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Better Pilot: Speed Bumps & Apple Carts

maneuvering speed and suddenly encounter severe turbulence or maneuver the airplane abruptly, the airplane will stall before it breaks. When I ask pilo!s what ... 
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T H E R E ARE CERTAIN BITS OF



aviation knowledge that seem to elude or stump p i l o t s , r e g a r d l e s s of t h e i r e x p e r i e n c e or level of certification. Maneuvering s p e e d is o n e s u c h b i t o f knowledge. Whether I'm giving a flight review to a p r i v a t e p i l o t or a d m i n i s tering a flight c h e c k to a n airline transport pilotr a t e d pro, a s k i n g q u e s t i o n s a b o u t m a n e u v e r i n g speed is a l m o s t sure to t u r n up trouble. M a n e u v e r i n g s p e e d (VA) is t h e m a x i m u m s p e e d at w h i c h full def l e c t i o n of t h e flight c o n t r o l s will result in a stall r a t h e r t h a n struct u r a l d a m a g e . At o r b e l o w m a n e u v e r i n g s p e e d , t h e s t a l l is a "safety valve" that prevents the G load from increasing beyond t h e a i r p l a n e ' s s t r u c t u r a l limits. I n o t h e r w o r d s , if w e ' r e at or b e l o w m a n e u v e r i n g speed and suddenly encounter severe turbulence or maneuver the airplane abruptly, t h e a i r p l a n e w i l l s t a l l b e f o r e it breaks. W h e n I ask pilo!s w h a t the m a n e u v e r i n g s p e e d is f o r t h e i r aircraft, I usually get the right answer. But w h e n I a s k why t h e y n e e d to k n o w m a n e u v e r i n g speed, how ma-



A lesson in maneuveringspeed ROBERTN. ROSSIER



Just as we can



throw a baseball faster than a bowling ball,



the heavier the airplane, the less



a given force will accelerate it in any



particular direction.



neuvering speed changes w i t h w e i g h t , or what it is w h e n t h e y ' r e alone in the aircraft w i t h low fuel, the a n s w e r is o f t e n a b l a n k stare a n d shrug. In a nutshell, the ans w e r t o w h y we w a n t t o know our airplane's man e u v e r i n g s p e e d is b e cause we don't want to bend or break the airp l a n e m e s p e c i a l l y w h e n w e ' r e flying it. If we s h o u l d find o u r s e l v e s p u s h i n g the aircraft to its limits for some reason, the last t h i n g we need is to t w i s t t h e tail or h a v e a w i n g c o m e off. G e n e r a l l y , we t h i n k of m a n e u v e r i n g s p e e d as t h e speed we slow to w h e n e n c o u n t e r i n g severe turb u l e n c e . " G r e a t , " y o u say, "I never fly in severe turbulence, and I keep a healthy distance away from thunderstorms. So where's the problem?" T h e p r o b l e m c a n c o m e in a n y n u m b e r of s i t u a t i o n s , s u c h as a n encounter with a wake vortex, w h i c h n o t o n l y spells t u r b u l e n c e b u t can spit y o u out in a n u n u s u a l attitude a bit too close to terra f i r m a , r e q u i r i n g y o u to d o s o m e high-G m a n e u v e r i n g to recover. Or y o u m i g h t n e e d to p e r f o r m s o m e Sport Aviation
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Better Pilot radical m a n e u v e r to miss a migrating g o o s e t h a t m a t e r i a l i z e s o u t of t h i n air or a n o n c o m i n g a i r p l a n e y o u d i d n ' t see u n t i l t h e l a s t m i crosecond. M a y b e it's clear air turb u l e n c e . T h e b o t t o m line is, e v e n if y o u ' r e careful to a v o i d the obvious encounters with turbulence, y o u c o u l d still f i n d y o u r s e l f in a n upset situation, Why does maneuvering speed change with weight? Many pilots find the answer counterintuitive because t h e y reason t h a t as the aircraft b e c o m e s lighter, it s h o u l d be able to maneuver more readily w i t h n o n e g a t i v e effect, a n d t h u s " m a n e u v e r i n g speed" s h o u l d be higher. But this isn't the case, a n d an apple cart a n d parking lot speed b u m p c a n s h o w why. If we p u l l a lightly loaded cart across the speed b u m p , t h o s e a p p l e s are a p t to get jostled, bruised, and, perhaps, t h r o w n f r o m t h e cart. If we pull a heavily loaded cart across the speed b u m p at the same speed as before, the apples d o n ' t get jostled n e a r l y as m u c h , a n d we're less apt to lose our apples, A p p r o a c h i n g the p r o b l e m scientifically, a basic law of N e w t o n i a n physics says the acceleration of an object is p r o p o r t i o n a l to the forced applied to it, or F - M A (force equals mass times acceleration), Let's assume that for a given a i r p l a n e , t h e force we c a n c r e a t e b y s u d d e n l y a p p l y i n g full n o s e - u p e l e v a t o r is a l w a y s t h e s a m e at a g i v e n speed, regardless of t h e airp l a n e ' s w e i g h t (mass). O u r e q u a t i o n , F - MA, s u g g e s t s t h a t t h e g r e a t e r t h e m a s s , t h e less t h e acceleration. That makes intuitive sense. Just as we c a n t h r o w a baseball faster t h a n a b o w l i n g ball, the h e a v i e r t h e a i r p l a n e , t h e less a g i v e n f o r c e w i l l a c c e l e r a t e it i n a n y particular direction, If w e t h i n k of acceleration as Gforces, a n d r e c o g n i z e t h a t o u r airp l a n e is o n l y d e s i g n e d f o r a specific, m a x i m u m G - l o a d i n g (3.8 104
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Gs for a n o r m a l c a t e g o r y aircraft), t h e n it b e c o m e s o b v i o u s t h a t we c a n c r e a t e m o r e Gs b y y a n k i n g back o n the stick w h e n the aircraft is lighter. If we're light e n o u g h a n d fast e n o u g h , we just m i g h t create e n o u g h Gs to b e n d or b r e a k t h e a i r p l a n e . T h e l i g h t e r we are, t h e s l o w e r w e m u s t fly to e n s u r e t h a t w h e n w e do y a n k back o n t h e elevator, we don't damage anything, For reasons p r o b a b l y relating to aircraft marketing, aircraft flight m a n u a l s t y p i c a l l y list t h e m a n e u vering speed for just the m a x i m u m gross weight t h e c o n d i t i o n at w h i c h m a n e u v e r i n g s p e e d is least restrictive. In reality, w e s e l d o m fly at m a x gross w e i g h t for l o n g , a n d so m a n e u v e r i n g s p e e d is u s u a l l y lower than published. How m u c h lower? An excellent question, Like stall speed, c h a n g e s in m a n e u v e r i n g s p e e d are p r o p o r t i o n a l to t h e s q u a r e r o o t of t h e w e i g h t , The ratio of m a n e u v e r i n g speed at gross weight and some lower w e i g h t is e q u a l to t h e square r o o t o f t h e r a t i o o f t h o s e w e i g h t s . If you know the gross-weight maneuvering speed, you can calculate V A for a lower weight with t h i s f o r m u l a : $2 d i v i d e d b y $1 e q u a l s t h e s q u a r e r o o t o f W 2 divialed b y W 1 . $1 a n d W1 are t h e m a x gross V A a n d w e i g h t , a n d $2 and W2 are the maneuvering s p e e d a n d a c t u a l w e i g h t . Simple, right? N o t for m o s t of us, a n d cert a i n l y n o t w h e n w e ' r e in t h e air a n d t r y i n g t o s t a y r i g h t side u p a n d p o i n t e d in the right direction, An easier w a y to get a h a n d l e o n m a n e u v e r i n g s p e e d is b y p e r c e n t ages. You can roughly estimate m a n e u v e r i n g speed at a lower w e i g h t by d e t e r m i n i n g t h e p e r c e n t a g e by w h i c h t h e a i r c r a f t is b e l o w m a x gross weight. We t h e n subtract half that percentage f r o m the m a x gross V A to f i n d m a n e u v e r i n g s p e e d at the n e w (lower) weight, Let's say w e ' r e flying a n aircraft t h a t has a m a x i m u m gross w e i g h t



of 2,500 pounds that actually w e i g h s 2,000 p o u n d s . T h e w e i g h t has b e e n reduced b y 1/5, or 20 perc e n t [ ( 5 0 0 / 2 5 0 0 ) x 100 - 20 p e r cent]. The 20 p e r c e n t r e d u c t i o n in t h e aircraft's gross w e i g h t reduces VA by roughly half that percentage, or 10 percent. Let's say the airc r a f t h a s a m a x g r o s s V A o f 120 k n o t s . If w e c u t it by 10 p e r c e n t , that gives us a 108 k n o t V A, (120 12 - 108) a t o u r 2 , 0 0 0 - p o u n d weight. That's a little easier, at least for some. If y o u ' r e n o t a p e r s o n w h o c a n readily do percentages in your head, m a k e a table, a n d attach it to y o u r checklist. In the first c o l u m n list aircraft weights from m a x gross d o w n to basic e m p t y w e i g h t in inc r e m e n t s o f 100 p o u n d s . I n t h e second c o l u m n , list the corresponcling m a n e u v e r i n g speeds. At t h e beginning of a flight, calculate y o u r aircraft's w e i g h t w h e n it runs out of fuel, t h e n use the corresponcling V A for t h a t flight. As l o n g as y o u have some fuel a n d y o u ' r e still in the air, you'll be using a m a n e u v e r i n g speed that's appropriate, if n o t conservative. So, s h o u l d a p i l o t a l w a y s fly at or b e l o w m a n e u v e r i n g s p e e d to a l w a y s b e p r e p a r e d for t h e u n e x p e c t e d ? We could, b u t s i t u a t i o n s like w ak e turb ulence and collision a v o i d a n c e upsets are statistic a l l y m o r e l i k e l y to c o m e w h e n w e ' r e c l o s e r to t h e g r o u n d , a n d c l o s e r t o t h e a i r p o r t . So m a y b e o u r s t r a t e g y s h o u l d b e to slow to maneuvering s p e e d as w e d e scend, a p p r o a c h o u r d e s t i n a t i o n , a n d p r e p a r e for landing. And certainly, if we're in a situat i o n w h e r e we m i g h t expect to encounter turbulencemlike near a t h u n d e r s t o r m , virga, or m o u n t a i n s o n a w i n d y day we m i g h t w a n t to s l o w d o w n to V A. T h i n k o f t h e s e c o n d i t i o n s as speed b u m p s in t h e parking lot of flight, and try to keep all y o u r apples in the proverbial apple cart.
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Maneuvering speed is one such bit of knowledge. Whether I'm giving a flight review to a private pilot or adminis- tering a flight check to an airline transport pilot-.
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Better Pilot: Weather Problems 
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Better Pilot: Tactile Inspection 
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Better Pilot: Tactile Inspection 
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Better Pilot: Takeoff & Landing Precautions 
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