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FOREWORD

This document, a noncontractual item, prepared by Honeywell Inc, serves
as the data reference for the Saturn V/Voyager load relief study under
contract NAS8-21171, The study was performed for the Astrodynamics
Laboratory, George C. Marshall Space Flight Center, Huntsville, Alabama.
Results of the load relief study are contained in a separate report, Honey-
well Report No, 21171-FR,

John Livingston was the MSF'C prcject director, Mr, John Larson was
the project engineer at Honeywell, Mr., Lester Edinger acted as the
work director under Mr, Larson. This report was prepared by Messrs.
Lester Edinger, Thomas Hughes, and Michael J, Pluimer,
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SATURN V/VOYAGER LOAD RELIEF STUDY
DATA BASE REPORT

1,0 SUMMARY

This data base report contains all pertinent information required for the
Saturn V/Voyager Load Relief Study. The purpose of this study is to
define & control system (to be referred to as LR-2) toimprove the launch
probability of the Saturn V booster with a Voyager payload. The particular
Voyager payload configuration to be studied has a 45-foot-long cylindrical
section. A load relief control system (herein referred to as LR-1) was
designed under NASA contract NAS6-11206, modification 5 (see Reference 1),
for a Voyager payload configuration having a 54-foot cylindrical section.

In the present study, the LR-1 system will be reviewed and modified as
necessary to meet the performance requirements for the shorter, 45-foot
payload configuration,

This report describes the LR-1 load relief control system and the per-

formance requirements, design constraints, equations of motion, input
disturbances, and vehicle data to be used in the study of the shorter-

length payload booster configuration, Vehicle data presented includes

basic data extracted from NASA data sources and reduced data suitable

for direct use in the equations of motion. The reduced data was computed
from the extracted data with the aid of Honeywell digital computer programs.
The data sources are listed on the basic data figures and are summarized

in the list of references at the end of the report. If assumptions were made
in order to compu.e¢ or to extract data, these assumptions are also pre-

sented with the data.
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2.0 PRESENT SATURN V/VOYAGER LOAD RELIEF CONTROL SYSTENM (1.R-1)

I“igure 1 shows gains, shaping, and feedback signals used in the 1LR-1

flight confrol svstem,
3.0 PERFORMANCE REQUIREMENTS \ND DESIGN CONSTRAINTS

This secction summarizes terminal condition performance requirements,
stability requirements, allowed bending moment, and system design con-
straints which govern the analysis and design of the LR-2 load relief

control system.

3.1 Terminal Condition Performance Requirements

The following are required first-stage cutoff conditions based on infor-

mation contained in Reference 2:

° Maximum allowable drift: 30,000 meters
° Maximum allowable drift rate: 70 meters per second
o Maximum allowable angle of attack: 3.4 degrees

3.2 Stability Requirements

Stability rcquirements are as follows:

° 6-dh gain margin at rigid-body frequency, slosh mode frequencies,

and all structural mode frequencies.

) 30-degree phase margin at rigid-body and slosh rmcde frequencies.
-
! ° 10-degree phase margin at the lirst {wo structural mode [requencies.
2
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3.3 Maximum Allowable Bending Moment

The maximum allowable bending moments at vehicle stations 1541, 2519,
2746, and 3256, as a function of time, are specified in Figure 2. Of these
stations, 3256, located at the top of the instrument unit, represents the

most critical body station.

3.4 Design Constraints

The following design constraints are toc be imposed in accordance with

information contained in References 2 and 3:

° Allowable sensors and sensor locations --

a) Attitude referepnce -- Station 3235,

b) Rate gyro -~ Station 2686 is the present location.
Station 3235 could be used if desired.

c) Accelerometer -~ Station 1541 is the present location.
Stations 2686 or 3235 could be used if desired.

® Wind design will be per modification 5 of NASA contract NAS8-
11206 (see Reference 1), The load relief system will be evaluated
using representative measured profiles, as well as annual (March)
and most severe mission (December) synthetic wind profiles.
These wind models are described in Section 5, 0. Meeting per-
formance requirements in the presence of annual wind magni-
tudes would be desirable: The system will meet the requirements

for maximum mission wind.
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° Gain scheduling and filtering will be done on individual feedbacks.
No compensation will be permitted on summed signals into the

gimbal actuator amplifier.

° Only two feedbacks (per channel) will be continuously scheduled.

Other scheduling will be accomplished in a step manner.

° Passive filters are desired. If necessary, active filters will be
permitted. (A passive filter is defined as having real roots in the
denominator of its transfer function. Active filters will have

complex roots in the denominator,)

° The following vehicle parameter variations will be considered in
a root-sum-squared manner to produce the greatest deviation

from nominal system performance:

a) Control system gains: +10 percent
b)  Thrust: *1.5 percent
c) Center of pressure and center of gravity: +127.8 inches

d) Aerodynamic coefficient, Cn : £10 percent
[03
e) Engine gimbal offset: 0,38 degree

f) Gain schedule errors: 5 seconds

s/ Bending mode frequencies: 20 percent

4,0 INPUT DISTURBANCES

This section contains the pitch program (Figure 3) to be flown by the Saturn
V/Voyager vehicle and the different wind profile environments to be used to
establish LR-2 load relief system performance. The wind models were

extracted from Reference 5 us directed by Reference 2. They include:

s A e AN

i3 MR AN £ G I LR A G A et e i MR I ST —eE e - iz e e
- L3 * . RN T w L 2
LR . . N oF e < o .
2 t . E e
. - -t




s i

24

pisy

Vo

T 2! T
SEEsSE8tE anRasntE : 3 ! o
gsas 1 + 2
saga e 1 i H
i j : {53 saussi
i ] ;
=t : i
I3t 1133 : HH
.y - ~ " >
: H H ashans H e
T fa M.
1 .w.. '
H T R HTE i
i jfide - P
- T T T REEES .
+ pE pu s kY m.
Sus s i Segaid inndnipani
HI IR ssdsis L
4 4 t1 o g #
1 LT puyw B4 ARAEY NS HE B (REBR E m ]
1 H . 33 Seakasanes -+ .._n :
f
1 T 4+ 13 T T RN » w :
iy jd F2asE s 35 1]
+H 1 s i ¥ s w s i
14 ! | , !
it : R FECH AR AR BIoditi 1
T s 111 gxs 1ot g
s : SRpaseit SPRagEs |- dRERAS ;
f < ' Pt 8 v 2 M
Frity i i
ezt : = pee -
Hi : H T 3k Eads i R
b ish seRasleds ; T iy
3 a4 8 ] sgatdnai aape hagd .
! ] ; REE ,
+ ; :
4 A Rken Tt b
fofate EgRedKakdien SHh 351598 : :
el 3 TR T SNgugEasgs ) i HEGH e N .
bt iy PR O 444 i
il : ; i i ,
j38 i3 131 HiT . 4
§gse SpeH he »M.
3+ vhao bt 4 i3 Ly .
i335s Hi 2 atas Hikt H
=3338 11 pality o 2l agdtt
I3t 311 SHprRetET :
i 3l fessa RESEY SREd SobS dde; g
- Thie 3 BB URDDE SO 114
3 HHTT L EHTAHTD :
£ N pIE SepeEitad Eusesatestasts :
= IoL) i Sty e R { 3
i 110 pRi R :
b beve . < pa A
ol ot 12881 a3y 3SR ITTORVT opes g ]
: T PS8 FEREY SPEE FONE B T++ 4 /
2 Hi 61 FERE FEEES pesdEasy nas H u
e | IR Eedsd ettt sivastaise it
7 . : - !
FON SRS S IR IR PEDON FRSES PUTOL S PR SESEY
- SERE pogidsonsatestibEtnd 10403 0eses pestin
|2 SRR RIS S Y Nw : .
T B3 : TR EREEI FESad E3 AL !
& " iRt iR RkRe o
R £ 51 +t b 3
RIS
i
VI i L
! mwm m ‘v 7 Wm M.$
AREiaAtidt: thdls i T
Hithnh 1 M
T T Tl ; |
Hi - i ;
it 8 i i
1 T : ]
pa8s s H
NH £8s ] :
sheqe- by uf,vl w . u
) A M
SRR O :
i T i
T 11Tt 1 2
1 _ i
SPaRviEs JIRRRRS M 1
! h (Esagagh ¢
T Y SINEINSG: ARERANREE
+ wa IISEE! 3
+ir 1 1t >t -4 ot -
RS9 PR R LY 1 »
5343 RESIEEN THA .
[135432 S5 SR 1R
13 FSte tE34 1S sR04 sasqgenns
Tietlaag, b
potbe s i
jisy £33 "m
iy . i
HE HiriH 1 i
Pas e re: T .&
fest | T i
it} 1 i
¥

SR
(e

-

i

oy

“*:k‘z‘

Al

”:

7




° MSFC 95~percent synthetic wind profiles:

a) Maximum annually (March), Figure 4,
b) Maximum during May-December launch period
(December), Figure 5,

° MSFC measured wind profiles, Figure 6:

a) No. 1639, Maximum peak wind speed 79, 02 meters
per second at maximum dynamic pressure,
b) No. 515-06. Maximum shear rate to peak wind speed

60. 61 meters per second.

° MSFC reverse shear wind profile, Figure 7.

The most severe mission wind used during the study of the 54-foot Voyager
payload load relief (Reference 1) was the maximum during the May~November
launch period. This has been increased to the maximurn magnitudes occurring

during the May-December period in accordance with Reference 2.

5.0 EQUATIONS OF MOTION

This section describes equations of motion, nomenclature, and coordinate

systems used. Four sets of equations are presented. They are:

° Complete set of equations (Section 5. 1)
° Reduced set for stability analysis (Section 5, 2)
® Reduced set for digital computer PARTNER time-varying

simulation (Section 5. 3)

° Reduced set for analog computer time-varying analog simulation
(Section 5, 4).
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FIGURE 7

py MSFC REVERSE SHEAR W'NID PROFILE
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NOTE :
L. THE REVERSE SHEAR WIND PROFILE GENERATED
USING DATA AND DIRECTIONS FROM:

2. MSFC MEMO R-AERO- Y-66-65, " REDEFINITION
OF SATURN 1B SYNTHETIC WIND PROFILE',
10 SEPT. 1965.

5.NASA TM-X-53023, "TERRESTRIAL ENVIRONMENT

CRITERIA ... ”, 13 MARCH 1064
2. THE REVERSE SHEAR PROFILE CONSISTS OF -
a. LINEARLY INCREASING WIND FROM ZERO
ALTITUDE, ZERO VELOCITY TO
b. STEADY STATE WIND PROFILE AT { KM,

¢. gl MAXIMUM 99% SHEAR TAILOFF TO
d. CONSTANT WIND PRoFILE.

e. LINERRLY RXTRAFOMLATED TO STEADY
STATE WIND PROFILE AT 23 Km,

ALTITUDE ( Km)
3

5 \

/0 |

60 8o 100 120 140
WIND SPEED (™/sec) '
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To eliminate unnecessary simulation complexity, various simplifying
assumptions were made for each set of equations, For example, the
analog computer time-varying simulation was used to determine in-flight
bending moments and terminal condition performance, Consequently,
terms which had no significant effect on these performance par-meters

were dropped from the equations.

The complete equations are eszentially identical with those used in the
previous Saturn V/Vovager load relief study (see Reference 1), Some
additional terms were added, however, to provide a more accurate model
(circled terms of equations contained in Section 5,1). These additional
terms will be included in the stability analysis and deleted for the time-
varying digital or analog simulation analysic. The added terms take into
account local attitude change due to vehicle bending. The effect of these
additional terms will be evaluated by comparing eigenvalues with and
without them to establish their significance. The c.ly other difference be-
tween the complete set of equations and those used in the previous Saturn
V/Voyager load relief study is a factor of 2 on the Coriolis terms in the
trajectory relationships. This term is included in the complete set of

equations but was missing in the equations used in the earlier study.

The set of equations to be used for the stability analysis is obtained from
the complete set of equations by deleting pitch program and wind distur-

bance inputs and trajectory displacement and bending moment equations.

To obtain the equations for the digital computer PARTNER time-varying
simulation, several small coupling terms, such as bending and slosh

mode coupling into the pitching and plunging modes, were dropped. Aside
from these coupling terms, the equations used for the PARTNER simulation

will be identical with the complete set of equations.
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The equations for the analog computer time-varying simulation are
obtained from the comnplete set of equations by eliminating the three

slosh modes, the third and fourth structural bending modes, and several
intermodal coupling terms. In addition, several of the coefficients are
held constant over the flight envelope to further reduce the simulation com-

plexity. They are fixed at their maximum values.

The coordinate systems used when deriving the complete equations are
defined by Figures 8 and 9. Figure 8 shows launch fixed-trajectory
coordinates, vehicle rigid-body motion, and aerodynamic force relative

to the nominal trajectory. Figure 9 defines engine actuator, slosh, struc-

tural, and rigid-body motion relative to the reference trajectory.

14




VERT, ——_
\ -

LAUNCH POINT

HORIZ.

Figure 8. Gross Coordinate System

T ORMED __ | NORM DISPL
NDEF OR < DEFORMED
UNDEL ASTIC AXIS Er cr e ax s l REF

Figure 9. Fine Coordinate System




5 1 CompieTE Svsrem of EQuations rer SarurnV/ Voracer Sripy

Psr-urseo Venrcte Equrrions oF Momien

® Pitc hmq
@ 2- [CM 35 \XCS 1:9)] [ ‘ (%‘Xﬁ)] B

I»,V

Y [M. (xgx.)(xc,-x.)*lﬁ,] Al f-_v [M]

Iy

» 32 () |- R o saln - L[ sl

(LY

+ Z [Msi “_J_}ﬂ) Zsy + Z (M’i %) Zsj

Iq p j.t

o Plung'mq
(g fgha-nn vl

[tm <_i.s_1=l]/3 cwvi__l }:CNRL
z:[;\I gt(x,)]q Z My 7.

® i Stryctural Mode

fli: _[Zﬁlbn Coudyin %.‘_{]Ylt -[a);l_ Cum,x%]m

i

(| (Cone ) ] [ 2]

+ 4,["4;(15"(:)(&;(1:)) = Leo yo (Ke) ]ﬂ.

.
&

16

* ’ > L TN
oM .




J3

- Z[M‘l Y__l:“?’] Zs; + z[Ms] Ax Y‘-'%’iﬁ] Zsi

J= j'.

e ¥ Sloshinq Mode

= - (2850q) Zsj - @5 Zsj'A*E“f' f.‘“‘s ]
iz I

”iYi (Ls;) TL + (Xcg'xs';)‘b - 2

o Engina-Aduaior
B= - (2008~ Oi(A) Mentiata)g
I¢

_ [ _@im,—xa)g?-m . I&] b [Melxﬁl;xe)] v

q ! .
X [Ne (Xe-Xe) %o T X l:g_)_]yli

® Tm\;rscro RY RELAT‘ON%HI PS

- Vcloc!h_‘ .
![z (2 §¥%n) ] dt

t
I Veau® [" 62'-‘ P;l - @Wé% Vuu)“i: + %/3 Ye +(2 Vnorm) pc] dt

Viar = Viiors + V¥ = Mo €05 e




» Displacemsnt

Zrm [ Yo

t
X-,-m = [[JV,,..*Z»« p‘] dt

e Am]'E of AHack

- V,
= - —~LAT
X vV

® Sgnsor Oureur Equamions

> Acceievometer

= Z-(AeyXa) P + A P - }:_ Yoo, | + Z Yo,
w= Rate Gyro

. ° h 8 .
foc“o: Y+ Z \ 1 (J(nr.) Nt
Y
= Attitude Keference
4

Poee = - ¥ Z [Ya'amw)]n;

(=]

® STRUCTURAL Benoing Moment

&
M) Mu(X)ad+Mpla)B - 3 Mij () 1,

18




5.2 Repucsn Eouanions ror Stasiity Anmysis of Sanan V/ Novactr

Pertureep Veniere Eouations oF Momon

® Pitch ing

[c.uq,suc, ] [(x,x@)] 8 - (Cuits 35)

I,v

_u[mx@ ;t;qu n)*l-o]a - {-_ [,Iu-‘;_]\q
*E ) - L sl T vl
+ 3]z, 37 (M )z,

® Plunging
2 = (et 4(R)grAcp +f0n Vet

, e e ] - 3 (Cne 38 Y+ 3 (e B
+ g[A, s{w)]rla -g. Q‘J Z,

e ¥ Structuinal Mede
s -[20e Cotn Sl <[ 02 O [

(e (e ) [ 2]

. 4[»1; (tp- Xe)( g0 -Teoyi o) | 4
Mi J

19

L4 .
Neh —
€ .




] t["“ Lgﬂ] Zy * ?;[MSJ Ax ‘5-"-&?]2.,

Y
o it Sloghing Mods
zsj - '(23%;0:3)2‘;3 - Qg yAY *A.[? *gY{(x,pvd -7

- i; Yills)) V) + (Reg X))
® Engine-Actustor
Be-(n0)A - SH(aA)- [mades)p
_[ Mg Okeg- Xe) (K- 2a) ¢ 1:.] ? o [Me(y;f;_{g_)] 3

Ie

+t [Me -Xe) Yite)- Teo V:'(le) 11‘
L83 It

® TraJCCTORY ReLATIONSWPS

> Normal and Lateral Yeloe bics
t

VLKT = Vqu'VP

= Angls of Attack

T - VI.A'T
v

20




o Seiton Oureur Equations

> Accelerometer A
Kyt - (leg-Xa ) - AP *pv{(x‘)q‘]
= Rate Gyro

Pomo = ¥ * t ¥i (Xec) ".h

A
{s
P> Altitude Referance

O = P+ t [Ys'(va)]'li

+ ; "l(l;)i’ii
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> Displacement
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® Sensor Oureur Fouarions
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55 Dernimion or Force ano Moment Derivatives

® Arropynamic Moment CoerricienTs
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5.6 Nomenclature

A

N

SATAN

M
N

M'(x”)

M!' (x )

N

- ~ T -D
Axial acceleration of booster = i

, I't/svc2

Differential vehicle accceleration tangential to noniinal

trajectory, ft/sec

Acrodynamic moment cocfficient = lﬁg P 1/sec
) Yy
R'()\C - X)) A
SO o - g 5] 2
Control moment coefficient = T , 1l/sec

yy

Axial acrodynamic drag of booster, Ca qS
Reference length of booster = 396 fcet

Moment of inertia of gimbaled rocket engine about gimbal,

2

slugs-ft

Moment of inertia of gimbaled rocket engine about own c¢. g.,
2

slugs-ft

Pitch moment of inertia of rigid booster about c. g., slugs-f‘t‘3

Total mass of .gid booster, slugs

Mass of single gimbaled engine, slugs

Total structural bending moment at station N ft-1b

Structural bendirg moment at statio N, due to angle of
attack ‘), ft-lb/rad

T T RN WA




o LA

8]

N'

Bel

Rl

VAT

SVraN

WIND

- g . Y e

Structural bending moment at station X, due to deflection

of control rocket engines (3), ft-lb/rad

Structural bending moment at station X, due to acceleration

of iP bending mode generalized displacement (n.), ft-1b/ft/

sec
Generalized mass of the ith bending mode, slugs
Sloshing mass of the jth propellan: tank, slugs
[.ateral aerodynamic force due to angle of attack, 1b

Dynamic pressure, lb/ft2

Lateral contro! force due to gimbal angle deflection of control

engines = 0.80 T, 1b
Reference area of booster, m D2/4 , ft2

Total axial thrust of booster engine cluster, lb

Nominal flight path velocity of booster relative to atmosphere

(tangent to nominal trajectory), ft/sec
Vehicle velocity normal to reference trajectory, ft/sec

Differential velocity relative to nominal along reference

trajectory, ft/sec

Wind velocity in local horizontal plane, ft/sec
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o
STAN

Y. (N )
1I''n

Y'i(xn)

s)

ZNORM

¢4

LLateral accelerometer station

Control engines gimbal station

Booster center of gravity station
Aerodynamic center of pressure station
Control engine center of gravity station
Station ''n'"

jth propellant tank sloshing mass station

Vehicle displacement along reference trajectory, ft

Normalized modal deflection of ith bending mode at station

"n'", dimensionless

Normalized modal slope of ith bending mode at station
"n", rad/ft

l.ateral acceleration normal to referenced (nominal)
f)
flight path, ft/sec”

Displacement of jth sloshing mass normal to booster center -

line, ft
Vehicle normal displacement with respect to trajectory, ft
Tolal angle of attack of booster, radians

\'
Angie of attack due to lateral wind *’Vﬂ , radians

32
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PO Y

' - Control deflection angle or gimbal angle, radians
- (Commanded control deflection angle, radians
i3 - Control ¢ngine deflection angle, radians

¢ - Equivalent viscous damping factor of ith structural

bending mode

¢ . - Iiquivalent viscous damping factor of jth propellant
tank sloshing mass

n, - Generalized deflection of ith bending mode, ft
v - Angular pitch displacement with respect to launch
point vertical, radians
';ﬁ(\ - Rate of pitch command, rad/sec
? € - Pitch attitude error = ;oc - ® , radians
. 1 - Acceleration sensed by body-mounted lateral accelerometer,
’ t‘t/sec2
W - Natural frequency of ith bending mode, rad/sec
wsj - Natural frequency of jth propellant tank sloshing, rad/sec
3 v ro - Angular rate sensed by rate gyro, rad/sec
v - Vehicle attitude sensedby attitude gyro on platform, rad

re.
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C“ - Viscous damping factor of gimbaled engine

Wp - Natural frequency of gimbaled engine, rad/sec

\ - Integration variable along vehicle X-axis

d(X/D) - Normalized integration interval along vehicle X~-axis,

caliber

C

° ‘Na - Local normal force coefficient gradient per unit of
3(XTD) length, 1/caliber
C‘NO/ - Normal force coefficient gradient, 1/rad
CN;.‘ v - Aerodynamic normal force coefficient due to rate of
! displacement of ith structural mode
CNn ' - Aerodynamic normal force coefficient due to displacement
1 .
of 1th structural mode, 1/ft
CN_ - Aerodynamic coupling coefficient of ith strucutral mode
Ni. 1/ due to rate of displacement of i structural mode
YN . . . th
Ny - Aerodynamic coupling coefficient of 1 structural mode
due to displacement of ith structural mode, 1/ft
STM g - Aerodynamic moment coefficient due to pitch rate, ftz
SNV
-
“'J\/l;‘1 IV Aerodynamic moment coefficient due to rate of displace-
1 ment of i structural mode
» . .. .
: Mﬂ - Aerodynamic moment coefficient due to displacement
i .th

of 1 structurat mode, 1/ft
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VIESHIC L DATA

This scction presents numerical values for coefficients of the studyv cquations

and the basic data from which they were extractea.

6.1 Reduced Data

Numerical values for coefficients of the complete equations of motion,
sensor relationships, and bending moment equations are given in Tables 1

through 17, These values, computed at four-sccond intervals during first-

stage flight, were obtained using a digital computation routine and the basic

data transmitted by NASA-MSFC through references listed in Section 7,0,

The equations at the bottom of each table identify the column within that
table in which the numerical value of individual coefficients may be found,
To further simplify the identification process, Table 18 cquates digital

\

numbers with specific coefficients; e, g., 060 = M'(JBBBZ); 08z = M AR

(‘\{_)-A\E)/I.E, etc,

The kEnglish system of units was used in computing coefficient values,
This will ease further digital work since the stability and the PARTNER
time-varying digital simulations are programmed to take input data in

English units only,

The following in"ormation was used during the data reduction process:

° Only four structural modes were considered, MSKC provided

data for only four modes.
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° Only the three significant slosh modes were considered per

Reference 6,
° Errors contained i.n the MSFC data package included:

a) Improper signs on the third and fourth structural-

mode 3lope data at 140 and 60 seconds respectively,

b) Aerodynamic coupling coefficients that were applicable
to the 54-foot payload rather than to the 45-foot pay-

load being considered (Reference 3).

c) Incorrect bending moment coefficients (M'gn-) at all

time points (Reference 7)., 1

d) Incompatible structural frequencies supplied with
M'n data and mode deflection data.
i
Errors in the data supplied by MSFC through the data packages were cor-
rected where possible prior to cornputing the time-varying coefficients.
Aerodynamic coupling coefficients were computed by Honeywell using the
equations of Section 5.5. This data wa¢ used pending receipt of MSFC
coupling coelficients for the 45-foot Voyager payload. When, after direct
comparison (Figures 20 through 26), no serious discrepancies between
sets of coefficients were discovered, the Honeywell-computed data was
used for the remainder of the study. Correct bending-moment coefficients
(M'gn-i) were not available when required. Da.a for the 54-foot Voyager
payload, taken from Reference 15, was therefore used during the study.
Structural frequencies supplied with the mode deflection data were used

for data reduction and study analysis purposes.
The following assumptions were made during the data reduction process:
[ Structural mode deflections and slopes at engine mass center

of gravily are equivalent to deflections and slopes at engine

gimbal point.
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° Bendirg-moment aerodynamic cocfficient data (1\/’['a) will be
extrapolated and faired to zero at time = 0 and 160 seconds,
(See Ifigure 56.)

° Bending-moment coefficient data (M'B) will be extrapolated
line; !y tangential to supplied data for flight times less than
52 seconds and greater than 120 seconds. (See Figure 57,)

Data required at body stations other than those for which data
is given, e. g., M'a(3222), will be interpolated linearly.

Pata required at times other than those for which data is given

will be taken from curve-fitted plots of basic data rather than

interpolated linearly. The only exception is M'H' data.
i

Axial loads to determine bending=-moment capability can be
determined using the following equation:

X
CA=[

10,19

BCD
3(X/D)

aC
D iy
where 5(x/D) data at Mach numbcrs 1 and 2 was used for

Mach numbers less than and greater than 1 and 2 respectively.

Control thrust (R') is 80 percent of total thrust, T.
For computation of aerodynamic coupling coefficients:

a) Integrations over l-meter body increments will provide

sufficient accuracy.

b) Structural mode deflection and slope data can be taken at

time points between those where data given can be interpolated
linearly., If there are only slight variations in given data

at successive time points, data can be considered ccnstant,

Aerodynamic coupling coefficients can be determined by linear
interpolation from data computed at the specified Mach numbers,
Data can be considered constant for Mach numbers between 0 and
0.6 at the value computed for M = 0, 6,
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Table 18. Coefficient Nomenclature

|
1. 090 Time
‘ 060 M‘; (3222)
061 Mb (3222)
4
g M,‘,\‘ (3222)
;’ 062 i=1q
063 i=2
g 064 i=3
065 i=4
f
E ’
M.ﬁi (2747)
C74 i=3
075 i=4
’
Ig
076 i=1
0717 i=2
378 i=3
079 i=4 1
080 (Mo (X._ - Xa) X, ~Xa) + 1 ]
E E
g E ‘“cg B~ “E o
Ig
082 Mp Ay (Xﬁ - xE) / Ig
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Table 18. Coefficient Nomenclature (Continued)

083 M(; (1541)
084 ML: (1541)

e (1541)

N
085 i=1
086 i=2
0817 i=3
088 i=4
089 M; (2519)
090 ML (2519)

/

M;ﬁi (2519)
091 i=1
092 { =3
093 i=3
€94 i=4
095 M‘; (2747)
096 ML (2747)
M. (2747)

i
097 i=3
098 i=4
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Table 18. Coefficient Nomenclatuie (Continued)

’
101 R (xcg xB)/ly
CM. QS/lyV
()]
Cm qs/ly
it
i=1
i=2
i=3
i=4

[4 Mg (xB - Xg) (xc‘- xB)HE )

1
y
Ax
R'/M
N'//M
CNaqS(Xcg' ch)/MV
Cn q S/M
N
i=1
i=2
i=3
i=4
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Table 18, Coefficient Nomenclature (Continued)

136 4 Vg (xu-xE)/M

26, wy*Cxy, GBIMV
7T

140 i=1

141 i=2

142 i=3

143 i=4

143" Mg (X5 - Xg) / ig
wl-cy asim

T

144 i=1

145 i=2

146 i=3

147 i=4
R Y, (X5) / M

148 {=]

149 is2

150 i=3

151 i=4’

" 143 represents different coefficients in two equations:

3 C3 wg +Cy q S/ M, V (Third structural mode)
"
33
o Mg (X'j - Xg) / Ig (Engine - actuator equation)
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| Table 18. Coefficient Nomenclature (Continued)

Cn. @ S/Mi
n.
i
152 i=1
153 i=2
154 i=3
155 i=4
Cax E; S/MiV
A'An .
i
156 i=1
157 i=2
158 i=3
159 i=4
’
M,
160 i=1
161 i=2
162 i=3
163 i=4
N‘sj (Xcg - ij) /1
164 j=1
165 j=2
166 j=3
59
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Table 18. Coefficient Nomenclature (Continued)

Msj AX/Iy
17,7 j=1
168 j=2
169 j=3
8j /M

170 j=1
171 j=2
172 j=3

’

- . + Y,
T [ (xg xB) sil (xB) Y, (xB)]

y
293 i=1
209 i=2

oo
[o—
(&}
-
n
w

oo
—
[}
-
n
p—

213 i=2
21¢ i=3
215 i=4

60




Table 18. Coefficient Nomenclature (Continued)

Ay Y! (xsj)
!, 217 j=1, i=1
218 i=2
219 i=3
22C i=4
221 j=2, is=1
- 222 i=2
223 i=3
, 224 i=4
' 225 j=3, i=1
226 i=2
2217 i=3
) 228 i=4
: Ay Y. (Xp)
l 233 i=1
l 23¢ i=2
235 i=3
4
236 i=4
(Mg / M) ¥ (X)
251 j=1, i=1
252 i=2
253 i=3
I 254 i=4




Table 18, Coefficient Nomenclature (Continued)

255 j=2, i=1

i 256 i=2
| 257 i=3
258 i=4

259 j=3, i=1

260 i=2

261 i=3

- 262 i=4
| Mgy Ax Yi'(xaj)/mi
| 263 j=1, i=1
; 264 i=2
1 265 i=3
r 266 i=4
g 267 j=2, i=1
' 268 i=2
| 269 i=3
! 270 i=4
: 271 j=3 i=1
272 o i=2
i 273 i=3
3‘ 274 i=4
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Table 18, Coefficient Nomenclature (Continued)

2 ¢

?*si" s
291 j=1
292 j=2
293 j=3

W _2
8)

294 j=1
295 j=2
296 j=3

( cg'xsj)
297 j=1
298 j=2
299 j=3

Chi. qS/IyV

n.
i
1C1 i=1
4¢C2 i=2
4.3 i=3
4 4 i=4
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Table 18. Coefficient Nomenclature (Continued)

i
|

4 406 i=1
407 i=2
408 i=3
409 i=4

473 M; (3256)

474 M"’ (3256)

Mﬁi (32586)
475 i=1
476 i=2
: 477 i=3
478 i=4

: 481 (ch - XA)
482 i=1
483 i=2
484 i=3
485 i=4
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Table 18. Coefficient Nomenclature (Continued)

Y;" Xppat)
, 499 i=1
491 i=2
492 i=3
493 i=4
Y, (Xgpg)
495 i=1
496 i=2
497 i=3
493 i=4
I Y, (Xg)
575 j=1, t=1
576 i=2
577 i=3
573 i=4
579 j=2, i=1
580 i=2
131 i=3
58¢ i=4
533 j=3, t1=1
584 i=2
.; 185 i=3
| 586 i= 4
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' 6.2 Basic Data

! This section suinmarizes the basic data received from MSFC under

Reference 8 for use in the Saturn V load relief control study. The time-
. varying data is presented in graphical form (Figures 10 through 57), rather
‘ than in the digital format as received, to facilitate inclusion in this report
and to illustrate the manner in which it was used when computing the time-
! varying numerical values for the study equation coefficients,

References from which the basic data was drawn are noted on the individual

graphs, These references are summarized in Section 7,0 as Reference 5
and References 9 through 13,

Additional basic data supplied by MSFC included the following:

® ith structural mode damping ratio, {_. = 0, 005 (Reference 6),

sj
@ Nominal slosh-mode damping ratios as given in Figure B, 1 of
Reference 1 (Reference 6), Figure B.1 is reproduced as Figure

42 of this report,

® Actuator dynamics:

a) Second-order representation with frequency of 5.5 cps
and damping ratio of 0, 435 (Reference 6).

b) Actuator rate limit +5 deg/sec (Enclosure 8 to Neference 8).
c) Actuator displacement limit £5, 15 degrees (Enclosure 8
to Reference 8).

e -1 control engine data (Reference 14):

a) Mass = 24,067 pounds.

b) Moment of inertia about engine center of gravity, IE =
22, 625, 2 slug-ft ©
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c) Moment of inertia about engine gimbal point, IE'
34,781 lug-ftz.

d) Location of engine center of gravity relative to gimbal
point = 3, 936 feet,

Note: Moment of inertia data is average of inertia
about engine X- and Z-axes,

° Vehicle reference area = 854 ftz", (Reference 11),

e Vehicle reference length = 396 ft (Reference 11).

Bending=-moment due to structural mode acceleration data (M'sﬁ ) for

the payload length under investigation was not available when required.

In order to consider this flexible vehicle characteristic on peak loads
encountered by the vehicle, M"ﬁ.i data transmitted to Honeywell by NASA -
MSFC during the earlier study (contract NAS8 11206, modification 5) was
utilized. This data, tabulated for vehicle stations 1541, 2519, 2746, and
3256, is presented in Table 19,
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FIGURE 13 .y
TOTAL MASS of RIGID BOOSTER(M)
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FIGURE 29
GENERALIZED MASS of the 1742 BENDING MODES (n¢m,)

w TIME

NOTE:
1. REE : MSFC MEMO R-AERO- DD-16-67, ~ PRELIMINARY
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GENERALIZED MASS of the 5@
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FIGURE JI
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FIGURE 39
NORMALIZED MODAL SLOPE or e 3% ane A®

BENDING MODES ar me CONTROL ENGINE
* | CENTER or GRAVITY STATION [Y; o)
vs. TIME

‘ |
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§ 0 \ e .=m.=4m
g -
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-6 |
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1. KEF. : MSFC MEMO R-AERO-DD-16-6T, ” PRELIMINARY
VIBRATION ANALYSIS... " 3 APRIL 1967,
FIGURES 2 wvev 13.

2 ENGINE C.G. ASSUMED LOCATED AT STATION O,
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FIGURE 56.
RIGID BOOY BENDING MOMENT COEFFICIENTS M (1541) AND
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Table 19, Bending Moment Due to Structural Mode Acceleration
Coefficient Mee

| "
) -4 2 j
Vehicle | Time Into M;{i x 10~ kg-sec
Station Flight i )
(inches) (seconds) First Mode |Socond Mode !Third Mode rFourth Moaoriie
1541 8 15,09 -3.18 -2,28 3.13
74 12,08 -3, 64 -1, 96 2,58
83 11,68 -3.69 -1,98 2,64
155 9,86 -3, 54 -1,23 0. 61
2519 8 7.66 2.96 0,17 -1, 99
’ 74 7. 12 2. 8‘ -OQ 06 '3. 32
83 1. 02 2. 75 "o. 07 -30 17
155 6. 74 1. 47 -1, 47 -0, 60
2747 8 5,44 3.18 1.61 1,08
74 5, 21 3. 27 1. 44 =-0,07
155 5,01 2. 41 1. 25 -0, 41
3256 8 2,18 1. 76 1.39 1,85
' 74 2,16 1.78 1,29 2,32
83 2.11 1.85 1,31 1,65
155 2,06 1,58 2,05 0, 33

Note: Data taken from Reference 15 transmitted to Honeywell during course
of study under NASA contract NAS8-11206, modification 5.
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