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1.0 INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

This report presents the results of a Centaur/Burner IT integration
study conducted for FASA under the technical direction of Lewis
Research Center, Contract NAS3-11802. The obJjectives of the
integration study were:

1. Develop conceptual engineerirng designs to integrate
efficiently the Burner II with the Centaur launch vehicle.

2. Determine the integration requirements of Burner II Ground
Support Equipment (GSE) into the launch complex and
evaluste the resulting interface requirements with the
launch vehicle GSE.

3. Perform preliminary mission studies to establish perform-
ance of Centaur/Burner II with Titan IITB and Titan IIID
boosters for planetary and synchronous equatorial type
missions.

b, Esteblish planning level costs and a program schedule for
incorporating the Burner II cn the Titan/Centaur launch
vehicles.

The results of the study are contained in two volumes. This document,
Volume 1, contains the design, GSE, and performance data (objectives
1, 2, and 3). Volume 2 contains the schedule and cost data as well as
the integration plan which was originally released and tramsmitted to
NASA as a separate document (Reference 6).

Several other documenis were released during the course ol the study.
Although tke initiel proposal, References 2 and 3, defined the
contractor's proposed approach to accomplishing the study, a detailed
study plan, Reference U, was prepared at NASA's request after the
initial parametric performance work was completed. This provided a
more detailed "road map" for the remainder of the study and provides
a detailed definition of the various study tasks., Two progress
veviews were held during the six month study, one at the completion
of two months effort, and the other after four months, These are
documented in References 5 and 7.

A detailed description of Burner II may be found in Boeing Document
D2-82601-5, Mission Planners Guide to Burner II (Reference 8).
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1.2 SUMARY
1.2.1 Background

NASA missiocn planning reflects the need for an upper stage on the Centaur
launch vehicle, Specific studies of the Centaur/Burner II fcr high energy
and synchronous equatorial missions have 1llustrated the valur of the Burner
IT velocity inerenent, guldance accuracy and attlitude stabilizaition '
capability., Forthcoming missions to the outer planets will rely on the
Jupiter swingby gravity assist. The potential of the Titan IIID/Centaur/
Burnew IT is shown to be compatible with 1600 - 1700 pound spacecraft for
this mission, In addition the Atlas SLV-3C or a Titan IIIB/Centaur/Burner II
could send a 1200 - 1800 pound spacecraft around Venus or go direct to
Mercury with an 800 - 900 pound spacecraft.

The ebility of the Burner II to provide tae 5.5 hour coast required for
gynchronous equatorial missions allows either the Atlas SLV-3C or the

Titan IIT1B/Centauvr to place 1300 - 1400 pound spacecraft in synchronous

oroit. OSpacecraft of this size are compatible with data relsy satellite
gystems. Burner IT eliminates the need for apogee motors and transfer

coast attitude control systems in the spacecraft. Thus the spacecraft in orbit
is not required to either Jettison *“e spent injection motors or provide
sufficient control authority to retain them with the spacecraft. Payloads

of up to 2700 pounds can be placed in synchronous equatorial orbit with the
Titen IIID/Improved Centaur/Burner II vehicle.

The study contained herein provides a significant step in the process of
integrating Burner II with Centaur for future NASA missions,

1,2.2. Secope

The Burner II/Centaur integration study was divided into eleven tasks to
cover the broad aspects of the study objectives. The study pursued each

£ the tasks to the depth required to produce conceptual designs, program
docunentation visibility, and operational concepts that could be priced to

e planning estimate level. The objectives, ground rules, and magnitude of
the study effort established the depth at which each of eleven tasks of the
study were pursued. The study, of six months duration, included an initial
performance eveluation of (2) boosters (Titan IIIB/Centaur and Titan IIID/
Centaur), (7) Burner II configurations, and two types of missions for a

28 point performance matrix. Two Burner IT configurations were selected for
further stndy involving preliminary designs of a Burner II-to-Centaur
adapter and Burner II-to-payload structure and related interface details.
The structural design details established were strongly influenced by the
ground rule payload weight of 2800 pounds., Integration of the Burner II
flight stage with the Improved Centaur and integration of the Burner II GSE
into the Titan ITL complex were enalyzed. An integration plan was developed
to provide the basis for the pricing and schedule outputs of the study. The
shroud used in the study was conceptual and does not necessarily represent a
final configuration. The Cenatur was the "E" version with 60 minute coast
capability.

0-2
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l.2.3 Summgry of StPQX_ResuLEE

A sumrary bty task of the study output reveals the following:

1.2.3.1 The 28 point performance matrix analysis indicated that while

& slgnificent performance improvement wes achieved by intepgrating a
Burner II with the Titan IIID/Cer.taur and the Titan ITIB/Centaur it made
little difference which Burner II configuration was used. With this in
mind a selection was made of the Standard Burner II and a growth motor
Burner II as the configurations for the detailed integration and per-
foruwance snalysis. It also became epparent that designing for 2800 pound
synchrenous cquatorial payload .apability would penalize the lighter
weight Jower Cg planetery payioads by up to 100 1lbs. Consequently a
separate weight estimate was made for the adapter to be used with 1200 to
1500 pound plaretary payloade for the final payload vs. velocity plots.

1.2.3.2 The pechanical design of the Centaur~to-Burner II adapter and
Burier Ii-to-Payload suppori ctructure as well as the structural modifica-
tions to Purner II were completed to meet the loads and stiffness criteria
imposed by the study ground rules. The resuliing adapter design is a semi-
menocoque two piece structure. Both sections of the adapter are used for
the growth motor Burner II while only one section is used for the shorter
Standard Burner II. The structural : «difications required for the Burner
IT stage are primarily gauge changes in the existing design to react the
additional loads. The payload support structure provides a bolt circle at
the payload interface that is the same as the bolt circle at the top

(Ste. 2491.80) of the Imprcved Centaur. This payload interface definition
was selected vecause of the lack of a specific spacecraft to integrate with
and because this approach would allow the spacecraft to be flown on the
Improved Centeur with or without Burner II depending on the mission re-
quirements, The weight of the Centaur/Burner II adapter is strongly in-
fluenced by the paylcad weight and Cg location. Weight data was developed
for both a 50 percent Cg and 25 percent Cg location for the 2800 pound
ground rule payload. For the growth Burner II adapter weight for the 50%
Cg location was 209 pounds. With the 25% Cg location, adapter weight
decreased to 178 pounds. The adapter design included & separation analysis
to verify adequate clearance during in-flight separation of the Burner II from
the Centaur.

1.2.3.3 Electrical integration of the Burner II with the Improved Centaur
was analyzed in terms of wiring interfaces, signal functional interfaces,
power distribution and RF performance. All 12 Burner II-to-Centaur irter-
face wires can be carried through one in-flight separation connecte: .
Trade studjes of the routing of payload umbilical wires through Burne:r II
indicate that a second Burner II-to-Cantsur connector would be required to
get the payload umbilical down to i1he Centaur umbilical island. An RF
1ink analysis for Burner II and specified ground facilities indicated that
the Burner II Telemetry System could be modified for adequate performance
at synchronous altitude by an increase in transmitter power from 5 watts to
12 vatts and other minor system changes. Burner II Telemetry transmission
prior to shroud jettison can be handled by RF slots in the shroud located
in relation to the Burner II S-Band antenna to provide an acceptable re-
raliated antenne pattern.

0-3
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1.2 3.4 The iutentional destruction of Burner II by either range safety
comuar i or frou premature separation of the Burner II from the Centaur is
provided for with the Burner II destrucl system mounted in the Burner II-
to-Centaur adepter. The cornand destruct signal com=s to Burner II by
way of the Centaur command destruct receivers.

1.2.3.5 The Burner II/Centaur guidance systems error analysis revealed
that tne predominent error asscz’ated with Burner II integration with
Centaur was the attitude transfar error of 1.0° (all axis) associated with
transferring the attitude reference of the Centaur to the Burner II during
Buruer II gyro uncage. Methods to reduce the attitude itrensfer error were
explored. It has been determined that a reduction in attitude transfer
errcr to .U4° is obtained if the Burner II gyros are unceged during a

30 to 50 seconi non-guidance-steering segment of the Centaur second burn.
Iateral accelerometers added to the Burner II strapped down guidance
systen sens2 cross-axis accelerations due to attitude misalignment with
the thrust vector during the reference period that Centaur is thrusting
along a oreprogrammed inertial vector. Corrections are computed in Burner
II from the sensed crcss-axis accelerations so that the Burner II pitch
and yaw gyros can be toraued to be aligned with the established Centaur
inertial reference. Centeur modifications for this concept are limited to
software. Burner II changes required involve the addition of accelerometers
and some computing circuitry.

1.2.3.6 The electromagnetic interference aspect of integrating the Burner
IT with the Improved Centaur was analyzed in terms of interface signals,
grounding, and RF coupling. The latching type relays used on Burner II

for signal interfaces are highly insensitive to EMI and sufficient testing
has been done on Burner II with EMI environment in excess of the Centaur/
Burner II predicted levels to verify a satisfactory signal interface. The
grounding philosophies of the Burner II {single point ground) and the
Centeur (single point ground except for the igniters and the recirculating
pump) are different but analysis of the specific circuits involved indicate
that no edverse effects will occur. The destruct ordnance initiate circuit
is not inveived in the grounding differences because no ground exists on the
Burper II si”e of ths interface for this circuit.

1.2.3.7 Field operations for processing the Burner II at the ETR were
studied and detailed functional flow diagrams prepared. The flow diagrams
were used as & besis for establishing ETR and Seattle requirements for
ground support equipment, services and facilities. A primary consideration
was environmenial control of the payload. A concept of payload encapsula-
tion within the nose shroud was developed to provide environmental control
of the payload from the time it is encapsulated in a clean room until vehicle
launch. Equipment required to support this concept includes a transporter
assembly with suitable positioning hardware to independently support the
shroud and the Burner II/Payload combination. The only new electrical GSE
identified are minor items such as suitcase size Centaur signal gimulator,
cables, etc. The major new mechanical GSE identified is the transporter
mentioned above.

1.2.3.8 The facility requirements for integrating Burner II with the Centaur
at K.5.C. incliie a high dbay, explosive safe, clean room for the assembly of
the 5pacecraft/Burner II/Shrcud combination with the spacecraft encapsulation
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concept. Scrvice tower modifications are rinor lnvolving the removal or
medifications «;° some of the felding work platiorms.

1.2.3.9 The relicbility ol the Burusr 1L for a Titan/Cent~ur/Burner II
EYNCLIUA0US equatorial mission iz estimnted to be G55. Tals 1is considered
a valid estimate for the first fli ht of the above vehice since the Burner II
is a mature flirht system. Thnie maturity is bazed on eight successful
Thor/Burncr ii missions out of cight launches and alro on the riight
expelicnce of the Buner II system components on other vehicles such as
Scout, end Thor/Dclta. Consideration of the effects of the Van Allen belt
radiation exposure for the synchronous equatorial mizsion profile have

been included ir the estinaoted reliability of the Burner II electronic
components. The salety analysis of the integration of Burner II with the
Titan/Centaur vehicle, including the interfacing with the shroud, the
‘aunca facility anda the AGE, indicates that the hazards encount-red are
typical of current missiles and space systems involving ordnance devices,
solid and liquid propczllants and pressurized systems., The integration can
be performed within thc normally accepteble risks limits for unmanned space
systems.

1.2.%3.10 The task of integrating Burner II with the Centaur for a specific
misszion involves interfaces with the booster, Centaur, shroul, launch
facilities and payload contractors : well as the wvarious NASA agencles.
These program intexfacez wiie reviewed and an integration plan was estabe
lished to sccount for all of the tasks to be performed in the integration
of Burner IJ with Centaur for an ETR launch on the Titan booster. The
integration plan provided visibility in terms of Design, Analysis, Testing
and Documentation for the Boeing tasizs as well as ai approximation of the
Boeing tasks relative to the other contractor's and NASA's tasks. A
schedule was developed showing 15 months from go ahead to first Biiner II
delivcry for e Titan/Centaur mission at ETR. Pricing ground rules were
established to provide further program scope to the pricing effort.

Volume II of this document contains the Integration Plan and cost information.

1l.2.4 Conclusions and Recommendations

It is concluded that the integration cf the Burner II flight stage with the
Improved Centaur canu be accomplished with & minimum impact on the Centaur

and Titan programs. Interfaces, both functional and mechanical, are straight-
forwsrd and similar to concepts presently used on the Burner II and Centaur
programs. The largest ground facility requirement effect is related to the
payload and the encapsulation concept.

The material developed herein establishes a basis for general mission
planning in terms of what the Titan IIIB and Titan IIID wita the Improved
Centaur can do with the Burner II as & kick stage.

It is recommended that this broad base of information be made more useful
by performirg an integration study for a specific spacecraft and mission
that is applicable to the capability of the Iuproved Centaur/Burner II.
Such a study would arsw.or the mission peculiar questions regarding space-
craft interfacee, specific performance capability, and injection accuracy.
Speeific inforzation of this type will be required as the detailed mission
planning progresses.

0-5
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2.1 TASK 1 - ANALYSTS A'D INTE3RATION

The reason for integrating
achieve a perfcrmance gain.
performance potantial of various Burnar II confimuraziconz =nd Yo select two

configuretions for further stuly.
and velocity are those of interest o mission plannsrs soch &s

the Burnor II with the I=mproved Centawr ic
The purpose of this taslt is to explors the

sequencing, guidance accuragy and spacecralt envircn=sat.

The study effort vas initially directed toward determiring the

to

Parzsneters considzred other thon paylcal
285 properties,

Paylo2l versus

velacity and synchronous equatorial perlornmance for saven difterant Surper II
configurations on the Titan .II3 and D with the Imrcved Ccatnur.
performance estimates ware based on preliminary weight estin-tes and in scne

case preliminary booster and shroud data.

Table 2.1=-1 indicatz2s the performance

Tae initi=1

mairix of 3urner II coniigurations, Tilan Boosters, end mlssions that were
analyzed in the preliminary performance eiforte.

The results of the preliminary perforiance analysis as descrived in reference 5
D Y E

wvere used to select two Burner II configurations for more detalled desigm,
interface ard performance analysis for integration with the Imroved Cenctaur.
The selection criteria used for the Purner II configuratioas selection
involved two things: (1) A rationale of what Zurner II configurations were
cost 1likely to be Available in the cppliceble time period, and (2) the rer-
formance imprcvement achleved over the basic Titan/Centaur launch vehicle.

TABLE 2.1-1

BURNER 11

- —

SYNCH EQ MISSICN

PLANETARY MISSION

CONF IGURATIOH STABILIZATION T-111 B/CENT [T=111 DO/CENT T-11IB/CENT [T=111 O/CENT
; STANDARD Bll(|k~°’ srjiltiiiTlun X X - X X
LARGE HOTOR (5,00 : X X x X
TANDEN 14%0/1440 x X X X
TANDEM 1440/517 x X
(B114)
TANDEM 230071440 X X X X
STANDARD BI1 (), 00 :;::mzmou X X X X
LARGE HOTOR (5500 ) l X x X X

PRELIMINARY FERFCRMANCE MATRIX

1-1
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Tne Burnar IT configuratiocns selected for th: detailed po:ci of the
int2gr:tion stuly are the stapd-rd producticz version with the lt4C pound
propell2nt TE-35%2 sclid motor ard & growth verzicn with tae 2300 cotnd
propellan "::-:I-3o4-h» motor. The TE-M-254-L motor is presently under develope-

m2rt for NASA by Thiokol Chemical Corporation. An exasple of the renze cf
perforzence improvenents ofifered by the Burner II configurations is shovm in
Figure 2.2-1. It can be seen from the figure that e large p2yload or veloeity
gain is achieved by adding & Burner II to the Titm/Cen..am.r vehicle., It

can 8lso be seen that it mokes a relatively small difference which Burner II
oniguraticn is selected from the performeance stendpoint. The Stardard
Burrer IT fells at the lower edge of the performance bard end the growth motor
Burner II falls in the middle of the ranze shown.

© VATAK 111 B/CENTAUR TITAN 100 D/CENTAUR

12000 : 2000

T\

$00
e Py .
5000 FPS  panGE OF 5500 FPS o e
BLL COvEES 811 CONFIG
N I T T T 5 B
°u~ohzuuuso A8 50 52 Sh 56 58 6
TOTAL VEL ~ 1000 FPS TOTAL VEL ~ 1000 FPS
e we W THOUT BIE
wssesncances WITH DIA
FIGURE 2.2-1
1-2
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The final performance analysis was conducted for the two Burner II
configurations selected after the design analysis effort established
final weights for the Burner II, Centaur adapter and spacecraft
suprort. A base line payload weight of 2800 pounds was selected by
NHASA after reviewing the preliminary synchronous equa:orial capa-
bility of the Titan IIID/Improved Centaur/Growth Burner II. This
perlozd weight with a 50 percent Cg ground rule* was used for the
structural design effort on the Centaur adapter, the Burner II and
~h2 Burner II payload support. Early results indicated a signifi-
cz2nt weight penalty for the 50 percent Cg ground rule so additional
design inforuation was developed for a 25 percent Cg locaticon¥* in
the 2800 pound base line payload. The final synchronous equatorial
payload capabiliiy was developed using the weight statements
agpropriate for the 2800 pound payload with the 25 percent Cg
locetion. It was determined, however, that the weight range of
expected planetary spacecraft is more likely to be 1200 to 1500
pounds. Therafore & third weight estimate was made for Burner II
and adapter weights appropriate for a 1200 to 1500 pound payload.
The payle=d versus velocity plots presented in the final performance
results are based on the weight statement for a 1200 pound payload.
This approach renders the results applicable for realistic mission
plan-ing.

2.1.1 Finel Performnance Results

2.1.1.1 Performance Ground Rules

Tne date presented in this section are based on the following ground
rules:

. ILaunch Azimuth =90°
. Iaunch Site - ETR
. Parking Orbit Altitude - 100 N.M.
Flight Perforuance Reserve (FPR) = RSS (2.5% AV for each stage)

. Titan ITID/Centaur shroud jettison @ Step II ignition + 12 seconds

Titan IIIB/Centaur shroud jettison @ liftoff + 24O seconds.

. Titan IIIB Step II off loaded to maintain a liftoff thrust-to-weight

ratio = 1.2
. Fleven foot shroud weight = 4400 pounds.
. Fourteen foot bulbous shroud = 5056 pounds.

Toe flight performance reserve is assumed to be carried in the Centaur.

The Burner II vernier phase is applied to all payload velocity data.
For synchronous equatorial applications no vernier is assumed in
Burner II due to the inefficiency of the correction mode compared to
post injection correction.

2.1.1.2 Titan IIIB/Centaur/Burner IT Payload Versus Velocity

Payload versus velocity data, shown in Figure 2.1-2 and 2.1-3 are

the Titan IIIB/Centaur with the standard and growth motors in Burner II,

respectively. These data provide performance with both a 40O pound
#* percent of payload length from the bottom.

1-3
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1! foot shroud and a 5055 pound 14 foot bulbous shroud. The shroud
periovmince trale includes the shroud weight, eerodynamic end Core II
provellant loeding trades. The 11 foot shroud allows an additional
proncilant loading of 656 pounds while maintaininz the 1.2 lirtoff thrust-
to-weigat ratio constraint. .

Thieze dzta indicate the increased performance that can be achievz2d by the
adiition of the Svanlard (TE-364-2) or growth motor (TE-35k-4) versions of
Burner II in the 0-3000 pound payload region. At a Cq = 22 nglsece,

{39,300 £ps) the Stendard Burner II can provide an 888 pound payload increase
end whe growuh motor Burner II provides 980 pound increase over the Titan IIIB/
Cenvaur capzpility.

2.1.1.3 7Titen 17ID/Centaur/Burner II Escape Mission Performance

Payload versus velocity data, shown in Figures 2.1-4 and 2.1-5, are the
Titen ITID/Centaur with the standard and growth motor versions of Burner II,
fespectively. Again data on both shroud configurations are shown. The
ghroul rerformance trade includes the shroud weight and aerodynamic effects.
Tners 1s no lirtoff thruste-to-weight ratio constraint for this vehicle,
therefore, the Core II stage is always fully loaded.

The EBurner II is capable of providi.; significant performance improvements

on thls wvehicle for payloads less than 3000 pounds. It should be noted that
th2 majority of the performance gain can be achieved by the Standard Burner II
vith only small additional improvement using the growth motor.

2.1,1,4 Titan ITIB/Centsur end Titan ITID/Centaur Synchronous Equatorial
Perforaance with Burner II

Table 2.1-2 shows the synchronous equatorial performance for the Titan ITIB/
Centaur/Swmer IT and the Titan IIID/Centaur/Burner II. Data are shown

with the stanlard and growth versions of Burner IT and the 11 foot and 14 foot
shrouds.

The Titen IIIB/Centaur/Burner II capability with the TE-364-2 shows only a
smali increment in the performance trade between the 11 foot and 1k foot
saroadr. Most of the additional performance using the 11 foot shroud

ic lost due to an increase in the perigee plane change required to match the
velocity requirements to the Burner II capability. Using the TE-364-L4 allows
near optimum plane changes with the velocity match to the Burner II capability
being made by off load of the TE-364-L motor.

The Titer IIID/Centaur/Burner II performance using the TE-364-2 requires all

the plane changes. to be made at perigee and early shutdown of the Centaur. This
limits the performance to the capability of the Burner II (TE-364-2) to provide
the final, no plane change, injection. Since excess capability is available

in the launch vehicle, no payload loss results from the 14 foot shroud. The
Titan IIID/Centaur/Burner II with the TE-364-l provides significant improve-

ment in performance, however, the large perigee plane change agafh influences

the shroud trade. These data indicate that a much larger motor for synchronous
injection is required to achieve the maximum capability of the Titan IIID/Centaur
for this mission.

1-4
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D2-116103
TABLE 2.1-2
SYNCHROIOUS EQUATORTAL PERFORIANCE - TITAN TIIB/CENTAUR/BURNER IX

BURNER II MOTOR SHROUD PAYLOAD*

TE=364=2 11 Ft. 1290 Lbs.
TE-36k-2 14 Ft. 1260 Lbvs,
TE-36L4-L (WP = 18L0) 11 Ft. 1431  Lbs.
TE=2364-L (WP = 1713) 1k Ft. 1296 Lbs.

TITAN IIID/CENTAUR/BURNER II

#4TE-364-2 11 Ft. 1593 Lbs.
#¥TE-364-2 % Pt. 1593 Lbs.
TE-364-U 1 Pt. 2690 Lbs.
TE-364-k 1k Pt. 2670 Lbs.

¥Burner II/Centaur adapter and payload support d=+'---1
for 2800 Lb. Payload, for lighter payloads,the heavy adapter

and peyload support can cause up to 90 pounds penalty.
#tAssumes Early Centaur Shutdown

TYPFICAL DATA

Contact The NASA Centawur Project Manager
Levis Research Centaur, for Launch Vehicle
Performance Capabilities on Specific
Missions

1-9
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2.1.3 Burner II Mass Properties

The weight of the Burner II changes significantly for the Centaur missions.

Changes are made to the basic structure depending on mission to accommodate

larger payloads, more equipment, greater capacity Hy0p system and lengthened
rocket motor. Equipment, cablirg and RCS propellants increace accarding to

the anticipated payload and migsion

Performance weight statements were derlived for the various configurations
of mission, payload and rocket motor size studied and are shown on Table 2.1-3.

Weight eand cg data derived for the configurations studied are shown on
Table 2.1-4, cg's are located by Centaur s.ations which are defined in
Figure 2.2-1.

The effect of payload weight and Cg location on the Centaur/Burner II
Adapter and Burner II/Pa.yloa.d Support Structure weight is summarized as
follows:

Buwrner II/Centaur Burner II/Payload
Ground Rule Paylad CG Adapter Weight Support
P[L Weight Location -2 Mtr. =4 Mtr. =2 Mtr. -4 Mtr.
2800 Lbs. 50 Percent 209 130 130
2800 Lbs. 25 Percent 133 178 ' 108 108
1200 Ibs. Actual#®* 152 24 2L

#From a specific Spacecraft Design.

The equipment additions and weight are based on current or pravious usage.

The structure weight for modificstion to basic Burner II, payload adapter, and
Burner II/Centaur adapter for the 2800 pound payload are based nn structural
analysis shown in Section 2.2.5. The structure weigbt for the 1200 pound
payload is extrapolated data.

Inertia about the roll, pitch, and yaw axis were derived and are shown on

Table 2.1-5. Values are given with and without payload for the burnout aad
separation weight conditions.
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SYNCHRONOUS EQUATOPIAL PLANETARY ESCAFE
MISSION MISSION
2800 LB PAYLOAD ~ 1200 LB PAYLOAD
TE-M=-364-2 | TE-M-36%-4 TE-M-364-2 | TE-M-364-U4
MOTOR MOTOR MOTOR MOTOR
BASIC BURNER II S&FA (LESS P/L SUPPORT &
SEPARATION PROV.) 169 u; 2‘69 h; (169. ; (169.1;;
MODIFICATIONS (45.0 (70.0
STRUCTURE - PRIMARY +1 N) +9.0 +36.0
STRUCTURE - SECONDARY & BALLAST +10.4 +10 2 +3.0 +3.0
GUIDANCE & CONTROL - - - -
POWER SYSTEM ' +40.0 +40.0 - -
WIRING +10.0 +10.0 +10.0 +10.0
REACTION CONTROL SYSTEM +9,0 +9.0 +9.0 +9.0
TELEMETRY SYSTEM 4 +8.0 +8.0 - -
RESIDUAL RCS PROPELLANTS +1.0 +1.0 +1.0 +1.0
RESERVE RCS PROPELLANTS +13.0 +11.0 +13.0 +11.0
PAYLOAD SUPPORT/ADAPTER 108.0) (208.0) (24.0) (24.0)
ROCKET MOTCR INERTS 128.0) (118.0) (128.0) (148.0)
WEIGHT AT BURNOUT 510.8 560.8 366.4 b11.k
PROPELLANT 1440.0 2300.0 1L440.0 2300.0
EXPENDED IKERTS 13.2 17.0 13.2 17.0
CONTROL gzo:_, 3.5 5.5 3.5 5.5
CONTROL .5 .5 5 5
WEIGHT AT smrwm A 1968.0 2883.8 1823.6 2734 .4
cmsAzA 1.0 1.0 1.0 1.0
TION 3202 : : 10.0 10.0 10.0 10.0
WEIGHT A< SEPARATION 1979.0 289L.8 183L.6 2745.4
BURNER II/CENTAUR ADAPTER (133.5) (178.5) (115.7) (152.7)
STRUCTURE & SEPARATION PROV, 106.5 150.5 88.7 124.7
DESTRUCT & PSS 14,0 14.0 14.0 14.0
WIRING 13.0 14.0 13.0 14.0
TABLE 2.1-3

PERFORMANCE WEIGHT STATEMENTS

£0T9TT-20



e e ——

cl-1

SYNCHRONOUS FQUATORIAL PLANETARY ES_APE
MISSION MISSION
| 2800 LB PAYIOAD (25% ct) __~~ 1200 1B PAYIOAD
~ TE-M-306L-2 TE-M- 36h=k TheM=304=2 TE-M=30h=h
MOTOR ____MCIOR [ MOTOR MOTOR
WT G WT CG [ T G WT G
1B STA LB STA 1B STA LB STA
Payload (2800.0) | 2596.7 | (2800.0) | 2609.9 ’(1200.0) 2575.. | (1200.0) | 2588.3
Basic BII S&EA (Less P/L Support and
Separation Provision) (169.4) 1 2532.5 | ( 169.4) | 2545.7 " ( 169.4) | 2532.5 | ( 169.4)| 2545.7
Hkodificationl ( 105.4)| 2537.4 | ( 135.4) | 2548.8 j( 45.0) | 253L.4 | (  70.0)| 2545.8
Structure - Primary +14.0 | 2530.1 +46.0 | 2543.3 49.0 | 2530.1 +36.0 | 2543.3
Structure - Secondary, and Ballast +10.4 | 2528.9 +10.4 | 2542.1 +3.0 | 2528.9 + 3.0 | 2542.1
Guicdance and Control - - - -
Power System +40.0 | 2543.4 +40.0 | 2556.6 - -
Wiring +10.0 | 2534.6 +10.) | 2547.8 ~10.0 | 2534.6 +10.0 | 2547.8
Reaction Control System + 9.0 | 2533.5 +9.0 | 2546.7T4 + 6.0 | 2533.5 + 9.0 ; 25L6.7
Telemetry System +8.0 | 2536.3| + 8.0 | 2549.5 1 - -
Residual RCS Fropezllant + 1.0 | 2538.4 + 1.0 | 2551.6 + 1.0 | 2538.4 + 1.0 | 2551.6
Reserve RCS Propellant +13.0 | 2538.8 +11.0 | 2552.0 +13.0 | 2538.8 +11.0 | 2552.0
Payload Support/Adapter ( 108.0)| 2548.0 | ( 108.0; 2561.2 é 24,0) | 2548.0 | ( 2h.og 2561.2
Rocket Motor Inerts 128.0) [ 2519.9 | ( 148.0) | 2528.1 128.0) | 2519.9! ( 148.0) | 2532.1
Weight At Burnout-Without Payload 510.8 | 2533.6 560.8 | 25L4.6 366.L | 2529 .4 h11.4 | 2540.3
-with Payload 3310.8 | 2587.0 | 3360.8 | 2599.0 § 1566.4 | 256L.4 | 1611.4 | 2576.0
Propellant 1440.0 | 2527.3 | 2300.0 | 2534.3 | 1L440.0 | 2527.3| 2300.0 | 2534.3
Expended Inerts 13.2 | 2527.3 17.0 | 2517.9 13.2 | 2527.3 17.0 | 2517.9
Control HyCp 3.5 | 2539.3 9.9 | 2552.5 3.5 | 2539.3 5.5 | 2552.5
Control No .5 | 2538.8 .5 | 2552.0 .5 | 2538.8 .5 | 2552.0
Weight At Startburn-Without Payload 1968.0 | 2528.9 | 2883.8 | 2536.2 | 1823.6 | 2527.7| 2734.h4 | 2535.1
=With Payload 4768.0 | 2568.7 | 5683.8 | 2572.5 ] 3023.6 | 2546.5| 393h.h | 2551.3
Coast Control Np 1.0 | 2538.8 1.0 | 2552.0 1.0 | »538.8 1.0 | 2552.0
Separetion HpO2 10.0 | 2539.3 10.0 | 2552.5 10.0 | 2539.3 10.C | 2552.5
Weight at Separation-Without Payload 1979.0 | 2529.0 | 2894.8 | 2536.3 | 1834.6 | 2527.8}| 27h5.L4 | 2535.2
-With Paylcad 4T79.0 | 2568.7 | 5694.8 | 2572.5§ 3034.6 | 2546.5| 39u45.4 | 2551.3
RTI/Centaur Adsvter ( 133.5)| 2505.9 | ( 178.5) | 2512.8 } ( 115.7) | 2505.8| ( 152.7)| 2512.7
Structure ead Separation Provisions 106.5 | 2506.7 150.5 | 2513.4 88.7 | 2506.7 124,7 | 2513.4
Destruct and PSS 14.0 | 2513.1 14.0 | 2526.3 14.0 | 2513.1 14,0 | 2526.3
Wiring 13.0 | 2191.8 14,0 | 2492.8 13.0 | 2491.8 14.0 | 2492.8

v=T"2 FTIAVL
XEVANS 90 NV JHCIZM



SYNCHRONOUS EQUATORIAL
MISSION
2800 LB PAYLOAD (CG @ 25% LTH-APPROX 40" FROM BASE)

TE-M=-36L-2 TE=-M=36L -4
MOTOR MOTOR
WT INERTIA, SL FT® wr LIERTIA, SL FT°
LB ROLL PITCH YAW LB ROLL PITCH VAW
AT BURNOUT:
WITHOUT PAYLOAD 510.8 Sh.b Lh,s5 L8.6 560.8 59.5 57.2 61.7
WITH PAYLOAD 3310.8 1755, 1619, 1624, 3360.8 1761. 1675. 1679.
AT SEPARATION:
WITHOUT PAYLOAD 1979.0 103.9 90.6 95.8 2894.8 140.9 175.2 180.9
0 WITH PAYLOAD ¥779.0 180k, 2430, 2435, 5694.8 1841. 3032. 3038.
&
TAELE 2.15

INERTIA SUMMARY

©© ONTINUED)
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PLANETARY ESCAPE
MISSION
1200 LB PAYLOAD
(c.G. 20" FROM BASE)

TE-M=364-2 - TE-M=364-4
MOTOR MOTOR
wT INERTIA, SL FT- WT INERTIA, SL FT° |
LB R PITCH YAW LB ROLL PITCH | YAW
AT BURNOUT:
WITHOUT PAYLOAD 366.4 28.8 27.6 30.8 4114 33.3 h2,2 Ls.7
WITH PAYLOAD 1566.4 399. 605 . 608. 1611.4 %03. 645, 648.
AT SEPARATION:
- WITHOUT PAYLOAD 1834.6 T7.8 70.5 T4.6 2745.4 11k, 148.0 152.5
'L;- WITH PAYLOAD 3034.6 L48. 873. 877. 3945.4 L84, 1107. 1112.

TAELE 2.1 (Continued)

INERTIA SUMMARY

€0T9TT-2d
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2.1.3 Sequence of Events.

Table 2.1-6 is a Titan/Centaur/Burner II sequence-of-events for a synchronous
equatorial mission. The following discussion highlights some of the Burner II
peculiar events.

The Burner II gyros are uncaged during Centaur second burn to achieve an
accurate attitule trensfer. This method is discussed in detail in Task 5.

Ad justment of Burner II ignition time may be required to compensate for
boost dispersion effects on apogee altitude for the synchronous equatorial
mission. Since there is a fixed interval between Burner Timer start and
ignition, this adjustment is accomplished by starting the Timer following
the second Centaur burn on the basis of computed trajectory dispersions.

The hydrogen peroxide warm-up pulse is required 2 to 40 seconds before
separation to provide hot H202 jet response. By programming it to occur
21 seconds befors the nominal separation time the Timer stirt can vary
+ 19 seconds without requiring any additional commands from Centaur.

During the coast phase & slow roll maneuver is used to reduce gyro drift
errors (Events 10 through 15). Slow roll consists of a continuous programmed
roll on the order of one revolution per hour interrupted halfway through the
coast period to pitch 180 degrees. Roll rate can be adjusted over a wide
range to suit thermal requirements with little effect on guidance accuracy.
The slow rotation of the vehicle cancels the non-random drift errors of the
pitech and yaw gyros and also offers a means of thermal control for the
payload. The 180 degree pitch reverses the direction of roll gyro constant
drift and thereby nulls the drift and torquer errors sbout the roll axis.
The 180 degree pitch maneuver is also required to orient the Burner II for
injection. For the escape mission, the coast phase would be quite short

so that slow roll maneuver would not be inclided.

The vernier mcde is not required for the synchronous mission and the velocity
meter could, therefore, be removed from Burner II. Since the vernier mode is
required for the lighter payloads in the escape mission, the vernier 1is
included in the synchronous mission data as well to maintain a standardized
Burner II.

For the synchronous mission the vernier mode is not an effective correction on
the total mission accuracy and could be eliminated. This is a result of the
dominance of the bocster and the Burner II pitch attitude errors. Hence, the
correction of the Burner II longitudinal velocity errors has a negligible
impact on the total mission accuracy.

In the payload phase, orientation and spin-up maneuvers can be performed as
required. Ten maneuvers are available in the Burner II programmer, including

those used through injection. On-orbit correction capability exists although
none has been shown in *he sequence-of-events.

1-15
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TABIR 2.1-6
TITAN/CENTAUR/BURNER TI SEQUENCE OF EVENTS (SYNCHRONOUS EQUATORIAL MISSION)

EVENT ™E
BOOST PHASE
1. CENTAUR MAIN ENGINE START (2nd BURN) MES-2 )
2. GYRO UNCAGE L MES-2 + 30 BEC
3. CENTAUR MAIN ENGINF. CUTOFF MECO-2

. DISARM DESTRUCT £ 'STEM MECO-2
5. BURNER II TIMER START MES-2 + Aty

SEPARATION PHASE

6. COMMAND K202 WARM-UP PULSE
7. TERVINATE HpOp WARM-UP PULSE
8. INITIATE SEPARATION SEQUENCE . SEP

A. ENABLE SEPARATION MODE ATTITUDE CONTROL

B. COMMAND CENTAUR/BURNER II SEPARATION

C. BACK-UP COMMANDS FOR TIMER START AND GYRO UNCAGE

COAST PHASE )

9. TERMINATE SEPARATION MODE; INITIATE COAST MODE SEP + 6 SEC

10. INITIATE SLOW ROLL (1 REV/HR) INJ MINUS 5-1/2 HR
11. STOP SLOW ROLL INJ MINUS 3 HR

12. INITIATE PITCH MANEUVER (PITCH 180°)

13. TERMINATE PITCH MANEUVER )

1k. START SLOW ROLL (1 REV/HR) INJ MINUS 2-3/4 HR
15. TERMINATE SLOW ROLL INJ MINUS 1/4 HR
16. INITIATE YAW MANEUVER TO INJECTION ATTTTUDE (Yaw 53°)

17. TERMINATE YAW MANEUVER

INJECTION PHASE
1B, SWITCH TO INJECTION MODE; START VELOCITY METER

19. COMMAND BURIER II MAIN ENGINE THRUST INg
20. TERMINATE INJECTION MODE; SWITCH TO BURNER II VERNIER MODE

21. ENABLE HpOp DEPLETION SWITCH _

22, TERMINATE VERNIER MODE (VELOCITY' METER)
23. TERMINATE VERNIER MODE (PRESSURE SWITCH)

24. SVITCH TO COAST MODE

PAYLOAD PHASE

25. VAKEUVER FOR PAYLOAD ORIENTATION (OPTIONAL)

26. TERMINATE COAST MODE; SWITCH TO SPIN-UP MODE ([OPTIONAL)
27. SPIN-UP PAYLOAD (OPTIONAL)

28. COMMAND PAYLOAD SEPARATION

SEP MINUS (21 + 19) sEc.
SEP MINUS (20.55 ¢ 19) EEC.

CENTAUR
CENTAUR
CENTAUR
CENTAUR

BURNER
BURNER
CENTAUR

BIURNER
BURNER

II
II

HEHHE HH

-
o

II

HH

II

II
II
II

=}

HEHH
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2.1.4 Guid~nce Error An~lysis

2.1.4.1 Sample Accuracy Data

A typical accuracy analysis hos been completed for the Burner II applications
in the Centaur/Burner II Integration Study. Two mission applications were
considered. The Titan ITIB/Centeur/Burner II (1440) was ascumed for the
excape mission accuracy cnd the Titan ITID/Centaur/3urner II (2300)

for the syanchronous eguitorial epplication. These applications are repre-
sentative of the accuracy capzbility of the Burner II.

Table 2.1-T presents a list of the error sources that must be considered
for any applicstion of the Centawr/Burner II.

Accuracy data for the escape mission has been developed for the Burner II
alone &nd combired with a Centaur burnout coveriance matrix provided by
NASA LeRC. For the purpose of this analysis, a 100-second coast with a
30-degree pitch maneuver was assumed following Burner II separation.

The data presented in Table 2.1-8 shows the combined covariance matrix
referenced to a geocentric inertial cooriinate system. Table 2.1-9 shows
the Burner II contribution to this covariance matrix. The analysis was
completed by propagating the Cen'  ur covariance matrix via a state transi-
tion matrix to the Burner II burnout point. The Burner II covariance matrix
was added to provide the totel mission accuracy.

The synchronous equatorial mission accuracy data are shown in Table 2,1-10.
These data represent the contribution of the Burner II only. A complete
accuracy anelysis would require the definition of the booster covariance
matrix at Centaur burnout, propagation to synchronous altitude and com-
bination with the Burner II errors. The gyro drift errors in this application
are partially compensated by the use of a slow roll maneuver. The data

shown in Table 2,1-7 identifies the magnitude of the resulting drift error.

Figure 2.1-5 is presented to show the effect of the Centaur attitude
transfer error on the total Burner II error. The increase in the yaw error
for the es.ape miséion is due to the cross coupling of the pitch to yaw
error during the 30 degree pitch maneuver. This coupling is primarily due
to the Centaur roll attitude transfer error. The mission errors contributed
during Burner II burn are dominated by the Centaur attitude transfer error.
For instance, the cross plane velocity error for the escape mission,
increased from24.9 fps to 56.8  fps dwring Burner IT burn due to this
€rTore
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TABLE 2.1-T
BURGER IT ERROR SOURCE DATA FC2 TCE CZNTAUR INTEGR.TION STWDY

.

O TEREE SIGMA DATA
ERROR SQURCE . T=- 36%-3 TE-364-4
Burrer II Impulse ' 40.6% +0.75%
TE-35% Expenled Inert +2.7 Lb. #4.0 b,
Stage Weight Tolerence :300 Lb. :300 Lb.
HE50> Expenied Durirg Burn A 5.5 Nom. 10.0 Lb. Ko=.

# 13.7 3@ 25 Lb, 3a
o
*Gyro Drift 1°/gr. 1 /gr.
Gyro Torgue 119 219
Timing .02% .02%
Thrust 0ffsel Pitch 0.28° 0.28°
. Yaw 0.10° 0.10°
Control Impulse Normal Pitch 525 Lb-Sec €20 Lb-Sec
Yaw 525 Lb-Sec 2J0 Lb-Sec
L Rocket Motor Tarust Aligs with Ref. (Gyro) 0.07° 0.071°
Velocity Meter Time Prop. .01 ft/sec2 .016 ft/seca
Vel. Prop. .041% L041%
Centaur Attitude Transfer Error
Pitch bh2 k2
_ . - Taw k42 Lhy2
e ‘ A R - | S 1.3% ~ 1.15%

*Slow Roll Gyzo Drift = 0.2k =/7/6 vhere T = Coast Time in Hours

R= 0.3997/6
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TABLE IT
TITAN IITB/CENTAUR/BURNER IY
COVARIANCE MATRIX - 1G°

FEET FEET PER SECOND
b 4 Y

X Z

12.528 x 107 -7.1821 x 107 -5.2353 x 101 1.3812 x 10° 1.3451 x 10° -.75118 x 10°

k.6013 x 107 2.4788 x 107 -.6965 x 10° -.T63 x 10° .3075 x 19°
2.843 x 107 =6015 x 10°  -.58522 x 107 42798 x 10°
269.2 24,3 b2
. 282.5 -103.4
506.1

pRAD ] 6763 5332 16.4 16.8 2.5
COORDINATE SYBTEM: GEOCENTRIC INERIIAL 1950 TRUE OF DATE REFERENCE

LAUNCE DATE: ~ JAN. 1, 1970  12.00 EOURS
' " MzssTON: c; = 22 pé/sec?

PAYLOAD: 1800 LES

€0T9TT=2a
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TABLE 2.10-9

BURNER II COVARIANCE MATRIX - 1 g— FPS

N

o O O

1<

11.1

<

12.0

(S I

98.2
-15.8

17.5
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TABLE 2.1-10

TITAN IIID/CENTAUR/BURNER II (2300)%
SYNCHRONOUS EQUATORIAL ERROR ANALYSIS

3q APOGFE-PERIGEE 386 Wi
3q SEMI-MAJOR AXIS 193 NM
3¢ PERIND 1096 SEC
3g INCL INATION 0.26 DEG

PAYLOAD = 2690 LB.
APOGEE PLANE CHANGE = 2.0 HRS
COAST TIME = 5.5 HRS

* THESE DATA REPRESENT THE BURNER II ERRORS ONLY
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2.1.4.2 Burner II Accurary Definition Tezhniques

The techniques for defining the total mission accuracy for Centaur/
Burner II applications are outlined in the following text. The
mission ground rules include the following:
Escape orbit altitude = 100 Nautical Miles
. C3 = 22 Ki2/sec’
Payload = 1820 Pounds
+ Burner II coast time = 100 Seconds
. Pitch maneuver during coast = 30 degrees
« Burner II vernier control will be used.

The following data is compiled to define the attitude errors during
Burner II burn.

Attitude Errors 3

Error Source Pitch Yav Roll
Centaur Attitude Transfer L2 b2 1.0°
Burner II Gyro Drift 1°/Hr 0.03 0.03 0.03
Burner II Gyro Torquing 0.11% 0.03
Burner II Timing .02% 0.01
Burner II Thrust Offset 0.28 0.10
Burner II Control Impulse Normal 0.04 0.04
Burner II Thrust Aline W/Ref. 0.07 0.07
Cross Couple Pitch to Yaw 0.50 -

Root Sum Square 531 .680 1.0

The longitudinal velocity errors are then defined as follows:

Burner II Impulse +0.6% 28.5 fps
TE-M-364-2 Expended Inert +2.T Lb. 2.6 fps
Burner II Inert Wt. Variation +3.0 Lb. 5.2 fps
HpOp Consumption 21.7 fps

Root Sum Square 31.2 ips

Since the velocity meter is used in this application, the remaining residual
error must be defined. An error distribution with a standard deviation of

E 1s corrected by a system with a capability limit of + L. All errors below
the limit are perfectly reduced to zero, thereby producing & large probability
of having zero error. All - errors above the limit are reduced to the limit.
The standard deviation of the resultant error distribution is shown by

R vhere

1-23
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R -'\/(?NE‘)( 1-P) -ve/mr eLe"'z/""E"

vhere P is the probability of the error being less than the limit.
2
2 2 L -L(h)
.B.-[(L-.) ] _p) -2 L gzl%
oo [B)=|(g)+1(1-P)-VE F €

The correction capability for this mission 1s 27.1 fps then L/E = 2.6
and R/E = .045 for P= 2.6. . The remaining velocity error for the

Burner II is 1.4 fps.

Therefore:
Longitudinal Velocity Error 1.4 fps
Velocity Mater Error (f (AV) ) 1.9
Velocity Meter Error (f (t) ) 0.8

3 ¢ Rcci-Sum-Square 2.5 fps

The total Burner II velocity errors due to attitude and longitudinal
velocity error are then formed into a covariance matrix (lg- )

2 X R
1.2 - =2.1 -0.9

-201 35708 0
-0.9 o 217.1

Where: T, N, R is an orthogonal coordinate sysiem with fr down range,
-I; vertical and .i; normal to the oruit plane.

The covariance matrix at Centaur burnout is propagated by a state transition
matrix using the following equation:

[A)- {s1(B][s]"

Where: B 1is the initial Centaur burnout covariance matrix
S 1s the state transition matrix
A 18 the Centaur covariance matrix at P.rner II burnout

The Centaur matrix i1s added tc the Burner II matrix following transformation
into the desired output coordinate system.

When orbital missions are being consider:z:, i%2 final covariance matrix is
transformed into the desired orbital) lemeni: .y the appropriate transformation
matrix.

1-2k
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2.1.5 Payload Environr-rt

2¢)a5sl Sumary

The payload design limit =nvironmeuts are sumzarized in Fisure 2.1-T. It

is recomended that the noload primary structure be dezigned and tested

for the indicated loads cnl sviffr:ss and that the entire pzy’.ad with
compon=nts be qualified t> the acoustic spectrum while in a reverberation
chamber. Payload eguipm=nt moy be procured to the specified random vibration
and shock environrents. Shock levels irtroduced by payload separation may
exceed those estimated for operation of the booster and must be estimated
vhen details of the separation system become known. Vibration tests of

the entire payload are not recommended except to verify adequacy of structural
stiffness (modal survey) end workmanship. This can be accomplished by
subjecting the payload to a low level sinusoidal sweep environment.

Thermal environaent to the payload has not been investigated. It is essumed
that the fairing will provide the insulation necessary to maintain proper
thermal control for the payload during boost.

2.1.5.2 Payload and Equipment Limit Loads During Boost

Figure 2.1-8 specifiec 1limit load: for three loading conditions as a
function of system or equipment weight. These data are considered suitable
for use in preliminary design of payload and Burner II primary and secondary
equipment support structures. The data are intended to envelope loads
produced by all phases of booster flight incluvding possible amplification
of acoustic-vibration inputs to lighter weight. equipment. The adequacy of
these loads will be verified by detailed dynamic analyses of the combined
upper stage/booster as the design becomes firm. This method of data
presentation forms a consistent and compact set of loads which may be
utilized conveniently by various contractors working the same design. A
similer approach has been used to design Burner II/payload combinations
flown on other boosters.

The above data considers only the 2800 pound payload with the large motor.
The Titan/Centaur boost loads of 8g axial, +2o5g lateral are most critical
for this configuration. For payload welghts less than 2000 pounds using the
large motor or 1000 pounds using the standard motor, the acceleration

locads shown in Figure 2.1-9 must be considered as an additional singular
axial load condition for both Burner II and paylcad design. Loads oroduced
by Burner II motor ignition and decay iransients are less than those
considered for the steady state boost and Burner II burnout conditions.

2.le5.3 Acoustic Environment

Figure 2.1-10 displays an assembly of scoustic data for Titan/Centaur,
Titan IIIC, and Burner II/Thor. The estimatled maximm sound pressure
levels within the Centaur fairing cavitv are shown by the dotted line.
Thie estimete is based on an extrapolation of Titan IIIC flight deta and
assumed structural characteristics of the Centaur fairing.

1-25

e — _ _
e e e e T ———===EEEEEEEEEEEEEERRR————, _




e L3

91

POWER SPECTRAL DENSITY, G2/CPS

RECOMMENDED PAYLOAD ENVIRONMENTS

o DESIGN LIMIT LOAD REQUIREMENTS (PRIMARY

STRUCTURE)
AXIAL LATERAL
8g *2.59
2g #2 59

-2.4%¢ (TENSION)
© FREQUENCEY REQUIREMENTS

LATERAL BINDING FREQUENCY OF 14 CPS
AS CANTILEVERED FROM BURNER |1 INTERFACE

g

150

130
120
110
100

PAYLOAD DESIGN LIMIT LOAD AND FREQUENCY
REQUIREMENTS

OCTAVE BAXD SPL IN DB, RE ,0002 MB.

0
o

1l ) T LI T 1 ) 5 U 05 1 1
PREDICTED INTERNAL ACOUSTIC ENVIRONMENT

140(- 140DB 0A

e

l

RECOMMEND QUALIFICATI(‘)N -
— PREDICTED PLUS 5D0B FOR 2 MIN {4 _.

| 1| 1 |

31.5 63,125 250 500 1K 2K LK
OCTAVE BANDCENTER FREQUENCY - CPS
PAYLOAD ACOUSTIC ENVIRONMENT

"o T ST HH . as
pasingt et 81 1 Lt
¥ - T T BRas! iH
H .y pS 88 HIE pa o 1 H
| ili e il R
i i TTTITTTTT PREDICTED LEVEL
3 | I /TN FOR PAYLOAD COMPONENTS
* bo :__1 I’l L -qr o4 ‘xzugnélms :
1 4124417 118 1 i el i
eS8 80 s Bttt e S2s! = 35 305 et e 3
t [ i s xi' ; |
il WA Ll il
.01 + H + Y
1 b S50 SRR 05 @
— =t “—t 1+ H ==ttt —— b — H
5 HY .i =t i = “tL:F o4 e e 81 =
|| RECOMMENDED QUALIFICATION = PREDICTED X 2.25 f
" FOR 2 MIN ON EACH OF THREE AXIS i
.oo‘ll' JriaTLng: e C8 s M RO v ey il DU RO B 0 s B i o i M g 0o s 1 B b

10| 100 1000 10000
FREQUENCY - CPS

o BOOSTER OPERATION

15g, 8ms SAWTOOTH PULSE

o PAYLOAD SEPARATION

TO BE DETERMINED

FIGURE 2,1=-7

PAYLOAD SHOCK ENVIRONMENT

E0T9TT~2a



MAXIMUM LONGITUDINAL ACCFLERATION = g

D2-116103

PREDICTED MAXTMUM INERTIAL FLICH? LOADS DURIN) BOOST

3 4 9 aven 1 3 4 8 A
& Lo \ Tt - "_.L! 1 3 4 ll’lll 1 3 4 88780
882 24 IS . .- e peeg ey o { G2 suned tran oy ueg g B ity 10 Sasmasse e By = ) 0
+ e e et B s —ph s —-l.l ' f e byey yodd - e t - 4
robedd e . ferd: 4 i 1 bt . .

L T
-4

ot =

& sunimoe; bnampiiilh g

5 ==
Vo=

L GERR |

s oy vy g 7 e 5 s e 50 ) e = [ 5

'TA
e
et
Easlll

_T]

]

1

t

o

— -4

T

1

—+

B 5

—_— il L
i
L .-;
A t s 2
T IR vaR T > ; g ) IR P ]
Lo 4 ; =) | i 3= ) S i
__;.*"/'L_f | s ) mmp (it
=l duas R e, :
| = 2 H it e T
2
-1
Y|
S |
S =
S Bl | s
=
s el
1
=%
-

-a
“ & e evew—
==}
=11
=¥
T T
B 3= = =313
]
M
|

il et
1! 1 & - Ll ! | RN Iv‘; | _P 11
I i il i :

S comiepming (eiiioocll

LIMIT LOAD
..-.-__'_._.1.. e

S e—

1
~—
S O
Tt =TT

T =

|
U
= B SN |

i : ..
4 o E e £ty
1 bt e of K ¢ s =
L 80 1 o i i
‘L‘ itk i G =
g L4101 i A
1o . NO CONDITION  LONGITUDINAL LATFRAL
3

MAX. LATERAL +2,0g B
MAX. LONGITUDINAL *A *2.5g
[] wIN. LONGITUDINAL -B [

IR B 5 LA LS00 A 0 A AL LA M1 0 400 o A B
100 1000 10000

WEIORT - LB

FIGURE 2.1-8

= v
NS S———
=

e :

e o e B

122 ¢ ¥ 47 |5
»—_Il
=

MAXTMU*{ LONGITUDINAL ACCELERATION DURING BURNER II MOTOR FIRING
e —_ — ————

3
31Ax~3-s'“-'f1ﬂRL’SiLi»‘13',95e‘ie ]
LERT VT = 325 1B+ PAYLOAD.

PAYLOAD WEIGHT = LB
FIGURE 2.1-9

1-27




_ i
B
T - Mum 3
5 E:
E 5 53
" SE £ o
drg B
&ENm Zi
8d¢.WL c =
mm Yin m.wA = o
: m B 22 o
E, MS i MN (%)
‘HEBE EB5 4
okl EHE o
o) ] : e
va-ii;‘_t. T § w .
/ ® B B
A € A
=t &z K m
>
g hE
3 [ ]
" B Hgg R
< A
C gEz=
; b SHE
3 & < m
m (@] M n
o
x
<
., @@
- w
>
<
-
Q
o (@]
SNULUBEEE AN TUNTENS
TIWEHIAD
o
3 §
UYSOND!W 0220 38 €4 NI 13A3TT JuNSS3ud ANNOS aNvE 3AVLIDO0
ror S NO.
2-6823.0-5 AT T |WI
”v)mmu.lmm




D2-116103

2.1.5.3 Continued

levels are shown by the dashed lines anl were extracted from the Titan IIIC
Payload Uer's Guide MCR-68-62. The lower dashed curve represcnts an

envelope based on lavnch data acquired on five Ti‘an IIIC vehicles employing
both a fiberglass fairing and an interim metal fairing. This launch spectrum
was reduced 1.5 db to account for greater separation between the noise

source ani the payload interface on the Titan/Centaur. The upper dashed
curve is considered representative of the sound pressure levels occurring
within bulbous type fairing during flight.

The solid line spectra represent the external and internal acoustic environ-
ment experienced by the Burner II using the Thor booster and the standard
Burner II fiberglas heat shield.

Predictions of ‘he Titan/Centaur launch environment closely match the Titan
ITIC launch datu above 500 cps. Below this frequency, the spectrum is more
typical of Titai: IIIC flight data with the universal fairing. Since the
Centaur data is very preliminary,it is recommended that the maximum Titan
ITIC spectrum be used as a design enviroument for payloads and the Burner II.

The Burner II is qualified for the Thor acoustic leveis. These levels equal.
or exceed the Titan values sbove about 500 cps, but are significantly less

in the lower frequencies. Because of this higher acoustic environment in

the low frequency ranges, it is recommended that Burner II testing for this
program include an acoustic qualification test. For this test, a Burner II
stage would be placed in a reverberation chamber and subjected to the
predicted levels plus 5 db for qualification (145 db overall). Vibration
response of various equipment components would be measured. The probability of
Burner II failure due to the increased sound pressure levels is believed to be
quite low. This judgement is based on the conservative method used to qualify
Burner II equipment and & review of Titan IIIC flight vibration measurements
as discussed in the following section.

2.1.5.4 Burner II Equipment Vibration Ievels

The predicted random vibration levels for Burner II equipment were established
by subjJecting the stage to an acoustic test and enveloping the measured
response peaks. Such an envelope is shown in Figure 2.1-11 for the Thor
launch induced acoustic environment discussed previously. Each peak repre-
sents the response of a rigid component on its Burner II support structure.
While the envelope of the peaks has a significant 12.6 grms overall level,

the response of individual equipment items range below 3 grms.

Clearly, enveloping of peak responses to establish a predicted component

environment is eonservative. Additional margin is imposed by qualifying
equipment to 2.25 times the spectrum level.
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2.1.5.4 Continued

The apparent conservatism in the random vibration environment indicates

the Burner II would have a high probability of withstanding the recommended
acoustic environment of Section 2.1.5.3. Additionally, Burner II does not
contain large area-low density nor brittle items considered susceptible

to acoustic induced damage. While a ratio of Titen to Thor acoustic data,
shown in Figure 2.1-11, would indicate a significant increase in equipment
response below 500 cps (vith peaks rising above the qualification level

at 50, 120 and 220 cps), the amount of energy contained in these peeks is
quite small. The peaks lie in a frequency range generally not considered
ceritical for electronic equipment. Also, Figure 2.1-12 presents a compari-
son of Titan ITIC flight vibration measurements with the Burner IT and
payload recommended levels. This data indicates the Titan induced vibration
to equipment items is significantly less than predicted for Burmer II and
payload equipment design. While the flight measurements are at a location
below the payload cavity, it does provide some additional confidence that
the Titan acoustic environment will not result in failure of components
qualified to the recomnended random levels.

2.1.5.5 _Shock Environment

The shock environment to the Burner II and payload equipment introduced by
booster operation is considered adequately covered by a 15g, 8ms sawtooth
test pulse. This includes fairing jettison, but not payload separation from
murner II. Shock induced by payload separation systems will likely deter-
mine the payload component critical shock environments. These will be
evaluated onan indi vidual basis.

Fairing removal constituted a potential critical shock environment for

Titan ITIC boosted payload cQmponents. This source of shock is expected to
be greatly mitigated on the Titan/Centaur because of the change in the fair-
ing/booster interface as shown in Figure 2.1-13. The Titan IIIC fairing
interface was adjacent to the payload support ring. The resulting shock
spectrum environment some six feet above this interface was considered
encompassed by a 250g, O.3ms half-sine pulse as shown in Figure 2.l-
(Reference MCR68-62). The Titan/Centaur fairing interface as presently
understood will be at the lower end of the Centaur stage. Supports will

be provided near the top of the Centaur to enable load sharing between the
Centaur tank and fairing; but these are not considered 'hard" ties. Shock
eminating from fairing release must travel from the Centaur base upward
through the tank and adapters before reaching the Burner II and then pay-
load. This travel distance is approximately 28 feet. The shock environment
is not expected to exceed that shown for the 15g, 8ms sawtooth pulse.
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COMPARISON OF BIl - PAYLOAD COMPONENT VIBRATION

WITH TITAN (11C FLIGHT DATA

FIGURE 2.1-12

1-32

o=, = = T S T (T R t T md .‘\
Beli o el R ERRT) B 1 -omlo i
el as Mot [0 d 2 d T HTISEEE A1 e 2 5 o s
e --H ] ] _me A I -1
ST (% il & 1 5 B B2 3
EEE HHE AR HHLEE il a2 )]
f Sl .,m.. s et s EECE M
H e A3~ 5 e . 2 =
RERERRS HSI0H S0 DN 5 0l ; 5
i+ T vt FEEE
s =l BA : : a m mm =B
pesirlE 1 i A.. xxx EH
o Toe s Y R o SaEs
| e Zan o ]
CHTEET e ~Noeeo tum
;.ff r* Z e - —
it iesd 411 A,
i -~ = = e
Tt E uE
HITEEE L EHEp- E-2=-K% H..
[ 1 Hne =z = =~
. u sl Ixu< o e [
F: 25 = @ g - EEEE »
s T X - =ESE P
-4 2 4|1 T X}
teh : i w = ity
' 4 4.IlL s llll.
o+ 2l Ll =) EE !
: e R H4H. 3
= 88 >3 == -
- 0o >> 15 >
. - = o o< b i P o
= —- < w - -1 v
< aao = <
= 83 52 =z I
=L e
T B, - 18
bt g .wmn
% IRET pe =1 z =ah
T i
4 _ e b
HRAESESN EEEE
JrEle] : Hmun
=RGE = (A E .\W._‘ -+
= (=] —-1 = =
FZ < wvuuid S=mE
QAW O+ x ! EEEE
w -l Z ? = o e
A= Z=>uw : 25 ] =
Vo —azZ O» L :
-0 A O\ HEE aEa HH
ESxoswi ht 1 i
£Z2Z A ¥ FEEHIEHTIH : s
S ::h‘:; ﬁ. S43/,9 = ALl IVYLI3dS Y3MOd||} HHIHIH
a1 i T
- s @ o - o - -ﬂ— e~ ®» o - - - (.2 - - _.
L= ol —
— - F
. _- .




D2-116103%

SHOCK ENVIRONMENT
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2.2 TASK 2 - MECHA'TCAL DEFINITIOX

The purpose of Task 2 was to detemaine the structurcl wspects of integrating
a payload, the Burner II flizht stoage, a shroud, the Improved Centaw: and

related ground handling equinaent.

This task consiited of four major areas as outlinred below. The following
pages discuss the work ccmpleted for each of che four study areas.

. Centaur/Burner II Adapter - Work in this area was oriented toward
the development of a two-piece adapter section which accommodates
both the TE-M-364-2 and =4 motor configurations. A detail config-
uration was completed and loads and stiffness analyses were conducted.
A definition of member sizes, skin gages, ring sizes, etc., was
obtained. A separation clearence analysis was conducted to verify the
Burner II seperation from the Centaur.

« Burner II/Payload Encapsulation - An encapsulation concepi vas
developed which provides for encapsulation of the payload when
attached to Burner II during handling and transportation and during
times when checkout, ordnance installation, and other access to
Burner II is required on the pad. The discussion of Tasks T and 8
present details on the instailation and usage of the encapsulation
barriers.

o Payload Adapter - Work in this area was oriented toward a payload
interface ring identical in general aspects to the Burner II/Centaur
interface. This will permit configuring the payload to a single
interface capable of being launched with or without Burner II. A
configuration layout was completed and loads and stiffness analyses
conducted.

. Centaur/Burner II Nose Fairing Interface - Interfaces between Burner II,
the upper Centaur, and the nose shroud were defined and a conceptual
design completed. The interfaces included the payload and Centaur
forward equipment compartment encapsulation provisions, nose shroud
and Burner II handling and erection provisions, shroud access doors,
and umbilical locations.

Figure 2.2-1 below shows the payload specified by NASA and used in the
adapter and payload support structure design for this study. Payload
weight was based upon the capability of the Titan IIID/Improved Centaur/
Growth Motor Burmer II (2300 Lb.ﬂb).
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2.2.1 Centaur/Burner II Adapter

Figure 2.2-2 (SKC/I-6) is a layout of a two segment Burner II/Centaur
adapter. The adapter is designed to meet the r.guirement of attaching
uniformly to the 65 inch diameter interface on tne Centaur, and is a
common adapter suitable for both the standard TE-i-364-2 and larger
TE-M-364-4 Burner II motors. Only the forward conical section is used
for the standaid motor, and the straight aft section is added to accommo-
date the larger motor.

In order to distribute the loads from the three point Burner II base to
approximately uniform loads at the Centaur interface and attain the rigid
stiffness requirements for the vehicle, a primarily monoque shell arrange-
ment was selected with three tapered longerons and soue secondary stiffeners.
The forward section is tapered from the 62.2 diameter Burner II to the 65
inch Centaur interface to permit all the Burner II ordnance type fasteners
to be located externally for inspection and access. Also, all switches,
disconnects and system components are located externally for inspection

and access with the exception of the destruct unit which must be located
close to the side of the Burner II motor.

The aft section is a straight cylindrical unit which serves mainly as an
extension for the larger motor and contains no system components.

2-2
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The debris shield (or thermal barrier) is a separate assembly that may be
installed to fit either aduapter configuration. The design of the shield
is a flat skin with seccndary s%iffeners. Aluminum materials «re shown
for the longeron frames and :shell skin adjacent to the longerons because
they are stiffness designed. M::nesium is indicated for the i.termediate
shell skin panels where the skin Is buckling critical and extra thickness
is an advantage.

The propcsed details associated with separation hardware instaliu.iuis,
structural joints and fasteners, and other features are apparent on the
layout. Of special note are, two rows of holes in the conical section
skin for supporting a removable secmented internal work platform nsed
during Burner II installetion and details of a Centaur electronic equip-
ment encapsulation barrier. The barrier encloses the annular opening
betwecr the lower section of the nose shroud and the cylindrical extension
on Centaur supporting the electronic compartment air conditioning duct.
The design shown mates with the ducting defined on SKC-11 which may be
superceded by other configurations as the Improved Centaur stage desig:
progresses. However, the barrier shown could easily be moved to accommo-
date the Centaur.

2.2.2 Payload/Burner II Adapter

The payload support structure concept is shown on Figure 2.2-3. A 12-inch
high conically shaped section attached to the Burner II primary structure
provides the mating interface with the payload ring. T:= interface, with
a 65.92 bolt circle, is identical to the Burner II/Centaur adzpter inter-
face with the Centaur. This feature provides the capability to mount a
payload on Centaur with or without a Burner II stage. The conical section
consists of an upper ring with a T-shaped cross section, and a lower angle
shaped ring, joined by a conical shell.

The support structure is attached to the Burner II structure by three

longerons which extend from the base of the Burmer II primary bezas to
the top ring of the payload section. Three truss frames complete the

payload ring attachment to the top of the Burner II primary structure.
The truss frames provide lateral and torsjonal stability. A thin gage
aluminum skin at the top of the payload support structure forms a part
of an encapsulation barrier for the payload.

Each lorgeron is made of two channels which attach at the lower end to
the separation bolt fitting at the base of the Burner II vertical beams.
A 1/2 inch diameter bolt cctcher is mounted in the fitting to retain
the bolt at stage separati n. A ground handling lug is provided cn one
of the two cha. »1s of each longeron for handling the Burmer II during
stage assembl v
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2.2.3 Payload Encapsulation and Centaur/Burrer II Nose Shroud Interfaces

NASA specified that the payload would have to be encapsulated within the shroud
after installation on Burner II. The encepsulation is to provide environ-
mental control for the payload during the transfer from the payload/

Burner II assembly area to the launch pad.

Requirensnts for payload encapsulation and Burner II interfaces with the
standard Centaur nose shroud and upper Centaur stage were analyzed and a
conceptual design was prepared. This design, shown on Figure 2.2-k is
based on data provided in Convair-Astronautics drawing SKC-11, and NASA-
LeRC drawings CR=600310 through CR600336. The interfaces shown include
peyload and Centaur encapsulation provisions, shroud and Burner II handling
and erecticn provisions, internal working provisions and personnel access,
and Burner II umbilical connector locations. Because of insufficient
definition, provisions have not been included for accommodating the internal
ducting required to vent the Centaur forward electronic compartment which
is showu on drawing CR600319.

2.2.3.1 Encapsulation

Each of the two encapsulation bari.ers shown on Fipwe 2.2-4 is made in
three 12C degree segments, of fabric reinforced by radial stiffeners sewn
into the material.. The 120 degree segments are Joined along the nose shroud
eplit lines. The large diameter of each barrier segment is attached to
internal structural rings on each of the nose shroud sections, upper and
lower. The small dismeters are Joined to barrier support rings, one
instaiied on the Burner II payload support ring and the other on the
eylindrical) section supporting the Centaur equipment section air-conditicmning
duct. A cable and clevie assembly is sewn into the smell diameter of each
barrier segument. AdJacent segments are joined together in the barrier
support rirg by explosively sctuated pin pullers installed through the ring
and mating clevises. Three pin pullers, located radially along the shroud
split lines, are installed in each barrier support ring. Barrier releas:
prior to shroud separation is accomplished by firirg the pin pullers, which
frees the three cable sections locking each barrier into its support ring.
The payload compartment encapsulation is completed by & barrier skin
installed on top of the payload support ring.

The Burner II and payload are supported within the s hroud during erection
by & circular hendling ring containing three support beams located 120
degrees apart. Three access doors are provided in the conical section of
the shroud between Stations 2510.70 and 2528.70 for entry of the beams.

The nose shroud is supported during assembly and erection by lift cables
and brackets which are attached to the shroud. Six lift dbrackets are
located between Stations 2528.70 and 2548.70 at 15 degrees on either side
of the three shroud split lines. They are attached between shroud stringers
with fasteners t¢ nut plates located on the shroud internal rings. Six
cable guide drackets are attached in a similar manner at shroud Staticn
2734.09. Three sets of 1lift brackets and guide brackets, located 120
degrees apart are used for erection at the pad.

2-6
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2+2.3.2 Tlose Fairing Interlaces with Burner IT

Access is reguired within the nose chroui for persomnel Vo inctall the
Burner IT/Centaur adapter, the encapculation barriers and the Burper II
seperation bolts, to discoanect and remove erection haniiing ejuipment,
and to test and service the Burner II vendcl:e DPrimary perscunecl. access
is provided by a door in the upper shroud cylindrical section. The three
doors for the hardling ring support beams alco provide personnel access
vhen the ring is removed.

Support for personnel within the shroud is provided by the removable
internal worl: platform shown on Fisure 2.2-L4 and described previously.
The outer periphery of the werk platform segments are supported on the
lower nose shroud field splice ring.

Air conditioning ies required for the Burner II compartment within the
nose shroud. An opening is required for this purpose betwveen Stations
2825.70 and 25483.70 and located at 105 degrees in plan view..

The Burner II and payloed umbilicals are routed from steging connectors
located on the Burner II/Centaur adepter at Station 2515.0) (standard
motor adapter) to the wmbilical disconnect panel located in the Centeur
forward electronic cormartment. Openiags must be provided irn the compart-
ment structure adjacent to the panel position to accocmodate the cables and
connectors. A door, not shoim, will be required throuzh the nose shroud
adjacent to the panel position to provide working access for installing

the connectors on the panel.

An overboard drein umbilical is ~equired to the Eurner II Hy0p Reaction
Control System pressure relief wvalve. This umbilical will be fabricuted

in two sections. Oae inboard section will connect between the Burner II
valve and & coupling installed in the shroud skin at Station 2538.70 and
121 degrecs. Thne coupling to the valve will be a lanysrd operated self=-
sealing quick-release type. The lanya.J) will be connected to a svructural
ring on the shroud. Wnhen the shroud is jettisoned, the lanyard will retract
the inboard uwmbilicel from Burner II. The coupling on the shroud skin will
be identical to the coupling to Burner II. The ground-half will be connected
to an outboard drain umbilical installed on the umbilical tower. A ground
lanyerd will disconnect the outboard drain umbilical from the shroud at
lift-off.

Flgure 2.2-5 suamarizes tihie Trade Study for selecting the approach to inter-
face the Burner II RF transmission requirements in the Centaur Nose Fairing.
The results of this study show that installation of RF slots in the licse
Fairing to re-radiate the RF energy from Burner II is the best approach.

RF windows in the liose Fairing were considered impractical because of the
large aperature required. The RF slots will be covered by RF transparent
material to maintain structurcl ana thermal integrity of the Nose Fairing.

An RF slot differs from an RF windcw in that the slot re-radiates a new radiation
pattern essentially independent of the pattern of the originating antenna. An
RF window is made large enough and transparent enough to have minirmm effect on
the originating antenna pattern.
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2.2.4 separatior Aralysis

The Burner II cen separate from the Centauwr - .opter in {licht with the. same
separation system presently used for the Thor,Bwner TJI. The Burner IT
separation sequence consists of the release of three separation nuts and

a six second burn of the aft facing HpOp motors. The Hy0, motors (Jets)
are all normally on during the six seconds phoce and aie gndividually
pulsed off for control during separation.

Centaur/Burner II separation clearance was anslyzed with the design 2800
pound payload (payload Cg 93 inches above payload sep.rati-n plane; "507 Cz")
including the effects of relative translation and rotation caused by control
Jet forces and control jet plume impingement on the Centaur and Purner II
during separation. The analysis was made for the TE=-M=-36k-l large motor.
since its deeper penetration into the adapter jresented a worse case,

Burner TI control H;0, jJets of 65 pounds and 125 pounds thrust were eveivaled
to account for jJet mounting as shown on Figure 7.2-6 and exiended jet
mounting arms being considered to meet control torque requirements with
lower thrust motors. 7he analysis shows more cha: adequate clearance
between the Burner II main engine nozzle lip and adapter structwre and

equipment.

Figure 2.2-6A which gives the relative longitudiual displacemaat versus
time from separation initietion, shcws that 0.82 and 1.13 seconds for

the 125 pound H,0» Jets and 1,13 ani 1.56 seconds for the 65 pound Ho0O2
Jets 18 required to clear tne destiuct mechanism and the edapter ring at
the separation plene. Table 2.2-1 which gives r2lative lateral displacement
shows that worse case latezral displacement at the destruct system, the
most critical to clearance, is less than 2 inche~ cut of an available
clearance of 8.75 inches with less than 2 inches displacement &t the .
separation plane, out of an available clearance of 1£.0 inches. Xelative
velocities iuperted during the & second HpO, separaticn phase greater
then 20 ft/second for the 125 pound thrust Jets ani over 10 rt/second
for the 65 pound thrusters.
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TABLE 2.2-1
CENTAUR/BURNER Il - SEPARATION LATERAL DISPLACEMENT

SINGLE AXIS - DISPLACEMENT INCHES

DESTRUCT MECHANISM SEPARATION PLANE
LONGIT DISP = 19,5" LONGIT DISP = 37.5"
125 LB JETS 65 LB JETS|| 125 LB JETS 65 LB JETS
* SOURCE 0.82 SEC 1.13 SEC |[ 1.13 SEC 1.56 SEC
1. CENTAUR ACCELERATION ® 1 0" 0" 0" 0"
Il
2, BURNER Il H0p JET FORCE
DURING STABILIZATION
(2 JETS ON)
CENTAUR ROTATION ® "L23v 15" 32" .20"
CENTAUR TRANSLATION @ .08" .06" A1 .08"
BIl TRANSLATION ® .09" 07" 2" .09"
3. BURNER Il Hy 0, JET FORCE © - b2 - 43" -.83" - 84"
(4 JETS ON) l
4, BURNER Il ROTATION TO ZERO (® 16" 21" 21 .30"
GYRO ATTITUDE W
I
5. BURNER |1 DEAD ZONE + 0,2°(® .38" .38" 38" .38"
6. CENTAUR CONTROL FORCES
CENTAUR ROTATION ® 34" A A7 . 66"
(0.1 o/s)
CENTAUR TRANSLATION ® .02" 02" 02" .03"
(MIN IMPULSES - ) '
0.25 LB-SEC)
SUM OF DISPLACEMENTS, INCHES  0.87" 0.91" 0.80" 0.90"
TWO AX1S DISPLACEMENT
RSS = (yZ )(SINGLE AXIS),IN, I 28" 1,27" s 1. 270
CLEARANCE AVAILABLE, IN, 8.75" 8.75" 16.0" 16.0"
\
NET CLEARANCE, IN, 7.5" 7.5" 149" 7"
2-13
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2.2.5 Strength and Stiffness Analysis

This section discusses the design criteria and basic structural requirements
used in the analysis of the primary structure and defines the structural
sizing required to mzet the strength and stiffness requirements. Structural
sizing is presented for the Burner 1I/Centaur adapter, Bamer II structural
modification, and the payload adapter. A typical stiffness analysis is
included in this section to illustrate the methods of analysis which were
used to predict the flexural stiffness and shear stiffness of the study
configurations.

Structural sizing is presented for two payload configuratioans, each weighing
2800 pounds. One configuration has 2 center of gravity at 50% of its length
as shown cn Figure 2.2-1 and the other has a center of gravity at 25% of
its length. The payload interface was derined by study ground rules as a
ring type which reacts distributed loads. The large motor (TE-M-36L4-4)
Burner II configuration was considered for all structural sizing since it
produces a more severe loading requirement.

The study analysis determined that the bending structure of the Burner II
and the adapters was generally designed by stiffness rather than strength
requirements. The shear structure was generally found to be strength
designed.

The paylcoad adapter design and structural weight is strongly influenced

by the requirement for distributed loads at the payload interface. The
ring structure required to distribute the interface loads into the Burner II
three longeron structure accounts for approximately 50% of the adapter
veisht .

The Burner II structure requires modification to support the weight of the
large motor and to react the shear loads from the 2800 pound payload.

2.2.5.) Design Criteria and Requiremsnts

The structural design criteria and requirements are summarized in Figure 2.2-7.

SAFETY FACTOR CRITERIA

Limit 1.0
Ntimate 1.25
DESIGN LIMIT LOAD REQUIREMENTS
Axial Lateral
8g +2.5¢
2g *2.5

=2.5g (Tension)
FREQUENCY REQUIREMENTS
6 cps Cantilevered From Centaur Adapter

FIGURE 2.2-7
DESIGN CRITERIA & REQUIREMENTS
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2.2.5.1 Continued

The structure is designed not to yieid at limit flight loads nor “ail at 1.25
times 1imit loads.

The design limit load requirements result from the boost condition. The
combined condition of 8z axial, +2.5g lateral was specified by NASA-Lewis

in memo 9361:CRl. An additional combined load of 2g axial, +2.5g lateral
and a -2.5g (tension) sinzulai' condition are used to design structure for
tensile loads. The combined condition is meant to cover possible loading
induced by upper atmospheric turbulence in the maximum Q oC flight regime.
The 2.5g tension load was observed in an analysis of the Stage 1 engine shut-
down event as reported in Martin Report MCR-67-332 (Vol. II, Part I, IX-1).

The 6 cps lateral bending frequency requiremert of the upper stage as canti-
leverad above the Centaur adapter will reduce both dynamic loads and inter-
action with the booster ccntrol system to acceptable levels. This value was
recomnended by Boeing on the basis of previous loads and dynamic studies and
was accepted as a study ground rule by NASA.

2:2+.5.2 Design Limit Loads

Figure 2.2-8 displays the upper st _e design limit bending moment, shear
end axial loads resulting from application of the 8g axial, 2.5g lateral
factors to the maximum weight payload (2800 pounds) and Burnmer II with the
lerge motor. The bending moment is shown for both the 50 and 25 percent
payload c.g. distances above the Burner II interface. Loads for the other
two inertial load conditions of 2g axial combined with #2.5g lateral and
the 2.5 axial tension can be found by appropriate ratio of the above values.
These two conditions are not critical for any of the structure.

The design incorporates three longerons connecting the top of the payload
adapter with the base of the Burner II. The majority of bending moment at
the base of the paylcad will be reacted by a couple action in the longeroms.
The shear load at the base of the payload and the bending moment caused by
this shear will be transmitted through the adapter and Burner II structure.

Much of the primary structure is designed by the stiffness considerations
defined in Section 2.2.5.3 rather than by the above loadin. requireuents.

2.2.9.3 Preliminary Stage Stiffness Ditctribution

Figure 2.2¢7 presents a bending and shear stiffness distribution wiich will
provide the € cps stasge bending frequency above the Centaur adapter. The
method used for establishing this stiffness distribution is defined in
Section 2.2.5.4. Stiffness requirements for both the 50 and 25 percent
payload c.g. height above the Burner II interface are presented. The shear
stiffness remains the same for both conditions since~ the shear rigidity

is determined primarily by strength requirements. Although the data shows

2=15
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PZPER STAGE DESIGN LIMIT LOADS

PRELIHINARY STAGE STIFFNESS
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N

T T

2500

DISTRIBUTION

1007 /. LG /
1 HOTES' ’J G i
- STAGE F EQU(JNGY Ag bl
CAMILEVEREG FROM | |-
2192.9 1= |- 6,0cps
e IR o Bl 3 by
#PAYLOAD FREQUCKCY AS
| CANTILEVERCY FR?
- lsTA 25604 = ps-—'
% SR Il IO L ol PN I My G
5 A 1o
‘l)‘:. _....l-,..._g- ,i 1 g 'x !.. ..:
LT Tl
S AL i :
204 Fap b 1, HEYNE
O R e i
. : ' v l .;' .,.’ i !
L i ) i
«2/5

TTTTTTT

T

FIGURE 2.2-9

2-16

w

o

ﬂ‘OI‘.UVO'IMHS'A
II‘OI'M‘l'Wl“"

L)) ,Ol = SSINJJILS NVIHS = Y9,




D2-116103

2.2.5.3 Continued

a constant shear and bending stiffness over the adapter and Burner II, the
Aactual hardware stiffness may be tapered to provide the same equivalent
stiffness over these sections.

2.2.5.4 Esti~ation of Stiffness - Link Technigue

An appreximtion of the first mode cantilever bending frequency (f) of a
complex structure can be determined by use of Dunkerley's equation as shown
in Figure 2.2-10. The configuration is first divided into a convenient
number of structural seciions or links. The cantilever bending frequency of
each 1link model is computed as a function of link stiffness assuming the
mass above the link is infinitely rigid. Approximate equations for these
models are easily derived by energy methods (An example is shovn in Figure
2,2-11). The 1link frequencies f,---f_ are then combined as shown below.
Overall stack cantilever frequencies getermined by this technique are within
:k% of those obtained by more detailed analysis using a digital computer
program which solves the exact equations for a vibrating Timoshenko beam.

I

> Tf/ﬂ V/

|

FLEXIBLE LINK 7~

f2 2 ¢ 2 2 2

£ 2

1

FIGURE 2.2-10 - FREQUENCY ESTIMATION TECHNIQUE

f3

H //
) Y
5 RIGID LINK “VRT
r
i 4 177777
. L.l L., .1 £
5

fh f

Five links were considered in the preliminary stiffness analysis of the
Burner II/Centaur configuration. They inclufed the payload, payload adapter,
Surner II, Burner II/Centaur adapter, and the upper adapt :r ring supporting
the Burner II. The frequency required for each link to ield a combined
freqeuncy of 6 cps is 13.4 or say 14 cps. The relationsnip between shear
and bending stiffness distribution for a particular link was established so
their combined effects produced a 14 cps 1link.
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A W,, T, KA O

/ FLEXIELE LINK RIGID LINK 11

W), W, - LB

11 - IN LB SEC

Ly, Lp - IN _
FIGURE 2.2-11 - TYPICAL LINK MODEL

2

Figure 2.2-11 1llustrates a typical link model where the rigid element is
simulated by a concentrated mass and moment of inertia. The flexible link
mass 1s assumed uniformly distributed over its length. Applying energy
methods, the cantilever frequency as a function of the bending stiffness
becomes

f(cps) = 1 12 FT K;
i 217 KK
W 2 1 2
vhere &'f(?ﬁ*?ﬁ%*%‘%%)
. 2 2\ 2 2 2
Ke'[)é"l(l‘e +3"11'2'31‘1) v 9T (3‘1’1‘2)]/1‘2
L,° + 3L, L, + 30,°
& 5
Ly

by

8
o
=
3

The resultant link frequency is approximately
1 1

- +

-
I N

EI KGA

The frequency contribution from each stiffness can be set equal to establish
preliminary distributions or adjusted to correspond to actual hardware values.

2.18




D2-116103

2.2.5.5 Effect of Upper Stage Flexibility On Unper Staze Response

The effect cf payload flexibility on upper stage response has been s tudied

by Boeing for Atlas end Thor boosted vehicles. One such indicator is shown

in Figure 2.2-12. The ordinate is a ratio of the flexible payload response

in the first free-free mode cf the total vehicle to the response of a rigid
peyload attached to the same booster. The abscissa is a ratio of the payload
freguency as cantilevered from the booster interface to the total vehicle
first free-free mode frequency. To reduce responses resulting from payload

or upper stage flexibility, the upper stage cantilever frequency should be

at least 1 1/2 times the total vehicle first mode frequency. For preliminary
structural sizing, a frequency ratio of 2 is recormended to allow for uncertain-
ties in upper stage mass-structural definition. (i.e. using the Titan IIIC mode
data in Figure 2.2-13 as representative for the Titan IITD/Centaur.)

i
i
'
i

RECOMMENDED —— 3

MM MU ————————]
FREQUENCY ———————

—RATHO-F OR———————
PRELIM DESIGN ——

SYAGE CANTIL FREQU!
AL VEMICLE FIRST MODE FREQUENCY

FFFECT OF UPPER STAGE FLEXIETLITY OF UPPER STAGE RESFONSE
FIGURE 2.2-12
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2.2.5.5 Continued

Figure 2.2-13 displays the first three bending modes of the Titan IIIC
during flight.- If these are assumed respresentative of the Titan IIID/
Advanced Centaur vehicle, the upper stage cantilever frequency should be
5.6 cps or greater to minimize payload response due to its flexibility.
Note that the frequency should be based on the second mode since the

upper stage response¢ in the first two modes due to booster thrust vectoring

would be additive.

"TITAN IIC MODE SHAPES

TITAN ITIC MODE SHAPE3

FIGURE 2.2-13
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2.2.5.5 Continued

A qualitative assessment of the Titen IIIC and Titan I1ID/Advanced Centsur
indicates the tvo vehicles have essentially the same total weight, however,
the Titan IIIC is about 20 feet shorter between the Titan base and payload
interface. Assuming both vehicles have the same stiffness characteristics,
the Titan ITID/Advanced Centaur free-free frequeacies would be about 0.8 of
the Titen IIIC for the same payload. Based upon the previous criterion,
the minimum upper stage frequency above the Centaur should de 4.5 cps.
Therefore, selection of 6 cps appears sufficiently conservative from a
viewpoint of reducing upper stage response due to its flexibility.

2.2.5.6 Adapter Analysis

The Burner II/Centaur adapter is designed to meet the link frequency require-
uwents of 14 cps and provide adequate strergth to support the Burner II and payload
£o: the design load conditions. The adapter must also redistribute the con-
centrated loads introduced from Burnmer II. Adapter loads and a definition of
major structural areas are shown in Figure 2.2-1k.

The analysis of the adapter can be divided into three major areas:

« The concentrated load redistribution structure
« The shear panels adjicent to the redistribution structure
« The forward ring which redistributes the lateral shear loads

The shear panels are strength critical while the redistribution strieture
and the ring are designed by the frequency requirements.

ADAPTER LOAD DISTRIBUTION
50% PAYLOAD CG LOCATION

A3u0 LB Ag0C LB

-~

SHEAR PANEL

. CONCENTRATED LOAD REDISTRIBUTION
ULTIMATE LOADS - BASED ON 8,0g AXIAL
& 2.5g LATERAL

FIGURE 2.2-14
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2.2.5.6 Continued

The concentrated load redistribution structure consists of a tapered longeron
which unloads into a shear panel. The structural sizing in this area is
defined by the frecuency requirenents which are in terms of the beam bending
stiffness of the adapter. In simple terms, this requirement is satisfied

by providing sufficient load carrying erea in the awapter cross section to
attain the necessary section moment of inertia. The effective longeron
areas at the top and hottom of the adapter are determined by this method.

The shear lag effects of unloading the tapered longeron must be considered
to define the effective area acting with the longeron at other stations in
the adapter. To define the effective area and the resulting distribution
at the adapter lower interface involves a rigorous analysis which includes
the effects of the stiffness of the Centaur adapter. Experience has shown,
however, that the distribution can be estimated by assuming a 25° ghear lag
angle on either side of the tapered longeron. The skin gages and load
distributions are then defined as shown below.

. Structural sizing of the concentrated load redistribution structure is
defined in Figure 2.2-15 and 2.2-16 for the 50% ani the 25% payload c.g.
locations. Comparison of the two designs shows that the design is strongly
affected by the payload center of 3ravity location. TBe average bending
stiffness requirement decreaies from 66.4 x 107 1b-in“ for the 50% c.g.
=ondition to 38.6 x 10° 1b-in for the 25% c.g. condition. The member sizes
for the 25% c.g. location are approximately 57% of the requirement for the
50% condition.

CONCENTRATED LOAD REDISTRIBUTION STRUCTURE

50% PAYLOAD CG LOCATION
EFFECTIVE AREA - N2 BENDING STIFFNESS
42500 LB E1 X 1079 LB - IN2

t=,22 .
-\ l -— 2.9 b2 .4

|/ \

L EFFECTIVE AREA )‘\L
(_l,ll .\' \\ - 6.2 90.4
Letttteteeteteets ,

T AVERAGE = 66.h
1530 LB/IN (MAX)

FIGURE 2.2-15

2-22



D2-116103
CONCENTRATED LOAD REDISTRIBUTION STRUCTURE

EFFECTIVE AREA - IN2  BENDING STIFFNESS
34700 LB El X 109 LB - IN2

- 1.7 24.6.

1 EFFECTIVE AREA |

<
Wi |

(. -— 3.6 52.5

LU..U_U- tﬁi-ﬂu _  AVERAGE =’ 36.6

1170 LB/ IN (MAX)
25% PAYLOAD C.G, LOCATION

FIGURE 2.2-16

SHEAR PANEL

MAGNES IUM ALUMINUM
SKIN _ SKIN
CONF IGURATION GAGE t WE | GHT GAGE (t) WE | GHT
UNSTIFFENED PANEL .10 .10 26.9 LB .08 33,1 L8
SINGLE MID RING .09 .098 | 26.h .071
STIFFENED PANEL .063 | .095 | 25,5
FIGURE 2.2-1T7
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2.2.5.6 Continued

The shear panels are designed by the 8g axi=l, 2.5g lateral lo=d condition.

A comparison of magnesium and aluminum skin ie¢cisns is shown in Figure 2.2-17.
The selected configuration uses .10 magnesiu: unstiffened panels. The mag-
nesium panels are approximately 20% lighter thun a comparable aluminum panel.
By using a fully stiffened panel, a weight savinz of approximately 2 pounds
could be effected (.8 pounds of payload). This must be balanced against the
increased cost and complexity.

A single intermediate ring stiffener does not provide a significant weight
saving. The shear panel design is the same for both payload center of gravity
locations, The penels are strength critical, and lateral shear loads are not
affected by center of gravity location.

The upper ring on the adapter redistributes shear loads from the three

Burner II attach points into skins of the adapter. As shown in Figure 2.2-18,
this redistribution involves an interaction of the adapter ring, the Burmer II
lower platform, and the motor structure which is an integral part of the
platform. This structural system is sized to provide sufficient stiffness

to meet the 14 cps link frequency requirement. Based on a stiffness analysis
involving all the bulkhead elements, a ring design with an area of 1.08
square inches is required for the alapter. Sizing of the Burner II lower
platform is also based on the bulkhead stiffness analysis.

ADAPTFR RING

BULKHEAD ANALYSIS = LOWER
N PLATFORM

BURNER 11
’

ADAPTER RING

FREQUENCY REQUIREMENT = 14 cPs

FIGURE 2.2.18
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2.2.5.7 Burner IT - Paylo2d Support Structure Analysis

Figure 2.2-19 illustrates the type of payload support structure selected.
In this design, the bending moments are reucted through the three main
longerans external to the Burner II. The lateral shear loads are trans-
ferred by shear flow into the upper ring. The upper ring includes a
triangular internal strut system to help redistribute these loads into
the truss structure which carries the loads to the Burner II upper deck.

The design of the payload support ring structure is dependent on the
loed distribution at the payload interface. The two extremes of load
distribution are shown in the figure. The fully uniform distribution

is seldom achieved in practice and the concentrated load condition
requires a payload structure capeble of reacting concentrated loads. The
potential weight saving of the concentrated load approach can be achieved
only by integrating with a compatible payload.

. PAYLOAD - BURNER II INTERFACE
27 LB/IN 250 LB/IN LOAD DISTRIBUTION
50% PAYLOAL CG POSITION

1790 LB 24400 LB

8750 LB
= l 8750 LB l
| o
T rT\ 3 |
(N | | P\
I 1) A | ‘ \
| | ' | L
C‘l_"‘_"::.::‘l_"' Ci___:::—’l-'
l 8750 LB l 8750 LB
1670 LB 31300 LB 1670 L8 31300 LB
DISTRIBUTED LOAD CONCENTRATED LOAD

*ULTIMATE LOADS, BASED ON 8g AXIAL, 2.5g LATERAL

FIGURE 2.2-19

The distributed load condition prescnts a complex problem in which the degree
of load distribution is strongly dependent upon payload structural characteristics.
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2.2.5.7 Continued

For this study, the ring support systen is sized to have sufficient strength
to carry the distributed loads showné The upper and lower flenges of the
ring structure become largze (1.25 in“) due to the torsional moments produced
by the distributed ring load.

In actual practice, the loads would be more concentrated over the support
points because of payload stiffness. The load distribution could be improved
if required, by increasing ring depth, or area, or by providing additional
ring support points as shovn on some candidate configurations.

The concentrated load configuration assumes semimonocoque payload construc-
tion with three longerons. The ring would be sized by stiffness requirements
and an area of approximately .75 sq. in. would be required. The concentrated
load approach would result in a pgyload support structure weight approximately
65 pounds lower than the baseline adapter weight.

The baseline payload adapter structure is defineC in Figure 2.2-20. The
adapter is designed to react a distributed axial load and shear flow at the
payload interface. To provide bending stiffness in an efficient manner,
external longerons paralleling the Burner II structure have been incorporated.
These longerons are tapered over tlL- length of the ring web to shear their
loads into the web structure.

This design uses the longerons to provide bending stiffness and the Burner II
structure to provide shear stiffness. A truss structure carries the shear
loads from the upper ring to the top of the Burner II.

The ring loading in this design introduces a torsion load which is reacted
by differentisl bending of the ring flanges.

The shell structure of the ring was shown to be most efficient when stiffened
magnesium skins were used.
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PAYLOAD ADAPTER
50% PAYLOAD CG POSITION

e _13/— .25 m: STRUT
.25 IN? STRUT
1E&=] = / .13 .N? STIFFENERS
2

— T 3S /'4 1,25 IN® RING
N » o g 5
T Vi F\\\ g 21 /)é
e 2
SHEAB STIFFNESS _L /1T > 578 g
x 106 LB-IN2 —/
BENDING STIFFNESS ?
X 109 L3-IN2 SKIN /-1-9 IN® LONGERONS
o | @
.5 IN? STRUT
1.25 IN2 RING
VIEW A-A~
FIGURE 2.2-20

2.2.5.8 Burner II Structural Modifications

The Burner II primary structure as modified to meet the strength and stiffness
requirements for this mission is defined in Figure 2.2-21. The modifications

are similar to the ones designed ani successfully tested for the SESP 68-1
mission.

.05 CONE SKIN & UPPER

.3 IN? COMPRESS|ON STRUT /" DECK SKIN
(STRAIGHT MEMBERS CONNECTING
TOPS OF THREE OUTER CHORDS): ” \

.3 IN% INNER CHORD

.06 WEB

.b IN? OUTER FLANGE
.05 WEB

1.7 IN? MOTOR
SUPPORT RING

.5 IN2 OUTER CHORD

3" SEPARATION BOLT

BURNER II STRUCTURE
FIGURE 2.2-21
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2.2.5.8 Continued

Primary modifications tc the Burner II structure are: increasing the skin
gage of the cone and forward bulkhead from .0l to .05; increasing the plate-
form skin gage from .036 to .050; increasing compression strut area from
«15 to .3 in“; increasing the inner and outer chords of the vertical beams
and modifying the lower platform to attach the motor support ring.

These modifications are required to provide adequate shear stiffness to
meet the bending frequency requirements and to provide strength for support-
ing the large motor. In general, the modificationsdictated by the large
motor installation provide the necessary shear stiffness. These changes to
the Burner II primary structure increase the Burner II structural weight by
46 pounds.

2:2.5+9 Burner II - Payload Support Structure Stiffness Analysis

A summary of the stiffness analysis of the Burmer II and payload support
adapter is presented in this section. The analysis defines the procedures
followed in performing a stiffness analysis and verifies that the structure
meets the stiffness requirements defined in Section 2.2.5.3. The structural
model used for analysis assumes that the payload bending moment is reacted
by three support points rather than by distributed ring loads. An analysis
that ad=quately considers the ring redistribution structure would be consid-
erably more complex and would require a good definition of the payload
interface structure. For this study, the stiffness characteristics of both
support concepts are considered to be the same.

The analysis includes the calculation of the strain energy in the structure
produced by a force at the payload center of gravity. The bending stiffness
and shear stiffness of an equivalent beam are then determined by matching its
deflections to those calculated at the payload c.g. station for the actual

configuration.

A 15% energy increase due to joint flexibility has been included in the
analysis.
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BURNER |1 - PAYLOAD SUPPORT STRUCTURE STIFFNESS ANALYSIS

PAYLOAD TRUSS
——-  STA 2557.4

BURNER Il

¥ — STA 2530.9 (SEPARATION PLANE) -

ADAPTER

STA 2492.9
4 | N\

SUMMARY OF ENERGY EQUATIONS
R

/‘ 1. ADAPTER RING I=.9 IN!
<
R=30 IN, X
}%////_ \ﬁth
¥ 3
R, :{ o ;
q(6) .
N\ | //RB q (6) = E2%5m sinco)
\ o
"T
R
. 20 (1)
[ ps | [ 63.51117 , (Ps )
6 | pem| |e3smr essinr <~ S ] pom |
U107 o [ | 31,0165 319165 73.2932 S~o R,
| R3 J | -149.2k13 -1h9.2k13 51.51262 359.80.94% | R3 |

REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR. §
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CONSIDER THE LOWER PLATFORM AND BEKDING IN
THE OUTER CHORD AS PART OF THE ADAPTER RIMNG

OUTER CHORD

A=.5 IN2, |=.5 |t LOWER PLATFORM |INNER
CHORD A=1.73 IN2
INHER CHORD
A=.4 N2 LOWER PLATFORM
WEB t=.0
CONE SKIN t=.060 IN
t=,050 IN UPPER DECK 2°
A=.3 [N2
/1;:\\\ MBI
—_—t
|
R, =
Psm _
—
/ |
1|

BEAM WEB t=,060 IN

LOWER PLATFORM
OUTER CHORD A=.4 |N2

A, LOWER PLATFORM AND OUTER CHORD BENDING ENERGY
T
Ps ) [24.9362 ] Ps)
MBII .081275 .000404 SYM MBI I
be1o-61  Psm(|19.63283 051133 15.50393 { psmb(2)
Ry ||-30.91398 - 104249 -23, 98044 41.72068 Ry
Ry J |-33.58222 -.098304 -26.67873 41.60379 61,6045 | Ry |
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B. INMER AND OUTER CHORDS, CONE SKIN AND BEAM WEB ENERGY

145208 S~ SYM Ps

U=lo'6 [Ps Mgyy Psm| [.012k79 ,002127] \~\\ ST (3)
-~
.155916 ,001159  ,01270G6 Psm

C. UPPER DECK ENERGY

T L]
[ Ps ) [1.39372  ~_ 1( Ps )
~,
Mpri] |.01502 ,00021 S~ SYM MBI 1
~
Psm{ |.03548 ,00051 .01095 >~ . Psm
u=10"%" } ~< < b (L)
Mp/Lf |.05865 .00069  .GO145 ,00255 =~ Mp/L
~
Ry -.24221 -,00353 -,03092 -.01081 11147 =~ R2
L Ry | |-.11805 -,001527-.03123 -.00471 ,08776 .0812f  R3 |
P

3. PAYLOAD TRUSS

RING 1=.48
STRUT A=.5

q(6)= '-z’-jsm(o)

DIAGONAL A=,3 iy
LONGERON A=,25 \

(5)

U

8.79686 . 198558] Ps

10-6 [PS MP/L]
.198558 .011422 MP/L
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k. MAIN LONGERONS

i

5. TOTAL ENERGY

U=10"

([ "]

T

Ps
MBIt
Psm )

IMOIL

fr)-
)

v=10"% [ML Ps Mgj| Psm np,._]

L"s‘

L

I.

.382698

218088

2

A= 2, 05 IN

U=6.

115.12535 99.20417
99.20417 L21,49764

.0009184 ,15
.0000207 .33
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281x10° "% M2 (6)

182.94153 -,099831 -175.95'22 -,00471

[-63.07269 -.107779 -55.92786

Ps
81643 ,0001057 Mgj
02173 -.0000137 Psm

Mp/L

(8)

SUBSTITUTING Ry AND R; INTO THE TOTAL ENERGY

.000
0

0
0
¢

6281

16. 32523\

.,o.oe,]

SYM

047064 00266
3.78202 -,002135 3.293277> o

.253048 00068

2-32

-.002051

+013971

Ps

MBI
Psm

Mp/L

Ps

MBI
Psm

Mp/L
\

',HLT

(7)
0006281 § <~ Y™ 1( ")
=5 e oz i
0 i .1087741 0027411 S~eo Mgl
o ie3. 315396 .0528689 79.038759 T~ i | Psm
0L 257203 00069 .0 2'.':a.........2.'3.9..73.2.....:.:.:.,...,,;. s | [P
0] -63.072.69 +.107773 -55.92786 -.01081 115, 12535 R2
| 0§ -182.94153 -.099831 -175.95122 -.20471 §99.20417 uzu.usw.i [ Ry

H9)
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SUBSTITUTING

ML = M-Mp .
£ (10)
MB” = Mp/L + 12 Ps
Y[ .o006281 . (M)
: $OOERE g‘:~.. s |
- ] 5~ ~ : P
U=‘06< e f ° 7559975 \\'; ) s » (11)
Psm 0 3.756€4 3.29327 - ~.\’ Psm
(Mp/LJj - .0006281 239952 -,oohiae_ 0185991 ] | Mp/L )
MpsL = -0337705 M - 18.277874 Ps +.225065 Psm (12)
SUBSTITUTING EQTNS 8,10 AND 12 INTO THE SUM OF 1 AND 2,
THE ADAPTER RING SYSTEM ENERGY [S:
.00355 M
U=IO-l0 [M Ps Psm] 6.462381 L5924, 74 Ps (13)
Psm '
SUBSTITUTING EQTNS 8,10 AND 12 INTO THE SUM OF 3, 4, 5
AND 6, THE STAGE ENERGY IS:
6.06534 M
u=10"10 [M Ps Pyn] 108.3364 70289.46 Ps (14)
Psm
STIFFNCSS CALCULATION
M = 83.15 Psm = 0 h = 38.5 IN,
-10 2 2
ADAPTER  U=10 (.00355 M° + 12.92562 MPs + L5924 74 Ps”)
RING 6 _ 2
SYSTEM = 4.7024 X 10°° Ps
S.R. = Ps’ = 106,300 #/IN (15)
20

233 .
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BURNER 11 STAGE AND PAYLOAD ADAPTER
U = (6.0653L M2 + 216.6761 PsM + 70289.46 Ps2)10~'0

10 10

El = _h 10 '° = 3.17X 10 (16)
2(6.0653%
A = __h10'®% o 2.86x 10° (17)
2(702689.56) -_hZ
3EI

ASSUMING A 15% INCREASE IN ENERGY DUE TO JOINTS

92,500 #/IN - !

S.R. =
El = 27.9 X 109 # IN2 50% C, G. (18)
GA = 2.51 x 106 #

FOR A C,G, HEIGHT OF L1.6 INCHES (25%) AND CHANGING THE MAIN LONGERON

AREA TO .95 INZ, THE STIFFNESS CORRESPONDING TO EQTN (18) IS:

S.R. = 93,600 #/IN
El = 13.3 x 109 # In? 25% C.G.
GA = 2.55 x 10° #

THE STIFFNESS REQUIRED TO MEET THE REQUIREMENTS OF SECTION 2.,2,5.3 IS:

El = 26 X 107 LB-IN? ) .
GA = 2.5 x 10% LB !

9 2
El = 12 X 109 LB-IN ——
GA = 2.5 X 106 LB J
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2.2.6 Weight Analysis

Weight data are presented in Tables 2.2-2 and 2.2-3 for the payload adapter,
Burner II prirary structure modification, and the Burner II/Centaur aedapter.
All the weights are based on designs using the TE-M-364-4 rocket motor.
Separate weights are shown for designs that will accommodate a 2800 pound
and 1200 pound payload. The 46 pound weight increase noted for the basic
Burner II is made up of changes to accommodate the TE-M-364-L4 motor and

the payload support system.

The tabulation shows the Burner II structure weight data for a 2800

pound payload with the Cg located at either 25 percent (41.6 inches from
the base) or 50 percent of the length from the base. The weight derivation
for the 2800 pound payload configurations is substantitated by the
structural analysis presented in Section 2.2.5.

The tabulation also shows the structure weight data for a 1200 pound payload
with a Cg 20 inches from the base. The weight of the payload adapter

and Burner II primary structure modifications are obtained from analysis

of previous Burner II payload support studies feor this size payload.

The weight of the Burner II/Centaur adapter f.. the 1200 pound payload is
extrapolated from the stage adapter analysis for the 2800 pound payload.
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TABLE 2.2-2
PRELIMINARY WEIGHT BURNER II/CENTAUR ADAPTER
2800 LB PAYLOAD ~1200 LB

PAYLOAD
504 CG 25% CG CG 20"

FROM BASE
SKINS - ALUMINUM 6k4.3 36.4 33.8
- MAGNESIUM 2%6.9 2.9 21.5
T ONGERONS 12.7 Tk 6.9
SKIN SPLICE/STIFFENERS 1.7 10.1 b.2
FORWARD RING 2.4 21.4 19.0
CENTER RINGS 1.2 1.2 © 10.2
AFT RING ' 8.1 8.1 6.1
DESTRUCT - ACCESS & SUPPORT 1.5 1.5 1.5
DEERIS SHIELD 7.0 7.0 7.0
SEPARATION HARDWARE 10.0 10.0 8.0
FASTENERS | 7.3 T.5 6.5
TOTAL STRUCTURE 18i.1 150.5 1247
DESTRUCT & PSS COMPONENTS & INSTALLATION 1L4.0 14.0 1k.0
CAELING : 14,00 1k.0 14.0
TOTAL 209.1  178.5 152.7

This weight statement summarizes the Burner II/Centaur adapter weights and
11lustrates the weight reduction achieved by lowering the payload c.g. from

50% to 25% of the payload length.

Significant weight reductions occur in the aluminum skins and the longerons.
A slight increase in the stiffening weight is caused by adding stiffeners
to each side of the longerons to prevent buckling of the reduced gage skin

panels.
A weight reduction of 30.6 pounds is produced by lowering the c.g. to 25%.
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TABLE 2.2-3

WEIGHT SUMMARY - PAYLOAD ADAPTER AND BURNER II PRIMARY STRUCTURE

2800 LB PAYLOAD ~ 1200 LB

PAYLOAD
50% CG 25% CG cG 20"
WEIGHT WEIGHT FROM BASE

LB LB WEIGHT LB
MODIFIED BURNER II
STRUCTURAL SHELL 21.k 21.b4 17.9
BEAMS 2.7 2.7 18.5
LOWER DECK 11.0 11.0 8.5
UPPER DECK 8.2 8.2 6.8
KOCKET MOTOR SUPPORT 16.9 16.9 16.9
CONTINGENCY 3.8 3.8 3.4
SUBTOTAL 82,0  82.0 72.0
PAYLOAD ADAPTER
LONGERONS 17.3 8.2
LOWER RING 24.6 21.6
SKIN 13.9 12.4
SKIN STIFFENERS - b.L 4.0
UPPER RING 25.8 22.7
STRUTS 15.3 15.3 17.5
GUSSETS, FILLER, FASTENERS, DOUBLERS, CLIPS, ETC. 16.2 13.5 3.5
CONTINGEICY (Payload wire bundles, etc) 12.5 10.4 3.0
SUBTOTAL 130.0 108.1 24 o%»
TOTAL 212.0 190.1 96.0

#JEIGHT INCREASE OF L6 LB OVER BURNER IT (LESS PAYLOAD SUPPORT)

#*THREE POINT PAYLOAD SUPPORT SYSTEM INCLUDES BURNER II TYPE
PAYLOAD SEPARATION SYSTEM
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2.3 TASK 3 - ELECTRICAL DEFIITITIOlN

The purpose of thics task 1s to define the Burner II electrical subsystem
configuration and performance requirements for integration with the Centaur
and Payload systems and to identify the electrical subsystem interfaces.

2.3.1 Burner II Electrical Subsystem

Figure 2,3-1 shows the baseline Burner II electrical subsystem components
and the primary power distribution. The Burner II electrical subsystem:
changes required to integrate with the Centaur electrical subsystem for the
mission specified in Task 1 include the following arees:

a. Add signal relays in the Burner II Relay Box for the Centaur
Guidance and Control interface as defined by Task 5.

b. Replace €-Band Transmitter with a unit having higher RF output
power &5 determined by the R.F. Link Analysis.

i | o 5y

| 129! fa s

l |°\|\(} sqUTS FOVER o

! r——Ol v "‘ggx“nom
1

— '{bo 20 WOC SUBSYSTIN FOVER >
I— TEVERTER ——— VISRATION

Fg'" BI1/800STER
SEP SQUIBS

PAYLOAD
SEP SQUIDS

gy REIAY 3OX

EI1 MOTOR
GNITION

‘ Eo, s
vALYES
FROGRANER h—

W S
"] vaLvzs

MO Bs FOVER

FIGURE 2,3-1 ELECTRICAL POWER AND DISTRIBUTION
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c. Revise Burner II Timer program to contrcl the event sequence
for the synchronous orbit mission.

d. Increase battery capacity as determined by the Electrical Load
Analysis.

e. Revise Burner II wiring installation to provide electrical inter-
faces with Centaur and Payload.

The Burnar II electrical power and distribution system utilizes separate batteries
for the Guidance and Control and Telemetry systems to provide assurance cf data
recovery in the event of a Burner II malfunction. A single Ground Power Change-
over Switch controls transfer from ground to airborne power and also provides
electrical isolation of the pyrotechnic circuits when Burner II is operating

on ground power. All pyrotechnic circuits are shielded-twisted pair in

compliance with applicable safety requirements.

The separation circuits for the shroud, stage and payload are initiated by
relays located in the Burner II Flight Control Electronics (FCE) which are
programmed either by signels from Centaur or from Burner II Timer. Safe-Arm
status of Burnmer II is monitored by the Iaunch.Control Console.

The Burner II Timer will be reprogrammed to control the sequence of events for
the synchronous orbit mission. Relay Box modifications will be required to
control added events, e.g., Transu.tter On-Off.

2.3.2 Burner II/Centaur Electrical Interface

The Burner II electrical subsystem is independent of the Centaur electrical sub-
system. Centaur guidance signals to Burner II are electrically isolated by switch-
ing relays in the Burner II Relay Box. This approach maintains interface
compatibility between the Burner II single point grounding system and the Centaur
multiple point grounding system.

The electrical Input characteristics of the Burner II relay circuits that inter-
‘face witn the Centaur subsystems are specified in Section 2.4, Task 4 - Destruct
System, and Section 2.5, Task 5 - Guidance System. Figure 2.3-2 shows the
electrical interface connections between Burner II and Centaur and specifies

the electrical connector configuration for interconnection of the Centaur guid-
ance and destruct signals to Burner II. The Burner II umbilical connector is
located on the Centaur Umbilical Island and is described by Gray and Hulegard
Part No. 693-200-001. The mounting area required for the umbilical connector

is approximately 4.9% inches diameter.

2.3.3 Burner II/Payload Electrical Interface

The routing of the payload umbilical wiring has been analyzed by a trade study
summarized in Figure 2.3-3. This evaluation of the alternace methods for pay-
1noad umbilical routing concludes that the best approach is to route the wiring
through the Burner II stage to the Centaur Umbilical Island and to provide
staging connectors on the Burner Ii for in-flight separation. Since the pay-
load umbilical wiring will be superimposed on the Burner II cabling with separate
staging connectors, then i1t is not critical to constrain the number of payload
umbilical circuits to 50. The primary constraint is t“e size of the umbilical
connector that can be mounted on the Centaur Umbilical Island.
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Payload Dbilical Mounted to Payload

Excapsulatios Barrier and Separated
with Strowd

ADVANTAGES

L
2,

LESS WEIGHT

CABLE BETWEEN SHROUD
AND PAYLOAD IS STAGED
AT TIME OF SHROUD
SEPARATION,

DISADVANTAGES

3.

ADDITIONAL ACCESS DOOR
IN SHROUD

ADDITIONAL PAYLOAD
INTERFACE CONNECTOR
REWORK TO TOWER TO
PROVIDE FOR UMBILICAL
DISCONNECT

RECOMMENDATION:

USE CONCEPT 111 FOR FOLLOWING
REASONS:

V. NO SHROUD MODIFICATION

2. MINIMUM IMPACT ON TOWER
INTERFACE,

3. ELIMINATES INSTALLATION
IN FIELD,

Faylosd Dabilical Mowmted to Bupport
Structure on Burser IT

ADVANTAGES
1. ELIMINATES ONE (1)
STAGING CONNECTOR

DISADVANTAGES
1. DECREASE IN PAYLOAD
WEIGHT DUE TO BALLAST
REQUIRED TO OFFSET
MOMENT CAUSED BY
UMBILICAL SUPPORT
STRUCTURI .
2., ADDITIONAl ACLESS
DOOR. IN Si (OUD
3. REWORK TO TOWER TO
PROVIDE FOR UMBILICAL
DISCONNECT

' Payload Gabilical Fouwted Through
] Poner I1 to Centawr Bibilical
| l Island
ADVANTAGES

1. DOES NOT REQUIRE ACCESS
DOOR IN SHROUD .

2, U0ES NOT REQUIRE MASTY
REWORK FOR UMBILICAL
DISCONNECT MECHANISM

3. SIMPLIFIES CHECKOUT
OF UMBILICAL CABLE

4, ROUTED WITH BURNER 11
UMBILICAL CABLE AND IS
INSTALLED CONCURRENT WITH
BURNER || CABLING PRIOR
TO FIELD DELIVERY

DISADVANTAGES

1. ADDITIONAL STAGING
CONNECTOR

2, ADDITIONAL WIRE WEIGHT

FIGURE 2.3-3 PAYLOAD UMBILICAL TRADE STUDY
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Burner II will provide a 2-wire ordnance firing circuit capable of supplying
18-30 amperes for 20 milliseconds at 28 VDC to the payload for separation
initiation.

The Burner II/Peyload electricel interface is further defined by Figure 2.3-2.

2.3.4 R.F. Link Analysis

The following assumptions have been made to provide a baseline for the
Burner II R.F. Link Analysis:

a. Burner II attitude is nct constrained for telemetry transmission.
b. Telemet-, carrier tracking is adequate.
¢. Continuous telemetry is not required.

d. Burner II R.F. performance is based on a fixed antenna gain for
80% spherical coverage and referenced to a 12 DB signal-to-noise
ratio in the MSFN Receiver IF bandwidth,

e, MSFN Receiver IF bandwidth can be equated to vehicle RF bandwidth.

f. MSFN can demodulate and process the Burner II telemetry signal.
I

g. MSFN and Burner IT RF characteristics are tabulated in Table 2.3-1,

The Burner II RF Performance Analysis is summarized on Table 2.3-2. The
first colum shows that the existing Burner II system for the synchronous
orbit mission, using the MSFN 85 foot antenna, is inadequate (Negative IF
SNR Margin). The second column shows that by increasing the Telemetry
Transmitter RF Power to 12 watts and decreasing the bandwidth requirement,
it is possible to improve the IF SNR margin snd meet RF performance
requirements,

The Burner II Telemetry System, as modified to provide adequate performance
for the Centaur/Burner IT synchronous orbit mission, is shown ocn Figure
2.3-4, Equipment changes are noted for comparison with the existing Burner
IT Telemetry System. For the current Burner II operations, the telemetry
system 1s on continuously. However, for the synchronous orbit mission,

it is assumed that the Telemetry System will be programmed ON 50% of the time.
The Burner II Telemetry System, when integrated with Centaur, will require
the following modifications:

a. Elimination of the vibration channels after separation from Centaur,
b. Increase transmitter RF power output.

¢. Increase battery capacity for higher electrical load and longer
mission time.

d., Add programming for Transmitter ON-CFF comntrol.
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MSFN RF CHARACTERICTICS

RF CHARACTERISTICS VALUE REMARK

ANTENYA - 85 FCOT DISH

RECEIVING GAIN (MIN.) + 50.0 dB SPECIFICATION

POLARIZATION RHCP OR LHCP SPECIFICATION

RECEIVING CIRCUIT £0SS (MAX.)| - 0.5 4B SPZCIFICATION
SYSTEM NOISE TRMPECATURE + 200 %k ASSUMFT
RECEIVER ™ ASSIGNED
IF BANDWIDTH 150 & 500 KHz ASSIG!ED
THRESHOLD SNR + 12,0 4B ASSUMED

BURNER II RF CHARACTERISTICS

ARTENTNA SUBSYSTEM
TRANSUITTING GAIN - 9.0 dB MEASURED [T
POLARIZATIOR RHCP

TRANSMITTING CIRCUIT LOSS - 1.5 dB

(MAx.)

RF BANDWIDTH 500 Kiz

[E>weAsurzp (PECP) BURIER IT ANTEZINA CADN FCR SO-PERCEMT
SPHERICAL COVERAGZ

TABLE 2,3-1
MSFN AND VEHICLE RF CHARACTERISTICS
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SURNER 11/

JURKER TELD-FTRT BYSTEM CENTAUR TELEMETRY BASELINE
. 37.0 4m* TRARSMITTER RP POVER . 0.9 dx®
- LS @ YRANEMITTING CIRCUIT LOSSES - .35 o
- 9.0 @ TRANSMITTING ANTENMA GALN - 9.0 o
- 1917 @ SPACE 1083 - 190.7 (1]

. .0 & RECEIVING ANTENTA GAIN . 0.0 a

- 0.5 @ RECEIVING CIRCUIT LOSSES - 0.5 o

e 1357 dm RECEIVED RF POWER - m.s dm

- 17T%.6 am/Hs NECEIVER NOTEE DENSTTY - 175.6 bu/Ms
. 57.0 amis RECEIVER IF NOISE BANDVIDTH . 51.8 4ms
. 2.9 a» RECEIVLE IF SMR . 120 a

. 1.0 & REQUIRED IF BMR . 12,0 43

- %1 & IF 3RR MARGIN + 0.0 (1)

BANDWIDTH REDUCTION AND
INCREASED TRANSMITTER POWZR

IRADEQUATE RF PERPCRMANCE

;

ADEQUATE R¥ PERFORMANCE

® 5 warrs ® 12 WATTS
TABLE 2.3-2
RF PERFORMANCE ANALYSIS
PRE- 3
EMPRASIS (] TELEMETRY
NETWORK BENSORS
roven | | e-mmo | fRA : s aled oxw || o
pIv. [T |mMITTER BWITCH _] COMMUTATOR J SIOMAL
. 4 CONDITT
e 7 12
rmfﬁks 1
i " MFDRORK :
TRARNM CETEMETRY
RF POWER |MODE
ary - o
{/w-\_/’
CONTROL FROM
SURNER IT TIMER
77777777 -ADDITIONAL OR NODIFIXD EQUIPENT [ s somae
. RIT. VEIGRT EST, DC POVER
TELIMETRY FioTed" (Pounps) {uars)
EXISTING RURARR 17T £.8 78.0
BURTER n/cvw.n" 23.0 i28.0

® INCLUDES TXISMETRY umms*(soi TRANEMISSION CYCLE)
BURKER-IT/CENTAUR TELEIMETKY BASELINE

FIGURE 2.3-b
3-T
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The elimination of the vibration channels after Burner II separation from
Centaur results in a reduction of the RF bandwidth or required ground
recelver I™ noise bandwidth. This bandwidth reduction improves the
performence ~orgin +5.2 db. Programming the transmitter for 50% operating
time will reduce battery capecity required for TM operation.

Further improvement in Ti. performence can be achieved by iteration of
the following areas:

a., Antenna gain vs. RF Link Geometry
b. Ground Station Modulation and Demodulation Requirements,
c. Data Signal -To-Noise Ratios
d. Ground Station Antenna Performance and Size
e. Tracking Requirements
2.3.5 Burner II Electrical Loed Analysis

The Electrical Load Analysis of the Burner II System for the mission specified
in Task 1 is summarized on Tgble 2.3-3, For purpose of this analysis, the
Burner II operating time was assuned to be 6 hours with separate batteries
provided for the Guidance & Control and Telemetry Subsystems. Refinement

of the Burner II opcrating time for a specific mission will directly affect
finel battery selection.

Space qualified batteries are availeble from other programs that will meet
the voltage and capacity requirements for the Burner II electrical load.
Typicel batteries are summarized on Table 2.3-4. Iinal battery selection
is dependent upon specific Burner II requirements to.be defined for a
rerticular spplication. The load analysis made for this task requires a
main battery for 28 VDC with a minimum capacity of 25.3 ampere-hours and

a Telemetry Battery for 28 VDC with a minimum cepacity of 1l4.7 ampere-hours.
By combining the Burner II electrical power requirements, a single battery
for 28 VDC with a minimum cepacity of 4O ampere hours may be selected.
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ooronNe POVTA nTRaY ©

WATTO VATT-ROURS
INYPRTIR 9.0 28,0
OTRO REFERFNCE UNTT 3.0 270.0
DeR %9 0.0
PROGRAMICR 63 3.8
VELOCITY METER (8] 39.0
PLIGNT CORTRCL ELECTRONICS 13.0 1.0
REACTION CORTROL SUBSTOTEM 2.0 1.0
SUBSTET:EN TOTAL A3 633.0

TMISMITTER 120,0 30,0
w0 3.0 8.0
COMAUTATOR %0 8.0
DETRUVENTATION 2.0 12,0
BUBSYSTEM TOTAL 18,0 8.0
DISTRIBUTION LOS3ES (W}

E o™ | wame

*MISSION TIME - 6 HRS. ¥*¥ASSUMES 50% DUTY CYCLE

AS BASELINE
TABLE 2,3-3
ELECTRICAL LOAD ANALYSIS
MODEL, CAPACITY | NO. | VOLTAGE f WEIGET | SIZE | PROGRANM
NO. AYP-TOUR | CELLS | ML PIATEAU | IBS. | CU.IN. | USED ON

Yerdney 23 19 |[33.0 - 29.0 | 37.0 | 766 | Atles
19 x PM 30
Yardney 20 20 34,0 -30.0 | 25.0 | 5% | Vanguerd
20 x HE 20
Yardney 30 19 [33.0-29.0 | 246 | 555 | Philco-Ford
19 x PML 21 (30) i Contract
Esgle Picher 15 20 |24.0 -30.6 | 22.0 | 330 |Saturn IVB

MAP L4202 Cells
in new case

Eagle Picher Lo 20 34.0 - 30.6 28.5 466 | Apoilo CM
MAP 4265-5 -

Eagle Picher 50 18 30.6 - 27.6 29.0 373 | Agena
MAP L4062-3

NOTE: 18 Cells are required in a Ag-Zn battery to provide 28 VDC output.
Durry cells can be installed in batteries having more than the
required cells tuv meet voltege requirements.

TABLE 2.3-b4
TYPICAL SPACE QUALIFIED BATTERIES
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2.4 TASK 4 - DESTRUCT SYSTEM

The purpose of this task is to exomine the Destruct Sy:tems on both the
Improved Centaur and the Burner II and determine the integreticn details.

The Burner II destruct system described complies with AFETR 127-1, Section D .
Integration with the Centaur destruct system is shown on Figure 2.4=1l.

The destruction of Burner II in flight can be achieved by ground command

by way of the Centaur command destruct receivers or by premature separation
of the Burner II from the Centaur adapter. The destruct signal from the
Centaur must be 28 :g VDC, 4.5 amp minimum for 20 milliseconds.

2.1 Burner II Destruct System

The Burner II Destruct System is composed of a Safe and Arm Device,
containing detonators, an Interconnect Train, with dual mild-detonating
fuzes, and a shaped charge. The complete Destruct System, illustrated
schematically in Figure 2.Lk-1 is installed in the Burner II adapter section
and remains with the booster at normal stage separation. Destruction of
the Burner II, in the event of malfunction, will be provided during boost
phase by detonaticn of the shaped charge which will penetrate the side of
the rocket motor. The destruct initiate signal will come from the booster
command destruct receivers. - :

2.4.2 Burner II Premature Separation System (PSS)*

The Burner II will be destructed automatically in the case of a premature
separation of the Burner II from the Centaur. The PSS is composed of

dual 1.5 ampere-minute batteries, three plunger type switches, and two arm-
inhibit relays. The batteries provide a dual path through the PSS switches
and arm-inhibit relays to the detonators on the safe and arm device. The
Plunger switches are held open mechanically by the mating surfaces of the
Burner II and the booster adapter section. Upon premature separation,

the closing of any switch will connect both batteries to the detonators
through the arm-inhibit relays. After normal boost, the arm-iphibit relay
is disabled by a signal from the Centaur indicating main engine cutoff.
Disabling of this relay disconnects the batteries from the detonators and
aliows normal stage separation.

2.4.3 Safe and Arm Contro).

The safe and arm device, and the latching type arm-inhibit relays, are
remotely armed or disarmed from the Launch Control Console in the VIB
through ground umbilical actuation circuits. The position status of both
devices is displayed on the Launch Control Console in the VIB.
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FIGURE 2.4-1 DESTRUCT & PREMATURE SEPARATON SYSTEM .7 -3) l GRD CENTAUR
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2.5 TASK 5 - GUIDAICE SYSTEM

The integration of the Burner II with the Improved Centawur combines two

different guidance systems to achieve the prescribed terminal conditions of

the povered portion of the mission trajectory. The integration of the

Burner II preprogrammed strapped dovn inertial system with the Centaur closed
loop inertial platform system is discussed in this section. The material
presented discusses the guidance interface details and some guidance options to
improve the Centzur-to-Burner II attitude transfer errors. The attitude

transfer error is the predcminant guidance error associated with adding Burner II
to Centaure.

2.5.1 Burnq;.Illgggﬁpur Guidance System Interface

Figure 2.5~1 is a functional block diagram of the Burner II/Centaur guidance
interface. Four discrete signals are required from Centawr to initialize

the Burner II guldance system: Gyro Uncage; Timer Start; Separation Sequence
Initiate; and Back=-up Separation Sequence Initiate.

Gyro Uncage is a separate time discrete providing flexibility in uncaging
the gyros at a time which minimizes attitude transfer errors.

Timer Start is a command computed Uy Centaur to provide cocmpensation for
boost dispersion by controlling the time of Burner II ignition. Since
Burner II is prograrmed for a fixed interval between Timer Start and
ignition, the desired compensation is achieved by adjusting Timer Start.

A hydrogen peroxide warm-up pulse is required 2 %o 4O seconds before
separation. This permits a tolerance of + 19 seconds on Timer Start by
programming warm-up to occur 21 seconds before the nominal separation time.

If analysis should show that additional compensation is required, then added
comznds would be nceded for the warm-up pulse. Either two timed discretes

from Centaur could start and stop the pulse or the pulse could be generated

by the time delay circuits in Burner II.

Burner II Separation Sequence Initiate is a time discrete following Centaur
cutoff (MECO=-2). The command also provides a back-up for Gyro Uncage and
Timer Start,

A separation sequence initiate back-up is provided by an additional command
from the Centaur computer initiating a back-up discrete in the autcpilot-
progremmer which goes through separate pins of the connectors to a summing
Junction in Burner II.

Figure 2.5-2 shows the electricel interface for guidance and control. The
input impedance for signals from Centaur to Burner II is greater than 150 ohms,
the coil impedance for a latching relay in Burner II. Pulses for actuating
the releys are 58 *2 volts dc and of 50 milliseconds minimum duration. The
latching relays in"the figure will be reset for ground testing and preflight
set-up by the same reset signal as used for all other relays in Burner II
using the same reset indicator circuitry. All Burner II relay coils are pro-
tected by dback-EMF suppression diodes to reduce EMI.

5-1
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2.5.2 Guidance System Options

2.5.2.1 Suarmary

Several techniques for reducing Centaur/Burner II attitude transfer errors
have been evaluated and the results are surmarized in Table 2.5-1. Option 2.A,
the recomrended baseline using cross-axis accelerometers in Burner II with

the gyros unceged during Centsur second burn, results in a traasfer error of -
26.5 arc-minutes comparsl to the 1.0 degrees goal for Improved Zentaur.

The use of improved gyros on Burner IT uncaged at 1iftoff is more accurate.
than the baseline, but imposes complex interfaces or constraints on Centaur.
There are two alterna‘ives possible with this option: (1) Zurner II could
guide the booster, but the interface would be out of scop=* anl more complex;
(2) Burner II could be pre-programmed to follow the booster, but this would
impose a constraint on the Titan and Centaur not to exceed an attitude of

10 degrees from nominal. It is questionable whether the 10 degree consiraint

can be met.

The use of zero crossing or soft uncaging does not offer a significant
improverent in attitude transfer accuracy compared to an ATS Pointing Accuracy
study attached to NASA Letter 93051 dated 4 June 1969. UWNeitirer does uncaging
2t liftoff if the present Burner II gyros are used.

A horizon sensor on Burne:r II is estimated to provide the same degree of
accuracy as the baseline concent and would be recommended if on-orbit
correction capabiliiy were desired.

2.5.2.2 Gyro Uncage after MECO-2

An analysis, based on data from the ATS study, was maie of the Centanr/PBurrer II
attitude transfer error if the Burner II gyros are uncaged after Centauvr second
burn cutoff. The individual error sourcas of the ATS stuiy and the ~rror due to
misalignment of the Burner II gyros to the Centaur zre shown in Tr.ole 2.5-2.
These errors do not accurately represent the Titan/Centaur/Burner IT rission nos
the Improved Centaur guidance, but they provide a basis Cor comparing “he other
cptions considered. An attitvie transfer error of one degree, the gnal of the
Improved Centaur guidance, was used for the error analysis in Tasik 1.

2.5.2.3 Gyro Uncage During Centaur Second Bura

In this concept, the Centaur is maintained at a constant attitude for a

short time during the thrusting period; i.e., guidance steering corrections

are inhibited. Cross-axis accelerometers on Burner II sense lateral com-
ponents of acceleration which are proportional to the mechanical misalignments
of Burner II to the Centaur thrust vector. The gyros are uncaged and the

pitch and yaw gyros are then torqued to place them in a plane normal to the
thrust vector. After Centaur/Burner IT separation, the Burner II rotates to
eliminate the gyro error signals. Since the inertial orientation of the thrust
vector is very well known, this establishes a uLighly accurate attituds transfer.

*A ground rule of the study was that Centaur provides guidance through Centaur
burnout.
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TABLE 2.5-1
SUMMARY OF ATTYTUDE TRANSFFR OPTIONS

METHOD

RETATIVE ACCURACY
(ARC-MIN)

CONCLUSIOR

1.

URCAGE AFTER MELO=-2

54.0

BASED ON ATS STUDY

- - e com— s .._J

2.  TRANSFER DURING CENTAUR A. WITH BIT CROSS-AXIS ~RECOMMENDED METHOD
THRUSTING AT PREPROGRAMMED ACCELEROMETERS =~ 26.5 | -SLIGHT PERFORMANCE PENALTY
/\\/ VECTOR | -ADDITIONAL CENTAUR PROGRAMMIUG N
. e GEn R SRn S WE e ———— - T S S e e, SR e —————— ———————— — - -
B. V/O CROSS-AXIS -NO IMPROVE!'ENT
ACCELEROMETERS . = 54.0
A. GG-334 GYROS _ _ - 16.1_ _ _ _ | =MOST ACCURATE METHOD |
! ~COMPLEX INTERFACE TO GUIDE 30OSTER |
3. UNCAGE GYROS AT LIFTOFF B. GG-87 (H-k19) - 19.9 ~-INADEQUATE GIMBAL FREEDOM TO
S i . e A . o i i i i PO, DOBETER, e n v 3 o i 2
C. GG-8T (BIT) - 50.0 -SMALL DMPROVEMENT
| 7
=SMALL IMPROVRMENT |
4. ZFRO CROSSIID 52.2 ~REQUIRES UNDISTURBED LIMIT CYCLE '
-COMPLEX INTERFACE
S. SOFT UNCAGING 52.2 -SAME AS L AROVE .
. , |  -ESTDMATE BASED Ci BURIER II
6. HORIZOR SENSOR ON BURNER IT < 24 syme t " ANALYSIS FOR SESP 68-1
< 30 ESCAPE f

-SLIGHT PERFCRMANCE PENALTY




TABIZ: 2,5-2

CENTAUR/BURNER II ATTITUDE TRARSFER EFROR
FOR GYRO UNCAGE AFIER MECO-2

ERROR SOURCE 30~ BRRCR
- (ARC-MIN)
INTERFACE PLANE ERROR 27.4
. FABRICATION & INSTALLATION k.5
. PLIGHT EFFECTS [2> 27.0
GUIDANCE STEERING ERROR k3.5
. GYRO DRIFT z2h.5
. STEERING MODUIE 1L.9
. POURTH GIMBAL AXIE TO PLATFORM CASE 11.0
. INNER BLOCK BOLT HOLE ALIGNMENT 7.6
. RESOLVER CHAIN 29,0
- B> 9
& . INPUT AMPLIFTER GADY 3.h
. EXCITATION TRANSFORMER ASSYMMETRY 6.0
SOFIWARE ERROR 4 T.5
PLIGHT CONTROL SYSTEM 13.6
BII GYRO ALIGNMENT TO (FNTAUR 5.2
. GYRO TO CASE . 3,0
CASE TO BIT MOUNT 3.0
e BIT MOUNT TO CENTAUR BASE 3.0

REFERENCE: ATS POINTING ACCURACY STUDY, NASA LETTER 93061, L JUNE 1969
SHELF ROTATION DURING TANKING AND COUNTDOWN
CALIBRATED WITHIN 9O DAYS

VOV &

ENTITT~2d
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The gyros are torqued through angles given by:

66 =2z ar §¥ = 2y ot
_ AV av,

where d @and £$”are the pitch and yew torquing cormands ay and a, are
lateral accelerations along the y and z - axes, =nd [}Vi is the
incremental velocity weasured by the Burner II velocity meter in the
time At that the lateral accelerometers are sampled.

These equations are mechanized by counting the nurmber cf pulses from

the lateral acceleroneters in the time it takes to accumulate a
predetermined nurber of pulses from the velocity meter., Figure 2.5-3

48 a functionel block dingram of the modification to Burner II

required to implement this technique. Two integrating lateral accelero-
meters and a gyro uncege adapter are added to Burner II. (The

funct: onal interface shovn in Figure 2.5-1 ie unaffected by this change.)
The .rrage adapti~ e enabled and the gyros uncaged by the same discrete
comard iron Centawur. Pulses from the velocity meter and the lateral
acce erruncters are then accumulaoted in separate registers of the

ad: pter, When ten pulses frou the velocity meter have been counted, a
timing signal from the gyro uncage adapter initistes the pitch torquing
rate. This rate is applied to the gyro until the number of pulses

from the z-axis accelerometer is matched by an equal number of properly
scaled pulses from the inverter. A second timing signal then terminates
the pitch tovrque rate snd starts the yaw torque rate, the duration being
deteruined bty the pulses ac.umulated by the y-z2xis accelercmeter.

Ar eccuracy analysis of this method is sumrarized in Teble Z.5-3. The
attitude trensfer error is a function of the accuracy of the Centaur
inertial reference, the alignment of the Centsur thrust vecior to

the inertial reference, and the alignment of the Furner II gyros to

the Burner I accelerometers. The irnertizl reference depends on initial
platform 2lignrent to the pad reference, which 1s assumed to be a
regligibtle source of error, and gyro drift. Orientation of the thrust
vector depends on softwsre errcors and misalignment of the Centaur

gyros to the Cerntaur accelerometers. Scale factor errors in the

Burner Il accelerometers contribute to errors in gyro torquing commands.
For example, if the accelerometer pulse weight is 0.05 ft/sec and AV,
is 80 ft/sec (10 pulses 1in the velocity meter), an error of one pulse
will result in & torquing command error of 2.1 arc-minutes,

This uncaging technique 1s recommended for Centaur/Burner IT integra=-
tion. The attitude transfer accuracy is a significant improvement
over that in Table 2.5-2. There is a slight performasnce penalty
because Centaur guidance is inhibited. Also, additional programming
is required. However, the physical and electrical interfaces between
Centaur and Burner II are unchanged.

For comparison, gyro uncage during Centaur burn was also evaluzted for
the case in which no lateral accelerometers are added to Burner II.
These results, als» shown in Table 2.5-3 are no improvement over those
in Table 2.5-2. The limit cycle error after MECO i1s replaced by an
error due to C.G. offset during thrust. Other error sources are the
same.
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TABLE 2.5-3

ATTITUDE TRANSFER ACCURACY FOR GYRO UNCAGE DURING CFENTAUR BURN

WITH BII w/0 BII

CROSS- AXIS CROSS - AXIS
ACCL.EROMETERS  ACCELEROMETERS
(ARC-MIN) 3¢~  (ARC-MIN) 3¢

CENTAUR GUIDANCE ERRORS

. GYRO DRIFT 24.5 24.5
. STEERING MODUIE - 1.9
. GAIN AND EXCITATION - 6.9
INNER BLOCK AND GIMBAL MOUNTING - 13.4
. RESOLVER CHAIN - 29.0

. ACCELEROMETER BIAS AND SCALE FACTOR Negligible Negligible
SOFTWARE ERRORS  (CENTAUR) 7.5 7.5

ALIGNMENT ERRORS
MISALIGNMENT OF BII GYROS TO BII ACCELEROMETERS

. GYRO TO GYRO CASE 3.0 -
. GYRO CASE TO BII MOUNT 3.0 -
. ACCELEROMETER TO ACCELEROMETER CASE 3.0 -
. ACCELEROMETER CASE TO BII MOUNT 3.0 &
MISALIGNMENT OF CENTAUR GYROS TO ACCELEROMETERS 3.0 -

MISALIGNMENT OF BII GYROS TO CENTAUR REFERENCE
. INTERFACE PIANE ERROR 7.k

. BII GYRO ALIGNMENT TO CENTAUR - 5.2
BIT ACCEIEROMETER ERROR : 2.1 D ’
CENTAUR C. G. OFFSET - 14.3 b
RSS ERROR 26.5 shk.1

D BASED ON 0.05 FT/SEC ERROR (1 PULSE) IN Avxmcmu'r OF 80 FT/SEC.

b BASED ON 1-INCH C. G. OFFSET AT 20 FEET FROM ENGINE NOZZLES.

5-9-~
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2.5.2.4 Gyro Uncagze at Liftoff

Two methods of uncaging the Burner II gyros at liftoff were considered:
Burner II guiding the booster; Burner II pre-programmed to follow the
nominal trajectory of the Booster.

Burner II suidance of the booster could be accormplished by adding a computer
and cross-axils acceleroreters to Burner II. Guidance corrections would be
transmitted to the Titan and Centaur autopilots. Alternatively, signals

from the Burner gyrcs could go to the Centaur computer to generate the
guidance corrections, but this would require added software because Burner II
uses strapdown gyros and Centaur has an inertial platform. Either approach
would require a complex interface.

Burner II can be mechanized to follow the booster by using pre-programmed
gyro torquing rates which match the nominal boost trajectory. This approach
results in a much simpler interface. However, it imposes a constraint

on guidance corrections and attitude transients due to éngine starts and
staging. The GG-8T7 gyro has a gimbal freedom of 10° and the GG-334 has only
5°. Any ettitude dispersions exceeding thése limits will cause errors due
to the gyros hitting their stops. It is questionable that these constraints
can be met.

The attitude transfer accuracy for gyro uncage at liftoff of a representative

synchronous equatorial mission was evaluated for three cases: Burner II gyros
(GG-87); Honeywell SIGN III H-419 gyros (improved GG-87); and SIGH III E-429/

H-U48 gyres (GG-334 gas-bearing). The error parameters for these three gyros

are shown in Table 2.5-l.

It was assumed that the Burner II mount was used for all three models of

gyros so that the misalignment errors would be the same fn all caces. In
practice, the Buriier II mount would require additional machining to accorrnicdate
the GG-33k4.

Table 2.5-5 shows the attitude errors at Centaur second cutoff (MECO-Z) for
each of the gyros. The component of error for each error source is shown.
There is a significant accuracy improvement iIn going from the Burner II gyro
to the H-419 gyro primarily because of the reduced dri’t. Taere is not much
difference between the H-419 and the H-429/H-448 gyros because the misalignment
errors dominate the lower drift rates.

This option, using either of the SIGN III gvros, is the most accurate
considered. However, the interface complexity and operstional constraints
discussed above make this concept less attractive than the technique of the
preceding sectiom.

2.5.2.5 Zero Crossing

Zero crossing uncage consists of uncaging the Burner II gyros at zero crossing
of the Centaur gyros to eliminate attitude transfer errcis due to limit cycling.
This requires that the Centaur autopilot provide three gyro output signals with
zero voltage detection and that the Burner II gyros are uncaged individually
afier an uncage enable cormand from the guidance computer.

REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR 2
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TABLE 2.5-U
GYRO ERROR PARAMETERS

DEVIATION (30)

BURNER II H-L19  H-429/m-4u48
ERROR SOURCE GYROS GYROS GYROS

INITTAL MISALIGIMENT OF BODY AXES TO LCI COORDINATES

ROLL MISALIGNMENT (deg) 0.1 0.1 0.1
PITCH MISALIGIDMENT (deg) 0.0806 0.0806 0.0806
YAV MISALIGIMENT (deg) ' 0.0806 0.0806 0.0806
GYRO ERRORS

RANDOM DRIFT (deg/hr) 1.0 0.25 0.1
SCALE FACTOR (%) 0.11 0.02 0.01
MISALIGNMEWT ABOUT SPIN AXIS (arc-sec) 292.5 292.5 292.5

MISALIGNMENT ABOUT OUTPUT AXIS (arc-sec)

a. ROLL GYRO 292.5 292.5 292.5
t. PITCH & YAW GYROS 230.5 230.5 230.5

MASS UNBALANCE-SPI¥ AXIS (deg/br/g) 0.5 0.4 0.12

5-11




TAHLE 2.5-5

30 ATTTYUDE ERRORS FPOR GYRO UNCAGE AT LFTVF

£019TT-2a

BURNER YI GYROS H-419 GYROS B-L25/H-44E GYROS
ERROR SOURCE (sre-mtn) (ﬁfﬂ y favoentn) | (avosin] (aroomin) f{mocsin} | (aroomin) (orooctu) (ateatn)
Body Misalignments
Roll -5.9639 0.6:18 -5.9639 0.6418 -5.9639 0.6418
Pitch 4.8333 L.8333 4.8333
Yav -0.5173 -4 .8069 -0.5173 -4 .8069 -0.5173 -4.8069
Gyro Roll
Drift -12.8879 17.7576 -3.2220 4,439 -1.2888 1.7758
2321::”' 0.5214 9.7179 0.5214 9.7179 0.5214 9.71.79
MUSA -0.6950 -6.2532 -0.5560 ~5.0026 -0.1668 -1.5008
Pitch Gyro
Drift 33.2802 8.3201 3.3280
Bcale Pactor 12.2788 2.2325 1.1163
Yav CGyro |
Drift -17.7673 -12.8800 | -h.uk18 -3.2200 -1.776T -1.2880
m@m. T.6602 -0.4109 T.6602 -0.4109 T.6602 -0.4109
MUSA 0.0226 -0.1489 0.0181 -0.1191 0.0054 -0.0357
Rss 2h.0218 35.8009 25.2681 I 11.1896 9.87TT 13.1621 9.9816 59135 11.1889
Total Att.. Error 49.97 19.90 16.14

v
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Referring to Table 2.5-2, zero crossing eliminates the flight control system
error so that the attitude transfer error is reducei from 5L.0 arc-minutes
to 52.2. This method was ruled out because the gain is insignificant and
there is no assuraince of having the disturbance-free limit-cycle required
for a zero crossin’.

2.5.2.6 Soft Uncizing

Soft uncaging is another method of reducing attitude transfer errors caused
by Centaur limit cycling. Soft uncaging consists of using a very low feed-
back gain between the gyro output and its torquer. The low gain allows the
Burner II gyros to follow the limit cycle motion of the booster and simil-
taneously rroduce a gradual decay in the atiitude error. This technique
requires the use of two caging gains on the Burner II gyros. At liftoff,
the hard cuze mode is used. Several minutes before uncage, the gyros are
switched to the soft uncage mode.

The effect of soft uncaging is the same as zero crossing in that it eliminates
only the flight control sysiem error shown in Table 2.5-2. This method was
also ruled out for the same reasons given above.

2.5.2,7 Horizon Sensor on Burner II

An estimate of attitude transfer accuracy using a horizon sensor on Burner II
was made on the basis of detailed anelysis done for the Allas/Burner II

SESP 68-1 Mission. The error is not expected to exceed 24 arc-minutes for

the synchronous mission or 30 arc-minutes for the escape mission. This
accuracy is comparable to that for the recommended method of gyro uncage
during Centeur burn. Furthermore, the gyro torquing sig:acl conditioner
electronics is already developed and qualified. Despite these advantages,
however, thic method is not the recormended baseline because of the performance
penalty (arproximately 10 pounds) that is incurred if the sensor is used

only for attitude transfer.

This method would be recommended if Burner I1 were alsc Lo provide on~orbit
AV ccrrections of bocst phase ercors; using the continvous attitude update
capabllity of the horizon sensor. Veloclty corrections would be made using
the Burner II vernier control capability, a concept provén feasible by

several past Burner II prosram studies. On~orbit correciion capability can
result in net payload improverient and cost saving by reducing boost disper-
sion errors to a level within the capability of a spacecraft station-keeping
system, thus eliminating the need for high-thrust propulsion on the spacecraft.

5-13
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2.6 TASK 6 - ELECTROMAGNETIC ENVIRONMMENT

Burner 1I is required to function properly while in the presence of the
electromagnetic environment generated by Centaur. The purpose of this
task was to determine by analysis if Burner II is electromagnetically
compatible with the Centeur. The hardwire interfaces between Burner II
and Centaur including the respective types of grounding used were evaluated
to determinre potential problem areas. RF coupling between Centaur
transmitting antennas and Burnmer II electronic subsystems was determined.
The coupling information was used to esteblish the RF signal strength
present at Burner II. The desired signal strengths were compared with
previous Burner II EMI sensitivity data to determine relative sensitivity
to the Centaur environment and resulting potential problem areas. No
electromagnetic interference problemns are anticipated with the integration
of Burner II with Centaur.

2.6,1 Burner II/Centaur Interface Signals

The following functions comprise the Burner II/Centaur electrical

interface:

1) Premature Separation Switch Disarm;

2) Destruct Ordnance No. 1 end 2 Initiate;
3) Separation Sequence Start;

k) Timer Start;

5) Gyro Uncage.

A schemetic of the interface functions is shown in Figures 2.4-1 and 2,5-1.

The premature Separation Switch Disarm signal is issued from the Centaur
immediately prior to Burner IT/Centaur separation. The disarm signal
operates two Burner II latching-type relays which prevent destruct
ordnance from firing during the normal separation sequence. The relays
are shielded and are considered non-sensitive to EMI. Isolation of the
circuitry 1s provided through the use of two-wire signal distribution to
the relays, Additicnal isolation of the eircuitry is provided by the
use of twisted pair leeds and closely-controlled wire routing for these
leads within Burner II. Diode suppressors are installed on the relays
tn provide transient kickback voltage reduction, thus limiting the
trensient voltage that can be induced into adjacent wiring or be
developed at the Burner II/Centaur interface terminals. As & result of
the irherent non-sensitivity of the relays and the isolation precautions
incorporated into the eircult design, no EMI problems are anticipated in
the PSS Disarm Interface,

The Destruct Ordnarce No's 1 and 2 Initiation 1s commanded from the Centaur
gs & result of confirmed mission failure. Maximum protectiocn for these
ordnance leads ie provided in Burner II. A two-wire signel distribution
system 18 used which incorporates shielded twisted-palr wiring and separate
wvire bundle routing from the ordnance to the Centaur interface. Squibs
selected tor the destruct function are rated at one ampere no-fire, thus
providing a ,high tolerance to extraneous currents that may be induced into
the ordnance wiring. It is concluded that the ordnance circultry will

REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR
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not present an EMI problem providing that adequate precautions are
taken to preclude the introduction of stray currents into the ordnance
circuiltry within the Centaur wvehicle. This conclusion 1s further

reinforced by the msults of previous Burner II EMI tests which show
there have been no EMI problems associated with the destruct ordnance.

The signals issued from Centaur to uncage Burner II gyros, to start the
Timer end to initiate separation operate individual laiching-type relays
to accomplish the respzctive functions. The relays are shielded and are
considered non-sensitive to EMI. Diodle suppressors are used to reduce

the transient kickbacl voltage caused by relay operation. The results

of EMI tesis performed on previous Burner II configurations show that
existing wire-routing techniques are adequate to prevent EMI coupling
from the relay circuits into adjacent circuits. The Burner II,Centaur
timing sequence differs slightly from previous Eurner II sequencing in
that both gyro uncage and timer start events occur during flight rather
than at launch. This difference, however, is not considered to be a
problem since the events and subsequent opsrations have been satisfactorily
performed in all phases of the Burmer II flight program during previous
EMI tests. Considering the lack of EMI sensitivity in the relay circuitry
and the consistently satsifactory results achieved in previous Burner II
tests, no EMI problems are anticipated in the Gyro Uncage, Timer Start

and Parner II Separation interface circuitry.

2.6.2 Grounding

A single-point grounding philosophy is used in the Purner IT system.

(Pigure 2.6-1) A single structural area within the airborne vehicle
provides ground referencing for main pcwer, signals and prematnre

separation ordnance power. Single-point grounding is slso provided for
individual-circuit shields. Overall shields installed on airborne

cabling to provide RF protection are multiple grounded. Since Centaur

uses & single poirt ground excepi for igniters and the rscirculating pump,
the two-grounding thilosophies are e:xomined at the interface 1o determine
possible effects on system operation and to identify potential problem areas.

The addition of ano“her ground on the Disarm, Gyro Uncags, Timer Start and
Separation Interface Signel lines will violate the single point ground
philosophy used in Buruner II. The additicnal ground will ellow currents to
flow through Burner II/Centsur Structure with two possible results:

1) The differential transient voltage genersted by operation of the
respective interface circuit will be reduced at the Burner II/Ceitaur
interfaces.

2) The common-mode voltage developed by operation of the respective inter-
face c¢ircuit will be increased within both Burner II and Centaur. The
addiitional ground will also have a tendency to increase the overall cormon-
mode EMI within Burner IJ as a result of Centaur operation. and within
Centaur as & result of Burner II operation. The amount of voltage developed
will depend on the characteristics of the FMI source and the amount of the
commen impedance in the respective ground reference lines.

6-2
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The additional ground will not affect the interface circuits within

Burner II becausc of the insensitivity of the latching relays to

EMI. The ground will allow relay currents and extraneous EMI currents

to flow throuzh the main ground-reference lead in Burner II (Figure 2.6-2).
This ground connection however, has been present during previous EMI

tests and Burner II-Thor flights and has caused no problems. It is
concluded therefore that only & remote chance exists thet an EMI problem
in Burner II will be caused by the additional grounds.

The Destruct Ordnance Initiate circuit is ungrounded in Burner II.
Yo grounding problems essociated with this interface are anticipated,

2,6.3 RF Coupling

The major RF sources aboard Centaur which could affect Burnmer II
operations are:

1) S-Band telemetry transmitter;
2) C-Band Transponder.

The radiated power levels from these RF sources enticipated to exist

et Burner II were calculasted using the date and techniques described

in MCR-67-332 Titan III/Centaur Integration Study and antenna spacing
information derived from Burner IT and NASA drewings (Sce Figures

2.6-3 and 2.6-4). The resulis of calculations ernd anticipated EMI
sefety margins are shown in Table 2.6-1 and are applicable to the vehicle
configuration without & metal heat shield.

Table 2.6-1 shows that an adequate margin of safety exists based on the
results of previous RF radieted susceptibility tests performed on
Burner II at 2100 Mi,. No burnout or cross-modulation problems are
anticipated within the Burnmer II S-Band telemetry transmitter because
of the rejection capabllity inherent in the transmitter &nd the
relatively low levels of RF power from Centaur.

Operation of tie RF subsystems within & m2tal heat shield will change
the antenna coupling factors and will present a changeable power
density pattern in the vicinity of Burner II equipment. The probable
reaction would be spurlous resulting from the presence of overly-high
RF levels or mixing of the two S-band frequencies to produce a
frequercy within the bandwidth of Burner II equipment. RF shielding
installed on all Burner II wiring will reduce the probsbility of a
spurious reaction. However, it is anticipated that installation of

RF absorving material within the heat shield in high field regions will
campletely eliminate the problem.
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2.7 TASK 7 BURE? II GROUND SUPPORT EQUIFMENT INTESRATION

This secticn desceribes the results of studifes conducted unler Task Ro. T,
Ground Support Ecuiprent (GSE) Integration enl Tas) lio. 8, Durner II

Ground Facilitiez, These tasks are closely interrels=ted and have been
combined Iin one section to provide continuity.

The objectives of the studles were:

1. To esteblish reqrirements for equipment, facilities, services and
goftware for ETR processing.

2. To determine which reuuirer~nts can be ret by existing equipm=al
desigus and EIR facilitles.

3. To identify modification requirsiimate to existing eqipment
designs and facilities.

nap

4, To establish conccpiuel “~signs for new C3E.

Erphasis has been placel on the meximum use of existin: GSE desiga and
ETR facilities ard minimm interfervence with Inproved Centenr/Titen IIID
progessing., Other tasic considerations were the requirements for ovayload
eleanlinesz and coatinuous payload envirommental esatrel during field
processing.

o T —

In order to identify the fleld taske recessary te integrate the Burner II
with the Cen*aur/Titan IIID launch vehicle a% the ETR, functional flow
diagrere covering all fieldl operations to be performed were prepared. First,
an overall field preceessing sequence flow disgram (Figure 2.7-1) waz pre-
pared to identify the mejor iasks end the ETR locations at which they will
be performed. Then, based on the oversll flow dia ram, detailed processing
flow diagrams {Figure 2.7-2 through 2,7-13) wers prepered to identify ail
operations which rust be performed at the ETR. These flow diesrams were
used as & basis for establishing the requirements specified in Sectiion 2,7.2,

2,7.1.1 Overall Field Processing Sequence.

Figure 2.7~ presents the overal field processin: sequence for Burner II
ground and eirborne equipment at the ETR. The Airborne Vehicle Ejuipment
(AVE) end Aerospuce Ground Equipment (AGE) will be received snd inspected
et an ETR receiving area and transported o usage arees such as the
BExplosive Safe Area (ESA) or launch pad when needed. The receiving
area for the Burner IJ solid rocket motor and ordnance devices will be
the ETR Solid Propellants Area.

Two complete sets of non-porteble Launch Control and Checkout Equiprment
(LCCE) will be installed at the ETR. One set will be installed at the
Burner II eheckout erea for initial testing of the Burmer II tefore

rocket motor installation end payload mating. The other LCCE ianstallation
wvill consist of a Launch Control Console installed in the Vertical
Integratica Building (VIB) and a Launch Support Rack (LSR) and Guidance

T-1
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and Control Test Set (G%C T/S) installed ia the AGE Building at the
Launch ped. After necessary launch facility modification and LCCE
installation are completed, the LCCE will be calibrated and checked out
prior to first usage with the Burner II vehicle.

The Burner II Structure and Equipmen: Assembly (S&EA) and Burner II/Centaur
adapter will be transported to the Burnar II checkout arca where they will
be mated and checked out toget! - r. Z2urasr II checnouu: will coasich of

the following tests:

1. Power and Distribution:

Verification and adjustment of ground power supply voliages.
Verification of ICC indicators and switching capability and
verification of vehicle power transfer function and srvsystem
activation.

2. Guidance and Control (G%C) Subsystem

Gyro Drift Test, Slew FPhasing Test, Reactic:n Control Subsystem
Phacsing Test, Torquing Volitage Test. ¥light Timer Timing Test
and Flight BHode Switching Test.

3. Reaction Control Subsystem (RCS)

RCS Phasing Test (combined with GXC Test) and RCS Leak Test
(3200 PsIG)

L., Telemetry Subsystem:

Closed loop Channel by channzl verificatior test with S-Band
Telemetry Station.

De Interfaces:

Burner II/Centaur Interface Test and Burner IT/Paylo=i Interrace
Test using similators.

After completion of Burner IT checkout, Burner II/Centaur adapter will

be removed and transported to the launch pad for installation on the
leunch vehicle and the S&EA will be transported to the ESA low tay area
for rocket moto- installation. After rocket motor installation, the
Burner IJ will be enclosed in a clean cover, moved to the ESA high bay
clean rooz sand installed on an assembly fixture/transporter. The payload
will then be installed on the Burner II and the umbilical functions which
pass through the Purner II will be verified by the payloasd contractor.
Next, the nose shrouil and payloai encapsulation barrier will be installed
around the Burner II and payload and the assemoly transported to the
launch pad. After the Burner II/Centaur adapter has been installed on the
Certaur, the Burner II and nose shroud will be mated to the Burner II/
Centaur adapter and lower shrcud section respectively. Burner II confidence
tests (abbreviateu Burner (7 rheckent) will ther he performed followed by
verification of Burner II/Centaur interface compatibility.
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For the first launch, the Burnar II will then be subjected to an

EMI test, wrbilical drop test, and Combined System Test in conjunction
with the launch vehicle. For second and on launches the Burner II will
only be subjected to a Combined System Test with the launch vehicle after
the interfaces have been verified. After the Combined Cystem Tests the
Burner IT vehicle will be serviced for launch which inzludes battery and
ordnance installations and reaction control system srrvicing.

2.7.1.2 Detailed Funcgipnal Flow Diggtgqi.

— — — -

Figures 2.7-2 and 2.7-3 prasnt the detalled processing flow diagrams

which were developed from the overall processing sequence (Figure 2.7=1).
The processing cpera'ions identified in thes detailed flow diagrams were
used to establish the requirements presented in Section 2.T7.2 for equipment,
services, facilities and launch pad modifications at the ETR.

Figure 2.7-2 presents the category numbering system, 1.0 through 4.0,
which is used for organizatlon of the following detailed diagrams.
Categories 3.0 and 4.0 are the areas of primary concern and are therefore
the ones for which processing dlagrams have been prepared. Blocks with
interrupted sides indicate reference opcrations which are part of other
diagrams. An asterisk (¥) after a block number indicetes that a separate,
more detailed fleow diagram is provided.

?_J_,g_?fg\xiremnts .

Based on the functional flow 37~~~ ams presente: in Section 2.7.1,
requirements for Equipment, E:pendiables, Serviess, Facilities, and Leunch
Facility Mcdifirations for ETR operations have be:n identified and are
presented separately in this section. Also, identified is the software
data required for Burner II operaticns at t»e ETR. The requirements
identified were compared against existing eaquipment Josigns, facllities
and documentation and new designs were specified only where existing designs
could not be used as-is or modified to meet established rejuirements.
Existing equipment which will be used as-is or modified s described in
this section. Conceptual designs for new equipment are pzesent=d in
Secotion 2.7.3.

2.7.2.1 Mechanical Ground Support Equipment.

The mechenical GSE required for ETR cperaticns 1s listed in Table Z2.7-1.
It includes handling eand transportation equiprent, s pecial tools, work
Platforms, miscellansous fixtures and Reaction Control Subsystem Servicing
Equipment. The major items for existing design equipment which will be
used with little or no modifications are:

1. Pneumagrip - A device for handling and rotating the Burner II
Solid Roclet Motor by pnewnatically gripping the motor around its

periphery.
2. ©S&FEA Installation Stand - A fixture designed to support the

Rocket Motor, or Burner II Structure and Equipment Assembly
seperately or together during and after rocket motor installation.

T-k
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OUT FACILITY ‘ CONTAINER BIL TEST | 4 iCONTAINER
AREA ! .
J _
]
4.2.1 3.2.1.3 3.2.1.4 3.2.1.5
RECEIVE & INSPECT REMOVE ATTACH B Il DETACH S&EA | |
S&EA AT CHECK= e EEE)EQT?"\':E eeeeeepp! HANDLING > FROM SHIP -
OUT FACILITY CoviR tNER SLING CONTAINER
- |
3.2.1.7 3.2.1.8 3.2.1.9 3.2.1.10
INSTALL ] ]
. REMOVE CONNECT B II
L f\%‘ffTREa&EA ON , Lﬁ'}‘ggm’gw I——|> B 1! HANDLING \—{ STAGING —]
|

Figure 2.7-7

FUNCTIONAL FLOM 3.2.

1, INSTALL BURNER II ON BII/CENTAUR ADAPTER
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LCCE2

3.2.2

CHECKOUT
BURNER 1

3.2.3

2.1.9 :
P— e
CHECXOUT S

v
2.2.2.\

3.2.2.
CHECKOUT
CONNECT | | POWER &
LCCE DISTRIBUTION
SYSTEM

¥ 3.2.2.1.0

CONMECT
UMBILICAL
CADLES

i 3.2.2.1.2

CONNECT
SQUIB
SIMULATOR

CONNECT
TEST
CABLES

COrNECT
CENTAUR
SIMULATOR

;J.?.Z.I.J

§3.2.2.1.4

TRANSPORT
| saeatO
1 £3A LOW
| BAY AREA
—_ —
2 3,2.2.3 3.2.2.4 3.2.2.5 3.2.2.6
CENTALR-
GAC sus- RCS T/M CLOSED 811 INTERFACE
SYSTEM Hl  LEAk Tests ] LooP CHECKOUT
TESTS CHECKOUT wiT smuutoj
| |
4.1.10
TRANSPORT )
isLie,
FACILITY 3.2.2.7
— L cenie
|
CHECKOUT
WITH SIMULATOR

FIOURE 2, 7-8: SUNCTIONAL FLOW 3,2,3, CHECAKC!)T BURNER 11
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FIGURE2. 7-93 FUNCTIONAL FLOV' 3.2.3 AND 3.2.4, TRANSPORT SEEA AND INSTALL ROCKET MOTOR

‘ 323 3.2.4 3.2.5
TRANSPORT INSTALL j -
SAEA Bl rvpie
TO ESA LOW  [e=m=d ROCKET o CL OM
BAY AREA MOTOR COVER
$323.
ATTACH Bii
HANDLING
SUNG
i v 3.23.2 3.2.4.1 3.2.4.3 3.2.4.4 3.2.4.5 3.2.4.6
ROTATE
| msrau MOTOR MOTOR MOTOR REMOVE
DETACH S&EA —] MOTOR g e s | 180° AND . iy
FROM ADAPTER l!" HANDLING SUPPORT IN INSTALL ON
SLING PNEUMA- Se 5% BSTAL.. GRIP
STAND Gup LATION STAND
v 3.2.3.3 3.2.4.2
HOIST S&EA 1 POSITION
AND INSTALL | SAEA INSTAL- i
IN SHIP LATION STAND 3.2.4.10
CONTAINER ’ ON DOLLY
RETURN SHIPPING
v 3.2.3.4 by COSAREE 1O
RECEIVING AREA
INSTALL SHIP INSPECT
CONTAINER :ggKLETST
OVER 3
Cove MOTOR 3.2.4.7 3.2.4.8 3.2.4.9
DETACH S&EA HOIST S&EA
y3.2.3.5 ] ATTACHBIL 1 I FROM SHIPPING OuT OF
HANDLING CONTAINER SHIPPING
TRAMSFER S&EA SLING TO SAEA SASE CONTAINER
10 ESA LOW |
BAY AREA
BY TRUCK
$ 2.2.3.6 3.2.4.11 3.2.4.12 3.2.4.13 3.2.4.14
e | e | | | ] e |
CONTAINER s lw»|  MOTOR we - !
coves INSTALLATION ool FROM - MOTOR i
STAND & ATTACH STAND SUPPORT

5
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3.2.5
— !
INSTALL
BURNER Il

-
I TRAMSFER
o BURNER N

3.2.6

CLEAN ROOM
COVER

|

‘3.?.5.!

CLEAN
BURNER Il

$3.2.5.2

ATTACH
BIl HANDLING

SLING
E.E.S.J

DETACH 81l
FROM STAND

i3.2.5.4

HOI5ST B I

$3.2.5.5

INSTALL
BURNER Il
COVER

¢ 3.2.5.4

93.2.5.7

7| TO ESA CLEAN
ROOM

3.2.8

e
INSTALL |
BURNER Il ON

‘33&J

CLEAN BlI
COVER, STAND,
DOLLY & SLING

v 3.2.6.2

ROLL BIl
INTO CLEAN
ROOM ANTE-
ROOM

¢ 1.2.6.3

CLEAN Bl
COVER, STAND,
DOLLY & SLING

v 3.2.8.4

1!

ROLL BlI
INTO CLEAN
ROOM

LOWER B 1|
BACK ONTO

l STAND AND

ATTACH

REMOVE 8 |
HANDLING
SLING

el

PIGURE 2, 7-10:

FUNCTIONAL FLOWS 3.2.5, 3,2,6, 3.2,8 AND 3,2.9,
INSTALL ON TRANSPORTER AND

3.2.7

ST ——

CLEAN & POSITION

ASSY FIKTURE/
TRANSPORTER
IN CLEAN ROOM

—

STALL

ASSY FIXTURE/
TRANSPORTER
L .

3.2.8.1

ATTACH B ||
HANDLING
SLING

v3.2.8.2

HOIST B Il
FROM STAND
& INSTALL ON
ASSY FIXTURE

3.2.0.3
REMOVE B 11
HANDLING
| SLING

INSTALL PAYLOAD

1

————— ———

PAYLOAD:
PROCESSING

YLOAD
ON BURNER Il

[o57 |

3.2.9.1

ATTACH
PAYLOAD
HANDLING
SLING

IJ.?.?.?

HOIST PAYLOAD
AND POSITION
ON &l

¥3.2.9.3

ATTACH
PAYLOAD

TO BURNER I

S——

UMBILICAL

iNSTALL COVER, TRANSFER,

€0T9TT-2a
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. r“mTOT/E- =
i CENTAWR
L linos
. sL .
. 3.2.10 - b e e 3.2.14
——————n 3.2.10 — —
CHECKOUT | i iap i . TRANSPORT | INSTALL BURNER (1
PAYLOAD L .| 8 11/PAYLOAD & - i PA -
FUNCIONS | | AND AR CONDJ : T2 LAUNCH PAD | CENTAUR
F_:::__, - l 13.2.12 3.2.13
| | INSTALL -‘, TRANSPORT INZCALL
SHROUD |_,| HANDLING ADAPTER TO 611 ADAPTER
PROCESSING HARDWARE | : LAUNCH PAD ON CENTAWR
| ON SHROUD | [ 3.2.10.8
b ] e e Y —__ Y3200 $3.2.12.) $3.2.13. 32115
(AR o] ATTACH RING INSTALL POSITION ADAPTER HOIST ADAPIER
APAYLOAD & | TO SHROUD IN SHIP UINDER MST BRIDGE AND SET ON
ATTACH T H ‘LIFT CABLE - CONTAINER CRANE CENTAUR
Ao | ASSEMBLIES = —
L;__I;__J Y {31&3 v3.2.132.2 v 1.2.13.,
3.2.10.1 v 3.2.10.6 INSTALL B 11
INSTALL ] Ig‘";‘;goay OPEN SHIP INTERNAL
! ) TRUCK CONTAINER WORK PLAT-
REMOVE SHROUD SHEOUD < ; FORMS
ACCESS DOORS - T
ACCESS DOCRS AND DUST Y3.2.3.0 ¥3.2.13.7
COVERS
ATIACH SLING Bf- 4 INSTA L
¥ 3.2.10.2 \2( 3.2.10.7 TWEEid M5T CRANE ATTACH
[CONNECT ] AND ADAPTER FOLTS
INSTALL : | TRANSPCRTEX :
PAYLOAD £ | Purct ¥5.2.13.4 3.2.13.8
ENCAPSULATION] | |SYSTom TO I
SLAL PAYLOAD ;TGACH REMOVE
| COMPM]ITM&NT s TAGLINES
v 3.2.10.8 :
L1  EYRTY
: PURGE VERIFY CI1.TAUR/
PAYLOAD Bl (i ar WA=
(N sLAL 1y
INSTALLED
¥3.2.10.9 —=—
LEVEL RING INSTALL
AND INSTALL TRANSPORT-
BII/PAYLOAC -ATION GUY
SUPPORT ARMS - CABLES

FICURE 2.7.11y FUNCTIONAL FLOWS 3.2.10 THRU 3.2,13, ENCAPSULATE, TRANSPORT ADAPTER
& BURNER 11 TO/PAD AND INSTALL ADAPTER JN CENTAUR
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C
O

S1-L

]

3.2.14

INSTALL BII - PA
SHROL'D ON

| BURNER It

J.2.18

CENTAUR

9.3.2.14.2
ATiACH <HROUD |
HANDLING SLING

AND HYDRO SET

| I ERRIR:

AN
N/

REMOVE SHROUD
ACCESS 200rS

TO MST CRANE

v 3.2.14.3

POSITIGN TRUCK
UNDER MST CRANE

3.2.14.9
)

REMOVE B 1|
T.E COWN BOLTS

LJ.I.I‘A 13.2.;4_10
[
ATTACH SLING | REMOVE SHROUD
TO StHROLD TIE DOWN BOLTS l
¥3.2.14.5 y3.2.14. 11
CONNECT
RING MOUNTED REMOVE GUY
PURGE SYSTEM TO ! CADLES
P/L COMPARTMENT |

J.2.14.¢

REMGVE
TRAMSPORTER
" PURGE SYSTEM

lr 3.2.14.7

ATTACH WIND
RESTRAINT SYSTEM
1o riNG

FIGURE 2. 7.123%.

l] 2.14.12

REJACVE ]
BURWER I

COVER & |
RAISE ASSY |

* | WORY. STANDS

gy

=
} OPEM g
l

v 3.2.14.1

INSTALL PORTADLE

-
| PosiTION MST &
| UT PLATFORMS

e

SN, B

DOORS % ROOF

==
|

/

.\

I

!
|
|

’
i

23.2.14.13

HOIST ASSY” AND
POSITION OVER
B Il ADAPTER

173.2. 14.14

DISCONNLCT
WIND RESTRAINT
SYSTEM

CLOSE UES
DOORS

|
|
)

REMOVF B
| CENTAUR AR |
| CONDITIONING |
LUMBILICAL

3.2.14.15

USING HYDRA-SET
LOWER ASSY CN-
TO ADAPTER

73.2.14.16

INSTALL B )
A/C DUCT &
PURGE 8 ||

AREA

FUNCTIONAL FLOW 3,2, 14,

INSTALL RURNER

LJ.!.M.W

ATTACH B 1)
TG ADAPTER

3.2.14.16
RCMOVE B 11/
PAYLOAD
SUPPORT
ARMS

!

SECURE UPPER
SH°OUD TO
LOWER SHROUD

3.2.14.19

ATTACH
P/L AIR-COMD
UMBILICAL

DISCONNECT
PURGE '

{ SYSTEM

p3.2.14.2

REMOVE
HANDLING
RING

CONNFIDENCE
TEST

! REATTACH
CENTAUR
AIR

LCONDITIONING

y3.2.14.22

REMG VE
HANDLING
SLING,

IJ.?,M.?J

REMOVE
FITNINGS FROM
SHROULD

i
$3.2.14.2¢
INSTALL
BURNER |1
& P/L ELECT

UMBILICALS __|
I 3.2.14.28

CONNECT
81l SIAGING
CONN.CTOR

Il PAYLOAD-SHROUD ON CENTAUR
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v.2.13

BURNER |1
CONFIDENCE
TEST

3.2.16

I
B1I/LAUNCH
VEHICLE

13.2.!5.]

3.2.15.2

IINTERFACE
TEST

3.2.15.4

3.2.15.5 3.2.15.6 3.2.15.7
ABBREVIATED I G&C CENTALR-
COMNECT POWE™ AND RCS 1 SUBSYSTEM ~d Ié“‘of'"osw BIl INTERFACE
LCCE DISTRIBUTION LEAK TESTS CONFIDENCE et OUT 1 CHECKOUT
6 I SYSTEM TEST TEST WITH SIMULATOR
CHECKOUT l ! ‘3.2.15.4.\
LCCE NO. | 3.2.15.3 | 3.2.15.8
(PAD) l HOISE RCSSE
ON MST
ELECTRICALLY
TRANSFORT :
e : | CONNECT
3.2.15.1.) RCSSE Fa $3.2.15.4.2 BURNER 11 TO
O PAD e
3 CONNECT
AN CONNECT S c RCSSE TO
= UMBILICAL N, SUPPLY
CABLES
AND RCS
13.2.15.1.2 l3.2‘|5.4.3
CONNECT CONDUCT
sQuIB N, SYSTEM
SIMULATOR LEAK TEST
|
$3.2.15.1.2 b3.2.15.4.4
CONNECT CONDUCT
TEST “202 SYSTEM
CABLES LEAK TEST
3.2.15.1.4 $3.2.15.4.5
ey - REMOVE RCSSE
SRALLATOR FROM MST
i __—_I

FUNCTIONAL FLOW 3.2.15, BURNER II CONFIDENCE TEST

FIGURE 2,7-13
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MECHANICAL GROUND SUPPORS EQUIPMENT REQUIREMENTS

EXJSTING MODIFIED NEW
DESIGN EXISTIMG DESIGN DESIGN GFE

A. ROCKET MOTOR SHIFPIIC: CONTAINER X
B. BURNER II SHIP:FING CONTAINER X
C. ADAPTZR SHIPPING CONTAINZIR X

D, HANDLING SLING - ROCKET MOTOR
(25-53704) b ¢

E. PNEUWMAGRIP (PRISRAY CORP.
NC. PR1602-1; X

=

F. SLEA INSTALLATICN STAND (25-53789-1)
G. BURNER I HANDLIWG SLING X
H. BURNER II TRANSFER DOLLY

I. BURNER II CL®AN ROOM COVER

J. ASSPMBLY FIXTURE/TRANSPORTER

K. HANDLING RING - BURNER II

- T S~ B R ¥

L. HANDLING RING SLING (BRIDLE)

M. EHANDLING SLINGS (MISCELLANEOUS) X

>

N. LIFT CABLE ASSRMBLIES (4)
0. PAYLOAD ENCAPSULATION SEAL TOOL X

P, SHROUD/BURNER II/PAYLOAD HANDLING
SLING X

Q. HYDRA SET (10 TON WITH REMOTE
CONTROL) X

R. INTERNAL WORK PLATFORMS (24 SEGMENTS INSIDE THE SHROUD) X

S. PORTABLE WORK PLATFORMS (1C SECTIONS IN THE MOBIIE SERVICE TOWER X
AROUND EXTERIOR OF VEHICIE?E

T. REACTION CONTROL SUBSYSTEM GSE

1. SERFVICL™} EQUIPMENT (RCSSE) CART X
2. MISC. SERVICING EQUIPMENT X
3. DRIP PAN, RCSSE CART X

TABLE 2.T-1
T-17



T.

U.
v.

V.

D2-116).03

MECHANICAL GROUND SUPPORT EQUIRM/ENT REQUIREMENTS

MODIFIED
EXISTING EXISTING NEW
DESIGN DESIGN DESIGN

GFE

REACTION CONTROL SUBSYSTE4 GSE (CONT. )

k. HyOp OVERBOARD DRAIN KIT X
5. HoOp SERVICING SCUPPER X
6. PROTECTIVE CLOTHING, H,0p

7. BANDLING SLING, RCSSE CART X

TRUCKS, PICKUP, FLATBED AND TRACTOR
FORKLIFT

MOBILLE CRANE

PERSONNEL TRANSPOKTATION VEHICLES
VACUM CLEANER

GROUND CABLES AND TAG LINES

HARD HATS AND LEG STATS

STANDARD WORK PLATFORMS AND
STE™ LADDERS

PROTECTIVE CLOTHING, BATTERY
SERVICING

PAYLOAD INTERFACE SIMULATOR
BURNER II SPIN BALANCE ADAPTER X
WIND RESTRAINT SYSTEM (LAUNCH PAD)

TABLE 2.7-1 (Continued)

7-18
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3. Reaction Control Zubsysten Servicing Equipnant (RCSSE) Cart
Servicing equipment for supplying N, prescure to the Burner II
R3S during Burner II RCS leal. tests, Burner II checout and for
No system pressurlzetion and HpoOy fueling during launcih: operations.

Concepts for new equ’rnent l23igas are presented in Secticn 2.7.3.2.

2.7T.2.2 ILeunch Contrel and Chectovt Equivment.

Burner II Jeunch Control and Checkovt Equipment (LCCR)  svides for
complete functionsal checkout of the Burner II prior tc "= nch and for
monitoring and s~ont—cl of the Burner II during ths lauw. . countdowm.

ICCE requirei for Burner II PTR operations is listed in Table 2.T7-2.
Existing major equipment designs which require little or no modification
are as follows:

1. Leunch Control Console (ILC) which provides monitoring and control
of the Purner II subsysteins during. Burner II checkout and launch
operatiors. The ICC is shown in Figure 2.7-1k.

2. launch Suppert Fack (ISR) which proviles Burner I ground power and
control and mont‘or in.erfaces between the Burner II and the LCC.
The LSR is shown in Figure 2.7-1b.

3. Cuidance and Control Test Set (G&C T/5) which providles checkout
capability of the Burner II Guidance and Control Subsystem including
Gyro drift tests, Timer timi: - tests and Rzaction Control Subsystem
Phasing tests. The GXC T/S is shown in Figure 2.7-15.

b, Telemetry (T/M) Test Set (S-Band)-A portable test set which provides
the cepability to ecslibrate individual high level voltag> controlled
oecillators, makes RF ny r and antenna signal strength mecasurements
and assist in trouble-chooting of the data channels. The T/M test
set is shown 11 Figure 2.7-16.

Existing designs which will require modification eve interconnecting
cabling (1ength, conductor size anl number and connector types) for launch
rad installation and a Squib Simuiater. The Squit Sirmmlator is a portable
tester which indicates the occurrance eof firing currents on any squib line
and monitors the destruct firing line for sirasy curreac during countd-wn,

The existing Squib Simuletor design will be modi’ied as required to delete
or add circuit dbreakers, indicators and test Jacks.

Twc uew ICCE designs will be required, a Burner II/Centaur Simulator and
a Payload Simulator, which are discussed in Section 2.7.3.k4.

7-19
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LAUNCH_CONTROL AND CHECKOUT ECUIFMENT (LCCE) REQUIFEIENTS

EXISTING MODIFIED NEW
DESIGHN EXISTING DESIGN DESIGN GFE
LAUNCH CONTROL CONSOLE (LcC) X
LAUNCH SUPPORT RACK (LSR) X

GUIDANCE AND CONTROL TEST SET (G&C T/S) X

TEIEMETRY (T/M) TEST SET (S-BAMND) X

MISC ICCE CHECKOUT EQUIFMENT -BREAKOUT

BOXES, TEST LEADS, RESISTORS, ETC. X

ORDNANCE SIMULATORS (FUSES) X

IGNITER TEST SET ADAPTERS X

CABLE SET X

BURNER II/CENTAUR STMULATOR X

DC POWER SUPPLY X

SQIB SIMULATOR ) 4

BATTERY ACTIVATION & TRST EQUIPMENT X

IGNITER TEST SET X

BONDING RESISTANCE TeSTER (ALINCO) X

TEST RACK TO FACILITY GROUND CABLES X

PAYLOAD STIMULATOR ' X

SAFE AND ARM DEVICE TE3T SET (A/E-

24T-b0) X

COMMUNICATIC:'S EQUIFMENT - LAUNCH SITE )

TELEMETRY CLOSED LOOP HARDLINE -

LAUNCH SITE >
TABIE 2.7-2

T-20



LAUNCH CONTROL CONSCLE

FIGURE 2,7-14

LAUNCH SUPPORT RACK
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99000 OPOES " ¥

Figure 2,7-15: GUIDANCE & CONTROL TEST SET
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Interconnection reguirements for the launch srea LCCE installation are
shown in Fizure 2.7-17. The umbilical cabie junction box and all per=
manently installed czbles between LCCE and the UT junction box or DTS
will be supplied in the Leunch Facility Modification Kit (Seetion 2.7.2.6).
The signsls which must be transmitted between the LCCE and LSR through
the Data Transmission Set are shown in Figure 2.7=-18. This study 1s
based on the capability of transmitting anslog signals which are used

for Burrer II go=-no=zo0 launch criteria throuzh the DTS non-decision
making signal chennels, Additional threshold sensing equipment and

LCC indicator modification would be required to provide this go~no-go
data throuzh ti:e DTS decision making signal channels.

2.T7+2+.3 Services.

Requirements for Govermment Furnished Services at the ETR for Burner II
operations are listed in Table 2.T7-3.

— - —

2.7.2.k Facilities,

Requirenents for Government Furnished Facilities at the ETR for Buwmer II
processing end isunch operations are éczeribded in Table 2.7-4. The major
requirement for new (non-existant) facilities is for a high bay clean

roor at the ESA for essembling the Burner II, payload and shroud nose
section on an esseubly fivturs/transporter es described in Section 2.7.3.2.

2.7.2.5 Launch Facility Modificaticn.

Requirerments for modification to the present launch pad configuration for
Burner IT operations are listed in Table 2,7-5. Modification of the
Mobile Service Tower (MST) and Umhilical Tower {UT) platforms is required
to accommodate the 148 inch dlsmeter ncse shroud end will probably be
completed prior to Burner II/Ir"o*'ovcd Centaur/Titan IIID integratioun. The
required modifications are dezcrited in Section 2.7.3.3.

2.7.2.6 Leunch Faellity Modification Ki

Th2 Launch Facility Modificaticn Kit (mm) consists of all Boeing supplied
equlpment which rust be installed at the ITL launch racility to support
Burner II launch operstious. This equipment is listed in Table 2,7-6.

2.7.2.7 Expendzbles

Thirty pounds of GN, will be required for each processing cycle and
epproxinately fifty pounds of HpO2 will be required for each Burner II
fueling cycle.
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(are)

TELEDETRY CROUND POWER COFNTTWJL
MAIN GROUMD POWER COFTROL

REGULATOR VERT COSTROL

——— EBEOULATOR PRESSURE CONTROL

AIRBCRYY. FOVER OF CCYTROL
IGNITION 3AFE/ARN CONTROL
DESTRUC'® SAYL/ARN CCNIAOL
CAQE/UNCAGE 0L COFTROL

LOC PANEL FOWESt RETURY

LOC PANEL FOWER RETURA

OC PANEL POWER RETUTY

LOC PANEL FOWER ATLORN

LCC PANEL FOWER RETURN

LOC PANZL FOWER RETURE

MAIN FOW.R MONITOR

MATN FOWER MONITOR RETURI
TELIMETRY FOWER MONTTOR
TXACTRY FOWEN MOFITOR RETUSRT
CREMATUTS SEPARATICN "A"
PREMATURE SEPARATION "A™ RETURY
PREMATURS SEPARATICN “B"
PREMATURS SEPARATICN "3" RETURN
8, EIGI PRESSURE MCNITOR

¥, REGULATED PRESSURE MONTTOR
8,0 PRESOURE MONTTOR

PRESSUKZ MONTIOR CORMY
COMPARTNII' TEWFLF. TURS MONTTOR
GROUND OWER FUSIZIOR INDICATOR
AIP.ORNS FONZR POSITION INDICATOR
DESTRUCT ARM FUSITION INDICATOR
CESTRUCT SAFE FOSITION DNDICATOR
10XGTION AR POSITION INDICATOR
iS-TTION 8AFE FOSITION INDICATOR
OTRD CAOED IMDICAIR

OYRC UNCAGED 1#DICATOR
TELOCTHY GROURD POWER 1JDICATOR
XATH GROUFD $CVIR TNDICATOR

CAC IJTATUS 0 INDICATOR

Ga” STATUS E0-U0 IEDICATOR

BURNER IT/DTS INTERFACE SIGNAL

FIGURE 2.7-18
7-26
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]
UPIUS MONTTOR
(Au1ca s1arALS)
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GOVERWMENT FURNISHED SERVICES

CALIBRATION OF ELECTRONIC, ELECTRICAL, MECHANICAL AND RYDRAUT.IC
SUPPORT EQUIP!ZENT.

REPAIR OF STANDARD EIECTRONIC TEST EQUIPMENT.

LAUNCH PAD MODIFICATION INCLUDING INSTALLATION OF LAUWCH
FACILITY MODIFICATION KIT (INCLIDE3 IMSTALIATION OF LAUNCH
CONTROL AND CHECKOUT EQUITMEST INTSRCONNECT CABLES)
TELEMETRY STATIO! SUPPORT DURING FIELD PRCCESSING.
ORDNANCE RECEIVING, STORAGE AND TRANSPORTATION AT CRAFS.
DESTRUCT SAFE AND ARM CHECKOUT.

FIRE FROTECTION AND SECURITY

SPECIAL HANDL™NG AND TRANSPORTATION SUCH AS BRIDGE CRANE OFERATION,
MOBIIE CRANE OPERATION AND SERVICE TOWER OPERATIONS.

COMMUNICATIONS AND RANGE TIMING.

GOVERNMENT FURNISHED TRANSPORTATION (GBL)

TBIE 2.7-3

]

T-27
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A.

B.

C.

D.

D2-116103

GOVERMMENT FURVISHED FACILITI S

RECEIVING AND STORAGE AREAS

1.
2.

AVE and AGE - 40O SQUARE FERT.
SOLID PROPELLANTS AREA - 100 SQUARZ FEET
(ROCKRET MOTOR AND ORDNANCE)

OFFICE AREA AND QUIPMENT

1.
2.
3.
L'
S.

OFFICE SPACE (VIB OR PAD) - 400 SQUARE FEET
SIX STANDARD DESKS AND CNE SECRETARIAL DESK
SEVEN TELXPHONES ON THRZE LINE HUNT SYSTEM
THREE STANDARD FIVE DRAWER FTLE CABINZTS
ONE STAN. ARD ELECTRIC TYPEWRITER,

BURNER II CHECKOUT AREA (HAZARDOUS TEST ARFA)

1.

IOW BAY SFOP AREA - 600 SQUARE FEZT (20' X 20')
WITH 1/2 TON OVERHEAD HOIST: 110 V, 60 Hz POWER:
3500 PSIG AND Clip SUPPLY (3500 PSI MINDMUM)

EXPLOSIVE SAFE ARTA

l.

IOW BAY SHOP AREA WITH 2-TON (MINI«UM) HOIST AND 110 V,
60 Hz POWER (BURNZR II ROCKET MOTOR INSTALLATION) -
40O SQUARE FERT' (20' X 20')

2. HIGH BAY CLEAN ROOM ENTRY ROOM - 1125 SQUARE FEET (25' X 45')
WITH STANDARD CLEAN RCCM CLEANING DEVICES AND 45' HIGH DOORS
ON 25' .IDES LEADING FROM OUTSIDE ANT INTO CLEAN ROOM.

3. HIGH BAY CLEAN ROOM WITH 5-TON 45 FOOT (MINIMUM) HOOK HEIGHT
AND 45 FOOT (MINIMUM) DOOR -3600 SQUARE FEET (60' X 60')
(PAYLOAD AND BURNER II MATING AND SHROUD INSTALLATION) DOES
NOT PERMIT EORIZONTAL PROCESSING OF MORE THAN ONE SHROUD
SECTION AT A TIME.

TABLE 2.7-h
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E. LIQUID PROPEVIANT (H0,) STORAGE AND LOADING ARFA

1. ELEVATED (6 FOOT MINTMUM) PLATFORY - 20 SQUARE FERT
2. STORAGE AREA FOR REACTION CONTROL SERVICING CART -
100 SQUARE FEST
F. VERTICAL INTEGRATYOW BULLDING

1. SPACE ..ND FACILITIES FOR INSTALLATION OF BURNER II
LAUNCH CONTROL COWSOLE, 21 1/16" W x 41" D x 43" H.,
120 V, 60 Hz 1 @, 15 A CIRCUIT BREAKER, 2/0 CABLE TO

FACTLITY GROUND
G. TITAN III LAUNCH SITE WITH THE FOLLOWING SPECIAL PRCVISIONS
1. AGE BUILOING - SPACE AND FACILITIZES FOR THE FOLLOWING:

A. INSTALLATION OF:
LAUNCE SUFPORY RACK, 21 1/16" W, x 26" D x 77 1/2" H.,
120 V, 60 Hz, 1 @, 30 A CIRCUIT BREAKER, 2/0 CABLE
TO FACILITY GROUND.

B. INSTALIATICN OF:
GxC TeST SET, 48" Wx 26" D x 60" E,
120 v, 60 Hz, 1 #, 30A CIRCUIT BREAKER, 2/0 CABLE
TO FACILLTY GROUND,
C. STORAGE CF:
PCRTABLZ EQUIRNENT, TEST CABLE CASES (APPROXIMATELY .
20" x 15" x 11')
SQUIB SIMULATOR (APPROXIMATELY 32" x 16" x 9")
TELEMETRY TEST SET (APPROXTMATELY 41" x 41" x 15")
BURNER II/CENATUR SIMULATOR (APPROXIMATELY 32" x 15" x 9")
AND, PAYLOAD SIMULATOR (APPROXIMATELY 20" x 20" x 6")

TABLE 2,7-4 (Continued)
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G.

D2-116103

(conTINUED)

WBILICAL TOWER

A.
B.

c.

PROVISION FOR BJUAWER II CABLF AND JUNCTION BOX INSTALLATION

AIR CONDITIONING FOR BURNER II ~ TRMPERATURE 65 + 5 DEG. F.
DEW POINT 50 DEG. F. RATE 80 POUND/MINUTE

BALWARE BACK TO TELFMETRY STATION FOR CLOSED LOOP
CHECKOUI OF BURNER II TEL{I/RY SYSTEM, UG-30 D/U
FEEDTHROUGH, SIGNAL AT INTERFACE, +25 DBM @ 2200-2300 MHz.

MOBILE SERVICE TOWER

A.
B.
C.
D.

Np SUPPLY LINE 3500 (MIN/PSI) AT LEVZL 11

SHOWER AND EYE WASH AT LEVEL 11 (H, 0, SAFETY)
110 v, 60 POWER AT LEVEL 11

PROVISIONS FOR PEZRSONNEL AND EQUIPMENT GROUNDING,

REACTION CONTROL SERVICING CAR? SPACE AT LEVEL 11
(5' x 4' , 1700 POUND)

TABLE 2.7-b (Continued)
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LAUNCH PAD MODIFICATION

A. MOBILE SERVICE TOWER (14ST)
1. ™MODIFY PLATFORM 11 TO FOLD UP 90° (FROM 85°)
2. REMOVE FOLDING SECTiONS FROM PLATFORMS 12 AND 13

3. ADD TWO NEV FOLDING SECTIONS ON PLATFORM 13

B. UMBILICAL TOWER (UT)
1. REMOVE FOLDING SECTIONS FROM PLATFORM 13

2., INSTALYL, LAUNCH FACILITY MODIFICATION KIT

TADLE 2.7-5



E.
F.
G.
H.
I.
J.

D2-116103

LiUNCH FACITITY MODIFICATION KIT

ELECTRICAL U4BIIJICAL CABLE (UT J-BOX T0 BURNER II)
ELECTRICAL UMBILICAL CABLT RETRACT LANYARD SYSTEM
ELECTRICAL JUNCTION BOX (UT LEVEL 11)

WMBILICAL CA3LE3 (2) J-BOX 10 LR

TEST CABLES (2) J-BOX TO LSR

TEST CABLE J-BOX TC GUIDANCE AND CONTROL TEST ST
AIR CONDITIC::ING UMBILICAT, RETRACL LANYARD SYSTEM
SIGNAT, CABLE BETWEF:« LSR AND DTS

SIGNAL CABLE BETWEEN LCC AND DIS

H;0p OVERBOARD DRAIN

TARLE 2.7-6
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2.7.2.8 Softvnre

2,7.2.8.1 Proyron Documentation . Progeum Documentation requirementis
are defined in Section 10.

2,7.¢eBs2 GSE Inte-r-%4on ani L:unch Documentation.

Test Plans, An fntegrated Centeur/Burner II test plar will be prepared
Which lefines how the “»tal system is integreted and whie:c the individual
tests ere performed. This test plan will be based upon the test require-
mente contained in the System and CEI Specifications. Detailed test plans
for all contractor inplant testing and field testing will then be prepared.

Test Procedures. Test procedures will be prepared for each of the tests
specified in the test plan., These proccdures will be similar to existirg

procedures with modification required to accommodate rnew equipment,
changes to cidsting equipment, Centaur/Titan Jsunch vehicle, and ITL
launch complex. The procedures will consist of tme following:

A. Function2). Acceptance Test Procedures for each item of Launch
Control and Checsout Equipment (LCCE).

B, Functional Accepiance Teet Procedures for the LCCE when comnectsd.
C. Functional Acveptarn~s Test Procedurec for the Burner II vehicle.
D. Burner JI Field Assembly and Chackout Proceduresa.

B. Burner II inputs into the Titan/Centaur/Burner II combined checlout:
procedures (Interfece, EMI, Umbilicel Drop and CST)

F. Burner II fnputs inio the Integrated Titar/Centeur/Burner II
countdown manual, These inputs will provide for the following:

1. Chenkout and cornection ». destruct system.
2. Guidence and Telemnetry Confiicnnc checks,
3. Ssfing Pin n.movel,

4k, Pressurization of E,C, System.
S5« Transfer %o interuzl power (T-3 zinutes)
6. Armirg destru:t system and rocket motor.

2.7.3 Com'eptual Designs

- ———

Exising facilities and equipment designs have beecn specified for Burmer JJ
ETR operations where feasible., Where new designs or facility modifications

were required, further study of field processing requirements was performed
to develop conceptual designe. This section presen<s the results of
these stvdies and the conceptuel designs which were developed.

7-33
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Several sreas reguiring further definition and study are discussed
at the end of this sa2ction. The groun rules assumed for the study
are as follows:

—

2.T.3.1 A§§pm?tions and Ground Rules.

1. The ps; nai and Burner TT will be encepsulated within the 168-inch
diameter Conceptuzl Shroud (upver section) showm on NASA
Lewis Research Center drawings CR 600310 through CR 600336, and
Conveir-Astronautics drrwing SKC-11. The integrated assembly will
be erected on top of the Titan IIT/Improved Centaur on the pad at

ETR Leunch Complex L1,

2. Concepts developed in this stuly for assembling, encapsulating,
handling, and erecting the encapsulated paylcal and Burner II shall
be compatible with the launch complex structures and equipment as
described in the Titan III/Improved Centaur Integration Study.

3. Concepts developed in this study shall be adaptable, with winimum
modification tc handle and erect the 132-inch diamefer straight
Centaur nose shroud.

y, The encapsuleted payloald and Burner II will be transported to the
launch pad in an upright position.

Se The Centaur stage will be pressurized end stretch herdwere removed
prior to payloed/Burner IT/Shroud erecticn.

6. The wind restraint system described in the Titan ITI/Improved Centaur
Integration Study will be uscd when erecting the paylaad/Burner II/
Shroud if wind velccities exczed 15 miles per hour. If winds exceed
25 knots, erection will not proceed.

Te The paylosd and Burner II will be encspsulated witl:iin the nose shroud
in a clean-rcom having a S-ton minimum capacity bridge crane with a
minirmur hook height of 45 feet.

8. The peyload will reguire positive pressurization of the nose shroud
at all times after leaving the clean-rcom.

9. Nose shroud scgments will arrive serarately =2t ETR and will be
handled on indivicdusl dollies.

10. Burmer II will be manufactured in a standard facility at Kent,

Washington without the use of special clean-room facilities and
procedures.
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2.7.3.2 lechanical Cround Support Eguipment

A preliminary study was made of Burner I1, payload and nose shroud
mechanical integration requirements to determine the adequacy of the

Titan III launch facility at the Eastern Test Range (ET2) and to identify
requirements for mechanical Ground Support Equipment (GSE). Procedures

and conceptuel GSE designs were developed for assembling the Burner IT

stage, encapsulating it with a payloed within the conceptual 168-inch
diameter Centeur nose shroud forward section and erecting the asscmbly at the
launch pad. ThLe resulting mechanical GSE requirenents are listed in

Table 2.7-1 and are des~ribed as follows:

2.7.3.2.1 Burner II Assembly and Installetion. Th2 Burner II stage

and solid propsilant notor Wwill be snipped separately to ETR. After
receiving inspection £1d Burner II systems test, the motor will be
installed on the stags. The motor will first be placed in the installation
stand, es shovn in Figure 2.7-19. A hendling sling and pneumazrip tool
will be vsed to 1lift the motor out of its shipping container and position
ity nozzle dovm on the stanl. The stand is an existing piece of equipnent,
mounted on a new transfer dolly.

The Burner II stage will be lifted ou®t of its shipping container, using

a three leg spreader bar sling, and installed on the stand over the mcior.
The motor sttachk bolts will then be installed, and the assemblzsd stage
will be lifted off the stand for installation of the Burner II clean-rconm
cover. This cover, mede <f & non-static, conductive: material, will envelop
tae Burner II stage telow the encapsulation surport ring, being fastened

to the ring with & removable strap. The cover, together with the closed
payload interfece ring, will seel the Burner II for subsequent operations
in the payload integration clean-roocm.

The sealed Burner II will be placed on the irnstallation stand and moved
Inio the clean-rcoom entry on its doliy, together with its haniling sling,
where =1l =xterior surfaces including the hendling equipment, will be wiped
clean before cuiry into the clean-room.

A Pour-wheel asserbly fixture/transporter trailer (Sor Figure 2.7-12) will
be positivned in the clean room, after being clean=d, to receive the

Burner iI stage, paylozd and nose shroud. This transportes will contein
Burner II and nose shroud support and tie-down provisions, leveling wedge
essemblies, nose shroud guying cable provisions, and a tow bar. Prior to
being brought into the clean-room, the transporter will be jacked up and
the reoad running gear will be remcved. This gear will ilien be replaced

by special wheeled gear used only for clean-room operations. The Burner II
stage will be placed on the transporter using the bridge crane hoist and
Burner II sling, and fastened to three support pedestals with trensportation
tie-down bolts. ILeveling Jacks on the transporter will maintain stability.

REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR.
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PAYLOAD INTERFACE RING

UPPER ENCAPSULATION
BARRIER RING '

BURNER T STRUCTURE
AND EQUIPMENT ASSY

2

{} THIOKOL MOTOR i R I il
TE-M-364 -2 _ S
) p CLEAN ROOM f NOSE SHROUD
e I COVER i SUPPORT RING
ASSY FIXTURE/
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o, + -k + | !
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BURNER TI ASSEMBLY AND INSTALLATION ON TRANSPORTER
BURNIR T WITH STD MOTOR (TE-M-364-2)

FIGURE 2,7-19
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2,7¢3.2.2 Payl-.ad Tnstellebion. Handling ard transportation equipnmant
for the payload has not been defined. It 1is essumed such equipment will
be providéd by the payload contrzctor and will be compntible with clean=-
room procedures and hoisting equipment. The payload will te mated to the
Burner II payload support rinz end comnecting bolts will be installed.
Electrical steging connectors will be connected and, it is ascumed,
payload checkout will be conducted at this time prior to encapsulation
within the nose shroud.

2.7+3.2.3 Peyload/furner II Encapsulation. The GSE and procedures for
installing the ncse shiowd and encapsulating the psyload and Barrer II

are i)iustrated on Figvre 2.7-20 and 2,7=-21, Boch nose shroud segrent

will be dbrouzht into the el.an-room horizontally, convex side up on its
handling trailer. Two 1lift cable assemblies will be fastened to the exterior
of the segment ss showa in Figure 2,7-20. Each rssembly consists of &

1ift ceble, 1ift cable bracter, tie rod, two razni knobs, and = cable guide
(see Figure 2,7-20, Detail I). A twe leg bridle sling will be attached

to the ends of the 1ift cables and the nose shroud segment will be rotated
to the vertical position., A portable hoist may be used to support the lower
end of the sezment, or rotatlon provisions may be inciuded in the handling
trailer. The 1ift cable sscerbly are located ralielly on the segment

&8¢ the center of 1ift coincides approximately with the segsrent _center

of grevity when it is vertical (see Figure 2.7-20, View AA).

With the se;ment susronded In the + :rticel positicn, the upper encapsulation
barrier section will be atteched to the eppropriate segment internzl rirg.
The segment will then be moved laterally into position onto the transportier
nose shroud support ring, enveloping the payload and Burner II. Trens-
portation bolts will be installed to facten the segment to the ring.

One 1ift cable ass=mbly will ther be reaoved from the segment, leaving

the remaining one instzlled which is located in iine with & Burmer II

beam. The removed assembly will be used during the erectiorn and instellation
of the remaining two nose chroud segments in & similar marnner. At the
campletion of this procedure, three 1ift cable esserblies will rexain

on the nose shroud to e used durirg =le ersction of the encapsulated
paylcad end Burner II =t the launch pad.

After erection of the nose chroud segments, the shroud separation devices
will be installed. The upper encapsulation b.rrier sections will then be
Joined and attached t~ the Burner II barrier :inz with pin puilers using
the speclal sesl tool shown on Fizure 2,7-22., Personnel access within

the shroud for this operation wili bc provided by openings in the nose
shroud support ring and one in the shroud e¢ylindric.) section, The height
of this ring will be suck that the nose shroud field splice plane at
Station 2510.7 will be located an inch above its finel position relative
to the Burper II field splice plene,
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2.7.3.2.4 Haniling Ring Instellztion,  The henlling ring supports the
mated payload eni purncr 11 durin- erection at the psd. It 1s connected
rigid.ly to the tiree 1ift cable brackets by the tie rods, &s shown on
gure 2.T7=21, thereby rreventing relative motion Letween the shroud
payload darin" the erection process,

The handling ring consists of three identical, rsctangular bux-section
se¢ments, bolted tosether to forin a complete ring. Each segment carries
one Burner II support beem contained in a bolt-on pedestal. Each pedestal
containg a 1ift lug which mates with a nlevis on a 1lift ceble tie rod.
Each ri .z segunent also contains three swiveling casters on its underside
which tre used for handling of the seguents.

The handling ring is ir;talled by placing the individual segments on the
veriphery of the transporter, as showa in Figure 2,7-21, using the clean=-
room crane and a two-leg bridle sling. The segments will then be rolled
inwards, bolted together and rotated into proper position. At this tine,
three of the casters (120 degrees apart) will e located on top of
leveling wedges on the transporter. These wedges /i1l be uced to ruise
and adjust the level of the ring so that the threc support beams can

be inserted througsh the pedestals and engazed with the Burner II beems,
a3 shown in Detail I of Fisure 2,7-21. Tre two 1lift pins in each support
beam will engage 1ift holes in the ends of the Burner II beams and the
surport beams will be locked “o the pedestals.

After the support bears cre instslled, the hand knobs securing the tie
rods and 1ift cebles will be loosened. The tie rods will be lowered until
the bottom clevises engeczed the 1lift lugs on the ring nedestels., After
inserting tie bolts, slack will be taken out by tizhtening the upper

and lower hand knobs (see Figure 2.7-21).

The final operations prior to towing the transporter to the pad will include
installetion of three guying cables, duct covers closing the support beam
openings in the shroud, replacement of the personnel access doors cn the
shroud, installing a portabl pressurization unit on the handling rir .

end connectinc the transporter environrentel conditions unit to the 1 yload
air conditioning umbllical conaection on the shroud. The road running

gear will be replaced on the transporter outside the clean-room.

2.7.3.2.5 Payload/Burner II Erection at Pad. Severnl preparatory operestions
must be performed before erecting <b-. encapsulated payload and Burrer II

on the Centaur. It 1s assumed that the Titan III/Centaur vehicle is on

the pad, enclosed with the MST and UES. UES and UT platforms 11, 12, 13

and 14 are extended, the three 47-inch long Centaur forwerd fairing

sections and the 'lowel encapsulation barrier are installed, and the

Centaur electrical and air conditiong umbilicals are connected. In
addition, the Centaur stretch sling may be in place with the stege
unpressurized,

T-41



D2-116103

The Centeur must first be pressurlzed and the stretch sling removed.

The Burner II porteble work stand will then be installed on platform 11
as shown in Figure 2,7=-23. The work stand will consist of several light
and portable scctions which are bolted tosether., When assembled it
will provide a complete platform around the Centaur lower feiring. The
work stand framinc wlll be desijgned with clearance for the Centaur
umbilicals, and will bridge the new cutout required in platform 11

to clear the Centaur liquid hydrogzen (Lip) vent fin.

The Burner II/Cent-"ur adapter will be brouzht to the pad on 1ts hanlling
dolly by truck. A threoe-leg spreader bar slinr; will be used with the MST-10
ton auxiliary crane to install the adapter on the Centaur conicel equip=-
ment module,

After the adapter i5 positionzd on Centaur, several sections of the
interrel work platforn will be installed between the adapter and the fairing
externel ring. Thecse sections will provide woriing positions for installing

the adapter interface bolts. The platfoim sections will be shifted as
required., When all bolts are installed, all) the platform sections will
be 1nstalled,

The final operations before erecting the payload erd Burner 1T will be
to move the UES Jib crane to its extreme North position, retract UES arnd
UT platforms 12, 13 and 1% and open the UES door and roof.

The encepsulated paylosd an? Burner II will be erccted usioy & threeelég
spreader bar sling on the MSD 10-ton suxiliary crare. Accurate and positive
control will be provicd:2d dusing final loed positioning bty a remotely
controlled Hydra-~Set unit Letween the erarne hool aad erection slinc es

shown in Figure 2.7-23. %The Hydra-Set uni® will elso provide shock centrol
esalnst potential crane surges.

Tne Hydra=-set and sling will be lifted by the crans sufficicntly to ellow
clearsnces for the peylozd/Durner XI trensporter to be positioned under
it. The height of 1ift will be limited by the length of the hLose between
the Hydrc-set and its remote control corgole vhich will be temporarily
positioned on 1tz stand clear of the tr-rsporier position.

After tlie transporter is positioned under the crenc, its leveling Jjacks
will be ajdusted and the crane will lower the sling to epproximate height.
The Hydre-sct remote control console will be used to adjuszt the final
=ling height, and a moblle crane may be used to provide personnel access
to connect ths three sling cebles to the 1lift cab.es previously instelled
on the ncse shroud and handling ring. The guying cables will also be
discounected from the lift cable guides at this tire.

T-h2




i
1
E1T2ION $/nTdivid ._\
ASW NObS St i3S \_
ONIGYOS 3/ ON3Y -
. N _
Y

\
W

oY \
“ M
.M. €L0H NHNALY D!

Jiser A3

“

N2 i
|
[

nHOAY Yy o
LS M3IN -

|

)
Ve
il
2.4

'
(ss33 vy sewrs |
HWudeiS BVANDD

w04 QI8INDIY)" rll
(M3IN) ¥1 ON W8031Y 14

; _._ #..

Qv0oYivd /0 HINENE-

— e NI T

AWILENN NIV
QuY0u 43A0 0N

.
.
,

s

—qg - -

il

r“ ™~ ilNgew ||
“3avy 1|

...,auacmu::
1390t aNvH
I

} i
— VIANT i
1 Vd |
\
S (€) ASSY !
[

i 3718vD LN

XIAI»(I-

a349vHi3Y
ZI ON
JAVM LN

=

i e e Y e g e
A Vbl ¥ 1.7- S

e e e —— . — e e e

j

|
|

JA-£52°A317-mn0

—— i
i

/ €1°ON WH041V1d 4N 40
NOI193S INIGI04 3A0NIY

s La L

i

L}
WL lS20 A3 o “ . 3aiN9 318v)
| ' _, L
| J ' : i :
: ' . \ | i
g | ! - ‘_ |
! : . N
i _ : : ) e == ANOYHS |
N i _ i u ,7 A¥VAONVI1S .
' . | 1}
) g V i . 5 _ \
. i . -t N3 = —
L ' CU L0 L BI62 YIS | X
: ¢ 1. 3 AN
- T 1 b ]
. \ R N , i
' \ 3 : [
8 : ~|~m | j
: . n L0-0L2 A313 IN
( "‘
, # . B ONITS ”_
gif e el NITANYH ..l/ ¥ILVINS
Sy , K, IVLININNONIAN]
(310198 ti IWSHIAING LSW
937151 Y
; b! N
“ | » [
: \ 1
_, {Q31104 1NDD A13L0ON 3 _ K] N
3 i35-¥uOAH-— Mm m
U — . e —— _
.0-082 A313 15N \ i '8
., o \
INVYHD AdVIURAY NOL-O1- ‘ \
. e
13731 W 34GNTHL 280K - w _ -7

.9- 682 A313 |

LDOUT FRAME Zﬂif

fO




V4 NG NO{LV 1IVLSNI
ANOYHS /AVOTAVd /I ¥INMNT

1N B WNNISN 30 ¥ILNID HONONHL NONDIS

7-43

/SHFONE

MSTALLATICH ON PAT

PAGE

i TOEING -
CENTAUR INTELFATIOH

A T

BURHER J/PAYLOAL

e
o T S

L] }‘ﬁ

88 ...J{

& AN § <Bred
s
il

-l
=
b

F/OURE 2.7-23

ERAME + 2

%

H
i
H
4
{

FOLDOUT.

N ()
; -4 |
¢ ke 3 | L 39VIS
¥ , i . “_ dNVINID
i _ 64N Ay | §
; {0l NdDlY A . *
L Frob N a0 : ! / .
— .i.._” o | 1 ]
SR LRI AT} Rl 39VIS 3
112 ey SHERN ;
9,72 IR ¥ D\LJ:KDm
L B o 4 "
ANVAS MBOUM 3 ATid 4 ; eJqo:_cz? i
N ;.3&531
(NS € 9NIg < ruTCHNYH i L OM3'Ne
5 i ~ !
8 LN0) ; T~ |
4 JiOwMaY ! -
) * 1435 YHOANW ! e —~al b
< t 3dvid0at { _ —_——
,]lrf:.mo 1v , ‘BWN /¥
b3 az e 0 ¥3NUNG
3 i : .
' ) Wy3g L¥0asns | | o )
! CYOYAYd /0 ¥INGNW- _ N Ws& ..pxu, .Ee
o cmmede s ers SLE.\ L L e R R T 1_
s I WRHUENT Hivgd i | m_ou.:uwﬂ“.ﬂ :
' - g ' 4 '
EIT2/ N $s 5.0 d ' t ! - Qn.LuZu L | e (U .._
ASW WOMS G0 1D3S ot o // S |
ONIGTZS 3ok - | i i _ ” Mo i :
. ~N ._ m i 7 - ,A d ! .
]

(€ ASKVY

1B aena;
—~ XOA-(

A 0 % 3INaNY
»
i H !

B et |
me——

G342VH AN
Zi ON
FYL A" ]




f=
=

REPRODUCIBILITY ™E ORIGINAL PAGE IS POOR. §

-
.,__.Aﬁ .
.\\ .
/
\

N

41745 ONOYKS —

3=

i
2.
b
— QNS m‘
/ 9NIIGNYH I
/ e ”,.m.\\ €108 NYO3LY I
4, , - 1 40 NO NOILDIS
1 - N CNISI0S FAONIY
' ) ﬂ‘.
l 34
\ | _
N : ——
g ” :

/.f/! -

S

" _.
4

..\. /
/N IVAC WY \

ANVIS MHOM aNY
ONIY OSNITANYH 1314V
G371TVASNI STV AN

OVOIAVd '8 T ¥3MENg —~

2/¥ avolrvd

NOIL23S ONIGT04 MIN

]

v

o

o

4.

Pl TS=E0CN NHOILY YD 15N NO
.

x_Tf.

0o ERAME [




I1wvig b

i A ! - — e Y. S SR— %
) ' 04INgNS - % \ ..1|J+ - ~~—~ ,/I'. ? lmQ ——
. _ . m! %y < 1 - 218NN 19315
! ! 3 , : : oy B REEE y3nng
' _ " vl ~. ¥ .uW (wn) 49 &30
i ! v K
' u P Itivy) 8ir 2 L 1 woenn . i
: . ¥ ; . {va112313 _ i
| o % | - i S _ T~ —x08-
: | St » : » : ! O ¥iINyNg
g t o 4 7, h
o = } _ ; Rarcs ; —- Lw\ r\\ m , " lﬂ
; | i : T ‘ /7 : ) ’ _ i ! _
of oy A e e
O TR na A S A Sl A v S 1 2| | i | |
| (3rnwvn: ) AR _ _ » o
O ¢ SgIr 350) HoILIsed ! | } 1 :
L /IWVAOWIS NI LNIP03S \.. : | | i
(SNOIL™ 3% 01 ANVLS )/ ONIY INITANYH T /| ~ 1INYY | v ) N |
ABOA 31a¥inCd MIN _/ i "04L1N0D | " ny | :
CV ol R S e ———
| . L ]
, | SISOH 321AH3S - L\/, (N o)
LL) _ -{1yv- 3569y ) :
G o . Nvd 4180 - " [ ELETal-] i “e @
u A m_ C - m P~
s o iR el e et RS R T WY SR AR AR R b A Y AR G S A ST
a TTIE e L o e sty e
S e i 1
— ~ . )
J y ,U /_ a
N 1SW S
= N : z =
o4 .
O -0 NOIL23S
] pY
| — GINOWIH LON $IVD ﬂm\r‘.\ N7 L
W (1 ] £
] AWIIHLD313 HNVLNID \ : Lff
= (J1A912 404 QILLIvO ¥ ON AHNALY 1d MIN) P gl
, O i A ERETEY) : : =
€1 ON WHI3IVId-NVYId VIildvd v& ’ M
, < (T
| > 8-9 NOILD3S Y -
—“ ELON WNANYLY Yy LS INO G =
- IN1ET3 0 SHIETI03 MIN - \ MUU
— . . 4 S
B .7".7’.vhny,~ MRS WA STt WA NASRTRN W S WRAADL AR SRR LA ) / 1 0
— b ; 3 ¥ - \ fret
' ] a \ v AVAOIN Y
19 4 . , i ¥ CANVLIS HHO/MA ANV Y
) Al i b ONIY ONITANY 4 #4314¥ \
H i \ b A31YLSNE ST/o0Nenn —
E O | _ ﬁv b GVNIAVd ® T ¥INYNg -
_ O & o _ = 1 A S — ONITS H
i i : y e {
(o' . | ; . |'_ \ INITGNVYH .N
(a8 | | ; A P y o €1om N¥OALVd
Ty i A . - / 4, o 110 NO NOI L7235
A ' | : . e 4 __ = {{  <run104 3A0N3
o 1 v ~ ’ ! ) :




i
i
R T~

GRATICH
v

KC/1:20 |

——
=

GE 1S POOR.

|

L EI B
INSTALLATION Ci! PAC
TE
S
I

EURNER [/FA/LCAD, bk, U1

{,2-6:7 NOHLY~A313)
11'ON WHO41V1d -NVd v113vd

' ST N DR
) v
' i [ TS
oReemiii i
% =———— CENTALR !
=
L
28
FrouRE 2.7-24

f

— - 2 [ ; - - e b o SR S e S—— {
..:\Ziv ' ] . = 1/

M43 09YOHHIA0 TOTH | :
LR ~\

; > W8N _.., .
r'4 . : , ( [~ ’ /v 0 43rigi9 -, \ b
”” ] P m\ \ = Y Y 7 N i 1
| | . ' .
© 3 1ds L7 g X
NIRRT T A X

| o " ¥-¥ NOILI3S
p — al TS ——
1 A | _ _ T~ 41 .UP
¥ 7 _ T el —7YM 53N _ _!_ | g
i | LIt A A
0 : . l - Ny
O e e ST LR T T R «uhﬂvwna..._ 1 |
— .. i I | 1 “ ! “ i
(a4 ‘_ r e . ERTNYEY u ?H - - ! _ | Q)
O ” “ DR L 53
; ! ' . 3 X —
. WA , ©3LVd ¥ SWY3IE-SLHINDIG v2) N . bl =
b L) ) VOVIH  NHO4L¥Id ARDAA IYNHILNL ; ” . il | _
H ] : Ldfid4it _ i i N o
| : . 18v) o7 , . . 3 ; _ _ FV!I’L -
f I | .:J: ,”..lll.! ——— / B SISl - v ol . M 0@-. .Ww.h...mw.l.,l. e 1o
! : : WH0O41Vd |
] O ?/ i u m 7 on10118 »D.W WL .I-lll@
A ~ “ / yJ . i
et s i e
> ; - Vi AE7 Tenidvin a0 ' | _
| L . 4
T“ ,“ ! ~.§ ~— \\ *3‘
w— ! . &5 - .v
pe== g
==
O
a
(0’4
Q.
L
(04




D2-116103

The Burner II clean~room cover ani all tie~down bolts will be

removed. The portable pressurization unit ctteched to tie handling

ring will be conazected to the shroud end the trenspoarter envirommental
conditioning duct will be removed. Tne load will then be raised off the
transporter, using the Hydra-set remote control which will be attached
with a speclel bracket to the side of the handling ring. The load will
then be raised to epproxirately theé 235 foot MST level a~ shown in
Figure 2,T7-23, and moved laterally into the UZS over the vehicle center=
line. The UES doors will then be closed.

The preceding described erection procedures will be modified if the wind
at the pad exceeds 15 MPH. A wind restraint system will be uced as
described in Volume II, Part I, Section IV C, »f the Titan II1I/Improved
Centaur Integration Study. The payload/Burnes II transporter must be
positioned between the two wind restraint cebles and cable guldes will

be attached to the handling ring before 1lifting the load off the
transporter. The restreint cables will be taut while the payloed/Burner II
is being raised, and will be removed after the UES doors are closed.

The 1lb-foot spacing tetween the wind restraint crbles shown in the
Integration Study (Figure IV-60) must be increased to epproximately
16 1/2 feet due tc the lerger size of the 14 foot dimaeter shroud and
tlsle handling Ping., The width of the transporter will be approxirately
1 -feet.

After pocitioning trepayload/Burrer II over the Centaur, the Centaur
upper air conditioning wibilical must be disconnacted erd moved clear,
Electrical umbiliczls will be lowered to within epproximately 6 inches
of the Burner II/Adapter interfece. The auxiliary crane will then be
locked, and the Hydra-set remote control console will be positioned on
its stand sdjacent to the eccess door in the shroud eylindrical section.
This door, and the dust covers on the support beam eccess openings, will
be removed for visual access to the interface. '

Using the Hydra-zet, the payload/Burrer II will te lowered onic the

Burner II interfece. The load will be =2Ajusted downwards until the
' remove control gege indicates that only the combined weight of the payload
and Burner II is suprorted by the adapter. The nose shroud field splice
plane w1l now be erproximately an inch ebove its mating interface
position at Station 2510.7.

The Burner II air-conditioning umbilical will be connected at this
time and the internal working area will be purged with conditioned air,
A man will then enter the shroud tkrough the acce33 panel and install
three Burner II separation nuts., Tae support beams will be unlocked
and the Hydra-set will be adjusted, if recessary, to relieve the load
on the beam lift pins. These will be removed, and the support beams
will be retracid 2n¥ stored.
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The man will exit the shroud and the top hand knobs on the lift cable
assemblies will be loosened and adjiusted to full up position. This will
ensure that the handling ring weigh" czznot be suspended from thenose
shroud. The shroud will be lowered cn-o its mating interfece and sufficient
bolts will be installed to secure the szhroud, The handling ring will

then be lowercd until it 1is supported <. 1ts casters by the work stand.

UES end UT platforms 13 now will be exierded and the handling sling will
be uncoupled from the lift cable asseublies. The Hydra~-set remote control
console wil). be disconnected and the hendling sling will be lowered to

the ground. The UES roof may then te elosad.

The payload enviromiental conditioning duct will be installed and the
portable pressurization unit will be removed from the ring. The free=
standing handling rinz can now be disassembled into three segments. These
segments will be rolled around the vehicle and onto the work stand extension,
one et a time. The two-leg bridle sling, used in the clean room, will be
used with the UES jib crene to move the handling ring segments onto the

8ide of UES platform 1l. The segment may then be rolled out of the UES

for temporary storege. Alternatively, the sezments mey be lowered to the
ground, using the MOT auwxilisry crane,

The center upper-air-corditioning waibilical will be reconnected at thie
time.

The 1ift cable esserblies will be disconnected and removed by hand, ard
the new UES platform 1b sections (see Figure 2.T-23) may be lowered.
The remaining nose shroud bolts can then be installed.

The final operations prior to beginning Burrer II checkout will be to
install the parload ard Burner II electrical umbilicals, install the inboard
and outboard HpOp drain umbilicals, rig all laryards, and connect the
payload anl Burmer II staging connectors. One or two sections of the

work stand must be removed to provide clearsnce for the electricel
umbilicels, Thz remaining sections end the internal work pletform will
remsin in position urtil the completion of checkout end vehicl= servieing
prior to launch. This equipment msy be temporarily stored on thiziiST until
after launch,

2.7.3.2.6 lerze Motor Burner II. Assembly and erection procedures and
equipment for the large motor Burner II will be identical to those for
the small Motor Burner II with the following exceptions:

Extension edapters muct be attached to the S&EA installation stand shown
in Figure 2,7~-25 to accomodate the longer motor and changed mating
interface. A longer clean-rcom cover will also be used.

7-46
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A Burner II support extension ring will dbe iustalled on top of the three
support pedestals on the assembly fixtuve/transporter, as shown in

Figure 2.7-25. This figure also shows the support beam adapters and
stabilizers, which are required to mate the large motor Burmer II with the
support beans,

The support beam adapters and stabilizers must be assembled after the
support beams are inserted through the pedestals on the ring. They mist
be removed after the Burmer II is mated to the Burner II/Centaur adapter
at the ped, before the support beams can be retracted.

2.7.3.2.6 Furthzr Studies. Several areas requiring adilitionsl. study and
definition were identified in the analysis 6f Burner II and payload
mechanical integration and erection.

Handling Ring Sizing, The payload and Burner II Handling Ring was made
as small in diameter as possible to minimize the effects on the launch pad
structures and to be more readily adaptable to handling the 132-inch
dizmeter straight Centaur nose shroud. A larger ring, sized to clear the
168~inch shroud diemeter would necessitate extensive changes to the fixed
portions of UES platforms 12 and 13 for clearance during erection. Use
of the smaller ring will 1limit the required modification to the folding
sections only.

The smaller diemeter ring has had the additicns) szdwvantage of having
shorter Burner II support beams, thereby minirizing deflections under
load, end resulting in & lighter more compact ring structure, The smeller
ring also results in & smaller width assembly fixture/transporter, thereby
minimizing the required spacing between the. Wind LRestraint System cables.

A possidble diradvaniage of the small ring is the requirement to disconnect
the Centaur upper ai:i-conditioning umbilical during part of the peyload
end Burner II erection process due %o pnysical interfercrce, The effect
of distupting the flow of conditioning sir to the Centaur upper equipment
section must be evaluated. A potential solution, if continuous air
conditioning i1s rquired, will bs to temporerily inseit a special, narrow=-
width extensior adepter between the vehicle and the air-conditioning
umbilicael connector which can be clesred by the internal diameter of the
ring.

Additional factor effecting the size of the ring, and consequently the
launch pad structure, is the configuration of the nose shroud at the
transition fram the 163-inch diemeter to the 132-inch diameter. The
eifects on the ring and pad structures must be reevaluuted if any changes
are made in the future to the shroud econfiguration.

T-18
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Erection Loads on the Nose Shroud. The full weight of the nose shroud

1s carried by the three 1ift cable brackets, positioned 120 degrees apart,
during the ercction at the pad. These brachets tranenit the erection

loads to the two lower, 1E¢-inch diermeter internal shroud rings, the shroud
skin, and adjacent external stringers. The capabilit; of the shroud
structur: to meet these concentrated loeds with minirum weight penalty
mist be evaluated. A potenticz? means of modifying the load distributin

is to use six lift cables assemblics retainad as instelled during individual
shroud segment installation on the assembly/transporter.

Umbilical Retraction System. It was assumed in this study that a lanyard
aystem would be used to retract the payload and Burner II electrical
umbilicals similar to the system proposed in the Titan IXI/Improved
Centaur Integration Study for the Centaur upper electrical umbilicals.
Because all the umbilicels are connected at the same disconnect panel
located near the Centaur forward electronic compartment, the possibility
of using 8 common retraction system should be investigated. Such a
system must be compatible with requirements to connect the Centaur
umbilicals in the Vertical Integration Building after stage erection,

and the payload and Burner II umbilicals at the pad.

Centaur Forward Cormartment Venting Provisions. NASA-Lewis Research
Center drawing No. CR 600319 shows provisions for venting the Centaur
forward electronic compartmeant. These provisiocns include a series of
internal ducts venting out througzh cpenings in the 168-inch diameter
of the nose shroud. The effe~t of this ducticg on the handlirg and
erecting of the encspsulated payload and Burner II must be investigzated
and tne mechanicel interfaces mist be defined.

2.7.3.3 Launch Facility Modification.

The Titan III launch complex is adaptable with minor modifications, to
support the preparation and launch of the Burner II and payload. These
modifications have becn analyzed and conceptual designs were prepared.
The analysis was based on the Launch Complex Ll configuration es modified
tc accomodate the Improved Centaur. This configuration was described

in Volume II, Psrt I of the Titan III/Improved Centzur Inte:zratioa Study
(Contract NASS-8718). It was recognized that that study ccnsiderad only
the 132-inch diameter nose shroud.

The modifications proposed in this study, which include the Burner II

umbilical installetions and scrvicing access requirements, are consistent ' i} -

vith an objective stated in the referenced study, of restoring the pad L
to the Titan IIIC configuration within a five-day conversion period.

T-49




D2-116103

Modiftcations to the Missile Service Towrer (M3T), end the Umbilicel Tower
(UT) ere shovm on Figires 2.7-23 enl 2.7-2U. These modifications will
accormodate the 163-inch diameter Standarl Centzur Nose Shroud, and the
provisions for erecting mating ard launching the encapsuleted payload
and Burner II. These moiifications are in addition to those defined in
the Titan III/Improved Centaur Integration Study.

2.7.3.3.1 Mobile Service Tower lModification. The 13-foot octagonal
tutouts in the folding sections of UES piatiorms 12 and 13 interfere

with the 168-inch diameter of the nose shroud. These sections, even

if raised, do not provide suvfficient clearance for installation of the
shroud and eventual reroval of the tower. The platform 13 folding section
must be removed and replaced with two new hinged platforus as shown in
Section B-B, Figure 2.7-2i, to provide access for removing the payloed
and shroud handling sling and 1lift cables.

Similar folding sections will be required on platform 12 if access 1s
required to the full length of the shroud vertical split lines.

The platform 11 folding section cut-out is sdcquate for clearance around
the lower section of the Centaur fairing. However, it rust be modified to
fold up 90 degrees instesd of 85 degrees to clear tihe upper nose shroud
before reucving the 3T prior to launch.

2.T+3.3.2 Umbilical Tower Modification. The folding sections of UT
platforms 12 and 13 interiers with the nose shroud like the corresponding
platforms in the UES. {Unless UT platform 12 is required for access to the
nose shroud split line, it may be kept in the retracted pcsition during
the erection, checkout, and servicing of the launch vehicle.

UT platform 13 Zs required Por removal of srectim equipment, shown on
Figure 2.7-23. To provide this access, the folding sections of the
platform may be removed end a guard rail instelled on the end of the
sliding section. This section will provide adequate acca2ss ¢ the shroud
split line. If such access 1s required, platforii 12 can te acdified in a
gimilar manner.

7-50
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Electrical wnbilicals are required on the UT for both the payload and
Burner II. Only the Burner II requirements are shown in Figure 2.T7-23.
A 36 by 36 by 8-inch electrical junction box is required above UT
platform 11. This box may be installed on the eazt :%de cf the tower,
north of the sliding platform. It is assumed that s drop-weight,
lanyard retraction system will be used similar tc the system descrived
in the Titan III/Improved Centaur Integration Study. A similar system
can be used for Burner II and payload air conditicning umbilicals which
mast also be installed on the tower.

A hydrogen peroxide (Eo02) overboard drain must be installed on the

UT to protect against possible H,O0p leckagze =t the Burner II fill and

drain fitting. It will be installed on tue towzr as shown ln Figure 2.7-23.
A flexible drain line from the container will be taped to the Burner II
air-conditionins duct. The drain line will be connected to a self-

sealing disconnzct fitting on the nose shroud. This drain line will be
retracted with the air conditioning duct.

2.7.3.4 ILsunch Control and Checkout Eguivment.

In addition to the existing LCCE described in Section 2.7.3.4, two new
portable simulators will te required as follows:

2.7.3.4.1 Burner I7/Centaur Simulator. Figure 2.7-26 shows the proposed
conceptual desigr for a Burner II/Centaur Simulator which will prcvide
the cepability for simuleting Burner II signals when connected te

Centaur at the interface connector ard for simulating Centaur signals
vhen connected to Burner II at the interface connector. The s'mida‘or
vill be in a portable sultcase similar to the Burner II/Thor Simulator
shown in Figure 2.7-27.

2.7.3.k.2 Payload Simulator. Flgure 2.7-28 shows the proposed
conceptual design for a Payload Simulater which contains test jacks
for continuity testing of the psyload umhilical and verifying payload
separation signals transmitted from Buwrer II to the payload.

2.7.% GSE Integration

Wherever pocsible the Burner II Ground Suppert Equipment will be fully
integrated with the Burner II, Centaur and nose shroud before delivery
to the ETR. Integration will be accomplished by performing all
feasible interface verification in Seattle using actual, simulated or
mocked up equipment. Additional discussion of GSE 1lutegraticn is
presented in Section 2.10.




400d S| 3OVd TYNIORO IHL 40 ALITIGIDNA0Yd3]

PACCABACK-195
/_ (MATE WITH BURNER T

INTERFACE CONN)

BACCASACD-2P
/- (28 VOC IHPUT)

BACCA5MI4 -19P
(MATE WITH CENTAUR
INTERFACE CONN.)

/.
CENTAUR SIMULATOR
rs.n
Q)
p
—F — oo
® Q¢ O
+ 4+ + ton
‘D € F UNCNGED
t %1 ©
e s TivoP
K L M $1 .7
SR
© + ©
s T U

e
DISAYM

ocsTeucT r2B VD(n DESTRUCT
NO, 2 ‘P05 RET HO.|
© © ©

PITCH/ YAW
GYPO L

UNCAGED UNE_M{D

SEPAPATION TiMeP

*OINIMATE S1AT

BUPNER T SIMULATOR

rd-s
| I
=
pksteucT  r—J =
m. 2
© © ©
PITCH/ YAW A e Iy
(&Y< + + 1=
WICAGED D E ;
+ + +
G H J
SCPAKATION == -+ -+
IN'TIATE K L M
O + o+ -+
H )
755 ®@ + ©
DISLRM s T v
© -
v

— e — —— —

.

l\f

1

€

ST JACK (TYP)

\-uoucmm SWITCH
QR ()

BURNER II/CENTAUR SIMULATOR

FIGURE 2,7-26

\-molcmcc LAMP
(TYP)

£0T9TT-2a



£6-/

Figure 2.7-27:

BURNER 11

THOR SIMULATOR

€0L9LL-2a



5=k

TEST JACKS
/ (AS REQUIRED)

PN

4+ + + +
+ +

ﬁABLE PIGTAIL

PAYLOAD STAGING

RECEPTACLE
(MATE WITH BURNER I
INTERFACE PLUG)

FIGURE 2,7-20 | PAYLOAD SDMEATCR

£0T9TT-2a



DC-116103

2.7.h.1 Mechanical Ground Support Equipment.

During the Burner II AV‘E/AGE physical and functional integration testing
at Seattle, all items of mechanical GSE will be exercisedi by performing
a2l1 processing operations except those which are unique to the launch
pad. Field procedures will be used for these operations. .ntegration
of the ground handling equipment with ETR facilities will be accomplished
during pad installation of the first vehicle.

2.7.k.2 Launch Control and Checkout Equiprent.

The ICCE and checkout procedures to be used for Burner II processing at
ETR are identicsl to those used for Burner II checkout and integration
in Seattle. Thus the equipment designs will be fully integrated with

the Burner II before being used at the ETR. The only ILCCE interface
which must be verified at the ETR 1s between the DTS and the ICC and

LSR. Tnis interface, which is described in Section T7.3.2, will be
verified during ICCE Installation and Checkout at the ETR using simulated
Burner II monitor signals and electrical loads.

2.7.5 PField Processing Schedule

The schedule shown in Figure 2.7-29 presents the field processing time
required to perform the tasks identified in the field processing flow
disgrams, section 2.T.l. The schedule is based on the assumption that
the Titan and Centaur have previously been integrated and that Titan/
Centaur and payloed checkout at the launch pad can be performed in
parallel with Burner II confidence testing. For second and on lsaunches,
the addition of the Burner II adds approximately one-half week to the
normal Titan ITI/Centaur on-pad flow time.
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2.8 TASK 8 BURNER II GROUND FACILITIES

(Task 8, "Ground Facilities" material is presented
a8 an integral part of Task 7 "Ground Support
Equipment" in Section 2.7)
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2.9 TASK 9 - RELTABILITY AI'D SAFETY

This section describes the rcsults of analyses conducted to investigate the
reliability and safety char:ctuaristics cf the Burner II System integrated
into the Titan III/Centaur v:uicle. The probability cf mission success has
been estimated and the hazards of the stage are identirfied for inclusion in
subsequent program planning.

2.9.1  Reliability

The analysis performed indicates that the Burner II vehicle, integrated with
the Titan III/Centaur vehicle can perform a synchronous equatorial mission with
a high probability of success, comparable to that of the Standard Burner II
Mission.

The requirements of the prediction analysis provide a basis for reliability
numerical requirements, and a source for a comparative evaluation of the
configuration and mission concepts considered in the integration study, with
other possible configuration and missions.

2¢9.1.1 Analysis

A preliminary analysis has been performed, and the Burner II relisbility for
the Titan/Centaur synchronous eguatorial mission has been estimated to be

«955, as indicated in Figure 2.9-1; this value is based on flight and test
data and is not considered the maximum reliability potential but is an
estimate for the first Titan/Centaur/Burner II flight. The analysis is

based on the basic Thor/Bumer II mission analysis adjusted for differences

in boost environment and mission time differences for time sensitive equipment.
The modifications to the Burner II basic design, (primarily interface and minor
design changes to the Guidance and Control equipment) have been included.

The Burner II Space Vehicle is considered a flight proven system, based not
only on its flight performance of eight successful missions out of eight
launche!, but also based on the successful performsnce of its components on
other programs., In particular, similar Walter Kidde Reaction Control equipment
has flown successfully in 98 Scout f£lights (2 complete Reaction Control
Subsystems per vehicle), and similar Guidance and Control equipment, menu-
factured by Honeywell, has flown successfully in 172 flights (combined Thor-
Delta, Scout, and Burner II flights).

2¢9.1.2 Effects on Van Allen Belt Radjation

An evaluation of the natural radiation environment encountered by the Burner II
vehicle while passing from a 100 nautical mile circular orbit to synchronous
altitude has been made, and it ¥as determined that the typical total radiation
dosés, received under 20 mils of aluninum during the transfer maneuver, range
from 1 to 1000 rads (Si). These radiation levels are not expected to result in
~ any deleterous effects on the Burner II electronics system.

#A ninth flight, the SESP 68-1 mission, an Atlas/Burner IT vehicle does

not constitute a Burner II test since a nose fairing failure prior to
Burner II operation precluded the mission continuance.

9-1
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A previous study *(of a Centeur/BII for a NASA application ) to determine the
survivability of the Burner II electronics in a radiation environment created
by a SNAP Generctor (RTG), indicated that for a worst case evaluation (minimum
shielding of parts, with these operating in their most vulnerzsble mode) and for
a critical mission of 24 hours, Burner II could survive the radiation exposure
with no changes in circultry or parts.

The Burner II exposure to the Van Allen Belt enviroument during a Titan/Centaur/
Burner II synchronous equatorial mission is considered less severe that that
created by the RIG, further coafirming that the effects of natural radiation on
Burner II are not significant. The study indicates thot the most vulnerable
Burner II equipment has a damage threshold of 5.0 x 108 neutrons/cm2, while

the worst proton exposure due to natural radiation is approximately 107 protons/
cm®, As the protons are less effective than the neutrons, the natural radiation
is more than one order of magnitude away from tie Burner II equipment damage
threshold.

It should alro be noted that Lunar Orbiter Vehicles, having electronics design
characterisiics similar to those of Burner II (solid state components with no
special shielding), encountered no problems while traversing through the

Van Allen Belt.

2.9.2 Safety

A preliminary safety analysis has been performed to investigate the gross hazards
of the Burnper II system as integrated into the Titan III Centaur vehicle, for
the purpose of identifying sefety requirements and provisions and evaluating

the safety elements of risk reluted to the integration task. The analysis has
included a review of the safety characteristics and hazerds of the Burner II
system, and an evalvafion of the ef.ects of the integration on Burner II

safety, with considerations for vehicle assembly, and for interfaces with the
shroud, AGE, and the launch facility.

2.9.2.1 Analysis Results and Recommendations.

The analysis indicatecz that the hazcrds to be encountered during the integration
task are typical of curient missile and space systems involving ordnance devices,
solid and liquid propellants, and pressurized systems, and that the integration
can be performed by cwreatly accepted techniques and within the normally
acceptable risk limits for unmanned space systems,

It is noted however, that the following integration phase will require a
detailed safety analysis requiring well defined payload characteristics, detailed
operating procedures, and event seguences for Titan, Centaur, Burner II and
Payload field operations, as systen safety is not only dependent on the
evaluation of groses hazerds bu* also on attention to details of the system.

*Boeing internal memo. Copy was provided at tLe first Progress Review and
was included in the package of internal Boeing analyses provided to the
Centaur Study Manager at the second Trogress Review.
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Possible total system safety hazards due to Centaur integration with Titan IIIX
(I.e. effect of combinations of possible failures from all stages) have not
been includeld in this ansalysis.

2.9.2.2 Typicsl Burner II ERazenis.

Te hezards inherent to the Burner II system are identified in the "Burner II
System Safety Analysis" Document, D2-82667-1. These hazards are minimized
and controlled by Burmer II design saefety characteristics and by proven
operating procedures with considerations for equipment and personnel safety.
For the Purner II/Centaur integration task, most of these hazards remain
unchanged, and as such, will be minimized and controlled in a mawmer identical
or similar to thai of Buruer II, as integratad to the Thor booster. There
are, however, safety problem areas peculiar to the Burner II integration with
Titan Centaur, which will derani special considerations during detail design
activities and during preparation of detailed field operating procedures.

2.9.2.3 Assembly, Checkout and Encapsulation of Burner 1T,

Burner II hazards during this phase cf the integration are primarily typical
for Burner II operations for any vehicle, and are controlled a~ indicated

sbove, Additional hazards due to changes in AGE, handling equ.pnent, etc., are
comon to Aerospace System Transportation and Handling Operations, and are

not significant, although they will require detailed safety considerations,

such as grounding and bonding requirements, special hoisting controls require-
ments, rocket motor and pyrotechnwic safety considerations, etc. fety
requirements due to interfaces with the payloal are discussed in Section 2.9.2.T7

Due to the condilions within th2 nose shroud, all operetions for Burner II
assemvly, test and fueling within the shroud will require particularly good
lighting, to prevent accidents to personnel, and possible equipmeni damage;

the electric lighting raguired will be of an explosion-proof type to eliminate
possible incidents in the event of a hazardeus alwosphere caused by possible
gas leakage from the peylosd, cleaning solvents, etc. This explosion-proof
lighting will also be vequired during integre‘ion tasks with Centour/Tite: III,
as an explosive atnosphere could .lso be created by IH; leak, spillage or
venting from Centaur.

2.9.2.4 Propellant Incoupetibility

The T:tan III fuel, A-50 (UDMi/NoEL), end oxidizer (M,

0&), and the Centaur
IH2 fuel can present safety hazards during the integrat

on with Burner TI.

The Titan ITI oxidizer (¥o0L) in contact with moisture becomes nitric acid
(HHO3) which is highly corrosive. During Titan III down-loeding of the N,0y,

a lavge cloud is vented to the atmosphere and with adverse weather conditions,
N2O4 or HNO; could settle on Burner i1 components and start corrosive action.
Even if a N%Oh vent steck burner is used, NoOy environment can still be expected
in the vicinity of the vehicle due to leakage or spillage. Burner II equipment
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has not been designed specifically to withstand an HNO, corrosive atmosphere,
ani has not teen evalvated against corrosivity specif Qat*cns similar to those
used for Titan ITI. To prevent the possibility of Burner II equipment damage,
it 1s recormended that positive pressure be maintained within the Burner II
compartrent within the nose shroud during any time when a corrosive atmosphere
ray be present. This can be performed by the operation of the air conditioning
from the time of "Wet Mock" during lauach operations until liftoff.

The Titan III fuel, A-50 (UDMH/Nan) is Lypergolic with the Burner 11 Reaction
Control Hy0,. This creates a potential hazard for the integration task.

A similar hazard, however, already exists with the Titan III/Centaur
integration, as Centaur also required H-Op, in a much larger quantity than
Burner II. Precautions required for the Centaur I20p fueling will be reviewed
for incorporation into the Burner II detailed field operating procedures.

In particular, the Burner II H.O, relief tube and container will be designed
so there is no possibility of unilla.ge prior to or during liftoff. It

should be noted that during field operations of Burner II there has never been
an H202 rressure rise requiring the actuation of the relief valve.

Any possible thermal or chemical incompatibility of Buruer II with the Centaur
LO and propellants will be counteracted by the relative isoleztion of
Burﬂer ITI from Centaur as the air conditioning and the debris shield with the
lower encapsulation barrier will provide & thermal rchield and positive:
pressure which will prevent oxygen and /or hydrogen from entering the Burner II
area. The effects of gravity on any Centaur leskage will provide additional
therrel protection for Burner II equipment.

2.9.2.5 Burner II/Centaur Electromagnetic Compatibility .

The compatibility of Burner II with electronegnotic environment gensrated by
Cenatur has been investigated in detail in Task 6; the analysis which includes
an evaluation of the Burner II/Centaur interfece signals, tre Burnmer II and
Centaur grounding sysicms and major Centeur RF sources, indicates that no
safety problems should te anticipated. The desig: of all Burner II ordrance
circuitry has been based ca standard safe“y practices, in concurrence with
military safety requirer:nts (twisted wire pairs, grounded shielding, routing
close to structure,ets.) and is considersd rcu-sensitive to EMI; use of relays
for power isolation, and use of dicde supprezsors ifor circuit protection
provide edditional safety features for the ordnance. It should be noted that
all ordnance iters (including rocket motor igniter initfators) selected for
Burner II are rated as one amp, one watt no fire (for 5 minutes) and have also
a very low seasitivity to high voltaze currents.

2.9.2.6 Burner II RCS Fveling

Fueling the Burner II Reaction Control System within the nose shroud presents
some hazards not previously encountered in Burner II. Tuae following special
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safety considerations will be recuired for protecticn of personnel and equipment
againgt the poessibility of RCS propellant (HQOQ ani Ng) leakage ani/or
spillage:

1. A protective scupper similar to “i: one used on Burner II during
the SESP 68-1 mission fueling opev:tion will be required to contain
possible HoOo leakage or spillage ‘rom the quick disconnect; tlhe hoce
from this scupper will drain the HpOp into a closed container with water,
if possible outside the shroud.

2. The debris shield and the lower encapsulation barrier should be
designed to provide protection of Centeur equipment against H202 and/or
water, and should provide a means of draining or of collecting the
liquid in a sump for ease of removal in an emergency.

3. A drip pan with water will be provided to protect tbe tower and equipmeant
below from possible HpO2 spillage or leaks during fueling operations.

L, At the RCS servicing level on the tower, a personnel shower, eyewash
and available water (with a garden type hose, cormpatibie with HpOp,
. hand control valve and nozzle) will be provided for emergency use.

5. Due to the close quarters wi thin the Burner II area with the shroud,
and the reletively lowv maneuvering space during a possible emergency,
the use of extended lanyards for uncoupling the RCS quick disconnects
will be considered during the detail design phase.

6. After the RCS system has been pressurized, the air ccenditioning system
must be in operation for at least seversl minutes prior to personnel
entering the Burner II nose shroud area, to eliminate possible hazards
in the event of Ny leakage.

Detailed safety procedures and requirenents elready incorporated into the
Burner II field operating proceiures for RCS fueling operations will also be
incorporated into the Burner II/Cenat-ur integration; these include
ennsideratioéns for grounding of the service cart, securing of pressurized
lines, special valve operation sequences for safe fieling and defueling, use
of prctective clothing, etc.
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2.9.2.7T Payload Interfaces

A safety evaluation of the interfaces of Burner II with the payload ’
requires data not presently known about the payload checracteristics.

The evaluation should include Payload/Burner II safety consilerations
in the following areas; as applicable.

. Fuel, oxidizer and other propellant incompatibilities
= Thermal incompatibilities
. Air Conditioning incompatibilities

: Radiation and/or EMI incompatibilitiec

. Hazardous materials

. Pressurized systems

. Ordnance systems

. Grounding and bonding characteristics

. Mechanical stored energy

. Hezardous operations

. Payload field assenbly, test and operating procedures.
» . Mechanical and/or electricel interfaces.
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2.10 TASK 10 COST AND SCHEDUIES

(T::ts material is presented in Volume II of
this document.)

e
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Request for Proposal NASA C-201383-Q, December 12, 1968

D2-116082-1 "Manager.2nt Proposal - Burner II Integratlon
Study", February 3, 1969

D2-116082-2, "Technical Proposal - Burner II Integration
Study, " Janvary 31, 1969

D2-116082-3, "Study Plan - Burner Ii/Centeur Integration
Study", May 29, 1969.

D2-116082-k, "First Progress Report - Burmer I1I/Centaur
Integration Study", June 19, 1969

D2-116082-5, "Integration Plan and Costing Ground Rules -
Burner II/Cenatur Integration Study," Aigust 19. 1669

D2-116082-6, "Second progress Report - Burner II/Centaur
integimtion Study", September 4, 1969

M2-82601-5, "Mission Planners Guid: to Burner II",
April 1968
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