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COMPLETE COVERAGE

The American
Rocketry Challenge
by Trip Barber, NAR 4322, NAR
TARC Manager

Oregon Episcopal School, the
winners of TARC 2021, at the
Pesco, Washington, launch site.
Photo by Jim Wilkerson.

2021 was not a normal year for anything in the U.S. and The American Rocketry Challenge (TARC) was no exception.
TARC 2021 began as TARC 2020 and proceeded the same way that the 17 previous
TARC competitions had gone until early
March 2020 when COVID shut everything
down. It restarted as TARC 2021 in September 2020 with the same rules as 2020
and finished in June 2021 with a National
Finals that was flown simultaneously at ten
different sites around the U.S., not just the
single site at Great Meadow, Virginia, that
had been the sole venue for all 17 previous
Finals. But thanks to the persistence and
motivation of the young students on the

teams and the dedication of NAR volunteers across the U.S., TARC 2021 had a flying Finals and winners despite the extraordinary challenges of the COVID pandemic.
It wasn’t easy, but great things never are.

The Event
TARC 2020 started out in the Fall of
2019 with very strong team registration,
thanks to the expert publicity and social
media outreach efforts of the NAR’s partners in running TARC at the Aerospace
Industries Association, and great in-person recruiting by NAR volunteers. In fact,
TARC 2020 had more teams registered
than any of the 17 previous years in the
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history of the program: a total of 900 teams
of 6th through 12th graders, with 5097
student team members. There was enthusiasm and support throughout the U.S. and
across the aerospace industry for TARC,
the world’s largest rocket contest and the
premier aerospace design-build-fly student
challenge event in the U.S. Many educators
see its value in building enthusiasm and
skills in Science Technology, Engineering,
and Math (STEM) and teamwork skills,
and the aerospace industry sees its value
in motivating young people to become the

Above: Victory
Christian School at
Great Meadow.
Photo by Craig Beyers

Right: US Virgin
Islands Teams at
W. Palm Beach, FL.
Photo by Chris Masullo

Below: Starbase
Los Alamitos at
Lucerne, CA.

next generation of our aerospace technical workforce. The NAR benefits as well,
as TARC is clearly a factor in the growth
of NAR membership to its current unprecedented level of over 8,000.
When COVID’s spread caused much of
the U.S. (and the world) to shut down in
March 2020, TARC 2020 was a few weeks
away from the deadline for team submission of qualification flight results. The big
national in-person Finals for the top 100
teams selected on the basis of these scores
was just over two months away. Most
teams had built rockets by then, and many
had already been practice flying regularly,
trying to narrow down their rocket’s flight
performance to hit the TARC 2020 flight
performance goal of 800 feet in altitude
and a duration of 40 to 43 seconds, while
carrying a single egg that had to return
safely and undamaged under parachute.
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There was no time to devise an alternate plan for selecting TARC
2020 winners based on flight performance, and it did not look
safe for teams to continue to meet in-person or to travel. So the
flying part of the program had to shut down. But all teams were offered the opportunity to roll their registrations over to the next year
(TARC 2021) for free and were assured that when TARC resumed
the next school year the rules would (for the first time) be unchanged from the previous year so their designing, building, and
flying work from TARC 2020 would not go to waste.
TARC 2021 registration opened in September 2020 and COVID was still a big issue. Schools across the U.S. were mostly either
closed or operating under very strict COVID safety measures that
limited the ability of student groups to do in-person activities. In
fact many school systems prohibited school-sponsored extra-curricular groups (like TARC teams) from having any activities at all.
Despite these challenges, and the fact that a significant number of
Oak Park HS Team at Lucerne, CA.
Photo by Charlie Nicks.

Explorer Post 1010, the 2nd place team, at Great Meadow.
Photo by Bob Ekman.

TARC 2020 students were seniors who had graduated, 500 of the
900 TARC 2020 teams found a way to reorganize, operate, and roll
over their registration (at no charge) into TARC 2021. And 115
brand-new teams formed up and registered despite COVID, giving
the TARC 2021 program a total of 615 team entries.
There were extraordinary stories of student teamwork, deter-

Advanced Rockets that are
easy to build, fun to fly and
look great!
Setting the
standard since
1984!
SA-14 Archer

Lance Delta

Cluster Duck

North Coast Rocketry
www.NorthCoastRocketry.com
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mination, and organizational innovation
among the TARC 2021 teams that made
it to the point of completing and flying
their rockets. Teams met online (a lot) as
groups and with their NAR mentors; built
their rockets progressively one person and
step at a time with doorstep drop-offs to
the next; gathered for outdoor building
sessions in the middle of winter; had a few
designated individuals make their flights
rather than gathering the whole team; or
otherwise found a way to get things done,
safely, despite COVID. It is a testament to
their determination, and to the support of
NAR mentors and launch host sections,
that 282 (46 percent) of the 615 teams
completed and reported one or more qualification flights. While this is lower than
the recent average of about 55 percent, it is

Oregon Episcopal at
the pad in Pasco, WA.
Photo by Jim Wilkerson.

the 17 before it, with 100 teams and their
supporters and 110 NAR range crew (a total of nearly a thousand people) travelling
from across the U.S. and gathering at Great
Meadow in The Plains, Virginia. And it
was likely that the deadline for submitting
qualifying scores for selection to a Finals,
and the Finals themselves, might have to
be delayed in order to give more schools
time to reopen and to provide time for
teams to gather to build and fly whenever
their local COVID protocols permitted doing this.

Oregon Episcopal programs
their rocket pre-flight.
Photo by Jim Wilkerson.

still impressive given the year’s challenging
circumstances—not just COVID but also
the extreme drought and fire conditions
in some regions of the West that made flying impossible there. The cutoff score from
TARC 2021 qualification flights (sum of
the best two of up to three qualification
flights submitted) was 37.6, just slightly
higher than the recent average of 35. The
students who participate in TARC, and the
NAR mentors who support them, are dedicated and determined every year, and this
year really put them to the test—a test that
many passed with flying colors.

The Finals
It was clear from the beginning of
TARC 2021 that it might not be safe to
hold a national Finals for TARC 2021 like
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Starbase Louisiana
Team launches Birmingham, AL.

Starting in January 2021, the NAR began to organize what became known as a
“Distributed National Finals” for TARC
2021, a Finals run to the same procedures
simultaneously in multiple sites across the
U.S. These sites were selected based on the
geographic distribution of registered TARC
2021 teams and prior-year Finalists, and
on the availability of launch sites and range
crew from supportive host NAR sections in
each area. And it became clear by February that a postponement of the program
timeline was going to be needed in order
to give more students enough time back in
school or otherwise together to build and
fly once the winter COVID surge subsided.
On March 1, the new plan was announced:
the qualification flight submission deadline was postponed from April 4 to May
17, and the Finals would be held on a “dis-

Neuqua Valley HS
at Bong Park, WI.
Photo by Dan Wolf.

tributed” basis in ten places over the two
weekends of June 12-13 and June 19-20,
a month later than previously planned. But
unlike TARC 2020, TARC 2021 was going
to have a flying Finals, one way or another!
The 100 teams whose scores made the
cut to be invited to the TARC 2021 Finals
were notified on May 21 and got to select
which of the ten sites they wanted to go to,

Groton School at
Baldwinsville, NY.
Photo by Maria Ha.

ESTES, QUEST,
LOC, CUSTOM
Rockets • Engines • Bulk Packs
• Accessories • Parts

ROCKETILTOMETER™ 3
Attitude-based ignition control system for staging and air-starts

Disables ignition for excessive off-axis or
adversely oriented flights
Improved features, accuracy and performance over
the highly successful RTOM2
Works with any triggering device...logger optional
Actual size—1.13” (28.7mm) x 2.7” (67.6mm)
$6950 plus shipping to US or Canada
www.ROCKET-ELECTRONICS.com

Special Discounts to
NAR & Tripli Members Only
Telephone or Fax Orders
(include your member number)
Send for your free catalog
or visit us at:
Belleville Wholesale Hobby Inc.
1944 Llewellyn Road
Belleville, IL 62223-7904
www.bellevillehobby.com
www.estesrocketswholesale.com
www.questrocketswholesale.com
Call 1-618-398-3972
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and select which available day and time at
that site they wanted to use to fly. Based
on where the Finalist teams actually ended
up coming from, the distribution of teams
across the ten sites was more uneven than
expected, but every one of the 100 primary
teams that got an invitation was able to get
to one of the Finals sites and find an available time fly; no alternates were called up.
And remarkably, there were no issues with
weather at any of the ten sites; all were able
to fly on their planned days and times.
The Finals launches were run in threehour “windows,” each with no more than
4 to 8 teams on the field at a time, depending on the host section’s equipment capacity and local COVID restrictions on crowd
size. Every team was permitted to make
two flights during their launch window,
one to 775 feet and the other to 825 feet,
and their Finals score was the sum of the
two flight results. The flying and scoring
was supervised by an official NAR observer who had significant previous-year TARC
Finals experience and went through two
Zoom online meeting training sessions to
ensure consistent implementation of standardized procedures in judging and reporting flights. Flight results were reported
to TARC headquarters by this NAR observ-

Liftoff for Air Capital STEM team at Pueblo, CO.
Photo by George Shaiffer

er at the end of each day. The real story of
the TARC 2021 Finals is the overwhelming
support from every NAR section and volunteer who was asked to be part of hosting
and running one of these launches. Each of
the ten Finals sites had a key host section
person who organized the launch, an “official NAR observer,” and many supporting NAR volunteers who helped run the
launches. These sites and key volunteers
are listed in the accompanying table. They
all did the NAR proud; every NAR member
involved went above and beyond to make
sure that each student team had a fair and
equal opportunity to fly and compete for
the prizes and recognition that TARC offers.
The winners of TARC 2021 were recognized in an all-virtual event held on
June 28, with Lieutenant General Nina
Armagno, the Director of Staff of the new
U.S. Space Force, as the keynote speaker.
While TARC 2021 distributed the usual
$100,000 in cash prizes (in a slightly different manner this year as shown on the
table of results), and nominated the top
25 teams to move up to the very challenging NASA Student Launch Program next
year as usual, one usual prize could not
be awarded: the Paris Air Show for 2021
was canceled due to COVID, so the win-

36

SEPTEMBER/OCTOBER 2021

SPORT ROCKETRY

Hackleburgh HS checks in - Birmingham.

place team, from Oregon Episcopal School
in Portland, was flying in their first TARC
Finals and used an extraordinary onboard
computer control system that deployed
drag flaps to adjust altitude performance
during boost and then deployed small
powered propellers to adjust their rocket’s
descent rate under parachute. The second
place team, from Explorer Post 1010 in
Rockville, Maryland, were multi-year Finals veterans who used the classic TARC
winner’s approach: an extensive flight testing program to get their free-flying rocket’s
altitude and duration onto targets using
data-driven adjustments in launch angle,
weight, and parachute trimming based on
conditions at the time and place of launch.
The full flight results of the TARC 2021 Finals are posted on the NAR website’s TARC
page, www.nar.org/team-america/.

Photo by Vince Huegele.

ning team did not get the opportunity to
take a trip to Paris (funded by Raytheon)
to compete against the winning teams from
TARC-type programs in England, France,
Japan, and the Ukraine. That opportunity
is expected to return for TARC 2022, with
the winners going to the Farnborough
(England) Air Show.
The results of TARC 2021 showed that
there are now two paths to success in TARC:
complex onboard electronic flight-control
systems (used by a small but steadily increasing number of teams); or extensive
rigorous flight testing and data-driven adjustments of key controllable variables for
free-flying models. There are no easy paths
that do not require mastering one or the
other type of engineering skills. That is the
point of TARC—it is a challenge. This year
the first and second place teams were separated by 0.3 points in score, the closest finish in the history of the program. The first

We Need Your Help:

NAR

Help Us Find Our
Missing NAR Sections.

The NAR is tracking down every section that has existed since our organization began. We have tracked down
100’s of sections. However, some of the information—
even the name—of a few sections, has been lost over the
course of time. The following is a list of section numbers:
151
441
662
414
476
684
417
484
685
418
514
697
419
521
709
420
525
713
421
553
786
429
591
432
652
If you have information on the NAR sections listed above,
contact Section Activities chairman Chuck Neff at:
sections@nar.org.
SPORT ROCKETRY SEPTEMBER/OCTOBER 2021

37

ARA Press

The Spaceship Enthusiasts’
One-Stop Data Shop!

Dyna-Soar : Its History,
Military Missions and
Legacy to the X-37B
Now Available
for Pre-order!

Five years in the making by Air
Force historian Dr. Roy Houchin,
with full access to all official
documents, this will be the definitive
work on the program for some time
to come.

Ships late March

TARC 2021 National Awards
Award
Best First Time Finalist
Best in Pasco, WA
Best in The Plains, VA
Best in Dayton, OH
Best in Lucerne Dry Lake, CA
Best in Birmingham, AL
Best in Rockdale, TX
Best in Baldwinsville, NY
Best in Brighton, WI
Best in Pueblo, CO
Best in West Palm Beach, FL
Marketing Competition 1st
Marketing Competition 2nd
Presentation Competition 1st
Presentation Competition 2nd
Presentation Best
First Time Team

Team #
20-6057
20-6057
20-6696
20-5871
20-6268
20-6353
20-6843
20-6186
21-0499
20-6330
20-6119
20-6938
20-6057
20-6302
20-6040
20-6302

School/Group Name
Oregon Episcopal School
Oregon Episcopal School
Explorer Post 1010
Webster City High School
Mathmania Robotics
Russellville City Schools
Sherman High School
The Lawrenceville School
Madison West High School
Air Capital STEM Club
St. Croix STEM Academy
Marquette High School
Oregon Episcopal School
Northville High School
International Community School
Northville High School

Other
Competitions

•
•
•
•

Foreword by Dyna-Soar Pilot Al Crews

•
•

Appendix - The Modeling World

•

Dimensioned Drawings of the DynaSoar and Boosters.

•
•

215 Pages, 80 lb. coated stock

PART I - THE DYNA-SOAR PROGRAM
PART II - THE DYNA-SOAR VEHICLE
Glossary of Acronyms and Program
Names

Hundreds of photographs and illustrations, most in color

Smythe-sewn Hardcover binding

Only $39.95! (plus shipping)
Please visit our website to order
on-line.
Credit Cards and PayPal accepted.
Call or write “info@arapress.com”
for shipping options.
Sales Tax added for CA orders

ARA Press

785 Jefferson Ave.
Livermore, CA 94550
(925) 583-5126
www.arapress.com
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There was more to the competition in
TARC 2021 than just flying; there were
three other events that provided an opportunity to learn and win for teams, independently of whether they attended the
flying Finals. These competitions were
implemented in TARC 2020 where in the
absence of flying they were the only events
available, but they worked so well that
they were continued in TARC 2021.
The
Presentation
Competition,
described on the TARC website at
www.rocketcontest.org/presentationcompetition/ challenged teams to explain
the technical details of their design-buildfly process for TARC in 20 slides with
speaker notes. The top five based on preliminary judging against a set of specific
criteria were then invited to do a live (online) 15-minute presentation followed by
a 10-minute question and answer session
with an NAR judging panel in late May,
before the Finals. This is a much more
demanding version of the very short presentations that only teams flying in the Finals were given the opportunity to do in
TARC 2019 and prior. These presentations
gave teams the opportunity to explain in
technical detail how they approached the
TARC challenge, and they were impressive. The winning entry of the 37 submitted was from Northville (Michigan) High
School. These first-time TARC participants
demonstrated a truly remarkable level of
understanding of all the variables affecting

SPORT ROCKETRY

City
State
Portland
OR
Portland
OR
Rockville
MD
Webster City IA
Mission Viejo CA
Russellville AL
Sherman TX
Lawrenceville NJ
Madison
WI
Wichita
KS
Kingshill USVI
Chesterfield MO
Portland
OR
Northville MI
Kirkland
WA
Northville MI

Prize
$2,500
$1,000
$1,000
$1,000
$1,000
$1,000
$1,000
$1,000
$1,000
$1,000
$1,000
$3,000
$1,500
$3,000
$1,500
$500

TARC rocket flight performance and how
to take data and use it to adjust for all those
variables to converge on the performance
targets. Their presentation is posted at the
bottom of the NAR website TARC page.
The Marketing Competition, described on the TARC website at www.
rocketcontest.org/marketing-competition/

The TARC 2022
Challenge
•

•

•

•
•

•

Payload is two eggs, 56 to 59
millimeters long, that must be
carried “sideways” inside the
rocket (so T-70 tubes will not
work for holding the eggs)
Flight target for qualification is
835 feet altitude and a duration of
41-44 seconds (Finals target will
be 25 feet higher or lower)
Rocket must use body tubes of
two different diameters, one
containing the eggs and one
containing the motor(s), each
150 millimeters or more long
Recovery may be by any safe
means, with all parts of the rocket
returning connected together
Rocket must be at least
650 millimeters long, weigh
no more than 650 grams at liftoff,
and use a single stage
Limited to 80 N-sec of installed
total impulse of model rocket
motors from the list of approved
TARC motors

challenged teams to create two-minute
promotional videos to show their work
and to help get others excited about rocketry, STEM, and aerospace. These were
evaluated by a panel of aerospace industry professionals on the basis of strength
of message, creativity, and video editing
and technical skills, with bonus points
for outreach efforts. The winning entry of
the 21 submitted was from the “Astral Orbit” team from Marquette High School in
Chesterfield, Missouri. You can watch their
fun video on YouTube at: https://www.
youtube.com/watch?v=87ep7FlOuu8.
The final event of TARC 2021 is the
Kerbal Rocketry Challenge, which runs
from mid-July to mid-August and keeps
TARC teams engaged over the summer
while they wait for TARC 2022 to start. It
was extremely popular during TARC 2020
when nobody could fly real rockets! Those
TARC 2021 teams who choose to enter this

event get a free copy of the aerospace video
game “Kerbal Space Program.” Working
virtually in this program, the teams take
on the role of managers of a newly commissioned aerospace firm that is tasked
with a special mission to create a self-sustaining Moon base complete with housing for astronauts and a resource production module. There are many criteria for
judging success, described on the TARC
website
at
www.rocketcontest.org/
the-kerbal-rocketry-challenge/. As of the
time this article is written, this event is still
underway and the winners of the $4,500
in prizes have not yet been chosen.

The Road Ahead
The rules for TARC 2022 have been released and both students and NAR mentors are looking forward to what we hope

will be the opportunity to return to a “normal” year with in-person mentoring, lots
of flying, and a single National Finals event
back at the beautiful Great Meadow venue
in The Plains, Virginia. Because of the extraordinary dedication of the NAR’s volunteers and the financial support of the nation’s aerospace industry through our AIA
partners, TARC has done great things for
the NAR and for the future of the U.S. aerospace workforce. The program received yet
another national recognition this year for
its sustained achievements in motivating
young people: The Spirit of Flight Award
from the National Aviation Hall of Fame. If
you would like to be involved as a mentor
working with school TARC teams in your
area, please contact me at ahbarber@alum.
mit.edu. It is all about “paying forward,”
and TARC is the most successful program
for doing this in the NAR’s history.

TARC 2021 National Finals Results
					
Team # School/Group Name
City
State Launch Site
1 20-6057 Oregon Episcopal School
Portland
OR
Pasco
2 20-6696 Explorer Post 1010
Rockville
MD
The Plains
3 20-5871 Webster City High School
Webster City IA
Dayton
4 20-6268 Mathmania Robotics
Mission Viejo CA
Lucerne
5 20-6353 Russellville City Schools
Russellville AL
Birmingham
6 20-6843 Sherman High School
Sherman
TX
Rockdale
6 21-0623 American Youth Soccer
Granada Hills CA
Lucerne
		
Organization Region 174
8 20-6206 Wise Camps
Bellevue
WA
Pasco
9 20-5963 Tharptown High School
Russellville AL
Birmingham
10 20-6750 Young Engineers in Action
Cerritos
CA
Lucerne

Final		
Score Prize
7.70
$21,000
8.00
$16,000
11.86
$13,500
16.66
$11,000
23.60
$8,500
24.00		
24.00		

Flight 1
Score
1.00
3.00
0.00
7.66
21.00
6.00
9.00

Time
40.825
40.410
40.910
43.165
40.380
39.220
41.610

		
Alt.
776
778
775
772
796
769
784

Flight 2
Score Time
6.70 39.825
5.00 42.285
11.86 40.035
9.00 43.220
2.60 44.650
18.00 41.825
15.00 43.685

Alt.
823
830
833
834
825
807
840

24.42		
25.56		
26.38		

13.00
4.74
21.00

41.210
38.315
40.825

762
773
796

11.42
20.82
5.38

826
841
830

46.605
39.795
40.905

TARC 2021 Launch Sites
Launch Site Location
State
Birmingham
AL
Lucerne Dry Lake
CA
			
Pueblo (Hudson Ranch)
CO
			
West Palm Beach
FL
			
Baldwinsville
NY
Dayton (USAF Museum)
OH
Rockdale
TX
The Plains
VA
(Great Meadow)		
Pasco
WA
Brighton (Bong Park)
WI
			

Host Section
Birmingham Rocket Boys
Rocketry Organization
of California
Southern Colorado Organization
of Rocket Enthusiasts
Florida Spacemodeling
Association
Syracuse Rocket Club
Wright Stuff Rocketeers
Austin Area Rocketry Group
Northern Virginia Association
of Rocketry
Tri-City Rocketeers
Wisconsin Organization
of Space Hobbyists

Launch Dirctor
Ronald Dunn
Gary Schneider

NAR TARC Observer
Fred Kepner
Chris Flanigan

Number of Teams
10
9

Max Exline

George Shaiffer

1

Rick Boyette

Andy Jackson

2

Scott Sellers
Scott Hala
James Duffy
Adam Martin

Tom Ha
Randy Boadway
Harold Larson
Trip Barber

6
18
16
20

Dave King
Dan Wolf

Jim Wilkerson
Mark Bundick

10
8
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