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PRESIDENTIAL COMMISSION ON SPACE SHUTTLE CHALLENGER
ACCIDENT—THURSDAY, FEBRUARY 6, 1986

National Academy of Sciences

Auditorium

2100 Constitution Avenue, N.W.

Washington, D.C.

The Presidential Commission met, pursuant to Presidential Executive Order, at 9:50 o’clock
a.m.

PRESENT: .

WILLIAM P. ROGERS, Chairman

NEIL A. ARMSTRONG

DR, SALLY RIDE

DR. ALBERT WHEELON

ROBERT RUMMEL

DR. ARTHUR WALKER

RICHARD FEYNMAN

ROBERT HOTZ

DAVID C. ACHESON

MAJOR GENERAL DONALD KUTYNA

2
PROCEEDINGS

CHAIRMAN ROGERS: Ladies and gentlemen, I now would like to call this first meeting of
the Presidential Commission on the Space Shuttle Challenger Accident to order.

I want to make just a couple of preliminary remarks. As you know, this Commission was
appointed by the President on Monday, and because of the time frame within which we are
working, we wanted to start as expeditiously as possible, and the members of the Commission
have been very accommodating and agreed to come to Washington yesterday.

We had a preliminary get-together to discuss our plans and where we were to go based upon
the Executive Order, and we have, with the cooperation of NASA and the White House and
other officials, been able to set up this meeting for this morning. The purpose of the meeting
this morning is to be brought up to date on the events that have occurred since the accident,
principally by officials from NASA. They have been very cooperative and have been working
closely with us, and we are obviously going to rely in large part on the investigations that they
have conducted and will conduct in the future.

On the other hand, as we said when the
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President announced the appointment of the Commission, we have our own responsibilities. We
can seek other evidence, get any other information we may desire, and the NASA officials have
been, as I say, very cooperative in that respect.

I would like to, by way of a beginning, refer to the Executive Order that created the Com-
mission because we want to stick very closely to the instructions that we received from the
President, and I will just read briefly the important part of that Executive Order.

It says “The Commission shall investigate the accident of the Space Shuttle Challenger
which occurred on January 28, 1986, and the Commission shall:

“(1) Review the circumstances surrounding the accident to establish the probable cause or
causes of the accident; and

“(2) Develop recommendations for corrective or other action based upon the Commission’s
findings and determinations.

“The Commission shall submit its final report to the President and to the Administrator of
the National Aeronautics and Space Administration within 120 days of the date of this Order.”

So our first task, it seems to me, and I think
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other members of the Commission, is to deal with, one, review the circumstances surrounding
the accident to establish the probable cause or causes of the accident.

Now, with that opening statement, keeping in mind that is our purpose this morning, to be
brought up to date on the events that have occurred since the accident, we will call on NASA
officials, and I guess the first witness is Dr. Graham, if the doctor will proceed to the podium.

Doctor, I will ask the Clerk to swear you in.

THE CLERK: Do you swear the testimony you are about to give before this Commission will
be the truth, the whole truth, and nothing but the truth, so help you God?

DR. GRAHAM: I do.
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TESTIMONY OF DR. WILLIAM R. GRAHAM, ACTING ADMINISTRATOR, NATIONAL
AERONAUTICAL AND SPACE ADMINISTRATION

DR. GRAHAM: Mr. Chairman, members of the President’s Commission on the Space Shut-
tle Challenger Accident, NASA welcomes your role in considering and reviewing the facts and
circumstances surrounding the accident of the Space Shuttle Challenger.

NASA continues to analyze the system design and data and, as we do, you can be certain
that NASA will provide you with its complete and total cooperation. Along with the President, 1
look forward to receiving your report and to the resumption of space flight with our national
Space Shuttle System.

I would like to introduce now Mr. Jesse Moore, who is NASA’s Associate Administrator for
Space Flight and also the Chairman of NASA’s 51-L Data Design and Analysis Test Task Force.
He will conduct the briefing.

Thank you.

THE CLERK: Do you swear the testimony you will give before this Commission will be the
truth, the whole truth, and nothing but the truth, so help you God?

MR. MOORE: I do.



6

TESTIMONY OF JESSE W. MOORE, ASSOCIATE ADMINISTRATOR FOR SPACE FLIGHT,
NATIONAL AERONAUTICAL AND SPACE ADMINISTRATION, AND CHAIRMAN, 51-L
DATA DESIGN ANALYSIS TEST TASK FORCE

MR. MOORE: Mr. Chairman, members of the Commission, we are here today before you to
discuss the Space Shuttle Challenger accident and to talk to you about where we stand today in
terms of our analysis that we have done so far as a result of that accident, and supporting me
here today are various members of the NASA centers involved, as well as members of the Astro-
naut Office down at the Johnson Space Center.

I would like to say that we tried, in preparing this document for you, to put it together to
give you a sequence of how NASA goes about getting ready for a flight, what some of the back-
ground associated with the Space Shuttle System is, and then, finally, tell you where we are
with respect to the overall investigation that we are currently working on right now.

We will have to apologize because we probably have some acronyms in our document here
that may be kind of difficult. Some of the charts that may come on the television screens may be
difficult to read, but we have
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tried to put together the best set of information we could in the time available to do it.

I would like to now proceed with the agenda, please. [Ref. 2/6-1]

I plan to cover the overview, and then I would ask various members involved in the Space
Shuttle System to cover respective parts of the Shuttle, and I will start out by asking Arnold
Aldrich, who is the Manager of the National Space Transportation Program Office at the John-
son Space Center to talk about the orbiter system as well as to give you some background on the
Shuttle and overall performance, and then I will call upon Dr. Judson A. Lovingood of the Mar-
shall Space Flight Center to talk to you about the responsibilities of the systems that the Mar-
shall Shuttle Projects Office have, and then I will ask Robert Sieck of the Kennedy Space Center
to talk to you about the launch and landing operations at Kennedy.

I think what is also very important to this group is the design and development process that
NASA follows in acquiring hardware and software before we fly it, and we will tell you about
how we do that and the overall process, preparations with respect to that aspect.

Finally, we will close with our actual flight

8

preparation process: How do we get ready for a flight; who is involved in getting ready for a
flight, and to try to give you some background information about the overall flight process in-
volved in the Space Shuttle Program.

The next chart shows an organization chart showing how NASA is organized from the Ad-
ministrator level down to what we call the field center level, and I won't spend a lot of time

4



going into great detail on this, but I will tell you that Dr. Graham is the Acting Administrator
of NASA. I report directly to Dr. Graham. I am the Associate Administrator for Space Flight.
And then reporting to me institutionally are four NASA centers involved in not only the Space
Shuttle program but a number of other programs in NASA. The centers are the Lyndon B.
Johnson Center in Houston, Texas. They are also the John F. Kennedy Space Center in Florida,
the George C. Marshall Space Flight Center in Huntsville, Alabama, and the National Space
Technology Labs in Mississippi. [Ref. 2/6-2]

(Viewgraph.) [Ref. 2/6-3]

MR. MOORE: The next chart, please, will show a little bit more detail in terms of how 1
operate the Office of Space Flight. And in this chart I have four principal positions in my front
office: a Deputy
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position; a Deputy Associate Administrator for Technical Matters; and a Deputy Associate Ad-
ministrator for Management. I have two staff functions, principal staff functions. One is looking
at STS program integration, looking and making sure all elements of the program are integrat-
ed from a standpoint of program, policy and budget. Then I have a number of what I call line
divisions that report to me that have various responsibilities which are listed on the chart, and 1
will just quickly try to let you have a feeling for what those are.

The box on the far left shows my Customer Services and Business Planning Division. That
division principally interacts with the Shuttle customers to give them schedule information and
planning information prior to our launches. Then I have a division called the STS, and here
STS—you will see that quite a bit—stands for the Space Transportation System, Orbiter Division
and Logistics Division. This division is responsible for the overall program aspects and policy
aspects of the Shuttle Orbiter System, and the logistics to support the Shuttle Orbiter System,
meaning all the hardware and the spares that we need to make sure the Shuttle flies.

CHAIRMAN ROGERS: What does STS stand for

10
again?

MR. MOORE: I'm sorry, STS, you will hear that term quite a bit, stands for the Space
Transportation System, and that is another way we use of talking about Space Shuttle. It is the
Space Transportation System. If you look at the Space Shuttle, you can see the Space Shuttle
here, and different people look at it in different ways. And some say the Space Shuttle is the
orbiter only, but the Space Transportation System involves more than just the orbiter. It in-
volves the external tank, it involves the solid rocket boosters, and all the people, facilities that
we have to support it. And that is kind of what we call in broad terms the Space Transportation
System.

CHAIRMAN ROGERS: Thank you.

MR. MOORE: In addition to our Orbiter Division we have a Propulsion Division, and this
principally is, from a program standpoint, a budget and policy standpoint, responsible for the
propulsive elements on the Shuttle, and those elements include the Shuttle main engines, of
which there are three, the external tank which provides the fuel for the main engines on the
Shuttle, and then the solid rocket boosters which provides the—a major part of the thrust
during the initial ascent phase of the launch.
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And then I have an STS Operations Division. This is responsible for, again, program and
policy and budget related to how we operate the Shuttle in our launch operations down at the
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Kennedy Space Center as well as in our flight operations activity that is involved and being per-
formed at the Johnson Space Center.

There are other supporting divisions on the right—Resources, Advanced Programs, and
Space Flight Development Systems. These are kind of supportive to the overall Space Transpor-
tation System, and then each of the centers listed below have various responsibilities.

And I think the next chart will kind of give you a feel for the overall management responsi-
bilities.

(Viewgraph.) [Ref. 2/6-4]

MR. MOORE: You can see the Office of Space Flight kind of looked at from an overall man-
agement point of view and not so much from an institutional point of view. My office has respon-
sibility for policy, advocacy of the program, budget and resources, marketing, and kind of ensur-
ing that the overall corporate structure is maintained, and then external relations interfacing
with the outside world as far as the overall Shuttle is concerned.
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There is a Program Office at the Johnson Space Center called Level 2, and Arnold Aldrich,
whom you will be hearing from in just a minute, is the manager of this overall office. His job is
overall program management integration, which means making sure that the system all plays
together, that everything is ready from a systems standpoint from an overall performance, that
the hardware all matches and so forth. And then there is a customer service function down at
the Level 2 office as well to make sure the cargo integration and work in that area is also done
appropriately.

Then, reporting to the Level 2 program offices are various project elements at the four
NASA centers that I talked to you about, and I will just quickly go through from left to right
the various projects and the responsibilities for these projects are the responsibilities of, on the
left, the Johnson Space Center has the responsibility for the Shuttle orbiter, for the orbiter crew
equipment, meaning all the components and so forth necessary for the flight crew, and also the
Astronaut Offices at the Johnson Space Center, for Flight Operations, meaning at liftoff, the
flight of the Shuttle, and its orbital operations and its landing operations are basically the re-
sponsibility of the Johnson Space Center, and to
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actually do the payload integration, making sure that the hardware we fly in the Shuttle is
properly integrated into the cargo bay prior to our launch.

The Kennedy Space Center on the next box has the responsibility for ground support equip-
ment such as all the launch pads and all the launch facilities that are required to support the
launch of a Shuttle. They have responsibility for actually launching the Shuttle, the launch op-
erations complex at the Kennedy Center does the actual countdown and so forth prior to a
launch. And then they also do the hardware payload processing prior to installing, and they ac-
tually install the payload elements into the bay of a Shuttle.

At Marshall Space Flight Center they have the responsibility for the Shuttle main engines,
for the external tank, for the solid rocket booster, and for Spacelab, which is a cargo element
that flies inside of the Shuttle.

As far as the NSTL—again, NSTL is National Space Technology Laboratories—they basical-
ly provide us test facilities for testing the Shuttle main engines.

Next chart.

(Viewgraph.) [Ref. 2/6-5]

MR. MOORE: The next chart I'm just going to quickly let you look at. I don’t intend to brief
this

6
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in detail. What I have tried to do in this chart, you will see it discussed later by Mr. Aldrich.
What I have tried to do in this chart is to give you a more detailed vertical cut from the previ-
ous chart, and on the right of the chart some of the specific functions that are done by this
particular structure.

(Viewgraph.) [Ref. 2/6-6]

MR. MOORE: Now, the next several charts will talk about the planned evolution of the
Shuttle program, and this is a plan which encompasses the 1981 timeframe through the 1986
timeframe, and I will try to show to you and to your Commission what flights have been done
and the kinds of things that have been done during that period of time on the various missions.

There was a phase in the program that initiated in the April 1981 timeframe and ended in
late 1982 called the Orbital Flight Test Phase.

(Viewgraph.) [Ref. 2/6-7]

MR. MOORE: During this phase we flew four Shuttle missions, STS missions, and as a part
of those flights, we flew instrumented pallets—a pallet is a cargo element that sits inside of the
cargo bay—to try to get some feel for how we could accommodate payloads in the Shuttle. We
flew the RMS, another acronym—and that stands for the Remote Manipulator System,

15

—and that is the Shuttle’s arm which we now fly routinely on most flights. We did fly our DOD,
or Department of Defense, payload on one of the early flights, and we began doing some experi-
mental flying on pharmaceuticals, doing some early experiments to see how those experiments
would react to zero gravity.

Beginning in STS 5, which occurred in late 1982——

(Viewgraph.) (Ref. 2/6-8]

MR. MOORE: —we began what we called the early payload capability demonstration phase,
and we looked at and we did fly a large number of different kinds of payloads to give us a feel
for the capabilities of the Shuttle with respect to accommodating a number of different kinds of
payloads. COMSAT is short for communications satellites, and in addition to the communica-
tions satellites, we flew several upper stages during that period of time. One is the PAM, or
Payload Assist Module.

Let me pause. I think we put an acronym listing in the back of your book here, and we are
going to try to make that as complete as we can because we in this business do an awful lot of

talking in acronyms, and I apologize for that, but there are a couple of sheets in the back of the
book with acronyms. We will

16

try to make that more complete as time goes on.

We also flew the IUS, the Inertial Upper Stage, and you should note that we had an Inertial
Upper Stage on this particular mission, 51-L, and I will come back to that point later. We also
flew Spacelabs, I talked about. We did an EVA, which is an extravehicular activity where a
crewperson would go outside of the Shuttle, and we also did an MMU flight, or a Manned Ma-
neuvering Unit flight, where we actually flew a powered system away from the Shuttle and re-
turned back to the Shuttle.

We did rendezvous on orbit, we did satellite repair, we did—on the Solar Array, and we also
did a refuelling demonstration on the program. Beyond that period of time we have entered into
what we call the Payload Operational Phase where we have done satellite retrievals, where we

5



have flown some DOD, additional DOD, Department of Defense payloads, and we have also done
some salvage rescue operations in space with the rescue of the SYNCOM satellite last year.
(Viewgraph.) [Ref. 2/6-9 & 10]
CHAIRMAN ROGERS: Up to that point, had the military, DOD, been involved in these pro-
grams?

17

MR. MOORE: The DOD has been involved in the Space Transportation System from the
outset. In fact, they are working the launch pad facilities and have the responsibility now for the
launch pad system development and facility development out at the Vandenberg Air Force Base.
And the DOD plays a very strong role in the Shuttle program as far as working with NASA.
There is a lot of interaction back and forth between the Department of Defense and NASA. A
large contingent of the Department of Defense people are at the Johnson Space Center working
hand in hand with our people, and we have also flown several dedicated missions on the Shuttle
with the Department of Defense payloads on it.

So yes, the answer to your question is they are involved.

CHAIRMAN ROGERS: Has the role of the DOD changed at any point during this program?

MR. MOORE: Not in the recent past, sir. The role, in fact, it has gotten stronger. As time
has gone on, I would say the role of the DOD is getting stronger in terms of their planned utili-
zation of the Shuttle. We have plans in the latter part of this decade, the early part of the 1990s,
where the DOD would plan to use a full one-third of the Shuttle capabilities.

So I would say the role is getting stronger,
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and their commitment to the Vandenberg Air Force Base launch system out there which will
give us polar orbit launch capability—we now can only launch from the Kennedy Space Center,
and basically achieve inclinations around 28-1/2 degrees to about 57 degrees latitude. The
launch facilities out on the west coast will now give us polar orbiting capability which the DOD
is working on that facility development.

Now, in the system deployment phase, we are in the process of implementing our major ele-
ments of the system, and at the Kennedy Space Center we have been building Pad B, the
Launch Pad B. Up until this last launch we had been launching off of Pad A, and this 51-L
mission was our first launch off of Pad B. We had also been putting in place our second TDRS,
which is our Tracking and Data Relay Satellite System. That was a major cargo element on this
flight, and the Tracking and Data Relay Satellite System is intended to allow us to communicate
almost continuously with satellites from the Shuttle to the ground as opposed to using a lot of
ground stations and so forth that we have been using up until this time.

We have also been planning to fly, and we have not flown it yet, a filament-wound case,
which is a graphite/epoxy case to replace the steel cases on the
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solid rocket boosters. And if I could take a second, I will show you what these are.

These are the solid rocket boosters. These are steel cases here, and we have had a program
underway in development to replace the steel cases with a graphite/epoxy case called filament
wound case. The objective of doing that is to achieve more payload performance. We can get
about 5,000 pounds more payload into orbit by going to a composite structure versus steel, and
you will hear more about that later on.

The Vandenberg launch site I mentioned to you earlier, the improved engine life, or CEN-
TAUR, the improved engine life is on the Shuttle main engine. We have a concern in the pro-

8



gram about lifetime associated with the Shuttle main engines, and we have been putting a lot of
effort into trying to get ourselves into a position for improved lifetime. We are developing CEN-
TAUR G prime which is an upper stage that fits into the Shuttle bay, and it was planned or is
planned to be launched in—the first launch attempt was planned in the May timeframe of this
year, to launch two planetary missions.

(Viewgraph.) [Ref. 2/6-9 & 10]

MR. MOORE: We are also planning this year to launch the third Tracking and Data Relay
Satellite,
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again to give us the global coverage I talked about. Space Telescope is planned to be launched
this year, a scientific payload. We are building the mobile launch platform, MLP-3, and the
mobile platform is basically what our Shuttle System here rolls out to the launch pad on. You
have seen the large crawler with the big system that the Shuttle is anchored on at the launch
pad. That is called a mobile launch platform. We now have two of those in operation at the
Kennedy Space Center, and we have been in the process of developing a third one at the Kenne-
dy Space Center for operation sometime later this year.

CENTAUR G prime is another upper stage which is a derivative of the G prime system, and
it has a little lower performance capability, and it is being principally developed not only for
NASA missions but also for the Department of Defense missions. I should point out that CEN-
TAUR development program is a joint responsibility of NASA and the Department of Defense,
the Air Force in particular.

CSOC, the last one, is a Consolidated Space Operations Center which we are in the process
of planning with the Department of Defense. It is the responsibility of the Department of De-
fense to develop this capability, and it would take over and develop and
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do some of the operations of the Shuttle from this particular capability in CSOC, and it is in the
Colorado area, and it is planned to be operational in the early 1990s. So DOD would help us in
the operations.

CHAIRMAN ROGERS: Would you mind giving us a little more information about Pad B
and Pad A? You said Pad B was the first time you had used that?

MR. MOORE: Yes, sir.

CHAIRMAN ROGERS: And were the differences between—I assume there are differences
between Pad A and Pad B?

Can the Commission—will the Commission be given some information about the differences?

MR. MOORE: Yes, sir. Pad A has been our primary launch platform in the Shuttle program
up until this flight, this flight being the 25th flight of the Space Shuttle. Pad B is adjacent to
Pad A by some few miles, and it is in design approximately identical to Pad A, and this launch,
as I said, was the first launch attempt from Pad B.

CHAIRMAN ROGERS: All before were from Pad A?

MR. MOORE: Yes, sir.

Mr. Sieck, who will speak on the launch and landing operations at the Kennedy Space
Center, can give you some additional information about Pad B this
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afternoon when he talks, and we will be happy to provide the Commission any additional data
that you so desire regarding the similarities and differences between Pad A and Pad B.
CHAIRMAN ROGERS: Thank you very much.



MR. MOORE: The next several charts I won’t spend a lot of time. I think they are mostly
for your background, Mr. Chairman and Commission members.

(Viewgraph.) [Rel. 2/6-11]

MR. MOORE: These kind of plot as a function of time—and I apologize again for the line at
the top. The chart did not come out very well, so you will have a hard time looking at the dates
on this, but this chart basically was from the first launch of the Space Shuttle in April 1981
through the 1982 timeframe where we flew the STS-4.

The next chart—

(Viewgraph.) [Rel. 2/6-12]

MR. MOORE:—carries us into the latter part of 1983, and it shows the launches of STS-5
through STS-9, which is Spacelab. And there are a number of different kinds of payloads on
here. Most of these payload names are satellites, communications satellites or other attached
experiments like, for example, on STS-7, Palapa B-1 is an Indonesian satellite; SPAS-01 is
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a German payload structure and so forth, so to give you a little feel for those particular cargo
elements.

DR. FEYNMAN: On the chart it says first flight of OV-99. Is that the Challenger?

MR. MOORE: Yes, OV-99 is Challenger. Let me just give you the numbers. OV-102 is Orbit-
er Columbia. That was the first orbiter built and flown. OV-99 is the Shuttle Orbiter Challenger.
It is the second one delivered. OV-103 is Discoveryf, and it was the third one built and delivered.
And OV-104 is Atlantis, and we just recently received that last year, as a matter of fact, and it
has had its inaugural flight last year.

There is an orbiter called Enterprise which was a structural test orbiter, and it has now
been turned over to the Air and Space Museum, and so we now have four flight-configured—had
four flight-configured orbiters until the tragic mishap with Challenger.

Continuing on with the payload capabilities demonstration phase.

(Viewgraph.) [Ref. 2/6-13]

MR. MOORE: Through 1984 and early ’85 we flew STS-41-B, 41-C, 41-D, 41-G and 51-A, and

maybe I can spend a few seconds trying to give you a little bit of the sense of the nomenclature
of the 41’s: A’s, B’s and
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C’s. And it is 41, the number four stands for the fiscal year of the flight. From October to Sep-
tember is the fiscal year, so it is scheduled in that period of time. One stands for the launch area
we are using. One is the Kennedy Center Launch Area, and if we were launching out of Vanden-
berg that would be a two, and the As, Bs, Cs and Ds are kind of the sequences that we have
planned the missions, although as things have occurred we have had to move a mission over
another mission, and so you don’t get exactly an alphabetized listing of the flights.

(Viewgraph.) [Ref. 2/6-14]

MR. MOORE: Our next chart here through the 1985 timeframe, and the early part of—well,
I guess the next chart we will show you through the 1985, we flew STS-51-C, which was a dedi-
cated Department of Defense mission, and we flew 51-D, 51-B, 51-G, F, and 51-I through the
latter part of the 1985 timeframe. And as a matter of fact, 51-I, for a point of reference, I believe,
was launched on November 27, in that timeframe, of 1985.

(Viewgraph.) [Ref. 2/6-15]

MR. MOORE: In the next chart, the 61-A, 51-J was another DOD dedicated flight. 61-A was
a Spacelab flight. 61-B was, the payloads were the communications

10
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satellites, and then the last flight before 51-L that we flew was STS-61-C, and we flew that in
early January, and it also had communications satellites on it, among other cargo elements.

And then the flight that we are here to discuss, the 51-L mission, the Challenger incident,
was planned, was launched on the 28th of January. That kind of gives you, Mr. Chairman, an
early overview of some of the flight history and some of the very top-level structure of how
NASA is organized, and what we have done in the Shuttle program to now.

If it pleases you, I would like to proceed with the 51-L mission summary and talk to you a
little bit about the events of the day during the launch, where we are in the investigation work
that we have done to date, what teams we have formed, and where we plan to go from here.

CHAIRMAN ROGERS: Mr. Moore, let’s see if any Commission members have any questions.

DR. WALKER: I had one question. Why is 51-L after some of the sixties?

MR. MOORE: It was originally scheduled to be in an alphabetized sequence, but because of
some of the cargo changes and so forth, we moved that nomenclature into the next fiscal year,
and we just held the
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nomenclature. Once you develop your documentation for a flight, it is awfully difficult several
months before that time to go back and change all of your nomenclature. And so our principle is
to hold the nomenclature, even though it may appear out of sequence in terms of the chronology
of numbers and the alphabet.

CHAIRMAN ROGERS: All 24 of these flights were without accident, or were there minor
accidents, and if so, how many?

MR. MOORE: The 24 flights to date have been without any major accident at all. We have a
category called anomalies during a flight, like we may lose a power element or we may have
something look anomalous on a flight, but no major accident. We have had a launch that has
shut down on the launch pad, which is called a launch abort. The system is designed so that if
things are not right before the solid rocket boosters light off, it will automatically go into a shut-
down sequence. We had an occurrence of that. We also had an occurrence of a main engine
which was shut down during ascent prior to reaching orbit, but we did reach orbit successfully,
and the system operated as it was supposed to operate.

There have been a number of electronic problems, like we have had some problems with
computers on board not functioning properly, and we have had some
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problems with fuel cells, but there have been no major accidents in the Space Shuttle program
to date up until this last flight.

CHAIRMAN ROGERS: Did you find that the performance improved with each launch or
remained about the same?

MR. MOORE: I think our performance in terms of the liftoff performance and in terms of
the orbital performance, we knew more about the envelope we were operating under, and we
have been pretty accurately staying in that. And so I would say the performance has not by
design drastically improved. I think we have been able to characterize the performance more as
a function of our launch experience as opposed to it improving as a function of time.

CHAIRMAN ROGERS: I assume that you have rather complete records of each one of these
flights.

MR. MOORE: Yes, sir, we have. As you will hear during the day, Mr. Chairman, we do a
complete, thorough documentation of each flight, getting ready to each flight, and as the Com-
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mission so desires, we will be more than happy to provide you with all of the information you
need in those areas.

CHAIRMAN ROGERS: And do those reports show whether one flight seemed to be more
successful than
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another?

And I am directing my comment—did you find that the performance was improved with
each flight or not? Were you more worried in later flights or about the same, based on experi-
ence?

MR. MOORE: I don’t think that we have relaxed at all in the program, and I don’t think we
have been more worried about the performance. I think we have gotten probably more confi-
dence as a function of our overall performance on these things, but some of the events that we
talked about, like the engine shutdown on the launch pad, that certainly worried us about the
main engines because you need them to get to orbit, and we put together extensive review teams
to find out what we could do about the engines program, and we have done a lot of work on that,
and you will hear some more about the engine activities.

But as a function of time, I think our performance has been better characterized in terms of
understanding the Shuttle system from a total system point of view is the way I would describe
it.

DR. WALKER: 1 have one other question.

When were the graphite/epoxy casings to be phased into the program?

MR. MOORE: They are scheduled to be flown on
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the initial Vandenberg launch site flight, which is now targeted for the middle of the summer. It
is mid July at this point in time is the current plan. So we have not flown any elements of the
filament wound case, the graphite/epoxy cases up until this point in time.

DR. WALKER: Once you use them, was the plan to abandon the steel casings?

MR. MOORE: No, it is not. We have a major question that the program is looking at right
now, and we probably won’t get any good data on that until later downstream, and our question,
among others that is on the table about the graphite/epoxy cases today, is can we reuse them?

You know, we currently reuse the steel cases. The Shuttle returns, it has its engines on the
back, the SRBs are returned. They have parachutes on them. We go back and retrieve the SRBs
and go through a refurbishment cycle on them to reuse them. For the graphite/epoxy cases, we
are doing some of our final testing at this point in time, and we are not sure whether or not we
can reuse those filament-wound cases after we fly them and they come back and impact the
ocean. We have not made a determination like that, so we are not planning to get out of the
steel case SRB business at this point in time. We have a lot of
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additional work to go on the filament-wound cases.

MR. HOTZ: Mr. Moore, have you made any design changes in the steel casings of the SRBs
since the beginning of the program?

MR. MOORE: I think there have been some very minor design changes in the SRB, and I
think Mr. Judson Lovingood from the Marshall Space Flight Center will talk about that as he
comes up here this afternoon or later on this morning. He will give you a detailed rundown of
the chronology of the SRBs, the external tank and the main engines.

CHAIRMAN ROGERS: How many times can you reuse the booster?
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MR. MOORE: We have not set a real high use limit. We probably, I think—and Bill Lucas,
maybe you can help me on this—20 times, Mr. Commissioner, is the current plan for the reuse
of the steel cases on the SRBs.

CHAIRMAN ROGERS: What is the largest number of uses?

MR. MOORE: I think the largest—and again, I am recalling from memory—is about three
to four times. This particular flight, 51-L, as I recall, had maximum of two uses of any of the
components, possibly three, if my memory serves me correctly.
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MR. SUTTER: I have one short question. The flights are characterized, the first flights were
test flights to check the Shuttle system, and then the second phase was capabilities demo phase.

In the first flights which were labeled flight tests, was there a documentation of what was
trying to be accomplished, what instrumentation was required, and then after those flights, was
there a documentation of what the flights proved?

MR. MOORE: Yes, sir. We have very, very extensive documentation on all those flights,
what we learned from those flights and what were changed as we left from the orbital flight test
phase into the other phases of the program. We maintain very, very extensive records of all the
flights.

MR. SUTTER: And at the conclusion of those flights were the objectives pretty well
achieved?

MR. MOORE: In general, I would say the objectives of those flights were met. Each flight
data was analyzed in great detail and fed back in to the program designers to look at what they
actually achieved versus what they expected. And again, we will be able—we will be happy to
make available to the Commission any data that the Commission so desires relative to any of
the flights up until now.
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Now, if I might, Mr. Chairman, I would like to move into the 51-L mission which is the
mission we are talking about, Challenger’s tragic mission, and I would like to start out by giving
you a very brief look at what the cargo elements were on board.

(Viewgraph.) [Ret. 2/6-16]
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MR. MOORE: I have talked about these, but let me talk to you again quickly. The largest
payload component on board, and I should point out that the shuttle cargo bay, you are going to
hear more about the dimensional characteristics and performance characteristics of the shuttle,
but I should point out that the shuttle cargo bay is 15 feet in diameter and 60 feet long, to give
you some feel of the dimensionality of the cargo bay, and we have flown a maximum of eight
people in the shuttle up until this point in time.

On this flight, we had the Tracking and Data Relay Satellite. This was to be the second
Tracking and Data Relay Satellite deployed. There is one on orbit now, and it was supported by
an Inertial Upper Stage developed by the Air Force and used by NASA for the deployment of
the satellite from low earth orbit where the shuttle takes you, up to the geosynchronous orbit
where the Tracking and Data Relay Satellite has a requirement.

We also had on board a payload called Spartan-Halley. This was a structural element that
actually sat across the shuttle bay attached to the cargo bay and supported several science in-

struments to do some observations of Comet Halley. And then we had in the crew compartment
or the middeck area, we
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had the experiments associated with the Teacher-in-Space Program.

We had an experiment called CHAMP, Comet Halley Active Monitoring Program, a fluid
dynamics experiment, some student experiments looking at different kinds of things from high
school students, The Radiation Monitoring Experiment, and a Phase Partitioning Experiment.

Most of those sat in the middeck area of the orbiter, and you will hear some more about
that particular area, and where the lockers are and so forth for putting those kinds of experi-
ments. They are fairly small experiments.

(Viewgraph.) [Ref. 2/6-17]

MR. MOORE: The next chart shows the layout of the major elements of the cargo, and it
showed the TDRS-B/IUS sitting in the cargo bay, the Spartan-Halley on the impasse, the sup-
port structure. It also shows on there an acronym which I talked about before called the RMS,
which is the Remote Manipulator System. That is the arm on board.

The arm was planned to be used on this flight to pick the Spartan system up, deploy it over-

board, leave it in orbit for a couple of days, rendezvous back with it, pick it up, and store it back
into the cargo
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bay and return back to the earth.

GENERAL KUTYNA: Jess, may I ask, how many remote manipulator arms do you have? Is
that the only one?

MR. MOORE: No, we have another arm, and also we have a program with the Canadians
for possibly refurbishing another one.

DR. WALKER: Could you say a word about the IUS?

MR. MOORE: Yes. The IUS is a two-stage solid inertial upper stage. It is solid rockets, and
the TDRS in this case, I believe, is 5,000 or 6,000 pounds, and its purpose was basically to boost
it from low earth orbit, which was about 140 or 50 nautical miles up to its position in geostation-
ary orbit, which is about 22,000 miles. So it provides the propulsion to basically boost the Track-
ing and Data Relay Satellite up to its final orbital destination in geosynchronous orbit.

It is a two-stage rocket system. The first stage burns, and then after it burns it separates,
and then it burns a second stage, and at the end of the second stage burn the IUS second stage
separates from the TDRS and then the Tracking and Data Relay Satellite provides its own navi-
gation and its own orbital adjustments with its own propulsion system on board.
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(Viewgraph.) [Ref. 2/6-18]

MR. MOORE: The next chart gives you a quick summary of the STS 51-L mission profile.
This shows the liftoff. In the case of 51-L the liftoff occurred at 11:38 a.m. on the 28th. We go
through what we call a High Q phase or a high dynamic pressure phase for the flight, and then
we go through planned SRB staging, and that SRB staging is about two minutes, and this 51-L
mission was planned for 128 seconds, and at that point in time we had planned to stage off the
SRBs, continue with the tank on the orbiter.

Remember, the tank provides the fuel to the shuttle main engines until we achieve our or-
bital destination some 150 or so miles into space. The tank stays with the orbiter or is planned
to stay with the orbiter on this flight for about 523 seconds, after which time it has essentially
depleted itself of its fuel. We shut the engines down, and some ten to eighteen seconds later we
then separate the external tank from the orbiter, and then we plan to go about our orbital pro-
file.
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That plans to give you some kind of feel for the profile. We had a six-plus day mission plan,
and we had planned to land at the Kennedy Space Center on six plus a few hours, six days plus
a few hours, so the
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day-by-day mission profile is given to you in your upper righthand portion of this vu-graph.

DR. RIDE: You might say something about the Max Q phase of the flight.

MR. MOORE: The Max Q is the maximum dynamic phase. We see that we planned in the
launch profile. We go through a throttling down of the main engines during that period of time,
and we are concerned about loads on the orbiter, and so we throttle our main engines down, and
this particular flight had a nominal engine profile of flying at like 104 percent of rated power,
where we have flown a large, large part of our flights to this date.

We throttle down during that period of time to some lower percentage, and then after we
have gone through that phase of the flight, we will begin to throttle back up again and hold that
throttle setting until we get to geosynchronous orbit.

We are trying to minimize the loads on the total shuttle system during the time it is seeing
its maximum dynamic pressure.

DR. FEYNMAN: Was there any special extra heavy load on this particular flight higher
than other flights?

MR. MOORE: We do not think so, sir. In terms
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of the prelaunch calculations, we get wind data prior to launch. We look at day of launch winds
even an hour or so right before launch and try to get wind profiles and any kind of loads like
that, and we have load indicators on the orbiter that are sensitive to different kinds of winds,
whether you are getting a tailwind or a sidewind, and all of our calculations during that day had
indicated that our loads condition was okay.

MR. HOTZ: Is there any change in the thrust of the solid rocket boosters when you are
throttling back the main engines?

MR. MOORE: No, sir. The way the liftoff works is the shuttle main engines come on at ap-
proximately six seconds prior to what we call liftoff. We bring those engines up to their near
nominal thrust level. We check those engines to make sure we have full redundancy on all the
engines.

We have redundant systems on the engines, and once that check is made, a signal is sent to
the solids to ignite the solids, and that happens about, as I said, about six to seven seconds after
you have ignited the main engines.

Once the solids are ignited, then it lifts off the launchpad, and the solids are designed to
provide stable thrusting during that period of time until they
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are separated, in this case 128 seconds after liftoff.

MR. HOTZ: They don’t change during the entire burn?

MR. MOORE: They are not planned to be changed during the entire burn. Now, we do have
a thrust cone on the back of each of the solids, and there is a little gimbaling motion in case we
do get a little bit of loading effect.

We can change the gimbal on there to change the orientation of the thrust, but the planned
thrust of the solids is to have a matched pair of solids, a balanced thrust during the entire flight.

MR. HOTZ: Thank you. 15



MR. ACHESON: Mr. Moore, at some point in the presentation today will we be briefed on
the test procedures, the preflight test procedures of all of the elements?

MR. MOORE: Yes, sir.

MR. ACHESON: And the contractor test procedures?

MR. MOORE: Sir, our briefing under the shuttle systems, when we begin to talk about the
orbiter, we begin to talk about all of the propulsive elements of the shuttle system.

We will talk about the test procedures, the
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NASA people involved, the NASA structure involved, the contractors involved, and then we will
talk about our design approach, our certification approach, our testing approach.

We will also talk about the entire process that we use to get ready for a shuttle launch, and
how that is tiered up from flight hardware and flight software point of view until it comes up to
my level at NASA Headquarters. We will give you very, very much detail on that during the
course of the day.

(Viewgraph.) ([Ref. 2/6-19]

MR. MOORE: The next chart shows some specific mission data on STS 51-L, launch data on
51-L, January 28th, 1986. The orbiter is OV-99 Challenger. And we had a planned liftoff time of
9:38. Now, we had a three-hour launch window, and for a lot of our flights we don’t have the
luxury of a very long time to launch in terms of meeting payload requirements.

Some launch windows are like 50 minutes, and others are like an hour and a half or two
hours. This launch we had three hours to launch. The throttle setting on the main engines were
104 percent of rated power level, and we have flown many times at 104 percent, and the abort
thrust setting in case we had a problem going uphill was 104 percent as well. We keep
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the same engine thrust. The inclination of the orbit we had planned was 28.45 degrees, and we
had planned to achieve an orbital altitude of 153 and a half nautical miles circular.

DR. FEYNMAN: What is the inclination? What angle is that?

MR. MOORE: It is basically the inclination of the orbit relative to the latitude of where we
are launching out of Kennedy, and it is the inclination relative to the—say, polar inclination.
You are at 90 degrees. You are basically going around the earth, over the poles of the earth, and
you can allow the earth to spin.

You have got an inclined orbit here like the 28 and a half degrees, and so you are not get-
ting full coverage of the earth, so if you are plus or minus 28 and a half degrees latitude cover-
age in effect and your orbit is like a sine wave which walks across a still map if you were to plot
continuous maps of the orbit.

One of the considerations among others that we have to do in this program is to look at our
landing sites, not only for end-of-mission landing sites, which is a concern, but also abort once
around, which is a condition where something could happen during the powered flight phase of
the profile and not allow us to achieve
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a full stable orbit.

In that case, we could go once around the earth and come back. Edwards was a planned
landing if we had an abort of that nature. We look at weather aiternates as well.

The Kennedy Space Center has inclement weather on a fairly high frequency—witness the
last launch prior to 51-L—in terms of clouds or in terms of rain, and we have very stringent
rules about what landing requirements are on the system, and so we have a weather alternate.
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We also have a trans-Atlantic abort capability in the event we lose an engine during a certain
phase of the flight.

We have runways and people and systems on standby in places in Africa and also places in
Spain where the shuttle could land if such a problem like that occurred, and in this case for
Mission 51-L we had runway availability in Dakar, Senegal, and also in Casablanca, Morocco.

Both of those runways were considered viable trans-Atlantic landing sites in the event we
had a problem, and we look at that on a real time basis during the preparations for launch and
during the actual launch count.

We also have what we call an RTLS. Let me say
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before I mention this there is a whole number of abort kinds of capabilities in the system. We
are not planning to go into great detail today on that, but we will be happy to provide you with
additional data on kind of the abort modes in the shuttle program.

We also have one other capability called RTLS. That stands for Return to Launch Site, and
that is in the event again during a certain phase of the projectory if we have a problem, we can
return back to the Kennedy Space Center. After that particular problem has been noticed, and
after we have separated the solids, you can come back to the Kennedy Space Center and land
there. "

So, a constraint for launch is that we have good weather at the shuttle landing strip at the
Kennedy Space Center for some 30 to 40 minutes after a launch to make sure that we have a
capability if that event occurred to land at the Kennedy Space Center.

DR. RIDE: It might be helpful to go into a little bit more of the things that you might do an
RTLS for or the constraints on an RTLS.

MR. MOORE: Arnie is planning to cover that, Sslly, during his discussions today about
what an RTLS and what other abort modes might be, but that is a good point. We will do that.
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Flight duration, as I mentioned, was six days.

(Viewgraph,) [Ref. 2/6-20)

MR. MOORE: Now, I would like to tell you a little bit about launch date chronology leading
up to our launch on the 28th, and this will give you a feel, a very preliminary feel, about the
meetings that we have in terms of getting ready for a launch and who participates in that, and I
am sure we will want to spend some more time on that as time goes on.

The first day we met at the Kennedy Space Center was on January 25th. Prior to that time
there had been a number of meetings that a lot of the project people and even myself had par-
ticipated in, talking about are we ready to launch Challenger on the 25th, at that point in time,
or the 26th, I guess, was when that was scheduled, and we all agreed, so we all met at the Ken-
nedy Space Center on the 25th of January, anticipating a launch on Sunday, and that was the
26th.

We have what we call an L-1 Day Review. Participants include myself, my senior managers,
and my NASA Center people, directors, the contractor senior people, where we sit around the
table and review the status of the system prior to launching. That meeting occurred at 11:00
a.m., and the major outcome of that
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meeting was that we had a weather problem, potential weather problem, on Sunday.
We decided at that point in time to hold a meeting Saturday afternoon or late Saturday
evening, I should say, 9:30.
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We met again with essentially the same type of people there, although not as large, and at
that time we got our weather reports, and we decided the weather for the next day was no go.
We had no optimism for the weatherman that said the rain was going to stop, or we would have
an attempt to get off, and it takes an effort to get the team up, and so we decided to bet on the
weatherman'’s forecast, and decided not to launch that day.

Well, it turns out the early part of Sunday morning for about an hour was a reasonable
time. The frontal system had not reached Florida yet, and so we didn’t win that call in terms of
the weather, but it was a no go on Saturday night.

DR. FEYNMAN: Would you explain why we are so sensitive to the weather?

MR. MOORE: Yes, there are several reasons. I mentioned the return to the landing site. We
need to have visibility if we get into a situation where we need to return to the landing site after
launch, and the

46

pilots and the commanders need to be able to see the runway and so forth. So you need a ceiling
limitation on it.

We also need to maintain specifications on wind velocity so we don’t exceed crosswinds.
Landing on a runway and getting too high of a crosswind may cause us to deviate off of the
runway and so forth, so we have a crosswind limit. During assent, assuming a nominal flight, a
chief concern is damage to tiles due to rain. We have had experiences in seeing what the effects
of a brief shower can do in terms of the tiles. The tiles are thermal insulation blocks, very thick.
A lot of them are very thick on the bottom of the orbiter. But if you have a raindrop and you
are going at a very high velocity, it tends to erode the tiles, pock the tiles, and that causes us a
grave concern regarding the thermal protection.

In addition to that, you are worried about the turnaround time of the orbiters as well, be-
cause with the kind of tile damage that one could get in rain, you have an awful lot of work to
do to go back and replace tiles back on the system. So there are a number of concerns that
weather enters into, and it is a major factor in our assessment of whether or not we are ready
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to launch.

CHAIRMAN ROGERS: Mr. Moore, in that connection, I notice a press report that one of the
contractors said that they gave a warning of some sort about the cold weather. Could you deal
with that, please?

MR. MOORE: Yes. I am going to continue on with this chart, which will deal with that cold
weather question in a fair amount of detail, Mr. Chairman.

CHAIRMAN ROGERS: Fine.

MR. MOORE: Since we decided not to attempt the launch on the 26th, we called a meeting
on the 26th itself at 2:00 o’clock in the afternoon, again an MMT meeting or Mission Manage-
ment Team meeting, to sit down and see what the weather situation was projected to be, plus
the status of our launch systems, including the launch pad and the shuttle system.

We decided after reviewing everything that launch was a confirmed go for Monday, the
27th, and that we confirmed that we were ready to attempt to launch on 9:37 a.m. on Monday,
January 27th. Well, on Monday, January 27th, we did in fact get ready for the launch, and that
involves making sure all of the systems have been checked out, the launch system is up, and
making sure you have fueled up the external tank, which we do
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about seven or eight hours before the launch, and making sure you then bring the crew on board
and make sure all the systems are ready for launch.

And so we started that late in the evening, started the final countdown and began a launch
attempt for Monday morning at 9:30. We had a couple of initial delays during that attempt.
There are a couple of microswitches on the orbiter that we need to receive closed indications of
before we close out our requirement, and we were only getting one indication of a microswitch
on there was closed, and so we went back and did a pressure check in the cabin to make sure
that the seal was proper on the cabin door and you didn’t have any leaks, and we convinced
ourselves that that was okay.

Then we have a piece of GSE or Ground Support Equipment which attaches to the orbiter
door to allow the technicians to close the door, and it is fastened on by some bolts and a nut
plate that is attached to the orbiter Challenger’s door, and it is fastened on in three places. One
of the nut plates that is fastened onto the orbiter came loose, and we could not get the bolt off in
a very timely manner, and so we sent some technicians out to actually take a hacksaw and pull
this piece of Ground Support
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Equipment off.

That was successfully done to our satisfaction, but by the time we finished that, we had high
crosswinds, and I mentioned crosswinds earlier on January 28th or 27th, and-the high cross-
winds, we had wind gusts up to 30 knots, and our limit is like 15 knots.

We have a limitation, a flight rule in the program that we did not launch because of the
Return to Landing Site condition if crosswinds are too high. So the winds kept getting stronger
that day, and after watching the wind patterns for some hour to an hour and a half, we decided
to scrub that particular launch attempt for that day.
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Then we called a Mission Management Team Meeting again, which is made up of the senior
NASA managers, shuttle managers, Center directors in some cases, and contractor support
people in other cases, at 2:00 in the afternoon on the 27th, and discussed should we attempt to
launch on the 28th.

We had a fairly lengthy meeting, with the only concern being expressed that the weather-
man had predicted the temperatures were going to be fairly cold that evening, down into the
mid-20s. It was kind of the prediction.

And we talked about temperature concerns, and the main concern that came out of our
meeting as far as temperature was, are the water systems or the support systems on the launch
pad, the water pipes, eyewashes where technicians have water running to wash their eyes in the
event they get contaminated on the launchpad and so forth, were these pipes going to freeze,
and that was the major concern that the system had at that point in time.

Now the launch team guys were given the instructions to proceed with the launch for 9:38
in the morning, assuming there were no problems with tanking and getting the system working
and ready, and because we had one waterpipe that broke on the launchpad, and I
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think Bob Sieck can talk a little bit more about this than I can from Kennedy, we were an hour
down in our launch attempt. So instead of 9:38 the earliest we could have launched was like
10:38, because our count was delayed about an hour. We had one pipe that burst.
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The other problem that we had and were concerned about all during this discussion was ice.
We were concerned about ice buildup, and I think this is where you read the article, Mr. Chair-
man, about the ice concern. We were concerned about ice on the launch tower and that particu-
lar ice doing some damage to the orbiter surfaces and the orbiter tiles because of how fragile
those tiles are from impacts and so forth.

There were technical meetings held to assess the ice situation. A major technical meeting
was held involving a number of people that was chaired by Arnie Aldrich here of JSC. Their
assessment came back that the system is okay, we should hold the launch for probably one more
hour to allow a last-minute ice team to go out at about 20 minutes before launch and to validate
the ice concerns, to go back and do another doublecheck of the ice, and that was done.

They came back and reported that everything was okay, and that we ought to go for launch,
and a launch window then opened up at 11:38, I believe was the
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time, on Tuesday morning.

DR. FEYNMAN: On the 27th you made a launch attempt?

MR. MOORE: Yes, sir.

DR. FEYNMAN: That means you put fuel into the tanks?

MR. MOORE: Yes, sir.

DR. FEYNMAN: Does it stay in the tanks all this time, or do you, take it out?

MR. MOORE: No, sir. Immediately after we, so-called in our jargon, scrub, we start safing
the vehicle. The crew stays on board and does a number of functions to get the vehicle in a safe
condition to make sure all propellants and all electrical systems are properly safed. Other people
go to the launchpad to start safing the launchpad, and then we allow the hazard and safety
teams to go out and make sure it is all acceptable for people to come out and do the deservicing
on the tank, and the fuel is drained out of the tank, and it will not be replenished again until we
get ready to launch again, which is again some seven or so hours before the actual liftoff time.

DR. FEYNMAN: And all this time even when the tank is empty, the tank is standing there,
and the rest of the equipment, in the weather?
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MR. MOORE: Yes, sir.

DR. FEYNMAN: How early was it put out in the weather?

MR. MOORE: Sir, I am going to have to ask Bob Sieck. This tank and the entire stack on
Challenger was moved out, I believe——

MR. SIECK: December 21st.

MR. MOORE: It was moved out to the launch pad on December 21st, sir.

DR. WHEELON: At your meeting where you were concerned about the weather and the
temperature, did you discuss and consider the impact that that weather might have, and the
temperatures in particular, on the vehicle?

MR. MOORE: Yes, sir, that was discussed at the meeting, and I think the technical team
meeting that Arnie chaired—Arnie can probably comment on the specifics of that, because he
came back to me after the meeting was held on the temperature discussion and reported that
everybody was okay from a temperature standpoint.

And I will ask Arnold Aldrich when he comes up to talk about that in a fair amount of
detail, since Arnie chaired the meeting from all the parties involved in that particular session.

CHAIRMAN ROGERS: I thought that the report I
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read about temperature referred not to the outside of the space ship but to the booster rocket.
The claim was, according to the newspaper, that there was concern that the cold temperature
might have affected the booster rocket inside not outside.

MR. MOORE: That may be. The one paper or article I remember seeing, Mr. Chairman, was
the article on the effects on the orbiter and so forth, and I will ask the people here who are in
charge of the solid rocket booster to talk about any discussions that went on relative to that, and
feel free to ask those questions to the members who have the responsibility for the various pro-
gram elements as they discuss their systems.

CHAIRMAN ROGERS: What I refer to is not a rumor or just gossip. It was a statement by
one of the contractors that was a quote that was issued.

MR. MOORE: Yes, sir.

DR. WHEELON: But, Jess, just to come back and be clear, at your meeting was the poten-
tial impact of low temperatures on the SRBs discussed with you? Was it dismissed or not dis-
cussed?

MR. MOORE: At the meeting that I had with Mr. Aldrich, who had come back after the
review from his technical team meeting, it was not discussed at my
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meeting. It was discussed at the meeting we had, the Mission Management Team meeting at
2:00 on the 27th of January. Is that right, Arnie? It was discussed by all of the people represent-
ing all of the systems. It was discussed on the 27th of January. Again, I will ask Arnie to give a
little bit more details of that, since he was involved in that particular meeting on the orbiter.

DR. WHEELON: But it was not presented to you as a matter of potential concern?

MR. MOORE: It was not presented to me as a matter of concern. That is correct.

DR. WALKER: Mr. Moore, will you at some point tell us how many temperature sensors
you had in the vehicle and where they were?

MR. MOORE: I will have to have the system design people do it, and let me ask the project
element management down here if they would please talk about that to the extent they can.

Jud, can you do that from the Marshall side, and Arnie from the orbiter side?

(Viewgraph.) [Ref. 2/6-21]

MR. MOORE: Okay, the next chart shows the initial assessment after the launch, after the
Challenger lifted off at 11:38 on January 28th. I
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mentioned the fact that the launch had been delayed for a couple of hours. The launch process-
ing equipment problems I talked about, the ice inspection of launch complex and ice removal. I
did not have any concerns about the temperature expressed other than the concern on the com-
plex, launch complex.

The actual flight, the ascent appeared normal based upon our initial quick looks for the first
73 seconds, and it went through its main program roll maneuver where the shuttle rolls from its
initial launch configuration through its maximum dynamic pressure I talked about, and then
the throttle down and throttle back up of the shuttle main engines.

The vehicle again appeared to be performing nominally at our 104 percent thrust at ap-
proximately 1,200 miles an hour at approximately 47,600 feet, when all our telemetry stopped,
and at that point in time we observed the breakup from the ground. All of our controllers that
we heard over the loop and all of the net had indicated that the flight was nominal were all of
the calls that I had heard during the morning of the launch.
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(Viewgraph.) [Rer. 2/6-22]
MR. MOORE: What we initially put in place, the immediate actions that we took, we im-
pounded
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immediately all data and information from this flight at all sites. We have a contingency plan in
NASA, and each center has a contingency plan on STS contingency events of this nature, and
immediately I then was requested by Dr. Graham to form a Mishap Investigation Board.

I immediately put that into effect, and I had members, the director of the Kennedy Space
Center, the director of the Marshall Space Flight Center, Arnold Aldrich, the National STS Pro-
gram manager at Johnson, and Walt Williams, a former NASA employee, a special assistant to
the NASA administrator, as immediate members, and additionally I added in the next couple of
days Bob Crippen of the Astronaut Office at Johnson Space Center, and I also added Joe Curran,
who is director of the Space and Light Sciences from the Johnson Space Center. As ex officio
members on my group,

I added John O’Brien, chief counsel at NASA, and Milt Silviera, who is the chief engineer at
NASA. Jim Harrington was my director of STS integration. He was the executive secretary. And
shortly after this formation, we immediately put into effect a number of teams to start action.

I have listed those teams on this chart, and I will quickly just run through them. I think
you can read them, and they are probably self-explanatory, but
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some of them, I think, probably are worthy of some mention.

(Viewgraph.) [Ref. 2/6-23]

MR. MOORE: The Flight Data Trajectory and Com Team was immediately formed, a team
to do the analysis of the launchpad facility at beach area, and I should point out, Mr. Chairman
and Commission members, that we have held all the data, impounded all the data, kept the con-
figurations the same as it was the day of the incident, and we will be working with your Com-
mission as well as our own activities before releasing any of those types of information.

DR. WHEELON: Just before you get too far away from it, could we go back to the trajectory
circumstances surrounding the accident? You have indicated in the handout that you were at
47,600 feet, going approximately 1,200 miles per hour. You have just gone through maximum
dynamic pressure. To what level did you throttle down during that period?

MR. MOORE: 1 will have to recall my memory, but we do have a throttle profile. Let me
look at my information. We throttle down initially from 104 percent, and I will be happy to give
you a copy of this throttle profile. We throttled down from 104 percent at
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20 seconds to 94 percent, and that is held until 36 seconds, and then at 39 seconds, between 36
and 39 seconds we throttle down to 65 percent and hold that from 39 seconds until 52 seconds,
and then from 52 seconds to 57 seconds we throttle up to 104 percent.

DR. WHEELON: Was that the usual throttle-up, throttle-down profile?

MR. MOORE: It varies depending upon the loads and so forth that we have got in the
system, you know, the cargo elements and the kind of profile that we have to fly to achieve it,
but we always generally go through a throttle bucket of that general type, and we will be happy
to get you the specific.

DR. WHEELON: But to your knowledge there was nothing that distinguished this profile
from those flown previously except for the payload compensation?

22



MR. MOORE: No, sir, to my knowledge there was nothing unique or that distinguished this,
and let me say that we are doing—right now a lot of work is going on in looking at the detailed
trajectory calculations. It takes—the Marshall Space Flight Center gets data. The Cape gets
data. Johnson is the lead in this thing, and they have got all of that flight data, and we have a
major team going and looking at synching up all of the trajectory data during the
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various mission phases and mission events that went on.

DR. WHEELON: What was the Mach number at this time?

MR. MOORE: About 1.8, I believe, if my memory serves me correct.

MR. SUTTER: Depending upon the load and everything, isn’t there a variation in the loads
as you go through this, rather dynamic?

MR. MOORE: There is a variation in the load, and we use a parameter called Q alpha,
which is dynamic pressure versus an angle of attack to look at the load calculations, and also
have instrumentation that we look at, and look at various load points on the wings and the vari-
ous surfaces of the orbiter, and do that calculation based upon a given kind of wind profile.

We put balloons up starting at like 36 hours before launch to 24, down to about an hour or
so before launch to get wind profile data. That is fed back into our computer programs to give us
load indications, to see if we have got any exceedences on any parts of the orbiter.

MR. SUTTER: So during this flight then the load versus time and compared to other flights
is something that will be known?

MR. MOORE: That is correct. Yes, sir. We will know that very,
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very precisely, and as to our knowledge on the day of launch, we did not have any loading se-
quences on any of the indications and trajectory analyses we had.

DR. WALKER: Is the throttle controlled by the crew?

MR. MOORE: The throttle is automatic.

DR. WALKER: Thank you.

DR. RIDE: The throttle can be controlled by the crew, but on a nominal ascent it is not.

MR. MOORE: Sally knows very well. Excuse me. A nominal throttle is automatic by the
general purpose computer system on board which basically flies the flight profile.

There are a number of other teams we put in place, photography teams, data analysis, pedi-
gree teams looking at the hardware, looking at the processing of this hardware. The quality
records, the manufacturing records, and so forth on that are all being put in place.

Looking at security, in terms of anything that would be anomalous as far as security, range
safety, public affairs. We have got a team on the flight crew with Bob Obermeyer chairing that
from JSC. Marshall has a team on the main propulsion system, and the flight vehicle impound-
ment has also been formed.
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We formed some additional teams on salvage and recovery, and our philosophy in the recov-
ery of all the debris or wreckage from this tragic event has been to identify as best we could the
areas and to delicately move when recovering, the parts that we possibly can without doing any
additional damage.

We have, as you will see on the next chart, the next slides, a lot of support from a lot of
different people in this whole area.

The other thing I want to mention to you is that we are forming a devil’s advocate team,
and that devil’s advocate team is a TBD over there, which means To Be Determined. I have not
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named the members of that team, and that will be a team which will set off and support my
activities and think up scenarios that may have occurred on this mission that will not be inti-
mately involved into the detailed scenario analysis that we are doing with our own teams in
place here. There will be a team set off to the side and hopefully do some independent thinking
to make sure we are not letting anything fall through the cracks.
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(Viewgraph.) [Refl. 2/6-24]

MR. MOORE: The status as of today, we have reviewed some data, and our analysis does
continue. As I said earlier, we are putting a very, very detailed time line of all events together.
The initial time lines that we saw right after the occurrence were kind of first order time lines,
and we are going back and developing and constructing the high-speed data to look at it.

We are enhancing all of our photography that we can, and we are concentrating a lot of
that photography on the righthand solid rocket booster. As you probably have seen, we have
released some photos which—I have three of them in here—which would indicate a plume in the
righthand solid rocket booster.

The salvage and recovery operations is proceeding. I would like to just say, Mr. Chairman,
that we have had extensive cooperation from all branches of the military, and we very much
appreciate that, and also extensive cooperation from the National Transportation Safety Board,
who have just been invaluable to us in helping us and assisting us in this grave incident that we
are going through.

The wreckage analysis and reassembly is proceeding well, and we have essentially from a
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procedural standpoint turned that over to the National Transportation Safety Board. They are
working with us in laying out areas where we are trying to preserve as much of a wreckage as
we can, and laying it out in some manner that we hope will give us some clues in terms of what
kind of anomalies we did experience on this flight.

The next three charts show the three photos that we released, and again I apologize. We are
working on getting each member of the Commission quality photos to replace the photos that
did not turn out. In the interest of time I was not able to put any better photos.

You can see them on the monitor here. This photo was taken at about—and you are looking
at the righthand solid rocket booster here, and it may be difficult to see on your screen, but the
external tank outline is here. The solid rocket booster is shown here.

These are some reflections, we believe. We also think this is a reflection, but again these are
very, very preliminary, and we are not prepared to conclude exactly what all of these are. These
appear to be the engine plumes, and you can see the tail of the orbiter here at this point in time,
and that photograph was observed at 58.3 seconds. [Ref. 2/6-25]
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(Viewgraph.) [Ref. 2/6-26]

MR. MOORE: The next chart will show what appears to be a plume in this area, in the area
of the righthand solid coming out at a time of 59.8 seconds.

(Viewgraph.) [Ref. 2/6-27)

MR. MOORE: And the final chart shows the plume has basically grown and merged into the
tail from the engines and the other solid, and it basically looks like it has moved quite a bit
here, and that occurred at 73 seconds, just milliseconds from the tragic event.

CHAIRMAN ROGERS: Would you mind showing us on the model where that plume is?
24



MR. MOORE: Let me make one comment. I can’t show you exactly where it is, because we
don’t know exactly. I can show you the vicinity of where it is, is what I will attempt to do.

This is the righthand solid rocket booster, and it appears that the plume is in this area in
here. Somewhere in this area is where it would appear, and until we complete our detailed pho-
tographic enhancements with the best laboratories that we can get to support us through the
overlays and make sure the trajectory siting and the angles of the cameras are all pinned down,
it is going to be very difficult to pin it down any closer than to just say that it appears in this
area right in here.
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MR. HOTZ: Which segment of the solid rocket would that be?

MR. MOORE: We do not know. This is an aft segment here, and there is an aft center seg-
ment right in here that is joined together in this area. This is the structural attach point here to
the external tank, and we don’t know whether it is the aft center segment. We don’t know
whether it is the aft segment. We don’t know for sure it is the SRB,

I will caution you, it appears in that area, but we are not ruling out anything at this point. I
just can’t say that other than there appears to be a plume in that area. That is basically all the
data that we have at this point in time until we do our high-speed photography enhancement
and begin to try to pin that down some more.

DR. WALKER: Could you show us where the seams are in the solid rocket booster, approxi-
mately?

MR. MOORE: I can attempt to do that. You are going to see that laid out in quite a bit of
detail when the Marshall people talk about the solid rocket booster and so forth.

DR. WALKER: I can wait until then.

MR. MOORE: Would you, please? Thank you.

(Viewgraph.) [Ref. 2/6-28]
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MR. MOORE: Now, my final chart, Mr. Chairman and members of the Commission, is to tell
you that the activities we initiated on that tragic Tuesday at NASA are continuing. We are
doing everything we possibly can to analyze the data from this occurrence and put in place a
mechanism to fully assess and evaluate and determine the problems associated with this particu-
lar mission.

Yesterday I was designated by Dr. Graham to be the chairman of the 51-L Design Data and
Design Analysis Task Force. We are continuing to analyze the facts and circumstances and to
identify any design issues that we can surrounding this incident, and we are authorized to use
any technical and scientific resources within NASA and any available external resources that
we possibly can that we feel the need to call upon to solve this problem, and we would be happy
to support you and the members of this Commission in any way you deem fit, and we are plan-
ning to proceed forthright in our analysis and detailed evaluation of this tragic event. And that
is all the charts that I have prepared this morning, Mr. Chairman.

CHAIRMAN ROGERS: Thank you very much, Mr. Moore, for a very good briefing. We ap-
preciate it.

MR. MOORE: With your permission, I will
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introduce Arnold Aldrich from the Johnson Space Center, and he will go through a process of
covering the other elements that I cited earlier.
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CHAIRMAN ROGERS: I would like to suggest that we take a five-minute recess, if you
don’t mind, before we get started.

(Whereupon, a brief recess was taken.)

CHAIRMAN ROGERS: Ladies and gentlemen, we will come to order, please.

Would you please swear Mr. Aldrich in?

Mr. Aldrich, proceed.
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TISP - TEACHER IN SPACE PROGRAM

CHAMP - COMET HALLEY ACTIVE MONITORING PROGRAM
FDE - FLUID DYNAMICS EXPERIMENT

STUDENT EXPERIMENTS

RME - RADIATION MONITORING EXPERIMENT

PPE - PHASE PARTITIONING EXPERIMENT

[Ref. 2/6-16]



[Ref. 2/6-17]

STS 51L MISSION PROFILE

m ON-ORBIT
DAY { TORS CMECKOUT 4 DEPLOY
DAY 2 CONET KALLEY MONITORING
TERCHER 1K SPACE ACTIVIES
IIECOIET STAGING DAY 3 SPARTAN PREP & DEPIM
STUDENT EXPERINEN

SRB STAGING DA¢ 4 com u&w {mm mn

ERTS
m«m 18 SPACE ACTID.

DY 5 SPM!MH RENDEZUOUS & RETRIEVE
SIUDENT EXPERIHENIS

i e Crte e )
HiatBOgST TERCHER LESSON ( EXPLORSTION )

DAY 7 LANDING AT KSC

ENTRY/DESCENT

LANDING %

[Ref. 2/6-18)
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LAUNCH DATE:
ORBITER:

LIFTOFF:

MAX LAUNCH WINDOW:

THROTTLE :
INCLINATION:
ORBITAL ALTITUDE:

LANDING SITES:

NOMINAL END-OF-MISSION:
ABORT-ONCE -AROUND:
TRANSATLANTIC ABORT:
TRANSATLANTIC ABORT:
RTLS:

o OO0 o O

STS 51-L MISSION DATA

JANUARY 28. 1986
0V-099 CHALLENGER
9:38 A.M, EST

OPEN 9:38 A.M. EST
CLOSE 12:38 P.M. EST

1042/104%
28:45 DEGREES

153.5 NMI CIRCULAR

KSC WEATHER ALTERNATE: EDW
EDWARDS WEATHER ALTERNATE: KSC
DAKAR

CASABLANCA

KsSC

FLIGHT DURATION - 6 DAYS PLUS 2 DAYS CONTINGENCY

[Ref. 2/6-19]



JANUARY 25

JANUARY 26

JANUARY 27

JANUARY 28

LAUNCH DATE CHRONOLOGY

L-1 DAY REVIEW - 11 AW
MISSION MANAGEMENT
TEAN (MMT) MTG - 9:30 PM

MMT MTG - 2:00 PH

LAUNCH ATTEMPT

MMT MTG - 2:00 PM

LAUNCH

TECHNICAL MTG - 8 AM
REVIEW ICE CONCERN
REGARDING ORBITER
THERMAL PROTECTION.
SYSTEM

0
0

LAUNCH DAY WEATHER QUESTIONABLE
LAUNCH DELAYED TO JANUARY 27 DUE TO
TO WEATHER NO-GO

LAUNCH CONFIRMED FOR 9:37 AM ON
JANUARY 27

INITIAL DELAYS:

- HATCH MICROSWITCHES

- HATCH GSE

LAUNCH DELAYED TO JANUARY 28 DUE
TO HIGH CROSS WINDS (RTLS)

CONCERN FOR COLD TEMPERATURES
AFFECTING FACILITIES SUPPORTING
ON TIME LAUNCH

DELAY IN COUNTDOWN DUE TO GSE
PROBLEMS AND FROZEN PIPE

CONCERN FOR ICE ON SERVICE
STRUCTURE & MOBILE LAUNCH PLATFORM
(MLP)

DECISION TO:

- REALIGN INERTIAL MEASUREMENT
UNIT

- ICE TEAM INSPECTION AND CLEAN
MLP DECK AT T-20 MIN

[Ref. 2/6-20]
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STS-511 MISSION ACCIDE
INITIAL ASSESSMENT

ORBITER CHALLENGER LIFTED OFF AT 11:38 EST, JANUARY 28, 1986

CREW
FRANCIS R. SCOBEE
MICHAEL SMITH
ELLISON ONIZUKA
JUDITH RESNIK
GREGORY JARVIS
CHRISTA MCAULIFFE
RONALD MCNAIR

LAUNCH HAD BEEN DELAYED FOR TWO HOURS DUE TO:

= LAUNCH PROCESSING EQUIPMENT PROBLEMS DURING PROPELLANT LOADING

- ICE INSPECTION OF LAUNCH COMPLEX AND ICE REMOVAL FROM MOBILE LAUNCH STRUCTURE
RESULTING FROM BELOW FREEZING TEMPERATURES

ASCENT APPEARED NORMAL FOR APPROXIMATELY THE FIRST 73 SECONDS THROUGH THE PROGRAMMED
ROLL MANUEVER, MAIN ENGINE THROTTLE DOWN, MAXIMUM DYNAMIC PRESSURE AND MAIN ENGINE
THROTTLEUP

SHUTTLE VEHICLE APPEARED TO BE PERFORMING NORMALLY ON ALL SYSTEMS AT 104 PERCENT
MAIN ENGINE THRUST AT APPROXIMATELY 1200 MPH AT 47,600 FEET ALTITUDE WHEN ALL
TELEMETRY DATA INSTANTLY TERMINATED

AT APPROXIMATELY THAT TIME SHUTTLE BREAK-UP WAS OBSERVED FROM THE GROUND
[Ref. 2/6-21]
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IMMEDIATE ACTIONS TAKEN
ALL MISSION DATA AND INFORMATION- IMPOUNDED AT ALL SITES
- AGENCY AND CENTER STS CONTINGENCY PLANS PUT INTO EFFECT
INTERIM MISHAP INVESTIGATION BOARD FORMED
- CHAIRMAN: JESSE W. MOORE, ASSOCIATE ADMINISTRATOR FOR SPACE FLIGHT
MEMBERS: RICHARD SMITH, DIRECTOR. KENNEDY SPACE CENTER
WILLIAM LUCAS, DIRECTOR, MARSHALL SPACE FLIGHT CENTER
ARNOLD ALDRICH, MANAGER, NATIONAL STS PROGRAM. JOHNSON SPACE CENTER
WALTER WILLIAMS, SPECIAL ASSISTANT TO NASA ADMINISTRATOR

ADDITIONAL  ROBERT CRIPPEN, ASTRONAUT OFFICE, JOHNSON SPACE CENTER
MEMBERS: JOSEPH KERWIN, DIRECTOR, SPACE/LIFE SCIENCES. JOHNSON SPACE CENTER

EX-OFFICIO  JOHN O'BRIEN, GENERAL COUNSEL
MEMBERS: MILTON SILVEIRA, CHIEF ENGINEER

EXECUTIVE JAMES C. HARRINGTON, DIRECTOR., STS PROGRAM INTEGRATION
SECRETARY:

TEAMS FORMED TO TAKE IMMEDIATE ACTIONS

[Ref. 2/6-22]



15,

16,
17.
18,
19,

TEAMS.

FLIGHT DATA, TRAJECTORY, AIR/END COMM.

LAUNCH PAD, FACILITY, BEACH AREA

PHOTO
LEGAL
DATA
MFG.

LAUNC
CARGO

SECUR
RANGE
PUBLI

GRAPHY & TV

ANALYSIS
PEDIGREE/PROCESSING

MSFC PROJECTS--SRB, ET, SSME

ORBITER
KSC PROCESSING
H OPERATIONS

TDRSS. IUS. SPARTAN
Iy

SAFETY

C AFFAIRS

DOD MANAGEMENT SUPPORT

FLIGH
MAIN

FLIGHT VEHICLE IMPOUNDMENT

T CREW
PROPULSION SYSTEM

SALVAGE AND RECOVERY
WRECKAGE ANALYSIS

ANOMALY ANALYSIS INTEGRATION

"DEVI

LS ADVOCATE” TEAM

DD

ONA

DON PUDDY, JSC
H. LAMBERTH. KSC
C. STEVENSON, KSC
E. PARRY. KSC
R. KOHRS, JSC

J. LEE, MSFC
R. COLONNA, JSC
J. THOMAS., KSC
R. SIECK. KSC
J. CONWAY, KSC

M. JONES. KSC

COL. SINCLAIR. PAFB
C. HOLLINSHEAD, KSC
COL. SCHULTZ, USAF
B, OVERMEYER, JSC
B. COBB. MSFC

E. KICKLIGHTER, KSC.

E. 0’CONNOR. PAFB
E. WEBER, KSC

R. KOHRS. JSC

TBD

[Ref. 2/6-23]
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STATUS
DATA REVIEW AND ANALYSIS CONTINUES
- DETAILED TIMELINE OF ALL EVENTS BEING DEVELOPED

PHOTO STUDY AND ENHANCEMENT IN PROCESS WITH CONCENTRATION ON RIGHT HAND SOLID ROCKET
BOOSTER (SRB) PLUME AND RELATED AREAS

SALVAGE AND RECOVERY OPERATION PROCEEDING

- EXTENSIVE U.S.COAST GUARD SEARCH
- SURFACE RECOVERY RETURNS DIMINISHING

o  APPROXIMATELY 5-10% OF ORBITER RECOVERED
o 12 TONS OF DEBRIS RECOVERED

- UNDERWATER OPERATION FOCUSSED ON SELECTED LOCATIONS

o  U.S. NAVY SALVAGE LEADING OPERATION
o  PRIORITY ON RH SRB

WRECKAGE ANALYSIS/RE-ASSEMBLY PROCEEDING

- NATIONAL TRANSPORTATION SAFETY BOARD LEADING OPERATION
[Ref. 2/6-24]



[NOT REPRODUCIBLE]

(Ref. 2/6-25]

[NOT REPRODUCIBLE]

[Ref. 2/6-26)
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[NOT REPRODUCIBLE]

[Ref. 2/6-27)

ACTIVITIES CONTINUING

REALIGNMENT OF BOARD ACTIVITIES TO SUPPORT COMMISSION

“SIL DATA AND DESIGN ANALYSIS TASK FORCE”

- ESTABLISHED BY NASA ADMINISTRATOR - FEBRUARY 5, 1986

- CHAIRMAN: JESSE MOORE. ASSOCIATE ADMINISTRATOR FOR SPACE FLIGHT
DIRECTED TO CONTINUE

- ANALYSIS OF FACTS., CIRCUMSTANCES

- IDENTIFY DESIGN ISSUES SURROUNDING ACCIDENT

AUTHORIZED TO USE TECHNICAL/SCIENTIFIC RESOURCES

- WITHIN NASA

- THOSE AVAILABLE EXTERNALLY

[Ref. 2/6-28]
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SPACE SHUTTLE SYSTEMS, TESTIMONY OF ARNOLD D. ALDRICH, MANAGER,
NATIONAL SPACE TRANSPORTATION SYSTEMS PROGRAM, JOHNSON SPACE CENTER

MR. ALDRICH: Chairman Rogers, members of the Commission, my name is Arnold Aldrich,
and I am manager of the National Space Transportation Systems Program Office at the Johnson
Space Center.

(Viewgraph). [Ref. 2/6-29]

MR. ALDRICH: I am going to describe for you a little bit about the program management
again to show you where I fit in the structure that Jesse described, and then I will describe the
STS system elements, some of the system element performance, and then some of the orbiter
subsystems.

Following me, Dr. Lovingood will describe the propulsion elements responsible by the Mar-
shall Space Flight Center, and Bob Sieck will describe the launch and landing facilities that
make up other portions of the STS system.

(Viewgraph). [Ref. 2/6-30]

MR. ALDRICH: The next chart deals with the program management relationships. We just

passed over this chart. Level 1 control of the program is done here in Washington under Jesse,
Associate Administrator for
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Space Flight. They determine top level program requirements, budgets, schedules, policy for the
agency on the Space Shuttle Program, and they deal with large budget items that would affect
primary requirements in the overall program and the overall program schedules.

My office, as program manager at the Johnson Space Center, is management and integra-
tion of all program elements in support of the Level 1 organization. We do integrated flight
system and ground system requirements, schedules and budgets, control of all project interfaces,
control of changes exceeding program budgets of the different projects across the center, and
those that impact overall STS program requirements, interfaces, and schedules.

Below that are the Level 3 projects at each center, and I will say more about those on the
subsequent pages. Level 4 is defined on this chart by the specific contracts with industry that
will be described for the fabrication, design, and provision of the flight hardware and the ground
hardware that supports the STS program.

(Vlewgraph) [Ref. 2/6-3 1]

MR. ALDRICH: The next chart says a little more about the concept of the program office at
JSC for the STS program. This is what NASA calls the lead
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center concept. That is a relatively small staff at NASA Headquarters for policy, overall budget,
and overall program direction. There is a large program office under myself at the Johnson
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Space Center that is responsible for control and integration of all elements of the Space Shuttle
System.

This work across the system is identified in the detailed work breakdown structure. It is
supplied to all elements across the program, both government and contractor, for all activities
and program management, the office manager’s projects at the various centers, and at those cen-
ters those projects that manage the contractors that provide the actual hardware that we are
talking about here today.

Integration of this total system is identified as a government role. However, we also have
contractor support in those areas, and I will identify them, some of the major contractor activi-
ties on a subsequent chart.

Project managers at the centers are also in a line responsibility and report through their
directors to Jesse in an institutional fashion as well as through this program chain which I am

describing to you within the Level 2 program office, we have a system, a very careful and de-
tailed
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documentation and control of all technical and management requirements for the program at all
levels, and that will be discussed a little bit later in the day with some of the later briefings.

We also have very frequent communications nationwide within this program, and we use an
extensive teleconferencing system, because travel is really impossible for the kind of day-to-day
and continuous communications we use, and as was mentioned by Jesse, particularly in the last
several years, we have very extensive involvement with the Department of Defense and the Air
Force, both with their payloads and with the coming on line of the Vandenberg Launch Facility
on the west coast.

(Viewgraph.) [Ref. 2/6-32]

MR. ALDRICH: The next chart describes the structure of the government-industry team.
That falls under the National Space Transportation System. Again, the overall policy and direc-
tion is the government at NASA Headquarters. My role as the JSC Lead Center is for program
planning and control, system and cargo integration of the total system, operations and mission
integration for the preparation and the flight of the Shuttle system. In executing those responsi-
bilities—I am sorry for these acronyms; we tried a
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chart with them spelled out, and they were very voluminous, and | have their names on a subse-
quent chart—Rockwell International Space Division is in charge of system and cargo integration
and engincering in support of the STS program, and at the Johnson Space Center, also Rockwell
International, the Rockwell support operations contract provides Shuttle engineering and opera-
tion support.

The Level 3 NASA projects of the National Space Transportation System, the orbiter, at
JSC. Rockwell Space Division, Downey, California, is Prime. Space Shuttle Main Engines are the
responsibility of the Marshall Space Flight Center, Rockwell International Rocketdyne Division
is Prime. External tank, Marshall Space Flight Center, Martin Marietta Corporation, Michoud,
Louisiana, near New Orleans, is a Prime contractor.

Solid rocket boosters, United Space Booster Production Company is prime. Solid rocket
motors are fabricated and refurbished by Morton-Thiokol in Brigham City, Utah, in support of
the Marshall Center.
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The launch and landing facilities were developed in support of the Kennedy Space Center by
a number of contractors, and in the last two years the Lockheed services operations contract is a
consolidated contract that has those responsibilities in support of KSC.
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The mission support at the Johnson Space Center for mission flight support, flight prepara-
tion, and crew training, Rockwell space operations contract is also a consolidated contract and
that has recently come into being at the Johnson Space Center for consolidated contractor oper-
ations there.

DR. FEYNMAN: Could you tell me the difference between the solid rocket booster and a
solid rocket motor?

MR. ALDRICH: Yes, sir. The solid rocket motor is the elements—well, I probably should let
Dr. Lovingood give you that in detail, but basically the solid rocket motor are the elements with
the propulsive grain in them, and the rest of the systems, the recovery systems, the gimballing
systems, the electronics together make up the solid rocket booster as a total system.

(Viewgraph.)  [Ref. 2/6-33]

MR. ALDRICH: This chart, in fact, deals with the elements of the STS program, the orbiter
which I will be discussing in a few minutes, flight software, which goes in the orbiter but which
controls all of the elements of the Space Shuttle System during the various phases of flight and
even during ground checkout.

Main engine external tank and solid rocket
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boosters. Flight crew equipment; have a significant activity in the program for spacesuits, for
man maneuvering units which Jesse discussed, also for other crew equipments within the cock-
pit in support of the flight crew.

A number of cargo elements, and I will discuss some of those later, also for cargo integra-
tion of the various payloads that come from various places nationally and even internationally,
integrating them into flyable cargoes to make them part of the National Transportation System.
Launch and landing facilities and upper stages, and I believe Jesse described and gave you the
names for each of these.

(Viewgraph.) [Ref. 2/6-34)

MR. ALDRICH: The next chart shows these pictorially. Again, it shows the solid boosters we
just mentioned, the tank. The Space Shuttle main engines are shown behind the orbiter. The
orbiter itself, there is cargo here. An element of the Space Transportation System is the Space
Lab, which is provided by the European Space Agency and has been integrated by the Marshall
Space Flight Center into the Space Shuttle.

The upper stages, the IUS, the Centaur we have talked about. The TOS is a proposed exten-
sion to that developed by private industry, and does not exist today
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in the program. The three versions of the payload assist module each with additional capability
depending upon the size and performance required for the given satellite or payload which is
going to use it.

In addition, the launch and landing facilities at Kennedy are part of the Transportation
System. The Control Center at Houston and later the Control Center to be built by the Air Force
in Colorado Springs will be part of the National Transportation System. Mission planning and
training activities at the Johnson Space Flight Center and other places around the nation, and a
wide range of ground support facilities which I will discuss on the next chart.
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(Viewgraph.)  [Ret. 2/6-35]

MR. ALDRICH: The next chart discusses ground support. I have mentioned on the launch-
pad the Kennedy support facilities, so the Shuttle is in direct communication with the Mission
Control Center in Houston.

(Viewgraph.) [Ref. 2/6-36]

MR. ALDRICH: Also in support of the Control Center in Houston in the training and mis-
sion preparation phase are the simulation facilities and astronaut training facilities at Johnson
Space Flight Center, and the payload operation control centers exist both within the

(i

Mission Control Center in Houston and they exist at remote locations such as the Goddard Space
Flight Center, at the JPL at the Marshall Space Flight Center, and in the future likely many
other places.

In our past we have used a wide range of ground support facilities around the world for
communications and tracking with the orbiter. We are currently evolving a Tracking and Data
Relay System that Jesse talked about which is used to relay large amounts of voice telemetry
and television information from the orbiter to the ground and communications and ground con-
trol to the orbiter.

Today there is one TDRS satellite in orbit that covers about half of each orbit of the earth,
and we were in the process of deploying the second and third satellites in that system. The large
antenna is the ground TDRS station which is located in New Mexico, which is the focal point for
all of the TRDS satellites and relays the data to the various stations around the National Com-
plex.

(Viewgraph.)  [Ref. 2/6-37]

MR. ALDRICH: The next chart shows the physical national location of these different facili-

ties. We are here at NASA Headquarters, at the Marshall Center. We have already discussed
the ET, SRB,
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and the SSME. They also provide the interface with the Department of Defense for providing
the TUS upper stage and with the European Space Agency for the Space Lab.

Kennedy Space Center provides launch and landing operations and facilities. National Space
Transportation Laboratory at Mississippi provides the main engine test firing facility. Dr. Lovin-
good will mention that in some detail. The Michoud assembly plant for the external tank is just
east of New Orleans.

At the Johnson Space Center we have my program office that I am speaking to you today in
support of. We also have the orbiter project focused at the Johnson Space Center and the mis-
sion control, mission design development and crew training activities are at the Johnson Space
Center.

At White Sands we have an alternate landing site. We also have the TDRS ground station
which works with the TDRS satellites. We also have an extension of the Johnson Space Center
for hazardous orbital engine testing in California. The Downey Industrial Plant is responsible
for orbiter design, development, manufacturing. In Canoga Park, the Rocketdyne Division of
Rockwell International is responsible for developing the Space Shuttle main engines, design, de-
velop, and manufacturing
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and tests. At Vandenberg Air Force Base we have launch and landing facilities on the verge of
being operational. They have been developed and put in place and they are undergoing final
testing at this time.

In the desert in California at Palmdale we do the detailed final assembly of the orbiter vehi-
cles, and we also have the west coast primary landing site at Edwards Air Force Base. Brigham
City, Utah, solid rocket motor, Morton-Thiokol does the construction, the pouring of the solid
rocket motors, and the refurbishment of the used equipment, and reservicing for downstream
flights.

In the future we will have at Colorado Springs the North American Aerospace Defense Com-
mand Control Facility. They are in support of the Air Force control of Shuttle missions.

I tried to go back and provide for you a basis of how the Shuttle program came to be. The
Apollo program was flown in the 1960s, late 1960s and 1970s, and in the period 1967 to 1972
there was significant discussion nationally within and without NASA regarding the follow-on to
the Apollo hardware.

The Apollo was scheduled to fly the sequence of missions that we have come to know the
Apollo program did, also the Skylab missions and the Apollo-Soyuz test
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project, and during this period between 1967 and 1972 there were a series of national and NASA
task forces to look at the future generation vehicles that would be flown.

At that time there were extensive discussions and phase-in A and B studies for both the
space station and for a reusable service vehicle to go back and forth from a space station, and at
the end of that period in the 1972 time frame the basic characteristics of the Shuttle had been
determined and defined coming out of those deliberations.

This chart then picks up with the National STS program development starting with the
characteristics that were defined coming out of those series of activities which I am sure you will
want to know more about, and which are very involved, and will require some research to put in
the perspective you might like to see it from.

Anyway, in the 1972 time frame and slightly before that the first project to be begun was
the Space Shuttle main engine project. It was started with a set of design characteristics, and
not long after that the orbiter project, external tank project, and solid rocket booster projects
were started in support of the total design concept for the National Space Transportation
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System.

The engineering, design, development testing, mockup, and all activities of hardware devel-
opment proceeded through the early seventies, and the first orbiter was rolled out in 1976. That
was Orbiter 101, the Enterprise. It was a flightworthy orbiter for aero flight, but it was not built
for orbital flight, and in fact it was used at Edwards Air Force Base for a series of flight tests on
the back of the carrier aircraft initially and then for a series of free flights in mid-to-late 1977 to
demonstrate the approach and landing characteristics of the Shuttle and orbiter system.

(Viewgraph.)  [Ref. 2/6-38]
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In 1979 Orbiter 102, Columbia, was delivered to the Kennedy Space Center. It was brought
into the Kennedy facilities which had been developed and brought along during this timeframe,
and processing there continued to the first manned orbital flight in 1981.
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Since that time we have had a series of test flights. STS-1 through 4 were called test flights,
and in fact, the Columbia vehicle was extensively instrumented, and it was configured uniquely
in a way I will describe shortly as a test flight vehicle. It has since been refurbished, and since
that time other orbiters have flown a series of operational flights that Jesse Moore described to
you.

The next chart—

(Viewgraph.) (Ref. 2/6-39]

MR. ALDRICH: —describes the characteristics of the Space Shuttle System at a broad level.
I have deleted the solid rocket booster and external tank because they are covered more precise-
ly and in more detail on the presentations of Dr. Lovingood.

The overall length of the Space Shuttie System is 184 feet. It is 76 feet wide if you look at it
as it is shown in this chart. It has a capability for payload weight of 65,000 pounds due east out
of the Kennedy Launch Center, 32,000 pounds in a polar trajectory out of
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the east coast. The 104 is a southerly launch azimuth out of the west coast launch facility, and it
represents the mission which would correspond to the maximum performance out of that loca-
tion.

The system weights represent the weights of the total vehicle on those inclinations on those
max payload flights, 4.49 million pounds at liftoff and 4.49 million pounds at liftoff from the
west coast.

In a minute I will come back to this chart. I would like to talk to you for a minute, first,
about the Space Shuttle stack before I talk in detail about the orbiter vehicle.

I am going to use this mike over here and talk a minute to the model. In fact, I could come
and talk to your model if that would be preferable.

We have defined several times in this briefing the characteristics of the Space Shuttle flight
system and used the names of each of these. I would like to point out how they join together.
The solid rockets are each joined forward and aft to the external tank. They are not connected
to the orbiter. When the vehicle is stacked on the launch pad, the only part of the system that is
load-carrying on the launch pad is the base of the solid rocket motors.

They are first mounted, the external tank is
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put between them and connected here. Then the orbiter is mounted to the external tank, two
places in the back and one place forward, and those carry all the structural loads for the entire
system at liftoff and through the ascent phase of flight. Also connected to the orbiter, under the
orbiter wing, are two large propellant lines, 17 inches in diameter. The one on the port side
carries liquid hydrogen from the hydrogen tank in the back part of the external tank. The one
on the right side carries liquid oxygen from the oxygen tank at the forward end, inside the ex-
ternal tank.

You asked several questions regarding abort profiles, and abort profiles for this vehicle are
complex and complicated. I would like to try to outline for you a little bit about the way the
vehicle can fly and the way it can separate.

At liftoff, as Jesse stated, we first light the Space Shuttle main engines, three engines in the
back of the orbiter, using fuel from the tank, oxygen and hydrogen from the tank. They are
allowed to run until they come up to full thrust, a little greater than five seconds, and a large
amount of ground complex and the onboard orbiter computing complex checks a large number of
details and parameters about the main engines to be sure that everything is proper—that the
main engines
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are performing right, the tank is performing right.

If all of those checks automatically pass, the solid rocket boosters are ignited and the release
mechanisms, the pyrotechnics that release the solids at the base are released, and the Shuttle
System rises.

CHAIRMAN ROGERS: And that takes six seconds?

MR. ALDRICH: That takes roughly six seconds.

There is an exact time line, and we will be presenting that to you in detail.

Once the Shuttle System starts off the launch pad, there is no capability in the system to
separate these rockets until they reach burnout. They will burn for two minutes and eight or
nine seconds, and the system must stay together. There is not a capability built into the vehicle
that would allow these to separate. There is a capability available to the flight crew to separate
at this interface the orbiter from the tank, but that is thought to be unacceptable during the
first stage when the booster rockets are on and thrusting. So essentially the first two minutes
and a little more of flight, the stack is intended and designed to stay together, and it must stay
together to fly successfully.

MR. HOTZ: Mr. Aldrich, why is it unacceptable to separate the orbiter at that stage?

MR. ALDRICH: It is unacceptable because of
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the separation dynamics and the rupture of the propellant lines. You cannot perform the kind of
a clean separation required for safety in the proximity of these vehicles at the velocities and the
thrust levels they are undergoing, the atmosphere they are flying through. In that regime, it is
the design characteristic of the total system.

MR. HOTZ: Do you mean you would have raw fuel spilling out?

MR. ALDRICH: Yes, and you would have contact between the various elements, particularly
the orbiter wings and the back part of the orbiter, and it is thought to be unsurvivable.

VICE CHAIRMAN ARMSTRONG: It is physically possible to do that, but it has been proven
that it can’t be safe?

MR. ALDRICH: All analysis indicates there is no likelihood of it being successful.

MR. RUMMEL: Mr. Aldrich, in what manner do the boosters separate? Are there explosive
bolts or what?

MR. ALDRICH: Yes, at two minutes and eight seconds the thrust tailoff is sensed in the

orbiter in its computer, and at that time a time sequence to release the booster is set up, and
signals are sent from the
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orbiter to the solid rockets to fire pyrotechnics fore and aft to cause the rockets to separate.
There are separation motors in the forward end of the rockets to pull them away in a correct
dynamic sense.

CHAIRMAN ROGERS: During the two-minute period, is it possible to abort through the or-
biter?

MR. ALDRICH: I am now going to, if you will let me, and I don’t have a series of charts on
this because of how complicated they are.

CHAIRMAN ROGERS: I didn’t mean to interrupt. Go ahead.

MR. ALDRICH: You can abort, as Sally asked previously, for certain conditions. You can
start an abort, but the vehicle won't do anything yet, and the intended aborts are built around
failures in the main engine system, the liquid propellant systems and their controls. If you have
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a failure of a main engine, it is well detected by the crew and by the ground support, and you
can call for a return-to-launch-site abort. That would be logged in the computer, the computer
would be set up to execute it, but everything waits until the solids take you to altitude. At that
time the solids will separate in the sequence I described, and then the vehicle flies downrange
some 400 miles, maybe 10 to 15 additional minutes, while all of the tank propellant is
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expelled through these engines.

As a precursor to setting up the conditions for this return-to-launch-site abort to be success-
ful, towards the end of that burn downrange, using the propellants and the thrust of the main
engines, the vehicle turns and actually points heads up back towards Florida. When the tank is
essentially depleted, automatic signals are sent to close off the propellant lines and to separate
the orbiter, and the orbiter then does a similar approach to the one we are familiar with with
orbit back to the Kennedy Space Center for approach and landing.

DR. WALKER: So the propellant is expelled but not burned?

MR. ALDRICH: No, it is burned. You burn the system on two engines all the way down-
range until it is gone, and then you turn around and come back because you don’t have enough
to burn to orbit. That is the return-to-launch-site abort, and it applies during the first 240 sec-
onds of—no, 240 is not right. It is longer than that—the first four minutes, either before or after
separation you can set that abort up, but it will occur after the solids separate, and if you have a
main engine anomaly after the solids separate, at that time you can start the RTLS, and it will
go through
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that same sequence and come back.

DR. RIDE: And you can also only do an RTLS if you have lost just one main engine. So if
you lose all three main engines, RTLS isn’t a viable abort mode.

MR. ALDRICH: Once you get through the four minutes, there’s a period where you now
don’t have the energy conditions right to come back, and you have a forward abort, and Jesse
mentioned the sites in Spain and on the coast of Africa. We have what is called a trans-Atlantic
abort, and where you can use a very similar sequence to the one I just described. You still sepa-
rate the solids, you still burn all the propellant out of the tanks, but you fly across and land
across the ocean.

MR. HOTZ: Mr. Aldrich, could you just recapitulate just a bit here? Is what you are telling
us that for the first two minutes of flight, until the solids separate, there is no practical abort
mode?

MR. ALDRICH: Yes, sir.

MR. HOTZ: Thank you.

MR. ALDRICH: A trans-Atlantic abort can cover a range of just a few seconds up to about a
minute in the middle where the across-the-ocean sites are effective, and then you reach this
abort once-around capability where you go all the way around and land in
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California or back to Kennedy by going around the earth. And finally, you have abort-to-orbit
where you have enough propulsion to make orbit but not enough to achieve the exact orbital
parameters that you desire. That is the way that the abort profiles are executed.

There are many, many nuances of crew procedure and different conditions and combina-
tions of sequences of failures that make it much more complicated than I have described it.
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CHAIRMAN ROGERS: I assume that any abort procedure requires a human decision; it is
not done by machines?

MR. ALDRICH: That is, in fact, exactly correct, and that was discussed at length in the
design phase of the program, and no scenario for automatic abort could be found to be as reli-
able as having the human interact.

I would also mention Columbia and the first four flights, in fact, the first five flights be-
cause Columbia flew one flight beyond the test phase. Both Columbia and Enterprise on the drop
tests in the desert in California had only two crew members, and they had ejection seats in the
pilot and commander seats, and those seats would be fired again by the crew and not automati-
cally, but they would blow hatches out of the
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top of the crew cabin and eject the crewmen out for parachute recovery.

Those were taken out of Columbia after flight 5. They have not been in any of the other
orbiters except for Enterprise.

CHAIRMAN ROGERS: So I assume, then, that in the event of any accident that the safety
of the crew depends upon the safety of the orbiter? I mean, there is no mechanism for using
parachutes or any other escape mechanism?

MR. ALDRICH: These aborts that we are describing, RTLS, trans-Atlantic abort or trans-
Pacific which are being developed, and the abort-once-around are all called intact aborts. They
imply the survival of the orbiter, and an acceptable approach to one of our planned landing
fields.

I believe I have described the characteristics of the Shuttle flight system in that discussion
of aborts and how they go together and how they separate. Now let me describe—and if I could
have the picture go one more chart, and we will look at the picture of the orbiter fleet.

(Viewgraph.) [Ref. 2/6-40]

MR. ALDRICH: This was the orbiter fleet up until last week, and there are some differences
between
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these four vehicles. Again, Jesse named them for you. Columbia was the first vehicle. I have
described for you that it was a test vehicle, that it had ejection seats. It also had a very exten-
sive amount of instrumentation on board. It had over 1,000 pounds of instrumentation racks in
the cargo bay to take data on the environment and the performance of the orbiter during those
first four flights, and that data has been widely used in rounding out the understanding of the
Space Shuttle System. Columbia is also the heaviest orbiter. Columbia and Challenger were
made, were manufactured earlier in the program than Atlantis and Discovery. There has been a
weight reduction program that has allowed us to take approximately 5,000 pounds out of the
Atlantis and Discovery vehicles that reside in Columbia, and 3,000 to 4,000 that did reside in
Challenger.

During the last two years since STS-5, Columbia has been back at the manufacturing site in
Palmdale, and it has been retrofitted to be of the same configuration as the other flight orbiters
functionally. However, there is one additional difference between these four orbiters that you

see here. Columbia and Challenger have an external thermal protection system that allowed
them only to fly
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trajectories out of the east coast. The trajectories out of the west coast have a higher heating
entry profile, require additional TPS externally, and Columbia and Challenger are not designed

53



for that. They could be retrofitted for it, but it has not been determined to be a requirement of
the program.

Atlantis and Discovery have TPS systems on board where they can be flown from either
launch site, and of course, the plan has been to deliver Discovery initially for west coast
launches.

Now, if I could go back a little bit to the chart that has the characteristics of the orbiter.

(Viewgraph.) [Ref. 2/6-11]

MR. ALDRICH: The orbiter was conceived, as I said, in the 1972 timeframe. It is about the
size of a DC-9 aircraft. It has a fairly standard aircraft aluminum skin and stringer design, and
there is not a lot of unique technology in the airframe of it. I will describe a little more about
the airframe components in a minute, but the thing that makes it different for orbital space
flight is primarily the Thermal Protection System, and that is, in general, added externally after
the orbiter is built as a flight vehicle.

It is 122 feet long. It has a wing span of 78 feet. On its wheels, it is 57 feet high. Jesse
pointed
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out the payload bay is 15 feet by 60 feet. On an entry profile, it can come down the azimuth it is
flying down. It can also fly cross range 1100 nautical miles in either direction to achieve a land-
ing at a selected landing site.

Attached to it from the main engine project are three main engines, 470,000 pounds thrust
each. On board the back of the orbiter also are OMS-—stands for Orbital Maneuvering System—
engines, 6,000 pounds each, two of them. I will show you where they are in a minute. And then
for smaller corrections on orbit, for all the attitude control, there is a reaction control system—
and I will describe that for you again in a minute—38 engines mounted at various places on the
orbiter, and each of those engines has 870 pounds of thrust; 6 vernier engines for precise control,
25,000 pounds of thrust each.

The weight of the orbiter inert is 162,000 pounds, and that varies from orbiter to orbiter
because, as I said, they have a range of difference of about 5,000 pounds dry weight.

At landing, without a payload but loaded with all of the consumables, that residual and all
of the crew equipment and all of the cargo support equipment in orbit is about 175,000 pounds.
And with the cargo we bring back,
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we have generally been landing cargoes, 205,000 to 215,000 pounds at touchdown from the mis-
sions that Jesse described.

(Viewgraph.) (Ref. 2/6-42]

MR. ALDRICH: If I could go to the next chart, and it is a complicated chart regarding vari-
ous orbiter subsystems, and perhaps I will come back to the model in a minute, or for a minute.

The engine systems that I described on board, of course, you know about the main engines.
We talked about them all day. The OMS engines are these little black engines, and there is one
on each side. They do orbital attitude changes of the orbiter. The reaction control engines, the 38
large and 6 small, are mounted on this device that sticks back from this pod which I will de-
scribe in a minute about its contents, and in a bay that is forward on the orbiter nose, and these
black marks here are intended to be the ports that these engines fire out. In fact, there’s 14 big
engines and 2 small engines in front, 12 big engines and 2 small on each side, to compose the
reaction control system.

In terms of the structure, this is what we call the forward fuselage. Inside of that is the
crew cabin. This is the orbiter mid-body, the orbiter wings. Attached to the wings are the elevon
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aerosurfaces inboard on both sides and outboard on both sides for control during the approach
and landing phases. They also are used for load relief during the ascent phase and they actually
gimbal in conjunction with the main engines to provide balanced loading of the stack.

Down under the main engines is a device called a body flap. And it is an aerodynamic
system that is trimmed in conjunction with the elevons for proper angle on approach and land-
ing. The vertical stabilizer points upward, and it has a big aerosurface on the back. It is both a
rudder and a speed brake. It swings in one direction for rudder control and opens in both direc-
tions for speed brake on landing approach and roll-out.

This is called the aft fuselage of the vehicle, and there are some major engine systems in
there, and I will show you them briefly on a subsequent chart. This is the payload bay, of course.
Most of the orbiter, as I said, is aluminum skin and stringer. The payload bay doors are graph-
ite/epoxy. The pods here that contain these engine systems are graphite/epoxy, but all of the
vehicle is covered with some form of TPS to protect either the aluminum or the graphite.

Payload bay doors have inside them devices
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that move with the doors that are cooling radiators when the orbiter is on orbit. It has a large
thermal load to release, and it is released through these radiators which are pointed, in general,
towards dark space. Although they are not specifically pointed, they see enough dark space to
provide total cooling for the orbiter and for the cargoes we fly.

This is the remote arm from Canada that was discussed earlier. We only have one, on the
port side. The orbiter design would pick up one on the starboard side, but we have not put that
implementation in place in the program to date.

Viewing windows forward and to the side. Also we have viewing windows on the top for
alignment sightings, and there are viewing windows in the back of the bulkhead, forward bulk-
head, for viewing the cargo. And as you have seen from our flights, we have TV cameras mount-
ed in the four corners of the payload bay, on the join to the RMS, and on the tip of the RMS.

I will describe the thermal protection system in a little more detail on a subsequent chart.

On the underside of the orbiter we have wheel wells. We have two main landing gear on the
outbhoard aft side of the mid fuselage, and we have a forward nose landing gear in a wheel well
under this forward RCS system, at
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the forward end of the vehicle. Other unique physical characteristics. All of the vehicle has a
soft exterior insulation that we talked about with respect to the ice and the rain, except for the
leading edges. This is a reinforced carbon-carbon nose cap, solid, and the leading edges of the
wing are reinforced carbon-carbon and solid.

And that is the orbiter vehicle. Let me show you where some of the systems are.

The orbiter is a very complicated system, and it would take a long time to describe all of it
in detail, but the way I selected some charts for this was to show you the basic structural ele-
ments and then to show you the systems particularly on board that have energy stored in them

since stored energy is one of the things that could relate to what we have seen in the films and
know about this incident.

(Viewgraph.) [Ref. 2/6-43]
MR. ALDRICH: The next chart shows the basic orbiter airframe as it is assembled. The
crew compartment is shown on the upper left, and it is a welded structure that has full pressure
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integrity. It has got the hatch and windows in it, and it fits inside the upper forward fuselage
and the lower forward fuselage at the top and bottom of the page as they come
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together. Then the forward reaction control system module is inserted as an engine system for-
ward of this line, and the nosecap is added at the forward end.

The mid-fuselage is a big structure configured as shown here, and the forward fuselage seg-
ments are added to it, payload bay doors are added to it in assembly, and the wings from the
side and through feed-throughs into the main structural members of the mid-fuselage.

And then the aft fuselage is added on the back end and contains some significant systems
for propulsion and control of the vehicle. Two OMS pods, Orbital Maneuvering System pods,
with their RCS elements also are added on the top of the aft fuselage, the body flap added in
back, and the vertical stabilizer added to the top.

(Viewgraph.) [Ref. 2/6-14]

MR. ALDRICH: The next chart describes the thermal protection system, and I will describe

that, and then I will deviate here and talk to you a little bit about the ice question that we had
earlier.
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[ mentioned, and I am sorry this is so poorly color-coded, the reinforced carbon—carbon is the
hardest parts of the TPS. It is on the nosecap and the leading edges where I showed you. The
plan view of the orbiter is cut down the middle, so on the bottom part of this picture you have a
representation of the top surface of the orbiter, and on the top portion you have a representation
of the bottom view of the orbiter.

The bottom of the orbiter sees the highest temperatures, up to 2,800 degrees for some mis-
sion profiles during entry, and it has on it what we call black tiles. The real name for them is
high temperature reusable surface insulation. They are largely silicon fiber, and they are manu-
factured. They are very lightweight, very easy to handle, very lightweight material.

The tiles on the total underbody of the vehicle are this high temperature reusable surface
insulation. It ranges from half an inch up to two inches in thickness. It is very thick on the body
flap, very thick on the forward end of the orbiter, and varies other places across the vehicle.

Coming around the sidewall and up to the top of the vehicle are the things we have called
in the past white tiles. You have seen them, and they are white,
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and they are low temperature reusable surface insulation, again silicon, different physical ap-
pearance, the same kind of material, and they are generally thinner than the big tiles on the
bottom. They are also lighter weight.

Further upward and rearward on the vehicle, the areas shown in white are a nomex felt
material with a white surface at the top about a half an inch thick, and those are put on in
blanket form. These are the coolest areas of the vehicle during the entry phase.

Now, let’s see. Let me divert to the question you asked about ice on the launch pad. The
question had to do with both the meeting we had on the 27th to discuss the temperatures we
might expect and then the discussion on the morning of the 28th with respect to ice and icicles,
and they are two separate questions.

The day before, we had the mission management team with Jesse Moore and myself, and we
discussed the temperatures and their effects, what they were predicted to be on the launch
system and on the facilities, and the temperature ranges which were predicted, in the mid-20s,
and warming into the morning the next day were thought to be, by all in attendance from my
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understanding, at least, and what I believed to be well within the specification design of all of
the flight
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elements of the vehicle, and in fact, we had no concern expressed for the temperatures that the
flight vehicle would see.

We were concerned about the facility because about a year ago, in January of 1985, we had
a launch attempt with temperatures in this range, and we had problems with icing on the
launch pad that caused some of the facility water systems to malfunction in such a way that the
launch could not be continued, and we had to delay a day because of this ice.

So our discussion dealt primarily with the facility and the corrective actions from the previ-
ous event as to whether the facility would be adequate to support the countdown, the servicing
and the launch, and Kennedy had changed procedures and had in place arrangements and
mechanizations that we all felt would perhaps be more difficult than the normal countdown but
they would support the full launch processing.

At that time we made the decision to proceed, assumed we might have some slowness in the
processing activities, which we did experience. We had no concern for performance or safety of
the flight articles at that time, nor do I even at this time, given what we know to be the specifi-
cation, certification and design of the components that represent the flight system.
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DR. WHEELON: A question, please.

Did you or your experts specifically consider the effect of the ambient temperature on the
solid rocket motors, and did you judge that that was okay?

MR. ALDRICH: I would like to have you specifically ask that to the Marshall Project, Dr.
Lovingood, when he is up. My answer would be yes, I am sure they did, but they ought to say
that. They reported that all of their considerations for launch were acceptable and they were go
for launch, which would include those temperatures, yes, sir.

DR. WHEELON: But that wasn’t explicitly discussed with you?

MR. ALDRICH: It was not explicitly discussed as a concern, partly because it is really
within the design characteristic of the Shuttle System, as I believe all of us understand it.

CHAIRMAN ROGERS: Do you remember any warning from I guess it was Morton-Thiokol
to the effect that there might be a problem with a temperature in the booster?

MR. ALDRICH: I do not recall such a warning at that time. The following morning we had

had the situation where we had some water lines break, and other water lines, the protective
reaction to the low
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temperatures was to let them flow during the night so that they wouldn’t freeze and break, and
we had this fairly large, extensive deliberation of what the ice meant to us. There was quite a
large amount of ice, primarily on the north side of the launch complex where many of these
water systems are and where the water was permitted to run as part of the procedure to avoid
the freezing and rupturing of the lines. And on the south side of the launch pad where the
launch system was, the flight system, there was significantly less ice, but it had been character-
ized by an ice team which we sent out on every launch and had been out on this launch.

In addition, the sun was rising, and on the south side of the vehicle, and we were already
seeing melting in several of the areas on the vehicle. We made a detailed assessment of the re-
ports of the ice team about where the ice was located, where it might fall, what it might impact
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on the launch system, and the total context of that discussion had to do with the orbiter thermal
protection system which has the soft elements that I have described to you.

There was no discussion or concern expressed about the falling of ice on any other system in
either the launch complex or on the solid rocket boosters or external tank. There was a detailed
assessment by the
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team and reported to us of where the ice was located, and as I say, there were large amounts on
the north side, smaller amounts on the south side. We calculated what ice might fall at ignition
and what its trajectory might be in conjunction with the winds, and the total recommendation
from all parties concerned was that we did not see a credible threat to the orbiter except for the
Rockwell International orbiter contractor who in that meeting expressed some concern that
there might be a slightly higher risk for the orbiter TPS because this was a condition we had no
experience with before, that is, lifting off with ice on the launch pad.

VICE CHAIRMAN ARMSTRONG: Could I ask the source of the ice, what percentage was
due to the ambient conditions and what was condensation on the vehicle that froze?

MR. ALDRICH: I can’t give you a totally accurate report on that, but essentially the icing
on the propellant lines and on the external tank was relatively normal, quite low, and well
within the bounds that we had accepted on previous launches. All of the ice I'm talking about
was on the launch facility which is off to the side of the vehicle and does not protrude out over
any of the flight elements, or at least does not protrude out over the orbiter. There is an arm
that
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goes out over the nose of the external tank.

VICE CHAIRMAN ARMSTRONG: It was unusual because of the unique weather condi-
tions?

MR. ALDRICH: It was unusual because of the weather conditions, and the corrective actions
to drain the facility water on the launch pad causing great amounts of water to be in certain
locations.

DR. WHEELON: Was there either a tape recording or a written record made of these delib-
erations prior to launch, and would that be available to this Commission?

MR. ALDRICH: We have asked for a detailed report of the specific configuration of the ice
both during this initial inspection that led to this discussion and then I am about to tell you that
we sent the team out a second time to reassess it, and there will be—the written report will
include the findings that the second assessment and the clearing up of small amounts of ice on
the platform. There was not a recording of the meeting in which we discussed the ice debris
threat to the orbiter.

DR. WHEELON: Quite aside from the ice debris, was there a recording or minutes taken of
the meeting where you made the deliberations as to whether to go ahead or not?
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MR. ALDRICH: That is the same.

DR. WHEELON: You are focusing just on ice. I am not worried about ice. I am worried
about a much broader class of issues. How do you record those deliberations?

MR. ALDRICH: The meeting where we elected to proceed was held the night before, the
mission management team meeting that Jesse described, and all parties felt agreeable to go. The
normal process during the countdown is that the countdown proceeds, assuming we are in a go
posture, and at various points during the countdown we tag up on the operational loops and face
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to face in the firing room to ascertain the facts that project elements that are monitoring the
data and that are understanding the situation as we proceed are still in the go condition.

And this is done prior to minus 20 minutes in the count, and is done again at minus 9 min-
utes in the count as a matter of procedure.

DR. WHEELON: I think you are answering a different question than the one I asked, and
that is these key meetings where you and Jesse made the decisions to go forward or to delay, as

you had in days prior to the launch, was there a detailed record of those deliberations made or
not?
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MR. ALDRICH: To my knowledge, there is not a written record or a recording of those
meetings.

DR. WHEELON: Thank you.

MR. SUTTER: In releasing one of the vehicles for flight, and especially now that some of the
equipment has been gene through refurbishment, and it is done by people that do work for you,
is there a formal documentation of releasing the vehicle for flight? Is there a formal method of
doing it, and is it signed off like when they release an airplane for flight?

MR. ALDRICH: Yes, it is, and it is signed off in great detail. And one of the briefings later
in the day will go through that flight readiness process. It is the series of meetings that led up to
the ones that Jesse reported right in close at L-1 day. There is a formal flight readiness review
that is extremely thorough, with formal commitments and sign-off of all NASA organizations
and all contractors that support NASA for these elements.

MR. SUTTER: Going back to this temperature question, then, if one of the units was de-
signed to a given temperature range, then whoever was responsible for that unit, if it was out-
side of that range, would have to make that known, and there would have to be some review
board action on that?

MR. ALDRICH: Yes, sir, and that would occur
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in our system.

MR. SUTTER: Okay.

DR. WHEELON: And there were no such exceptions?

MR. ALDRICH: There were no such exceptions.

DR. WHEELON: Thank you.

DR. RIDE: How does the ice team document what it sees? Do they take cameras out with
them?

MR. ALDRICH: They take cameras, I believe, Sally. I have not seen pictures from the ice
team, but our discussion was that it would be photo documented. They also take IR measure-
ment devices and actually measure the temperature around the tank and the propellant lines
where we have a concern for perhaps the formation of ice on the flight system, and this occurs
on all flights, the concern for ice on the external tank. It has liquid hydrogen and liquid oxygen
in it. It is serviced with insulated lines, and depending on the wind and the amount of humidity
and the ambient temperature, you can see extensive icing for different conditions than only the
low temperature case.

In fact, one of the reasons the tank, in my understanding, had a small amount of—it did not

have a major sheet of ice on it. It had perhaps a slight amount of frosting. One of the reasons is
that although
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the temperature is very low, the humidity was also very low.

This weather discussion we have been having was the result of a front that came through
the Kennedy area with high winds, cold temperatures, and very low humidity.

I would go now to a couple of more discussions on the orbiter. I wanted to show you what
was inside several of these elements.

(Viewgraph.) [Ref. 2/6-45)

MR. ALDRICH: The next chart shows what is inside the main propulsion system, inside the
aft fuselage, which is primarily the main propulsion system. You can see here where the two 17-
inch lines come into the bottom of the orbiter, the hydrogen, liquid hydrogen on the port side
and the liquid oxygen on the starboard side, through the 17-inch lines and into a candelabra of
individual lines that go to each of the three main engines.

In the lower right hand picture is a schematic of the oxygen from the forward end of the
ET, hydrogen from the aft end flowing through these lines, and the orbiter interface to the main
engines.

I would also point out, not very clearly visible here, but there is an extensive heavyweight
load
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structure built into the aft fuselage to carry the main thrust and loads from the main engines,
and that structure is seen up in this area and around the propellant lines that are shown
coming from the external tank.

(Viewgraph.) [Ref. 2/6-16]

MR. ALDRICH: The next chart shows the forward and the aft Reaction Control System. I
mentioned a number of engines. I wanted to point out to you the amount of propellants and the
type of propellants that are on board. In the forward Reaction Control System we have 477
pounds of nitrogen tetroxide in the starboard tank, 928 pounds of monomethyl hydrozene in the
port tank. They are pressurized by a helium bottle, and they feed the thruster system I previous-
ly described to you. The two aft pods contain both the RCS system on each side and the OMS
system. This chart lists the characteristics of the RCS. Again, the oxidizer tank, I believe 1t is
the lower tank, in the forward end of the pod, contains almost 3,000 pounds of nitrogen tetrox-
ide. The upper tank, the fuel tank, contains 1856 pounds of monomethyl hydrozene. This is pres-
surized by RCS helium bottles down at the upper corner of the other end of the pod, and the
propellant flows to the RCS thrusters, and they can be interconnected so the
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tanks on one side can feed the engines on the side or across on the other side as well.

The next chart shows the Orbiter Maneuvering System.

(Viewgraph.) [Ref. 2/6-47]

MR. ALDRICH: The way the charts are laid out, they deal with the OMS separately, even
though it is the same component of the vehicle, and as you can see, there’s 14,866 pounds of
nitrogen tetroxide and 9,010 pounds of hydrozene in the lower Ox tank and the upper fuel tank,
again pressurized by helium bottles, and they feed the big OMS engine either on this side or can
be cross connected and feed the OMS engine on the other side.

(Viewgraph,) [Ref. 2/6-48]

MR. ALDRICH: The next chart describes the electrical power system within the orbiter.
This shows the cargo bay, the mid-fuselage I have shown you before. All of the cargo fits within
the U-shaped rings, and there is a liner, but under the liner, in the cargo bay are a number of
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orbiter systems, and I have highlighted here the electrical power systems. The electrical power
in the orbiter is generated by three fuel cells which are fed by cryogenic liquid oxygen and liquid
hydrogen bottles. The configuration shown here
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shows three oxygen tanks and three hydrogen tanks. We can increase that to either four or five
of each for longer duration missions.

Again, there is a fair amount of fluid in these tanks. There is 781 pounds of oxygen per
tank, 92 pounds of liquid hydrogen in the hydrogen tanks. They provide 2370 kilowatt hours of
energy to the orbiter during the mission, and 168 pounds of oxygen for supplying the atmos-
phere in the orbiter cabin and keeping the cabin pressurized.

(Viewgraph.) [Ref. 2/6-49]

MR. ALDRICH: The next chart shows a little bit about the crew arrangement. This is look-
ing down only on the crew module of the vehicle. The top two pictures show the upper level in
the crew module, the flight deck. The lower two pictures show the mid-deck. For launch and
entry there are four crew members seated approximately as shown here, on the flight deck, the
commander on the left, pilot on the right, and mission or payload specialist seated in the back,
and they can participate in some of the procedures in support of flying the vehicle from the
forward consoles.

Once you go on orbit on the flight deck, more or less crew members can come up to the
flight deck, and a large number of the consoles on the back end of the
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flight deck deal with the payloads and the cargo, and they are operated by various mission and
payload specialists.

DR. WALKER: Is the atmosphere in the crew quarters pure oxygen?

MR. ALDRICH: No, it's oxygen-nitrogen mix, roughly basic atmosphere, basic earth atmos-
phere. In the mid-deck you can see the configuration that was approximately what we had on
the STS 51-L, two mission specialists in front of the airlock facing the module stowage, and one
back by where it says the waste compartment is located. The other three crew seats shown in
dotted are contingency configuration that can be used to extend the capacity of the vehicle.
However, on this flight and on most flights, that is taken up with either three or four sleep
stations as is shown on the right hand side of the page.

Locker storage is in front of these crewmen, and we stow there things for crew—provisions,
food, clothing, communications equipment, camera equipment. We also stow some experiments
and some flight activities in those areas.

Waste management compartment is back in the lower port corner, and the side hatch for
exit and entry to the vehicle is shown on the port side. Airlock is
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truly that. You enter the airlock from the cabin, don a space suit, decompress, open a hatch, and
go out into the payload bay for external operations on orbit. The mid-deck picture on the right
shows a little more detail of personal hygiene station, galley station, and tables that are set up
once the orbital configuration is arranged on board.

(Viewgraph.) [Ref. 2/6-50]

MR. ALDRICH: The next chart discusses some major systems in the orbiter that I am not
going to go into in great detail today. There is an extensive avionics system in the orbiter, and it
controls not only the orbiter but the solid rocket boosters and the external tank, and it works in
conjunction with the launch processing system.
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There are a series of avionics bays shown here. In the mid-deck portion of the cabin, there is
a Bay 1 forward and Bay 2 forward. Bay 3 is in the back end of the crew compartment, and
many of the major electronics components, including the general purpose computers that fly the
Space Shuttle are located in that region.

Above them on a navigation fixed mount are the inertial measuring units for flying the
Space Shuttle System and the star trackers for aligning it once you are on orbit. They are
mounted in proximity with these
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other electronics, and they are part of the total guidance and navigation system.

In the back end of the orbiter are three more electronic bays with, again, additional elec-
tronic devices that participate in guidance control of the vehicle and its systems, and they are
shown roughly in the forward part of the aft fuselage module that I showed you previously
mounted on the back side of the bulkhead. These subsystems provide for guidance and control of
the total Space Shuttle for ascent, on-orbit and entry. Communications and tracking provide a
series of different communications modes through S band and UHF, through an on-orbit Ku
band system that has an extensively high data capacity. They provide the displays and controls
to the flight crew who can interface to the vehicle systems through the avionics and through the
computers. They provide for the electrical power distribution and the instrumentation through-
out the vehicle, and they provide a series of data processors that both record data and instru-
mentation measurements on board and provide those to the ground.
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Those are the basic systems of the orbiter that I was going to describe. There is one other
high energy system on board. The system operates its elevons and its landing gear release and
brakes and body flap and rudder speed brake with three hydraulic systems, which run around to
the appropriate places on the vehicle.

Also, the throttling and control of the space shuttle main engine use the orbiter hydraulic
systems. And to provide the orbiter power, there are three auxiliary power units mounted in the
aft fuselage, and they have each 325 pounds of hydrozene in a tank to provide those APUs.

Those units are powered prelaunch for ascent to control the engines and the aero surfaces,
and then pre the orbit for entry to control the aero flight for the approach and landing.

There are also a series of systems in the cargo bay that support the various cargo modules.
There are electronics, there are beam structures to support the payloads. There are keel fittings,
a wide range of instrumentation and communications systems that are put together in standard

configuration so that they can support the widest range of cargo mixes that we fly in the space
shuttle.
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That is the briefing that I was going to give you on the shuttle configuration and on the
orbiter, and I realize it is not nearly the depth to cover any of those things in detail. But I
thought that would be a good start.

And I would be glad to answer any other question about the way the vehicle works or how it
is integrated.

CHAIRMAN ROGERS: Well, thank you very much. It has been very helpful.

I wonder, was there anything about this launch, excluding the discussions about ice and
weather, that caused any concern over and above the normal concern? Anything unusual about
this launch that we should know about?
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MR. ALDRICH: I do not recall that there were any unusual things other than we had the
situation with the hatch, where we did not get it off.

CHAIRMAN ROGERS: Which Mr. Moore referred to. But excluding that and excluding the
questions of the weather, anything else that was discussed about this launch that was different
from the previous launches?

MR. ALDRICH: No, sir, not to my knowledge.

I would add, that reminded me of one of the questions you asked earlier about the anomaly
tracking.
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As we first flew Columbia and had our initial flights with the orbiter, we did have quite a large
number of anomalies in the space shuttle systems, and most of them were not of consequence to
completing the mission or to doing the activities on board the way we intended to do them.

There were major engineering problems with the systems that are highly redundant, and
some of the redundancy areas had anomalies, and the system accounted for it properly. We
track each of those systems problems individually by item. It is researched, analyzed, and closed
out formally to my level in the program to be sure we have treated it correctly and completely.

We have it signed off, and we keep a formal tracking system of all of these things that
occur. And we have had anomalies on every flight. With the amount of instrumentation and
redundant subsystems we have, we frequently have things that need corrective action. Every one
has been tracked, every one is recorded and logged and available.

And a different response than Jess gave to your question about how our performance has
been: We have seen significantly fewer anomalies on flights in the last year or two than we had
early in the program.
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There has been a significant correction of things we couldn’t find until we flight-tested, and cor-
rective actions.

In fact, the Atlantis vehicle, which has flown two times and was delivered in the spring of
this last year, has been extremely clean and has had no significant anomaly as yet in any of its
systems. So I think there is a great learning curve, particularly with respect to the orbiter, as
we have flown and become familiar with the vehicles.

CHAIRMAN ROGERS: I assume that you are comparing the flight pattern of this launch
with previous ones to see if there are any deviations from previous flights?

MR. ALDRICH: Yes, sir. We do do the exact characterizations of the winds and profile that
Jess described. We do build a best trajectory from all the data available, and apply those best
known external conditions to it, and we analyze completely, to the best of our ability, the exact
loadings and the profile that the vehicle flew through.

I might add, we talked about throttling the main engines. There is in fact on board an
adaptive control within the orbiter system. The solid rockets have very minor variances, depend-
ing upon a lot of
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parameters. And the on-board system senses that and throttles the main engine to a precise
level to account for that.

So what you predicted it might go to pre-flight may be slightly different. That is understood.
That also will be factored into our total analysis of the ascent system performance.

CHAIRMAN ROGERS: At what point in the flight was the loss of power detected?
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MR. ALDRICH: We essentially lost all data with the vehicle at very close to 73 seconds, 73
and some tenths either way seconds. And loss of power and data presumably is the same thing.
All contact with the ground was lost instantly at that time, and there is a great reconstruction
of all events from data and from tracking and from photo.

And I haven’t seen that yet. That is a fairly laborious job, but my expectation would be that
it will coincide with the physical event that we saw.

DR. RIDE: Could you say something very briefly about the data lines between the SRBs and
the shuttle, the shuttle computers?

MR. ALDRICH: Let me see if I can say what you want me to say.

The central control and computing for the
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entire stack during ascent is in the computers in the orbiter. Some of the sensing equipment—
for instance, there is a set of rate gyros at the top of each solid rocket motor. That is fed through
the electronics system to the orbiter and it is factored into the orbiter guidance computations for
the total stack.

There is also telemetry and measurements on various parts of the tank and the solid rocket
booster, and those come back into the orbiter and are relayed or recorded in conjunction with
the orbiter data stream. And for the separation sequences, commands go the other way, from the
orbiter.

The orbiter guidance and navigation system senses when separation should occur, when
engine throttling or gimballing should occur—not throttling of the solids, as was pointed out, but
throttling of the main engines, but gimballing of both mains and solids—and those commands go
through data lines to the solid rocket boosters and to the space shuttle main engines.

DR. WHEELON: Since I sense that our chairman may soon be calling a luncheon break and
since that provides an opportunity to get some data, would it be possible to get from you or from

your colleagues the nominal trajectory, powered flight trajectory parameters as anticipated for
this
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flight, not as actually measured? And specifically, what was—what did you expect would be the
altitude versus time and the speed, the Mach number, the dynamic pressure, and the throttle
position on the main engines?

Could you provide that?

MR. ALDRICH: Expected pre-flight and compared to what we found in-flight, yes, sir.

DR. WHEELON: I suspect you don’t yet have the actuals, and if you do that’s fine. But, I
would be grateful for just the pre-flight nominal for this flight.

MR. ALDRICH: I will do that.

CHAIRMAN ROGERS: Mr. Acheson wondered if there was any way to make an estimate of
how much further information you want to give to us today. The question is not designed to
hurry you at all, and we are prepared to continue over until tomorrow. We just want to get
some idea of what estimates you make and the time that would be involved.

dJess, can you address this?

MR. MOORE: Mr. Chairman, what we are prepared to do from here the rest of the after-
noon is to go through the Marshall shuttle projects. As I mentioned earlier, the Marshall Space
Flight Center is responsible
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for the propulsive elements of the shuttle.
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We have probably got about a 45-minute briefing or so on the propulsive elements, and
maybe a little longer. I am kind of guessing. I didn’t have time last night to go through a formal
dry run.

Following that, I have a presentation by the Kennedy Space Center to tell you how the
launch system is processed and all the steps to get ready for launch, and that probably can be
done in about 35 to 40 minutes, depending upon questions. It is mostly photographs, to give you
a feel for what we go through in getting ready for launch.

Beyond that, we have got about a 30-minute pitch that will address the design philosophy—
requirements, certification, testing, analysis—that we go through in NASA for procuring hard-
ware. And then I've got another presentation which is about another 30 minutes long that talks
about our flight certification, preparations for flight, and talks about the flight certification proc-
ess and the specifics associated with how we pool the resources of the NASA-industry shuttle
team to get ready for a flight.

If I add those up very roughly in my mind, we are probably talking about another three
hours-plus of briefings if the Commission would so desire.
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CHAIRMAN ROGERS: Well, that’s fine. We can extend over until tomorrow, and we don'’t
want to hurry you at all.

And I think we will take a recess now for about an hour. I would like to suggest, though, on
the presentations, that if you could relate your presentations a little more directly to the Chal-
lenger and what happened. Otherwise it becomes rather abstract.

And so, I don’t want to discourage that aspect of it, but if you could relate it a little bit more
to what happened here and what you did in connection with the Challenger, anything that was
unusual, I think the Commission would appreciate that.

MR. MOORE: Yes, sir. What we tried to do for the Commission, Mr. Chairman, is also to
give you some indication of how the systems are manufactured and how they are put together.
And that specifically is applicable to Challenger, as well as the other elements of the shuttle
program. So we will try to narrow our focus a little bit more on the specifics associated with
Challenger and any differences that we possibly can highlight relative to this flight versus
others.

CHAIRMAN ROGERS: Thank you very much.

Okay, we will adjourn until 1:30.
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(Whereupon, at 12:40 p.m., the hearing was recessed, to reconvene at 1:30 p.m.)
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AFTERNOON SESSION

CHAIRMAN ROGERS: The Commission will come to order, please.

Jesse?

MR. MOORE: Mr. Chairman, members of the Commission, we would like to continue this
proceeding now. I have asked our presenters here for the remainder of the afternoon to try to
make their presentations as brief as possible, particularly the background kinds of presenta-
tions, and focus as much as we can on the relevancy to the incident on 51-L.

And with that, I would like to introduce the Deputy Manager of the Shuttle Projects Office
at Marshall, and that is Dr. Jud Lovingood.

Jud?

THE CLERK: Do you swear the testimony you will give before this Commission will be the
truth, the whole truth, and nothing but the truth, so help you God?

DR. LOVINGOOD: I do.

CHAIRMAN ROGERS: You may proceed.
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TESTIMONY OF DR. JUDSON A. LOVINGOOD, DEPUTY MANAGER, SHUTTLE
PROJECTS OFFICE, MARSHALL SPACE FLIGHT CENTER

DR. LOVINGOOD: Mr. Chairman, Committee members, what I have been asked to do today
is to give you a propulsion systems overview so that it will provide you with the background that
you will need in the course of your investigation, and what I have done is I have given a very
brief summary of the elements that Marshall has responsibility for, which are the external tank,
the main engines, and the solid rocket booster. I hope that as a result of this briefing there may
be some areas that you can identify that you do want to home in on, and then we will be able to
provide you additional information if I can’t answer it today.

So, with that I will start out by talking about the—

(Viewgraph.) [Ref. 2/6-51]

DR. LOVINGOOD: This is the agenda, which doesn’t show up very well.

Go to the next chart.

(Viewgraph) [Rel. 2/6-52]

DR. LOVINGOOD: I think none of these are showing up on the screen.

CHAIRMAN ROGERS: Well, we have the books. We
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can follow it that way.

DR. LOVINGOOD: If you would look at those, and on these word charts, I will try to sum-
marize basically what I am trying to say quickly.

We have two responsibilities, one in capability development, which is the early part of the
program primarily, with some continuation into the operational phase which we are currently
in, and then, of course, we have support to operations. We are responsible or were responsible
for the development and certification of the external tank, the solid rocket booster and the Shut-
tle main engine. We are responsible for the propulsion system testing, which I will say more
about, which is the testing of the complete propulsion system, including the external tank, the
three main engines and the orbiter propulsion elements down at NSTL, the National Space
Technology Laboratories. We have been involved in propulsion and ascent flight system integra-
tion activities with JSC. They have the lead, but we have been heavily involved in that activity
with them because of the skills that we have at the Marshall Center.

And then performance improvements and productivity, and then in supporting the
launches, we are responsible for producing the flight hardware and
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logistics support at KSC and at Vandenberg, and we are involved heavily now in the activation
of the Vandenberg facility as far as processing the vehicle, and then we are also looking at oper-
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ational improvements like producibility improvements, requirements reductions and simplifying
the launch processing.

(Viewgraph.) [Ref. 2/6-53]

DR. LOVINGOOD: The next chart shows what I just said in pictorial form, and I won’t
dwell on that, and we will just go ahead and continue to the next chart.

(Viewgraph.) (Ref. 2/6-54]

DR. LOVINGOOD: The next one shows the organization that we have at Marshall for the
Shuttle Projects. There is one Shuttle Projects manager that is responsible to the center direc-
tor, and he has responsibility for all Marshall Shuttle activity. Under him is a project office for
each element, and that is indicated down at the bottom, showing an External Tank Project
Office, a Solid Rocket Booster Project Office, and a Flight Engine Project Office. In addition, we
have a Development Engine Project Office which is involved in the engine improvements which
Jesse Moore mentioned earlier.

Each of these project offices, if you will
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note the remark I've got in the upper right hand corner, has a chief engineer which is assigned
to report directly, functionally, on a day-to-day basis, to the project manager. His institutional
home is our Science and Engineering Directorate which is a major institutional organization
which reports to our center director.

Proceeding to the next chart—

(Viewgraph.) [Ref. 2/6-535]

DR. LOVINGOOD: —and then this is the engine project lead-in, and then go to the following
one.

(Viewgraph.) {Ref. 2/6-56]

DR. LOVINGOOD: The SSME, and of course, there has been some discussion of SSME,
which is the main engine on the Shuttle. It has already been discussed to some extent by Arnie
and Jess. It is a liquid hydrogen/liquid oxygen engine. It is manufactured, or its prime contrac-
tor responsible for development, certification, manufacture and launch acceptance testing is the
Rocketdyne division of Rockwell. Major subcontractors are Honeywell on the controller and Hy-
draulic Research, on the actuators that we use for the valve controls. Test sites are the National
Space Technology Laboratories. We have two single-engine test stands at the Santa Susana labo-
ratory, which is near Canoga
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Park, where Rocketdyne is located.

(Viewgraph.) [Ref. 2/6-57]

DR. LOVINGOOD: The next chart shows the flow. As I mentioned, the engine is manufac-
tured at Rocketdyne in Canoga Park. We acceptance test it at our designated test area at the
National Space Technology Laboratories in Mississippi. We install them into the orbiter at KSC.
In fact, the Marshall Space Flight Center delivers them to KSC, and then the installation in the
orbiter, and then the launch processing from there on is the KSC responsibility. And between-
flight maintenance is done at KSC.

(Viewgraph.) {Ref. 2/6-58]

DR. LOVINGOOD: The next chart shows some interesting characteristics, and what I want
to point out on there, it is a 470,000 pound thrust engine in vacuum. We call that the rated
power level. Most of our flights up until now have been at 104 percent of rated power, with a
few at 100 percent.

DR. FEYNMAN: Excuse me. I am sorry to interrupt you.
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I wanted to understand whether you, that is, your organization, checks the engine when it is
manufactured. When it is going to be reused, is there another test made, or is the test made at
the
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Mississippi site?

DR. LOVINGOOD: If an engine is brought back on an orbiter to be flown again without any
changeout of parts, then our assessment is made in terms of data that we get from the flight,
and any anomalies that are found from post-flight inspections, which the inspections are done
under the cognizance of KSC, but we get a report on that, and we have to disposition those
anomalies before we fly it. In the case of a component changeout, we are responsible for the
production of that new component, the acceptance test of it.

All components are acceptance tested by hot fire on a single engine.

DR. FEYNMAN: Thank you.

DR. LOVINGOOD: FPL is full power level, and that is 109 percent of the rated power level,
and we have not flown at that power level yet. In fact, the improvements that we are making
are to give us more margin in operating at 109 percent.

I want to point out the mixture ratio, which is the ratio of oxygen mass to hydrogen mass
consumed by the engine is six, and down there, on life at the bottom of the chart, it shows that

we have a specification requirement, and I want to emphasize that is the spec requirement of
seven and a half hours or 55 starts, and
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that has not yet been demonstrated.

And I have a subsequent chart that shows you what we have demonstrated.

And then we have a controller which I think has been mentioned today, and we are capable
of throttling with that controller to 65 percent minimum. The controller accepts commands from
the general purpose computers in the orbiter, the GPCs, and then makes the engine valves oper-
ate to provide the proper throttle setting.

Some design features we have—

(Viewgraph.) [Ref. 2/6-59]

DR. LOVINGOOD: —is that we do have a failsafe philosophy. The controller has redundant
computers which control the mixture ratio and the chamber pressure, and the controller in-
cludes self-check monitoring capability to ensure proper engine operation. The design features
redundancy in the engine control and the monitoring functions, and we have red lines that are
established based on both analytical work and ground test experience.

The engine operation has been demonstrated in our ground test program, both development

and certification. We fly the engine with the maintenance parameters and so forth, just like we
have done it in
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our ground test program. We have included off-nominal engine performance, and that is by vary-
ing the mixture ratio off of the nominal value of 6.0, and we have demonstrated various abort
modes. There was some discussion of that this morning. We fired engines around 600 seconds,
approximately, to demonstrate one of the abort modes, and approximately 800 seconds to demon-
strate another abort mode. And we have also demonstrated off-nominal engine shutdown modes.
Normally the shutdown, for example, is with hydraulic power from the auxiliary power units
which Arnie mentioned, which are on the orbiter. In case of an emergency, we do have a pneu-
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matic shutdown system using a helium supply on the orbiter, and we have demonstrated that in
ground tests.

And then, before we put an engine into the orbiter or a component, replace a component
and install a new one in an engine, we do hot fire acceptance tests of those engines, as I have
already mentioned.

(Viewgraph.) [Ref. 2/6-60]

CHAIRMAN ROGERS: Would it be possible to relate these functions to the Challenger?

DR. LOVINGOOD: Well, the way I would relate it to the Challenger is that we did go
through the acceptance testing, our normal acceptance testing
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and data reviews, looking at any material discrepancies that come out of manufacturing to make
sure that we didn’t have any problem. This was done before we flew the Challenger for the first
time with this set of engines In fact, on things like hardware discrepancies from the plant, we
have what we call a re-review of those discrepancies. That is part of our flight readiness review
process. So we do a very thorough review of the hardware that we are flying.

As far as manufacturing anomalies. We look at process changes that might have been incor-
porated, we look at all the acceptance test data, and if it is a reflight, then we do the review of
the post-flight inspection data from the previous flight as well as the previous flight data, and
we always acceptance test.

DR. FEYNMAN: For example, was this Challenger, the one we are interested in, the flight
we are interested in, a reflight of an engine or a new engine?

DR. LOVINGOOD: I believe that this, all three engines were being reflown. I'm almost 100
percent sure of that. And I don’t believe we changed out any major components, but I will get
you that for the record because I am not certain, but I will give you exactly what component
changeouts were made for this flight.
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CHAIRMAN ROGERS: Your records would show any anomalies in previous flights as far as
these engines are concerned?

DR. LOVINGOOD: There could have been. We do have occasional anomalies which are
sometimes dispositioned as being within our experience, something that shows up. We look at
anything that looks unusual. In fact, sometimes people like to call them observations, but we
always classify them as anomalies, and we thoroughly review those. So I am not certain. But I
do know that whatever we saw in the data, that there is a documented rationale as to why that
is no problem for flight.

CHAIRMAN ROGERS: In other words, you do have records to show any anomalies as far as
Challenger is concerned?

DR. LOVINGOOD: That is correct.

CHAIRMAN ROGERS: Thank you.

GENERAL KUTYNA: Yet on this particular flight, we had less instrumentation than on
previous flights, but these engines are very well instrumented, aren’t they, to the point where if
you saw an anomaly on climb-out, it would have registered and possibly even shut the engine
down before anything disastrous occurred?

DR. LOVINGOOD: The instrumentation on this
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flight would be like it has been. It would be as much and in some cases more than we have had
on previous flights. I don’t think—we haven’t subtracted any recently, and we have added some
instrument data.

GENERAL KUTYNA: Did you see anything anomalous on climb-out on these engines?

DR. LOVINGOOD: No.

MR. RUMMEL: The engines would not have been shut down until after the accident oc-
curred, if I understood this correctly this morning, is that right?

DR. LOVINGOOD: That is correct. The nominal shutdown time is around 500 seconds.

GENERAL KUTYNA: Let me push that point. Had there been an anomalous condition on
the engine, it would have shut itself down prior to having anything disastrous happen?

DR. LOVINGOOD: There are red lines, and for the record, I will tell you what those red
lines are. I have got a list of them here.

GENERAL KUTYNA: For example, we had an engine shutdown on the previous flight. It
sensed something going wrong and it shut itself down before there was any problem.

DR. LOVINGOOD: Yes. I will tell you what
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that was. We have red lines on fuel, the high pressure fuel pump turbine discharge temperature.
We have two temperature sensors in the discharge of that turbine, and the red line is set at 1960
degrees, roughly. It is actually different on the two gauges because of the different coolant flow
we have in there.

We also have red lines on the turbine discharge temperature on the high pressure oxygen
pump. We have a coolant liner pressure red line in the fuel pump turbine. There is a fuel pump
turbine coolant liner that has a red line in it on pressure. We have an intermediate seal pres-
sure that is—the seal that separates the hot gases of the turbine from the 1.OX that we are
pumping, this is on the high pressure .LOX pump, and we have a high pressure L.LOX pump drain
pressure as a red line. Those are the five red lines we have.

Now, the problem that led to the engine shutdown in flight was a failure of two of the two
temperature sensors that we have, and we have a way that the controller monitors those tem-
perature sensors to determine whether they are good sensors or not, whether they are qualified.
If the determination of the controller is that they are not qualified—and it is based on the fail-
ure rate, how fast the sensor goes off-scale high—then the controller disqualifies that
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sensor, and that sensor would not vote to cut.

What happened in the previous case when we had the shutdown was that the failure mode
of that sensor was such that the controller did not recognize it as a bad sensor, and recognized it
as a vote to cut, and so we ended up shutting the engine down.

GENERAL KUTYNA: But the bottom line is you really have a fail-safe system as far as
those engines shutting themselves down.

DR. LOVINGOOD: That is correct. We have got redundancy, and it is fail-ops with the first
one, and then fail-safe.

Okay. I think I was on Figure 11. [Ref. 2/6-60]

Prior to flight we have a ground certification test program and I have indicated here how
we go about doing that. The current engines that we are flying were initially certified for ten
missions, and that is taking two samples, two builds of that engine, and running through what
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we call two CERT cycles, and a CERT cycle consists of 5,000 seconds of testing in 13 starts, and
those CERT cycles represent the kind of mission profiles that we would fly in the missions.

If you add all that up for just one engine, that would be two cycles times 5,000 seconds, that
would be 10,000 seconds, about roughly 500 seconds per
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flight. That would be equivalent to 20 missions, and what we do is we divide that by two, we
allow our ground test program to exceed flight by a factor of two. So in running 20 missions on
the ground on two engines, we certify ready to fly ten missions.

When we change, make an engineering change in a component, generally or typically we
require two samples of that, one CERT cycle, and say that qualifies the component for ten mis-
sions operating in that engine system that we have already got certified. But each change re-
ceives a thorough review by both NASA and the contractor to decide what kind of certification
requirements there should be, and that is put into—that is documented in the paperwork, and
that is a requirement that we complete that certification requirement or we must get a waiver
with supporting rationale, if we do not, before we fly.

And then the ground test program develops parameters that we use in our maintenance, the
post-flight inspections that we use, the inspection intervals, and then any removal and replace-
ment schedule based upon life limits on certain piece parts in the engine that we know have a
life limit which is less than what we have certified the basic engine for. And all of that, of
course, is documented and it is documented in
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our files as well as at KSC as far as what all of those between-flight inspections, maintenance
and removals are.

And then this last bullet just says that we use a factor of two in our ground test over our
flight.

(Viewgraph.) [Ref. 2/6-61]

DR. LOVINGOOD: And then the next chart shows with our current engines that we are
flying, with our ground test program using a factor of two, we are certified to fly 15 flights for
each engine that we put into the field at a mixture of 100 and 104 percent of rated power level.

This program did include some testing at 109 percent, some certification testing at 109 per-
cent, and that certifies us to fly seven flights of that 15 at 109 percent.

And then the last two bullets down there just shows that we did that on Engine 2010 and
Engine 2014 with a ground test of 40 missions on Engine 2010 and 30 missions on 2014, and then
we take the smaller of those two numbers and divide by two to get to 15.

CHAIRMAN ROGERS: Is there anything about the testing of the Challenger engines that
caused you any concern or which seemed to be different than previous tests?

DR. LOVINGOOD: No, I don’t recall anything.
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In fact, when the question came up this morning concerning this launch, I was trying to think,
the question was asked whether there was anything other than weather considerations that
made you more concerned, and that went through my mind at that time, and I don’t know of
anything off hand.

VICE CHAIRMAN ARMSTRONG: Do I understand correctly that 2010 and 2014 are engines
that are used for testing only?

DR. LOVINGOOD: Engine 2010 and Engine 2014 were new engines that we had in our plan-
ning to use as ground certification engines, and that is a very controlled program. We don’t do
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development testing on those engines. If we’ve got a new part, we don’t put it on there. It is a
very controlled program, and we use the same specifications, so to speak, as far as maintenance
and inspections are concerned, that we use when we fly. I mean, that is the intent of that, to fly
the same way we do that certification program.

VICE CHAIRMAN ARMSTRONG: It is functionality and reliability kind of testing?

DR. LOVINGOOD: Exactly.

VICE CHAIRMAN ARMSTRONG: Thank you.

DR. LOVINGOOD: Okay.

That is really all I had to say about the
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engine.

I wanted to talk about this propulsion system test that we do, and that is what Figure 13 is
relating to. This test, which is done on a test stand down in Mississippi, which includes a flight
type external tank, and it has got the orbiter aft structure simulated, but it has got all the
valves and the plumbing in the aft end of the orbiter for the propulsion system. And then it has
got a cluster of three main engines on it.

Before we flew the first time we performed 12 successful tests in the time period I have
indicated there, and then we also performed these, in addition to the static firings and hot
firing, we performed the special propellant tanking test which had to do with loading procedures
at KSC. And then our current plan, we have not run a test of that cluster at 109 percent. So the
current plan is to run two static firings at 109 percent of rated power level, and then after we
complete that we intend to convert that to another single engine test stand and convert that
facility to another single engine facility.

That is all I plan to say about the engines and the main propulsion tests, and if there are no
questions, I will go on to the solid rocket booster.

DR. FEYNMAN: I would like to know a little
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bit more about the actual engines used on the Challenger. What new items had to be replaced
after the engines had been used; if the engine is a reused engine, were there some parts that had
to be replaced, or what kind of condition is it in relative to were there some special problems?

DR. LOVINGOOD: Are you talking about this particular flight?

DR. FEYNMAN: Yes.

DR. LOVINGOOD: I don’t recall for sure. My recollection is—I have got to get that data. I
recall that we didn’t change anything, but I will provide that data to you, and if we changed out
anything, I will tell you why we changed that out.

(Viewgraph.) [Ref. 2/6-62]

DR. LOVINGOOD: On the solid rocket booster, there were several questions raised this
morning about that. Let me see, I have got some notes here.

We did make a change—well let me talk about the booster description first.

Go to Figure 15, and then I will try to respond to some of the questions that came up during
Jess and Arnie’s discussions.

(Viewgraph.) [Ref. 2/6-63]
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Figure 15 shows an expanded view of the booster, and starting on the lefthand side of that
chart and working your way across, you will note that we have the nosecap, which contains the
pilot and drogue chute, and then we have the frustum, which contains the three main para-
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chutes. We have the forward skirt, which has the forward attach fitting to the external tank,
and we also have avionics.

Then the next, moving on across there after the forward skirt, to the right of the forward
skirt is the forward segment, and that is a motor case segment that is cast as shown there. In
that configuration that was 327.5 (on the forward segment) inches long, and it has a forward
bulkhead which is a pressure dome, and then we have what we call the forward mid segment or
forward center segment, and then the aft mid segment, and then the aft segment, and the aft
segment is shown there with a nozzle attached to it. And then we have the aft skirt, which con-
tains the separation module, the thrust vector control system, and I think Arnie pretty well dis-
cussed that today.

Now, these segments are transported overland, and assembled by KSC. They are transferred
from Morton-Thiokol in Wasatch to Kennedy Space Center, and the assembly is done there. I
think the next chart
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shows who the contractor——

GENERAL KUTYNA: Would you point out the previous problem you had with this booster,
with the SRB and explain how you fixed that? What gave you confidence that that problem
would not reoccur? You had problems with the nozzle and your burnthrough of the nozzle, as I
recall.

DR. LOVINGOOD: We had on—it was STS-8. We had some pocketing in the nozzle, and that
was—I don’t recall exactly where it was. I think it was on the throat inlet. It was prior to the
throat, upstream of the throat.

And we had made a process change prior to that time. We went back to our old process, and
there was also some suspect material, a particular manufacturer of material, and we had exten-
sive analysis and test data which supported the fact that that particular supplier of this materi-
al might have had volatiles in there or other parameters which could have led to this pocketing.

CHAIRMAN ROGERS: I don’t understand that. Could you explain it a little to me? It
doesn’t have much meaning to me.

DR. LOVINGOOD: Well, I am not sure I can explain it.

GENERAL KUTYNA: Maybe we should try and say
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you had air pockets in the material. Is that right?

DR. LOVINGOOD: Well, there were gases. I think there was just the chemical constitution
of the materials, too, that indicated that this one supplier had components in there or constitu-
ents which were not good as far as this pocketing problem is concerned. The gas pocket, I think,
is one of the things that led to the mechanism, and I am not familiar with the mechanism.

What I suggest we do, we could give you a detailed briefing, because that is all documented,
and if you would like, we can give you a detailed briefing on exactly what we found.

GENERAL KUTYNA: As far as NASA is concerned, that problem is resolved? You found
the problem was not a factor in this particular incident?

DR. LOVINGOOD: Thus far we don’t see that as being a factor.

MR. HOTZ: Did you change manufacturers?

DR. LOVINGOOD: No. When I mentioned something about a supplier, we had two suppliers
of this material, and the analysis showed that this one supplier’s product was better, and we are
using strictly that supplier’s product. So there is no change.

MR. HOTZ: No, but you did drop a supplier, then?
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DR. LOVINGOOD: In that particular area of the nozzle.

CHAIRMAN ROGERS: Was that based upon negligence of the supplier?

DR. LOVINGOOD: No. It was within specification. And I think that it was just on one side
of the spec in the way he had been manufacturing it, and we felt like if we could eliminate that,
and we did go back to our old process, too, for curing the nozzle, and doing that, we could elimi-
nate a problem, and we haven’t had a recurrence like we did on that flight.

CHAIRMAN ROGERS: Is there a report on that? Did you make an inquiry and file a report
on that whole incident?

DR. LOVINGOOD: Yes, we can get you a report.

CHAIRMAN ROGERS: And that is available to the Commission, I presume.

DR. LOVINGOOD: Yes.

CHAIRMAN ROGERS: Thank you.

DR. WALKER: Are you planning to discuss the way in which these sections are joined?

DR. LOVINGOOD: I had not planned to go into any detail on that. This is the aft attach
ring to the external tank, and I think that was mentioned by Arnie. There is a field joint ap-
proximately right here, and the
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field joint is what we call the joint between two segments that are cast individually, separately,
and that joint is made at KSC.

There are factory joints. These segments, I believe, this particular segment here is about 27
feet long, so about halfway up, 13 and a half feet or so, there is a factory joint that is made at
Thiokol. These have two O-rings in the joint. When you have a field joint, we have inhibitors
there that inhibit the propellant burning on the face at that joint.

In the case of a factory joint, we have insulation that comes all the way across that, and we
don’t use the inhibitor.

GENERAL WALKER: Are these VITON O-rings?

DR. LOVINGOOD: I am not sure. I believe they are, but I am not certain. Yes, that is cor-
rect.

What we can do is, I had not planned to focus—the instructions I had for this was to just
give you an overview. I had not planned to focus on any particular area, and that is why I am
not prepared to do that.

CHAIRMAN ROGERS: Well, we can come back to that. We appreciate that we didn’t give
you much notice of the meeting, and so, proceed. We will be able to get that information.

152

GENERAL KUTYNA: How about the operating limits on this motor? Are you the proper
one to discuss that?

DR. LOVINGOOD: What is the question?

GENERAL KUTYNA: How about the operating limits on this motor? It says in the manual
that it ought to operate between about 40 and 90 degrees Fahrenheit. Of course, it was a lot
colder than that.

DR. LOVINGOOD: The requirement is on propellant mean bulk temperature, and in fact I
had that on a chart that it is one of our requirements, and it was predicted that the mean bulk
temperature would be 55 degrees at launch, and it has been reported to me that that is what it

was, about that value. So we do have a requirement to be between 40 and 90, and we were
within that range.
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DR. KUTYNA: Do you have instrumentation that would give you that temperature, or do
you predict it, or how do you know that the mean bulk was what it was?

DR. LOVINGOOD: It is calculated based upon ambient.

(Viewgraph.)  [Ref. 2/6-64]

DR. LOVINGOOD: Okay, Figure 16 shows the major suppliers on the booster. Of course, the
motor is made by Morton-Thiokol. The booster assembly is—United Space Boosters Production
Company, they are
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currently called, does the assembly work of the aft skirt and of the forward skirt and the para-
chute frustum area and the nosecap, and I have got the suppliers down there for structures of
the motors and so forth, and you can read through that list, and then we have done our testing
at Morton-Thiokol’s Wasatch Division as far as the large motor static firings are concerned. All
that testing was done out there, and this is just a highlight, by the way. And then at Marshall
Space Flight Center, we have done the structural testing on the booster, and also TPS, Thermal
Protection System development and testing.

DR. WALKER: Could I just ask a question on terminology? Solid rocket motor refers to the
fuel itself?

DR. LOVINGOOD: Let me show you on the next chart.

(Viewgraph.) [Ref. 2/6-65]

DR. LOVINGOOD: What I have got here, I thought this was going to be in color, but the
solid rocket motor, our terminology for that is the part that is the responsibility of Morton-Thio-
kol, and that would be all of the segments from this forward bulkhead back including the nozzle,
and this includes the casting of the propellants into those sections, and then there is
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also a systems tunnel that runs along the motor case, and that is a Morton-Thiokol responsibil-
ity, so we call all this the solid rocket motor.

Now, when we put the aft skirt on with the thrust vector control system and the avionics,
booster separation motors, when we add—which is a USBPC responsibility, and then when we
add the forward skirt, the frustum and the nosecap with the parachutes, the avionics, the sepa-
ration motors, and so forth, we call that whole assembly a solid rocket booster. So then there are
two of these per mission. Does that explain our terminology?

DR. WALKER: Yes.

(Viewgraph.) [Ref. 2/6-66]

DR. LOVINGOOD: The next chart I don’t plan to dwell on. It shows the characteristics. The
main point there is, we have a mean thrust of 2,400,000 pounds per booster.

(Viewgraph.)  [Ref. 2/6-67]

DR. LOVINGOOD: Then the next chart, Figure 19, I do have a thrust time trace that I will
show you which is a typical trace, and that will come up next, but I want to leave this chart up
here until I get ready to talk about that, and I will show you how that is specified as a require-
ment. And then we have a thrust
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vector requirement to be able to gimbal the nozzles for control during the first stage boost of
plus or minus 88 degrees, and these were qualified with five development test static firings out
at Thiokol and with four qualification test firings.

Then I have just listed, and I am just trying to highlight here sort of our approach on this
motor. The structural integrity, as far as the design criteria is concerned on the hardware, we
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have a 1.4 time limit load. That is, the limit load is the maximum predicted load from pressures,
aerodynamics, engine thrust that you will see in flight, and we take a load 40 percent higher
than that, and then that is what we design to, and then we do an ultimate load test, testing that
structure to that value to make sure that it doesn’t break.

And then on the propellant we have got a factor of two times the maximum expected load;
and we verified that with subscale test and analysis. And on the insulation, the case insulation,
we have a 1.5 factor times the predicted erosion, and on the nozzle insulation it is a factor of two
times the predicted erosion.

DR. FEYNMAN: Excuse me. Predicted erosion is predicted erosion. The question is, in your
experience
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in measuring erosion, how much variation from predicted erosion is the average degree of varia-
tion to be expected? How good is the prediction?

DR. LOVINGOOD: The prediction is real good, with the exception of one case that we talked
about earlier where we had that pocketing, and we are staying pretty much right in that same
area.

DR. FEYNMAN: What is real good, 5 percent, 10 percent?

DR. LOVINGOOD: Like on the nozzle with a factor of two. That means you know you are
good for another flight. You would have been good for another flight. I think we may have come
off just a little bit.

DR. FEYNMAN: How good are the predictions for the amount of erosion, 5 percent accu-
rate, 10 percent accurate?

DR. LOVINGOOD: I would say within 10 percent. It may be more accurate than that. Okay,
and then I have got listed on this chart the fact that we do have a design environment for the
propellant mean bulk temperature, a range of between 40 and 90 degrees.

DR. RIDE: Can I ask you a question just, I guess, relate it to the design environments? You
must have a set of launch commit criteria for the SRBs and
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the motors. Could we get those available to us, or do you have them?

DR. LOVINGOOD: Yes, I will make a list, and that was one of the questions that came up
this morning. We do have an LCC, Launch Commit Criteria, on some temperatures in batteries,
and I don’t know what those values are or what the particular batteries are. We have got them
on batteries. We have got them on the tank. We have got a nose cone temperature limit, but we
can provide you a complete listing of that, and of course you know what that means. That means
if you violate the LCC you don’t launch or you get a waiver with supporting rationale which is
documented in order to go ahead with the launch. So, we can provide a list of those.

CHAIRMAN ROGERS: Can you determine the temperature of the booster, inside tempera-
ture of the fuel in the booster?

DR. LOVINGOOD: Just by calculation. We don’t have any measurement.

CHAIRMAN ROGERS: No instrument?

DR. LOVINGOOD: No.

MR. ACHESON: May I ask, in the design environment here, the temperature 40 to 90, does
that mean it is designed to operate at that temperature, or
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does it mean that it is designed not to undergo a physical or chemical change within those tem-
peratures?
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DR. LOVINGOOD: I will have to get you an answer to that. I don’t really know. I don’t
know what the genesis of that requirement is and what the design criterion is based on it. Let
me mention here, too, something that came up this morning. We did do a motor case redesign.
We reduced the wall thickness approximately 6 percent, the wall thickness.

CHAIRMAN ROGERS: You are speaking about the Challenger now?

DR. LOVINGOOD: Yes, but I will tell you now we made that change on STS-6, which means
that we have had 18 flights, successful flights, if I did my arithmetic right, and of course that is
two boosters, so 18 times two is 36, but we did make a change, and we reduced the wall thick-
ness about 6 percent to lighten the case weight, and we did motor firings. We also did two motor
firings, one development motor firing and one quality motor firing.

We didn’t do it in order to certify that redesign. We did it because we made some addition-
al—another change to get more performance out of the motor. We call it our high performance
motor, and that was effective on STS-8, and what we did there was to
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decrease the nozzle diameter by—I think it was a half an inch or quarter of an inch. No, a half
an inch. I have got to get that for you. I forgot. And we extended the nozzle ten inches.

We also changed—we cut back on the inhibitor in the radial direction. We made the inhibi-
tor less in order to get higher thrust at liftoff. So we made those changes, and we can provide
you exactly what we did for the record, what those changes were.

DR. FEYNMAN: What is the inhibitor, a liner of some kind that goes around the propel-
lant?

DR. LOVINGOOD: The inhibitor is at the field joints, where we cast the propellants in sepa-
rate segments, and then the inhibitor is there to keep the surface, let’s say the forward facing
surface of the propellant from burning, and it is NBR. It is an NBR rubber, the material.

DR. WALKER: Does that inhibitor form a seal between adjacent sections?

DR. LOVINGOOD: No, it is not a seal. It is an insulation protection for the face of the pro-
pellant.

DR. WALKER: So the four sections of propellant are really separate entities?
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DR. LOVINGOOD: That is right.

DR. WALKER: They don’t connect with one another? They burn separately?

DR. LOVINGOOD: Well, it burns from the inside out, is the way the solid rocket motor
burns, so all the segments are burning simultaneously that way.

DR. WALKER: But each is burning separately?

DR. LOVINGOOD: Yes, that is correct.

GENERAL KUTYNA: Jud, do you have a slide of the joints where these segments are
joined? Do you have the technical detail of that?

DR. LOVINGOOD: No, I had planned to have some detail as backup but we didn’t have
backup for this briefing. That is the normal way we do things, and I thought it might come up.

GENERAL KUTYNA: Have you looked at these post-mission after you recovered them from
the ocean to see if there is any damage at those joints from the previous flights?

DR. LOVINGOOD: We have seen some evidence of what we call blow by of those seals, some
erosion of those seals. The primary seal. We have never seen any erosion of a secondary seal, but
we have seen evidence of soot in between the two seals.

GENERAL KUTYNA: Was that any cause for
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concern?

DR. LOVINGOOD: Oh, yes, that is an anomaly, and that was thoroughly worked, and that
is completely documented on all the investigative work that we did on that, and we can get that
for you.

CHAIRMAN ROGERS: If a committee or subcommittee of the Commission visits your oper-
ation, would you have the information there that you could answer specific questions about this
more conveniently, and particularly about the Challenger as distinguished from the overall oper-
ation?

DR. LOVINGOOD: Yes, we would have more data there that we could get, plus we would
have our experts in these areas that could talk much more intelligently than I can on the sub-
ject.

CHAIRMAN ROGERS: Well, we do not expect you—I mean, we understand that you didn’t
have much notice, and that you were to give an overview so you don’t have to be apologetic, but
we are just trying to figure out how to get the information ourselves, and that certainly would
be one way we could do it, isn’t it?

DR. LOVINGOOD: Yes, I think that would be a way.

CHAIRMAN ROGERS: Thank you.
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(Viewgraph.) [Ref. 2/6-68]

DR. LOVINGOOD: The next figure shows the thrust time trace, and there is a higher
thrust, as you can see, for about the first 20 seconds of flight, and then the thrust drops off. By
the way, the two outside lines represent the band that we have to be within in order to achieve
the proper performance on the motor, and these numbers here, I think the artist took a little
license in the way this was plotted. These aren’t exactly right. But anyhow, generally we lie
right in the middle of that band. Sometimes we come up fairly close to the edge at some points.

But we have never to my knowledge gone outside of that band. So we have that kind of
trace where the pressure drops down. The pressure here starts about 1,000 psi, and in this region
here it drops down to about 600 psi chamber pressure, and then it starts back up nominally, and
then it goes back down and then starts to tail off here, and then we separate when it gets to 50.
That gives a signal to the GPCs to separate.

DR. WALKER: How uniform is the pressure inside of the motor?

DR. LOVINGOOD: I don’t know. I know we have done a lot of analysis trying to understand,
and I think early in the program we had some, maybe some acoustical
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measures, measurements up on the forward dome, but that is information that we could give
you, and I really don’t have good knowledge of that.

(Viewgraph.) (Ref. 2/6-69]

DR. LOVINGOOD: The next chart, Figure 21, shows some considerations that I thought
would be worthwhile to put out here. The fact that since this is a manned space flight program,
that our designed safety factors relative to other solid rocket motors have been applied different-
ly as indicated on that chart.

Like on the structures, we have 1.4 times the limit load, which is the maximum expected
flight load, and generally on military weapons systems that is 1.25 or 1.15, and then on the insu-
lation 1.5 times the predicted requirement on the case, two times the predicted requirement on
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the nozzle, and that is usually one and a quarter on military systems, and we do proof test all of
these segments to 112 percent of their maximum expected flight pressure.

And what that amounts to is—that is 80 percent of the 1.4 safety factor, and that is the
convention in solid rocket motor technology.

VICE CHAIRMAN ARMSTRONG: Excuse me. On what do you apply this 112 percent proof
test?

DR. LOVINGOOD: Segments.
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VICE CHAIRMAN ARMSTRONG: Each production segment?

DR. LOVINGOOD: Each segment.

VICE CHAIRMAN ARMSTRONG: Thank you.

MR. RUMMEL: Does the term “limit load” apply to the ultimate strength of the material or
the yield point or what?

DR. LOVINGOOD: That would be ultimate. That would be breaking up. The requirement is
that you don’t break up at less than 1.4 times the maximum expected load. You don’t have an
ultimate failure.

MR. RUMMEL: Thank you.

DR. LOVINGOOD: Then we have done x-ray and we did 100 percent x-ray of the propellant
in' the first 68 segments that were manufactured, and through that verified that the casting
process that we were using provides proper propellant strength. Currently we use the process
control that we verified with those 100 percent x-rays, and we do a random monthly x-ray of a
segment, and then whenever we have a process anomaly or a process change or design change,
then we do an x-ray for the segments, and then we still do a 100 percent x-ray of the nozzle
ablator parts to be sure that there aren’t any delams or voids or cracks.

MR. ACHESON: At what times are these x-rays
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taken in comparison—that is, in relation to the dates of delivery and flight of mission?

DR. LOVINGOOD: I will have to get you that information. I can get you the information on
these specific segments that we flew. I am not even sure of the manufacturing time. They may
not have been 100 percent x-rayed because it may have been after we instituted this random
sampling, but I will give you a typical example of when the x-ray was taken and when it was
flown.

DR. WALKER: Are the three forward segments interchangeable?

DR. LOVINGOOD: The forwardmost segment, and I am not familiar with exactly how we do
all of these segment changes, but the length of the forwardmost segment is longer, and also you
have got a dome, a forward dome on that segment. So there is not complete interchangeability
between the segments, but when we take these back and refurbish them, we do wash out the
propellants and the liners and start all over again and then remake the factory joint, and I am
just not sure how we can interchange those.

DR. WALKER: Thank you.

DR. LOVINGOOD: But that is kind of data that we can provide to you.
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DR. WALKER: Thank you.
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Now, that is all I had on the booster. I want to comment that there were questions earlier—
I think the gentleman who was asking the question has left. There was a question earlier about,
I think he phrased it, a concern by Thiokol on low temperatures.

We did have a meeting with Thiokol. We had a telecom discussion with people in Hunts-
ville, people at the Wasatch division, and people at KSC. And the discussion centered around the
integrity of the O-rings under lower temperature.

We had the project managers from both Marshall and Thiokol in the discussion. We had the
chief engineers from both places in the discussion. And Thiokol recommended to proceed on the
launch, and so they did recommend the launch.

We had a meeting where there was some concern about the cold temperatures.

CHAIRMAN ROGERS: When was that meeting?

DR. LOVINGOOD: That was the 27th. That started around quarter to 5:00 central time.

(Viewgraph.) [Ref. 2/6-70]

DR. LOVINGOOD: Is there anything else on the booster?

CHAIRMAN ROGERS: I guess not.

DR. LOVINGOOD: Going on to the external tank
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project—

(Viewgraph.) [Ref. 2/6-71]

DR. LOVINGOOD: Arnie has talked a great deal already about this, and I think you realize
that the LOX tank is forward, the oxygen tank is forward. And we have the inner tank, which
has a large cross beam, which takes out the thrust from the SRMs. The SRMs are attached on
the sides here to this large cross beam, and that is where all the thrust is reacted into the exter-
nal tank, through the inner tank.

And then the hydrogen tank is the aft tank, which is separated from the oxygen tank by the
inner tank area. And then we have the gaseous oxygen pressurization line that runs the length
of the vehicle up to the top of the LOX tank.

We also have a cable tray that runs up to the top of the LOX tank, and that cable tray has
wiring, wires, electrical wires, as well as it has a linear shaped charge in it. This feed line, the
oxygen feed line, comes out of the inner tank. Well, it comes from the LOX tank into the inner
tank and out at this point, and feeds down the side of the hydrogen tank external to the hydro-
gen tank, into the orbiter.

The hydrogen feed line comes directly out of the bulkhead in the orbiter. The hydrogen
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pressurization and the oxygen pressurization lines are just adjacent to that feed line, the oxygen
feed line, and then the cable tray.

And then I think Arnie has already discussed the attach structure that we have back here.
This aft ring is where the orbiter loads are reacted, plus this thrust longeron, and it goes up into
this next forward ring, and then the SRB rear attach points come also into that aft ring.

MR. FEYNMAN: What is the purpose of the linear shaped charge?

DR. LOVINGOOD: That is range safety destruct in the event there is a problem.

MR. FEYNMAN: Where is it located?

DR. LOVINGOOD: It’s in the cable tray. I'm not really sure where the charge starts, but it
runs up the vehicle. And I'm not sure of the total length, but it is actually in that cable tray.
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Okay, that is really all I wanted to say about the external tank. I think we have covered
that.

MR. FEYNMAN: What loads is that designed to?

DR. LOVINGOOD: The external tank loads, when we first began the program we had a
safety factor of 1.4 on all loads. We had a weight reduction program in which we took 8,000
pounds out of the tank, and we used various methods to get that 8,000 pounds out.
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At the time that we did that exercise and that engineering analysis, we had already done
loads testing on the standard weight tank that we started out with, and so we knew the load
paths very well. And so what we did was we took loads which we considered to be well-defined
loads—for example, a pressure load—and we said that since we know that load so well and with
our experience at that time, plus the structural testing that we had already done, plus the proof
testing that we do of those tanks, that we would design that structure to 1.25.

The other structure, which is determined by thrust, gimballing loads or aerodynamic loads,
wind loads, are still—that structure is still designed to the 1.4.

MR. SUTTER: When did the lighter tanks get into service?

DR. LOVINGOOD: STS-8.

Well, I guess the next chart I had on the tank. Of course, Martin-Marietta is the prime con-
tractor, and we’ve got major subcontractors as listed there. And then we did a lot of the testing,
most of the testing, at Marshall, including the structural tests and modal survey tests and vari-
ous thermal protection system activities, as I've got indicated there.
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And I would say, too, that the requirements—and I don’t think I have that on that chart. Do
I have another chart?

(Viewgraph.) [Ref. 2/6-72]

Excuse me just a minute. I think I’ve got my charts all mixed up here.

Okay, chart 25. Well, this really answers the question, I guess, that was just asked. I've got
down there three sigma loads, and that is a statistical term that doesn’t mean anything. That’s
the maximum predicted flight loads. That is our requirement.

And there is a loads data book, and I think Dick Kohrs is going to talk about or Tom Moser
I think is going to talk about how we do that as far as the requirements are concerned. But
anyhow, it is designed to the maximum predicted flight loads, and then we do qualification tests
to 1.25 and 1.4, as I just mentioned, depending upon the circumstance.

And then in that testing, we do it at cryogenic temperatures for the hydrogen tank and
room temperature for the oxygen tank and the inner tank: and the propulsion system, as far as
the interface requirements and delivering the proper propellants to the orbiter and to the main
engine, is qualified by testing that we do.
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But in particular, the main propulsion tests, which I have already mentioned, we have run
12 of them. And then thermal protection system: that is there to maintain the propellant qual-
ity, to make sure you've got proper temperatures for engine operation and avoid propellant boil-
off and that sort of thing; to thermally protect the structure in certain areas, areas of high heat-
ing, like for example that we have an ablater underneath the LOX feed line over where we do
have external mold line protuberances.
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And then also limit ice formation to prohibit damaging the orbiter, and we have qualified
that through wind tunnel testing, both combined environments and also putting plasma arc heat
sources on there to make sure that we’ve got the proper recession ranges.

CHAIRMAN ROGERS: As far as previous flights are concerned, has the external tank been
successful or has it been a source of trouble, generally speaking?

DR. LOVINGOOD: The external tank I personally feel like we have had very good success
with. We have had some problems with some pressure transducers, and these are just fairly rare
occurrences.

I think we have had like two LOX LH transducer bias shifts, just very small changes.

CHAIRMAN ROGERS: What does that mean?
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DR. LOVINGOOD: Well, we have in the oxygen tank, we have four pressure transducers
that measure the amount of pressure that is in the tank, and then those pressure sensors are
used to control the gaseous oxygen control valves on the orbiter. And on the hydrogen tank, we
also have pressure transducers, and they control gaseous hydrogen control valves, or they feed
back information as to the pressure and then those valves open or close based upon what the
pressure is.

The problem we have had is that we have had some—when we sit at one tanking load for a
long period of time, the sensors tend to vibrate. And we’re not really sure what the cause of it is,
and we've found that the vibration is causing perhaps shorting between lines or contamination
between the wiper and the coil.

And it has given us like a tenth of a psi or a half a psi offset. The main concern here is that
we will violate a launch commit criteria, because we have—at T minus 31 seconds, we have to
have three of these transducers before we go.

And so, we never have really considered that to be a problem as far as safety in flight was
concerned.

DR. WALKER: Can I ask a question about venting? Are there vent valves when the tank is
sitting
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on the launch pad?

DR. LOVINGOOD: Yes. But I would like to defer that question to Bob Sieck. I think he
could answer it much better than I could, about what happens on the pad.

CHAIRMAN ROGERS: Okay. If there are no further questions, thank you very much.

MR. MOORE: Mr. Chairman, we will, at your request, provide you any of the detailed brief-
ings on the specific elements of this, at the center or wherever you need, to get more detailed
information on the 51-L situations of hardware.

I asked our people to make sure that they gave the Commission today a good oversight and
an overview of what each of the elements of the shuttle was.

CHAIRMAN ROGERS: Well, I'm sure that all Commission members understand that. And
as I said, we appreciate the fact that you have been able to assemble all of this information on
such short notice. So please don’t be apologetic for not being able to answer all of these ques-
tions, which we’ll have plenty of opportunity to ask later on.

MR. MOORE: Thank you, sir.

Next I would like to continue on with a major element of our program. That is the grounds
operations
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work and getting ready for launch. The activities that you will see presented here by Mr. Robert
Sieck, our Director of Shuttle Operations at the Kennedy Space Center, will be applicable to STS
51-L, as they are in terms of how we process all of the particular flights.

So, Bob.

(Witness sworn.)
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AGENDA_

@ OVERVIEW

@ SPACE SHUTTLE MAIN ENGINE PROJECT

@ SOLID ROCKET BOOSTER PROJECT

® EXTERNAL TANK PROJECT

[Ref. 2/6-51]
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VAFB ACTIVATION
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— REOUIREMENTS REDUCTION
— LAUNCH PROCESSING SIMPLIFICATION

[Ref. 2/6-52)
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SPACE SHUTTLE MAIN ENGINE (SSME) PROJECT

[Ref. 2/6-55]

SPACE SHUTTLE MAIN ENGINE

MSEC RESPONSIBILITY

RESEARCH, OEVELOPMENT ANO PROOUCTION OF THE SPACE SHUTTLE MAIN ENGINE, A HIGH PERFORMANCE,
REUSABLE, THROTTLABLE ENGINE FOR THE ORBITER, THE 470K THRUST ENGINE BURNS LIQUIO HYOROGEN
ANO LIQUIO OXYGEN,

PRIME CONTRACTOR

- ROCKETOYNE OIVISION, ROCKWELL INTERNATIONAL CORPORATION

MAJOR SUBCONTRACTORS

- HONEYWELL, INC, — CONTROLLER

- HYORAULIC RESEARCH,INC. — HYORAULIC ACTUATORS FOR ENGINE VALVE CONTROL

TEST SITES
- NATIONAL SPACE TECHNOLOGY LABORATORIES — 2 STANOS

= SANTA SUSANA FIELO LABORATORY — 1 STANO

[Ref. 2/6-56]
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FLIGHT ENGINE FLOW

© MANUFACTURED AT ROCKETDYNE, CANOGA PARK, CALIFORNIA
@ ACCEPTANCE TESTED AT MSFC TEST AREA AT NATIONAL SPACE TECHNOLOGY
LABORATORIES (NSTL), MISSISSIPP!

@ INSTALLED INTO ORBITER AT KSC, FLORIDA

@ LAUNCHED AT KSC

@ BETWEEN FLIGHT MAINTENANCE AT KSC

[Ref. 2/6-57)

[NOT REPRODUCIBLE]

[Ref. 2/6-58]
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DESIGN.

®FAIL OPERATE/FAIL SAFE PHILOSOPHY

®CONTROLLER REOUNOANT COMPUTERS CONTROL MIXTURE RATIO ANO CHAMBER
PRESSURE

®CONTROLLER INCLUOES SELF CHECK MONITORING CAPABILITY TO ENSURE PROPER
ENGINE OPERATION

e DESIGN FEATURES REOUNDANCY IN THE ENGINE CONTROL ANO
MONITORING FUNCTIONS

® REDLINES ESTABLISHEO BASEO ON ANALYSIS ANO GROUND TEST
EXPERIENCE

®ENGINE OPERATION OEMONSTRATED IN GROUNO TEST/CERTIFICATION PROGRAM

— OFF NOMINAL ENGINE PERFORMANCE DEMONSTRATED
- DEMONSTRATEO ABORT MODES
— OEMONSTRATEO OFF NOMINAL ENGINE SHUTOOWN MODES

® ENGINES ARE ACCEPTANCE TESTEO (HOT FIREO} BEFORE VEHICLE INSTALLATION

[Ref. 2/6-59]

SSME CERTIFICATION
VALIDATION OF HARDWARE FOR FLIGHT

@ DESIGNS VERIFIED BY GROUNO CERTIFICATION PRIOR TO FLIGHT

@ BASIC ENGINE CERTIFICATION- 10 MISSIONS

— 2SAMPLES — 2CERT CYCLES 5000 SEC. EACH ~ 20 MISSIONS

©® COMPONENT CHANGE CERTIFICATION

— 2 SAMPLES — 1 CERT CYCLE 5000 SECS = 10 MISSIONS

® GROUNO TEST (INCLUOE CERTIFICATION} PROGRAM OEVELOPS PARAMETERS FOR
O®MAINTENANCE
@ INSPECTION

® REMOVAL AND REPLACEMENT

@ ENGINE GROUNO LIFE CERTIFICATION PROGRAM (INCLUOING ENGINE MAINTENANCE ANO
COMPONENT REMOVAL ANO REPLACEMENT OUE TO LIFE LIMITS} LEAOS THE FLIGHT
PROGRAMBY A FACTOR OF 2 FOR ENGINE HOT FIRE OPERATING TIME.

[Ref. 2/6-60]
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CERTIFICATION AND LIFE CERTIFICATION EXTENSION PROGRAMS
PHASE I ENGINE RESULTS

CERTIFICATION

@ CURRENT FLIGHT ENGINES WITH LINE REPLACEABLE UNIT CERTIFIED FOR::

® 15 FLIGHTS AT 100/104%

® 7 FLIGHTS AT 109% RATED POWER LEVEL

LIFE CERTIFICATION EXTENSION

® ENGINE 2010 COMPLETED EQUIVALENT OF 40 MISSIONS

® ENGINE 2014 COMPLETED EQUIVALENT OF 30 MISSIONS

[Ref. 2/6-61]
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MAIN PROPULSION TEST PROGRAM
SUMMARY
PURPOSE:

TO VERIFY THE DESIGN AND PERFORMANCE OF THE INTEGRATED MAIN PROPULSION SYSTEM

AND VERIFY SYSTEMS INTERFACE COMPATIBILITY WITH RELATED FLIGHT SUBSYSTEMS AND
SPECIFIC GROUND SERVICING SYSTEMS.

HISTORICAL:

®CONDUCTED 12 SUCCESSFUL STATIC FIRINGS

—~ APRIL 1978 THROUGH JANUARY 1981

®PERFORMED 6 SPECIAL PROPELLANT TANKING TESTS

— FEBRUARY 1981 THROUGH MAY 1983

CURRENT PLAN:
@ TWO STATIC FIRINGS AT 109% RATED POWER LEVEL

® CONVERT FACILITY TO SINGLE ENGINE TEST STAND

[Ref. 2/6-62]
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SOLID ROCKET BOOSTER (SRB) PROJECT

[Ref. 2/6-63 1 of 2]
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[Ref. 2/6-63 2 of 2]
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SOLID ROCKET BOOSTER_(SRB)

® MARSHALL RESPONSIBILITY

PRODUCTION OF THE SOLID ROCKET BOOSTER. THE PRIMARY ELEMENTS OF THE BOOSTER ARE THE 2.9 MILLION
POUND MAXIMUM THRUST MOTORS: FORWARD AND AFT STRUCTURES: SEPARATION AND RECOVERY
AVIONICS AND THRUST VECTOR CONTROL SUBSYSTEMS.

@ MAJOR CONTRACTORS

SOLID ROCKET MOTOR — MORTON THIOKOL CORPORATION

BOOSTER ASSEMBLIES — UNITED SPACE BOOSTERS PRODUCTION COMPANY (USBPC)

— STRUCTURES — McDONNELL DOUGLAS ASTRONAUTICS CO.
— SEPARATION MOTORS = UNITED TECHNOLOGY CORPORATION

— THRUST VECTOR CONTROL — MOOG INCORPORATED & SUNDSTRAND

— INTEGRATED ELECTRONICS ASSEMBLY — BENDIX CORPORATION

- RECOVERY SUBSYSTEM

— MARTIN MARIETTA — DENVER

@ TEST FACILITIES

MORTON THIOKOL — LARGE MOTOR TESTING

MARSHALL SPACE FLIGHT CENTER — SRB STRUCTURAL TESTING

— TPS DEVELOPMENT & TESTING

[Ref. 2/6-64]

SOLID ROCKET BOOSTER
- SRB -

QL L

| FORWARD ‘ 1 ~
I..._ ASSY i SAM * i ASEY
o (MORTON THIOKOL) (UsBPC)

[Ref. 2/6-65]



SOLID ROCKET MOTOR

CHARACTERISTICS

® LENGTH

® DIAMETER

® PROPELLANT WEIGHT

® TOTAL WEIGHT

® AVERAGE THRUST

@ ACTION TIME

126.12 FT
1217 FT
1,110,000 LB
1,256,000 LB
2,402,000 LB

123.4 SEC

[Ref. 2/6-66]

DESIGN REQUIREMENTS AND QUALIFICATION

REQUIREMENT
PERFORMANCE
THRUST —~ TIME FIGURE 20
THRUST VECTOR CAPABILITY + 8°

STRUCTURAL INTEGRITY

HARDWARE 1.4 X LIMIT LOAD
PROPELLANT 2.0 X LIMIT LOAD

INSULATION INTEGRITY

CASE 1.5 X PREDICTED
EROSION

NOZZLE 2.0 X PREDICTED
EROSION

DESIGN ENVIRONMENTS

PROPELLANT MEAN BULK TEMPERATURE
RANGE OF +409F TO 90°F

QUALIFICATION

DEVELOPMENT (5) AND QUALIFICATION (4)
MOTOR TESTS

ULTIMATE LOAD TEST & ANALYSIS
SUBSCALE TESTS AND ANALYSIS

DEVELOPMENT AND OUALIFICATION
MOTOR TESTS

ANALYSIS AND TESTS

[Ref. 2/6-67]



TYPICAL THRUST PROFILE

4,000,000
RS
4.~ \\
- B \\
—e—ty
3,000 000 ”—— hY S
g L0 < ~
~ ~
4 h\ N\
~ ~o s
- " ~ - o - ~
z i O L e v S
o ~t__L-- \\\ \\\
= 2,000,000 e
- - \\\ >
3 . A N
3 Y\
« 7 \ \
> | “ \
y
1,000,000 y
N === =« LEVEL It ENVELOPE ! “
_‘ \
| \\
. \\ N
. \ N
\\
LERILS LALBLIRS LIRELEL LILIR LS reTe TI 0y viTy TI VT TITV rTrrT TITT7V LELELIRS TV 1T
] 10 20 0 40 60 60 70 [ 1] 90 100 1o 120 130

TIME {SEC)

[Ref. 2/6-68]

—— Sy

SRM ,
PROJECT PERFORMANCE

O OPERATIONAL RELIABILITY CONSIDERATIONS
o THE SRB HAS BEEN VERIFIED BY ANALYSIS AND GROUND TEST

- MANNED SPACE FLIGHT DESIGN SAFETY FACTORS (RELATIVE TO OTHER
SOLID ROCKET MOTORS) ARE APPLIED
0 1.4 X LIMIT LOAD ON STRUCTURE VS. 1.25 OR 1.15 ON MILITARY WEAPONS
SYSTEMS
o 1.5 X PREDICTED REQUIREMENT (CASE) AND 2.0 X PREDICTED REQUIREMENT
(NOZZLE) ON INSULATION THICKNESS VS. 1.25 ON MILITARY WEAPONS SYSTEM
o PROOF TEST TO 112% MAXIMUM EXPECTED FLIGHT PRESSURE

- POST CASTING X-RAY VERIFIES PROPELLANT QUALITY
o 100% X-RAY OF PROPELLANT IN FIRST 68 SEGMENTS VERIFIED THAT
PROPELLANT CASTING PROCESS PROVIDES PROPER PROPELLANT STRENGTH

o PROCESS CONTROL WITH RANDOM MONTHLY 100% X-RAY ON ONE SEGMENT
o X-RAY REQUIRED FOR ALL SEGMENTS WITH

o PROCESS ANOMALIES

o PROCESS CHANGES

o DESIGN CHANGES

-~ 100% X-RAY OF NOZZLE ABLATIVE PARTS VERIFIES NOZZLE LINER INTEGRITY

[Ref. 2/6-69]

112



EXTERNAL TANK (ET) PROJECT

[Ref. 2/6-70]

SPACE SHUTTLE
LIGHTWEIGHT EXTERNAL TANK

AFT ET/OR8
SUPPORT ATTACHM
INTERTANK FWO ET/OR8 i L

SKIN/STRINGER ATTACHMENT STRUCTURE
{5 RING FRAMES)

AFT LH2
= ELLIPTICAL
ANTI-VORTEX BAFFLES EULIE
2GORES
BARREL PANELS (4) (}] )

LO2 TANK
OGIVE MONOCO‘R

NOSE CAP

INTEGRAL SKIN/
STRINGER & FRAME
LH2 TANK (13 FRAMES)
FWO LH3

ELLIPTICAL

OOME (12 GORES)

4 RIGIO LO2 SLOSH

FWO OGIVE
BAFFLES GORES (12 LO2 ELLIPTICAL
GORES (8) DOME {12 GORES)
LENGTH 153.8 FT (46.6 METERS)
OIAMETER 276 FY (84 METERS)
WEIGHT 66,000 LBS {30,360 KILOGRAMS)
PROPELLANT 1.6M LBS (736,000 KILOGRAMS)

[Ref. 2/6-71]
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EXTERNAL TANK_

MAJOR DESIGN REQUIREMENTS QUALIFICATION

STAUCTURAL
3 SIGMA L.OADS AS OEFINEO IN 1.OADS OATA BOOK ISIATDIO 1.26/1.4 TIMES MAXIMUM SPECIFIEO

AT LHy TEMPERATURE FOR LHy TANK AND
ROOM TEMPERATURE FOR LO; TANK ANO
INTERTANK

FROPULSION

MAINTAIN AND DELIVER PROPELLANTS TO MEET QUALIFY BY TEST TO REQUIREMENTS
ORBITER/SSME INTERFACE REQUIREMENTS
MAIN FROPULSION TESTS
TJHERMAL PROTECTION SYSTEM

MAINTAIN PROPELLANT QUALITY QUALIFY BY TEST (WIND TUNNEL, COMBINEO

ENVIRONMENT, PLASMA ARC, ETC.) TO
THERMALLY FROTECT STRUCTURE FROM ASCENT SPECIFIEO ENVIRONMENT
ANO PLUME INDUCEO HEATING

LIMIT ICE FORMATION TO AVO10 OAMAGING
ORBITER

FIGURE 25

[Ref. 2/6-72]
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TESTIMONY OF ROBERT SIECK, DIRECTOR OF SHUTTLE OPERATIONS, KENNEDY
SPACE CENTER

MR. SIECK: Mr. Chairman, members of the Commission:

I'm Bob Sieck, Director of Shuttle Operations at the Kennedy Space Center, responsible for
the conduct of the shuttle processing at Kennedy. Today I'm going to give a very general over-
view of that and talk about the facilities and the operations we perform within them.

(Viewgraph.) [Ref. 2/6-73]

This is an aerial map of KSC, of course, central east coast of Florida.

The next chart.

(Viewgraph.) [Ref. 2/6-74]

The two major areas, industrial area, which is primarily administrative, and some of our off-
line shops and labs.

The next chart.

(Viewgraph.) [Ref. 2/6-75]

This is where I am going to focus the briefing today, which is what we refer to as Launch
Complex 39.

The next chart.

(Viewgraph.) [Ref. 2/6-76]
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This is an overview of what we characterize as our flow. For the Challenger mission it was
generic in terms that we used all of our major facilities. Orbiter processing facility is the pri-
mary one. We do the integration of the shuttle elements in a vertical assembly building and
proceed to the launch pad.

And I apologize, this is not in your briefing. We're going to have to get you this, along with
better reproductions of all of the slides and the photographs that I have here, because the qual-
ity is not good in your handout. But we will get you a good photocopy of them.

I should say a few words about the processing team at Kennedy. It is a civil service-contrac-
tor team. We have approximately 6500 contractor personnel. Lockheed is our principal shuttle
processing contractor. We have subcontracts with Morton Thiokol for the solid rocket booster
processing. We have Grumman, which handles our launch processing system and computers, and
we have Rocketdyne for the main engines.

We also have on-site at Kennedy during all of our processing representatives from the
design agencies and the design elements. That has been briefed before. Principally again, for the
solid rocket boosters we have United Space Boosters and Morton Thiokol. For the main
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engines, we have Rocketdyne. For the orbiter, we have Rockwell International. And for the ex-
ternal tank, Martin Marietta.

And they are part of our process as we go through the flow of the vehicle at Kennedy.

The next chart.

(Viewgraph.) [Ref. 2/6-77]

A little bit more detail. On the left, the orbiter processing facility. We have two bays. We
can accommodate two orbiters simultaneously. In the center, the vehicle assembly building,
which is where the shuttle elements come together: the orbiter from the orbiter processing facili-
ty; the solid rocket boosters, after their refurbishment cycle, come through our rotation and
processing and surge facility into the vehicle assembly building; and the external tank arrives
via barge from Louisiana.

They are assembled on a mobile launch platform in one of our two integration cells, and
proceed to one of our two launch pads.

The next chart.

(Viewgraph,) [ref. 2/6-78]

This is where it starts. This is our landing facility at Kennedy.

The next chart.
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(Viewgraph.) [Ref. 2/6-79]

It is basically a three-mile runway with standard aircraft navigation aids, and we have a
microwave scanning beam system for the autoland capability, which the orbiter has not demon-
strated yet as part of its operation.

The next chart.

(Viewgraph.) [Ref. 2/6-80]

We have had five landings of orbiters from orbit at Kennedy.

The next chart.

(Viewgraph.) [Ref. 2/6-81]

This is the way that Challenger arrived after its last mission, which was in November of
1985. It came in on our carrier aircraft to our mate-demate device.

(Viewgraph.) [ref. 2/6-82]

And of course, put it on the runway, extend the landing gear, and we tow it to the orbiter
processing facility. And that is the next area which I will address.

The next chart.

(Viewgraph.) [Ref, 2/6-83]

This is a view of the orbiter processing facility, basically two hangars with extensive check-

out and access equipment. It gives us the capability to essentially totally refurbish the orbiter,
with the
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exception of very major structural mods. This is where most of our work force is concentrated.
Most of our activity in a turn-around is conducted on the orbiter because of the complexity of
that hardware, in one of these two high bays.

Next chart.

(Viewgraph.) [Ref. 2/6-84]

A few words about the capabilities there. Essentially, we can access every compartment on
the vehicle and we can test it remotely using our launch processing system.
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The principal activity here, of course, is with Lockheed, primarily the refurbishment after a
flight.

Next chart.

(Viewgraph.) [Ref. 2/6-85] _

The operations there on the standard turn-around, approximately three to four weeks. We
do all of the things that you see here, essentially in parallel to minimize the time really that we
spend in this facility.

Characteristically, after a mission we safe the vehicle, and this was the case with Chal-
lenger. There were no major anomalies there. We did our de-servicing of the hazardous consuma-
bles, went into our
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main engine inspections, which is one of the critical items that we perform, and reconfiguration
of the payload bay for the next mission.

All of that processing was normal. This particular turn-around flow of Challenger was a
little bit longer than normal because we took the opportunity to put in some of the modifications
required on Challenger to fly the Centaur interplanetary missions, which would have been in
the spring of this year.

The tile operations are something that we contend with each turn-around, and we start
those as soon as we roll in and they proceed through until OPF rollout.

The next chart.

(Viewgraph.) [Ref. 2/6-86]

To give you somewhat of an idea of the access in there, we totally surround the orbiter with
access platforms and support equipment.

The next chart.

(Viewgraph.) (Ref. 2/6-87]

We do perform payload integration for horizontally installed payloads in the orbiter process-

ing facility. In this case we did not do that, but we had to remove the space lab from the previ-
ous mission.
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(Viewgraph.) [Ref. 2/6-88]

There is a picture of the space lab.

The next chart.

(Viewgraph.) . [Ref. 2/6-89]

Some of the tile work.

The next chart.

(Viewgraph.) [Ref. 2/6-90]

I'm going to talk a little bit about the processing of the solid rocket motors and the solid
rocket booster segments.

Next chart.

(Viewgraph.) [Ref. 2/6-91]

These are the facilities that we perform that in, the triangle of buildings in the bottom of
the picture. We have two surge facilities and we have what we call a rotation and processing
facility.

Next chart.

(Viewgraph.) [Ref. 2/6-92]
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The segments are brought in on rail car. They are horizontal. We remove them with a
crane, bring them into the processing facility, perform an inspection on all of the interfaces, and
then we move the segments in and stack them in sequence in one of our two surge facilities.

Next chart.
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(Viewgraph.) (Ref. 2/6-93]

This is a photograph of some of the operations in the processing facility. Again, no checkout
in here, storage and inspection only.

Next chart.

(Viewgraph.) [Ref. 2/6-94]

Now I'm going to talk a little bit about our mobile launch platform. The particular one used
in the Challenger mission, I would have to get you the exact number, but we have used it for
approximately half of our previous launches.

The next chart.

(Viewgraph.) [Ref. 2/6-95]

Basically, it provides the launch mount for the shuttle vehicle. As was explained before, the
solid rocket boosters are bolted to this launch mount and it is moved around.

The next chart.

(Viewgraph.) [Ref, 2/6-96]

That is the mobile launch platform.

The next chart.

(Viewgraph.) (Ref. 2/6-97]

This is a crawler transporter, which we use to transport the mobile launch platform to the
vertical assembly building and back and forth to the launch pad.
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The next chart.

(Viewgraph.) [Ref. 2/6-98]

Now, I'm going to spend some time talking about the integration of the shuttle elements,
and that occurs—the next chart— '

(Viewgraph.) [Ref. 2/6-99]

—in the vehicle assembly building. This is where the shuttle hardware essentially comes
together. We have two what we call integration cells, high bays, that we can stack the vehicle
in. We have two other bays which we use for storage of the external tank, and in the low bay
areas we have some shops and labs.

The next chart.

(Viewgraph.) (Ref. 2/6-100]

Next chart.

(Viewgraph.) [Ref. 2/6-100]

Okay, this is the mobile launch platform being brought into one of the integration cells with
the crawler transporter.

The next chart.

(Viewgraph.) (Ref. 2/6-101]

We then begin the stacking of the solid rocket booster assemblies on the mobile launch plat-
form. They are brought over with the transporter from one of the two surge facilities.
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Next chart.
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(Viewgraph.) [Ref. 2/6-102]

To give you an idea of that process, we use one of our large cranes to raise the solid rocket
motor assembly.

The next chart.

(Viewgraph.) [Ref. 2/6-103]

And we lower it, and we put the pins essentially in, which is approximately 150 of them,
around the circumference of the solid rocket booster. A final inspection of the sealing surfaces is
done at this time, again with the factory reps on board, before we do the final pinning of the
segment interfaces.

Next chart.

(Viewgraph_) [Ref. 2/6-104]

MR. FEYNMAN: Excuse me. How well do they fit together? Of course, you've constructed
them round and everything was okay, but they fell into the sea and so on, and then you bring
them together. Did they still fit perfectly?

MR. SIECK: No, sir, they do not always fit the first time. After they are repacked with the
solid propellant in Utah and they're transported to KSC, when we get ready to do this process
we do an initial fit check.
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We have the capability with the sling to hold the segment with either two points or four
points. We have found many times that, when we try to mate these, due to out-of-round condi-
tions, we have to demate, change the sling positioning, and let the segment sit for some period of
time, maybe even up to three hours, and then come back down and do the mate again.

So they do not always mate the first time. And again, when we give you a detailed presenta-
tion on the actual history of these segments, we shall go through that with you.

CHAIRMAN ROGERS: Why did you change the launch pad on this occasion?

MR. SIECK: This particular one, we have been working on launch pad B, which is our new
pad, last used in Apollo for over a year. And it is part of our process to increase the flight rate
to get two launch pads on line. This was the first opportunity to use the new launch pad. It was
completed in December of 1985.

CHAIRMAN ROGERS: Was it identical with the previous one?

MR. SIECK: It is identical from the standpoint of looks and function. At the time we did the

launch, there were still some differences in the buildup of the Centaur modifications to make
the two
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pads identical, and the rain protection systems.

Getting into more detail, functional components on each pad, due to vendor changeout you
would find some differences there, but functionally the same.

Next chart.

(Viewgraph.) [Ref. 2/6-104]

Okay. The external tank comes in via barge from Louisiana, usually many weeks, some-
times months, before we stack it in the vehicle assembly building.

Next chart.

(Viewgraph.) [Ref. 2/6-105]

Again, we use the cranes to put it in the storage cell and remove it.

Next chart.

(Viewgraph.) [Ref. 2/6-106]

And attach it to the two solid rocket boosters.
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Next chart.

(Viewgraph.) [Ref. 2/6-107]

We bring the orbiter in from the processing facility.
Next.

(Viewgraph.) [Ref. 2/6-108]

Attach the slings, retract the landing gear.
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Next.

(Viewgraph.) [Ref. 2/6-109]

Lift it. Next.

(Viewgraph.) [Rel. 2/6-110]

And lower it and attach it to the external tank attach points, the three that were described
before.

Next chart.

(Viewgraph.) [Ref. 2/6-111]

Once we have completed a verification of all of those new interfaces, which is a fairly small

amount of time—and for the Challenger flow it was the nominal four to five days—we roll to the
launch complex.

Next chart.

(Viewgraph.) [Ref. 2/6-1 12]

And that is what I will describe next.

Next chart.

(Viewgraph.) [Ref. 2/6-113]

Here is our two launch pads. The one to the right is launch complex B. Again, the last time
we used that was in the Apollo program. But again, to repeat, the mobile launch platform,

which is the launch mount for the vehicle, has been used a number of times, and we had had it
to the launch pad previous for some fit and
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interface verifications before we did the stacking for this mission.
Next chart.
(Viewgraph.) [Ref. 2/6-114]
190

A few words about the facilities there. The water systems, we have three water systems,
sound suppression water, which is a quench to deaden the shock wave at liftoff of the solid
rocket boosters. We have what we call a potable water system, which is primary safety showers
and eye washes and faucets, and we have a firefighting system which we refer to as the FIREX
system.

The night of the launch, our procedure in order to maintain those three capabilities was to
establish a bleed through all of those systems, much as you would a water faucet when freezing
conditions were eminent, and routed most of that water over to our drain system. Our drain
system is not what we call a closed loop system, though.

It dumps out on some of the platforms on the west side of the service structure, and we did
notice a lot of ice out there, and that was one of the reasons for the additional ice inspection we
did late in the launch count on the launch day. Next chart.

(Viewgraph). [Ref. 2/6-115]
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MR. SIECK: As we go up to the launchpad with our crawler transporter mobile launch plat-
form, we have the capability to keep the vehicle level. Next chart.
(Viewgraph.) [Ref. 2/6-116]
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MR. SIECK: And set it down on the pedestals at the launch pad and remove the crawler
transporter. Next chart.

(Viewgraph.) [Ref. 2/6-117]

DR. RIDE: [s there any concern for the orbiter being out on Pad B without the rain protec-
tion that it would have had on Pad A?

MR. SIECK: We did have that concern. Of course, we waterproofed the orbiter thermal pro-
tection system before the rollout from the orbiter processing facility, and our criteria since all of
the rain protection modifications were not in place, that after each rain we would go out and
reinspect the water protection system, which is sprayed on the tile of the orbiter, and we did
that three or four times. We will have to get you the exact data on that between the time we
rolled out to the launchpad on the weekend of December 21st until the launch on the 28th of
January.

CHAIRMAN ROGERS: Following up on Dr. Ride’s question, I gather the rain protection
system on one launchpad is different from the other?

MR. SIECK: Yes, it is. The plan is to get them both the same. Launch Pad B, the one we
launched from, the modifications were not complete. One of the operations we perform at the
launch pad is the
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integration of the payload into the orbiter, and this was done for the Challenger mission the way
it is normally done. You use a payload cannister. The interim upper stage IUS and the TDRS
satellite were brought to the launchpad in a cannister such as this, and that was done before the
orbiter and Shuttle arrived there. Next.

(Viewgraph.) [Ref. 2/6-118]

MR. SIECK: Next they are removed from the cannister and installed in the orbiter using
our ground handling mechanism. That was the normal procedure. Next chart.

(Viewgraph.) [Ref. 2/6-119]

MR. SIECK: I would say a little bit about our launch processing system, which supports all
of the Shuttle flow from the orbiter processing facility to the launchpad. Next chart.

(Viewgraph.) [Ref. 2/6-120]

MR. SIECK: The launch processing system again is primarily maintained by the Grumman
Corporation. The next chart.

(Viewgraph.) [Ref. 2/6-121]

MR. SIECK: The heart of the system are these consoles. Each engineer, when they perform
their systems checkouts per the design center requirements,
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use their procedures and their software. Whether the orbiter is in the processing facility, the
vehicle assembly building, or the launchpad, we have four of these control rooms. Two of them
are configured for launch process. The control room we launched from on the Challenger mis-
sion had been used many times before. Next chart.

(Viewgraph.) [Ref. 2/6-122]
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MR. SIECK: That is the photograph of the control center. Of course, on launch day all of
those positions or consoles are manned. There are approximately 150 people in the control room
at launch time.

(Viewgraph.) [Ref. 2/6-123]

MR. SIECK: A little bit about the post-launch activity for the SRB retrieval. Next chart.

(Viewgraph.) [Ref. 2/6-124]

MR. SIECK: We have a disassembly area located over on the Air Force installation at Cape
Kennedy. Next chart.

(Viewgraph.) [Ref. 2/6-125] _

MR. SIECK: We retrieve the solid rocket boosters from the ocean. We have three retrieval
ships. Currently here one of them is designated to go to Vandenberg, but there are currently
three on site at
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Kennedy. Morton-Thiokol people are principally in charge of this operation of the retrieval.
Next chart.

(Viewgraph.) [Ref. 2/6-126]

MR. SIECK: We right the booster assembly, and tow it back to Port Canaveral. Next chart.

(Viewgraph.) [Ref. 2/6-127)

MR. SIECK: And take it into this facility. It is lifted out of the water. It goes through a
rinsedown process, and then a disassembly, a cleaning and a refurbishment process. The Morton-
Thiokol people essentially finish their part of the disassembly and retrieval process at the time
they turn it over to United Space Boosters and the Marshall contractor who performs the refur-
bishment of the segments which go back to Utah or the aft assemblies and the forward assem-
blies which have the electronics in it.

CHAIRMAN ROGERS: Originally the retrieval program was based upon economies, I
assume. We felt it, or the country thought it was cheaper and less expensive to do it that way? Is
that still the case? Is it cost effective?

MR. SIECK: I probably ought to defer to Marshall to get you the actual data on that. For us,

for our operation at Kennedy, it is relatively inexpensive. How the money stacks up on the reuse
and
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retest of the hardware versus new. That was the original plan, obviously. I don’t know how the
dollars would add up. We will have to get you that.

MR. SMITH: I was talking to the captain of retrieval operations the other day. In his calcu-
lation, they have retrieved slightly in excess of $1 billion worth of hardware.

CHAIRMAN ROGERS: A year?

MR. SMITH: Total.

CHAIRMAN ROGERS: The whole program? But I mean, I would assume that since that
program started there would be improvements made so that the cost of buying new ones would
have decreased. In other words, do we know whether it is still desirable from a standpoint of
dollars?

MR. SMITH: The figure that I was quoting would be the cost of brand new steel cases and
all, and not the total cost of the motors. It is the money saved by reuse, is what the figure should
have been. We will have to verify that, but that is the figure he had.

CHAIRMAN ROGERS: I think the Commission would like to have that if we could get some
accurate figures on that, on whether, if you, instead of continuing the retrieval program, you
went to a program of buying original boosters, how much would it cost, and would it
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be difficult to put into effect?

MR. MOORE: Mr. Chairman, we have got economic analyses that we have done and so
forth, and we will be happy to provide this Commission what we think the economic tradeoffs
are relative to retrieval or not retrieving this hardware.

MR. ACHESON: How long an interval in days or hours or whatever is it between the final
assembly of the system and the rollout to the launchpad?

MR. SIECK: Well, in the case of Challenger we will have to get you that data specifically.

MR. ACHESON: In the case of 51-L.

MR. SIECK: For 51-L, we completed the stacking of the solid rocket motor segments in the
vehicle assembly building approximately the first week in December, and then mated the exter-
nal tank, and again we rolled out to the launchpad the weekend of the 21st of December.

Now, going back further in the genealogy of those casings, whenever they were delivered
from Utah, we will have to retrieve that data for you.

MR. SUTTER: After the thing splashes into that salt water, I assume they are still hot, and
they get towed around by a ship, and you wash them down, but do you do any detailed structur-
al analysis to make sure
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that the load, the design loads haven’t changed?

MR. SIECK: Well, I ought to defer to Marshall on that. But there is a complete inspection
done at this Air Force facility before these segments are shipped out of Florida.

MR. SUTTER: Is that just a visual inspection?

MR. SIECK: It is primarily a visual inspection and a cleanup of the insulation. The process
back at Morton Thiokol in Utah, we will have to get you a briefing on that, what they do with
the segment casings and the repacking of the grain.

DR. RIDE: Is all of the refurbishment done in Florida and then the refurbished casing sent
back to Utah for packing, or is some of the refurbishment done in Utah?

MR. SIECK: It is split up some, Sally. There is some done here by the Marshall contractors
over at Cape Kennedy, and the remainder is done back in Utah, and the same applies for those
assemblies which have the electronics in it, the aft and forward. Those are primarily done here
in Florida, but again by the Marshall Space Flight Center.

GENERAL KUTYNA: Bob, what you have been describing for the last 20 or so minutes is
really a fantastic example of teamwork and hands-on experience in
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processing the shuttle after a flight and getting it ready for launch. In the early days of the
program, that was done by the people who built and designed the Shuttle, those three element
contractors. We then decided to compete to get the price down.

Could you describe how well did we do in retaining that old hands-on experience, those old
pros that processed this before we changed contractors?

MR. SIECK: Well, the specific percentage of retention of the work force, I think we will
have to get you the exact number there. It was approximately 85 percent. But there were some
disciplines that had a higher percentage than others. When the contract change was made and
the Shuttle processing contractor, Lockheed, took that over, they got predominantly all of the
hands-on work force; a lot of the management and engineering percentages were less.

But the point to be made, a number of people, particularly the key ones, remained at Flori-
da as part of the launch support services contract under the design centers, and they are still
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there as part of the processing, even though they are not in line in the management function on
the minute-to-minute, hour-by-hour work.
CHAIRMAN ROGERS: I notice there appeared to
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be a leak that Lockheed had some inquiry that you were conducting. When will that inquiry be
finished, and will it be available to the public?

MR. SIECK: I am sorry? The inquiry on what, sir?

CHAIRMAN ROGERS: There was previous inquiry about Lockheed’s performance, and it
was in the paper, I guess, two days ago.

MR. SIECK: Well, maybe I ought to explain the process. We evaluate Lockheed.

MR. SMITH: Bob, let me address what Chairman Rogers is speaking of.

MR. MOORE: Mr. Chairman, if I might, let me introduce Dick Smith, center director of the
Kennedy Space Center.

(Witness sworn.)
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TESTIMONY OF RICHARD SMITH, DIRECTOR, KENNEDY SPACE CENTER

MR. SMITH: We did have a handling estimate back in November, if I remember correctly. I
don’t remember the exact date. We completed our internal investigation of that. I approved that
in around mid-December, and I don’t remember the specific date right now. We typically send
that to headquarters for our review up there before we release it. That process is going on at
this time. I have on a preliminary basis already implemented, started implementing all of the
recommendations, and we will make modifications if there will be any additional judgments to
that.

CHAIRMAN ROGERS: And the question is, will that report be made public?

MR. SMITH: That report is a public document after the final approval by the headquarters
people. Yes, sir.

CHAIRMAN ROGERS: Thank you.

MR. SIECK: I believe that completed my presentation. Let’s see. Next chart.

(Viewgraph.) [Ref. 2/6-128]

MR. SIECK: Okay, just a few words about our off-line support facilities. A large logistics
building which we just completed to maintain our spares. The
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Hypergolic maintenance facility is a special facility we use to handle the orbiter maneuvering
system pods on the orbiting and the forward RCS, because of the nature of the Hypergolic fuels.
We do not do maintenance on those systems in the orbiter processing facility. We remove them
off line, and the parachutes from the solid rocket boosters, we retrieve those, clean them, repack
them, and reuse them.

That completes my presentation.

DR. WALKER: Could you say something about the venting of the gases from the external
tank during launch?

MR. SIECK: During our launch countdown process, when we load the external tank liquid
hydrogen and oxygen, the hydrogen tank venting is contained through an arm with a disconnect
that essentially is cut loose at liftoff, and all that hydrogen venting is contained, and it goes
through a burnoff system which in the case of Launch Complex B we call a flare stack, and it is
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contained in that system throughout the loading, and we have sensors around that umbilical
and at the interfaces with the orbiter where we load it to detect any leakage.

The oxygen system. The oxygen, liquid oxygen tank is on the top. We have what we call a
beanie cap
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that fits over the top of the external tank, and it has an inflatable bellows to contain all of that
oxygen, and it also is vented through an arm to the outside at the same level as the top of the
external tank.

DR. WALKER: Is the hydrogen vent valve closed at launch?

MR. SIECK: Yes, we close the hydrogen vent valve when we pressurize the tank at approxi-
mately two minutes before launch.

CHAIRMAN ROGERS: If there are no further questions, thank you very much. We appreci-
ate it. I think we will have a ten-minute recess now, please.

(Whereupon, a brief recess was taken.)

CHAIRMAN ROGERS: May I have your attention, please?

We plan to complete the hearing today by 4:30, quarter to 5:00, and that will finish the work
that had been planned, the testimony that had been planned that we were hearing from NASA.

Tomorrow we will meet at 9:00 a.m. in the Old Executive Office Building in a closed session.
The Commission will continue its work, including making plans and setting up some procedures

for future work, and we also may take some testimony from witnesses, possibly classified infor-
mation.

203

In order to explain to the media our general attitude about the future work of the Commis-
sion, let me say that we all would like to provide as much information as we can to the public,
and obviously all of the information will eventually be provided to the public.

Secondly, we have to have some of our sessions in closed meetings. President Reagan has
asked us to consider the evidence that we have and testimony in a calm and deliberate fashion,
and in order to do that and to have a free exchange of ideas, we must meet in private session
from time to time.

We have no plans to announce today as to future meetings, but as soon as we make those
decisions, we will let you know.

Now we will go ahead with the rest of the testimony.

MR. MOORE: Mr. Chairman, continuing on with our planned agenda, we will talk about the
design and development process for both hardware and software as well as the review process
and safety process. We will try to abbreviate this process to try to give the Commission a flavor

of it and to show that it is in general applicable to all the flights, but also applicable to 51-L, the
Challenger mission.
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I would like to introduce Thomas L. Moser, director of engineering at the Johnson Space
Center.

CHAIRMAN ROGERS: Mr. Moser, go right ahead.
(Witness sworn.)
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[Ref. 2/6-73]

[NOT REPRODUCIBLE]

[Ref. 2/6-74]
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[Ref. 2/6-75]
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ORBITER PROCESSING FACILITY (OPF)

® DESCRIPTION
e TWO IDENTICAL HIGH BAYS CONNECTED BY A LOW BAY WITH AN OFFICE ANNEX
e CONTENTS

— ACCESS PLATFORMS WHICH SURROUND THE ORBITER

-~ TWO ROLLING BRIDGES EACH WITH TWO TELESCOPING PLATFORMS FOR
CARGO BAY OPS

-~ EMERGENCY EXHAUST AND FIRE PROTECTION SYSTEMS

- ZERO “G” COUNTERWEIGHT DEVICE FOR CARGO BAY DOOR OPERATIONS
- LPSINTERFACE EQUIPMENT WITH CONTROL ROOMS

- SHOPS, MATERIAL SERVICE CENTER

— MECH AND ELECT SUPPORT EQUIPMENT

[Ref. 2/6-77 2 of 3}
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ORBITER PROCESSING FACILITY (OPF)

(Continued)

OPERATIONS

INITIAL ACCESS AND SAFING

POST FLIGHT TROUBLESHOOTING

MAIN PROPULSION SYSTEM REVERIFICATION
CARGO BAY OPERATIONS 4

~ DOWN CARGO REMOVAL
~ MISSION KIT RECONFIGURATION
— HORIZONTAL CARGO INSTALLATION

ORBITER MODIFICATIONS

POWER ON SYSTEM REVERIFICATION
SCHEDULED MAINTENANCE ACTIVITIES
TPS (TILE) OPERATIONS

ORBITER CLOSEOUT

[Ref. 2/6-77 3 of 3]
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STS LANDING FACILITY (SLF)

DESCRIPTION

THE RUNWAY 1S 15,000 FEET LONG, AND 300 FEET WIDE WITH A 1,000 FOOT PAVED
OVERRUN AT EACH END WITH LANDING SYSTEM AIDS

LANDING AIDS CONTROL BUILDING IS LOCATED NEAR PARKING APRON WHICH
SUPPORTS THE LANDING CONTROL OPERATIONS

THE MATE/DEMATE DEVICE LOCATED AT THE RAMP OF THE SLF

OPERATIONS

ORBITING LANDING AFTER A MISSION AND LANDING OF THE ORBITER PIGGY-BACK
ON A 747 CARRIER AIRCRAFT :

MICROWAVE SCANNING BEAM LANDING SYSTEM {(MSBLS) AND TACTICAL AIR
NAVIGATION {TACAN) ARE USED FOR ORBITER LANDINGS. ALSO, VISUAL AIDS
PRECISION APPROACH PATH INDICATORS (PAPI) ARE INCLUDED.

ORBITER CONVOY OPERATIONS FOR CONTINGENCIES AT TIME OF LAUNCH AND
SAFING THE ORBITER, EGRESSING THE FLIGHT CREW AND PREP THE ORBITER FOR
TOW TO THE OPF AFTER A MISSION

THE MATE/OEMATE DEVICE IS USED TO EITHER REMOVE AN ORBITER FROM THE BACK OF
THE 747 AIRCRAFT OR TO PLACE AN ORBITER ON A 747 AIRCRAFT.

[Ref. 2/6-78)
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[Ref. 2/6-82]
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[Ref. 2/6-80]
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KSC SHUTTLE GROUND TURNAROUND OPERATIONS

ORBITER PROCESSING OPERATIONS
{OPF)

SHUTTLE
V. TIONS LIFTOFF
AB ET/SRB OPERA Bl ;
ET CHECKOUT OPERATIONS {VAB) !
aps ET/SRB MATE X
SRS STACK AND ANO CLOSEQUT i 1
croscoun M tanco POST
h | Ass PAOQ OPERATIONS LAUNCH
L_ops__ REFURS
SRS ROTATION, HANGER AF OPS
PROCESSING
ANO SURGE SR8
OPS {RPSF) RETRIEVAL &
OISASSEMBLY
1
T 3 FLIGHT
LAUNCH CONTROL ER FIRING ROOM OPERATIONS {FR) ? SUPPORT
| MLP
MOBILE LAUNCH PLATFORM OPERATIONS (MLP) | REFURB

[Ref. 2/6-85]
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[Ref. 2/6-88]
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SRB ROTATION, PROCESSING AND
SURGE FACILITY (RPSF)

@ DESCRIPTION
e CCNSISTS OF FOUR BUILDINGS LOCATED NORTH OF VAB
— OFFLOAD, ROTATION AND PROCESSING BUILDING CONSISTING OF AFT
BOOSTER BUILDUP WORKSTANDS, 200 TON OVERHEAD BRIDGE CRANES, AND
A RAIL TRACK WHICH TRAVERSES THROUGH THE BUILDING

- TWO SURGE BUILDINGS FOR STORAGE OF PROCESSED SRM COMPONENTS
PRIOR TO STACKING

— SUPPORT BUILDING
® OPERATIONS
e OFFLOAD, ROTATION AND PROCESSING BUILDING

-~ RECEIVING, OFFLOAD, ROTATION AND INSPECTION OF SRM SEGMENTS
ARRIVING FROM MANUFACTURER IN UTAH VIA RAILCAR

- PLACEMENT OF PROCESSED SEGMENTS ON TRANSPORTATION AND STORAGE
PALLETS

[Ref. 2/6-90]
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[Ref. 2/6-92]
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[Ref. 2/6-93]

MOBILE LAUNCHER PLATFORMS (MLP)

DESCRIPTION

TWO STORY TRANSPORTABLE LAUNCH BASES
EXTERIOR PROVIDES

-~ SRB HOLDDOWNS

— TAIL SERVICE MASTS

~ SOUND SUPPRESSION WATER NOZZLES

INTERIOR PROVIDES GROUND SUPPORT EOUIPMENT FOR SHUTTLE CHECKOUT,
SERVICING AND LAUNCH

TWO MLP’'S OPERATIONAL, ONE UNDERGOING MODS

OPERATION

BUILDUP AND MOVEMENT OF SHUTTLE TO PAD

LPS HARDWARE INTERFACE TO ORBITER, ET, AND SRB

PROPELLANT LOADING

SOUND SUPPRESSION, OVERPRESSURE REDUCTION, AND MLP PROTECTION DELUGE

REFURBISH AFTER LAUNCH
[Ref. 2/6-94]
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VEHICLE ASSEMBLY BUILDING (VAB)

® DESCRIPTION
e HIGH BAY

FOUR SEGMENT BAYS WITH TWO BAYS ON EACH SIDE OF TRANSFER AISLE

HB 1 & 3 WITH EXTENDABLE PLATFORMS USED FOR SHUTTLE ASSEMBLY AND
INTEGRATION ON A MOBILE LAUNCH PLATFORM

HB 4 CONTAINS SRB AFT BOOSTER BUILDUP STANDS
HB 2 & 4 EACH CONTAIN AN ET CHECKOUT CELL AND A STORAGE CELL
HB 2 CAN ACCOMMODATE ORBITER STORAGE

¢ LOWBAY USED FOR SRB COMPONENT REFURBISHMENT AND SUBASSEMBLY;
SSME REPAIR AND MAINTENANCE SHOP

e TRANSFER AISLE AND HIGH BAYS CONTAIN OVERHEAD CRANES FOR SHUTTLE
ELEMENT AND CARGO CANNISTER MOVEMENT

[Ref. 2/6-97]

[Ref. 2/6-98]
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[Ref. 2/6-105]

[Ref. 2/6-106)
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[Ref. 2/6-107]
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150



o e

FAAE L
e T
Tl

i o
e R Sy

b m e T e

[Ref. 2/6-111]

smer s BT

151



152

LAUNCH PAD 39A AND 39B

DESCRIPTION

BOTH PADS ARE OCTAGONAL IN SHAPE AND CONTAIN ABOUT 1/4 SQUARE MILE
LAND.

EACH PAD CONTAINS SIX PEDESTALS TO SUPPORT THE MOBILE LAUNCHER PLATFORM
(MLP), FUEL AND OXIDIZER SUPPORT AREAS, FIXED SERVICE STRUCTURE (FSS) AND A
ROTATING SERVICE STRUCTURE (RSS)

OPERATIONS

PAYLOAD TRANSFER FROM P/L CANNISTER TO PAYLOAD CHANGE QUT ROOM (PCR)
SHUTTLE/PAD SYSTEM VALIDATION

PAYLLOAD TRANSFER FROM PCR TO ORBITER USING PAYLOAD GROUND HANDLING
MECHANISM (PGHM)

PAYLOAD/ORBITER INTERFACE TESTING

SHUTTLE HAZARDOUS SERVICING INCLUDING HYPERGOLIC FUEL AND CRYOGENIC
FUEL AND OXIDIZERS

COUNTDOWN PREPS AND COUNTDOWN OPERATIONS FOR LAUNCH
PAD REFURBISH AFTER LAUNCH

[Ref. 2/6-112]

[NOT REPRODUCIBLE]

[Ref. 2/6-113]



[Ref. 2/6-115]
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[Ref. 2/6-120]
[Ref. 2/6-121]

S
=
i ..m

ﬂ_..w.sw,

)

LI

. .' ..
A
Vs

Skt Db TR A

ift




HANGAR AF - SRB DISASSEMBLY FACILITY

® DESCRIPTION

LOCATED AT CAPE CANAVERAL AIR FORCE STATION

BERTHING FOR TWO SRB RETRIEVAL SHIPS

® DISASSEMBLY OPERATIONS

CRANES STRADDLE SLIP LIFT SRB CASING OUT OF WATER AND PLACE ON
HANDLING DOLLY

HAZARDOUS SYSTEMS SAFING
SRB CASING INITIAL WASH OPERATIONS
CASING DISASSEMBLY TO MAJOR ELEMENT LEVEL

AFT SKIRTS AND FORWARD SKIRTS UNDERGO HYDROLASER WASHING/DRYING
BEFORE TRANSPORTATING TO VAB LOW BAY FOR REFURBISH

DISASSEMBLED SRB CASINGS ARE TRUCKED TO SRB PROCESSING AND SURGE
FACILITY FOR RAILCAR ONLOADING AND SHIPMENT TO UTAH

[Ref. 2/6-123)

157



)7
Dysazsembiy

e fi:':;é /54

[Ref. 2/6-124]

/73
Ceteeva !

[Ref. 2/6-125]

158



CLTRER

Y K L

A

¥

)
..m..
R

i

&
_.uﬂ.ﬂ..
{1

i

%

/P~

SR
E/ﬂ-‘f-‘:ﬁf"
Pkl 154

[Ref. 2/6-127]
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SUPPORT FACILITIES

LOGISTICS BUILDING (LC—39)

® 300,000SQ. FT.

® WAREHOUSE, PROCESSING SUPPORT FOR SHUTTLE SPARES
HYPERGOLIC MAINTENANCE FACILITY (INDUSTRIAL AREA)

® OFFLINE PROCESSING OF ORBITER FORWARD REACTION CONTROL

SYSTEM MODULE, AFT ORBITER MANEUVERING SYSTEM MODULES.
® CHECKOUT (LPS), DESERVICING, MAINTENANCE

SRB PARACHUTE FACILITY (INDUSTRIAL AREA)
® WASH, DRY, REFURBISH, ASSEMBLE AND STORE RETRIEVED SRB
PARACHUTES.

[Ref. 2/6-128]
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TESTIMONY OF THOMAS L. MOSER, DIRECTOR, ENGINEERING, JOHNSON SPACE
CENTER

MR. MOSER: Mr. Chairman, members of the Commission, my organization at the Johnson
Space Center provides technical support to the Shuttle Program office and to the orbiter systems
in particular.

What I have done today is, I have constructed for you and for the Commission an overview
of the design, development, and certification process, as Jess said, which is applicable across the
board to all flights, and in particular to 51-L.

I hope that this presentation can give you an insight into the process by which the design
and development is conducted, and will also give you a feel for the wealth of information that
exists in the program, which I think you would want to pursue in more depth. Next chart,
please.

(Viewgraph.) [Ref. 2/6-129]

MR. MOSER: I would like to talk to you briefly about the requirements and give you a feel
for how they are established, the reviews which are conducted during this requirement and
design process, the verification which demonstrates the capability by test and analysis, proves
the design. The safety process,
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which I think is very important that you understand, is independent of the program. It is inde-
pendent of the technical organization that does an independent assessment and audit. And then
give you an overview of the external committees which have looked over our shoulders.

The next chart, please.

(\'ie\vgyaph_) [Ref. 2/6-130]

MR. MOSER: And the next chart, please.

(Viewgraph.) [Ref. 2/6-131]

MR. MOSER: Now we are on an overview of how the process evolves from the definition
phases which essentially establish the Level 1 requirements that Mr. Moore controls, the tech-
nology which was developed in parallel to that. For example, this is where the work was done on
the thermal protection system, that is, in establishing the advance capability and the enabling
technology for the Shuttle Program. There was not a lot of enabling technology developed for
this program. It was pretty much on the shelf.

The design and development process is the big phase in the program which established the
detailed requirements of the individual elements and the individual systems. I will talk a little
bit more about that later on. The ground test program then establishes through ground testing
and analysis that the design as
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established meets the requirements that have evolved over the program.

The flight test program then provides a verification that those ground tests are in fact ade-
quate to meet all the requirements, and then the orbital flight tests during the early phases did
that very thing. The next chart, please.

(Viewgraph.) [Ref. 2/6-132]

MR. MOSER: All of these requirements, for the Commission’s information, are delineated at
the very top level, and are traceable all the way down through the various levels through the
different elements that we have talked about today, the orbiter, the external tank, the solid
rocket booster, the engines, the launch to landing site facilities. It is then—it goes down into the
next level of detail, into the subsystems, for instance, the hydraulic system in the orbiter, the
electrical power system in the orbiter.

Those requirements are very, very well delineated and documented in a series of documents
by each one of the projects. Next chart, please.

(Viewgraph.) ([Ref. 2/6-133]

MR. MOSER: In addition to those general requirements, there are specifications which go
down through the same level of all of the flight elements and
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including the support equipment for the program. These specifications not only address the
interface specification between the various elements, for instance, the interface hardware be-
tween the orbiter and external tank, as an example.

In addition to that, the specification for the detailed subsystems are also included in the
specifications. Next chart, please.

(Viewgraph.) [Ref. 2/6-134]

MR. MOSER: There is a series of documents which are maintained and controlled at the
three different levels of the program which establish the baseline. This is an active system. Any
time changes are made in the system for any reason, those documents are kept up to date. The
center series of documents which is in your handout are the technical requirements. Comple-
menting that are the NASA management requirements and also the resource requirements
which ensure the program meets its requirements.

The next thing in this overview and generic presentation, and I am going to go through this,
Mr. Chairman, very quickly in response to your request to try and keep it applicable to 51-L so
that you can see what is available, and there are a few things that I
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would recommend that you pursue in more detail.

(Viewgraph.) [Ref. 2/6-135]

MR. MOSER: The next chart, please.

(Viewgraph.) [Ref. 2/6-136]

MR. MOSER: I think it is important to emphasize that, as the time phasing chart indicated
to you, that the initial requirements are established and the detailed requirements are con-
firmed. It is set into place as the design evolves. The chart that is on the monitor at this time
shows how the engineering organization, both at NASA and the contractors, are establishing the
details, and then they are provided to the program manager at various milestones throughout
the program.

These milestones are identified along the lower portion of that chart. Their acronyms—Ilet
me just tell you in a few words what they are. The program requirements review are established
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early in the program. That evolves all the way down to detailed design reviews which are base-
lined in the program somewhat time phase lagging as the technical community establishes
those, but that is what is documented and established in the documents that I mentioned to you
previously. The next chart, please.

(Viewgraph). [Ref. 2/6-137]
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The next three charts delineate exactly what those reviews consist of, who chairs them, how
they are approved, how they are modified, and what program elements are involved.

Let me have the next chart, please.

(Viewgraph.) [Ref. 2/6-138]

MR. MOSER: And the next.

(Viewgraph.) [Ref. 2/6-139]

MR. MOSER: These are just definitions of those major review milestones.

The next, please.

(Viewgraph.) [Ref. 2/6-140]

MR. MOSER: Now, once the design is established, the next process is to verify that that
design does in fact meet the requirements, and also, Mr. Chairman, to establish what the capa-
bility of that system is, and I think on any one of the systems that you have talked about today
there is a wealth of information and long presentations which should be made to you establish-
ing how those capabilities'have been established based on the things which are delineated on

this chart, namely, the ground testing, the analysis, the checkout and the flight demonstration.
The next chart, please.

(Viewgraph.) [Ref. 2/6-141]
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MR. MOSER: Comparable to the requirements in the establishment of all of those that they
in fact do meet the various levels of requirements from Level I all the way down to Level III,
there is a well-documented path which is traceable for the certification of each one of the ele-
ments. Here we have not only taken the elements and the subsystems, but we have cross-corre-
lated, if you will, each one of those systems with the environments to which it must be proven to
work in, and that is shown on the integrated system verification.

The next chart, please.

(Viewgraph.) [Ref. 2/6-142)

MR. MOSER: As the verification is established, each one of the elements focuses on those
things which affect its design and affects the design of the total system, for instance, the loads,
the thermal, the acoustics, the vibration, etc. This is done in a total system sense and provided
to each one of the elements. The way in which all of these loads and environments are combined
is unique with each one of the elements, and that is probably a half-a-day presentation to this
Commission on any one so that you can adequately understand it.

Next chart, please.

212
(Viewgraph.) [Ref. 2/6-143]
MR. MOSER: And the next?
(Viewgraph.) [Ref. 2/6-144]
MR. MOSER: It is important to highlight on any one of the specific components how it
interfaces with the other systems, how it is traced through a total verification logic from the
initial flight requirements, design requirements to the environments in which it must live its
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particular mass properties and so forth to establish the design loads, the design conditions, and
the tests which verify that capability.

Once those things are done on the ground, the important thing to recognize is that whole
process then is verified with flight data from the test program. This was constituted primarily
with the first four flights of the orbiter system and correlated back with the analysis. There
were a few surprises during that program.

MR. SUTTER: This process was used in the design and development of the basic program?

MR. MOSER: Yes, sir.

MR. SUTTER: When you got to these weight-saving programs and what not, did you use as
complete a process when you made those changes also?

MR. MOSER: The answer to that is yes, sir.
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Each one of those elements that had significant changes so that it would affect the conditions or
the loads or the environment to which it was designed was re-analyzed and gone through the
same process, that is correct, sir.

MR. SUTTER: Thank you.

MR. MOSER: The next chart, please.

(Viewgraph.) [Ref. 2/6-145]

MR. MOSER: And the next. That just shows the verification process from the flight data
back to the design.

The next chart, please.

(Viewgraph.) [Ref. 2/6-146]

MR. MOSER: Independent of this total engineering task that I have just walked you
through very quickly is another process which goes on independently of that organization, inde-
pendently of the program office, and that is the safety operations. They do an assessment of the
design from the very beginning. They participate in all of the designs, the design reviews, and
the certification reviews. They, in concert with the technical organizations, sign off on the ade-

quacy of each one of the systems and subsystems in the program, that it in fact does meet its
design requirements.
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In addition to that, this organization does a complementary set of analyses which is high-
lighted in a box called complementary analysis. There are some acronyms there which are im-
portant. They do a failure modes and effect analysis of the system to understand what the
impact of a failure of that system is. If there is something that comes out of that, it is identified
in a critical items list, of which there are various categories of criticality of functions. A Catego-
ry 1 means that loss of a component or a function would mean loss of the vehicle or loss of the
crew. Category 2 means loss of the mission. And Category 3 means something like loss of data.
Those are all documented along with the analysis on the criticality of all of the components in
the program.

If I could have the next chart, please.

(Viewgraph.) {Ref. 2/6-147]

MR. MOSER: The next chart entitled ‘“The External Review Committees” gives you a feel
for, in addition, gives you a feel for the involvement by committees of technical capability and
expertise external to the program which is reviewed in our total process. I have listed for you
here a few of those committees. It is not complete, but we could provide you a complete review
of all external review
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committees.

I would like to point out that the Aerospace Safety Advisory Panel which reports to the
NASA Administrator and to Congress annually in a report, and also to the appropriate NASA
managers, has participated in an extensive number of reviews of this program since its incep-
tion. Last year, for instance, they conducted 32 reviews of the entire process.

In addition to that, prior to our first flight, we had a certification assessment team which
had eleven subteams in it which conducted a review over about an eight-month period in exten-
sive detail which involved a lot of industry and academia personnel, which reviewed the NASA
design and certi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>