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FOREWORD

This report presents a summarization of the work that was
accomplished on the Wing-Tip Coupling Program known as Project
Tom-Tom. This project was authorized under Contract AF33(600)-
23415 in July, 1953, with Convair-Fort Worth, a Division of
General Dynamics Corporation, Fort Worth, Texas, acting as prime
contractor. Thieblot Aircra-ft Company of Bethesda, Maryland, as
subcontractor to Convair-Fort Worth, was awarded a contract for
the engineering study, design, and development of the wing-tip
coupling system by Letter Contract Convair Purchase Order No.
198168D.

Air Force technical direction and guidance was under the
auspices of the Wright Air Development Center of Wright-Patterson
Air Force Base. The following personnel contributed to this
portion of the program:

Hr. B. A. Hohmann, WCLSR-4, Chief, Flight
Development Section,
Aircraft Laboratory

Lt. Ronald Tyre, WCLSR-4, Project Engineer, Tom-Tom
Flight Development
Section, Aircraft Laboratory

Mr. Robert J. Woodcock, WCLCU, Stability and Control
Project Engineer,
Flight Control Laboratory

Mr. C. B. Westbrook, WCLCM, Chief, Aeromechanics
Branch, Flight Control
Laboratory

The work under this project was atomplished in two parts
during the period from July, lP53, to September, 1956.

Part I consisted of the study and design of the wing-tip
coupling system. The study included wind tunnel tests. Part I
work was accomplished by Thieblot Aircraft Company with Convair-
Fort Worth monitoring and assisting as necessary.

Part II consisted of the fabrication and installation of the
wing-tip coupling system, ground testing, and flight testing. This

iii
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yportion of the work was accomplished by Convair-Fort Worth with
Thieblot Aircraft Company providing liaison during fabrication
and installation of the coupling mechanism.

This document is classified SCRITr, since the information
relative to this progra may be of use in the development of
future weapon systems.

Iv
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INTRODUCT ION

The principle of wing-tip coupling, whereby a small airc-a.
is towed from the wing tips of a larger aircraft, is not new.
First recorded experiments were in Germany in 1944-45. In 1949
and 1950, the Wright Air Development Center at Wright-Patterson
Air Force Base developed and tested a system in which a Q-14
aircraft was towed on one wing tip of a C-47 aircraft. During
the period 1949-1953, a second Air Force project was carried out
by the Republic Aviation Corporation to develop and test a system
for towing two straight-wing F-84F aircraft on the wing tips of a
B-29 aircraft. Results of these two programs indicated that three
basic problems existed:

1. Automatic control of the towed aircraft

2. Coupling in turbulent air

3. A quick, positive release triggered by a pre-
determined angle of towed aircraft roll.

These two programs demonstrated that the solution of these
problems would make the wing-tip concept feasible and safe.

The advantages of such a system are obvious. The range of the
towed aircraft, for strike purposes or reconnaissance purposes, is
increased enormously. Moreover, this range increase is obtained
at but slight expense to the carrier range because the increase in
wing aspect ratio of the composite configuration reduces induced
drag below that for the carrier alone.

Project Tom-Tom was initiated to provide a weapon system for
existing requirements of the Strategic Air Command. The need
existed for a maneuverable fighter aircraft capable of long-range
operations for either bombing or reconnaissance purposes. The
Tom-Tom project, consisting of a B-36 carrier and two RI-84F
parasite fighters was felt to be one answer to this need. The
mission radius of the composte weapon system would be considerably
greater than that of the B-36 alone. Furthermore, it would permit
simultaneous attack on two targets, and provide maximum safety for
the B-36 carrier by allowing it to remain outsidt the combat zone.-
An additional potential advantage of Tom-Tom was the possibility
of combining it with the Ficon System.* This would have allowed

*The Ficon system was an RB-36/RF-84 composite wherein one RF-84
made in-flight attachments and detachments to the RB-36 by means
of an extended trapeze. For towing, the trapeze was retracted
permitting partial enclosure of the fighter in the bomber fuselage.
(See Convair reports ?ZS-M3-308 and rZA-3-308
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the D-36 to tow three airplanes and would also have permitted
fatigue relief for the wing-tip airplane pilots by allowing
them access to the B-36 through aircraft rotation.

In November, 1954, the Strategic Air Command's requirement
for this type of a system was cancelled because of the produc-
tion status of newer type aircraft. The Tom-Tom project wast
however, carried on from this point as a research and development
type program to further explore and develop the wing-tip coupling
concept. It was considered that the information obtained from
such a program would be helpful in future programs involving a
floating wing-tip design.

In the interest of starting flight testing as early as
possible, it was planned that the flight test program be accom-
plished in two phases. Phase I was to cover the flight testing
of a single RF-847 on one wing tip of a 8-36 with the minimum
hardware required to accomplish rotrieving, towing, and launching.
Phase II was to cover the flight testing of the complete system
with two RF-84Fs and all hardware complete, including all utilities
such as fuel transfer, heating and pressurization, electrical power
supply, night lighting provisions, etc. Arrangements were made to
modify and use RB-36F airplane serial No. 49-2707, although the
original production program was based on modification of RB-360
model airplanes.

The program proceeded according to plan through flight No.
18 of Phase I flight testing. An incident which occurred on
flight No. 18 ie4 to a re-evaluation of the remaining portion of
the program with the result that the program was terminated. It
was decided that the additional data that could be obtained would
not justify the continuation of the program considering the cost,
time, and risk involved.

The complete analysis of the flight data obtained from all
flights, including flight No. 18, was not finished until some
months after the decision to discontinue flight testing had been
made. This analysis indicated that the decision had been wise
inasmuch as the single-fighter configuration exhibited neutral
stability at the highest test flight speed (219 mph, IAS).
Since wind tunnel tests had demonstrated that the two-fighter
configuration reached instability speed much sooner than the
single-fighter configuration (possibly 35 mph sooner), it seems
obvious that the Tom-Tom system as it existed could not have
been made operational. It seems highly likely in view of the
data and conclusions presented in the stability analysis (FZA-272,
13 September 1957), that the decision to terminate the flight test

vi
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progras would have been made before flight test speeds had
advanced another 10 to 20 mph.. Such speeds would not be
acceptable, operationally. It would seem, therefore, that
the only real loss suffered by the termination of the project
was the disappointment experienced at the time of the decision
by those who had labored so long and diligently on the project.

It4 £t t the skewed-axis concept has been demonstrated
as a satisfactory solution to the wing-tip coupling stability
problem. Many factors contributed to the marginal design in the
Tomb-Tom program. However, it is believed that the analytical
approach to the stability problem on this program has been
verified. This verification plus the many practical problems
overcome on the program should permit, by intelligent applica-
tion of the knowledge gained, many improvements in future wing-
tip coupling projects with a much greater likelihood of success.
It would seen that the greatest gain from the program has been
the verification of the skewed-axis concept and the development
of a satisfactory analytical approach to the stability of such
a system.

lii
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BACKGROUND

The first record of an attempted wing-tip coupling is that
performed in Germany at the DFS-Glider Research Station (Deutsche
Forschungs - Anstalt Fuer Sigelflug) in 1944-1945. Two KL35 light
airplanes of equal size were coupled in flight, wing-tip to wing-
tip. The two aircraft were loosely joined wing-tip to wing-tip
with a long rope which pormitted routine take-off. After climbing
to a safe altitude the rope was pulled in by one of the planes
until the two joints at the wing tips not and locked into place.
The airplanes were then able to fly in wide circles, change alti-
tudo, etc. Both pilots experienced changing load distributions
around the longitudinal axis. It was found that these could be
equalized and flying the coupled aircraft Otd not present any
special difficulties. However, the project was not further explored
by the Gorman Air Ministry, apparently from lack of interest.

In 1949 and 1950, the Wright Air Development Center carried
out a project to investigate the feasibility, general handling
characteristics, and technique of wing-tip to wing-tip coupled
flight of two airplanes. A device for coupling a C-47A and
Q-14B wing-tip to wing-tip was designed and flight tested by the
Aircraft Laboratory at Wright-Patterson Air Force Base with the
assistance of the Exporimental Fabrication Laboratory and the
Flight Test Division. The coupling mochanism was made as simple
as possible by using a single ball joint attachment mechanism,
allowing throe degrees of rotation. This consisted of a stool
coupling ring welded to the a D-ring" of a glider tow release
mounted on the C-47A wing-tip and a stel lance attached to the
wing-tip of the Q-14B. The coupling technique required the
positioning of the Q-14B wing-tip lance just ahead of the C-47A
wing-tip ring. The Q-14B pilot then reduced throttle permitting
the lance to enter the ring and lock in the single-point attach-
ment. A release cable was routed from the tow release through
the wing and into the fuselage whore it joined the release cable
of the tail glider tow release. The coupling lance was designed
so that the Q-14B airplane could rotate 22 degrees in pitch, 22
degrees in yaw, and be unrestricted in bank while coupled to the
wing of the C-47A airplane. An ongaging dog* in the ring caused
rotation of the lance when the relative bank angle between the two
aircraft changed. This actuated limit microswitchos which in
turn actuated the elevator servo trim motor on the Q-14B providing
automatic roll stabilization. A type A-4 remote flight control
autopilot was used in the Q-14B which made possible automatic
control of the aircraft for lateral, longitudinal, and diroc-
tiomal distrbamnces, maintaining the attitude fixed by remote
control or by the human pilot. Wing-tip lights were also installed
for night flying.

1
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Initial attempts at in-flight coupling were first attempted
18 August 1949. Between that time and 3 May 1950 thirty-five
flights were made, including two night flights.

As the result of these flight tests, it was concluded that
wing-tip to wing-tip coupling of two aircraft was feasible and
should be further investigated. Reference 30 gives a more
detailed account of the Wright Air Development Center project.

A contract was awarded to the Republic Aviation Corporation
in June, 1949, for the development and evaluation of in-flight
towing of 7-84 airplanes on the wing tips of a B-29 bomber. This
program was for the purpose of further investigation of the wing-
tip coupling concept developed by WADC. Modification of the 5-29
and F-84 airplanes was preceded by stability and performance studies
(Reference 39). These studies showed the system was feasible but
was a highly divergent unstable system and required a means of
controlling the airplane in towed flight. The first system
designed consisted of a two-point suspension system, wherein the
F-84 was locked to the B-29 wing at fore-and-aft locationm6 per-
mitting the F-84 to rotate about the roll axis only (Reference 40).
Between 21 July 1950 and 20 October 1950, thirteen flights were
monitored by Republic (Reference 36). Additional flights were made
by the USAF to evaluate different coupling methods and night coupling.
However, the two-point suspension system had several deficiencies
and the coupling technique was difficult. At the request of the
USAF, the towing system was redesigned to include an automatic
control systad. The automatic control system was subcontracted
to the Westinghouse Corporation. Redesign of the B-29 towing
equipment consisted of the installation of a rear latch that
restrained the 7-84 in yaw only, permitting freedom in pitch
and roll, and a retracting electrical wing-tip interconnector to
provide electrical power from the B-29 to the P-84 for the auto-
pilot system and auxiliary equipment. Basic redesign of the F-84
consisted of installation of irreversible boost systems in the
elevator and aileron control systems, and installation of the
autoflight control system. After considerable checking and ground
testing the first towed flight with this configuration was con-
ducted on 18 March 1953 (Reference 35). Five flights were con-
ducted with this system, the last being on 24 April 1953, at
which time an accident occurred after the aircraft were coupled
and locked into position and the automatic flight control system
was engaged (Reference 34 ). The 7-84 airplane rolled up violently
and continued on over, coming down on the wing of the 5-2. moth
aircraft and their crews were lost. Malfunction of the automatic
flight control system was presumed to be the specific cause of this
accident. The wing-tip coupling program was terminated after this
accident.

2
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These two programs demonstrated that small aircraft could
be towed on the wings of a larger aircraft and that further investi-
gation of this concept was justified. The major difficulty
appeared to be in the control and stability of the towed air-
craft. Convair-Fort Worth was invited on 27 August 1952 to sub-
nit a proposal for a two-phase program in which a B-36 and two
F-84 airplanes would be used for the coupled aircraft configura-
tion.

3
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GVEq!RAL HISTORY AND SUMMARY

Convair was first officially invited to participate in
what was later known as the "Tom-Tow" project by Air Force
letter dated 27 August 1952. Convair's preliminary proposal
submitted 16 January 1953 was withdrawn on 13 February 1953
because in the interim an increased work load in Convair's
Technical Design Section on previously committed programs made
accomplishment of the engineering task impossible.

After receipt of Convair's withdrawal letter AMC advised
Convair that the Thieblot Aircraft Company had the capabilities
for accomplishing all engineering work in connection with the
project. In view of AMC's recommendation, Convair stated a
willingness to participate in the program and a new proposal was
submitted on 2 June 1953. This proposal was based on Thieblot's
acting as subcontractor to Convair for all engineering and
Convair accomplishing the fabrication, modification, ground

* testing, and flight testing. Convair, as prime contractor, had
the responsibility for monitoring and approving the Thieblot
design.

10 Letter Contract AF33(600)-23415 was accepted by Convair on
10 July 1953 officially starting work on the Tom-Tom project.
Thieblot Aircraft Company signed their subcontract with Convair
on 28 July 1953.

Prior to the actual signing of the contracts, WADC held a
meeting at Wright-Patterson Air Force Base on 6-7 July 1953 to
brief both Convair and Thieblot on the history of wing-tip-towing
projects in preparation for the start of work on the Too-Tom
project. The need for safety considerations was stressed by
WADC personnel in view of the accident which occurred on the
Republic B-29/F-84Z wing-tip coupling project.

On the basis of the 28 July 1953 go-ahead to Thieblot, the
initial drawing releases were scheduled for 1 February 1954, with
final releases on 1 September 1954. Based on this schedule,
Convair was to start flight testing on 1 February 1955.

Preliminary design studies accomplished by Thieblot during
the period from go-ahead to 1 November 1953, revealed no now
concepts or approaches to the problem of towing fighter-type

* airplanes on the wing-tips of a bomber airplane. This somewhat
unsatisfactory situation, plus Thieblot's apparent slow progress
on the stability and control analyses to support the preliminary

5
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design effort, caused Convair to initiate some studies independ-
ent of Thieblot's. The result of Convair's work showed a skewed-
axis* arrangement to be very promising. A preliminary stability
investigation report (MR-A-329) was prepared by Convair and sub-
mitted to Thieblot on 27 October 1953, with the request that the
skewed-axis arrangement be studied as a possible answer to a now
and better approach to the wing-tip coupling problem. It appeared,
from the limited study made by Convair, that an arrangement with
only freedom of rotation about an axis skewed front end outboard
of the direction of flight would provide an inherently dynamically
stable system. The basic coupling arrangement that was being
studied by Thieblot provided the attached fighter with freedom
in pitch and roll. This arrangement was known from previous
programs to provide a dynamically unstable system for fully
coupled flight and required constant corrections, eitLer by the
pilot or an automatic flight control system. The arrangement
proposed by Convair permitted only fighter freedom in roll about
the skewed axis at the wing tip.

A review of Thieb~ot's stability work was hold at Fort Worth
on 18-19 November 19500, at which time an evaluation was made of
the over-all analytical program in order to insure that the objec-
tives to be attained were compatible with the design schedules
for the project. Flutter aspects of the coupled configuration
were also discussed. It was agreed that classical flutter was
not a problem on this installation because the frequencies in-
volved were not high enough to require the use of non-stationary
aerodynamic terms in the stability analysis. It was agreed that
the problem was one of dynamic stability.

On 23 November 1953, at the request of WADC, Convair and
Thieblot representatives made a joiht presentation to WADC to
acquaint concerned personnel with the program.

In an effort to expedite the stability and control investi-
gations leading up to the point where a selection of the coupling
configuration could be made, Convair assumed the task of studying
the skewed-axis arrangement to determine the merits of this system
while Thieblot was asked to continue its work on the free-in-pitch-
and-roll system to obtain comparable information. Plans were made
to compare the results of these studies and select the most
desirable system for further detailed study by Thieblot. Pre-
liminary design study was to continue on both arrangements by
Thieblot so that design probleas, as well as the stability
problems, could be evaluated for both systems.

*See page 75 for a sketch defining 'skewed-axis".

6
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A conference was held at WADC on 14 January 1954 to pre-
mntthe flutter picture of the coupled aircraft to concerned
WIAC personnel. At this meeting Convair pointed out that
classical flutter was not a problem. The low frequencies in-
volved made the problem one of dynamic stability. It was agreed
that no further flutter work would be done but WADC requested
that model tests be conducted to evaluate the stability of the
configuration. This conference assumed that the final coupling
arrangement should provide an inherently stLble system and was
slanted toward the selection of the skewed-axis arrangement. It
was agreed that if inherent stability werenot obtained, the
proposed model tests would be very complicated and, probably,
not practical.

On 10, 11, and 12 February 1954, Thieblot and Convair
personnel hold a series of meetings to review the stability
and control work accomplished by Thieblot and Convair. The
purpose of the conferences was to evaluate and select a basic
coupling arrangement. More specifically, a comparison of
Thleblot's work on the fighter free-in-pitch-and-roll system
and Convair's work on the skewed-axis system was made. In
connection with the stability and control work review, the design,
structural, and dynamic model testing aspects of the project were
also discussed. As a result of the review, Convair and Thieblot
mutually agreed that work should proceed on design and study of
the skewed-axis system since the comparison studies showed it to
have definite advantages over the system which is free in pitch
and roll. The primary reason for selecting the skewed-axis over
the free-in-pitch-and-roll system was to obtain a system which,
it appeared, could be made inherently stable in the cruise-
coupled configuration. Among other corollary advantages the
skewed-axis promised probable elimination of a complex automatic
flight control system.

The decision to go to the skewed-axis arrangement was reviewed
with WADC personnel at Wright-Patterson Air Force Base on 18 Febru-
ary 1954. WADC concurred with the decision to go to the skewed-
axis system.

As the coupling mechanism layouts developed, it became
apparent that proximity flight testing of the fighter to the wing
of the B-36 with mock-up type mechanism installed was desirable
to explore the problems of fighter approach, effects of wing-tip
vortices, flying in position for initial contact, and effects of
turbulence. VADC, in February 1954, requested Convair to include
these proximity flights in the Tom-Tom program.

7
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Since the success of the project was to a large part depend-
ent on a thorough stability and control analysis, WAC awarded
Contract AF33(600)-2476 to the J. B. Rea Company to make an
independent theoretical study of the stability of wing-tip-
coupled aircraft early in 1954. The objective of the study was
to investigate the general case of stability for wing-tip coupled
aircraft and then to make a specific analysis for the 31-84F
coupled to the wing of the B-36. Results of this study were
published in J. B. Rea report, "Theoretical Study of the Stability
of Wing-Tip Coupled Aircraft, " dated 28 December 1954 (Reference
41).

Static force model wind tunnel tests were conducted in the
Massie Memorial Wind Tunnel at Wright-Patterson Air Force Base
during January and early February, 1954. The Thioblot Aircraft
Company designed and constructed two 1/26-scale F-84F models and
modified a Convair 1/26-scale B-36 for the tests. The purpose
of those tests was to determine the position of the F-84F in
relation to the B-36, giving the best aerodynamic characteristics
for the composite configuration. In addition, the tests were to
provide data on loads at the attachment points of the F-84F to
the B-36 mechanism.

On 13 and 14 May 1954, representatives of Thieblot and
Convair presented to WADC personnel a review of the engineering
work accomplished and discussed the various phases of the work
with concerned WADC Laboratory personnel.

By the middle of May, 1954, Thieblot's rate of progress on
the stability and control work pointed to a need for bolstering
this phase of the engineering effort. The complex nature of the
stability analysis and Thieblot's lack of experience with this
type of problem made necessary Convair's direct participation in
this work. Agreement was reached on 9 July 1954 in a conference
at Thieblot that Thieblot's stability and control personnel would
move to Convair-Fort. Worth for a period of two or three months to
accomplish critical stability and control work under the direc-
tion of Convair's Aerophysics Section.

Since it had been decided by the Air Force that Convair
pilots would fly the fighters and the 5-36 during flight testing
of the prototype, Convair pilots wore to be chocked out in the
C-47/Q-14 prior to flying the proximity flights. Convair pilots
could thus become familiar with wing-tip coupling techniques and
procedures. It would also permit them to compare the 19-36/31-84F
system with the C-47/Q-14 system during the proximity flight tests.
These check-out flights were made in June, 1954. Two Convair
pilots were chocked out in the Q-14 and were able to make success-
ful couplings without difficulty.
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Convair submitted a coat proposal for the dynamic model
testing program on 11 August 1954. The test program was pro-
posed in two parts. The first part ionsisted of seni-span
tests to be accomplished at David Taylor Model Basin. The
second part consisted of a test on the complete model configura-
tion for final proof that the selected arrangement was stable.
This full-span testing was to i- accomplished at the NACA Langley
Air Force Base 19-foot pressure tunnel.

As a result of the problems encountered in accomplishing
the engineering work, it became obvious that a delay in the
start of flight testing would result. Rescheduling was not
attempted at this time, however, since Convair wanted time to
evaluate the stability ^nd control work in order to better set
a schedule.

The design, fabrication, and installation of the mock-up
coupling mechanism on the left-hand wing tip of RD-36F No. 49-2707
and on the right-hand wing tip of RF-84F airplane No. 51-1848
was completed in August, 1954. The first proximity flight was
held on 26 August 1954, the second on 27 August 1954, and the
third and last on 29 August 1954. The purpose of the proximity
flights was to qualitatively evaluate effects of drag due to the
coupling mechanism, approach paths to the coupling boom, effects
of B-36 wing-tip vortex, effects of turbulence created by the
coupling mock-up, effects of the 3-36 propellers, and the
feasibility of establishing contact. Results of the proximity
flight tests showed RF-84F approach and flight in proximity to
the RB-36 mechanism to be such that contacts and couplings to
the RB-36 mechanism were considered feasible.

The dynamic model wind tunnel tests of the 1/25-scale B-36J*
semi-span cantilevered wing with a 1/25-scale RF-84F fighter
attached at the wing tip were run at the David Taylor Model
Basin during the period of 6-27 October 1954. The purpose of
semi-span dynamic model wind tunnel tests was to determine the
effects of various design and physical parameters on the dynamic
stability of the coupled composite configuration. The results
showed the skewed-axis to be stable over a range of skew-angles.
The data was used in the design, until such time as the full-span
model test results could be obtained.

During October, 1954, Convair issued a new schedule for the
first flight. This schedule was based on completion of all
engineering by Thieblot on 1 February 1955. This schedule
called for flight testing to begin on 21 September 1955.

*The B-36J model was used because of availabill-.
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During October, 1954t Thieblot completed the operating
mock-up which was used for demonstration purposes at the Air
Force Development Znginooring Inspection (DII) held 16 and 17
November 1954. Representatives of Hdq USAF, Hdq ARDC, WADCO
Thieblot, and Convair participated in the inspection. Some 34
'Requests for Alterations" (FAs) were written, 21 of which re-
quired action by the Air Force Board. At the DZI it was announced
by the Air Force that the Tomp-ToN project was now strictly research
and development, since the Strategic Air Command's requirement
for such a system had been cancelled.

Following the DII, Thioblot advised Convair they were in an
overrun condition and would need additional funds to complete their
work. Convair immediately Ltarted plans for an Investigation of
all phases of Thioblot's work on Project Tom-Tom. Arrangements
were made to make an on-the-spot review at Thieblot on 4-7 January
1955.

By the end of November, 1954, all the Thieblot stability and
control engineers who had been at Convair since August returned to
Thieblot with definite agreements on what work was to be completed,
based on the work that had been accomplished at Convair.

On 4-7 January 1955, a seven-man Convair team visited Thieblot
for the purpose of reviewing the overrun condition and evaluating
the engineering work yet to be completed. As a result of the re-
view, Convair decided to assist Thleblot by supplying engineers to
supervise the accomplishment of the remaining work. All work on
the automatic flight control system was stopped since it was felt
that enough inherent dynamic stability of the coupled aircraft
would be obtained by the skewed-axis arrangement. Thieblot
drafting methods were revised to get the maximum output with the
minimum engineering manhours. The remaining electrical design
was transferred to Convair to better expedite the completion of
this work. A new engineering schedule was prepared which showed
completion of all engineering needed for the first phase of flying
by 1 April 1955. No new schedule was prepared for the first
flight of the airplanes, since it was agreed certain hardware
would not be required for the first phase of flying. All utility
provisions such as fuel transfer, hot air and pressurization pro-
visions, and RF-84F engine closure doors were not to be tested
during the first flights. To get the flight test program started,
and in the interest of safety, it was agreed that the flight program
would be divided into two phases. The first phase would be flight
tests with one RF-84F only and with only the basic coupling mechanism
installed. The second phase would include the second 31-84? and
all utilities. With this rearrangement of the flight test program,

10
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it was felt that the first flights might be possible as scheduled
for 21 September 1955 or close enough so no reschedule was in
order. Subsequent difficulties did defer first flight date
considerably, however.

Dynamic wind tunnel tests of a 1/25-scale model B-36 with
1/25-scale model R1-84F fighters coupled at each wing tip were
run at the NACA 19-foot wind tunnel, Langley Air Force Base,
Virginia, during February and March, 1955. The purpose of
these tests was to determine the effects of various design and
physical parameters on the dynamic stability of the coupled
system with the bomber model approximating free flight as nearly
as possible. They also provided a means of substantiating and
extending the somi-span test results and investigating effects
of bomber rigid body and antisymmetric degrees of freedom. Re-
sults of these tests demonstrated that a skew-angle could be set
for which the composite configuration was stable through an
acceptable speed range.

Aside from the problem of stability when in the fully-coupled
configuration, the single-point or initial latch-on" stability
required considerable analysis and tests. On 7 July 1955, Convair
demonstrated the single-point flyability to the Air Force, using
an analog simulator. The purpose of the tests was to qualitatively
eva'uate the flyability of the RF-84F when attached at a single-
point near the fighter wing tip to the wing tip of the RB-36.
This system was simulated on an analog computer, which was inter-
connected with the Convair cockpit simulator in such a manner
that the pilot could "fly" the simulator 1on instruments" and
evaluate his capability of controlling the airplane.

As a preliminary to the RF-84F/RB-36 evaluation, the charac-
teristics of the Q-14/C-47 were simulated. As the two Convair
pilots and numerous others had flown the Q-14 while attached in
single-point to the wing of a C-47 airplane, this simulation was
made to confirm the RF-84F simulation and to provide a positive
means for the pilot's comparison.

The results of this analysis showed that the single-point-
of-attachment condition, though statically unstable, could be
controlled by the pilot at all flight conditions except perhaps
in severe turbulence.

A conference was held at Convair-Fort Worth on 8 July 1955 with
representatives of WADC, Thieblot Aircraft Company, and Convair
present to review the stability and control work. At this time
the work remaining to be accomplished by the Thieblot Aircraft
Company prior to the flight test program was definitely established.
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A decision was also made as to the reports that Thieblot
would be required to prepare and submit to WADC to complete
their work.

Modification of the RB-36Y right-hand wing tip and instal-
lation of 'he coupling mechanism had progressed to the point
where static proof load tests were started in September, 1955.
Provisions were made to apply drag loads and vertical loads to
simulate gusts on the fighter in both single-point and two-point
positions. In the first phase of the proof load tests, a
permanent buckling of the secondary structure of the trailing
edge of the wing occurred at 100 percent of the simulated ulti-
mate load. Additional reinforcement of the wing structure was
accomplished and the static proof load tests were again applied.
The tests were completed during November, 1955, with no further
difficulty. Spring constants for the RB-36 coupling mechanism
and wing measured during these tests showed approximately a 65
percent increase in chordwise bending rigidity and a 45 percent
decrease in torsional rigidity from calculated values. The
vertical bending rigidity also increased slightly. It was,
therefore, necessary to use these new values for stability and
control analysis. During this same period, static proof load
tests were completed on the RF-84F wing and coupling mechanism
w-Ithout any difficulties.

Evaluation test flights of the RF-84Y airplane, serial No.
51-1848, without wing modification or the coupling mechanism
installed, were conducted between the latter part of October,
1955, and the middle of November, 1955. A total of eleven
flights was conducted for the purpose of determining the
optimum operating condition and aircraft control configuration
for initial flight tests of the prototype composite configura-
tion. As a result of these flight tests, the optimum operating
conditions were established as 185 knots indicated airspeed,
15,000 feet altitude, 10 percent flap extension, and a stick
damper setting of 4.0. Stick break-out forces encountered were
considered in excess of desired vklues for both aileron and
stabilator, but adequate control could be maintained.

The coupling mechanism on RIF-847 airplane, serial No. 51-1849,
was completed in December, 1955, and minor adjustments were made
on both the RB-36F and RF-847 coupling mechanisms in prepara-
tion for operational ground tests.

During December, 1955, it became apparent that completion
of stability and load analyses must be expedited because of the
rapidly approaching flight date, and Thieblot Aircraft Company
was so advised.

12
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Ground operational tests were started in mid-December, 1955.
However, numerous deficiencies were found requiring a considerable
amount of redesign and rework of various components within the
coupling mechanisms. The major problem was failure of the RF-84F
aft latch to release under load. Necessary redesigns and modi-
fications of the coupling mechanism were accomplished and the
ground operational tests were completed in February, 1956.

A conference was held at Fort Worth between representatives
of WADC, Thieblot, and Convair on 17 January 1956 to again review
the stability and control work and determine what portion of this
work was mandatory prior to flight tests. As the result of the
review of this work, it was agreed that the results of the skewed-
axis analysis by Matrix equation was the key work requiring
completion before flight. At this time, it also was apparent that
the slippaf. due to the stability and control work, as well as the
difficulties encountered with the coupling mechanism during the
ground operational tests, would further delay first flight-tests.-
A realignment of the Tom-Tom program was necessary at this time
to permit accomplishment of as much flight testing as possible
with remaining funds. Work was temporarily stopped on everything
except the control and stability analyses required prior to flight
tests, and the hardware necessary to carry out the first phase
of flight testing.

Several conferences were held during the months of February
and March to expedite the stability and control work. Spring
rates on the RF-84F wing and coupling mechanism were measured
during March, 1956, to provide data needed in the stability and
control analysis. In the interest of getting flight testing
under way, Convair started a minimtm work program on stability
and control and dynamic load analysis as a check against Thieblot's
work. The Convair-Pomona Division computer facilities were made
available to the Convair-Fort Worth Division for this work.

An Aiv Force Development Engineering Safety Inspection was
held at Fort Worth 21 and 22 March 1956. There was a total of
34 ofRequests for Alterations" (RFAs) written. Twenty-four of these
required contractor action prior to first flight, but did not
constitute major changes that would delay the flight test
program.

The first flight of the Tom-Tom RF-84F airplane, serial No.
51-1849, was made on 13 April 1956. The purpose of this flight
was for shakedown of the RF-84F with the coupling mechanism
installed. It demonstrated that the handling characteristics of
the RF-84F with the coupling mechanism installed were acceptable
and very little different than the standard RF-84F.

13
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The first flight with both the RD-367 and 31-847 Tam-Tom
airplanes was made on 14 April 1956. The purpose of this flight
was for R-36Y shakedown, proximity chocks, and single-point
contacts. It was found that the prototype configuration per-
formed essentially the same as did the mock-up Inr the proximity
flight tests. Six contacts, all of short duration, were made and
it appeared that the fighter would be stable and controllable
in single-point. In making contacts, difficulty was encountered
with the R3-361 receiver head remaining tilted about the pitch
axis under aerodynamic loads. The 31-841 probe upper jaw was
slightly damaged on the last contact. The RB-36F recaiver head
spring loads about the pitch axis were increased and the damged
probe jaw was repaired.

A conference was hold at Convair-Fort Worth on 18 April 1956
to discuss flight test plans. Representatives from the USAF,
ARDC, WADC, Thieblot and Convair wore in attendance. It was
agreed that the next two flights would be devoted to further
evaluation of single-point stability and controllability. The
first of these two flights would be with both forward anti aft
latches inoperative and, if ruccosaful, the forward latch would
be made operative for the second flight. The aft latch was to
be made operative after satisfactory evaluation of couplings and
releases with the forward latch operative.

Between 24 April 1956 and 8 June 1956, there were eleven
composite flight tests made. Singlo-point and two-point couplings,
as well as releases, were evaluated during those flights.

The 31-84F was towed in the two-point position for approxi-
mately 23 minutes on flight No. 11 and 45 minutes on flight No.
12. The 31-847 appeared to be very stable during all operations.
Oscillations resulting from mild upsets induced about the fighter's
pitch axis damped out in from one to three cycles.

At the conclusion of flight No. 12 on 8 June 1956, all work
on project Tom-Tom was temporarily suspended because of depletion
of funds, except for standby maintenance of the RB-36 and the
two RF-84? aircraft.

The Air Force was interested in obtaining further stability
flight data to use for correlation with the stability calcula-
tions that had boon made. Convair was, therefore, requested to
submit a proposal covering costs and schedules to continue flight
testing and complete stability and control analyses. Convair-
Fort Worth prepared two proposals for a minimum effort flight
test program. One was for continuation of the single-fighter
flight testing and the other was for a two-fighter flight test

14

SECRET
- - -



S E C R E T

program. These proposals were submitted to AMC 23 July 1956
and discussed with WADC personnel on 24 and 25 July 1956 at
Wright.-Patterson Air Force Base.

Authorization to proceed with the two-fighter flight test
program was granted on 17 August 1956. This was for a minimum
effort program and did not include the incorporation of the
utilities coupling into the RB-36F and RF-84F mechanism for in-
flight fuel transfer, heating pressurization, electrical power
supply, etc. Provisions were included, however, for completion
of reports on tbo stability and control analysis, and correla-
tion of flight test data with wind tunnel tests. Work was
started immediately in preparing the RB-36F and RF-84F, Scirial
No. 51-1849, for further flight testing of the single-fighter
configuration. Work to complete the modification reluired for
the two-fighter configuration flight testing was also begun.

Flight testing of the single-fighter cor juration wat,
resumed on 31 August 1956. Six flights werr de between this
time and 26 September 1956 to further invest te the flight
characteristics, stability, and structural 1lads of the single
fighter Tom-Tom configuration. Successful two-point couplings
were accomplished on only two of these flights. On one of these
flights (flight No. 16) the RF-84F was towed in the two-point
position, with the yaw and pitch locks engaged, for approximately
one hour and twenty minutes. No difficulty was encountered with
control of the RI-84F and it was stable at all times. Induced
rollwise oscillations of 1 5 degrees maximum amplitude damped
out without difficulty.

The last flight, No. 18, was made on 26 September 1956.
Single-point coupling was accomplished and immediately the
RF-84F became unstable and uncontrollable. Yaw, pitch, and
roll oscillations occurred simultaneously and increased rapidly
in amplitude so that on the third cycle the RF-84F rolled up
to approximately a 20-degree wing-up attitude. The RF-84F pilot
initiated a release on the dowa-swing and release occurred at
30 to 45 degrees wing-down attitude with a considerable shudder
noticed in the RB-36 aircraft. As the RF-84F left the RB-36F,
the RB-36F receiver head assembly fell free. Whether release
was from pilot initiation or from the automatic roll release
mechanism was nevor definitely established. A safe and unevent-
ful landing was made by both aircraft. Post-flight investigation
revealed major damage to the coupling mechanism and the wing
tip structure of both the RF-84F and RB-36.

i5
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A conference was held at Convair-Fort Worth on 27 September
1956 between representatives of WADC and Convair to review the
events of flight No. 18 and establish a plan of procedure from
this point on. It wpmagreed-that nnsir-yould prepare an
engineering report covering the events of flight No. 18. This
was to include findings and deductions from a study of failed
parts and instrumentation records; data obtained thus far and
what night be gained by a continuation of the prcrram; what
changes would be necessary to continue; and Conva&r s recoamenda-
tions as to continuing the program. It was also agreed that
Convair would prepare cost and schedule estimates for repair of
the damage Incurred, and for continuation of the program. All
other work was stopped.

By letter dated 16 October 1956 Convair submitted all data
agreed to during the conference of 27 September 1956 to the Air
Materiel Command and recommended that the Tom-Tom flight test
program be terminated. Convair considered that the cost in
repairing the damaged aircraft and coupling mechanism, time
involved in carrying out the program, and risk of further inci-
dents that might occur in flight testing were not Justified by
the additional information which might be obtained.

A conference was held at Convair-Fort Worth between repre-
sentatives of Eq. USA?, ARDC, Thieblot and Convair on 20 November
1956 to consider Convair's recommendations for termination of the
Tom-Tom flight test program. After the matter had been thoroughly
discussed, Air Force perscnnel appeared to be in agreement with
Convair and indicated that they would recommend to their respec-
tive commands that Convair's proposal submitted 18 October 1956
be acted upon. No commitments were made at this time since a
final decision would be made at higher levels. However, it was
agreed that technical reports generated by Thieblot would be
reviewed to determine what additional work, if any, should be
done on these reports.

A conference was held at Thieblot Aircraft Company on
14 December 1956 between WADC, Thieblot, and Convair personnel
to review reports that had been generated by Thieblot and to
determine the final disposition of such reports. It was agreed
that the Thieblot Aircraft Company would submit reproducible
copies of their reports directly to the Air Force without further
work except for three reports that were to be authorized for
completion. The*3e were the stability and control report, static
force model winu tunnel test report, and a summary report.

16
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Authorization to proceed with work on outstanding Thieblot
and Convair reports was granted by the Air Force on 17 January
1957 since there were sufficient funds available to complete
this work. Thieblot Aircraft Company was notified of this
authorization and- work was started by both Convair and Thieb-o-t
to complete all reports.

Official termination of the flight test program was received
by Letter Termination Notice dated 28 March 1957. This terminated
the balance of the incomplete work except for preparation and
submittal of engineering reports and data, removal of instru-
mentation from the Tom-Tom aircraft, preparation and delivery of
RB-36F, serial No. 49-2707, and RF-84F aircraft, serial Nos.
51-1848 and 51-1849.

All instrumentation was removed from the three Tom-Tom air-
craft. RB-36F serial No. 49-2707 was prepared for a one-time
flight, delivered to the Air Force on 8 May 1957, and was flown
to Davis-Monthan Air Force Base, Arizona. The two RF-84F air-
planes were shipped to Hill Air Force Base, Arizona, 10 July 1957
without being returned to their original configuration in accord-
ance with Air Force instructions.

17
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A. DESIGN OBJECTIVES

The two-previous wing-tip coupling programs monitored by Wright
Air Development Center served as a basis for establishing-the re-
quirements of Project Tom-Tom. The over-all design objective was
to develop a fully operational wing-tip coupling system for towing
an RP-84F parasite aircraft on each wing of a B-36. This system
was to be such that the parasite aircraft could shut down its engine,
close its air induction system, and be automatically stabilized when
mechanically coupled to the wing tip of the B-36. In coupled flight,
the RF-84F parasite was to be supplied with cockpit heating, venti-
lation, pressurization, oxygen supply, electrical power, and refuel-
ing and defueling from the B-36 carrier. An intercommunication
system between the RF-84F and B-36 was also to be provided.

The design of a coupling mechanism for pick-up and tow of the
fighter was the first major problem to be solved. The tvo basic
objectives for this mechanism were to provide a four-foot square
target for initial contact between the two aircraft and to provide
a fully automatic release for the parasite when the roll angle
reached a preset value.

The design of the utilities couplings and de-coupling also
presented major problems. The objectives here were built around
the need for reliable and safe operations during coupling and de-
coupling in flight.

B. PRE-DESIGN STUDIES OF A COUPLING MECHANISM

The configurations studied consisted of a forward coupling
point about which the parasite aircraft would - at initial coupling -

be free in pitch, roll, and yaw. Varying degrees ot restraint at
an aft coupling point were considered. The first design efforts
considered utility couplings located at or near the forward coupling
point. Four basic configurations were studied (Reference 29).

The first configuration studied was a drum-type coupling mech-
anism. This consisted of a drum carried on a parallelogram which
was extended from the wing tip of the B-36 to provide the horizon-
tal dimonsion of the coupling target. The vertical dimension of
the coupling mechanism was provided by vertically opening type
jaws mounted on the RF-84F wing tip. The principles of this ap-
proach are shown by Figures 1 through 4 . All utility connec-
tions were through the drum-type coupling mechanism. This config-
uration was not carried past the layout study stage and no detailed
design was made.

19 Preceding Page Blank
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The second configuration studied was a mast-type coupling
mechanism. It consisted of a cylindrical mast that extended from
the wing tip of the B-36 by means of a hydraulic actuator and pro-
vided the horizontal dimension of the target. The vertical dimen-
sion for the target was again provided by vertically opening type
Jaws mounted on the RF-84F wing tip. The pitch, roll, and yaw
axes were provided by a ball joint built into the jaws. After
coupling, the mast was retracted until the parasite reached the
fully coupled position. A flexible coupling at a point close to ths
forward lock was provided for the utilities connection. Figures 5
through 6 show some of the details of the studies made on this
configuration.

A third approach to the forward mechanism was a ball-and-
socket arrangement carried on a parallelogram attached to the B-36
wing tip. This extended to form the four-foot horizontal dimension
of the target. The vertical dimension for the target was the same
vertically opening type jaws mounted on the wing tip of the RF-84F
aircraft. Initial studies considered making the utilities connec-
tion through the ball-and-socket joint. This did not appear feasi-
ble and consideration was given to making a separate connection for
the fuel adjacent to the forward coupling point. Figures 7
through 8 show details of this configuration. By this time the
requirements for a yaw lock at the aft position of the coupling
mechanism had been firmly established. This was to provide com-
plete yaw restraint but no pitch restraint. The first design con-
sidered for a rear lock consisted of a V-shaped track on the fighter
aft wing tip and an overcenter wedge lock on the B-36 wing tip.
(See Figure 8 ). The lock automatically engaged when the forward
coupling point was retracted to bring the RF-84F into the fully
coupled position. The release mechanism for the rear lock was cou-
pled to the forward lock release. Considerable study was made of
this configuration.

The fourth configuration studied was a universal-joint type
forward coupling Joint carried on a parallelogram attached to the
3-36 wing tip with an aft coupling point providing full restraint
of the fighter in pitch and yaw. In principle, the forward cou-
pling point was similar to the ball-and-socket configuration. The
forward coupling point on the bomber was mounted on axes of pitch
and roll. The yaw axis was provided on the fighter. Initially
all utilities were take- through one connector located adjacent to
the forward lock. The principles of this configuration are shown
by Figures 9 through 11. (NOTI: As the design progressed the
decision was made to locate all utility couplings aft of the rear
coupling point).

24
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The design studies had originally been based on a fore-and-aft
binge line. However, fairly early in this portion of the work
Convair con$.ucted preliminary investigations based on predicted
flexibility characteristics of the B-36, the coupling mechanism,
and the R-84? wing which indicated that a skewed binge line would
provide stability for the fighter without the use of automatic
controls. The basic Ideas studied by Thieblot Aircraft Company were
readily adaptable to the skewed hinge line.

As the result of the design studies by Thieblot on the four
configurations of coupling mechanism mentioned above, it was deter-
mined that the fourth approach--a universal-Joint type design--was
the most feasible. The concepts of the parallelogram on the B-36
wing tip to support the universal Joint, the vertically opening
type jaws attached to the RF-84F wing tip, and a 20-degree skewed
hinge line were firmly established as the basic configuration for
the coupling mechanism during a conference among WADC, Thiebolt,
and Convair in February 1954.

As a result of additional analyses of the skewed hinge line
concept, and semi-span wind tunnel tests conducted at the David-
Taylor Model Basin, a decision was made in November 1954 to change
the skew angle from 20 degrees to 15 degrees.

It was only during the later stages of the design studies that
a pitch lock, as well as a yaw lock, was firmly established as being
required at the aft attachment. The first design consisted of a
"puck" in one face of the wedge of the yaw lock which was forced
against the V-track by hydraulic pressure and thereby provided
pitch restraint by friction alone. For aerodynamic reasons it was
decided to locate the track on the B-36 and the wedge on the RF-84F.
However, the wedge-type design proved to be impractical and was
abandoned in favor of a T-track design. The final design Incor-
porated gear tooth on the puck and a rack gear on the track to pro-
vide a positive pitch lock (rather than depending on friction for
locking in the vertical direction). See Figure 12 for a general
view of the aft attachment area on the bomber.

In addition, it was determined that a separate utilities
connection would be located aft of the rear lock. After further
study, bringing the utilities through the forward attach point
was considered impractical.
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C. DETAIL DESIGN OF THE COUPLING MECHANISM (REFERENCE 29)

1. Forward Lock Mechanism

a. RF-84F

The forward lock mechanism on the RF-84F is shown by
Figure 13. It consists of a spool vertically oriented
at the apex of a pair of vertically opening jaws operated
by an electrical screw Jack actuator controlled by..a
switch in the R-84F cockpit. The spool position relative
to the jaws is fixed. The jaws are opened prior to cou-
pling. During coupling the spool forces the B-36 coupling
head to roll and pitch into proper alignment for engagement
to occur. This spool is the forward lock point and provides
the yaw axis for the coupling mechanism.

b. B-36

The B-36 forward attach point is shown by Figure 14.
Figures 15 and 16 show the fighter coupled to the bomber
in single-point attachment in the check-out "tower"

In Figure 14 the coupling head is shown in a before-
coupling position (however, angular relationship between
the coupling head and the bomber boom is not correct be-
cause certain pieces of the mechanism are missing in this
picture). The latching toggles articulate within the head
and one can see the space between the latches in which the
apool on the .f1.htiter Prolu-7.fln-v --',tea t .t..

to receive the _3.o, Release from the single-polat tLach-
ment is begun, first, by opening of the latching toggles and,
second, by a forward and inboard rotation of the head about
the large bolt in the center of Figure 14. The coupling
mechanism is retracted into the bomber wing-tip fairing by
the boom extend-retract actuator (which can be seen in
Figure 16 attaching to the boom at mid-length). The se-
quence of events prior to coupling is as follows:

(1) The boom is extended from the B-36 wing tip by
the boom extend-retract actuator.

(2) The coupling head is rotated forward and outboard
about the bolt in the center of Figure 14 to the
coupling position.
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Both actuators are ball-type screw jack actuators which
are contr lled from the B-36 aft scanner's position.

The coupling head can rotate about a roll axis (skewed-
ttnge axis) and about a pitch axis. These two axes inter-
sect at the mid-point of the fighter probe spool forming,
in effect, a universal joint at this point.

Retraction of the coupling head is a fast-action motion
powered by heavy springs within the large tube at the for-
ward side of the coupling parallelogram (see Figure 14).

The principal structural loads of the coupling mech-

anism are carried into the B-36 wing throughi the boom.

2. Aft Lock Mechanism

A. RF-84F

The RF-64F rear lock mechaniar is shown by Figure 1 7
It consists of a yaw lock mechanism and a pitch lock mech-
anism mounted in a carriage housing. This housing is
mounted on two arms and permits rotation about the skewed-
hinge axis. Extension and retraction are accomplished by
a screw Jack actuator, attached between one of the support
arms and the wing structure. This actuator is controlled
by the same switch in the RF-84F cockpit that controls the
probe Jaws. Mounted in parallel with the actuator is a
powerful spring which supplies the retraction powex for the
fighter rear lock when it is released either normally or
through the automatic roll release. The lock in this mech-
anism is a single-hook arrangement held in the locked po-
sition by a spring-loaded, overcenter , toggle. As the
RF-84F swings in to the B-36 at the rear point (during
retraction of the forward lock to the coupled flight po-
sition) the S--36 t-rak trip.-the togglo permitting the
hook to pass the track. The spring load closes the hook
against the inboard base of the T-track anJ resets the
toggle, thus locking the RF-84F in yaw. The surface,
bearing against the outboard face of the T-track, contains
the hydraulically actuated puck with teeth which mate with
the track rack. When hydraulic pressure is applied the
puck is extended and engages the track teeth. The RF-84F
is then locked in pitch.
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b. B-36

The rear lock provisions on the B-36 airplane consist
of an arc-shaped track, with its center at the forward
lock point, which incorporates a rack gear. The rack pro-
vides vertical restraint; yaw restraint is provided by the
track. Figure 12 shows tho installation on the B-36
airplane.

3. Utilities Coupling

The utilities coupling consists of tvo parts: a block
mounted on the RF-84F, and a carriage assembly mounted on
the B-36 (see Figure 18 ). The block on the RF-84F con-
tains connections for fuel, air, electrical power, and
interphone. It is mounted aft of the rear lock. When the
rear lock is engaged the utilities block is held in proper
position for mating with the B-36 utilities connection. A
limited angular and fore-and-aft freedom is provided.

The carriage assembly mounted on the B-36 has a utili-
ties block that mates with the block on the RF-84F. The
carriage assembly block is extended by means of A elec-
trical actuator which is shut off by a limit switcn when
full engagement with the RF-84F biock is reached. A fore-
and-aft and vertical alignment weage, as well as guide pins
incorporated in the carriage assembly block, provide for
final alignment when a connection is made. A set of springs,
which are loaded on making the connection, provides a means
for de-coupling at release.

The carriage assembly operates on a track. By means
of an electrically-powered actuator and a chain drive, the
carriage is raised and lowered through the full vertical
travel of the RF-84F rear lock when coupled to the B-36.
A coupling on the carriage enga&.s the lock housing on the
RF-84F when the carriage comes into alignment with the
RF-84F utilities block. A switch on this coupling shuts
off the vertical actuator, de-clutches it so that the
carriage will be free to follow the travel of the RF-84F
when trimmed in pitch, and energizes the actuator that
extends the carriage block.

Flexible lines and cables connect the utilities blocks
into the airplane systems.
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Although the utilities couplings were never installed
on the Tom-Tom airplanes, ground tests indicated that the
design was feasible and needed only refinements to become
operational.

4. Release Systems

The release systems received major consideration since
safety was of great concern. A total of five methods by
which release could be accomplished was incorporated in
the design. These were normal release manual release, and
squib release activated from the fighter; elect.'Ical re-
lease activated from the bomber; and roll re!ease acti-
vated automatically. All release systems were desii -
to be equally operable in either single-point or ful,- cou-
pled attachment. Release is normally made from the fv.'-y
coupled position as the single-point position is a tran-
sient position only and the RF-G1F is dynamically unstable
in such a position. The aft lock releases first and is
instantaneously followed by release of the forward lock.
The total time for complete release is less than 1/2
second. However, Convair made a number of revisions to
Thieblot's original design of the mechanism in order to
achieve this sequencing and release time.

a. Normal Release (Pneumatic)

Normal release is accomplished by actuating a
switch in the fighter cockpit which electrically opens
a valve allowing stored pneumatic pressure to extend
a riston which, through linkages, causes a plunger in
the spool of the RF-84F probe to extend. The extend-
ing plunger engages a plunger in the B-36 head and
forces it forward to trigger a spring loaded over-
center mechanism which provides force to disengage the
clutch on the head reset actuator. The head reset
actuator, being spring loaded to retract, then starts
to retract. The actuator motion drives the aft lock
tripper rail out to trigger the aft lock release aech-
anis on the RF-84F. This disengages a set of dops
which in turn disengages the clutch on the lock-roll
housing extend actuator; this allows the spring Loaded
mechanism to unlock the yaw lock and retract the mech-
anism to provide a clear path for separation at the aft
attach point. The actuator motion which drives the aft
lock tripper rail out to trigger the aft lock release
mechanism on the RF-84F also applies force to a cable
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which opens the forward latches in the bomber head
and disengages a set of dogs allowing the head posi-
tioning boom to compress. This causes the head to
retract and provide a clear path for separation at the
forward attach point.

b. Manual Release

Manual release is identical to the normal release
system except that the plunger in the fighter probe
spool is extended by a cable-conduit control mechan-
ically linked to a control handle in the RF-84F cockpit.

c. Squib Release

An emergency release is provided and consists of
three squibs: two located in te forward spool and
one in the fighter rear lock system. The two squibs
in the forward spool disengage the spool retaining
pins. The squib in the rear lock system releases a
spring-loaded cartridge which tripe the aft release
system. The three squibs are fired simultaneously by
the RF-84F pilot. A fourth squib would be required if
the utilities systems were installed on the airplanes.

d. Electrical Release from the B-36

The intent of the original Thieblot design was to
release the RF-84F by retracting the B-36 head reset
actuator electrically. Retraction of the head reset
actuator starts to open the forward latches and triggers
the aft release mechanism on the RF-84F so that the re-
mainder of the release sequence, although somewhat
slower, ig the same as for a normal release. In prac-
tice this did not prove to be entirely satisfactory.
The retraction of the head remet actuator opened the
forward latches but did not actuate the RF-84F aft
release mechanism through its complete relez3e sequence.
During flight tests several releases were made with this
system. However, this was accomplished by reducing
power on the RY-84F after the forward latches opened so
that the RF-84F coule slide aft off the rear B-36 track.
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e. Automatic Roll Release

As stated earlier in this report, a basic design
requirement was that release would occur at a preset
angle of roll. The automatic roll release was de-
signed to operate from the roll axis of the forward
trunnion and, after revisions by Convair during fabrica-
tion and installation, was made adjustable between
angles of 10 degrees and 630 degrees. Upon reaching
the preset roll angle, the release cycle is set in
rwtion by triggering the overcenter mechanism discussed
in the description of the normal release. The release
sequence is the same from that point on.

f. Reset Sequence After Reiease (Except for Squib
Release)

The B-36 latch mechanism is reset by operating a
switch on the operator's panel at the aft scanner's
position. This switch energizes the head reset actu-
ator which extends the actuator and tb'ls extends the
head, retracts the aft tripper rail, and re-engages
the locking dogs.

The RF-84F aft lock mechanism is reset by operating
a switch in the RF-84F cockpit which energizes the
clutch reset solenoid on the actuator and energizes
the actuator to extend position.

D. STRUCTURAL MODIFICATIONS (REFERENCE 29)

1. RF-84F Wing Structural Modifications

Considerable structural modification of the RF-84F wing
was necessary for installation of the wing-tip coupling mech-
anism. The forward lock point being forward of the leading
-edge cf the wing required a probe structure to support the
guide jaws and lock mechanism (see Figure 19 ). The probe
has a vertical tie to the RF-84F front spar and the vertical
component of applied loads is reacted there. The couple
loads are carried into the wing by the probe top and bottom
chords attaching to the upper and under portions of the wing.

The closing rib of the wing and adjacent wing structure
were redesigned to take the rear lock point loads. A fairing
wps provided to cover the rear lock mechanism.
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2. B-36 Wing Structural Modification

Quite extensive structural modifications were made to the
B-36 wing outer panel. (See Figure 20). Studies conducted
early in the program showed that the flexibility character-
istics of the B-36 wing would be one of the major considerations
in the stability of the coupled aircraft configuration. These
characteristics largely determined the location of the coupling
mechanism in relation to the wing torque box. A new spar was
added between the aft attachment fitting of the coupliag mch-
ania= inboard through the trailing edge to wing Bulkhead 38
(Station 1278).

This spar and covering plate stringer material furnished
additional strength but was added, primarily, to increase tor-
sional rigidity.

The B-36 wing tip was completely rebuilt to provide for
attachment of the coupling mechanism. Additional modifications
to the front and rear spars, upper and lower skin surfaces and
stringers, leading edge, trailing edge, and aileron were made.
New bulkhead assemblies replaced the original Bulkheads No. 38,
39, 40, 41, 42, and a closing bulkhead (No. 43) was incorporated.
These were major load-carrying members. Inboard of Station 1278,
the bulkheads were reinforced with the amount decreasing to a
minimum at wing Bulkhead 25 1/2 (Station 855). A wing-tip
fairing to cover the coupling mechtanism was added.

E. DESIGN MODIFICATIONS OF THE COUPL!NG MECHANISM

1. Coupling Mechanism Changes Required During Fabrication and
Installation

a. Redesign of the RF-84F roll housing so that machining
operations could be performed and to eliminate interferences.

b. Redesign of the roll-release mechanism to provide a
more positive action and to incorporate means for ad-
justing roll-release angles.

c. Incorporation of a squib release for the aft latch con-
sisting of a spring-loaded cartridge actuated by firing a
squLb.

d. Replacement of cadmium-plated steel bushings with high-
strength bronze bushing for rotating bearing surfaces.
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Many of the c..dimum plated bearings had been fabricated and
installed before this discropancy was noted. In these cases
the bearings were replaced during the ground test and flight
test program as galling occurred.

e. Numerous other discrepancies in fit were found during
assembly of the coupling mechanism. These discrepancies
consisted of interferences due to motion and inadequate
provisions for clearances in rotating joints. It appeared
that accumulative tolerances had not been taken into account
during design of the mechanism.

2. Coupling Mechanism Changes Re( ired as the Result of
Functional Ground Tests

a. Relocation of RF-84F aft latch release lever to over-
come interference with the B-36 aft rack and track.

b. Sharp corners of the B-36 aft latch rack were rounded
to prevent scoring of the RF-84F latch release levers.

c. The RF-84F aft lock inner housing was reworked to elim-
inate interference with the B-36 track.

d. Redesign of the RF-84F yaw lock switch linkage to ob-
tain satisfactory operation of the limit switch and to
eliminate interference with the B-36 track.

e. Redesign of the B-36 aft lock flag mechanism linkage so
that it would actuate the limit switch and go to the "full
up" position.

f. The size of the RF-84F fairing was increased Pnd re-
paired to give adequate space for wiring harnesses, fuel
lines, and air lines.

g. The RF-84F aft latch release roll pins failed during
operation and were replaced with solid drive pins. This
led to a replacement of roll pins with solid drive pins
at all other high-load points in the mechanism.

i. The B-36 forward latch flag mechanism was completely
redesigned to eliminate interference with the toggle action
of the forward latch which had prevented operation of the
flag. The redesigued mechanism operated satisfactorily
during ground tests, but air loads during flight tests
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caused binding in the flag pivot. Termination of flight
testing prevented this discrepancy from being completely
eliminated.

i. The B-36 fairing lower surface was cut-out and repaired
to eliminate interference with the head reset actuator.

J. The force required to operate the RF-84F manual rbieast,
was too high. This was overcome by increasing the n*'chhn-
ical advantage of the linkage and rerouting of the cable.
The release handle was also relocated to a more accessible
position.

k. A plate was added to the arm of the pneumatic release
arm to insure actuation of the plunger through the spool
of the RF-84F forward attach point.

1. A"momentary on"type switch was added in the RF-84F
cockpit for retraction of the RF-84F yaw lock without
closing the probe.

m, Radii were added to the edges of the B-36 forward latch
head to overcome scoring of the RF-84F probe during initial
contact.

L. Tapped holes were added to the RF-84F probe spool squib
plugs so that a bolt could be used as an extractor to re-
move the squib plugs after firing the squibs.

o. A larger spring cartridge with stronger springs was
installed to increase the spring force so that the RF-84F
aft latch mechanism would release and retract when under
load.

p. The linkage to the aft latch tripper rail on the B-36
was revised so that it would reduce the time lag between
release of the forward latch and the aft latch.

q. An external spring cartridge was added in parallel with
the head reset actuator of the B-36 to increase the un-
latching cycle spring loads and thereby reduce the release
time. The initial spring load was an integral part of the
actuator and could not be changed at this facility. Re-
corded and calculated release times showed that with a roll
rate of 25 degrees/second and the roll release set at 16
degrees the fighter could roll to 36 degrees before delay
in release would allow the fighter to be freed.
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r. The RF-84F aft latch extend and retract actuator clutch
reset mechanism was changed frca mechanical to electrical
operation. Several fixes were tried on the mechanical reset
mechanism to obtain desired reliability without any degree
if success.

s. Installation of a microswitch in the RF-84F aft latch
electrical circuit to indicate engagement of the puck. The
RF-84F "chatter" lock trim indicator switch functioned
whether the puck was engaged or not and, therefore, was not
reliable for the pilot to determine correct trim of the
RF-84F.

t. Xelocato1L of the B-36 aft cabin operator's control
panel so that the fighter airplane would be visible to the
operator while at his station.

u. Several other minor changes were made that did not re-
quire design changes.

3, Coupling Mechanism Changes Required as the Result of Flight
Testing

a. Beef-up of the RF-84F upper and lower probe jaws was
accomplished by the addition of doublers. Failure of these
jaws occurred during an attempted contact. Calculations
from strain gage data during contact showed that loads were
higher than anticipated.

b. Stronger springs were installed in the B-36 receiver
pitch positioning cartridge and a cantilever spring was
added to prevent the receiver head from failing to repo-
sition from a nose-down position because of aerodynamic
loads. The c9 tilever spring was made effective to counter-
act the nose-down tendency. The head was positioned in a
5-degree nose-up attitude as a neutral position in order to
approximate the relative angle of attack of the two airplanes.

c. Revisions to the B-36 receiver head roll-release were
made to prevent roll release from occurring during attempted
contacts. Heavier roll-centering springs were installed in
the B-36 receiver head so that the head would rotate but
not cause release until the spool of the RF-84F probe was
engaged in the receiver. However, this proved unsatisifac-
tory because on attempted contact the fighter probe would
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cause the head to rotate and the spool would tend to lodgc
in the space left between the rotated head and the boom.
The roll release was, therefore, returned to its original
configuration and a head roll lock was added. This allowed
the head approximately t 3 degrees of freedom to align with
the fighter spool. The neutral roll position of the head
wan set so that the fighter spool would be aligned with the
receiver head in flight. The fighter could now contact the
head and slide into the latches.

d. Revisions were made to the B-36 boom guide rail to over-
come -he tendency for the RF-847 probe spool to overshoot
the receiver opening in the head. The guide rail was re-
contoured Just before entrance into the receiver head. How-
ever, this change proved unsatisfactory because this made
the angle between the direction of the RF-847 movement and
the face of the boom too great and resulted in too much
resistance. Therefore, the guide rail was removed, steel
rub strips were added to the contact corners of the boom,
the gap between the receiver head and the boom was closed
with a spacer and "horns" were added to the head to in-
crease the target area (see Figure 21). It was now pcs-
ible for the fighter probe to enter directly Into the re-
ver head and achieve single-point coupling. However,

v.iot skill required to achieve coupling was excessive.
Very calm air was still a requirement. It was still utterly
impossible for the fighter probe to contact the bomber boom
and slide into the locked position. The practical target
area was approximately eight inches wide and eight inches
high.

F. RECOMMENDED COUPLING MECHANISM DESIGN CHANGES FOR FUTURE
CONS IDERAT ION

(NOTE: The first and most obvious recommendation would be to
completely re-design the entire coupling mechanisms on both air-
craft to achieve greater simplicity, reliability, and positiveness
of action. Convair found it necessary to make numerable revisions
to make the originally designed mechanisms operable. The mechanisms
as originally designed, while not without merit in the over-all
scheme, were extremely cumbersome, unreliable, and impractical.
This was felt to be largely true because of inadequate design crafts-
manship, experience, knowledge, foresight, and attention to details
on the part of the designers. The following paragraphs indicate
changes believed to be required to achieve maximum improvement in
the systems as basically designed but do not necessarily represent
Convair's recommendations for a tactical and operational design.
For a critique of the over-all project see page 147.
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FIGURE 21 VIEW OF HEAD SHOWING HORNS ADDED
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1. Refinement and Increased Capacity of the B-36 Receiver-Head
Reset Actuator and B-36 Boor 3xtend-Retract Actuator,

These two actuators and the fighter aft latch point extend
actuator were sources of continuous trouble during the flight
cest program due to failures and malfunctions requiring replace-
ments and frequent adjustments. Five of the nine actuators
needed for the program were in various stages of repair at one
time. The design requirements of the boom extend-retract actu-
ator were fundamentally contradictory since the clutch was re-
quired to slip to absoi j energy when the fighter contacteA in
single point and yet not slip when retracting the boom to the
two-point position.

2. Increased Target Area for Fighter to Accomplish Approach
and Single-Point Attachmert

The patience and precision-flying required of the fighter
pilot in making an approach and single-point attachment was
such, much, too exacting for tactical operation. Although
"horns" were added to the B-36 receiver head to increase the
horizontal component of the target, it is still inadequate as
a target - vertically as well as horizontally.

3. Increased Freedom in Yaw for Sin le-Point Attachment

The small degree of freedom in yaw which existed in this
design was felt to be one of the contributing factors to the
incident of the last test flight (No. 18). Yawing resulted in
binding of the latches such that release from the yawed position
was impossible. If further flight testing were to be done with
the present coupling mechanism, a temporary fix to give satis-
factory freedom in yaw could be accomplished by cutting back
the fighter probe head to give greater yaw clearance. However,
this would require that the jaws be fixed in the open position
which, while not affecting the coupled configuration, would add
considerably to the fighter drag in free flight.

4. Maintainability of the Coupling Mechanism Should be Improved
by at Least the Two Following Means:

a. Addition of a means of lubricating bearings and sliding
joints.

b. Reduction in the number of adjustments that must be
made.
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5. Simplicity in Design of the Coupling Mechanism

The coupling mechanism consisted of such a complicated
number of parts that it was virtually impossible to prevent
malfunctioning of the mechanism. This contributed extensively
to the difficulties encountered in making attachments and
releases of the fighter in flight.

UTILITIES SYSTEMS DESIGN (REFERENCE 2:)

The basic requirement under this program was for a fully
=Erational system for coupled flight. To provide such a system,

was necessary to modify the existing utilities systems of both
-craft to tie in with the utilities connection previously discussed.

mwever, because of the depletion of funds and the desire to obtain
much information as possible on the flight characteristics of the

==-Tom system, the requirements for the utilities were cancelled
-- ing the fiight test program. In the interim the design for the

lities system had essentially been completed and some of the
Hnifications for incorporation of these systems in the B-36 and
--84F had been made. The following is a brief description of the
.. lities system design.

1. Heating, Ventilation and Pressurization System

Since the RF-84F engine is shut down during coupled flight,
heating, ventilation, and pressurization of the RF-84F must be
provided by the B-36. Figure 22 is a schematic diagram of the
system developed for this purpose. Bleed air is taken from the
B-36 outboard engine turbosupercharger, passed through a heater
in the B-36 wing tip, and fed into the RF-84F cabin air condi-
tioning system. Cooling is provided by the RF-84F cooling
system. To provide air pressure for the canopy seal, normally
supplied from the RF-84F engine, pressure is taken from the
RF-84F camera air bottle during the time the engine s shut
down.

2. Fuel Transfer System

A fuel transfer system for both refueling and defueling the
RF-84F during coupled flight was one of the Lasic requirements.
Figure 23 is a schematic diagram for the RU-84F fuel transfer
system. The fuel transfer system in the B-36 is a modified
version of the Ficon refueling system which used the Ficon bomb
bay fuel tank. Valves and fuel lines were revised to provide
fuel flow to the B-36 wing tip utilities connection.
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3. Intercommunications System

An interphone connection between the B-36 and RF-84F was
provided to permit communication during coupled flight by
either interphone or radio.

4. Electrical Power Supply

Modifications to both the B-36 and RF-84F electrical systems
were required to supply the power used in the coupling mechanism
system. Power for the RF-84F during coupled flight in supplied
from the B-36. The RF-84F power requirements were 400 amperes
at 28 volts DC, requiring installation of two 200-ampere trans-
former rectifiers in the bomber to convert 115/208 volt three-
phase 400-cycle to 28 volt DC. During the fligbt test program,
four 50-amp TR units were used rather than the above due to
reduced power requirements for the minimum flight test program
carried out and, also, because of greater reliability.

5. Lighting System

The B-36 and RF-84F navigation lights and the RF-84F landing
lights were relocatod because of the installation of the coupling
mechanism on the wing tips. Nine reference lights were installed
on the upper surface of the B-36 as a navigational aid for
approach of the RF-84F to the B-36. Lights were also installed
on the outboard side of the main structural boom of the B-36
coupling mechanism and in the leading edge of the RF-84F wing
to illuminate the coupling mechanism for night operations.
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PROOF LOAD AND SPRING-RATE TESTING

Ground tests were in two categories:

1. Structural Tests
2. Operational Tests.

In order to accomplish the latter it was necessary to con-
struct a 'tower" to lift and maneuver the RF-84F aircraft while
simulating coupling and de-coupling operations (see Figures 24
and 25 ). The tower also proved invaluable in conducting struc-
tural tests.

The structural tests were of two types:

1. Tests to prove the adequacy of the
structural design

2. Tests to determine spring rates of
the coupling mechanisms and the
wings.

Tests to prove the adequacy of a structural design are
called 'proof" tests. Proof loads are ordinarily limit design
loads, and such is the case for the proof load tests reported
here.

The spring rate tests were needed primarily for stability

computations, and, secondarily, for determining dynamic loads.

A. STRUCTURAL PROOF TESTS AND DETERMINATION OF SPRING RATES

1. Proof Tests and Spring Rates of the B-36 Wing and
Coupiing Mechanism

These tests were conducted between 26 September and
14 i4ovember 1955 (Convair Report FZS-119, Reference 7 ).

a. Design Conditions and Corresponding Proof Loads

(1) A 50K ft/sec up gust acting on the
RF-84F airplane alone was simulated by
applying the following loads in 20 per-
cent increments. A 9,070-pound vertical
couple at the iorward and aft attach
points simultaneous with a 5,430-pound
aft-acting load at the forward attach
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point; a 1( ,i8O-pound chord plane
couple at Che forward and aft attach
points; &Ad a 6,245-pound up load
at the point of intersection of the
roll and effective elastic axes.

During this tet, buckling
occurred at 100% percent of simulated
ultimate load in two wing upper
surface trailing edge panels !outed
on either side of Wing Station 38.0.
Dpair and replacement of these panels
together with deign changes to the
intermediate upar were accomplished.
The above test was re-run and no
permanent deformation or buckling of
the structure was noted.

(2) The Dynamic response of the RF-84F to
the 50K ft/sec up gust was simulated
by applying the following loads at 20
percent increments and measuring the
resultant deflections: A 9,070-pound
vertical couple at the forward and aft
attach points simultaneous with a
5,430-pound aft-acting load at the
forward attach point. A 10,680-pound
couple in the chord plane at the forward
and aft attach points, and a 6,245-
pound vertical load at the intersection
of the roll and effective elastic
axes distributed between the forward
and aft attach points and combined
with the 9,070-pound couple forces.

There was no evidence of permanent
deformation in either the wing or
coupling mechanism structure as a result
of this test.

(3) A 25K ft/sec gust acting on the RF-84F
alone when in the single-point coupled
position was simulated by applying the
following loads in 20 percent increments:
A 4,000-pound aft-acting load and an
up load of 4,180-pounds simultaneously
at the forward attach point.
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There was no evident of permanent
deformation in either the wing or
coupling mechanism structure as a result
of this test.

(4) Initial contact at 3 ft/sec relative
closing speed was simulated by applying
an aft-acting load of 4,000 pounds
at the forward attach point in 20 per-
cent increments.

There was no evidence of permanent
deformation either in the wing or coupling
mechanism as a result of this test.

b. Spring Rate Determination

(1) The elastic axis location was found by
applying up loads to the forward and
aft coupling points in such a ratio
as to produce equal deflections. It
was found to be 11.05 inches forward of
the aft attach point measured on a line
joining the forward and aft attach points.

(2) Spring rate values were calculated from
deflections obtained by the application
of the following loads in 20 percent
increments:

(a) A 5000-pound aft load at the
forward attach point

(b) A 5000-pound aft load at the aft
attach point

(c) Vertical couple forces of 5000
pounds were applied to the forward
and aft attach polats

(d) An up load of 5000 pounds at the
intersection of the roll and the
effective elastic axis together
with an aft-acting load of 4000
pounds at the forward attach point.
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The spring rates determined from these
tests were:

(a) Drag deflection due to a couple
in the chord plane - 462,000 foot
lbs/ft.

(b) Wing station slope (planview) due
to couple in chord plane - 7,400,000
foot lbs/rad.

(c) Torsion due to vertical couple at
the coupling points - 1,130,000 foot
lbs/rad.

(d) Torsion due to vertical couple at
Wing Station 40 (1324 in. fror
airplane) - 2,390,000 foot lbs/rad.

(e) Vertical due to vertical up load -
6000 lbs/ft.

(f) Drag due to aft-acting load - 9,600
lbs/ft.

(g)' Wing station slope (planview) due
to aft-acting load - 550,000 lbs/rad.

2. Proof Test and Spring Rates of the RF-84F Wing and
Coupling Mechanism

Proof tests of the RF-84F coupling mechanism were con-
ducted between 3 November 1955 an,' 18 November 1955. (Convair-
Report FZS-119, Add 1, Reference 11).

The purpose of these tests was to determine whether the
RF-84F airplane and its attached coupling mechanism would with-
stand the design limit loads without evidence of permanent
deformation.

a. Design Conditions and Corresponding Proof Loads

(1) A 50K ft/sec up gust acting on the RF-84F
airplane alone was simulated by applying
the following loads in 20 percent increments:
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A 10,680-pound chord plane :ouple to the
forward and aft aLach points simultaneous
with a 5,430-pound forward-acting load
at the forward attach point, a 9,070-
pound up load at the forward attach point,
a 9,070-pound down load at the aft attach
point, and a 6,245-pound down load at the
intersection of the roll and effective
elastic axis.

(2) The Dynamic response of the RF-84F to the
50K ft/sec up gust acting on the RF-84F was
simulated by applying the following loads
at 20 percent increment.: A 10,680-pound
chordwise couple to the forward and aft
attach points simultaneous with a 5,430-
pound forward-acting load applied at the
forward attach point, a 9,070-pound down
load at the forward attach point, a 9,070-
pound up load at the aft attach point, and
a 6,245-pound down load at the inter-
section of the roll and effective elastic
axes.

(3) A 25K ft/sec gust acting on the RF-84F
alone when in the single-point position
was simulated by applying the following
loads at 20 percent increments: A 4,180-
pound down load at the forward attach
point simultaneous with a 4,000-pound
forward-acting load at the forward attach
point.

(4) Initial contact at 3 ft/sec relative closing
speed was simula ed by applying an aft-act-
ing load of 4,000 pouna at the forward attach
point in 20 percent increments.

The RF-84F wing and coupling mechanism
successfully withstood the four proof-load
conditions with no evidence of failure or
permanent deformation.
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b. Spring Rate Determination

(1) The elastic axis location was determined
by applying up loads to the center of the
forward and aft attach points in a ratio
to produce equal deflections. Thie
effective elastic axis was found to be
28.114 aft of the forward attach point.

(2) Spring rates were determined by applying
the following loads in 25 percent increments
and measuring the resultant deflections:

(a) A 3,500 pound up load at the inter-
section of the roll and elastic
axes

(b) A 5,000-pound forward-acting load
at the forward attach point

(c) A 3,000-pound chord plane couple
at the forward and aft attach points

(d) A 3,000-pound vertical couple at
the forward and aft attach points.

The spring rates as determined from these

tests were:

(a) Vertical due to up load - 16,800 lbs/ft

(b) Drag due to forward-acting load -
178,500 lbs/ft

(c) Chord slope (planview) due to
forward-acting load - 1,645,000 foot
lbs/rad

(d) Drag due to chord plane couple -
1,295,000 foot lbs/ft

(e) Chord slope (planview) due to chord
plane couple - 3,100,000 foot lbs/ft

(f) Torsion due to vertical couple -
983,000 foot lbs/rad,
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B. OPERATIONAL TESTS OF COUPLING MECHANISMS

1. Emergency Release System Tests

Tests of the squib-fired emergency release system were
run during the latter part of 1955. (Convair Report FSG-413,
Reference 8 ).

The purpose of these tests was to determine if the
squib-fired emergency release mechanism would operate
properly.

The forward attach components were installed in a
test jig. A pneumatic ram was used to apply a load on
the RF-84F coupling mechanism sp vl simulating flight
loads. The aft attach point release mechanism which con-
sists of a spring-loaded plunger was also installed in a
test jig to simulate the airplane installation. Two squibs
are installed at each of these attach points.

Tests were first run by firing one squib at each
release point. This was followed by firing both squibs
simultaneously. In all cases it was found that the emergency
releases operated satisfactorily with no damage to com-
ponents of the mechanism.

2. Latch Release Tests Undo- Simulated Flight Loads

Tests of the Tom-Tom coupling system latches were
conducted during the latter part of February 1956 (Convair
Report, FTDM-1518, Reference 9).

The purpose of these tests was to determine, prior to
test flight, if the latches would release under simulated
flight loads.

The test specimens consisted of the RF-36F and
RF-84F airplanes with the Tom-Tom coupling mechanism installed.
The B-36 was tied down and the RF-84F was suspended by
a support tower so that the airplane could be coupled as
in flight. Figures 262, 27, 23 and 2' show the test set up.
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FIGURE 26 LATCH RELEASE TEST SETUP
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F~ME 27 LATCH RELEASE TEST SETUP 0011W LOAD
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PWGU. 23 LATCH RELEASE TEST SET" UP LOAD
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FIGURE 29 LATCH RELEASE TEST SETUP APT LOAD
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Loading to simulate flight conditions was accomplished
by using hydraulic rams to apply a down load of up to
6,000 pounds to the aft attach point, and up load of up to
6,000 pounds to the forward attach point, and a drug load
of up to 2,500 pounds. The release mechanism was actuated
at 250-pound increments up to the above maximum loads.
The RF-84F was then rolled to a pusition of 11 degrees left
and then 10 degrees right, with a 3,000-pound vertical
couple and a 2,500-pound drag load. The release mechanism
was actuated in each of these positions. The tower
was moved so that a 2,500-pound thrust load with a 6,000-
pound vertical couple could be applied and the release
mechanism was actuated under this loading condition.

Difficulty was encountered in the early parts of these
tests until the proper adjustments and alignments were
worked out. After these difficulties were overcome the
mechanism "leased satisfactorily under the above simulated
flight load conditions.

After flight testing began, many variations of the
above simulated flight loading conditions were condcttd.
These additional tests were necessary because of the various
difficulties encountered is flight, such as: (1) too-frequent
actuation of the roll release, (2) tilt of the bomber
mechanism coupling head about the pitch axis without recover-
ing to a neutral position, (3) partial retraction of the
bomber boom occasioned by fighter contact force, (4) failure
of parts, (5) inability to hit the target area (one
improvement was the addition of horns, see pD 58 and 59
of FZA-36-342 and page 52 of this report), (6) failure of
the boom to retract after single-point attachment hAd been
achieved, and (7) miscellaneous other difficulties. All
these tests were conducted in the tower.

The tower tests occasioned by flight test difficulties
were of two kinds: (1) those conducted to better understand
the happenings in flight; and (2) those conducted after a
flight-dictated "fix" had been made on the coupling mechanism
to prove the fix, or to demonstrate to the flight crew
that the mechanism had not been improperly adjusted during
the fix.
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STABILITY AND CONTROL

A STATIC ANALYSIS

The static condition of the fully coupled bomber-fighter
composite can be summarized by specifying the fighter roll angle
and the load on the rear attachment point. To this end Convair
conducted a study to define these values at all proposed flight
conditions. The results have been published as Convair Report
FZA-273, Project Tom-Tom, Static Analysis of the Skewed-Axis
Condition, dated 6 -November 1957. (Reference 16)

In controlling roll angle, it was found that aileron deflec-
tion has negligible effectiveness, elevator and flap deflections
are moderately effective, and rear-point position is highly
effective. Rear-point load is most sensitive to elevator deflec-
tion, and relatively insensitive to the other controls.

The report cited presents alignment charts by which roll
angle and rear-point load may be determined under any proposed con-
dition of flight. Numerical values for the control sensitivities
are also presented as functions of airspeed.

B. STABILITY AND CONTROL STUDIES

As a result of experience with several previous wing-tip
coupling programs, it was known that problems of stability and
control would be of major importance in the Tom-Tom project. Accord-
ingly, a great deal of effort was directed towards solving these
problems. It is believed that as a result of this work 9 satis-
factory coupling scheme has evolved, and methods of predicting
its characteristics analytically have been correlated within
reasonable limits. A comprehens--ve report on the results of Convair
studies in presented in report FZA-272, Results of Stability
Studies on Skewed-Axis and Singl-Point Systems, (T13 September 1957)
(Reference 13 ) and only the hip-lights are reviewed here. Other
work done by the Thieblot Aircraft Company is presented in separate
publications by them.

The earlier programs utilized coupling arrangements which
allowed the towed airplane freedom in roll and pitch. This type
of system is inherently unstablo, though controllable, and
required automatic control devices to relieve the pilot of the
control task Because of reliability considerations, this approach
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was not entirely satisfactory, and ttie need for a basic improve-
ment in the coupling scheme soon became apparent. Thus, the
skewed-axis concept evolved, and it was first evaluated by prelim-
mnary, simplified studies which considered flexibility of the
bomber wing together with fighter roll. It was concluded that an
inherently stable system could be attained if sufficient struc-
tural rigidity was provided in the bomber wing. Early calcula.-
tions and assumptions indicated that the required structural
rigidity was present, or could be provided without excessive
weight penalty. On this basis, it was decided to incorporate the
skewed-axis concept in the Tom-Tom configuration and eliminate
the requirement for automatic control aids (see Figure 30 ).
This was an important decision, for it represented a major depar-
ture from the trends of earlier programs. However, greater con-
fidence in this decision was felt when it was learned that the
NACA was thinking along identical lines and had just completed
dynamic-model wind-tunnel tests on the skewed-axis concept which
had demonstrated its inherent stability.

It was necessary to study the stability characteristics of
an intermediate, partially coupled configuration in addition to
the skewed-axis configuration. This intermediate case is referred
to as the single-point case and represents the condition for
attachment at the forward point only (See Figure 31). This condi-
tion must be controllable to enable successful completion of the
coupling operation. It was found that the system exhibits a non-
oscillatory divergence for all feasible locations of the attachment
point on the fighter, but the degree of divergence is reduced for
the most forward locations. Bomber-wing flexibility and bomber
degrees of freedom had no significant effect on the stability of
this condition; therefore, simplified studies defined the important
characteristics with sufficient accuracy. In order to select a
suitable design location of the forward attachment point, simula-
tor studies were conducted to measure the pilot's ability to
counteract the instability. It was found that there was a definite
limit to the controllable locations, which are those having
approximately the same fore-and-aft position as the fighter c.g.
This requirement meant that a long boom would be necessary on
the fighter because of the effect of its wing sweep. Prior to
flight tests additional simulator studies were conducted using a
more elaborate setup. In this way the controllability of the
final design was evaluated at a number of flight conditions and the
pilots were given valuable training. Characteristics of the earlier
Q-14 arrangement, which had been flown by the two project pilots,
were also simulated to help establish the correspondence between
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TWO-POINT ATTACHMENT (SKEWEID AXI ARRANGEMENT)

The axis about which the fighter was free to roll was skewed with
respect to the plane of symmetry of the bomber. In this condition,
the fighter was restrained in yaw and assumed an equilibrium pitch
angle at which time it was locked in pitch, thus allowing only freedom
in roll about the skewed axis. This resulted in a dynamically stable
configuration which did not require control by the fighter pilot.

FIGURE 30 IWO-POINT ATTACHMENT (SKEWED AXIS

ARRANGEMENT)
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BINGLZ POINT ATTACHMINT

In the single point sttbcloset, the fighter still required
control from the fighter pilot. Upon a predeterminsed signal,
the 3-36 operastor retracted tlw boom-, drawing the fighter
toward the wing tip of doe B-3 eo Olat the aft latch on the
fighter eagaged the rear track on the bomber.

PIWW1 31 SWIGLE44NNT ATTACHMENT
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simulator controllability and that actually experienced in flight.
An a result of these studies, it is believed that a reasonable
simulation of the Tom-Tom configuration response vas :btained.
The Tom-Tom single-point configuration was found to be easily
controllabL% at all anticipated flight conditions.

Since the major hopes for the success of the project were
based on the inherent stability of the skewed-axis configuration
studies of it were, of necessity, considerably more involved than
those on the mingle-point configuration. The complexity of the
problem was accentuated by the importance of aeroelastic effects
and bomber degrees of freedom. In the first studies, the bomber
degrees of freedom were omitted and an effort was made to establish
the effect of flexibility. For this purpose, the bomber wing
was depicted as a weightless elastic cantilever beam which had
torsional and vertical bending flexibility. Extensive parametric
studies were performed on this system, and some of the design
features thereby crystallized. The effect of adding chordwise-
bending flexibility was also studied, and this degree of freedom
was subsequently included in all future work. Difficulty was
experienced in attempting to improve the simulation of the actual
system by adding tip masses to the cantilever beam, but this was
later corrected by a more thorough treatment. Also, there were
progressive changes in the definition of the spring constants,
which had a significant effect upon the predicted instability
speeds.

Static-load tests on the actual flight article indicated
several of the primary spring constants to be significantly
different from those then in use. These differences were due,
primarily, to the failure to consider flexibility of the boom
mechanisms on the bomber and of the probe on the fighter. Conse-
quently, radical changes took place in the calculated results when
these modifications were considered. The net result was that
much lower instability speeds were predicted for the flight config-
uration than was obtained in earlier calculations. Also, the re-
sults of the dynamic-model wind tunnel program did not represent
the characteristics of the flight configuration, since the flexi-
bility of the booms was not duplicated. Calculations performed
with the dynamic-model &pring constants, however, indicated
reasonable agreement with the test results, ao that a valuable
correlation was thus obtained.
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Throughout these studies it was found that chordwise bending
did not have a primary influence on the stability. It was shown
that the chordwise degree of freedom introduced an additional
marginally damped mode to the system; but, unless the spring con-
stants were adversely mated in a special way, there was little
coupling associated with this mode. In the final calculations
which predicted the characteristics of the flight configuration,
it was shown by dropping the chordwise degree of freedom that
it has practically no coupling effects but merely superimposes
an additional mode. The primary tendency towards instability
is also not related to the chordwise degree of freedom - it is
due to torsion and vertical bending. Special effort is made to
point out these effects in Convair Report FZA-272.

In considering bomber degrees of freedom, the analysis was
considerably simplified for the two-fighter case by assuming no
coupling between the longitudinal and lateral degrees of freedom.
This procedure was first suggested by the NACA and results in
separate symmetrical and anti-symmetrical cases. In general, the
symmetrical case produced only small changes in the primary
modes obtained in the basic fighter subsystem; while the anti-
symmetrical case produced greater changes, which were favorable.
When only one fighter is considered, the analysis cannot be
correctly simplified in this way and it would be necessary to
consider a large number of degrees of freedom. However, under the
limitations of a sixth-order system, an approximate representation
of this system obtained by modification to the original lateral,
or anti-symmetrical case. These result "'-%re used to correlate
flight data.

Successful flight tests were conducted on both the single-
point and skewed-axis configurations, and stability data obtained
for the latter. The correlation of these flight results with
the analytical predictions is indicated in Figure 32 for the two
primary modes of the system which were measurable. Mode "A" is
the one identified as the chordwise mode in the calculations; while
mode "B" is the primary fighter roll mode. Mode "B" becanwi
unstable at 219 mph as compared wiLh a predicted value of 197 mph.

Much time was lost in the early portion of the flight test pro-
gram because of mechanical difficulties. Exhaustion of funds
required that the program be temporarily suspended before sufficient
data was obtained.
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CORRELATION OF FLIGHT DATA
SINGLE FIGHTER CS.I-FIGURATION

2.4

4 2.0

FLIGHT~ DATA

ANALYTICAL ItIIULT01
FOR BINOLS FIGHTURR

U. 1.2
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FIGURE 32 -CORRELATION OF FLIGHT DATA
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After a delay, the flight program was resumed, with improved
instrumentation. Additional data was taken at the same flight
conditions considered previously. The flight program was
finally terminated by an incident on Flight No. 18 which caused
serious damage to the mechanism. However, sufficient data was
obtained prior to this incident to enable desired correlation
so that termination of the flight tests did not actually prove
to be of serious consequence in this regard.

Subsequent analysis of the flight records revealed some very
interesting results which were not suspected at the time of the
tests. In the first group of flights (before temporary suspen-
sion of program because cf depleted funds) a pulse type of input
of small magnitude was used by the pilot which excited only
mode "A" to a measurable degree. Since this mode was well damped,
an erroneous impression about the stability of the system was
obtained and it was thought chat it would continue stable for
a considerable increase in velocity. In the second group of
flights, a step input of larger magnitude was utilized and an addi-
tional mode was excited along with the other. This additional
mode was the one which approached an instabili ' and it was
actually at the point of neutral stability at the highest velocity
flown. There was a significant difference in the amplitude of
motion between these two sets of data, and it is believed that
resulting nonlinearities are responsible for the differences in
damping indicated in mode "A." However, it is also indicated that
another mode, probably due to fighter flexibility, may be involved;
and the inability to separate it in the records may have introduced
inaccuracies in the measuriments.

In general, the correlation is reasonable in that the
analytical results exhibit the same trends as the flight data.
Discrepancies in magnitude can be better understood when it is
remembered that the single-fighter calculations are only approxi-
mate and that fighter flexibility was accounted fc - in an inexact
way. Also, the fact that the fighter is flying very close to the
stall speed may mean that many of the derivatives used in the
calculations are unrealistic. This effect could easily be
responsible for the frequency discrepancies.
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WEIGHT AND BALANCE

The original intent of the Tom-Ton program wau to provide the
Strategic Air Command with a tactical weapon system. To carry out
this intent, the MB-36D model aircraft was to be modified as the
carrier. All weight and balance data presented here, and all per-
formance estimates werG Lased '-pen the above plan.

RB-36F aircraft, serial No. 49-2707, was used as the experi-
mental vehicle in the Tom-Tom program. Since an RB-36F airplane,s
basic weight is approximately 5,500 pounds greater than that of
an RB-36D, and since performance estimates were based on the latter,
the basic weight listed herein should be increaaEd by 5,500
pounds when considering performance studies for the RB-36F/RF-84F
wJng-tip coupling configuration used in the flight test program.

Weight and balance figures for the RF-84F and RB-36D are
based upon Thieblot Aircraft Company's Weight Report No. 8, dated
15 June 1955 (except for those weights which were revised to in--
corporate actual weight; these exceptions are denoted by an
asterisk).

S EC R ET



S EC R ET

WEIGHT AND BALANCE DATA

PROJECT TOM-TOM

RB-36D AIRPLANE

Description of Item Weight Arm Moment

Weight Empty of Typical RB-36D
Incorporating All Latest E.C.P.'s
and Based on Actual Weighing

(Wheels and Flaps Extended) 162,508 78.51 12,758,954
(Wheels and Flaps Retracted) 162,508) 78.31 12,726,043)

BASIC TOM-TOM PROVISIONS TO BE
INCORPORATED 4,321.9) 86.81 ( 375,201)

WING GROUP ( 2,861.4) 86.88 ( 248,611)
Outer Panel (800.2) 87.54( 70,046)

Rework Spars ( 385.7) 0l.25 ( 33,654)
Front 140.0 83.7 11,718
Rear * 203.4 88.9 18,082
Intermediate 42.3 91.1 3,854

Rework Bulkheads ( 115.0) 87.35 ( 10,045)
Bulkhead 33.0 7.9 84.7 669
Bulkhead 34.0 8.2 85.3 699
Bulkhead 36.0 8.4 86.4 "s26
Bulkhead 37.0 6.8 87.1 592
Bulkhead 38.0 40.0 87.7 3,508
Bulkhead 39.0 11.0 88.1 969
Bulkhead 40.0 24.7 88.3 2,181
Miscellaneous 8.0 87.6 701

Rework Stringers ( 41.1) 86.20 ( 3,543)
Upper Surface 29.0 86.2 2,500
Lower Surface 12.1 86.2 1,043

Rework Skins ( 127.7) 86.20 ( 11,008)
Upper Surface 63.0 86.2 5,431
Lower Surface 64.7 86.2 5,577

Rework Trailing Edge ( 126.0) 90.36 ( 11,385)
Spar (Intermediate)
T.E. Extension 18.4 92.2 1,696
Skin (Upper and Lower) 16.1 90.2 1,452
Stringers (Upper and
Lower) 11.6 90.2 1,046

Bulkhead No. 38. 33.1 f 89.5 2,962

*Actual We ght
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WEIGHT AND BALANCE DATA

PROJECT TOM-TOM

RB-36D AIRPLANE (Cont'd)

De3cription of Item Weight Arm Moment

BASIC TOM-TOM PROVISIONS TO BE
INCORPORATED (Continued)

WING GROUP (Continued)
Outer Panel (Continued)

Bulkhead No. 39. 6.5 90.2 586
Bulkhead No. 40. 21.5 90.4 1,953
Fittings and Miscel-
laneous Paits 18.7 90.4 1,690

Miscellaneous Rework • 4.7 87.5 411

Aileron Rework 10.0 92.4 - 924

Tips ( 405.8) 89.74 ( 36,418)
Remove Old Tips - 98.0 8.9 - 8,810
Front Spar ( 43.4 88.02 ( 3,820)

Web 16.5 88.0 1,452
Upper and Lower Caps 8.2 88.0 722
Stiffeners 8.1 88.0 713
Fittings and Miscel-
laneous Parts 10.6 88.0 933

Rear Spar ( 80.3) 91.20 7,323)
Web 19.0 91.2 1,733
Upper and Lower Caps 36.0 91.2 3,283
Stiffeners 4.1 91.2 374
Fittings and Miscel-
laneous Parts 21.2 91.2 1,933

Ribs ( 83.8) 89.24 ( 7,478)
Ribs No. 41 31.3 89.3 2,795
Ribs No. 42 15.7 89.2 1,400
Ribs No. 43 36.8 89.2 3,283

Stringers ( 23.9) 89.12 ( 2,130)
Upper Surface 15.0 89.1 1,337
Lower Surface 8.9 89.1 793

Skin ( 76.6) 89.50 ( 6,856)
Upper Surface 38.3 89.5 3,428
Lower Surface 38.3 89.5 3,428

*Actual Weight
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WEIGHT AND BALANCE DATA

PROJECT TOM-TOM

RB-36D AIRPLANE (Cont'd)

Description of Item Weight Arm Moment

BASIC TOM-TOM PROVI§IGNS TO BEI NCORPORATED (Continued)

WING GROUP (Continued)
Tips (Continled)

Fittings 140.5) 90.19 12,672)
Front Boom Hinge 31.6 89.1 2,816
Rear Boom Hinge 86.8 91.1 7,907
Actuator Support 22.1 8b.2 1,949

Standard and Miscel-
laneous Parts 55.3 89.5 4,949

Coupler Fairing ( 302.4) 88.44 ( 26,743)
Skin ( 121.9) 88.34 ( 10,7C9)

Top 55.4 88.5 4,903
Bottom 55.4 88.5 4,903
Leading Edge Exten-
sion 11.1 86.8 963

Bulkhead 97.7 88.5 8,646
Stringers 50.4) 88.51 4,461)

Top 26.2 88.5 2,319
Bottom 24.2 88.5 2,142

Frame 21.8 88.5 1,929
Fittings and Miscel-
laneous Parts * 10.6 88.5 938

Coupling Mechanism 1,363.0) 85.35 116,328)
Head Coupling 65.5 81.4 5,332
Forward Lock 16.1 83.0 1,336
Forward Release
Mechanism 44.7 80.5 3, 68

Head Support 174.5 80.0 13,960
Aft Structure Boom 291.3 87.0 25,343
Forward Structure Boom * 251.0 84.5 21,210
Rleset Actuators 96.0 86.9 8,342
Carriage - Track 68.0 89.4 6,079

*Actual Weight
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WEIGHT AND BALANCE DATA

PROJECT TOM-TOM

RB-36D AIRPLANE (Cont'd)

Description of Item Weight Arm Moment

BASIC TOM-TOM PROVISIONS TO BEI NCORPORATED (Continued)

WING GROUP (Continued)
CouplIng Mechanism
(Continued)
Boom Positiontng
Actuators 160.0 86.5 13,840

Aft Lock Track 60.9 89.6 5,457
Utility Coupling 99.1 89.9 8,909
Fittings and Miscel-
laneous Parts * 35.9 81.4 2,922

ELECTRICAL 090UP ( 506.8) 85.55 ( 43,356,
Supplemental DC Power Unit ( 186.0) 88.70 ( 16,499)

Breaker, Relays, Fuses,
and Block Panel 10.6 88.8 341

Transmitter Rectifier 164.0 88.7 14,547
Filter 11.4 88.7 1,011

Boom Actuator Control 33.0 89.3 2,947
Res6t Actuator 8.1 115.5 J36
Utilities Control System 35.4) 91.27 3,231)

Relays and Switches 5.8 89.2 517
Motors 29.6 91.7 2,714

Fuselage Lights 4.3 81.6 351
Wiring 210.9 80.8 17,041
Standard and Miscellaneous

Parts 29.1 80.8 2,351

FUEL SYSTEM 839.0) 87.57; 73,475)
Ficon Tank and Rework * 633.1 89.7 56,789
Tank Vent Installation 14.5 89.7 1,301
Booster Tank 13.7 80.1 1,097
Valve. 8.2 78.5 644
Hose 83.5 75.2 6,279
Fuel System - Wing Tip 18.2 92.3 1,680
Fuel Line 39.0 80.8 3,151
Fittings and Miscellaneous
Parts 28.8 88.0 2,534

*Actual Weight
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WEIGHT AND BALANCE DATA

PROJECT TON.-TOM

RB-36D AIRPLANE (Cont'd)

Description of Item weight Arm Moment

BASIC TON-TON PAOQVIEIS TO BE
I NCORPORATZD (Conti±nued

(OMNICATING 7.6) 110.13 ( 837)
Amplifier 5.0 109.0 545
Standard Parts 2.6 112.4 292

FURNISHINGS 107.1) 83.31 ( 8,922)
Hot Air Line 85.0 83.3 7,081
Standard and Miscellaneous
Parts 22.1 83.3 1,841

TOTAL WEIGHT EMPTY TON-TON F4-36D
(Wheels and Flaps Extended) 166,829.9 78.73 13,134,155

Center of Gravity 43.7%

TOTAL W-ibIGHT EMPTY TON-TON BB-36D
(Wheels and Flaps Rmtracted) 166,829.9 78.53 13,101,244

Center of Gravity 43.9%
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WEIGHT AND BALANCE DATA

PROJECT TOM-TOM

RF-84F AIRPLANE

Description of Ite Weight Arm Moment

WEIGHT EMPTY RP-84F EW-38-204
(Rpublic Aviation Company
Report)
(Wheels Up) 14,069.6 324.80 4,569,861
(Wheels Down) 14,069.6 324.84 4,570,405

BASIC TOM-TOM PROVISIONS TO BE
INCORPORATED 675.6) 371.42 ( 250,933)

WING GROUP ( 574.6) 379.64 ( 218,142)
ReworFSpars ( 40.0) 397.60 ( 15,904)

Front 24.6 387.2 9,525
Rear 15.4 414.2 6,379

Rework Ribs 18.1 417.8 7,562
Rework Stringer 3.0 387.3 1,162
Rework Skin 52.1) 392.90 20,470)

Upper Surface 26.8 392.9 10,530
Lower Surface 25.3 392.9 9,940

Rework Leading Edge 32.1 382.0 12,262
Coupling Fairing 24.1 432.3 10,418
Fittings 22.7 429.0 9.738
Rework Miscellaneous 20.2 419.0 8,464
Coupling ( 362.3) 364.79 ( 132,162)

Probe ( 228.4) 322.40 ( 73,637)
Mechanism 86.1 322.4 27,759
Structure 142.3 322.4 45,878

Aft Lock 115.5 439.0 50,705
Standard and Miscel-
laneous Parts 18.4 425.0 7,820

ELECTRICAL GROUP 29.7) 304.75 9,051)
Lock SyStem Aft and Probe 12.4 330.0 4,092
Rework Wiring 7.8 323.0 2,519
Rework Lighting 5.0 218.0 1,090
Standard and Miscellaneous
Parts 4.5 300.0 1,350
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WEIGHT AND BALANCE DATA

PIDJECT TOM-.TOM

RF-84F AIRPLANE (Cont'd)

Description of Item Weight Arm Moment

BASIC TON-TOE PQVlSIONS TO

INCORPORATED (Continued)

HYDRAULIC SYSTEM 31.0 315.10 9,768

FUEL SYSTEM 22.4 314.51 7,045

FURNISHINGS 17.9 386.98 6,927

WEIGHT EMPTY TOM-TOM RF-84F
(Wheels Up) 14,745.2 326.94 4,820,794

Center of Gravity 32.7%

WEIGHT EMPTY TOM-TOM RF-84F
(Wheels Down) 14,745.2 362.98 4,821,338

Center of Gravity 32.7%
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PERFORMANCE

A. Prediction of Aerodynamic and Performance Characteristics

Performance estimates for the parasite aircraft (RF-84F)
and the production parasite system (RB-36D-III carrier plus two
RF-84F's) were made by Thieblot under subcontract to Convair.
The prediction of aerodynamic characteristics and performance
estimates were monitored by Convair personnel. Drag predictions
for the production model were made by Thieblot and monitored
by Convair. On the basis of these predictions, Convair estimated
drag and performance for the prototype system (standard RB-36F
carrier plus two RF-84F,s).

The engine data for the carriers had previously been deter-
mined by Convair in its study of the B-36 airplanes. Engine
data used for the parasite aircraft had been determined by
Republic Aircraft in its study of the RF-84F airplane.

The resulting data have been published in the following
reports:

(I) FZA-36-328, Standard Aircraft Characteristics for
RB-30D-III/RF-84F Tom-Tom Parasite System, dated
1 November 1955 (Reference 2 1 ).

(2) FZA-36-329, Performance Estimate for RB-36D-III/RF-84F
Tom-Tom Parasite System, dated 1 November 1955
(U-fe re nce 2 2 ) •

(3) FZA-36-329-1, Performance Estimate for RB-36F/
RF-84F Tom-Tom Parasite System, dated 26 March 1956
(Reference 10 ).

(4) FZA-36-339, RB-36D-III Tom-Tom Parasite System
A ndix I Data, dated 1 November 1955
(Reference 22 ).

(5) FZI*-36-521, Spanwie Lift Distribution on Protect
4X17131 dated 1 November 1955 (Reference 24 ).

A utility flight handbook, Convair Report No. FSE-36-1648
was prepared in rough draft form but was not published. However,
copies of the rough draft, including a reproducible were sub-
mitted to the Air Force by letters IV No. 6-411 dated 5 January 1956
and IW No. 6-690 dated 18 October 1957.
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B. Wind Tunnel Tests

Static and dynamic wind tunnel tests were made under the
direction of Thioblot. These tests were run for the composite
configuration and the carrier alone, using both full-span and
semi-span models.

Stability and flutter analysis of dynamic tests, run at
David Taylor Model Basin during the period 6 to 22 October 1954,
was made by Convair personnel (see Reference 31). The stability
and control analysis of dynamic tests, run at Langley Air Force
Bass during February and larch 1955, was made by Thieblot (ee
Reference 32 ).

The analysis of static tests at WADX was made by Thieblot.
These tests, together with previous flight tests of the B-36
and the RF-84 were used as a basis of predicting the drag level
of the MX-1713 parasite system.

The following reports presented wind tunnol data obtained
on this project:

(1) SDG-17, ProJect Too-Tom Semi-S an
Model Wind Tunnel Tests, dated 2 Novobor 1954
(Reference 4 ).

(2) SDG-18, ProJ ect Tom-Tom Full Span Dynamic Model
Wind Tunnel Tests, dated April 1955 (Reference 5 ).

(3) FZU-36-665, Dynamic Wind ung9l Model1, Project
1X-1713, dated 6 April 1956 (Reference 25).

(4) FZU-36-528 (Thieblot Aircraft Company, Inc.)
Wind Tunnel Test of Static Model of the Tom-Tom
Parasite System, dated 8 February 1957 (Reference 27).

C. Flight Tests

A flight test program was set up to obtain verification of
the predicted aerodynamic and performance characteristics of
the system. The tests accomplished were insufficient to obtain
the desired results. Speed-power data for the carrier were obtained
only at three points. These data gave no definite trend toward
the over-all validity of the predictions. No speed-power data
for the composite system were obtained.
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D. Conclusions

The flight test data obtained were insufficient to provide
any correlation with predictions. Therefore, any further work
with the system must refer to, and make use of, the predicted
data.
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WIND TUNNEL TEST PROGRAM

A. Static Force Model Wind Tunnel Tests (Jan., Feb., 1954)

Static force model wind tunnel tests were conducted in the
Massie Memorial Wind Tunnel at W-PAFB, Ohio during January and
early February, 1954. These tests were made under the direction
of Thieblot Aircraft Company. Convair was not represented
at this test program.

The purposes of these tests were to determine the position
of the F-84F in relation to the B-36 giving the best aerodynamic
characteristics for the composite configuration, and to provide
data on loads at the transfer point.

A 1/26-scale, full-span model of the B-36 airplane and two
1/26-scale models of the F-84F airplane were used in the tests
(see Figures 33 and 34). The F-84F models were attached by
their wing tips to the wing tips of the B-36 model for composite
configuration tests. Wing-tip to wing-tip attachment was
made with a sting balance enclosed in the B-36 wing which
permitted pre-selected chord, roll, and pitch positions of the
F-84F relative to the B-36. Strain gages were installed to
measure normal force, chordwise force, rolling moment, yaw
moment, and pitching moment of the F-84F models.

The composite configuration was tested with the F-84F models
. i . .. , t-'f * f the ,c' rdvise a-1

x-^11 LJositions. Teszts &L wo V s.i.~j:L ~OtL
by shimming the stings, were made with the F-84F m'i.l in the
zero-roll position. Frequent check runs with the F-84F models
in the zero-pitch position and different chordwise positions
were made during the test program.

Tests of the composite configuration were made with the
B-36 control surfaces deflected and for two positions of the
horizontal tail of the F-84F models.

The B-36 was tested alone, both with and without the sting
installed in the wing tips. Tests were also run with elevator
deflections of 0 degrees, -5 degrees, and -10 degrees, and with
the horizontal tail removed.
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FIGURE 34 MAA$41 E AMORIAL WIND TUNNEL TEST
SfTtP ATTACHMENT' OF F4.4 TO S 16

45

S EC RE T



SECRET

Data obtained from those tests were reduced by the Thieblot
Aircraft Company. However, it had been found that there were
errors existing in the strain gage balance and wind tunnel data.
Therefore, the results of the reduced data were qualitative rather
than quantitive and did not provide the information anticipated
for the study and design analsts.

Thieblot Aircraft Company hport FZI-36-528, Wind Tueal
Test of Static Models of the Ton-To. Parasite System, (efei-
once 27 ) gives a detailed account of the test program.

B. Semi-Span Dynamic Wind Tunnel Tests (6-27 October 1954)

Dynamic model wind tunnel tests of a 1/25-scale 9-36J semi-
span, cantilevered wing with a 1/25-scale RF-S4F fighter attached
at the wing-tip were run at the David Taylor Model Basin during
the period of 6 through 27 October 1954. The 5-36J model was used
because it ws available; structural characteristics of the -36J,
the 3-361 and the B-36D are essentially identical for purposes of
wind-tunnel tests such as theme.

The purpose of these tests was to determine the effects
of various design and physical parameters on the dynamic stability
of the coupled composite configuration. Fighter roll axis skew-
angle, fighter weight, bomber weight, fighter fore-and-aft posi-
tion relatlve tc the bomber wing-tip, and--to the degree possible-
effects of bomber wing stiffness were the parameters investigated.

bsults of the data obtatl ft test runs with various
combinations of the above parameters lead to the following conclu-
sions:

(1) The fighter roll axis skew-angle must be kept at or
below 8* degrees in order to have a stable systom
throughout the B-36 speed range.

(2) A lightweight fighter is more critical than a heavy.-
weight fighter condition.

*It should be noted that a 15-degree skew-angle was finally chosen
as the best compromise of the various criteria entering into the
choice of the skew-angle. For examples: a soro or negative skew-
angle (which night prevail briefly during yaw) is postively
dangerous; low skow-aglos "ean higher stable speeds but greater
amplitudes of motion with consequent greater discomfort, physically
and psychically for the pilot; high skew-angles mean leser ampli-
tudes of motion but also lower stable speeds.
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(3) The bomber weight does not have an appreciable
effect on the stability of the system.

(4) Moving the fighter aft relative to the bomber
wing tip is beneficial.

(5) Chordwise bending stiffness is the most
important stiffness parameter.

(6) Fighter tail incidence has no effect on the
stability.

The above conclusions are for the semi-span configuration
and consider dynamic stability only. In the full-span dynamic
model tests further consideration was given to complete model

and gust effects. It appeared highly possible at this time
that the yawing effects on the stability of the composite con-
figuration would make a larger skew-angle desirable, even though
the system would tend to become unstable in the higher B-35
speed ranges (see footnote on page 96)

A more detailed account of the semi-span wind tunnel tests
can be found in Convair-Fort Worth Report SDG-17 Project Tom-
Tom Semi-span Dynamic Model Wind Tunnel Tests, dated April, 1955
(Reference 4 ) and Thieblot Aircraft Company Report FZN-36-665
Dyaauic Wind Tunnel Model roject M-1713, dated 6 April 1956

(Reference 25 ).

C. Full-Span Dynamic Wind Tunnel Tests (February, March 1955)

Dynamic wind tunnel tests of a 1/25-scale model B-36 with
1/25-scal6 model RF-84F fighters coupled at each wing-tip were
run at the NACA 19-foot wind tunnel, Langley Air Force Base,
Virginia during February and March, 1955.

The purpose of these tests was to determine the effects of
various design and physical parameters on the dynamic stability
of the coupled system with the bomber model approximating free
flight as nearly as possible (see Figures 35, 36, and 37 ).
They also provided a means to substantiate and extend the semi-

span teat results and to investigate the effects of bomber rigid
body and anti-symmetric degrees of freedom.
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The composite configuration was flown in the tunnel with
restraint in the drag and lateral directions only, i.e., four
rigid body degrees of freedom were permitted the bomber in addi-
tion to its flexible structure degrees of freedom. The fighters
were free to roll about their skewed hinge axes. No automatic
stabilization devices of any kind were used. (see Figure 38).
Roll skew axis angles of 8 degrees and 15 degrees, as well as
fore-and-aft positions for the fighters, were tested. All cos-
binations of bomber and fighter light and heavy weights were
tested for each of these conditions. The basic bomber model stiff-
ness simulated the B-36J model.

The data obtained in these tests resulted in the following
conclusions:

(1) The fighter roll axis skew-angle should be 9* degrees
or less to insure stable operation throughout the
B-36 speed rase.

(2) Moving the fighter aft relative to the bomber wing-
tip in beneficial.

(3) For the design condition of iS-degree skew-angle,
fighter aft, a speed limitation must be imposed
for coupled flight. In order ti maintain a 15-
percent speed margin, the equivalent airspeed must
not exceed approximately 230 mph for two-fighter
operation.

A more detailed account of the full-span wind tunnel tests
can be found in Convair-Fort Worth Report SDG-18 Project Tom-
Tom Full Span Dyagaic Model Wind Tunnel Tests, dated April, 1955
(Reference 5) &nd Thieblot Aircraft Company Report FZ-36-665
Dynamic Wind Tunnel Model, Project MX-1713. dated 6 April 1956

(leference 25.

*See footnote on page 96.
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FLUTTE Rt

Evaluation of the over-all analytical work early in the
Tom-Tom program led to the decision that classical flutter would
not be a problem. It was apparent that the frequencies involved
would not be high enough to require the use of nonstationary
aerodynamic terms in the stability analysis. Therefore, theoret-
ical flutter work was not done since it was felt that it would
be duplicating the basic aerodynamic stability work.

Convair-Fort Worth philosophy regarding flutter was discussed
at a conference held at WADC on 14 January 1954. WADC concurred
in Convair's decision that flutter investigations would not be
necessary. However, it was felt that a great deal of caution
should be taken in the arrangement of the wing-tip coupling because
of past experiences on similar projects. It was decided that
dynamic wind tunnel tests should be conducted that would give final
proof of the stability of the coupling configuration being con-
sidered. A wind tunnel test program was, therefore, initiated to
test both a semi-spanand a full-span configuration.

Semi-span configuration tests -were conducted at the David
Taylor Moaei Basin irom u to 47 October 1954. Yll-span configura-
tion tests were conducted in the 19-foot wind tunnel, NACA,
Langley Air Force Base, Virginia in February and March 1955. In
both cases 1/25-scale models of the B-36J were used, after wing-
tip modification, since they were already available and were con-
sidered entirely suitable for these tests. The 1/25-scale model
fighters were made by Thieblot.

Results of the wind tunnel tests confirmed Convair-Fort Worth's
original philosophy that the basic problem was one of dynamic
stability rather than flutter.

A summary of the dynamic wind tunnel tests is covered on
page 96 of this report. Detailed accounts of these tests are
covered by Convair-Fort Worth Reports SGD-17, Project Tom-Tom
Semi-span Dynamic Model Wind Tunnel 'tests, dated April 1955
(Reference 4 ); SGD-18, Proiect Tom-Ton Full-SDan Dynamic Model
Wind Tunnel Tests, dated April 1955 (Reference 5 ); and Thieblot
Aircraft Company Report FZM-36-665 Dynamic Wind Tunnel Model Project
UX-1713 dated 6 April 1956 (Reference 25).
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FLIGHT TESTS

A. PROXIMITY FLIGHT TESTS

Since Convair pilots were to fly the RF-84F as well as the
-36, during flight testing of the prototype, two Convair pilots
were checked out in the C-47/Q-14 at Wright-Patterson Air Force
Base in June 1954. Both pilots were a~le to make successful
couplings without difficlty and gained experience which was help-
ful in evaluating proximity flights of the RB-36/RF-84Y and in
making a comparison to the C-47/Q-14 system.

A mock-up coupling mechanism, Figure 39 , was completed and
installed on the left-hand wing tip of RB-36F airplane Serial No.
49-2707 and on the right-hand wing tip of RF-84F airplane
Serial No. 51-1848, Figure 40, in August 1954.

Prior to actual proximity flights, RF-84F airplane Serial
No. 51-1848 made three flights to investigate the handling
characteristics of the airplane with the coupling probe installed.
Three different coupling probe jaw configurations were tested,
a two-foot vertically' opening jaw closed on the first flight,
a two-foot vertically opening jaw open on the second flight, and
a four-foot vertically opening jaw open on the third flight.
These three configurations are shown by Figures 40 through 42
Maximum airspeed on these flights was limited to the structural
limitations of the mock-up installation and averaged approximately
350 mph. It was found that the coupling probe with these jaw
configurations did not affect the handling characteristics
of the RF-84F airplane appreciably. Stalls conducted with the
mock-up configurations revealed a slight roll-off in the direction
of the probe which was easy to control.

Three proximity flights were made with the RB-36F coupling
mechanism mock-up boom in the extended position and the RF-84F
coupling probe mock-up with the four-foot jaws open.

The first flight was conducted on 26 August 1954. Various
airspeeds and approach angles were investigated. An indicated
airspeed of 200 mph and an approach angle of 60 degrees from the
line of flight of the RB-36F gave the best over-all results.
A maximum RB-36F rudder trim setting of 4 degrees was required to
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correct for coupling mechanism drag and the proximity of the RF-84F
had only a slight effect on the RB-36F control characteristics. The
RB-36F wing-tip vortex effect was quite noticeable and varied with
the angle of approach of the RF-84F. However, the RF-84F pilot
was able to bring the probe jaws within less than a foot of the
boom receiver on several occasions

Flight No. 2 was made on 27 August 1954. Results were much
the same as on the first flight, with proximity runs being made
at 10,000 feet PA and 24,000 feet PA. At the higher altitude,
higher airspeeds were more effective in approaching the RB--36F
boom receiver. Again, no difficulty was encountered in approaching
within inches of a coupled position, although no actual contacts
could be made with the mock.up installation.

Flight No. 3 was made on 29 September 1954. The RF-84F was
flown in proximity to the RBM-36F wing tip mock-up at indicated
airspeeds from 200 to 252 mph at 17,000 feet PA. The RF-84F pilot
estimated that contacts could have been made on 75 percent of the
simulated contact approaches. Approaches were made from above,
below, and at B.36 wing tip level as well as at horizontal angles
varying from 0 to 90 degrees. The optimum RF-34F approach path
to the RB.-36F coupling mechanism boom was found to be at the same
level as the RB-36F wing tip and 30 to 60 degrees to the RB-*36F
line of flight. Figures 43 and 44 are in..flight photographs of
the proximity flights.

In addition to th. three proximity flights, proximity approaches
were also made with a standard B..36 wing tip for comparison of
wing-tip vortex and turbulence effects with and without the mock-up
coupling mechanism. Turbulence aft of the wing tip with the
coupling mechanism mock-up was Pore pronounced but vortex effects
were less than for the standard clean wing tip

As the result of the proximity tes's, i was concluded that
contact of an RF-84F with the wing tip of a B-36 was feasible and
could be accomplished by the average pilot without difficulty.
The wing-tip coupling mock.-ups on the RB.36F and RF--84F did not
appreciably affe't the flight chara:teristics of either aircraft.

A more detailed a'count of the proximity flight testing may
be found in Convair.-Fort Worth Reports F.T.I. No. 14.1-22 "Proximity
Flight Test Program - Project Tox..Tom, ' (Reference 3 ) and
FZA-36-342, "Tom-Tom Flight 'rest P:ogram Summary" (Reference 14).
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B. GROUND OPERATIONAL TESTS

To insure satisfactory in-flight operational performance of the
Tom-Tom coupling mechanisms a hoisting test tower was constructed to
simulate in-flight coupling and de-coupling. The tower incorporated
provisions to check the following:

(1) Single-point coupling and releases, including
normal and emergency releases.

(2) Roll and pitch movements while in fully coupled
retracted position.

(3) Normal and emergency release of the RF-84F
from the fully coupled position.

The initial phase of the ground operational testing was
started in mid-December, 1955, and was completed 30 December 19.3.
Numerous deficiencies were brought to light. The failure of the
RF-84F aft latch to release under load was the major problem.
Modifications to overcome these deficiencies were completed to a
point where a fit check was made late in January, 1955. Final
modifications required on the RF-84F aft latch were completed and
composite ground operational tests were satisfactorily accomplished
late in February, 1956. Figures 45 through 53 show the hoisting
test stand in operation during these tests.

Minor adjustments and changes resulting from these last tests
were accomplished and the two aircraft were readied for the Develop-
ment Engineering Safety Inspection held 21 and 22 March 1956. Ground
operational checks were demonstrated at this inspection.

Requests for alteration resulting from the DEI Safety Inspec-
tion which were required prior to flight were accomplished and a
final ground operational check was made early in April, 1956.

Many other ground operational tests were run during the proto-
type flight test program. These tests provided a means of deter-
mining the effectiveness and safety of changes or modifications
to the coupling mechanism prior to test flights.

C. PROTOTYPE FLIGHT TESTS

A shakedown flight of the RF-84F and functional check of the
coupling mechanism was accomplished on 13 April 1956. The B-36
mechanism was located un the right-hand wing and the F-84's on the
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FIGURE 53 SIMULATED RELEASE OF RF44F
UNDER DOWN LOAD
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left-hand wing. The handling characteristics of the RF-84F with
the coupling probG installed were found to be much the same as
was experienced during proximity flights. No adverse effects
were noted. The coupling mechanism operated satisfactorily with
the indication that only minor adjustments were required in order
to make contacts.

On 14 April 1956, the first Tom-Tom prototype flight was
made. A shakedown and functional check of the RB-36F airplane and
coupling mechanism was satisfactorilyaccomplished. This was followed
by proximity runs with the RF-841 Lo check effects of wing-tip
vortices on control of the RF-84F. A vortex effect was encountered
in an area which extended from abeam and about 10 feet outboard
of the RB-36F wing tip to a point some 30 feet aft of the wing tip.
Considerable aileron control and some extra power were required
for the fighter to penetrate this area, after which power could
be reduced somewhat and the RF-84F became easier to control. As
the fighter penetrated this vortex area the bomber exhibited a
distinct tendency to yaw left. However, these conditions posed no
control problem to either the fighter or bomber pilots. Several
contacts were made following the proximity runs. However, no
attempts were made to latch in single-point attachment as the
latches were secured in the unlatch position.

Flights No. 2 through No. 4 were accomplished between 14 and
27 April 1956. Several contacts were made, but single-point attach-
ment was not accomplished as the forward latch was made inoperative
for these flights. Difficulty was encountered with the roll
release actuating the RB-36F head retraction when contact was made.
This condition was corrected and the forward latch was made opera-
tive for Fubsequent flights.

Flights No. 5 through No. 7 were accomplished between 10 May 1956
and 25 May 1956, during which time four single-point attachments
were achieved. The RF-84F was very stable in single-point attach-
ment. Numerous deficiencies in the coupling mechanism were noted
and consideraole rework was accomplished in An attempt to overcome
these dlscrepanctm. F.r 31 illustrtes the xinjgle-Point_ attach-
ment configuration.

Flights No. 8 through 11 were accomplished between 6 June 1956
and 8 June 1956 for the purpose of making two-point attachments with
the forward latch operative and the aft yaw lock inoperative. Only
one two-point attachment was made during these flights due primarily
to slippage of the boom actuator clutch. This was not considered
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a true two-point attachment since the yaw lock was not engaged but
the puck of the pitch lock was extended and the AF-84F was held
in pitch by using right rudder to maintain control against the rail
and rack gear of the bomber aft latch. However, the RF-84F was
towed in this configuration for approximately 23 minutes and a
normal electropneumatic release was made While being towed, the
RF-84F pilot flew without making control corrections. The fighter
was very stable at all times and presented no control problem for
either the fighter or bomber pilots. Figure 30 illustrates the
two-point attachment configuration.

Flight No. 12 with the receiver and yaw locks operative was
accomplished on 8 June 1956. A two-point attachment was
accomplished on the first attempt and the yaw and pitch locks were
engaged. The RF-84F was towed for approximately 45 minutes while
locked in the two-point attachment position. Oscillations, induced
by mildly upsetting the RF-84F about its pitch axis damped out
in one to three cycles and the RF-84F appeared very stable. The
RF-84F was flown briefly in two-point attachment with the pitch
lock retracted and appeared to be somewhat more stable than at
2/3-retracted to fully retracted positions in single-point attach-
ment. A normal bomber initiated electromechanical release was
accomplished.

At the conclusion of flight No. 12, all testing was temporarily
suspended because of depletion of funds. A minimum effort flight
test proposal for continuation of flight testing was submitted
to the ANC 23 July 1956, and was subsequently authorized 17 August
1956. The flight test program as authorized was for a two-fighter.
configuration without the utilities coupling incorporated. Flight
testing was resumed 31 August 1956, with flight No. 13.

Flights No. 13 through No. 17 were accomplished between
31 August 1956 and 20 September 1956, with the receiver, yaw and
pitch locks operative (i.e., the coupling mechanism was completely
operative). The intent of these flights was to investigate the
flight characteristics, stability, and structural loads of the single-
fighter Tom-Tom configuration. Two successful fully-coupled attach-

-- t-rwth-botb-the--yaw and piteh-locks engaged) were accomplished
during these flights. On one of these fully-coupled attachments
the RF-84F was towed for 1 hour and 20 minutes. The intent of
these flights was accomplished to the degree possible with only
two contacts having been made. Results obtained indicated the
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RF-84F to be stable under all conditions investigated (subsequent
stability analysis showed the configuration to be only neutrally
stable in one oscillatory mode at the highest test speed). Failure
to make additional contacts during these flights was attributable
to loss of radio contact, maladjustment of the roll release, and
malfunction of the yaw lock mechanism. Figure 54 is an in-flight
photograph of the RF-84F in the fully-coupled attachment.

Flight No. 18, the last flight to be made prior to termina-
tion of flight testing, was accomplished on 26 September 1956.
The intent of this flight was the same as for previous flights
No. 13 through No. 17. Several attempts were made to lock in
single-point attachment. On the fourth attempt, a single-point
attachment was accomplished. However, fighter roll oscillations
started immediately and increased in amplitude so that on the
third cycle a wing-up attitude of 20 degrees was reached with
heavy buffeting occurring and the pilot could no longer control
the airplane.

As the RF-84F rolled down, thu pilot initiated release
which occurred at a wing down attitude of 30 to 45 degrees
accompanied by shuddering of the RB-36F bomber. As the fighter
left the bomber the head assembly of the RB-36 fell free. It is
not known whether release was the result of initiation by the
RF-84F pilot or due to the automatic roll release mechanism. The
damage was not extensive enough to prevent either airplane from
making safe and uneventful landings. Post-flight investigation
revepled major damage to the coupling mechanism of both aircraft
as well as a considerable amount of structural damage to the wing
tips of both aircraft. Figures 55 and 56 are in-flight pictures
showing the failure as it occurred. Figure 57 is a summary of
operations during the flight test program.

For more detail on flight No. 18 test flight see Convair
Reports FZA-36-342, "Tom-Tom Flight Test Program Summary," Refer-
ence 14 and FZM-36-1192, "Project Tom-Tom Report of Test Flight 18
Plus Convair's Recommendations Regarding Continuation of Project,"
Reference 18.

All subsequent flight testing was cancelled on Convair-Fort
Worth's recommendation that the program be terminated at this time.
This recommendation was based '.n a careful consideration of what
could be gained by additional test flights versus the risk to
personnel, and cost in money, time, and effort.

A more detailed account of the flight test program is given
in Convair-Report FZA-36-342, Reference 14.
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STRUCTURES

A. STRUCTURAL CRITERIA

The criteria for structural design was established by
Convair Report FZS-36-306, "Structural Design Criteria, RB-360/
RF-84F Composite-Wing-Tip Coupling," dated 29 December 1953 and
last revised on 22 July 1954 (Reference 2 ).

This report set forth the basic parameters and their ranges,
such as speeds, altitudes, gust velocities, gross weights of
carrier, gross-weights of parasite, etc. It could not - and did
not attempt to - establish loads, or even indicate the ft-hods
by which to determine loads. Convair leaned quite heavily on
its past experience with - and design criteria for - the Ficon
parasite system in writing this criteria (see FZS-36-304,"Struc-
ture Design Criteria for Production Ficon Installation,"
7 October 1953, Reference 33 ).

It was recognized that Thieblot Aircraft would very li.ely
have to develop new techniques to determine the finite des.gn
loads based on the critiera. since these loads would undoubtedly
involve unique dynamic response characteristics. No design loads
were ever developed by Thieblot and Convair was forced to provide
them with arbitrary design loads in order that actual structural
design of the system might begin. These arbitrary loads were
supplied by Convair in January 1955.

B. STRUCTURAL IS IGN

The redesign of the B-36 and RF-84 wings, as well as the
design of the coupling mechanisms on both aircraft, was done
entirely by Thieblot. Actual fabrication of the parts to Thieblot
drawings was done by Convair. The designs successfully withstood
limit design loads with one minor exreption which was easily
corrected (see page 62 ).

The reinforcements made to the wings of the B-36 and the F-84
are explained on par 45 and 47. The stress analyses on these
changes are containt in FZU-36-527, Volume 1, for the 5-36 and
Volume II for the F-84 (Reference 20).
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The d.ign of the coupling mechanisms is explained in the
Design Section of this report, pages 19 through 45. The strwas
analyses of theme osigns are contained in FZS-36-527, Volume Il1,
for the B-36 and Volume IV for the F-84 (Reference 20 ).

C. STRUCTURAL DEVELOPnENT TESTS

To the best of Convair's knowledge no teats were made at
Thieblot to ascertain optimum structural design or to check
allowable stresses used in the design. Convair made none.

However, all critical design limit loads were applied to the
actual flight articles. These tests are covered under the
"Proof Loading and Spring Rate Testing" section of this report.

D. FLIGHT LOADS

1. Theoretical Flight Loads

Once the coupling mechanism basic configuration had
been established as "free in roll about a hinge line skewed
15 degrees with respect to the forware direction of the
airplane," it was possible to make real headway in establish-
ing design loads based on the criteria sot forth in
FZS-36-306 (Reference 2 ). The dynamic loads studies and
the stability studies vent hand-in-hand because the
dynamic loads could be derived from the equations of notion
used in the stability studies.

First things coming first, early studios of these equa-
tions were directed toward answering the question "If this
configuration dynamically stable, and if so, at what speeds?"
After this question had been answered, (at least to the
extent of deciding to proceed with the flight test program)
and as that program drew nearer, interest in predicted
flight loads quickened.

Accordingly, both Convair and Thieblot accelerated
their programs to predict flight loads from the equations
of motion which each had developed - Convair using La Grangian-
type equations and Thieblot matrix-type equations. The
Convair work was done on the analog computer equipment at
the Convair, Pomona Division during the period 2 April 1956
to 2 April 1956. The Thieblot work was done at I-PAFB, Ohio
on digital computer equipment made available by the Air
Force.
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The net results of these loads studies were the
same: the system would not tolerate gustSapproaching the
design gust without instigating dynamic motions which
caused the fighter to experience dangerous flapping and
other more complex coupled motions, or without exceeding
design loads, or both. That is, in even moderately
turbulent air the pilot could not fly the fighter "hands
off," without running the risk of real trouble.

Because of the necessary simplifications in the equa-
tions of motion, and the consequent hesitancy in accept-
ing their predicted results at face value - and because
of the time, money, and effort spent on the project up to
t;his point - it was considered desirable to continue with
the flight test program as planned. Moreover, it was
believed that the advancement of the "state-of-the-art" to
be gained by flight test experience more than offset
the small additional cost and relatively small element of
risk involved.

One of the more valuable products of the EAC studies
was the graphic presentation of the otion and time
relationships. This relationship was not properly integrated
with pilot-reaction time and coupling-release time in the
thinking that went into the design and later, it proved,
into the test flights.

For a fuller pr_ sentation of the dynamic loads'
studies made by Convair see Report FZS-36-490, 21 December 1957
(Reference 17 ). For a presentation of the dynamic loads'
studies made by Thieblot see Report FZM-36-526, "Structural
Loading Analysis, Project 1X-1713," Reference 19.

Except for flight No. 18, and the drag load for flight
No. 12, loads experienced during flight tests did not exceed
more than 60 percent of limit design loads. (The mechanisms
and aircraft had been tested to limit design loads, see
section on Proof Loads and Spring Rate Testing, page 59.)

For a fuller presentation of measured loads experienced

during flight testing, see Convair Report FZS-36-490.

2. Actual Flisht, Loads

No attempt was made to correlate measured flight loads
and predicted flight loads. In the first place the inputs
on the ZAC were different from those created in flight; and,
'in the second place, it was difficult enough to keep the
f ight program moving along with a satisfactory level of
accomplishment on a limited budget with the added burden of
correlating measured and predicted flight loads. g
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CONCLUSIONS AND RECOMMENDATIONS

This topic will be covered in three parts - each complete in
itself:

I. Stability and Control
II. Detail Design of the Tom-Tom Configuration
III. A Critique of Tom-Tom As An Over-all Effort

I. STABILITY AND CONTROL

A. CONCLUSION3

1. A primary factor affecting the practicability of
wing-tip coupling is the stability of the fully-coupled
arrangement.

2. It is believed that the Tom-Tom program has demonstrated
that the skewed-axis concept is a satisfactory solution
to the problem of stability for the wing-tip coupling
and wing-tip towing arrangement.

3. Although the flight program was prematurely concluded
because of accidental damage to the coupling mechanism
of both aircraft, sufficient flight data was obtained
prior to this incident to enable conclusive correlation
between analytical and flight results. These conclu-
sions and correlations follow:

a. The flight results and the analytical results
exhibited identical trends; the instability speeds
differed by only 22 mph.

b. Frequency and damping discrepancies were not
unreasonable, considering the assumptions of the
analysis.

c. Correlation was possible only for the case where
one fighter was attached to the bomber (the flight
test program never got beyond the single-fighter
configuration), and the assumptions of the analysis
were particularly unrealistic in this case because
of practical limitations to the number of degrees
of freedom that could be considered.

Preceding Page Blank
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4. It is felt that the basic nature of the problems
associated with the skewed-axis concept have been
successfully defined analytically and correlated
with wind tunnel and flight data. As a result,
future efforts of this type can proceed with greater
confidence, and more reliance can be placed on the
aMalytical approach in effecting a suitable design
arrangement.

5. The analytical approach to the stability problem
developed in this project can be applied with
confidence to other skewed-axis systems. The
equations of motion developed night require modi-
fication before application to another system with
its individual characteristics.

6. Wind tunnel tests utilizing dynamically similar models
can z expected to simulate reasonably well actual
flight vehicle response.

7. In single-point coupling the Tom-Tom configuration
was unstable but controllable. The Instability was
one of pure divergence.

8. Simulator studies proved valuable (and reasonably
accurate) in evaluating pilots' abilities to control
the unstable characteristics of the single-point
configuration. The flight system proved somewhat
more easily controlled than the simulator system,
presumably because pilot sensitivity to the airplane
notions enabled him to compensate with the correct
control somewhat sooner than on the simulator where
there was no feel involved - only visual observation
of the trace of simulated motion.

9. Aeroelastic effects are of prime importance and tend
to restrict the range of parameters wherein inherent
stability is obtained.

10. Static trim-out of the fighter can be defined by
fighter roll angle and vertical load at the rear-
point attachment. Trim is affected by airspeed,
bomber angle of attack, fighter gross weight,
fighter tip task configuration (on, fuel in tank, off),
fighter aileron deflection, fighter elevator deflection,
fighter flap deflection, and fighter rear-point attach-
ment position (vertically). It is most sensitive to
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rear-point elevation. The rack and puck arrangement
(on bomber and fighter, respectively), when coupled
with fighter elevator setting, provide ample adjust-
ment to permit trim to almost any desired fighter
roll angle or rear-point attachment load.

iL. Trae Tom-Tom design proved quite satisfactory from the
standpoint of trimming for a particular flight con-
figuration.

12. The aft yaw latch mechanism design worked quite satis-
factorily once the fighter aft latch point positioning
mechanism was improved.

13. The "puck" (or gear segment) and rack for adjusting and
fixing pitch attitude proved quite satisfactory.

B. RECOMMNDATIONS

1. For improved theoretical results more attention should
be given to the accuracy of input data, i.e., deriva-
tives, interference, spring rates, geometrical charac-
teristics (such as wing sweep), etc.

2. For future projects of this type, it is recommended
that careful consideration be given to the structural
and geometrical characteristics of possible aircraft
before a final selection is made and a design study
undertaken. Of particular importance in this regard
are the structural rigidity and the wing sweep. The
latter is of special importance in the fighter air-
craft as it appears that an airplane with a mildly
swept wing has stability advantages over a comparable
airplane with a highly swept wing; in addition, it
will be possible to make the coupling mechanisms
more compact - thereby reducing flexibility. The
larger span associated with the low sweep will improve
the skewed-axis stability, and performance charac-
teristics of the composite should be better because
of a higher combined ratio and the "cleaner" design
afforded by smaller coupling arrangements and their
attendant fairings. In order to define some of these
effects more accurately a generalized study should be
accomplished and the most efficient planforms deter-
mined.
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3. For more reliable wind tunnel results it is recom-
mended that particular attention be given to accurate
simulation of significant aircraft and coupling
mechanism spring rates (e.g., the bomber coupling
mochaalm was found to have a spring rate of the same
order as the bomber wing, whereas in the early analyti-
cal studies the spring rate of the mechanism was
assumed to be essentially infinite).

4. Careful attention should be given to the methods of
exci iag vibratory motions of the fighter - in both the
windtunnel testing and in the flight testing. It may
be desirable and necessary to use more than one standard
method of excitation in order to asure exciting the
primary modes of the composite and, also, to invite
maximum coupling effects between them. Best correla-
tion between wind tunnel and flight results will be
possible with comparable methods of excitation.
Standard methods of excitation will also insure good
quantitative flight data amenable to systematic
interpretat ion.

5. Although Convair and Thieblot carried on parallel
stability studios, each using a different analytical
approach, it is not necessary that such be done.
Convair used a 4-degre.-of-freedom system, whereas
Thloblot used a 5--doegre-of-froodom system. Coo-
parisou of the two studies showed Identical trends;
the numerical differences were not significant when
the difference in doegroes-of-froedom is considered.

6. The complexity to inclado in an analytical approach
must be a compromise betweeo gains to be realized
and the cost of the approach in time and effort.

7. The following are Covair's reccmmendationd, based
on the experience gained from the Too-Tom program,
as to how present and future efforts paralleling that
at Convair could be directed to best support the
floating panel concept.

To provide neewded static stability to the wing-tip
coupling concept, two basic ideas have been advanced:

a. The skewed-axis arrangement utilized in the
Tom-Tom program, and,

b. The goared-flap arrangement in the Beech Aircraft
Company Long-Tom program.
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The two approaches are basically similar, and
and it is expected that comparable systems of each
type having the same degree of static stability will
exhibit essentially the same dynamic characteristics.
The primary differences to be expected in these two
approaches would arise due to the nonlinearities
occasioned by the skewed-axis arrangement. This
similarity leads to the conclusion that data obtained
from one system can be applied to estimate first
order effects on the other system. Thus, the flap gain
(or flap-angle-to-roll-angle gearing ratio) can be
compared to the value of the skew angle. The two
would produce approximately the same effects when the
restoring moment, due to roll angle, is the same.
These considerations suggest the possibility that
some of the aims of the Tom-Tom program that have
not yet been realized may be effectively covered in
a more efficient manner by an extension and amplification
of the Long-Tom program.

A broader range of variables having more direct
application to the floating panel concept can be
obtained by a continuation of the Long-Tom program
with the following approach:

a. Perform analytical stability studies to predict
dynamic stability characteristics as a function
of speed, flap gain, loading, etc. An approach
paralleling that used in the Toi-Tom program is
suggested. It will be found that for a given
flap gain and configuration, a point of insta-
bility will be reached as the speed is increased.
This is comparable to the effects obtained with a
fixed skew angle. Thus, by varying the gain over
a range, the effect of a varying skew angle is
effectively defined, if such a comparison is of
interest. Calculations could consider the case
of only one panel attached as well as that of
two panels.

b With suitable instrumentation, perform a flight
test program to substantiate the results of the
analytical calculations. This could be accom-
plished by stabilizing on a given speed and vary-
ing the flap gain through a range up to the
instability point. This would give results
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comparable to varying the skew angle at that
particular speed. Results would then be repeated
at other speeds.

c. Correlate the analytical and flight test results
and determine what modifications to the analyti-
cal approach, if any, are required to improve the
agreement.

The above procedure could first be carried out on
the presently available flying article and then repeated
with various modifications, if desired. Some of the
possible modifications are as follows:

a. Structural Elasticity - The three major items
involved are the rigidity of the attachment
mechanism, the floating panel, and the wing of
the parent airplane. All of those should be
varied and the test results correlated with
theoretical answers. This work is interrelated with
recommendations b. and c. below.

b. Larger Panel to Airplane Ratio - The trend in
design at present is the use of low aspect ratio
supersonic airplanes with large floating panels
for subsonic cruise. This very definitely
emphasizes the stability and maneuverability of
the total configuration as well as the stability
of the panel. The ratio of panel size to air-
plane size should be varied together with the ratio
of panel mass to airplane mass.

c. Swept Conficurations - Tactical use of floating
panels indicates an advantage in using swept con-
figurations for high subsonic cruise. Thus, a
comparison of the stability characteristics of
swept and unswept panels and wings will be use-
ful as well as a knowledge of the problems asso-
ciated with each.

d. Fliaht Control - This investigation involves the
installation and testing of several typos of
stabilization and/or control systems. The primary
purpose of these investigations would be to doter-
mine what functional arrangements provide the best
handling qualities for the combination. For example,
several typos of command signals from the pilot's
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wheel to the panel could be studied, The response
of the combination with various displacements,
rates, and acceleration feedbacks from the panel,
the airplane, the relative roll angle, etc. would
be determined. The secondary purpose would be to
establish what part of the stabilization and/or
control system can be made all-mechanical and
what parts must rely on electronic-servo type
systems.

e. Separation - The investigations and analysis of
the problems of separation should include both
the programming of the flight path of the parent
airplane as well as that of the panel. A few sug-
gestions toward separation techniques are as fol-
lows (it is very likely that different panel con-
figurations will require different separation
techniques):

1. Provide the necessary control settings to
cause the panel to assume a roll-up attitude
of 10 to 20 degrees before release, providing
sufficient down elevator upon release to cause
the panel to dive out and down from the parent
airplane. Care should be taken to insure that
the release mechanism will operate under asym-
metric load conditions.

2. Trim the panel for gliding flight in free air
at the speed of release and provide a mechanism
to shove the panel away (panel will probably
assume a droop position while still attached).

3. Incorporate a device to set in a given amount
of rudder and elevator deflection to cause
the panel to yaw, roll, and dive away at the
instant of release.

4. Make the panel so that it is aerodynamically
unstable when released.

5. Incorporate a drag device on the outboard tip
of the panel to be actuated at the instant of
release.
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6. Panel trimmed to glide at release speed with
a small drag chute attached at the center of
the panel and actuated at the instant of
release. If the roll and angle at release is
small, it is expected that the lateral notion
of the panel will not develop soon enough to
cause collision with the airplane.

The above remarks cover investigations that
would be valuable to the art of floating panel
development. It is apparent that a great amount of
work could be done on the floating panel concepts.
Since all of these variations could not be covered
practically by flight test methods, the need for
early substantiation of an analytical approach is
clearly defined. It is very likely that many of
the variations in configuration can be satisfactorily
investigated analytically. Therefore, it would be
necessary to conduct substantiating flight tests
for limited cases only. In addition, it would be
necessary to conduct flight tests in order to obtain
information on those items which cannot be satis-
factorily handled analytically - such as flyability,
release, etc.
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II DETAIL DESIGN OF THE TOM-TOM CONFIGURATION

A. CONCLUSIONS

1, The entire program suffered from a multiplicity of
design shortcomings The over-all coupling scheme
was basically sound but the actual design indicated
in many cases a lack of practical experience, a lack
of foresight, and apparently a lack of thought and
conscientious effort.

2. The wing-tip coupling mechanism as developed and
flight tested in the Tom-Tom program is not considered
satisfactory for tactical use and was barely acceptable
for test flying. It appeared that a new difficulty
and a now shortcoming were uncovered on virtually every
test flight. The extent of rework necessary before the
coupling mechanisms as designed were acceptable as
flight test articles is covered under the DESIGN
section of this report.

3. Coupling of the RF-84F to the B-36 in turbulent air
cannot be successfully accomplished with the coupling
mechanisms developed and tewted. From the experience
gained in the Tom-Tom program, and from past experiences
with wing-tip coupling, it appears questionable that
hook-up in more than mildly turbulent air can be
accomplished regardless of the design of the coupling
arrangement.

4. The unfortunate experience of the last test flight
points to the requirement for a def n4te procedure
for immediate release of the parasite from the carrier
in any abnormal situation. In order to avoid danger
to aircraft and personnel it Is necessary that de-
coupling occur before loads are induced which exceed
the design limit loads of the configuration. This
"safety valve" de-coupling can be accomplished by a
"fail aafe" feature designed for the mechanism, or
by an established procedure for firing squibs at any
time the fighter parasite is not under full control.
Perhaps a combination of the two, wherein an excessive
roll angle automatically fire* squibs and insures
positive release, is the best system. Although the
Tom,-Tom design incorporated an automatic roll release
when the roll angle exceeded * specific amount, the
incident of the last test flight clearly indicated
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that the time required for this particular release
mechanism to operate exceeded sala limits. Uxperience
with the Tom-Tom program demonstrated that squib
release was the one sure, effective, and quick method
of release.

A virtually fool proof "safety valve" type release
is considered mandatory regardless of the type of
automatic fligbt control that might be incorporated
in the parasite fighter - be it skew-angle or be it
some corrective control device.

5. Some slight elaboration of certain design shortcomings
will be made here:

a. Features Incorporated in the design to assist the
fighter pilot in making initial coupling contact
(single-point) were barely acceptable in smooth
air - despite the fact that the objective had been
to create a design that would permit coupling in
moderately turbulent air without precision flying
by the fighter pilot.

The initial ain, as established during dis-
cussions with Convair test pilots after checkout
on the C-47/Q-14 project, had been to create a
coupling target - which if hit would result in
successful coupling - of approximately 4 feet x
4 feet. Physically speaking, this was provided,
ho;'izontally by the back face of the bomber boom
and vertically by the spread of the fighter jaws.
Practically speaking the target area never exceeded
10 inches x 10 Inches, even after the several very
real improvements made during the flight test
program.

The fighter pilot found it virtually impossible
to slide the spool along the bomber boom and into
the head. In those cases where he was able to
slide the spool along the boom (only after lubricant
had been liberally applied to the faying surfaces)
the direction of fighter motion established by the
boom was such as to cause the spool to hit outboard
of the forward latch centorline and engagement
could not occur.
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The wide-opening jaws never had any value beyond
serving, perhaps, as a visual assist to the pilot in
judging his location relative to the bomber coupling
mechanism. If, at initial contact there should be a
vertical mis-natch of, may two feet, it is necessary
that one (or a combination of both) of two things
occur:

(1) The bomber wing must deflect the amount of the
mis-match, or

(2) The fighter must be lifted (or lowered) the amount
of the mis-match.

If the fighter closing speed is appreciable, say
3 feet per second, the forces involved are quite
sizeable. The bomber receiver heAd had the require-
ment that it be capable of swiveling like a universal
joint. Actually, two intersecting axes of rotation
were provided - one permitting pitch and one permitting
roll.

Any vertical load not applied at the intersection
of the axes would tend to roll the head about one or
both axes - and it often did, thus making coupling
impossible. Convair incorporated a feature which
permitted a few degrees of roll freedom at initial
contact (considerable after single-point coupling)
but was not able to incorporate this much-needed
feature into the pitch-axis design. This deficiency
can be (and was) made less troublesome by adjusting
fighter flaps to give best fighter pitch attitude at
coupling speeds.

b. Yaw freedom between the bomber head mechanism and the
fighter probe fitting to which the "spool" was attached
was inadequate. By this is meant that release from
single-point attachment was physically and mechanically
impossible at yaw angles that were not considered
excessive.

c. The 'ball-bearing screw" jacks proved particularly
troublesome. One can only conclude that they were
not capable of doing the job required of them. An
an observation, it does not seem that an elaborate
piece of equipment requiring such precise adjustment
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and having inherently one performance require-
ment built around such a variable as the friction
constant has a place in a design where high
reliability is so important. At least the
designer should bond over backward in looking
for a more appropriate piece of gear.

B. RCOMIf NDAT IONS

1. Recommendations are made only in four general areas.
The specific needs of the Tom-Tom coupling design can
be determined from reading the above "Conclusions"
and the section of this report on "Design".

2. Initial Coupling. Allowances must be made for mis-
match of the aircraft coupling mechanisms at initial
contact - differences in vertical and horizontal
position and differences in roll, pitch, and yaw
attitudes Yaw freedom (exclusive of binding
mentioned under "Conclusions" above) was inherent
in the fighter "spool." Roll and pitch freedoms
were provided but, initially, were free beyond
acceptable limits for practical coupling. Roll
freedoms up to + 5 degrees are desirable for initial
coupling. Pitch freedoms up to - 5 degrees are
desirable for initial coupling. These limits,
however, should be based on the airplanes involved
and their particular problems.

3. Release System. Release should be positive, reliable
and clean. Eergency release should have onl7 one
criteria- -immediate and complete release. Squibs
have proved most effective in Convairps experience
on both the Too-Tom and Ficon projects.

4. Reliability. No piece of equipment has appreiable
value unless it is reliable. Generally speaking, the
simpler system is the more reliable. However, a
simple design must be based on good solid thought and
engineering study.

5. Use of Mock-ups. Exact wooden mock-ups of the coupling
head and fighter probe on the part of Thieblot in the
early design stages would have paid big dividends. A
scale mock-up of the coupling mechanisms in the region
of contact is recommended.
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III. A CRITIqUE OF TOM-TOM AS AN OVFR-ALL EFFORT

A. CONCLUSIONS

1. The Tom-Tom program started out as a tactical
requirement and ended as a research and developmenL
program - and should be judged in that light. Hind-
sight is traditionally better than foresight; there-
fore it can be seen where the total program could
have been accomplished better, quicker, and at lesser
cost.

2. Managemsnt-wise it might be said that the program
was not properly scheduled; follow-up by Convair
and the Air Force could have been improved; and the
program suffered because the authority to make
design and other decisions was delegated to a too-
great extent.

3. Thieblot Aircraft accepted a task almost beyond
their technical capabilities. (It should be noted
here that the task was a very difficult one.)

4. Convair and the Air Force should have given very
careful study to Thieblot's technical capabilities
before placing design responsiuility with them.

5. The Thieblot task should have been carefully
scheduled (and Convair should have agreed regarding
the practicability of the schedule). Likewise, the
Convair effort should have been carefully scheduled.
A schedule is a very sobering document. A good one
requires that the entire program be thought through -

from beginning to end. It should be planned with the
objectives and problems to be solved kept in mind.
Progress of the program should be checked against
it repeatedly.

6. It is very difficult to properly coordinate a com-
plex project where the design is done 1500 miles
from actual fabrication of parts, assembly, instal-
lation, and flight testing.
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7. Convair was not supplied enough working drawings
during the Thieblot design study stages.

8. The B-36 is an exceedingly expensive flight test
vehicle to maintain. Target flight dates are also
difficult to achieve where the maintenance of the
aircraft is kept to a frugal minimum (as in the case
of this program).

9. The program was overloaded with instrumentation.
This seems to be almost traditional in a research
and development program. Instrumentation diffi-
culties caused many missed flight dates.

10. The flight test program was hampered by the Air
Force requirement that one or more observation air-
craft accompany each flight. It is more difficult
to get four or three aircraft into the air than two.

11. Despite its many faults and considerable expense
it is believed that the "state-of-the-art" of
wing-tip towing has been advanced considerably.

B. RUCOMMNDAT IONS

1. The Air Force and the prime contractor should sit
down and itemize the specific items desired to be
accomplished on the program, e.g., reports, flight
test program, ground checkout, component testing,
installation, assembly, fabrication of details,
design, design criteria, wind tunnel tusting,
analytical studies, etc. A reasonable tentative
schedule and cost estimate should be formulated by
the two jointly. This itemization and scheduling
will be more meaningful if it starts with the end
results desired and is worked backwards.

2. Task required of the subcontractor should be care-
fully defined for the benefit of all.

3. Subcontractors should be chosen with care. A care-
ful evaluation of their personnel and facilities
should be made prior to placement of any subcontract.
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4. The prime contractor should nlan to spend approxi-
wately 10 percent of the subcontractor's bid time
in close follow-up and consultation with his sub-
contractor. (If the subcontractor gets into diffi-
culties the prime contractor is automatically in
difficulty - the fortlies of the twio cannot be
separated,)

5. Every effort should be made to locate the design,
fabrication, and flight testing at one facility.

6. As much experimentation as possible should be done
in the wind tunnel and with less expensive (mailA-
tenance-wise) vehicles than the B-36 and RF-84 before
embarking on an operational design.

7. Instrumentation should be at a minimum.
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