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Overview

 What is Energy Management?

« Who uses Energy Management?

« Why GA community needs it
 Types of energy we manage in flight

* Practical applications:
— Power Table
— Power-Off 180 planning

« Airmen Certification Standards for E-M
 Accident case study
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Resource:

 Airplane Flying Handbook
(FAA-H-8083-3C)
—Chapter 4: Energy Management

—Added as a handout In this
seminar announcement!
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Disclaimer

* This presentation does not change current
FAA policies or regulations, or published
procedures where you train / teach

* Objectives are to:

— Introduce a new concept

— Expand your thinking, generate discussion
— Give you tools you can use immediately

— Most importantly: Prevent accidents!
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What is Energy
Management?

No crash [ater!
Sugar free

4 calories

el it iy mainertes « Lasts for
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Presenter Notes
Presentation Notes
Energy management, in a practical sense, can be thought of as the controlled addition or depletion of total energy to or from any 
system in order to obtain a desired outcome.

In this discussion, the “system” we are referring to is an aircraft in motion!  
“Desired outcomes” could be, for example, a constant rate climb or descent, a performance maneuver, or a precise landing.


Who uses
Energy Management?
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Fighters use Energy Management!
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Presenter Notes
Presentation Notes
The fighter community worldwide: dogfighting to win


Airshow performers use it!
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Presenter Notes
Presentation Notes
Sport Aviation, Vol 60, No. 6, June 2011.


NASA uses Energy Management!
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Presenter Notes
Presentation Notes
NASA – Shuttle re-entry profile known as a High Altitude Cup (HAC) is all about energy management! Another term used is “Terminal Area Energy Management”


Airliners use Energy Management!
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Presenter Notes
Presentation Notes
Air Carrier community; to optimize operating efficiencies


Gliders use Energy Management!

CoPYyRIGHT MILOSLAY STOROS KA AN TSN FEFESS . NEFEF
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Presenter Notes
Presentation Notes
Gliders – lift and performance efficiencies, variometer instrument


GA is very late to this party!

"Wait for me!"
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Presenter Notes
Presentation Notes
General Aviation, or GA, is now waking up to the concept of Energy Management.


Why GA needs Energy Management

* Leading accident & incident cause (esp
Flight Training):

 Many are due to mismanaged energy!
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Goals of Energy Management in GA
 Efficient flying
 Develop kinesthetic sense in pilots

 Reduce accidents in leading areas of risk
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Most important types of energy:

Kinetic

— Airspeed!
Potential
— Altitude!

Total = Kinetic + Potential

“Inverted Energy Bowl” concept
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Presenter Notes
Presentation Notes
Here, Potential Energy is Gravitational Potential Energy.  Not considered for this discussion: Chemical or Electrical potential energy, as they add nothing to the discussion or understanding of E-M in flight training.


“Inverted Energy Bowl” concept:
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Garmin
AOPA Pilot
ELEVAQ T
c March 2023
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SMART LOOKS. SMART FEATURES.
AND NOW WITH SMART GLIDE"

GET MURE SAFETY-EMHANCING CAPABILITIES FROM YOUHR ALL-GAEMIN PANEL.
Smart Glide can crovide a helping hand o reduce your workload cuing 2n engine-related emergency
with the press of a single botion. Available with instadlation of GTNT Ei series navigatars, select Gammin
flight displavs or electrenic fight instruments, and cotional Garmin aulopilots,
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Do you see the
“Inverted Energy Bowls”?
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Commercial Off-The-Shelf Tool

 Garmin “Smart Glide” technology
— Calculates and assesses options
— Recommends a route with alternatives
— Can assist w/ flying a selected route
— Can assist w/ certain em. tasks (CTAF, 7700)
— Displays valuable relevant info (Glide range, etc.)
— https://www.garmin.com/en-US/blog/aviation/five-

reasons-your-aircraft-needs-garmin-smart-glide/

 Others? Know your EFB!
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https://www.garmin.com/en-US/blog/aviation/five-reasons-your-aircraft-needs-garmin-smart-glide/

More Commercial O-T-S Tools!

Angle of Attack (AOA, or Alpha) indicators
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Presenter Notes
Presentation Notes
Several systems are available, one to fit your needs and budget.  For a given configuration, AOA for best glide endurance is independent of aircraft weight!  Required AOA will vary for different aircraft configurations and prevailing winds.


Two practical E-M applications

 Power Table

* Power-Off 180 planning
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Presenter Notes
Presentation Notes
With what you learn here, you can start applying this knowledge right away.  You can do these exercises for any airplane.  The Power-Off 180 discussion is intended for ASEL’s.
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Power Table:

(Model)
Profile Pitch Power A/S VSI Remarks
Vy Full
Vx Full
Cruise
Climb
75%
Cruise 0
65%
< 3 min til
Holding 0 fix
-500 fpm; Init Segm’t;
Clean -500 Vec. Final
S&L; Intermed.
Apch Flaps; 0 Segment
Gear up
ILS Final: On GS
Apch Flaps;
Gear down

Notes:

Re-trim as necessary after any profile change.



Presenter Notes
Presentation Notes
Added as a handout in the SPANS message.


Power Table:

_____________________


(Model)

		Profile

		Pitch

		Power

		A/S

		VSI

		Remarks



		Vy

		

		Full

		

		

		



		Vx

		

		Full

		

		

		



		Cruise Climb




		

		

		

		

		



		Cruise

		

		75%

		

		0

		



		

		

		65%

		

		

		



		Holding

		

		

		

		0

		< 3 min til fix



		-500 fpm;


Clean

		

		

		

		-500

		Init Segm’t;


Vec. Final



		S & L;


Apch Flaps;

Gear up

		

		

		

		0

		Intermed. Segment





		ILS Final:

Apch Flaps;

Gear down

		

		

		

		

		On GS



		

		

		

		

		

		





Re-trim as necessary after any profile change.

Notes:


Power-Off 180 Approach & Landing

« Commercial ASE proficiency maneuver

Typically flown in complex singles
— TAA may alternate for Complex airplane

* Develops skills for engine-out approach

Described in AFH, Chapter 8
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Extract from AFH, Chapter 8

i S

‘E- normal glide speed R S T ' g ————————

Medium or steeper bank
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Presenter Notes
Presentation Notes
What are the advantages and disadvantages to flying at “Normal Glide Speed” (Vg)????


Aero

. TOTAL DRAG
Review

“Bucket
point”

Parasite

vy
o
i
D
S
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O
=
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L—-——-—-—SPEED -

Figure 17-18 Drag Versus Speed
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Presenter Notes
Presentation Notes
“Bucket Point” (author’s term) represents L/D max; the speed at which this low-point occurs is the speed to fly for best glide range in CALM WINDS!  
Not shown: For each wing configuration, L/D max occurs at one specific Angle of Attack (AOA or “alpha”), not shown in this diagram.  If you had AOA instrumentation, which is now a certified (STC’d) accessory available for GA airplanes, you would be able to go straight to the L/D max AOA in a no-wind, max range glide situation!  It’s a great accessory to have!
Ref: This diagram comes from the FAA’s old Flight Training Handbook c1980, Chap 17.  Although the publication has been superseded, the aerodynamics are still the same, and the figure aids our discussion of energy management.
This diagram has been modernized in the Glider Flying Handbook (FAA-H-8083-13A, Fig 3-13): In later figures in that handbook (Fig’s 3-15 thru 3-18) we learn about polars, which help determine the minimum sink speed and L/D max speed.  A Glider pilot would fly at Vms while thermalling, and in between thermals, would fly at L/D max.


Glide Performance: C-172R
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* SPEED 65 KIAS
* PROPELLER WINDMILLING

*FLAPS UP  *ZERO WIND
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GROUND DISTANCE - NAUTICAL MILES
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Presenter Notes
Presentation Notes
At 5000 AGL, this aircraft ought to be able to glide just over 7 NM using the associated conditions.  Note that this graph uses AGL altitudes, rather than pressure altitudes of aircraft vs. terrain, as used in the Piper examples to follow.  You cannot use the altimeter alone to enter this chart; you have to already have done the mental math of determining AGL altitude to use this graph.  Fortunately in Florida, the terrain doesn’t get above 500 ft MSL.


Glide
Performance:
PA-28-161

Energy Management — Intro & Practical Ay
April 2023

PRESSURE ALTITUDE — FEET

GLIDE PERFORMANCE
ASSOCIATED CONDITIONS:
WEIGHT 2440 LBS. PROP WINDMILLING
FLAPS 0° NO WIND

Cruise pressure altitude: 5000 ft.
Terrain pressure altitude: 2000 ft.
Glide di i i



Presenter Notes
Presentation Notes
At 5000’ PA, this aircraft ought to be able to glide just over 9.5 NM to Sea Level under the associated conditions.  If the terrain were at 2000 ft PA, glide range would be reduced to 5.6 NM as shown in the sample calculation.  With the Piper graphs, you can enter the table using your altimeter, but you still have to do the mental math of determining terrain elevation.  Would it be easier to assume a 300-ft terrain elevation (high for Florida, but what about where you fly?), and subtract, in this case, ½ NM?  In the heat of battle, you need answers quickly, so you study your glide chart in advance…! 
How would this graph change with flaps extended?  How would it look with the prop stopped?  What about headwinds?  Tailwinds?  How would gross weight affect the best glide speed?




Glide Performance: Archer lli

GLIDE RANGE

POWER OFF, FLAP UP, 76 KIAS
2,250 LB GROSS WT., NO WIND

;
;
E
:
5
:

EXAMPLE:

Glide Distance from 8,000 f Cruise Al 11.2 nm
Glide Distanca From 2,800 ft Terrain

above sea level

4_B nm

Glide Distance from Crulse ARitude

1o Terram Allitude

11.2 minaes 4.8 = 6.4 nm

.

i
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GLIDE RANGE - N.M.



Presenter Notes
Presentation Notes
This chart is like the previous one, in that it uses PA, so you can enter the chart with the altimeter reading, but you still have to do the mental math of determining AGL.  Like the Warrior of the previous example, a 5000-ft glide to sea level in this Archer would take you ~9.5 NM under the associated conditions; 300-ft terrain (high for Florida) would cost ~0.5 NM.


Glide Performance: Cirrus SR-20

Maximum Glide

Conditions Example:
Power OFF Altitude 8,000 ft. AGL
Fropeller Windmilling Alrspeed Best Glide
Flaps 0% (UP) Glide Distance 12 NM
Wind Zero

Best Glide Speed

100 KIAS at 3150 Ib

92 KIAS at 2600 Ib
Maximum Glide Ratio ~ 9 : 1

— —
= [
5 2
[=] =]

HEIGHT ABOWVE GROUND - FEET

Energy Manage
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4 6 g 12 16 18 20
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Glide Performance (PA 28R-201)
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Presenter Notes
Presentation Notes
This glide chart is the most interesting and complex of the examples shown.  At 5000’ PA on a standard day, a glide to sea level would take you ~8 NM under the associated conditions.  300-ft terrain (high for Florida) would impose a penalty of ~3/4 NM.
Diet industry always says: Your actual results may vary!
What if your glide conditions aren’t the same as the ones in the chart?
For example: GW < MGW: fly a slower speed for the optimum AOA;
                    Gear down: Adds parasitic drag; fly a slower speed for optimum AOA.
		  Headwinds: Need to fly faster than no-wind glide speed.
		  Kinetic Energy reserve: Need to fly faster than no-wind glide speed.


Excellent reference (since 1944)!

IS

Check it out:

Chapter 14:
The Glide
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Over 200,000 copies in print
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Presenter Notes
Presentation Notes
© 1944!  Discusses technical aspects of flying without burdening reader with incomprehensible formulae.


Re-visit the drag curve -

TOTAL DRAG
“Back-Wall”

scenario

“Front-
Wall”

scenario

\
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Review of two key landing terms:

 Aiming point
» Specified Touchdown point

* They are not the same!
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PTS (That was then!):

Task K: Power-Off 180° Accuracy Approach and Landing

(ASEL and ASES)

Reference: FAA-H-8083-3.

Objective: To determine that thé applicant:

Exhibits satisfactory knowledge of the elements related to a
power-off 180° accuracy approach and landing.

Considers the wind conditions, landing surface,
obstructions, and selects an appropriate touchdown point.
Positions airplane on downwind leg, parallel to landing
runway, and not more than 1,000 feet AGL.

Completes final airplane configuration.

Touches down in a normal landing attitude, at or within 200
feet beyond the specified touchdown point.

Completes the appropriate checklist.

Energy Management — Intro & Practical App’s ;’0 P\ Federal Aviation

April 2023

-/ Administration


Presenter Notes
Presentation Notes
Note touchdown tolerance: -0/+200.
No mention of speed or aiming point, or adjustments.  That is supposed to be covered in the reference.


ACS, Task IV-M (Skills section):

The applicant demonstrates the ability to:
Complete the appropriate checklist.

Make radio calls as appropriate.

Plan and follow a flightpath to the selected landing area considering altitude, wind, terrain,
and obstructions.

Select the most suitable touchdown point based on wind, landing surface, obstructions,
and aircraft limitations.

Position airplane on downwind leg, parallel to landing runway.

Correctly configure the airplane.

As necessary, correlate crosswind with direction of forward slip and transition to side slip
for landing.

Touch down at a proper pitch attitude, within 200 feet beyond or on the specified point with
no side drift and with the airplane’s longitudinal axis aligned with and over the runway
centerline or landing path, as applicable.

Energy Management — Intro & Practical App’s ;’0 5 4)'% Federal Aviation
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Presenter Notes
Presentation Notes
Look at the last skill element.  It, too, like its PTS predecessor, has the same quantitative touchdown standard.  Note the absence of an airspeed tolerance, such as Vg +/- 10 kts.  Stabilized approach and understanding of the risk of lack of airspeed control are also evaluated on this task.


ACS: Energy Mgmt. Tasks

 Normal Landing

« Soft Field Landing

* Short Field Landing

 Power-Off 180 Approach & Landing
(Comm’l)

 Emergency Descent

 Emergency Approach & Landing

%’; Federal Aviation 36
/) Administration

Energy Management — Intro & Practical App’s
April 2023



Presenter Notes
Presentation Notes
Are these the only areas where E-M can be applied?  What about climb and cruise?


PP ACS Task IV-B: Normal Ldg

Task Task B. Normal Approach and Landing
References FAA-H-8083-2, FAA-H-8083-3, FAA-H-8083-23; POH/AFM

To determine that the applicant exhibits satisfactory knowledge, risk management, and
skills associated with a normal approach and landing with emphasis on proper use and
Objective coordination of flight controls.

Note: If a crosswind condition does not exisl, the applicant’s knowledge of crosswind
elements must be evaluated through oral testing.

Knowledge The applicant demonstrates understanding of:
PA.IV.B.K1 1. Available landing distance.

PA.IV.B.K2 2. Stabilized approach and intgrpretation and use of visual glide scope indicators.
PA.IV.B.K3 @) Energy management. —
PA.IV.B.K4 4. Atmospheric conditions.

PA.IV.B.K5 5. Wind conditions and effects.

PA.IV.B.K6 6. Emergency procedures during approach and landing.

PA.IV.B.K7 7. Land and hold short operations (LAHSO) or option to refuse LAHSO restriction.

Risk The applicant demonstrates the ability to identify, assess and mitigate risks,
Mana_gement encompassing:

PA IV B.R1 1. Eai_[ﬁ_r_é to select the appropriate runway based on wind, pilot capability, and airplane

Energy Management — Intro & Practical App’s @ . %\ Federal Aviation
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CP ACS: P-Off 180

IV. Takeoffs, Landings, and Go-Arounds

Task

M. Power-Off 180° Accuracy Approach and Landing (ASEL, ASES)

References

FAA-H-8083-2, FAA-H-8083-3; POR/AFM; AIM

Objective

To determine that the applicant exhibits satisfactory knowledge, risk management, and skills
associated with a power-off 180° accuracy approach and landing.

Note: See Appendix 7: Aircraft, Equipment, and Operational Requirements & Limitations.

Knowledge

The applicant demonstrates understanding of;

CA.IV.M.KT

A stabilized approach, to include energy management concepts.

CA.IV.M.K2

Effects of atmospheric conditions, including wind, on approach and landing.

Wind correction techniques on approach and landing.

|
CA.IV.M.K3
CA.IV.M.K4

Purpose of power-off accuracy approach.

Energy Management — Intro & Practical App’s ;9& P\ Federal Aviation
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Extract from AFH, Chapter 10
Steep Spiral:

) o
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Presenter Notes
Presentation Notes
The author finds several things in this illustration and accompanying text worth pointing out to the audience.  
The runway is in the figure to illustrate the need for asuitable emergency landing spot.  I do not recommend practicing this maneuver over an active real-world runway.
The shadow circle is over the departure end of the runway.
Again, like the Power-Off 180, the text recommends establishing “glide speed”, which most students will assume means best glide speed.  But glide range is not a factor in this maneuver!
The maneuver ends with the aircraft pointing at a 90-degree angle away from the runway. [The text addresses this]
What happens if your engine quits at the bottom of a maneuver flown like this?
Why not combine the Steep Spiral with a simulated Emergency Approach over an outlying field (rather than a runway)?
If combining these tasks, fly the Steep Spiral to the High Key position.  From there, it’s just a Power-Off-180!

Note: ACS standards have the aircraft finishing the maneuver at or above 1500 AGL.   AFH challenges the student to complete the maneuver into the wind or perpendicular to the wind.


Key Take-Aways:
* Proper E-M could prevent many mishaps

 Power Table: Develop for YOUR aircraft

 For max-range glide, adjust Vg as needed
— Study glide range chart and associated conditions
— Headwind: Increase your Vg
— Lighter than MGW, stopped prop: Decrease your Vg

 If range is not a factor, increase Vg
— P-Off 180: Range should not usually be a factor!

— Adjust aiming point. Faster speed: Closer aiming pt.

°= Federal Aviation
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Case Study in

Energy Management:

Wx: 900 Bkn, winds NW 5-10,
3 SM, all available airports

Situation: ASEL; VFR over the top;

Gradual, steady loss of power

SRM: ATC assist w/ vectors to final;

Flight path shown is an approximation

Outcome: A/C impacted off-airport,
All fatal; 1 ground injury.

NTSB ID: ERA13FA105

Lessons Learned..... ?

'LTC DH\ T*’_,.‘
_‘W"TH'?\ }D N
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Presenter Notes
Presentation Notes
NTSB ID: ERA13FA105
A: Beech Bonanza initially VFR at 7500 ft, 150 KGS; operating above cloud layer; ops normal for a few final seconds more.
B: 7100 ft, 135 KGS; pilot reports engine vibrations, throttling back.  Pilot indicates need to get on deck ASAP, but does not declare emergency.  Discussion with ATC  over approach options ultimately leads to vectors for makeshift ASR based on XFL (Now FIN) RNAV 29; there is in fact no published ASR there.
C: 5300 ft, 145 KGS, descending; vectored east with descent to 2000; pilot reports zero oil pressure, cool CHT
D: 3300 ft, 145 KGS, descending; vectored southeast
E: 1100 ft, 150 KGS; vectored southwest; still above MDA; pilot breaking out, reports able to see water below
F: 150 ft, 100 KGS, descending below radar; vector back to final; missed approach inst’ns
G: Impact with terrain ~.5 mi off approach end of RW 29.  Significant post-crash fire destroyed much evidence.  Oil starvation identified; exact cause unknown.
Points to ponder:
If you experience “Zero Oil Pressure”, your engine will fail, probably within minutes.  This engine was not heavily loaded, and still the #4 connecting rod broke due to oil starv’n.
Link-makers: Aforementioned engine troubles not clearly communicated for urgency; pilot lack of familiarity with area and IAP’s available; widespread undercast; Emergency planning & comms… Others???
ATC  tried to set this guy up for success the best way they understood how to help.
Energy Bowl: Qualitatively, how big was this guy’s energy bowl at Point A, compared to Points D and beyond?
How will we manage a shrinking energy bowl?
How would you have managed this sort of scenario? 



Review: Energy Management
 Other communities already use it
 Leading accident cause; Now in ACS!

« Two main types of energy to manage

— Kinetic

— Potential

Inverted “Energy Bowl”

COTS tools now available!

Power Table

Power-Off 180 and Steep Spiral planning

« Keep a reserve, esp in
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Questions?

Bob Jex, FPM

Orlando FSDO FAASTeam

407-487-7064
Robert.jex@faa.gov
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