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ASTRIONI CS LABORATORY 

MISSION DEFINING DOCUMENT FOR THE SA-2O3 LAUNCII VEHICLE 
DIGITAL COMPUTER (LVDC) 

by 

R-ASTR- NG 

SUMMARY 

This report describes briefly the SA- 2O3 mission . It presents a unified 
body of information which sets forth the known functions the LVDC will be 
required to perform during the SA- 2O3 mission . 

SECTION I . INTRODUCTION 

The basic purpose of t hi s document is to set forth the functions which 
the launch vehicle digita l computer (LVDC) wi l l be required to perform during 
the SA- 2O3 mission, This repor t present s a unified body of information con­
cerning the SA- 2O3 miss i on which will be used in simulating the SA- 2O3 .flight 
equations , Where possible , data concerning t he SA- 2O3 vehicle and the SA-2O3 
tra ject ory are given , Certain c l assified infor mation is referEfoced . Al t hough 
these vehicle data and t r a j ectory data are preliminary , studies and trajectory 
simulation may be i ni t iated. 

SECTION II. MISSION DESCRI PT ION 

The SA- 2O3 mission profil e has been designed to : (1) evaluate dynamics 
of LH2 containment at near zero gr avity, (2) provide limited s.;.IVB and i nstru~ 
ment unit checkout test in orbit , and (3) demonstrate miss i on control and net ­
work operation. To achieve these ob j ectives , a 185.325 km circular or bi t 
trajectory has been selected for the SA- 203 mission , 

The trajectory presently planned for this mission is divided into three 
phases. The first phase is from liftoff to S- IB cutoff, the second phase i s 
from S-IVB ignition to S- IVB cutoff , and the third phase is the coast phase . 

SECTION III. DESCRIPTION OF THE SA- 203 LAUNCH VEHICLE DIGITAL COMPUTER 
(LVDC) FLIGHT PROGRAM 

An outline of the major portions of the LVDC Flight Computer Program 
follows. Where possible, relateddata and information are included . 

A, Prelaunch 

Until 5 seconds before launch commit i the LVDC i s under the control 



of the ground rout i nes. The purpose of t he gr ound routines is t o perform 
cer t ain prelaunch func tions and t o prepare t he LVDC fo r enter ing t he flight 
routine, At launch commit minus five seconds (guidance r.eference release) 9 the 
ground routines transfer control to the flight program . The flight program 
initializes all flight variables and begins to perform navigation cal~ulations . 
Ignition of the S-IB occurs at launch commit minus three seconds . If •countdown 
is stopped before launch commit occurs, the control of the LVDC is transfer red 
back to the ground routines, At T = 0, launch commit occurs, marking the end 
of the prelaunch phase of the flight program; and the flight program waits for 
a liftoff discrete that defines the beginning of Time Base 1. 

B, Boost Navigation 

Boost navigation as used here is defined as navigation performed by 
the LVDC during the period of time from guidance reference release to a fixed 
time beyond S-IVB cutoff. During this period, the LVDC samples accelerometers 9 

tests the accelerometer readings for reasonableness, and then uses the readi ngs 
t o compute gravitational accelerations and space- fixed vehicle positions 9 

velocities, and accelera t ions . 

The gravitational model selected for SA- 203 is the Fischer 
Ellipsoid , The maximum number of terms needed in the expansion for the 
gravitational accelerat i on for any future Saturn IB vehicle is to be used i n 
t he flight computer. 

Mission dependent quant i ties needed for navigation in SA- 203 are as f ollows g 
, I 

(1) The geodetic latitude of the launch site , Complex 37- B, is 28.531424 
degrees . 

(2) The firing azimuth is 72 degrees east of north . 

(3) The initial position and velocity of the vehicle (measured to the 
center of the IU) are : 

X (0) = -5662,0936 m 
s 

y (0) s = +6373352,2 m 

z (0) 
s = +17426 .132 m 

. 
X (0) = +387 . 97790 m/s s 
y (0) s = o.o 
. 
z (0) = +125 . 97584 m/s 

s 

The(X, Y, Z) system is a space- fixed, right-handed, rectangular coord i nate 
system, with its ofigin at the center of the earth and which becomes space- fixed 
at guidance refe~n:e release . The positive Y axis is parallel to the grav ity 
vector at the launch site and opposite in dire~tion . The positive X ax i s i s 
downrange and parallel to the aiming azimuth. The Z axis forms th~ r i ght -

s 
handed system (X, Y, Z ). s s s 
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To improve the trajectory flown by the S- IVB , the launch vehicle dig i ta l 
computer (LVDC) program wi ll include a routine for smoothing M/F and will 
compute steering misalignment correction (SMC) terms for the x and x commands. 
Additionally, the LVDC will apply a digital filter to x if re~uired. z 

z 

The S-IVB is to cut off on a prescribed total velocity. The LVDC program 
will include a routine to predict a cutoff time so that the desired velocity 
will be attained. 

The following IGM end conditions for the SA-203/S-IVB flight are subject 
to change, but such changes should be minor. 

Firing azimuth, A 72 degrees 
a 

Geodetic latitude, <P 28 ,, 531424 degrees 
0 

Longitude of descending mode, .>.n • 120.43206 degrees 

Inclination of orbit plane, i 31.952112 degrees 

Terminal velocity, VT 7792.1414 m/s 

Terminal radius, YVT 6557572,9 m 

Components of terminal gravity 

X vgT 

yvgT 

z vgT 

Components of VT 

*vr 

-,0017030519 m/s 2 

- 9.2722517 m/s 2 

2 +,01248589 m/s 

7792. 1414 m/s 

0 m/s 

0 m/s 

Path angle measured from local horizontal, e st O degrees 

The above !GM end conditions may have to be updated to agree with a nominal 
minimum fuel run, 
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C. S-IB Stage 

The S-IB stage is guided from liftoff to approximately 151 seconds 
after liftoff. For the fi'rst 10 seconds after Ii ftoff, the pitch and yaw 
commands (xz and xx) are zero and the roll command Cxy) is -12 degrees. 
The Xz command is computed as a polynominal function of time from 10 seconds 
after liftoff to approximately 166 seconds after liftoff. The Xy command is 
forced to zero at the rate of 1 degree per second from 10 to 22 seconds 
after liftoff. From 22 seconds to approximately 166 seconds after liftoff» 
the Xy command is zero. The Xx command is zero from 10 seconds to 
appro~imately 166 seconds after liftoff. 

The most up-to-date time tilt for the first stage is found in I 
Reference 1, The best vehicle data ava.ilable , for the SA- 203 vehicle are contained 
in Ref~rences 2 and 3. T~-e~e .documents are class ified , . Th(} above preliminary 
data will be used in preliminary studies of the SA-203 mission , 

The atmospheri c model t o be used in the SA- 203 miss ion studies i s 
the Patrick Reference Atmosphere (1963), available at the Computat i on 
Laboratory. 

D. S- IVB Stage 

The S- IVB stage ignition occu rs approximately 151 seconds after lift­
off. The S- IVB burn is approximately 289 seconds long . At approximately 10 
seconds after S-IVB ignition, the ullage cases and thermolag are jettisoned. 
The interative guidance mode (IGM) guides the vehicle from approximately 15 
seconds after second stage ignition (approximately 166 seconds after liftoff) 
to velocity cutoff of the S- IVB stage. 

The thrust and mass flow rate for the S- IVB stage before velocity cutoff 
will be constant. The magnitudes of the thrust and mass flow rate are not 
available at this time. 

Guidance commands during the first 15 seconds of S- IVB burn are the same 
as those for the last few seconds of the S-IB stage; i.e. 9 x s, x , and Xz 
are frozen. After ullage and thermolag jettisons, the Xx andxXz ·ruidance 
commands are computed by IGM. The angle Xy is commanded to zero until 
velocity cutoff of the S- IVB stage occurs. The basic IGM equations are 
given in "Preliminary Equations for the Two- Stage s, Three ~Dimensional Inter­
ati ve Guidance Mode" given in Appendix A. These equations provide guidance 
for a vehicle with two thrust levels. 

It is expected that a time tilt will be required to calculate Xx and Xz 
during a brief period preceding S-IVB cutoff. The exact length of this time 
tilt will be determined as a part of the SA-203 mission studies. Other 
methods of calculating Xx and Xz immediately before cutoff will be considered 
in an attempt to meet the desired end conditions as well as possible without 
signigicantly affecting payload. 
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E. Coast Guidance 

The present guidance requirements following the S- IVB cu t off 
call for the longitude axis of the vehicle to be or iented parallel 
to the orbital plane and perpendicular to the radius vector from the 
center of the earth throughout the coast phase , 

F, Orbital Navigation 

After S- IVB cutoff, a navigation scheme distinct from 
that described in Section Bis to be used . Here nav i gation is 
accomplished by direc t integr at i on of the equations of motion . 
This technique is preferab l e to that of Section B for two ~easons : 

(1) It i s more accurate s i nce accelerometer bias errors 
are excluded . 

(2) It requires les s LVDC computation time . 

The exact nature of the orbita l nav i gation r outine wi ll 
be determined during studies of t he SA- 203 mission , The effects 
of S- IVB venting during the coast period wi ll be evaluat ed and such 
effec·ts will be accounted for by the navigation routine if 
necessary , 

G. Attit ude Contr ol 

The platform adopted for use in the SA- 203 mission is 
the ST-124M-III three gimbal platform . The three gimbals are to be 
sampled at the rate of 25 times per second during powered flight and 
at 25 times per second or less during coasting flight . This sampling 
will take place during the minor l oop. The minor loop must also 
compute corrections in yaw, pitch, and roll attitude 25 times per 
second in powered flight and 25 times per second or less during 
coasting flight. These corrections will force the actual vehicle 
at,titude to its desired attitude. 

The minor loop will contain provisions for limiting 
angular rates in the guidance commands . Also in a part of the minor 
loop will be a scheme to limit the size of the yaw, pitch, and roll 
output commands transmitted to the auxiliary propulsion system . 

H, Interrupts 

Table 1 contains a list of all current interrupts to be 
used in the SA-203 launch vehicle data adapter (LVDA) , The SA- 2O3 
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LVDC flight program will contain routines to recognize each of 
these interrupts and to in i t iate a propriate action upon the receipt 
of any interrupt . It is anticipated that interrupt routines drawn 
up for the 201 LVDC flight program will also serve for the SA=203 
LVDC flight program with only slight changes . 

I. Sequencing and Discretes 

The occurrence of certain events will be indicated to 
the LVDC either by an interrupt or by a discrete input . The LVDC 
may send certain messages to other portions of the vehicle either 
by issuing a discrete output or by generating a switch selector 
output . The switch selector will provide the basic communication 
link between the LVDC and vehicle har dwar e wi t h whi ch the LVDC 
communicates , 

The LVDC progr am wi l l initiate the start sequence for 
each transmiss i on of TV coverage of the l iquid propellant behavior 
i n the S-IVB stage while in orb it, Provi s i on to al t er the start 
sequence in t he LVDC progr am three times fr om the ground while in 
orbit will be made . Program al t eration should include capabilities 
for a change in t i me refer ence as well as time differential between 
stations. Verificat i on t hat the start sequence for each transmission 
of TV coverage has been updated correctly will be furnished to the 
ground, 

The LVDC program must generate a swi tch selector function 
to stop the ullaging of the hydrogen gas while in orbit upon the 
receipt of a discrete input or a signal from a ground station . 
A decision on whether a discrete or a gr ound command will be used 
has not been made at this time . 

A list of discrete inputs planned for the SA-203 mission 
is not available at this time but the discretes should be similar 
to those given in Table 2. SimilarlyD a list of discrete outputs 
appear in Table 3 . The LVDC program must be designed to accept these 
discrete inputs and to issue discrete outputs when needed . 

Switch selector outputs will occur at a fixed time measured 
in one of the four definite time bases and three possible time 
bases . One basic routine will permit the LVDC t o issue all switch 
selector outputs . A list of outputs for the SA- 203 mi ssion has not 
been published as yet , Such a li st should s however I) be qui t e 
similar to that for the SA- 201 mission . This list appears i n 
Appendix B, 

It is important to mission success that the LVDC receive 
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notice of liftoff, S-IB propellant depletion, S-IB outboard engine 
cutoff, and S-IVB engine out , Thus the LVDC flight program for the 
SA-203 mission will provide backup techniques to ensure that the LVDC 
recognizes the occurrence of these events , 

J. Telemetry 

The LVDA is designed to provide automatic telemetering of 
many important quantities, However, to ensure the receipt of all 
desired data at ground s.tations, the LVDA must telemeter certain data 
from the LVDC memory or from the LVDC accumulator , The telemetering 
of data from the accumulator permits the use of identification codes 
which can be transmitted with the data , This technique is desirable 
and will be employed where possible on the SA-2 03 mission , 

Because of limitations on the telemetry hardware, telemetry 
from the LVDC must be held to around 200 words per minute, The 
quantities tel emetered from the LVDC must include the following~ 

(1) Three fine gimbal angle r eadings (25 times per second) . 

(2) The normal nav igati on quantities including position 9 

velocity, gravitational acceleration and vel ocity, thrust velocity 9 
thrust acceleration , and the smoothed value of M/F . 

(3) Important IGM variables including X 9 X and Xz' 
X y 

(4) Accelerometer readings together with the time of 
accelerometer samplings, 

(5) Total gimbal angles and ladder outputs (all at the rate 
of once per computation cycle) . 

(6) The times of all discrete inputs and outputs and of all 
interrupts (except the minor loop) , 

(7) The contents of the error monitor register . 

K. Algorithms 

Algorithms for the computation of elementary functions 8 
including sine, cosine, arctangent 6 arcsine , logarithm ~ and square 
root, have been provided for t he LVDC fligh t program for the SA- 201 
mission, These or similar algorithms wi ll be a part of the flight 
program for the SA-203 mission , The algorithms adopted must be compatible 
with the range of variables expected in all Saturn IB ~iss i ons including 
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those special con~itions included in Section Land must not 
contribute significantly to computation errors . 

L. Scaling 

All quantities in the SA-203 LVDC will be scaled for: 

(1) All Saturn IB missions, 

(2) Thirty degree dog legs. 

(3) For any orbital conditions which the Saturn IB 
vehicle is capable of achieving. 

M. Data Compression 

Since the SA-203 mission will not have continuous coverage 
by tracking, some type · of ·data compression will be applied to the 
components of inertial velocity , gimbal angles, guidance commands» 
components of space~fixed velocity, displacement and gravitational 
accelerations , attitude error signals, and the pitch, yaw and roll 
signals to the auxiliary propulsion system , 
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LVDA Name 

Interrupt 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

TABLE I 

Interrupts 

Function 

Spare 

S-IB Low Level Sense 

Program Re-Cycle 

S-IVB Engine Out 

S-I Propellant Depletion 

S-II Propellant Depletion 

Guidance Reference Release 

Command Receiver Interrupt A 

Applicable to 
SA=203 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

TLC- Simultaneous Memory Error Yes 

Data Ready from Computer Interface 

Unit (CIU) 

Switch Selector Interrupt 

Timed Minor Loop Interrupt 

9 

No 

Yes 

Yes 



LVDA Name 

DIN 1 

2 

3 

4 

5 

6 

7 

8 

g 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Function 

TABLE 2 

Discrete Inputs 

RCA 110A Sync 

Command Receiver Sync 

Auto Vent - Low I,imi t 

Spare 

Spare 

S-IVB Inject Delay 

Spare 

Spare 

Control Computer Switched to 

Spacecraft 

S-II/S-IVB Separation 

s-II Skirt Separation 

S-I Separation 

S-II Engine Out 

S-I Outboard Engine Out 

S-I Inboard Engine Out 

Prepare for GRR 

Spare 

Spare 

Spare 

S-IVB Thrust Sequence Start 

Applicable to SA-203 

Yes 

Yes 

No 

No 

No 

No 

No 

Yes 

No 

Yes 

Yes 

Yes 

No 



LVDA Name 

DIN 21 

22 

23 

24 

DIS 1 THRU 8 SPARE 

Function 

Spare 

Spare 

Spare 

Liftoff 

TABLE 2 (Cont) 

Discrete Inputs 

11 

Applicable to SA- 203 

Yes 



LYDA Name 

DO 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

- - - - --- - --

TABLE 3 

Discrete Outputs 

Function 

Reset (LIRO) 

RCA llOA Interrupt 

Spare 

Guidance Failure 

Spare 

Thrust Indication to S/C 

Spare 

Spare 

Spare 

Spare 

Spare 

Spare 

Spare 

12 

Applicable to SA-203 

Yes 

Yes 

Yes 

No 
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PRELIMINARY 3D IGM EQUArIONS FOR THE SATURN IB Lt.UNCH VEHICLE 

(X , Y , Z ) 
s s s 

X,Y,Z 
s s s 

. . . 
X,Y,Z 

R 

V 

Space-fixed rectangular coordinate system with its origin 
at the center of the earth. The Y axis is parallel to the 
gravity vector at the launch site a~d is positive in the op­
posite direction of the gravity vector. The X8 axis is 
parallel to the earth-fixed firing azimuth and is positive 
_d0"1n range •. The Z

8 
axis completes the right-handed 

system (Xs, Y , Z ) . 
S S 

Space-fixed rectangular coordinate system with its origin 
at the center of the earth. The Y 4 axis passes through the 
point of intersection of the o~bit plane with the equator 
( the descending node of the orbit plane) .. The x4 axis lies 

in the desired orbit plane 90° down range from the Y 4 axlsc 

The z4 a.xitil is perpendicular to tbe orbit. plane and oomi..; 
pletes the right-.handed system (X4, Y,h Z4). 

A right-handed rectangular coordinate system with it1;1 

origin at the center. of the earth. The Yv axis lies in the 
orbit plane at an angle iJ>rr from the Y4 axis. The Xy axis 
lies in the orbit plane 90° down range from the Yv axis. 
The Zv axis is collinear with the Z4 axis. and completes 

the right-handed system ( Xy, Yv, Zv>• 

Displacement components measured in the space-fixed 

fXs, Y8 , Zs) system. 

Velocity components measured in the space-fixed (Xs, Yst 
Z

8
) system. . 

Gravitational components measured in the space-fixed 
(X6, Y8 , Z8 ) system .. 

Magnitude Gr radius vector from center of the eartl.t to the 
vehicle measured in'th~ (Xs, Y8 , Zs) system. 

Magnitude of velocity vector in the (X
8

, Y8 ~ Z8 ) systeme 



i 

E 

6 

xv, Yv, zv 

. . 
x, Y, z 

V V V .. .. >! z )',c X >:c Yvg• vg' vg 

• )',c • t,c • t,c 

A~v' Ariv, Al;v 

. . 
A~V' .6.riy' Al;v 

~ ~ Xx• Xz 

Desired tenni.na.l radius vector magnitude. 

Aiming azimuth measured positive east of north. 

Geodetic latitude of the launch site. 

Longitude of the launch meridian measured from a space­
fixed ref ere].lce point. 

Longitude of the line of nodes measured from a space-fixed 
reference point. 

Inclination of the orbit plane to the plane of the equator. 

Constant used to determine when to stop computation of 
Xx' Xz, N1, N2, N3 and N4• 

A constant tolerance placed on velocity cutoff. 

Total predicted range angle measured in the orbit plane 
relative to the Y4 axis. 

,Components of displacement measured in the (Xv, Yv, Zv) 
system . 

Components of velocity measured in the (Xv, Yv, Zv) system. 

Average gravitational components measured in the (Xv, Yv• 
Zv) system . 

First estimate of components of the inertial velocity to be 
gained measured in the (Xv, Yv, Zv) system . 

Corrected components of the inertial velocity to be gained 
measured in the (Xv, Yv, Zv) system. 

Angles needed to direc_t the thrust vector so that the com­
ponents of inertial velocity to be gained will be achieved. 

Time rate of change of the yaw steering signal. 

Time rate of change of the pitch steering signal. 



(F) 
m i 

X4, Y4, Z4 

. . . 
X4, Y4, Z4 

V4. 

~PR~ 

7'1i 

lrn:,t:intaneous ·magnitu.de of inertial a.ccelern,Uon vector. 

Components of displacement mearured in the (X4, Y4, Z4) 

system . 

Components of velocity measured in the (X4, Y4, Z4,) 

system. 

Magnitude of velocity vector relative to the (X4, Y4, Z4) 
system. 

System of 4 rotation matrices needed to go from the ( Xs, 
Ys, Z

5
) coordinate system to the (X4, Y4, Z4) coordinate 

system. 

Length of one computation cycle. 

Constant exhaust velocity of first guided stage. 

Constant exhaust velocity of second guided stage. 

Time remaining before mixture ratio shift occurs. 

Time remaining before velocity cutoff occurs. 

First estimate of time remaining until velocity cutoff. 

Correction to T 2;_ 

Instantaneous value of Vex1/ (~)i during first guided'-stage. 

Instantaneous value of VexJ (:1 during second guided 

stage. Constant during first burn. 

Magnitude of desired terminal velocity. 

Co_mponents of desir.ed terminal•velocity in the (Xv, Yv' Zv) 
system. • 

Components of term in.al gravitation measured in the 
~Xv, Yv, Zv) system. 



.. 

j 

Xx' 

x' s' 

Xz• 

I 

>.'.z 

yf 
s' 

Xx 

z' .. 
s 

Yaw and pitch stee:d.ng signals relative to the (XI.is Y<iP ZG} 
system. 

Component~ of a unit vector.needed to det~rmine the steering 
signals relative to the (X

8
r Y

8
, Z

8
) system. 

Steering signals :in pitch and yaw relative to the ( Xs ~ Y 
8

, 

Z
6

) system. 



' (l ., C, 

(AN - AL) 1 i, 'Pos A.a, Ve:Ktr Vex2, T2is T2h Tu~ ~T' yvT' zvT 

1?recornpute: 

~ 
0 

O ] ~sin Aa 
[ cpA] = cos cp0 sin cp0 0 

-sin cp cos cp 
O 

-cos Aa 
0 

[

cos(i\N - :>..L) ~-si.n ( AN - ?~ L} 

[ (AN - AL)] = sin ( i\N - AL) cos ( :'N - hL} 

0 0 

[

cos i 

[ il = _o .. 

0 

i 

0 

1. 

2. 

-sm 1 

_ = (X2 + y2 + z2) (
F )2 .. .. •• 
m . I I I 

1 

0 
COB Aa] 

i 0 •. 

0 sin Aa 

:J 



4. gX4 
.. 
gxs 

gY4 
I:: [APR,:,] gys 

.. •• 
gz4 gzs 

. • 5. X4 X 

• 
[APR4] 

. 
Y4 = y 

• 
Z4 z 

6. X4 X s 

Y4 = [APR4] y 
s 

Z4 z s 

7. V4 = Jx~ + y~ + 
• 2 
Z,:, 

8. If fuel rn ixture switch is on: Go to 12 
If fuel rn ixture switch is off: Go to 9 

10. Tti = Vextf (:). 
l 

Go to 15 



13. 

14. 

15. 

16. 

17. 

19. 

20. 

21. 

22. 

23. 

24, 

25. 

I 

Tn = T 2J ••• M. 

1.· 

I 

I 
I 

I 

I 



. , 

29. 

30. 

33. 

34. 

35. 

36. 

37. 

38. 

Y = X,i, sin 'PT + Y <; cos ,,,._ V rr 

M 

[ gX(,. COG ef>r = g -:,.~I:. f;').11 ~IT + xvf(,I'. J_ 



_41. 

42. 

43. 

44. 

4,5. 

4:6. L;i == 
f 

L~ + aT 

47. L == Ls •❖• L2 

48. J2 == J";, + 'r21 aT 

49. S2 = T2· L2 ~ J2 ·l . 

50. J ::::: Ji -t. J2 + T11.L2 

51. s == S1 + s~ + T-2i L1 

52. d4 = Q1 + Tf.iS2 

53. d5 = T2i Jt 



55. 

56. 

57. 

58. 

59c 

60, 

GL 

62. 

63. 

64. 

65. 

66. 

67. 

-~ K = 8 cos ·x 
X 

M = Q cos X 
X 

N' GJ 
= 1. KJ~ LM 

N1 = N1 ( j_ - K1( 1~;)2) 

L N2 = Ji, -
• , i cT 

L' = L cos 
,.,., 
x,~ 

~ pt = N2 sin. x,. 

~ ~. H = cos X + N1 sin X. 
X . 2,, 



69. 

70. 

71. 

72. 

73. 

74. 

75. 

77. 

78. 

79. 

so. 

" ... y ,,,, . 
< yi:r .. • ~ 

G' = Y - Y + Y T 1 + ___;;_g_ ( T')" + D' sin )' 
V VT V 2 • 'Z 

K' = D' cos ~ X z 

s 

D1 = 'T1iQ1 - Vex1 
T1i 
6 

G'J' 
N3 = K'J' - L'M' 

:· 
I 2 

Ns = N3 (1 - K2(N~)} 

! 

L' 
N4, = N3 JI 

T2i :::: € 

If Yes: 

Jf No: 

Go to 78 

Go to 80. 

Freeze: ~ Xz, N1r N2, Nst N~; Set N6 = xx, 

t2 = t2 + 6t 

Go to 8l. 

Set: N5 = ~ 

1 



83. 

84. 

85. X 1 

86. 

87. 

88. 

s 

z' 
s 

:5 0 

0 

cos x' 
X 

sin x' 
X 

• ' -sm Xz 

COB):~ 

0 

Cutoff· •.. 

0 

I 

I 

I 
I 
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APPENDIX B 

PRELIMINARY FLIGHT SEQUENCE FOR SA-201 



GEORGG; C. MARSHf,,LL SPACE FLIGMT CEfffEr~ 

HUNTSVILLE, ALABAMA . . I 

fv1emorandum 
• I 

Mr. Mathews/ns/876-8550 t"Jr-.1-'ll"'­
Memo #R-ASTR-EAA-2-65 

TQ 

FROM. 

SUBJECT 

Distribution 

Chief, Electrical Systems Integration 
Division, R-ASTR-E 

Preliminary Flight Sequence for SA-201 

DATE Janu11ry 5 r 1965 

l. Enclosed is the preliminary list of in-flight time sequenced events 
for all vehicle discrete functions that are initiated through the s .. ;rn, S<[VBr 
and ro Switch Selectors. 

2. Time Base #1 (T1) is initiated by liftoff. 

3. Time Base #2 (T2) is initiated by the actuation of the S-IB PX'o­

pellant Level Sensors. 

ti. Time Base //:3 (T3) is initiated by S-IB outboard engine cutoff. T3 
may be started prior ·to the completion of Tz. Nominal burning would pro,riae 
propellant depletion and ~tboard cutoff at T2 + 8 seconds. Failure to de .. 
plete propellants :l.n allowed time will result in outboard engine cutoff by 
timed backup at T2 + 8 .~ seconds. • 

5. Time _Base //4 (T4) is initiated by S-IVB Engine Cutoff. 

6. A discret~ signal will be giveri to the Launch Vehicle Digital Comp 
puter System as a reference for each time base. 

7. Any addition to, or deviation from, the enclosure should be coordi~ 
nated through R-ASTR-EAA~ Mr. Mathews, 876-8550 • 

. (7:/, /~ 
H. J. -Fichtner 

Enclosure: a/s 

Distribution: See attached list 

MBP'C • P'a,m 4111 CAucuat 11160) 

i 
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TIME SEQUENCE SA-20i 

Nominal Switch Selector 
Time 

Flight Function From· 

Time Code Stage Chan Base 

o. 0 Liftoff - Start of Time Base No. i (T1) T1 + O. 0 

10. 0 Command to Change From S-IB Single Engine-out to 0001 0001 S-IB 16 T1 + 10. 0 
Mu~tiple Engine-out Capability 

14.0 Command S-IB or·s-IVB EDS Engine Cutoff Enable 0011 0001 I. U. 38 T1 + 14. 0 

14.1 Command S-IB or S-IVB EDS Engine Cutoff Enable 0010 0001 I. U. 53 T1 + 14. i 

25. 0 Command S-IB Telemeter Calibrate ON 0101 iiii S-IB 2 T1 + 25. 0 

30. 0 Command S-IB Telemeter Calibrate OFF 0000 1111 S-IB 39 T1 +30.0 

39.0 Command Tape Recorder Record OHO 0101 S-IB 107 T1 + 39.·0 

60. 0 Command Flight Control Computer Switch Point No. i Oiii 1110 I. U. 43 Tt + 60. 0 

90. 0 Command Flight Control Computer Switch Point No. 2 0100 0001 I.U. 21 T1 + 90. 0 

111 .. 0 Command Control Accelerometer Power OFF 0111 0101 I. u. 106 T1 + 111.0 

120. 0 • Command S-IB Telemeter· Calibrate ON 01011111 S-IB 2 T1 + 120. 0 

120.1 Command Flight Control Computer Switch Point No. 3 0101 0001 I. U. 22 T1 + 120.1 

,,, 



TThIE SEQUENCE SA-201 ( Cont7d) 

Nominal 
Switch Selector Time 

Flight Function From 
Time Code Stage Chan Base· 
125. 0 Command S-IB Telemeter Calibrate OFF 0000 iiii S-IB 39 T1 + 125. 0 

131. 3 Command Arm Level Sensors 0111 0111 S-IB 104 T1 + 131. 3 

132.0 Command S-IB Engine Out Auto-Aqort Inhibit Enable 0000 1110 I. u. 
.. , . 

51 T1 + 132. 0 

' 132.1 Command S-IB Engine Out Auto-Abort Inhibit 0001 1110 I. U. 35 T1 + 132.1 
' I 

•. 136. 3 S-IB Propellant Level Sensor Actuation~ Start of Time Base ; 

No. 2 {Tz} T2 + 0. 0 

136.4 Command Pre-valves Pilot Valves OFF 0110 1001 S-IVB 83 T2 + 0.1 

136,.5 Command LU. Tape Recorder Record 0000 1111 I. u. 39 T2 + o. 2 

137 .. 5 Command S-IVB Tape Recorder Emergency Playback 
., 

0110 0101 S-IVB 107 T2 + 1. 2 Enable ON 

138.3 Command Inboard Engine Cutoff 0100 0100 S-IB 98 T2 + 2. 0 

14000 Command Q-Ball Power OFF 01111111 I. U. 1 T2 + 3. 7 -
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TIME SEQUENCE SA-201 ( Cont'd) 

Nominal 
Switch Selector Time 

Flight Function From 
Time Code Stage Chan - Base 
141. 7 Command Engine 200W. Instrumentation Heaters OFF 0001 1111 S-:-IVB 17 T2 + 5. 4 

141. 8 Command Engine 20W. Instrumentation Heaters ON 0011 0011 S-IVB 18 Ti~+ 5; 5 -

. 141. 9 Command Rate Gyros OFF 0101 101{) S-IVB 100 T2 + 5. 6 

142.6 Command Charge Ullage Ignition ON 0111 0100 S-IVB 54 T2 + 6. 3 

143.3 Command Arm S-IB Fuel Depletion Probes and 

I 0000 ouo Electrically Interconnect Outboard Engines Thrust OK S-IB 97 T2 + 7. 0 
Switches 

144.3 S-IB Outboard Engine Cutoff - Start of Time Base No. 3 (T3) T3 + 0. 0 

144.7 Command Cutoff Outboard En~ne (Time Backup) 0011 0011 S-IB 18 T2 + 8. 4 

145.0 Command Fire Ullage Ignition ON 0101 0100 S-IVB 56 T3 + 0. 7 

145.1 Command Initiate s-IB/S-IVB Separation Explosive 
0010 0010 S-IB 23 T3 + 0. 8 Nuts and Initiate Retro Rockets Firing 

146.4 Command S-IVB LH2 Chilldown Pump OFF 0110 1011 S-IVB 59 T3 + 2.1 

-~ ----- ------ ----- --- --- --- ------- --- ---- --··------

ii' 



TilVIE ·SEQUENCE SA-20i ( Cont'd) 

Nominal Switch Selector 
Time 

Flight Function From 
Time Code Stage Chan Base 

146.5 Command S-IVB LOX Chilldown Pump OFF 00iO 00i0 S-IVB 23 T3 + 2. 2 

i46.6 Command S-IVB LOX Chilldown Pump Purge Control 0100 000i S-IVB 21 T3 + 2. 3 
Valve OFF 

~.:~--·. ·'• ~--··-

S-IVB --
146~7 Command S-IVB Engine Start ON 000i 0011 

I. U. 
9 T3 + 2. 4 

i46.8 Command S-IVB Engine Start Interlock Bypass ON 0000 0i00 S-IVB 74 T3 + 2. 5 
·-· 

146.9 Command S-IVB Engine Burning No. 1 Relay ON 0001 1001 S-IVB 68 T3 + 2. 6 

147.0 Command S-IVB LOX Tank Flight Press System ON 01111001 s:..IVB 103 T3 + 2. 7 

147.1 Command S-IVB Engine Ready Bypass 0110 0011 S-IVB 10 T3 + 2. 8 

147.2 Command S-IVB Engine Start OFF 0101 1101 S-IVB 27 T3 + 2. 9 

147.7 Command S-IVB Injection Temp. Detected Bypass 0111 0011 S-IVB 11 T3 + 3. 4 

150. 0 Command I. U. Water Coolant Valve Open 0110 0101 I. u. 107 T3 + 5. 7 

151.1 Command S-IVB PU Activate ON 0000 0010 S-IVB 5 _ T3 + 6. 8 

152.8 Command S-IVB Tape Recorder Fast Record OFF 0111 0101 S-IVB 106 T3 + 8. 5 

157.4 Command S-IVB Charge Ullage Jettison ON 0110 0100 S-IVB 55 T3 + 13. 1 

--~· -·--- --------~-- --~ 
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TIM!j: SEQUENCE SA-201 ( Cont'd) • 

Nominal Switch Selector 
Time 

Flight Function From. 

Time Code Stage Chan Base· 

159. 8 Command S-IVB Fire Ullage Jettison ON 0901 1010 S-IVB 57 T3 + 15. 5 

159.9 L.E. T. Jettison Command 11A11 0010 1110 I. u. 52 T3 + 15. 6 

160. 0 L.E. T. Jettison Command "B" 0011 1110 I. U. 36 T3 + 15. 7 

163.1 Command S-IVB Ullage Charging OFF 0101 1100 S-IVB 88 T3 +18.8 

163. 2 Command S-IVB Ullage Firing OFF 0010 1011 S-IVB 73 T 3 + 18. 9 

164.3 Command I. U. Tape Recorder Record OFF 0001 1111 I.U. 17 T3 + 20. 0 

166 .. 7 Command S-IVB Tape Recorder Emergency Playback 
0100 0101 S-IVB 108 T3 + 22. 4 

Enable OFF 

272.6 Command S-IVB TM Special Calibrate Relays ON 0100 1010 S-IVB 62 T 3 + 128.3 

272.7 Command S-IVB TM Regular Calibrate Relays ON 0011 1010 S-IVB 64 T3 + 128. 4 

277.2 Command S-IVB TM Regular Calibrate Relays OFF 0010 1010 S-IVB 65 T 3 +132.9 

277.3 Command S-IVB TM Special Calibrate Relays OFF 0000 0111 S-IVB 63 T 3 +133.0 

352.1 Command S-IVB TM Regular Calibrate Relays ON 0011 1010 S-IVB 64 T 3 + 207. 8 

356.6 Command S-IVB TM Regular Calibrate Relays OFF 0010 1010 S-IVB 65 T3 + 212. 3 

,:r 



---------

• 

•• 

TIME SEQUENCE SA-201 { Cont'd) 

Nominal Switch Selector 
Time 

Flight Function From 

Time Code Stage Chan Base 

445. 1 Command Flight Control Computer Switch Point No. 4 0110 0001 I. u. 4 T3 + 300. 8 

446.7 Command S-IVB Engine Burning No. 1 Relay OFF 0010 iOOi S-IVB 69 T 3 + 302. 4 

505. 1 Command Flight Control Computer Switch Point No. 5 0011 0010 i. u. 44 T3 + 360. 8 

538.7 Command S-IVB Point Level Sensor Arming 0000 0110 S-IVB 97 T3 + 394. 4 

546. 7 S-IVB Engine Cutoff - Start of Time Base No. 4 ( T4) T4 + O. 0 

546.7 Command S-IVB Engine Cutoff ON 0i00 1101 
S-IVB 

12 T 4 + 0. O 
I. u. 

546.8 Command S-IVB Engine Cutoff OFF 0111 0010 S-IVB 13 T4 + 0.1 

547.1 Command S-IVB Point Level Sensor Disarming 0100 0100 S-IVB 98 T 4 + O. 4 

547.2 Command S-IVB Pre-valves Pilot Valve ON 0001 OHO S-IVB 82 T4 + 0. 5 

547 .. 3 Command S-IVB Chilldown Shutoff Pilot Valve ON 0101 0101 S-IVB 91- T 4 + 0. 6 

547.4 Command S-IVB LOX Tank Flig~t Press System OFF 0111 0111 S-IVB 104 T 4 + 0. 7 
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TThlE SEQUENCE SA-201 ( Cont'd) 

Nominal Switch Selector 
Time 

Flight Function From 

Time Code Stage Chan Base 

547.5 Command S-IVB Coast Period ON 0110 1010 S-IVB 79 T4 + 0. 8 

547.6 Command S-IVB PU Inverter and DC Power OFF . 0011 1111 S-IVB 8 T4 + O. 9 

547.7 Command S-IVB Engine 20W Instrumentation Heaters OFF 0101 0010 S-IVB 19 T4 + 1.0 

547.8 Command S-IVB PU Activate OFF 0010 1101 S-IVB 6·--· T4 + 1.1 

547.9 Command S-IVB Auxiliary Hydraulic Pump OFF 00111100 S-IVB 29 T4 + 1. 2 

569.7 Command S-IVB TM Special Calibrate Relays ON 0100 1010 S-IVB 62 T4 + 23.1 

569.8 Command S-IVB TM Regular Calibrate Relays ON· 00111010 S-IVB 64 T4 + 23.2 

574.2 Command S-IVB TM Regular Calibrate Relays OFF 0010 1010 S-IVB 65 T4 + 27. 5 

574. 3 Command S-IVB TM Special Calibrate Relays OFF 0000 0111 S-IVB 63 T4 + 27. 6 

575.7 Command S-IVB Single Sideband Group OFF 0100 1110 S-IVB .41 T4 + 29. 0 

575.8 Command S-IVB SSB Transmitter OFF 
• •~-•o,•-.~n -

0010 0001 S-IVB 53 T 4 +29.1 

576.7 Command S-IVB Tape Recorder Playback ow----- • 0100 1001 S-IVB 66 T4 + 30. 0 

606. 7. Command S-IVB Tape Recorder Playback OFF 0011 0111 S-IVB 67 T 4 + 60. O 

or 
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TIME SEQUENCE SA-201 (Concluded) 

Nominal Switch Selector 
Time 

Flight Function From 
Time Code Stage Chan Base· 

606.9 Command S-IVB Chilldown Shutoff Pilot Valve OFF 0011 0101 S-IVB 92 T4+60.2 

607. 0 Command S-IVB Pre-valves Pilot Valves OFF 0110 1001 S-IVB 83 T4 + 60. 3 • 

626.7 Command S-IVB Flight S. C. O. Group OFF 0101 0011 S-IVB 45 T4 + 80. 0 

628.7 Command S-IVB Flight Transmitter Group OFF 0000 1110 S-IVB 51 T4 + 82.0 

628.8 Command S-IVB Orbit Transmitter Group OFF 0000 1100 S-IVB 49 T4 + 82.1 

646.7 Command I. U. Tape Recorder Playback 0010 11i1 LU. 40 T4 + 100. 0 

676.7 Comman1 LU. Tape Recorder Playback OFF 0011 0011 I. U. 18 T4 + 130. 0 

687.0 Command LU. Tape Recorder Playback Reverse 0101 0010 I. u. 19 T4 + 140. 3 

717.0 Comm~nd I. U. Tape Recorder Playback Reverse OFF 0110 0010 I. U. 3 T4 + 170. 3 


