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(Preliminary)

IMU ERROR DATA
FOR APOLLO TRAJECTORIES

This report contains summaries of position, velocity, and
orientation errors due to IMU errors for seven trajectories of
interest. The error data presented herein are purely preliminary.

For example, the trajectories used in this study represent
simple first-order approximations to thrusting and reentry phases

typical to but not necessarily matching those of the Apollo mission.
The data presented for each trajectory are as follows:

1) Trajectory description & data

2) Over-all system studies of position and velocity
errors

3) Over-all system study of stable member drift angles

4) Graphs showing RSS position and velocity errors and
stable member drift angle vs. stable member orien-
tation angle

5) Graphs showing RSS position and velocity errors vs.
time from last IMU stable member alignment to
trajectory start

6) Tables for position and velocity error coefficients
and for SM drift angle coefficient

The trajectories covered in this preliminary report are

A) Earth launch into orbit
B) Translunar injection
C) Lunar deboost to orbit
D) Lunar landing

E) Lunar takeoff

F) Transearth injection

G) Earth reentry (4 trajectories)




ASSUMED RMS IMU ERRORS FOR
SYSTEM ERROR STUDIES

Nonorthogonality of accelerometer input axes

Accelerometer bias errors . . . . .

Accelerometer scale-factor errors. . .

Accelerometer acceleration-sensitive scale-factor errors

Gyro biasdrift . . . . . . .
Gyro acceleration-sensitive drift

Gyro acceleration-squared-sensitive drift

-
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0.1 mr
0.2 cm/sec2
110 PPM
10 PPM/g
10 meru
10 meru/g
2
1 meru/g



SECTION A
EARTH LAUNCH INTO ORBIT TRAJECTORY
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Trajectory Description & Data

1) Description = Launch from earth into parking orbit with 127 n mile cut off
altitude.

2) Total trajectory time: 857.1 seconds
3) Total earth angle, QR’

subtended by trajectory : 30.75 degrees
4) Initial & final altitudes: 0 and 127.3 n miles
5) Initial & final velocities: 1,250 and 25,344 ft/sec
6) Initial & final velocity angles

relative to ZI axis : 0 and -30.6 degrees
7) Initial & final thrust acceleration; 47.9 and  44.9 ft/sec2
8) Initial & final pitch angle

relative to XI axis: 0 and 112.2 degrees

4
9) Thrust acceleration history in ft/sec”:
2

ap = 47.9 + 0,41t - 0, 0103t . for 0<t<126. 3 sec

ap = 15.6 + 0, 0096t + O. (;00038t for 126. 3<t<522.3 sec

aq = 0. 00705t + 0, 00024t for 522, 3<t<8517.1 sec
10) Pitch angle history in degrees relative to XI axis:

6 = 0. 096t + 0. 0155t for 0<t<126.3 sec

6 = 52.5 + 0. 048t for 126. 3<t<522. 3 sec

0=43.7+0.038t | for 522. 3<t<857.1 sec

Trajectory Figure

Altitude

Range
Start of

I Trajectory End of Trajectory

("target')

Earth
Note; For all tabular error studies the IMU stable member coordinates,

Y., Z,.

XSM’ YSM’ ZSM are colinear with inertial coordinates, XI’ r 4




Earth Launch into Orbit Trajectory
OVERALL SYSTEM STUDY OF RMS POSITION ERRORS

)
§ RMS RMS Error in Inertial}] RMS Error in Target
o Error Axes in Feet Axes in Feet
[=7
g Error
8 (E)Xy |(E)Yp | (E)Z1 Jpange |Track |Altitude
. Initial  [(E)Xp 0ft 0 0 0 0 0
= Position [(E)Y, 0ft 0 0 0 0 0 0
'g g Error [(E)Z 0ft 0 0 0 0 0 0
O & Initial  ((E)Vyq 0 ft/sec 0 0 ) 0 0 0
—t
g " Velocity (E)VYIO 0 ft/sec 0 0 0 0 0 0
g Error [(E)V,. 0 ft/sec 0 0 0 0 0 0
2 "g? Irslitﬁl A(smyxt 0.206 mr (] 2,088 0 0 2,088 0
o5 Alig;lm;nt Asm)yr 0.206 mr 2,566 | 0 1,503 || 2,603 | © 1,437
Eg Errors A(SM)ZI 0.206 mr 0 1,611 0 0 1,611 0
. Accel. IA |Xto Y 0.1 mr 0 0 0 0 0 0
# | Non-ortho-|X to Z 0.1 mr 1,311 0 72 | 608 | 0 | 1,163
7 gonality |Y to Z 0.1 mr 0 Y 0 0 0 0
ACBX 0.2 cm/sec?| 2,804 | 0 146 || 1,308] o© 2,484
- Bias ACBY 0.2 cm/sec 0 2,215 0 0 2,215 0
o ACBZ 0.2 cm/sec?|| 135 0 2,257 || 1,871 © 1,270
= Scale |SFEX 100 PPM 1,105 | 0 72 || 503 0 987
Q| Factor |[SFEY ] 100 PPM 0 0 0 0 0 0
H Error |SFEZ 100 PPM 66 0 1,034 854 0 585
& | Accel. Sens{SFNCX 10 PPM/g 189 0 13 85 0 169
O Scale SFNCY P 0 o
< Factor SFNCY i0 PBMLg 0 0 0 0
Error |SFNCZ 10 PPM/g 14 0 184 | 151 0 106
Bias |BDX 10 meru 0 1,975 0 0 1,975 0
. BDY 10 meru 2,250 { 0 740 [ 1,786] o 1,556
Drift
BDZ 10 meru 0 813 0 0 813 0
ADIAX 10 meru/g 0 1,968 0 0 1,968 0
Acceler-l s pray 10 meru/g 0 0 0 0 0 0
o ation 1 ApIAZ 10 meru/g 0 808 0 0 808 0
@ | Semsitive | s\psrax 10 meru/g 0 0 0 0 0 0
o Drift  [Apsray 10 meru/g || 2,266 | 0 729 || 1,785 O 1,575
ADSRAZ 10 meru/g 0 0 0 0 0
P
Acceler- AZD(I ANIAIX 1 meru/g o |351 0 o | 351 0
ation
2 2
Squared A D(SRA)(SR.A)Y 1 meru/g 465 0 156 371 0 320
Sensitive 3 3
Drift |A D(IA)(IA)Z 1 meru/g ] 173 0 0 173 ]
Root Sum Square Error 5,278 | 4,594 | 3,097 || 4,459 | 4,594 | 4,191
’ 7,652 7,652
TE 6254
5




Earth Launch into Orbit Trajectory
OVERALL SYSTEM STUDY OF RMS VELOCITY ERRORS

o T
g RMS Error in Inertiall RMS Error in Target
9 RMS . ‘ .
o Error Axes in ft/sec Axes in ft/sec
g‘ Error
S EWVsr| By BVl Range | Track |Altitudd
- Initial  [(E)X_ 0 ft 0 0 0 0 0 0
2 Position [(E)Y; 01t 0 0 0 0 o 0
%’ g Error [(E)Z; 0 ft 0 0 0 0 0 0
O & Initial  |(E)Vy 0 ft/sec 0 0 0 0 0 0
= . -
« Velocity [(E)Vyp 0 ft/sec 0 0 0 0 0 0
.'d—: — -
2 Error (E)VZIO 0 ft/sec 0 0 0 0 0 0
—~|  Initial |A 0.206 mr 0 4.35 0 0 4,35 0
28 s.M. A(SM)XI 0.206 mr 6. 22
D B Alignment i (S,M)YI ) - ° 2 0 1. 04 4. 08 0 4. 8]
& Z Errors |Agan o 0.206 mr 0 1.68 0 0 1.68 0
. Accel. IA [Xto Y 0.1 mr 0 0 0 0 0 0
#  Non-ortho-|X to Z 0.1 mr 3.3 [ 0 | 046 1.3a| 0 3.14
“ | gonality |YtoZ 0.1 mr 0 0 o | o 0 0
| ACBX | 0.2cm/sec| 7.35 | 0 | 0.95] 2.94| o 6. 80
e | Bias |ACBY | 0.2cm/secq 0 |4.73 0 0o | 4.7 0
‘ K ACBZ 0.2 cm/sec?| 0.86 | 0 5.08 || 3.93 | 0 3.34
; Scale |SFEX | 100 PPM 2.07 | 0 0.431] 0.69 | 0 2. 00
$ | Factor SFEY [ looPPM || O | © 0 0 0 0
ﬁ . ___Error |SFEZ | 100 PPM 0. 41 0 2.28 || 1.75 0 1,52
& | Accel. SensySFNCX | 10PPM/g || 0.35 | 0 0,07 0.12 | 0 0.34
@] Scale IENCV 10 PPM /~ Il o G O 0
< Factor |- - . _| *oreME g 0 v v v o v
‘ Error |SFNCzZ ' 10PPM/g |/ 0.08 | 0 | 0.31] 0.23 0 0.23
! Bias | BDX .| 10 meru 0 7.19 0 0 7.19 0
; , BDY 10 meru 8.56 | 0 0.341{ 4.67 | 0 7.19
| Drift . .
{ ] _]?DZ lO meru 0 0.87 0 0 0,87 0
: ADIAX 10 meru/g 0 5.12 0 0 5.12 0
Acceler-lxpray 10 meru/g 0 0 0 0 0 0
o ation 1aptAzZ | 10 meru/g 0 0.88 0 0 0. 88 0
@ Sensitive | A pSRAX 10 meru/g 0 0 0 0 0
| .
Lo Drift |Apsray 10meru/g |[ 8,17 | 0 0.33 || 4.48 | 0 6.85
ADSRAZ 10 meru/g 0 0 0 0 0
2 3
-|A"D 1 meru/g 0 0.84 0 0 0. 84
C Acger® Pasanx |t merle
g Squared |A"Digpaysra)y| ! meru/g 1.48 0 0.09 || 0.84 0 1.23
Sensitive '”"’""2" T T o N
Drift [A D(IA)(IA)Z 1 meru/g 0 0.12 0 0 0.12 0
Root Sum Square Error 15.87 | 11.15 5.81 || 9.41 | 11.15} 14.03
L L 20, 24 20, 24
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Earth Launch into Orbit Trajectory
OVERALL SYSTEM STUDY OF RMS PLATFORM DRIFT ANGLES

(SM axes colinear with inertial axes)

Drift Angle about Drift Angle about
RMS Inertial Axes Target Axes
Error Error (in milliradians) (in milliradians)
¢x1  |%v1 |%z1 |®Rangd ‘f’Tracka’Amtude
Gyro BDX 10 meru 0.625 0 0 0. 320 0 0.537
Bias BDY 10 meru 0 0.625 | 0 0 Jo0.625 0
Drift BDZ 10 meru 0 0 Jo.625|[0.537] o 0. 320
ADIAX 10 meru/g 0.2178 0 0 0.142 0 0.239
Gyro ADIAY 10 meru/g 0 0 0 0 0 0
Accele-

' ADIAZ 10 meru/g 0 0 0.577 || 0. 496 0 0.295
ration ADSRAX 10 meru/g 0 0 0 0 0 0
Sensitive  I"AnSRAY 10 meru/g o Jlo.s5771| o 0 |0.577 0
Drift ADSRAZ 10 meru/g 0 0 0 0 0 0

AZD 2
(IA)IA)X 1 meru/g 0.045 0 0 0.023 0 0.039
Gyro
A%p 2
Accele- (IAN1A)Y 1 meru/g 0 0 0 0 0 0
A%D 2
ration (1AN1A)Z 1 meru/g 0 0 |o0.084/0.072] o0 0.043
2
A°D 2
Squared (SRAXNSRA)X| 1 meru/g 0 0 0 0 0 0
A%p 2
Sensitive (SRAXSRA)Y] 1 meru/g 0 0.084 0 0 0.084 0
ri 2"‘
Drift A"D(SRA)NSRA)Z| 1 meru/g? 0 0 0 0 0 0
2
A Dra)NSRAX |1 meru/g? 0 0 0 0 0 0
2
AD(AMSRAY |1 meru/g? 0 0 0 0 0 0
2
ADANSRA)Z |1 meru/g? 0 0 0 0 0 0
Root Sum Square Error 0.686 |0.854 | 0,854 [|0.814 {0.854 | 0.734
1. 389 1. 389
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Earth Launch into Orbit Trajectory

IMU POSITION ERROR COEFFICIENTS (PART I)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in feet per unit error in feet per unit error
Error Dimension (E)XI l (E)YI (E)ZI Range Track Altitude
A. Inijtial Condition Errors along Inertial Axes
Initial (E)XIO foot +2.199 0 +0.217 -0.938 0 : +2. 001
Position  [(E)Y;5 | foot 0 +0, 517 0 0 +0.517 | 0
Error (E)ZIO foot +0.138 0 +0. 548 +0. 400 0 +0. 399
Initial (EWVyo | ft/sec +1,158 0 +86 -518 0 +1, 039
Velocity (EWyyq | ft/sec 0 +718 0 0 +718 0
Error EWV 10 ft/sec +74 0 +738 +597 0 +441
B. Accelerometer Errors (In-flight Effect only) ‘
ACBX cm/sec® || -14, 020 0 -728 +6, 543 0 | 12,421
Bias ACBY em/sec? 0 -11, 076 0 0 -11, 076 0
ACBZ em/sec?® || -676 0 -11, 286 || -9, 354 0 -6, 352
Scale SFEX PPM -11, 055 0 -0.720 +5. 034 0 : -9.869
Factor SFEY PPM 0 0 0 0 0 0
Error SFEZ PPM -0.663 0 -10. 34 -8. 544 0 -5.855
Accel. SFNCX PPM/g -18. 90 0 -1. 30 +8.543 0 -16.91
giglse SFNCY | PPM/g 0 0 0 0 0 0
Factor SFNCZ PPM/g -1. 41 0 -18. 40 -15.09 0 -10. 61
Error
C. Misalignments of Accelerometer Input Axes
Accel.| About
Axis . .
X Y SM A(X)Y milliradian|| +13, 106 0 +718 -6, 085 0 +11, 631
ZSM A(X)Z milliradian 0 0 0 0 0 0
XSM A(Y)X milliradian - - - - - -
Y - -
ZSM A(Y)Z milliradian -
illir ian - - - - - -
XSM A( Z)X milliradian
Z - -
YSMI A(Z)Y milliradian 0 0 0 0 0 0
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Earth Launch into Orbit Trajectory
IMU POSITION ERROR COEFFICIENTS (PART II)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes j]Error in Target Axes
Error { in feet per unit error
Error Dimension I(E)X;  [(E)Y; [(E)Z; [Range [Track [Altitude
D. Initial Platform Misalignments about Inertial Axes
AsM)xI ‘milliradian} 0 -10,134 0 0 -10, 134 0
AsM)vI milliradian || +12, 456 | 0 -7,294| -12,637| 0 +6, 976
A(SM)ZI milliradian 0 +7,823 0 0 +7,823 0
E. Gyro Drift Errors
. BDX meru 0 -197.5 0 0 -197.5 0
Bias  gpy meru +225.0 | 0 -74.0 || -178.6 | o +155. 5
Drift  gpz meru 0 +81. 3 0 0 +81. 3 0
ADIAX meru/g 0 -196. 8 0 0 -196.8 | 0
Accele- iy meru/g 0 0 0 0 0 0
ration
ADIAZ meru/g 0 +80. 8 0 0 +80.8 0
Sensi- "ADSRAX meru/g 0 0 0 0 0 0
tive ADSRAY meru/g -226.6 0 +72.9 || +178.4 0 -157.5
Drift  |ADsraz meru/g 0 0 0 0 0 0
2
A"D(a)1a)x meru/g> 0 |351.4 0 0o |-351.4 0
Accele- 2
A°D 2 0 0
ration (IA)1A)Y meru/g 0 0 0 0
A%p 2
Squared|™ T(IANIA)Z | meru/g 0 +173. 3 0 0  |+173.3 0
.| a2
Sensi- | A"D(SRANSRAIX | meru/g? 0 0 0 0 0 o |
tive A2D 2
(SRA)(SRA)Y | meru/g +464.9 0 -155.5 || -371. 4 0 +320,0
Drift [73 "~
A D 2
(SRA)SRA)Z | meru/g 0 0 0 0 0 0
2
A D(IA)(SRA)X meru/g2 0 0 0 0 0 0
2
A™D(IA)SRA)Y | meru/g? 0 0 0 0 0 0
2 ”
A"D(1a)(SRA)Z meru/g*° 0 0 0 0 0 o0
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Earth Launch into Orbit Trajectory
IMU VELOCITY ERROR COEFFICIENTS (PART I)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in ft/sec per unit error in ft/sec per unit error
Error Dimension [[(EJV !(E)VYI [(E)WV,; || Range | Track EAltitude
A. Initial Condition Errors along Inertial Axes
Initial EXo foot +2,9951° ) 0 +.0370 3)|-0.6400Y o i+&1o4(1o‘3)
Position [(E)Y,, | foot 0 -L0080™)| o 0 |L008(K°) o
Error (E)Z;5 | foot +0,5300°) [ 0 -0.8300°)|[-0.98407 o +0,031(1"
Initial (E)VXIO ft/sec +2,026 0 +0, 475 ~-0.627 0 +1. 984
Velocity (E)VYIO ft/sec 0 +0. 534 0 0 +0. 534 0
Error (E)VZIO ft/sec +0, 382 0 +0. 682 +0. 391 0 +0,677
B. Accelerometer Errors (In-flight Effect only)
ACBX cm/sec? || -36.73 0 -4.76 || +14.69 0o ' 34,00
Bias ACBY cm/sec? 0 -23. 64 0 0 -23.64 0
ACBZ cm/sec® || -4.29 0 -25.42 || -19.65 0 -16. 69
Scale SFEX PPM F0.02069 0 -0.00426 |H+0.00692 0 ~0.01996
Factor SFEY PPM 0 0 0 0 0 0
Error SFEZ PPM F0.00408 0 -0,02279 [{-0. 01750 0 -0.01516
Accel. SFNCX PPM/g -0.0351 0 -0.0075  {H-0. 0115 0 -0.0340
sons. SFNCY | PPM/g 0 0 0 0 0 0
Factor SFNCZ PPM/g -0.0081 0 -0.0313 -0.0227 0 ~-0.0229
Error
C. Misalignments of Accelerometer Input Axes
Accel.| About
Axis )
- XSM A(X)Y milliradian|| +33, 88 0 +4,56 -13.40 0 +31. 45
ZSM A(X)Z milliradian 0 0 0 0 0 0
XSM A(Y)X milliradian - - - - - -
Y - -
ZSM A(Y)Z milliradian
XSM A (Z)X milliradian - - - - - -
Z - .
YSM A (2)Y milliradian 0 0 0 0 0 0

10
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Earth Launch into Orbit Trajectory
IMU VELOCITY ERROR COEFFICIENTS (PART II)

(SM axes colinear with inertial axes)

Unit IError in Inertial Axes Error in Target Axes
Error in ft/sec per unit error || in ft/sec per unit error
Error Dimension |(EWyy |(EWyy [(BV,; [Range [Track [Altitude
D. Initial Platform Misalignments about Inertial Axes
A(SM)XI ‘milliradian 0 -21.11 0 0 -21.11 0
AsM)yyI milliradian || +30, 21 0 -5.07 | -19.80 0 +23, 37
A(SM)ZI milliradian 0 +8.17 0 0 +8.17 0
E. Gyro Drift Errors
_ BDX meru 0 -0. 719 0 0 -0.1719 0
Bias - 'ppy meru +0. 856 0 -0.034 ] -0, 467 0| +0.719
Drift "Bpz meru 0 +0.087| _ 0 0 +0,087] 0
ADIAX meru/g 0 -0. 512 0 0___|_-0.512 o
Accele- S meru/g 0 0 0 0 0 0
ration ADIAZ meru/g 0 +0, 088 0] 4] +0, 088 Q
Sensi- A DSRAX meru/g 0 0 0 0
tive  ADSRAY meru/g -0.817 +0.033 || +0, 446 -0. 685
Drift  |apsraz meru/g 0 o | o .
2
A™D(1a)1a)x meru/g? 0 -0.844| 0 0 -0.844] @
Accele- P
AD 2
ration (IA)IA)Y meru/g 0 0 0 0 0 0
A%D 2
Squared| ™ T(IAXIA)Z meru/g 0 +0, 209 0 0 +0. 209 0
a2
Sensi- | A"D(SRA)SRA)X | meru/g? 0 0 0 0 0 o
tive A2D 2
(SRA)(SRA)Y | meru/g +1. 482 0 -0, 090 || -0.835 0 +1, 228
Drift 2
AD 2 0 0 0
(SRA)(SRA)Z | meru/g 0 0 0
2
A"D(1a)(sRA)X meru/g2 0 0 0 0 0 0
2
A™D1A)SRA)Y | meru/g? 0 0 0 0 0 0
2 2
A"D(1a)(sRA)Z meru/g”® 0 0 0 0 0 L 0

11
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Earth Launch into Orbit Trajectory
IMU SM DRIFT ANGLE COEFFICIENTS

(SM axes colinear with inertial axes)

Drift Angle about Drift Angle about
RMS Inertial Axes Target Axes
Error Error in milliradian per in milliradian per
unit error, it errg
Dimension loxr  |9y1  |921  |[9Rangd®Track P Altitudd
BDX meru +0.0625 O 0 +0.0320 0 +0.0537
Bias BDY meru +0.0623 0 0 +0. 0625 0
Drift BDZ meru 0 0 0. 0625|t+0. 0537 0 0. 0320
ADIAX meru/g +0. 0278 O ~0.0142 0 +0, 0239
ADIAY meru/g 0 0 0 o | o 0
Accele- ADIAZ meru/g 0 0  [+0.0577/+0.049 0 [+0.0295
ration ADSRAX meru/g 0 0 0 0 0
Sensitive "\ nopay meru/g 0 }o.o577 0 }o0.0577 o
Drift ADSRAZ meru/g 0 0 0 0 0
A%D 2
(IA)IA)X meru/g® [l0.0459 o0 o {lo.o23 o fo.0389
2
A"D 2
Accele- (IANIA)Y meru/g 0 0 0 0 0 0
A%p 2
ration (IAXIA)Z meru/g 0 0 tr0. 0836|+0. 0719| © +0. 0428
2
A°D 2
Squared (SRAXSRA)XI  meru/g 0 0 0 0 0 0
A%p 2
Sensitive (SRA)(SRA)Y] meru/g 0 +0.0834 0 0 |+0.0836 0
. 2
Drift A™D(SRANSRA)Z meru/g> 0 0 0 0 0 0
2
A'D(1a)(SRAIX meru/g || o 0 0 0 0 0
2
A"Da)SRA)Y meru/g® || 0 0 0 0 0 0
2
A D(1A)(SRA)Z meru/g? || o 0 0 0 0 0
Root Sum Square Error

12




$334934a NI ("Sv) 319NV ¥IGWIW 318VLS

08 09 ob o2 0 oz- ob - 09- 08-
T T _ 1 T T T T 40

o)
. (4)]
- 000'1 @
O
(o]
4
-
— ‘2 O
0002 9
m

a ot

2 ,

Jooog @ w

-— o

Z [
m
aun WS S m
e~ 000y 3

000's

JTONV H3IEBW3IW 318VLS SA
S3ILVNIQYO0I L39HVL NI SHOHYI NOILISOd IHVNDS WNS 100N

AHOLO3rvyl 11840 OLNI HONNVT HLYV3




S$334930 NI A2m<v 319NV H3IEGW3IN 319V1S
(0} 2] 09 ov 0¢ 0 o r A ot - 09- 08-
T T T I _ T i T 0

Fig. A-2
14

*03S/14 NI HOYY3 ALID0T3A SSY

3antiiv

379NV H38W3NW 3718VLS "SA
S31VNIGYO0D L39YVL NI SHOHY3I ALIOOT3A 3HVNOS WNS LOOY

AYOLO3rvyl 11840 OLN! HONNV H1¥V3



o8

$33¥9340 NI A:m<v 3TONV ¥38W3INWN 3718VLS
09 oY o4 o O¢- ov- 09- 08-

t ! I | LB | I 0

v0

9°0

aanstiny
/I'I‘V\

ol

319NV ¥38GW3NW 318VLS ‘SA
S31VNIGHO0D 1394VL LNOAY SITONV L4140 'W'S J¥VNDS WNS LOOY

AYOLI3rvYHl L1840 OLNI HONNYT H1MV3

SNVIAVYITTIN NI 319NV 14180 WHO3LV1d SSH

Fig. A-3

15




J3S/14 NI HOMY3 ALIDOON3A SSH

SYNOH NI 1¥VLS AYOL23rvdl OL LNIWNOIV LSV WOM4 3IWIL
8l 91 Ll (4 ol 80 90 b0 (4]

0

br (YH /14 669'2)
o [FAYND YOHYI NOILISOd
403 3LOLdWASSY

‘t\v
of _ Jomn

=22 Ny €6°9)
Ol *" 3AYND ¥OHNH3T ALIDON3A
404 310LdWASSY

-000'2

000Y

- 000'9

0008

'S3XV IVILY3NI HLIM HY3INIT0O 3¥V S3IXV 'W'S 310N

Nd3IW 1 40
14140 3AILISNIS NOILVYIT3I00V ANV SVIE OHAS HLNWIZY HLIM

AJOLO3rvyl dO 14VvlS OL
LNIJANOITIV 'W'S NI LSV WOHH 3WIL 'SA SYOHY3 MOVl SSY

AY0103rvdl 11940 OLNI

HONNV H1yVv3

1334 NI

40dY3 NOILISOd SSW

Fig. A-4

16




SECTION B
TRANSLUNAR INJECTION

AT




Trajectory Description & Data

1) Description = Powered injection into free-fall translunar trajectory from
100 n mile circular earth parking orbit.

2) Total trajectory time : 361.25 seconds

3) Total earth angle, OR,
subtended by trajectory

4) Initial & final altitudes

5) Initial & final velocities

e

28.785 degrees
100.0 and 187.9 n miles
25,557 and 35,776 ft/sec

ve

£x3

6) Initial & final velocity angles

relative to +XI axis H 0 and ~21.3  degrees
7) Initial & final thrust acceleration 19.1 and 40,1 ft/sec2
8) Initial & final pitch angle
relative to -ZI axis : 0 and 24,6 degrees
9) Thrust acceleration history in
ft /sec? tagn = (19.1+0.058t) for 0<t<36l sec
10) Pitch angle history in degrees
relative to -Z; axis : 0 = (0.0681t) for 0<t<361 sec

Trajectory Figure

Start of
Trajectory—/

Altitude

Range

End of injection
trajectory ('target’)

\/Ear’ch

Note: For all tabular error studies the IMU stable member coordinates,

XSM’ YSM’ ZSM are colinear with inertial coordinates, XI’ YI’ ZI'
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Translunar Injection Trajectory
OVERALL SYSTEM STUDY OF RMS POSITION ERRORS

§ RMS RMS Error in Inertialj RMS Error in Target
% Error Error Axes in Feet Axes in Feet
8 (E)XI (E)YI (E)ZI Range | Track |Altitude
o Initial ~ [(E)X 0 ft 0 0 0 0 0 0
§ Position [(E)Yy, 0ft 0 0 0 0 0 0
?g ‘g Error [(E)Z 0 it 0 0 0 0 0 0
Ok Initial  |(E)Vyq, 0 ft/sec 0 0 0 0 0 0
3R Velocity (E)Vyy, 0 ft/sec 0 0 0 0 0 0
had
2 Error (E)VZIO 0 ft/sec 0 0 0 0 0 0
K Irslitlﬁﬂ A(SM)XI 0.206 mr 0 55. 8 0 0 55. 8 0
S 5| Alignment |A(SM)YI 0.206 mr 59,8 | 0 352.7115.2| 0 337.0
= S Errors Az 0.206 mr 0 339.4 0 0 339.4 0
.| Accel. 1A [Xto Y 0.1 mr 0 0 0 0 0 0
& | Non-ortho-|X to Z 0.1mr 27.2 | 0 0.2 || 23.7] o 13.1
@ gonality |Y to Z 0.1 mr 0 0 0 0 0 0
ACBX 0.2 cm/sec?|| 423.8 | 0 5.1 || 368.4] 0 205. 8
@ Bias ACBY 0.2 cm/sec?| 0 422.1 0 0 422,1 0
= ACBZ 0.2 cm/secd| 5.2 0 440, 0| 204.4| 0 387. 4
g Scale |SFEX 100 PPM 165.4 | 0 1.8 || 143.8] o 80, 2
Q| Factor |SFEY | 100PPM 0 |0 S I 0
ﬁ Error |SFEZ 100 PPM 0.2 0 27.7) 13,0] © 24,3
5 Accel. Sens|SFNCX 10 PPM/g || 13.5 | 0 0.1 || 1.8 © 6. 6
2 S;‘;gr SFNCY 10 PPM/g 0 0 0 0 0 0
Error |SFNCZ 10 PPM/g 0 0 0.6 || 0,3 0 0.5
Bias »—B—I?X 10 meru 0 38.2 0 0 38.2 0
Drife  BDY 10 meru 39.5 | 0 166.7/ 44,6 | o 164. 6
BDZ 10 meru 0 162.9 0 0 162.9 0
ADIAX 10 meru/g 0 30,0 0 0 30.0 0
Acceler-[Apray 10 meru/g 0 0 0 0 0 0
o ation [ApIAZ 10 meru/g 0 15,9 0 0 15,9 0
g Sensitive [ ApsraX 10 meru/g 0 0 0 0 0 0
O Prift  1ApSRAY 10 meru/g 4.6 0 16.2 || 3.7 0 16, 4
ADSRAZ 10 meru/g 0 0 0 0 0 0
Acceler-|AD(r 4 1)y tmera/g” || o |24 ° | % 0
s:g?ad AzD(SRA)(SRA)Y tmeru/g® || 0.1 | o 0.3 || 0.1 0 0.3
Sensitive [5 5
Drift [A"Diyay1a)z 1 meru/g 0 0.3 0 0 0.3 0
Root Sum Square Error 461,6 | 570.6 | 588.9 || 462.9 | 570,6 | 583.6
L 941. 0 941.0
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Translunar Injection Trajectory

OVERALL SYSTEM STUDY CI)F RMS VELOCITY ERRORS

g RMS RMS Errcfr in Inertial] RMS Error in Target
g Error Error Axes in ft/sec Axes in ft/sec
8 BV BV BV Range [Track |Altitude
g Initial [(E)X[ 0ft 0 0 0 0 0 0
b Position [(E)Y; 0 ft 0 0 0 0 0 )
% g Error [(E)Z, 0ft 0 0 0 0 0 0
T(.: S Imtlef.l (E)WVxqo 0 ft/sec 0 0 0 0 0 0
B Velocity [(E)Vep 0 ft/sec 0 0 0 0 0 0
g Error [(E)V,, 0 ft/sec 0 0 0 0 0 0
8 Igft;zl A(smyxt 0.206 mr 0 0.51 0 0 0. 51 0
D 8| Alignment |(sM)y1 0.206 mr || 0,57 | 0 2.21 | 0.57 2.21
E E Errors A(SM)ZI ’ 0.206 mr 0 2,07 0 0 2. 07 0
. Accel, IA [Xto Y 0.1 mr 0 0 0 0 0 0
& | Non-ortho-|X to Z 0.1 mr 0.25 | 0 0o || 0.22] o 0.12
A gonality |Y to Z 0.1 mr 0 0 0 0 0 0
ACBX 0.2 cm/sec?| 2.33 | o 0,07[ 2,01 | © 1.17
@ Bias |ACBY 0.2 cm/sec| © 2,30 0 0 2,30 0
o ACBZ 0.2 cm/secq| 0.07 | © 2,49 1.12] o 2.21
= Scale |SFEX 100 PPM 1.02 | 0 0,03 0.88| © 0.50
O | Factor |[SFEY | 10PPM_ || 0 | 0 o J o [o 0
R Error |SFEZ 100 PPM 0 0 0.26] 0,121 0 0. 23
8 | Accel. Sens/SFNCX 10PPM/g | 0.0 | 0 | 0 | 0.08] 0 0. 05
2 rs*';ﬁgr SFNCY 10 PPM/g 0 0 0 0 0 0
Error |SFNCZ 10 PPM/g 0 0 0.01 0 0 0, 01
Bias |BDX. 10 meru 0 |o0.46 | o 0 | o.46 0
brift  |BDY 10 meru 0.48 | © .53 0.30 [ o 1.57
BDZ 10 meru 0 1.48 0 0 1.48 0
ADIAX 10 meru/g 0 0,38 0 0 0.38 0
Acceler-fppray 10 meru/g 0 0 0 0 0 0
o ation  [Ap1AZ 10 meru/g 0 0. 20 0 0 0. 20 0
& Sensitive | ApsRAX 10 meru/g 0 0 0 0 0 0
o Drift  |ApSRAY 10 meru/g || 0.07 | 0 0.21 0.04| 0 0. 22
ADSRAZ 10 meru/g 0 0 0 0 0 0
Acceler- A®Diayaarx L meru/g® || 0 |0.03 | o0 o |o0.03| o
Squared AZD(SRA)(SM)Y 1 meru/g® || 0.002| 0 0.005| o 0 0. 005
Sensitive 5 3
Drift |A D(IA)(IA)Z 1 meru/g 0 0. 005 0 0 0. 005 0
Root Sum Square Error 2. 67 3.53 | 3.68 | 2,56 [ 3.53 | 3.74
5,76 5,76
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Translunar Injection Trajectory
OVERALL SYSTEM STUDY OF RMS PLATFORM DRIFT ANGLES
(SM axes colinear with inertial axes)

Drift Angle about Drift Angle about
RMS Inertial Axes Target Axes
Error Error (in milliradians) (in milliradians)
ox1 9v1 921  |[®Range|®Track ¢A1titudti
Gyro BDX 10 meru 0.263 0 0 0.230 0 0.125
Bias BDY 10 meru 0 0.263 0 0 0.263 0
Drift BDZ 10 meru 0 0 [0.263] 0.125] o0 |o0.230
ADIAX 10 meru/g 0.233] 0 0 0.204] o0 |o.i1
Gyro ADIAY 10 meru/g 0 0 0 0 0 0
Accele- ADIAZ 10 meru/g 0 0 [0.057 || 0.027] ©0 [o0.050
ration ADSRAX 10 meru/g 0 0 0 0 0
Sensitive  ["AnSRAY 10 meru/g 0 |o0.057 o | 0.057
Drift ADSRAZ 10 meru/g 0 0 0 0
2
ADra)1ax |1 meru/g? || 0.021| o o | o.o19| o |o.010
Gyro
A%p ) 2
Accele- (IA)1A)Y meru/g 0 0 0 0 0 0
A%D 2
ration (IAYIA)Z 1 meru/g 0 0 |0.002 [ 0.001 0 0,002
2
A°D 2
1
Squared (SRA)(SRA)X] meru/g 0 0 0 ] 0 0
A%p 2
Sensitive (SRA)(SRA)Y| 1 meru/g 0 0. 002 0 0 0.002 0
) .2
Drift A"D(SRANSRA)Z| 1  meru/g? 0 0 0 0 0 0
2
A D1A)SRAIX |1 meru/g? 0 0 0 0 0 0
2
ADga)SRA)Y |1 meru/g? 0 0 0 0 0 0
2
AD1A)SRA)Z |1 meru/g? 0 0 0 0 0 0
Root Sum Square Error 0.353 | 0.270{0.270 || 0.335 0.270| 0. 201
0.519 0.519
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Translunar Injection Trajectory

IMU POSITION ERROR COEFFICIENTS (PART I)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in feet per unit error in feet per unit error
Error Dimension (E)XI (E)Y, (E)Z, Range Track | Altitude
A. Initial Condition Errors along Inertial Axes
Initial (E)XIO foot +0. 919 0 -0.9040 +0. 787 0 +0. 478
Position (E)YIO foot 0 +0. 910 0 0 +0. 910 0
Error (E)ZIO foot -0. 042 0 +1.179 +0. 531 0 -1, 054
Initial (EWxo | ft/sec +353 0 -7 +306 0 +176
Velocity  (EWy14 | ft/sec 0 +350 0 0 +350 0
Error (E)VZIo ft/sec -7 0 +381 +177 0 -338
B. Accelerometer Errors (In-flight Effect only)
ACBX em/sec? -2,119 0 +26 -1, 845 0 I-1,043
Bias ACBY cm/sec2 0 -2,110 0 0 -2,110 0
ACBZ em/sec? || +26 0 -2,199 -1, 036 0 +1, 940
Scale SFEX PPM -1, 654 0 +0. 018 -1. 441 0 -0. 812
Factor SFEY PPM 0 0 0 0 0 0
Error SFEZ PPM +0, 002 0 -0.277 -0.132 0 +0. 244
Accel. SFNCX PPM/g -1. 354 0 +0. 014 -1.180 0 -0. 664
Sens.
Scale SFNCY PPM/g 0 0 0 0 0
Factor SFNCZ PPM/g 0 -0.062 -0.030 0 +0. 055
Error
C. Misalignments of Accelerometer Input Axes
Accel.| About
Axis
= e . " B
- Y SM A(X)Y milliradian 272 0 2 +237 0 +131
ZSM A(X)Z milliradian 0 0 0 0 0 0
XSM A(Y)X milliradian - - - - - -
Y - - ~ N _ - N -
ZSM A(Y)Z milliradian
XSM A (Z)X milliradian - - - - - -
Z - -
YSM‘ A( Z)Y milliradian 0 0 0 0 0 0
22
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Translunar Injection Trajectory
IMU POSITION ERROR COEFFICIENTS (PART II)

(SM axes colinear with inertial axes)

Unit [Error in Inertial Axes Error in Target Axes
Error in feet per unit error in feet per unit error
Error Dimension (E)XI I (E)YI J (E)ZI Range |Track [Altitude
D. Initial Platform Misalignments about Inertial Axes
A(SM)XI ‘milliradian 0 -271 0 0 -271 0
A(SM)YI milliradian{ +290 0 -1, 712 [} -559 0 +1, 636
i A(SM)ZI milliradian 0 +1, 648 0 0 +1, 648 0
E. Gyro Drift Errors
) BDX meru 0 -3.82 0 0 -3.82 0
Bias  I'gpy meru +3.95 0 -16.67 || -4. 46 o [+16.46
Drift  I'Bpz meru 0 46.29] 0 0 +16.29] o0
ADIAX meru/g 0 -3.00| 0 0 -3.00 | o0
Acc_ele' ADIAY meru/g 0 0 0 0 0 0
ration [PAniaz meru/g 0 +1. 59 0 0 +1. 59 0
Sensi- A pSRAX meru/g 0 0 0 0 0
tive  ADSRAY meru/g -0. 46 0 +1.62 | -0.37 -1. 64
Drift  ApsrRaz meru/g 0 0 0 0
2
A D) aa)x meru/g? 0 -2, 41 0 0 -2.41 | o0
Accele- 3
AD 2
ration (IAN1A)Y meru/g 0 0 0 0 0 0
A%p 2
Squared (1A)(1A)Z meru/g 0 +0, 28 0 0 +0.28 0
| a2
Sensi- | A"D(spa)(SRA)X meru/g? 0 0 0 0 0 0
tive A2D 2
(SRANSRA)Y | meru/g +0, 09 0 -0.29 || -0.06 0 [+0.29
Drift 2
A DSRA)SRA)Z | meru/g? 0 0 0 0 0 0
2
A"DIANSRAIX | meru/g? 0 0 0 0 0 0
2
A D(IA)(SRA)Y meru/g2 0 0 0 0 0 0
2
A Di1a)(sra)z meru/g2 0 0 0 0 0 0




Translunar Injection Trajectory
IMU VELOCITY ERROR COEFFICIENTS (PART I)

(SM axes colinear with inertial axes)

Error

Unit
Error

Error in Inertial Axes
in ft/sec per unit error

Error in Target Axes
in ft/sec per unit error

Dimension

BN oy

l (EWVyy | (EWV ,;

| Range lTrack lAltitude

A, Initial Condition E

rrors along Inertial Axes

Initial (B)X,5 | foot -0.37907°) | o 03220904880 0  |+0.0990
Position  ((E)Y foot 0 -048%079| o 0 -0.489109] 0
Error (B)Zyy | foot 035409 | o +0.9490V)|[+014709] o ~1002A10)
Initial (E)VXIO ft/sec +0, 941 0 ~0.078 +0, 788 0 +0, 522
Velocity  [(EWVyq | ft/sec 0 +0. 912 0 0 +0, 912 0
Error (E)VZIO ft/sec -0,080 0 +1.155 +0, 486 0 -1, 051
B, Accelerometer Errors (In-flight Effect only) ‘
ACBX crn/st-:‘c2 -11.65 0 +0. 34 -10, 05 0 -5.91
Bias ACBY cm/sec? 0 -11. 51 0 0 -11. 51 0
ACBZ em/sec® || +0. 35 0 12,44 ||-5.60 0 +11. 05
Scale SFEX PPM -0.01015 0 +0,00026 |+0.00876 0 -0.00505
Factor SFEY PPM 0 0 0 0 0 0
Error SFEZ PPM +0,00003 0 -0,00257 |}0,00119 0 +0,00226
Accel. SFNCX PPM/g Q0093 0 +0,0002 -0,00804 0 -0.00459
S‘Z;‘fe SFNCY PPM/g 0 0 0 0 0 0
Factor SFNCZ PPM/g 0 0 -0.008 -0,00038 0 +0.00072
Error
C. Misalignments of Accelerometer Input Axes
Accel.| About
Axis 5 o
: illiradian(| +2. -0. +2. +1.
X Y SM A(X)Y milliradian 50 0 03 2,18 0 1,22
ZSM A(X)Z milliradian 0 0 0 0 0 0
XSM A(Y)X milliradian - - - - - -
Y , . - . - - -
ZSM A(Y)Z milliradian
XSM A (Z)X m1111ra§_1an - - - - _ _
Z : N
0
YSM1 A( Z)Y milliradian 0 0 0 0
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Translunar Injection Trajectory

IMU VELOCITY ERROR COEFFICIENTS (PART II)
(SM axes colinear with inertial axes)

Unit Error in Inertial Axes ’ Error in Target Axes
Error in ft/sec per unit error || in ft/per unit error
Error Dimension l(E).'Sl’XI ] (E)VYI I (E)VZT Range ]Track Altitude
D. Initial Platform Misalignments about Inertial Axes
Asmxa ‘milliradian 0 -2.49 0 0 -2,49 0
A milliradian| +2. 76 0 -10. 75| -2.69 0 +10. 72
(SM)YI
A(SM)ZI milliradian 0 +10. 04 0 0 +10, 04 0
E. Gyro Drift Errors
BDX meru 0 -0.046] 0 0 -0,0461 0
Bias I gpy meru +0.0483 0 !-0.15291/-0,0303 | o +0,1567
Drift  "gpz meru 0 |+0.1477] o0 0 poaar7 | o
ADIAX meru/g 0 -0.0381 0 0 -0.0381 | o |
Accele- iy meru/g 0 0 0 0 0 0
ration  [Apiaz meru/g_ 0 +0,0203 0 0 00203 0
Sensi- [FADSRAX meru/g 0 0 0 0 0 a
tive ADSRAY meru/g -0,0073 0 |+0.0207 || +0. 0035 o -0.0217
Drift A DSRaz meru/g 0 0 0 0 0 0
A%
(IA)1A)X meru/g 0 -0.0323 0 0 F0,0323 o}
Accele- 2
AD
ration (IA)(1A)Y meru/g 0 0 0 0 0 0
A%p 2
Squared (IAX1A)Z meru/g 0 +0,0047 @ ) +0,0047 0
1,2
Sensi- | A™D(SRA)SRAX | meru/g? 0 0 0 0 0 0 ]
tive A2D 2
(SRAXSRA)Y | meru/g +0,0018 0 -0.0048{ -0,007 0 +0, 0051
Drift 2
A D(SRA)(SRA)Z meru/g 0 0 0 0 0 0
A%D
(IA)(SRA)X meru/g 0 0 0 0 0 0
2
AD(A)SRA)Y | meru/g? 0 0 0 0 0 0
2
A"Dira)SRA)Z meru/g 0 0 0 0 0 2
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Translunar Injection Trajectory
IMU SM DRIFT ANGLE COEFFICIENTS

(SM axes colinear with inertial axes)

Drift Angle about

Drift Angle about

RMS Inertial Axes Target Axes
Error Error in milliradians per in milliradiansper
unit error unit error
Dimension o7  |¢y1 {921 | ®Rangb ®Track®Altitua
-
BDX meru +0.0263 0 0 [[+ao23d o Po.o0125
Bias BDY meru 0 [+0.0263] © 0 [+a.0263] 0O
Drift BDZ meru 0 0 [+0.0263|F0.0125 0 |-0.0230
ADIAX meru/g ||+0.0233] 0 0 [[+0.0204 o0 [r0.o011
ADIAY meru/g 0 0 0 0 0 0
Accele-~
ADIAZ meru/g 0 0 [+00057|+00027] 0 |-0.0050
ration ADSRAX meru/g 0 0 0 0 0 0
Sensitive s psrAy meru/g 0 laoos7| o 0 |-0.0057 o0
Drift ADSRAZ meru/g 0 0 0 0 0 0
A2D 2
(IA)(1A)X meru/g® ||+0.0213] 0 0 |[+0.019 0 [+0.010
2
A°D 2
Accele- (IAX1A)Y meru/g 0 0 0 0 0 0
A%D 2
ration (TAN1A)Z meru/g 0 0 [+0.0018( +0.001 0 |-0002
5 ‘
A°D 2
Squared (SRAXSRA)X] meru/g 0 0 0 0 0 0
A%p 2
Sensitive (SRA)SRA)Y| meru/g 0 |+0o0018] 0 0 |+0.0018] 0
) 2
Drift A™D(SRA)SRA)Z]  meru/g? 0 0 0 0 0 0
2
A™D1a)SRA)X meru/g? 0 0 0 0 0 0
2
A"D(1a)(SRA)Y meru/g? 0 0 0 0 0 0
2
A™D(15)(sRA)Z meru/g? || o 0 0 0 0 0
Root Sum Square Error
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SECTION C
LUNAR DEBOOST TO ORBIT
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Trajectory Description & Data

1) Description: Lunar approach trajectory putting spaceship into 100 n. mile
circular orbit around moon.

2) Total trajectory time: 245.15 seconds
3) Total earth angle, GR,

subtended by trajectory: 15.02 degrees
4) Initial & final altitudes: 121. 3 and 98.1 n. miles
5) Initial & final velocities: 8, 218 and 5, 253 ft/sec.
6) Initial & final velocity angles

relative to ZI axis: -9.0 and -17. 6 degrees
7) Initial & final thrust acceleration: 10.73 and 14. 46 ft/secz
8) Initial & final pitch angle

relative to XI axis: -76 and -76 degrees
9) Thrust acceleration history in

ft/sec2: ap =10.73 + 0.01173t + 1. 414(10" )2 for 0 < t < 245. 15 secs.
l0) Pitch angle history in degree

relative to XI axis: 6 = -76.0 for 0 <t < 245.15 secs.

Trajectory Figure XI’ XSM

Z1> Zgm

Altitude

Start of

trajectory 5 Range

= End of deboost
trajectory ('target')

Moon

Note: For all tabular error studies the IMU stable member coordinates,

XSM’ YSM’ ZSM are colinear with inertial coordinates, XI’ YI’ I-

32




~o-Sdliliiphidguiviar

Lunar Deboost to Orbit Trajectory
OVERALL SYSTEM STUDY OF RMS POSITION ERRORS

Fe)
§ RMS RMS Error in Inertial] RMS Error in Target
% Error Error Axes in feet Axes in feet
3 (E)XI (E)YI (E)ZI Range |Track |[Altitude
g Initial (E)XIo 0 ft 0 0 0 0 0 0
] Position (E)YIO 0 ft 0 0 0 0 0 0
:g g Error [(E)Z; 0 ft 0 0 0 0 0 0
0K Initial  [(E)Vyq 0 ft/sec 0 0 0 0 0 0
E M Velocity (E)VXI 0 ft/sec 0 0 0 0 0 0
+ Q
g Error |(E)V,._ 0 ft/sec 0 0 0 0 0 0
3 Initial A 0. 206 mr 0 70.8 0 0 70.8 0
2E S. M, A(SM)XI 0. 206 mr 715 0 78] L4| O 737
é) g Alignment |[“}(SM)YI ’ : : : .
= Errors A(SM)ZI 0.206 mr 0 17.7 0 0 17.7 0
. Accel, IA (X to Y 0.1 mr 0 0 0 0 0
2 | Non-ortho-|X to Z 0.1 mr 34,7 0 0.1] 89| o 33.5
“ | gonality [YtoZ 0.1 mr 0 0 0 0 0 0
ACBX 0.2 cm/sec”|| 198. 6 0 0.3} 51.2 0 191. 9
- Bias ACBY 0.2 cm/sec 0 196, 7 9 0 196. 7 0
5 ACBZ 0.2 cm/sec2 0.3 0 196, 7 || 189.9 0 51. 3
g Scale SFEX 100 PPM 8.7 0 0 2.2 0 8.4
Q| Factor |[SFEY 100 PPM 0 0 0 0 0 0
3 Error SFEZ 100 PPM 0.1 0 34.4 33.2 0 9.0
8 Accel., SengSFNCX 10 PPM/g 0.1 0 0 0 0 0.1
(@] Scale 0 0 0 0
2 P . |SFNCY 10 PPM/g 0 0 0
Error [SFNCZ 10 PPM/g 0 0 1.2 1.2 0 0
BDX 10 meru 0 21.5 0 0 21.5 0
Bias e
. BDY 10 meru 21,7 0 0.5 0.4 0 22.3
Drift
BDZ 10 meru 0 5.4 0 0 5.4 0
ADIAX 10 meru/g 0 1.9 0 0 1.9 0
Acceler=l s pray 10 meru/g 0 0 0 0 0 0
o ation 1apraz 10 meru/g 0 L9 o 0 1.9 0
| Semsitive 1aopsrax 10 meru/g 0 0 0 0 0 0
o Drift  [sApSRAY 10 meru/g 7.5 0 Lol 0.1 o 7.8
ADSRAZ 10 meru/g 0 0 0 0 0 0
Acceler- AZD(IA)(IA)X 1 meru/g 0 0 0 0 0 0
ation 2 2
Squared |A"Digpay)sra)Y| ! meru/g 0.3 0 0.1 0 0 0.3
Sensitive 3 )
Drift |[A D(IA)(IA)Z 1 meru/g 0 0.1 0 0 0.1 0
Root Sum Square Error 215, 3 211.0| 200.6 1 199.7 | 211.0 216, 2
362.1 362.1
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Lunar Deboost to Orbit Trajectory
OVERALL SYSTEM STUDY OF RMS VELOCITY ERRORS

E, RMS RMS Error in Inertiali RMS Error in Target
4 Error Error Axes in ft/sec Axes in ft/sec
§ (EWyq (E)VYI (E)VZI Range | Track |Altitude
g Initial (E)XI o 0 ft 0 0 0 0 0 0
bl Position (E)YI o 0 ft 0 0 0 0 0 0
B w
£ & Error ((E)Z; 0ft 0 0 0 0 0 0
O8] Initial  [(E)Vyq, 0 ft/sec 0 0 0 0 0 0
g“‘ Velocity [(E)Vyy, 0 ft/sec 0 0 0 0 0 0
2 Error [(E)V, 0 ft/sec 0 0 0 0 0 0
. = Irslitli;.l A(sM)XI 0.206 mr 0 0.606] 0 0 0. 606 0
- E Alignment | A(SM)YT 0.206 mr 0. 618 0 0.154] 0.012 | o0 0.637
2 ¥| Errors [Aiqunay 0.206 mr 0 0.151] © 0 |0.151 0
. Accel, A |Xto Y 0.1 mr 0 0 0 0 0 0
2 | Non-ortho-|X to Z 0.1 mr 0. 300 0 0.001f 0,077| o 0. 290
“ gonality {Yto Z 0.1 mr 0 0 0 0 0 0
ACBX 0.2 cm/sec?| 1,631 0 0.007{ 0.416 | 0 1. 577
- Bias ACBY 0.2 cm/sec 0 1.599, 0O 0 1. 599 0
3 ACBZ 0.2 cm/sec?| 0. 007 0 1.600] 1.544| o 0. 421
E Scale |SFEX 100 PPM 0. 075 0 0 0.019| © 0.072
2 Factor |SFEY 100 PPM 0 0 0 0 0 0
& Error |SFEZ 100 PPM 0. 001 0 | 0.295[0.284| o0 0.077
8‘ Accel. Sens|SFNCX 10 PPM/g 0, 001 0 0 0 0 0, 001
2 gz‘;‘igr SFNCY 10 PPM/g 0 0 0 0 0 0
Error |SFNCZ 10 PPM/g 0 0 0.011 || 0. 011 0 0
Bias |BDX 10 meru 0 0.2770 © 0 0.277 0
prist  |BDY 10 meru 0. 280 0 0.070( 0.005| © 0.288
BDZ 10 meru 0 0.069 0 0 0. 069 0
ADIAX 10 meru/g 0 0.025 0 0 0.025 0
Acceler-iapray 10 meru/g 0 0 0 0 0 0
o ation  [aAp[aAzZ 10 meru/g 0 0.025] © 0o |o0.025 0
@ | Semsitive Iopsrax 10 meru/g 0 0 0 0 0 0
o Drift  ApSRAY 10 meru/g || 0.100 0 | o.o25/[0.002] o 0.103
ADSRAZ 10 meru/g 0 0 0 0 0 0
A:::i%l:r- AzDu A)NIA)X 1 meru/ gZ 0 0 0 0 0 0
Squared |A"Digpayspa)y| ! meru/g” |[0.036 | 0 | 0.009f0.001| 0 0.037
Sensitive 3 3
Drift |A"Di1ay1a)z 1 meru/g 0 0 0 0 0 0
Root Sum Square Error 1. 796 17411 1,636 1.626.| 1. 741 1. 805
2.988 2. 988
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Lunar Deboost to Orbit Trajectory
OVER-ALL SYSTEM STUDY OF RMS PLATFORM DRIFT ANGLES
(SM axes colinear with inertial axes)

Drift Angle about Drift Angle about
RMS Inertial Axes Target Axes
Error Error (in milliradians) (in milliradians)
¢XI d’YI éZI ¢Range]¢Track bAltitude
:ﬁ
Gyro BDX 10 meru 0,179 0 0. 046 0 0.173
Bias BDY 10 meru o |o.179 0 |o0.179 0
Drift BDZ 10 meru 0 0 Jo0.179 [ 0.173 0 0. 046
ADIAX 10 meru/g 0.017| o 0.004] o 0. 016
Gyro ADIAY 10 meru/g 0 0 0 0 0
Accele- ADIAZ 10 meru/g 0 0 [o.067[0.065] o0 |o.017
ration ADSRAX 10 meru/g 0 0 0 0 0
Sensitive ") nopay 10 meru/g 0 | 0.067 0 | o0.067 0
Drift ADSRAZ 10 meru/g 0 0 0 0 0
2
ADaA)1AX |1 meru/g? 0 0 0 0 0
Gyro
A% 2
Accele- (IAXIA)Y 1 meru/g 0 0 0 0 0
A%D 2
ration (IAXY1A)Z 1 meru/g 0 ] 0.003 || 0.002 0 0. 001
2
A%D 2
Squared (SRA)SRA)X] 1 meru/g ] 0 0 0 0
A%p 2
Sensitive (SRA)(SRA)Y| 1 meru/g 0 0.003| 0 0,003 0
. 2
Drift A"D(SRANSRA)Z| 1 meru/g? 0 0 0 0 0
2
ADIA)SRAX |1 meru/g? 0 0 0 0 0
2
A™D(IA)SRANY |1 meru/g 0 0 0 0 0
2
A™DANSRA)Z |1 meru/g? 0 0 0 0 0
Root Sum Square Error 0.180 | 0.191 | 0.191 [|0.190 | 0.191 | 0,180
0.324 0.324
DR
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Lunar Deboost to Orbit Trajectory
IMU POSITION ERROR COEFFICIENTS (PART I)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in feet per unit error | in feet per unit error
Error Dimension || (E)X] J (E)YI ] (E)Z’I |Range i Track Altitude
A. Initial Condition Errors along Inertial Axes
Initial (E)XIO foot +1, 040 0 +0, 006 -0, 264 0 } +1, 006
Position  (E)Y foot 0 +0, 980 0 0 +0.980 | 0
Error (E)Z;q foot +0, 006 0 +0.981 || +0.946 0 +0, 260
Initial (EWx1o | ft/sec +248, 4 0 +0.7 -63.7 0 +240,1
—
Velocity (E)Vyyq ft/sec 0 +243.5 0 0 + 243.5 0
Error (EW, 10 | ft/sec +0,7 0 +243,6 || +235.1 0 +63. 8
B. Accelerometer Errors (In-flight Effect only)
ACBX em/sec? -993.1 0 1.7 +255, 8 0 1 -959.6
Bias ACBY em/sec? 0 -983.3 0 0 -983.3 0
ACBZ cm/sec> 41,7 0 -983.6 || -949.6 0 -256. 6
Scale SFEX PPM -0.087 0 0 +0, 022 0 -0, 084
Factor SFEY PPM 0 0 0 0 0 0
Error SFEZ PPM +0, 001 0 +0.344 +0, 332 0 +0. 090
Accel. SFNCX PPM/g -0. 008 0 0 +0. 002 0 -0. 007
Sens. 0 0 0 0
Scale §ENCY, PPM/g 0 0
Factor ~ SFNCZ | PPM/g 0 o -0.123 || -0.18 | 0 -0. 032
Error |
C. Misalignments of Accelerometer Input Axes
Accel.| About
Axis i i 347.1 0 0.1 +89. 4 0 335.4
X Y SM A(X)Y milliradian . . . .
XSM A(Y)X milliradian - - - - - -
Y
ZSM A(Y)Z milliradian - - - - - _—
i i 0 0 0 0 0 0
XSM A (Z)X milliradian
VA - .
a YSM1 A(Z)Y milliradian - - - - - -
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Lunar Deboost to Orbit Trajectory
IMU POSITION ERROR COEFFICIENTS (PART 2)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes ' Error in Target Axes
Error in feet per unit error i in feet per unit error
Error Dimension ! (E)XI J (E)YI ] (E)ZI Range Track |Altitude
D. Initial Platform Misalignments about Inertial Axes
A(SM)XI ‘milliradian 0 +343,8 0 0 +343.8 0
AsM)YI milliradian| -347, 2 0 -86.3 +6.7 0 -357.1
A(SM)ZI milliradian 0 +85, 7 0 0 +85. 7 0
E. Gyro Drift Errors
BDX meru 0 +2,154 0 0 +2,154 0
Bias  Bpy meru -2.167 0 |-0.540 || +0,041 0 -2.233
Drift  "Bpz meru 0 +0.537] 0 0 +0.537| 0
ADIAX meru/g 0 +0,187 0 0 +0.187 |0
Accele-Apray meru/g 0 0 0 0 0 0
ration 'apiaz meru/g o | -0.187] o 0 -0.187 | 0
Sensi- ADSRAX meru/g 0 0 0 0 0
tive  ADSRAY meru/g -0,755| 0 -0.188 || +0. 014 -0.718
Drift  ADsraz meru/g 0 0 0 0 o
2
0 +0, 016 0 0 +0, 016 0
A D(IA)(IA)X meru/g2
Accele- 2 0 0 0 0 0 0
AD 2
ration (1A)1A)Y meru/g ]
2 r n +f\ nQr n Fal I\. no- ~
Squared A Duayra)z meru/g2 - s ’ N TheTee N
i- [a2 0 0 0 0 0 0
Sensi- | A"D(SRANSRAIX | meru/g? ]
tive 2 -0.264 0 -0. 066 || +0.005 0 -0.272
A D(SRA)(SRA)Y meru/g2
Drift [72 0 0 0 0 0 0
A Disra)SRA)zZ meru/g2
2
A Di1a)sra)x meru/g2 0 0 0 0 0 0
2 0 0 0 0 0 0
A"Di1a)(sRA)Y meru/g2
2
A"DraysrA)zZ meru/g2 0 0 0 0 0 i 0
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Lunar Deboost to Orbit Traject ory
IMU VELOCITY ERROR COEFFICIENTS (PART 1)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in ft/sec per unit error in ft/sec per unit error
Error Dimension Vit | u:'WYI ] Bz | Range l Track !Altitude
A. Initial Condition Errors along Inertial Axes
Initial (E)X; | foot 0,32300°3) 0 Fao7a10”3taole(10™3 0 +a33000°)
Position (E)YIO foot 0 —0165(10-3) 0 0 -0165(10-3)' 0
Error (E)Z,5 | foot 0068(103) o Fas207dtaes10™d o lao27(109)
Initial (EWgo | ft/sec +1, 039 0 +0,011 || -0.259 0 +1, 006
Velocity (E)VYIO ft/sec 0 0, 980 0 0 +0, 980 0
Error (EWV,15 | ft/sec +0. 011 0 +0,982 +0,945 0 +0. 265
B. Accelerometer Errors (In-flight Effect only)
ACBX cm/sec? -8.154 0 -0.033 || +2. 082 0 [-7.883
Bias ACBY cm/sec? 0 -7.994 0 0 -7.994 0
ACBZ em/sec? -0,033 0 [-8.002 |[-7.720 0 -2.106
Scale SFEX PPM -0,00075 0 0 +0, 00019 0 -0, 00072
Factor SFEY PPM 0 0 0 0 0 0
Error SFEZ PPM 0. 00001 0 [+0.00295 [[0. 00284 0 [+0.00077
Accel, SFNCX PPM/g -0. 00007 0 0 +0. 00002 0 -0. 00006
Sens. 0 0 0 0 0 0
Soals SFNCY PPM/g
Factor SFNCZ PPM/g 0 0 |-0.00i1 {[-0.00107 0 |-0.00029
Error
C. Misalignments of Accelerometer Input Axes
Accel.| About
Axis 2.997 0 0.01 || +0.766 0 898
T i11i i -2, -0. . -2.
X Y SM A(X)Y milliradian|
Zsm A(X)Z milliradian 0 0 0 0 0 0
XSM A(Y)X milliradian - - . - - -
Y
ZSM A(Y)Z milliradian —— - _— - - -
Xam A(Z)X milliradian 0 0 0 0 0 0
Z X .
YSM] A(Z)Y milliradian - - - - - -
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Lunar Deboost to Orbit Trajectory
IMU VELOCITY ERROR COEFFICIENTS (PART 1)
(SM axes colinear with inertial axes)

Unit I{Error in Inertial Axes | Error in Target Axes
Error in ft/sec per unit error in ft/sec per unit error
Error Dimension | \E/Vxy [ (E)VYII (E)VZI Range ' Track } Altitude
D. Initial Platform Misalignments about Inertial Axes
A(SM)XI milliradian 0 +2, 943 0 0 +2,943 0
A(SM)YI milliradian|| =3. 000 0 ~0.746 || +0. 057 0 -3. 091
i A(SM)ZI milliradian 0 +0, 734 0 0 +0. 734 0
E. Gyro Drift Errors
BDX meru 0 +0, 0277 0 0 +0, 0277 0
B“fs BDY meru -0. 0280 0 |-0.0070|[+0. 0005 0 |-0.0288
Drift  I'gpz meru 0 |+0.0069] o0 0 |+0.0069] o
ADIAX meru/g 0 +0. 0025 0 0 |+0.0025| o0
Accele- S |
ADIAY meru/g 0 0 0 0 0 0
ration
ADIAZ meru/& 0 -0, 0025 0 0 -0, 0025 0
Sensi- [y pSRAX meru/g 0 0 0 0 0 0
tive ADSRAY meru/g -0. 0100 0 |-0.0025| +0,0002 0 |-0.0103
Drift  apsraz meru/g 0 0 0 0 0 0
2
+0. 00 +0,0
A D(IA)(IA)X meru/g2 0 0. 0002 0 0 0. 0002 0
Accele- 2
AD 2 0 0 0 0 0 0
ration (1A)1A)Y meru/g
2
. 0009 0
Squared A Duayia)z merh/g2 0 +0.0009 0 0 +0. 0009 N
.1 a2
Sensi- | A"D(SRANSRA)X | meru/g? 0 0 0 0 0 o |
tive 1 a%p 2 [-0.0036 0 |-0.0009{+0.0001 | 0 [-0.0037
(SRAXSRA)Y | meru/g : : :
Drift 2
0
A D(SRA)(SRA)Z meru/g2 0 0 0 0 0
2
A"DIANSRAIX | meru/g? 0 0 0 0 0 0
2
0 0 0
A Diaysrayy meru/g2 0 0 0
2
A Di1aysra)z meru/g2 0 0 0 0 0 j 0
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Lunar Deboost to Orbit Trajectory
IMU S. M. DRIFT ANGLE COEFFICIENTS

(SM axes colinear with inertial axes)

Drift Angle about Drift Angle about
RMS Inertial Axes in Target Axes in
milliradian per milliradian per
Error Error unit error unit error
Dimension
¢x1 | ®v1 | ®z ¢Rangi¢TracktA1titudj
BDX meru +0, 0179 0 0 -0, 0044 0 +0, 0173
Bias BDY meru 0 (0.0179 0 0 +0, 0179 0
Drift BDZ meru 0 0 +0.0179|+0, 0173 0 MO0, 0046
ADIAX meru/g 1+0, 0017 0 0 -0, 000# 0 +0, 0016
ADIAY meru/g 0 0 0 0 0 0
Accele-
ADIAZ meru/g 0 0 |-0.006%-0. 0064 0 -0, 0017
ration ADSRAX meru/g 0 0 0 0 0 0
Sensitive [Ty hopAy meru/g 0 [+0.0067 o 0 |+0.0067 o
Drift ADSRAZ meru/g 0 0 0 0 0 0
A2D 2
(IA)IA)X meru/g2 |0.0002 0 0 0 0 [+0.0002
2
A°D 2
Accele- (IANIA)Y meru/g 0 0 0 0 0 0
A%p 2
ration (IAXIA)Z meru/g 0 0 |[+0.0025+0.0024 0 [+0.0007
2
A"D 2 0 0 0 0 0 0
Squared (SRA)SRA)X] meru/g
2
Sensitive A D(SRA)(SRA)Y mer‘u/g2 0 |+0Qoozy o0 0 +@a 0023 0
. 2
Drift A D(SRA)(SRA)Z mer‘u/g2 0 0 0 0 0 0
2
ADa)sRA)X meru/g? 0 0 0 0 0 0
2
A"Dga)srA)Y meru/g? 0 0 0 0 0 0
2
A™Da)sRA)Z meru/g> 0 0 0 0 0 0 ﬂ
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SECTION D
LUNAR LANDING
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LUNAR LANDING TRAJECTORY

Trajectory Description & Data
1) Description = Descent to Moon Surface from Initial Altitude of 50,000 ft
2) Total trajectory time : 375 - seconds
3) Total earth angle, GR’
subtended by trajectory 11.0 degrees
4) Initial & final altitudes 50,000 and 0 ft
5) Initial & final velocities : 5,607.5 and 0  ft/sec
6) Initial & final velocity angles
relative to Z, axis

.4

0 and -14.5 degrees

I :
7) Initial & final thrust acceleration :  12.9 and 17.2 ft/sec?
8) Inital & final pitch angle

relative to XI axis : 91.5 and 57.5 degrees

9) Thrust acceleration history in
ft/sec® 1 an= 12,9+ 1.80(107)t + 2.04(107°)%? for 0<t<180 sec
am = 17.2 for 180<t<375 sec

10) Pitch angle history in degrees
relative to XI axis: 6 = 91.5-0.056t + O, 69(10'"4)1:2 for 0<t<180 sec

6= 57.5 for 180<t<375 sec
Trajectory Figure ‘XI'XSM
I
_Zsm
Zy
Start of
Trajectory Altitude

‘1 End of Trajectory

ange ('target’)

Moon

Note: For all tabular error studies the IMU stable member coordinates,
XSM’ YSM’ ZSM are colinear with inertial coordinates, XI’ YI’ ZI'
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Lunar Landing Trajectory
OVERALL SYSTEM STUDY OF RMS POSITION ERRORS

E) RMS RMS Error in Inertial] RMS Error in Target
g Error Error Axes in Feet Axes in Feet
E
8 (E)XI (E)YI (E)ZI Range| Track |Altitude
g Initial (E)XIo 0 ft 0 0 0 0 0 0
pe Position (E)YIO 0 ft 0 0 0 0 0 0
g g Error [(E)Z 0 ft ) 0 0 0 0 0
2 E Initia..l (E)VXIO 0 ft/sec 0 0 0 0 0 0
;_3 Velocity (E)VYIo 0 ft/sec 0 0 o 0 0 0
g Error {E)V,.. 0 ft/sec 0 0 0 0 0 0
@E Irslit]ivz[a.l A(SM)XI 0.206 mr 0 194 0 0 194 0
o 5| Alignment [A(sM)YI 0.206 mr ] 201 | 0 43 4 0 205
E 5 Errors A(SM)ZI 0.206 mr 0 42 0 0 42 0
. Accel. IA [Xto Y 0.1 mr 0 0 0 0
2 | Non-ortho-|X to Z 0.1mr 97 0 46 || 18 0 96
7 gonality |Y to Z 0.1 mr 0 0 0 0 0 0
ACBX 0.2 cm/sec?| 471 | o 2 88 0 463
© Bias ACBY 0.2 cm/sec 0 457 0 0 457 0
K ACBZ 0.2 cm/secd| 2 0 457 || 448 | o 89
g Scale |SFEX | 100 PPM 21 0 0 4 0 20
S | Factor |SFEY _| 100PPM || 0 | © o j o Jo 0
ﬁ | ___Error SFEZ 100 PPM o 0 94 93 0 18
8 | Accel. SensjSFNCX 10 PPM/g || 1 0 o I o 0 1
S| Factor |FENCY topem/g || 0 | o | o o | o | o
Error |[SFNCZ 10 PPM/g 0 0 4 4 0 1
Bias BP,X‘ 10 meru 0 89 0 0 89 0
Drift BDY 10 meru 91 0 34 16 0 96
BDZ 10 meru 0 34 0 0 34 0
ADIAX 10 meru/g 0 5 ) 5 0
Acceler-[apray 10 meru/g 0 0 0 0 0 0
° ation  (Apraz 10 meru/g 0 14 0 0 14 0
o | Sensitive [Apsrax 10 meru/g 0 0 0 0 0 0
o Drift  |ApsrAY 10 meru/g || 38 0 14 7 0 40
ADSRAZ 10 meru/g 0 0 0 0 0 0
Accieler- AZD(IA)(IA)X 1 meru/g 0 0 0 0 0 0
Squared A%Dipaysrayy| 1 meru/e” || 2 0 1 0 0 2
Sensitive [~ 3
Drift |A"D(1ay1a)z 1 meru/g 0 1 0 0 1 0
Root Sum Square Error 531 507 470 467 507 534
| ] 872 872
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Lunar Landing Trajectory
OVERALL SYSTEM STUDY OF RMS VELOCITY ERRORS

g RMS RMS Erro‘r in Inertialy RMS Err'or in Target
é‘ Error Error Axes in ft/sec Axes in ft/sec
3 EWsq | BV BVl Range | Track | Altitude
g Initial (E)XIO 0 ft 0 0 0 0 0 0
e Position (E)YIO 0 ft 0 0 0 0 0 0
g g Error {(E)Z 0 ft 0 0 0 0 0 0
0¥ Initial (E)VXIO 0 ft/sec 0 0 0 0 0 0
SR Velocity (EWyr 0 ft/sec 0 0 0 0 o o
=
;'_‘E Error (E)VZIO 0 ft/sec 0 0 0 0 0 0
e I’s‘i?fl Asmyxt 0. 206 mr 0 1.052| o0 0 [1.052| o
D &§| Alignment |A(SM)YI 0.206mr ~[[1.119 | 0 0.405 | 0.184| © 1.176
E E Errors A(SM)ZI 0. 206 mr 0 0.393 0 0 0. 393 0
. Accel. 1A |Xto Y 0.1 mr 0 0 0 0 0 0
2 | Non-ortho-|X to Z 0.1 mr 0.542 | 0 0.006 | 0.098 | o 0.534
" gonality |Y to Z 0.1 mr 0 0 0 0 0 0
ACBX 0.2 cm/sec|2.566 | 0 0.028 0.462| o 2,524
- Bias ACBY 0.2 cm/sec 0 2. 409 0 0 2.409 0
3 ACBZ 0.2 cm/sec?[0.028 | 0 2.414 [ 2.365| 0 0. 488
g Scale |SFEX 100 PPM 0.195 | o0 0.001 | 0.036| o 0.191
S | Factor |SFEY | 100PPM || 0 [0 o Jo Jo 0
= Error |SFEZ 100 PPM 0,006 | © 0.5 0.501] 0 0.103
& | Accel. Sens/SFNCX 10PPM/g 110,005 0o | o [ o.001] o 0. 005
| raetor (NCY aoEeM/g | o oo | o | o | o
Error |SFNCZ 10 PPM/g 0 0 0.022] 0,022 o 0.004
- Bias |BDX 10 meru o |o.723] o 0o |o.723 0
prift  |BDY 10 meru 0.747] 0 0.378 0.229| o0 0.805
BDZ 10 meru 0 0.374| o [ o 0.374 | 0
ADIAX 10 meru/g 0 0. 067 0 0 0. 067 0
Acceler-lapiay 10 meru/g 0 0 0 0 0 0
o ation  ApIAz 10 meru/g 0 0.159 | 0 0 0. 159 0
@ | Senmsitive [spspax 10 meru/g 0 0 0 0 0 0
o Drift | ApsraY 10 meru/g || 0.314 | 0 0.161 0.098 | o 0. 339
ADSRAZ 10 meru/g 0 0 0 0 0 0
Acceler- AZD(IA)(IA)X 1 meru/g 0. 002 0 0 0. 002 0
S;ﬁ:;r;d AZD(SRA)(SRA)Y 1 meru/g® [/ 0.013 | o0 0.007 | 0.004] o 0.014
Sensitive 3 3
Drift |A“Diyayia)z 1 meru/g 0 0.007! 0 0 | 0.007 0
Root Sum Square Error 2.971 2,785 | 2.535 || 2,483 | 2.785 | 3.015
4,797 4.797
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Lunar Landing Trajectory
OVER-ALL SYSTEM STUDY OF RMS PLATFORM DRIFT ANGLES

(SM axes colinear with inertial axes)

Drift Angle about

Drift Angle about

RMS Inertial Axes Target Axes
Error Error (in milliradians) (in milliradians)
d’XI ¢YI ¢ZI Range ¢Track ¢Altitude

Gyro BDX 10meru 0.273| O 0 0,052 0. 268
Bias BDY 10meru 0 0,273 0 0 0.273 0
Drift BDZ 10meru 0 0 0.273 [[ 0.268| 0  |0.052

G ADIAX 0meru/g | 0,043 | o 0 || o0.008] o 0. 043
Ayro ADIAY lomeru/g 0 0 0 0 0 0

ccele-

o ADIAZ l10meru/g 0 0 |o.18 0.16| o 0.023
ra o'n. ADSRAX 10meru/g 0 0 0 0 0 0
Sensitive  ["AnsRray lomeru/g 0 |o.18 0 0.118 0
Drift ADSRAZ lomeru/g 0 0 0 0 0 0

2
A*Drayiayx 1 meru/g? || 0.001 | © 0 0 0 0. 001
Gyro 2
A°D
Accele- (IANTIA)Y 1 meru/g 0 0 0 0 0 0
2
ration A™D1ay14)Z 1 meru/g 0 0 0.005((0.005 | © 0. 001
2
A"D 0 0 0 0 0 0
Squared (SRAXSRA)X] 1 meru/g
2 ) .
Sensitive | & D(SRA)NSRA)Y| 1 meru/g o |o0.005| o0 0 |0.005| 0
. 2 o o
Drift A D(SRA)(SRA)Z 1 meru/g 0 0 0 v v v
2
A™D1A)SRA)X | 1 meru/g 0 0 0 0 0 0
2
ADgaxsra)Y | 1 meru/g 0 0 0 0 0 0
2
A™Dra)srA)Z | 1 meru/g 0 0 0 0 0 0 Bl
Root Sum Square Error 0.277 | 0.298 | 0.298 || 0.297 | 0,298 | 0. 278
0.504 0,504
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Lunar Landing Trajectory
IMU POSITION ERROR COEFFICIENTS (PART 1)
(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in feet per unit error in feet per unit error
Error Dimension || V5% 1 {EW, T B2 TMgpanse [Track | Altitude
A. Initial Condition Errors along Inertial Axes
Initial (E)Xq foot +1,129 0 +0.019 || -0.197 0 | +L12
Position (E)YIO foot 0 +0,936 0 0 +0. 936 i 0
Error (E)Z;o foot +0, 018 0 +0,939 || +0.918 0 +0,197
Initial (E)VXIO ft/sec +391 0 +3 -1 0 +384
Velocity (E)VYIO ft/sec 0 +367 0 0 +367 0
Error (EWV,1o | ft/sec +3 0 +367 +360 0 +13
B, Accelerometer Errors (In-flight Effect only) _
ACBX em/sec? -2,357 0 -1 +439 0 | -2,316
Bias ACBY cm/sec2 0 -2, 284 N 72,284 0
ACBZ cm/sec? -1 0 -2,286 || -2,242 0 -447
Scale SFEX PPM £0.2059 0 -0.0004 |[[+0.0389 0 r=0, 2022
Factor SFEY PPM 0 0 0 0 0 0
Error SFEZ PPM +0, 0046 0 +0,9441 || +0,9258 0 +0,1846
g\ccel- SFNCX PPM/g -0, 0517 0 -0, 0001 +0, 0098 0 -0, 0507
ens.
Scale SFNCY | PPM/g 0 0 0 0 0 0
Factor SFNCZ | PPM/g -0, 0019 0 ~0.3985 || -0.3908| 0 -0, 0779
Lrror
C. Misalignments of Accelerometer Input Axes
Accel.| About
Axis
T i1li i -972.9 0 -4,6 +181,1 0 -955,9
x Y SM A (X)Y milliradian
ZSM A(X)Z milliradian 0 0 0 0 0 0
XSM A(Y)X milliradian - - - - - -
Y :
ZSM A(Y)Z milliradian -—— - - - - -
Xsm A( Z)X milliradian - - - - - -—
Z You [Azyy | milliradian o o o 0 0 0
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Lunar Landing Trajectory
IMU POSITION ERROR COEFFICIENTS (PART II)

(SM axes colinear with inertial axes)

Unit [Error in Inertial Axes | Error in Target Axes
Error in feet per unit error in feet per unit error
Error Dimension (E)X; ](E)YI l (E)Z, Range | Track | Altitude
D. Initial Platform Misalignments about Inertial Axes
Alsayxt ‘milliradian| 0 +943.3] 0 0 +943.3] 0
A milliradian || -973. 3 0 -208.3 | -18.8 0 -995.1
(SM)YI
Asm)zr milliradian| 0 +203.6| 0 0 +203.6| 0
E. Gyro Drift Errors
_ BDX meru 0 +8.896| 0 0 +8.896| 0
Bias  "Bpy meru -9.067 0 | -3.427 [ -1.634 0 | -9.554
Drift  "gpz meru 0 +3.398] 0 0 +3.396 | 0
ADIAX meru/g 0 +0.487| 0 0 +0.487| 0
Accele-apray meru/g 0 0 0 0 0 0
ration "Apiaz meru/g 0 -1. 430 0 +1.430 | 0
Sensi- ADSRAX meru/g 0 0 0 0 0 o
tive ADSRAY meru/g -3.763 0 -1.442 || -0. 698 0 -3. 969
Drift I Apsraz meru/g 0 0 0 0 0 0
A%p 2
(TAX1A)X meru/g 0 +0.111 0 0 +0, 111 0
Accele- 2
v | A Paa)IAY meru/g? 0 0 0 0 0 0
rauion .
2
Squared|? Puayiaiz meru/g 0 +0.603| 0 0 F0.603| 0
.2
Sensi- |A"D(SRA)SRAIX | meru/g? 0 0 0 0 0 0
tive 2
A D(SRA)SRA)Y meru/g> -1. 564 0 -0.608 || -0. 298 0 -1. 651
Drift 2
A D(sra)(sra)z meru/g2 0 0 0 0 0 0
2
A Diraysra)x meru/gz 0 0 0 0 0 0
2
ADA)SRA)Y | meru/g? 0 0 0 0 0 0
2
A D(IA)(SRA)Z meru/g2 0 0 0 0 0 | 0
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Lunar Landing Trajectory

IMU VELOCITY ERROR COEFFICIENTS (PART 1)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in ft/sec per unit error in ft/sec per unit error
Error Dimension (ﬂVXI I (E)VYI ] (E)VZI Range l Track |Altitude
A. Initial Condition Errors along Inertial Axes
Initial (E)XIO foot ;
Position (E)YIo foot
Error (E)ZIO foot
Initial (E)VXIO ft/sec
Velocity (E)VYIO ft/sec
Error (E)VZIO ft/sec
B. Accelerometer Errors (In-flight Effect only)
ACBX em/sec® |l -12.831 0 -0.139 || +2.312 0 | -12, 622
Bias ACBY cm/sec? 0 -12. 407 0 0 -12.047 | 0
ACBZ em/sec?® | -0.138 0 |-12,072 || -1.824 0 | ~2.433
Scale SFEX PPM -0, 00195 0 -0, 00001[}+0, 00036 0 -0, 00191
Factor SFEY PPM 0 0 0 0 0 0
Error SFEZ PPM +0, 00006 0 +0. 00512 ({+0., 00501 0 +0, 00103
Accel, SFNCX PPM/g -0, 00053 0 0 +0, 00010 0 -0, 0005
Sens. 0 0 0
Soals SFNCY PPM/'g 0 0 0 0 0
Factor SFNCZ | PPM/g -0, 00002 0 -0.00022|-0,00217| 0© -0. 00043
Error
C. Misalignments of Accelerometer Input Axes
Accel.| About
axls 5. 425 0 0, 057 +0,979 0 5.336
X Y SM A(X)Y milliradian|] -9. . . .
ZSM A(X)Z milliradian 0 0 0 0 0 0
XSM A(Y)X milliradian - - -— - - -
Y
ZSM A(Y)Z milliradian — _— - _— - -
XSM A(Z)X miliradian — —— _ - -— —
z Yo |Azyy | milliradian] g 0 0 0 9 0
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Lunar Landing Trajectory
IMU VELOCITY ERROR COEFFICIENTS (PART 2)
(SM axes colinear with inertial axes)

Unit rror in Inertial Axes Error in Target Axes
Error in ft/sec per unit error Il in ft/sec per unit error
Error Dimension !(E)VXI I (E)VYll (E)VZ_I Range } Track |Altitude
D. Initial Platform Misalignments about Inertial Axes
AsM)x milliradian 0 +5.106 0 0 +5.106 0
Asmyyr milliradian || -5, 433 0 -1.964 | -0,892 0 ~5.707
| Asanyzi milliradian 0 +1, 906 0 0 +1,906 0
E. Gyro Drift Errors
BDX meru 0 +Q07230] 0 0 +0.07230 0
Bias BDY meru -0. 07465 0 -0.03783-0.02289] 0  |-0.08049
Drift  I'gpz meru 0 |+0.0374d o 0 +0.0374q 0
ADIAX meru/g 0 [+0.00668 0O 0 0, 00668 0o
Accele- 3y meru/g 0 0 0 0 0 0
ration
ADIAZ meru/g 0 -0,01589 0 0 -0, 01589 0
Sensi- ADSRAX meru/g 0 0 0 0 0 o
tive ADSRAY meru/g ~0, 03144 0 |-0.01606}|-0.009770 0  {-0, 03392
Drift  Fapsraz meru/g 0 0 0 0 0 0
2
Accele- 2
A°D s 2 0 0 0 0 0 0
ration (IAX1A)Y meru/g
2
2 +U v U & Y 0 0 e
Squared A I")(IA)(IA)Z meru/g“ 0 0.00676 +0. 00676 0 4
| a2
Sensi- | A"D(sRA)SRAX | meru/g? 0 0 0 0 0 ° |
tive 2 L ~ _
A"D(sRA)SRA)Y meru/g?  [0- 01327 0 0. 00684/|~0. 00418 0 0. 01433
Drift T2
A D(SRA)SRA)Z | meru/g 0 0 0 0 0 0
2
A™D(IA)SRAIX | meru/g 0 0 0 0 0 0
2 (
A'DIA)SRA)Y | meru/g 0 0 0 0 0 0
2
A"D1A)SRA)Z | meru/g 0 0 0 0 0 0




Lunar Landing Trajectory
IMU SM DRIFT ANGLE COEFFICIENTS

(SM axes colinear with inertial axes)

Drift Angle about Drift Angle about
RMS Inertial Axes Target Axes
Error Error in milliradian per in millirdian per
unit error unit error
Dimension |l éx7 l0y1 |21 | 9Rangd®Track ¢A1titudﬁ
BDX meru H+0. 0273 0 0 -0.00520 0  #0.0268
Biac BDY meru 0 +0.0273} 0 0 +0.0273 0
Drisc BDZ meru 0 0 [ao273(lr0.0268] o [+c.0052
ADIAX meru/g  [}+0.0043] 0 0o [-oo008] o0 [+0.0043
ADIAY meru/g 0 0 0 0 0 0
Accele- ADIAZ meru/g 0 0 |-oous |-ooue| o 00023
ration ADSRAX meru/g 0 0 0 0 0 0
Sensitive  ["ApsRray meru/g 0o foous | o o [oous 0
Driit ADSRAZ meru/g 0 0 0 0 0 0
A%D 2
(IAXIA)X meru/g® |[+0.0012| o0 0 {toooo2| o |[0o0012
2
A°D 2
Accele- (1AX1A)Y meru/g 0 0 0 0 0 0
A%D 2
ration (IAXIA)Z meru/g 0 0 |+0.0051[F0.0050| 0  |+0.0010
2
A°D 2
Squared (SRAXSRA)X] meru/g 0 0 0 0 0 0
2 .
Sensitive | 2 D(SRANSRA)Y| meru/g? || 0  |+a0051] o 0o paoosl| o
) 2
Drift A™D(sRA)SRA)Z] meru/g? || o 0 0 0 0 0
2
A"Da)srA)X meru/g® || 0 0 0 0 0 0
2
A™D(1a)(SRA)Y meru/g? || 0 0 0 0 0 0
2
A™D(1a)SRA)Z meru/g2 0 0 0 0 0 0
Root Sum Square Error
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SECTION E
LUNAR TAKEOFF
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LUNAR TAKEOFF TRAJECTORY

Trajectory Description & Data

1) Description; Launch from Moon Surface to 50, 000 ft altitude

2) Total Trajectory Time : 136.3 seconds
3) Total earth angle, GR,
subtended by trajectory : 3.10 degrees
4) Initial & final altitudes : 0 and 50,000 feet
5) Initial & final velocities . 15 and 5,034 ft/sec
6) Initial & final velocity angles
relative to Z I axis : 0 and -1.5 degrees

7) Initial & final thrustacceleration : 32.2 and 46.1 ft/sec?
8) Initial & final pitch angle

relative to X I axis : 0 and 106.8 degrees
9) Thrust acceleration history in
ft /sec? :ap= 32.2 + 0.105t for 0<t<3.7 sec
10) Pitch angle history in degrees ar ~ 31.8 + 0,105t for 3.7<t<136.3 sec
relative to X I axis: 0 = 0 for 0Kt<3.7 sec
o = [58.7 + 0.35t+0. 2110 *)t2] for 3.7<t<136. 3 sec
Trajectory Figure T:?:;atgt %fry\ l Altitude

Range

End of Trajectory
('target')

Noter For all tabular error studies the IMU stable member coordinates,

XSM’ YSM’ ZSM are colinear with inertial coordinates, XI’ YI’ ZI'
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Lunar Takeoff Trajectory
OVERALL SYSTEM STUDY OF RMS POSITION ERRORS

-~
E RMS RMS Error in Inertial] RMS Error in Target
‘é‘ Error Error Axes in Feet Axes in Feet
8 W& HER L T2y § g nge | Track hltitude
o Initial (E)X} 0 ft 0 0 0 0 0 o
(*] sas
e Position (E)YI ° 0 ft 0 0 0 0 0 0
"é g Error (E)ZIo 0 ft 0 0 0 0 0 0
Ok Initial ~ (E)Vyy 0 ft/sec 0 0 0 0 0 0
SR velocity [(B)V 0 ft/sec
s Ylo 0 0 0 0 0 0
g Error (E)VZIO 0 ft/sec 0 0 0 0 0 0
5 §| Alignment |A(sM)YI 0.206 mr 63.8 | 0 18.6] 22.0] 0 62.7
-
E Fﬁ Errors A(SM)ZI 0.206 mr 0 18. 6 0 0 18. 6 0
. Accel, TA (X to Y 0.1 mr 0 0 0 0 0
2. Non-ortho-|X to Z 0.1 mr 31.0 0 0 1.7 0 30,9
? gonality |Ytc Z 0.1 mr Y 0 0 0 0 0
ACBX 0.2 cm/sec?| 61.2 | 0© 0 3.3 | 0 61.1
© Bias ACBY 0.2 cm/sec 0 60. 9 0 0 60.9 0
K ACBZ 0.2 ecm/sec?| 0 0 60.9] 60.8] o0 .3
g Scale |SFEX 100 PPM 9.1 | 0 0 0.5 | 0 9.1
8 | Factor [SFEY | 100PPM_ || 0 ] 0O o 1o o 0
H Error |SFEZ 100 PPM 0 0 30.8] 30.8| 0O 1.7
O | Accel. SengSFNCX | 10PPM/g || 0.5 | 0 | B 0 | o5
Q Scale  IgpNcy 10 PPM/g 0 0 0 0 0 c
< Factor - T s |
Error |SFNCZ 10 ppM/g_ ,,,,,0__ i 0 3.4 3.4 0 0,2
. BDX 10 meru 0 11.7 0 0 11.7 0
Bias St
) BDY 10 meru 11.7 | 0 1.3 || 2.0 0 11.6
Drift
BDZ 10 meru 0 1.3 0 0 .3 0
ADIAX 10 meru/g 0 . 0 0 .3 0
Acceler-/spray 10 meru/g 0 0 0 0 0 0
° ation  'ApiaAz 10 meru/g 0 1.0 0 0 1.0 0
o Sensitive | spgrax 10 meru/g 0 0 0 0 0 0
O Drift  [ADSRAY 10 meru/g ||11.4 | 0 1.0 || 1.6 0 11.3
ADSRAZ 10 meru/% 0 0 0 0 0
Acceler- AZD(IA)(IA)X 1 meru/g 0 0.2 0 0 0.2
ation 3 3
Squ'a]::ed A D(SRA)(SRA)Y 1 meru/g 1.2 0 0.1 0.2 0 1.2
Sensitive 3 3 0 0.1 0 o o o
Drift |A D(IA)(IA)Z 1 meru/g . .1
Root Sum Square Error 95.5 90.8 | 70.9 71.9 | 90,8 94,1
149, 6 149. 6
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Lunar Takeoff Trajectory
OVERALL SYSTEM STUDY OF RMS VELOCITY ERRORS

E; RMS RMS Error in Inertiali RMS Error in Target
% Error Error Axes in ft/sec Axes in ft/sec
ol (E)Wg| EWVyp EWVoil Range| Track |Altitude
g Initial  [(E)X, 01t 0 0 0 o 0 0
e Position (E)YI o 0 ft 0 0 0 0 0 0
ER: Error [(E)Z; 0ft 0 0 0 0 0 o
S E Initial (E)VXIo 0 ft/sec 0 0 0 0 0 0
}E Velocity (E)VYIO 0 ft/sec 0 0 0 0 0 0
g Error {E)V,, 0 ft/sec 0 0 0 0 0 0
23 Irslftﬁl A(smyxI 0.206 mr 0 1.033 0 0 1.033 0
o 5| Alignment |A(SM)YI 0.206 mr 1.041| 0 0.119] 0.175| © 1,033
2 E Errors |Agnzr 0.206 mr 0 0.119 0 0 0.119 0
. Accel, IA Xto Y 0.1 mr 0 0 0 0 0 0
& | Non-ortho-|X to Z 0.1 mr 0.505| 0 o Il o.027] o 0.505
? gonality |Y to Z 0.1 mr 0 0 0 0 0 0
ACBX 0.2 cm/sec?| 0.900| © 0 | o.048] o 0,899
- Bias  |ACBY 0.2 cm/sec’ 0.893 | 0 o |o0.893] o
Bl ACBZ 0.2 cm/sec? 0 0.893) 0.891| 0 0. 049
2| Scale |SFEX | 100PPM || 0.059 | O o | o.003] o 0. 059
@ | Factor |SFEY | 100 PPM 0 o | © 0
M| _Error |SFEZ 100 PPM 0 0.502[ 0,501 | 0 0. 027
3 Accel. Sens|SFNCX 10 PPM/g || 0.0051 0 | 0 0 0 0. 005
S| Fastor [SENCY [ w0PPM/g || O |0 | 0 | 0 |0 |0
Error |SFNCZ 10 PPM/g 0 0 0.060[ 0,060 | © 0. 003
Bias  |BDX 10 meru 0 Jo.274| o o |o.274| o
prist | BDY 10 meru 0.275 | 0 0,008 0.007] o0 0.275
BDZ 10 meru 0 |0.008 0 0 |0.008 0
ADIAX 10 meru/g 0 |o.080| o 0 |o.080] o
Acceler-lspray 10 meru/g 0 0 0 0 0 0
N atf"f‘ ADIAZ 10 meru/g 0 |0.014| o0 0 [0.014| o
% Sensitive | ApSRAX 10 meru/g 0 0 0 0 0
O Drift  IApsrAY 10 meru/g || 0.287 | 0 0.014]| 0.002] o 0. 287
ADSRAZ 10 meru/g 0 0 0
Acceler-|A*Diyuy1a)x 1meru/g” || o |o.004| o 0 [0.004| o
Squared A%Dpaysrayy| 1meru/g” || 0.032 | o 0.002] 0 0 0.032
Sensitive =5 5
Drift  |A“Di1ay1a)z 1 meru/g 0 10,002 o0 0 |o0.002| o0
Root Sum Square Error 1.520 | 1,400| 1,033} 1,040 1.400 | 1.515
L 2,311 2,311
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Lunar Takeoff Trajectory

OVER-ALL SYSTEM STUDY OF RMS PLATFORM DRIFT ANGLES

(SM axes colinear with inertial axes)

o
Drift Angle about Drift Angle about
RMS Inertial Axes Target Axes
Error Error (in milliradians) (in milliradians)
$x1 | ®v1 | %z1 [PRange|®Track|%Altitu
Gyro BDX 10 meru 0.0994 © 0o |o0.0054 o 0.0992
Bias BDY 10 meru 0 |o.0994 o 0o |0.0994] o
Drift BDZ 10 meru 0 0 0.0994]] 0.0994 o 0. 0054
ADIAX 10 meru/g 0.0134 o 0o |[o.0001 o 0. 0132
Gyro ADIAY 10 meru/g 0 0 0 0 0 0
Accele- ADIAZ 10 meru/g 0 0 0.1139 [|0.1137| o 0. 0062
ration ADSRAX 10 meru/g 0 0 0 0 0 0
Se’fsm"e ADSRAY 10 meru/g 0 0.1139) 0 0 0.1139 0
Drift ADSRAZ 10 meru/g 0 0 0 0 0 0
2
ADga)1a)x 1 meru/g?® |lo.001| o 0 0 0o |o.o0m
Gyro
A%p 2
Accele- (IAMIA)Y 1 meru/g 0 ] 0 0 0 0
A%p 2
ration (IAX1A)Z 1 meru/g 0 0 0.0136|| 0. 0136] © 0. 0007
2
A°D 2
Squared (SRA)SRA)X| 1 meru/g ] 0 0 0 0 0
A%p 2
Sensitive (SRAYSRA)Y| 1 meru/g 0 0. 0136 0 0 0. 0136 0
2
Drift A"D(sRA)SRA)Z| 1 meru/g? 0 0 0 0 0 0
2
A'DIANSRAIX | 1 meru/g? 0 0 0 0 0 0
2
A™DANSRAY | 1 meru/g? 0 0 0 0 0 0
2
A D(IA)(SRA)Z 1 meru/g2 0 0 0 0 0 0
Root Sum Square Error 0.1003 |0.1518 | 0.1518 {| 0,1516{ 0,1518 | 0.1005
0. 2369 0. 2369
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Lunar Takeoff Trajectory
IMU POSITION ERROR COEFFICIENTS (PART I)
(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in feet per unit error in feet per unit error
Error Dimension (E)XI l (E)YI ] (E)ZI | Range Track |Altitude
A. Initial Condition Errors along Inertial Axes
Initial (E)XIO foot +1, 0172 0 +0, 0002 -0, 0548 0 I +1, 0157
Position (E)YIO foot 0 +0,9914 |+0.9899 0 +0, 9914 l 0
Error (E)ZIO foot +0, 0002 0 +0.9914 +0.9899 0 +0. 0538
Initial (E)VXIO ft/sec +137, 08 0 +0, 02 -7.40 0 +136. 87
Velocity (E)VYIO ft/sec 0 +135, 91 0 i 0 +135, 91 0
Error (E)VZIO ft/sec +0, 02 0 +135.91 +135, 71 0 +7.37
B. Accelerometer Errors (In-flight Effect only)
ACBX cm/sec? -305.9 0 0 +16. 5 0 i -305.4
Bias ACBY cm/sec? 0 -304.5 0 0 -304.6 0
ACBZ cm/secz 0 0 -304.5 -304.1 0 -16.5
Scale SFEX PPM -0, 091 0 0 +0, 005 0 i =0, 091
Factor SFEY PPM 0 0 0 0 0 ‘0
Error SFEZ PPM 0 0 -0.308 -0, 308 0 -0, 017
Accel. SFNCX PPM/g -0,05 0 0 0 0 ~-0.047
Sens. SFNCY | PPM/g 0 0 0 0 0 0
ocaie
Factor ~ |SFNCZ | PPM/g 0 0 ~0.342 || -0.342| o -0, 019
Error
C. Misalignments of Accelerometer Input Axes
Accel.| About
Axis +309, 5 0 0 -16.7 0 +309.1
X Y SM A(X)Y milliradian
XSM A(Y)X milliradian —— ——— — —— —— ——
Y - -
ZSM A(Y)Z milliradian ——— ——— — _— ——— -—
XSM A(Z)X milliradian —— —— —— — ——— _——
Z R .
YSMI A(Z )Y milliradian 0 0 0 0 0 0
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Lunar Takeoff Trajectory

IMU POSITION ERROR COEFFICIENTS (PART 2)
(SM axes colinear with inertial axes)

Unit Error in Inertial Axes il Error in Target Axes
Error in feet per unit error ‘ in feet per unit error
| Error Dimension (E)XI ] XE)YI J (E)ZI Range | Track [Altitude
D. Initial Platform Misalignments about Inertial Axes
Asm)xt ‘milliradian| 0 -308, 4 0 0 -308.4] 0
AsM)yI milliradian | +309.5 0 -90,1 -106., 7 0 +304, 2
A(SM)ZI milliradian 0 +90, 2 0 0 +90, 2 0
E. Gyro Drift Errors
BDX meru 0 -1.17 0 0 -1.17 0
Bias  Bpy merua .17 0 -0.13 || -0.20 0 +1.16
Drift  "pz meru 0 +0.13 0 0 +0.13
ADIAX meru/g 0 -0, 43 0 0 -0,43 | 0
Accele- ADIAY meru/g 0 0 0 0 0 0
ration
ADIAZ meru/g 0 +0.10 0 0 +0.10 0
Qe ot
SEMSLT I ADSRAX meru/g 0 o 0 o 0 0
tive [ ADSRAY meru/g -1.14 0 +0.10 || +0.16 0 -1.13
Drift  [Apsraz meru/g 0 0 0 0 0 0
2
0 -0, 22 0 0 -0, 2
A D(IA)(IA)X meru/g 2 0.22 0
Accele- 3
AD 2 0 0 0 0 0 0
ration (IAXNIA)Y meru/g
2
AN / +0. +0,
Squared A D(IA,‘(IA)Z meru/gz 0 0.09 0 0 0. 09 »0 )
2
Sensi- | A"D(SRANSRA)X | meru/g? 0 0 0 0 0 0
tive 2 +1, 2 0 -0, 0 -0,16 0 +1, 20
A D(SRANSRA)Y | meru/g? 1.21 0.09 . 1.
Drift 2
0 0
A D(SRA)NSRA)Z | meru/g? 0 0 0 0
A%p
(IAXSRA)X meru/g 0 0 0 0 0 0
2
0 0 0 0 0
A™DIA)NSRAY | meru/g? 0
2
0 0 0 0 0 0
A™D(1a)(SRA)Z meru/g
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(SM axes colinear with inertial axes)

‘Lunar Takeoff Trajectory
IMU VELOCITY ERROR COEFFICIENTS (PART I)

Unit Error in Inertial Axes Error in Target Axes
Error in ft/sec per unit error in ft/sec per unit error
Error Dimension (E)VXI [ (E)VYI l (E)VZI | Range ( Track |[Altitude
A. Initial Condition Errors along Inertial Axes
Initial (E)XIO foot }
Position (E)YIO foot |
Error (E)ZIO foot
Initial (EWg1o | ft/sec
Velocity  {(E)Vy i | ft/sec
Error (E)VZIO ft/sec
B. Accelerometer Errors (In-flight Effect only)
ACBX cm/sec? -4.50 0 0 +0, 242 0 | -4,494
Bias ACBY em/sec? 0 -4, 463 0 0 -4.463 0
ACBZ em/sec? 0 0 -4, 46 -4, 456 0 -0, 243
Scale SFEX PPM -0. 00059 0 0 +0, 00003 0 -0, 00054
Factor SFEY PPM 0 0 0 0 0 0
Error SFEZ PPM 0 0 -0, 00502 -0.0050] 0 -0, 00027
Accel, SFNCX PPM/g -0. 0005 0 0 +0 0 -0, 0005
Sens. 0 0 0 0 0 0
Soals SFNCY PPM/g
Factor SFNCZ PPM/g 0 0 -0.0060 || -0.0060 0 -0, 0003
Error
C. Misalignments of Accelerometer Input Axes
Accel.| About
Axis Tliradi +5, 05 0 0 -0, 27 0 +5. 05
< YSM A(X)Y milliradian
ZSM A(X)Z milliradian s} 0 0 0 0 0
XSM A(Y)X milliradian ——— —_— ——— ——— ——— -——
Y . R
ZSM A(Y)Z milliradian ——— ——— ——— _— —— _——
XSM A(Z)X milliradian _— _—— —— —— —— —
z Yoy [Azyy | milliradian] g o o 0 0 0
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Lunar Takeoff Trajectory

(SM axes colinear with inertial axes)

IMU VELOCITY ERROR COEFFICIENTS (PART 2)

Unit [Error in Inertial Axes Error in Target Axes
Error in ft/sec per unit error in ft/sec per unit error
Error Dimension | (E)Vy; ] (E)WVy; |(E)VZI Range | Track |Altitude
D. Initial Platform Misalignments about Inertial Axes
A(SM)}H ‘milliradian 0 -5, 017 0 0 -5, 017 0
Asm)vI milliradian || +5. 052 0 -0.5717 |{ -0, 850 0 +5, 014
Asaz milliradian 0 |+0.578 0 0 +0, 578 0
E. Gyro Drift Errors
BDX meru 0 -0.0274 © 0 -0.0274] ©
Bias  [Bpy meru +0.0275| 0 |+0.0008| -0.0007| 0 | +0.0275
Drift  "gpz meru 0 |-0.0008] o 0 -0.0008| 0
ADIAX meru/g 0 -0.0084 0 0 -0.0080| 0 |
Accele-pray meru/g 0 0 0 0 0 0
ration "apraz meru/g 0 |-0.0014] o0 0 -0.0014| 0
Sensi- I DsSRAX meru/g 0 0 0 0 0 0
tive ADSRAY meru/g -0.0287| 0 ~-0. 0014{| +0. 0002 0 -0, 0287
Drift  ApSrRaz meru/g 0 0 0 0 0 0
2
A"Daya)x meru/g? 0 0.0041] © 0 -0.0041| ©
Accele- 2
A°D 2 0 0 0 0 0 0
ration (IA)IA)Y meru/g
2
Squared| & Diayia meru/g? 0 -0.00180 0 0 -0.0018] ©
a2
Sensi- A D(SRA)(SRA)X meru/g 0 0 0 0 0 0
tive 2
A"D(sRANSRA)Y | meru /g 40,0320 0 +0,0019| © 0 +0, 0321
Drift |2
A D(sra)srA)z meru/g 0 0 0 0 0 0
2
A D(IA)(SR.A)X meru/g 0 0 0 0 0 0
2
A"DIA)SRA)YY | meru/g? 0 0 0 0 0 0
2
A"DIA)NSRA)Z | meru/g 0 0 0 0 0 0
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Lunar Takeoff Trajectory
IMU S. M. DRIFT ANGLE COEFFICIENTS

(SM axes colinear with inertial axes)

Drift Angle about Drift Angle about
Unit Inertial Axes in Target Axes in
milliradian per milliradian per
Error Error unit error unit error
Dimension
dx1 | %v1 | ®z1 ||?Range ¢Trackl¢A1titudi
BDX meru 0.00994 O 0 ~Q 00054 O 000992
Bias BDY meru 0 0.00994 0 0 ]0.00994 0
Drift BDZ meru 0 0 000994 (0.00992 0 0.00054
ADIAX meru/g  |[a01320| o0 0 |Faoooof o0 [.o0i32
ADIAY meru/g 0 0 0 0 0 0
Accele-
ADIAZ meru/g 0 0 0.01139 {0.01137 0 0. 00062
ration ADSRAX meru/g 0 0 0 0 0 0
Se‘f“““ ADSRAY meru/g 0 +aols39l o 0 Q01139 0
Drift ADSRAZ meru/g 0 0 0 0 0 0
2
A D(IA)(IA)X meru/g 0. 0011 0 0 0 0 0. 00011
2
A®D 0 0 0 0 0 0
Accele- (IAXIA)Y meru/g
2
ration A D(IA)(IA)Z meru/g 0 0 0. 0136 [ 0. 0136 0 0. 0007
2
Squared A D(sra)SRA)X meru/gz 0 0 0 0 0 0
2 ~ P n LN n1ae
Sensitive A D(SRA)(SRA)Y meru/’g4 v raiad 0 Yooreuien 0
. 2
Drift A D(SRA)(SRA)Z meru/g2 0 0 0 0 0 0
2
A"D(1a)sRAIX meru/g? 0 0 0 0 0 0
2
A D(1a)sra)Y meru/g2 0 0 0 0 0 0
2
A Dia)srA)Z meru/g2 0 0 0 0 0 0
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SECTION F
TRANSEARTH INJECTION
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Trajectory Description & Data

1) Description: Powered injection into free-fall transearth trajectory from
100 n. mile circular lunar parking orbit.

2) Total trajectory time: 103.5 seconds

3) Total earth angle, 6,
subtended by trajectory: 6.28 degrees

4) Initial & final altitudes 100.0 and 102, 4 n. miles
5) Initial & final velocities: 5,234 and 8, 278 ft/sec.
6) Initial & final velocity angles

relative to ZI axis: 0 and -3.10 degrees
7) Initial & final thrust acceleration: 25. 76 and 33. 28 ft/sec2
8) Initial & final pitch angle

relative to ZI axis: 0 and 0 degrees
9) Thrust acceleration history in

ft/sec2: amg = 25.76 +0.0724t + 2.4 (10'6)t2 for 0 <t <103.5 secs.
10) Pitch angle history in degrees

relative to ZI axis: 6 = 0 for 0 <t <103.5 secs.

Trajectory Figure

| Xp Xsm
Zp Zgm
Altitude
Y,,Y ‘
Start of I~ sM
. Trag
t t
rajectory = P Range
l\
7
End of injection
trajectory ('target')
Moon

Note: For all tabular error studies the IMU stable member coordinates,

XSM’ YSM’ ZSM are colinear with inertial coordinates, XI’ YI’ I’
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Transearth Injection Trajectory
OVERALL SYSTEM STUDY OF RMS POSITION ERRORS

e
8 RMS RMS Error in Inertiali RMS Error in Target
=1 . .
é Error Error Axes in feet Axes in feet
S (E)XI (E)YI (E)ZI Range |Track |Altitude
. Initial  [(E)X 0 ft 0 0 0 0 0 0
a Position (E)YIo 0 ft 0 0 0 0 0 0
o
"é g Error [(E)Z; 0ft 0 0 0 0 0 0
O K Initial  [(E)Vyy 0 ft/sec 0 0 0 0 0 0
:‘3;‘ Ml Velocity (EWyr, 0 ft/sec 0 o 0 0 0 0
g Error ((E)V,. 0 ft/sec 0 0 0 0 0 0
.3 Ixsutlb?l A(sM)xT 0.206 mr 0 3L2[ o0 9 31, 2 0
5> 5| Alignment |A(sM)YI 0.206 mr 31,2 0 0 3.4 0 31. 0
2 E Errors [A gnzr 0.206 mr 0 0 0 0 0 0
. Accel. IA |Xto Y 0.1 mr 0 0 0 0 0 0
# | Non-ortho-|X to Z 0.1 mr 15. 2 0 0 L7] o 15.1
7 gonality |Y to Z 0.1 mr 0 0 0 0 0 0
ACBX 0.2 cm/sec?| 35.2 0 0 3.9] o 35.0
@ Bias ACBY 0.2 cm/sec 0 35.2| 0 0 35.2 0
) ACBZ 0.2 cm/secd| 0 o | 35.2| 34.9| o 3.9
= Scale |SFEX 100 PPM 0 0 0 0 0 0
Q| Factor |SFEY 100 PPM 0 0 0 0 0 0
B Error |SFEZ 100 PPM 0 0 15,1 15.0{ o0 1.7
8 | Accel. Sens/SFNCX 10 PPM/g 0 0 0 0 0 0
O Scale  TspNcy 10 PPM/g 0 0 0 0 0 0
< Factor A
Error |SFNCZ 10 PPM/g 0 0 L3 1.3] o 0.1
) BDX 10 meru 0 4.0/ o 0 4.0 0
Bias {— . ;
. BDY 10 meru 4.0 0 0 0 0 4.0
Drift
- {BDZ 10 meru 0 0 0 0 0 0
ADIAX 10 meru/g 0 0 0 0 0 0
Acceler-lspray 10 meru/g 0 0 0 0 0 0
o ation 1 AprAZ 10 meru/g 0 0 0 0 0 0
3 Sensitive | ApspaAx 10 meru/g 0 0 0 0 0 0
G Drift  |Apsray 10 meru/g 3.4 0 0 0.4] o 3.4
ADSRAZ 10 meru/g 0 0 0 0 0 0
2
A;:iqz],sr- A D(IA)(IA)X 1 meru/g2 0 0 0 0 0 0
2
Squared A D(SRA)(SRA)Y 1 meru/g 0.3 0 0 0 0 0.3
Sensitive AZD ) / 3 o o o 5 o 5
Root Sum Square Error 49.7 47.11 38,3} 38.4{ 47.1 49.6
78.5 78.5
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Transearth Injection Trajectory
OVERALL SYSTEM STUDY OF RMS VELOCITY ERRORS

-
] RMS Error in Inertiall RMS Error in Target
o RMS A ]
5] Error Axes in ft/sec Axes in ft/sec
g‘ Error
8 (E)VXI (E)VYI (E)VZI Range {Track [Altitude
g Initial (E)XI o 0 ft 0 0 0 0 1] 0
o Position [(E)Y; 01t 0 0 0 0 0 0
]
?, § Error [(E)Z; 0ft 0 0 0 0 0 0
Ok Initial  [(E)Vy, 0 ft/sec 0 0 0 0 0 0
FH] velocity By, 0 ft/sec 0 0 0 0 0 0
-
:é Error (E)VZIo 0 ft/sec 0 0 0 0 0 0
= Initial |Aganwr 0.206 mr 0 0.629 0O 0 0.629 0
3 g S. M.
S 5| Alignment |S(sMyvI 0.206 mr 0, 631 0 0 0.069] 0 0. 627
EE Errors [Asm)zr 0.206 mr 0 0 0 0 0 0
. Accel, JIA |Xto Y 0.1 mr 0 0 0 0 0 0
# | Non-ortho-|X to 2 0.1 mr 0. 306 0 0 0.033| O 0. 304
@ gonality Y to Z 0.1 mr 0 0 0 0 0 0
ACBX 0.2 cm/sec?| 0. 681 0 0o lo.07a] o 0.677
I~ Bias ACBY 0.2 cm/secq| o 0.679 0 0 0.679 0
al ACBZ 0.2 cm/secd| o o | 0,679 0.675| o | 0,075
g Scale |SFEX 100 PPM 0 0 0 0 0 0
Q| Factor [SFEY 100 PPM 0 0 0 0 0 0
9 Error |SFEZ 100 PPM 0 0 0.305| 0.303]| © 0.033
& | Accel. Sens)SFNCX 10 PPM/g 0 0 0 0 0 0
0 Scale 0
< Factor |SENCY 10 PPM/ g 0 0 0 0 0 0
Error |SFNCZ 10 PPM/g 0 0 0.028ll 0.028] o 0
. BDX 10 meru 0 0.120| © 0 0.120 0
Bias ) Bansbuinu S
. BDY 10 meru 0.120 0 0 0.013| 0 0.120
Drift
BDZ 10 meru 0 0 0 0 0 0
ADIAX 10 meru/g 0 0 0 0 0 0
Acceler-lapray 10 meru/g 0 0 0 0 0 0
o ation  IAprAzZ 10 meru/g 0 0 0 0 0 0
@ Sensitive | ApsrAX 10 meru/g 0 0 0 0 0 0
o Drift [ApSRAY 10 meru/g || 0.106 0 0 {o0.012] O 0.105
ADSRAZ 10 meru/g 0 0 0 0 0 0
3 3
Acceler- A D(IA)(IA)X 1 meru/g 0 0 0 0 0 0
ation ]
Squared A D(Sm,‘)(SRA)Y 1 meru/g 0.009 0 0 0. 001 0 0.009
Sensitive 3 5
Drift [A D(IA)(IA)Z 1 meru/g 0 0 0 0 0 0
Root Sum Square Error 0,991 0.933| 0.745| 0,748 ( 0.933 | 0.988
L 1. 551 1, 551
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Transearth Injection Trajectory
OVER-ALL SYSTEM STUDY OF RMS PLATFORM DRIFT ANGLES
(SM axes colinear with inertial axes)

Drift Angle about Drift Angle about
RMS Inertial Axes Target Axes
Error Error (in milliradians) (in milliradians)
0x1 | 9v1 | 921 [PRange|®Track PAltituad
ﬁ
Gyro BDX 10 meru 0.075 0 ] 0.008 0 0. 075
Bias BDY 10 meru 0 0.075 0 0 0,075 0
Drift BDZ 10 meru 0 0 0.075(| 0.075 0 0. 008
ADIAX 10 meru/g 0 0 0 0 0 0
Gyro ADIAY 10 meru/g 0 0 0 0 0 0
Accele- ADIAZ 10 meru/g 0 0 |0.069 || 0.069] o0 | 0.008
ration ADSRAX 10 meru/g 0 0 0 0 0 0
Sensitive [T\ nsRay 10 meru/g 0 0.069| 0 0 |o0.069 0
Drift ADSRAZ 10 meru/g 0 0 0 0 0 0
2
A™Da)aa)x 1 meru/g2 0 0 0 0 0 0
Gyro 2
A”D 2 0 0 0 0 0 0
Accele- (IANIA)Y 1 meru/g
2
ration A D(IA)(IA)Z 1 meru/gz 0 0 0. 0061{ 0. 006 0 0. 001
2
A°D 2 0 0 0 0 0 0
Squared (SRAXSRA)X] 1 meru/g
2
Sensitive A D(SRA)(SRA)Y 1 meru/g2 0 0.006 0 0 0.006 0
. 2
Drift A D(SRA)(SRA)Z 1 meru/g2 0 0 0 0 0 0
2
A D(IA)(SRA)X 1 meru/g2 0 0 0 0 0 0
2
ADaA)SRA)Y | 1 meru/g® || © 0 0 0 0 0
2
A D(IA)(SRA)Z 1 meru/g2 0 0 0 0 0 0
Root Sum Square Error 0.075| 0.103 | 0.103 0.102 { 0.103 0,076
0.164 0.164

79




B -

Transearth Injection Trajectory
IMU POSITION ERROR COEFFICIENTS (PART 1)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in feet per unit error ! in feet per unit error
Error Dimension (E)XI (E)YI (EM‘[ Range Track |Altitude
A. Initial Condition Errors along Inertial Axes
Initial (E)Xq foot +1,007 0 0 -0.110 0 41, 001
Position  ((E)Y, foot 0 +0, 996 0 0 +0, 996 | 0
Error (E)Z;q foot 0 0 +0.996 || +0,990 0 +0,109
Initial (EWxqo | ft/sec +103. 8 0 0 -1, 3 0 +103.1
Velocity  (EWVyi4 | ft/sec 0 +103. 4 0 0 +103. 4 0
Error (E)V zio | /sec 0 0 +103. 4 +102. 8 0 +11. 3
B. Accelerometer Errors (In-flight Effect only)
ACBX cm/sec? -176.1 0 0 +19.3 0 i -175.0
Bias ACBY cm/sec? 0 -175. 8 0 0 -175. 8 0
ACBZ cm/sec? 0 0 -175.8 -174.7 0 -19.3
i
Scale SFEX PPM 0 0 0 0 0 ; 0
Factor SFEY PPM 0 0 0 0 0 ! 0
Error SFEZ PPM 0 0 -0.151 -0.151 0 -0, 017
Accel, SFNCX PPM/g 0 0 0 0 0
Sens.
Seale SFNCY PPM/g 0 0 0 0 0
Factor ~ |SFNCZ | PPM/g 0 0 -0.133 -0.1331 0 -0. 015
Error
C. Misalignments of Accelerometer Input Axes
Accel.| About
Axis +151, 6 0 0 16. 6 0 +150, 6
x Y SM A(X)Y milliradian . . .
0 0 0 0 0 0
ZSM A(X)Z milliradian
XSM A(Y)X milliradian - - - . - -
Y . R
ZSM A(Y)Z milliradian _— _— - - - -
XSM A( Z)X milliradian 0 0 0 0 0 0
Z X .
YSMI A(Z)Y milliradian _— - - - - -
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Transearth Injection Trajectory
IMU POSITION ERROR COEFFICIENTS (PART 2)

(SM axes colinear with inertial axes)

Unit [Error in Inertial Axes Error in Target Axes
Error in feet per unit error | in feet per unit error
Error Dimension | (EJX[ BT T 20 1 Range | Track |Altitude
D. Initial Platform Misalignments about Inertial Axes
A(SM)XI ‘milliradian 0 -151. 3 0 0 -151. 3 0
A(SM)YI milliradian +151. 6 0 0 -16. 6 0 +150, 6
Az milliradiani 0 0 0 0 0 0
VE. Gyro Drift Errors
) BDX meru 0 -0.398 0 0 -0.398 0
Bias  Igpy meru +0.398| 0 0 -0. 044 0 |+0.396
Drift  I'Bpz meru 0 0 0 0 0 0
ADIAX meru/g 0 0 0 0 0 0o
Accele-ny meru/g 0 0 0 0 0 0
ration ahiaz meru/g 0 0 0 0 0 0
Sensi- ADSRAX meru/g 0 0 0 0 0 0
tive  ADSRAY meru/g -0.342| 0 0 +0.037] 0 -0.340
Drift  Mapsraz meru/g 0 0 0 0 0 o
2
A D(IA)(IA)X meru/g2 0 0 0 0 0 0
Accele- 2
AD 2 0 0 0 0 0 0
ration (1A)1A)Y meru/g
2
Squared 'A D(IA)(IA)Z meru/g2 0 0 0 0 0 0
1.2
Sensi- [A D(SRA)(SRA)X meru/g2 0 0 0 0 0 0 )
tive 2
A D(SRA)(SRA)Y meru/g2 +0, 295 0 0 -0.032 0 +0, 293
Drift 2
A D(SRA)SRA)Z | meru/g? 0 0 0 0 0 0
2
A D(IA)(SRA)X meru/g2 0 0 0 0 0 0
2
A™D(A)SRA)Y | meru/g? 0 0 0 0 0 0
2
AD1A)NSRA)Z | meru/g? 0 0 0 0 ° 1 0
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Transearth Injection Trajectory
IMU VELOCITY ERROR COEFFICIENTS (PART 1)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in ft/sec per unit error in ft/sec per unit error
Error Dimension || (E)Vy, ] (E)WVyy ’ (E)V,,|| Range ] Track [Altitude
A. Initial Condition Errors along Inertial Axes
Initial (E)X;y | foot Far42(1073) 0 |+o.0m107H-q00516) o #a14200°}
Position [(E)Y;, | foot 0 -Q071(16%) 0 0 raoms’)y o
Error Bz, foot Q011(10™°) o |-a070003-a0mo™H 0 #Q003(10
Initial (E)VXIO ft/sec +1, 007 0 +0, 001 -0,110 0 +1, 001
Velocity (E)VYIO ft/sec 0 H0, 996 0 0 +0,996 0
Error (E)VZIO ft/sec +0, 001 0 +0, 996 +0.990 0 +0. 110
B. Accelerometer Errors (In-flight Effect only)
ACBX em/sec®  |{=3.407 0 |-0.001 [|+0.372 0 -3.386
Bias ACBY cm/sec? 0 -3,394 0 0 |-3.394 0
ACBZ cm/se02 -0, 001 0 -3.394 -3.374 0 -0,373
Scale SFEX PPM 0 0 0 0 0 ; 0
Factor SFEY PPM 0 0 0 0 0 | 0
Error SFEZ PPM 0 0 -Q,0031 -0, 0030 0 -0, 0003
Accel. SFNCX PPM/g 0 0 0 0 0 0
Sens.
Scaie SFNCY PPM/g 0 0 0 0 0 0
Factor SFNCZ PPM/g 0 0 [-0.0028 [|-0,0028 0 |-0.0003
Error
C. Misalignments of Accelerometer Input Axes
Accel.| About
Axis +3, 062 0 0 -0.334 0 |+3,043
X X SM A(X)Y milliradian
ZSM A(X)Z milliradian 0 0 0 0 0 0
XSM A(Y)X milliradian — — _— — — -
Y s .
ZSM A(Y)Z milliradian - - - - - -
XSM A(Z)X milliradian 0 0 [ 0 0 0
zZ X X
YSM A(Z)Y milliradian - - - - - -
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Transearth Injection Trajectory
IMU VELOCITY ERROR COEFFICIENTS (PART 2)

| E Wy [ @V @V,

(SM axes colinear with inertial axes)
Unit [Error in Inertial Axes | Error in Target Axes
Error in ft/sec per unit error E in ft/sec per unit error
Error Dimension

Range lTrack ]Altitude

D. Initial Platform Misalignments about Inertial Axes

A(SM)XI ‘milliradian 0 ~3. 051 0 0 -3, 051 0
A(SM)YI milliradian {|+3. 062 0 +0, 008 -0.334 0 +3. 043
I A(SM)ZI milliradian 0 0 0 0 0 0
E. Gyro Drift Errors
) BDX meru 0 -0, 0120 0 0 -0, 0120 0
Bias  I'ppy meru +0,0120] 0 0 f-0.0013] o | +0.0020
Drift  'gpz meru 0 0 0 0 0 0
ADIAX meru/g 0 0 0 0 0 o0
Accele- S e -
- ADIAY meru/g 0 0 0 0 0 0
ration Fapiaz meru/g 0 0 0 0 0 0
Sensi- ADSRAX meru/g 0 0 0 0 0 0
tive  ADSRAY meru/g -0. 0106 0 0o |ko. o012 0 |-0.0105
Drift  Apsraz meru/g 0 0 0 0 0 o
2
A D) a)x meru/gi 0 0 0 0 0 0
Accele-[T5
A'D 2 0 0 0 0 0 0
ration (IAXIA)Y meru/g
2
Squared A Da)1a)z meru/g2 0 0 0 0 0 0
| a2
Sensi- | A"D(SRA)SRAIX | meru/g? 0 0 0 0 0 ° ]
tive 2
A D(SRA)(SRA)Y meru/gz +0, 0093 0 0 -0, 0010 0 +0, 0093
Drift 2
A D(SRA)SRA)Z | meru/g? 0 0 0 0 0 0
2
A Diiaysraix meru/g2 0 0 0 0 0 0
2
A™D(rp)(sRA)Y meru/g2 0 0 0 0 0 0
2
AD1a)SRA)Z | meru/g? 0 0 0 0 o | o
|
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Transearth Injection Trajectory
IMU S.M. DRIFT ANGLE COEFFICIENTS
(SM axes colinear with inertial axes)

Drift Angle about Drift Angle about
RMS Inertial axes Target Axes in
in milliradian per milliradian per
Error Error unit error unit error
Dimension
d’XI d’YI ¢ZI ¢Range d’Track l'bAlti‘cude
—
BDX meru 0, 0075 0 0 -0, 0004 0 [+0,0075
Bias BDY meru 0 0,007 O 0 +0, 0075
Drift BDZ meru 0 0 +0, 0073, +0, 007p 0 t+0, 0008
ADIAX meru/g 0 0 0 0 0
ADIAY meru/g 0 0 0 0 0
Accele- ADIAZ meru/g 0 0 [+0.006df+a 0069 o0 [+0.0008
ration ADSRAX meru/g 0 0 0 0 0
Sensitive " pcpay meru/g 0 |-0.006% o -0. 0064
Drit ADSRAZ meru/g 0 0 0 0
2
A"Dra)a)x meru/g? 0 0 0 0 0
2
A°D 2 0 0 0 0 0
Accele- (TA)IA)Y meru/g
2
ration A D(IA)(IA)Z meru/g2 0 0 +0, 0064|+0, 006 0 +0, 0007
2
A"D 2
Squared (SRAXSRA)X meru/g 0 0 0 0 0
2
Sensitive A D(sra)srA)Y] meru/g2 0 |+0.006% 0 0 +0. 0064
. 2
Drift A D(SRA)(SRA)Z rner'u/g2 0 0 0 0 0
2
A"D(12)(SRA)X meru/g? 0 0 0 0 0
2
A Di1a)srA)Y meru/g2 0 0 0 0 0
2
A D(1A)SRA)Z meru/g? 0 0 0 0 0
—
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SECTION G
EARTH REENTRY TRAJECTORIES
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Trajectory acceIID::aktion Trz;ci);;l:ory rotal Barth Anglt‘e, GR’
Description for trajectory time subtended by Trajectory
G's seconds degrees | naut. miles
T 10.3 599 21,32 1,279
Medium G 5.6 733 29, 85 1,791
Low G 3.1 1,154 58.18 3,491
Low G (Ext. Rge.) ? ? 150. 00 9,000
Other trajectory data:
Altitude at start of reentry trajectory : 400, 000 ft
Altitude at end of reentry trajectory : 50,000 ft

Velocity at start of reentry trajectory

Trajectory Figure

Start of
trajectory
YI' Y

SM

*XI’XSM

/

~_—-Farth

36,800 ft/sec

Altitude

End of trajectory
Ran (‘target?)

Note: For all tabular error studies the IMU stable member coordinates,

XSM’ YSM’ ZSM are colinear with inertial coordinates, X
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High G Earth Re-entry Trajectory
OVERALL SYSTEM STUDY OF RMS POSITION ERRORS

RMS Error in Inertial

RMS Error in Target

k]
g RMS ) .
g Error Axes in Feet Axes in Feet
g Error :
S (E)XI (E)YI (E)ZI Range| Track |Altitude
g Initial (E)XIo 0 ft 0 0 0 0 0 0
:*3 Position (E)YIO 0 ft 0 0 0 0 0 0
'g g Error [(E)Z 0ft 0 0 0 0 0 0
8 o Initial (E)VXIO 0 ft/sec 0 0 0 0 0 0
;9_! i Velocity [(E)Vyyo 0 ft/sec 0 0 0 0 0 0
g Error {E)V,, 0 ft/sec 0 0 0 0 0 0
.3 Irslitliv?l Asmyxt 0.1 mr 0 1,229 2 2 1,229 1
D & Alignment |[A(sM)YI 0.1 mr 1,449 © 702 127 0 1,605
E;% Errors [Agyzr 0.1 mr 2 628 0 1 628 2
.| Accel. IA |XtoY 0.1 mr 2 0 0 1 0 2
2. Non-ortho-{X to Z 0.1 mr 1,423 0 65 457 0 1,350
7 gonality |Y to Z 0.1 mr 0 0 2 2 0 1
ACBX 0.2 cm/sec?| 1,270] o0 49 416 0 |1,200
@ Bias ACBY 0.2 cm/sec 0 1,124] 0 0 |{1,124] ©
B ACBZ 0.2 cm/sec| 48 0 1,141 1,045 0 460
g Scale |SFEX | 100 PPM 706 0 26 232 | o 668
Q| Factor |SFEY | 100PPM_ || 0 | 2 0 0o | 2 0
A Error |SFEZ 100 PPM 64 0 1,251 1,142 © 514
8 | Accel. Sens/SFNCX 10 PPM/g || 208 0 10 66 0 197
2| Pester [SENCY  [1oPPM/g || o | 2 | o | o [ = [ o
Error |SFNCZ 10 PPM/g 30 0 499 454 0 209
Bias  |BDX | 10meru 1 | 1,312 7 6 |1,312]| 3
britt  |BDY 10 meru 1,487 0 1,023 413 0 1,757
BDZ 10 meru 8 963 0 3 963
ADIAX 10 meru/g 0 1,533 4 4 1,533
Acceler-fapray 10 meru/g 24 0 11 19 0 19
o ation  1Ap[AZ 10 meru/g 43 | 2,357 | 2 14 | 2,357 41
@ | Semsitive | ApsRAX 10 meru/g 0 20 0 0 20 0
o Drift |ApSRAY 10 meru/g || 4,166 | 0 | 2,530 | 842 0 |4,801
ADSRAZ 10 meru/g 0 13 0 0 13 0
Acceler- A2D(I ANIAIX 1 meru/gz 0 613 3 2 | 613 1
Squared |A’Digpaysra)y| ! meru/e” || 2,082 0 |i,001) 268 | o |2,339
Sensitive 3
Drift (A D(IA)(IA)Z 1 meru/g 21 (1,009 1 7 1,009 20
Root Sum Square Error 5,496 | 3,889 | 3,504 [| 2,003 | 3,889 | 6,202
B 7,590 7,590
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Medium G Earth Re-entry Trajectory
OVERALL SYSTEM STUDY OF RMS POSITION ERRORS

g; RMS RMS Error' in Inertialf RMS Erroxj in Target
4 Error Error Axes in Feet Axes in Feet
§ (B)X; | (E)Y, (E)Z; [|Range | Track|Altitude
o Initial (E)XIO 0 ft 0 0 0 0 0 0
2 Position [(E)Y, 0t 0 0 0 0 0 0
'% g Error [(E)Z; 0 ft 0 0 0 0 ) 0
2 3 Initial  (E)Vyy, 0 ft/sec 0 0 0 0 0 0
,g M Velocity (_E?VYIO 0 ft/sec 0 0 0 0 0 0
g Error [(E)V,. 0 ft/sec 0 0 0 0 0 0
9 '§ Igltlt;l A(sMxI 0.1 mr 0 1,291 3 3 1,291 1
28| Alignment |“(sM)y1 0.1 mr 1,614 | © 899 | 24 0 1,848
Effx Errors A(SM)ZI 0.1 mr 2 743 0 1 743 9
. Accel. 1A Xto Y 0.1 mr 2 0 0 1 0 2
# | Non-ortho-|X to Z 0.1 mr 1,564 | 0 130 || 665 | 0 |1,421
@ gonality |Y to Z 0.1 mr 0 0 3 3 0 1
ACBX 0.2 cm/sec?| 1,948 | 0 | 142 | 846 0 [1,760
- Bias |ACBY 0.2 cm/sec?] 0 1,650 0 0 |1,650| o
A ACBZ 0.2 cm/sec?| 139 0 1,719 { 1,422] 0 976
§ Scale |[SFEX | 100 PPM 849 0 51 378 0 762
S | Factor |SFEY | 10PPM || o | 3 o | o | 3 0
. Error |SFEZ 100 PPM 127 0 1.354] 1,111] o 784
8 | Accel. Sens{SFNCX 10 PPM/g || 157 | © 11 68 0 142
2| Peetor [SENCY [ 10PPM/g || o 1o | o | o |2 | o
Error |SFNCZ 10 PPM/g 36 | o | 3318 || am1 0 198
Bias |BDPX .| 10 meru 1 1,838 | 12 9 |1,838 1
Drist  |BRY 10 meru 2,181] 0 1.846 || 516 0 2,811
BDZ 10 meru 13 1,675 | 1 | 8 1,675 12
ADIAX 10 meru/g 0 1,378 3 3 |1,378 1
Acceler-iapray 10 meru/g || 20 0 13 21 0 11
o ation | ApIAZ 10meru/g || 41  |2,880 | 3 18 2,880 | 38
g Sensitive | \psrAX 10 meru/g 0 15 0 0 15 0
© Drift | ApsraY 10 meru/g 4,131} © 3,210 728 0 5,181
ADSRAZ 10 meru/g 0 15 0 0 15 0
Acceler- AZD(IA)(IA)X 1 meru/g 0 |316 1 1| 316 1
S;;;?;d AzD(SRA)(SRA)Y tmeru/g’ || 1,230] o 843 || 119 0 1,487
Sensitive 3 5
Drift  |A"Di1ay1a)z 1 meru/g 13 | 740 1 6 740 12
Root Sum Square Error 5,742 | 4,688 | 4,491 | 2,334 4,688 | 6,907
‘ 8, 667 8, 667
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Low G Earth Re-entry Trajectory
OVERALL SYSTEM STUDY OF RMS POSITION ERRORS

E RMS RMS Error in Inertiall RMS Error in Target
g Error Error Axes in Feet Axes in Feet
§ o (E)XI (E)Y, (E)ZI Range | Track | Altitude]
o Initial  [(E)X 0 ft 0 0 0 o o 0
§ Position [(E)Y; 0 ft 0 0 0 o o o
'% g Error (E)ZIO 0 ft 0 0 0 0 0 0
; E Vrnitiél (EVWygq, 0 ft/sec 0 0 0 0 0 0
2 elocity (_}3)va 0 ft/sec 0 0 0 0 0 0
E Error |(E)V,. 0 ft/sec 0 0 0 0 0 o
L3 el Agvx 0.1 mr 6 1,174 | 12 1 1,174 13
D 8| Alignment |A(smyr 0.1 mr 1,830 ] 2 1,750 || 632 2 2,451
2% Errors [Agyno 0.1 mr 11 |1,046| 5 7 | 1,046 10
. Accel. TA X t0 Y 0.1 mr 11 0 5 7 0 10
# | Non-ortho-|X to Z 0.1 mr 1,681 | 2 516 || 1,156] 2 | 1,324
7 gonality |[Yto Z 0.1 mr 4 0 10 2 0 11
ACBX 0.2 cm/secd| 4,779 | 4 [1,142 [ 3,459| 4 | 3,490
x Bias ACBY 0.2 cm/sec 3 3,693 4 1 3,693 5
5 ACBZ 0.2 cm/sec?| 1,032 | 4 4,906 11,709 | 4 | 4,713
§ Scale  |[SFEX 100 PPM 1,185 | 1 159 | 923 1 760
% | Factor [SFEY | 100PPM || O | 6 0 | o | 8 0
= Error |SFEZ 100 PPM 461 2 1,698 || 504 2 1,685
B | Accel. Sens|SFNCX 10 PPM/g || 156 0 24 | 120 0 102
O Scale  [gpnoy 10 PPM/g 0 6 0 0 6 0
< Factor — 7 . _ L T7 T 7IE
Error |SFNCZ 10 PPM/g 67 0 220 59 0 222
éias 'BDX B ql_OmeEu 2 |2,003] 5 4 2, 093 3
prift |BDY 10 meru 3,099 | 4 6,059 | 561 4 6,782
BDZ 10 meru 7 4,847 | 1 4,847 5
ADIAX 10 meru/g 2 537 5 1 537 6
Acceler-fapray 10 meru/g 38 0 24 20 0 41
° atlon apraz 10 meru/g || 10 3,353 3,353 | 7
0 Sensitive | Apsrax 10 meru/g 0 26 26
O Drift  [Apsray 10 meru/g || 3,000 | 4 4,480 || 195 4 |[-5,393
ADSRAZ 10 meru/g 12 0 0 12 0
Acceler-| AZD(IA)(IA)X 1 mel‘u/gz 87 87
ation 3 9
Squared |A"DigraysrA)y| ! Mmeru/g 471 1 580 || 95 1 741
Sensitive 3 3
Drift  |A"Di1ay1a)z 1 meru/g 1 407 0 1 407 1
Root Sum Square Error 7,114 |7,463 |9,422 |[4,255 | 7,463 [11,012
13,967 13,967




Low G, Extended Range, Earth Re-entry Trajectory

[y — =

OVERALL SYSTEM STUDY OF RMS POSITION ERRORS

§ RMS RMS Error in Inertiall RMS Error in Target
2 Error Error Axes in Feet Axes in Feet
g (E)X; (E)Y; |(E)Z; |Range |Track |Altitude
a Initial (E)XIO 0 ft 0 0 0 0 0 0
z Position [(E)Y_ 0 ft 0 o P 5 o 0
g 'g Error [(E)Z, 0ft 0 0 0 0 0 0
S 5 Initial =~ (E)Vyq, 0 ft/sec 0 0 0 0 0 0
:g Velocity (E)VYIO 0 ft/sec 0 0 0 0 0 0
= Error (E)VZIO 0 ft/sec 0 0 0 0 0 0
y ';*g Irslft;ﬂa.l A(SM)XI 0.1 mr 0 94 0 0 94 0
D 8| Alignment [(sM)YI 0.1 mr 62 0 2,669 | 2,333| 0 1,299
E é Errors A(SM)ZI 0.1 mr 0 282 0 0 282 0
. Accel. ITA{Xto Y 0.1 mr 0 0 0 0 0 0
# | Non-ortho-|X to Z 0.1 mr 327 | 0 1,597 | 1,543 ] 0 527
| gonality |Y to Z 0.1 mr 0 0 0 0 0 0
ACBX 0.2 em/sec?|13,672] 0 227 | 7,123] o 11, 673
« Bias ACBY 0.2 cm/sec 0 8,684 0 0 8,684 0
B ACBZ 0.2 cm/sec?| 11,912 0 36,368|25,320] 0 | 28,695
= Scale |SFEX 100 PPM 358 | 0 193 || 348 0 210
2 Factor |SFEY 100 PPM 0 0 0 0 0 0
i Error |SFEZ 100 PPM 2,075 | 0 6,356 | 4,428 0 5, 009
& | Accel. Sens|SFNCX 10 PPM/g 37 0 43 56 0 10
Q gg‘;‘%gr SFNCY 10 PPM/g 0 0 0 0 0 0
Error |SFNCZ 10 PPM/g || 289 0 1,105 || 806 0 809
Bias  |BDX 10 meru 0o 7,636 | 0 0 |7,636 o |
peist |BDY 10 meru 7,879 | 0 5,956 || 1,143| 0 9,810
BDZ 10 meru 0 3,359 0 0 3,359 0
ADIAX 10 meru/g 0 627 | o | o 627 0
Acceler-lapiay 10 meru/g 0 0 0 0
o ation  iAprAZ 10 meru/g 0 365 0 0 365 0
@ | Sensitive [Apsrax 10 meru/g 0 0 0 0 0 0
o Drift  [ApSRAY 10 meru/g || 825 2,299 || 2, 401 453
ADSRAZ 10 meru/g 0 0 0 0 0
Acceler- A2D(IA)(IA)X 1 meru/g® 0 52 0 0 52 0
s:é;réd AzD(SRA)(SRA)Y 1 meru/g> || 238 0 451 | 268 0 434
Sensitive 5 5
Drift |A D(IA)(IA)Z 1 meru/g 0 122 0 0 122 0
Root Sum Square Error 19,906] 12, 068] 37, 616|| 26,967 12, 068 32,925
44,237 44,237
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High G Earth Re-entry Trajectory
IMU POSITION ERROR COEFFICIENTS (PART I)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in feet per unit error in feet per unit error
Error Dimension (E)XI (E)YI (E)ZI Range Track Altitude
A. Initial Condition Errors along Inertial Axes
Initial (E)XIO foot +1,536 0 +0,183 -0. 388 0 { +1. 497
Position  ((E)Y foot 0 +0. 744 0 0 +0.744 | 0
Error (E)ZIO foot +0, 166 0 +0, 790 +0.676 +0. 442
Initial (E)VXIO ft/sec +697. 5 0 +45.7 -211.1 0 +666. 4
Velocity (EWyq5 | ft/sec 0 +546, 2 0 0 +546. 2 0
Error (E)VZIO ft/sec +44. 3 0 +560,5 || +506.1 0 +245,0
B. Accelerometer Errors (In-flight Effect only)
ACBX cm/sec2 -6, 348 +0 -243 +2, 081 +0 ' -6,002
Bias ACBY cm/sec? +0 5,622 | +0 +0  |-5. 662 +0
ACBZ em/sec® || -240 +0 -5,705 || -5,227 | +0 -2, 298
Scale SFEX PPM -7.063 +0 -0. 265 +2, 321 0 . -6.676
Factor SFEY PPM 0 +0, 021 0 0 +0, 021 ! 0
Error SFEZ PPM +0, 641 +12, 510 +11. 421 0 +5. 145
Accel. SFNCX PPM/g -20.79 -1. 00 +6. 63 -19. 73
gens. SFNCY | PPM/g 0 “2.29 0 0 -2.29 0
Factor SFNCZ PPM/g -2.98 0 -49.9 -45. 39 0 -20. 92
Error
C. Misalignments of Accelerometer Input Axes
Accel.| About ]
Axis
X XSM A(X)Y milliradianj| -14, 233 0 -649 +4, 570 0 -13, 495
ZSM A(X)Z milliradian|} +17 0 -1 -7 0 +15
XSM A(Y)X milliradian - - - - - -
Y : :
ZSM A (Y)Z milliradian - - - - -
XSM A( Z2)X milliradian|| +1 0 -21 -20 0 -7
Z : -
Y sM A (2)Y milliradian -
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High G Earth Re-entry Trajectory
IMU POSITION ERROR COEFFICIENTS (PART II)

(SM axes colinear with inertial axes)

Unit [Error in Inertial Axes Error in Target Axes
Error in feet per unit error in feet per unit error
Error Dimension ‘M(_"E)XI I (E)Y, J(E)ZI Range | Track [Altitude
D. Initial Platform Misalignments about Inertial Axes
AsmyxI ‘milliradian 0 +12, 2901 -21 -20 +12,290] -7
AsM)YT milliradian| +14,495| -0 +7,016 | +1, 266 -10 | +13, 053
A(SM)ZI milliradian{ -17 -6,276 | +1 +7 -6,276 -15
E. Gyro Drift Errors
BDX meru -0.1 +13L.2 |-0.7 -0.6 +131. 2 -0.3
Bias  I'Bpy mery -148.7 | o0 -102.3 | -4L.3 0 -175.7
Drift  Bpz meru +0.8 | +96.3 0 -0.3 | +96.3 | +0.8
ADIAX meru/g +0 | +153.3 |+0.4 +0.4 _[+153.3 | +0.2
Accele-piay meru/g 2.4 0 |+L1 +1. 9 0 1.9
ration "Apraz meru/g_ -4.3 _ |-235.7 |-0.2 +1.4 | -235,7 | -4
Sensi- [ADSRAX meru/g 0 -2.0 0 0 -2.0 0
tive ADSRAY meru/g -416. 6 0 -253.0 || -84.2 0 -480.1
Drift [ ADsRaz meru/g 0 -1.3 0 0 -1 3 0
A%p 2
(tA)1A)X meru/g 0 +613.0 [-2.5 -2.3 +613. 0 -1.0
Accele- 2
A°D 2
ration (1A)1A)Y meru/g -80, 2 0 -48. 3 -15.8 0 -92.3
A%p 2
Squared (IA)(1A)Z meru/g +20.6  |+1,008.6 +0.8 -6.7 +1,008.4 +19.5
a2
Sensi- | A"D(SRA)SRAX | meru/g? -0.1  [+7.0 |-L3 L2 |+7.0 | -0.6 |
tive A2D 2
(SRAXSRA)Y | meru/g -2,081.4 +0.1 |-1,100,5| -268.4 |+0.1 -2, 339,94
Drift |72
A Disra)srA)Z meru/g2 +1.5 +45.0 |+0.1 -0.5 +45, 0 +1. 4
2
A"DIA)NSRAX | meru/g? 0 -3.3 0 0 -3.3 0
2
A"D(1A)NSRA)Y meru/g2 -41.0 0 -1 7 +4.0 0 -42.4
2
A D(IA)(SRA)Z meru/gz -0.3 -9.8 0 +0.1 -9, 8 -0.3
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Medium G Earth Re-entry Trajectory

IMU POSITION ERROR COEFFICIENTS (PART I)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in feet per unit error in feet per unit error
Error Dimension || (E)X; J (E)Y; (E)Z;  Range [Track }Altitude
A. Initial Condition Errors along Inertial Axes
Initial (E)XIO foot +1.776 0 +0. 370 -0.563 0 +1, 724
Position (E)YIO foot 0 +0. 624 0 0 +0. 624 0
Error (E)Z;4 foot +0. 313 0 +0. 749 || +0.494 0 +0, 644
Initial (EWgio | ft/sec +R98. 0 0 +109. 8 -351. 7 0 +833.5
Velocity (E)VYIO ft/sec 0 +638.6 0 0 +638.6 0
Error (EWV,15 | ft/sec +104. 1 0 +686.5 || +543.7.] 0 +431, 9
B. Accelerometer Errors (In-flight Effect only) _
ACBX em/sec® || -9.738 | + ¢ -710 +4,230 | 0 | 8,800
Bias ACBY cm/sec’ 0 -8, 249 0 0 -8, 249 0
ACBZ cm/sec2 -649 0 -8,594 || -7,109 -4,878
Scale SFEX PPM - 8,489 0 -0. 515 +3, 777 -7.617
Factor SFEY PPM 0 +0.029 0 0 +0, 029 0
Error SFEZ PPM +1, 274 +13, 536 +11,107 0 +7, 84;1:
Accel. SFNCX PPM/g -15, 72 -1.15 +6. 83 0 -14. 20
gens. SFNCY | PPM/g 0 -2.09 0 0 -2.09 0
Factor SFNCZ PPM/g -3.64 +0.14 -33.35 {| -27.12 |+0.14 -19. 75
Error
C. Misalignments of Accelerometer Input Axes
Accel.l About
Axis .
x Y SM A(X)Y milliradian}| -15, 639 0 -1, 303 +6, 653 0 -14, 213
ZSM A(X)Z milliradian|f +22 0 -2 -12 0 +18
XSM A(Y)X milliradian - - - - - -
Y R A
ZSM A(Y)Z milliradian - - - - - R
XSM A(Z)X milliradianj| +2 0 -28 -25 0 -13
z - : .
YSMq A(Z )Y milliradian - -
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Medium G Earth Re-entry Trajectory
IMU POSITION ERROR COEFFICIENTS (PART II)

(SM axes colinear with inertial axes)

Unit [Error in Inertial Axes Error in Target Axes
Error in feet per unit error in feet per unit error
Error Dimension -(E)XI I (E)YI I (E)ZI Range. | Track ] Altitude
D. Initial Platform Misalignments about Inertial Axes
Asmxa ‘milliradian| +1 +12,907] -29 -25 +12,907| -13
Asvyvi milliradian| +16,144 | -1 +8,991 || -236 | -1 +18, 478
A milliradiani -21 -7,433 | +2 +12 -7,433 | -17
7 (SM)Z1
E. Gyro Drift Errors
BDX meru -0.1 +183.8 | -1.2 -0.9 | +183.8 | -0.7
Blas  "Bpy meru -218.1 0 -184.6 | -51.6 0 -281.1
Drift  "gpz meru +1.3 | +167.5 |+0.1 0.6 | +167.5 | +1.2
ADIAX meru/g 0 +137.8 |+0.3 +0. 3 +137.8 | +0.1
Accele- Ay meru/g 2.0 0 |+.3 +2.1 0 1.1
ration  "apraz meru/g -4.1 | -288.0 |-0.3 +1.8 | -288.0 | -3.8
Sensi- ADSRAX meru/g 0 -1.5 0 0 -1.5 0
tive ADSRAY meru/g -413.1 0 -321.0 || -72.8 0 -518.1
Drift | ADsraz meru/g o |-1s 0 0o |-Ls 0
A%p 2
(TA)IA)X meru/g ~0.1 +315.7 |-1.0 -0.8 +315, 7 -0.6
Accele- 2
A°D 2
ration (1A)(1A)Y meru/g -75.9 0 -55. 6 -10. 4 0 -93.5
A%D 2
Squared (IA)1A)Z meru/g +13.3 }+730.3 |+L.0O -0.6 +740.3 | +12.1
.| a2
Sensi- |A"D(SRANSRAX | meru/g? 0 +63.8  |+1.0 -0.8 |+63.8 | -0.6 |
tive A2D 9
(SRANSRA)Y | meru/g -1,230.3 +0.1  [-843,1 || -119.0 |+0.1 -1, 486,
Drift | 3
A Disra)(SRA)Z meru/g2 +1,1 +49.5 [+0.1 -0.5 +49.5 +1. 0
2
A"DIANSRAIX | meru/g? 0 -0.6 0 0 -0.6 0
A%p 2
(IA)}(SRA)Y meru/g 20. 2 0 -6.6 +4,3 0 -20.8
2
A"D1A)SRA)Z | meru/g? 0.1 |-4.8 0 0 -4.8 -0.1
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Low G Earth Re-entry Trajectory
IMU POSITION ERROR COEFFICIENTS (PART I)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in feet per unit error in feet per unit error
Error Dimension (E)X1 (E)YI [ (E)ZI Range l Track Altitude
A. Initial Condition Errors along Inertial Axes
Initial (E)XIO foot +2.523 0 +1. 570 -1. 316 0 [ +2, 664
!
Position ()Y, foot 0 +0,162 0 0 +0.162 ‘ 0
Error (E)ZIO foot +0. 976 0 +0. 982 -0, 312 0 +1, 348
Initial (EWVsio | ft/sec +1, 504 0 +617 -953 0 +1, 317
Velocity  [(E)WVyq | ft/sec 0 +808 0 0 +808 +2
Error (E)VZIO ft/sec +508 0 +1, 337 +273 0 +1, 404
B. Accelerometer Errors (In-flight Effect only)
ACBX crn/sec2 -31, 063 -18 -5, 709 +17, 294! -18 =17, 449
Bias ACBY cm/sec? -16 -18, 466] -19 +4 -18, 466 | -25
ACBZ cm/sec2 -5, 161 -19 -24,529| -8,547 | -19 -23, 564
Scale SFEX PPM -11. 847 -0.005 -1. 594 +9.226 | -0.005 -7.601
Factor SFEY PPM -0 -0.056 -0 0 -0.056 0
Error SFEZ PPM +4. 607 +0, 017 +16. 98 +5,.037 | +0. 017 +16. 855
Accel. SFNCX PPM/g -15. 57 -0.01 -2, 36 +11, 99 -0, 01 -10. 21
gons- SFNCY | PPM/g 0 ~0. 58 0 0 -0.58 0
Factor SFNCZ PPM/g -6, 71 -0.02 ~21.95 -5.87 -0.02 -22.19
Error
C. Misalignments of Accelerometer Input Axes
Accel.{ About
Axis
= vt : _ _ _ + . _
- Y SM A(X)Y milliradian 16, 811 18 5, 156 11, 866 16 13, 245
- - + -
ZSM A(X)Z milliradian 113 0 51 69 0 103
XSM A(Y)X milliradian - - - - - -
Y . R - — ~ — " =
ZSM A(Y)Z milliradian
- - : +1 P -
XSM A(Z)X milliradian|] +43 0 100 16 0 108
Z R . N N — — _ _
YSM A(Z)Y milliradian
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Low G Earth Re-entry Trajectory
IMU POSITION ERROR COEFFICIENTS (PART II)

(SM axes colinear with inertial axes)

Unit [Error in Inertial Axes Error in Target Axes
Error in feet per unit error llin feet per unit error
Error Dimension I(E)XI l (E)YI (E)ZI Range |Track [Altitude
D. Initial Platform Misalignments about Inertial Axes
Agm)xt milliradian| +58 +11, 744 | +117 +13 +11, 744 | +130
Asm)vr milliradian |+18, 295 | +22 +17,498 || -6, 320 | +22 +24, 514
Asm)zr milliradian {+108 - 10, 459| +45 -68 -10,459| +96
E. Gyro Drift Errors
BDX meru +0. 2 +209.3 |-0.5 -0.4 | +209.3| -0.3
Bias  I'gpy meru -309.9  |-0.4 |-605.9 || -56.1 | -0.4 -678. 2]
Drift  gpgz meru 0. 7 +484.7 |+0.1 0.5 | +484.7 | +0.5 |
ADIAX meru/g  [+0. 2 +53.7 |+0.5 +0.1  {+53.7 | +o.6
Accele- iy meru/g  |-3.8 -0 -2.4 +2.0 | -0 -4.1
ration  Fapraz meru/g  |-1.0 -335.3 |-0,2 +0.7 | -335.3 | -0.7
Sensi- A DSRAX meru/g 0 -2.6 0 0 -2.6 0
tive ADSRAY meru/g -300.9 {-0.4 |-448.0 || +19.5 |-0.4 -539. 3
Drift A pSrRaz meru/g 0 +1.2 0 0 +1.2 0.
A%p 2
(TAXIA)X meru/g 0. 3 +86.7 |+0.4 0 +86. 17 +0.5
Accele- 2
A°D 2 | _ _ + -
ration (IANIA)Y meru/g 14.7 0 22.0 0.9 0 26.5
A%p 2
Squared (IA)(IA)Z meru/g®  |10.6 +407.1 |+0.2 -0.8  |+417.1 | +0.7
a2
Sensi- | A"D(SRA)SRAIX | meru/g? 0 +10.1 0 0 +10.1 0o
tive A2D 9
(SRANSRA)Y | meru/g® [r471.3  |-0.6  |-580.1 | +94.6 |-0.6 -741,5
Drift |72 ~— |7
AD 2 +1 0 +1 0
(SRAXSRA)Z | meru/g 0 6.5 0 6.5
2
A"D(IA)SRAX | meru/g? 0 1.2 0 0 |12 0
A%p 2
(IA)(SRA)Y meru/g 111, 4 0 -10. 4 +4, 2 0 -14. 8
2
A DrANSRA)Z | meru/g? 0 -6.4 0 0 -6.4 0
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Low G, Extended Range, Earth Re-entry Trajectory
IMU POSITION ERROR COEFFICIENTS (PART 1)

(SM axes colinear with inertial axes)

Unit Error in Inertial Axes Error in Target Axes
Error in feet per unit error in feet per unit error
Error Dimension || (E)X] (E)Y; (E)Z, | Range Track | Altitude
A. Initial Condition Errors along Inertial Axes
Initial (E)XIO foot -1, 239 0 +7. 918 -6.199 0 1 +5.080
Position (E)YIO foot 0 -0, 953 0 0 -0.953 | 0
Error (B)Z;5 foot +0,158 0 +3.501 || -3.098 0 +1. 637
Initial (EWxio | ft/sec +570 0 +2,586 || -2,518 0 +819
Velocity (E)VYIO ft/sec 0 +249 0 0 +249 0
Error (EWV,15 | ft/sec -1, 892 0 +6, 913 -5, 002 0 +5,133
B. Accelerometer Errors (In-flight Effect only) '
ACBX cm/sec? -68, 362 0 -1,137 || +35.615! ¢ |_+58, 363
Bias ACBY cm/sec? 0 -43,421] o0 0 -43, 421 0
ACBZ em/sec? || +59, 558 0 -181, 840]| +126, 601] 0 -143, 475
Scale SFEX PPM -3.577 0 -1, 943 +3. 480 0 +2.104
Factor SFEY PPM 0 0 0 0 0 0
Error SFEZ PPM -20.752 0 +63.558 || -44.283 0 +50, 093
Accel. SFNCX PPM/g -3.71 0 -4.30 +5, 59 0 +1, 02
gons. SFNCY | PPM/g 0 0 0 0 0 0
Factor SFNCZ PPM/g +28.95 0 -110. 47 +80. 57 0 -80.92
Error
C. Misalignments of Accelerometer Input Axes
Accel.| About
Axis
= O - _ - + _
< Youm A(X)Y milliradian| -3, 269 0 15, 972 15, 427 0 5,273
ZSM A(X) 7z milliradian 0 0 0 0 0 0
XSM A(Y)X milliradian - - - - - -
Y - - - — —
ZSM A(Y)Z milliradian
i1liradi 0
XSM A (Z)X milliradian 0 0 0 0 0 0
z . ; - . - . - .
- YSMl A( Z)Y milliradian
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Low G, Extended Range, Earth Re-entry Trajectory
IMU POSITION ERROR COEFFICIENTS (PART II)

(SM axes colinear with inertial axes)

Unit [Error in Inertial Axes | Error in Target Axes
Error in feet per unit error in feet per unit error
Error Dimension ‘(E)XI J (E)YI | (E)ZI Range lTrack Altitude
D. Initial Platform Misalignments about Inertial Axes
Asm)xa milliradian| 0 -939 0 0 -939 0
Asm)vI milliradian |[+624 0 +26, 695( -23, 331 0 +12, 987
A(SM)ZI milliradian 0 ~-2,822 0 0 -2,822 0
E. Gyro Drift Errors
BDX meru 0 -763.6 0 0 -763.6 0
Bias BDY meru +787. 9 0 -595.6 || +114.3 0 -981. 0
Drift - I'gpz meru 0 +335.9 | 0 0 [+335.9] o
ADIAX meru/g || 0 -62.7 0 0 -62.7 0
Accele-pray meru/g 0 0 0 0 0 0
ration "anpraz meru/g 0 -36.5 0 0 -36.5 Q
Sensi- ADSRAX meru/g 0 0 0 0 0 0
tive ADSRAY meru/g -82.5 0 -229.9 || +240.1 | o -45,3
Drift  [ADsraz meru/g 0 0 0 0 0 0
2
A D) a)x meru/g? 0 -51.7 0 0o |-51.7 0
Accele- 2
A'D 2 0 0 0 0 0 0
ration (IAX1A)Y meru/g
A%p 2
Squared (IAX1A)Z meru/g 0 +12, 2 0 0 +12, 2 0
1,2
Sensi- | A"D(sRA)SRA)X | meru/g> 0 0 0 0 0 o |
tive A2D 2
(SRAXMSRA)Y | meru/g +238. 4 0 -451,0 +268, 0 Q -434.0
Drift |73~
A D(SRA)SRA)Z | meru/g? 0 0 0 0 0 0
2
ADA)NSRAIX | meru/g? 0 0 0 0 0 0
2
A"D1A)SRA)Y | meru/g? 0 0 0 0 0 0
2
AD1a)SRA)Z meru/g2 0 0 0 0 0 1 0
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