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GAINOR: Okay, this is June 15, 2016, and I’'m Chris Gainor. I’'m with David Haskins at the
Goddard Space Flight Center in Greenbelt, Maryland. So, tell me a little bit about your

background.

HASKINS: I received my Aerospace Engineering degree from the University of Buffalo in 1988.
Shortly after receiving my degree, I began work at the Johnson Space Center [JSC] in the Payload
Operations Branch of the Missions Operations Directorate. 1 worked several space shuttle
missions, two of which involved Hubble [Space Telescope, HST]. The first was the deployment
of Hubble from Space Shuttle Discovery in 1990, and the other was Servicing Mission 1 in
December of 1993. So, it was neat, and I never thought I would be back working Hubble here at
Goddard performing the duties I am now. When I worked in Houston, my job had the unique
perspective of both the internal operations of JSC as well as insight into the customer side. While
at JSC, my work involved payload operations and integration, which included working with the
crew members on procedures and training, as well as working with the team at Goddard to develop
on-orbit operational procedures and procedures for the ground system interfaces between the two

centers.
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My first position was an on-the-job trainee during the deploy mission at the payload
systems engineering console position during the deployment. And then for Servicing Mission 1, I
was a payload data engineer which concentrated on the data and command interface between HST
[Hubble Space Telescope], the shuttle, the JSC command and data systems, and the STOCC [Space
Telescope Operations Control Center]. I came to Goddard in 1995 and worked as an electrical
power systems [EPS] engineer for five years. During my time as an EPS systems engineer, I
worked Servicing Missions 2 and 3A. Following SM3A, I transitioned to a position in Hubble
Systems Management which involved oversight of the subsystems and facilitating operations
engineering that crossed interfaces of the subsystems. While in systems management, [ worked
Servicing Mission 3B at the position of EPS Systems Engineer and Servicing Mission 4 SM4 as
an anomaly resolution manager.

Following SM4, I took an opportunity to work on the Landsat Data Continuity Mission
[LDCM] from 2009 to 2011 where I worked in Observatory Integration and Test while in the
LDCM Project Office. In 2011, an opportunity presented itself to return to HST Operations Project
as the deputy operations manager for Hubble. One year later, I transitioned to my current position
of HST mission operations manager.

So that’s kind of it, in a nutshell.

GAINOR: Could we talk a little bit about your work at Johnson? The type of thing you were doing

was more of an operational type thing as opposed to hardware.

HAsKINS: Right. I worked with the team of engineers at JSC as well as a team up here at Goddard

on the specifics for the deployment of Hubble from the shuttle cargo bay. We went through all of
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the sequences of the deployment including contingency scenarios. Many assessments were
performed for the rendezvous and proximity operations, capture of Hubble by the Remote
Manipulator System [robotic arm], and deployment. We were working those phases, with
engineering specialties such as orbital mechanics personnel, remote manipulator system engineers,
the planning and scheduling team, and communications as well as others. So those were the
specialty engineering teams at Johnson that we worked hand-in-hand with to ensure that we
developed safe, efficient operations procedures and contingency plans. And of course we
performed lots of training, which included joint interface simulations with Goddard, working
through different phases of the on-orbit activity. I worked at the payload data position in Mission
Control Center [MCC], which mainly interfaced with STOCC Ops at Goddard, during the missions
to coordinate the HST commanding which flowed through the MCC, uplinked via the TDRSS

[Tracking and Data Relay Satellite] System, and sent to the shuttle and then on to the telescope.

GAINOR: On Servicing Mission 1, that mission is quite interesting because there was the high-
profile nature of the thing, and NASA’s various problems at the time, and people kind of had to
step up their game to make this mission succeed. You could argue that it was the most complicated
one up to that time. Did you get that sense working on it, as kind of being in the middle of the

whole thing?

HASKINS: Yes, everyone was feeling the pressure. We all were working to ensure the mission was

successful, especially the Goddard team. And when we heard the news of the first images after

the mission proved it was fixed, we were elated.
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GAINOR: Do you want to tell me about some of the work you did in your early days here? And
then I think I’1l ask you about more present day and get a sense of what the day-to-day operations

are like.

HASKINS: Early on I joined the team in the electrical power system on the HST Operations Project,
and one of the areas of concentration over the course of years was the declining battery state of
charge. We had nickel-hydrogen batteries that had been on orbit since launch, and as the mission
progressed, we were observing a decline in the battery capacity. At that time we were doing
capacity checks periodically, which also helped to recondition the batteries. We were constantly
working to find the best charging schemes that would improve or maintain the battery capacity.
We formed a working group consisting of power systems engineers and battery experts, including
battery experts from Lockheed at Sunnyvale [California] and battery experts here at Goddard, to
try to understand what we can do to improve the situation or stop the degrading capacity. We also
utilized a battery test bed which is still in use at Marshall Space Flight Center. With that test bed
we were able to test different charging schemes before implementing them on orbit. And so, thanks
in large part to our EPS Systems Engineers at Goddard, a charging scheme was developed that
helped arrest the decline and which we still use today. Of course we replaced the batteries during
Servicing Mission 4, which continue to perform very well with the taper charge scheme

implemented in 2006.

GAINOR: You had to live with those things a long time.
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HASKINS: Yes, since launch. And of course the batteries were always a high priority item. It was
one of several important decisions the project had to make — do we need to change out the batteries
or not? We were always providing the data to support those decisions. And then, fortunately, we

had the mission in 2009, and the new batteries were installed and they’ve been operating great.

GAINOR: Okay, and the original batteries, did you have bigger problems on them than you

expected?

HASKINS: Actually, I would say for the many years that they’ve been on orbit, they were
performing well, but batteries degrade with time and so it was important for the program to replace
them and extend the life of Hubble. Through the interaction with battery experts, we would hear
about other battery systems that were having bigger problems than we were.

You know, you’re always concerned about the aging, and potential internal shorts in the
cells, so we really were pushing for and really thought the new batteries were essential. But we
managed to keep the old batteries performing at a level that could support the power needs of the
observatory. We were fortunate to have the nickel-hydrogen batteries. I don’t know if you’ve
heard this history, the original batteries were going to be nickel-cadmium batteries, but shortly
before launch, (I was not on the project at that time) the decision was made to change to nickel-

hydrogen batteries, and that proved to be a wise decision.

GAINOR: What things were you doing to nurse along those original batteries? Did you take them

offline?
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HASKINS: Yes, we would.

GAINOR: Or manage how they were charging?

HASKINS: Yes. We managed how they were charging. We tried different charging schemes, we
took SPAs [Solar Panel Assemblies] offline to try to reduce the charge into the system and provide
more of a taper charge. We did several different schemes. And one was where we would offline
a number of SPAs, of course, while still maintaining a power positive system.

So that’s one technique we looked at. We also implemented different charge cut-offs levels,
the voltage and temperature at which we would remove charge to the battery. So yes, a few
different schemes that we attempted and as I said, right now, the scheme that we currently have on
orbit, was implemented before we changed out the batteries, and it continues to perform very well.
We discontinued on-orbit capacity reconditioning/tests because it takes several months to recover
the capacity.

And the other activity during that period, and power-system related, was the power control

unit [PCU] change out. I don’t know if you’re aware of that whole scenario.

GAINOR: Oh, is that the thing that went offline shortly before SM-4? Or is that something else?

HASKINS: No, that’s the SIC&DH [Science Instrument Control and Data Handling system]. This

is the power control unit. It contains all the relays that control the power from the solar arrays to

the batteries and to the main bus, so it’s kind of the heart, electrical heart of the system.

15 June 2016 6



Hubble Space Telescope Operational Oral History Project David Haskins

GAINOR: Those were changed out in earlier missions, I believe.

HASKINS: Yes, the PCU was changed out in Servicing Mission 3B. So that took a huge amount of
effort from the entire team. When I was first in the electrical power system team, there was

discussions about changing out the PCU, and the answer always came back, “That’s impossible.”

GAINOR: Was this something where they had to turn off the whole vehicle? It had not been

contemplated.

HASKINS: Right. There was a lot of work in doing so, we had to look at the thermal impact,
(powering off the vehicle, how long are items going to survive?). So, we had to pre-heat equipment
that would potentially reach their lower thermal limits. We also had to look at all the equipment
to make sure if you turn a box off, it will come back on. There was equipment that we had never
turned off before. So that was quite a feat. It took a lot of work of the whole team. A huge amount
of preparation. We also had the concern that the PCU was not designed to be replaced. So, there
was a lot of work by the HST and JSC EVA [extravehicular activity] teams to work with the EVA

crew members.

GAINOR: Would that involve Frank [J.] Cepollina and all of those people?

HASKINS: Yes, Frank’s group, the Flight Systems and Servicing Project. They worked to devise
the best way to make that work. And you know, it worked flawlessly on orbit. Once we overcame

an issue with John [M.] Grunsfeld’s suit. And you’ve probably heard that story.
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GAINOR: Yes.

HASKINS: Leading up to that mission, we had working groups that were looking at every aspect.
We even had to worry about how you power equipment down as for the last several electronics to
power down, we had to evaluate the bus voltage. The lower the load on the bus, the voltage can
increase, and we needed to make sure we were not going to overvoltage equipment. So the team
developed a super proc [procedure], a command script that would power off everything in a

specific order and in a specific time period.

GAINOR: Super proc?

HASKINS: Super proc, yes, a command script. One of our system engineers developed the proc
with input from the subsystems. It was a very efficient method to power off the hardware in the
specific order and have it completed in a short period to be ready for the EVA crew without lots of
wait time, because of course, EVA time is critical. So, we had to make sure that we had an efficient
way of powering down all the equipment, rather than executing several different procedures

individually.

GAINOR: Yeah, and you had some fun when the EVA was delayed because of the suit issue.

HASKINS: Right. Right. It’s very hectic, very stressful. It was a thermal issue, you know, because

we’re counting down on the clock on the thermal limits. It was a big, “What do we do now?” with
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equipment. Do we start powering things back on to give us more time? And so it certainly was a
stressful period at that point. Fortunately, the issue with the suit was resolved and we were able to

press on.

GAINOR: And then I assume there’s a power up sequence. You don’t just throw a switch.

HASKINS: Right. And you also want to make sure you have equipment off and configured

correctly, so when you power back on, you don’t have a surge.

GAINOR: Yes. I’ve been thinking about that a little bit. I think about the “Apollo 13 movie.

HASKINS: Yes. Like I said, when people are initially talking about it, whether it even was possible.
For one, the power connectors had to be demated and mated in the blind. We also had the worry
about the situation where the crew had to come in early and they couldn’t get all the connectors
mated. Which connectors did we need to make sure we had mated to survive overnight? All those

scenarios are being well worked out and thoroughly thought out ahead of time.

GAINOR: And I assume that involves a lot of work and analogs you have on Earth, VEST [Vehicle

Electrical System Test] or something like that.

HASKINS: Yes. We always used the VEST for any kind of procedure that we’re doing for the first

time, and we used it extensively for mission preparations.
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Of course, the thermal engineers were very busy doing all their analysis to figure out what
we would need. Could we power anything on ahead of the EVA to pre-heat the equipment? The
team had to think about every contingency that could come across in that situation. Just the thought
of powering the vehicle down on orbit is a bit nerve-racking. But it was done very successfully,
and fortunately everything came up and passed functional tests without any issues. Every

subsystem needed to make sure their subsystem was working correctly.

GAINOR: How long did it take?

HASKINS: Initially, we did an aliveness test to make sure we had power and data interfaces to the

hardware. As usual, with any change out it took a while. I don’t recall exactly when we were

finished, but most of the checkout would occur following ingress and during crew sleep.

GAINOR: Yeah, but this, this would be over a couple days, [ would imagine.

HASKINS: Yes, some verifications were performed into the next day.

GAINOR: Then after that, you moved up and had overall operational responsibility, I guess?

HASKINS: As a mission operation manager, my responsibilities are the overall health and safety of

the vehicle as well as making sure we’re operating efficiently. We also continue to look at how

we can extend the life of Hubble, investigating ideas of life extension.
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GAINOR: So of course the one everybody hears about is the gyros.

HASKINS: Right.

GAINOR: And when you had problems with the gyros, early before the last servicing mission, you

figured out how to run on one gyro if you had to.

HASKINS: Right, prior to the last mission the PCS team developed the One-Gyro Mode.

GAINOR: I was talking to Jim [James F. Jeletic] about this a little bit yesterday, and he said, “Well,

to do that, there are certain things you can’t do.” Do you want to tell me a little bit about that?

HASKINS: About the science that you can’t do?

GAINOR: Well not so much the science, but there are limitations, as I understand it, that you can’t

move the telescope as fast and things like that.

HASKINS: With one gyro science we use three different modes for vehicle control. The first is
called M1G which uses the input from the Magnetic Sensing System [MSS] into the control system
to make up for the loss of two gyros. We then transition to T1G mode which uses input from the
Fixed Head Star Trackers to maintain attitude control, and finally we use input from the Fine
Guidance Sensors [F1G] for the fine guiding required for science. So, in the M1G mode, we are

not controlling attitude as tight as when in 3 gyro mode, so we have to account for larger error
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during that period, potentially up to 10 degrees. Since we are relying on the star trackers as an
input into the control system instead of the 3 gyros, there is an impact on the field of regard which

impacts science scheduling.

GAINOR: And do you want to just tell me about the state of play right now with the gyros. I think
I understand that one of them is not operational, and there’s been some concerns recently about

the voltage?

HASKINS: Right now we have one gyro that is not operational, gyro 5. We are operating on gyros
1, 2, and 4. During SM4, we installed all new gyros, three of the gyros installed have enhanced

flex leads and the other three have the standard flex leads which can degrade faster.

GAINOR: And that was related to that problem where, on the servicing mission they couldn’t fit

one of the units, and you had to take the backup one.

HASKINS: Yes, that’s the result of having to install the backup rate sensor unit which had standard
flex leads. So we currently have five available gyros and we are using gyros 1, 2, and 4 in
operations with gyros 3 and 6 powered off. Gyros 3, 4, and 6 have enhanced flex leads. Gyro 4
is currently the longest operating hours of all the gyros on-orbit. We only need three gyros in the
control loop, so those that are not in the loop are typically powered off.

We have reliability projections and we attempt to determine the best way to get the most
out of the system, and running with three gyros is the most efficient from a scheduling perspective,

so we will operate with three gyros as long as possible.
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GAINOR: And then, I guess, the other issue you’re looking at is the Fine Guidance Sensors [FGS].

HASKINS: Right. We have three Fine Guidance Sensors. FGS 3 is the original from launch, so we
are nursing that one along. We bias away from use of FGS 3 as much as possible, and we’re
looking at ways we can continue to extend the life of the FGSs.

We’ve studied the gyros, and we think we have a good plan, based on reliability analysis,
on how we can continue operations in the out years. We are doing the same with the FGSs. And

we will continue to do what we can to get many more years out of them.

GAINOR: So I only have a basic knowledge of how these things work, but if you lost one, would

that be a big problem? Or generally do you like to have all three going?

HASKINS: We use two at a time to give us the fine attitude control, including roll. If we only used

one, we’d lose that roll control. And so there might be some roll drift that we’d have to account

for. But again, our goal is to optimize efficiency for the maximum science output, and so if we

can, we use two FGS. We have three powered, so we can use any of the three, but we’re biasing

away from FGS 3 because of its extended life.

GAINOR: Okay. So, what else is there that’s keeping you busy?

HASKINS: Just everyday work. I didn’t talk about our transition to automated operations.
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GAINOR: Right. If I walked in here 25 years ago, there’d be a hell of a lot more people in the

STOCC there.

HASKINS: There would be, yes. We had console operations 24/7, so we’d have the flight ops team
in the Mission Operation Room [MOR]. It has tapered off since launch, obviously during the
initial post-launch phase; we had more team members on console. But, prior to the automation,

we had about four console operators 24/7.

GAINOR: And when did this automation take effect?

HASKINS: We’re actually on the fifth anniversary this week of automated operations. Five years
ago on Monday we started full automated operations. So, June 13%. It’s been very successful ever
since day one. It has operated flawlessly, a result of the thorough preparation of the team. We’ve
made enhancements to the automation throughout the years, adjusting for different scenarios.

There was several years of work that went into the development and implementation.

GAINOR: And I suppose you probably ran both of them in parallel for a time.

HASKINS: Yes, for a time before we went automated. We ran a shadow mode for several months.

Different subsystems of the ground system automation were phased in throughout the months prior

to going full automation.

GAINOR: Was this done in-house? Or was there a contractor?
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HASKINS: It was done in-house by the team that we had then. The automation performs much of
the routine operations. It manages the communications contacts, establishing the forward and
return links and sending command loads. We send up three 486 [computer] loads per day, and one
NSSC-1[NASA Standard Spacecraft Computer-1] load per day. The science and engineering data
stored on the solid state recorders are dumped autonomously as well. So those are occurring since
day one of automated operations, and it’s worked, as I said, flawlessly. A great tribute to the team
for all their work.

All the non-routine activities are performed by our flight operation team. We always have
two members on-call from the flight ops team as well as one person from each subsystem, the
flight software teams, and management personnel are also on-call, sharing that duty, week by week.
Everyone on-call has a smart phone that allows us to receive alerts if spacecraft or ground system
telemetry goes out of limits. Previously, the flight ops team was the first line of defense. While
on console they would monitor all the telemetry, and if any went out of limits, they’d get a visual
alert and they would call either a spacecraft subsystem engineer, or they would alert the entire ops
team, depending on the event. If it’s a safe mode event, everyone would get called. Now the
automation system is monitoring all the telemetry from the spacecraft, as well as monitoring all
the ground system components. We have about 4,000 parameters that the system is limit checking
and have notifications sent out. For example, if it’s a power system issue, that alert will go right
to the EPS engineer on-call, and they will evaluate it. Everyone is able to maintain situational
awareness with a message board that team members post to in order to give everyone an awareness
of what’s going on at any time with the vehicle or with the ground system. So, everyone’s in the

loop, constantly.
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GAINOR: Is it email?

HASKINS: We have a special app that provides access to a browser and email. Via the browser we

can view our message board, key telemetry, and event logs of the command and telemetry system.

It has different entries from our team to give us an idea of what’s going on. If we’re doing a

software update on-orbit or to the ground system, they’ll post it to the message board so folks

know that activity is going on. That’s been very beneficial.

GAINOR: It’s not only a matter of convenience; it’s kind of a matter of budget, too.

HASKINS: Yes. It has helped to reduce the budget.

GAINOR: So six years ago, how many people would be sitting in the STOCC there?

HASKINS: We had four people supporting, per shift.

GAINOR: And what were they? Eight-hour shifts?

HASKINS: Eight-hour shifts, yes. So three, eight-hour shifts.

GAINOR: And a planning shift, I believe.
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HASKINS: Planning shift, that’s more of a term that we use for servicing missions; it’s a rotating
8-hour shift. Yeah, so it’s much better for the flight ops team as they have a more regular schedule.
And we’ve been very successful. Efficiency on science data return is very high, 99.9 percent, and

we continue that high success rate.

GAINOR: Yeah, so you have the interface your work with people from outside here. I guess with

the TDRSS you’re dealing with the DoD (Department of Defense) folks.

HASKINS: Well, not so much the DoD, but the space network team. They handle DoD.

GAINOR: Have they farmed that out or something like that?

HAsSkINS:  Well, they support the Department of Defense satellites, but we interface with

Department of Defense. We interface with White Sands [Ground Terminal, Las Cruces, New

Mexico] controllers and the space network team.

GAINOR: Right, and I guess this would be over availability issues and things like that.

HASKINS: So, you’re right. There’s a priority list for TDRSS contact time. We have made changes

for that interface to the Space Network as a result of the automated operations. Now they send us

an email, which gets converted to a text message to one of our flight teams on call. They look at

it, and depending on the timing of the TDRSS change, they make the change releasing that time,
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or it could wait until the next day, or until the next few days. So, of course, human space flight

has top priority.

GAINOR: Right, and I suppose there’s occasional national security situations that come up.

HASKINS: We don’t always know what’s causing the change. It could be a vehicle rendezvous

with the space station or other reasons, so if they need it, they have it.

GAINOR: And then on the other side, you have the [Space Telescope Science] Institute [STSclI],
and I assume that they figure out who’s going to get how much time. don’t know if they say, “Well,

you know on a certain day, or certain orbit, [ want to do this.” Or whether you sit down with them.

HASKINS: They determine all of that. They have a call for proposals, and once decisions are made
on all the proposals, they put them into their long-range planning system and determine the most
efficient way to take those observations. A couple weeks out they develop a science mission

schedule for each week, which they determine based on how it fits into the schedule.

GAINOR: So they just uplink the schedule for the week of May 29th, or whatever it is?

HASKINS: So, at the end of each week, the planning and scheduling team at STScl sends the

schedule with all the supporting command loads to the STOCC. The Goddard team reviews the

content and the flight ops team transfers the command loads to the operational command strings,
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and the automated command engine is aware of those loads on the system, and from there on, the
loads are uplinked to the flight computers via the automation system.

As I mentioned, the main computer [486] loads are uplinked three times per day and the
loads to the payload computer [NSSC-1] are uplinked once per day—making sure we get those
loads on the system by a certain time. Ifthe vehicle runs out of command loads, it would transition
to safe mode; however, we have several uplink opportunities to prevent that and we’re not too

concerned about that.

GAINOR: And when an issue like that comes up, I assume that they are informed as well, and you

can work out with them how the schedule will change.

HASKINS: The STScI team is on-call as well, and if the vehicle enters safe mode they would also
be alerted. In the event of a safe mode entry, team members will receive a page and would dial
into a conference call specifically intended for spacecraft anomalies. On the conference call we
confirm the safe mode and the type of anomaly, then on-call personnel travel into the STOCC for
additional assessment and perform commanding to acquire and maintain communications with the
spacecraft. That’s when that room out there gets filled. Once the team has assessed their systems,
we would meet and discuss subsystem status and the recommendation for resolution of the

anomaly and forward plan to recover back to the science timeline.

GAINOR: I don’t know if you could answer this question, but how often do you get safe mode

events?
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HASKINS: The last safe mode entry was in 2014 when we failed gyro 5. So that was in March of
2014. It’s kind of hard to say what frequency. The prior year we had a safe mode in December,
right before Christmas, and then I believe we had one in January. Prior to that it was a long period

of time, as well.

GAINOR: How much time do you need to communicate with the spacecraft, both up and down in

a typical day?

HASKINS: We have about 15 passes per day, with TDRSS. Which are on the order of 30 to 50
minutes, probably an average of 40 minutes per pass. Several years ago, we implemented one of
our life extension initiatives, to reduce the cycles on the Multi-Access Transmitter. We allow up

to three hours of communications outage.

GAINOR: Okay. And like a data dump?

HASKINS: The science data dumps are planned in the timeline. They occur as needed to maintain
margin on the recorders. We also have one engineering data dump per day planned. So yeah, the
control center has certainly evolved, and the operations have evolved since launch.

I can show you some photos. I don’t know if you’ve seen any of the control center. This
is one that I found that gives you kind of an idea of what the control center looked like back in

SM2 era. Much different than it is today.

GAINOR: That’s right. Look at those big CRTs [cathode-ray tube monitors].
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HASKINS: Yes, it’s very interesting to flash back and look at these, the large CRTs. So I just thought

I’d give you a look at what the control center looked like then.

GAINOR: Is there anything you think should be said that I didn’t ask you about, or talk about?

HASKINS: Let’s see. I think we covered a lot. I can’t think of anything else.

GAINOR: Okay, well, thank you very much. It’s been very helpful.

HASKINS: You’re welcome.

[End of recording]
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