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FOREWORD

This report fulfills the final reporting requirements for ''Development of
Control Systems for Space Shuttle Vehicles' performed under National Aero-
nautics and Space Administration Contract NAS8-25181. The program was
conducted under the direction of John M. Livingston of the Aero-Astro
Dynamics Laboratory, George C. Marshall Space Flight Center. The
Honeywell Systems and Research Center work was managed by Dr. Grant

B. Skelton with C.R. Stone as principal investigator. T.W. Chase was

co-investigator.

The report is presented in two volumes. Volume I contains the ten sections
for the main body of the report. Detailed derivations and data are presented
in eight appendixes of Volume II.

Section I was developed by Drs. G. B. Skelton and E.E. Yore and Messrs.
J.G. Rupert, T.W. Chase, R.K. Phelps, A.J. Pejsa and C.R. Stone.
Sections II and IIl were prepared by C. R. Stone (covariance analyses) and
T.W. Chase (conventional analyses).

M.D. Ward generated the covariance data and performed quadratic syntheses

in these sections. T.W. Chase prepared Sections IV, V, and VI and Appendixes
B, G, and H, Section VI was adapted from work performed by M. W. Reed.
Dr. G. Stein prepared Section VII, C.R. Stone prepared Sections VIII, IX,

and X, and Appendixes A,C,D,E, and F. E.D. Skelley synthesized the
quadratic controllers and obtained the covariance results of Section XIII.

MSFC provided the trajectory, aerodynamic, and mass properties data for
Vehicle B. Data for the North American orbiters 130G and 134C were used
without restriction by permission of Mr. A.B. Kehlet of the North American-
Rockwell Corporation, Messrs. Stone and Chase and Mrs. B. M. Kizilos
estimated missing data by use of the DATCOM Handbook, slender body

theory, and impact theory.
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APPENDIX A
LAUNCH PHASE RANDOM NORMAL WIND MODEL

The random wind model used in Sections II and III is discussed. This wind
model is used as the "normal” wind for pitch plane studies and as the side
wind for the lateral investigations.

The random wind model is the Skelton differential fit (ref. 6) of Vaughan
wind data (ref. 5). This wind model will be referred to as the Vaughan-
Skelton model.

The Vaughan-~Skelton model is used in two different ways in this report. First,
the differential equation model is used directly in covariance analyses in Sec-
tions II and III and for the quadratic control synthesis in Section II, Second,_

an analog simulation of the differential equation was performed to generate
typ1ca1 samples. One of these (Figure '7) was stored on magnetic tape and
used in the manner of a ''synthetic wind'' for the analog simulation studies of
Sections II aand I,

The wind vy, is taken as made up of a mean vy and a random component %
(page 29 of ref. 6).

Yw ~ Vw TV
L(A1)
= v _+ 0w
where
w 0 c3i1 w ¢4 Vh
= + n (A2)
X -c5h —c4h X Cq Vh
g = standard deviation of the random component
h = altitude
n = unity white noise
a, = 0.95. 107%/m



0.735 - 10"%/m

32 =
_ . -8
ag = -0.91- 10
cy ='\/2(a1 -a2a3)
-4 _12, 12
= [2(0.95%x 107+ 0.735- 0.91x 107" °)]
= +1.378 x 10" 2/m?/?
_ 9 1/2
cy = [2(a1+ ag a3) c5] - 2:;11c1
- _4 8., 112 -4 -2
L [2(0.95 x 107%) (1.442 x 10°%)] - 2(0.95- 107%)(1.378 . 107%)
= -0.965x 10~ 8/m3/2
c3 = +1
c, = 2a,=1.9- 10%m
4 1= L
) 2
Cg = a; *dy
= 1078 (0. 95% + 0.735%)

= 1.44 x 10°8/m?

For altitudes up to. 32 km, the mean wind is taken as the E-W component at
Cape Canaveral during March (page 13 of ref. 5. It is plotted in Figure Al.
For altitudes greater than 37 km, v, is taken as 20 m/ sec.

Similarly, for altitudes up to 30 km, the standard deviation ois taken as the
E-W component at Cape Canaveral during March (page 13 of ref. 5). These
data were smoothed as is shown on Figure A2. For altitudes greater than

30 km, it is assumed g= 5.7 -(1/6000) {(h - 30, 000) for h > 30, 000m where

o is in m/ sec.

The a's are taken from page 23 of ref. 6, and the formulae for the c's from
pages B~6 and B-7 of ref. Al
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Equations (A3) and (A4) which follow are an alternative (which was used in
this report) to Equations (A1) and (A2). Equations (A3) and (A4) were derived
under the false premise that v, would be required at some place in the study.
Equations (A1) and (A2) are the preferred form because less work is required
to obtain them.

Differentiation of Equation (A1) and use of Equation (A2) yields

v o= +9 (A3)
w w w
¥ = ow+ow
w
= Uc3i1x+01Vl.'1 +ET/0‘7
X = -c5hw-c4hx+c2 ﬁn
c5ﬁ ~ . ,\/-—’
= -5V - c4hx + Cqy hn
Hence,
v o/oc c30'h v ocy Yh
) . + n (A4
3N I P VT !
X > Cy X Cy

For simulation purposes ‘-’w [{Equation (A3)] and the coefficients of Equa-
tion (A4) are needed as functions of time. Most of these are calculated in
Table A1l,

Columns 1, 2, and 3 are taken from Table 1 (3. 0g limit trajectory) of ref. 18.
Column 6 is taken from Table 3 of ref. 18,

h = VR cos YR is presented in column 4 (VR = relative velocity;
YR * flight path angle)

o (column 7) is read from Figure A2, corresponding to the
altitude in column 6.

The data of Figure A2 were differentiated and plotted as Figure A3.

~



Table Al, Coefficients of the Differential Equation
1 2 i p) 6 7 8 9
t Ve Y h Vi . h o do/dh o
Sec n/sec deg m/sec (m/sec)? o w/sec (m/sec)/m m/sec2
0.0 0. 90.0 0.0 0.0 0. 4.7 .00078 . 00000
k.0 19.6 89.8 19.6 L. b3 38. b7 .00078 .01530
8.0 Lo.1 89.8 Lo.1 6.34 158. b.7 .00078 .0312
12.0 61.5 89.8
16.0 83.9 88.7 83.9 9.17 1. 5.1 .00080 L0671
20.0 107. 4 85.8
24,0 132.3 82.u 131.0 11.4L 1509. 5.5 .00081 .106
28.0 159.0 78.8
32.0 187.7 5.4 181.5 13.48 2758. 6.% .00087 .158
36.0 218.5 72.1
L0.0 251.5 69.0 234.5 15.3 Lhok, 8.5 .00095 .223
L4.0 286.3 65.8
48.0 320.6 62.6 284.5 16.88 6511. 10.7 .00117 .333
52.0 354.8 59.4
56.0 389.9 56.3 325.0 18.00 8%55. 14.1 .00157 .510
60.0 426.8 53.1
63.9 465, 4 50.1 357.0 18.9 11662, 16.7 -.00014 -.050
66.0 L87. 4 u8.6
72.0 557.5 bh.2 388.5 19.72 14681. 13.4 -.00144 -.560
78.0 638.8 40.1 17086.
84.0 732.1 36.3 434.0 20.85 19628. 9.2 -.00041 -.178
90.0 837.7 32.8
96.0 PHL.9 29.7 L73.0 21.8 25094. 6.9 -.00032 -.151
102.0 1083.3 26.9
108.0 1222.6 24,4 505.0 22.9 30997. 5.5 -.00017 -.08u41
114.0 1372.8 22.1
120.0 1528.3 20.1 525.0 22.95 37222, 4.5 -.00017 -.0875
126.0 1685.7 18.2
132.0 1844.8 16.5 524.0 22.9 43581, 3.5 -.00017 -.0874
138.0 2005. 4 15.0
14k4.0 2167.5 13.6 510.0 20.95% 49853. 2.5 -.00017 -.0850
150.0 2330.9 12.3 501.0 52910. 1.88
156.0 2495.6 11.1 L81.0 21.95 55879. 1.4 -.00017 -.0801
162.0 2661. 4 10.0 466.0 587L9. .9 -.00017 -.0793
168.0 2828.3 9.0 443.0 21.0% 61506. 0.4 -.00017 -.0740
169.8 2879.7 8.7 437.0 £2328. .32 -.00017 -.0734
5




Table Al. (Concluded)

10 11- 12 13 14 15 16 17
ofc c30 h clo/l'l— 106(c5f1)/a Cl‘l.'l -106c2V lin ;E-H v,
1/sec ft:2/sec2 ft:/seca/2 l/ft;2 1/sec 1/ft sec? ft/sec ft/sec
. 0000 . 0. .0 .0 0 0. 0.

.0033 1003. .940 .ook17 .0037 1.307 b
.0065 2055. 1.35 .0l1k .0076 1.87 1.8 2.4
.0132 4620. 2.12 .0219 .0159 2.7 7.4 10.1
.0193 7780. 2.85 .0318 .0249 3.37 17.1 23.35
.0228 13620. 4,23 .0349 .0345 3.965 31.3 up, 7
.0263 21550. 5.87 .0369 .OULS L,51 50.1 68.5
+.0311 32900. 8.16 .0354 L0540 b.g7 73.6 101.
+.0362 49500. 11.48 .0307 .0617 5.30 101.5 246,
-.0030 64300. 14.30 .0285 .0678 5.55 130. 246,
-.0417 56300. 11.9 .03865 .0738 5.80 113.5 223.
4.5 163.
-.0193 43100. 8.67 .0629 .0825 6.15 29.5 9k.
-.0219 35200. 6.80 .0915 .0896 6.43 10.2 o
-.0153 30000. 5.59 . 1224 .0958 6.63 5.5
-.0194 25550. 4,66 . 1555 .0996 6.75 6.5
-.0257 19200. 3.51 .2055 0995 6.74 65.5
-.034%0 13780. 2.55 .272 .0969 6.65 6.5
=355
-.0571 7270. 1.39 459 L0914 6.46 6.5
-.0872 . 690
-.185 1912. L.475 .0841 6.21 .5
-.229 1.818
6
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do/dh (column 8) is read from Figure A3, corresponding to the altitude in
column 6:

o =nh 'STG is tabulated in column 9.

h and do/dh are from columns 4 and 8.

0/ 0o in column 10 is the quotient of & and o from columns 9 and 7. b/c is
required in Equation (A4).

The remainder of the coefficients in Equation (A4) are tabulated in columns
11 through 15. Conversion from m to ft is made during these calculations.
The coefficients of Equation (A4) are presented in Figures A7 through A12.

Finally, x-r is required. v as a function of time (column 16) is obtained from
Figure A1l and h (column 6). v(t) is plotted in Figure A5. ¥ is obtained by
differentiating the data of Figure A5. ¥V is plotted in Figure A4.

All of the data required are contained in Figures A4 through A12.

For the covariance analyses Figures A5 through A12 (for the mean wind and
for the coefficients of Equation (A4) were tabulated at 5-second intervals
(Table A2),

The analog simulation is presented as Figure A13. vg at the top left is the
synthetic wind rate; its simulation was provided for but not used. Function
switches 20 and 21 provide for selecting combinations of the synthetic,
Vaughan-mean, and Vaughan-random winds,

Amplifier 10 (on the left near the bottom) generates time. It drives the
servos (SM2, 3, 4).

Pot SM4A generates the mean wind rate. Pot SM4B generates (c/0)v, etc.
Figures A5 through A12 contain the values for the analog simulation.

Figure Al4 presents a typical recording. The top trace is the output of
amplifier 80 (lower right corner of Figure A12). The amplitude of the analog
room white noise generator changes over a period of weeks. Pot 4 was
adjusted to 0. 311 to yield peak (3 @ values of 7. 5 volts from amplifier 80,

The remainder ot the traces of Figure Al4 are self explanatory. For the
single sample analyses of Sections II and III, the analog simulation was used
to generate the sample presented as Figure 1 ; it is also stored on magnetic
tape in the Honeywell analog room.
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APPENDIX B

EQUATIONS, DATA, AND SIMULATIONS FOR
CONVENTIONAL LAUNCH STUDY

This appendix presents the equations, data, and simulations used in Sections
II apd III. Figure Bl gives the reference trajectory used in these studies,
supplied by MSFC.

EQUATIONS

References 19 and 20 provide the basic equations. Appendix H gives nomen-
clature for this appendix. The 6-degree-of-freedom rigid body equations
were decoupled into:

° Longitudinal trim equations
° Longitudinal perturbations
L Lateral perturbations
The longitudinal trim equations were used to estimate the required angle of

attack and composite pitch gimbal deflection needed to fly the reference
trajectory. The force normal to the trajectory is:

13FE u qS

o .
+ cos yp (g - r—)+ U ¥R - H(CN +C‘N ao)

0 = -

a +8
o y

o

The moment equation is:

0 = 13FE[

Table B1 includes the data needed to compute these trim requirements.

ap and 6, versus time are plotted in Figure B2. The actual §, is shown by
the dashed line. The 8§, shown by the solid line would occur in vacuum; the
deflection needed to track the cg.

§. +z ﬂ—zé]+qSL (Cm +C‘m ao) (B2)

X o —X
CG 76 Yo CcG o o

The perturbation longitudinal equations were in body axes, although often
described as stability axes because the unperturbed x axis was chosen to
lie on the reference trajectory, rather than the body x axis. Figure B3
shows the launch vehicle reference pitch geometry, while Figure B4 gives



PARAMETER ﬂnAx AT STAGE
MACH 1.56 9.27
ACCEL 58.4 51 REFERENCE S&E-AERQ-GT-5-70 OF 2-4-70
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Figure B1l. Launch Trajectories, 3 and 4 g's
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Table B1l. Pitch Simulation Data
_[ Trim Data
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 |21 22 23
Time| W10-%{ m107% | 1 1078 xee |T10°%| & | @sim ﬂli M, f“o wh, |z, z, | M, z, . Cn O Cn
Y t/sec - (4g's) | (4g's) {1t/ sec?) ° a o

0 3.5 | 0.109 3.71{ 91 |s.2 0 o jo - -- - -- -- -- -- -- - -- -
3 | 3.46(0.107 ! 3.66| 92 | 5.2 5| 0.5]0.03 {-0.03 60 -5.0| -1.5 | -0.027 |-1.43 | -49 48 -0.028| 2.9 | -1.0
13 | 3.32/0103 | 3.51| 94 [523 |45 | 4.5/ 028 [-0.27] 210 | -13.0( -13.1 | -0.063 {-1.49 -5 50 -0.028 . 2.9 | -0.96
23 | 3.19|0.099 | 3.36| 97 | 534 (188 | 18.3| 1.21 |-1.1 330 | -33,0| -56.0 | -0.170 i-1.54 | -54 53 82 | -0.87 | +0.02 |-0.027| 2.9 | -0.90
33 | 3.05|0.005 | 3.20| 99 | s.44 [366 | 30.6| 2.48 [-2.2 640 | -34.0{-115.0 | -0.180 |-1.61 | -57 55 75 | -0.85 | +0.02 |-0.027| 2.9 | -0.88
43 | 2.91| 0.090 | 3.,05]| 101 | 560 |59 | 67.3| 4.20 |-3.15| 920 | -34.0{-168.0 | -0.183 |-1.71 | -62 58 69 | -0.79 -0.01 |-0.007| 2.5 | -0.75
53 | 2.78 0.086 | 2.90| 105 | 5.72 {728 | 87.0| 5.35 |-5.3 | 1195 | -s4.0[-270.0 | -0.226 |-1.76 | -66 56 63 | -0.78 | -0.04 |+0.014! 3.1 | -0.99
63 | 2.64] 0,082 | 2.7af 107 | s5.87 [783 | 99.0| 6.27 |-4.7 | 1500 | -31.0]-248.0 | -0.165 |-1.86 § -72 58 |50 | -0.76 -0.04 | +0.006] 2.5 | -0.75
73 | 2.50) 0.078 | 2.58 110 | 5.94 |750 | 9.0 6.30 {-3.4 | 1870 | -18.0{-138.0 | -0.106 |-1.93 | -7s 64 44 | -0.71 -0.04 0 2.0 | -0.54
83 | 2.37| 0.074 { 2.41| 114 | 6.0 (59 | 820 5.30 |-2.0 | 2370 -8.4|-140.0 [ -0.059 |-1.99 | -8 74 35 | -0.60 -0.04 { -0.002| 1.7 | -0.38
83 | 2.23| o.069 | 2.24) 117 | 6.03 |437 | 65.0] 4.21 [-1.1 | 2943 -3.8| -98.0 | -0.033 |-2.08 | -87 80 30 | -0.52 -0.04 | -0.005f 1.5 | -0.26
103 | 2.09] 0.065 | 2.06| 121 | 6,04 |317 | s0.0| 3.33 | -0.5 | 3600 -1.4| -62.0 | -0.017 |-2.15 | -83 88 | 25 | -0.45 | -0.04 | -0.005] 1.2 | -0.15
123 | 1.86] o.061 | 1.86| 125 | 6.05 |220 | 37.0 2.56 |-0.2 | 4180 -0.5| -37.0 | -0.0088[-2.24 | -100 96 | 21 | -0.37 -0.033f -0.007] 1.0 | -0.08
123 | 1.e3| 0,057 | 1.86| 128 | 6.05 |150 | 27.0| 1.96 | -0.12 | 5325 -0.2| -24.0 | -0.0045(-2.37 [ -106 104 18 | -0.31 -0.03 | -0.007| 0.9 | -0.08
133 | 1.70] 0.053 | 1.46] 133 | 6.05 | 103 [ 19.7] 1.53 | -0.05| 6324 o | -17.0 | -0.0027}-2.53 |-114 113 15 | -0.26 | -0.03 | -0.008| 0.85] -0.03
143 | 1.54] 0.048 | 1.15| 140 | 6.05 [ 72 | 15.4] 138 | o 7440 0 | -12.0 | -0.0016[-2.84 |-126 125 13 | -0.22 -0.03 | -0.008] 0.8 | o
153 | 1.42| o.04a | o.91| 145 | 5.7 | 53| 12.3] 1.27 [ +0.05| ses0 0 -9.0 | -0.001 [-3.07 |-129 128 11 | -0.20 -0.03 | -0.009| 0.7 | +0.014
160 | 1.33| o.041 ] o0.74| 150 | 5.35 | 42 | 10.5] 1.84 | +0.07| es12 o -6.0 | -0.0008|-3.18 | -129 129 10 | -0.17 -0.03 | -0.0t0] 0.6 | +0.06
s = 10,250 6% St = 2.17 x 10°

L = 2118
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NOTE THAT THE REFERENCE AXES FOR PHYSICAL LOCATIONS
(C.G., HINGE LINE ETC) ARE POSITIVE X AFT, Y INTO PAPER,
AND Z UP AS GIVEN BY MSFC. THE C.G. CENTERED AXES

FOR ANALYSIS ARE X FWD, Y INTO PAPER, AND Z DOWN

ZREF

3

L&
%
l +

ENGINES RESULTANT
HINGE LINE xd,zb

HORIZONTAL
Zg 1‘5
" M
&
-1W -1|W-W ] .
= A W RESULTANT
ap = TAN U, TAN [U‘Uw RESULTS FTj,

Figure B3. Launch Vehicle Geometry
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Figure B4.

Z NORMAL TO
TRAJECTORY
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Launch Vehicle Perturbation Geometry;
Stability Axes
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Cag

perturbation geometry. The simulations ignored the longitudinal perturba-
tion u. The resulting 2-degree-of-freedom perturbation equations used were:

Pitch acceleration
6 = q = qu+MwwA+M66+M‘66 (B3)

Inertial z axis acceleration

W = qu -gsinyg 0+ans (B4)
Where the acceleration due to normal forces was:

arg =ZWWA+z66 +Z'6'6 (B5)
The acceleration normal to the trajectory

VN = 3cg ~ Ay O (B6)
Accelerometer at station 0

a, = arg+ q(xA—xCG) (B7)
Normal component of velocity with respect to the air mass

Wp = WHsinyp wo (B8)
Gimbal acceleration

- - 2 26 - . 38

6=-2Cw 8 -w_ "(6-6.)+— q+ a (B9)

n n i 24 aaCG CcG

Bending moment data supplied by MSFC are shown in Table B2. The pitch
bending moment offsets were not considered, consequently, the equations used
were of the form:

M’ = M’ oa+M'_ 5 (B10)
o 8

The bending moments were computed at three distances from the nose: 660
inches, 1,300 inches, and 1, 880 inches,

23



Station

Pitch:

Yaw:

Table B2,

MSF C Bending Moments

O ———

9 Q IQ <9
~ ©
N @ o 5.
M’ = M’ a+M’_5
e o) i
106, 1070 MY, in.To/deg | 107 m
Station | . lbs/dg- offset,
. g for +a for -o in. lbs
660 - 1.62 -5.72 - 6.72 7.98
1300 -15.05 -3.17 ~11.2 | 104.2
1880 -22, 8 +5. 84 -10.1 | 182.1
14 - 4 7
N N'gB+N 5,0
1078 7g [ 107875
Station | 4 1/deg| in.1b/deg
660 | - 8.96 - 1.62
1800 | -19.5 -22. 8
24



The angle-of-attack bending data supplied by MSFC (Table B2) were for the
max q condition. The derivative M’, was therefore assumed proportional

to the normal acceleration derivative Z_, for which aero data were available
along the trajectory. The following sub%titution was then made in the bending
moment equation:

. ? Z
Ml = —Nig ———-——WWA
a
uo w
at at
max q max q

The lateral perturbation equations had three degrees of freedom. These
equations have no apparent product of inertia effects. This is done by modify-
ing the stability derivatives as explained in Table B3. The product-of-
inertia effect is included in the primed derivatives of Table B4:

Roll acceleration

- = ’ ’ ’ ’ ’ PR 2 " ’ P
p—vaA+Lpp+LI_r+L6 éa +Le 6 +L. 6x+L.. 6,+L 62+L.. Gz

& 8
a X 5x 6a z 6z
(B11)
L ’ ’ ’ ’ ’ P
r = NVVA+Npp+NI‘r+N6 6a+N6 6x+N.. Gx (B12)
a X 8
X

Lateral acceleration

v o= -ur+ ACG + g sin wa + g cos ypo (B13)
Acceleration due to lateral forces

ACG = YVVA +Y626z +Y626z (B14)
Acceleration normal to the trajectory

Y - 15

VN Ang + WA, + g cos ypo (B15)
Acceleration at station 0

Ay = ACG +r XCGO - X, + XCGt (B16)

25



Table B3. Honeywell Definitions

Mnemonic Symbol Description Computation
ALTITUDE h Altitude
MACH M Mach number
WEIGHT w Vehicle weight g*m
C.G. Distance from aerodynamic
reference to center of gravity
along the X body axis
ALPHA T ar Total angle of attack @, * 57.296
DELET Oe Total elevon deflection de * 57,296
T
EAS Equivalent airspeed
VELOCITY v, Venicle velocity
DYN PRES a Dynamic pressure
Q SUBC ac Pitot differential pressure
P SUB S Ps Static pressure
2
Ixz I
L’ SUB B L'g (LB S5 Ng (1-1111-
X X'z
2
I
L’ B DOT L' (LB + -:X—Z Ngl/|1- I‘(—IZ)
X X'z
I 2
’ ’ XZ XZ
L SUB P L p (Lp E(- Np 1 -I;rz_
L’ SUB R L’ Prime voexz A I;—Z
r Derivatives r IX r IXXZ
xz | g
L’ DEL Al L'g Aileron Ly + i, |- BE
ai ai X ai X'z
xz Tz
L' DEL AG L'g Primed gimbal Ly +-— Ng 1= 55
x ao X ao X'z
1 o
L' DEL RG LIO Derivatives Lb + BZ Nb 1 -I—xlz—
z r Iy r X'z
1Y IY Moment of inertia about Y axis
I XX Ty Moment of inertia about any
axis system (i.e., principal,
122 I, stability, body, etc.)
1X Ix Iygcos’n +1,sin2n +1, sin’r
Moments of inertia about a new 2 2
12 I axi8 system rotated in the X2 - I,,co8°n - sin 2n + 8in°n
z plane by an angle n. zz ,XZ S(Z
1 Xz Ixz lxzcosZﬂ - Uyx- L2 1/2 8in 2n

26
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Table B3, (Continued)
Mnemonic Symbol Description Computation
IXZ/12
! xz/1z
1IXZ/1X
Iy /1y
THRUS1 Z T, Normal component of trim thrust
THRUST T Tx Total thrust along the X axis
OMEGA SQ w2 M, + 2y M
2 ZET OM 20 2Cw M, - M- Zy
ZOEI * zaeo
T SUBA TA 1 -Zw - o1 n Ma
My + M, )]
er €0
A [2
OMEGA A wa w
ZETA A A 2¢w/2w
Y SUB B Yg Dimensional derivatives CYB q é/m
Y B DOT Yg ? * CYB q Sb/2Ulm
Y SUBP Y, Cy a Sb/2utm
o]
Y SUBR Y. Cy q Sb/2U01lm
r
Y DEL Al Yy Cy aS/m
al 8ai
Y DEL AO Ys Cy qS/m
ao S0
Y DEL R Y Cy qS/m
r 5.
X SUB M Xpg cXM qS/m
X SUB A X, Cy qS/m
a
X A DOT X; de q Sc/2m U1
X SUBQ Xq Cy aSc/2mUi
q
X DEL EI X5 Cx. q Sim
ei ei
X DEL EO X Cy @S/m
eo S0
Y SUBV Yy Dimensional derivatives CYB qS/m U

21
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Table B3. (Continued)
Mnemonic Symbol Desgcription Computation

Y V DOT Y, Dimensional derivatives Cyy d Sb/2mU1?
N’ SUBV t # N'g/u
L’ SUB vV L'B/U
Y DAI/U1 Yaai/m CYa q S/mu1

ai
IXZ UNTR Ixz ag input
¥ DR/U1 Ybr/Ul CYa q S/m U1

r
L SUBB Ly cLﬂ{;Sb/Ix
L B DOT Ly CL‘B a sv? /21,01
L SUB P L, ch a sb? /21, U1
L SUB R L. cy a szlzzxyl
L DEL Al Lbai CLaai ti,Sb/IX
L DEL AG be
L DEL RG L,
N SUB B Ng CNB q Sb/IZ
N B DOT Ny CNB q szlzlzm
N SUB P N, cNp q suzmzm
N SUB R N, Cx a szlzlzul

. N DEL Al Noai CN"., q Sb/1,,

N DEL AG Ng, ‘ ‘
N DEL RG Ne,
N’ SUB B N'B Primed derivatives (Ng + KlmLB) / Ky®
N’ B DOT N'B 1 (Ng +K; L) / K,
N' SUB P N'p Primed derivatives (Np *Ky L /K,
TRy tlgplliKy = 1.0 - 2, /g1,




Table B3, (Concluded)
Mnemonic Symbol Description Computation
N’ SUBR N’r Primed derivatives (N, +K, L) /K,
N’ DEL Al N’y Ny +K, Lg )/ K,
ai ai ai
N’ DEL AG N’
°x
N’ DEL RG N's,
X M/ U1 X/ Ut Dimensional derivatives Cx q S/mU1
M
X SUBW Xw 4 4 Cy q S/mu1
[+
X W DOT Xy Cx qSe/2mu1
a
X Q/U1 xq/ux Cx q Sc/2muU1
q
X DE! Xy /U1 Cx q S/mu1
ei Gei
X DEO/U1 Xy /C1 Cx q S/mUl
€o 6eo
Z M/U1 Zy CZM q S/mUt
- "
Z SUBW Zyw CzaqS/mL
Z W DOT Zy c,. q Se/2mU1
a
Z Q/ul zq/m c, q Se/2m Ul
q
2 DEI/U1 Zg U1 c, q S/muU1
ei 6ei
Z DEO/UIL Z, ft1 c, q S/mU1
eo beo
M SUB M My CMM q Se/1,,
M SUB AL M, CMa q sc/l,,
- L2
M AL DOT M, CM& q Sc IZIYUI
C., §Sc?/21,u1
M SUBQ M, M, a Y
M DEL EI My v v Cu, GSo/ly
€1 ' ei
M DEL EO My Dimensional derivatives Cm q Se/ly
eo eo
L

29
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Table B4.
Stability Derivatives

FLT CON 4
ALTTTUDE 126.06000 Y SuB V
MACH +05660 N°® SUB V
WEIGHT 3499999,99998 L' SUB V
C.6. 200060 Y R/U1
ALPHA T .45837 Y Dal/UL
DEL E T +48393  IXZ UNTR 470004
EAS 62,40411 Y DR/UI
VEiACITY 62451930 L SuB R
Cas 62.42969 L 8 DoY
DYN PRES 4,62815 L suB P
Q sys ¢ 4,63178 L SUB R
P S8 § 2106.58236 L DEL A
Lesys 8 *»,01438 L DEL AG
L' s DOT +00000 L DEL RG
Le sus P +00060 N SuB R
LY sUB R =.08211 N 8 Do7
LeAfL A =,03123 N SUB P
L*DFL AG 2472362 N SUB R
L'DFL RG v2,81692 N DEL A
1y $00900.,00090 N DEL AG
1 xxy 400000,00000 N DEL RG
1 27 360800000,00000 N'Sus 8
1 x 30399999,99976  N'B Dot
12 360799999,99609  N*'SUB P
1 xy 46999999,99976  N*SuB R
1x2/12 +13027  N'DEL A
Ixz21x 1.5460% N'DEL AG
THRUIST 2 43919,17818  N'DEL RG
THRUST T $200000,00060
OMEGA $Q 02781 X UsU1
2 IFT OM +02024 X SUB W
T Sus A 49.39661 % W DOT
OMESA A .16%26 X asU)
ZETA A «06125 X DEl/U]
Y suB 8 -.40152 X DEO/U1
Y 8 pov «00040 2 U/U1
Y siB P «00000 2 SUB W
Y Sus R 400000 2 W DoY
Y NEL AL +00000 I Q/U1
Y DEL AO +00090 7 DEI/UI
Y DL R »00000 2 DEO/V]
X SuB U v.08729 M SUB 1)
X Sus A *.01266 M SUB AL
X A DOT 0000q0 M AL DOT
x sys @ «00000 M SUB @
x péL €1 «00000 M DEL FI
X aFL £0 +00060 MOEL EO

LAT DEN S4% «,798602 $3% «,032048 S22

ev026720

« 00084

000000) ( o,20349,

.020322 s2=
2000860 »¢00%4%)( =».01102,

»00000) (

30

Numerical Values for the Dimensional

-oQ0642233
'.06062997
‘,000@3@03
QOOOQOQQO
+000000n0
00.,00060400
000000400
we011a8812
«046000d00
,06600600
onﬂOOdOO
12996764
«2.20386076
=e01222307
'OOOGUGQO
+00000440
+00000000
v,02691910
000061839
201841453
el 44715166
-, 00187343
«000006400
«00000600
‘0Q3370773
'0004656Q1
-, 33618147
1.81%4106%0

°090069603
*,n0020244
+00000400
000000000
v00060000
¢00000600
+»00000600
=+02024430
+000606400
-060@0600
9000060400
«00000n00
*,00182942
vyN2731111)

:ggOQOQOU

00000000
000604600
+00000400

«.920000E 20
«000000E~8)
.000000E=890
«000000E<80
«000000E-80
«000000E~80
«000000E~-80

©e460000E<01
«000000E-80
«000000E=8D
«000000E=-80

-, 100000E 09
+000000E80
+000000E=80
«.000000E=-83
«000000E=8)
»000000E-80

«,100000E 01
+860000E=-03
+000000E-80
+000000E«80

«e5N0D00E=0!
«.290000€-01
«000000€E=89
«000000E.80
«000000E=80
«000000E=80
«000000E-80
«.290000E 01
+000000E-80
«000000E-80
«000000E-80
+000000E«80
«+28D0000E=01
=, 100000E 01
«000000E=80
«000000E-80
+000000E=80
«000000E=30

«001323 8l3 «,00%915%5 $0s -.000159

09304,

2027313 si= e 000046 s0=

(& see)

016623y (

.095%04¢ o,16623)

.000001



[

(

Fi't CON

ALTrTUDE
MACH
WETGHT
C.0,
ALpHa T
Dei' e T
EAS
VELACITY
CAS

Dyn PRES
Q sus ¢
P sun 8
L*SB B
LY n DOY
L suB P
L* sus R
LenéL A
LOnEL AG
LeDFL RG
1y
1 xx

1 27

I x

1 2

1 x?
1x2,12
Ixrlll
THRUSY 2
THRUST T
OMEgA SQ
2 1T OM
T S8 A
OMEBA A
Ze¥y A
sus 8
8 DoV
suys P
sSus R
DEL Al
pst AO
neL R
sus U
S8 A
A pOT
sue Q
nee €1
p#L €0

I I I € € €< € < <

LAT DEN Sam «,805224

*s0TT13,

LON pEN Sas 1,000000
201080 ¢

.0012%,

31

~+920000E OC
«000000E=80
«030000E«8¢
+000000E-89
«000000E-8D
«D00000E-80
«D00000E~-80
©,460000E-01
«000000E-80
«000000E80
«000000E-80
-,100000E 00
«000000E-80
+000000E-80
=¢170000E-01
+0000U0E~80
«000000E=80
«.100000E 01
«T40000E-03
«000000E-80
«000000E<80

s 500000E-01
=+290000E=01
+000000E~80V
«000000E-80
«000000E=80
.000000E-80
«000000E=80
«,290000F O1
+000000E=8n
+000000E=-80
«000000E=80
«000000E=80
=, 280000E=-01
=+s960000E 00
«000000E<80D
«000000E-80
<000000E-80
«000000E~80

016908 Sl= «,019443% SO0z -,001629

.°°|27. ee01080) ( -.03.80.

(2

~e23307)( =o34458,

Table B4. (Continued)
12
1180,00000 vy SuB v =,02100024
»18000 NY Sslp v -, 00011625
3321999.99998 L' SUR v ©e 00074987
« 000060 Y R/ e04060400
o, 48837 Yy Dalsul +00000400
52327 1X2 UNTR 45000100,00000400
196.78368 Y DR/U] .ooooonoo
200,22484 L SuB R ve11534418
196, aosas L B Dot v00040600
46,02146 L SUB P 00060400
46,39544 | SUB R 006000600
2027.%0867 L DEL A »,250748}5
=.15014 | DEL AG .2,22%82079
#0000 L DEL RG ©e01341193
.ooOoo N SuB B ~e00371476
16210 N8 DOT +060006A00
31110 N SUB P + 00000600
*2,72648 N SUB R e, 08730798
~2,784G4 N DEL A 000616170
3%0900000,00000 N DEL 46 0020321870
30100000,00040 N DEL RG «1,49039496
345400000.00060 N*'SUB B =o02327580
30099999,99976 N'p DnTY 10060000600
345399999,99609 NesuB P 000000000
44999999,99976 N'SUB R v, 10842699
«13028 N'DEL A ~s04036978
149882  N'DEL AG ve33488774
47764,24829  N'DEL RG ©1.85310%47
szsoooo 00060
027230 X usn e,00228161
«06622 X SUB W “0006622%
15,10069 X w Dorv v0§0G0A00
«521a) X Q/s/U1 «000006A00
006348 X DEI/U) +06040d00
«4,20687 X DEO/UL «00000600
.000no 17 UsUl «00000G600
00000 7 SuB W .o 06622478
+00000 2 w Dot +Q0000400
.00000 2 azuy «00000400
00000 ? BEl/N) 00000600
100060 2 DEO/UI 200000600
e.914a7 M SuB *,01588442
-.13260 M SuB AL 27230435
200000 M AL DOT 100000400
«00000 M SuB Q 266000600
200000 M DEL €I +00000400
,00060 MDEL EO +00060600
$3z «.10422% S2& .
¢00000)( 414813y +23307)( .14613,
$S3s  ,067047 $28 +2723%9 Slms =.000686 $O=

«0000Y)

+000030

.52076)‘ ‘003‘80' ..52078’

&)



Table B4. (Continued)
Fi v CON 24
A TTITUDE 49%0,00000 Y SuR v =-s 04184454 ~«920G00E 0N
MACH »390A70 N* sUp v “s0002%5324 +0000C0E-80
WETGRHT 3185999,99998 L' sUp v *e00147697 «000000E~80
C.G. 00000 Y R/UIL 000006400 «000D000E-80
ALPHA T »2.00538% Y DAl . 000001600 «0000C0E=80
DEi E T 1.14745% 1XZ UNTR 43006r00.00000600 «0G0000E~80
EAS 397.704%9 Y DR/L] «000004300 «D0COCCE-B0
VELACITY 428,11476 L SuR A -087586914 «e46000CE=0]
Cas 399,07537 L 5 Det +00000AG0 +000000E«80
DYN PRES 187,975a8 L SuR P +06000600 «COCDOCOE-B0
Q sus € 195,232719 L SUB R +00000600 «000000E~80
P sus8 s 1764.08752 L DEL 2 wl.03349814 «.100CCCE GO
LveB B “,63231] L DEL A6 «2.24787129 «DDODLOE-B0O
L* A DOT «C0000 L DEL RG =403090910 +0CCCCRE-8D
Le sys P « 00000 N syB B *.02612%46 . 7905G00E~D1
L' SUB R *,30976 N B DoT +00000400 +00C0CDE=8D
LenfFL A »1.272%3 N SUB +00000400 «0000C0F =80
L*nFL AG v2.68762 N SyR w ~s17435%5) = 20LLCLE O
L*RFL RG «2.779%6 N DEL A W00C65314 «7C0NULED2
Iy 335600000,00000 N DEL A6 «04802356 «000000E-8N
I xy 29800000.00000 N DEL RG ele54313%¢7 «0G000NE-80
1 27 330400000.00040 N'sys # “,10841773
1 x 29799999.99976  N'B DoT +00000000
17 330399999.996n9 N'SUR P +00000600
1 xy 42999995,99976 N'SyB R ©,21386b6097
1x7/,12 «13015 N*'DEL A “s16496041
1x2/1x 1.44298 NY'DEL AG *e30475782
THRUST 2 106935,6533¢0 N'DEL RG «1.90488214
THRUST T  %340000.00040
OMFGA SQ 1.09026 X usus «e00%45830 «s60000CE-0!
2 7FT OM «13191 X SUB W «a 00909716 «.200000E 00
T SuB A 7.%8099 X w Dorv +00000600 «00000BE=8y
OMFGA A 1,044]18% X Qs «00000600 +«000000E=-80
IETA A 06317 X Del/siuy «00000600 »000000E-80
Y sug B «17,915%29 X DEO/U} « 000000600 «000000E=80
Y A DOT »00000 7 usiny ¢00727773 «8000G0E-D]
Y suy8 P 00000 1 SuB w =e13190RR4 «4290000E 01}
Y sus R <0000 2 w Dot +00000000 +000000E-80
Y neL Al «00000 Z Q/Uy +00000700 +000000E=80
Y nEL AO «00000 2 DEI/M1 v00000600 +000000E-80
Y nFL R «00000 2 DEO/UY «006000000 «020000€~-80
X suB U -4,673%8 M SUBR N - 065415834 e, 270000F-01
X suB A =3,89463 M SyR AL «1,09025731 =+900000E 00
X A DOT +00040 M AL TNT «00000400 +000000E-80
X sus Q «00000 M SuUB 0 +00000600 «000000E-80
X neL El +00000 M DEL FI +00000400 +000000E-80
X nFL EO .,00000 MDEL EO «00000000 «000000E=-80
LAT DEM-S“. .-812206 $3a ‘-2083‘4 52= .080761 Sl' 00038627 SO= -, 00624Q
€ =s12anas 400090) ¢ ,20827s 426350)( .2C827+ =426350)( =,%4900, ,00000)
LON DEn S4= 1,000000 S3a .138166 S2¢ I, 093845 Sl= «.606793 SO ,000020
t 2003714 400299)( 400311y ©000299)( ~.07120. 104242} ( *eN7120,1.04242)
(24 s&)

32



(

(

Fi't CON

ALTITUDE
MACH
WETGHT
C.c.
ALPHA T
DeL BT
Eags

VEL acITY
Cas

DYN PRES
Q siud ¢
P sus s
Legys 8
L* m DOT
Ly sy ¢
L suB R
LeneEL A
L'NFL AG
L'NFL RG
Y

Xy

77

X

12

I x»
Ixz/12
Ixz,11
THROST 2
THRUST 7
OMEGA $Q
2 IfrT OM
T suB A
OMFGA A
1ETA A
SuUB 8
R NOT
S8 P
Sum R
NEL Al
NEL AO
nFL R
S8 U
L1].)

A Dor
sus Q
peL £l
nrL EO

L W

P 22k o L €€ €

LAT DEN S4= =,819448
¢00000) (

« 00000«

LON DEn Sas 1,000000 $3s=
0015023 ¢

008814

ald21a.

$3m «,269A42%9 ¢2x

Table B4.
32
. 90%G.£7240 v syd v
G039 Nt sllp y
304899--?‘=:? L* sUg v
c250ag Y rR/U1
52758 Y Dalstny
*eC9177 1XZ UNTR
528.30268 Y prR/U]
60%.69312 L SuB ®
534,08128 L & DoT
331.7n082 L suB p
388,32804 L SuB R
1509.,79401 L DEL &
=.20234 | DEL 46
ed00Gd L DEL PG
«00000 N SuUm A
*,2361) N 8 DatT
-2.24080 N 3uB P
-2.777?5 N SUB R
=-2.7317: N DEL A
320500000.000&0 N DEL &G
29500000.Gacqa N DEL PR6
31%60G000.06G000 NES|)8 A
29499999.99876 N'p Dot
315999999.906n9 NeSuB P
40999999,92927% MPsyfQ R
12991 Nt'DEL &
1.38983 N'DEL AG
~-8713,03346  N'DEL RG
%440000.00000
1.,20212 X Uzt
.17102 X SuUR W
3.016482 Yy w Dov
1,41142 X Qs
«06080 X DEl/U]
-30.87929 X DEO/U1
.opdec T U/
~0c0Ga0 7 SuUP w
.00086 2 w DeY
200660 2 QsUl
06000 Z DEI/sUL
«08300 Z DFO/sU)
-10.05372 M Syl U
«2.08256 M SR AL
+06000 M AL DOT
.00000 “ suB Q
«00060 M DEL EI
.08000 MDEL EO

«00000) ¢

(Continued)

=+05098174
=s0N0034728
=e00048266
+00000600
+00000600

41000700,00000600

.23017.

o00861e =o01%02) ( -.ﬂ962?-

«00000460
+06000600
«000060400
«000060400
«00000400
el1.84403166
-2,271181%)
v00258265
*e172%647]
+000000600
«00000600
22766210
000108891
°e00363767
=le61247843
-.21034559
«00000600
+000000600
“s27782463
36480269
«1,9673%a70

©20082993%
*400343030
«00000600
10604060600
+00000000
006000400
+00177243
.e171918%17
»000004G00
+00000600
»00000600
+06000400
-.120870¢2
«1499211696
+000000¢0
+00000000
+004060460
+000006C0

-160760 s1% *.012736 S0=
.00000, ‘ ‘.6611' ]

.181210 S2= 1,993718 Sls= wo022348 SO0z

=.860000E 09
+OUUOCOE=BG
«000000E-80
+000000E-80
«000000E=80
«000000E-80
+000000E-80
+000000E=~8D
«000000E-80
«000000E=80
+000000E-80

=+100000E 00
«000000€-80
9+000000E=-BN

««100000€ 00
+«000000E-80
«000000E=80

»e 100000 01
+630000E~03
«000000E=80
«D00000E-80

«e700000E-01
«+580000E-01
«000000ESBC
+000000E-80
«000000E=-80
+000000E-80
«150000E=-01
«e290000E 01
«000000E-80
«000000E~-80
+U00000E-80
+D00000E=80
=+270000E-0!
=+890000E 00
«000000E-8C
«000000E=80
«000000E~80
+000000E=-80

.000000
«00000)

.000513

1:40938) ( =ei96229=1040638)

(32 se)



Table B4.

Ffiv cob 44

ALTITUDE 17800.,00000 Y SuyB v
MacH + 87000 Nt sUp v
WETGHT 2912999.,99997 L' SUB V
C.6. +000460 Y R/U)
ALPHA T *:9740) Yy Dalsu)
DEL ET 2.2502% 1X2 UFTR
EAS 689,351638 Y DR/U
VELACITY 910.30534 L suB B
Cas 719,02222 L B DpT
DYN PRES 565.02815 L SuR P
Q g8 € 680.18908 L SuB R
P sus § 1065.56217 L DEL &
Lesyd 8 « 76999 L DEL AG
L 8 DOY «00000 L DEL RG
LY sUB P «00060 N SuB R
LY sUB R “,43750 N B DoT
LYnFL A =3.83%s1 N SuB P
LYNFL AG «2,62799 N sSuB R
L'DFL RG ©2.,84063 N DEL A
I v, 30%200000,00060 N DEL AG
i xx 29200000,.00000 N DEL %6
1 17 300700000.00060 N'SuB B
I X 29199999.99976 N'B DoT
t 2 300699999.99649  N'Sua

I x7 38999999,99976  N'SyB n
I1x7/12 12970  NT'DEL &
Ixy/1x 1,33%562  N'DEL A6
THRNST 2 220272,22443  N'DEL RG
THRUST T %610000.00000

OMEGA $Q 3.00298 X usun

2 IFT OM «18285% X SUB W
T sSuB A 5.,46896 X w DoT
OMEGA A 1,73291 X QsU1
TETA A 05276 X DEl/UY
Y syB B -51,2132% X DEOsUN
Y B DOY « 00000 Z U/

Y suB P «00000 7 SUB W
Y sSus R »000q0 I W DOT
Y DEL Al «00000 7 Qs0

Y DFL AO »00000 2 DFI/U
Y DFL R «00000 ? DEO/
X Sum U «23.04686 M Suyd U
X SuUB A «7,23418% M SUB AL
X A DOY «00000 M AL DOT
X sus Q +00000 M SUB Q
x neL El +00000 M DEL EI
X nFL €0 00000 MDEL EO

LAT DEN $4m «,826774 838 «,317337 s2s
e17211) 0 2403361y w1721 ¢

{ «40334610

LAN DEN S4= 1,000000 S3s

PERAL K LA

«00000) (

102721,

«60000) ( «.11376.

34

«60006.

(Continued)

~e (15626162
*y (10056735
00084586
+006000400
¢00000400

39000A700,000006G60

+00100600
1,4%978%06
+ 00000600
+00000600
«00000000
=3,17344578
=2.29275116
-y06712096
=061632602
»000000600
+00000500
27082166
+0017%653
«090092%4
el 7081%097
*+51646400
«0030CanN0
+00000000
©s32786430
~y89569897
-, 28069280
«2.07687263

ve,012658p6
=e00794¢95
00000000
«00000000

»00000000 -

« 00000700
00745466
we182850627
¢000600000
+00000700
100000400
+00000400
- 15605872
«3,00298425%
000900000
+000060700
000000400
« 00000400

200000 ( «,91667

«.B00600E 0N
" .00000UE-B81%
«U0DGI0E=80
«000000E~80
«000000E=80
«070000E=80
0450000E~01
«000000E=80
«000000E-80
«0GD0DDE=82
«.100000¢ 00
«000CG0E=80
.000000E-80
«+200000E 0O
#UU000UE-80
+000000E-8D
=, JUD00VE 0]
«570000E-03
«000000E-80
«D0DOD0E=B0

©s9D0GUDE Dl
e 1130GUE OC
«000000E=89
«D000COE=8D
«0000G0E«8¢C
«000000E80
«530000E~01
-e260000E 01
+00UQCOE-8C
«000000E=80
y000000E=-80
«000000E=89
ee700000c-02
-, 75GOGOE LD
«00VOU0E-8)
+000U000E-82
+0JU0D00E-B2
«000000E=80

,013934
«00007)

+204877 82z 3,807064 S1m -,0602%8 SN= «,000373

1¢73188)( «o113769=147318%)

(4455@\

[



Table B4.

FLT CON 52
ALTTTUDE 25200.00060 v SuB v
MACH _ 1.,12000 N* SUR ¥
WEIGHT 277%009.999a8 ¢ sum v
Ce6, +360480 Y R/
ALPHA T =1:31720 Y DAl/U]
OEL £ 7T 7.9902% X7 UNTR
EAS 788,72474 ¥ DR/U)
VEi'aCITY 1137,41249 | suB ®
€AS 824,647 | B DpY
DyN PRES 684,34807 L SuB P
Q sis ¢ 923,47456 | suB R
P sus 8 778,%03s) L DEL A
Lesus 8 «2,31621 L DEL AG
L* a pov +000q0 L PEL RG
Ly sug P 06040 M SuB B
Lt sus R ;0484203 N B DoT
LepEL A «4,78318 N sSuB P
LYDFL AG «2,27667 N SuB R
LYDFL RG =3,08043 N DEL A
1y zeqaonoqo,onoao N DEL AG
T xi 23800600.08000 N DEL RG
1 22 209700000,00040  N'SUB B
1 | 20199049,99976 Neg DoT
11 28%699999.9964A9  N'SUB P
1 x7? $7999999,99976  N'SUB R
1x2/11 018241  N'pEL A
Ixz/12 . 1.831942  N'DEL AG
THRUSY 2 795)05,985090  wepEL RG
THRUSY T 3720000400060
OMEGA 8Q s.08447 X usu}
2 IFY OM 23600 X SUS W
T Sus A 4,23738 X W Dev
OMERA A 2,24826 ¥ a/ny
ZETA A .08248 x DEI4UL
v Sis 8 -110,623a0 X DFOLUL
y 8 nov +00000 Z usny
Y 8B P -00000 2 SuB W
Y sus R ¢0004C 2 W DOT
Y DEL Al +00049 1 Q/U}
Y DFL AO e000d0 ¥ BEIN
Y nFL R «06040 2 DEOJU}
X sus U «65,07243 M sSuBs U
X sus A 15,4340 M SuB AL
X A DOY 200040 M AL DOT
X sus Q 200000 M 3UB O
x DeL E! «00090 M DEL EI
X n#L £O .00008 MDEL g

LAT DEN 84 «,82450%5 83n «,356411 s2a

{ =«24388, ,00000)( «¢58647, 00000} ¢

LON pEN $4s 1,000000 SS= 30800

{ «e 00079, ,00000)( +07201s

«19887.

(Continued)

»e097259:8
-, 06066369
“Iointato
;0000060
108080490

38000606,00000500

«000004600
*2.,22082704
06660400
«00060400

+ 05080400
=3,89583492
©2,30380371
cy24418367
,!3"’200
1048080400
+«00080400
v27621993
200117816
032337860
*1473980%66
e 07243821
«0d0060440
«00000400
',33501300
©62703560
+ 02086473
w2,149269%)3

vy 02860564
'oq1395;68
10004600
;31386 00
«00000600
06060400
«01573310
©e235%599654
004000600
+000§0600
»000004500
«06000400
014296028
«5.05886492
906Q 0600
y00000400
00080600
00000400

32840 ¢

=e136000E 01
»000000E=80
«000000E80C
+000000E=80
«000000E~-80
«000000E-80
+000000E=~380

©,570000E=01
+060000E«30
«000000E-80
«000000E«80

«,100000E 09
+000000E=80

00ROQOE-80
«608000E=01
+008000E+80
«000000E-80C

= 100000E 01
«300000E-03
+000000E~80
«008000E~80

*.200000E 00
=.190000E 00
+DO0000E=80
+008000E-30
«0DO0D0E~80
+000000E~80
«110000E 00
««330000E 01
+000000E=~80
90000005'50
«000000E~80
«000000E=80
+140000E-01
*«990000E 00
»000000E-80
«000000E=80
+000000E-80
«000000E =80

L03286) Sls «,084064 803 «,017365
219887¢ =032848)

;: B2x 9,070028 Slw «,317178 80= -,003%91
H000) { walBl18, 2,24985)( wo18115042024955)

35

(52 sed)




(Continued)

Table B4.
ST CON 64
ALTITUDE 38300.00000 Y SuR v
MACH 1,%6000 Ne silp vy
WEIGHT 2638999,99998 LY sUr v
C.G. +00040 Y R/UY
ALPHA T «00000 Y Dal/ul
DEf £ T 3,294)) 1X7 UNTR
£AS 780.85472 Y DR/L]
VEILNCITY 1%510,81639 L suB #
CAS 898,99716 L 8 BerT
YN PRES 724,63848 L sud »?
Q sys ¢ 1125,39080 L suB R
P sy § 42%.04401 L DEL &
LesyB B ~2,24887 L DEL AG
L' n DOTY «00000 L DEL RG
Le sUB P + 00000 N SuB B
LY suB R ®9335489 N B DoT
L'an A e2:5152% N suB P
LYNFL AG w2,62671) N suB R

"DFL RG -2, 96534 N DEL A
! 274100000,00060 N DEL 46
1 xx 28400000,00060 N DEL R6G
1 22 270400000.0060060 N'SUB B
[ 28399959,99976 N'B Dot
1 7 270399999,99609 N'SUB P
Xy 38999999,99976 N'SUB R
txr/712 213314 N'pDFL A
Ixzs1x 1,26761  N'DEL AG
THRUST 2 337299,98183 NIDEL RG
THROST T 5310000.00000
OMEGA $Q 4,20875% X usn
2 IFfT OM .16196 X SuB W
T syl A 6.17428 X W Dot
OMEGA A 2,07081 X QsU)
2FTA A «03911 X DElsU)
Y 8 B -123.293§9 X peosul
Y R BOT +00000 I U/Uy
Y sus P +00000 7 SUB W
Y suB R «00000 7 w bey
Y NEL Al «00000 2 Q/U1
Y nEL AO «00000 Z DEl/U}
Y BFL R «00000 Z DEO,sUL
£ SHUB Y «-79,7%2%2 M Syt v
X SuB A =3:62311 M suB AL
X A DOT .00000 M AL TOT
X sy Q .00000 M sus 0
X. DEL EI »000460 M DEL €1
X nrL €O .00000 MDEL EO

LAT DEN s4= «,83123¢ S33 «,300%53% g2¢

( =e13681¢ +00000)( 25603y 4219991

LON 5EN S4x 1,200000 S3s

{ =e0029n, «00000) ( 008389,

+00000} ( =.16265.

36

«+ 08158059
-y 00016907
©,00145n38
2000004700

. «00000400
36000000.06000600
+000000N0
vl.92488476
+0000060C0
»0000006G0
«00000400
w2,062266404
©2:35525463
=o10705983
0043354357
oongoﬁoo
«00a000CH
~y23272169%
«000%2740
015536057
], 86007367
025242855
v00GalaGo
«00000ACO
«, 27997167
=,3344763)
we21414947
«2,2%486786

., 02639185
»000004C0
+00D00A00
«00000600
200000700
e 00479R8A

=,16196226
«06000£C0
«00090000
+00000ACO
00000060
06841158

=4.2887q849
«00030500
+ 00000660
¢ 06230600
2000920900

«193336 sim .,039838 s0=

+2%603. =e¢21999)( =473

20074806)( 4,16

(&:A.fsa;)

we136C00E G
+000000E~-8N
.nOOOGGE-BC
«GOU000E-8D
«DINDCE-BD
«000000E=8y
«00G02CE-80

©o460000E=01
+0000(CZ«80
«00CO0C2E=-8C
«0000C0E=-80

-.‘..00 L"ol
00500280
«000LCCE-89
010500221
s 000CCCEED
0CB5CsImEY

«e106G0C5E €1
1200202003
e0050523:2-89
«0000C0E=-80

«.,220000€ 00
«e400000E=01
«0000UYE-8N
«0000UNE=-80
«000000E-B0
«00000CE=8)
«40C000E=01
-e270000E 01
«000CUCE=80
«0000LDE=80
«0000C32-89
eb6QUCOJE-02
~e 7506505 27
«00000CE-H8D
+0500G0E-BC
e033000Z-8"
Y Tl o

-, 009547

679y +0000N)

244311 328 4,301604 Sl «,35%(1594 S0s «,GUlud4

265.22.07406)



FI.T CON

ALTITUDE
MACH
WEIGHT
C.6.
ALPHA T
DEL E T
EAS
VELNCITY
Cas

DYN PRES
Q sus €
P syn $
LesyBs 8
L* 8 DOT
L suB P
LY sUB R
LenFL A
L'DFL AG
L*NFL RG
I v

1 xx

1 77

1 x

1?7

1 x7
1x?2,12
Ixz/1x
THRUST 2
THRUST T
OMFGA SQ
2 7FT OM
T sud A
OMFGA A
76TA A

Y sus 8
8 DOTY
sus P
sys R
NEL Al
DFL AO
nFL R
s U
Sy A
A DoTv
suys Q
pEL E!
nrL EO

M 3 P2 I > € € € < < <

Table B4. (Continued)

T2

48200.00000 Y SuR v =+s06401320

1,94000 N* Sle v -, 00032843

2902999,99925 LY SUp v “,00192%05

.00000 Y r7UY + 00000400

*.17189 Y DatsUL +00000600

2.94028 1XZ UMTR  340000006.00000000

76%.40913 Y DR/UI +0000006C0

1878.83577 L suR 8 ~2.86487¢29

906,31%10 L 8 DT 100000400

696,2%418 L sus ¢ «00000600

1146,71497 L SuR R +«000606400

264.07448 L DEL A «1¢39151134

»3.61686 L DEL 4G ©2,39827230

.OOOQO L DEL PG -.09920?32

«00000 N Sus B oe134441¢6

., 21769 N8 DeT +00000600

elebblde N SuB P +000080600

-2,68473 N SUB R =s19081256

=2.92922 N DEL A +000268€8

258000000,00000 N DEL A6 012318176

ZYOOOOO0.00DQo N DEL PG el,93140782

254800000.,00000 NtsuB R *e61706804

27899999,99976 N'S DoT 200000400

254799999.99805% N'SUR P +00000AG0

33999999,99976 N'SUB R v, 22787611

0133404 N'DEL A ©,22141675

.1.21864 N'DEL AG »,23506310

304602.84’§1 N*'DEL PG =2,32227¢27
$940000.00000 .

3.1517)% X usin ve015%63¢81

.107%0 X SuB W =,00263871

9.302n6 X W Dorv « 00000670

1,771%31 X asul 000000400

+03028 X DEl,11) 200000700

-120,27C29 X DEO/U1 «000000C0

-OOOQO 7 u/u) 000“495§B

+00000 7 SuB w «s 10750349

+00000 2 W DCT »000000C0

.00000 2 Q/VU) +00000060

+ 00000 ? DI/t 00000600

oﬂooqo 2 DEO/UI «04000400

-58.7%801 M osuB U 00000600

-‘09577_1 M SUB AL «3.18%172¢78

»00000 M AL DOT »000006C0

+00060 M SuB O +00600AG0

.00000 M DEL FI +00000600

«00000 MDEL EO 000000000

~.131000E 01
«0GCOUOE-BD
«0GUOOO0E=80
+000000E-80
«000000E=80
«00U000E=-80
+C0CO00E=80

=¢700000E=01
<000000E~80
<600000E~80
+00C000E+80

=+340000E=01
+0000G0E-80
+000000E-80
=«330000E-0!
+000000E=80
«00U000E=80

-.100000E 01
«6000U0E=-04
«0600U0E=-80
+000000E-80

«s160C00E 00
«,54G6000E-01
«GUOCO0E-80
«N00D0CE-8N
«000000E~8C
«000000E-80
«46GCU0E=-01
-,220000€ 01
00000005'80
«000C00E=80
«000000E=-80
«000000E-80
+000000E=-80
«e540000E 00
+UD00V0E=80
+000000E=-80
+0C0000E~89
«000000E-89

LAT DEN S4s «,837387 $3= ©,244419 s2= 504510 Sl® -,0%1907 0= -,009369
{ =0e09329¢ ¢00000)( 422936+ «00000)( .%4010., +00000)( «.96806. +00000)

LON DEN_S4s 1,000000 S3s .168174 $2a 3,158272 Slm «,191218 S0= -,000471}
{ ©s0028%, +00000)( +082649 +00000) ( =.114220 1aT77740)( =,114229=1.77740)

(1= sec)

37



Fit CON

ALTTTUDE
MACH
WEIGHT
C.6.
ALPHA T
Dei e 1
EAS
VELACITY
Cas

DYN PRES
Q snus €
P syms 8
LesB B
e m DOT
LY sus P
LY sUB R
LeNFL A
LINFL AG
LIDFL RG
Y

Xy

27

X

7

X?
1X2/7112
Ixz/s1x
THRUST 2
THRNIIST 7
OMEGA SQ
2 2FT OM

e ) b et

MDD IC I o L L L € -
i
®
<

LAT DEN S$4m «,843369

« =e06248]10

(AN DEN S4= 1,000000

{ «.00!‘50

Table B4. (Continued)
84

64400,00000 Y SuB v », 04003234
2.%0000 N' SUe v =400025919
2366999,99997 L' SUB v w,00148331
+00000 Y R/U 20000060C0
».28648 Y Dal/in +000000C0
3.20919 I1XZ UNTR 32000 "00.06000c00
668,20177 ¥ DR/UY +06000000
ZQZI.LBOII L suB R ©2,8%845385]
820,42647 L B DoT 200000400
530.63533 L suB P 0000006G0
913.,00660 L SuB P »06000600
121,15309% L DEL A ~e730495C%
~3.%9136 L DEL A6 ~2.,44142082
«00000 L DEL RG ce 11136606
200000 N SUB R »s14589136
v,16688 N B DoT +00000400
~.86%536 N SUB P »06000600
-2,70%28 N SuB P «y12081260
'2068247 N DEL & ¢0002]2824
241300000,00000 N DEL A6 013688938
27400000,00000 N DEL RG *1,98610553
238600000.,00000 Nf'SUB B ©e627846438
27399999.99976- N*'p DoT 000000400
238%99969,9984%  N'SuUB P +000000C0
31999999.99976  N'SUB R “.1428943%
13412 N'DEL & ve11%90¢62
1,16788  N'DEL A 22593138
335889,76946  N'DEL %6 2437267639

6000000,00000 .
1.80729 x u/MN ©»00916794
«05501 X SuB W ©.00177247
18,17929 X W Det +00000060
1.3443¢ X Q/sU) ¢ 00000400
«02048 x DEI/1) «000006AC0
96,9273 X DEO/U} +00000n00
«00000 I u/Lh 000293374
+000400 7 SUB W .i"3500764
¢00000 2 w DCT 104000400
»00090 I asU} 200000500
200000 Z DEI/UL »06000600
~ 200000 2 DEG/UL «060060460
«44,39447 M SUB U ce01902415
-4,29147 M SUR AL 180729378
«00000 M AL POT +000000C0
000000 M SUB Q 000000400
.00000 ™ DEL EI +000600600
.00000  MDEL EO + 000600000

«00000)( +14738a,
$3s
«00060) (  +04763¢

$3z =,184275 s2:

200000 ¢ .64554.

v00000) ( ».07342.

38

«.121600E 01
«000CGUE=8N
+0CCCO0E=80
«000000E-80
«000U000E~BO
«UCOCOGE=80
+0000uL0E=-80

«a900000E=D1
+000000E-8D
«0000C0E~80
«00900UE-8C

«s23GC00E01
«0COGOOE~8N
+»00CC00E=-8C

-e8CGEO0E-CI
+000000E8C
«0CBOCTT-80

«. 1GUCCIE O}
«600C00Z-04
«D0LCOLE-BO
«000000E~80

-~,1%0006E 0C
«.580000E-01
«000060E-8D
«00000CE~BC
«0C0000E-80
«0006G00E-85
«2280060E-01
=+1800G0E 01
«000000E-8Q
«DCOOLLE-SO
«0C0000E-80
«0C0000E~BD
-,20U000£.02
=.38G000E 02
«00U000E=8N
«0CUDCOE-8D
«QubOoOuE~8e
«000CTTESSD

.524431 Sls «,04028]1 §0z .,004%58]
0 00000)( =491363

«00D0L)

100847 825 1,509828 S1m =»,N83%563 $03 -,000141

1634883 ( «,07342v]1034583)

(84 cec)



(

FiT CON

ALTITUDE
MACH
WETAHT
C.6.
ALPHA T
Dei' e 1
EAS |
VELACITY
CAS

DYN PRES
Q sus ¢
P syns 8
LSy 8
L' 8 DOY
LY qus P
Ly sus R
L'NEL A
L'DFL AG
LYDFL RG
Y

X

17

X

14

1 x?
Ixz2/12
Ixy/1x
THRUST 2
THANSY T
OMEGA SQ
2 7FT OM
T sus A
OMFGA A
1ETA A

v sy 8
A NOT
SUm P
sS|B R
NEL Al
NFL AO
nFL R
sim U
SR A
A Dot
sum Q
neL El
nrl. EO

e e e

M W W g € A f € € <

LAT NEM Sax «.86R8108 S3= =,103293 S2=
.0000¢C) (

-e0a230,

LN DEN LY %] l.OﬂC-non Saxz
00000y ¢

- NlYos,

210067,

oh3707'

Table B4,
93
77700.00060 v SuB v
3,00000 N® SUB V
2229999,99997 L' SUR v
«00000 Y R/UY
*.974G) Y Dalsiny
3,80602 1X2 UFTR
582.42427 Y DR/U]
290%,41614 L SUR P
732.17047 L 8 DoT
403.14480 L suB P
707.93%70 L SuB R
63.94167 L DFL &
-2,80876 L DEL A6
00060 L DEL PG
+00000 N SuB R
*. 65340 N sSuB P
2,67371 N SuB ®
~2,64886 N DEL A
223900000.00040 N DEL AG
24400600.00000 N DEL RG
221800000,00000 N'suB B
26799999.99976¢ N'p DoT
221799999.99829  N'suB P
27999999,99976  N'SuB R
112624  N'DEL A
1,00478 N'DEL AG
400358,48516 N'DEL RG
£030000.00000
1.01248 X usin
«032n6 X SuB
30,433%6 X w DeT
1.00622 X Qs
«01633 x pel/
-71.00396 X DEO/U1
.00060 7 usn
00000 2 SUR ¥
«00060 Z w DcT
00000 2 aQ/sU}
«00040 2 Del/n
.00000 2 DEO/U1
~33.41363 M sus 1
«5.37005 M SUR AL
+00060 M AL [NT
+00000 M SUB ®
000060 M DEL FI
200060  MDEL FO

«00000) ¢

«067360 S?7= 1.
o£0CP Yy - N )59,

39

-65576.

(Continued)

v, 02443028
«,00019386
*,00096673
«ad0dodco
+00000660

28000600,000008¢0

+ 00000660
»2,22030328
«0004046C0
206000600
«00000600
ee86T741088
w2.49448364
=e13768470
©20866050
»00000600
2000004660
e,08207761
0000178853
016598610
©2,06916548
56323254
« 006000700
«000000C0
v, 08230663
“g17184227
-2,40388429

v, 00875023
“,00184829
00000000
«000006C0O
.000004C0O
006000600
«0026607%
-, 03285046
»060004C0
.00000410
«00000NF0
«000004C0
~¢038941%3
wle01247967
2 0000CALO
#N000GCACO
200000600
«000000C0

1,00730 ¢

(@EB £ﬂzc€)

«s119000E 01
«00CCOCE=BD
«0C0GOOE-80
+000000E=80
«000000E~80
«DC0O00E=B0
+0G0GGO0E-BD

=e900000Ff <01
«NOCGOQOE-B0
+0C0000E~8C
«0G0000E=80

=e22000CE=01
«00CO000E=8C
«000G00E=80

«s7CD000E-01
«00GGOUE-8C
«0GUOOOE=8D

~o1G0000E O}
«60CG00E-04
.00CQ00E-BC
«000000E=8C

«.120C00E 00
-e9CGC00E~G]
«0CCCO0E-80
«0LCO00E=8D
+000000E-80
+00LGOO0E-8C
«65000NE-01
~o16LC0UE O1
¢00CLO0E=BO
«0CGOUGE-81
«0C0GOOE=BY
“+0CO000E-BC
«e56C000E=02
~e26LC00E 0C
«0GGCOOE=8
«00GLO0E-BC
«0C0000E-80
eDULECOE=8"

LBEOUE Slm =a027123 Sz a,L02020
200000V ( «oaB87311

Lur 0

13428 Slm =«4N3g642 SC= =o(CCL4T
e E15G9 4l . 732



F:t v CON

ALTTTUDE
MACH
WETGHT
Y
ALPHA T
Det € T
EAS
VELOCITY
CAS

DYN PRES
es C
2 sum S
L8 8
LT n DOTY
LY sUB P
Ly suB R
LeneL A
LYDFL AG
'NFL RG
Y .

Xx

77

X

I 2

it X7
Ixz/112
ixrsix
THRUST 2
THR(IST T
OMEGA 3Q
2 IFT OM
T SuUB A
OMEGA A
IETA A
sin B
8 DOT
sy P
SuR R
DFL Al

- st em T

R S JEE A SN

neL R
sus U
sSuB A
A DOTY
sSus Q
pEL E!
nFL EO

P I PC IC K g

.aT DEN S4s «,88267)3

vv°2955'

.OH DEN s4® 1,000000

« 001240

DFL AO,

(1o

40

«00000)( «,70797,

=, 115000 01
«0C0GO0E-BD
«0600GOE-B0
+0GCO00E-80
«0CUCO0E-B0
«00DQODE=BC
+0COCO0E-BC

~,900000E-01
+DGCDODE-BD
«0000C0E-80C
«000000E=-810

=a2200C0E=01
+0CDCO0E=-B80
+0CCOCOE-80
we7G0000E=01
«0000C0E~-80
«00000CE-B80

-o1C0000E 01
«6C0C00E~04
+00GOUUVE=-BD
+000000E-8D

«,130G000E OD
-, 1400008 00
eDCCO0UO0E=-BD
«0C0C00E-80C
.000C0L0E=-B80
«QGCO00E-SC
.BSOOUOE.Ol
«.136004E 01
+0C000CE~-BD
«000000E=80
«000C00E-80
«00VOOUE-80
=s5CUC00E-02
eo 150000UE 0N
«0CCCQO0E=BG
«00GCO0E=80C
«0C0000E-80
«0C0C00E-80

372911 Sl® *.016¢92 S0= =.000820

00000

e470483 81% «,012837 803 -.000017

1 68648)( o, 03451y «,58644)

Table B4. (Continued)
102
91800,00060 Y SUB V ©001516990
3.600n0 N® SUe vV 'o000119bl
2093999,99998 L' sue V e, 00038728
00000 Y R/U) +0000004C0O
2.23454 Yy Datsu} . +000000C0
4,78037 1X2 UFTR 2%000Nn00,08600600
800.537C4 Y DR/L) «060000C0
3587,71784 L sSuB B «lo68383374
6al, 51215 L 8 DeT «00000000
297.75109 L SuB P »00000600
530.33818 L sud R 006040660
32,79208 L DEL A =,430313C7
2408939 Lt DEL AG »2.9%9812025
«00000 L DEL PG ®y17880613
100060 N Sus B 0e16TATSST
-.osssa N B8 DCT »00000000
o, 48736 N SuUB P «06000600
=2.66600 N SUB R *o 05379882
-2.52252 N DEL A +000143%3
20%%00000,00040 N DEL AG +21392878
26100000.00000 - N DEL RG v2.138132%8
204100000,00000 N'SuR B °94234034)
26099999.99916 N'B DOT «00000600
204099999,99829 NY'SLR P «00000000
24999999,99976 N'SUR P es06094986
912249 N'DEL & «y0%5985210
.95755 N'DEL AG 0,11282487
503352,07848 N'DEL RG =2,44715022
6040000,00000

47004 x U/ =+s00342972
001715 X SuB W eeND184677
58,31385 X W DoT 900000000
.65560 X asu1 200000000
01251 X DEl/UL 000000600
33097083 X DEO/UI +00000000
«00000 2 U/UI 000224251
00040 7 SUB W *e017148%9
.ooooo Z W DeY +000060600
«00000 ) AN -VA «000000600
.000d0 2 DEl/M +0060000G0
000000 2 DeEO/sU} 200000000
»24,40393 M SUB Il “e03133p6131
-6.51029 M SUBR AL '.‘7004465
100040 M AL DOT v006000000
00000 M SUB Q +000000C0
+00040 M DEL €1 106000600
«00000 MDEL EO +00000000

$3z *,067189 S2=

«00000) ¢ L07%82y ,00000)¢ ,58558.
$3s  ,041843 s2¢
«00000)¢ ,02a842, .60000)¢ ».03451].

1-‘3&:)



Table B4. (Continued)

FLT CON 113

ALTTTUDE 110000.00040 Y SUB v *, 00773648 «,1C7000E 01
MACH 4,340040 N' SUP v #4Q0006270 «00C000E-8D
WEIGHT 1987999,99998 LY sue v =,00030228 .000000E-80
C.6. «00000 Y R/UL 2000060600 «0CGO00E=-8G
ALPHA T «4,01070 Y Datl/wm 000000600 .0CUD0DE-BC
DEL £ T 5.65108 1X2 UKTR 210006500.000006G0 «0CODGOE=BC
Eas 398.69948 Y DR/L) + 00000600 «0OCOUCE-80
YEINCITY A403.44211) L SuB B e1210192225% =s9C0000E01
Cas 520.59342 L B Dov +000006C0 «00CO00E=8C
DYN PRES 148,87963 L sus ¢ +00000000 «0C0D00E«80
Q sus € 3319,68%21 L suB R «0000604C0 «0C0000E=80
P Sus 8 14,580138 L DEL A *e?8160235 «e230000E-01
Lesys B -1,33108 L DEL AG «2,63%535099 «0G0CO0E-8C
L* N DOT .00000 L DEL RG 220881328 «0GO000E-BC
Le sup P .000060 N SUB R =y 12530849 s 720000E=0]
Ly sus R -,02781 N B DCY +06040400 «0GUDDODESBD
LeniL A ve31073 N SuB P 200000600 «D00000EBG
L'DFL AG «2466992 N Sud R es03035407 e 1C0000E €}
LINFL RG «2.,28894 N DEL A 200010625 «600000E-04
1y 186100000,00000 N DEL AG 26077648 «0C0000E-8C
1 xx 29300000, ooooo N DEL RG =2,23224714 »00G000E80
r 12 18%400000,00000 NeSUB R “y276067781

1T x 2%299969,99976 N'B Dot +00000400

17 188399999,998%54 N'SUS P 200000660

1 x7 20999999.99976 NYsyB R =003380403

1x2,12 «11327 NYDEL & “yN3509611

1xz/71X +83004 N*DEL 4G v,04164726

THRYSY 2 595744,.62007 N'DEL RG «2.49181180

THRUSYT T 60%0000,00040

OMEGA $Q 117560 X usin «s00187989 «.130n00E 00
2 IFT OM 00793 X SuB w «y00130146 -.180000€ 0C
T Sul A 125.73247 X w Dot +00000600 «0CGO000E-87
OMEGA A 419089 X Qsul 200000400 e0G0000E-BG
2ETA A 00949 X DEi/sV) »0006004¢C0 «0C0000E=80
Y sys B -34,06716 X DEOsUIL .ooooonoo «LGOOOCE«80
Y n DOTY .000n0 7 usn 00144607 «1L0000E OFC
Y sus P «00040 2 SuB W «e 00795340 -«1100CCE 0}
Y sys R «00000 Z w DoT 000000600 +0CLOUOE-B(
Y DFL Al «00040 7 /U v006006¢c0 +0G0C00E=-80
Y NPL AO .00060 2 DEI/U) +00000060 «000000E-60
Y pFL R «00040 2 DEO/U1 000000600 «0C0DCODE~BT
X S8 U -16.5%6G68 M SuB U v, 03773075 «s?70LCC00E=D2
X sus A -5.73092 M SUB AL 917560426 -y BCOOVOE-D]
X A DOT .00000 M AL TOT .00000nuo e 0GO0CGE=80
X S8 Q .000no M SuB © y000004c0 +GC0000E-80
X DEL EI «00040 M _DEL EI ,06000noo +0C0000E-8N
1 nrL EO .00000 MDEL EO « 06000400 +0G0O000E=8P

LAT DEN S4s «,905983
{ 401827+ +00000) ¢

LON DEN S4s 1,0006000
{ =s00006As +00000){

$32 «.037363 $2:
205433, ,006000)
$3m  ,024120 s2s
.02257-

{

«000001¢ ».82331.

41

48435,

(13 2e)

2249887 Slw «.00BB1B S0z «.0G00245

«0CLCO0)

«1T2TALl Sla «,(03977 S0=2 -,000000
419821 ( «,02331y «=,41082)



7.1 CON

ALTITUDE
HACH
REIGHT
"'lGo
ALPHA T
VeEL € T
EAS
VELOCITY
CaAS
BYN PRES
Q sys ¢
7 S8 S
Lesys B
L* » DOT
LY sus P
Ly quB R
LINEL A
1 NP AG
L*NFL RG
ty
Xy
1 27
L 4
.2
I x7
X711
X271
THRUST 2
THRNST T
IMEGA SQ
2 7FT OM
T SR A
OMEGA A
TETA A
B B
Y R DOT
Y si18 P
Y sug R
v DEL AL
Y neL A0
Y neL R
y sug u
»oSus A
A DOY
sug Q
neL E!
nFL ED

M PC e

Table B4,
123
127000.00060 Y SUBR V
5,00060 N' SUE V
1227969.99998 L' SUe V
«000n0 Y R/U1
«4.01070 Y Dal/\1
4.38362 1XZ UMTR
325,31%8% Y DR/UI
5282,00911 L SuB B
429.73996 L B D07
125.77414 L SUB P
227.%364% L SuB R
7.18078 L DEL A
=+72590 L DEL AG
100000 L DEL RG
+00040 N SuB A
-,01402 N B NoY
»,20836 N SuB P
«2,77863 N SuB R
©1.94033 N DEL &
166200000,00090 N DEL A6
24500000,00000 N DEL RG
166400000,00050 N'SuB A
24499999.99976  N'B DoT
166399999.99878  N'SuB P
16999999,99976  N'SUB R
10216 N*DEL 4
069388  N'DEL 46
458603,81414  N'DEL RG
6600000.,00040
09820 X us/n
+00430 X SuUB W
232.%59706 X W DoT
+31337  x asn
«00686 X DEI/UL
-22.70884 x DEO,UIL
+00000 2 U/
00000 2 SUB ¥
»00000 2 W DO
.00060 2 Q/U}
400000 1 DEI/M]
«00000 Z DEO/U)
-11,80860 M SuB U
«3,40633 M SuR AL
+00090 M AL rOT
200000 M SuB ©
+00000 M DEL E1I
.00000  MDEL EC

(Continued)

=+00429928
«,04002%77
»e 00013743
00000000
006000000

17000800,00000000

4»00000FCO
~e63143754
00000400
+060000C0
00000000
.. 19364085
“2.72669393

- we17935769

©, 06198065
+04000400
200600400

'001q77469
+00N07438
e209023%1)

«2.339708%85%

'913$14q77
«0000UNOO
«00000A0D

'0920207l5

=y, 07485110

v2,93794162

'.q0111751
-,n00fga4R9
+00000000
00000000
«000000G0
+ 00000600
+00048788
=,00429928
0 00000AN0
«000000C0
0000000800
«040000C0
©e02291167
-, 09820145
+000006C0
+000000CO
«0060006C0
00000600

esJLDUONE 0]
o 0f{ GOUNE-BD
«0COGOCE=-B0
«0LOUUOE=-8D
«0CUOUDE~-80
«0CGOO0E=8C
«0L0D0OUE=BN

«e 75UDUDE-DI
«0CUNOOE~BN
«0GOOLUE-BD
«000000E-80

«s23G000E-01
«UGLO00E-B0
«0C0000E-80

««5G0000E-01
«0C0COVE-8D
«00GU00E-80

«, 10G000E 01
eb{O0JUUE=04
«0CGNI0E-8C
+0C0000E-80

-, 1300008 00
=, 1550002 9°
06GN00E=80
«UC0000E-8D
«05GCONE-BC
«LCOOODE-BM
«8(GrOOE=-OD1
-«1L0UCO0E 01
«BCUr00E-B0
«QUCCCOE=-80
«0CUPODESBLC
vGOCGOOE=8D
“e?7L00UVE=L?
~e6L0OC0CE-D]
«UGOLOVE=80
«0LOCOUE=BC
«0CO0CO0E~80

1264049 Sl= «,004112 sg= -.Co0U72

AT DEN S4m «,929111 S3= «,022769 s2= _
33762, L0000M){ =,39552s LOUDOD)

U «o012a%s 4000000 ( ,04604s «00000) ¢

«098252 Slw «,001874 SO0= ,upCC0l
©31400) ( =40172us =o3140M

015477 s2s
200000)( e.01720.

.Yy DEN S4= 1,000000 S3s
{ +01833¢ «00000)( 000592,

(122 cec)

42
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Table B4,
Fi'v CON 132
ALTYTUDE 143000.00000 Y SuB v
MACH 5.700n0 Ne SUg v
WETGHT 1704999,99998 L' Sup v
Cafie .00000 Yy a/n
ALPHA T =4,58366 Y DAl/iny
Der B T 5,633a9 I1x? UMTR
EAS 270.83%72 Y nr/ul
VEInCITY 6190.00019 L syr A
CAS 360.82413) L B NOT
DyN PRES 87.17%17 L sSuB P
Q sSum ¢ 158,31828 L Sumr @
P s s 3.82949 L DEL &
Lesug B =.39037 . DEL 4G
L* A DOT .oooqo L DEL RG
L* quB P «00000 N SyR m
L* suB R ~,0n789 N B8 POT
LenFL A *.14763 N SuB P
L'NFL AG «2,81898 N SR ©
L*NFI RG =1.59339 N DEL &
Iy 146100000.00000 N DEL AG
1 oxx 236N0000.00000 N DEL RG
1 77 147200000.00000 NTSUR R
1 x 21599999.99976 N'B DnT
1 7 147199999,99878 N'S|R P
1 x7 13999999,99904 NYSR P
Ixz/,12 «09511 N'DFL A
1X7/1X +89322  N'DEL AG
THRUST 2 513437.037q3 N'DEL RG
THR|ST T %230000.00000
OMFGA SQ «03871 x usU)
2 2FT OM «.00273 X SuB W
T SuB A 3166,81114 X W DeY
OMEGA A «19676 X Qsut
IETA A .00693 X DEl/M
Y Sup B -18-0564_3 X DEO/\
Yy » DOT » 0000 7 Lbsuy
Y &8 P .00000 7 Sum W
Y sSuB R «00000 2 W Mot
Y DEL Al .00000 7 a/n
Y DFL AO 00000 2 DElI/MN
Y NFL R « 00000 ? DEO/U)
X sup U -8.,77509 M SuB It
X SuB A -3:375%03 M oSUB AL
X A DOT +00000 M AL DNT
x s Q <0000 M SUB O
X neL El .00000 M DEL EI
-X DFL EO 00000 MDEL ED
LAT DEN S43 «,943%80 S3= «,01%305 S2=
ce 0088480 0004600 ( 036320 +00000) ¢
LON DEN Sas= 1,000000 S3= .010807 S2=
«00114. L00000)( ,02390s .00000)¢(

43

(Continued)

=s00291763

=el0TLUNE g

=40000)227 e0COB00E-8C
=e00006307 «0CUNOOE=8D
. 00000000 «CCNOGUE=BN
. .+00000000 «UGGUNOVE=-80
14000n00,06000460 «0CO000EBD
000000000 «00AC00E-8C
-+34530232 «¢570G00UE=0]
+06000600 »0LUCOOE-BP
«00000A000 «CO0000E-B0
»000000600 «0GOO00E-8D
=.13933251 =.230000E-01
~2.82826937 «0C000NE-BD
=s214137138 +0,000GE-80
=¢038849980 «s4L0000E=01
+00000600 +0COCOOE~80
+00000000 «000u00E-8C
*,0125%244 ~«1GU00OE U1
« 00005827 «6G0000E=04
027870727 «0LONONE=8D
«2.173fi9328 «0GUNOOE~-BC
©,07397775
v006000000
« 00000000
=,01330300
=e01398235
001089751
2352453896
vy 00070881 «.120000E 0N
«e00054524 ~.200000E 0P
000000600 «0LUO0Q0E-8U
« 00000000 «000000E-80
+00000600 .000000E~8C
200000400 «GOO0O00E=80
+ 000854824 o LtUNOCE OF
-, 10272620 - 11,00G0E 01
¢ 0000GA00 «CUUOOGE=8U
« 006000000 «0GUO00EBD
«0000URND «0CGODO0E-BN
+00000AC0 «000000E=80
«e02064757 =+8L000DE=0Q?
«,03871419 =e3GVU00E=Oi
«00000000 «NGONUVUE=8D
« 00000400 «DL0000E=8G
200000400 «0L00D00E-8C
00000600 «0G60000E=80
«U71654 Sl® «,001916 SP= -,000C213
.25182. «00000)( «+295%2, +CuNOM
-£38738 Slm «oN0989 S0z ,0000C]
--01790- ¢l9021)( -.01790' -.1982])
(132 zee)



Table B4. (Continued)
ey e BN 144
Al TITUDE 164000.00000 Y SuUB v +000600GU0 =« 1UTOCGOE 01
MACH 6,57000 N*' SUR V +00000A00 «0LGUVOVE=-8N
WETGHT 1589999.99998 L' SUB vV +00000600 +GUO0O0E=8D
C.6. .00000 ¥ R/U} «00000000 «000000E=BC
ALPHA T -6.30254 v DAl/U} 200000090 «UtQNOUE-BN
Dei €7 7.46891  1XZ UM'TR  2000A00.061006N0 «0CDUCNE-BrP
EAS .00000 Y DR/U1 «000000M0 «0CONCOE=-80
VEILNCITY 7267.66678 L SuUR R 1000070060 =e5700uUC0E=01
Cas «000n00 L B DpTY «N0000600 «DLUVOOE=-8Y
DYN PRES «00000 L SuB P + 0608000600 «0DNNONE =8N
Q sud ¢ «00000 L SuB R + 000004390 «0CUU0QE-BC
P SIR S «00000 L DFL A ¢ 00000600 =e230000E=01
L'syB B «000n0 L DEL 4G =2.93944270 SDUANCIE=-8D
L* A DOT +00000 L DEL PG ~s27739102 «NCONOOE=-B0
LY suB P «00000 N SUR R +00000030 +00UNCOE-8C
LY sUB R «00000 N B DoT «00000000 +0C00COE=-8C
LINFL A .00000 N SUB P +00000100 +0CONDNE=-BY
LYNFL AG ~2.8663T N SuR ° +00000600 e 1:0uCIE G
L*NFL RG -1.,15231 N DEL & 20000000 $6UDD0UE-VA
1y 12%700000.00000 N DFL AG 03835362344 «00J0GCE-8T
T xx 27600000.00000 N DEL RG 2.11%86417 «000000E-8C
1 27 127800000.00000 NYSUB R 000000400
1 x 22599999.99976 N'B Dot .00000U600
i 7 127799999.99902  N'SUB P «00U0"0H00
1 x? 8999999,99995%  N'SuR R »0000007°0
1x2/,12 207042 N*DEL ¢ 00000000
Ixz/1x +39823  N'DEL AG 018350633
THRNST 2 622643.78261  N'DEL RG «2.,197012%9
THRUST T 4790000.00000
amMEGA SQ «00000 x U/MN + 00000000 -el40nort ar
2 T OM «00000 X SuR ¥ +00000600 = Z6UNUCE U
v SuB A «00000 X W Dev «00N00LNVO «0CUDUCE-8D
OMFGA A .00000 X Q/U} «00000000 +UCUO0VE-8"
TETA A .00000 x DEI/U] «00000400 ifUUONE=AN
+ sy8 B «00000 X DEO/UIL o 00000A"Y sULULOUE-YP
« p NOT «»000n0 7 Usin » 00000030 «130000E 0r
Y SuR p «00000 7 SUB W +00N00000 =e9°UnGCE 0O
¥ SR R «00000 7 W DOT 1 00000P00 eQCUPULE-BY
¥ nFL Al «00000 2 Q/U) »00100G00 «N000COE=8y
Y onrL A0 +00000 Z DEI/N] »00000000 «09UNQ0EX8D
Y DFL R +00000 Z DEN/M] +00000800 «0C000GE=8C
X SUR U +00000 M SuR It « 00000000 «s BLUUPULE=0?
X SUB A «000A0 M SUR AL »00000000 «0C0LOOE=-8L
x A DOT «00000 M Al DNT «00700000 «LUOCOE=-8¢(
i SHR Q 00000 M SUB Q +00000000 «OLONULE=BC
x DEL EI «000G90 M DEL EI »0000UND0 «GO0NOLE=B(
X DFL EO .00000  MDEL EO + 00000000 +GGUNUCF 86
AT DEN S8% =,97195¢ S3=  .000000 S2= ...0G0D00 S1®  <ONPGN00 SO=  LUNGHGH
»0G00Ns  +00000)( 00003y =e00003)( .0GO00Ls 00001} C =sGOUOIY oLLLOE)
LON DEN S4= 1,000006 S3= ,000000 S2= ,uduo00 Sls ,00N6000 Sfs  ,0000uLD
+006AM.  «00000)( «N0003s ®e00003}( =.NGOG)e =e06001) ¢ =40000Gs <CORLY)
(\4-4 ﬁt’..e)
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(

¢

FLT CON

ALTYTUDE
MACH
WETIGHT
C.6.
ALPHA T
DEL £ 7
EAS
VELnCITY
CAS

DYN PRES
Q sd ¢
P syp 8
Lesus B
L* n DOY
LY sUB P
Ly stiB R
LeNFL A
LYDFL AG
LYDFI RG
1Y

1 xx

1 17

| ¢

12

1 x?
Ixrs12
1x7/1X
THRUST 2
THRUST T
OMEGA $Q
2 7FT OM
T suB A
OMFRA A
IETA A
Sin B
B NOT
SR P
suym R
NEL Al
nFEL AO
nEL R
YL Y
S8 A
A DOY
sys Q
DFL EI
neL €O

M MM 3 3 W € € €< € € <

Table B4.
153
178000,00000 ¥ SUR v
7.40000 N' SUF v
1681999,99920 L' SYa v
00000 Y R/
-6.30254 Y DAL/t
6.84950 1X2 UNTR
183,69265 Y DR/
8114,64545 L suB r
246,79174 L 8 Dot
40.1A418% L SuR P
73.21194 L SuB R
1.086%44 L DEL A
16737 L DEL 46
+00000 L BEL RG
«00000 N SuB R
»,00108 N B8 Dot
.l°7l52 N SUB L
«3,02321 N SUB R
10%200000,00000 N DEL AG
21600000.00000 M DEL RG
108200000,000A0 N'SUR R
21%99999.99976 Nip DOT
10%4199999,99902 N'syR P
6999999,99997 NTSUR R
06470 N'DFL &
«32407 N'DEL 46
536677.65%47  N'DEL RG
4%00000,000n0
-o01184 X uUsth
« 00099 X SUR W
1009.%%5997 X W DoT
»00000 X asuy
«00000 X DEl/in
-9-556Q0 X DEN/sUN
.000460 2 U/
.00000 2 SuB W
«000Q0 Z w Dot
«00000 1 asthy
«00040 2 DEl/\)
«00000 7 peoO/si
«5,00131 M SuR n
«2432204 M SUR AL
+00000 M AL D°T
«00000 M SuB ¢
+00000 M DEL E1
«00000 MDEL EN

LAT DEN S4= «,979034 S3z =,007145 S2¢

s 01847,

LON DEN Sa= 1.000000 S3= .
.00000) ( -.0‘300.

00191,

e 00000) ( »000427

«00000) (

45

«20612.

(Continued)

=:00000563
-,00002n65%
«00000600

. +00000660
7000000,0G66000C0
30000"000
-.15223852
«0004506400
«00000600
«00000000
°oq7002972
«3.07971348
~e26017643
©y03646971
0006000600
«00000600
=400599239
« 00003647
¢36993213
'2016598883
“, 04731470
«06000400
+00000LOU0
«e00612672
=.0045%9034
+17434836
w2,2295%6%97

«~e00030R17
-, 0002R¢ 15
,00000000
00000700
000000400
«00000000
000022£15
«e00699053
+ 00000000
2000060600
+06000400
+ 00000000
wy01483078
«011%4205%
« 00000000
«00000600
100000000
« 00000400

4005551 S2= -.011537 Si® ».006415 SO=
.00000)( ., NA338,

000409 ¢

(12 zec)

e« 10TCOGNE U1
s0JDGOGE=BC
«0GUNOOE=-B8i
«00000UE=8"
.anOOGE-BG
«OUCO00DE-80
+060000EC=81C

=e510000E=0]
«000000E-80
«000000E=8n
«N0UO0V0E~-8D

-e230000GE=-01
«00000NE-89
«N0J0V0E=-80

=+600000E~0!
«000UGO0E=8P
«000000E=-80

-e100000E O1
«6(UGO0E=-04
«OUNO0OE8D
«D00000E=-81

ae1400C0E 0O
~a260NV0E YU
«UUODO00VE~SC
.(H!UOOOE-BD
«000NVOE~8N
«000000E~82
.1300C0E OF
“e9LOGOOE (O
«DGNOGOE-80
«00N000NE~S0
«0000C0E~80
«000000E=8D
«2.900GO0E-0?
¢140000E=01
«0U0000DE=B"
«NGOOGCGOE=BT
«000000E-80
»0C0000E-81

46312 Sls «,000651 S0= «.00CUU4
«00000) ( =,22763,

200109}
000001
.119%9, L03000)



i

{

0T CON

ALTITUDE
MACH
WETRHT
160
ALPHA T
Dei e T
Eas
VELACITY
CAS
DyYyn PRES
Qs ¢
¥osue $
Lv51B B
L' A DOTY
LY s)B P
Ly sus R
LenfeL A
LYDFL AG
. *DFL RG
¥
Xy
77
]
?
1 X7
Ix2,12
1XZ2/,1X
THRUST 2
THRIUST T
IMEsA SQ
¢ 7FY OM
T Sup A
OMEGA A
TETA A
Y SR B

e R o

» R NOT
Y SilR P
v SR R
neL Al
NFL AO
nFL R
sp U
SiB A
A hoT
L
neEL El
nFL EO

> > P PP Y € € C

LAT NEN Saxz =,99%50T74
+00000) ¢

~eGO04RN

“oxn DEN $a= 1,000000 $S3s
.00000)( -.01602!

0001’60

Table B4,
162
1930n0,00000 Y SUR
8.,40000 NY sU
1382999.99998 L' sU
«0000n0 Y RV
«8,59417 Y Dal
9.17182 1xz v
1%%.9318%6 Y DR/
8910,690135 L SuB
210.02672 LBbd
28.89673 L sum
52.84548 L SuB
«5%59%89 L DEL
-.10635 L DEL
.00000 L DEL
+00000 N SuB
’000070 N B n
. 05317 N suyB
«3,15087 N SuB
=.70073 N DEL
84600000,00000 N DEL
20600000.00000 N DEL
83700000.00000 N'SUB
20%99999.99976 N'B D
88699999,99927 N'SUB
2999999,99998 N'SUR
«.033a2 N'DEL
014563 N*DEL
£74243,44784 N'DEL
423%0000.06000

-,0295%5 X usV
«00066 X SuR
1520,14808 X W D
.00040 ¥ Q/U
.000n0 X DEI
-7,37888 X DEO
.00000 7 usu
«00000 2 SuB
«00000 Z w D
«00000 2 Q/U
«00060 7 DEI
«00000 1 DEO
«3.861848 M syg
=-2,4134% M suB

«00000 M AL
+00040 M SuB
«00000 M DEL

«000n0 MDEL

.04458'

104957

«00000) ! «.16736,

{Continued)

v
6 v
R Y
1
PAL
MTR
ul

R
or

P

R

A

AG

RG

L}
or

1
/"1
/U1
1
W
or
1
/"
/41
1
AL
nnT
[}
£l

$3= »,008621 S2=

1o

46

-, 00082009
=200000640
«00060A00
+000000600

3000000,06000600

00000600
~,10582382
.00000000
00000000
000000600
»,05%291191
«3,21084421
“e36660591
¢00000400
+06000000
|q0°60600
*,00479676
000003206
051842263
‘2.%7059’ﬁl
'00q359686
.OOOOOﬂQO
«00000600
-o004820%0
00176622
08118%446
e2+29429403

©,00021670
(60027087
000000600
«00000000
2000006000
«00000000
000262313
«,00065783
+00000000
200000000
+0000N6A00
00000600
-.01477457
0029%4918%
1000006000
« 00000000
«00000d00
¢ 00000000

004298 S28 «.029546 Sl= «.0U0n375 $N=

-, 1070GNE O}
«LONGNE=8D
«000000E=-89
«000000E-8C
«DN00C0E-8C
«000UUOE=8N
«0N00CO0E=81

~e460000E-01
«000000E=80
«0D000COE~-80
«D00000E~8U

«e230000E%01
«00000UE=80
«CO0Q00E=-8C
«000CVLO0EL8"
«000000E=8D
«000000E =80

-, 1000GPE 01
«6UD000E=04
«000DVOE=80G
«0U00000E=80

-+14000UE 09
=-+350000E 00
«0000L0E=8"
«0UU0U0E=8Q
JUNVONGOE-8D
«000N0UE=8N
«1700008 00
«e850NGC3E UF
e NUCDCGOES8Y
«0NN0U0E-80
«000900E=80
eU0OU00EBN
e 100000E-01
«4LU0V00E=-O!
«000N00E=81
«000000E=80
«00UU00E=83
«0UD000E=8C

«LB3%575 Sls «,00(H382 SO0= =_,000002

04458, <,049%7)( «,09020, «0GI00)
" 2000001
«00000)(  L17579. 400D00)
(lex se&c)

e



(

¢

Fi't CON

ALTITUDE
MACH
WETGHT
C.c.
ALPHA T
DeL £ 7
EAS
VEi'nCITY
Cas

DyN PRES
Q sus €
° g8 8
L'SIIA B
LY n DOTY
LY sUB P
Le suB R
LonEL A
LYNFL AG
LenNFL ARG
1y

1

| . & 4

1 x

1?

1 x?
Ixzs12
1xz/1x
THRUSTY T
THRNSTY T
OMERA $Q
2 7FY OM
T Sum A
OMEGA A
2ETA A
syd B
R DOT
sum P
SR R
NEL Al
NFL AO
nrL R
SR U
sSus A
A DOT
Sum Q
ofL El
nrL €O

I I M €€ €< €< <

s 00410,

LON DEN Sa= 1,000000 33=

2001235,

Table B4. (Concluded)
170
204000.00000 Y SuB V =y00063791 =« 1NT00GE 01
9.30000 N' SUR vV 206500000 +03006UE=-8(
1307999,99998 Lt sun v 00000902 «UGO000UE=BD
+00000 Y R/Uy 00000400 «000000E=80
=10.88620 Y DAl U] 06000000 «N000UVUE=80
11.35%943 1X2 UMTR +00000000 «0000CO0E=80
137.70739 Y DR/U) +00000CUD sOUUUCNE=80
9614,07108 L SuB ® .y 08674431 wa460000E-01
185.74023 - L B NnT 000000600 +000000E-80
22,%1696 L SuB ¢ + 06000600 «000000E=-80
41,2808 L Sur r «00000400 «000000E-80
237913 L DFL & ~, 04337216 «.230000E=01
. 08674 L DEL AG «3,3%1a0218 «0N0000E =80
100040 L DEL RG * 48448605 +000D00E=B0
v00000 N sue # e0000UONO +000000E=80
+00040 N B DoY «00000600 +«00U000E=~80
v.04337 N SUBR P 200000600 +00NDO0E=B0
-3.3%5140 N SUR R «,00419011 =e1000G0E 01
- 48449 N DEL & +»00903621 e6UODDCOE=D4
68300000,00090 N DEL AG 067331437 +000000£-80
19600000.00000 N DFL ®G ©2,411%5060 «0C00GOE~80
73400000,00000 N'SUB B +000004500
19999999,99976. N'g Dnt » 00000000
73399959,99927 N'SUB P «00000NU0
»00000 NeSUB R ~s00419011
200000  N'DEL 4 + 08003021
.00000 NIDEL A6 067330417
187566.60031 N*'DEL RG ©2.41185068
4000000.00000
=.042a2 X usUq =e00017747 -~ 150000E 0D
.000a4 X sSuPf v =eN0025435 ~+430000E 0N
22%54,128%0 X W DGT y00000000 +000000E=8C
200000 Y Qsul 200000600 +00N0000E=80
.000n0 X DEl/i"1 «00000000 «UCD0O00E~80D
«6.08487 X DEO/'N e000aNAND «00UU00E=82
»00040 7 U/ +00023660 +200000E 0N
.00000 7 sy W ©,00C44353 ~+750000E 00
.00090 2 W Dov + 00000630 «(GLVNO0E=BD
«000n0 7 asn +006000000 «00UDOUE=BO
.00060 ? DELsUL « 00000600 «0GO0N00E=8D
.00000 1 DEO/M) «00000AND «000000E=80
«3.41208 M osyp It »e015700715 ~e110000E~01
«2.445%32 M SUR A «04281858 «600000E-01
200060 M AL DNT 000000000 »0G0N00E=80
.00060 M SUB O «000006G0 «0NDOONE=80
¢00000 M DEL FI +06000600 «00NN00E=80
«00000 MDEL EO «00000600 «000000E=80
LAT DEN S4s<1.000000 S3= =.004823 S2c ~.000003 Sl= =.6UA291 50= =.000001
000000) ( ..06644y ,060000)¢ ,63291, ,05736)( ,03291y =405736)
003744 $2= =.0U42817 Slm «,0063385 S0= .000001
2000003 ( 2,01022, ,G0000)( ~.20416, .000003( ,20942s .0GO0O)
(\o sec)
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Lateral component of relative wind

VA T VTV, (B17)

The lateral bending moments were computed at stations 660 and 1800. The
same process as used in pitch was used to compute bending due to sideslip at
conditions apart from max q.

T / -— ? 4
N’ = NBB + N 5262 (B18)
where
}
NIB - NB YVVA
B Ul at YV at max g

max g

The gimbal actuator dynamics were assumed similar to those used in refer-
ence ref, 21, In pitch:

Sy = - 2§ Wy Eiy - wz(ﬁyﬁyi) +§2— q+ BXZ‘G ACG (B19)
where
¢ = 0.4
w, = 33
Lateral
5, = -2Cuw_5_ -w’ (52 - 5%) + :—i i~+a§%; Acgr  (B20)

Roll gimbal control

. ., .
6, = -20w & _-w (ax—ax_) +20 (B21)
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|

Roll aileron control

.. . 2 aﬁa -
6, = -2Cw 6, -w (5a-5a,) +— p (B22)
c ap
¢ = 0.4
w, = 10

Aerodynamic hinge moment data were not available, thus neglected. They
should be used if available.

THE STABILITY DERIVATIVES

Table B4 contains the pitch derivatives and other data needed for pitch
analysis. Pitch (and lateral) tail wag dog (TWD) and dog wag tail (DWT) data

are given in Table B5 for three times of flight: lift off, max q, and cutoff,
These derivatives were obtained as follows:

z ) -13FE
s m
13m
. - . E -
V4 = — (x5 xE)
13F
- E _
My = T *cg 5!
M = -13 [m(x, -%_) (X om=%X) + 1.1
o] Iy EYs "E CG "E E
a5 _| 1 i
g = (TE) (m (x6 xE) (xCG xE) + IEO]
L1 m
o8 E
= (x . -x.)
BACG IE 6 E
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Table B5., Tail Wag Dog and Dog Wag Tail
Stability -Derivatives
o N Lift Max Cut
Stability Derivatives of f q off
10" x M=
5 -1.13 -1.3 -2.4
+3 (1)
10" x 23 -37.0 -49.0 -100.0
Sd -44.0 -38.0 -19.0
N -0. 43 -0. 43 -0. 43
cg
Ly x 103 -1.5 -1.6 -2.3
N .
L x 103 2.2 -2.3 -3.3
53.
35 135 -4.8 -4.8 -4.6
3513 -4.6 -4.6 -4.86
3 ..
10° N -1.13 1.3 -2.4
z
103 Y3 +37.0 +49,0 +100. 0
Z
35, /3; -44.0 -38.0 -19.0
35 3 +0. 43 +0. 43 +0. 43
z “y
3 it
10° N’ -0.29 -0.29 0
a
3 1.
10° N’ -0.18 -0.13 +0. 46
X
3.
10° L3 -1.75 -2.0 -0.48
Z
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The following values were estimated for t-he 450, 000-pound thrust engine:

mp = 144 slugs
_ 2
IE = 724 slug ft
_ 2
IEO = 50 slug ft
X = 194 ft
Xs = Xp -2.2 ft
XcG is given in Table B1.
Yaw DWT and TWD terms were derived by similarity to the longitudinal terms:
Y = -Z
b, o)
v N
6, )
N = M
6, 5
N - M
o, 5
O = L. =L
5Z 6Z
6. = &;
z; q
6 = -6
Za Aca
y

The roll control terms made use of the lateral geometry shown in Figure B5
which includes the ailerons. An aileron planform is, roughly, looking down:
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Phase A reports were used to estimate, for one aileron:

mass, m = 110 slugs
6,
x(3 = 8 ft (mass offset, no balance)
a
g = 21.5+ 16 = 37.5 ft from vehicle centerline to
a mass center

These data yield (for two ailerons)

Ly - - m, | - -66i000
a a

X5

y
a ba

1
IX
The engine roll control terms assumed (see Figure B5) all engines except

No. 8 gimballed in pitch and yaw to produce as much torque as possible about
No. 8.

X

Under this assumption the average moment grm is 11.1 feet, The roll torque
for 13 engines is (11. 1)(13)(Frp) = -67 x 10° ft Ib/rad

The roll control derivative is:

-67x10°

by =
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PLANE OF
SYMMETRY

BOOSTER WING BOTTOM

:LEFT AILERON MASS CENTER

—— A _

E— WOOOEL ——-

FT GIMBALLED ENGINES ON 8 FT CENTERS

Figure B5. Rear View of Booster Showing Launch Configuration
Engine and Aileron Mass Centers
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The roll TWD term is:

2
. - 11. 1x13 _ - -46, 000 sec
Ls. = (_I_“) mE) (xa XE) = i rad
X b'4 X
The roll DWT terms are
35 36
=X = (11.1) (_y) = -4.8
ap aw
(1] _Y
b 5 _
_.._a'_ = - I_l_ (x5 (Y5 (m6 = - a = 378'5 = - 4.6
op 5a a a a 5a

Table B4 presents most of the lateral stability data, as well as some longi-
tudinal data which duplicated Table B1. The primed derivatives have the
product of inertia accounted for, as explained in Table B3.

THE PITCH SIMULATION

Figures B6 and B7 are the analog computer diagrams for the pitch simulation.
Time-varying coefficients in the diagram were obtained with padded
potentiometers, driven by the time servomultipliers SM2 and SM3., Figure B8
plots Mg, Ax, and yp. Figure B9 plots uy and zw. The derivatives 25y

and My &/]ere scaled from the Mﬁy and Z, pots, respectively:

V4 = 44 M
o)
5}’ y

_ 1
My = G 2
The 7 control systems examined .in this study are shown in Figure B10. The
first two (minimum drift and attitude hold) had constant gains. The remain-

ing five had time-scheduled gains KG and KA‘
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Figure B8. Time Varying Parameters in Simulations
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Figure B9, Time Varying Parameters in Simulations
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CONTROLLER CONTROL EQUATION

= 1
OFF LIMIT 8,= 24q+2.408(1 + 103’

A
ONLIMIT 8,=2.4q-0.024 [Eﬁ - LlMlTJ

LIMITS =+ 0.5,+0.62,+0,75,+ 1.0

1 MINIMUM DRIFT 8= 2.4q+ 2.4 (8- 0.2V))1 + 1‘0L5’

- 1
2 ATTITUDE HOLD 6, 2.4q +2.45 (1 + 3g)
3 SCHEDULED ATTITUDE 6, = 2.4q + 2.4 K .6, WHERE

1.0-
KB
0.2+ Y/
ZERO +
0
TIME (SECONDS)
4 PITCHDAMPER b = 2.4q
5  ACCELEROMETER LOAD RELIEF
0.01KyA
6 =24q+2 4 ——STI—'
1.0 1.0
Ke x / KA
0 30 50 30 110 0 30 50 90 110
6 qo LOAD RELIEF _
5,= 2.4q+ 2.4 [Kee - o.oossxAzwwA]

7  ACCELERATION LIMITER LOAD RELIEF

Figure B10, ‘Bost Pitch Conventional Controls
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Figure B1l1l shows the wind used in all tests. It is a single sample obtained
from the wind model described in Appendix A. It has a 30 peak of 290 ft/
sec at 55 seconds.

THE LATERAL SIMULATION

Table B4 shows stability derivative data for the lateral axes as well as pitch.
Figures B12 and B13 are the simulation diagrams for this study. The time
varying coefficients are shown in Figure B14.

The simulation includes tail-wag-dog and dog-wag-tail terms which can be
switched in or omitted. Figure 39 shows the effect of these terms on per-
formance, Close examination of the traces shows a discernible but negligible
effect (for example, the bending moment traces with attitude control). Note
that higher gains are used with TWD and DWT to get damping performance
comparable to that without these terms. The higher gain has negligible effect
on the magnitude of the control perturbations in the wind disturbance used in
this study. It was concluded that TWD and DWT terms need not be simulated
to assess the control authority needed when disturbed by this wind model.

The results presented in the body of the report are without TWD and DWT.

The bending equations are given in Table B2, These coefficients for 8 were
assumed to apply at max q, where the airspeed is 1510 ft/sec (1510 Mf\, =
M'B). In terms of lateral velocity va then, the bending moments are:

M‘(660) = 10° [-1.625, - 0.0059v,]
M’ (1800) = 10° [ -22. 85, - 0.013v,]

The variation in M'V with q was assumed to be the same as the stability
derivative Yy, Therefore

(YVVA)( Y%—V) (64 sec)

was substituted for vp to compute the bending moments.
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Figure B1ll, Vaughan-Skelton Wind
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APPENDIX C

PITCH EQUATIONS AND DATA FOR COVARIANCE ANALYSES
OF THE LAUNCH PHASE OF MSFC VEHICLE B

This appendix presents the data used to develop the covariance summary re-
sults of Section II. Nomenclature, representations, and derivatives are pre-
sented below. Computer output covariance data are presented in Tables
C8-C16.

NOMENCLATURE
A = Matrix [(Equation (C1) and Tables C1 and C3]
2
Alx] = Slender body area [ Equation (C9)] ft
2 2
A = . v . AN B . 2
A = (+ [V-yo+ g - —5]cos 'yo] sina - (g = sm)6+V ft/ sec
B ) LY i V ft/ sec2
B = - V'yo+ (g- ——| cos ‘yo sina | -
c _
C = == C sec/rAd
L 2V L, 6 -
q (QC_)
2V cm

Ci. . (Figure C1) ---

(%

cm

C; (Figure C2) 1/rad

a
Cy, (Figure C3) 1/rad

“g

= .§_ sec/rad

Cn. = v ©L /

; 53]
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CL (Figure C4) _———
2V
- £
Cmq = 57 Co, ) sec/rad
|57]
cm
Ch, - (Figure C1) ---
(%)
2V cm
Xcm T *mrp
Cm = = CLQ + Cma 1/rad
Yem mrp
Cm (Figure C2) 1/rad
“mrp
Com (Figure C3) 1/rad
a
NOSE
( )g
Ch. = 2%/: Cm o sec/rad
* ag
(5%
cm
CIn o (Figure C4) S
£
cm
D = Matrix [Equation (C2) and Tables C2 and C6]
G = Matrix [ Equation (C1) and Tables C1 and C4]
H = Matrix [ Equation (C2) and Tables C2 and C5]
IT = Ischial tuberosities (subscript)
I, = Inertia (Table C7) slug-ft°
L, = Lift 1b
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L = 209 (gust penetration length)
M = Aerodynamic pitching moment
M = Mach number (Table CT7)
4+ 15)2
M.R., = -(32—;?)— E%W - J% Iyy (inertial rate and jet damping)
M660 = Bending moment at station 660
M1300 = Bending moment at station 1300
M1880 = Bending moment at station 1880
;o 6 -
M;, = -6.72x 10 x 57.3 (Mgg, due toa at qmax)
r 6 -
My, = -11.2x 10 x 57.3 (M3 due to @ at qmax)
6 -
Méa = -10.1x 10° x 57.3 (M g duetoa atq )
’ _ 6 : -
M16 = =1.62x 10 x 57,3 (M660 due to 6 at qmax)
’ _ 6 -
Mys = -15.05x 10" x 57.3 (M;g0g due to batq )
' _ 6
MBG = -22,80x 10" x 57.3 (M1880 due to 6 at qmax)
S = 10,250 (reference area)
T = Thrust (Table C7)
V = Speed relative to earth (Table C7)
W = Weight (Table C7)
ij = Element of A matrix
ac = Aerodynamic center (subscript)
¢ = 211 (reference length)
cm = Center of mass (subscript)
¢y 9% Y h = Coefficient in random wind model (Figure A8

and Table A2)
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in. -1b/rad
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¢y Vh = Coefficient in random wind model (Figure A9 and

Table A2)
cscwh = Coefficient in random wind model (Figure A10 and
Table A2)
c4f1 = Coefficient in random wind model (Figure All and
Table A2)
ch

= (Coefficient in random wind model (Figure A12 and
Ow Table C1)

f = Force vector [Equation (C2) and Table C2]
f

Force vector [Equation (C1) and Table C1]

32.17 = Gravity
= Gust (subscript)

= Element of G matrix

= FElement of H matrix

g

g

g

h = Altitude
h

h = Altitude rate
1

- Xé - xcm
mrp = Moment reference point (subscript)
n = Normal acceleration at cm
N = Normal acceleration at pilot's seat
p = Roll rate
g = Pitch rate

.Dynamic pressure (Table C7)

Q|
I

r = h+r'e = (Table C7)

r = Roll rate
ry, = Earth's radius
r = Response vector [Equation (C2) and Table C2]
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t = Time since launch (Table C7)

u = Input from controller (Tables C1 and C2)

v = Mean wind (Figure A5 and Table A2)
v = Random wind (Table C1; Cf Appendix A)
v, = v+v = Wind (Table C1; Cf Appendix A)

w = Wind (subscript)

x = State vector [Equation (C1) and Table C1]

x = Wind state (Table C1; Cf Appendix A)
x = Distance from nose (Figure 1)
Xom = Center of mass (Table C7)

X = 155.8
P

»
1l

p Xom ~ 59.7 = (Pilot's position)

X, = 194 = (gimbal position)

Xy = First basis element for gust penetration (Table C1)
Xg = Second basis element for gust penetration

Xg = Third basis element for gust penetration

z = Downward distance normal to reference trajectory

[Equation (C28) and Figure C5]
A = Perturbation symbol
Q

= FEarth's rotational rate

a = Geometric angle of attack (Figure C5 and Table C2);

does not include the wind.

a = Angle of attack along reference trajectory (Table CT7)

v = Flight path angle relative to round earth [Equation (C20)

and Table C1]
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Flight path angle along the reference trajectory rad

‘y =
©  (Table C7)
§ = Gimbal deflection [Equation (C1) and Table C1] rad
§ = Gimbal deflection along the reference trajectory rad
(Figure 2)
8 = Gimbal position (subscript)
n = Unity white noise l/secll2
6 = Pitch angle [Equation (C1) and Table C1] rad
90 = o, t Y, rad
i, = Lift associated with ith basis element (x.) of gust
penetration; note elements ag7, asg, and agy of
Table C1. Their determination is presented between
Equations (C3) and C15)
By = Moment associated with ith basis element f(x;) of
gust penetration; note elements aj7, a3, and aqq of
Table Cl. Their determination is presented between
Equations (C3) and (C19)
oy Standard deviation of random wind (Figure A6) ft/sec
o/g = Coefficient in random wind model (Figure AT and 1/sec
Table A2)
REPRESENTATIONS

The generic forms for the perturbation state transition and response are given

by

Ax + GY (C1)

P
]

Hx + Df (C2)

r

They are presented explicitly in Tables C1 and C2. These tables and the
nomenclature provide for generating all data.

The coefficients agsg, asg, a?st’fl agg, €53, £g3, and v are tabulated in

Table

A2, The remainder o e coefficients of matrices A, G, H, and D

are presented in Tables C3 through C6.
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i

DERIVATIONS
Winds

The wind normal to the vehicle vy, is taken as made up of a mean vy and
random v,.. The model is discussed in Appendix A.

The mean wind v appears as a disturbance forcing function in Tables C1 and
C2. Numerical values are shown in Figure A5 and column 2 of Table A2,

The random wind V is generated by the differential equations of rows 5 and 6

of Table Cl1l. Coefficients are plotted in Figure A7 through A12 and columns
4 through 9 of Table A2,

Distributing the Wind Gust Lioads

The wind lift force and the moment on the vehicle are the result of the inte-
gration of pressures developed by the winds. A lumped parameter represen-
tation is required for these distributed forces.

The lift and pitching moment coefficients due to normal gusts are taken to be

€y
_ _a
CLa = 5 ”1 x1 +”2 x2+p3x (C3)
g
C
mQ’
Cma = v (P11 %1t HigXg F g Xg (C4)
g

where x1, X5, and x3 are system states driven by the wind, vy. For con-
stant winds x7 = X9 = X3 = vy. Rows 7, 3, and 4 of Table C1 show this and
how the xjs are driven by the wind, vi. The p's are constant to the deter-
mined.

The step responses of x1, X, and x3 (called f1, fg, and fg) for a sharp-
edged gust ar'e

2.3
¥
fl[x] = 1-e (C5)
2.3
= 1-e L 2m o in 20
fz[x] 1-e {cos T X 1. 165 sin T, x} (C6)
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2.3
-—X
_ _ L 2m .27
f3[x] = 1-e {cos T x +1, 167 sin T~ x} (C7)

The most gross result of slender body theory (references 22 or 23) yields
the step responses for gust penetration as shown in Figure C4.

Determination of k1, K9, and pg is presented first. The left gust penetration
derivative is presented in Figure C4; it can be expressed mathematically.

X

_ 2 ’ _2
L [x] = _S_f A'dx =g Alx] (C8)
[04
g (o]
where
Alx] = 0.1682x(122 -%) for 0 = x < 122
(C9)
Alx] = 12,950 + x(-278.0 + 1,495x) for 122 <x <209 = I,
Then let
CLa [x]
glx] = ——g-[—— (C10)
CLQ L]
g
Find ﬁl’ ﬁ'z, EB from the solution of
L L L L
~ 2 ~ ~
t / £,%dx + i, [ £ fodx + g f ffadx = f f,gdx (C11)
O O (o] (o)
L L L L
~ ~ 2 ~
iy [ f,fodx + 1, j fo7dx + itg [ fofgdx = [fzgdx (C12)
(o] O O O
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L L L
~ ~ 2.
f,fadx + W, f fofgdx + bg [ f%dx = [ fogdx (C13)
o o o]

T
[
O%r

Then

T kﬁi (C14)
where

k =_3_1_ (C15)

Equations (C11) through (13) are solved for ﬁ‘l, ﬁz, and i?f3 to prgvide the
least squared fit to penetration dynamics. The tilde values of K are adjusted
to enforce the correct steady-state response p's by Equations (C14) and
(C15).

The gust moment parameters p11, K12, and ;3 are obtained in a manner
similar to the gust lift parameters. g[x] is different and the p's differ only
in notation; i. e., 19 corresponds to pg. g[x] is obtained from Equations
(C16) through (C19),

c, [x]
24
glx] = — & (C16)
Cpy [L]
g
where
¥em
c, [x1-= - CLa [x] + Cma [x] (C17)
g c g (NOSE),,
where
Xom = 107. 98 ft (for this consideration only the value of 64 sec is

taken; xcm is usually taken to have the values of Table C7)

Ch [x] from Figure C3 or

o
NOSE
g
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Crn [x] =é-§— fo'dx - “SZE {m} (C18)
NOSE, <
m = 0.1682x° (22 - %) osxs122
(C19)
m = LZ[L(% - %)' %] + x2 % X + -(2:-) for 122 < x < 209
where
t = 122 fi
a = 0.1682
c = -278
a = 2.99

Normal Motion Dynamics

The acceleration normal (upward) to the flight path is given by [Equation 4,
page 6, reference 19].

: V2 2
n = Vy-—cosy-rQ” cosy- 20V (C20)

As written it is for wings level with the velocity in the earth's equatorial
plane. The third term is neglected because it is relatively small, i.e.,

Vy ~ (1000)[%‘7% = 8.82 ft/sec?
2
2 4
-VI-‘— cos-yr~a—-(—1(—)~-—)—,7 = 4,76 ft/sec2
2.1x10

2
r0? cos y ~ (2. 1x107)(7. 27x107%) cos y = 1.1 x 10™! cos y ft/sec?
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The fourth term is omitted because it would subsequently be lost in the per-
turbation; V and () are not perturbed.

From Figure C5

w [ v

= Vy - - Ccosy, = L + T sin(a+6) ~ W cos ¥ (C21)
or

) _ v

Y = vy L +giy Tsin(e+d) + (4 - &) cosy (C22)

Perturbations about a nominal trajectory are taken. Perturbations are
restricted toy, ¥, @, @, q, 6, and vy i.e., T, W, V, etc., are not
perturbed. The perturbation equation corresponding to Equation (C22) is

C

Ay = iv as [CL Aq+ Cp . Ax+ Cp A+ éa (p1x1+pzx2+p3x3)]
q o el
+'VV£V— T cos (a0+60)(Aa+A6) - ’-}Y- --%—) (sin y )Ay (C23)
Using
a = 0-y (C24),
& = q-y (C25)
cos (ao+60) = 1 (C26)

in Equation (C23) 2. 4 yields
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1
Ay = qS(C_+C )Aq
WV, - L L
g a Lc'z q
V2
+ [W sin vy (I-EF -qSCLa-T Ay + TAS
ciscL
- a
+ (qSCLa +T] A8 +—— (ulx1+u2x2+u3x3) (cz2m)

Equation (C27) corresponds to row 2 of Table C1.
Drift rate (z) and drift (z) normal to the flight path are also required. z is

taken positive downward. Consistent with the approximations taken thus far
is the expression [from Equation (C20)].

. . V2
z = -Vy + —— cosy (C28)

Previous studies (reference 6, for example) have approximated the content
of Equation (C28) by

z = -Vy (C29)
This is done here to take advantage of the format of reference 6. Hence,
Az = -VAy (C30)

which is row 10 of Table C1.

Pitch Rotation Dynamics

Pitch rotation is given by

. . . 2 2
[P+ 1oa- T r+ (-1 Jpr + 1, (p°-r") - I,

yyl T vz ar +1ypal =

Y

M - T4 sin 6 + (M. R.)q (C31)

It is assumed that pitch plane and lateral perturbations are uncoupled.
Hence, p and r can be considered to be zero.
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In line 1 the perturbations are taken. In line 2 Equations (C24) and (C25)
are used and cos 6, = 1. Row 2 of Table C1 is substituted for AY to go from
line 2 to line 3. The result is row 1 of Table C1.

Mass Rate Effects

Mass rate damping M. R. q is given by (Equation 7. 8-2 of ref. 24) as

(M.R.)q = {m 4% - k% -m & k2>q (C34)
where
m = vehicle mass
L = xg-x 4 15ft= 4+ 15
15 ft = distance from gimbal to end of rocket nozzle
k = pitch radius of gyration
q = Pitch rate
Using
L - mk” + m & K (C35)
yields
M.R. = m (4 + 15)° -
_ (¢+15)°2 4 d
=3I & VT oa Ly (C36)

Actuator Dynamics

Appendix B uses the second-order actuator dynamics

o - 2
0 = -2¢ wné - W, (6 - u) (C37)
where
¢C = 0.4
w, 2= 1,000
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Appendix B includes tail-wags-dog (TWD) and dog-wags-tail (DWT) dynamics
which are neglected here. SectionIl shows the TWD and DWT dynamics are of
minor importance. Furthermore, based on the considerations of ref. 6, it is
is expected the second-order dynamics can be satisfactorily approximated
with a first-order actuator with the same break frequency; i.e.,

6 = -31.60+ 31.6u (C38)

This is row 8 of Table C1,

Bending Moments

The bending moments at stations 660, 1300, and 1800 are given by (page 15 of
ref. 10), They were calculated by the procedure of ref. 26 as

Mggg = M{g0 + Mo + 7. 98 x 108 (C39)
M,g00 = Mgs0 + Mg o + 104.2 x 109 (C40)
M, ggo = Mgsd + Mg o + 182. 1 x 10° (C41)

where the numerical values for the maximum dynamic pressure condition are
listed in the nomenclature. The perturbation equations corresponding to the
above are

_ ’ ’
AM660 = M16A6+ MlaAa’ etc.

Two modifications to the above must be made: 1) extension to the entire
boost phase flight, and 2) smoothing for gust penetration.

The most desirable extension would utilize the data used in the ref. 26 com-
putations. These were not provided, so the plausible approximations used
in Appendix B are used. This has the added advantage in that it permits a
direct comparison of results. It is thus assumed that

qSCLa
[t] ,
M @) Aa = M’ Acx
[o4 - a
qSCL
£ [i=64]
W t=
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[o4
= = W Mar’ Do
9. =
W+ Cr. (t=64]
o
qCy,
o
= W 2 Mal AQ’
7.86 x 10° 5
2.63 x 10°
qCy,
= ed M/ A (C42)

W 7.61x 107
The bending moment contribution from gimbal deflection is assumed constant.

For gust penetration it is simply assumed the wind effects are filtered by
x,. Hence, the final bending moment equation for station 660 becomes

- ’

qCLa My, X, ,

AM, .n = Ay F A0+ =)+ A (C43)
660 W 7.61x 1074 v Mo

This corresponds to row 3 of Table C2, Similar expressions for AM and
. . 1300
AM1880 are given in rows 5 and 7,

Differentiation of row 3 of Table C2 yields row 4. Coefficients are taken as
constant during the differentiation. Rows 6 and 8 are obtained similarly by
differentiation of rows 5 and 7.

Fanny Load
The normal acceleration at the pilot's seat Ssensed by the ischial tuberosi-
ties, is [from Equation (C20) and Figure Cb5] approximated by
. Vd . .
nip = (V‘y - 7 cos 7Y+ gcos )’) cosa + qu -V sina

2

‘ Vv
= | Vy+lg- 7

cos ¥| cosa + xpE:l -V sina (C44)
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Its perturbation is given by

An

]

V)’o +

\'A s : ;
- g - ?)cos 'yo (- sin ao) Ag + prq - VCOSaOAaf

2
i : A
-(g- -r—) sin ‘yo cos o Ay + VAy cos @

= prZ;+VA'y
[ 2 ] v2 )
+ V'yo+ g~ —F cos‘yotsmao-(g- -I_—)sm'yo+V Ay
L d
(7 v? 1 ;
+ V70+ g - | cos ‘yo smao-V A
L J
e prG;+VA'y+KAy+BA9 (C45)

Substituting for Agq and A:y by use of rows 1 and 2 of Table C1 in Equation
(C45) yields row 9 of Table C2.

Differentiation of row 9 of Table C2 yields row 10. Coefficients of row 9,
are taken as constant during the differentiation.

qa

The term qo is used as an indicator of aerodynamic loading. It is most com-
monly employed in preliminary design where aerodynamic loads due to q, @,
and gust penetration are neglected. Since these latter effects are included
here, the o computation used includes q, @, and gust penetration. This is
done by defining a go that meets the intended use of the e indicator; i.e.,

it is taken to be

- _ L
qa SC,
(o4
- [ B B
= 9. ; _1 2 3
CL CLq+CL_a+CLa+CL Vx1+CL Vx2+CL v X3
» q o o o o o
(C46)
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The perturbation equation is

a = =3 - - -
q da CL (CL + CL- Aq CL-A7+ CL A6 CL Ay
» q o o a o
B B p
¥ Cp —Vl x,+ Cp sz-xz +Cp —3 Xg (C47)
o

o a

With the usual substitutions this becomes row 11 of Table C2. Row 12 is
obtained by differentiation of row 11.

. ov2
L&(V'y-T CO0S y)

PLANE 1170 EARTH
TANGENT PLANE

Figure C5. No Wind Flight Geometry
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-.37178514¢ 8

«.765334T4E 01
-.11822032€ Q2
-, 1562339482 02
~.20990682F @2
e.26163651E 02
e.3ly3)237E 22
«.33013927F 02
-,43525034¢ )2
~e51)47996F (2
~.57596079E 2
-.64515102E 02
-.7215%59330€ 02
08563097 32
«.97189696E 02
«,101M6137F 03
=.11321180€ 03
-.1266374GE 0}
-.14127735¢ 03
-, 13710138¢ 03
-, 17477824 03
=.13220493E 33
-.?1147012E 03
«.23103089€ 03
-+?5083710€ 03
.,27082724 03
«e29n098533E D3
-,31130184E 03
-.33176639€ 93
=.35236838E 03
«.37310345¢ 03
««39393381F 93
-,41491878¢ 03
-.43532430€ 03

(Continued)

334

«09307000€E-80
v 20268660F 01
v .41759293¢ 01
v.68450332¢ 01
¢,88%02942¢ 01
e, 11943%18E Q2
v, 14266398E 02
e.17322933F g2
9. 20723885E 02
v, 20284681¢ 02
9.2782941AF g2
ve31399731E (2
w.3%171785€ 02
v 39284681E 02
w,8392p692¢ 02
e, 49168837E 02
v, 55098760F 02
~.61719828E (2
v.69039V8IE 00
v, 77029361¢ 92
0.8%5647172E 02
9,94902467¢ 02
0.10478462E 03
s.11524929E€ 03
2. 1259%142€ 03
w,13674920E€ 03
o, l8764725€ 03
v, }I863686E p3
0, 16971284F 03
e,18086952€ 03
w.19210414E 03
v,20340531¢ 03
9, 21476142E o3
.,22620183E 03
w,23732851E 93

335
«COY0QUOOE=RL
57447074 0}
11835777F 02
.18267065F 02
,25084263¢ 02
¢324342QVE 02
<AD&3I5045F 92
«49183170F 02
«S8T374)EEF 02
.68829725¢ 02
«78876510€ 02
.88995810¢ 02
+9968688TF N2
11134401 03
J12448379¢ 03
,13935853F 03
15615713 03
«17493163E 03
«19567049F 03
21829771 D3
28274856F 03

,26898071F 03
.296959545 n3
,32664940F 03
.35698231F 23
.3I875863GF 03
LA41847449¢ 03
+44962220F 03
LA81N1469F 03

«512635%91F 03
.544A6952r 03
«5T650870F 03
+60869523F 93
L641120¢1¢ 03
e67263681F 03

843
«00000000E=80
«88604089F 01

J1413452¢F 02
,21514903E 02
229926139F 02
«38723585E 02
JVB828R382F 02
«58735547E 02
2TU145417F 02
L,82197864F 02
«9%19%5939F (2
L,10828061F 03
.11904p12€ 03
«13796929F 03
J14np6108f 03
J16642481F 03
o 18648603F 03
220890692€ 03
,23368086E 02
+26069558¢ 03
,28089529F 03
,J212222%¢ 03
«3%467098E 03
+390U9139F 03
+4263155¢F 03
«46286348F 02
,499750T8E 039
+93694801EF 03
,37843757E 03
,61220024¢ 03
.53021663F 03
«588°7853F 03
JT2691628F 03

JT0563933F 03
+8Y330080F 03



¢6

844
«00000000F =80
.19419307¢ 01
,40009380E 01
+61749536E 01
«B4T94248E 01
+109639a0E 02
.13661568F 02
16625762¢ 02
+19855486E 02
«23267038E 02
v 26663229F 02
+30083933E 02
233697919 02
. 37638466E

L 42080206€ 32
+47108429¢ 02
+52786985%E 02
.59133473¢ 02
+66146016E 02
.7379284l¢ 02
«8208n1a8E 02
+9092%601E 02
«10039364¢ 03
11041979E 03
,12067345¢ 03
¢13101876E 03
,14146013E 03
«15198922E 03
+16260107€ 03
,17329023¢ 03
-18005}19! 03
+19488165%E 03
020576190E€ 03
v21672289€ 03
+22738332¢ 03

85.

«00000000E~-R"
-.$8N23896E NI
-, 1813%4064E 02
- 27989898E 02
-e3B43D564F 02
- 83697565 92
-,51956930E 07
-,13361309¢ 27
-.vooooerae 02
-e105406490¢ 03
-,1208%917¢ 013
e 13636435 )1
=, 15274604 93
-, 1796QTT76E o3
- 19074129¢ 03
o, 21353324F 03
., £3927301€ 02
< 26804039¢ 23
=.2998268TE 03
., 33448343 03
=+37195343E 03
-, 81214785€ 03
-, 455064062¢ 01
s IN051118E 03
-,24698902¢ 03
=+59388224E 03
~.64121091F 03
~,68893724E 93
-9 13703863¢ 03
-, 785490%]¢ 03
=.83420782E 93
-¢88336018E 03
~e93267813E 03
.o 98236222¢ 03
~.10306838¢ 04

Table C3.

355
«00000000F =80
J11036019€<02
.A13471%9€e02
«12347064E-01
«16523451E=N1
«193471599E-71
.21389842E-01
2817139401
.263303005-01
,23245¢85E01
.341%52265€-01
3745093 36E~01
.207005%1 <01

--51012253E-n|

«a36381934€.01

~.41818923F401

©e23530865E<01

«a179U2346¢01

v 176%3978E<01

e.214936%2EL01

*e21993089E~01

=, 17113033€~01

woldgl7l64p-01

e 16378800E~01

e, 13400090E401

*22107769E=01

wel84615898E401

ve27537173E401

*sIV949843E-01 .

-.34800702¢01
ee44530958E0}
-.33232165E401
©e79451022E<01
-+13287049E 00
«422909090¢ 00

(Continued)

856
«00"000yQg-80
.1295%334€ 34
L, 26524554E 04
«420888222E 04
«59839900€ 04
.83530353¢ 04
.11939223€ 05
.16326895¢ 05
«21%50000€ 05
.28101492€ 05
.36%929247EF 05
.A7124992€ 05
L98941463F 05
«568460197E o5
.39419078aF 0%
.52120907F 03
«A66012T70F 09
423077245 05
.38733698E 05
L39737869€ 03
+33228514€ 08
»31115¢25¢ 05
.29304929¢ 05
«27577923€ 0%
,25550000€ 09
«229793%¢6€ 05
.20231458¢ 05
1779387%€ 0%
,15623838F 0%
,13274708¢ 05
210342161 E o5
.T7T83TT8TE 04
«53776117E 04
+32179279€ 04
,10000000¢ 04

45

«00000000F -8
«.58113629F-08
ee14541286F .07
«e20673621E-07
we27271l4l£-07
=.32551303F-07
-e3445756UF-07
-,35750056F-07
«¢36900000E-07
-~y 36461387607
0e34411297€-07
-,31351431F.07
«,288987)TF-07
=e29130206E-07
0o 35267848E.07
e, d4155%39F07
y54211855€-07
. 65144389707
0o T6755601F<07
., 889840347 07
vs101751182-0¢
ve11471638F.06
=o14045649F.0¢
-,15%50000r.06
=:17402203E-0¢
we195912467.06
02206897906
*v24813490F-06
-,27829155¢-06
=e32412592E=06
.o d2742430F.06
e 64062162E-0p
ve10660333¢2.0%
*.18180000y-0%

866
«00N00V00E=8D
“e86540826F=02
., 96140281, 02
e,14024708F01
ey20316386E-01
e 26069286601
e 32047960E~01
«,3823393%¢401
ws44300000E01
50393973401
«,5611252gFa01
e, 60842082Fe01
°,5489430%5r0]
vo686104p04Fe0)
wo TE308361€001
e, 76049749201
ey 79732630C001
83153736001
ey80212929F001
.'890‘5032E-01
..9"9!023!-01
ay94384959¢2001
«,966637%4¢.01
wo98461584Ca014
©,99600000¢01
“e99947327E=01
we99720500E4,01
~s99071574€~01
vs98052717¢€+0]
«:965278047s01
..94520005[.0}
e, 91368334Fa0
«e88976730Ee01
*¢85857943¢E001
«,833000000ge01)



875

+00000000E~

'88796036E
018294%a7E
+28235383¢
v 38772718E
+50133509F
«625%004] 2E
«16022373E
+90790384f
«106390023¢
12191934
+13756073E
+1540A591E
17210432¢
o 1924144606F
,21540633¢
024137190E
5oh3.183e
030248693F
033742283E
37521618
e41576319E
0 4590%¢64lE
+50490163E
o55178717E
v59909173¢
»68683557E
169498085E
-74330369E
.79238078¢
+1841585%96E
v89110896F
'940359565
099097943
0 10397249E

80
00
01
01
01
01
0l
01
01
02
02
02
02
02
02
02
0

0
02
02
02
02
02
02
02
02
02
02
02
02
02

02
02

0
83

Table C3.

Baq

«0000000n0E.

~e83796036E
v,18294547F
-.2823%383¢
-,38772718E
- 50133509F
-.62%00412E
., 76022373E
«,907903%4¢
-, 10639003E
-.12191934¢
=+137586073E
“e15408591E
-, 17210432¢
wolg24l4a6E
-,21540633¢
-.z41g7}90£
«e27039163E
«.302a5593F
-, 33742253
-,37%21618¢
-y 31576319F
35909641
-,50a9U1l63E
*ed5178717E
=~s29909173¢
-.52683557E
-e69498055¢
«s 74350389E
- 19238078E
=~e84158396E
=eB8yl110896E
-,94085926¢
*e99097943E
~edd3972a9E

93

87
nn
01
21
N
N
LR
01
01
02
0?
2
02
22
0?
9?2
0?
0?
n2
02
n?2
0?
02
02
n?
92
0?
02
02
a2
02
02
02

02
93

(Concluded)

210,2

#3J):))30NE-89

=sRJ639572E
es15628176F
«e25657370¢
-,35232699E
-, 395554101F
*¢55793353E
«,6318120%¢
-.HZS)UBUOE
e,11278757¢
~e125194983E
»,17484618E
«,19%573880¢
*.21933360E
-.24570369€E
-,27434130F
we39561439F
-.34795731¢
«.37789220E
. 817142%7E
-o45880192E
e, 50140660F
~,%53439205¢
«.58T77667E
«63152580F
-e76474550E
e, BJ9T746A83E
-.85495499¢
e.?734479350F

32
03
03
03
23
23
a3
23
23
N4
Ny
04
J4q
na
04
04
Na
0a
N4
04
04
04
04
04
04
4
04
04
04
04
na
04

4
04



Table C4,

€53

«020300y0E-89
«1082)374E 11
.15278645¢ 01
,20279125¢ (1
«2%461378E 91
29857845 {1
«48106218€E 91
58700000 91
.71938670€ 01
,88365514¢ 91
.110Ua029E 2
.133%824¢€ 07
14250429 02
.12769855F )2
L087T721 02
+75097554E p)
.B84814833F gl
«76337293F 01
«69266290E 01
263369727 01
.58453254¢ gl
.54333842F 01
.50610g90E 91
«46600000E O1
.4185%2524¢ 01
«36932844€ 01
.32601122¢ 01
.2515133?E 01
.,248612601€ D1
.1vaN3sage D)
,19850739€ 01
L10330448¢ 01
«652836345E g9
.25000000E 30

Numerical G Matrix

€63

«00000000E-80
=,15071135¢-05
-,20748258F-05
~e260109435-05
-,30552883¢-05
e,33362563F.05
“038199523E~-05
«e41766140F~05
«.45100000p-0%
-,50641504¢,05
=e52645T17TE=05
we543066%2F 05
«.55836747F=05
©,57382402F D5
-,%8915939¢-05
“+6039113%E-05
-e651764465€.05
-.6300320gF-05
«+s64098607F-05
-y65047508¢-05
~e65864219F-05
we66569750F.05
~s67141845F=05%
~s67500000E-05
=e675910]19¢-05
-e67480366F-05
e,67253700¢.05
*e66909006E«05
. 66374577€-0%
«,65630183F-05
we64774424F.,05
-,63894156p-05
~e628T06]14€=05
~,61500000F.05%

94

(=



G6

e

+00000000E-80

,30833092¢
+13367689F
,31997720F
+58384238¢E
«94292086€
(13897424
o 1921-5642E
.22587448F
+21739391F
»31950204F
.42583543F
,40320900F
,364752%3¢
¢33350963€
«27570982¢E
W22697758E
«18321963E
,143640¢2F
1140021 %€
.92384146E
¢73959083E
059323924¢
«47457965¢
+36573652E
.28944206€¢
«23208738E
W17651893F
J130411109g
s 116370%5€
,95256126€
.19397220!
+66810233E
-,‘0772235
s 44759426E

07

hyq

«U0000000E-3"
., 33274432 0%

--60411138E
.o 42315281€
-¢16571084E
«s20698015E
- £8469943¢
- CT810022F
- CT3T8459E
=o22488g17E
-2 28839199F
- J4D6660TE
-y 28797105E
-,€3323198¢
..lloaagvvt
«o10348509E
oo TA569343E
-,02268113¢
«e37180949E
. 2T7099517E
., 19576139E
e lA221498E
-, 10343890¢
e, 12942103F
-y23167944E
..49450532!
.. 27951182¢
-.2063‘590[
-s16161837E
-, 124559925¢
=+98052033E
= T8144737C
-.60052527¢
e 87374024C

Table C5.

h3g

Numerical H Matrix

+000009000E-89

-.30033092¢
«.13367689E
e ILS9TT2IE
~+58384238E
- 71292096E
-.13397424¢
e 13215642E
v, 22837448
-e21739391E
=.3195U294E
~.325533533¢
=.40329900¢
-,35475253¢€
*+33350963E
«e275T0982F
«.22697758€E
«e13321963E
-,13368062F
*.114)9214E
«e92334146E
*.739%59083E
v.59323924€
-.47457965¢
.. 355716%2E
. 29934206F
«.23205738¢E
«.17651893E
-,13941119¢
«.11637055E
«.052%6126¢€
«e79397324€
ve65810233€
-.54077223€
w  44759426€

07
28
09
0s
08
39

09 -

09
09
99
29
09
09
09
09
09
ne
09
09
0
U3
08
048
08
on
Os
08
08
0a
07
o7
07
07
07

hgy

«J0000000E
0, 27237687
®.11763655E
.. 27884861E
v.51602251€
v, 83738740€
v.12425505¢
w.17318859E
2.20647034¢
0.20019¢53E
*,29593918¢
0, 39779V74E
w,38137530¢
-, 3514223,
9.32483791€
e, 27067786F
v, 22430259F
v.18188292¢
v, 14293747¢
we11364964E
0e92196623E
9.73363311E
e, 3927845%0€E
v, 7432138,
" 36562474E
v,28938703€
., 23293109E
v 17620T47E
vw.13943672¢
w,11636952E
., 952%6701€
0, 79398592€
966811774
v, 54073603¢E
0, 44760632E

-8)

07
08
08
Os
93
99
09
09
09
09
09
09
09

heo

«20000000E-RD

69253071 ¢
-e2n6763)4E
< ATATO96UF
«,94564359€
~s16927021¢
.. 27532664¢
~a 41475089F
e, 47571947
v:38660143F
ee69544171F
-, 10688689F
-o8TA27560F
-,66055682F
0050957237E
329901718
e 21428418
«o1363750¢F
.,84294232F
*543298)8F
v 36908866¢F
e 251417300
v, 175453801
».12228028¢
815534 44F
v 57038496F
e, 41070472C
*28193093¢
-,20421080¢
- 15835970F
-,12095176¢
009Q6571'at
ve73142969%¢
. 379504527¢
ey 45261832¢F

06

hys

oDDODODDDE-Bg

57153138 O
-.15000129[
.y 59789118F
-.10332619[
«y16919990F
.,23686728p
e 3066TI11E
v, 29781249F
v 20150348E
we33230245¢F
v 463094TRF
0. 33343303F
-'213997Q6[
wy146601a8EF

(R
04
05
0%
0%
05
05

05
0%
0%
05

0%

ee80114216F 04

4334075,
wy22534810F
«, 11078441
e 30097894
wy29801196¢
=e19508988E
82128309
- 43450297
ee2)607610E
.,11450643!
2y 63308724F
w,31731021¢C
e, 17293386¢
v, 10608942F
-,63015099F
0 39048T42E
0o 248024520
e ldn87323F

04
04
04
03
03
03
02
02
02
02

«e91157286£401



96

h44

-oaooooootvgn

-e3665458TE
eol6171651E
«e37946777E
- 68752137
e JUT38T28E
-.15033421¢
-+19463709E
o 18901473€
-s12788960¢
«e21090472E
v 29518495¢
=e21143244E
eel3B99265¢
es93N445g8E
wo50846649E
-.27501351(
=11430
THEH:
..Ssednoazc
-, 18914133E
'1987493165
..52 23p43€
%16903!
..13713553[
-y T286499TE
«s40173637F
e, 20138949E
e 1097569%F
cs673328)4F
.s39994233F
e.24733354F
oo 15TA1546E

04
04
04
0%
0s
9%
0%
0s
0%
05
0s
03
04
04

83
03
03

8.3.

01
01
0l
01
00
00
0o
00

«,92963186F-01
*e57858312E-0]

hyg

+00000300E-

An

-.33988178F N=

v, 14710g54E
-y JATT2610E
«e64250997¢
e l0376641E
e 15293581 5E
e,21144400¢
-, Z4857000E
., 23923732
«,35160512¢
., 1686€272¢
-.4437225;5
-,8014023

-, 670201 7E
-.30344272¢
-,2497n394¢
~.20162926E
«e 15807341
12540440
e, 1D0166676E
~o81390379¢
-, 6528470
e 22226468

ds
06
96
97
07
07
07
97
07
071
91

£ 07

07
07
07
07
or
0
07
06

H

~,%0248%516E Of

~g3185%2475F
-, €5537418;¢
~e19429528E
., 15341901

‘we12800329E

-, 10482732¢
. BT3TO06SE
., 13923223
-.5951?819[
. 49256788E

06
06
06
36
LI
na
05
05
b L]

ns

Table C5,

hyq

°Dg0000005'

35356904E
.15536200¢
.36799286EF
67759474
«10924799E
.15061070¢
+22139762E
«25821667E
.24576437¢
<36236898E
.13368796¢€
«45451362€
.4J849603€
«37176885E
.30670776F
.251187182¢
«23235929E
.15843226€E
.12563561E
.10176329E
.alaad717g
«65311392€
.522% 543:
+43255515E
.31556194E
«25539455¢
«19426556F
J5342461€
«12895672E
.1)482936E
«AT376310E
«73524026E
39511294
«43257080F

8n
s
%6
06
06
07
07
07
Q7
or
071
or
07
07
er
o7
07
a7
o7
07
07
06

(Continued)

hyg
+29339016E
L,2939114s8E
«29371993E
.29394319€
«29417973¢
.2944262)F
«2940T184E
+29491240E
«29494833€
29471291
2991 7457€
29559019[
.29931955E
.29800¢€35€
294(46315
,29441333[
294150025
29394391E
29377459
29365615E
-293576166
«29351390¢
W29346844E
,29343240F
12930023aE
.293382365
«29336880¢
«29335744E
,2933302¢¢€
+29334585€
«29334224€
«29333968€F
229333774
,29333098¢
+29333478E

19

10
18
19
19
10
10
10
19
10
10
19

19
10
19
10

19
10
10

13

10
19

10
19
19
10
19
10
10
13

hyg

«00000000E~
1887661 TF
2 49773318F
.85916357¢
14619415
«23328402¢
.35021497¢F
49814104
.55604353¢
+»45084083¢
LT7813772¢
J11394247¢
«9ATITIASE
JT1674613¢
«33287730F
235992607¢
23491Ys6¢
115021444E
93296915E
,502602425
1 40003349¢
»27805221¢ 0
}9329 052¢

3422743¢
.a9304962E
.62232187¢
486113a8¢
+30496333¢
,219740951¢
«16947361E
12876126¢
.10024960%¢
«791881%1F
60315483¢
.47zbooabt

80
07

07
07
08
08
ng
0s
ng
ns
oe
09
08
08
0s
08
os
08
07
07
07

83

06
1
06
06
)
06
06
03
03
05

hgy

«00n00000€=80
514T1821E 07

+222794g1E
,55662866F
«9T3VUT064E
L15715348F
.29162373€F
»32N26070€
«3T645TA6E
.36232318¢
.53250340¢
,T0972511E
.61?01500E
60792089
0 39%084938¢
W49951637C
J37829596¢
«3U536605E
239&0103[
19000351[
,17397396E
.1‘3265llg
,90873296¢
;790966 .14

0s
08
08
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09

s

+60958084E Op

JAB200343F
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80

-,51080417¢ 0%

--22110063E
«.52262406E
©e96567118E
*,1359%844F
*.22986240¢
»,31782336€F
«a37359479E
=.35956799E
v.52845412F
« 70432879
.o 66690484F
v 60329812E
=.851622%7F
=.45602299¢
= 37541931F
=,30304397C
-,23758057¢
=.13855874E
».15280272€
«.12232780¢
©,98121351EF
-, 78455139¢
-.60492562E
- 47873512E
=.38382126E
., 29196106
~-,230%8512¢
©.19247607E
-, 15755296F
~.131322¢1E
o, 11050365E
-.85443345¢
«,T4031775E

Numerical D Matrix

91,2
.0000p000E~80
L T0447520E-02
«31130648E-01
,67088235¢.01
.112%1886E 00
,16184411E 00
.21869937¢ 00
.2836%5309E ¢
.38786881E os
142196935€ 00
+44321819E401

0.94182754¢ 00
~,90953304€ 00
v, 64237104 00
. 34314780E 00
e, 11632370E 00
.7‘35.049[-01
.19246037€ 00
,20420852€ 00
.z96549«z£ 00
.39353976€ 00
.35942629€ 00
2»J624N01293E 00
.36633751F 00
+34423445E g9
.31333298€ 00
,29750%17€ 00
LEITE91784E 0O
.28911567¢ 00
.23480570€ o0
122697854E 00
021933630E 00
+21115403E 00
«20272074¢ 00
«19980671E 00

d15,2

+000n0000E80

.14949932¢
163275738¢

14s27321F 01

+26425066F
C41694648F
+60151530¢

al
01
0l

+811T038¢E 01}

«10377661¢
12546320¢
14258449
15446217
+16145298F
+16340430F
»159113¢4F
2 14839226¢F
213115767F
.11308782¢
96705574
+82097810E
«89313370¢
+57741210¢
,4757153%¢
,38002¢37¢
+31%504234¢
22%350165E
«20385945¢
16462341
13382820,
L11078631¢
2 92542878¢F
*77226674€E
«64409509¢
293635832
cA4912119¢

0e
02
02
02
02
02
02
0z
22
02
0l
01
01
[ 2}
0l
01
01
0l
01
01
0l
0l
00
00
00
00
1]

90,1
“214282173€

183192611

47933647y

266287
., 268850894¢
we§8217249F
ee 112110792
.y 161340408
v,21474112¢
woJ0lagA04F
», 44432790¢
«.%3239105¢E
v, 5750273¢8¢
-.62092267F
v, 67771695¢
-, 73812710¢
e, 8839T119€
e 87911287€F
v.10613851F
o 10568887F
esi1l623l84p
e 127733 7F
ws 141083780
-y15651825¢€
», 183096047
*.20232948¢
«19610277C
v 19419240¢
-.2103100!!
e 23338432F
g 27867341E
-, 31044729¢
--34920503!

039266394¢

d12 1

0000000005-83

e, 10496970¢ 0
-.l.””!‘t
o, 16610380¢C
-,1‘3‘6"‘!
»e1278299¢E
ey 15082732¢
-, 14068USTE
-’1‘286382E
-.lGU’BGZ‘E

v, 11087980¢"

.,1{086054!
s, 718192%2¢
0 66344221
.y 6999040NE

., 563315921
-.302!9267:
g 20095510¢€
w,185%6 988k
vo13151682E
.,93250918¢
g 83794405E
* 49523937E
vy 306l6419E
«y20711108¢
0, 13%09867¢
-.07314193E
.y J99707239¢
-.n!v'vogst
»q26432513¢
e, l18901710¢

00

«y94999213E00]
*, 42788691001
ey 17701685Ew0]

+00000000E-00



LOT

TIME(SEC)

.onoooonoE
,500000P0E
~10000000¢

.lsoouoooc

.20n00000f

»25000000E

,30000000¢

.35000000€

»+40000000E
,4%000000¢
,30000000€
550000005

1 ¢D000000E

"+ 65000000E

,70000000¢
. 73000000

50

0l
02
n2
02
02
02
02
02
02
02

02
02
02
02
02

*30000000¢ 02

«8%000000E
.90000000E
.9%000000¢
+10000000E
+10500000¢
.llooooool
,11300000¢
.12000000E
.12500000€
+13000000¢
,13500000€
.IAOOOOOOE
«14500000€
.15000000€
13500000¢
.16000000€
lssoouooE
11700000pE

"]
08
02
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

MACH NUMGER

*00000%vE=80
«71263973E.01
14351522 00
¢22569298E UD
«31340000¢ vO
+40738409E 0y
.5123302%€ 09
«62810000€ 00
. 75950000 00
290331193 00
«10545586E 91
J2lr9218g 91
.1.00,900! 01
16086496 3L
+18407917E 01
220878080 0)
o23281775¢ 0)
«25743649E 0}
+28429009€ 01
+313%3786€ 01
34%81419¢ 9]
+37904000f 0}
e 41349906¢ 9]
L44885733¢ 01
.453255005 01
«318%6889€ 01
,392%9737¢ 0L
«58748000€ 01
262377%61¢ 01
066621198E V1
113sq800¢ 9)
«76382649¢ 01
+81656911E 0L
L87173930¢ 01
+9270400"E 0}

Table CT.

VIFT/SFC)

*00N09004E
«806n8572¢
olog28lvgE
«29697370¢
035232600¢
«455%61091E

Retabulated Reference Trajectory Data

-89
Q2
03
03
03

03

56793853 03

069081200F
+82500800€
«906676167¢

03
03
03

«110787%7E QA

,12500083¢
214001 929E
«156390a%¢
lT484618E
»19573880F
2219333c0¢
.Zl"'o’!\qE
«2T48413)E
030661439€
034095731F
«37720220¢
W4} T14257E
+45880102¢
v501406¢9¢
o54439208¢
+38777667¢
063152580¢
+6T7961875E
«72003297E
2 T6474350¢
«809746a13¢
v895495499¢
290049870
0944 79380E

0a
04
04
04
04
04
na
24
0a
04
0a
(L]
G4
Ua
LY
04
na
04
Ja
naq
G4
04
04
04

[%

QiLgs/FT2)

+00000000€
L73357528E O
.3105215~E
LTL778342€
.120958300¢
.20422135¢€

50

02
02
03
03

,29415181f 03

«13%14800¢F
«50528700E
603995063
+69034T0TE
.74559326¢
+77749300F
.78517C85€E
«T6390UQTE
.T1n91200¢
L6€692608€

«539815%0F ¢

.46124000E
»39137036E
.33032%23¢
.27512000¢
+22663366E
L18531610E

. 15006600

L12974742¢
+97099517¢
.78410000F
L6ITALTITE
«952766682€
+44077000€
36782120
«JU6TTIBEE
,25%46000¢
.21391000¢

03
03
23
03
02
n3
03
03
03
03

3
03
03
03
03
03
03
c3
n3
02
02
02
02
02
02
02
02

02

GAMA (RAD)

«13707963E
«15€¢T6379E
«1568932%€
«15561124¢€
14978241
«14217918E
«1345002%¢
«12718080E
+12034743E
«11345602¢
«1065N614F
+99596691E
«92787268E
«B6066282E
«79697360€
«73459163E
(6T6T63T4E
062291820E
*57314867E
32736866
+48539830E
o 84696137¢
+41181889E
037962002E
0 35n252¢7E
032317312€
29819422¢
« 275048 84E
#25357095E
+23358041E
«21493730E
«19752322¢
« 18127864
216599828
»15214035E

g1

0l
01
0l
ol
0l
0]

0l
01
00
00

0o
00
00
00
no
00
00
go
00
00
00
00
oo
00
oe
00

4]
00
00
oo

R(FEET)

«2n909836F
.20910037F
.20918653E
L.20911707E
.20913224¢
.20919227F
,2091 1734
+20920769E
+20924343¢
.209ZBABTE
.209330a87¢
,20938136¢
220943564€
.20949331F
.20955420F
220961825E
,20968338E
20975956
.2098¢868E
.20990‘55[
+209982Z90¢
2210063%1¢
2210146} 2E
.21023042¢
«21031599€
221040627
«21048870¢
221087478¢€
,21066008F
+2107448)0E
+21082061E
«2109LO73E
L21892765¢
,21106118¢
«21113189E

THRUST (LR)

«21999959¢
.92058045%¢
+52¢qL02p¢
5254177138
222960620
.53485860(
JS410G1ARE
54783240¢
«55509171¢
.56281042¢
$26975362¢
,37652369¢
«508263723F
«28797317F
99826 TF
+99602436¢
.290874450¢
«60071321E
+60211780¢
.603Vga25%¢
+60389036F
.60429349;
«60295291¢
,39448291¢
«57€75769¢
.5%103832¢
33073874
91445021
,4933038%¢
«47612036¢
.45966115¢
A4383696¢
«42867136¢
41404768
YITEIEE ]

WEIGHT (Lp)

+35000000€F
«N4319256F
« 33838514
+3C95TTTLE
J32271027¢
«315962R4F
J29lss4lE
.30234798F
v 29954055F
.28873312F
.28192569F
,27511326E
«268310R3F
L26190341E
25889596 E
«?8788854E
J24108111F
$23427367E
«2ETA6625E
+25065802E
«21385135E
«20704396¢
02002351 3E
,19345307F
o18685113F
+18022963E
o174%4007F
«16837U15E
,16291264€
o 18785382€E
o18248495¢F
14709586€E
14289571F
J12744078¢
«13299504F



=]

801

TIME (SEC)

,00000000E«80

«J30000000E
,10000000E
.15000000E
+20000000E
,2%000000¢
«30000000€
,35000000E
<40000000E
. 48000000E
.%0000000¢
.5%5000000E
,60000000E
+65000000E
.70000000E
<75000000F
,80000000E
, 85000000
»90000000E
L95000000E
,10000000E
,10500000€
.11000000¢

.11500 00E o

00000€
.1z;ooooos
.13000000E
.13500000¢
14000000
,14s00000¢
+18000000E

,18500000€

116000000€
+16500000€
,17000000¢

Dw/DY

«,13¢14800¢
=e]13614853€E
we13614882E
ve]13plagart
wy13614879€
=s13¢100%8F
vs136148486E
eel3614806E
esl3glape2E
©e1361486AF
=e13614847¢
.o 13614877E
.o 13614839€
®s]36148¢64E
ve13614885E
-nl!‘l‘ﬂ!'[

" wy13614880E

v, 13614862
vs136]14825E
ve13614915E
eeldglaglag
vy i36185914¢
.ol’ﬁl:l’ﬁ:
o) 345278pE
- 12919420
=s12392p889€
©s11963160F
e 11921024¢
eedl112909F
ve10724635%¢
*e103539264¢E
v 9984682TE
©s96637323E
we90315253€
-,95287%2%¢

0%

05
0s

05

0s
05
05
0s

0%
05
0s
0s

03
03
09
05

0s
05
05
09S
03
03
05
05
(2]
(1]
03
04
04
04
04

1YY (SLUG=FT2)

.37133000¢
*36349000€
+39935000¢
234785000
¢34022000E
«33254009¢
«32%01000E
+31741000¢
+30980090¢
230217000€
029447000
0286720N0€
«27839000E
«27096010E
0 26282000¢
29475000
024642000
,23791000¢
e22322910E
222031000¢
«21117009€
028173000F
+19200000¢
,{8064226[
«16431382¢
«19%287771¢
«14873507E
o14319531g
e 13271839
2 12135%63¢
oll1]l8SrsE
«10103767E
09061153°E
«80741080F
,70614292€

n9
09
n9
09
09
09
09
09
G9

09
a9

29.

09
09
09
(1]
09
09
09
ty
09
89
09
09
09
n9
oy
[ 1)
09
09
09
0s
[ 1}
1]

Table C7.

Ixx

30492000 Op
,30363000F 08
302210005 08
3oue7ooot 08

940000¢ 08
129787000 0
.29625000! 08
,29461000¢ 08

9286000f 08
'f,fo 08 08
.zasxzooor os
,28710000F 08
23499000[ 03
,28276000F 08
23002000[ 08
000F 08
000g 08
zvtssooo: Og
¢sqseoooz 08
26652000g 0s
.26320883! 08

’719

25467

.19? 2000[ 0
92415¢ 08
124779173 08
,24348751F 08
23901611; 08
;3039302! 08

29%68454f 08
2!449505! Og
J21924469¢F 08
3!419!31[ 08

iﬂs‘oai

.10109601! 08

(Continued)

gy

+36951000¢
2 35771000€
34999000;
03.!.4000[
«33498000¢E
«32743000¢
,3200%000F
31262000[
3091308

429774000

.29023000[
28268000¢
«27903000¢
,26735000¢
,2595%000¢

stisget
«23932000¢€

+22693000¢
2!533000[

;:8o3%88

.191080005
181609647
11211073;
,1625723¢€
19:,5547;
.las!o 12
1335¢002¢
12!06979!
J11411899€E
10430699g
’l! AJATE
049§tllz:
o19!l°54!!

le
+47500000¢ 0p
«46102941F 08
L44705882¢ 08
i:oﬂaznt et
911765 08
40514109: [ ])
v39117647¢ a8
0 31720%88F 08
036323959 o8
. 34926471 08
.33529012[ 0s
232132353 08
«30735294; 08
«29338233%¢F 08
279411165 T
.26544 18F o8
251470%9¢ O
+23750000F 03
«223%2941F 68
120955882¢ &
}955582‘[ 36
8lel7e5¢ 88
.151541o¢t as
y15367647€ 08
.139109505 (L]
,12973%29¢ 08
11176a71¢ 08
-91104110! ()4
03023929[ [ )]
+698529alE 07
259882353 07
41911155; L ]
7941176E o7
sovslooz =1
.00000000[-..

XCM(FEET)

«91050030¢
+922%0099¢E
193460030€
094630080E
195910090¢
97170000
098435000F
099710880F
»10102080¢
s 102336800C
010371000¢
10515080
10657000
e10798000E
v10947000E
«11102080€
v11261000¢€
Jl1425008¢
e11396980E
W 11773084¢
0119670005
2150080
12351000
.12556373E
2779388E
olZggTS!JE
9437¢€
cl303‘1.2[
e 13662400C
13808768¢
elaladanye
014391083E
014640497E
e14896325¢
J19154471¢

ne
02
o2
02

02
/Y4
02
03
03
03
093
03
03
03
[ 3]
"3
03

03

03
03
83
03
03
03

)
03
93
03
03
k]
3
03

thn
.TT4g0000F
«79000000€E
»50600000¢F
.82200000¢
.34000000F
+85800000¢
+87700000¢
,39700000F
+91700000€
,93900000¢
196200000¢
+98600000F
,19110000¢
«10379000¢
.10650000¢
10950000
e112600002
+11580000¢
11930000¢
J12300000¢
+12700000¢
+13120000¢
«135¢8000¢
140318392
L14525488¢
ol5036091!
v13963366¢C
«1611239g¢
J6s09%030L
i7201279¢
17899377E
,109!1:&1:
1919452180
0198753768
«20577000L



TIME(SEC)

«00000000€-80
«50000000¢ O1
«10000000g 02
+15000000E 02
«20000000E 02
+25000000€ 02
«300000Q0€E 02
+35000000€ 02
40000000 02
+45000000F 02
+50000000g 02
«55000000E 02
«60000000¢ 02
«65000000 02
«T70000000F 02
+75000000¢ 02
«80000000 02
+«85000000g 02
290000000 02
95000000 02
+10000000¢ 03
«10500000¢ 03
+11000000¢g 03
+ 11500000 03
«12000000g 03
+12500000E 03
‘013000000 03
+13500000F 03
+ 14000000 03

+14500000 03

+15000000¢€ 03
.15500000¢ 03
+16000000¢ 03
+ 16500000 03
17000000 03

Table C7. (Concluded)

e0

«156155E 01
«155g13E 01
»1560%58E 01
«153979E 01
«146649E 01
«138831F 0}
«132879E 01
«126778E 01
«119785E 01
«112018E 01
«104276E 01
«975836E 00
«918401F 00
«861390E 00
«T99589E 00
«736354E 00
«6T4ST1E 00
«615547€ 00
+559856F 00
+«5067%0E 00
«%53905€ 00
«397841E 00
+345105€E 00
«309578E 00
«290189E 00
«266438E 00
«229375€ 00
+186608E 00
ol67316E QO
«120881E 00
«106916E 00
+835837E.01
+#36393E.01
0236275€E.02
wel36143E.01

109

%

*e925025E«02
»e951153E«02
«¢837053E=02
=e163191E=01
we313296E=01
»¢334858E=01
we162107E-01
=e402818E=02
=9562295E-02
«e1437%3E=01
=e223243E=01
«¢201309E=01
=e917139E=02

«T27108E=03

¢348499E-02

+176200E-02
=¢219303E-02
©e737141E-02
-e132927E=01
=e206182E-01
=e314932E=01
ve%91201€E-01
®e667141E=-01

weT01023E=01

=e600641E~01
=e567349E-01
=+688188E=-01

=e884386E~01

=2 106254E Q0
-9112699E 00
«o108022E 00
=e113940E 00
«e137639€ 00
ve163636E 00
«e175785E 00

.YO
«e829977E=03
~e245741E=03
«252946E=03
=eb6T6157E=02
=el46632E«01
-s155121£-01
«e150493E=01
-e140857E«01
=e135885E=01
=e139067E=01
~e138491E-01
«e137819E<0Q1
*e135550E01
«el31788E=01
wel26311Ea01
=e119439E-01
well)758E=01
wel035611E-01
«e954982E-02
v eB8T76794E02
«98030%9F-02
«e735039EL02
webT)T67E-02
-e614686E-02
=e563896E-02
«e519871E.02
-e480318E-02
-oh48871E=-02
ve413977E=02
«e385986E.02
«¢360281E-02
«¢336217€E-02
»e31%020E.02
-e209464E02
“e279137E-02



011

MEAN RESPONSES (1)

bt

DELTA

+000E~p0
-OISTE-DS
e 102E402
=9 324E-02
-.6045~02
~2872E-02
es107Ea01
es126E01
ey l40E-Q]
.'lan.ol
»1131E=0]
- 154E,01
ee1%54E«0]
»s123E=01
~e63lE-02
=¢743E=-03
2 168E.02
+104E-02
we772E03
-+ 183€<02
ws226E=02
~,214=02
-0167E.02
wel110E.02
vs6l1E-03
es311E«03
»¢890g«04
11]5E-03
v234E.,03
+30gE«03
»396E-03
+455¢=03
«487E-03
«913F.03
0532E-03

Table C8.
DDELTA NSUBIY
;OOOEOBO .OOUE-GO
L102E.03 W108Ee02
0.756E.03 -105E-01
.s655E-03 v603E=02
(B24E-04 =,217¢-01
«111E=p2 =e802C=01
,21TEL02 +,147F 00
W274E.02 «,302f 00
+361E-02 =,662E 0O
l533E-02 --391[ 00
+298E-02 2 T4TE-01
.324E.02 ..484F 00
499E-02 +,132F 0}
1534E-02 '0]74E 01
;383E.02 -olBUE 01
J197E=02 ~,142F 0!
.387E.03 .,86RC 00
es163E-03 =»349E Q9
2687E-04 e 334F-01
.596E.03 «25gE 00
.BB84E.D3 2404C 00
L986E=03  ,466F 00
«94%E-03  +4T4E 00
JT61ELD2 «45%50E 00
W524E-03 a07F 00
«296E-023 0 362F 00
J189g-03  4332p 00
«115%EC=03 e302F @0
,920E_05  ,2Ryf 00
ee433C04 +267F 00
ee5T2E.C4 »255F Q0
«.9T7Tg=04  J244p 09
es126Ew03 e231FE 00
- 137€.03 23ef 0f
eel47E=03 «254F pu

DNStBIT

.OQOEORU
236E~02
6g9EeG?2
olQ4E’”1
J165E=01
«207E»31
.679E-C?
.1245-01
o 819E=0)
«ATTE=D1
0929E'0]
LA?5E Cr
.615E QC
«207E OF
.28LE (0
«331E un
.134E Cr
«817E=22
e342E-02
«215E=1)
«7528=01
J184E 00
l8°9E"}l
0545E.ﬂ1
.233E.ﬂ1
«T75E-C2
«323E=n3
LA07E-02
«78E=L2
-.3796'ﬂ2

$217g=02

.1alE-02

.l?oE.E?

. 157E"'\«\?

QL

+NODEw8L
WASTELL?
«361F GO
«116E U}
,228F 01
«347F N}
+455E 01
527 1
eST77E 01
«843r 01
«993E 0}
«R29F (1
«7%9F 01
«b44F 1}
353 N1
+ TBB8E U0
L121E DO
¢e551EF {0
+68BE I
el9eF 01
+297€ Ul
L3478 Ul
»342E 1]
«3L5E ()
oZ56F Ul
213 L1
2173 vl
al44F (]
Jz1e ol
1048 Wl
«899EF yr
W 1715 LF
W6ETE OO
oOT1lE 0P
«491F GO

QDALF

-ODOE-SO
«349Ea02
«9T79F-0)
«231E 00
«473F On
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e, 11701 «J20E0)
«A4gE=92 +169¢€ oo
.202E.01 «J93F 00
+468E-01 +«558E 00
«977E81 «JT7E 00
«T34E.01 o110E 61
e.650E.01 o 237F 01
-,A12¢ 00 223 O]
«.586F 09 «175€ 01
., 145 08 ,110E 01
«374E 00 +284E 00
«A11E 00 .+ ,490E,01
L1526 00 ,118F 00
-.lSSE..l -.130E 00
e, 345401 - 235 00
«.209F=0)] «:236E gp
,430£.01 . 1T0E 00
«941Ee0] «,124E 00
«985€.81 <,122¢F 0O
«719Ex0]1 «,133F 00
JA36E.01 <,118E 00
.631[.02 v,108¢F 00
«125Ee01 o,494FE.01
J128€.01  ,302F.01)
BYYILL) e127E 00
180¢.01 »238E 0O
ollefool c369£ 00
«289€a01 +»354F 00
+T12€e01  ,886F 00
.205€ 08 +167E 01
.507¢ 00 +356F 01}

QALF

QDALF

«000F 80
eodT6F=081
«6TTF<02
«186F 00
«488F 00
.’60[ qo
<168E 01
'260F 01
o374 01
«547F 01
+582€ 01
,672¢ 01
.923F 51
+387F 01
e 174F 01
eeT18F 01
=eT786F 01
-.55°F ol
e, 244

«137F

«17BE

«13%¢ 01
«761F AD
<345%F O0
-368[-Ql
«383Fa0]
421Fa.01
+336€0)
«421Fa01
+532Fe01
o T34r01
«141€ 0o
«303F 00
0108F 111]

01
,--156F~8?
01

Quadratic (Q15) Covariance Results

1}

<000E=80
e, 733E 00
e, 704F 0)
«.19%€ 02
e, 2%%¢ 02
«,368E 02
. 485%EF 02
=.598E 02
0, 693F 02
*,T56E 02
e 792 02
-*1935 02
=, T33E o2
«,597E 02
‘0‘135 02
oe238F 02
. 114F 02
e, 496F 01
.,255¢ 01
=2 141E 01
+AT0E 00
«+433E 01
.105¢ 02
+186E 02
L278€ 02
«376F 02
+4T73E 02
+J68E 02
«686E 02
«T34AF 02
«794€ 02
.827€ 02
.807E 02
L665EF 02
«193fF 02

1

.000F«80
«,537F 00
e.101E 02
e T34¢ 02
-, 17%¢ 03
'033.[ 03
. 543€ 03
«,814E 03
.,ll‘f 04
'.lS.E 0‘
o.lB’E 0‘
-,229€ 04
'0261E 0‘
-,301€ 04
'93265 o‘.
.,3‘3[ 0.
-.351E 0a
=, 355¢ 04
«,357¢ 04
'.350E 04
-, 358F 04
.0351E 0‘
e, 354E 04
=.346E 04
'0335E 04
=,319¢ 04
v, 297E 04
e, 271F 04
*.241E 04
v, 206E 04
‘-1635 04
o, 127¢ 04
*,860F 03
-, A%4F 03
.CZ.SE 03
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Table C16. (Continued)

MEAN RESPONSES

t 181 D181 182 p1B2 In3 .h1Bd)3

1 +N00E=80 ,000E.80 «000F-80 .000E-80 «000F<80 .000F-80
2 J60SE 05 .,937E 0%  (77lE 06 <,834E 06 L120F 07 ..126E 07
1 ©el02E 05 <.283E 05  <148E 06 <«.24)FE 06  «2%6E 06 =¢362F N6
'l 138 0% «.690E 0% «275E 05 <,217E 06 «281FE U5 «s272F 06
% <,40%E 0% «,185F 0¢ <« l43F 06 «.309F Q¢ <,186F 06 .320F 96
6 wolTTE 06 «o257E 06 «.421E 06 «,501E 06 «,4T74FE 06 «,507F N6
7 -,353F 06 «,416f 06 <-,748¢ 06 o Ta8E 06 <, 793¢ 06 . 778 06
R «e516F g6 «4617E 06 =0105E g7 we.112E 07 «e]10€E 7 «¢)0B8E 7
9 +¢520F 06 .,831E 06 <o l33FE 07 «,177E 07 <,155E 07 _,18AF 07

10 «s7%0E 06 o100 07 +4203F 07 <=,196E 07 <,241€ 07 =.199F 07
11 «4153E 07 <¢l21E 07 «4327E D7 «.205E 07 <,349E 07 -.1a7F 07
12 '0177E 07 ..163[ 0y '0353E 07 00287E 07 -.361E 07 --270[ 07
13 «ol137E 07 «.198E 07 .262E 07 <,260F 07 <,2628 07 «,186F 07
14 «,670F 06 «,130E 07 -,l112¢ 07 =« 7alf 06 <, 101 G7  ,[392F 06
15 «+638E pd& <,1%6E 06 1 8)E 06 +9T1E Q6 +308E o6 «181F a7
16 ,225FE 06  ,TA)E 06  ,589FE 06  ,1%8E M7 ,692F 06  ,169F 07
17 +1s2F 06 110 Oy 325 06  .136E Ov  ,308E O0g  .p8lE 06
18 o894F 0%  ,821FE 06 «2296FE 05  .797E 06 =,160F 06  .291F 0§
l9  ,674p 0%  ,308p 06 «,851g 05 ,110f 06 =,224f 06 o,200f 06
20  ¢382FE 0% ., )INE 0% <.145F 06 «,286F 06 <«,287E 06 «.460F 06
21 ,801E 04 -, 180E 0g =,216f 06 =, 407f 06 =~ 366E 06 o,431F 06
22 =270 04 o 21%E 06 «~e227E 06 «.339€ 06 =.370FE 06 «.287E aé
23 o 562F 04 <, 164E 06 -.162FE 06 «,198F 06 <«,274F 06 <. 118F 06
28 o185E 05 <,902E 03 «,779E 05 <.820F 05 <,151E 06 <.227E 03
2% «228E 0% +,391E 0% .,612F D4 -,105E 05 -,383F 05 +307F 05
26 ¢247FE 0% <.5TRE 04  +307E 05 .109E 0%  ,L199F 05  ,241F 0%
27  ,146E 05 .,507E 04  ,949FE 05 113 05  ,559E 05  ,243F 0%
28 <¢862E 03 <.611E 04  ,433E 05 ,906E 02  .724F 05  .T6BE 04
29 «o207F 0% ,B800FE 04  L181F 05 «.133E 05  ,556f 05 ..130F 08
30 ~,461FE 05 «,942E 04 «,289E 05 < 244E 05  ,973E 04 .,278E 0%
3] «o7%3E 05 <«,123E 05 «4900E 0% ©.290FE 0% <.546F (5 <.330F o5
32 «o11%€ 06 <,129E 05 «,1%1E 06 «,388E 03 «,106F 06 «152F 0%
33 wol69E 06 <«,566E 04 «,838E 05 J171E Q¢ «T16E 05 +290F 06
34 «,276F 06 -,253E 03 +160F 06 «402E 06 «608E 06 +812F 06
35 .,5%7FE 06 <,790FE 0%  .603F 06 ,413F 06  ,169E 0T  .T79F aé
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DELTA

«000E=A0
,267[005
07675'05
e299E.04
1651F<04
+845€<04
+T740E=-04
«620E=04
,844E=04
0447E'04
.163€.04
e114F=04
.132['04
«e14%€a04
'1445004
1147E'04
»158E.04
QITOE'04
v 185F-04
«192E-04
|193E.04
«177-04
«l48Fe04
10404
1591E-09
+219E«05

2107E=07 -

e 139E.05
.385[-05
«526E-05
2 496E-05
0963E=05
»102€.04
02565-04

DELTA®DELTA

,000E-80
.'1935.05

e127E-0%

«529E.06
«e112E04
'l2595004
-.2845.0‘
«s213E.04
«, 20404
.'315E.04
-4 122E.04
'01015-04
.01265004
-, 133E.04
-~ 107E-048
e, 7842E.0%
'1613E-05
ey 310E,05
-QSZZEQOS
«e550E.0%
vs583E08%
«o604EL0S
- 62005
ve362E-08
-, 4T6E_0%
~4316E-05%
e 179E,08
«+985E-07

+391E.06
-.433E-o6
'01495.05
-, 122¢.0%
ce1%%5E«05
-e 142E.08

ol~3E-05

Table C16,
DDELTA
+000€=80 «000E-80
713305 174 01
¢e3%Eep¢ «132F 03
.959E-°“ 026°E 03
o132£.03 .29¢E 03
«117€-03 <304 03
1879E-04 293¢ 03
2+ T16E-04 «259€ 03
,964F-04 _209¢ 03
0928Eeg4 «176E p3
,189€.03  ,202F 03
2486E-03  ,35%5F 03
+647E-03 «T69E M3
e615E-023 163F 04
'442E-03 c304‘ °4
,236g=03 Lhesg 04
0126E=g3 -THBE g4
.645E-04 0961E 04
¢293E=04 «124€ 05
1146€-04 «152¢ 08
«839E<05 «178F 0%
¢337Fe05 «196€ 05
140505 «203¢ 05
¢317€-05 .192¢ 0%
W 2T2E 03 Jelr 05
v195€<05 «110E 0%
+159E-05  ,534F 04
«103Fa05 106F 04
e139€-06 .583¢ 03
v637g<07  ,572¢ 04
0427F-06 .1%9¢ 08
,302g.06 281 0%
0251E-06 «370E 0%
+204E,06 «317E 08
+797E<07  .539F 04

pZboY

(Continued)

DELR

«000F-80
«558E=04
0388E'04
e653Ee(5
«130F.08%
«129€-05%
«3TTELDS
+B820E.08
J131Ee04
.197E.05
<190E.04
«321FE-04
e4T2E.04
«526E.04
«509E-04
,350F-04
.2045-04
115E,04
«580E-0%
«3%58E405
«307E<05
0 390€.05
+630g<05
¢998E-05
,158F.04
0161E-04
01685-04
e 1318404
¢300€.0%
0679Ev06
«120F.04
JIT1E-D4
nZZ’E.OS
»120E.02
+675€-02

AY

«000F=80
«2T8E=N3
.4§9F-oz
+401F.02
«241F<02
e148Fen2
.9[6F-q3
e546F=03
L310F-03
0190‘-63
2 165Fan3
.ZZGFOOS
+394F <03
e671F=03
«997F=03
.1?&;-02
;148E-ﬁ2
«160F.02
«16%5E02
e163E-02
«153€=02
«138F.02
01178.02
«917703
641703
«3T73E=0)
J158£.03
.2615.04
e128F<04
-lllroq3
«273F=03
L429F =03
«507F=03
«391E.03
v605F04

AS

.00NE=80
.619g=013
eT64E=Q?
+B14F«04
+276E=04
«599E=05
.309€-04
.150£+03
, 34503
'SSOE.03
.920E-01
J182E<02
«224E<02
0269E'02
e262E=D2
,22Tg+02
«197E=Q2
,172E-02
«144E=02
110F«02
+715E+03
+342E=01
«675g-04
;5!0E.04
,608E.03
02025.02
«426E«02
«T21E~02
«981E<02
210301
.815E=02
,448g-02
«403E~03
.9B4E-02
135 On

4z

.000c=20
.90%¢ 00
«102E 04
JlnTE 05
0350E 05
«74%E 03
.128g 06
.194g 06
,C66E 06
«339E 06
+40TE 06
.472E 06
+546E 06
«660E 06
«883F 06
J132 07
QZIZE 07
<342 07
«543E 07
«832¢ 07
«123€ 08
174 08
0236E 08
«J09E 08
.386€ 08
9461E 08
«523¢€ 08
05615 06
.565¢ 08
0530E 08
«459F 08
,3655 08
«263E 08
.175E 08
122 Op
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«000E~80

«879€-

J12a€
+309E
1 242E
e162E
«115E
«916F
« 170E
e T99€
+115€
e 158€
e174E
»159E
«865E
«357E
«175E
0152E
«205E
0332€
o 55AE
+837E
o 124E
173¢
o 241E
«J04E
0352E
e 362E
¢333E
e 254E
o148¢
e522E

0l
0l

0l
0l

00

,323£=02

0 204E
22T1E

0l
02

Table C16.

NITODNIT DNIT
+000E-80n +000E-80
«e284E.01 e958F.n2
,340E 00  ,9%4F-01
*.387E-01 e TT3E=q2
«o143E 00 +305E.01
-,102E 00 2772E<01]
67201 0229E€ 00
«503gs01  ¢520f 00
es599E.01 +935€ 00
-,591g-01 193 01
=426BE 00  +461E 01
e.897E 00  ,246F 02
-,808E 00 e249E 02
e, T64E 00 o123 02
-, 485 00 «249¢ 01
-o124F 00 +283E 00
-, 135c.01 364 00
+706E.02 «587E @O0
+928E,02 «470¢ 00
«177E-01 21607E 00
+243EL01 W651€ 00
+350E<01 +542€ 00
JA8R8E.01 W472F 00
62001 v409¢ 00
«125%5E01 «JO6E 00
64%E.01 «206E 090
+334E<01 +139E 00
«s131E.01 «888E.01
v894f01 +579E<01
e.853E.01 08400Fa01
«,831f=01 1272¢=01
ee138E-01 1224F 01
-, 140E<02 ,4%6F=01
653E 00 4211E 00
«H29E 01 «146E€ 01

QALF

(Continued)

.UOOE-BO

«110E
.15TE
«196E
.493E
«787F
«925E
091‘E
«137E
<23BE
.ZZBE
<183E
«178E
JA72E
01316
«104AE
.880EF
.898E
L113€
«161E
+229€
«JO0BE
«JOAE
482
.569E
L608E
+5TAE
.S00E
.378€
. 232¢
J107f
«295E

00
01
01
01
0}
01
01
02
02
02
02
02
02
02
02
0l
01
62
02
02
02
02
62
82
02
02
02z
02
82
02
01

L223g.01

<896E
«626E

01
02

QALF®#DOQALF

«000E~-80
=.580E-02
-, 135 00

+207E (o

«260F 00

«363E 00

+698E 00

«138f 01

.290F 01

,232€ 01
«s496F 01
-, 583F 01

«515E€ 01

«1T3E 02

«113F 02
-, 171E 01
-,582€ 01
-,403E 01
-,218F 01
=+777E 00

«146E 00

o102€ 01

J187E 01

0252E ol

«304F 01

,252E 01

«191E 01}

«114E 01l

.699E.01
'0555E 00
e, 649 00
e, 423E 00

.298E-01

«+253E 01

«131F 02

DQALF

«DNOF=80
¢520F«02
«296F 00
.185E 01
«T21E 01
+234F 02
«T40F 02
0195E 03
.428F 03
.882F 03
.151F Q4
«363F n4
+«590F 04
«664F 04
0‘74F 04
«2TR2E 04
«160F n4
09425 03
«557F 03
«330F 03
«197F 03
«116E 03
«682F 02
«396f 02
«222E 02
J116F 02
+588F 0}
«298€F 01
.152F 01
«780F 00
.387f 0O
«198F 00
«257€ 00
-T28f 00
«273F 01}
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181

.000E-

el67E
e 3A0E
«618¢F
+108E
o J38E
v842E
«153E
«185E
e262E
«592¢
«857E
o« 134E
e512E
283
«136E
¢« 154E
W517F
+47T0E
«987E
0 853E
o 114E
o154
e 199E
023SE
2 268F
«CT9E
a25lE
«212E
155€E
2 844E
«332€
e T38E
123F
o 143E

80
11
12
11
12
12
12
13
13
13
13
13
13
13
13
13
12
12
12
12
12
13
13
13
13
13
13
13
13
13
12
12
11
12
13

1814p18)

+000E.

.510E
ve?9TE
«192¢
-¢I51E
e 987E
«s137E
=2 204E
«231E
laze
'.6895
eo 13RE
-, 170E
-, 148E
., 439E
e,202¢
'07125
+ 264E
0 465E
o B41E
137E
«180E
«229F
s 216E
» 220F
s 198E
2965E
0914E
ee361E
e, 2483E
ey 16AE

éo
11
11
11
11
11
12
12
12
12
11
12
13
13
13
12
12
12
11
10
11
11
12
12
12
12
12
12
11
10
11
11
11
11
12

DIB)

+000E~
«188E
o 189E
0 366F
«344F
e S64E
0262E
+88TE
Jds2¢
0 254F
815
«218E
«287F
«266E
¢ 179E
«883E
W 450€
«232¢
o 116F
0 603F
+333E
«183€
J03E
«BB4F
+310¢
o 163F
o 907E
.Q90E
«206E
v839E
«520F
0322F
«417E
179E
¢ 340E

80
12
12
12
12
12
13
13
14
14
14
15
15
15
15
14
14
14
14
13
13
13
13
12
12
12
11
11
11
10
10
10
10
11
11

Table C16,

182

«D00E-B80

«973E
«3R5E
ll‘lE
«279E
<321
1244E
+196E
+306E
. 135€
0722E
«954E
<87TE
«828E
«T18E
S12f
«A67E
«423¢
<J82E
+337E
+254E
+177€
«848E
«153E
«842f
<102€
.302¢
«660E
L106E
.120¢
«995E
«643E
<100
L283E
«239F

12
13
14
14
14
14
14
14
14
13
13
13
13
13
13
13
13
13
13
13
13
12
12
11
13
13
13
14
14
13
13
13
13
13

1B2ey1B2

¢DD0E-RD

«s916E
v 252E
«568F
«4p6E

«v233E

=e6957E

«,578€E

v, 380F

-,101E

-+ 603F
«280E
+236F
«810FE

'.123E

=,200E

vos162E

'.798[

'-233E

wo109E

'01‘9E

'0215E

=,292E

-, 154E
0172E
0 631E
J132€
«227E
«194E
«9ASE

-, 119E
«379E
«540E
L,237€
o1 49E

12
13
13
13
13
13
13
13
14
12
13
13
12
13
13
13
12
12
12
12
12
12
12
12
12
13
13
13
12
12
11
12
12
13

(Concluded)

D182

«H0DF=80D

«573F
«248F
«645¢
«T190F
«561E
«270F
«12%F
«116F
«144F
«330¢
«860F
JI11F
«995F
+633F
0329F
«190€F
-107F
«312F
«269F
o 163F
.lgOE
«T08F
«540E
-575‘
+495%F
,633F
«810F
«370F
.827E
«537E
«175F
«429F
J254F
.930F

13
Y]
la
14
14
14
14
14
14
14
14
15
la
14
14
14
14
13
13
13
13
12
12
12
12
12
12
12
11
1o
10
11
11
12

1B3

«D00E~-

+9TA4E
«393¢
.B814F
.992€
.804F
«b46E
941
.428¢
«970¢
.520¢
JT46F
.116E
< 144E
J148E
J146E
«181€
153
L153€
«140E
Jl2ag
«931E
«S66E
212
.la8¢e
,622€

8n
13
13
14
14
14
14
14
14
14
i3
13
13
laq
14
14
la
14
la
14
14
1a
13
13
13
12
12
13
14
14
14
14
1a
14
14

1B3=n1B3

.000E~B0

=.218E
.600€
143
«.113€
-, J6AF
'ala‘E
*,9R9E
..206E
,266E
-.543¢
«132E
« 198E
=,102E
©.299F
-.361€
'0267E
°.104E
=, 294F
-, 136F
*.3413E
=, 634E
- 124€
-.129¢
-.l?lf
=, 326F
,885E
«295E
.321F
J1n3€
-.554€
«266E
+166E
128E
07‘0E

13
13
14
14
13
14
13
13
14
13
13
12
13
13
13
13
13
12
12
12
12
13
13
13
12
12
13
13
13
11

12
13

13
13

nib3

«D0DE=8D

«121F
«590E
«156F
«197E
«150F
«830E
«455E
«399E
«218F
«964F
«161E
«240€
«251E
«291€
«270F
«208E
el14F
«302E
«TALE
«270E
«212€
«J1SE
«408E
«T63F
«791E
2121F
«1TE
«820F
.200¢
«325%¢
«T11F
«172E
Jd7r28
AN E

14
14
15
15
15
14
14
14
14
13
14
14
14
14
14
14
14
13
12
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t
1
r4
3
4
5
6
7
8
¢

16
11
12
13

15
16
17
18
19
0
2l
22
23
24
25
26
27
28
25
3¢

DELTA

+C00E=8Q
- 26BE-D4
-.139[-02
e 51CF-02
-,115g-01
*e2G5E=G1
~e31GEaD1
'QAZXEOUI
~s491EaC]
-.489E'01
- 64TE=D)
-, 867c=C1
.'955E-C1
«000E<B0
+000E-8G
+UGNE-BY
«000E=-20
+0CCE-B0
oOnGE'EC
+006E=8g
LOrnEaBQ
anOE-BO
«0C0E=BD
«000F=80
+00UE«B0
LORUE=BN
+000E=89
+000E-80
+000F=80
+0PDERD
«DC0E=BG
+000E=B0
L0R0E=80
+Q00E~289
«00nE-BD

Table C17,

DDFLTA NsUBIY
+000F=80  JO0OQE-80
0584E-."5 16955-03
e211gau3  ,180p.01l
e24pFL"3 W603F=01l
Jdobp=02 140 00
e3%4Fi2  #258EF @
o638EL.%2  ,424F 00
s966E=02  ,624E 00
+133€-t1 .827¢ 00
015‘E-U] .948E a0
ldgrall L1206 01l
.192E-01 601 00
v273E=01  <461E 00
+000E-80  LODDRE.BD
*000E=80 «GOuE=80
+000E-B0  .000F-80
+00ug=80 000F=580
+000F =80  LOOQUE=BD
LCong=80 ,000g-80
sguoE=8p  «0puE-80
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1  +0BUE=B0  +0D0NE=-B80  «0UCE=80  <DQOE=80  «ONOF-B80  +00uF~80  +000E=80 «0Q0O0E~-BD
2 e45B8E-0g6 ~e287Ee(6  <195F-06  +298E«03  o10RF.07. #461E«07  +308E=07  «307E.p3
3 ,108£e03 «,J61Eelid4  o561FE=05 o125F U0  +421€.08 +453F=05 L139F«04 L132F gl
4 ,232g<03 .,501g.04 ,224g-04 .280¢ 00  ,324F.0s  ,424F<05 35404 ,109f 02
5 #379E~03 «s914Fe04 L 4BAF-04  oTO00FE U0  «524F.06 +56%E«05  o601F=04 o431F 2
6 o532p=03 -,137p-03  [873p-04  W16lp 01 «B17p.06  JT77g~05  .862p=04  4133¢ 03
T ,666E=03 <,180F=N3  ,149F«03  ,337F 01  +134F.05 ,185F-08 ,110F«03  ,381F p3
8 ,78lE.03 .,217€E.03  ,247€.03 ,657E 01  ,229£.05 ,138€.04  ,129E.03  ,B832f g3
9 +760E=03 «y233E-U3 e342E=03 #121€E 02 *332E.05 o 178E=04 ¢e130E-03 +182E pa
10 ¢592E=03 <s203Eel3  4252€«03  «219E 02  «232F<05 +235E.08  L10HF«03  o3T6E pA
11 ,920E-03 «,217E=-03  ,499F-03  ,396F 02  +4¢0F.05 ,323F-04 ,132F-03 ,744F 04
‘2 .l63€°02 '1362E-03 .135E-02 o483E 0? cl]lE-04 oSlUE-O“ 0245E'03 0136E 05
13 .183g<02 «¢567g-03 L 17Tg-02 <386 02  o139p<04 o 176g«08  ,303p=03  +213¢ A%
14 J000E-80  .000F=-80 +O0CE«80 oO0NDUE~-80  +UNNE-BO o 00JE<80  ,0N0F=80 +000F-80
15 L,NCOE-B0  ,00uF.B0 ,00GE-80  ,00uE-80  ,000F.80 ,0G,E-B0  ,D00F-BO0 ,000F.80
16 +0C0E=80  +p00E-8D  .DOOE~80  +DUDE=B0  «npOE<Bp  +0ndE-B80  ,000E-Bp  +000E~B0
17 «GNUE=80  «0N0E<80  +000E=80  o+000DE«80  «UNUE.B0 «0CGE«BU  o+00NF«B0  oDOOE.RN
IR <000E~-BO  +000E-B0  ,000F-80  «0UUE=B0  +0GOE«B0  +600FE=50  .000F<80 +000Eeg0
19  +C00UE=BG  +000E-R0  ,00CE-80 «00UF-80  .00NE.80  ,00NE-8U0  ,00NPE«Bp L000EwRD
20 +COUE=B0  +000F=-80  +00CF=80  +0D00g=8D  +0ONE~B0  «DGNE=80  000F~B0  +000g-80
2l «J00E-80 «000F-80 . 00CF=80 .000E-60 «N00E~8n eDGaE«BU +U00F=80 «000E-80
22  ,000E.8N  ,0GOF.B0  ,00CF.80  ,00uwE-80  L000F.80 ,O0ULuE.80  ,0NNE.BQ  ,000E.AD
23 «OGOE=BO  +DQOE~8y  J00GE-B0  +00DE~B8U  +U00E-BU  «00,F=80 .00NE=B3  +000E~-80
24  +ONDE-BO  <00ME.B0  .00RE-80  +OCOUE-80  .UOOE.BO  ,000F<80  ,000E~B0 +000E.80
25 +COUE=80  +000E=80  ,000F~g0  +000E=80  «000E-B0 +00JE~80  4000F=80 +000E=g0
26 +000F~B0  «000E=BO0 o O0GE~BD  +00UF-R0  +000E.BO0  o0UOE~80  LONOFE-8D +000E.80
27  +000g=~B0  +000f-80  .000g=80  +003p-80  +000PE-B0 +0CuE=80 .000F=80 «000g~80
28 <O00E~B0  +000E~80  «GOBE«B0  +O0UE«BC  o00CE=-B80 «0P1E~80  ,000E~BD  «000FE80
29  ,000F.B0  ,000E.80  ,008E.80  ,000E-RO0  ,u0GF.80  ,CCNE.80  ,000FE.80  ,000F.80
2 «100E=-80 v0GaF=8¢ «000E~80 +000E=80 +000E-80 «G09E=-80 +000E=-80 +000E=80
31 «ONUE<80  +000F-80  ,000F<80  ,O0GGE-80  +G00E-B0  oN03E.BO0  ,000FE-B) .0DO0E.80
32 oOCUE=B0  <0UBE-B0  LOCCE-80  +000E<8N  +000E-80  +003E=80 +000E=80  +DDDE«30
33 JONUE~8G  +000E«80  LO00E-80  LOOUE-B0  +WOOE.BA  +0CiIE«BU  <000FE=80 +000E.80
34 ,GOUE~80  +0NDE-BU  ,00Cp-80  .000g=80  +000F-BU  6B7p=80 ,000p<80 +000g.g0
2%  J00UE=80  +000E-80  .ONCE=B80  +OGUE-B0  +D00E-B0  +00uE«B0 o O0OPE«BD  «000E.AD
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APPENDIX D

LATERAL EQUATIONS AND DATA FOR COVARIANCE ANALYSES
OF THE LAUNCH PHASE OF MSFC VEHICLE B

This appendix presents the equations and data used to generate the covariance
analyses in Section IIl. The nomenclature, representation, and derivations
are presented below. A sketch of the vehicle is presented in Figure 1.

NOMENCLATURE

A = Matrix [ Equation (D1) and Table D1 ]

A’ [x] = Slender body space derivative [ Equation (D1 8)] ft
°3C,
C, = ~7pb| Figure D4 1/rad
b olfg)
oC,
C{’ = —a—rb— Flgure D5 1 /rad
r 2V)
“cm ~ *mrp
CLB = CLB - CyB 5 1/rad
cm mrp
C, Figure D6 1/rad
B
mrp
C, Figure D7 1/rad
5a
BCn
Cn = a(@.] Figure D8 1/rad
P 2
acn
Cn = 5 Figure D9 1/rad
r o} oV

160



*em ~ *mrp
an = an + CyB e
cm mrp
C Figure D10
g
cm
C Fﬁgure.Dil
N5a
C Figure D12
7B
D = Matrix [Equation (D2) and Table D2]
G = Matrix [Equation (D1) and Table D1]
H = Matrix [Equation (D2) and Table D2]
_ 2
S T
I Table C7
XX
I = 47.5 - 10%(1-t/170)
XZ ’
Iyy Table C7
I Table C7
zZ
L Rolling moment

Lp = 1750 Scale length of rolling turbulence

LS = 228.5 (Gust penetration length)
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1/rad
1/rad

1/rad

1/rad

slungt
slug ft2
slug ft2
slug ft2
slug ft2
ft 1b

ft

ft



]
—,1;2 = Rolling moment due to roll command (Table D10) ft/rad

Ls
T L = Rolling moment due to yaw command (Table D10) ft/rad

M Mach No. (Table C7)

2
M.R. = %—;1?—)7 Hd? W - c(]j_t I, (inertial rate and jet damping) slug ft2/sec
M’ =-8.96 x 10% x 57.3 (Mygo due to B @ G __ ) in. 1b/rad
Mg = -18.5x 108 x 573 (Mgg, due to f@q_ ) in. 1b/rad
M, = -1.62x 10% x 57.3 (Mg due to 6 @q__ ) in. 1b/rad
’ _ 6 ~
My, = -22.8x10 x57.3 (M1880 due to bz@qmax) 1b/rad
N = Yawing moment ft 1b
ro)
N, = S% ft 1b/rad
Ng
—T—R = Yawing moment due to roll command (Table D10) ft/rad
Ng
Tr = Yawing moment due to yaw command (Table D10) ft/rad
= 10,250 (reference area) ft2
T = Thrust (Table C7) 1b
= Speed (Table C7) ft/sec
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218

n
HI —
—
|
wn
4

Weight (Table C7)
Table 11 (Table C7)

Side force due to roll command (Table D10)

Side force due to yaw command (T able D10)

Element of A matrix

Lateral acceleration at pilot' s station

1 C,p +I_C ]2
£.)7°21 1
_zz 3 XZ nB 1

_1{gsbr
‘1‘3 1,,C¢ Faa +1,C “12]}

VvV Z%Z 3 XZ nB
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1b
lb/sec

1/rad

1/rad

ft/s,ec2



1 {gsb
I_; v [IzzCLBp'23 +Iszan'13]€

1 éSb2
a1,10 = 1_3 2V [Izzc{'/p + Ixzcnp } 5

L N
1 o ) T +1 (__Gp )T$
21,14 ~ 1T Lz \"T xz \" T
1 Lér (Nér f
a1,15 = I_;Izz T T +Ixz T T

-2
- 11gSb _ 2
d21 1_3 2V [Ixxcnp * Ixzc!;p] * [Ixx Lex Iyy)+ Lo ]qo$

LIYY—Ixx_Izz]qo Tl (M.R. )$

_ 1YgSb
397 = 1_3' v [Ixxcn M1 TG “21”
B B
_ 1{asb
38 = I 3 v [IxanB“lz +IszLB“22H
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23,15 =% T
. _ -
3.16 = §r gsc_-
yda
a41 = 1.0
%5 = -q
a52 = 1.0
a =
54 9,
363 = 1 0
a = -
64 Wo
a -
65 uo
a = -
77 a4 11
87,11 = +2'3TY“
"8 = -9.63 -V
S
a = - v
89 5.25 Y _
1,
S
a8,“ = +14.88 i-
LS

898 = +17.77 TV‘
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22,10

3,14

- .2
= 1)gSb_
-1 2V [Ixan + Ixzciz]
Ns Ls
Y (—R T +1 (—p—)T
I xxV\ T Xz T
N L
= —1- I 6r T4+1I ‘ 51‘ T
I XX T X T
. 95b +
I ;Ixxcndlj Ixzcéaaf
W
(0]
-u
e}
g g c
g(co )
g(seo)
g a8
w VG M3
B
g as
w v CyB“sz
g
WV CyB”32
Y
= .&_ _R T
W T
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a10,13

211,11

11,12

812,11

212,12

413,13
814,14
215,15

216,16

)
+
V]
w

“816,3

b = 160 (wing span)

b
c

cm

Body (subscript)
Cosine_

Center of mass (subscript)
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c,0,\/h Coetficient in random side wind (Figure A7 and Table A2) ft/sec3/2

cq Vh Coefficient in random side wind (Figure A8 and Table A2) 1/ft secl/2

c3chf1 Coefficient in random side wind (Figure A9 and Table A2) ft2/sec2
c4f1 Coefficient in random side wind (Figure A10 and Table A2) 1/sec
csh/ cv Coefficient in random side wind (Figure All and Table A2) 1/ft2
dij Element of D matrix

dy1 = 814,1

dga = 815,2

d63 = 16,3 |

dgg = bhq 15815,2

dgg = hyv874

d19,2 = B, 15815,2

d10,4 = Pgv8ry

dig,1 = By1,148141

di2,2 = By, 15815, 2

di2,3 = Pi1,16816,3

dig g4 = Byy 7874 T By g8g4 Thyy gBgy
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di4,4 = Pi3,7874 * B3, 884 * P13 9804

e Earth (subscript)

f Force vector [ Equation (D2) and Table D2]
(3 Force vector [Equation (D1) and Table D1)
£, Step response of x; [Equation (D13)]

£, Step response of x, LEquation (D14)]

fo Step response of x, [Equation (D15)]

g = 32.17 Gravity
g

Element of G matrix

ar. 11

88,11

€94 T %911

- c,0VE
g12,5 = €3 Vh

1/6
£13,6 - "p P L, BT D
= 31.
814,17 = 31-6
815,2 = 31.6
g16,3 = 10.0
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Altitude

Element of H matrix

I
—
o

n
—
o

VWa4.19x10"% 18

heg

’

15

M

Y, /T
O

hg3233

hosagy

h3235

h +h

73237 © 778y

hqgagg
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hon = h

89 73239
hg 11 = Pggfq 13
hg 14 = Bq323, 14
hg 15 = bg323 15 * By, 15215,15
hg 16 = B7323,16
q C
hgg = - /- 7 My
VW4.19x10
hgq = hg3
hg 15 = (Y.a IT| M55
Ir
hio,3 = Pg3?33
hi0,4 = Pg3Pag
hio,5 = Bo3?3s
hyg,7 = Bg3237 ¥ Pgqdq7
hio,8 = Pg3?zs
hio,9 = Pg3?3g
hyo,11 = Pgr?7,11
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hio 14 = Po3?3, 14
hio. 15 = Po3?3,15 * Py, 15%15,15
hio. 16" Po3?3, 16

hig,1 = Y ¥p221 T %p?1
hjg,9 = T Xpaga ~ Zpyo
hip 3 = 233 ¥ ¥p23 ™ 2p?13
hyy 7 5 3gp T X907 7 2Py

hi) g = 83g T *p228 ~ ZpPis

11,9 = 239 T ¥pl29 ~ ZpPig

11,10 = ™p22,10 ~ %p?1,10

11,14 = 23,14 T ¥p22,14 ~ Zp?1, 14

hiy 15 = 23,15 " ¥p%2,15 ~ %p?1,15
hiy 16 = 23,16 T %p2,16 ~ %p?1,16
hig g = By 1213 T hyp 2%
hig g = Pyy 1212 T By11, 2222

hia,3 = br1,1213 P11, 2223 ¥ By, 3233
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12,4
12,5
12,7
12, 8
12,9
12,10
B2, 11
hi2,13
hio 14
12,15
hi2,16

h;3 3

hiz, 7
13,8

13,9

"

"

h); 3234

hi1,3%35

h h

11,1217 %

h h

11,1218 *

h h

11,1210 %

by 121,107

hyp 7211 ¥
hi1 10%10,13

hyy 32y 147

+
hii 12115

hi1,121,18 F

-9
v

-

31

<|»-Q ]
§ =

w

o

<ja:

11,2227 F
11,2%28 *

11,2220 *

h h

11,3%37 7F

h h

11,3%38 *

h h

11,3239 T

h h

11,2%2,10 ©

hi1 g2g,11 T P11, 029,11

hiy,980 14 " P11,323,14

h h

+ +
11,2%2, 15~ M1,3%3,15

h h

11,2%2,16 T P11,323,18 F
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11,10%10,10

11, 7277

11,8%88 *

h

h

h

hi1. 9298

11,8289 T P11, 9290

11,14%14,14
11,15%15, 15

11,16%186,186



hig,3
14, 4
14,5
hig,7
14,8
14, 9
14,11
14,14
14,15
14,16

15,4

16,1
16,5
17,6
18,3
18,4

hig s

= h

n

h;3 3233

his 3234

hy3 3235

hyg gagg *h

h)s gagg T D

+
13,3239 TP

hig 727 11 * P13, 828,11 * P13, 9%, 11

his 323 14

h;3 323 15

hy3 323 16

1.0

a4

45

13, 78717
13,8288 *

13,8%9 T

h

h

13, 9%98

13,9%99
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is ;b’ j = jb’ k = kb Unit vectors along aircraft x, y, and z axes

e’ je’ k Unit vectors in the flat earth
L = X5~ Xom ft
mrp Moment reference point (subscript)
o Implies value on reference trajectory (subscript)}
p Body axis roll rate rad/sec
p Pilot (subscript)
Py Rolling wind velocity. An element of the state. rad/sec
q Body axis pitch rate’ rad/sec
q, Body axis reference pitch rate (Table C7) (use ;)’o) rad/sec
q Dynamic pressure (Table C7) 1b/ft2
r Body axis yaw rate rad/sec
r Response vector [Equation (D2) and Table D2)
r.c. =133.5 Root chord ft
s Laplace operator 1/sec
S Side (subscript)
s Sine
t Time from launch sec
u Velocity along aircraft x axis ft/sec
u, =V cos a, ft/sec
U, Uy, ug Control inputs [Equation (D1) and Table D1]
v ft/sec

Velocity along aircraft y axis
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w_ =YV sin «
o

X
¢m - 155.8
Xmrp

X =X -59.7
p cm

X5 = 194.0

Side wind velocity

Mean side wind (Figure A5 and Table A2). An
element of ¥

Random side wind. A component of the state x

Distance forward of ecm measured on x-axis
(aircraft coordinates)

Distance aft of nose measured on x-axis
(shop coordinates)

State vector [Equation (D1) and Table D1]

A side wind state

Center of mass (shop coordinates, Table C7)
(shop coordinates)

(Pilot' s position in aircraft coordinates)

Gimbal position in shop coordinates

Lumped parameters side wind distribution states
Lumped parameter rolling gust distribution state

Coordinate axis in aircraft

State component along Ve
In shop coordinates; taken to be zero (Table CT)

Coordinate axis in earth

In aircraft coordinates (i = 1,6, Figure B9)

In aircraft coordinates (i = 2,7,11, Figure B9)
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ft/sec

ft/sec

ft/sec

ft/sec

ft

ft

1/ft

ft

ft
ft
ft/sec

rad/sec

ft

ft

ft

ft



yg. = 0.0 In aircraft coordinates (i = 3, 8,12, Figure B9) ft

y5. = 18.0 In aircraft coordinates (i = 4,9, 13, Figure B9) ft

i
ys = +16.0 In aircraft coordinates (i = 5, 10, Figure B9) ft

i
Zom = Center of mass (shop coordinates Table C7) ft
z = 20.0 (shop coordinates)

mrp

Zp = zcm—32. 5 (Pilot! s position in aircraft coordinates) ft
zﬁi =+12.0 - z,, . In aircraft coordinates (i = 1-5, Figure B9) f1
zg = +4.0 - 2o In aircraft coordinates (i = 6-10, Figure B9) ft

i
zg = 4. 0-2.. In aircraft coordinates (i = 11-13, Figure B9) ft

i
A Perturbation symbol (suppressed after derivations)
a, Angle of attack (Tables C7 and Figure B6) rad
B8 Side slip angle rad
6a Aileron deflection state component rad
6p Gimbal roll command state component rad
br Gimbal yaw command state component rad
Gy Gimbal deflection about aircraft y-axis rad
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Gimbal deflection about aircraft z-axis
Unity white noise for side wind disturbance

Unity white noise for rolling gust wind disturbance
('n1 is independent of ny)

Pitch angle

Body axis reference pitch angle (Table C7)

Obtained from the solution of Equations (D19) through (D21)
Obtained from the solution of Equations (D19) through (D21)
Obtained from the solution of Equations (D19) through (D21)
Standard deviation of rolling gust (Table C7)

Standard deviation of random side wind

Coefficient in random side wind (Figure A6 and Table A2)

Roll angle
Roll angle state component
Yaw angle

Yaw angle state component
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rad

1/sec1/2

1/sec1/2

rad

rad

ft/sec

ft/sec

1/sec

rad
rad
rad

rad



REPRESENTATIONS

The generic forms for the perturbation state transition and response are
given by:

x = Ax+Gf (D1)

Hx + Df (D2)

r

They are presented explicitly in Tables D1 and D2. These tables and the
nomenclature provide for generating all data.

The coefficients a77, a7 11, ag, 11, ags, 299, a9 11, &74. 884, £94, and v
are tabulated in Table A2. The remainder of the’ coefficients of matrices

A, G, H, and D are presented in Tables D3 through D6.

DERIVATIONS

Euler Angles

A pitch (8), roll (¢), yaw () system relative to a flat earth is used. This
system is nonsingular at liftoff as would be a heading, elevation, roll sys-
tem.

Body axis base vectors (i, j, k) are given relative to flat earth base vectors

(ig: Je- kel by
; (cOcyy + sBsdsy) (cosy) (-sOcy + cOHsPsy) {e
_'f = | (-cOsyY + sOspcy) (cocy) (sOsy + cOspcy) j\e (D3)
k (s6c9) (-59) (cOc9) k,

Rotation rates p, q, and r in body axes relative to 6, ¢, 1,(/ , and the inverse
are given by Equations (D4) and (D5).

p cy (co)(Sy) O ¢
a) =|-s¢ () 0 6 (D4)
r 0 -s9 1 v
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¢ cy -sy 0 p
6 ) = |(sy/c®) (cy/c) 0 {(q (D5)
W (tar®) (sy) (tam®) (cy)| 1 |r
The perturbation equations for ¢ and 4/ are
6 = Ap - q Ay (D6)
AY = AT+ q A8 (D7)
which correspond to rows 4 and 5 of Table D1,
By use of Equation (D3), the cross-course velocity is
y = (cB) (sy)u + (cd) (cy)v - (sB)w
Its perturbation equation is
Ay = u Ay + AV - w AP (D8)

This corresponds to row 6 of Table D1.

In deriving (D6), (D7), and (D8), the variables u and w are not perturbed;
sbo = sy, = 0.

Winds

Laterally, the shuttle is forced by side winds v, and by rolling gusts Pg-

The side wind v_, is made up of a mean "Crw and ramdom V. The model is
discussed in Appendix A,

The mean wind v appears as a disturbance function in Tables D1 and D2.
Numerical values are shown in Figure A5 and column 2 of Table A2,

The random wind V is generated by the differential equations of rows 7 and 8
of Table D1. Coefficients are plotted in Figures A6-A1l and columns 4-9 of
Table A2,

There does not appear to be a rolling gust model specifically derived for

vertically rising vehicles, The rolling gust model specified for horizontal
flight (pp. 48-53 of ref. 13 will be adapted. This model is
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- . . L 1/3
p, = 0O - 0'84b yl (D9)
g p YLV 4b 2
p 1+—1TVS

Values for the scale length L_ and gust intensity ¢_ have to be chosen.

These are taken as P P
L = 1750 feet
P
(o} = g
p v

These choices are motivated, reference 13; o, is plotted in Figure A2 and
tabulated in Table A2,

A state representation for Equation (D9) is given by
1/6
n L )
4 b

p +0C 0.8 —

an n (D10)
L 4b 2
g p p

. )
P, = 7

v v
g b

This corresponds to row 13 of Table D1,

Distributing the Wind Gust Loads

The side force due to winds on the vehicle is the integrated sum of the local
body and fin pressure developed by side gusts (v, ). Analogous statements
prevail for the yawing and rolling moments due to side gusts and for the
rolling moment developed by the rolling wind (pg).

These are all distributed forces for which it is desirable (mandatory in the
present context) to find a lumped parameter representation. Lumped param-
eter approximations for the side gusts are discussed first. Then the rolling
gust approximation is presented.

The side force and yawing moment coefficients due to side gusts are taken to
be

C
X, } (D11)

@
I

{p + [ + M
Ysg 31%1 T Pga¥p T H33¥3

Ch = (D12)

y
vV
Ch
sg \

Lg%y + g%y + 1y gx3)



where %7, %o, and X5 are system states driven by the wind v,. For con-
stant winds "Xy = X9 = X3 = v,. Rows 7, 8, and 9 of Table DI show this and
how the xjs are driven by the wind V- The kijs are constants to be
determined.

The step responses of x1, X9, and xg (called f;, fg, and f3) for a sharp-

edged side gust v, are

—2L3 %
fltx] =1-e ° (D13)
-2.3
X
f£lx] = 1-e S {cos am b'd —1.165sir12—rr x} (D14)
2 L L
s s
—i.3x
f.lx] = 1-¢ B {cos@— x +1.167 singlx} (D15)
3 L L
s s
L = 228.5
S

The most gross result of slender body theory (refs. 22 or 23) give the step
responses for gust penetration as

X
CyB[x] = 5—2 A’ (%] g% ¢D16)
O
X
2 I ~
CnB[x] = S—bjﬁ—xref)A (%] o (D17)
ref o
0sx< L
S

Alx] = ‘Z‘ (dl x] )2

where dl x] is the "slender body maximum'' projected side dimension.

If the theory was correct, Equations (D16) and (D17) would yield the same
results as the wind tunnel (Figures D10 and D11). The slender body depth

is plotted in Figure D1 (from Figure 1), the slender body area in Figure D2,
The slender body area is assumed to vary linearly between 0< x< 120 and
190 < x< 228.5. It is assumed constant for 120< x< 190, With
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4260 -
120 for 0< x< 120
A'lx] ={ 0 for 120< x< 190 (D18)
2900
\—38. 5 for 190< x< 228.5

both Cy and Cn Figure D3 computed from Equations (D16) and (D17) agreé

with Figure D10 and D12 for M = 1.5 (maximum q). The amount of finagling
is not large; the vertical fins are less effective than the theory estimates.

The p;:s are to be determined to provide a least-squared fit of Cy [x] and
C ‘tx] from the solution B
YBem
BFI = c,. for i =1,3 (D19)
ij 1
le = kipi] for i=1,3 (D20)
= L (D21)
ki *T®.. for i=1,3
11
L L L
s S S
2
Joofax [offydx [ ffg dx
o o o
Ls Ly Lg
2
B = |[ ff,dx [ £,%dx ] fyf dx
o o o
I"s I"s Ls
2
j‘ f1f3 dx J' f2f3 dx J' f3 dx
o o o
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L
S
] fe;ax
L
s
Cij = I f2gi dx
o
Lg
J‘ fég. dx
o)
g, = ¢, [x]
Bem
g3 * cyB [x]
X =- 107.68 (@ qmax)

The least-squared fit for the s is obtained by Equation (D19). These are
adjusted by Equation (D20} to enforce the correct steady state. The ps provide
the correct steady-state side force and yawing for all flight conditions. Good
accuracy should be obtained dynamically in the critical maximum dynamic
pressure flight range. For the purpose intended, the representation should

be reasonably good over the whole flight regime. To do better would require
aerodynamic estimates appropriate to each flight regime, an increase in the
number of basis functions (f;), and calculation of time-varying ps; straight-
forward in principle but not warranted at this time,

For a constant side gust vy, the rolling moment coefficient is

v

- W
Cp = CLB v (D22)

For a sharp-edged side gust it is assumed that
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0 for 0< x<95.0
c, [x] = (D23)

{(x—95. 0)

2
o } (-0.055) for 95< x< 228.5

where
r.c. = 133.5

Cy; , is generated primarily by the wing which starts at x = 95 and extends to

x = 228.5. The quadratic variation for 95< x< 228. 5 is motivated by the
results of slender-body theory. CLB at M = 1.5 is -0, 055 (Figure DB6).

The pg ;s are obtained by use of Equations (D19) through (D21) (with a nota-
tional adjustment) and (D22),

Treatment of the rolling gusts is analogous to, but simpler than, those for
the side gusts.

The rolling gust (p_) drives x, through the equation shown in row 10 of
Table D1. Time t& 90 percent is taken as the time to traverse the wing root
chord. x,' distributes" p, over the wing chord, Steady-state values of x,
and p_ are the same, x dgives the equations of motion in the same way as
the ggometric roll rate ?p).

Thrust Vectoring

There are a number of alternatives available in selecting the manner in which
roll and yaw torques are obtained from gimbaling of the rocket engines. The
one selected here has merit for this particular vehicle.

The gimbaling scheme selected:

e Yields pure roll torques (no yawing moments) about the
velocity vector due to roll commands

° Yields pure yaw torques (no roll torques) about the
velocity vector due to yaw commands

For roll commands, the sidewise motion of most of the engines is twice the
vertical motion (to conserve pitch power).

For yaw commands, the maximum yawing moment used from thrust vectoring
is less than that available, in order to obtain yawing moments without rolling
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moments, This is not a loss. The resulting IN r/NB| >> 1 (yawing moment
due yaw vectoring divided yawing moment due to sideslip is much greater than
one, as it must be), This open-loop compensation should give better control
than can be attained with closed-loop control alone. Most importantly, it will
permit a comparison between the results to be attained from these equations
and those obtained from those of Appendix B.

There may be concern that the scheme selected will generate large payload
losses. This is not the case. For maximum propulsive efficiency, the thrust

vector should be aligned along the velocity vector. If it is not, there is a
thrust loss (TL)

52
(TL) = T(l-cos §) = T—2—

The fuel for control (FC)

170 .2
FC) = [ o at
o sp

where

Isp is the specific impulse (taken equal to 450 1b thrust/fuel/sec). The
analog results of Section III show that the gimbal angles approaching 0.1 radian
are obtained over less than 20 seconds of flight. That is,

6 2
(FC) < @'13(25(8)-1) 20 _ 1330 1b

This is booster fuel. Using the 1/6 rule of thumb, this implies a loss in pay-
load of less than 225 1b for control,

Derivation of the equations is now presented, Forces and moments for a
single engine are determined first. Coupling of the engines is then presented.

An engine with thrust T; is mounted at (x,y, z) in aircraft coordinates. The
pominal thrust is in the positive x direction (directed along the unit vector,
i1). Engine gimbals are provided along the y and z axes; positive rotations
about the gimbal axes are Oy and §, (radians). The ordering of gimbal
rotations is 5y and §,.
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+ x (XJY:Z)

+y

Unit vectors iy, j;, and k; are aligned along the body axes, x, y, and z. Unit
vectors iy, jg, and ko are oriented with respect to the rocket nozzle after the
rotation §,,. Unit vectors i3, j3, and k3 are oriented with respect to the
rocket nodzle after rotations 5y and §,,.

— —

fiz C5y 0 —say - i1
< igp=1 0 1 0 iy
\k2 s§ 0 cd k1
!13 cs, s6, 0 i,
< I3 /= _sz cbz 0 g
\ k 0 0 1 k

3 - N 2
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ig)  [eo)(es,) se,  (-ss)(es)| (i
j3 = (cay) (-saz) cd, (86y) (SGZ) iy
k3 B sﬁy 0 cﬁy ] kl

Hence, the force F along the body axes is

P T Lesy) (e0,) ) + (55, 3; - (s6,) (e5,) k]

The moment is

4 ; ¢

1 3
M
T .
(CGy) (CGZ) (sdz) -(85y) (C‘Sz)_]

i) [-y(s8,) (c5,) - 2(s8,)] + §; La(co ) (e5,) + x(s5) (e5,)]

+ iy [x(s8) - yles ) (¢6,)]

The perturbation and moment equations are (for séz = 0; céz = 1)
o) o)
~ 7
AF = T, i; [-Sayo (Aéy)] Thrust
+ Tijl [AGZ] Side force

~

+ Tikl [— (céyo) (Aéyo)] Heave

¥

AM Ti'i‘1 t—y(cayo) (Aay) - z(AﬁZ)] Rolling moment
+ Tifl {—z(séyo) (85,) + x(coy, ) (Aoy)} Pitching moment

+ Tiﬁl [X(Aéz) + y(séyo) (Aﬁy)] Yawing moment
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These are approximated to

AY = Ti Aaz Side force (D24)
AL = Ti [—y(A(Sy) - z(AGZ)] Rolling moment (D25)
AN = T, [x(Aﬁz)] Yawing moment (D26)

The gimbals are to be driven to obtain:

° Yawing moment without rolling moment about the velocity
vector due to yaw control

° Rolling moment without yawing moment about the velocity
vector due to roll control

° The maximum yawing moment per gimbal deflection due to
yaw commands

® The maximum rolling moment per gimbal deflection due to
roll commands

The first two of the above are obtained by enforcing

r
n

~-{tan o) N(S (D217)
T

2
n
I

(tan o) L(3 (D28)
P

where 6p and 5p are the yaw and roll commands.
Obtaining the latter two objectives is illustrated by example.

Figure 1 shows the vehicle; Figure B3 the engine numbering system. The
x-axis is taken midway between the bottom two rows of engines. The engines
are taken as being 8 feet on centers. Table C7 presents the positions of the
center of mass in "manufacturing shop" coordinates. At 10 sec x,, - 93. 46 ft,
y = 0 (by assumption), and z,,,, = 8.08 feet. The x gimbal pomglons are
afftaken as 194 feet. For the 10-sec flight condition the gimbal positions in
flight coordinates are presented in Table D7. Engine numbers are identified

in Figure B3. Figure B7 and Table C7 show the angle of attack is -0. 6 degree
so that tan o = -0.0105.
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Roll commands are considered first. From Equations (D25) and (D286) the

perturbation rolling and yawing moments for roll commands are

= -y, —=1 —i
L(Sp { Tl Yi o) Y
i=1
13 aazi
N5 = T]. Xi aa
P i=1 p

It is assumed

T, = T, for all i and j

L for i=1,2,6,7,11
aay 2 14,5,V 1y
aépl = for i=3,8,12

-% for i=4,5,9,10,13
36
d

GP

aaz.

Hence,-aa—l— have to be determined to minimize LG subject to
o) p
N = -0.0105 L

: 0
6I-" P

Some fussing yields the solution of Table D9.

Yaw commands are derived similarly,

13 852

_ _ — i
LG _Z Ti< Zi) 35
Ir 1:1 r
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13 36,
Nbr = Z T.x, -ﬁ- (D36)
i=1

where it is now assumed

Ti = Tj for all i and j (D37)
3 Gz
T
aaz
Hence, —B?L have to be determined to minimize N6 subject to
r r
L = +0.0105 N (D39)
ar 6r

A little more fussing yields the solution of Table D9,
L6 /T, N6 /T, L6 /T, and N(3 /T
p p r r

from Tables D8 and D9 were interpolated and are presented at 5~-second
intervals in Table D 10. These quantities are used in coefficients a; 14
a) 150 23, 14> 30d 2y g

Side forces are also required. Equation (D24) shows they result from gimbal
deflections GZ. For yaw control

Y [ o)
6r 1 Z.
T -~ T Z Ti 3% (D40)
. Ir
1
7~ aﬁz
1 Z ‘i
5 55 for t<117
. r
1
Y ¥,
—r ! 1 Z ——L for 117 <t < 148
= L 55, or t (D41)
1
36
1 Z.
5 Z ——1—36 for 148 <t < 170
L ’
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At 10 seconds, Table D9 yields

r _ 1 . =
= = 53 (10+3 - 0.294) 0. 834 (D42)

7T is obtained in a similar manner from Table D8. Y§,./T and Y5 /T are
tabulated for use in Table D10, The latter is so small it will be negfected
in the analyses; it is presented here for completeness,

Table D10 contains all the data needed for perturbation control synthesis.

For flight purposes, the open-loop gains of Tables D8 and D9 would have to
be implemented.

Body Dynamics

The equations of motion are

i

1
I {Izz (L- (Izz_Iyy)qr+ Lz pal+ Ixz[N - (Iyy-Ixx)pq - Iygar 13
(D43)

P

I
r=3{  IN-(_-I Jpq-I_qrl+I [(L-(1  -I )qr+1xzpq]}
(Da4y

i

v =&Y + g(s0)(sY) + glch) (cy) - ur + wp (D45)

The gravity contribution in Equation (D45) is obtained from Equation (D3).

The corresponding perturbation equations of motion are:

Ap = % {Izz (AL + (Iyy-Izz)qur +1 .49, Ap])

+1_, [aN+ (IXX-Iyy) q,8p- 1, qurJ} (D46)
Ar = 20 AN+ (1 - 1,,)a,4p - L, q Ar]

+1 AL+ (Iyy-Izz)qo Ar+1 q Apll (D47)
AV = & AY + g(s6_) AY + g(cO ) AP~ u_ Ar + w_ Ap (D48)
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The perturbation rolling moment AL is taken as made up from two contri-
butions from aerodynamics and thrust vectoring forces:

AL = AL, + AL, (D49)
where
AL, ={gsb 2-C, ap+2 c, ar+c, aAg+C, sa+C, x
1 °\8°° oy Sy OPT Oy My L L 2v -y *4
b r B 6a p
T
T Deggxg +rggxg + Rggxgl (D50)
(L5 L6
e e [
AL, = T {-=R|as_+ T |=E| a6, (D51)

The first four terms of Equation (D50) are the usual aerodynamic force
terms; the last four are associated with gust penetration which was discus-
sed previously under Distributing the Wind Loads.

The thrust vectoring terms appear in Equation (D51)., Their derivation was
discussed under Thrust Vectoring.

Equations (D36), (D49), and (D51) correspond to row 1 of Table D1.

The perturbation rolling moment AN is made up of three contributions:

AN = AN, + AN,y + AN (D52)
where .
AN=_Sb—bC A+-b—C A +C_ AB+C 5a+—b—C %
1 q 2V “n PT oV “n r n n 2V “n %4
b r B 68. p
Cn
_B .
g [hpg%g ¥ Rgg¥y * iy gg] (D53)
N6 N(5
o5 s e |2
AN T( T ’ Ad, + T {=5-| A0, (D54)
2
_ H,+ 15)" d _ d '\ Q
ANS 32.17 dt w dt Izz f Ar (M. R.)Ar (D55)
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Equations (D53) and (D54) are in direct correspondence with (D50) and (D51).
Equation (D55) is the mass rate damping term (from Equation 7. 8-2 of
ref. Db5).

Equations (D47), (D52), (D53), (D54), and (D55) correspond to row 2 of
Table D1.

The perturbation side force AY is taken as made up of two contributions:

AY = MY, +AY, (D56)
where
AY, = qSﬂCYBAB + Cyéaéa + 5 [H31x1+932x2++133x33> (D57)
(Y5 Y5
AY, = T (?Q) 88, +T | 5|40, (D58)

Equations (D48), (D58), (D57), and (D58) correspond to row 3 of Table D1.

Actuator Dynamics

Appendix B uses second-order actuator dynamics for both the gimbals:

5 = -2(0.396) (31.6)5 - (31.6)%5 (D59)
and for the aileron

e _ . 2

5, = -2(0.5)(105_- (10%5_ (D60)

First-order approximations to each of these are used here

Gr = -31.65r+ 31.6 My (D61)
6p = -31.66p+ 31.6 ug (D62)
6a = -10.053+ 10.0 ug (D63)

These correspond to rows 14 through 16 of Table D1,
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Bendizg Moments

The bending moments at stations 660 and 1800 are given by (page 15 of ref. 25)
as

M660 = M 165+M16‘B (D64)

M M

M 6 + MZBB (D65)

1800 - V2

where the numerical values for the maximum dynamic pressure condition are
listed in Append1x B. The same assumption used in Appendix B is used

to estimate M{s for all flight conditions. The assumption on the Mg s used
here is comparable to that in Appendix B; it differs slightly due to the dif-
ferences in thrust vectoring.

For the MB's Appendix B assumes

as
, S cyB[t] '
MB[t] " =
as =
‘w CyB [t 64])
- 9 B %
W r7. 86 x 102 M
P
2.63 x 10
- B M/ (D66)
W 4.19x10% B

It is the gimbaling about the z-axis gimbals that yields the side-bending mo-
ments. For the gimbaling selected here the rockets are not all fully slewed

in yaw. They are deficient by the amount Y5 (column 6 of Table D10). Hence,
consistency with Appendix B requires

Mé = (Yar/T) M/

For gust penetration the winds are assumed filtered by Xq. Thus,
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qC
7 y '
M, = (Yar/T) M50, - B Mg (v+x)) (D67)

VW4, 19 x 1074
Similarly for M2' These equations correspond to rows 7 and 9 of Table D2,

9

.

The term gf is used as an indicator of aerodynamic loading. It is most
commonly employed in preliminary design where gust penetration is neg-
lected. Since gust penetration is included here, an equivalent S is defined

to be

5 = 4
B = 35 [v+ugyx) + ugoxy + Bagxg) (D68)
This is row 13 of Table D2,

Pilot's Lateral Acceleration

The lateral acceleration felt by the pilot is [from Equation (D45)] approxi-
mately

ay = v+ ur - wp - g(s0) (sy) - g(cb) (sy) + xpi' - zpi)

- 8 Y-z T
WY+xpr z,P (D69)

Its perturbation Lusing Equations (D56) through (D58)]is

-

C
- |y
-g£ 9/ 7B
Aay W5\ LvtRg Xy tgoxy +pgaxg Cyéaéa
RS Ys
o [ an e gxelan e x ot oo
+ T |\ A6p+ w T |70, + prr szp (D70)

When rows 2 and 1 of Table D1 are used to obtain Ar and Ab, the result is
that listed in Table D2,
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Table D2, Response Equations
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-.141251725-0[
=a11257102€=01
ve904721738L02
=+70828017€-02
=+56936807E=02

221

«75973300€-03
«el1100319€a01
«.22988113Ea01
«,28882698E401
=;339U4297¢-91
~ 444285010}
e 49467760E.91
‘.55233106E.°l
«e59753869EA01
w.631Un432¢,01
w,61249848E-01
«,55378750€.01
».45192536E0)
2.32661569E.01
w.21247452€,.01
c.13988241¢E.01
©.87882600¢.02
0,55443019E02
we38356434E€.02
®.15693629Ee02

.1812611¢€.02

26924480€,02

.11958793€.02

17462773402

«23421193E.02

.25319551€,92

«2647%5981E-02

265%2345€,02

«289TA698EFLO2

.23489143E.02

,22859024£<02

«21741123€402

.19943060€.02

17781070E.02

,16485781£,02

892

eo14729223E«90]
ee82781440F01
wo15483587¢ 00
e, 18411121F 00
«,29647991f 00
*4364%2587F gp
., 40006449F 00
=s4360T6048E 00
=e46991821¢ 00
~.488896%q¢ 00
=, 48645T766F 00
«,46419688F 00
«.42702998E 00
=¢J37938299F 00
es3278%610F 00
=y 273599026F 00
e,21855412¢ 00
«917119926F pp
e,13258572¢ 00
=,103922%2E€ 00
eo80T712604F.01
v 62852102Fe01
e, 882563497401
e, 37105313g-01
©e27364172F=01
-e19991631€.01
*e14927324F-01
., 10019202£.01
..626'959‘:-02
e31341476F 02
e, 14838342703

027863374E-02

«34167764F.02

«81362731E02

»114745337.01



L0¢

223
«0NONQNOOE-BO
«s41997086£,_05
~+388%50%537€04
~+39855085€.04
«s1n282322€.03
-e14371238€.03
-.24666648¢03
=+45963645E.03
-«B80612143E,03
*e93494a92E.03
*e28443013E.03
-119l05445sc03
-s1BUBTT0£,03
-,16808221¢,03
eslpl0 Ee03
Tr2Baasd00e009
«elg679la8p03
=+ 16848635E401
-,13948163£.03
0117 8E.0
..aéa $£815.0§
~e63175199EL04
v84131147€,04
*:125889234p .04
~¢1495]1956€,04
e79%23660F .08
~+32992622E0%
«e655%3871E,06
W21582122€,0%
027528356E.05
+3p671050£.05
¢ 45493548F .05
,43477798¢ 05
+ 52082566608
+%53948141E.08

Table D3.
897 298

200007000E-80 2 0000Y000F=8n
vo67118124E,02 L417402%6E.02
=1021013%€-01 +63298698F=02
«s13623648E-01 84411494F.07
ee15072639€01 093162362F-02
«.18018546E401 WB633U54TF 02
w,61464034F02 J67214879F<02

«12%23016E-0] «:80781379E-02

«39964200E.01 es2536998BE,01

+44812876E<01 -e284672%3E-01
vs31449%545F«0] 21939532901
--416033145-01 c2577235°E.°l
va33797191€<01 020920471f.01
v, 26018414,01 ,16085121¢401
©e18927064E-01 «116664%52F<01]
es12545080E01 v7680£962€.02
«e76444104F.02 .46352924¢<02
«e43481925E402 226012403F.02
*,23528722g-02 ,137766R9F<02
*010266636E<0> e56632747E01
es70101156£.03 ,38275238E.03
«+40297095E-03 211624557 <03
es27567116E03 «14420576E-03
«083252157p=03 +25314625¢03
©939744065E-03 +23806810F<03
.e35662361E.03 ,21701097€.03
®e] 2 ZE'O «2074837 E'O
.,239943235.03 J1846974 s.og
«e37059771E«03 223196687E-03
v933904136E<03 W21269731F-03
203654594303 022982828¢=03
«e31814558E 403 +23818399E g3
..33667745E.83 +213499¢8E 03
©238350299E%03 2 24188824E-03
=e38%39185E03 ,243241%6F.03

829

+0U000000E=80
,25331871€a02
+3841418TE=02
«%51226610E02
«56535697E«02
25238778502
.22275890¢=02
«49045]142E=02
«15400334E.01
017280592E-01
211769787E-01
«15640375¢e01
+1269%822€-01
,97613114Fa02
«7079%832E-02
+4660298BE=02
02812326502
215781658F<02
,83552162«03
034321472€=03
«23193177E403
012817120E«03
«87334251F=04
115352609E.03
2.144420%9F203
013167028F03
+12588330E=03
2 11208962E€03
«14078905E03
«12909688E«03
013949826¢=023
214454904 Ewp?
.12956596E-03
+14682300E=0)3
«14764510E-03

Numerical A Matrix (Continued)

83,10

.00000004E-580
o, 11324986E.01
=es23219079Ea01
0,35048567E401
3.47293166E01
3,58534652E01
v,63133931fe01
2.6800470)1E<9]
n,12053872E.01
2.79673901E.01
0, 73730952401
n,67782557E-01
2.57304262€.01%
e, 42468250E.01
0,32528363£.91
..2‘2297055.01
v, 18713053F,91
«,18714841E.01
«;11580994¢.01
v.928%2671E=92
w,52019303E,02
«.36917783Ee02
0. 4641627¢Ea02
v.38669721¢.02
w,21781137E02
w,13328340E.02
©,12412399E«02
w.10897453E,02
©,886%5986E.03
=s71916035E.03
0,52289258E-03
«,386%n161Eepd
-;32510318€.,03
~e27790604E-03
ws23643949E.03

a9, 14
-e254238R81F 00
-,25149999¢ 00
»e249163%3F 00
ve28679823F 00
we242043g2F 00
v.23982172¢ 00
-,24012402¢ 00
«s24280016F 00
e, 24210501F 00
ve23999825¢ 00
vy23739161F 00
23552534 00
-, 23801997F 00
v, ,23742243¢ 00
= 23476486E 00
=+23160994¢ 00
»,22775411¢ 00
«e22318431fF 00
«,21784771¢ 00
»e20972754E 00
e20185908F 00
=olg343g72€ 00
-y 18492475¢ 00
=,17138115¢ 00
-y 15577690F 00
-,13829418¢ 00
*.12078%9%1E 00
v, 10252497¢ 00
vy 83579935¢,01
e 64254322¢ 01
~o40631027g-01
-.2055392°E-ul

226011626F.02
030597871E-01
64277311101



80¢

23,15

.915233870F
-'15446290E
-4158R7353F
-e17314286F
celg0ls7gsE
-¢19959582¢€
~s1g631020¢
~115549365¢F
. 153360g6¢
-0159546025
-e167679%0E
-e17035732€
-e157R3547€C
-,14l8g521¢
~e1368069)13¢
e, 13170035€
«e13844000F
-o13812148¢
«s14037517¢
es14875102E
«o15%500079¢
-e16290037E
-e17158548E
ee13079024€
vel3644883F
-.134521525
e13370298E
ee13303479¢
-y12%538278F
ee12178341F
-s12140470¢
.e12731309F
.,12992987¢
-s12836415E
.y 13280436€F

01
01
01
01
01
01
01
01
01
0}
01
01
01
01
01
01
01
01
01
0l
01
01
01
01
01
01
01
01
01
01
0l
01
01
01
01

Table D3.
a
32,16 31
«0N0000UDE-B0 +000BN000F~-8n
-,18685709¢-02 -, 76746020¢ 00
-e 79811333E-02 =+139151%4F o)
e 18564862E.01 .o 11864660F 01
©e3377%838E01 -.11036427F 02
we53623667C=01 -e15251974E 02
ee?77767184g-01 ~+92062779F 01

-.10552477F 00
-, 13503347 00
~+15321173E 00
-, 15759971E 00
-,14133503E 00
wal16415gl€ 00
-,81246874g=01
46658681 Ea0)
3849117301
..3]]13299E-Ul
«s295628850F <01
«e21882939¢«01
s 18667354E401
e 1575689101
=s13134042E0])
s 10701826E401
865347476402
«e68859673E-02
«,54101339¢=02
es82476135E02
-e33477103€.02
=e26548591E=02
ee21428855E402
«+173%57g5¢=02
vy 13984528F <02
e.11319331g,02
.191452961E-03
o, T4A62166Ea03

-,278217076F 01
-,26389543¢ 01
-¢13897009€ 02
-,24730495F 02
«225162093F 02
-912841343F 02

,11371274¢ 01

«60933396F )

,34489159¢ 01
-.451004125 01
-o18111662F 02
-,3653¢754¢ 02
-e632138R9F (2
-,10736062€ 02
~01855U220€ 03
«+2780R8652E 03
«.32136733F 03
=¢30098431¢ 03
-,30869462¢ 03
~+40418164E 03
-e35T18480F 03
~e71852192E 03
«e80972329¢ 03
-.82448774F 03
-,920630%83F @3
-,11730393%¢ 04
es14669728E (a
-o16319861EF 02

432
+00090000E=80
-,80688922¢ 02
-s16623594EF 03
e 256539%4¢ 03
«v3521%310€ 03
-«45530562€ 03
56786391 03
-, 69080640F 03
-,82499496¢ 03
“e96666171E 03
«.11078996¢ 04
-,12497550€ 04
-.14081131¢ 04
15635041 04
- 84512E o4
-,19573880F 04
=.21933307E 0a
-.24563701lE 04
-,27481702¢ 04
«.30654922F 04
-,J4078824¢ 04
=+37734631E 04
e 81621461F 04
-, 45767503 04
-.50050241F 04
~,54351613¢ 04
¢858638536E 04
e 62995771E 04
=.671808%0¢ 04
= 71546522¢ 04
'.760253025 04
-.804849632¢ 04
«,84686942¢ 04
«.88846937E 04
=s93023877E 04

Numerical A Matrix (Continued)

833

.00000000E£-80
-,96086507g.02
9,18315955Ee0}
3.27849760E.01
9.3719802gE«01
ve45847915€.01
0.5303212a.01
w,5%5038933E01
v, 50%67208€ 91
0,56118613E-9]
2.,94745824E,01
»,1000074¢E 00
“o9993A81TELOL
«,87996684E=01
w.78037182E49])
«,65704681E,01
v.51605602E601
0,39581759E.01
.;30‘09156[.01
9., 23270669E01
3.,17776720E€401
we135692%52€«01
we10199461E.01
v, 77797505E-92
0.9915473]1E.02
-'44969235;-02
9e34662220Ee02
w 26715TASE 02
0e21194350E.92
wel7158169€.02
01139567355002
v, 11404998E402
0,93026214€.03
v.75843583E03
we62307968E.03

834

«29745009¢
LAD746484¢
«328653%2€
«99731371¢
+33494532E
+958380564¢
«T7095716¢
.9%5995430¢
J11721487¢
«14010692E
,16208472F
.18030510F

.19330135¢"

.20955005¢
e22423230F
,23835464rF
+25123964F
126265445
«2725986%7¢
2281270R3F
L280912521¢
+29657510E
v30273255¢
«30640710F
2+ 308249606¢
,31034878¢
031327426E
,31611%503¢
«31g215%4L
031935249F
+31986307¢
»32057698F
232139373¢
+32169910F
«32161031¢



602

a
35
+32168625F
+32167419¢
032168321E
$321%a537€
¢31998187E
+316385834F
031232838F
«30704359F
.29958565€¢
12695675‘E
«27788385E
«26682293F
+2556330AF
-244069‘65
«23067459¢
221608082F
2009 0E
.lssvglzes
+1708423%€
«18613332€
.1al08p882¢
2 12463887F
o 10882966F
9 0050585
+92049092F
+84702%s1¢
»TI144587F
»59683990¢
v49220328€
,38792782E
.36329356[
126857579€
.14034307¢
e 76009597€.
WT59A0143E

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
0}
01
01
01
0t
01
0l
01
01

01
83

a37

+00000000E-80
-s10%83982¢<01
v,20)75125E-01
©s30676664E01
=+40973834E<0)
««50501730E<01
«.58415181E<01
©60625693E-01
«,557100%4g <01
-.668169615- 1
-e JU436305E NO
ee11103284E 00
«,10523653€ N0
*4196928832¢.01
«s85980416F<01
-4 72374067E401
ve56843854E-0)
-e33%599525€,01
.e33496514E01
«p25632770E01
-, 1958115501
..1‘9‘6606E-°l
we11234763E401
~:85694380E-02
ve65159261Ee02
..09533560Eo02
- 38180626E02
« 29427540¢402
=e23348}17€02
vy 18899817E402
eel5406445€02
. 12562228E«02
-, 10246889¢<02
«¢83542124E<01
we68632570E402

Table D3,

238

»0000V000E.8D
«72227739F=03
2 13768010F<02
,20934523E.02
e27961570E+02
03446364502
v 39863982E-02
.4137ZA9UE.02
,380111L1g-02
s 421080 76E=p>
T12199%4E.02
.75711401[.02
«T1816043F<02
W66146661g«02
,58672187F<02
,49389873¢.02
038791669E=0

.293532015.05
22858899€-02
17492443F.02
,13362670¢-02
¢10199938E«p2
o T6668832E.03
+58479989E03
L44266310€.03
03380314503
026099415F .03
,20002090¢.03
015933339F+03
212897708E.01
,1081371%7F.03
oB83T727787E04
,6992733%¢-02
.570§1236E-84
+A6836583E.04

239

«00000000F<80
02530537103
«482369%54E=0)
.73345212F03
+97964842E<03
«12074%521€002
o 13666557€02
«14495071F«02
,13317394Fe02
«14T779413Eg?
.24952289E.02
0265‘6912E'02
+25161131E=02
023174833g-02
«20557163€+02
1730400402
+13590867E=02
.10824264FL02
«80087226E«03
«61285T703€w03
L,A6816823¢=03
015736022E«0)
,26861332€403
+20483774E-03
.15579008E03
o11543111¢=03
«91286527E <04
.T035866TF.04
«%55823299E=04
245187804F.04
«36835507E«04
.3003%518%5Ee04
2449941304
01991‘1095.0‘
«16409445E.04

Numerical A Matrix (Continued)

813,13

,00000000¢,80
=139607877E 00
-e81603664F 0N
00125935215 01
~e17294747¢ 01
-,22362280¢ 01
«e2T878594F ¢
«033910126E 01
~cdNagqaslE 01
eo47455759F 01
«s61359587F o1
«e68730724¢ 01
~276767918€ 01
*¢85827345¢ 01
=+96082978E 01
-o10766504¢ 02
..1506094l5 02
ee]349 9E
..15058356[ 35
“sl673g689F 02
- 18545306 02
»e20476421¢ 02
«e22521368F 02
-,2461271 8¢ 02
*e26722760E 05
ee2885239%¢ 0
«e30999924E€ 02
-033164330F 02
*135344506¢ 02
©e37539325F g2
ee 39743321 02
=s41967469E 02
=9 44203089EF 02
es86377403¢ 02

83, 15

«80148159¢
«40990228¢
42465534F
»45644448F
51203 488E
«54457040F
«540435%3¢
W46631TATE
245921042
« 482387 5F
+92010795¢
+53931039E
2 48970031¢F
«4629255%9¢
«47142855¢
+AT7956813¢
049536022F
,J91143030¢
«33648318EF
562723348
039957166¢
«63847710F
,68101825F
o 72166837F
«66069507¢F
«63789892¢
o6357833TE
065395%592¢
.65;6&&50!
65176287
o4566831aE
J1445802F
27219103¢
«52993996¢
«58768965¢E



012

845
+82997700E,03
«24574100¢.03
¢25294600F .03
.67619700¢,02
+14663200E-01
«15512100€,01
.150449300¢,01
.1408%5700E.01
,13%835%00p.01
+13906700E<01
.13849100E_01
|l3181900E-°l
+1355%000¢£.01
01317550001
.12631100¢,01
,11943900¢ 01
¢11175800E.01
,10361100¢,01
+65495200€.0?
+«87675400€ .02
+80305900p .02
+73%03900F =02
.67176700¢ 02
s61458600E.02
«56389600F 02
.9lgg7100g,02
«48031800F,02
,24587100p.02
+41397700E-02
38598600g_02
.3602?1005.02
33621700 _02
+31502000¢.02
«28944400F_02
,27913700¢ 02

854

«.82997700E-03
«.28574100g403
«,25294600E«03
-, 6761%700E07
-.146?32005'01
e«15512100E401
«,15049300E-01
«,14085700€-01
«,13%88500F.01
«o138495100€E,01
«e13781900E«01
«¢13555000E.01
ve12631100E<01
-.11943900¢,01
~+11175800E-0]
e 10361100E401
~.95498200E402
«~e87675400E402
~a8030%900¢02
s 73593990E=p2
ve67176700¢,02
~:61468500E202
.e56389600E02
ve51987100F-02
vs48031300€.02
-"‘5671005-02
ve413977g0E«p?
s 3859860002
©¢36028100E=02
ee33621700F402
ee31502000f02
ec28946400E=02
«,27913700¢,02

Tabl

e D3. Numerical A Matrix (Continued)

%64

+00000000E-80
76748020 0N
.,13915154f 01
,41868650F 01
.11036427E 02
,152%4974F 02
+92062779€ 01
.27821076F 01
,46389543¢ 01
+33897009€ p2
J2Z4730498F (2
125162093E 02
+12841343¢ 02
11371274 01
+60933596F 01
, 38489159 01
.aoEODavaE 01
«18111662E 02
+365327%4F 02
+63213889F 02
«10730062¢ 023
+18559220E 3
,278086%2F 03
+32136733E 03
,30098431F 03
»30869462E 023
«A0418164F 03
35778480 03
,71652192E 3
,80972329¢ 33
»82448774AF 03
+92063083F 03
«1173039%5¢ 04
«14669728F D4
L16519861¢ 04

265

+00000000E~80
.80684922¢ 02
+16623594F 03
.256539%54¢ 03
«35218310E 03
«45530562F 03
+%6786391E 03
«69080640F 03
82499496 03
2966661 T1E 03
«11075996E€ 04
+12497550E 04
.14001131€ 04
015639041 04
«17484%512€ 04
L, 19573850 04
+21933307€ 04
+24%569T01E 04
«27481702E 04
«30654922F 04
«34073824¢ 04
037734681F o4
.ale2l4aple 04
«45767503E Oa
50050241 04
«54351613F 04
»58638%936E 04
62985771l 04
-67100852[ 04
JJ1%46522¢ 04
+76028802E 04
«80449632F 04
«84686942¢ 04
«A8836937F 04
.93023877¢ 04

277

.00000000E.80
81218256 00
~,1673330¢E 01
v, 29825799E 01
n.35463886E 01
., 45858156E 01
v,57166679E 01
v,69534687E 01}
«,83042381€ 01
2,97310796E g}
a.11151484E 02
».12582140E 02
2414093635E€ 02
a.15741708f 02
w,17399397E 02
0, 19702374¢ 02
9.22077343E g2
2.,28731662E 02
2.,276064581E 02
v, 30862T18E 02
v,34319354¢ 02
»,3802823pE g2

e,41988092F 02

o, 4618137%E 02
w.,50469811E 02
v, 54796574E 02
w,591063516E 02
e,63567143¢ 02
w,68005388E us
0. T24T3966E O

-.769763115 02
., 8150624%E 02
-,860%6739¢ 02
., 90641007E 02
w,92099565¢ 02

aq, 11

«00000000E=-80
-612152565 0o
+16733306E 01
,25825799¢ 01
«35463886E€ 01
«45855156F 01
«57166679F 01
+,69534687F 01
,830423alf 01
+97310796F 01
J1151484r 02
012582140 02
«14093635F 02
+15741708¢ 02
«17%99397¢ 02
,19702374F 62
«22077343€ 02
$24T3I1662E 02
«27664581E 02
«30862718¢ 02
«34319554¢ 02
«3802823pF 92
Alosslo2g 02
+46181375F 02
+50469811F 02
«34796574F 02
,59163516r 02
,8356714pg 02
«68005388F 92
«TZ473986E 02
e T6976571E 02
81506248F 02
$86056739¢ 02
«90641007F 02
,95099565¢ 02



[Tg

988

+00000000€E,

’03°0057315
vesT0061626E
«+10813150¢
es14R43575F
»+19199355€
*+23938440E
ve29113871E
«e34T769484E
«280743607E
-,46690779€
~e52680875¢E
we59000437F
06%5909848E
vsT3687909F
~e82892982¢
we92448TAE
.o 10358040F
12922086
w0 143694458F
ve 15922255
-,17580232¢
ws1933 941E
es21131490g
we22943087E
we ZATTIS0TE
v, 26615280¢
0025.73560!
ve30348372¢
ve322297956E
we3a128311E
we36031592¢
es 37930996C
v, Jo817774¢

80
01
ot
02
02
02
02
02
02
02
02
02
02
02
02
02
02
03
03
03
03
03
[k ]
03
03
03
03
03
03
0y
03

03

03
03
0s

Table D3.

239

«00000000E.

-.18535950E
*¢38195590E
.-55950194E
«o80950175E
v, 10466938¢
wa]l304R9]16F
- 15872048E
e,18955326F
wea22212247E
-,25454475¢
s 28720103E
«032170284€
ve35932140¢
©y40172536E
»s44972810¢
0.5039393‘5
e 36452708¢
es63147345E
eoT0A4T508E
. 78338113¢
vo86803569E
v,95842385¢
=e1054140]E
-, 11520283E
-.125019145
wel13804T16E
..14509593[
..}5522969E
ee 16543427F
s 17570739€
e 18604686E
s l96433p6¢
o.t°“.795:
-, 21707509¢

80
0}
01
01
01
02
02
02
02
02
02
02
02
02
02
02
82

2
02
02
02
02
02
03
03
03
03
03
03
03
03
03
03
03
03

Numerical A Matrix (Continued)

88, 11

+00000000F.

o5254%681F
10323722¢
116705159E
122943502F
1 £9666292¢
«36984356F
+44983919€F
+53724310¢
1629538%4F
,12149283¢
«81400978E
«91179691E
.101g4201¢
.11386044p
12746579¢
014283084 E
,%600021&5
e17897762E
219966836
0 222032%9¢
24602612¢
,2716%470¢
e29877342€F
.32651773¢
+35451001¢
.3a278223¢
A112%18l¢
«43996539F
JA6888799¢
+49800495E
2 32739997F
+3567%608¢
JS8640791F
01925284

8n
01
02
02
02
02
02
02
02
02
02
02
02
03
03
03
03
03
03
01
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

9, 8

«00000000E+80

062749931F
.12928298¢E
.199%3237¢
«2T7399707E
.35428093F
e44]1674T73E
«33723104F
«64159265E
«T5183167E
,86157336¢
«97210711E
,10888865E
121621palE
«1359T44TE
.15222225¢
«1705714TE
«19187897E
«21373873€
,23844804¢
26515586
+2938094l1F
. 32440365¢
«356801132E
.38993413E
«42334310F
.4511.2‘1[
,49112532¢
«5254)554F
.599953%62¢
«59472768E
+62972434F
«66488185¢
.70030030¢
JT8T4781¢

0)
02
02
02
02
02
02
02
02
02
02
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
0
(k]
(2]
[ }]

399

.00000000E.

17762040
.36598013¢
+56479900¢
JT15571977E
,10028323E
«12502104E
.15208934E
,18161008E
.21281448E
,24387811¢
«27516594E
.30822167E
0 34426432F
.384809l18E
.4308823%¢
.48282189E
.54087070E
+60501170E
.67495422¢
«15095373¢
,83166086E
,9i826132¢
«10099¢66E
,lloavgget
1l9g3r72€
.12938804€
.13991859¢
014872483C
J15850179¢€
«e16834441€
.17829062E
.lss2elise
L19822T94E
JL8TYTR80E

80
Ul
0l
01
01
02
02
92
02
92
02
02
02
02
02
02
02
02
02
02
02
02
g2
03
03
[k )
03
03
03
03

89, 11

+00008000E-80

-,80512011¢
vy, 16587799F
-s23601227¢
*,35155505¢
v, 43458410F
»e56669573E
v 68930038F
.,82320273F
“s96464615€F
-,11054315¢
«e12472731F
-,13971082€F
e, 15604p24¢
e 17046358¢
«,19%31049¢
-.21885366[
ey 24516605E
©e27423990F
vo30994346F
vy 34021123y
v 37697550F
e, 41622979¢
e 45779798F
., 530030943¢
o343200p2¢
= 306490517
., 63014391
v 6T8)4037E
ey, 718457418
es 7630872100
wy 807974968
-, §530g419g
=, 09052024¢
e 942726127

01
02
02
62
02
02
02
02
02
03
03
03
03
03
03
03
03
03
03
03
03

03
03
03

03
LE)



cle

210, 10

«0N0NOND0ELBD
v|l6279273E 01
«933%540004E 01
-e31764869¢ 01
=e71083316F 01
-s31911432¢ 01
ee114%8409E 02
ee1393743%¢ 02
eelgpaangaf 02
«sl985Na839g 02
e22351878¢ 02
00252]9‘665 02
«928249084 02
--312524595 02
-035278984F 02
~e3g491161E 02
ee842%1516€ 02
-,4q871797¢ 02
~e5%5450438E os
os81860798E O
-e68700633¢F 02
«e762232%51E 02
«184160343¢ 02
«e92%6%390E€ g2
ey1N116098F 03
«s109a334gE 03
-e118%86%¢¢ 03
-¢12741310¢ 03
«e13630905F 03
oJ4526981¢ 03
~01%5429076E 03
«e18336997€ 03
esly249092F 03
-y 181679%6€ 03
e.19061623¢ 03

Table D3,

210, 13 a1, 11
«00000000E«80 +000000NNE-8p
W16279273E 01 .41036039¢-02
«33%40004€ 01 «813471%9r.02
JS1764869F 01 o 12347064¢.01
«71083316E 01 2 165234%1F.01
.91911432¢ 01 ,19847999¢,0)
+11458409E 02 0219898a2E-0]
.1393743%¢ 02 +24171994F.01
.1664‘596E 02 I26309000E-°l
.19504839€ 02 228249285F.01
v2235lg78¢ 02 23415626501
.252194665 02 .31650936E.o'
.2824q9084F 02 ,207005%1F .01
+315524%59E 02 «4100122%3E01
+35275984F 02 -¢36381934€.01
139491161€ 02 -o81818923F=0]
«A8251816E 02 -029330865F.01
JA495717197¢ 02 =, 17902946¢+0)
+55450438E 02 --;76459755-01
,61860798¢ 02 e21493652F.01
«68789633E 02 ee209980g9fe0]
«76223281F 02 -o17113033¢.01
+84160343¢ 02 1491718401
.92565300E 02 0916376600E~°l
10116098 03 «e1940V000¢.01
'109 33‘5{ 03 0022107169EQ°]
211858682E 03 =e24612898F.,01
+12741310¢ 03 «s27507173p~01
,13630905E 03 «e30549843F.01)
L14826981F 03 .y 34800702£,01
¢ 15429076E 03 «0405309%8E~0)
+16336997F 03 -s93232108%E.01
o 17249092 03 ce79451022F <01}
+18167986¢ 03 «,13287049¢ 00
«19061623F 03 -,22900000F 09

Numerical A

Matrix (Concluded)

811, 12

+00000000E-80

«12555344E
«26524554AF
.42888222¢
+59839900E
,83%38353¢
«11939223¢E
016326898E
«21%50000€E
«28101492F
36529247
«47124992¢
+58941463F
+64468107E
+59419078¢€
«5212090TE
2A46601270F
,A2387724¢
.387336985
233737869E
«3322p514F
»31118225%€
«29304929¢
«21577923€
.25%5%50000¢
+22978%66E
.2033?455[
17793875
«15623838¢
J13274708¢
010542561E
«TT85TT787E
«53716117€
+32179279E
210008000

04
04
04
04
04

242, 11

.00000000E.80
~.58113¢2%5E<08
. 12541286E407
«,20673621¢.07
'0272711415007
", 32551303¢,07
~,34457560E.07
we35750056E,07
"369°°°°°Eo°1
w,36461587E,07
v 34411257£.07
ee31351431E.07
w 28498 T17E,07
©,29150204E-07
ve33267868€.07
».40155580E.07
2.54211385€,07
9,651%389F,07
'076155601E-01
., 88984034E.07
w, 1017511806
wo,l1871633E,06
e, 1274459306
-;1‘045649E.o6
*.19550000€.06
v.17402203E.0¢
v 19591246E.06
v.22068979ge06
«,24813490E.06
9.2782915%EF 06
».32412592E<0¢
0.42742430E,06
e, 64062162€.06
v, 10660333E.09
»,18180008F.0%

849,12

«90000000€«80
ce36549826F=02
es96140281Fe02
ee}4824705p.01
=e203163R86F=01
-, 26069286F.01
«s32047960E=0}
38233935401
*s44500000E-01
«990%93973¢.01
. 36112526401
.s60842082F=p)
.,64894305¢.01
vs68610404€01
-y 72308361F.01
s 76049768E-01
e 19732630£-01
., 03153736¢-01
=¢86212929€<0]
-¢85045832£.01
ee91792023¢.01
9438459597401
*e96663734¢<01
-.9846:586!.91
.o 99608000F.01
--99961323!-01
*099720%007.01
«e 9907157601
e 98092717F01
., 96557804r,0)
we945200450=0])
-y71968334F01
v,88976780€-01
e85857943F.01
» 8300000001



€12

74

.0n00N000E-80
«81218256E 0o
.16733306E 01
+25325799€ 01
«35463886E 01
,4585%156f 01
.57166679E 31
«69534687E 0}
+83042341E 01
«97310796E 01
.111514g4¢ 02
.12582140E 92
,14093635¢ 02
«15741708E 02
.17%99397EF 02
11970231‘5 02
.22077343€ 02
.28731662¢ 02
+2766455)F gz
,Joss2718¢ 02
+34319554E 02
,38028230¢ 02
+41988092¢ 02
L46181375E 02
.30469811g 02
«54796874E 02
,59163516€ 02
163567148E 02
.68005388E 02
«T2475966¢ 02
76976571 g2
,81505245¢ 02
+86056739E 02
.90641007€ 02
+95099365¢ 02

Egq

,0N00V0D0E 80
+525446A81F 0)
10825722 02
16708l69F 02
+22943592€ 02
,29660292F 02
+369843%6EF g2
+44985919E 02
+53724810F 02
062953854 02
#72145253¢ 02
«81400978E o7
,91179691f 02
+«1013420) 03
,1138604a¢ 03
2 12746579F 03
,14283081¢ 03
.16000310F 03
.}7891162E 03
,19966836¢ 03
.22203252E 03
+246N2612E 03
$27164470¢ 03
<298TT7342F 03
,32651773¢ 023
+35454001F 03
.3521632§E 03
«41125181F 03
+843996530F 03
«46888799¢ 03
«498a0495E 3
,5¢730997F 03
e55674968E 023
+58640791f 03
«61523284¢ 03

Table D4,

894

+00000000E<80
=¢80512011E 01
«e16587799E 02
.,25601227¢ 02
«s3515%%05€ 02
- 45456416 02
=.56669578E 02
«.68930038E 02
-1623202735 02
e, 96464615€ 02
*.11054515¢ 03
e, 12472731E 03
-,13971082¢ 023
= 15604824E 03
- 174463%8E 03
=, 19531049E 03
., 21885366E 03
-,24516605¢ 03
=e27423990E 03
«s30594346E 03
vs34021123€ 03
«s37697550€ 03
-.41622979¢ 03
wed5779798E 03
«,50030943¢ 03
=e54320082€ 03
«e58649051E 03
=e6301a39lE 03
=e67414037E 03
es71345741¢ 03
=s76397210E 03
-y80797496E 03
=e85308419€ 03
«y89852824F 03
..94272612¢ 03

Numerical G Matrix

81,5

,00000000E.8¢0
«10820374E 01
.15278645E 0l
.20279125¢ 01
«24461378E 01
229837845 01
«38492125E )
48106218E 01
.58700000E 01
.T1938670E 01
.886805514F 01
+11004929E g2
13358246k 02
«14298429E 02
J127694856E 02
.10877721€ 02
+95097554E 01
.8481a833¢ 01
«16337293E 91
.69266290E 01
«63369727E 01
.58453254€ 01
»54333842¢ 01
.50610690E 91
;Aegooooo: 01
+41852524E 9}
;36935346E 01
«326%1122€ 01
«28731335¢ ol
02‘6!2601[ [}
«19803648E )
,14850739E 01
«10330444E 01
+6283634%E 00
.25000000¢ 00

B12,5

+,40000000F=80
«s15071135€=0%
*e20743258E.0%
v, 26010943F.05
©30552883¢F.05
-, 3446256308
©s38199523Fep5
eed1766140E€,05%
e,45100000¢-0s
«e48114902F 05
50641504705
e 92646777E=05
e 54306652F.05
*e558347478-05
ey57382402¢.05
0y 58915939F«05
es60391135¢.05%
v, 6176446505

'we63003208F=05

vy64098607E.05
..65"7’00!.05
< 65864219¢.08
* 66569750703
e 6T181469F .05
-,67300000£.05
*e67591619E+05
e 6T480366F.0%
=,67253700£05
<166909006F 05
..6637‘577!.05
16363918305
64774424705
ce63894186E05
628706142405
-+61500000¢ 05

13,6

-»00000000E+80

v20777371E=01
,29823228€.01
+38974894€.01
+490%55245€,01
«61551460g.01
«T16957860F01
29%929033¢ 01
¢11906991F 00
«15037631g 00
o13747383¢ 00
,23737109€ 00
229337632¢ 00

3323116563 00

.29706609¢ 00
-26351095E 00
«2363%006¢ 0O
«21814101¢ 00
«21102779€ 00
,19295148¢ 0

13242199 00
L11540812€ 00
+16976344E 00
,16379564F 00
,15740575¢ 00
014739114E 00
.13818194f 00
»12771538E 00
,11353017F 00
+99411048¢.01
+85375976£.01
,70281631¢,01
«%51385100€.0]
.3218?533E.01
0 14599309E.01



F12

N4, 15

+00000000E<80

037266019¢
2 79346546E
2 12769363E
«18831933¢E
24412296
42799069 3E
2674248 1F
.28124946¢
«30402%32¢E
032409321F
0321662625
027153401E
s23241882¢
+20996660F
L,17417637¢
«14158991E
,11236217E
09003286 7E
2 71827430E
,58087520¢
1 46494682€
236999738
e2914a9130¢€
+19773945E
14592351
.10833409¢€
y31194915¢
«61576082E
47763574
026321468E
«23368356¢
220531287
.17940%48¢
.15%69931¢

01
0l
02
02
02
02
02
02
02
02
02
0>
02
02
02
02
02
01
0l
01
01
0l
01
01
01
01
00
00
00
00
00
0o
00
00

g

+00000000E~80

..357055805
ee68061771E
-y10348923¢F
13822723
-017037006E
wel19706647E
- 20452374¢
~s1879Nn686E
we20853380E
3520734
«.37457379€
-y 35502059€
ve326994]6E
v29003914F
-.24Q157‘6E
-e19176552¢
..14106513E
-.113002 3E
-,88473402¢
“s66057984F
..584;3?855
..3790‘022E
«¢28509418F
-,21981795¢
ve16710490E
-,12880421¢
*4G92795247E
-, 78766014€
'c637594585
«e51974464€
-e82379291F
-e34%68381E
«y28183344E
-e231%3533¢

03
0s

0¢

Table D5,

h77

.00000000¢
..3510555?5
- 68061771
«e10348923F
-y 13822723
.-170310065
~e19T706647F
- 20452374¢
-2 18790686E
e208535a0¢
*e352073n4¢
ey 37457379¢
-, 39502059¢
«s32699416E
-329003914F
ws2441%746F
-,191785%2¢
..141052135
-9 3 0 3[
T
-.66051284[
«e50423108¢
«.37901022F
«s28909418¢F
-,21981795E
~e16710490E
-,12880421¢
=199275247€
.o T8T766014¢
-, 637594583
-e31978464F
-, 42379291
«e34568381F
weC81B83344F
-e23153533f

Numerical H Matrix

=80

0*
0s
0¢
06
06
06
0¢
06
06
06
06
0s
06
06
0¢
LTS
0¢
0é
05
0s
0%
0s
0%
0s
0%
0s
04
04
04
04
04
ga
04
04

7, 15

~,77973840F
=+ 77973840€C
-,78982100¢
“e82615140€
«e90041220F
e92826000¢
«e89112960F
., 74260800F
..705‘77605
v, 71476020F
-o 74260800
-, TA260800F
-,64978200¢
-e%5948864(QF
e 58480340E
ve57552120F
-o519%2120¢
-.57%52120¢
«.58485380F
-, 59408640¢
'-612251605
ee63121680F
vo64978200F
«e67762980F
-,62193420¢
~e62193420F
.e62193420¢
=+62193420E
.e62193420¢
062193420
»,43628220E
-e49197780¢
2¢%54767340E
es50336900E
~e65906440F

hg3

,00000000€.

«34308244E
,12466163E
.28821%02E
«31417807E
.78111119E
104598548
,11256770E
«950l924s8E
.11702740€
<33357%2¢¢
.3711271313¢
.33918247E
+2877a402€E
.22641199E
16042248
989861751
.5821ga81E
.34363672¢E
,20122939€
211742943
,68420381E
«336>7000F
,22490806E
Ji130us272¢
«715145794E
44646399
0 26922122€
.16695678E
+10939955¢
.12695305E
.48331879€E
«3215765%8€
«21375258E
1842ga96E

80
03
04
04
04
04
0>
05
04
05
035
0%
05
a3
05
05
bL]
04
04
04
04
03
03
03
03
92
02
a2
02
a2
al
01
01
01
01

hgyg

,00000000F80

-, 14548760¢F
w,22368T40F
v, 10321123F
»,46298565F
- 99463000¢
- 15192981F
-o19633344f
=e220254738¢E
-929217308F
37065788 ¢
«e67537563F
.,69336001¢
v68521642€
., 65040627CF
«58196062F
- 48179102¢
*s38632564¢
-,32622063!
. 24322445F
=e19099028E
v, 14954237F
eo1la73873¢
-,88580509¢
-, 67758811¢
=,5186p80)1€F
.o 40351043
ve31382393¢F
«e250645370F
. 20361741
e, 16624T12F
-, 1358582¢2¢
=s11110061F
s 90665565E
e, T44g414gF

05
05
¢
06
06
07
07



G1¢

hgs

+00000000F~

..1i455564E
21894329E
©s33276482E
«244226020E
~¢53897989EF
es61543860F
-,62797704¢
©e56204199E
ve60389367E
'0975356355
e099T794894F
-+9075%007¢
~a 79815828
ee56909273E
«eB82750415E
e 38529855€F
-e27321248¢
vy 19308662E
.y 13501379F
.l93180‘13[
e¢H28482TAE
ee8124755%2¢€
-028333862E

80
07
07
07
07
07
07
07
07
07
0y
07
07
07
1A}
0y
07
07
(1} ]
07
06
06
O¢
06

-,20234043f 06

ee]d]54216E
srdadiafdae
"59251426E
es3IT193570F
-02473‘067E
e 17842%15E
-, 11382031

85

0s
05
0s
0%
0%

=0489%14329E 04

s 214220467
*e17587457E

03
04

h87

.0000N000E=80
«293773%6F g5
,11526300E 06
+27044390E 0¢
«495%587119€ 06
.789838%5¢ O¢
.1138075%2E 07
,1434%4a88¢ 07
«15708897E 07
.20421690E 07
v39628893E 07
«47545299F 07
+50408917¢ 07
«21791418E 07
51298052 07
.AgZalszlE Uy
42448738F 07
+36440726¢. 07
.31299383E 07
,26110207¢ 07
«22683740E 07
,19182581€F 07
11591817‘5 Oy
,13353244E 07
110956035 07
.9 576 6
1621081
063109365E 0¢
«53566973E 06
«462114g8¢ 0¢
«40008961E 06
,34542301¢ 06
129748776E g6
«255%45902E 0¢
.22019065E 0¢

Table D5.

hgge

«0n00UQ00E~

«e25789333F
«393707516¢
=e21664976E
«e38650504F
~y58710731¢
-9 78558542F
-, 84610565¢
oo T1427484E
.e37968899F
«e25074633F
«928381380F
~e 254901 74f
e 21629571F

Numerical H Matrix (Continued)

L)
02
02
03
03
03
03
03
03
03
0a
04
L)
04

= 17019274F 04

=y 12058906€
vy TA383046F
- 43782837
~y25830998F
-, 15120311¢
«o88271104E
-y 314312%3¢
°129°53211E
-9169006225F
e, 3TT44934F 0
-y 364807 EE

, 3356047
0.199305‘4!
«e12550096E
-482232084¢
«3346448692E

,3633vUg2ag
-.241117465
- 1606T6T73F
- 10344324E

04
03
03
03
03
02
02
02
02

8

01
00
00
0o

00
0o
0o

hgg

«00000000E~80

ee90354295¢
s 32830925E
*e75994393E
-e13541409€
-e2UST1368F
s 27523402F
-,29645862¢
=e25024297E
°,30820370F
=e8T85041E
-e99437773E
«e89327197p
-.757503505
e 39627930F
. 4224901 7E
ws26062597F
-.15332542¢
=, 90500269E
-y 5299%0832¢

01
02
02
03
03
03
03
03
03
03
03
013
03
03
03
03
03
02
02

*e30926249E 02

v, 18019212E
=,10180719E
we59231854F
-, 34245456¢
ve]19790439E

"Hi7s803se 0
--628457405
.o 8396978TE
=s2881l499p
ee1914%057E
-,12728698¢

02
02
01
01
01

01
oo
00
0o

00
00

e 84690504E=0])
«s56293944E401
©e37993663E01

bg 13

+00000000E~

9.28999449F
2,11388985¢E
w.,267¢6920F
»w.49020749E
v, 78123456F
v, 1126%6364E
»,142¢1494¢
~e15604233E
o, 20292784E
-.39251‘55[
» 47129400E
e,500353pn6¢
" 51474466E
we31048658E
v, 4810a814F
-, 42336731¢
w,36376%98E
»w,31261531E
»,26688042¢
»,22670806E
e, 19115V]AE
v, 15913916E
-.133507675
v,11094171¢
..915617595
9, 76205100F
v.6310g44aE
2o 33568134F
v, 46210283
v, A0008161E
v, 34341 769¢
l0297‘a‘225
w,29545647E
»w.2201g909E

80
5
06
06
06
%¢
07
07
97
07
07
97
07
o7
a7
97
07
01
07
07
07
07
07
07
07
LL)
06
0¢
06
06
06
g6
06
06
06

hg, 14
.00000000£-80
+00000000E=80
,00800000€.580
»00000000F<80
.80000000F-80
,00008000g-80
.900000N0F-80
,00000000g+80
+0n000000E=80
,00000000¢€.80
,00000000F.80
+00000000E-80
+90000000¢=80
+0000000NE=8p
L 40000000F.80
.00000000E«80
+00008000E-80
+00000000¢~80
,00000000E-80
,00000000¢.80
+00000000E=80
,00000000F.80
,00008000F=80
,00000000F.80
,00000000¢-80
-00 0000E=8
8308808080
.uooooooot-ao
,00000000E.80
,00000000 ;.80
+00000000E 80
,00000000.80
+00000000E=8p
,00000000F.80
+0N000000F=p0



91¢

h8,15
«?4639733¢
«24625098F
+2490a161€
«250%9147E
028382251€E
029240238¢
2:280%53194€
,23371040¢
-252066035
+CCAASTREE
223283296F
023264401€
«20354506¢
+18621756E
,183430%s¢
«18069380E
o 1809147TE
+lglli2aef
«18419176F
JaT28870¢
+19320184E
o19914257¢
«20504300¢
.213952395
119638397¢
«19642127F
19644674¢
«19646629E
+19647980F
-136A5965!
«13784144¢
1554431 8¢
0173045%01E
,J9064685¢
v20824849E

10
10
10
10

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
i0
10
10
10
10
10
10
10
10
10
10
I8
10

hg3

.00000000¢-

«a7T7T07456F
-,14812551¢
©e22%227167E
-a30082936F
v.42888350E
e, 44511305¢
v, 40894907E
. 453844¢64E
vs76623213F
«e81519945E
*.77264526¢
oeT1165023E
-,63126710¢
--9?1369465
A1 734604E

.y32010715F°

e 24593097TE
-,188193%46¢
o] 43T6459E
ey i09T3TTSE
vo82428482E
629 67825
e 47839845¢
©:s36367696E
., 28032166¢
«e216086¢2E
., 17142187¢
-o13876221E
~e11311407F
-.92231715[
s 75232527E
.y 61336519F
*e50389944E

Table D5,
bg7.

an «00000000f~
0s «e777074%6F
06 - laslessle
i3 v, 22%22767€
06 ~¢30082936F
0¢ «e37078305¢
[ T3 .o %2886350F
D¢ -,84511305¢
a6 -e40894947E
0¢ .o 45384464AF
0 -s76623213F
06 -, 81519965¢
06 -e77264526¢
0e -e71169023F
06 -, 63126710
Q¢ ~e53136946E
0¢ eo M1 734684
0¢ «.32010715F
06 «e24993097F
06 -,188l9346¢
06 e 143706459¢
06 ee109737T8E
Os ~s82482452¢F
03 .062916702€
0% -, 47839845¢
05 we 36367696
05 .o 2803E106¢
Os =92160%662E
05 eo1714L187¢
0s eol3g7022l¢
0s eel1311407¢
04 -,92231 719
] ee15232%27¢
4 .s61338519F
0a ©¢50389944EF

80
0s
06
i1}
06
L)
06
06
06
06
0¢
06
06
0¢
06
06
06
0¢
06
0¢
86

[
0s
0%
0%
0s
0%
05
08
0s
05
04
o4
04
04

By, 15
-.10974096¢
- 199T4096E
e 11104T740¢
ee11627316E
eel2672468E
«s13064400¢
wel2541824F
.,10451520¢
©e99289440E
.o 10059%38¢E
~o10451520F
-, 10451520€
-+91450800¢
we83612160F
-,82305720¢
~e80999280C
-¢80999280E
«e80999280F
-e82305720¢
-,83612160¢
..86235040!
-, 88837920¢
..91;50‘00[
e95370120€
-s87531450¢
°o87531430¢
.y 87531430¢
we87531480E
s87531480E
~e87531430¢
ce61402680E
-,69241320¢
eeT7079960E
849106008
*e92757240E

Numerical H Matrix (Continued)

10,3

,00000000F~

L, 14666380F
.27130601€
6272%3p6E
.11190289E
.16999630¢
.22744605E
,24498550E
22067941 2F
.29469132¢€
«T72597294E
.82172724€
«T38i7614¢
,62622860E
L49214931¢
«34913461E
21937438
«12670404F
.14787009E
L43T794343F
.2995%6628¢
,14890396¢
<88130749€E
,40941623E
«282998%31¢
.163%4274E
J9T168713¢
.51131138!
2 36338460E
«238Y90s54E
,15820965¢
,10518657¢
+,69985974E
L46510814F
«3139¢950¢E

L1
23
n4
04
[1}-]
05
95
0%
05
05
0s
05
05
05
05
1]
[ 1])
0s
04
04
04
04
a3
03
03
03
02
02
02
02
02
g2

0l
0l
ol

Nio,4

+00000000g-80

e, 316630%6F
ey 48681968¢
es22462264L
e10076139F
ee21646523¢
e,33065081F
-, 42728819¢
e 47934912CF
ey 63586TT5E
..12‘19‘52!
e, 146984657
«,15089866¢
e 14912634
-.1Q155°‘7E
s 126694 38F
e, 10485407
e 88077987E
e 67037481
-,52933893¢
..4;565965[
wy32545495¢
e, 24971040
esl9278124f
e 14706616¢
e, 11286670F
e 07817561¢
»e608298745F
e, 34549008¢
0, 44314087F
., 36181013
0.29’67359[
eo28179262¢€
vy 19731903
ve16205925¢

L]
05
0¢
07
07
07
07




L1Z

B0, 5

«00000000€«

80

ve24996483F 07

-, 47649489¢
ve72420915E
«096230825E
-¢11730031¢
wes13395120F
-o13666911¢
~e12251528E
ve13142773E
»021292354E
«e21718755E
es19751369F
e 17370632¢
-,14561728¢
--15'8 281E
-y 83854038¢
vs59460305E
we42015671E
-229383582¢
ve20279219E
. 13677264F
«eB89T68669E
Teelseafase
-.l40361435
-y20804377E
-2 20%04012¢
ee12895121E

.s80945828¢

=¢53829722€
e038831366E
..2‘771205!
=9 10858364F
-, M6621641F
»e38276273E

Table D5,
h1m7 h10,8

«00000000E=80 «00000000E-80n
«63935095€ 05 -e56126338F 02
.25085140f 0¢ -,20393935¢ 03
.58857769E g6 =e47130339€ o3
«10791839E 07 84116610 03
ol7l69567t 07 'olz118535£ 04
+24768379E 07 s 17097004F 04
.31220650¢ 07 -,18415435¢ 04
234187890 07 -, 15544609¢ D4
L44404527¢ 07 .o 19145017F 04
o882459l7t 07 =+545T71017EF 04
.10347470E 08 -s61768819F 04
«109706g1E 0p ~e55088325¢ 04
.11271570F 08 = 47073286F 04
11164197 0p -,37039715¢ 04
.125076975 8 ce26244271F 84
.92376328€ 07 .y 16189580F 04
+79307384€ 07 «495242782F 03
«6B118077E 07 «¢e56217015F 03
+58130474¢ 07 «23291y985¢ 03
49367515E 07 -0 19210787F 03
LALTATT39E 07 -,11193186¢ 03
+34643348E 07 v63240656E

135881150 01 2183493638 83
e24147797E 07 121272614 02
,19930053F 07 -912293425F 02
» 16535836 07 e 73038973F 01
0 13734739¢ o7 e 43388685¢ g1
,11657991F 07 .o 27313180E 01
«10057188E 07 =e178971435E 01
«87073074€ 0% -:11892539F 01
o 75173767¢ 06 «s79068208¢ 00
,68TA3430F 0p -0 32608101F 00
,33596551f 06 -,34968708g 00
«47920963E 06 *023600928F 0p

b0, 0

Numerical H Matrix (Continued)

«00000000E~80
s 19664160¢ 02

-,71451232¢
=e16519371E
»e29470700E
. 44770276E
»e59900260F
-.6‘519‘5‘E
=, 34461360F
. 6T075582F
-.191192435
=s21641033E
ee19440629F
e 16492375E
-,12977061¢
°s91948195F
56721053
«s33368814E
ey19695929F
-e11533691f
ee6T306011F
«,3921%919¢
..2%156699!
., 12890861F
ee74529731F
*,430T0666E
«.25589591¢
ee15291456F
ee93693176E
=e62703597E
we81666140F
-.277.1966E
e, 18431527F
-, 12251472¢

02
03
03
03
03
03
03
03
04
04
0a
04
04
03
03
03
03
03
02
02
02
02
01
01
01
0l
oo
00
00
00
00
00

. 82687102E«01

g, 11

+00000000E-80

w,63112641E
v,24786295E
. 58106846E
0, 10668578E
e, 17002318
'0245!78‘65
»,30950797¢
-, 3396010%¢
., 44163983¢
w,B89845254E
0, 10256956
~,10889380EF
e, 112V2590E
»,11109920¢
»,10486924pE
..921395935
e, 79107819E
v 68035699F
v, 58082234¢
0. 49339365¢
v, 41731337¢
v.34634081E
v, 29058798E
0.24144679E
v, 19928251¢
v, 16584815
«,13734]1p3E
.,116515915
»,10096925E
0,87071332E
e, 75174608¢
0, 64742659
v, 59596039F
0. 479206)17€

95
06
1]
07
97
07
07
07
07
07
08
%8
08
08
(L]
07
07
07
07
07
07
o7
07
07
07
07
87
07
7
06
neé
06
06
06

o, 14

+00000000€E=80D
+00000000€F-80
,00000000F-80
+0P000000E=8p
+0000000NE.80
,00000000F 80
+00000000E-80
,000000005.80
,00000000F 80
,00000000¢ .80
+000n0000F=80
,00000000E.80
+00000000F-30
,00000000¢-80
,00000000¢+80
+00000000E=8

.080320001.58
2800nr0000F=30
+80000000E=80
+00000000¢«80
+00000000F.80
,00000000¢.80
+0800000NE=8¢0
,00000000E.80
+90000000F-80
,00000000F .80
+00000000g<80
+00020000E=8¢
,00000000¢,80
+00000000E~80
+00000000F <80
9.0000000[.80
+80000000F.80
,90000000¢-80
+00000000E=8p



812

B10, 15

¢34673143E
+34674958E
«350g4688¢F
+36732038¢
,40029596F
041263312€
+39608985F
«33004047E
313%c684¢
.31 766396
-35966951[
«32982839F
+23860670€
+26388498F
+259T8848¢
«25570290¢
225575099F
025579401E
+25998414F
«26410852¢€
127238493€F
,28069776¢
05559 83%¢E
.30133417¢
+276567487E
+27657555¢
+27658109f
+27658535¢
276%8829¢
«276%59043E
«194027230F
«2l879783¢€
«243%6837F
26833891
+293199M1E

Dt s Bt Pt Gt Pt pt s gt s
P bt ot ot Gt e Bt gt ot g pet pust

——— s
(S

By

0e21108264F =
ee244T73265E 0

v, 50452498F
«e74099595F
-, 96246973F
«911880209E
~e13516054E
wsl4994922¢
eol6113633¢
o.l70354905
-.16782040E
.o 15500905
-0‘3381432E
*,10774780€
»s81373668¢
«s60995182E

e 409TAIEIE

©¢32472968E
e923317879¢
vs16275%290E
we95812497F
-,595%3864¢
wodBo6AAAAE
0e27639289€F
10200921E

0]
1
01
0l
0l
02
02
02
02
02
02
02
02
02
01
0l
01
01
01
01
90

00
1
00

Table D5.

g, 2

«¢]0338011FE 01}
-+59423821F 0
-o,11162192¢ 02
-9135506041F 02
s22936275¢ 02
«:29128476F 02
~e294491%3F 02
«¢31600390¢ 02
-y 34T93070F 02
-,37084922¢ 02
«a37792144F 02
36178349 02
vs32650392F 07
-y 27941387F 02
-.23710800¢ 02
-,20057362¢ 02
-, 16175332¢ 02
~¢12944918F 02
«¢10233528¢ 02
«s82782229F 01
eobb1l8124F 01
-,52780701f 01
-.4131061gt 01
es31962805¢ 01
«923056190F 01

weB82143439€,03
26095116701
.99302036E.°]

-, 16827302
-+ 1266030g¢
-¢91627970F

01
01
0o

,11612408¢
«13008282E
14s70042€
«15%7s113¢
«13290182E
,1438%848¢
«14063224€

oo
00
1]
00
0o
0o
0o

«,60054369¢ 00
-»32454809E o
y33480892F.01
«213243p9€ 00
,45686849F 00
,71563497¢ 00
.10407203E o)

hiy,3

«00000000E=80
«¢24541671E<01
e88440972¢<01
o T02664TTE=01Y
-,92834212¢<01
««10901181E 00
~e12295637E 00
~.13284605¢ 00
-,14728147€ 00
v, 17256557 00
«223558290E 00
=,2%9496966E 00
ve22033143¢ 00
v,19261133¢ 00
e16932957¢ 00
-e14825860F 00
«,12084013¢ 00
©¢93979519€=01
-y 7281991301
«e36791065€=01
we42666192E=01
-,31727227¢=01
-.23052595E-01
we16191319EFa01
«e11296537E+01
ve 18306 771Ee02
*s834738991g002
*e38173040E¢02
., 26659187¢402
©s19977780E=02
-y 14251344002
*e99375358€«03
e 71629659E03
«~,40730980~03
we20843249E003

Numerical H Matrix (Continued)

N7
,00000000E-50
.510U405¢E 00
. 79063734 00
v.10628394E 01
-,11958603€ 01
,11416118E 01
v.59803743€ 00
.71233al93E 00
.26690482E 01
L2981A822F 0]
«,25730127€ 01}
«,33266237€ 01
v,27373071sE 01
«,21419901E 01
", 16026360 01
w,1114860%€ 01
«,72349912E 00
o, 44730238E 00
", 27203839E 00
«,15299896E 00
=,11012173E 00
«,73053057¢401
",5189419¢9Ea0]
. 5522%944E.01
-, 46293361E.01
e.38837622E.01}
., 34462268¢.01
.,29439622E.01
., 34483227¢,01
*,31440012E01
v, 33510407E,01
w,346488542E,01
°,31344949€.01
°,39695123¢.01
©,362%9094Ee01

hyy g

+U00NOODO0O0F~-80
«30228839F 00
«46221067¢ 00
+6179%283F 00
,68683618F 00
+64331883F 00
+296468R6F 00
«53195841F 00
«17517932¢ 01
,19653585¢ 01
«14361252EF 0}
.19193501¢ 01
«19677969¢ 01
Jl2144594¢ 01
+89302080f 00
,602%35%562¢ 00
,37584391¢ 00
+22049495F 00
,12482538¢ 00
06023799TF01
2 822%6607€=01
12592769201
.5018l59zt-01
c4407092¢.01
02136433001
»19346373¢.01
+18086767¢=01
015980244F.01
,198273167.01
0 18343736E01
219984075¢.01
120957244E.01
19071350401
021937293¢-01
+224413%5F4p)



618

by

cUDODOOOOE-OO

.18321050F 0
+28003569F
«37432013¢
L41589990¢
+38928118F
+17861219€
-e32422957E
«e106485365E
es11944593¢

00
00
00
00
00
00
01
01

«88130461F 00
,11623039¢ 01
194912920E 00
«73491935 00
«54005553F 00
«36406627¢ 00
,22681507¢ 00
. 228 709£ 00
,74993098€,01
.35 69893E.0]
.25?939355 91
215398138¢.01
.107314 z[-o
.14627%33¢,0
.1313292AE.01
1 11640%72€,01
«10901603fe01
096420 THAEL02
,11989992¢ 01
-110983015-01
.12101198€,0L
o12697524Ea01
¢11557302€.01
+13300520f.0!
21360930801

Ny1, 10

Table D5.

«00000000E=80

ve24%38522E
-y 50522528E
e T76048219E
«,10064069€
-.123630455
-e14002011€
wel5466282E
ee16584585E
v.17534209i
-y 1723%640F
s 16029739¢
«a13918%5]9€
ees11313301E
«e86694079E
we66188338E
-, 49983617¢

01
01
01
02
0?2
02
02
02
02
02
02
02
02
01
01
01

».372%8325E 01

e 27660709E
«,20571017E
ey13638372€F
v,97698754¢
ee839)6542F
,60934305¢F

01
01
01
0o

80

vs39806166E 00

«e2T584379E
~e21333745¢
e 17208796E
., 13981695

0o
0o
0o
oo

*y1086%838E 00

. 17860529€.

01

-.51539035:-01

- 467

6436E-01

.0369‘1816[-01
s 32496651Ee01

D41, 14

e 56467892F
ee5636¢238F
e 3635¢160F
-,56235276¢
..563894855
e 36TTI958E
«+57370820E
-s3T78V365E
-.58075645¢
e,38318089¢F
-y 38589660¢
©e859107448F
.y 59342227F
es59357180F
-y59259261¢
-,5905%412¢
-.507537765
.y 38369689F
37645740

ey 3T009946F
-,56294341¢
..55686335!
ey 33839091¢
wo ABAALZHQLE
-e45218203¢
e %19658099¢
weJOT8ITSIE
., 35592417¢
©032414014E
ey 27683278€
.02‘5596“5
e921139883¢
-0 17180607F
ey 127473%3F

0?2
02
02
0?2
02
02
02
02

02
0?
02
02

02
02
02
02

02
02
02
02
02
02

02
02
02
02
62
02
02
02
02

11,15

-«70168471F
«e70779071E
«e72399468F
we82219TATE
.,94596569¢
«e59872800E
ee8T752347E
e65926869E
.964920072E
. 69843394F
e.73942175E
.o 74391583
-e65478589€E
v 34489170E
«e31633803F
ee46735961E
-, 55649936¢
-.5!224699[
507623E
«e58244690F
ee64652622F
. 69278461¢
..765726‘0:
-,843088381¢
s 48857225E
=»850070526EF
«~e51581710¢
v, 33368782E
- 49272166E
'0‘814‘052E
. 67262520€
«s69370397E
e 68648070E
eeb4246747¢
e 65318780E

Numerical H Matrix (Continued)

by, 16

«00000000E.80

=,202745681E
« 863958 74F
*,20059624E
« 36437696
..57110114[
v, 83655498¢E
w.11344936E
vw.1433702sE
v, 16891010€F
vw.18001424¢€
2,17468044¢
w.15780712E
v 12439573¢
w.88533831¢
»,T3776230E
«,61362710F
v.52287620E
. 45507419
w.39093849F
w,33163417E
w,27TA4ATAE
0, 225996 75E
v, 18261597E
v.la488239E
0el11318072E
v.88276510¢
v, 69082719E
0, 54359725¢
v.43523862E
v,34803032¢€
9.27494501E
»,21852178E
0, 17105160
e, 13629460E

00
00
01
01
01
0l
02
02
02
02
02
02
02
01
0l
01

a1

«e78772259E~

L2TIARBTTE
.11379003F
23006278¢
,413111%6¢
+63676139¢F
«806396A2¢F
2989289%53F
11503115¢
«12913960¢

03
on
01
ol
0l
01
0l
01
02
02

,12566100¢ 02
,16893002¢ 02
+82073358E 01
253909254¢ 01
.31404812¢ 01}
,180157%9¢ 01
,99599907¢ 00
+5280B85]14F 00
21757610¢ 0O
13555122[ 0o
03963964T7F.01
,92029047;.02
.929!1‘74[-82
27671616F.03
vy39172142F<02
o 42522014F.02
.0 38223784p <02
we30321523F.02
v, 205782387 ,02
»e12385630€=02
«y31066¢94€.03
15872681£20)
,65113692[.03
«11031319¢a02
,15885386F.02



022

b2

+14739415%E« 06

«B1503034E 0O
02953‘5°3E 0l
+46674840¢ 01
,11672693¢ 02
«18297881F 02
.19729806€ 02
+22799426E 02
126969872E 02
«32097171¢ 02
.303%503%¢ 02
,27114730¢ 02
«21%00a77E 02
.15284653F 02
»10529178€ 02
«72037464F 01
43116698 01
«2T758996E 0}
,16713049¢ 01
¢10413845E 01
«61938284€ 00
03745¢4896¢ 00
222604227 00
. 12984802 0O
6%615522€01
336s3¢85E 01
< 17620688E201
+81597399€.02
02586745302
2136335275E403
L41322731¢,03
+35550339€.03
02327742%¢.,02
.5701‘1265-02
«11786607E.01

Table D5.

his 3

«00000000E~8¢0
e173¢7777E-02
«72689733E-02
015074394F<01
.26543935p<01
«37880274E-9]
L48170581EL01
¢59701001E<0]
«70288027E<01
,10080120¢ 00
.1268%5297E 00
.12435730¢ 00
096507611E-0]
068633839E,01
«48236016F<01
234238523F 01
L21874848Fe01
.129106255-01
W 15606024 L02
+48442827€02
1 228311%1Ea02
11201969lga02
«672132%6E<03
,30898492¢,0)3
012606666E=03
248800285E,04
-16755021500‘
oA1528026€405
'007533071:-06
-.17666}20!-05
e 17021445¢,05
ve533 E'°6
179 11315-06
027395992¢«05
e47908120E<0%

Bi2, 4

+00000000E=8¢g
«099998678E-02
«e15920294F 01
=g TO0TTT21E=01
-,31U94385¢ 00
-'636°1111E 00
v, 94794093F 0O
-e12752613E 01
es17263578E 01
«,24177630¢ 01}
-.38184383¢ 01
-,29169279¢ 01
.'A3°4°1QS 01
- 40361713F 01
-, 38014008¢ 01
v35338124€ 01
«,30339833¢ 01
*s24684139F g
»,19849730F 01
-¢15973670E 01
-,12335871€ 01
-99409950%6¢ 00
=y 69TBBA498E 00
-, 496143%1F 00
«+34821691F 0q
-o28368480F 00
eel17148317E 00
-e12067072¢ 0
..0‘03’611[-01
..63199“0[-01
s 49584788€.01
«e31857444E-01
923021323E.01
-¢13103120¢<01
es67038036F.02

hio s
«00000000E=80
-+78944221E 00
-.15%582647€ 01
-,22%93861€ 01
-, 297024%2¢ 01
~¢34486797E 01
e, 38402394 01
=.40789528E 01
o44123414¢ 01
ec49972838¢ 01
e, 65464685F 01
65265437 01
«.5633678%E€ 01
-, 470143953¢ 01
oe3918glg4E 01
=¢32031391F 01
«,24279406f 01
«4174368141 01
e, 12440798¢ 01
*e88669773€ 00
=e60184298EF 00
39343304 00
«,25087625E 00
-, 15868799 Oo
«.10398406EF 0
..66497261[-01
©e40033609E-01
©s22783193E401
-, 12588556 =01
v TT499248E992
=,48923991¢.02
~e26689815E=02
»o10052727€202
ee30939453¢=04
we15832561E003

Numerical H Matrix (Continued)

hio 7

+00000000E~80
.48234232€ 00
.1525929%E 01
310040455 01
,408325713g 01
159296656E 01
,37787387E 01
=.53977109E 01
24288083 92
e,31961223¢ 02
,30698698E 02
,49298225¢ 02
«40331837E 92
,30848338E 02
.28882791lE 02
.22340890E 02
L,16158975¢ 02
+11148762E g2
.75810394€ 01
+47373800E 01
LIT8T14A61E 0l
21315999: 1}
.21889213¢€ 01
125522030¢ 01
«23375%047E 0}
,21283080€ 01
+2039333sE 0l
,18716506E 01
«23452473¢ 01
.22107361E 01
.,25795166€ 01
.20239152 01
.26972791€ 01
»323%291¢ 01
«34478212¢ 01

Bio 8
+00000000E=80
+80384653E.01
.26032222¢ 00
«5T446647F 00
,84432411¢ 0O
«10312340F 01
.598%2010¢ 00

ws15408600F 01

*o60202680¢ 01

-.8107286n0¢ 01
«67734062¢ 01
,10434245¢ 02
+98031340E 01

236766990F 01
.72AIZAsgz 01
¢55016671F 01
238440675y 01
«250258%2F 01
,15510017¢ 01
+78609272E 00
+60614685¢F 00

039433184r 00

+29960336F 00

‘9885678[ 09
.500129045 00
+48916509¢ 00
«50253101¢ 00
148212093F 00
065405919 00
+64813501F 00
,75609737¢ 00
+84409375F 00
81263409F 00
+98911310¢ 00
10640109¢ 01



123

B2, 9

-onoooooo!-ﬂo

-e26004882F 0
'oﬁl‘.QQGSE
-e16575094F
«¢25481000¢
s InTT6976E
e, 17531392¢
031500179E
.14708051E
Jlg21p534g
..16280913E
«s24014998F
..§15074105
-s 18737925E
»018324456E
s 11539338F
-.80510112¢
s 52508864F
e 3356g9116F O
e»]819933TE
s lazioaise
«:97091996E 0
e TAST0AAOE
-, 109607%9¢
s 1n6963T4E
-, 102%0707¢
»e10321832€
.e97838428F
=e1204455%2¢
s 12755854F

., 14701814

*016356555E
«s 15710850
.'19021393E
e 204C8602E

00
01
1 )]
0l
01
01
02
02
02
02
02
02
02
02
01
01

!

00
01

0]
0l

his 10
«00000000E=8¢
+42694386E 01
+18085572¢ 02
«41788120€ 02
« 75958499 02
«12038626E 03
,16888251¢ 03
«22%83152E 03
+28795405E 03
,35535447¢ 03
«3982606TE 03
LA1557924¢ 03
«40177028¢ 03
«36266795E 03
+30921390E 03
126339286€ 03
«22233650¢ 03
«18534044F 03
,15373805¢ 03
.12735315: 03
,93903155¢ 02
o T4511663E 02
+TO65T404E 02
56420805 02
«402TATAYE g2
,30299471f 02
«25300097E 02
121926655€ 02
19055321[ 02
.15754511: 02
,12012830¢ 02
.90259%105 01
,80895244F 0]
o70748722¢ 01
«61940159E 01

Table D5.

B2, 11

+00000000nE=84

ee3N0945a8F
es964493]12F
-e20022871F
-¢31022514¢
ey 38453217F
«y25759489E

¢34482539E

2 15682988E

020530777¢
..zlosasses
-, 30590105¢

-e282 v998§ 02

e 2ATLIAAY

«e20759g40E
oo 16268680F
s 1lg30157¢
. 83475429
- 37672688F

00
00
01
01
[}
01
01
02
02
02
02

02
02
02
02
01
01

=436990947F )

-9 89699453E
..22039095E
oo 17301481E
- 19%406749f
-9s17678703F
y15928537¢
«e15090645€
-y 13753831
-y 17048522¢
-e16912874F
~,186183a3¢
=e20323797E
-ol9388274F
-,23176001¢
.o 24709672

01
01
01
01

01
01

hio 13

+0u080000E=80

«e399446931E
. 16948258E
©s39366261E
.. 71538737¢
=, 11363052F
-, 16044076E
*e2155¢030E
v, 2T604873E
-.3.20019‘5
e 38524892F
-, 40426145¢

01
02
02
02
03
03
03
03
03
03
03

©+39318542E 03

ees3363624TE
es308321589E
e,26138544F
*.22118508¢
= 18469621F
=, 15337984¢
--1272539?E

03
03
03
03
03
03

03

=¢93817861E 02

'07“691665
e, 70624450
-, 56404022¢
..40265308[
.y J0296084E
-.25298910!
-e21926261E
ve19058315¢
- 15784782E
.,12013160[
©e942620899E
=o80898860C
e, 70749321F
=s61943892€

02
02
02
02
02

Numerical H Matrix (Continued)

h12,14
«17921903E
.17906832E
«17937266E
.17986372E
.18015845¢
.1812436pE
,18281686E
«18309404E
,18672816¢E
.187939%6¢
.18868097E
L18927387E
«1904226s8E
1909]1601E
159900 114
15906456[
18797860[
.156673365
L18319389¢
Q827 usaz
.18090220E
.17812847€
J17616288E
,17024998¢
+1931363pE
,1429129¢E
«13262283E
.12254718¢€
J112488¢4af
.10240688E
,87460882€
«17582973E
J66T7T1598E
,5427021¢F
L40266325¢E

his 15
«221884%2F
.22509089F
223161397¢F
026389469¢F
»305388414¢
2 32476806F
,286N8601EF
021583145F
021308583¢
n229‘7895[
24258091F
s 243403a9¢
0213403%9E
,17682838¢F
+16675682E
.1503833¢6EF
.17517017[
16359683F
16121807[
.18519zzzt
020522780¢
v2l967689¢
0242610688
2669314l
2154641 36F
J15839818F
016312425E
16873049¢
o 15574463p
o 15404275¢
,21253559¢
e21916302€F
21684926F
020291087F
«20624393F



(444

h12,16
+00000000F <50
,80%2¢9l12g 01
+88473201E 01
«2072%296¢ 02
o3gl79150F 02
61140823 02
« 88994973 02
«12132318€ 03
+1562552¢4€ 03
e1p222¢24F 03
.19470141¢ 03
«1a732%38F 03
J16777918¢ 03
.130812¢7¢ 03
«92072278E 02
»76077318¢ 02
628ler22¢ 02
.53214003¢ 02
46107665¢ 02
039476084E 05
2333p2348¢ 0
.2;314111[ 02
+»22683907¢ 02
+183080%4f 02
.lASgbé?T[ 82
Jd1324212¢ 02
+88309584E 01
+6908¢673¢ 01
«54350780€ 0}
+43503003¢ 01
34788956 01
o 27473986F 0]
.21833173¢ 01
-l70?al26£ 0
13613701 O

Table Db5.
b3, 3 B3, 7
+00000000E-80 «000U0GO0E =80
090914396Fa01 ,10014271¢ 00

«18684929E 00
«27975721€ 00
+3677929%¢ 00
,44828540¢ 00
51792843 00
«57348164€ Qg
261246315E€ 00
¢629990851E 00
«62312683€ 00
«59647065¢ 00
,55528392F 00
,50205805€ 00
143689886E€ 00
«36319422€ 00
.28%83221¢ 00
«21970183E 00
,16782048¢ 00
¢12764253E 00
,96881698E,01
+723821175E01
+54330024E.01
24039130901
029929p04E=g}
,221503325.31
v16519798E«01
012415961E.01
094345690€=02
«73283703€.02
,37636168g=02
W45424222F<02
2 35881875€,02
1284797715E02
02¢640926E402

«205815%52F 00
,30818410F 00
«40812%590F 00
+49378883F 00
.570%9101F 04
063169318F 0o
o67463133F DA
69393801E 00
«68637763€ 00
+65701570¢ 00
,61164829¢ 00
035301971 00
*481246%0E 00
,40006043F 00
«31484575%¢ 00
«24200277F 00
18485319 00
«14039895€ g¢
«106T1372€ 00
«8021%924F-01
099844821¢.01
+44491249¢<01
.32966962[.81
W24431648¢,01
olGl96648E°01
»136762%0¢€.01
.10392230!.01
,80T22401E .02
.63486556¢<02
+5003%031E-p?
+39524083¢,02
031370628E+02
24939108¢F.02

Numerical H Matrix (Continued)

B3, 8

+00000000E=80
«,668339890¢402
e, 14045366E=01
©s21029207Ee01
e27646305E=01
©233697386E<01
., 3893241 7¢=01
es43198324E=p]
.o 46033544E,01
*e47356066E-01
o d6840127F001
=o44836396f=01
e, 41740410E-01)
es37739449¢,01)
=e32841445E=0])
vy27301125%¢01
we2)485862¢01
-y 165143753E=01
e, 1261498101
vy 72825480E00
we54739307E02
«y40839603¢02
=¢30361942g=02
«s22497480Fwp2
g 166T2T68EL02
“e12417848E-02
es93330152€.0)
=¢70919l76£203
.o55086987€-03
*, 4332481503
es34145197Fe0)
g26972223€403
=e21408102¢60)3
welT019069E-03

b3, 9

.00000000E80
-, 2394324302
-.4920066QE-02
v, 73676942E,02
€. 96862043E.02
»,118V6058E.01
-, 13640179E.01
--15103230E-01
v, 16129848E,01
9,16591449E401
e, 16410687E.01
0,157080669¢<01
w,14623974F.01
«,13222216€.01
-.115051525-01
©,99630938€.02
n,75276857¢02
0,57860740E.02
v, 44197293£.02
«.3361%975E02
v,25514793€,02
v, 1917820¢E,02
0,14308372E402
©.10637%67¢-02
*.78821114E40)
0,58413926¢,03
9,43508589E403
9.,32698713E.03
0,24846909E.03
w,193000148C4,03
v,15179078E-03
”wo11962937E<03
v, 94498613€,04
0. 75004420€,04
*,59627211C.04

hig 3

+80000000E=80
- 87356468¢.023
we34223231E=02
ey TT911712€402
wol3681171F<01
»,205529%1¢a01
., 2746684701}
e, 31563821F-p1
"y 30970550001
©y35384194F<01
*,39038665F-01
*,60124680p=01
ey 33051169F-01
e, 44179444701
=e34103094E-01
«o23863560Fa01
e, 14750543401
v, 86961848F.02
*,51033800¢-02
-.29103§7ot-oz
e, 17222388€.02
ve988123860-0)
wy55413698€.03
©031423430¢0)
oo 17794422093
., 9974280T¢.04
*e37261287E=04
* 33170166E.04
vs19998032F-04
vy 12574141¢F.04
*,80614179g=05
e J1804502¢<p5
«y33379551£.05
=e216000812-08%
-y 14107101¢.03



€ce

B4, 4
+00000000E-80
,37044220¢.01
«61ADRETAELD]
«27900570F 00
212319081 01
1261711848 01
+29930063f 0}
+550%51617E 01
.71789788¢ 0!
+88266029€ 01
»10099933€ 02
+10754¢470¢ 02
210844770F 02
,10520629¢ 02
+97966836¢ 0}
.86569026EF 0
«718123s32 01
W57T705663F 01
»48745611¢ 01
«35902119€ 01
,28010941¢ 01
*21%96947E 01}
J16447467F O]
e12376184€ 01
.922%60%3F 00
.68836079¢ 00
+51752273€ 00
.35248720€ 00
+300222¢5¢ 00
«23403333¢ 00
18435682 00
+14561957E 00
,11532210¢ 00
091619179E-01
«72815553€,01

Table D5,

B4, 5
+00000000E=-80
,29244815¢ 01
+60106278E 01
+89954636E 01
v31767591E 02
14181883F 02
,16176219¢ 02
.17608386F 02
L18348517¢ 02
«18243740F 02
«17315688F 02
«15891322€ 02
«14194894F 02
12254708 02
+1007814TE o2
.T846840TF 0
+57429895E 01
+40809861E 01
+28671014¢ 01
.199292s51¢ 01
.13665989¢ 01
+90761302E 00
.59127180E 00
+33586741E 00
227549376€ 00
,18787229¢ 00
.xzoasssac 00
,74103412¢.01
0‘45 0344Ee0]
«28428787E«0L
119708614301
+12199846E401
30357726¢,02
-21647362E-03
«17198030€,02

Numerical H Matrix (Concluded)

B4, 7

+00000000E-80
-,82290397g+01
=s34816711E qgo
- 80441462F 00
-o1451803aF 01
- 22869156E 01
-.329l6l97¢ 01
-y 44272265F 01

,563641531¢ 01
-.6791’0685 0

-2 77191606F 01

«+83328915F 01
-, 86T8T840F 01

«,87541388F 0)

-,85072128E g1
., 79084259F 01
es69672054F 01
«y39947098F 0}

-.51199571f 01

- 43429374 01
-, 36643331¢ 01
=0 30510480F Q)
-, 25133802¢ 01
~e20350132F 01
e 16640314F 01

-, 13388805 01

-.10766400! 01
-, 86939674F 00
=.70074964E 00
=¢58305T26F 00

-, 48879662¢ 00
o 40782246F 00

., 34813504¢ 00

«s28434891F g

e 23TLT135F 00

By, 8

»00000000E~80
. 82807761=02
+39042918E01
+80968278E«01
«14614490¢ 00
«23024691F 00
«33147697¢ 00
.44693044F 00
,568l8525¢ 00
«68471684E 00
2 77753887E 00
.83948922F 00
.BT468116E 00
.88261249¢ 00
+85893%%0F 00
«79792489¢ 0D
«70318631F 00
«60517883€ 00
«31691379¢ 00
+43850833F 00
,37005173¢ 00
«30817371E 00
25384255¢ 00
«207%8410¢ 00
«16886815¢ 00
,13522926¢ oo
.1001A3Azt
avall1z1t.01
.1130412.!-01
+59092922¢.01
0493612437001
«41191688E201
. 343550261401
.261204225-01
+23953307€001

h
14, 9

.000000005380
L84396863F,02
«33729310£.91
.82560109€.01
149U3943€ 00
«23485476E 00
.33821827¢ 00
+45537484E 00
,38033696F 00
.699725675 00
.79302494E 00
.551040295 00
893485418 00
,90202972¢ 00
LBT136934E o
.31629378E 00
«T196924¢E 00
«61958664E 00
32933837 00
,44911723¢ 00
.37994419F 0O
.31568211[ 00
.,c6004¢s5E 00
.21263081E 00
.17218297€ 00
,13854225¢ 00
«11140869E o9
L89964631€ 01
;13!3.221[-01
«605422113£,01
.50971983F.01
,42202122F,01
,353197306E,01
-294!98095-01
«24343013E,01

h
14, 11
+00070000F-80
,64702370¢.01
«27397256E 00
+63309506F 00
o11429403¢ 01
.18012610F 01
«23944576¢ 01
«34942574F 01
L44567023¢ 01}
+33719121E 0l
,6088958lF 0l
«65762373F 01
«68575975¢ 01
,692531712¢ 01
«67377133¢ )
,627083437F Bl
+55295761F 01
«47612435F 01
240682016¢ 01
J34519415F 01
,29135149F 01
+24265970F 91
,19989407F 01
16345140F 01
.13236032¢ 01
10650092[ ol
+83643)1 38F po
,69158721F 00
+56221090F 00
1 46340955¢ 00
238876533 00
+32442346F 00
,2705788TF 00
+22620132F 00
+18887162E 00



d82

«924639733F
.,24639733¢
es24933064F
e, 26106384E
-e28453026F
ee29333016E
«s28159695E
ee23466413F
-,22293092¢
we22586422F
vs23466413F
=e23466413E
es20%3311L1E
~el8773130¢
ee18479800¢
ees1n186470F
-=e18186470F
-e1818P470F
«s18479800F
-e18773130¢
«,1935979l¢
-e1994645)F
eelN533111r
~s2]1al3102F
eel9653121F
-0 19653121
-.19653121F
-,196%3121¢
=0194%53121¢EF
-0 19653121F
-913786318F
ee155406498F
-.17306479¢
es 19066460F
-, ENnB2b4alg

10
10
10
10
10
1o
10
1o
10
19
10
10
1c
lo
1an
1n
10
10
10

10
i
1o
10

16
10
1d
10
10
1¢
10
19
10
10

Table D6,

dgg

+00000000E-80
05

*s28999449¢
e, 11388985F
e 26726920F
«e49020749E
e, 78123456
- 11265636
esl4221494F
-,15604233¢
©e20292784E
ve39261488F
'041129‘°°E
-e80035306€
-, 51474466
. 510486%8¢
-,48104814¢
©.82336731E
e 36376598F
ee31261531F
ve26688042E
-,22670806¢
*e19175014E
e 19913916E
©s133%0767F
ee11094171E
«.915677%9¢
e 76205100F
.,63106444¢
=e5356%5] 34E
-,46210283¢€
. 40008161E
we334541769¢
«.29748422¢
- 2554566 7TF
«,22018909F

06
06
06
06
07
o7
07
o7
07
07
07
o7
07
07
07
07
07
07
07
07
07
07
07
06
06
06
06
06
0¢
06
06
06
06

224

Numerical D Matrix

dyo, 2
we346TB8]143E
-,34678143¢
w,35090978E
v, 367%23109E
v 40044999E
e, 41283504E
9.39632164E
»,33046803E
0,31375463¢
e, 31788295E
0.33026803E
33026303
»,28898453E
v, 26421443¢
»,26008608E
«,25%95772¢
0e29998772¢E
., 25593772¢€
°,2600860pE
w,2642]1443E
",27247113¢
«,28072783€
", 28898453E
-.30136958E
ne27659948E
w,27679948¢
»,27659943E
«,27659948¢
.;276,99Q5E
=, 27639948
-,19403247E
~,218802%7E
-;24357261[
«,26834278E
., 29311288€

Pl ot gt Gt ot P Pt et Gt ot Gt Pt Pt Bt Gt o bk Gt (ot Gl s s P Pt i Pt Pt b Gt Pt ot Pt et ot Gt

bt gt foh Pt Pt G Pt Pt fut Gt Dt Yt PSPt S fnd s ot Pt o Pt Pu i pub e fat Pt ot font s Puf Dt s P
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Table D7. Ten-Second Gimbal Positions

Engine Flight Coordinates
x y
ft. Et. ft.
1 -100.5k4 -16.0 3.92
2 -100.54 - 8.0 3.92
3 -100.54 0.0 3.92
L4 -100.54 + 8.0 3.92
5 -100.54 +16.0 3.92
6 -100.5k4 -16.0 4.08
T -100.54 - 8.0 4.08
8 -100.5k 0.0 4.08
9 -100.54 + 8.0 4.08
10 -100.54 +16.0 4.08
11 -100.54 - 8.0 12.08
12 -100.54 0.0 12.08
13 -100.54 + 8.0 12.08
X o = 93. 46 z, = 8.08
X, = 194. 00
100.54 ft.
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Table D8,

Roll Gimbaling

36,
aap
ENGINE 2 3 A 5 6 7 8 9 10 11 12 13 L, /T N, /T
t~sec p P
10 -1.0 |-1.0 -1.0 |-1.0 -1.0 |+1.0 -.00k18 | - .00418] -.00418| +1.0 | +1.0 | +1.0 | +1.0 | -9.24 | + ,0972
2k -1.0 |-1.0 -1.0 |-1.0 -1.0 |+L.0 -.01433 | - .01u33l -.01433| +1.0 | 41.0 | +1.0 | +1.0 [-9.21 | + .321
38 -1.0 |-1.0 -1.0 [-1.0 -1.0 |+1.0 -.00372 | - .00372| -.00372| +1.0 | +L.0 | 4L.0 | +1.0 |-9.20| + .0805
5h -1.0 |-1.0 -1.0 |-1.0 -1.0 | +1.0 -.0118 |- .0118 | -.0118 | +1.0 | 41.0 [ +1.0 [ +1.0 | -9.21 | + .243
64 -1.0 |-1.0 -1.0 |-1.0 -1.¢ [+l.0 | 0.0 0.0 0.0 +1.0 +1.0 | +1.0 { +1.0 [ -9.23| 0.0
90 -1.0 |-1.0 -1.0 |-1.0 -1.0 | +L.0 -.00623 | - 00623} -.00623| +1.0 | +1.0|+1.0{+1.0]-9.22| + .1125
115 -1.0 |-1.0 -1.0 |-1.0 -1.0 | +1.0 -.0429 |- 0429 | -.0k29 | +1.0 | +1.0| +1.0|+1.0|-9.35| + .711
120 -1.0 |-1.0 -1.0 {-1.0 -1;0 + .986| +.986 + .986 +.986 + .986 -8.73] + .55
145 -1.0 |-1.0 -1.0 {-1.0 -1.0 L9651 .965 .965 .965 .965 -8.369 + .962
150 -1.0 |- .0601 {-1.0 |- .0601 |[-1.0 | +L.0 +1.0 +1.0 -7.91] + .791
160 -1.0 |- .0926 | -1.0 |- .0926 | -1.0 | +1.0 +1.0 +1.0 -7.84]| +1.104




8¢¢

Table D9,

Yaw Gimbaling

aazi
08,
ENGINE 1 2 3 L 6 7 8 9 10 11 12 13 L /T L /T
t~sec r r
10 +1.0 [+1.0 | +1.0| 41.0 | +1.0] +1.0 +1.0 +1.0 +1.0 +1.0 +.20b |+ .29% |+ .20% | - .871) -8h.2
ok +1.0 [+1.0 [+1.0]| 41.0 |[+1.0]| +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 -3.33 | -96.5
38 +1.0 [+1.0 [ +L.0| +1.0 | +1.0] +1.0 +1.0 +1.0 +1.0 +1.0 - .0749| - .oTh9 | - .oTU9| - .612{ -T70.3
54 +1.0 | +1.0 | +1.0| +1.0 | 41.0{ +1.0 +1.0 +1.0 +1.0 +1.0 + .1538] + .1538 | + .1538] -1.88 | -7L.7
6k +1.0 | +1.0 [ +1.0| 41.0 | +1.0} +1.0 +1.0 +1.0 +1.0 +1.0 -.539 | - .539 |- .539 0.0 -55.5
90 +1.0 }+1.0 | +1.0| +1.0 | +1.0} +1.0 +1.0 +1.0 +1.0 +1.0 - .639 | - .639 |- .639 | - .67 | -48.5
115 +1.0 [ +1.0 [+1.0[ +1.0 | +1.0| +1.0 +1.0 +1.0 +1.0 +1.0 - .208| - .208 | - .2085| -3.80 | -L9.4
120 +1.0 | +1.0 | 41.0| 41.0 [ +1.0| + .129 |+ .129| + .129 |+ .129| + .129 -1.985( -38.1
145 1.0} t.0| 1.0] L.0f 1.0 +.138 |+ .138] + .138 |+ .138] + .138 -3.565| -31.3
150 +1.0 | +1.0 | +1.0] +1.0 | +1.0) - .127 - 127 - 127 -3.025) -30.25
160 +1.0 | +1.0 | 41.0| +L.C | +1.0| - .0%8 - .0%8 - .09%8 -3.96 | -28.0




Table D10,

Rocket Gains

N N L Y ¥
S O O L R I R
T T T T T T
sec ft/rad ft/rad ft/rad ft/rad 1/rad 1/rad
0 -9.22 .110 -84, -.9 . 8L -. 0020
5 -9.22 . 100 -8k, - .9 .84 -, 0020
10 -9.22 .097 -85. - .9 .85 -. (020
15 -9,22 .115 -90. -1.6 .89 -.0025
20 -9.22 .280 -PH. -3.0 =97 -.0032
) -9.22 .330 -97. -3.4 1.00 -, 003k
30 -9.22 . 260 -89. -2.6 .96 .00
35 -9.22 .090 -7L. - .8 .80 -.0012
40 -9.22 .090 -71. - .7 .76 -,001C
45 -9.22 .150 -71. -1.3 TT -.001%
50 -9.22 . 220 -72. -1.7 .80 -, 0023
55 -9.22 . 240 -71. -1.7 .80 -.0028
60 -9,22 .06 -65. - .5 .70 -.0008
65 -9.22 . 000 -57. .0 .64 -.20C0o
70 -9.22 . 005 -5k, .0 .63 -.CC01,
75 -9.22 .012 -50. .0 .62 -,0Co1
80 -9.22 .030 -50. - .1 .62 -, 0003
& -g9.22 . 060 -h9, - .4 .62 -.CQ9
30 -9.22 .112 -48. - .7 .63 -.001%
B -9,22 .230 -49. -1.0 .6l -.0027
100 -9.23 .340 -49. -1.8 .68 -.00a2
105 -9.25 . 460 -9, -2.3 .68 -, 0040
110 -9,28 .580 -49, -3.1 .70 -. 0081
115 -9.32 . 720 -50. -3.9 73 -,0100
120 -8.73 455 -38. -2.0 .67 -, 007"
125 -8.67 .560 -37. -2.3 67 -.0Con
130 -8.58 .650 -36. -2.6 67 -, 0110
135 -8.51 . 760 -35, -2.9 .57 -, 0138
140 -8.44 .870 -32. -3.2 67 -, 0155
145 -8.37 . 962 -30. -3.6 .67 -.C17%
150 -7.91 1.020 -29, -3.0 o7 - 0180
155 -7.87 1.060 -29. -3.5 .53 - 19
160 -7.84 1.104 -28. -4.0 .59 -. 230
165 -7.77 1.160 -26. -4.5 .65 -, 3270
1.210 -25. -5.0 .71 -.031C

229
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Table D14, Sideslip Load Relief (u25D) Covariance Results
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Table D15. Heading (u2 1D) Including Rolling Gust Covariance Results
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APPENDIX E
ILATERAL EQUATIONS AND DATA FOR NORTH AMERICAN 130G.

This appendix presents the vehicle equations and data used in Section VII.

VECTOR REPRESENTATION

A three-view of the airplane is presented as Figure 70. All data except for
the rudder aerodynamics and actuator dynamics are taken from ref. 27.
Honeywell obtained the missing data from North American.

The state equations are presented in Table E2, and the numerical data for
them are presented in Table E1. The FC (flight conditions) referred to cor-
respond to those being used by Honeywell Aerospace in the Phase B shuttle
program. Table E3 identifies the flight conditions used,.

DISCUSSION

The weights, inertias, and centers of gravity used (Table E3) were obtained
from North American.

Stability derivatives except for rudder were obtained from Figures E1
through E11., The signs of the derivatives for aileron 0, (differential tail
deflection) and spoilers are reversed in going to Tables E1 and E4 to con-
form to conventional NASA practice. It is noted that both the ailerons and
spoilers yield proverse yaw. The spoiler data were resolved from stability
axes as presented in Figures E10 and E11 to body axes in Table E4. Table
E4 also assumes a spoiler gearing has been provided to yield the linear
effectiveness between 0 and 1/2 radians.

The generic form of the state perturbation equations of Table E2 is:

p L’p+Lir+ LfSB+L5a5a+ L6 + 1. 6

p 6r r 0s s
g ’ + ’ / ’ F) ’
r Npp Nrr+NBB+N6a6a+ N6r6r+Nﬁsas
w u
R e =9 ,_ 2 g
B=p- gr+Y¥g+Ys;0 + 3(ch )¢

.¢ = p+ (tan Go)r
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a
= - 2 o1 1
54 T, T, A T 2 o U
1 22 a1 23 a1 3y
T, +T, ) . .
6, = - Tr, T, r” T T O+ FF— uy
1 Ty 1 T2 Ty To
1 1
Oy = ~F 0+ FTug
S S

where

- ' ]
Ll -3 { haC,

p,r p, r
qSb ’
LI = g——— 1 C + I C
B, da, or, Bs D Y227% 6a,6r, 658 *2 ", 5a, or, 0s
- (. |
’ _ C]Sb b v
Np,e” ‘T"’(W)ﬁlxxcn * Tz Gt
p: T p, r
qSb
N/ = 4%0 Y +I _C
e
-S "
Y =& % (C
B, or vV W i Yg, 51.}
= I 1 -1 2
XX'yy @ Xz

The time constants (Ty r1» Tags and Ty,) for the aileron and rudder
servo and actuator are %aken as 0, %)30 second The spoiler time constant
is taken as 0. 15 second.
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Table E1. State Data

FC 9 FC 11
a, -2.85 -1.299
a5 +1.367 +1.336
a5 -6.37 -1.668
a6 -7.48 -1.555
a8 .46 + .963
a1'9 - .698 - .212
a5 + .1766 + ,0846
a5, - .586 - b5
a23 +2.15 + .491
56 - .98 - .1633
a0 -1.286 - .332
a29 - 0466 - .01603
a3 + .0262 +.191
a5 -1.00 - .982
233 - by - .325
8y + .0477 + .1275
438 + .0723 + .0403
ay,, +1.0 +1.0
a5 + .0262 + .1942
a,, 0.0 0.0
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Table E1. State Data (Continued)

ALL FLIGHT CONDITIONS

ls,| =
lo.] =

léls

r
4] <

ls | =

- 66.7

-1111.0

+

1.0

~ 66.7

-1111.0

+

1.0

.15

+1111.0

+1111.0

+

.15

.262
. 262
.349
L17h2
.523
1.572

rad/sec
rad
rad/sec

rad

rad/sec

rad
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Table E2.

State Equations

a7

18

228

38

Us

ug
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Table E3.

Flight Data

Mach

Wing area
Weight
Speed
Span
Altitude

Dynamic pressure

Center of mass
Center of mass

Attack

FC 9

0.234

1.91'106

.220'106

13.4-10°

0.650

308k

208,000

67k.

124.2

20,000
287.
67h.

+17.67
1615,
67.0

1.5/57.3

FC 11

0.922

1.92-106

.222'106

13.47-10°

0.226

214,495
252,

75.5
2UT.

+48.1
1465.
59.8

11/57.3

slug ft2
slug ft2

slug fté

ft
1b
ft/sec
ft
ft
1b/ft

ft/sec

ft/sec

in.

rad
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Table E4. Body Axis Stability Derivatives
9 11 9 11 9 11
C c d
o€ () ()
-.540 -.350 +,296 +, 200 e —
+, 270 4,370 -. 804 -.806 — —_
-.115 -.115 +.275 +.241 -2.18 -2.35
-.128 -.101 -.105 -. 064 — —_
+.080 +.066 -. 166 -.162 .355 + .292
-.0120 -.01377 -.00k27 -.0058 —_— —_—
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APPENDIX F

LATERAL EQUATIONS AND DATA FOR
NORTH AMERICAN 134D

This appendix presents the equations and data used to generate the results of Sec-
tion VIII. The nomenclature, representations, and derivations are presented
belaw.

NOMENCLATURE
A = Matrix [ Equation (F1)]
Alx] = Slender body area [ Equations (F19) and (F20)] £t2
B = Matrix [ Equation (F22)]
W
C, =0.345 = g2
L asley - (sy)Cpy/Cp )
C, =(ca® T, - (sa)lca)|C, +T. |+ (sa)®C 1/rad
1 1_ 1. n. @ n._
P P r P r
2§
C = —=— (Figure F4) 1/rad
4. 3 (p_]z
P PR
2 = = = 2 =
C, =(ca)” C, + (se)(ca) +|C, -C - (sa)” C 1/rad
L’ 1. L - n- n
r F P p
_ 3T,
CLf = N b (Figure F5) 1/rad
B
C, =57.3|(ca)C, - (sa)C ] 1/rad
1 1
B [ B g
CLB =38 (Figure F6) 1/deg
c, =57.3 [(ca)C, - (sa)C 1/rad
‘oa [ ‘5a naa]
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2C,
C, = 33;- (Figure F7)

6a
C = 57.3{(ca)C - (sa) C }
Lor Lor or
_ 3C,
C, = YN (Figure F8)
51 T
2 = - = 2
C, = (ca) C,.*+ (sa)(ca)|+ C, - C,.|- (sa)” C, _
P B P T r
_ aC,
C =—= (Figure F4)
ns = 5[Bb
P a(zv)
2 = = = 2 =
Cn = (ca) Cn + (sa) (ca) {+ CL_ + Cn + (sa) CL-
r r r p P
_ 3C
n. = b (Figure F5)
r o) (ﬁ
. = = Xem " *mrp =
C = 57.33+ (sa)C, + (ca)C_ + . C %
L
g B g P g
3 a(_?n
C, = 3B (Figure F6)
B
- = *em " *mrp =
C = 517, 33+ (sa) C + (ca) C + C g
T5a L68. Dsa b Y sa
_ aC
C = = (Figure F'T7)
n(sa Baa
C = 57.3;+ (sa) C + (ca) C
Bsr Lor Do
a'én
C = —=  (Figure F8)
n6r aar
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CyB = 57,3 CyB

_ 3¢

CyB = 3—51 (Figure F6)

Cyor = 57.3 Cyar

C = a—CX (Figure F8)
Yesr °0r

D = Matrix [ Equation (F2)]

E = 2.5/57.3 (Elevation angle)

G = Matrix [ Equation (F1)]
H = Matrix L Equation (F2)]
H = Heading angle (rotation sequence H, E, ¢)
_ _ 2
I= IxxI.'zz Ixz
Ixx =2,75 - 106 (Inertia about x axes)
I, = -0.006 . 108 (Product of inertia)
IZz =14.394 - 106 (Inertia about z axis)
L= Rolling- moment
= 172 (Slender body length)
v 1220 (Side gust scale of turbulence)

L = 600 (Vertical gust scale of turbulence)

w
N = Yawing moment

S = 6084 (Reference area)

T, = 1/6 (Aileron actuator time constant)
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Tr = 1/6 (Rudder actuator time constant) sec

V =291 (Airspeed) ft/sec
W =212, 740 (Weight) 1b
Y = Side force 1b
a; = Element of A matrix
]

el o e +1. 1. q +1_(I -I)s
%11 7 1) 2V ZZ Lp Xz np zz xz% T ‘xz' xx vy 9%

=1'_Sb21 c, +I_C._|+I_(L_-1_)q -1 2 ;
212 T 172V zZ '{’r Xz n, ZZ'yy zz’% ~ 'xz Yo

_1)asb
313 ° 1 j—V- (IzzCL +12Cn f

B B

- aSb

317 = 1y 3IzzCL Fo1 + 1xzChn ”112
B B

- asb),.

318 = 1V 3IzzCLBH22 + IsznB“m%

21,10 ~ 31V

_QSbg %
a =={1_C +1_C
1,14 I ZZ Léa X2 nﬁa

_ Gsb | }
a =21 C +I__C
1,15 I { 22 Lar XZ nGr

JLIE L o o |1 yq_ + 1,2

821 T1)72V {'xx n, ' xz Lp xx xx yy'% T 'xz Yo
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=-3qu [xCn_* L

299 I XX n sz)-II
r r

XX XZ

23 ~ lfg [BxCng IszLB)z

_ GSb
897 7 IV ;IxanBp'll + Ixz 1 p~21;

_ gsb
38 % TV 3IxanB“12 +1,.2Ce “22§
_ asSb
399 7 1V ;Ixxcnﬁ“ls I.2Cs “23%
c 2
_ gSb
25 10 © 21V 3Ixxcnp +1,2Ce z
_ gsb
a2,14 1 3Ixxcn +IszL ;
6a oa
_ §Sb
8,15 T LexCn. * 142Gy i
ér ér
231 " %o
839 = U,
_ g &
A=W V CyB
agy = g cos E
agg = 233M31
agg ~ 233M32
agg ~ 233M33
_g_ -
a gscC
3,14 W Ysa
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Y&.
ag =1
ay9 = tan Eo
a4 = 9 28 Eg
a.o = 1
52 cos E
9,
254 ~ Cos E
a63 =1.0
aga = Vo
ags = u cosE+wos1nE
aqq © T37,11
- v
a,.(.’ 11 © +2.3 1,
- v
a88 = -20. 34 1,
- v
agg 51, 86 T
= v
38,11 = +72.2 T,
\"
ags = +7.04 i_.:—
- v
899 © +15, 76 1.
- v
g 11 -22.8 I
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a10,13 ‘T r.c.

219,12 = 10
R 4
12,11 i
\4
a = —2 —
12,12 LV)
.0V
413,137 "2 b
314,14 7 "814,1

215,15 - ~815,2

b

118, 5 Span

Cosine

c
cm = Center of mass (subscript)
dlx] = Slender body diameter [ Equation (F21)]

di' = Element of D matrix

dg; = 14,1

dig,2 ~ 815,2

=h

dia 1 P11, 14%14,1

dia,2 * P11, 15815, 2

e = Earth (subscript)
f = Equation (F2)

~

f = Equation (F1)

f; = Step response of x, li =1, 2, 3; Equations (F16) through (F18)
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g = 32,17 (Gravity) ft/sec?

gij = Element of G matrix
_ 3V
11,3 ~ 9% \/FL_
A\
g _f1-2v3 o _\_/_)3/2
12,3 Vﬁ .V LV
' 1/3
=1 O‘_w V_ 0.8|7 L;V!)
£13,4°2 B T 12 B
w
g = L
14,1 Ta
g = ——
15,2 Tr
h = 600 (Altitude) ft

hij = Element of H matrix

hy, = 1.0
hoy =24
hoo = 24
hoy =344
hys = 1.0
hyp = 252
hyg =254
hyg = 1.0
hgg = 263
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hey = 264

hgs = 265

hy 14 = 1.0

hg 14 = "814,1

hg 15 = 1.0

Rig,15 7 "815,2

hyp,1 7 t%p%21 7 %211

Bhi1,2  *¥p222 7 ZpP12

hi1,3 = 333 T X223 ~ %p?13

h11,4 = zZero

hi1,7 = 337 7 XpP27 7 ZpP17

hii,8 =238+ %p?28 ~ %p?18

hi1,9 7 239 * ¥p?20 ~ ZpP19

hi1,10 = %pP2,10 ~ %p?1,10

hy1,14 23,14t ¥p%2,14 ~ %p?1, 14
hiy,15 723,15V %pP2, 15 ~ %p?1,15
hyg 1 =Py1,1211 + P11, 2821 ¥ P11, 3731
hi1,2 = P11, 1212 ¥ 11,2222 * P11, 3232
hyg 3 = P11, 1213 + B1g,2%23 * P11, 3233

hig 4 " P11,3%34
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Bia,7 = B11,1217 * P11, 9207 * P11, 3237 + Byq, 120y
hio, 8 = P11,1218 7 B11,2%28 * P11, 3238 + Hi1, 8288 * P11, 9208
hip,9 " P11,1%19 * B11,2%29 * P11, 3239 ¥ P11, 8289 + P11, 9%09

+h

hia,10 " P11,1%1,10 * P11,2%2, 10 * P11, 10210, 10

h

Do, 11 " P11, 737,11 Y P11, 828,11 T P11, 029, 11

hi9 13 811, 10%10, 13

h h

hio,14 111,121, 14 T P11,2%2, 14 T P11, 3%3; 14 T Pa1, 14214, 14

h h

hio,15 011,121, 15 ¥ P11,2%2,15 * P11, 3%3, 15 * P11, 15215, 15

i, j, k = Unit vectors in aircraft (Figure F3)

k = Unit vectors relative to flat earth

; .
e’ Je e

mrp = Moment reference point (subscript)

o = Reference trajectory (subscript)

p = Roll rate (Figure F3) rad/sec
pg = Rolling wind rad/sec
g = Pitch rate (Figure F3) rad/sec
dg = 0 (Reference pitch rate) rad/sec
q = 100 (Dynamic pressure) 1b/f’c2

r = Yaw rate rad/sec

r = Response vector [ Equation (F2)]
r.c. = 90 Root chord ft
s = Sine

s = Differentiation operator
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s. g. = Side gust (subscript)

u, = 282 = V(ca)

v = Side velocity (Figure F3)
¥ = Side gust at aircraft nose

w, = 72.8 = V(sa)

x = State vector [ Equation (F1)]

x = Side gust state at aircraft nose

x = Distance forward of cm (Figure F2)
x = Distance aft of nose

X.p = 117 (Aft of the nose; Figure 90)

X = 117 (Aft of the nose; Figure 90)
mrp

xp = 58. 6 Distance pilot is forward of cm

X5 X, Xg = Side gust distribution states

Xy = Rolling gust distribution state

y = Lateral displacement relative to ground

zp = -7.5 (Distance pilot is below x axis)

A = Perturbation symbol

® = Roll angle

a =14,5/57.3 (Angle of attack)
B = Sideslip angle (Figure F3)
Y = -12/57, 3 (Flight path angle)

b, = Aileron deflection; each (Figure F3)

6r = Rudder deflection (Figure F3)
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1/2

N, = Unity white noise (drives ¥) 1/sec

Ny = Unity white noise independent of Ny (drives pg) 1/sec1/2
My = Wind weights [ Equations (F23) and (F26)]

o, = 9. 54 (Standard deviation of side gusts) ft/sec
o, =6.7 (Standard deviation of up gusts) ft/sec

~ = Overscore indicating quantity is in stability axes

REPRESENTATIONS

The generic forms for the perturbation state transition and response are
given by Equations (F1) and (F2).

:':=Ax+G?=Ax+G1u+G2n (F1)

r = Hx + Df = Hx + Du (F2)

They are presented explicitly in Tables F1 and F2. These tables and the
nomenclature provide for generating all data.

Evaluation of these data for the flight condition investigated yields the
numerical values for the matrices A, Gj, G2, H, and D listed in Tables F2
through F7. Gain matrices are listed in Tables 24 and 27.

The analog simulation for the plant and quadratic controller are presented
as Figures F1 and F2. Pot settings are given in Tables F8 and F9,

Table F10 lists the amplifiers used.

DERIVATIONS

FRuler Angles

The,airgraft body axes (i, j, &: Figure F3) relative to their initial position
lg, Jes ke Over a flat earth are given by (Equation 1-4B of ref 28).

i (cEcH) (cEsH) (-sE) ._ {e
3 = | (-sHcé+sEcHs?) (cHcd+sEsHs?) (cEs?) Ee (F3)
k (sHsd+sEcHc?) (-cHst+sEsHc?) (cEcd)| | k_
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These equations are for the Euler rotation sequence heading H, elevation E,
and roll ¢. The inverse of the above system is required but it will not be
written explicitly, because it is available by transposing (inverting) the matrix.
For example, :the cross-course velocity y (in earth's coordinates) is required.
By use of Equation (F3)

¥ = (cEsH)u + (cHc¢+sEsHs$§)V + (-cHs$+sEsHcé)w (F4)
Taking perturbations in 57, H, ¢, and v yields
Ay = (uocE+w0sE)AH - W AP + AV (F5)

Equation (F'5) corresponds to rows 6 of Tables F1 and F2; the perturbation
symbol is dropped in Tables F1 and F2,

Evaluation of the goodness of roll control requires determination of the excur-
sions in heading and roll. Their rates are given by (Equations 1 - 15, ref, 28).

H = %E (gsé+rcd) (F6)

g'z) = p+ tan E (qsd+rcé) (F17)
Taking perturbations yields

AH = c—; (q A8+ Ar) (F8)

Ap = Ap + tan E(q, Ag+Ar) (F9)

which agree with rows 5 and 4 of Table F1.

Winds

The clear air wind turbulence models of the Dryden form for shuttle in post
entry flight are specified on pages 48-53 of ref. 13. The lateral axis is
forced by side gusts

V3L,
,G:Gj/Lv 1+ v S
v' v L, |2 M1 (F10)
1+Ts
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and by rolling gusts

ool ) 1
-\/ 1 {4 b
P, =0 n (F11)
g w L_V 2
w 1+£’-s
v

State representations for Equations (F10) and (F11) are given by

— -y

¥ 0 1 v NI A
TT v LV

= + uf} (F12)
. \'A )2 \4 1-2 3 (V )3/
X - |l -2— X — o_ |5
L Lv LV_l \/—F v Lv
and L 1/6
. 1y N 0 |mn —w
Pg 4% ProwVO 8L mle B ) My (F13)

They correspond to rows 11 through 13 of Table F1.

Numerical values of o_, o_, Lw, and I.._ are needed, For 600-feet altitude
these are wov v

Ow = 6.7 ft/sec
g, = 9. 54 ft/sec
Lw = 600 ft
L = 1220 ft

v

Ow is taken directly from ref 13. For altitudes below 1750 feet

LW = h
= 145nt/3
v
Furthermore,
LV
o_ = o)
v Lw w
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Distributing the Wind Gust L.oads

The side force due to winds on the vehicle is the integrated sum of the local
body and fin pressure developed by side gusts (¥). Analogous statements
prevail for the yawing and rolling moments due to side gusts and for the roll-
ing moment developed by the rolling wind (pg).

These are all distributed forces for which it is desirable (mandatory in the
present content) to find a lumped parameter representation. Lumped param-
eter approximations for the side gusts are discussed first. Then the rolling

gust approximation is presented.

The side force and yawing moment coefficients due to side gusts are taken
to be

Cysg v [B3%) + BgoXy + HggXs] (F14)
Cn
__B
Cnsg =Ty ¥t Rt SELY (F15)

where x,, x,, and x, are system states driven by the wind v. For constant
winds X = X3 = X3 = V. Rows 7, 8, and 9 of Table F1 show this and how the
x;'s are driven by the wind v. The pij's are constants to be determined.

The step responses of X15 X, and Xq (called fl’ f2, and f3) for a sharpedged
side gust v are

2.3
T
£ [x] = 1-~-e s (F16)
_ 2.3
Ly * 2 2
= 1 - 5 LI in 27
f, [x] = 1-e {cosL X - 2,00 sin y— x} (F17)
2.3 s S
- T x
f,[x] = 1-e '{cosz—nx+3.985sin2—“x} (F18)
3 LS LS
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The most gross result of slender body theory (ref. 22 or 23) gives the step

responses for gust penetration as
X
2 '~ ~
C x] = & A’ [x] dx
5gl¥ = 3 [ ax
o

x

2 ~ ~ ~

C, x] = 5 I xA’ [x] dx
o )

Alx] is taken as

Alx] = T d[x])?

(F19)

(F20)

(F21)

where d[x] is the "slender body maximum' projected side dimension.
Yy

Step responses for Cy (x], C, [x], and C,

F9. B Bo

The p.i.'s are determined to provide a least squared fit of Cy

Cn [x] from the solution of
cm
BE,, = c,. fori=1, 3
1] 1]
. = .. | i=
pi] kipu ori=1, 3
1 .
k, = m——— fori=1, 3
i % ~
B, .
j=1 1
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[x] and
B

(F22)

(F23)

(F24)



where

1
2ol
|1
B =| 18, dE)
1
[ERAL LS
o}
1
ff1gi d(%)
(0]
1
c. = | | 128 d(%)
lj o
1
r ng'l d(%)
(0]
g1 - ancm
gg = CyB

The k.'s may be considered as scale factors that enforce agreement between

dsta sets for steady winds.

1

+ £f1f2 d(%) +

+ [ f22 d(%) +

1

£ 7,15 diE]

1
(XA d(-%)
(o]

(o]
1 1

+ [ dE] o+ T f32 d[f*)
O O
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For a constant side gust (?;), “the rolling moment coefficient is

_ 3
C, = CL v (F25)
B
For a sharp-edged side gust it is assumed that
CL [x/L] 1] for 0sx/L.<0.6
- __B -
"Bz T =\ (0. 6-x/1) (F26)
CL [1] — o5 for 0.6 <x/L <1

B

CL is generated primarily by the wing which starts at x/L. = 0.6 and extends
B

to x/L = 1,0. The quadratic variation for 0.6 < x/L = 1,0 is motivated by
slender body theory.

The P'2j's are obtained by use of Equations (F22 through (F24) (with a nota-
tional adjustment) and (F26).

Treatment of the rolling gusts is analogous to, but simpler than, those for
the side gusts.

The rolling gust (pg) drives X, through the equation shown in row 10 of

Table F1, Time to 90 percent is taken as the time to traverse the wing
root chord. x, "'distributes' p_ over the wing chord. Steady-state values
of x4 and py are the same. x4 ®drives the equation of motion in the same
manner as the geometric p.

Dynamic Equations

The equations of motion are

.1
) =T[Izz[L- (I -Iyy)qr +1_,pq]l+ Ixz[N -(I_-I_)pq - Ixzqr]} (F27)

2z vy zZ

1
r= i {Ixx[N - (Iyy-Ixx)pq - Ixzqr] +Ixz[L - (IZZ-Iyy)qr + Ixzpq]} (F28)
V= %Y+chs¢ - ur + wp (F29)
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The corresponding perturbation equations are

. 1
Ap = —I—{Ixx[(AL - Izz-Iyy)qur + I ,9 Ap

+ IXZEAN - (Iyy- Ixx)qup - Ixzqur]} (F30)

S - - -
Ar = 7 {IXX[AN (Iyy Ixx)qup Ixzqur]

+ IXZ[AL - (IZZ—Iyy)qur' + Ixzqup]} (F31)
. _ _& - )
Av = = AY + g(cE)(c¢o)A¢ qur + woAp (F32)

Aerodynamic forces are given by

- b b b
L =gSbh {3 C, p+5 C, r+C, B+C 6a + C 6r+ ;o C, x
2V Ta,t T2V ey, 1 Lsa Lor 2V "~ 4
CL
_B
g LRy Xy+ Bgp¥y + Bog¥s] (F33)

- oo {2 b _b
N = gSb 2VCnpp+ C r'+CnB+Cn 6a+ C, dr+ 3y Cnpx4

2V nr DB 5a 5
Cn
_B
+ Ty DHppXy F Pyg¥y Ry g¥s] (Fr34)
C
Y = gS <C 8
= g yBB POy Gy Y [hgyXy + Hg%y + BggXgly (F35)

and their perturbations by

. = b b
AL = gSb 5V CLpAp+2V CLrAr+CL AB+CL a5a+CL 5r

B 5 5r
)
b —B
tev G etV [igyxy + Bag¥y + Hog¥s] (F36)
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dcan B b
AN =14agSb CnAp C Ar+Cn AB+Cn (53.+Cn 5r

2V +2V Cn_ " sa -
Cn
+2‘b\? Cpn Xg * _x‘fg[“u’ﬁ + Byg¥g + ygXa] (F37)
Cy
Ay = §S CyBAB + cydaaa + Cybrbr + _VE[pSlxl +Hgo¥y + HgaX B(F38)

Substituting Equations (F36) through (F38) into Equations (F30) through (¥32
yield Equations (F39 through (F41),

. _ 1)asb B}
ap = I IzzCL + Iszn +IzzIxzqo+ Ixz(Ixx I'ct)qo Ap
2V p p

+—1—.___aSb21C +1 C |+1 (@ -1 _)g -1 2 Ar
I oy zz 4, Xz n, ZZyy 2zZ % xz 9o
1 | gsSb ]

+ = {2 C 1 C AV
1 v [ 77 LB XZ nB

qSb b
I [CLB(H21X1 + BooXy + pz3x3) + -2— Cpr4]

asb a
+ ——I Izz CL5a + IXz Cnaa )
asb (F39)
+ =—9§1 _C +I _C or
1 zZ LGI‘ XZ n6r
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- 2
;. L /asb _ 2
ar = 112V [Ixxcn * IszL ]+Ixx(1xx Iyy)qo"'Ixx % Ap
1 J5sb>
+ = I ¢ +1_¢C I..J q 4 _
12V [xx n.~ xz 1 ] XX XZ ‘0 Ixz (1 Izz)qo
aSb
+ I Ixx nB IszLB av
gSb b
+ IV {Ixx [CnB(P'llxl +Byg¥Xg T Hyg¥g) + g Cf Xy
I C, ( X, + X, + x,.) l:)—C X
t oz 43”211 Hgg¥g * Hgg¥g) + 7 t 4
gSb
+ I..C +I_C 5a
I XX n6a XZ Lba
qSb
+ T - n5r+ IXz C{’ar 5r
v o= - £
Av + WOAp qur + W CyB Av + g(cE) Ag
+ gﬁS H31x1 +p32x2 +|-132x3 + _gg_\;,S C 5a + C ér
VW Ysa Isr

Equations (F39)through (F41) correspond to rows 1 - 3 of Table F1,
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Control Surface Dyamics

Tail-wags-dog and dog-wags-tail dynamics are neglected.
Servo dynamics are also neglected. Actuator dynamics are taken as 6 rad/sec.

For aileron actuation

. 1
6a = - T 5a+T (F42)

a a

1

Equation (F42) corresponds to row 14 of Table F2. With an obvious notation
change it also corresponds to row 15.

Pilot's Lateral Acceleration

The lateral acceleration at the pilot's station is approximated by

= 3 -wp+x.r -z p- g(CE(s F43
ay V + ur - wp xp zpp g( (s¢) ( )

The perturbation equation is

n

Aay AV + qur - W, Ap + prr - szp - g(CEO)(Ccst)Aq) (F44)

Row 11 of Table F2 is the equivalent of Equation (F44). The A§r. of Equation
(F44) is obtained from row 3 of Table F1. Similarly, Ar and Ap are obtained
from rows 2 and 1 of Table F1,

A'ay is obtained from differentiation of row 11 of Table F1.

Resolution From Stability to Body Axes

The aerodynamic data of Figures F4 through F9 are given in stability axes
(which here are the ''barred’ axes). The equations of motion are in body
(unbarred) axes. From the sketch on the following page
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L ca -sa L
= _ (F45)
N sa co N
This implies LB = (ca) LB - (Sa/)NB, etc. ; as listed in the nomenclature,
Also from the previous sketch
3p dp ca sa
3p or
- -l = (F46)
2—5 g—;:‘ -Sa Ca
Therefore,
Lp Lr ca -Sa LI-) Lf‘ ca sa
Np N. Sa co NI_J Nr ~-sa¢ co
with the particular implication
_ 27 = =y 2 =
Lr = (ca) Lr + (saca) (Lp Nr) (sa) Np (F47)

etc,, as listed in the nomenclature,
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+@0000E Q0

*0070CE 00
+00080E OQ

Table F3.

f;?;%% )¢€/<SZL ;f;z43rf-

«17830E Q1 -+1779€-01

+0Q000E

«12780E~

«00000E

«17210E
*»00CNOE

«J0C00E
«00CO0E

+(0000E
+600N0E

«10C00E
*J0000E

«00COOE
«20CN0E

«00CNTE
«SCCONOE

»J0CN0E
+J0CN0OE

«20(0Q0E
+74110E

+D0CO0E
+G0000E

«0000CE
+00000E

+00CO0E
+32080C

*00000€E
«00000¢

2k}

02
0o

N
09

0n
07

0n
[o]d]

01
00

0n
00

00
09

00
b}

0n-

01

09
00

3

o0
00

®
o

+00000E 00

*00W0E

o]

«0n000E 00
~+300%0FE N

+00000E 00
v42410E-01

*32170E 02
+00000E 00

«02290E 00
«00000E 00

«00n00E 00
«000NGE 00

=e«72400E 02
+00000E 90

+00C00E 00
+00000E 00

«00000E 00

*00NO0E 00

+00002E 00
+00200E 00

+Q0000E 00
«0p000E 00

+OE000E 20
000005 00

+C0%0CE 20
+Qoop0E 00

+01209%8 00
<0000t no

+00TO0E 00

=+6Q000E 01

«00170NE 0D

*00202€
+10595E

*0000DE
e 4379)E

*0000GE
¢17962E

+00301E
*00203E

+00N0IE
«00J00E

*28395E
«Q000JE

¢00000E
*0030)E

*+00002E
«00J02E

*0020%E
«00003E

+00300E
*00201E

¢ 092000k
*000CNE

«0000NE
[Jslehlep]d

»3020%E
*209203E

*00J02E
+29%07E

*0700)E

«GANNNE QO + =+ 463209E

00
01

00
00

Q0
02
og
00

00
00

03
090

00
[e]¢]

0o
00

oo
00

a0
00

00
00

co
02

an
ag

on
00

[e]o]
01

A Matrix

J

*Q0002E
+00000E
+00000E
«00000E
«00000E
*00000E
«J0CO0E
*0C000E
*00000E
*00000E
«00000E
+000N0E
«00000E
«00000E

+0pOO0E

Q0

s3]

Qo0

00

o]¢]

[o]¢]

00

20

09

00

00

ot

%

-+39080E-01
~+29180E 02
= +25600E 00
+Q0000E 00
+00000E 00
+00000E 00
~+387B0E 01
+00000E GO
+20000E 00
+30000E 00
*00390E 00
*+00N00F 0N
<0O000E 00
~00000E 0N

<00090E 0D

Xa,

+45750E-02

+93300E~

c3

+17750E+01

+«00000E

«30000E

+J00C0E

»000N0E

+34250E

*1185CE

«00CQ0E

«Q00N0E

«000COE

+D0OOCE

+00000E

+00000E

02

00

00

00

02

02

oc

00

oo

00

[+[o]

X3

+16706E-01
+32430E-02
+65980E=01
+0000CE 00
+0BOODE 00
+00093E 00
+00905E 00
+87600E 02
+26600E 02
+00090E 00
+000C0E 00
'OUOGbE OQ
©0ODOE DO
*80000F 0D

«00000E DO

g

- 10640F O

-+21220E
+00080E
+00000E
+0D0OOE
«00000E
+00000E
+0N0OOE
+0000E

-«74110E
+00000E
+00000E
+20900F
+00000E

+00000E

00
00

ag

0o
oc
00

06

o

oo

-3

-




Table F4.

RO W 1
«00000F
ROW ?
«00092¢
RBwW 3
+JCCCOF
RBW 4
«0000NE
REBwW 5
«00000F
ROW 6
«00000F
RBW 7
«00009¢
ROw 2
tOOOOOF
RBW 3
Yelelelels]
R8W 10
+00000¢
RBW 11
+00000F
RBw 12
«J00CHF
RBW 13
2 0606OE
RBW 14
«60000F
RBW 15
«000CHE

G1 Matrix

00 «207N0E
00 . +0Nn0ONCE
00 +n0I00E
00  «9HnNONNE
N0  «00000E
NG +230000L
D0 «J0200E
00 +00000QE
00 +00000E
00 «20000E
N0 +DO00D0E
38 «21200E
0D «3n0N0k
21  »n000O0E
D0  +40700E

0

00

ocC
CG

o] ¢

00

Co

0C

01

294

Table F5.

RBwW 1
+000C0E
ROW 2
OOOOOOE
ROW 3
»00000F
REW 4
OGOOOOE
RBW 5
«00000F
RBW &
+00009F
RBw 7
«00000F
RBW 8
«00000E
RBW 9
«0CO0DE
KOW 19
OOOOCOE
RBW 11
«45500€F
RBW 12
=e15400F
Rew 13
«00000E
RBW, 14
+00000F
RBW 15
«00000F

20

no
00
00
Q0
20
00
00
00
21
1
s]0]
00

20

G2 Matrix

*J0000E 00
«10000E 00
*0NC00E 0C
*J0200E 0¢
*930000E Q0
*+50J00E 0C
*30020E 0O
*JNONCE 0¢
*«D0000E OC
*J0000E CO
*30000E 0C
+9NIN0E NQ
*34600E-01
*)0000E €O

*J0QO000KE 0¢



G632

A

ROW 1
+00COOE
«00000F

RBW 2
«10000E
+«00009¢

ROW 3
«20000E
«00000€

RBW ]
«0000JE
+00000E

ROw 5
+00000E
«00000€

ROW 6
+00C00E
«00000€

ROW 7
«00009E
+00000€

ROW H]
«00DJ0E
«00000E

ROW )
«00000F
+00602¢E

Row 12
«00000¢

- «00000F

RBy 11
=e20420F
«00009¢
RBW 12
+35740F
-«26310¢

00
00

01
00

20
00

00
o0

00
00

00
00

00
[+14]

20
[ss]

20
00

30
00

02
20

01

r/

*00000E* 9o

*00050E

00

*+436K0E-01

+00000E

*QCI00E
*90200E

*10010E
*00090E

*Q0000E
*QnNO00E

*00700E
+00900E

*QOJ0CE
*QOCOOE

«0CI00E
*00000E

*0NJ00E
«QI000E

* 000N0E
+00J00E

«64570E
*p0ONOE

#27760E
«Do0e0E

00
co
00

01
00

00
00

00
00

00
0o

[e]o]
co

oc
00

00
00

01
Q0

02
08

Yz,

+2003GE
«30C00k

+200008
*Q0CO0E

«20000E
«00COCE

«000NCE
«0000N0E

«00CNOE
«00000E

«10CO0E
«00CNOE

*00CNCE
+J0CNOE,

+000NCE
+20CN0E

+00CNOE
«J2CO0E

«00CNOE
+00CNOE

~+231560E
«NOCNOE

s41180E
~+15130E

on
00

00
02

09
30

00
0o

00
00

01
[¢h]

00
o lo]

0n
oo

00
01

00
o0

0n
[1s]

00
23

Table F6. H Matrix

%/ 5a

« 10000k
+00200E

*00000E
«00000E

«00C00E
+00000E

«00000E
«00N0OOE

+00090E
+00000E

=+726008
«00620E

+00000E
+10000E

+02000E
=+60000E

«00000E
<001 00E

«00000C
«00NOOE

+0D0COE
me20n60E
~e554745C
«12244E

01
00

00
20

20
00

00
00

00
00

or
[+ ]

00
1

00
[}}

00
Q0

00
20

00
ne

o1
n3a

H/sr

*00003E
*00000E

*00007E
*09003E

*3000JE
*00000E

*00000E
*00000E

¢0000JE
*Q0000E

«R8393E
*Q0000E

*0000)E
*Q0003E

«00000E
*90000E

«0000JE
«17000E

*00002E
=+ 60000E

+00900E
«245k0E

*03000E
=+3738)E

00
00

00

00,

o1
oc

00
00

00
00

03
00

00
0a

00
00

00
01

00
01

[o]o]
00

00
o2

J

*00000E
+00000E
+00000E
+00000E
+10000E
+100000€
+00000E
+00000E
*00900E
+00000E
+00000E

*Q00002E

[o]¢]

00

J0

00

01

00

00

00

00

20

00

X,
+00000E
*00000E
*00000E
+00000E
+00000E
+00000E
*Q0000E
-OOOOOF
+00000E
«00000E
+720708

+36340F

00’

00

00

01

X2
«000N0E
+00000E
+00000E
+000N0E
+NOONOE
+00000E
+00000E
+00000E
+00000E
+90000E
+106E0E

«22050F

00

00

00

00

00

00

00

09

00

oo

. X

<09900E
+00900E
+C0003E
+00200E
+00000E
+00000E
+00900E
*00000E
+C0000E

«00J00E

+38250E

00 =76330FE

00

00

05

02

03

09

090

X+
«00900E 00
«00000E 00
«00000E 0C
+DDO0OE 0D
«00000E 00
«00A00E 00
+00000E OC
«00000E 00
+00000E OC
«0N0300E OC
+20420E 07

«17170E 03



Table F7. D Matrix

RBW 1

«0000Q9F 00 +n0J00E OC
RO W ?

+Q0000F 00 «)GCO00E QO
RBwW 3

«0Q0000E 00 «Q0000E 0¢
REBW 4

«00000F 00 +)0Q000E 0¢
ROW 5

«00D0OF 00 +nNOODE 00
ROW . 8

«00N00OF 20 +0n0ODNOE OO
RO W 7

«00000F 00 «70900E OC
RBW 8

«60000F 01 +200N0E CO
RBwW 9

«000COE 20 +9n0N0E QO
RBW 19

+Q0000F 00 +¢4QTO0E 01
RBW 11

+00000F 00 +n0000E 00
RBwW 12 "

«00000F 00 +23n30CE 0OC
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Table F8. P Pots

o0 28 . 2696
01 29 .0243
02 . 2000 30

03 .6010 31

ok . 0865 32

05 .0113 33

06 .34L84 3k

07 .0703 35 .0073
08 . 2000 36 .2618
09 .0188 37 .8350
10 . 6400 38 .1328
11 .ollh 39 . 0264
12 . 1650 40

13 . 1796 41

14 L2

15 .0ko2 43

16 .0168 4

17 L1435 45 .9770
18 .0208 4% | .5008
19 .0988 | u7 .0706
20 48 .1612
21 49 . 2287
22

23

2L

25 .2128

26 LTh11

27 L7411
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Table F9. Q Pots
00 .2500 40 80 .2825
o1 .2500 41 81 YL
02 .2400 42 82 .1820
03 . 2400 43 83 .3080
ol . 6000 Ll 8L .1021
05 .38L5 45 . 1134 8
06 2743 46 . 2904 86
o7 . 0246 L7 87 . Looo
08 L1914 48 88 .0L37
09 .0703 49 89 .3592
10 .0181 50 . 2042 90 .5000
11 .0k403 51 .H62 91 .5000
12 .0160 52 .3217 92 . 3460
13 .0820 53 .1278 93 .4180
1h . 6000 54 .1783 9k L4639
15 5925 55 2)
16 .6080 56 96
17 57 .1731 97 -3299
18 . 0025 58 .2810 98 .0887
19 . 2006 59 .8758 99 .1280
20 .0289 60 L1779
21 .1188 61 .1180
22 L0244 62 . 7260
23 .2236 63 . 2662
24 64 .1802
.25 . 8760 65
26 .3343 66
o7 67 . 4665
28 68 . 1459
29 69 .2122
30 70 . 1064
31 71 .3208
32 72 L1157
33 73 . 2000
3L Th .0326
35 .3878 ™
36 .3878 76
37 7 .0852
38 78 Lhoul
39 79 .1630
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Table F10. Amplifiers

ol

02

03

oL

N

06
o7
o8
09
10
11
12
13

1L

15
16
17
18
19

-500. 5a
-500. 6 _
+500.5r
+500. 5a

+200.u1Q

-1000. H

-200.u1

-200.u

+200.u

20
21

22

23

24

25

26
27
28
29
30
31

33
3k
35
36
37
38
39

-5.a

cm

+500'Xh

(4.y)

Lo
41

%)

b3

4l
45
L6
k7
48
49
50
51
52
53
Sy
55
56
57
58
59

(1000. r)

.a
o y
+2.x1
+h.y

by

60
61
62

63

6L
&

66
67

68

69

70 .

71
T2
73
T4
™
76
r
78
79

+10.v
+1000.r

-1000.p

+200. éa

+200. Z;r

+1000.p
+500.p
-500.

5 Pg

-10.x

80
81
82

83

8l
8

86
87
88
89

91
92
93

9L

96

98
99

+2.V

+10.x
-B'nl
+5-'ﬂ1

5.1,
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O.a

Q60

-.1311 1000 ) + i 1a12 (10)('1000.'{) + B
+ 1000.p = - [ - (10)(+1000.p -

13)(10)(+1o.v)

“E2-ayq % 018 10)(-2.x,) + (+5O.319)(10)(-2.x )
' ( PU5 )(20)(+2. v ( PL9 )( ° £37 :

-.%a -.2a
+ ( 2 1’10)(10)(+500.x4) + ( 1,1u)(10)(+500.6a)

P25 P03
.2al 15
+ ( ) )(10)(-500-6r)} de
POl
- 1000.p = - {(1)(+1000.p)}
-a,, "4, (1) ) +100.a23 (1)(-10.v)
- - i 1)(+1000.1) + -10.v
+ 1000. J ( 269 (1)(+1000.p) + %1 3
-50.a .a +50.a
. ( 50 27)<1o><+2.x) " (ﬁoo 28)(1)(-e.x2> +( 29)(10)(-2«3)
Q68 1 Q57 Q79
5.2 2.a
+ ( ° 2’10')(1)(+5oo.xu) + (+ 2’w)(l)(-500.6a)
Q78 Q7T
-2.a
N Bl (1)(4500.5_) p at
QB9
- 1000.t = - {(1)(+1000.r)}

Figure F1, Analog of Plant
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+.0la -.001la -a
+10.v = - j‘ ( 31)(1)(-1ooo.p) + 32 (10)(+1000.r) + 33 (1L)Y(+10.v)
Q62 Q58 Q57
+.01la -.5a +5.a
+ 341 (1)(-1000. ¢) + 37)(10)(+2.x,) + 38)(1)(-2.x,)
_ B2 ) Q99 Q98
+5.a .02a_
+ ( 39)(1)(—‘2.x3) + (+ 3,15 (1){(-500.5_) p dt
Q97 Q89 r
-10.v = - {(1)(+10.v})}
+a,
+ 1000.¢ = - r{(l)(-looo.p) + ( 42)(1)(-1ooo.r)}dt
) Q88
J
- 1000.¢ = - {(1)(+1000.¢)}
+ 1000.H = - [ {(1)(-1000.r)}dt
- 1000.H = - {(1)(+1000.H)}
.ha -.00ka_
+ohly = - [‘{(+ 63)(1)(-10.\1) + ( Ou)(l)(+1000.¢)
Q87 Q46
.000k4a
+ ( 65)(10)(-1000.H)}dt
QL5
- by = - {((1)(+y)3

Figure F1. Analog of Plant (Continued)
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10.x = - {(1)(+10.x)}

+
N
o]
1]

-.1ia .la
x == [ {( 1 77)(10)(+2.x1) N (+ 7,11)(10)(_2.33} dt
Q36 Q37

= - (D) (2]

n
»
]

+
\Y)
"
"

-.00978a88 -.01a89
. - 102.3)(+2.x,.) + (100)(+2.x,)
2 J'{( Q06 )( (+2.x, ( a5 3

. (+.00538,11) (200)(_2."7)} de
Q16

o
%
[

xy = - [(1)(+2-x))

+.05a .01032a
X3 = - J {( 98)(20)(-2.x2) + ( 99)(96.7)(-2.x3)

+ 2.x, =
Q15 Qo6
-.0la
+ ( 9,11 (100)(+2.V) p dt
Q05
- 2.X3 = - {(1)(+2.x3)}
-.1 +. 1
+ ,‘SOO.xLL = - j‘{( a10,10)(10)(+500.xu) + (+ a10,13)(10)(-500.193)} dt
P26 P27

- 500.x) = - {(1)(+500.xh)}

Figure F1, Analog of Plant (Continued)
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1]

- - 04
J[{ Q7131’17(1)(-10-x) * / Q; ’7(10)(-5.771)/&
tay

.. {(z)(+e.m

0.y - // /(1)(+1o
Q8;

/ 19’1/(1)(+2 %)y / ’7(10)(15 1)/
Q83
1
+soo //01731 13 (1)(+5oo.pg) +/+Og
- soo

4
(1
Q92 / 0)(5 UQ/
{(1)(150 Pe)}
~ 500, 6, S / /( o)(+ao / dt
Qoo
+5OO

[(1)(-50
~ 500, 8. // /(zo)(+90 / dt
Q0}
+ 200, 4 {(1)(~so

// ‘j(l)( ~lo,
Poy

~8-5a37 +2, 5a
V) 4 (1)(~9 %) 4 (1)(+9
Plo
. /+2.5a39/(1)(#
Plp

)+/ 1 ’17(1)(50 ay
P13

Analog of lang { Contin beq)
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- .005h -.5h
+5.a ( 109k, 1)(1)(+1ooo p) + (+ 11’2)(1)(-1000.r) + ( 11’3)(1)(+1o.v)
Q7 Q72

| .5h +2.5h
"1,7) oy ezxy) + [ B2y + ”’9)<1><-e.x3>
Q6H Q63 w1

-.01h
™1,10 (1)(4500.x%,) + 11,14 (1)(4500.63)
Q19

+.01h
+ ( 11’15)(1)(—500.6r

Figure F1. Analog of Plant (Continued)
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+500 8, 1068k
-0.04a34 14

—— +200 8,
-200 UlQ —_0

-2000,, —o

R *0.1934 LIMITERS
Sw 42 LI L J
+100 -100
-0.04 alS, 15
+500 3, 1000K
b b—— +200 5,
-200 U,
-200 U —0
2C R [ umiters ]
SW 43 1 1
+100 -100

NOISE
SOURCE

z 1

NOISE
SOURCE 1

1 91 NM2

0.500

Figure F1. Analog of Plant (Concluded)
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2k, (2K, 20.k 4
+200.u, ) = - (1) (-1000p.) + (1) (~1000.7) + (1) (-10.v)
Q Q07 . Qo8 Q09
.2k .2k 50.k
+ 14} 1) (-1000.9) + 15) 1y (-1000.1) + ( 16} (1) (-4.y)
P05 P06 07
-100.k 100.k 100.k
+ ( 17) (1) (+2.x)) +( 18)(1)(-2.:(2) + ( 19) (1) (-2.%,)
PO8 P09 P15
-4k -100.% -20.k
+ ( 1’10) (1) (+500.x,) +( 1’11) (1) (+2.3) + ( 1’12)(1)(+10.x)
P16 P17 P18
- 4k +.4K +.4k
| B es00.p ) MM anc-s00.8) + BBy (+500.8)
P19 & P28 a P29 '
+.2k +.2k +20.k
+200.u, = - 21 (1) (-1000.p) + 22)(1y(-1000.1) + 23} (1y(-10.v)
Q P35 P36 P38
-2 +.2k +50.k
+ 24} (1) (+1000. ) 23} (1) (-1000.H) + 26} (1) (-4.y)
P39 P46 P47
-100.k +100.k +100.k
+ 27 (1) (+2.%)) + 28 (V) (-2.x)) + 29 (1) (-2.%3)
P48 010 QL1
-4k 100,k -20.k
+ 2,10 (1) (+500.x,) + 2,11y 2.3 + 2,12} 1y (+10.%)
Q2 QL3 Q20
-4k, - .4k +.4k .
+ 2130 1y (+500.p ) + 2,14} (1y(+500.8 ) + 2,15} (1) (-500.8 )
Q21 g Q22 a Q23 a

- 200.u;q = 1 {(1) (+200.u1Q)}

=200. uZQ = 1{1) (:t200.u2Q)}

Figure F2.
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80¢

0.2
P gl .
___o_o/\
i ° I | T T = e ——
l 10°
CQ.
©” 0.2
20°
0ad 30° S = 6084 FT2  STABILITY AXES
I vy b= 1422IN.  c.g. ATF.S. 1422
o
400 C - d cl/
-0.2 ‘P gesby
20° 2V o
S _— 60°
£ %
,-0.1] 30°
o\) 10° 20°
10°
0 1 T T T T T T | 7
1 2 3 4 5 6 7 8 10
0 MACH NUMBER
Figure F4. Damping in Roll (ref. 29)
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~ DEG

~ DEG

C,

0.4 -
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0.2

0.1

MACH NUMBER

00
d
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Y
2V
S = 6084 FT2 STABILITY AXES
b = 1422 IN. c.g. AT F.S. 1422

50°

T

:
2 3 4 5 6 7 8 3 Mot

MACH NUMBER

a

Figure F5, Damping in Yaw (ref. 29)
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60
\ 50

| T
-0.004 -0.002 0
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0.002

ROLL DUE TO SIDESLIP, C, B
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Figure F6.

M=0.25

60

/.

SReF = 6084 FT
brer = 1422.4 IN.

xc.g. =1422.5 IN. / 50 —
——TAIL ON /
—— —TAIL OFF 40 —

STABILITY AXES

I
~0.002 0

|
0.002

YAW DUE TO SIDESLIP, C

~ PER DEG

g

2 60

T T
-0.02 -0.01 0

SIDE FORCE DUE TO SIDE
~PERDEG -

Sideslip Derivatives (ref. 30)
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« = 40°

a=40°
-0.0008
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--0.0004 o= 20°
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a=0° -
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~ L
0.001
5 1 o=40°
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] I T T T T 1 1 T VT
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Figure F7.

MACH NUMBER

Aileron Power (ref. 31)



AR

M=0.25

- _ 2
60 Spep = 6084 FT 60 607
bpep = 1422.4 IN.
50"7 Xc'g. = 1422.6 IN. 50 B 50_1
STABILITY AXIS o
- wi
c/C, =04 w
40 ; 40f 40
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APPENDIX G
HIGH-ALTITUDE ABORT SIMULATION

This appendix discusses the simulation used to generate the high-altitude
abort results of Section V.

The basis for the simulation is a 6-degree-of-freedom (6 DOF) hybrid simu-
lation developed at Honeywell for performing entry simulations. This simu-
lation includes data for the North American Rockwell (NR) 134D delta wing
orbiter. The equations of motion are presented in Table G1, It is capable
of simulating entry from orbiter to final approach, including navigation,
guidance, and control. Closed-loop guidance was not used in this study.
The high-altitude abort investigation of Section V required modifications to
the entry simulation. Table G2 presents the thrust vectoring forces and
control equations added to the basic entry simulation. This includes pro-
visions for variable mass, center of gravity, inertias, and the effects of
offset between the center of mass and the aerodynamic moment reference
center,

The thrust vector control system (TVC) is presented in Figure 56, Fig-

ure 60 gives power levels (PL), angle-of-attack commands (a.), and bank
angle commands (¢.) intended to duplicate the point mass trajectory obtained
from NR. This abort trajectory initiated at 226, 987 feet, at a velocity of
10,308 fps, with +6 deg of flight path angle. The commands are presented
in Table G3 and are stored in the modified entry simulation.

Figure G1 shows the simulated mass properties variations with vehicle
weight, The table at the top of the figure permits comparison with the

source data. All of the tests began at the 650, 000 pounds gross weight used
by NR in generating the abort trajectory. The mass properties, as generated,
are open to argument, since the cg's and inertias associated with 760, 000
pounds gross weight were used at 650, 000 pounds. This is an error, but the
consequences are considered minor; they should not influence the conclusions
of this report.

314



Table G1. Equations of Motion

BODY AXES LINEAR ACCELERATIONS
a, = (Fx + FxE)/m

ay=(F +F _)Ym

y " YE

a, = (F, + FzE)/m

BODY AXES EQUATIONS OF MOTION
U

a_ - (WQ - VR) + E; 8, * Elzgy + E13gZ

\4

ay - (UR - WP) + EZng + Ezzgy + E23gZ

W = a, - (VP - UQ) + E31gx + E32gy + Egqg,

PI_ =L+LE+1xz[R+PQ]+QR[Iy—IZ]
. = 2 _ p2 -
QIy M+ME+Ixz[R P ]+RP[IZ Ix]

RI, =N+ N+ Ixz[P - QR] + PQ[IX - Iy]

EULER PARAMETERS

u')l O -P -Q -R wg
We P O R -Q W,
L:)3 Q -R O P wa
Wy R Q@ -P @) Wy
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Table G1. Equations of Motion (Continued)

DIRECTION COSINES BETWEEN INERTIAL AND BODY AXES

_ 2 2 2 2
Ell_wl +w2 +w3 +w4

Ejg = 2(uyug - wywy)

Eyg = 2(wywy - wywg)

Eyq = 2lwgug = 010y)

E =w2—w2+w2-w2
99 T W T Wy Tug -~y

Egg = 2(wguy + wywy)

E31 = 2(w2w4 + w1w3)

Egy = 2(wguy = wywy)

E33 = w12 - w22 - w32 + w42

RELATION BETWEEN INERTIAL (X, Y, Z) AND
BODY VELOCITIES (U, V, W)

X E;jp By Egy U
Y = [ Eg Eyy Egg) |V
Z E E E W

13 23 33

GRAVITY COMPONENTS IN AN INERTIAL FRAME

1/2
r=(X2+Y2+Zz)

2, 2
g’ =gyr /T

e (3] g e (5] g - (E]
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Table G1.

Equations of Motion (Continued)

VEHICLE VELOCITY IN A LOCAL VERTICAL REFERENCE FRAME

X e
Ye

z
e

 SinL.CosB

SinB

LCosLCosB

~-SinL.SinB

CosB

-CosLSinB

-CosL)
0

SinlL

f(—wEY
Y" h.)EX
z

ALTITUDE RATE, HEADING, AND FLIGHT PATH ANGLE

h =

_.Ze

Y
X = tan~1|=%

Xe
Y = tan-1 h

()'(2+Y 2,2 2) /2

e e e
RELATIVE VELOCITIES

Ua U U E12 —Ell -- X
Va = Vv - AY% + E22 -E21 -~ Y W
Wa W w gusts Fzp  ~F31 - 0
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Table G1. Equations of Motion (Concluded)

AIRSPEED, MACH NUMBER, o, AND f3

) 2 2 2
A —'\/(Ua VG 4+ W)

_1FWa]
o = tan T
L~a
-1 Va
B = tan - '2 2
\/U + W
L a a

Q.
I

. . 2 2
(UaW - waU)/(Ua + Wa)

2 2 . . .
_ [(Ua + W) V-V, (UU+ WaW)]

5 3 3 .3 2
“\/Ua +WE UL+ VI W
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Table G2. TVC Equations Added to Entry 6 DOF Simulation

ENGINE THRUSTS (See Figure 60 for Power Level Program)

TMOS]' If PL1<0.5, FE1

1}
o

FEl = PL1[477,000 - (Ae)PA

TMOS]. If PL2 <0.5, FE2

1}
o

FE2 = PL2[477, 000 - (AP,

—_ . 2
P, TMOg - atmospheric pressure, lbs/ft

Ae = 50 ft2, the effective nozzle exit area retracted

B command for unsymmetric thrust:

IF |PL1 - PL2| > 0.1, B, = 8, SIGN(PL1- PL2)
(o]

PROPELLANT BURNED BY MAIN ENGINES
WPRO = 400,000 - [ 1,043 (PL1+PL2)dt
Vehicle Weight = 225,000 + WPRO + (250, 000 - 225, 000)

If WPRO = 0, go to orbit maneuver burn

MASS PROPERTIES, MAIN ENGINE BURN

XcG T *ca, . T {*ca " Xca ) (48??0%)
BO FULL BO ,
2cg T *cGhn | |Pca dele ) thl)jff)(go)
C BO FULL BO ,
WPRO
I =1 +[1 -1 ) ——-—’
X XR0O xFULL RO 400, 000
WPRO
I =1 +]1 -1 WPRO_
Yy Yso | YruLL yBO) 400'000)
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Table G2, TVC Equations Added to Entry 6 DOF
Simulation (Continued)

I_ =1 + |1 -1 WPRO

z ZR0 ZrULL ZBO) 400, OOO)
WPRO

I =1 + |1 -1 ————,

XZ XZp 5 ( XZLULL XZBO) 400, 000

See Figure G3 for constants.

ORBIT MANEUVER BURN

XEORCE = 30,000 1b

Weight of OM propellant, WOM = 25, 000 - 63t
If WOM = 0, then 0 = FXE = FYE = FZE = LE = ME = NE

MASS PROPERTIES, ORBIT MANEUVER PROPELLANT BURN

*ca T *ca **ca, .~ *ca ) ——2?8%
ENT BO ENT ,
Zeg T %cG t2ca, . T %cG ) R_wos\go)
ENT BO ENT ,
WOM
I =1 + (1 -1 S OM
X XENT XBo XENT) (2 5, OOO)
WOM
I =1 +[1 -1 BLARILIS
Y YENT ( YBO yENT) (25’000’
WOM
I =1 +1 -1 FEons
Z  ZgNT “BO ZENT) 5 000)
WOM
I =1 + 1 -1 WOM
Xz XZ T XZpo XZENT) 25, 000)
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Table G2. TVC Equations Added to Eniry 6 DOF
Simulation (Concluded)

ENGINE FORCES AND MOMENTS, BODY AXES

FXE = FEl + FE2 + XEORCE

FYE = (FEI1) Glz + (FE2)622

FZE = ~-(FE1 -
E (FE )51y (1«“132)52y

LE = FEl[Gly(YCG-Yﬁl) - 51z‘zcc -z, ]
1

+ FE2[52y(YCG - y62> - 8y,(206 - zéz)]
ME = FEI[Gly(xCG - x51) + (ZCG - 261)]
+ FE2[62y(xCG - x52) +(20g - 262)]

+ FE2[622(XCG - xﬁl) + Veg - y52)]

Yo is zero. Gimbal position coordinates are converted to feet. In
inc%es, they are:

be =2200 x = 2200
6 by

y - -68 y = +68

z = +490 z = +490
6 6o

AERODYNAMIC MOMENTS CORRECTED FOR CG OFFSET FROM
REFERENCE MOMENT CENTER

xRMC = (1422 + 211)/12

CNORM = CLIFT cos o + CDRAG sin o
= I - c

Cm C + CN‘XCG xRMC)/c

CG MepMC

+ C,(Xeg ~ Xgmc!/P
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Table G3. Test Sequences to Check Out
TVC and SAS
TVC Test Sequence
Time PI1 PL2 “c %c
0 1.0 1.0 50.0 0
5.0 ‘ 0
5.1 70.0
20.0 70.0
20.1 0
35.0 50.0
35.1 Y 30.0
45.0 1.0
45.1 0
75.0 30.0
75.1 11.0
85.0 1Yo ¢  J
85.1 0
SAS Alpha Command Sequence
Time “c
0 11.0
10.0 11.0
10.1 30.0
30.0 30.0
30.0 50.0
50.0 50.0
50.1 11.0
1000.0 11.0
0= PL1 = PL2 = 9
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Xce

NR 134D AUGUST 1970

MASS PROPERTIES (NO PAYLOAD)

C.G. STATION INERTIAS x 107°
CONDITION | WEIGHT X 2 X Iy , Iz
LIFTOFF 760,000 | 1578.1 484.6 | 5.74 _ 22.9 263 _ 1.04
BURNOUT | 250,587 | 1692.8 486.5 | 3.49  15.0 161 1.21
ENTRY 214,861 | 1648.8 473.9 | 3.36  13.3  14.6  0.96
SEQUENTIAL BURN OF MAIN AND

1700 1693) ON-ORBIT PROPELLANTS

1650

1600

(1649
~N

(BURNOUT)//
/

(ENTRY)

T
225,000 250,000

6 -

0

.

'
650,000

WEIGHT, LBS

225,000 250,000

650,000
WEIGHT, LBS

Figure G1l.

—— — — PARALLEL BURN

490 — (486.5)
(484.6)

(&)
(&)
~N

470 - (473.9)

T 1
225,000 250,000 650,000

WEIGHT, LBS

0 133
-
S 3 -
1 B
& 3 r
0 T ] I
225,000 250,000 650,000

WEIGHT, LBS

Mass Properties Variations with Vehicle Weight
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APPENDIX H
SYMBOLS AND NOTATION

Reference: Thelander, J. A., "Aircraft Motion Analysis',
Air Force Technical Documentary Report
FDL-TDR-64-70, March 1965

The above reference provided the bulk of the notations used in this report
as well as the equations of motion given in Appendix B. Additional symbols
are due primarily to powered flight with thrust vector control systems.

a = speed of sound, ft/sec

A, = effective nozzle area of main engine, ft2‘, used to compute engine
thrust: Ay = (FVAC - FSL /PSL

acg = lateral acceleration at c.g., equations decoupled from pitch
ACPS = attitude control propulsion system (acronym)
Ays g, A, T linear c.g. accelerations along body x, y, and z axis,
y g respectively
a, = normal acceleration at station X
b = wing span, or reference length for lateral aerodynamic moment
coefficients
s . . _ -1 (-X
B = inertial longitude; B = tan I
C = basic symbol for aerodynamic force and moment coefficients
¢ = wing mean aerodynamic chord
c..,C , C ,C_, etc. = nondimensional stability derivatives with
D L n m it
a M B o reference to stability axes
CL’ Cm, Cn = rolling, pitching, and yawing moment coefficients, respectively
L M N

€t =355 Cm e Cn T
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CL’ CD = life and drag force coefficients, respectively, (stability axes)

Cy» €p = normal and axial force coefficients, respectively (body axes)

Cx’ C._, C_ = longitudinal, side-force, and normal-force coefficients,
y respectively (body axes)

D = aerodynamic drag - the aerodynamic force in the plane of symmetry
along the projection of the relative wind on the plane of symmetry.
Drag is positive in the negative X (downstream) direction

n

DWO Delta Wing Orbiter (acronym)

DWT Dog-Wag-Tail (acronym)

ECS = Entry Control System (acronym)

Fp, = thrust of ith engine, lbs: (T = ZFEi)
F = . . -
VAC’ FSL engine thrust in vacuum and at sea level, respectively
Fx’ Fy, Fz = total force components along body axes
F =X +X+F
b g xe
= +Y +
Fy Yg Y Fye
F = Z +Z+F
z g ze
¥ ,F ,F = engine force components along body axes

xe’ " ye ze

g = gravitational acceleration constant

h = altitude, feet

H = heading; more often denoted by Y

Isp = engine specific impulse, lbs thrust/1lb/sec propellant consumed
IE = moment of inertia of one engine about hinge line
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I Iy’ IZ = moments of inertia about X-, Y-, and Z-axes, respectively
Ixz = product of inertia with respect to X- and Z-axes
K = control system gain (G sometimes used in FORTRAN)

4 = reference length for aerodynamic moment coefficients

-
]

aerodynamic lift - the aerodynamic force in the plane of symmetry
perpendicular to the prcjection of the relative wind on the plane of
symmetry. Life is positive in the negative Z (upward) sense.

= inertial latitude, positive North

L_., M_, N_, = engine rolling, pitching, and yawing moments about X, Y,
E E E .
and Z axes, respectively

L, M, N = agerodynamic rolling, pitching, and yawing moments about X-, Y-,
and Z-axes

L( ) M( ) N( ) = basic symbols for dimensional moment derivatives; sub-
script denotes variable of differentiation, e.g., LB =
dL/3B, Ma = OM/da

m = mass

M = Mach number

myp = mass of one engine

= normal force; force component along negative Z axis
2

P = atmospheric pressure, lbs/ft (PSL = 2116 PSF)

PL = power level of propulsion engine; a value of 1.0 denotes 100%

of normal power level

p, q, r = small-disturbance angular velocity components about X-, Y-,

and Z-axes, respectively

P, Q, R = rolling, pitching, and yawing velocity components (angular)

about X-, Y-, and Z-axes, respectively

q = dynamic pressure

_ oV
4 = 72
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rmc = reference moment center for aerodynamic data, normally

used as a subscript

S = wing area or reference area for aerodynamic coefficients
SAS = stability augmentation system (acronym)
t = time

T = total direct thrust force = EFE1

thrust vector control (acronym)

TVC =
TWD = Tail wag dog
u, v, w = small-disturbance linear velocity components along X-, Y-, and
Z-axes, respectively
U, V, W = linear velocity components along X-, Y-, and Z-axes,
respectively
UA’ VA’ WA = vehicle velocity components with respect to the air mass
along X-, Y-, and Z-axes, respectively:

UA =U - UW

VA =V - VW

WA =W Ww
U._, V., W_ = wind velocity components along X-, Y-, and Z-axes,

w w respectively
V = total linear velocity of vehicle c.g.
VN = velocity normal to the reference trajectory
1/2
V, = total velocity with respect to the relative wind, [U +VA2 +WA2]
the true airspeed

W = weight, 1b.
W = wind vector, or horizontal component
Wx’ W_. W_ = wind components with respect to launch local vertical (the

y z boost study assumed WZ = 0)
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X, Y, Z = inertial position coordinates

X, ¥, z = lengths. measured from mass properties axes. The MSFC
launch vehicle axes center at the booster nose on its (..
x positive aft, y to right, and z up. This is viewing the combi-
nation with orbiter on top, its belly to the belly of the booster,
which is upside down

z = ith gimballed engine mass center coordinates

g YE., *E.
1 1 1

Xca' Yeog' e C.G. coordinates

s Z = ith gimballed engine hinge line coordinates

*6.0 V5. “o.
i i i
X, ¥, Z = aerodynamic force components along X-, Y-, and Z-axes,
respectively
X(), Y(), Z() = basic symbols for dimensional force derivative; sub-

script denotes variable of differentiation,
For example,

X _ X . X
Xu -Tu_’Xbe = -aTe,XW = 3w

Xg, Yg, Zg = gravity force components along X~, Y-, and Z-axes. The
boost analysis in this report uses:

Xg = -mgsin®
Yg = mg cos @ sin @ ®='yR+0
Zg = mg cos ® cos ¢
a = angle of attack; tana = WA/UA
B = sideslip angle; sin 8 = VA/Vt
0i_, 612 = ith engine gimbal rotations about gimbal pitch and yaw hinges;
the notation implies control moments predominantly about body
y and z axes
6X, o, bz = TVC system parameters, denoting rotational commands about
Y the X~, Y-, and Z-axes to be distributed to the 5i_ and &,
pr, 0 = typical contirol system gains, denoting 36x/3p and 36a/ dp,
P respectively
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¢ = damping ratio
= flight-path angle, the angle between the velocity vector and the plane
of the horizon
YR * flight-path angle of boost reference trajectory
5 .6. 8 = deflection of ailerons, elevator, and rudder, respectively
a’ e’ r

p = air density

¥, 6, ¥ = orientation angles of vehicle body axes in yaw, pitch, roll
sequence

X = heading of inertial velocity vector in local vertical frame

¢, 6, Y = perturbations of vehicle axes orientation angles &, 6, ¥,
respectively. In the small-disturbance approximation
$ = r pdt, 6 = rth, Yy = rrdt, respectively

w = frequency, rad/sec

wp = earth's rotation rate, rad/sec

General Notes:

1. All angles and angular velocities are in radian measure.

2. Fundamental units are used throughout, i.e., slugs, feet,
seconds.

3. Throughout this table, the symbol q denotes dynamic pressure
when multiplied by the wing area (gS).

4. The subscripts o denote steady-state reference condition for
small-disturbance analyses, ¢ command, j jet, respectively.

Subscripts
o steady-state value
c command
h| reaction jet

e local vertical coordinates
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total velocity or component with respect
to air mass

wind velocity

rocket engine
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