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I 

1.0 

2.0 

w 

CAPABILITY OP ATLAS NFN AS A SPACE VEHICIZ BOOSTER 

lAtroduotion 

The study of the Atlaa MFN vehicle has been eubdlvlded into two 

baele oonaideretlone^flnt as an ICBM and second as a spsoe vehiole 

booeter.~ 

The ICBM la covered by Convair reports: 

AB60-Q42i 

AB60-03S4 

SW-p-17 

Missile specifications for aissile end ground support. 

This report provides results of the study on the Atlaa "F" as 

a spaee vehicle booster. 

Suaux7 

2.1 This report contains preliminary results of studies conducted 

on space vehicles made up of the following upper stages, spaee 

boosted by en unchanged Atlas "F"; 

(a) Standard Centaur upper stage, 

(b) Growth Centaur upper stage (Approoclaately 1500 

propellent capacity of Standard Centaur).   •> 

(o) Standard Centaur used with Centaur Jr. as upper etagee. 

Centaur Jr. Is 18000 Igress weight prelüioary version. 

\ 
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3.0 

2.2 Initial studUs show that th« AUas NP« ▼•hlol« «ay b« 

used In AH uflBOdifltd condition as a spao« booster for each 

of th« tbrs« uppar stags Tsralons and result im 

(a) Two.sigaa AMR condition of flight in a conplataly 

unatodifiad condition, 

(b) Thraa algaa operational condition of flight with 

angle of attack control aocoaplished by ths 

addition of easily mounted "black box" equipment. 

noteworthy apaea mission payload result? are as follows« 

Mora complete results are presented in s later section, 

(a) The Atlas *P" with Standai-i Centaur veraion hi.a th». following 

payload capability^ 

(a) 159001 in 100 H.Kile polar orbit. 

(b) 3$00# in 24 hr. equatorial orbit. 

(h) The Atlas "F" with Growth Centaur version has th-» following 

payload capabilityi 

(a) U950I in ICG I. Kile polar orbit. 

(b) a00# in 2A hr. equatorial orbit. 
Prallmin«x7 

(c) The Atlas "P" with Standard Centaur and/tentaur Jr. version 

has the following payload eapabilityt 

(a) UOOI in 21 hr. eqvatorial orbit. 

(b) A aoft lunar landing of Centaur Jr. with 2200 lb. 

payload. 

Qaoaral 

The upper stage configuratlcns included in thia report may 

Thii document contains Infoimation affecting the national defense of the United States wilhinthemeaning of trie Espion^e Laws. Title 18, 
USC. Sections 793 and 794 The Iransmmsion oqlM i^ieiaiUII/f llf llllf IIITf itl Pf$ i^nif toybn !JR|ithorind pe>on is prohibited by law 
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b« ujed to accomplish a variety of spaoa missions. Tbay ar« 

preaantad in a ganaral Banner to show the vertfrtilitjr of each 

upper stage eotafiguration, 

3.1 Configuration description« 

All three upper stage configurations may be mounted 

by means of suitable adapters directly to an unmodified 

Atlas *P". 

The Standard Centaur upper stage is an unsodified, 

presently designed Centaur space vehicle. 

The Growth Centaur upper stage maintains all basic 

Centaur features end components with exception of tank 

length. Propellent weight capacity is increased to 

45000#. 

Preliminary 
The/Sentaur Junior upper stage is siftiler to basio 

Centaur configuration with the following exceptions: 

(a) Gross weight,excluding payload,l8000#. 

(b) Tank diameter 8 feet in place of 10 feet. 

(c) One 15000# thrust engine instead of two. 

3.2 Figure 3.2 shows each upper stage version mounted on 

the umodlfied Atlas  "F". 

3.3 Configuration weight data is shown in Table 3,3, 

3.4 Propulsion data is shown in Table 3.4. 

This documem contains information affectmij the national defense of the United States Aithm the meaning of the Espionage Laws, Title 18, 
USC, SectiCiis 793 and 794 The transmission if BliyHBBrWfflPIIPTTJITWpTnTtTfynfflfn'ySI'Tf^uthorized person is prohibited by lax. 
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3.5   Load! 

3.5.1 Actual aaxiauB bending aoaents enoount«r«d 

during flight of Standard Centaur apaoe ▼ahlcle with 

AtLia "F" ara shown on Figa. 5.U thru 5.19. 

Tank B. M. realstanea oapaolty la alao ahovo. It 

rapraaanta banding oapaolty raaainlng duo to 

praaeura and buckling atrangth, af tar axial drag 

and "g" force loada have baan applied. The standard 

Centaur/Booatar configuration haa been analysed In detail. 

No dynamic work was perf oraad on the growth Centaur or with 

an upper atage due to lack of time for the atudy and lack 

of apeoiflo design data on the upper stages. 

3.5.2 Atlas "F" tank capacity to realst maxlausi 

•g" axial loads la llluatrated ty rig. 3.5.2. 

Booster aactioo burning tlae before aeparation haa 

been Halted to an amount thst will not cauae "g* 

foroea to exceed that ahowa for total weight on Atlas "F". 

top adapter of each apace ▼•hide oooaldared. 

3.5.3 Atlaa "F" tank capacity to realst ground 

«ial loads Is illustrated hy Fig. 3.5.3. Minima» 

ground tank pressure required per upper stage configuration 

will be aalntalnad. Weight of Atlaa "F* expendable 

propellent a haa been adjuated to allow for effect of 

filling back pressure. 

This document contitns mformation affecting the national defense o( 
USC, Sections 793 and 794 The transmission or thi 
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TABLE 3.A 

PROPULSION DATA 
(Nominal Thrust and lap) 

Engin« anaiK ^i ■?p»9if4q aaAaii afa 

Atlaa F 
H-2 Booster (2) 
(E = 12 Pc « 1000) 

KA-3 SotUinor 
(B = 25 Pc = 650) 

Ytrnlar (2) 
(E s 30 pc ss 500) 

fir9wth CWf w 

fittlni Jr- 

3ti If Til VftguW Soa LaTol Yaem» 

497020           552238          270.1 \ 300.1 

'; \ 

57000             80131           218.4 310.8 

900               1200           213 = 3 28^.4 

~               30000             — 420 

40000 

15000 

428 

420 

KTEi   For RF-l taopomtur« of 6GP F and «tandard conditions outsida of tba 

LgiMte| SSjSSSi.   _     fe fropallant dansitiss arat   L02 « 69.7 ib/ft3 

and V»! B 50.4 lb/ft ,   Trajaetory calculations aade war« based upon the 

influanoe of propaiiant density change upon the nominal propulaion data 

shown in Table 3.4. 
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4.0     Spec« Payload Capability 

A booster oapabillty study has bean conducted to provide 

performance estiü-ates of the Atlf>3 F using Centaur type upper 

stages.    The standard tnd growth Centaur 2£ at age configurations 

were considered as well as a ^ stage configuration having a 

Centaur Jr.  stag« above the standard Centaur. 

Calculations of paylobd capability  included the constraints 

itponod by the axial loading limits of the Atlas P.    Figure 4*1 

presents the perfcmance of these vehicles in tents of payload at 

various orbital and space missions.    The payload: shown have bean 

degraded to include the effects of boiloff, chilldown flow and 

restart rockets.    Figures 4.2 and 4.3 show the trajectory tiao 

history to 100 n.mi. orbital conditions for the standard Centaur 

configuration with payload for the 2^-hour orbit mission.    Centaur 

Jr. propellant loading was optimiaed for use with the Atlas F and 

standard Centaur.    A soft lunar landing payload of 2200 lbs. was 

obtained for that configuration. 
5.C   Dynamic Analysis 

5.1    Svuurary 
A study of dynamic loading, and stability and control has 

been conducted for the Atlas F plus Centaur vehicles. Details 

of the study are presented in this section. 

Areas of prime importance considered in the investigation 

are as follows« 

A. Dynamic loads 
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B. Effect of control system «UfMntatlon by aogl« 

of atteck or aceelaronetsr feedback. 

C. Sloshing &nd rigid body stability. 

D. ELtatlc stability. 

Two pf.yloeds,  rapreaent&tive of the idasion th^t tba Atlas P 

plus Centaur vehicle will be called upon to accommodate wsr« 

considered.    These payloada &rs 4000 poi 4s and 17000 pounds. 

The design raluss on the Atlas 7 portion of the vehicle dut 

to longitudinal dynamic loads were those diotsted by its application 

as an ICBM and not attributable to its space booster application. 

For the standard control systen. the bending moments produced 

by 2 sigme AMR wind conditions are below the limit allowable 

bending ccaent,    How-yer,  by usinf the standard control system 

augmented by an angle of attack or aoeelerometer feedback system 

the lateral flight loads can be reduced so that they are well 

belcw the lir!t allowable load for all cases considered including 

the operational wind condition:?.    Using such auxiliary feedback 

systers the steady state angle of attack was reduced to .55 degrees 

and the highest bending moment was decreased freer 13.6 x 10    in.-lbs. 

(for the standard control system) to 6.A x 10    in .-lbs,  (with 

augmentation) using operational winds. 

The feiults of a time varying analog aimulatlon of the 

St&ndax<d 'tloB plus Centaur vehicle employing either angle of 

This document contain* infortnition iffwtinf the national defant* of the United States within the maaninf of the Espionage Laws, Title It, 
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•tteok or acc«l«ration f«tdbick show that the atoady-atat« angle 

of attftck oan be reduced to 0.5 degrees at the time of naxlBUir 

dynanlc preaaure.    Root loci of these two loud alleTlatlon aohemea 

are presented to deoonatrate the stability of such methods for 

the itlas F plus Centaur vehicle. 

Resulta of analysis of the coupling of the &utopilot with 

the structural bending nodes are presented that show thot the 

systeir. is stable through flight.    It is shown that coupling of 

the first bending rode ond tha Centaur LOg tank sloshing at launch 

when these two iLodes are &t about the sane frequency is neglifihle 

and should not present a problem.    Sloshing stability of the 

vehicle considering two Atlas F tanks and the Centaur LO^ tank 

sloshing is also demonstrated.    The propellent sloshing modes 

were found to be quite stable and suggest reduction of the number 

of baffles used in the Atlas LOg tank. 

TWi documnt contiim infofmrtion tfftctini the nitional deten» of Uu United Statt« within the rtMininf of UM Espionafe Laws, Tit!« 18. 
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5,i  Dynamic load a 

5,2.1 Introduction 

This section presents the results of an inTestigatlon to 

determine tt o.;e cr'tict] lohds that would exist on the Atlas F 

plus Centaur plus Payload vehicles due to dieturbences of a 

trensient or vibratory nature. The investigations put forth are 

torpered by the fact that the Atlas F portion of the vehicles 

studied has {.Ireedy undergone an extensive study which is reported 

in Convair Astronautics Report AE 60-0355, utiliting this vehicle 

as an ICBK booster. In order to effect some cooaiitency in the 

trafttii.ent of dynamic loading the design conditions put forth in 

Report 'B 60-0?55 will be applied to the Atlas P plus Centaur plus 

Payload combinations end comparisons of the derived dynamic loads 

effected. Where this treatment produced design loads in excess 

of those rendered by the treat) nt of the Atlas F as an ICBM carrierr 

practical led relieving meoi  ma  are considered. These meohanisma 

are dlscu-sed with practical application and high reliability as 

a guide to their u-e. This dual study is being undertaken in order 

tc detemine the practicability of using an unmodified Atlas F 

vehicle (which was designed by ICBK considerations) as a booster 

for various upper stages. 

The upper stages considered in this study were Centaur with 

a 4000 pound payload and Centaur with a 17000 pound payload. 

This document contains informstion affecting Ih? national defense of the United States within the meaning of the Espionage Laws, Titie 18. 
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5.2.2 Ground Wind Loading (Including Effects of Random Vortex Shedding 

Uhen the Atlr.n F plan Centaur missile is erectod and exposed 

on the ground it muat be capable of resisting the loods produced 

by the application of ground winds. The intensity cf the Impinging 

wind will be a function of the site selected for launch, of this 

vehicle and the design risk for thia condition which is comriansurate 

with the mission phlloaophy. For the purposes of the study two 

values of equivalent steady wind intensities were assumed, namely: 

1. A 40 mph equivalent ste&dy wind velocity which 

value is exceeded only ,356 of the time, on the 

average, at the Atlantic Missile Hange (JKR). 

This value is referred to as a 3 sigma value at 

AKR. 

2. A 60 mph equivalent steady wind velocity which 

value is exceeded only 1% of the time, en the 

average, over the continental United States. 

This value is referred to as the Operational 

1% Risk Value. 

When the design loading conditions were formulated for the 

ground winds recognition of not only the effects produced by 

steady winds were accounted for but also of the effects produced 

by vortices being shed by the vehicle. The problem or random 

vortex shedding of the winds around a cylinder have been the 

Tkis docummt contains Itiformation affectinj the tutional dtfw» of tht United States within the meaninf of UM Espionage Laws, Title 18, 
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subject of recent ntudios by the NASA Ames Staff ?nd Dr. T. C, PUI^J 

of S.T.I.. The™ studies hcve shown thst in the supercritical 

Reynolds Nuji.be • region (which occurs on the Atlts F plus Centaur 

vehicles whnn ex;,osod to both. //' icph and 60 rph winds) randon. 

vortices vill be shed by the vehicle In both the lift and drag 

fltne.T. Thvse vortices, although randoir in nature, poseesa 

sufficient strength at the lower frequencies to excite the niiailee 

cantilever r.o^ies which produces loads In excess of those predicted 

Ly two-diaensional steady stf.te aerodynamic theory. It is, therefore, 

Inperative for the design of this vehicle that these effects be 

included where applicable. 

In order to predict the loads which would be imponed on the 

erected, exposed Atlas F plus Centaur misaile con.blnations the 

power opectral Inputs used were those after the Hudy of Fung, 

utllitlng an cute-correlation coeffloient of 1 to express the 

randon vortex distribution alow the vehicle length. ^ steady 

drag coefficient, C^, of .0.525 was used for both the 40 cph 

and 60 mpb wind cases. Also, eince the strength of the randoir. 

vortices shed increases with Ibwer frequency, all stages of the 

missile were assumed tr be fully tanked with a 17,00" lb. payload 

atop the  Centaur. This condition provided the lowest missile 

cantilever frequency and resulted in the highest vortex shedding 

loods. The bending moments produced by the steady drag, osolllatory 

This documtnt contains informifion affecting the national defense of the United States within th« meaning of the Espionage Laws, Title 18, 
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5.?.3 

m 

lift forces on the rlsslle were combined veotorlally tc render a 

reaulttint bending roment distribution elon^ the length of the 

nisaile.    This distribution in shown in FlfnireW for both the 

40 mph and -0 mph wind cases.    In order to deternine the total 

bending moment distribution alo."1? the jriaslle the effect^ of 

irisalignments, disconnect forces, etc. should be cocbinad with 

this value. 

When th*) vehicle is  in a condition of tanking where less 

than the full arounts of liquids are aboard the bending mOMots 

produced by erouni winds, Including the effects of randoir. vortex 

shedding, will be less than those shown in Figure 5 J . 

Longitudinal Dynamics Leeds 

When the Atlns P plus Centaur vehicle is subjected to tbe 

rapidly varying engine thrust forces produced by booster ■ nd 

■ustainer build-up and cut-off, longitudinal dynamic loads are 
* 

Imposed on the vehicle structure. In order to ascertain the 

magnitude of these dynamic loads a spring-mass model, representing 

the mass and stlffnes. characteristics of the vehicle together 

with those lateral distortions of the tank structure produced by 

an accelerating columof liquid, will be subjected to these engines 

thrust build-up and cut-off characteristics. 

These engine characteristics were obtalnod from NM and are 
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thair beat ccnjervf;*,]ve esf;:6te of thaae paror-etors ^t thla 

tine«     A typical   bccster ^nd sustblnsr engine thrust build-up 

curve ia sho-m In Figure 5.2 The delt/y tlr.e between bcoyter and 

eu^talner thrust build-up is intentionf:!  in order t,c diminish 

the lo&dinp felt by the vehicle atructure.    This VöIUö  i;? the 

stK« ts Wft:- uaed on tho SJ'-65E BlBsiloe. 

The r.issil? whr,  o^rlivd for captive  tbrvint build-up  .n.i free 

leuocb '-.t both neal  level  j,nd altltuig (10,000 feet). 

Th« iraxiEur hcctleratims experienced by the 10,  end Fuel 

Linuiin   (which  are of prire concern In  tftnk  Je?ifjri)   fo*'  both 

cr-.ptiv^ ,'jnd thrunt build-up fti'  free l^uncl   BTJ  ahown in ThfJe 5»1. 

Also .-hcvr  ;,re  VC..P f.cceJerfctionn which would bo  icposed ca the 

Mli3 ? L0o and Fuel liquids when this Tthicle i) used ss hn ICEM. 

It   ahoidd  he r^ted   thf.t   for t  dnr.l  c,-;pphilit," design in  the Atl^a F 

bcoatir  thr design leading C'-r.dltlor.2 arc  due  to uae of  the vehicle 

as in T'Py.    Therefore, for theae ocndlticn-  th'- ap.ce Br.pllcatlons 

of the Atlus F sre  net designing conditions. 

The ir.cxln.uin accelerbticn experienced  by the LC^    nJ  Fuel 

liquids  due to captive thrujt cut-off were «J sr derived.     It wii3 

assumed thtit the oiglne thrust forces wouli  Jec^y fron 100< to 10JI 

thru.it values  in 0.2 secendr.,  ..iitultanecusly for all  englne.-i. 

These vrJu? : tre shown in Tabie  5»1 Also shown sre ccripi,rable values 

o:: tit* Atljjs F whir  u.'?ed  ua i.n ICPK.    Hf;re rgain cer3p;.ri:on of the 
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THRIBT BUIID-UP A!0 COT-OFF LOAD FACTORS ON THE 
ATLAS F LIQUIDS FOR VMUO'JS UPPER STAGE LOADS 

MISSI1£ 
CONF. 

Atlas F 
ICBM 

Atlas F + 
Centaur -f 
UOOO0 ?/l 

AUas F + 
Centaur + 
17,000f PA 

LAUNCH 
ALTITIBE 

Sea Level 
10,000» 

Sea Level 
10,000« 

Sea Level 
10,000« 

LONG. LIMIT DESIGN LOAD FACTORS 
CAPTIVE THRIBT B.U. 

17 
2.5g 
2.6g 

2.5g 
2.6e 

2.5ß 
2.6g 

1.15g 
l.l6g 

1.15g 
1.16g 

1.15g 
1.16g 

CAPTIVE THRUST CO. 

Ik 
1.23g 
1.25g 

1.23g 
1.25g 

1.23g 
1.25g 

2.13g 
1.25g 

1.23g 
1.25g 

1.23g 
1.25g 

FREE LAUICH 

1 Ik 
2.13g 
2.22g 

2.0Ag 
2.13g 

2.02g 
2.10g 

1.66g 
1.75g 

1.57g 
1.66g 

1.55g 
1.63g 

T]y s Limit longitudinal load factor on \tla9 F fuel liquid 

'(.  a Limit longitudinal load factor on Atlas F LOj liquid 

TABIZ 5-1 

FORM NO MKi 

*m 



CONVAIR ASTRONAUTICS 
W 

SECRET 
WW,T.AE-60-O49.6 

acceleration-, show th t th'3 Je.Tlgn Ic-ding conditions are iue tc th1 

use of the vehicle aa &n ICBK. ) 

In-flight booster engine cut-off vma agiin ■j^suriftd tc  t).ke i 

O,'1 secr-nds tc dech.v  from 100% to 10% of booster thruat  &:.n  produced 

vpry sEfill  ficcelerct.i cr      n the liquid.    The saito  Js true of in- 

flight üusteinpr nit-'-ff. 

In sUETtiry  it li .shown tl t,t the denlgn v&luer> on the  /tins P 

pcrtion of thin  vehicle coir.t in;.! ion r.r« thono produced by ita 

tpplioht ion us an I0B^ «.nd  net sttrlbut^blr, to it.-3  aptce booster 

application. 

5.2.4       Vibration Cho^ycte latlc::  of the Vehicle 

It i'j  ccnvenler.t In Ct-lcilatlng thn flipbt !ord;i end atablllty 

ch&ract'rlstic.i en tt.    fiexihie-b died vehicle   to express  its 

elastic propertle.;  in terrr    cf frett-frte natural frequencle    and 

rot« functions.    U.inf noraal rroe theory,  th    stability annloads 

analyaea are e/^slly perforir.öd.    Vibration chf-recterlstica    of the 

Atlfi.s F plus Centaur with both a 4000 pcund r.nd a 17,000 pound 

psylor.d were    «torrined uain    •   lurped ica a distribution cf 33 

stations  und an  Influence coefficient matrix fcr    T stetions. 

Influence coefficients were developed fror- oaloulated beam 

bending ^n'.  shear jtiffresr d«t&. 

The caJculatlrnd were perforr.od  for three time  Instünts 

dviring the bcost phme cf flight, namely: 
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1. Flsiile fully tanked  (  t = 0) 

2. Missile at time cf riixivvrr, dyn^mlp pressure  (t = 60 eec.) 

1.    Missile nt tine prior to bester engine cut-off (t = 12* sec.;) 

In fill  Cbjen emy aignitio&ni   sloshing c.ft.'j-es were rw-oved.    Thf,.se 

misea were coupled btck  Into the cv-rell dynap.io equations of 

rotion ^3 generrliaed forces for thr tiir.n dependent scluticns. 

The natural frequencies and generalIted nurses for the first 

five elastic r.c^ns cf vibration ar: suirrarited in Table 5,2    Alae 

presented are the correspondInf parameters for tfce  A»](,3 ? missile 

when used {13 ari ICBM. 

Ploto of tho deflected .shapes of the first three elastic 

modes of vibration fo^ both payloads at t = 0, t s* 60 sec, c'.nd 

t = ] C?'  seoonda are shown in Figures 5 •3through  5»8 

Plots of the noie point v^rlatlonü of th • firs»   three nodes 

with time for the twe yehicle^ are shown In Figures59 aod  5»JO 

Also plotted in Pigure^ll  ore  the eorreepondlng nodal variations 

for the Atla^ F when used an sn ICBM. 

5.2.5     I-aUrel  Flight louda 

In hixro&chin*' the problec of deterr.lning the lateral  flight 

loads en the Atl^s F plus Centaur plu.; Payloed vehicle twe studies 

were perforir.ed,  namely 1 

1.    Lateral flight lodds  ir.poied by using rx standard control 

sy^ter. similar to that »^ed on the Atlcs F ICBK (i.e. 

This doaimmt eonUin» Infomutioo «ffectini the Mtionil defens« of the united Stetes within the mcininf of the Espionege Lews, Title 18, 
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control  b:-   rate arKi  rosltion gyro end pr«-progrwnir.ed 

fliglt p-th). 

2,    Laternl flight looda  iitpc-ed by fjU^pnentln^ the 

configurttlon above  with angle t.f attack or acc«l«roir.eter 

f«»dbbck within th«  crntrol Icop. 

The Mln purpose cf the dual  «iDprcaeh. wan, oni3, tc dettrr.lne If an 

augmented control nyaten. COUIT sufficiently reduce the lateral 

flieht loada on this vohlcl»  no that  rin unKodlfled Atlf.s F ICBK 

structure ooulJ be directly utilised as a booster for this protTSJ»» 

and  two,   the effect h oc.f parisan of the weight saving,  that are 

reallaed by an autr.fc^ted fjyiter ever a standard  ICBK type control 

ay r. ten:. 

To deterc.ine the lateral lof.ds imposed on th? vehicle during 

critlctil  tljces of flight    the following bntlyna'-. were perforinedi 

a) Prom optimited perfonr.ar.ee trajectories for both the 

4000 pouni tjnd 17000 pcund psyload configurations the 

time of maximum dynamic pressure end  its vriue were 

determined. 

b) The vehicle was excrined as a rigid body an'  the beadlag 

moaent distribution for a unit angle of attack at this 

dynamic pressure va., derived. 

c) The total angle of attack that would tk.  imposed on this 

vehicle when subjected tci 
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5.2.6 

1. Cpe'-aticn«]   winds - 1% risk wind profil« 

and a norrally applied 60 fps,  (l-cos)   type, 

gust {rig.%12 ttxaV}), 

2. 3 aigma AKR winds  (Pig5.12 a^Sll) and pre- 

programred flight pr th so thet the vehicle 

files e lero angle of ettbck r-etiti winter 

wind trajectory. 

3. Sone aa  (2;  except using 2 sigma AKR winda 

(Fig«,ir Pnd5JM. 

The control  aysteir. utilized in these studies wa . of the 

steward rate and position gyro type. 

d) The angles of att'-ck that would be  iinposed for  the 
e 

conditions Hated in  (c)  augBenting the control  aysten 

with an angle cf attaoV or acceleromete^ feedback loop. 

e) The followinr parameters were u ed in detenr.ining the 

maximur. latera] lords along the length rf the vehicle 

Pyn» Pres. M^^f ^9, Maglfar 

750 psf 1.7 130C fps 

Sitanderd Control  gyatein 

^tiliiing t-. atandfcrd rate and  position gyro type control 

ayster. the following criteria fo- Lngles of attack and engine 

control  deflection:;  imposed on Loth the 100 pound fend 17000 

pound pt.ylojid versions were derived: 
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n 
Wird 

Cc dltlon.' Eazlfiftd 

St«ady 3thte        Gust 

Required 

Optritlon;,! 

3 aigmiH W^R 

2 slgma AKR 

^.OOC lb. 

17000 lb. 

^000 lb. 

17000 lb. 

AOOO lb. 

17000 lb. 

^♦.5 dag. 

4.5 dag. 

3.3 dag. 

3.3 dag. 

2.2 dag. 

2.2 dag. 

2,6/, dag. 

2.6^ dag. 

2.2 dag. 

2.: dag. 

1.76 dag. 

1.76 dag. 

4,08 dag. 

3.55 dag. 

3.16 dag. 

2.75 dag. 

2.0 dag. 

2.0 dag. 

The required engine deflections Jir.ted above do not Include 

rnqulreEents for such static unb^lancos os thrust BiBallgnEient, 

geometric;]  allghnn.ent errors, c. g. offset.., etc.    An additional 

allowance ht (.pproximetely .75 dogreea jhould b    made for this 

purjjose.    The bending moment distribution ia shown In Figures5J4 

throngh5l9 for the varicun condition.:.    As CL.n bf aeon by 

ewBilnatlcn of these curves only th" ?   iigma AKR wind conditions 

produce bending rorants below th^ iillouable banding moment.! on 

UTE. the urjkcdlfled Atlar? F tank,    For otho" wind conditions the 
/ 

Atl.'^ F LOj tenk would  need increrj.;ed pressu-e to accept these 

loidii.    hl-o for the 4000 pound payload veroicn winds above 2 

alf^na WB. stretigth would  require larger engine control deflecticns 

than are now prenently availablo. 
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5.2.7       Standard "cnirol Systeir Augaer.ted ty Angle of AtUck or 
Aecelerwr.etei   Feedb&ek 

Utilizing the stfcndard rete r-nd poaition gyro control 

aysteir. r.ug»ertei wlt^   on unglv of attack cr acceltivoeter fttdbtck 

tie followi^ crltorlf- for ^n.-le cf attecV. infl control engine 

defloctlon.s  lB:pc;;fld on both the ^,000 pound :nd 17,000 pound 

psyload vrslons were derlv^di 

Required 
Aqg^e pi AttftCk Eng. Deriectlcn 

Steady State        Guot 

.55 deg.        2.U deg. 2.0   deg. 

.55 deg.        2.6/. deg. 1.75 deg. 

.55 deg.        2.20 deg. 1.7   deg. 

.55 deg.        2.20 deg. 1.5   deg. 

.55 deg.        1.76 dtg. 1.A5 deg. 

17000 lb. .55 deg.        1.76 deg. 1.25 deg. 

The bending ttooent distribution is shown in Flgure^SlM through 

5,19 for the verlcuij ccndlioM. 

The dettilrs of the actual,control  equations utilised for t,he 

angle of .-itttok cr eccel-roneter feedbtck Icop can be found  in the 

aectlor on Dynrlc Stability »nd Control.    A restutp of the 

fotture1? afforded  In relieving the leading en the vehicle are: 

1.    Either syste'"  will,  in essence,  tend to weather ccck the 

vehicle  into  the prevailing wind thus reducing th(j 

iffpo^er! bnglo of attack. 

Wind 
Condition T.VlSAi 

Operational 400C 10. 

17000 lb. 

3 slgrca AMR ^000 lb. 

17000 lb. 

2 slgna AKR /+0C0 lb. 
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?.    Since •ithe" ayster has &n Integral tern  it vts felt 

th:-.t net ies:< then l/? degree bng]e of ett»ek cculd 

be realized.    Instruicentatlon ^ccurBCles over the 

desired dynamic pressure » nd Kac}. No. regions wea 

ftssmred  to b»  ,0*- degrees. 

3.     AlthoiU'h 'i]]evlatlrn cf the gu<«t 'jrvlf  of attack will 

certainly bo reallred witl   either aystea no recount 

of auch r, roductlcn wai  &eeount.e;i  fcr in this  :jtudy. 

This will  tend to make the results censervative. 

/♦.    Augmentation cf angle of attack or i-ccelerometer 

control  with other syaters', such a-j the inertial 

guidance system,  w&a not attempted  In thia study. 

The results of this aroo cf inve';tig£jtl;n has shown that 

the btlns f missile «s designed for -^n ICBV could be utillred 

ha the booster for th?  Centaur + "ay oad ccirtinations descrlb -d 

without r.odificatlon for lateral flight lo»'d".    Conservatls» 

in the .'.ppro':Ch ht a  been utllited  in rll  these studies. 
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6.C       Stability and Control 

6.1       Introduction 

Stability ftnd control  studies  of tho Atlis F as a apace 

booster were perfcriced uala; .-in Atlas T plu.   Tentaur configuration 

with Tarioua payloH.s.    A primary area of investigation was the 

ur:e of auxiliary feadbriCk locpo emplcyin;   either angle of attack 

or acceleration f^edbuck tc reduce  the steady-atete ant:l ^ cf 

attack et raxicum dynaBic pressure and  thus achlove a reduction 

in the lateral lo:.ds on the claslle.    Such a syster  is proposed and 

it-, feealblllty  li de«on»tr6ted.    Additional at-jdles were 

perfcrmed to detarrinr- tho stability qualities of the vehicle 

when coupled with the lateral  bemUng nodes und sloshing propellents. 

Root loci are presented to show that no staMJity probleins are 

encountered due to bending cr sloshing. 

The basic autopilot configuration propcaed for the Atlas F - 

SpfiCe Booster is identical   tc the Ptlas F except for coaslderation 

jof aa   auxiliary feedback loop fcr load relief.    The position 

reference was assuiced tc be a petition gyro, located at the same 

, position as the rate gyros on the missile  (Station 975 - the stjre 

as en the F).    Very likely the poaitlrn reference,  in practice, 

will   be obtained from the guidance syateic.    For analysis purposes, 

however, a pesition gyro was used aince th« guidance aysterr. is 

not specified in detail.    This assumption ha.s a negligible effect 
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upcn the results. Figure6»1 ihow.i a  block diograei of the basic 

autopilot ocnfiguration. Nocenolature f.nd sign  conventions used 

ar« srown in Figure 6.2 

Auxiilary Feedback Loop for Load Reduotlop 

In the section en dyn&r.ic lotd- ,   It was pointed out that an 

unmodified At] ^ s F t'ink H ftdequate for tl oae structural require- 

ments iflipoied by two slgire titR wind conditions. To provide the 

captbillty of flying the Atlas F plas Centaur plus payload for 

operational wind criteria without reaorting to higher AtJ&a LO 

tank pressures and consequent increase in weight, the use of 

eithe" angle cf i ttiick or tcceleratlcn feedbeck to reduce steady 

r.tfct" &ngl^ of attack is proposed. Th se feedback loops are shown 

in the block dl&gram of Figure6'.lby dotted lines. 

As the vehicle rises through the otmosphere on its trajectory, 

it is subjected to varying wind velocities of the wind conditions 

that result in the vehicle »cqulring an angle of attack. The 

variation of the wind conditions with altitude is referred to as 

u wind profile, Since the winri conditions vary slowly, the angle 

of stback resulting fron, the wind profile Is called the steady state 

angle of attuck (as opposed to the rapir' variations In angle of 

attack arlsinp frur. wind gusts). The prlaery purpose of the load 

alleviation devices is to reduce the t-ady nngle of attack by 

turning the vehicle into the wind. Both types of auxiliary feedback 
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USC, Sections 793 and 794. The transmission or tha revelation of its contents in any manner to an unauthorized person is prohibited by law. 
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bftve an Integrtl twm | (ace Plgure6il) which causes the steady 

state angle of attack to approach tero. A constant gain terr In 

the auxiliary feedback loop is also Included to recover the 

deterioration in .jystem stability omised by  th? integral term. 

The auxiliary feedback loop is proposed tc be activated at 

apprcxlirately fcrty-five seconds, which is 15 to 20 seconds before 

the vehicle reaches maxinun dynacic pressure. Tine varying analog 

elaulatlone hbve shown that introducing the bngle of attack or 

acceleration feedback at this time reduces the steady statt angle 

of attack to 0.5 degrees at the time of maxlBum dynamic pressure. 

In addition, this auxiliary loop provides frcan 15 to 20 per cent 

reduction in the bending momont on the vehicle due to guots. After 

passing through the region of high dynamic pressure the auxiliary 

loop should be deactivated to reduce lateral drift errors. 

The root locui of the system including angle of attack feedback 

is shown in Figure 6.3 und demonstrates that the syster. is stable 

for practical values of gains. The root locus of the system 

Including acceleration feedback ia  shown in Figure 6«4. All the 

roots are in the LHP and thus, the optimum gain for ateady-state 

angle of attack reduction can be achieved. 

Thus, both systems provide relief of loads due to angle of 

attack at maximum dynamic pressure. Selections of one system over 

the other depends primarily on practical consideration of ease cf 

 i 
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mechanizing each type tnd on the influen« of each type on higher 

frequency modes. The aceeleroneto" feedback, in particular, will 

require an&lysls to determine its effect on bending codos. 

6.3 El t. a tic C9upllng 

Studies of the elaatic courling of the first three bending 

modes with the ■ utopilot tre besed on the ro<iel ahown in the 

block diagram cf Figure 6.) This model in turn is a simplification 

of the syster equations developed in Reference A. This model does 

not include the effects of sloshing or aercdynamics. Coupling of 

the bending ir.odes into the autopilot syster is through the position 

and rste yros. 

6.4 Analysis Techniques 

The results of this investig&tion are presented as root loci 

in Figures 6.r6l6.7«*nd 6.8for the first, second, and third rodes, 

respectively at three time instants cf booster flight - l&uneh, 

60 second, anJ 128 aeconds. The transfer function of the actuator 

used in this study is also shown in Fipure 6*5. (A Bode plot of 

the aduatrr phase and amplitude characteristics is shown in 
■» 

Report AR 60-0355). The roots for these loci were obtained by 

means of a digital solution of the system equations represented 

in Figure 6.5. While thie method provides a quick method of 

acquiring stability data, little insight into the problem of 

what effects stability Is obtained fror these data nlone. A more 

Thl» docwMnt contains information affectinf tha national defame of the United States within the meanini of the Espionage Laws, Title 18, 
USC, Sections 793 and 794. The transmission or the revelation of its contents in any manner to an unauthorized person is prohibited by lew. 
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gener&l un^erstfending Ren be obtained fror  a eoislderetlon cf 

the Iccn? depe-j-ture. englos frcr the ayate» pcles hnd of how thia            ; 

fcnc^e  la Influenced by ether pole;! end aeror: of thn avateir. trenafer      j 

function.    The pr3o.i -.nd xerop rray bs divided Into two groups, 

the.-;« fis^ücl{,ted with Uc rutopilct - the rctrftor, rate pyre tnd 

rstp zoir., r-.r.-i prsslhly filtern - which tr« uouelly fixed durinf 

flirht,  :.nd  these as^rcirtoc with the bendinf- modes - the TUD 

("tvil ueigs dog") teror,, tno the bonding dipole?, which c&n vr.ry 

durinr f]l-ht  'a thi bendinp ptraxnetera chtanpe.    These bending 

polir. and aercr- c-in be npprcxirc.tod for the rurpese of illustrotlon 

by 

TWD :;^IDTNG DIK^LES 

S" + le 

57.3 

S2    + V 
^ 

^7.3/c   Ki 

Although the TWD «ere loeatlcns v^ry none,  they muy be considered 

fixed since they uju.l]y vary over B very amall range on the Jw 

axis. 

k'j th« rnaaa of tie rcisnile decreases during flight the bending 

frequency, m{   ,  inc-ej. ;ea ;.nd the tending pcla (considering only 

the positive portion of the axla) Kovei up tc th^ j^axia.    The 

departure angle fror, the bending ^le can be deterr.lned «tsily by 

irebauring th'» angles froir. th.p ether zeroa and poles.    A 180 .legre« 

phase shift o«ouri whenever the pole passes up through the TUD »ero. 
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Since the qusntlty 101 (1) 
RG does net normally hnvü an arplltud« 

57.3 IcKi 
greater th&n thout tue, & ch&npfi ir. the sign of tho modhl slon» 

/f    (1) 
" HG      ,  (due to an iintincde pssaing through the rate gyro 

location)  cau;iR3 the  ^endleg zerc to pc.T:;  eve?- the bending pele 

producing 180 degree shift in ph&se cf the departure (.n^o.    The 

bending «ero is about the polo when    0 «o        *■   Positive and 

below tho role v/'nen it  la negative.    For the or. ;e of sepfarfate rbte 

and pooltlon gyrr locations the bending «ero 1c not exactly on 

the „Waxis but will  still  produce e rotation cf tho departure 

locus thst apprr&cheü 1*0 degrees. 

The effect cf prlerj or zeros not  -n the Jwaxle la t-lac used 

in ectiirftting the rothticn of the departure locua.    The sctuttcr, 

for Injtance, occurs as a qutdratlc conjugate pair of pol'!8 plus 

a first order Isp,    oince the bending pele la  on the jwaxia, 

knowledge of the ph^ae characteristic of first and  sec nd order 

functions can be ued  to estimate how rapidly the locus rotates. 

Anelysij of the Results 

No modal dtirplng was included in the equationj fror, which 

the bending irode loci were calculated.    As a result these loci 

may appear to yield unstable roots  (in tie Right Ha: f Plane) when 

such is not actually th" csae.    Actual structural damping measure- 

ments obtained as a result of full scale Atlas tests at ERB shew 

that the dar ping ratios for the first two i..o< es on the Atl'.j are 

This document contains informtion tffecting the national defense of the United States within the meaning of the Espionage Laws, Title 18, 
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as ! Igi   or higher than the fcllowingi 

liEiS 111 J^ggfl 

Lbunch .005 

60 rjecrrvls .COf 

128 aeconds .o;5 

2nd Mode 

.005 

.015 

.05 

The of feet rf structural  dftrj-lng can be TlaUÄllzed  on the 

rort locu-3 plots by shifting the ^w/wcls to the right by the smount 

cf the d;.r ping ratio r.ultiyli«»d by thn frequency of interest 

V T        y.\j*   without roving lie locus.    On loci which depart into 

the RHP plane| *. dashed line 1J dr^wn to ohown the location of the 

imaginary ur.ia for r-. cona«?rvetive value of darping. 
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6.5 F1^1 Podc 

The first lending re'e, t-.« shown In the root. ]ocl of Figure  6,6 ' 

1« stable £.t. all   tlmea since its frequency, U»^, and slope /Tl^^^. 
1 r    w J|u      » 

i.t the r&te gyro location vsry little during flight.    At launch 

the first bonding ir.cxie frÄ(,ueroy and  th» froquenc;- rf tho LC„  in the 

Centaur are very cloae tc the .s6Ke.    The root icou.i of Figure 6,9 

includea th« effect cf coupling of the first bending »ode into 

the Centaur LCL eloahing «qur.tlon.    The fuct thtit no Instüblllty 

hflaes i.T shown by the root locu3. 

6.6 Second Mode 

Both üt launch an] at nixty secondn the second mode locu», 

shown in Pigure6.7, dep»rt:j at about 90 degrees since there is 

little change in frequency.   Tho 60 seconda locus is slightly lüss 

than QO dagr^ea and arpears tc be In th= right h^lf plono (RhP), 

HoweTer, including the effect of modal dar.plnf, the roots would 

lie in the left half plane (LHP), a^ c/n le aeen freu, the location 

cf tho ^axis  f<~T b ronsurvfitive vaju» of structurhl dw^plng 
v (2) 

ratio, 3 (*,a shown on Figure 6,7).    As th» aec nd mod* 

frequency increusea, thl'  JOCUS would rotate slowly clockwise, 

When thp secrnd ir.ode frequency reaohe-i 32 radianj, however,  the 

locu.; departure onfje changes by IPO degrees as the modal pole 

passes over the TWD fero at that frequency.    The lecus then would 

be departing toward the LHP.   Further increase In frequency results 

in more clockwise rotation and increased stability.    Thus, the 

• 
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Ti:ird >:aie 

The behtiVior cf the led of the first i.nd second nodes is 

almo-t erect]y the .i^r.e BQ for the  Atlts F alone,    iiowever,  the 

thrld moce» which is phi;se stable at hll times for the /tl&s F 

without Centaur, departs toward the RHP at 128 seconds for the 

Atlfis pluj Centaur.   The difference urijeo froc the f^ct that on 

tha Atlftii F,  the slope, O ,  ch n^ea nign resulting in the 
HG 

movement of the third mode eero from below (in frequency)   the 

third mode pole to above tie pole.    Thi.> 3hift in the moie 2ero, 

produeis a 180 degrees shift in the looua departure angle frorr the 

pels just ay the departure angle rotates through the 90 degree 

position and prevents the locus from moving toward the RHP.    On the 

Atlas F plus Centaur, the modal slope dees not change ai^n and the 

locus continues to rotate clockwise toward the RHP.    Consideration 

of modal darplng on Figuretifehows  that  the third mode is stable for 

the oporeting gain (KA>1),    Further galr margine would be obtained 

by Biovinr the rate gyro pi ckage slightly aft. 

Sln^e the mod&l frequencies are low at launch, an analysis of 

the 4tf" f<n^  5th having nodil frequenoieb of 58»9 and 73.1 radian, 

respectively, was made.    Thin antJysi.s revealed that the respective 

locus departure angles fror  th^ fourth tnd fifth mode pol'ia was 

]5/. and 156 decrees, nhowirv- that  both rcnies ere phase ntab'ilred. 

This docunwnt contains infonMtien affecting the 
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Ul U. ir.r:reeni'ig flight tlr'   these frequencies I>1HO Inireaae and 

p-cvirJe additions]   g&lr. st'.bi] izttion thrtugh  üttenu.-tion by the 

centre]   ^y.-.teir. 

Inspcctic-n rf the r.od • ahapos rnd frequenclpj included in the 

dynamic Icj-ds socticr. reveals that the mod« ch^rectoristlc; that 

affect the &niJysis of the coupling of the tiutopilct and bendlnt' 

nodes for the Hle.i F plu: Cmthur with eith.or the 4000 cr 17000 

pcund payload tiro elaiost th-. abne. Due lc' thl? sittllerlty, only 

one pi^ylotid confl^uretion was aruilyted. 

Sttbility of Sloshing Prci'elient3 

Th« ecufaticn;s uind  In the tnolysi- of the stability of the 

slodhlng propellftnta «nploy i> irechenlcel  pendulut analog to 

represent the sloshing propellants  (see Reftronces B, C, and D for 

developrofint of th'se equ^t ionn).    The syater. equfcticno at 60,  -0, 

and 12P secondo for thr^e pend'-Jur.s were solved en the digital 

corp-ute" and the rea-ltinr rnct loci  nre shown In Flgurou63.0and 

6,^1   Figur« 6JD represents Uo Atlrj tank sloshing loci and the 

higher frequency Cent?>ur 10,, tt-nk t<t 60 secrnda.    however, as can 

be calcul'ted froir. the location of the Atlas LOj slcshlng root bt 

tho oportting gain (KA = 1)  this r«.ft h&.T a negative (divergent) 

"during ratio" cf &fccnt 0.001.    The Cblcul^ted ratio cf slosh 

angle to eng'.ne ingle Is l?0tl ht tl La lire.    Since thore la only 

this slight ar.ount of coupllnn beck to *.he r.l.Tslle und th^ 

This document contains information affecting the national defense of the United 
USC, Sections 793 and 794. The transmission or the 

FMM NO. k-mt 

of the Espionage Laws, Title II, 
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FIGURE  6.10 
PROPELLANT SLOSHING BOOT LOCI ATL 
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FIGURE  6.11 
ROOT LOCI-CENTAUR LO2 TANK SLOSHINS 
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dlvergebt dwüplni   r&tic 1B small with Instability occurring cnly 

for ■■ .r.hcrt tir»e;  thf; nturbcr of b&fflei;  in th-   Atlts LO2 tonk can 

be significantly raduced. 
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