Problem 7: G-LOC

You are assigned to a squadron of F-16s.  A recent F-16 mishap concluded the most probable cause for the mishap was G induced loss of consciousness (G-LOC). In preparation for the wing safety meeting, the wing safety officer approaches you and asks you the following questions.  

1.  What exactly is G-LOC?

2.  What is resting G-tolerance?

3.  Can a person’s G-tolerance change?

4.  What can a pilot do to maximize G-tolerance in flight? 

5.  What is a proper anti-G straining maneuver (AGSM)?
6.  What happens when the AGSM is not performed correctly?
7.  How does the anti G trouser work?
8.  How does COMBAT EDGE work?
Answer to Problem 7: G-Tolerance

1.  When a pilot pulls back on the stick, the seat pushes up against the pilot creating acceleration from foot to head.  This acceleration is felt the same as gravity pulling from head to foot.  This is called G+z.  G+z forces cause blood to drain from the head and pool in the legs. When cerebral perfusion drops below a critical level, the pilot loses consciousness; this is called G-LOC (loss of consciousness) With slow onset Gs, the common sequence of events experienced before, during and after G-LOC are:

· Tunnel vision

· Vision black out

· Loss of consciousness, lasting from 1-20 seconds

· Myoclonic jerks 

· Refractory period from 2-12 sec awake but confused

· Recognition of reality

· A brief struggle to regain situational awareness

· Recovery

With fast onset G (the F-16 is capable of fast onset G), the pilot can go straight to G-

LOC without any intervening warning symptoms.  In either case, mishaps occur when 

the pilot is unable to regain situational awareness and therefore 

unable to recover the jet prior to impacting the ground.

2.  Every pilot is introduced to the effects of G forces via centrifuge training.  During the first ride, the centrifuge is accelerated by 0.1 Gs/second while the pilot stares at a panel of lights.  During this ride the G-suit is not inflated.  The pilot signals the centrifuge operator when the peripheral lights fade away, or the center light loses 50% of its brightness.  This is recorded as the pilots resting G tolerance.  Most fighter pilots have an unassisted, resting G tolerances of around 4.5 Gs.  Due to individual variability, some pilots have a recorded resting G tolerance as low as 3 and some as high as 8 Gs. 

3.  G-tolerance can vary from day to day.  Situations that reduce G-tolerance include:

· Illness

· Medications

· Stress

If a pilot feels his G tolerance is reduced he reduced by any of the above he should not fly until he recovers.  Also, a G-warm-up turn is taken at the beginning of fighter maneuver missions.  If the pilot feels his G-tolerance is low, he/she should abort and come back another day.  However, after long lay off between G-rides a pilot can de-acclimate.  If G-tolerance is low due to de-acclimation, the pilot should do a modified mission with only moderate G-stress to regain G-acclimation.

4.  Individual G tolerance can be bolstered by  

· Getting a full night’s sleep

· Eating a balanced diet.

· Working out regularly, but not just before flying

· aerobic exercise such as a daily 2-mile run, combined with

· moderate weight lifting 2-3/week

· Being well hydrated at the time of flight

· avoiding excess alcohol the night before

· drinking plenty of water the day of a flight.

5.  A proper AGSM can improve G tolerance by 2-4 Gs. The proper sequence is:

· Tense lower and upper extremities
· Breath in and strain against a closed glottis just before beginning G
· Rapid 30%-tidal-volume breath exchange every 3 seconds
· If only at moderate G, then relax strain slightly to conserve strength
· After G is unloaded, gradually relax strain
· After strain is unloaded, relax extremities
6.  An improperly executed AGSM can actually decrease G tolerance.  G tolerance is decreased in the following circumstances:

· Breath holding begins before tensing muscles

· Relaxing extremities before relaxing breath holding

· Holding breath longer than 3-4 seconds

· Too long or too deep of a breath exchange

· Inadequate glottal pressure during breath holding (by holding with tongue or lips)

7.  The CSU-13/P anti-G suit works by adding additional squeeze to the legs.  The trousers are cinched tight during fitting and provide about ½ G support uninflated.  When fully inflated, the G trousers improve G performance by about 1.5 Gs.

8.  COMBAT EDGE works by providing positive pressure to the mask.  At 4 Gs, the mask valve begins to let pressure into the mask in much the same way that air pressure is let into the trousers.  The pressure increases linearly from 4 to7 Gs.  Counter pressure is let into a bladder at the back of the helmet to keep the mask on tight, and into a vest to provide counter pressure to the lungs.  The extra pressure pushes air into the lung during quick air exchanges.  The benefit of COMBAT EDGE is not appreciated until the 4th or 5th turn.  This is because COMBAT EDGE does not improve early performance, but enhances stamina to allow later turns to be performed at the same high quality as early turns.  There is concern about the extra additional thermal stress induced by wearing COMBAT EDGE in warm climates.  
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