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1. OBJECT 

This report is a follow-up report to PR-560XL-008 Landing Gear Uncommanded Retract 

Investigation: 560XL-5599.  It documents the continuing efforts by Cessna Engineering and 

Cessna suppliers to investigate the circumstances around and possible causes of the landing gear 

collapse of 560XL-5599 on April 15, 2008.  Reference Accident Summary in Cessna report PR-

560XL-008. 
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2. CESSNA ENGINEERING ACTIVITY 

2.1 Ruptured Tube Analysis 

The ruptured 6627002-16 Tube Assy that was found during one of the first tests preformed when 

the aircraft arrived at the Wichita Citation Service Center (WCSC) was analyzed. 

The wall thickness of this tube was approximately 0.042 to 0.045 in., (measured on areas where 

the primer was removed from the OD).  The nominal wall thickness was specified to be 0.049 

inches.  According to ANSI H35.2, the tolerance on wall thickness for nominal 0.049" wall 

drawn aluminum tubing is 0.003", so this tube in its current condition is below minimum 

tolerance.  The tube also displayed some bulging that expanded the tube OD from the nominal 

0.500" diameter to approximately 0.560-0.570" in several areas.  Longitudinal cracking of the 

OD primer coating is further evidence of tube OD expansion, which accounts for the reduction in 

wall thickness. 

The tube assembly exhibited a longitudinal split measuring approximately 0.775 inches in length 

along the tube wall at the approximate mid-tube location.  The tube was longitudinally sectioned 

at the burst.  No visible tube defects or flaws were found on the ID surfaces that could have 

caused or contributed to the burst (Note: the tube was not examined at magnification in cross-

section at this time). The fracture surface at the burst was characteristic of ductile overload.  No 

pre-existing flaws were found. 

The chemical composition of the tube was determined using energy-dispersive x-ray 

spectroscopy in the electron microscope, and was found to be consistent with 5052 aluminum 

alloy, as specified in the engineering drawing parts list. 
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Comparison of the cross section of the bulged tube to that of a nominal tube is consistent with 

the finding that the tube was of correct dimension and bulged due to high pressure: tube cross 

sectional area for nominal .5x.049 tube is .069426 in^2; final cross section is approximately 

0.567 per M&P analysis; given same cross sectional area, the tube wall would have to be 

0.0423”.  This is consistent with the M&P analysis showing tube wall between 0.042” and .045”.  

Other tube properties were also consistent with tube design.  Therefore, it is concluded that the 

tube matched type design before the accident.  Reference Appendix A – Ruptured 6627002-16 

Tube Analysis for pictures and material analysis. 

2.2 Fluid Loss Analysis 

The primary purpose of this section is to exercise the assumption made implicitly with much of 

the discussion regarding potential root cause.  That assumption is that the ability of the hydraulic 

system to stow thrust reversers at the end of the accident sequence requires that the hydraulic 

system would also have been capable of unlocking and attempting to extend the RH and Nose 

landing gear which were in fact in the up and locked position before, during, and after the final 

T/R stow operation.  Both T/R operation and the flaps being pushed up by the ground would 

ensure that the hydraulic system was energized the whole time the aircraft was on the skid plate.  

Since fluid remained in the hydraulic reservoir, and the gear remained in the up and locked 

position, the gear valve must not have been in the gear extend position. 

The following analysis is not conclusive, but the fluid found in the reservoir after the incident is 

consistent with the amount that would be expected if the gear control valve were not in the 

extend position during the event.  Volume analysis is also consistent with the likelihood that the 

gear retract side of the hydraulic landing gear actuators were filled with vaporized fluid resulting 
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from gear retraction without the hydraulic cylinders being filled with fluid.  Low pressure 

forming as gear retract side volume increases without input of hydraulic fluid results in a fluid 

and fluid vapor mix that is restored to normal when the gear is blown down pneumatically.  The 

analysis shows that the end reservoir volume is consistent with a normally serviced reservoir.  If 

the reservoir had been overserviced to the 360 in^3 level, only 135 in^3 would have been 

available to leak overboard during the event.  If the gear control valve had been commanding 

extend it is expected that it would have routed the entire volume into the fuel tank through the 

gear extend plumbing breach.  The pumps would have been capable of pumping 285 in^3 from 

the time the aircraft was on the skid rail to when power was turned off.  Therefore, fluid volume 

analysis concludes that the gear control manifold was not in the gear extend position after gear 

collapse.  Reference Appendix I – Fluid Loss Addendum. 

TABLE 2-1: RESERVIOR VOLUME ANALYSIS 

This worksheet will track the hydraulic reservoir volume to see if the final reading adds 
any insight as to the likely failure mode. 

     

Reservoir Max overfull 360 in^3   

Reservoir Full mark 215 in^3 
Gear extended, other surfaces 

stowed. 

Nominal fluid thermal expansion 25 in^3   

Reservoir Refill mark 175 in^3   

Reservoir post Accident reading 187 in^3   

     

 Volume in^3   

Actuator Extend Retract 

Reservoir 
delta to 
extend 

actuator 

Reservoir 
delta to 
retract 

actuator 

Nose Gear 19.8 6.2 -13.6 13.6 
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LH Main Gear 16.1 43.7 27.6 -27.6 

RH Main Gear 16.1 43.7 27.6 -27.6 

4 T/R actuators 86 27.6 -58.4 58.4 

2 Speed Brakes 10.6 8.5 -2.2 2.2 

  

Actuators 
stay full 
of fluid 

Retract 
cavitates on 

collapse 

Cavitate on 
collapse and 
gear extend 
fluid lost to 

burst 

Sequence of Events 
Time 
(sec) Reservoir volume (in^3) 

1.  Touchdown 17.92 214.2 214.2 214.2 

2.  T/R deploy  272.6 272.6 272.6 

3.  Speed brakes extend  270.4 270.4 270.4 

Loss of gear downlock 19.38    

Loss of weight on wheels 29.15    

4.  LH main actuator retract  242.8 286.5 270.4 

Wing and flap runway scars 30.13    

5.  Nose gear retract  229.2 292.7 270.4 

Skid rail runway scar begins 31.6    

6.  RH main actuator retract  201.7 308.8 270.4 

Aircraft stops 38.92    

7.  T/R stow 44.79 143.3 250.4 212.0 

8.  Gear blowdown later 250.4 250.4 212.0 

9.  Fluid cool down later 225.4 225.4 187.0 

* The Flap actuator volumes were omitted because of unknown position of flaps during accident. 
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FIGURE 2-1: HYDRAULIC RESERVOIR VOLUME 

2.3 Runway Data Analysis and Comparison AltAir Data 

Measurements taken on the runway following the accident indicate the following: 

LH Wing tip contacts runway for 190 feet 

LH Wing tip and flap contact runway for additional 180 feet 

Aircraft on skid rail for additional 590 feet 

This indicates LH gear collapse started before the beginning of the 190 feet, Nose gear collapse 

occurred during the first 190 feet, RH gear collapse occurred during the 180 feet, and the aircraft 

was on the skid rail for the final 590 feet. 

Comparison to Alt Air data will assume loss of squat switch is coincident with LH wing tip 

contacting runway, time = 12:52:29.15. 

Comparison to Alt Air data will assume airspeed data is equal to ground speed. 
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Alt Air shows Weight on Wheels for one second before loosing gear down and locked 

indication, time = 12:52:19.38.  Ten seconds elapses before Weight on Wheels indication is lost, 

time = 12:52:29.15.  Therefore, the aircraft was on the ground for 10 seconds during rollout prior 

to LH gear collapse.  This matches crew statements.  Alt Air data analysis shows time to traverse 

190 feet for nose gear to collapse took approximately 1.0 second, approximately time 

12:52:30.15.  Traversing the additional 180 feet for RH gear to collapse took approximately, 1.5 

seconds; approximately time 12:52:31.6.  This calculation is validated by similarity of the 

measured runway marks of 960 feet total length to calculated total distance of 1009 feet.  It is 

possible to estimate hydraulic system flow rate based on Engine N2 data from Alt Air.  It is 

assumed that aircraft power was turned off at end of Alt Air dataset, time = 12:52:45.76.  

Therefore, valves in the hydraulic system would loose power at that time.  The gear control valve 

would center if it had been powered to another position, and working properly.  If fluid were 

being lost from hydraulic system through the tube breach in the gear extend line, it would stop at 

this time even though engines continue to spool down towards N2=0 where pumps stop rotation.  

Consistent with the gear control manifold not in the gear extend position.  Reference Appendix J 

– Runway Scars for diagram of the scars.  Also reference Appendix J in Report PR-560XL-008 

for Alt Air Data. 

TABLE 2-2: RUNWAY & ALTAIR TIMELINE 
 

Runway Data and AltAir Data Analysis Summary 

Event Time 

 (sec) 

Runway 
Position 

comments 

Touchdown 17.92 -1731 ft 1731 ft prior to beginning of runway 
scars 

Loss of Gear Downlock 19.38 -1467 ft LH loss of downlock indication and gear 
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horn sound for 10 seconds prior to LH 
collapse. 

Loss of Weight on 
Wheels, LH wing 
contacts runway 

29.15 0 Beginning of runway scars.  LH Wing tip 
mark only. 

 30.13 190 ft-
measure 

195 ft 
calculated 

LH Flap track runway scars begin.  Hyd 
system has pumped 26 in^3 since time 
29.15 

All gear are collapsed 31.6 370 ft-
measured 

383 ft-
calculated 

Runway scars for skid rail begin.  Hyd 
system has pumped 26 in^3 since time 
30.13 

Aircraft Stops 38.92 960 ft-
measured 

1009 ft-
calculated 

 

Throttles to Cutoff 44.79  Thrust Reverser Stow was prior to 
Throttles to Cutoff 

End of Alt Air Data 45.76  Assume power off.  Hyd system has 
pumped 285 in^3 since time 31.6. 

 

2.4 Hydraulic Fluid Analysis 

Fluid analysis determined the fluid collected from the actuators to have been dirtier than is 

expected or typical in service.  It is possible that the container or method of gathering the sample 

resulted in an erroneously high reading due to addition of external contaminants.  Components 

torn down as part of this investigation did not show any adverse affects due to highly 

contaminated fluid.  Specifically, there was no buildup of contaminant identified in the actuator, 

actuator lock mechanism, hydraulic manifold, valve, or control solenoids.  Contamination is not 

a likely cause of this incident.  Reference Appendix D – Hydraulic Fluid Analysis for results. 
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2.5 Extend Line Burst and Manifold Extend Position 
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FIGURE 2-2:  ΔP EXTRAP EXTEND COMMANDED 

Pressure drop data taken on incident gear extend manifold (reported in PR-560XL-008 Section 

4.14 Aircraft landing gear system checkout – 09/04/08) was extrapolated.  Composite curve 

based on hydraulic relief valve having equivalent area to 0.2 inch diameter orifice when in fully 

open position, per Pneu Draulics, Inc.  The above graph assumes flow is coming from gear 

extend line back through gear control valve into system pressure, back through system relief 

valve, through manifold return back to hydraulic reservoir. 

This is the flow path that would be present if a gear collapsed while the hydraulic system were 

commanding gear extend. 

To develop 4000 psi in gear extend lines by collapsing of gear, gear actuator piston velocity 

would have to achieve approximately 50 GPM system flow rate.  For a single main collapse, 

piston velocity  = 50gpm*231in^3/gal*1 minute/60 seconds / 1.22in^2 extend area= 158 in/sec. 

If 2 main gear actuators contributed, then velocity = 79 in/sec. 

Average velocity for 13.2 inch actuator stroke collapsing in 1 second is 13.2 in/sec.   If LH 

landing gear actuator traveled from actuator stroke of .55 to 11.3 (gear on center position to point 
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of wing contacting ground), then peak velocity with uniform .0625g acceleration would be 22 

in/sec with duration of .94 sec.  Twenty two inch per second is significantly lower than the 79 

in/sec needed for both main actuators working together to produce 50 gpm or the 158 in/sec for a 

single main collapsing.  It will be concluded without further analysis that if collapse time were 

on the order of 1.0 second, it is unlikely that the tube burst occurred while gear control manifold 

was in the extended position. 

2.6 Gear Geometry and Force Relationship 

Relationship derived by A. Heiman from CATIA V4 geometric model, calculated at typical 

NetJet aircraft weight.  Reference Appendix K – Weight vs Gear Geometry Table. 

Actuator force to support mid position gear = 0.4497*S^5 - 11.794*S^4 + 119.56*S^3 - 

540.01*S^2 + 2911*S - 1453.5. 

Main Landing Gear Actuator extend area equals 1.22 in^2.  At 1500 psi it is capable of exerting 

approximately 1800 lbs to extend the main landing gear assembly, or support it against further 

retraction.  The data indicates that the presence of gear extend pressure, or hydraulic pressure 

resulting from hydraulic lock, at 1500 psi would support against further gear collapse up to 1.4 

inches into the gear actuator retraction stroke, which is 13.2 inches fully retracted.  An actuator 

force out put of 4500 lbs occurs at an actuator retraction of 2.8ins, which exceeds the tube burst 

pressure of 3750 psi.  This observation indicates that a tube failure could occur at any retraction 

point at or beyond 2.8 ins.  

Main Landing Gear Actuator retract area equals 3.31 in^2.  The retract area is larger than the 

extend area due to the standpipe design which minimizes gear extend volume.  At 1500 psi the 

actuator is capable of exerting approximately 5000 lbs to retract the sidebrace.  This appears to 
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be enough to defeat the overcenter advantage, but does not account for the opposing loads from 

runway to tire friction.  Immediately following touchdown the normal loading on the tire is 

relatively low, so friction and resistance from the tire to allow ground retraction would be at its 

lowest. 

This data supports the notion that the hydraulic system may be capable of holding the aircraft 

during the 10 second period between loss of down lock and loss of weight on wheels.  This is 

true for either a commanded gear extend or hydraulic lock in the gear extend plumbing.  In either 

case, as airspeed is decreased, or side load conditions occur through ground conditions, the 

hydraulic system will be overcome by static loads as gear is becoming more retracted.  

Reference Appendix K – Weight vs Gear Geometry Table 

2.7 Qualitative Discussion on Gear Ground Retraction 

No loading relationships have been presented for the nose because it is known that the down and 

locked position does not go overcenter.  Therefore if there is loss of the internal actuator lock 

function, the nose landing gear can be forcibly retracted.  In this case, it is assumed that any 

delay in collapse of the nose gear was due to aerodynamic effects and crew efforts to keep the 

nose off the ground. 

Main landing gear geometry is over center when down and locked, such that the side brace 

actuator is in tension.  This design creates redundant safety so that loss of internal lock function 

does not result in gear collapse.  Gear actuator retraction must continue for approximately one-

half inch before the over center advantage is lost, unless ground loading results in additional side 

loads.  It is expected that side loads induced by crosswinds tending to retract the LH gear would 

tend to extend the RH gear, and vice versa.  
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Alt Air data shows 560XL-5599 lost downlock indication 10 seconds before loosing indication 

of weight on wheels.  During this time at least one gear was indicating unlock.  If ground load 

conditions were such that collapse did not occur during those 10 seconds, it is likely that 

conditions would have existed where the ground loading and/or hydraulic system loading would 

have been able to restore an unlocked actuator to the fully down and locked position and restored 

lock without further incident. 

It is expected that a partially retracted actuator can be held against further retraction by loads as 

calculated in Appendix K, but that additional loads would resist regaining down lock due to 

friction between the tires and the runway. 

The landing gear control valve blocks gear extend system fluid from flowing freely to return 

when in the center position.  The valve goes to the center position when unpowered.  It also goes 

to the center position when both extend and retract solenoids are powered.  The leakage from the 

gear extend volume is enough to control thermal expansion, approximately 60-300 cc/minute at 

1500 psi.  (3.7 to18.3 in^3/min at 1500 psi)  If pressure verse flow relationship is quadratic, then 

the flow rate at 2250 psi is 4.53 to 22.4 in^3/min; and at 3750 psi is 5.85 to 28.9 in^3/min.  In 10 

seconds up to 4.8 in^3 of fluid could leak out of hydraulic lock allowing actuators to continue 

collapsing slowly before tube burst accelerated the collapse.   

Left hand gear actuator volume is 1.22in^3 per inch of stroke.  Static ground loads produce tube 

burst pressure at 2.8 inches of retract stroke as discussed above.  Therefore, it is reasonable to 

conclude that landing gear plumbing hydraulic lock supported aircraft for 10 seconds with at 

least one actuator unlocked.  In addition, it is most likely that all actuators were unlocked by the 

initial event, which is theorized in this assessment to be a hydraulically powered retract, possibly 



The Cessna Aircraft Co. Page 13 
P.O. Box 7704 560XL-5599 FOLLOW-ON INVESTIGATION  
Wichita, KS  67277 Report Number: PR-560XL-009 Rev - 

PR-560XL-009.doc 

 

coincident with thrust reverser or speed brake deployment.  Gradually increasing side brace 

loads due to both geometry and loss of lift provide the force to cause gear extend fluid to leak 

across thermal relief, and ultimately burst the gear extend tube.  The landing gear extension 

system is depressurized allowing all gear that are not in over center position to collapse.  Ground 

loads acting through landing gear doors and tire can push the gear into uplocks.  Post incident 

test confirmed that the burst tube rendered the hydraulic system incapable of generating enough 

pressure to release gear uplocks for gear extension.  This sequence of events matches the case for 

commanded gear retraction regardless of whether it is due to manifold fault or electrical fault.   

If a gear retract command were present for 0.2 seconds with the hydraulic system already 

pressurized, the pumps would be capable of delivering 3.5 cubic inches of fluid.  Approximately 

0.6 inches of stroke from each main landing gear actuator would be required to increase the 

likelihood of ground loads not returning the actuators to the down and locked position.  Given 

actuator retract area of 3.31in^2 each the volumetric requirement is 4.0 in^3.  Since 0.2 seconds 

is only a rough estimate of the time required for the landing gear control valve to transition, it is 

seen as plausible that the gear control valve could deliver enough volume to partially retract the 

gear past the overcentered position. 

2.8 Uplock Actuator 

Uplock actuators operate to pull the uplock hook clear of the extending gear, prior to porting 

gear extend pressure to landing gear actuators.  A spring pushes the hook into position.  Gear 

retract pressure acts on the back side of the sequence piston to ensure the uplock hook is in 

position to receive the retracting gear.  The retract connection includes an orifice.  The job of the 

orifice is to dampen uplock actuator piston velocity, thus protecting the gear retract side from 
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pressure spikes if gear extend is commanded when gear are already down and locked.  All 

orifices were in place.  If unlock occurred for this reason, normal system operation would try 

throughout the remainder of the incident to extend gear. 

Review of the actuator force table above makes it evident that it is possible for the aircraft 

weight on the collapsing gear to create a pressure spike back through the uplock hook high 

enough in amplitude to cause a gear unlock.  It is likely that the required pressure would also be 

high enough to cause a burst in the gear extend system. 

Additional review of the actuator force table shows a trend of increasing force, and therefore 

actuator pressure.  Given the 10 seconds between unlock indication and loss of weight on wheels 

it is reasonable to conclude that pressure built somewhat slowly in response to an impending 

overload.  If this were the case, the first amount of gear retraction against hydraulic lock would 

tend to pull the uplock hooks.  This would happen before pressure could rise to above normal 

operating levels.  Field experience and post incident testing support the conclusion that the 

orifices in the uplock actuators are effective at preventing gear unlock at normal operating 

conditions, and likely beyond.  Reference Appendix L – Hydraulic Schematic. 

Additional check of the gradual pressure buildup hypothesis is as follows: 

From actuator stroke 0.55 inches to 1.2 inches the gear goes from the on-center position of not 

requiring any load from the side brace actuator, to only requiring enough force that it can be 

generated with normal system pressure.  With LH actuator extend area of 1.22 in^2, the volume 

of the hydraulically locked gear volume (except thermal relief) would decrease by 0.8 in^3.  This 

is compared to uplock actuator stroked volume of 0.74 in^3.  This is consistent with the 
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hypothesis that the pressure in the gear extend could rise slow enough during a single gear 

collapse to avoid transmitting a retract pressure pulse capable of unlocking the other gears. 

2.9 Single Gear Collapse – System Response 

If the incident were initiated by single gear collapse, the hydraulic system would have attempted 

to extend the landing gear throughout the aircraft deceleration.  At the time the thrust reversers 

were stowed, the gear could also have extended if they where not blocked by the ground.  

Additionally, the gear extend line rupture would have emptied the hydraulic reservoir before the 

end of the skid rail stop. 

2.10 Flap Involvement 

Report PR-560XL-008 indicated potential investigation regarding the flap system, and clues that 

may help identify root cause.  The only finding with respect to the flap system is that the runway 

scars are consistent with crew statements regarding commanded flap position.  The ground loads 

acting on the flaps overpowers the hydraulic pressure to put the flaps closer to the zero position 

than commanded.  The aircraft system result is to continuously command flap extend and 

energize the hydraulic system by closing the loading valve.  Therefore, it is concluded from this 

condition that the aircraft hydraulic system was pressurized from the time of secondary runway 

contact (after the period where only the LH wing tip was contacting the runway) until power was 

turned off due to flaps were out of commanded position condition.  Thrust reverser deploy also 

results in the same finding for the hydraulic system pressurization, so no significant insight is 

gained due to this correlation.  It is concluded that the flap system were operating properly and 

did not contribute to the incident. 
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2.11 Electrical System Interaction  

There are electrical connectors which include both gear control and other system wiring.  No 

evidence was found supporting theories of conduction between systems.  Since erroneous 

command signal would need to have been present for the duration of the incident (to keep 

normal gear extension from happening), it seems unlikely that it would remain undetected during 

post test investigation.  No additional data is available to prove or disprove this theory.  The 

connectors, however, have wide fleet use with good service history. 

Electrical retract voltage staying on is plausible to match aircraft data, so electrical wires as well 

as PCBs were replaced (as outlined in PR-560XL-008).  No fault was replicated on removed 

hardware.  All four landing gear and hydraulic printed circuit boards were removed from the 

aircraft.  Each board was inspected and functionally tested.  The boards were also subjected to 

environment tests including HIRF, Temperature, Vibration, and more.  No anomalies were found 

on any of the boards. 

2.12 Landing Gear PCB Test 

The 6618735-1 Landing Gear PCB under went environmental and HIRF testing.  These tests 

were preformed to RTCA/DO-160E and CSTI012 standards.  The board was bombarded with 

radio and audio frequencies, Blackberry Cell Phone emissions, vibration test, and temperature 

tests.  No anomalies were found during any of these tests.  Reference Appendix F - Landing Gear 

PCB Test for the results from these tests. 
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2.13 Gear Control Handle 

The gear control handle was partially disassembled to inspect for any visible damage either 

mechanical or electrical.  The wires and electrical connectors were inspected for secure 

connections, chafing, or arcing.  The mechanical portions were inspected for security and 

indications of wear or binding.  Again, this was only for inspection purpose, no electrical tests 

were performed.  No anomalies were found.  Reference Appendix G - Gear Control Handle for 

pictures of the gear handle partially disassembled.  
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3. NON-CESSNA ACTIVITY 

3.1 Honeywell Customer Return Investigation Report 

The three down lock switches were sent back to Honeywell for further testing.  The switches 

were photographed and x-rayed as part of the initial visual inspection and no anomalies were 

found.  Reference Appendix C – Switch X-Rays.  The switches underwent both mechanical and 

electrical tests.  The mechanical test results indicated within design tolerance performance of all 

three switches.  The switches passed all of the electrical test with the exception of the Insulation 

Resistance test.  A modified version of this test was performed successfully.  Cessna Electrical 

Engineers do not believe the Insulation Resistance could have caused the incident.  Reference 

Appendix B – Honeywell Customer Return Investigation Report for the pictures and results. 

3.2 Nabtesco Aerospace Inc. Teardown Report 

The main landing gear actuators and the nose landing gear actuator were shipped back to 

Nabtesco for further testing.  Nabtesco preformed the actuators ATP, a teardown inspection, and 

analysis.  Other tests that were requested by Cessna were also preformed.  No anomalies were 

found.  Reference Appendix E: Nabtesco Aerospace Inc. Teardown Report for more information. 
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4. ELECTRICAL FAILURE MODE SUMMARY 

Table 4-1 contains a summary of all practical failure paths that could have led to the landing gear 

collapse for 560XL-5999.  Each potential failure mode has an explanation of expected results.  

The items listed in the table are the only components that can contribute to an uncommanded 

gear retraction. 

TABLE 4-1: ELECTRICAL FAILURE MODE SUMMARY 

Fault Result 
Up-Command to Control PCB    
Short to +28V You would not be able to retract the gear. 

Short to Gnd 

Results in an Up-Command and Down-Command.  The Control system 
would "Ignore" the Up-Command due to weight-on-wheels and a Down-
Command.  Once WOW is lost on the LH main landing gear the control 
system would still continue to "Ignore" the Up-Command because the 
control system still has a Down-Command.  The control system would 
continue Extending the gear or not extending the gear depending on the 
state of the down locks (normal operation).  Red Unlock light would turn 
on as soon as a gear wasn't down and locked (normal operation). 

Open You would not be able to retract the gear. 
Down-Command to Control 
PCB   

Short to +28V 

Results in neither an Up-Command or Down-Command.  The control 
system would not command to retract or extend the gear.  The Green 
down and locked lights would function normally.  The Gear horn would 
function normally.  The Red Unlock light would never come on (abnormal 
operation). 

Short to Gnd You would not be able to retract the gear. 

Open 

Results in neither an Up-Command or Down-Command.  The control 
system would not command to retract or extend the gear.  The Green 
down and locked lights would function normally.  The Gear horn would 
function normally.  The Red Unlock light would never come on (abnormal 
operation). 

Down and Locked Indication   

Short to +28V 

Control and Monitor system would never see a down and locked 
indication and would continue to command to Extend the gear.  Gear 
horn would sound (normal operation).  One or more green lights would 
not be on depending on which gear was shorted to 28V (Normal 
operation).  The red unlock light would be on (normal operation). 

Short to Gnd 

A green light would always show that gear as down and locked.  The 
gear horn would not sound and the red unlock light would not turn on.  If 
the gear was down and locked nothing would happen until the gear was 
retracted.  If the gear wasn't down and locked the extend system may 
turn off before the gear was down and locked.   
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Open 

Control and Monitor system would never see a down and locked 
indication and would continue to command to Extend the gear.  Gear 
horn would sound (normal operation).  One or more green lights would 
not be on depending on which gear was open (Normal operation).  The 
red unlock light would be on (normal operation). 

Down and Locked Control   

Short to +28V 

If all the gear is down and locked then this would either command the 
Control Valve to move to the Extend position or command the Loading 
Valve to turn on.  If one or more gear is not down and locked then both 
the Control Valve and Loading Valve would command Extend and turn 
the Loading Valve on.  The gear horn, green down and locked lights, and 
red unlock light would function normally. 

Short to Gnd 

If all the gear is down and locked then this would either prevent the 
command to the Control Valve to move to the Extend position or prevent 
the command to the Loading Valve to turn on.  If one or more gear is not 
down and locked then neither the Control Valve or Loading Valve would 
command Extend or turn the Loading Valve on.  The gear horn, green 
down and locked lights, and red unlock light would function normally. 

Open 

Depending on the location of the 'open' it would either cause a loss of 
control to Control Valve and Loading Valve, or a loss of control to just the 
Loading Valve.  The gear horn, green down and locked lights, and red 
unlock light would function normally. 

Up and Locked Indication   

Short to +28V Red unlock light would not turn on.  The gear horn, green down and 
locked lights, and control system would function normally. 

Short to Gnd Red unlock light would stay on while the gear was in Retract posisition. 

Open 
Depending on the location of the 'open' it would either prevent the red 
unlock light from turning on while the gear is extending or prevent the red 
unlock light from turning on while the gear was retracting. 

Up and Locked Control   

Short to +28V 

This would provide power to energize the Loading Valve and move the 
Control Valve to the Retract position.  As soon as one gear becomes not 
down and locked the control system would command Extend and 
Loading Valve would stay on and the Control Valve would center.  The 
gear horn, green down and locked lights, and red unlock lights would 
function normally. 

Short to Gnd You would not be able to retract the gear. 
Open You would not be able to retract the gear. 
Ground In Air   

Short to +28V 

Depending on where in the circuit this occurred it would either cancel the 
GIA to all systems in the aircraft or just to the landing gear handle 
solenoid.  A loss of GIA to the Landing Gear solenoid would deactivate 
the safety preventing the landing gear handle from being moved into the 
retract position.   

Short to Gnd 

Depending on where in the circuit this occurred it would either always 
provide a GIA to all systems in the aircraft or just to the Landing Gear 
Handle solenoid.  A constant GIA would prevent the landing gear handle 
from being moved into the retract position. 

Open 

Depending on where in the circuit this occurred it would either cancel the 
GIA to all systems in the aircraft or just to the landing gear handle 
solenoid.  A loss of GIA to the Landing Gear solenoid would deactivate 
the safety preventing the landing gear handle from being moved into the 
retract position.   
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Ground On Ground   

Short to +28V Ground on ground is not used by the Landing gear system.  Only Ground 
in Air is used. 

Short to Gnd Ground on ground is not used by the Landing gear system.  Only Ground 
in Air is used. 

Open Ground on ground is not used by the Landing gear system.  Only Ground 
in Air is used. 
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5. CONCLUSIONS 

No solid conclusions can be made regarding the cause of the multiple gear retract event on 

aircraft 560XL-5599.  Reports PR-560XL-008 and PR-560XL-009 evaluate incident reports, 

post test aircraft data, post test component data, and system design without finding a cause or 

group of causes that are consistent with the data.  No design flaw was identified which would 

indicate a fleet issue.  All components associated with gear system mechanical and electrical 

control were replaced.  It is therefore concluded that the incident is unique, and that the aircraft 

repairs were effective in returning the systems to a safe type design configuration. 
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APPENDIX A – RUPTURED 6627002-16 TUBE ANALYSIS 
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Photo 1 Overall view of the burst 6627002-16 Tube Assembly.  Location of burst is circled. 

 
Photo 2 Close-up view of the tube burst.  The shape and orientation of the burst was 
indicative of excessive internal pressure. 
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Photo 3 Close-up view of the tube near the aluminum sleeve, showing enlargement of the 
tube OD (red arrows) and longitudinal cracking of the primer (inset), indicative of excessive 
internal pressure. 

 
Photo 4 View showing enlargement of the tube OD (arrows). 
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Photo 5 Scanning electron microscope view of the burst fracture surface, which was 
indicative of ductile overload.  Magnification: x500. 

 
Photo 6 Chemical analysis spectrum of the burst tube metal.  The chemical composition of 
the tube was consistent with 5052 aluminum alloy, containing mainly aluminum and 
magnesium.  Note:  5052 should also contain chromium at 0.15-0.35 wt.%, which is below 
the detectable limits of this analysis technique. 
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APPENDIX B – HONEYWELL CUSTOMER RETURN INVESTIGATION REPORT 
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APPENDIX C – SWITCH X-RAYS  
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APPENDIX D – HYDRAULIC FLUID ANALYSIS 
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APPENDIX E– NABTESCO AEROSPACE INC. TEARDOWN REPORT 
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APPENDIX G – LANDING GEAR HANDLE TEAR DOWN PICTURES 
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View of the Lockout Solenoid. 

 

 
View of the Wire Routing. 
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View looking at the back of Gear Handle. 

 

 
View Looking Down from Side of Gear Handle. 
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Close-Up View of the Wire Connectors to the Board. 

 

 
Close-up view of the Gear Handle Track. 
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APPENDIX H – HYDRAULIC MANIFOLD DIMENSIONAL REPORT 
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APPENDIX I – FLUID LOSS ADDENDUM 
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APPENDIX J – RUNWAY SCARS 
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Runway Scars 
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APPENDIX K – WEIGHT VS. GEAR GEOMETRY TABLE 
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Weight of aircraft        

       
Typical 
NetJets

Weight on LH main = 5941 lb 
Typical scale reading for a NetJet configured 
aircraft 5941

Weight on RH main = 5908 lb     5908
Weight on nose = 588 lb     588
        

Actuator Compression 
Stroke (S) 

Moment 
Arm 

Actuator 

Moment 
Arm 

Aircraft 
Weight 

Moment 
about 
Gear 
Pivot 
point 

Force 
Acting on 
Actuator 

This 
column is 
check to 
original 

data from 
A. 

Heiman 

Where LH 
main 

weight=594
1 lb  

Inches inches inches lb*in lb    

0 9.797 -2.086 -12392.9 -1265 -1265 

Negative 
force values 
on actuator 
are tensile   

0.1 9.852 -1.721 -10224.5 -1038 -1038   
0.2 9.906 -1.354 -8044.1 -812 -812   
0.3 9.959 -0.987 -5863.8 -589 -589   
0.4 10.011 -0.619 -3677.5 -367 -367   

0.5 10.062 -0.251 -1491.2 -148 -148 

Gear moves 
over center 
with about 
.55 inches 
of actuator 
travel   

0.6 10.113 0.118 701.0 69 69 

Positive 
force values 
on actuator 
are 
compressive   

0.7 10.162 0.488 2899.2 285 285   
0.8 10.211 0.858 5097.4 499 499   
0.9 10.259 1.229 7301.5 712 712   

1 10.305 1.601 9511.5 923 923   
1.1 10.351 1.974 11727.5 1133 1133   
1.2 10.397 2.347 13943.5 1341 1341   
1.3 10.441 2.72 16159.5 1548 1548   
1.4 10.484 3.095 18387.4 1754 1754   
1.5 10.527 3.47 20615.3 1958 1958   
1.6 10.569 3.845 22843.1 2161 2161   
1.7 10.61 4.22 25071.0 2363 2363   
1.8 10.65 4.599 27322.7 2566 2566   
1.9 10.689 4.976 29562.4 2766 2766   

2 10.728 5.355 31814.1 2966 2966   
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2.1 10.766 5.733 34059.8 3164 3164   
2.2 10.802 6.113 36317.3 3362 3362   
2.3 10.839 6.493 38574.9 3559 3559   
2.4 10.874 6.873 40832.5 3755 3755   
2.5 10.908 7.255 43102.0 3951 3951   
2.6 10.942 7.636 45365.5 4146 4146   
2.7 10.975 8.019 47640.9 4341 4341   
2.8 11.007 8.402 49916.3 4535 4535   
2.9 11.038 8.785 52191.7 4728 4728   

3 11.068 9.17 54479.0 4922 4922   
3.1 11.097 9.553 56754.4 5114 5114   
3.2 11.126 9.938 59041.7 5307 5307   
3.3 11.154 10.324 61334.9 5499 5499   
3.4 11.181 10.71 63628.1 5691 5691   
3.5 11.207 11.096 65921.3 5882 5882   
3.6 11.232 11.483 68220.5 6074 6074   
3.7 11.257 11.87 70519.7 6265 6265   
3.8 11.281 12.258 72824.8 6456 6456   
3.9 11.303 12.646 75129.9 6647 5596   

4 11.325 13.034 77435.0 6838 6838   
4.1 11.346 13.423 79746.0 7029 7029   
4.2 11.367 13.812 82057.1 7219 7219   
4.3 11.386 14.202 84374.1 7410 7410   
4.4 11.404 14.591 86685.1 7601 7601   
4.5 11.422 14.981 89002.1 7792 7792   
4.6 11.437 15.371 91319.1 7985 7985   
4.7 11.454 15.762 93642.0 8175 8175   
4.8 11.469 16.153 95965.0 8367 8367   
4.9 11.483 16.543 98282.0 8559 8559   

5 11.496 16.935 100610.8 8752 8752   
5.1 11.508 17.326 102933.8 8945 8945   
5.2 11.519 17.717 105256.7 9138 4674   
5.3 11.529 18.108 107579.6 9331 9331   
5.4 11.539 18.5 109908.5 9525 9525   
5.5 11.548 18.891 112231.4 9719 9719   
5.6 11.554 19.283 114560.3 9915 9915   
5.7 11.56 19.674 116883.2 10111 10111   
5.8 11.565 20.065 119206.2 10307 10307   
5.9 11.569 20.457 121535.0 10505 10505   

6 11.572 20.848 123858.0 10703 10703   
6.1 11.574 21.239 126180.9 10902 10902   
6.2 11.575 21.629 128497.9 11101 11101   
6.3 11.575 22.02 130820.8 11302 11302   
6.4 11.574 22.41 133137.8 11503 11503   
6.5 11.571 22.8 135454.8 11706 11706   
6.6 11.567 23.19 137771.8 11911 11911   
6.7 11.562 23.579 140082.8 12116 12116   
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6.8 11.556 23.968 142393.9 12322 12322   
6.9 11.549 24.357 144704.9 12530 12530   

7 11.54 24.744 147004.1 12739 12739   
7.1 11.531 25.132 149309.2 12949 12949   
7.2 11.519 25.519 151608.4 13162 13162   
7.3 11.507 25.905 153901.6 13375 13375   
7.4 11.493 26.29 156188.9 13590 13590   
7.5 11.478 26.675 158476.2 13807 13807   
7.6 11.461 27.059 160757.5 14026 14026   
7.7 11.443 27.442 163032.9 14247 14247   
7.8 11.423 27.824 165302.4 14471 14471   
7.9 11.402 28.205 167565.9 14696 14696   

8 11.38 28.585 169823.5 14923 14923   
8.1 11.355 28.964 172075.1 15154 15154   
8.2 11.329 29.294 174035.7 15362 15362   
8.3 11.302 29.719 176560.6 15622 15622   
8.4 11.272 30.095 178794.4 15862 15862   
8.5 11.241 30.469 181016.3 16103 16103   
8.6 11.208 30.841 183226.4 16348 16348   
8.7 11.173 31.213 185436.4 16597 16597   
8.8 11.137 31.582 187628.7 16847 16847   
8.9 11.098 31.95 189815.0 17104 17104   

9 11.057 32.316 191989.4 17364 17364 

Gear door 
comes in 
contact with 
ground   

9.1 11.014 32.681 194157.8 17628 17628   
9.2 10.969 33.043 196308.5 17897 17897   
9.3 10.921 33.404 198453.2 18172 18172   
9.4 10.871 33.762 200580.0 18451 18451   
9.5 10.819 34.118 202695.0 18735 18735   
9.6 10.764 34.472 204798.2 19026 19026   
9.7 10.707 34.823 206883.4 19322 19322   
9.8 10.647 35.172 208956.9 19626 19626   
9.9 10.584 35.518 211012.4 19937 19937   
10 10.518 35.861 213050.2 20256 20256   

10.1 10.45 36.201 215070.1 20581 20581   
10.2 10.378 36.538 217072.3 20917 20917   
10.3 10.302 36.872 219056.6 21263 21263   
10.4 10.224 37.202 221017.1 21617 21617   
10.5 10.141 37.529 222959.8 21986 21986   
10.6 10.055 37.852 224878.7 22365 22365   
10.7 9.966 38.17 226768.0 22754 22754   
10.8 9.871 38.485 228639.4 23163 23163   
10.9 9.773 38.795 230481.1 23583 23583   

11 9.67 39.1 232293.1 24022 24022   
11.1 9.562 39.4 234075.4 24480 24480   
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11.2 9.45 39.695 235828.0 24955 24955   
11.3 9.331 39.985 237550.9 25458 25458   

11.4 9.208 40.268 239232.2 25981 25981 

Wing tip 
comes in 
contact with 
ground   

11.5 9.078 40.545 240877.8 26534 26534   
11.6 8.941 40.816 242487.9 27121 27121   
11.7 8.798 41.079 244050.3 27739 27739   
11.8 8.648 41.334 245565.3 28396 28396   
11.9 8.489 41.581 247032.7 29100 29100   

12 8.323 41.82 248452.6 29851 29851   
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APPENDIX L – HYDAULIC SCHEMATIC 
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Landing Gear Hydraulic System Schematic 


