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Memorandum 

TO See J\ddressees 

FROM Mr. Brown, R-ASTR.-N(;O 

GEORGE C . MARSHALL SPACE FLIGHT CENTER 

HUNTSVILLE, ALABAMA 

DATE: December 22, 1965 

SUBJECT Status of the development of the AS-501 navi::!ation C'lnations 

1. The purpose of this memo is t o de fine the areas in which further navi­
gation studies need to be performed for the purpose of defining the .AS-501 

navigation equations . There are four phases of flir,ht in which the navi~a­
tion equations may be different. The first phase of flip.ht is from C:P.~ to 

some fixed time after first S-IVB cutoff. To my knowledge there have not 
been any studies performed to determine the navigation equations for this 
phase of the flight. Since this phase of the fliP,ht is similar to Apollo 
Saturn IB launch vehicle the navigation equations used in t he /\S-203 LVDC 
may be satisfactory, but a study needs to be perfonned to verify these equa­
tions. 

2. The next phase of the flir,h t is from some fixed time after first S-I VB 
cutoff to the beginning of t he restart preparations . There have been sever­
al navi gation studies performed for this phase of the flight. The re sults 

•• of these studies are presented in charts 1 through 6. Chart 1 presents the 

maximum errors in displacement and velocity occuf'rng during three near cir­
cular orbits of flight when the third and fourth harmonics are neglected . 
The velocity and displacement errors are the magnitude of the vector dif­
ference not the difference in the magnitude of the vectors. The standard 
gr~vitation model of the earth is the Fischer mode l of the earth. The grav­
itation equations included the effects of all harmonics through the fourth . 

3. ) Maximum errors ·in displacements and velocity occu/.tng during three near 

circular orbits for the different integration techn iques are presented in 
chart 2. 

rJ 
4. Maximum errors in displacement Rnd velocity occuring durinR 20 , 000 sec-
onds of flight in elliptical orbits for different inte~ration techniques 
are presented in chart 3. 

s. Maximum errors in displacement and velocity occurin~ during three orbit s 
for approximations to the atmospheric density are presented in chart 4. 

6. Maximum errors in displacement ~rid velocity fo r different approximatk ,. s 
to the venting model of the S-IVB stage for three orbits are presented in 

chart 5. 

7. Maximum errors in displacement and velocity occuring durin~ three orbits 

of flight due to platform hardware errors are presented in chart 6. 
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8. f· r om t he data presented in charts 1 through 6 the navi ~at ~ on equations 
for t his '!)hase of the flight may be defined , if this phase of t he flight 
was the last phase of flight. Since there is another nhasc of coast navi­
gat ion it is necessary to investigate that phase of the fli ght hefore de ­
fin ing the navigation equations for the .icoast phases. 

9. The third phase of flight is from the beginning of restart preparations 
to some fixed time after second S-IVB cutoff . To my knowledge there have 
hot been any studies performed to determine t he navigation equat ions for 
t his phase of the flight .. Since this phase of the;.,flight is a powered phase 
the navigation equations used from fiRR to t he first S-IVB cutoff should be 
satis factory for this phase of the fligh t , but a study nf!eds to be performed 
to verify these equations. 

10. The next phase of the flight is from some fixed time after second S-IVB 
cutoff to the separation of t he spacecraft . To my knowledp.e there have not 
been any studies performed to determine the navigation equations f or this 
pahse of the r:fl~ght . Therefore , a s tudy needs to he performed to determine 
the navigation equations for t his phase of the flight . 

6 Enc: 
1 - 5 charts 
6 classified chart upon request 

Addresseos : 
R-ASTR-Nr,, Mr. Seltzer 
R-ASTR-NG, Mr. Brooks 
R-ASTR-NGD, Mr. Chubb 
R-ASTR-NGD, Mr. Brown 
R-ASTR-NGD, Mr, Ellsworth 

cc: 

Hari,old E. Brown 

,,.--...1 Record file eopy/Branch file copy, P- AS+R-NG 
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' APFnCXDL\TIOK 
HAX DISPLACfil.1E1IT 
Eru'10R (km) 

I i ! 
! l ! 

l NEG~E:1' THIRD o.5oo jl 
l R.'L.>u·l01ITCS 
I . 
I i- --------------------- ·-1 
I ' I t 

l HAF110KICS ' 

VlAX VELOCITY 
EF.ROR (n/s) 

0.4700 

TYPE OF ORBIT 

WY1R CIRCULAR 

; 1\'rV _ _..,GLEC'T F0URI'H I 0.280 I 0.3600 I !:EAR Cili.CtJLAR 

!- -- ' - ____ --,........ _________________ ---!------------~ 

l ! 

I

• !·:EGLECT T!IIRD A!ID l o. 720 t o. 7300 1 FE.AR CIRCULAR 

I FCURI'H HAREC!([CS i I 
I ' I i - ---------------------t------------..,-------4- -------· ---- -

A = 1;mcrHJtL R AT ! o. 005 0.0007 HEhR CIRCULAR 
I1fJECTION IN CERrADi 
P.Aill' S OF THE THIRD 
MW FOURI'H HAR1-50NICS * l I 

-------------·----·-------·· ·--- ------ ··-- -- --•· ·- .. ---- ·· ··--- ·· ··------· ..... ---- ------ ·-···· -1 · - .••.• __ ____ __ __ _ ,.. _______ _ ..,_~------------· -· ---- --- - - ------·---· ·------

A = nm-mrAL Sfil'.0:-¥..A JOR 
AXIS I N CERI'AIN· PARrS 
OF THE THIRD AND FOURTH 
HARMONICS.* 
APCGEE = 600 km 
PERIGEE = 185 km 

0.040 0.0480 ELLIPI'ICAL 

. --

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

·:t- A = EQUATORIAL F.ADIUS OF THE EARl'H 

CHART l: ~·:A-iIGATIOH ERRORS I.JUE TO APPROXD1lATIOKS TO THE GRA VITATIOl-IAL 1'10DEL OF THE EARI'H FCR 
THE Till..E REQUIEID TO crn,:.G;LETE TI-.Ir-&:E I•IBAR CIRCULAR ORB ITS OR TI-Ir.EE ELLIPrICAL ORBITS 

.,.., 
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TlffiEC omrrs wrra oPrIHJh n;TEGRA':CIOW TTI'JE SI'EP {t.t) 
I 

·-

SCHEHE 
}'lAX DISPLACEMENI' 1'·:.I\X VELOCITY L\t 

. ERROR (Jan) EEROR (m/s) (s) 

I . 

i 
i 
! 

I 4 PASS RUl·JGE KUTTA 
i 

I 1.10 0.93 60 

i 
I 

I 

-- -

3 PASS R'ffi~GE KOTTA 1.50 0.96 6b 

. ----· ~---
! 
I 

! 
S!WIKS 0 . 90 0.76 48 ! 

• ! -- - -- -- ---- -...,~ 

I 

RUWGE KUITA GILL 0.43 • o.47 120 
I 
I 
I r 

CF.Jl.F-1' 2: NAVIGATION ERROR DUE TO DJFFEP.ENT I!TI'EGRATION SCIIBl-'.lES FOR THE TII1E REQUir-J!:D 

70 CO!·IPLEI'E T:IHEE !'%AR CIRCULAR ORBITS 
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1 
-

ELLIPI'ICAL PAE.KIEG OHBTI'S WITH J. 185 KM PERIGEE ,i\L'l'ITUDE 

---- scnm -- i-
i 

--- ·---·------- · r·-·- --------- ---- - ---- ------ -
APO'"'u.BE ALTTI'UDE I HAX :i::ISPU.CEHE!·!I' ! 

(km) I ·EF~ORS (h ,1) l 
i 

18?° 1.42 i 
I 
I 

3 PP.SS RtJ1'JGE KUTTA -400 1.43 ! .. . 
·-·---------•-----------·-~ 

I 600 1.35 I 
I I 

! 

·-'-3'-•·· -

HAX VELOCITY 
. ERRORS (rn/ s) 

1.68 

1.65 
____ ,_ 

1.48 

l 
i 

. ·--

-

, , 

' 

I . 
185 1.33 1.58 

~:- PASS RUNGE KU'ITA 
I 400 1.29 1. 48 l 
I 

' 
; I ! I 600 l 1 .21 1.44 I 

! I ! -·-- ·· --!-------- - ..... - ---.. --- --.-.- _.. _____ . T ---------- ---------·•·- ·--

! 
i i 

! 1 85 l 1.18 1.33 
i I : • - ---
i I I 

SE.Al:KS i 400 i 1.15 I 1.33 I 

i l 

I 
I ,. 

! 
600 1.12 1.23 

-
1 • i 185 0.47 o.59 
I 

F.m:cm KD""l"l'A GILL 
! 

~ 400 o.53 0.61 
; 

; 

i 600 o.56 o.65 
•· 

CHARI' 3: 1!A VIGATIOl~ EEROR.3 DUE TO D:U'I,1_::;:;:E'l:T D';TEGRATIOl~ SCEEl-'iES l•'OR 20 ,ooo s:ccmms I N 
I LLIPI' ICJJ. 0Iu3ITS 

------i 
f LIGIIT TIY.E i 

(s) i 

20, 000 

20 , 000 

20,000 

20 ,000 
-

20,000 

20,000 

20,000 

20,000 

20,000 _ ---·-- •. 

20,000 

20,000 

20,000 
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i 

NI'EOSPI·IERIC DEIZSITY (f') 
E!'iX DISFLACE1IBH:r 1'".AX VELOC ITY 
ERROR (1cm) FRROR (ir./ s) 

' 

f) = •• 5308 X 10- 9 
0.158 0.188 y = '7"0 4 r z_},,,t. 

f' = c)308 X 10-9 0.134 0.158 

p = [.574 - .0173 (h - 183)] x 10-9 0.028 0.034 

-· 

!i!EGLECTED 3.960 40700 

CH.ART 4: EA VIGATIOH ERRORS DUE TO APPROXIHATIOWS IN THE ATHOSPIIERIC DENSITY MODEL OF THE 
F.ARIH FOR THE TIHE Rl:QUIEED TO CCViPLE1'.:: THREE NEAR CIRCULAR ORBIT'S 

_,.,, 

-



-·· -----·-- ·--·-·--- --··-- --- - ........ - ~:.... - ·--- ·•-- -· --· •- -·--- - --- ·• - --~---------- -----·--•-:--··- --- ·- -- - --. 
, 

Y ... 4X DISPLACE:riEEl' EAX VELOCITY 1~A VIGATION' I-YODEL OF 1'HE ir~·1;:rIHG 
EitROR (1-:rn) H'•-iffiO:S. r r•1(~) .:-1 J. ... \ ... ,. ~ 

-. . ·-··-·- i 
: . -::~1-:.:~IFG Tiill TRAXSVE..11.SE LOX VEr-'Til:G o.o~.s I 0.056 ' I l 

----·- l 

:::s::T .::,-rIYG THE LOX VElJI' e: LH2 OVERi.1.IDE 9 . 000 10.000 
.. . ---- -·-•-•o-••--

- -. -
:"E~~~~IlT~ TEE ULLAGE & L.r:J:2 OVERRIDE 18.coo 22.000 

·------- ---·-- ...... ~------,--.,._., .,.. ----~-............ , ... -- ..... . -.... ~ ...... 

~-=..::.::.:-rIEG THE LH2 COl'i'"I'IlJJOUS VEHI' & LH2 OVERir.IDE 100.000 120.000 

' --------

' I ~~~:TII;G ALL VEl\"I'S &: ULLAGE IMPULSES 136.ooo 150. 000 • 

I 

1::.; (.1::-:XI'ION HAS A lC'i°U.JL':IDGE GI' ALL F.SCAPIEG GASES EXCEPr 11. 000 130.200 
' lC,); ~ TIIE CGL'J.'Il:UOUS VEl~ 
- ·----- ... ----

I:i. T.I:l.;_TION HAS A KlWHLEDGF. OF ALL ESC.APil'TG GASES EXCEPI' 22 . 300 26.800 
. 2C1

~-,; C . .? TES CONI'Il':UOUS VELT l 
! 

1::.;-r::::_.:,,TIOl'; HAS A K1TO~/LIDGE OF ,lLL ESCAPING GASES EXCEPr 18.000 21.600 
TE !2.X • HEATIEG OF THE COI':Tii;UOUS VEtT 

' !;.b T:.:::ATIO!s! P'...A S A KNrn~LEDGE C]T ALL ESCAPIHG GASES EXCEPl' 19.800 23.600 
T::= :=~ HEATnm OF THE CONI'Ii'wOUS VENT 

-- - . ·--
' 
i ::A -;::;TION RAS A K1{UJLEiJGE OF ALL ESCAPDJG GASES EXCEPr 1.850 2.120 I 

lC~ ;:;; Till ULLAGE ; . . --- --- ·-. 
::;. T.::::C..':l' IOH HAS A KN01JLEDGE .OF' .ALL ESCAPING GASES EXCEPl' ; 

o.890 1 . 000 ! lC-~ 2 THE LOX VEI'n' 
' '--··- - - - ••·--· - ---··-----···-· -·- - ·--- --·-·---•·-· ----------- - -- ·-·· ... ·----- ---

:z.L,zr 5': l:AVIG.ATIO:·J EPJWF.S DUE TO EPJWRS DJ THE VENTING NODEL I'OR THE TD•lE REQUIRED TO COMPLEl'E 
TI-L.'ZEF llEAR CIRCULAR ORB.TIS 
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