~ o N
>
4
= H .
< Ot A O O WNeNeXce N O O OO
an 8 [am N QIO SN QU DY O LN (U N ON O Gl NN ON
oy g O - =4O b~ = O - =t QO o~ -
[ M A ekl na - . ™M A
- .
=
. % oNoNoNe! sNoNeoNe! yNoNeoNe' TRoReoNe!
: . = . sNeNeNe] SO0 OO0 OHODHO
- £ O O OWw ) O O Q) (@] O w OO OWw
E[}.{ " 6 68 o« n a6 onon ENE NN N PN NN
O WM O O NN O N IN Oy O MVINO
« 4 QL e R AV B SR e e B QU |
z -t
o B - .
gl = R st 4 O N 4O e SR NQ) 4O N
- Bl 0~ Q- B - oy I T <y oF ot
< e 2N 18] — OJ NN Q)N =~ Q4 o M
(&)
“; =i
O g
iJ é‘) fil
Q. . Us
" < =
Wy < é | ﬁ <'1,1
O = - > o

€8

EDP Sheet No.




P (:j .
S et e e o = e o i e g e e e e —_—
B~
oM
d, ,
E oo
O
o
Z
g £ %
@ R A}
S e
~~
Q) b= O UNAD L I el O O G Ca £
O{ On b= 1O o - - Ok o O O h
+ OO0 e e e el = <
i L
! 0
=N 1y T GO OO Y Oy L Oy ry oD : {'.i
.. o D= 1N HNND O D QY= T R AN DD i [
{~- « v s e s s e = [ . . i -
q + oy (O OO [ B B B S e B | -] i 11
; ~ o L
i [ & =y
! ) = : i
< ) (\)J g) VRS SO L (O N e [~\0) P
it N - \ ot \ 9] My b s O ™ O 3
& SR A B A T B SN A T A I
ff‘ OO OO ~f 4~ o~ — O R
A . o
i =
[92] P R
S 5] * @
) £ N oN I~ 1N O NIARO I Qe oy o Qd -
m = o . GO VO W0 ISR TR SNTRNETaN SR O 0O =
(% o L - 0 - . . - v - . . . - . o
Ay oy ¢ S GO R R b ed el -1 l
?"* M tfr;
R/, ] £
o : > a e
! . T o Qo bSO b "o :
e 'z = G\NO O [~ o oy N SF Yy D O =t O\ Fry
. 3 (O] < ) ¢ e« & n e o e ~ ¢ . . . . (@]
’ * 5 L= = oNoNoNe] —~ e e B ~ -
, a i '
s s .
K N 1 @) " 1
O (5 .
R ¢ ™) in NG oo g O e O N Q4 LN Uy o) QM b :
; N . O O I~ SO VaNTAN (N oy b= a0 =+ B
. 5 4 L T ) * e e e e . . . . ..
[} OO OO e~ ~ o~ ~ O H
. e
) o)
o0 . OV W = o Ql O ON\O =F O b= 2 :
™ OO N0 b= ol WO N N QU ANO QD O E,s
- . . . . . . - . . . . . . A
[ OO O0 I e B — o~ —~ O [E3)
B N
" oo mMm ay (O QJ (@8 Wan Wat - N
[; ONO b~ NG ON D NOIRAVNTaNe o) uw O
e e e s e e e e v e e
i —~ O OO0 o~ ~ o~ ~ |
i
s
NN O N OO b~ D~ -t QU o
S QOND b~ 1~ O =) b~ \O 1IN [N
» . - L} - . L] -« - . * . w .
p [} OO G I Ban B M ae | e~ — i
“g; —v—
—
< Ll oNeXee [ogeyee] O O W " leXee)
. B4 QP4 N QWO IO QU LY O VA N O G QU O
' O i P O W B O - SO e < O e B
] |‘x>) )y Qo oY Qo SNV Yy o .
o
E [oNONeNS] OO0 QOQ [eNONONG] O OO D
. [eNoNoNe] OO 0O 0 eNeNONe! O OO0
) E—‘ O O O w OO O OO Oa OO Ou
£ L %] "« a6 6 n nonon N N N N N "non e e
3 O NING OO O NG NN O
< R VI B | Ny E NGV B e AU s ]
o r .
—— : o0 3 UNOD RS e | [
] - = bid PV R s R AT
* < (=] 9] AV e s N 1a] QY Yy o0 i (d Y oy el G o))
O
—
') 2 ,
W e &
(- £3 <1 ! i
R . (&) = o = 85

69

EDP Sheet No.

<o .

J Y

.
Bl

¥ ng

AT T AT £
e R



GRUMMAN AIRCRAFT ENGINEERING CORPORATION'
Bethpage, L. 1, N. Y,
CODE IDENT 26512

SPECIFICATION NO._ 3703 -

TABLE XTI

(To be supplied at a later date)

Eng 200.3 3.65

=

___ 69__ . " EDP Sheet No. 70




i
O
=
Cp o
Ay i
o ————— et s S —_—
! =
2
A
] ©
o A -
[Fp 7] [N %)) va 2
g A £y oy
fro oy [ry dzy By fzg
QOISO \D Do ONQY O )y oA M O~ O\WON\O =
g% O Q1N b~ 00 O~ 2f I~ S ONO =N N \O\O
! o e O ~ o~ QA (SN N e Nea N SWQVA, ] Hr—;
SR IaIK7s! X%
[aFpyEN SRR Ay 0y
Py 15 R (RN E
=+ QA A\ \O O ONO Y D=~ O oW N O~ =4
CU{J\ P i NN G I G I e D~C0 OV QY W D — Ovd QAU oy I o
[ T T .
AQ A A A~ O ~ ol e QU Y M A ~ ~
e [/ I M ©2 1 /¢ A A -
P b Vot [P A
: by b & R SRR
N VN IN O A | WO = D SO Oy e ) G oy
C<\DJ N Moy O O D=a) Oy (4 W) CY ey WNE Ny o) <)M
e A O [an i M SR EE IRAY BN QYRR | (SRR A GV QY AN Q VARGV | fa
R 75 T2 R R (S RN €5 R (R [ ) ["'
{:l.‘ [ 94 I o
ay (M. N0 “}: I :1 =F O RO :—( _Ir:" COY [~ v T uD ;J."\ [\i Civ ==
tf“ OO OO O O O O GO ON G W) O e =4 ) 0y
— e e e T T P .« .
o B B e Bk B s B GO R r"f el et Q0 el [k B B AR BNV AY S O e
. |ERRE o - T, o0y T
] Ly iy Preopdy N
iy iy 4 b fiy iry
=3 O [~ ¢ N WY e~ v D) (SIS OIS I AV NG I QU Bt B A VA U O
Ci — CO GO QD O O W AP SO QO Ok vO (D) s AT A o' Wile: ol AN ! ook
> OCOCOOOO = Ay s e 5
=
i [ ys N 4
i [RTER AT AT e
E: [EEENEN LR i
O n Ot onrot o Ol (Y ON G BNy L e LN 0D e (7 =0
[E D Do B D) Q0 U | NOND WO O D O~ of oy oy Bl 0 (S —
[qV] DO OO OO D s B B IS BV AN QYR [ B B B B B | [N ES]
—{
< {
tn 195} r T ™ ) % 5
r:g [£3] ity by (RSB ST 4
8 23] AR byl fag qny w0
[ e (] [t G AV NG N S ~ONNG N S o O L T N TR W S LS SRR Y o ON (35}
. EL? G D= B0 VO uN | ND D €D ey D0 (ORISR NGVINORE VRV IS CIND ﬁa
. T T T S e . . .
A e RNl R e N T I J IRUV I CYRCVRP i it S e S R i E
as] F:)
Lo i |
] N S ReP] ) n ) D %
[er] s o ST Dby I AV (Ex_’}
H o |&] [1aY SR fry o bey fay 3
2 B = [ PR TRN SRS R o ANG VA O IO oL ] el o Ova) DA it~ o
;-~ bt CoO N ON O ST Ty VY B Y oy Ly e O g i P st 0D oy Rl o
53,1] o L T T T S P
. e ©OOMAGO | AW d e e e e e ~ W 24
| g g v w2 0 { N ) >
i ,
’ £y (ol 94 [FYI jAaN B
) o %2 'O [y ga:.. By 34 e H
g} . 051 — NMA) FWONO O~ | 0O NG N0 & O N MO AN O N O\ L0
i g) 1 QAL o Qo e O LN D= ONQ NG O\ O [0} W= NV IR Ta WAVRRTANN 'Y O D S
» . * . . . . . - . - L - - - - . . - . - L] -
51'1 ~N A A A0 O (e B BN VAN G VIR G VIR Q VI s BNV NGV AR QVIN Q VN QYN Y} g]
v-\‘ (/o op] WU [OR ] —
" LY . X ay ooy | fam ¥ i <t
- Ly n frq [y ’ P iy Foy [y B
: ~ ~t \O NO o4 -0 INA D \Q N b~ Y QL NN D~ D M Nolex e
ﬁ ] ~ a0 MO O N OO INVE= O N e D LD [QINee; C B
. » . - L3 . - . . - . - . . - [ [ . L) . . . . -
) NOOA—AOO 1 e Ny WGV VRN aURNQVIRE B S AV N A VI oo W o W e Vi oY | e
0 o w v | 0 £
AN [RE ST SRR E]
o fy i Foo G | fx [, B
Q ON 4 Q0 ON N\ W) (ORI S g~ R VO N N Ot Doy Q0 O O @]
1 PG i S WA VIR QAN B AN VRN QO Cr oy N I~ O [ R A ANT RN QVANG JTAN ~D '
P S S ST S S [ T T T T T S T S . e |
~ OO [as At B VRV IR QYRR A VAN ] P TR N N e W A WAt AN ! ~{ {y EH
n oo v IR =
wn [SURA [SERERN (3 fe
QY] o fry [re by [ ST . w2
( DAY IND= N D= | ok Qo O O D I o) OV QL U ) =t O i
W AO ON ON ON O NN INNG GO oy i B~ O [S SIS R VRN bl Sy (R VAN [V | [ 4
O O O .«
QOO OO0 N ~ o~ Q] QYo QF Q) Q0 gy e — Q {..
R ]
n =
70N U T
g [ 1y
O [ . fri I=
. o™ O -\ O vy QoY O O o [(Ne}
[} SN D= oy i D= O OO O ony2F al o
e v e e e e YT Y YT PR
e B B I QY N QU NGV A | ~ -y e —~
. B A
[@ QY| O N
A B X <
< O VRN e o VN QUK I B e AT = e o W QU g V= ) N
8 L Ay e N e e I WO § D~ O Q) Lt i =
C% fq = U ooy O N 0% () QY [TaNan!
=] r—_‘
= : - -
QO QOO O0O OOCCCOO OO [eN®)
OO OO O N OO OO O N OO
K —~ QOO — N QY AN AN QOO
B N NS L N ) NN
Ety O NN A O Qo NN QA
= ~
<
L]
(o) [é} &) TaN ToN TaN
m Y . .
- B0 NOQOWOOD | AOOWVWTOO | WOOWO OO oo
' N — — N IN\O WO =~ ) IO INQD 4~ Y I\ O
r- 4 (S KRR Pox = = S s o SRR = s s s | [T R PE= = e, P s o o
(& I
—.
- ' -4
¥ % =
s 5 5 s 5 &
v g > = =~ <
= Xy
(@]
O

L s ey

-

oL

1

...~ EDP Sheet No_ 71

=1




ISP-370-3

Page:

Spec. No.
Dare:.

SPECIFICATION

T2

EDP Sheet No.

[ N2 tn %)
D i Ay 1 Ry
[EN } Yy fry Iy
A ~-NNO w0 ™M OV QAN ey Yy O E=\O O O \0
9\ [IaNiaWTaWea NIA N§) A Qo) I~ ~f J\\O-J J O\Q N Cﬂu
' e R S S i b 0 o ol S S Sy - o
Y7 - [YPIR D]
[oN fiy iy
= I fra iz
[QV s QYo o o @ - S TN RN AY= N (oW §Y o NO O na) iy NGO A\Q
g\’\ AN oty O\ —J‘\OU\N"-’ ~t COAND D OV —
[ M Mo B B (] (Y‘) k‘ﬂ ) O '/ [SEENAN} [ B B B e B | r“; r'-;
224 T - ISl =2 g V) S T
[ 4 g 2y
fr. . e, . [
Gl (G 2 O NG v =3 OO b=~ o IREES S N B S -1
8 (7\ 4 ri (\J (U SEANY ~ O O A = P It (YL €O {0
O — r~7| - O [RUNSa R 2 N A NIA NI AN L S R =1 1 -
PR #0 s Y veane B
S by !.L‘
e aNe N laNTaNTe :".) Ch e i i~ RV T N R T [QVIRTaY
Lf_{\ A A& ONC o N0 (Y Q3 AD U e v} = LN Y (‘)u) u; - <y -
~ s e . e e e . . . . . .
OO O el SO [ASEQV NGV QU ES [N} refeed r—{ .-»«{ r~»1 o1 [ B!
O p} R /o2 o N |
[ . 4 = L
<T: R T i oy
P 1O N O D= 0 0 I GO oYsF Uy ooy s MO Oy e [ BN a3 Ql —~
t C?‘ ~aD O ONO Oy QO D) ) u —‘ 84 » TR AN ey o [ R £
L [ S L . v e e s .« r]
3 OO0 AC T Wl Uy i A - El
=4 @]
o1
48! AR p] 19p]
= ' 3"‘ b it
[ Ve VOO O r O v \Q OOND b SO ON N Ty ax O -
Pq \g [~ (U ON x4 [~ OO NO = G O D) o -
Ty . . . . . L) . . . . . . . ]
O O CJ [VIS (] o~ i k\J [ Bl e B B B B B i
42 %
3 i
£3] i
[Sel @) b ONuD D L — OGS T (RGO
r(‘b' O = D0 Gu NURNGRVU I (AN}
I . . . . - . . . . .
M OO OOOOO Oy —
A
o
N [e5) € 12 —
. i (IS8 u. [ |
e 50 b NI - @]
< | N\ NG ooy O I~ ’n ~\0 OO\ (YO -y Ox =N L\— - 4 'r {~ (SR ! 1
R ] o -A; : S A SRV ST RN VER YRR RN IRV O - )
. . . . . s s e« e & P o
C‘) O O O O s e O Q0 O e B e B e B e B R et e 1
. 0 w2 o %ﬁ
y [ VRN
By fzy jiq fry 1y £
@] \O — D~ D-\D \D [QVES ORI Poe o 8] co ] =N = QD IN [seleY “
'—.4 O D= -0 ONGD N O QM =0 (’) =t o N0 O N O b~ %
- . . » - 3 » L} - - - - . L] - - . - L] . L]

OO O OO (] [QVARGVINQVINQVIRQY (\J r~1v——%:-—{r-<l(\lr—ir—{ —~ E;
= ) N 0 |
l"fl 1y i1y 2y @]
) [ENINEY £ [ENE o
~ 7\ QO =k ONTf ) ON O = of DO S D e R NO QA O oYy LN ExJ

f -—.-4 \o N L\cu ()\ [CSIMIEN O QENO GO OV O (Y (I~ Oy M Cy b~ N
.. v e e v e e s v e e e s . .
' O O O O‘ C) @ [QUR VIS VINQ Y AN AWRVINQV] B M B s QU B | 4 r LH:.
3
) N 2 D N ' w02
iy by fiy 1y 13
{74 Fryobag fay by <
’ (@] QL Q0 = O Q4 [~ ,-J' O\\o = (5 e NQO = Oy o QA [QE A g;
(}J = Q0 &) O DN O k\J,_J‘ i~ = UNCD O o) o\'v) mRee] 1y
s s s s . N e e e o . .
OO O 0 @) (_\1 m o o m [QN! o M B BES VAN QV! "—{ — — e
4D [€2] Ur 2
iy AFIR N Py
iry | iy bxq Py
(¥ O N =F oy O U O M UINSF INQENO D O OwWwWm J s I~
QO b~ O ONG O —r O W B=\O O el Lr\ Q r-i =t [GANES —~
] . . . . . . . 3 . . » . . . . L)
[oNeoReNe NS (@] (ﬂ o N oy N [QV] r-i OJ (\J QU IR QUNE B e~
€8] €] 2 U2
(i {14 ARy
] g 14 : foy 2y
o N 0N O &y N ON QL QD LN T MO O QN INNOY e~ -
0:‘3 O OO r-4 O\\) MU QA oY~ O e NN~ N0 O ™M [LAN®)
- . . . L] . . . - L] L - - . . - . .
OO0 O r*i O e o Y} WA QO — Q
QY] %] O Q]
}—-' g: * . . .
<t |2 Oy a0 e NN O QY - NI 0Ol (\l =t n
DN P T N O I R o N O -1 <3 AN D=~ O I~
28 e =N N o - en ol i~ o QA TaWia!
&
= OO0 (@] & loNoNoNoNe] @) sNeNoNoRoRoNe! (o ®)
OO O MNMNO LN [eg e NORIANG] [TaY O OO N0 O W QO
2 . —~ O\O ~ AN [QV] OO ~ Al o HOONO NI O \O
=] o« 6 8~ on T N N Y ) o n
[ [ mn ~ O NN A O I oy N Q
[ 1 ~
1
P
ITeN [TaN n
L) L] - .
2 @] QO ONO O OO O OO O O D AU OO OO0 QO
I o8] OO 1~ 00 N\ INO ~ ~ N INND NGO~ ~ N IO [Caprs
B4 14p] [ TERR = pie~ s i S (20 TR P s S (s S [0 JEA0 P gl e e s o ot
] [
=2 = < N %)
O o vt &
& - > > <
=2 o
O
| @]

Eag 2wy




|
5..

LSP~370-3

Spec. No.

el e

.Date:

SPECIFICATION

* Page: :

A

LS

-~
2

LR(

TABIE XV :
(7] ERRORS vs LM ROLL - PHASE 2

vy 2 72300} U 2
(“—4 {1 1y Ql e
fz« fry [EXRES frq !
= —\0 o) T —3’ oY OO AW I ONCO N (@) [@RNe}
@] O\O\ﬁ\(\(/\ﬂ WO NNO NG O B~ Qb < O WO = QO
O O O O o - O [V e a e TE< AN CaNaV] [ Mo IR VIR €V o o VIS P i
[99) [ 2R &) wnm
L !:L« [ia £y oy
fay [z TN [y [z,
LN ND DOV QY O I D= ) o QYO0 NNy N a\ Qd
L\rl\ uaoooom (‘\OL\~ NO DO (v a o Oy Y Lr\Or-ich WO [@xve
C - .« . . . . . . . . .
O O O O ~_) r~{ (o] GF QO 0d oy oy oy On ~ C\J C\J C\J (\J ~ —~ ~
I SVSURSNI S ST A . et e e e e e
2 N w0 2 0
By iy [N SN Q« %
by by fag Iri oy fey
OO0 Oyed ONEO oy~ kM u\ma) OO O NN \O N
8 L\—b-bvoo O\O\\u \u\ot\ mlr\o « INQI - O Ny N O =
- . . - - . . - - L) L[]
OOOOOOO C\J(\J(\loﬂo’)(v)(\l Y —~ 4 ‘
Z; o ) N 02 W
Ly Oy [N (a0 Py
fry fy [ESREEN {xy [y \ ~~
O N oy et o) b~ O o 0O O = G = QA0 O .ok (]
’lﬁ I~ DD~ Q) ON OO NFNO AN O O [T AU e o I QVARAVAN T I o~ E
OOOC OO OGO [QSANAVENQVEN e A e A e A NEN) o B B ae e IR QAR A VNS ~ — g
. . .
o dp] U1 Gl Uy o 1]
] {1y {4 £y By [RYRNEN w2
< Fry g g = Jra foy ﬁri
= W O I N I RSP e S s AUTAY - TND D w O E
g q \o L»L\oo O\q) O Al NNy e GO O MU OO m O -~ é
~ s e e e e v e e v e e e .
O ()OO OO ()O [AVENQVEN AV AR QVENCA NQYIN GV} [o Wi B o AERE RN AV BN QAN 2] ~ ~
= 5L
24
/9 IR Ip] (e IR0} v 0N g
By Ay By Ly 0y
= fra by [SNNEN v Py » i
(o} n D~ o D=0 N o 0D ON = 0=NO o B~ O OB ON OO T so N @] jad]
P‘. WO D= D=uD e LN O D W O O N oY QN O n\ ) SO~ o
I.‘ - . L] - - . - - - . L] . L] . »O . . . L] L] .
O OO OO GO, [ AUV AV A VBN GV | HHHMHM:——{ 4 — E
~
w0 ) w2 NG W )
t'ﬁ iy SRR Ly [y S
‘: fry [y [ fas FZH
oy O - h\O\GJ \O B Xe) —~ O\\G N O [QVER TN Vo Wik s S NG O] O O &3]
%33 O D0 SN0 AN LOND O M I I~ O O N QNG WO Q) N [@3Ne} =
b . 3 . * . - . ) » . . . . . . . 3 . K2 . . . .
(=) QOO OO O.D T B B BEQUR QAN Q VI o | s B B B B e B ~{ Iﬁ
Nl
~ N Tl D 7ol P} 8
fie| oy 14 [y E-h a8 B
4 tn\ by oo T iy Feo vy
N 1 G).:t‘r—i:—‘(b\(')g Cred I~ 1™ 00 B= Oy O (\lO’\u\\’Y) £~ O\ £y
it st s g o e AQE-OG - ON O & A e 20 O RSO mb—» q cahe s QN =
. « o . . » » . . - « . . . - . . R o e
oNoNoNoReNeNa RNV VI AV A g
T N N 3 p) &)
B iy oy ) Qi iy 04}
K Fry by . [ fxy [y B“}
(@} OO ~ ~t O H)u) — QO DN O U QNGO QO O\ < () [t el
-—.—l O ~00 VO Ovin C\J m u\ o\ H O\ (@ b~ o0 =~ Ovt [@INJ] e
* s o L . * s+ e . . . . v =t
eNeoNeoNeNCRORe (\x ol ad mm w e e B I R B i i
[75)
U2 U U2 W2 0w jae]
B [ algye e iy O
[T\ fﬂ o [ry [y [za Frs
~ a\O. .y 0 A\ OGN ~O MW - - N~ O t~—
] \oL\OOO\OO\u‘\ NFO ~A N O O \O -zF o) D= Oy ON N [@Rn -
. . . . . L 3 L ] . - » - v - . . . - . . . p——
() O O O~ OO [QURS NN+ aNea Nea QY| o~ o~ e e~ .
[N P! (PR dp)} 19PN p]
§aq .11 faq {1 Ay Ry e o
@] - [og ixy o fvy 4oy fry 3y
Al GO0 O T o o O (:”)CO =8 OO o B Oy O N
[ b b~ I~ O\ O\ Oy 1N OO Mo o N o o) B et O Q M~
. » . L] - - L] - . . * . » L] » » L] L] L] * » L] L
OO0 O0OOCo [QUN SV QU I A We S RV ~ e~ et e e
v: ) T2 Y v
bl Ry Lo fiy 3Dy
n [ERmcS {4 [y Frq fry
QY] - Q8 b QO \Or"iL{'\L“-OU\O INQ ~ ONQY QD N \D b
! e e R AN O AT O -0 uoD OO Y QAO O N D O b=
. * . . L3 . . . » . . - . . . - . . . . . .- .
OO0 OGO [QUNS VANt o e D WeR N4V L B e B IEQU IRV | ~ ~
) Uy U2 )
. (14 Q4 Hy [y Sy
(@] g [y gy fr4 Tz
o OO O .o I ICARC RO R NN o] [ e A B XN AN ) O O
! QA OV \O OONO N OO ~ 0N O QO ot Q b~
. L] . » . . . . . . . . . Y . [} . [ 3 .
OCETOO00O. Ql Qo ed el Ao e -
A .
o O O Ql o
H |l ). . . . . .
< M ON N QO QO OvVIN 00 Qg o O\ INoF QO 4 N
. = =3 SN © QO F SN = e O @ SF it O« N o~
- O -l [ Ta e Na\} [RaNTaN s ReaRat| M~ o [TaNri o)
=) g : .
S . ) . -
- oNoNoNONONONS] [GEONONONS] COOOOCQ oo
. OO OO O QO OO O WIN OO OGO N O
2 [ OO ~ AN HOO\or—im [YaaV r—iu)\udmlr\m A \D
Fomm | r:q LN R AR A "o N LU N PR LN
] O N OL('\(\J(Ur-i om(uwr—i N Qd
1 —~ — o ¢
<L -
g S U\ [Ta\ [T )
L] -
4] o \q (@] A OO0 OO0 A OQOOWNO OO ol @]
(23] 9] ) 53] Lr\\o NG ~ m Lf\ P INCO O IN\NO SO
(S0 TR I piter LR e RS o oY N <F -zt (R0 IR T s s e S (LR~
B
] )
: <t ;
% S N N &
8 (= ey e
é [$ I
O

y
!
£
§
|
¢
!

73

EDP Sheet No.




GRUMMAN_ AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. 1., N. Y. ; ’
- CODE IDENT 26512

SPECIFICATION NO.___310-3

TABLE XVI

~ PHASE 3 PITCH

~ (To be supplied at a 'la’cer date)

- Eng 200.3 3-65
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Bethpage, L. 1., N. Y. :
CODE IDENT 26512 .

GRUMMAN AIRCRAFT ENGINEERING CORPORATION |

VSPE‘C'IFI'AC.A'HQN. N O. 3'_70‘-3

TABLE XVIT

PHASE 3  YAW

(To be supplied at a later date)

. Eng 200.3 3-65
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. 1., N. Y,
CODE IDENT 26512

® . SPECIFICATION NO.__ 303
mm XVIII
 PHASE 3 ROLL

(To be suprlied at a later date)

Eng 200.3 3-65
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Spec.

No. LSP-370-3

or LR Accuracy

" EDP Sheet No. 77

Date:
Page: 76
L‘l’ : TABLE XIX .
A """ Antenns in Position One - e .
- ATTTTODE LEM Y-AXIS [EM X-AX1S . TEM 7-AX1S :
v | PTTCH _ YAW | . ROLL -
FEET | vEL Only "4 Beams “VEL Only -4 Beams "VEL Only | 4 Beams
25K -12° to 17 1122 to 4167 ~25° to -25° | -5° to +5° -4° to +4% | -kO 4o +4°
+27% to +75° |+29° to +60° - ‘ S
19.5K TED | TBD TBD TBD TBD TBD
15K TBD TED TBD TED TBD TBD
10.8K | -177 to +21° [-127 £ +21° | -30° £ +30° | -10° to +10° | -5° to +3° | -3° o +3°
+40° to +66° |+43° to +66° :
+827 to +85 .
10,18 | =172 to +21° [-12° 1o 4217 | -11° 60 4227 | -22° 65 4110 | <77 4o +7° | =77 to +7°
+38° to +67° |+43° to +670 '
+83° to +85°
3.0K -13% 1o +207 |87 1o <207 -10° to +10° | -10° to +10° | -59 to +5° -5°% to 450
‘ +38° to +67° |+h30 to +£77 :
c &1 -17°% 1o +20° -7% to +7° -7° o +7° -3° to +3° -3° o +3°
A . 7D VO s . ’
+377 B0 40T JH4TT to +07 :
" -5 o : o . o) o o
o -17% to +17 ouT -5° to +5 NONE -3 to +3 NONE
CRrens +3UY po 407 -
2150 -259 {5 -15° OUT TIONE NONE NONE NONE
. 0 o 0 ’ 1
1000 -28° 4o vz TED —12% g0 +12° | -127 w0 +12° | -8° to +8° -8° to +8°
+30Y 1o 4677 -
+79° to +93°
220 -25_ to +262 [-25% £5 4260 | =97 to 4127 | -9% to +12° | 77 to +7° | .77 to +7°
+417 1o +79° |+41° to +70 : :
250 2257 1o +200°)-27° to 4557 | -30° to +30° | -28% w0 +287 | -60° to +60° | -52° to +520
2 -25° 1o +100°[-22° to +61°7 | -20° to +30° | 307 to +30° | -60° to +£0° | -60° to +60°
Allowabtle TEM Attitude Deviations From DRM
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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GRUMMAN AIRCRAFT ENGINEERING CORPORATIO\I
Bethpage, LI, N. Y.
CODE IDENT 26512

SPECIFICATION NO.__ISP370 B

5 BATAR ANTEIW POSTTICNS
A ’ = ) '
= X 1Em Wa o A LEM
P ,
4’ \ ,'_
, g i
, . |
. '
' N, :
N
| TODITICN L (PUNIEID DI PC3TTICN 2 (FITAL ADPROACH) i
?
|
| |
K
FIGURE 6
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, L. 1, N. Y.
CODE IDENT 26512

~ SPECIFICATION NO.__ L9P4370-3 .

- L e L e L e

Xlem, Ylem Zlem: ' Spacecraft Axes
Xa, Ya, Za: LR Antenna Axes
LR entenne is shown in Position:2.

. LANDING RADAR ANTENNA COORDINATE SYSTEM -

" FIGURE T' -~

Eng 200.7 3-65
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION.

Bethpage, L. 1, N. Y.
CODE IDENT 26512

SPECIFICATION NO._ LSP-370-3

X DEMONSTRATION OF R/R ANTENNA DUAL
' MCDE OPERATION AND SWITCH
_POINT IOCATIONS (SHAFT AXIS) /

S~

Py

-

<
~ FIGURE-10 -
" MODE II OPERATION: ' CSM TRACKING

‘Eng 200.7 3-65

&

— % EDP sheet No, 87~




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

~ SPECIFICATION NoO._ MP-370-3

ANTENNA ASSEMBLY LEM RR ANGLE. CONVENTIONS

TRUNNION POSITIVE
& ROTATION DIRECTION

TRUNNION AXIS

» _/VSHAFT PCSITIVE
ROTATICN DIRECTION

St"‘-’xFT
2 X118
KLEM
‘ .
YiEm
}'-.:/ .
FIGURE 11" .
Eng 200.7 3-65 - m— ——
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" GRUMMAN AIRCRAFT ENGINEERING CORPORATION

Bethpage, L. 1., N. Y.
CODE IDENT 26512 -

SPECIFICATION N O._ LSP-310-3

RAGE

4
.

REQUIRED RR ANIENNA ANGLE COVE
"!

n

T e

.
A
i

&

/o

RR
TRUNNION AXIS -

LIMITS

|
|
g:;y

@

4 s

LN

n >
<1I
x - N
. Al ol
FIGURE 12 < =
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION

Bethpage, L.1,N. Y.
CODE IDENT 26512

SPECIFICATION NO.

~ LSP-370-3

RADIAL ENVELOPE OF CENTER OF GRAVITY IN SPACECRAFT Y-Z PLANE FOR DESCENT :

Z (Inches).

Initial Transient C.G.
LIMITING ENVELOPE"
- (See Note 1)

Landing C.G.
LIMITING ENVELOPE
.. (See Note 3)

NCTES :

(1)

t engine st

t:—Initial Steady State C.G.
' LIMITING ENVELOPE
(See liote 2)

art spacecraft C.G. iIs established by fixed weight C.G.

plus the shift of propellant between the interconnected descent

tanks. Total sp

acecraft C.G. will be within the initial transient

C.G. LIIITING ENVELCPE shown' above.

(2) After engine start the propellant in the descent tanks will be
brcuznt te a balanced ccondition by engine thrust. In this
bzlanced condition spacecraft C.G: will be within the initisl
gtealdy state C.G. LDIITING ENVEIOPE set forth above.

(3) At landing with the propellant in a balanced condition.spacecraft
CeG. will be within the landing C.G. LIMITING ENVELOPE shcwn above.

(4) Spacecraft C.G. will rominally move slong a radial line from. the
initial steady stage C.G. (Pomt A) to the final landlng C.G. {Point B)
as propellant is expended~ BV , _

FIGURE 18" S
‘Eng 200.7 3-65 i o . l SR e o
_— ok "EDP Sheet No. 95




GRUMMAN AIRCRAFT ENGINEERING CORPORATION |
Bethpage, L. 1, N. Y.
CODE IDENT 26512

——

 SPECIFICATION NoO.__ 1SP-370-3

RADIAT, ENVELOPE OF CENTER CF GRAVITY IN =

SPACECRAFT Y-Z PIANE FOR ASCENT

Z (Inches)

A

asassmeerh ’
\
(See Ncte) \
y
1\
2l o Y (Inches)
TT— — Tnitial (Liftoff) C.G.
_ . . LIMITING EVELOPE
<— Firzl (Burnout) C.G. -

LDMITING ENVELOPE

acecraftt C.G. will nomln;ally move aleng a radial line
rcm the initial C.G. (Point A) to the final C.G. (Point B)
as propellant is expended. ' :

ROTE:

<
L
B
a Xl

' FIGURE. 19 .

M._J.‘,-)g-..u_..:n..:-:.»..._'.-v P P R P T P i o DR
4 ) ’ .
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