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INTRODUCTION 

The X-15 airplane was a rocket-engine-powered research vehicle which made 
many flights to 250 , 000 feet altitude and higher and to Mach numbers greater than 5. 
In maintaining the airplane, many small repair items were required between flights. 
Although each item might not be signi€icant in itself, the total number of items re- 
quired a significant amount of maintenance time. The time at which a problem 
occurred or was found in relation to the preflight activity which had already been ac- 
complished would sometimes cause an otherwise minor discrepancy to have a major 
effect on the flight schedule. 

This paper discusses the maintenance activity between X-15 flights and the 
number and types of repair items which would be related to space shuttle require - 
ments. The increased size and complexity of the shuttle systems will magnify the 
number of repair items , making the required turnaround time difficult or impossible 
to achieve unless careful consideration is given to problem prevention and access for 
system repair and maintainability. 

Figure 1 

of 50 feet, a wing span of 22 feet 4 inches, a launchweight of 34,000 pounds, and a landing weight of 15,500 pounds. 
Figure 1 is a photograph of the x-15 airplane immediately prior to touchdown. The airplane had an overall length 
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CONCLUDING REMARKS 

The maintenance history of the X-15 airplane shows that propellant pneumatic 
system leaks and structural repair were the biggest problem areas. Although the 
space shuttle will utilize newer equipment, materials, and techniques , the systems 
will be more complex and the operating environment far more severe than for the 
X-15 systems. To minimize the turnaround time, the number of maintenance items 
must be kept to an absolute minimum by careful application of the lessons learned 
in maintaining the X-15 airplane. 

COMMENTS 

The following was reconstructed from memory, from questions and comments 
after the oral presentation. 

1. Question. 

Answer. 

2. Question. 

Answer. 

3. Question. 

Answer. 

4. Question. 

Answer. 

Did you have any problems with ghosts? 

Rather than ghosts, there were very real problems for which a 
cause could not be found. After flight, the symptoms would com- 
pletely disappear and no problem could be found. A s  an example, 
an A P U  shut down at launch on flight 3-50, was restarted later 
in flight, operated properly for the remainder of the flight, and 
operated properly through eveyy ground test we could think of. 

How many problems did you find during an engine run which 
would have not been found otherwise? 

During the time period considered, 16 engine runs were  accom- 
plished, four of which uncovered engine or engine/aircraft 
compatibility problems. 
same functionals for an engine run as for flight and would there- 
fore have been considered ready for flight if the ground run had 
not been required. 

The engine was required to pass the 

The table summarizes the run activity. 

What percentage of leaks were in the LOX system? 

Of the 41 leaks listed in figure 5, 15 were H202 system, 1 LOX, 
3 NH3, 16 He, 2 LN2 cooling, 4 GN2 (cooling and inflatable seals), 
and 1 pilot's breathing O2 (not counted in the 41). Engine leaks 
were counted separately under engine system. 

What were some internal structure problems? 

In the cockpit area failure of a clip occurred in two aircraft due 
to differential expansion between the hot outer skin and cool 
internal skin of the pressurized cockpit area, resulting in loss 
of cabin pressurization. The third aircraft had a camera window 
installed in this area, relieving the stresses. Three small cracks 
were found by X-ray in the titanium inner wing structure of X-15-1 
during the last year of flight. They were checked by X-ray between 
flights and did not increase. 

43 



5. Question. What was minimum turnaround time? 

Answer. With no configuration changes, engine run required, or other 
problems, the aircraft could be turned around in one week (6 
working days). The maximum number of flights per month for one 
aircraft was three; the overall average was about one flight per 
month per aircraft. 

Date 
of 

run 

5 Aug 64 
15 Sep 64 
7 Nov 64 

19 Dec 64 
8 Jan 65 
5 M a r  65 

10 Mar 65 
23 Mar 65 

25 Mar 65 

27 Mar 65 

29 Mar  65 

22 Apr 68 
25 Jun 68 
5 Sep 68 

18 Nov 68 

22 Nov 68 

teason 
for 
run* 

P 
P 
R 

R 
R 
R 
M 
M 

R 

R 

R 

Good 

bad 

G 
G 
G 

G 
G 
G 
G 
B 

B 

B 

G Engine had been changed 

or Comment 

Engine had flown twice since previous ground run 
First time engine had flown 3 times between runs 
Engine had been changed for fire warning initiation in 

Engine had been changed for lube seal leakage 
Engine had been removed for access 
Engine had been changed for chamber coating damage 
Engine control box had been replaced 
Engine control box had been changed; governor was 

Engine had been changed; aircraft NH3 valve had internal 

Previous run attempt was unsatisfactory; metering valve 

flight 

found sticky during engine run 

He leak cavitating the pump during start 

was found stuck on engine 

G 
G 
G 
B 

G - 

Engine had been changed 
Engine had been changed 
Engine had been changed 
Engine was removed to repair engine mount; injector 

Engine had been changed 
was found cracked after run 

*P Periodic requirement 
R 
M 

Engine was removed or replaced 
Major maintenance was performed on installed engine 
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