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BPPP

A
s a CFI and BPPP instructor one of the most common problems I see 

with pilots is a lack of understanding about their autopilot (AP) and 

specifically GPSS, also known as GPS Steering or, now more commonly, 

Roll Steering. In-depth knowledge and complete understanding of your 

autopilot can save your life. But if you aren’t careful that same autopilot can kill you. 

Unfortunately, the autopilot doesn’t necessarily do what you want it to do, it does what 

you tell it to do. Good training and practice is a must to safely and efficiently operate 

this key workload reducing tool in your aircraft.

There are many autopilot makes and 
models in our Beechcraft airplanes, so this 
article will provide general guidance on 
autopilot operation but will not describe 
the exact operation of any particular 
autopilot. It is your responsibility as the 
PIC to review the POH and Pilot Guides for 
your autopilot and avionics to understand 
the operation, capabilities and limitations 
of your specific system.

I will quickly review the basic 
components of autopilots and modes of 
operation. Finally, I’ll discuss how GPSS/
Roll Steering works and how to use it in 
various phases of flight.

Autopilot components

All autopilots have the same basic 
components: an orientation source, servos, 
controls, and flight computer. For legacy 
APs, the orientation source is one of the 
gyroscopic instruments. There are two 
basic type of autopilots: attitude-based 
autopilots (most Bendix King and Century 
units) that use the attitude indicator as this 
source, and rate-based autopilots (STEC) 
that use the turn coordinator.  

The servos are small electric motors 
connected to the control cables and 
actually move control surfaces. An AP can 

have just one servo (roll, a “wing lever”) 
or up to four servos (roll, pitch, pitch trim, 
yaw).  Next, is the component which the 
pilot interacts with the most: the controller, 
which consists of the control head  (which 
may be attached to the flight computer) and 
the various buttons (go-around, trim, CWS, 
disconnect, etc.) used to interact with the 
AP. Finally, the most important component 
in the AP is the flight computer. The flight 
computer can be located in the instrument 
panel or in the avionics bay, and connects 
all of the system components together. The 
computer listens to the selected navigation 
source, current heading, heading bug, and 
attitude source to drive the servos and 
control the aircraft.  

Autopilot operation

Engaging the autopilot is typically 
very straightforward and usually involves 
just pressing the desired mode button. 
On the other hand, do you know every 
possible way to disconnect your AP? 
There likely four or more different means 
to disconnect the AP, including pressing 
the big red AP disconnect button, pressing 
the trim switch, turning off the avionics 
master, and even pulling the AP and/or 
trim circuit breakers. I recommend placing 

plastic marker rings around those breakers 
for quick identification in a potentially 
stressful situation.

We do this because when “Uncle Otto” 
decides to go a different direction than 
you intended, you need to be able to 
disconnect the AP very quickly without 
consulting a checklist. Take the time now 
to review your AP supplement and practice 
all the ways to disconnect the AP. It could 
save your life!

Make sure you run the specified POH 
preflight checks as well. It is important 
to verify the operation of the disconnect 
button and the trim switches so you don’t 
end up being surprised if they aren’t 
working correctly. 

Autopilot modes

AP operating modes are divided into 
two types: Vertical Navigation modes, 
used to change and hold altitude; and 
Lateral Navigation modes, which deal with 
the aircraft’s path over the ground. We will 
discuss the most common and frequently 
used modes, but don’t worry if some of 
these modes don’t look familiar. Not all 
APs have every mode.  

Vertical Navigation 

Pitch Attitude Hold mode
Holding a constant pitch angle is the 

default vertical mode when engaging many 
autopilots. At the time of engagement, the 
AP will hold the current pitch angle shown 
on the attitude indicator. Some APs have 
Control Wheel Steering (CWS) switches 
that can be used to adjust the pitch angle. 
Most systems revert to pitch mode when 
altitude hold or vertical speed modes are 
canceled. Pitch mode is generally a safe 
option for climbing because it’s unlikely to 
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cause a stall. It is also used frequently for 
climbs and descents with APs that don’t 
support vertical speed modes. 

Altitude Hold
Altitude Hold Mode is usually engaged 

by pressing a button that says ALT. In 
this mode the airplane will maintain the 
aircraft’s pressure altitude at the time the 
switch is pressed. The AP will typically 
overshoot the engaged altitude by 50 to 
100 feet and eventually settle back to 

the desired altitude. APs that support 
glideslope tracking will automatically 
disengage ALT mode when the glideslope 
(GS) couples in approach (APPR) mode.

Vertical Speed / Altitude Preselect
In this mode, the AP can climb or 

descend at a selected vertical speed 
and then automatically level off at a pre-
selected altitude. Caution must be used 
for climbs to higher altitudes, as legacy 
autopilots are not airspeed aware and can 

stall the airplane if it is not able to maintain 
the selected vertical speed.

Lateral Navigation

Roll mode
When you engage many autopilots 

before providing lateral direction guidance, 
it will default to roll mode.  In the simplest 
form, roll mode simply holds the wings 
level. But in some systems, roll mode can 
also hold a constant bank angle. Most APs 
don’t have a specific button for roll mode, 
and there are some systems that don’t have 
roll mode at all.

Heading mode
Heading mode is usually engaged by 

pressing a HDG button on the controller. 
In this mode the aircraft will automatically 
turn and hold the heading indicated by 
the heading bug. When the heading bug 
is turned to a new heading, the aircraft 
will follow the bug and turn to the newly 
selected heading. It is smart to always “sync” 
the bug to your current heading before 
engaging HDG mode to avoid a surprise 
turn (that may have you have headed for 
terrain). Heading mode can also be used to 
set up an intercept to the flight plan course. 
It will then automatically disengage when 
the AP couples in the navigation (NAV) or 
approach (APPR) mode.

NAV mode / Approach mode
In Navigation and Approach modes 

the autopilot is following the deviation 
indicator (the needle) of the selected 
navigation source from a VOR, LOC/
ILS or GPS course.  While these modes 
have served us well for many years they 
also have some issues because the AP 
is not aware of wind correction angles 
or the aircraft’s ground speed. In these 
modes, the AP’s focus is to keep the CDI 
needle centered, which can lead to S-turns 
across the selected course. In addition, 
these modes are not able to fly complex 
flight plan segments like procedure turns 
or holds. When APPR mode is selected 
the autopilot gains are increased, so the 
AP will be more aggressive when making 
course corrections to center the needle. 
For APs that support glideslope tracking, 
the APPR mode must be active and the 
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aircraft must be below the glideslope for 
the AP to capture and track the glideslope.  

GPSS (aka Roll Steering)

Finally, this brings us to roll steering, 
also known as GPSS (GPS Steering). Roll 
steering is typically an add-on to legacy 
autopilots that allows them to use data 
provided from a WAAS GPS navigator 
to precisely fly complex flight plans, 
approaches, procedure turns and even 
holding patterns.  Early roll steering 
converters were developed by DAC and 
Icarus and consisted of a switch and a 
small box that connected to your GPS 
navigator. Today, most retrofit EFISs 
including Aspen PFDs, Garmin G5s (HSI 
mode), and Garmin G500s/G600s have roll 
steering converters and the selector switch 
built-in to the unit.  

Roll steering converters drive the 
autopilot by receiving commands from 
the GPS navigator and converting that 
information to a heading signal. Your WAAS 
GPS is able to provide very precise guidance 

commands to the autopilot as it is aware 
of your track over the ground, ground 
speed, and the desired track to the selected 
waypoint. Using these commands, the roll 
steering converter guides the aircraft by 
electrically “turning” the heading bug to 
the necessary heading to stay on the flight 
planned course. This is the reason why, 
when using GPSS on legacy autopilots, the 
AP must be heading mode and not in NAV 
or APPR.  The diagram shows how a retrofit 
GPSS interfaces with a legacy autopilot.  

Now that you understand how GPSS 
works, we will discuss how and when to 
use GPSS roll steering.  

Enroute

Once you have a roll steering converter 
installed, for enroute GPS based navigation 
you should always use GPSS. There is no 
reason to use NAV mode once you have 
GPSS installed. GPSS guidance is much 
more precise and completely eliminates 
S-turns as the aircraft proceeds from 
waypoint to waypoint.  The AP will be 
able to make sharp turns and even turn 
anticipation without your assistance.  

Summary: For GPS enroute navigation 
your AP should be in HDG mode and GPSS 
should be enabled.  

What about approaches?

This is where it gets a little tricky. It is 
important to understand the differences 
between HDG/GPSS and APPR modes.

Non-Precision VOR, NDB 
and GPS approaches 
(without glideslope)

For approaches without a glideslope, 
you should use GPSS for the entire 
approach. Make sure that you are 
monitoring the primary nav aid (VOR/
NDB) when flying a GPS overlay approach. 
You can do this because the GPS keeps 
sending roll steering commands as long 
the GPS navigator has a valid flight plan. 
It doesn’t matter what mode (GPS or LOC/
VOR) is selected on the navigator. You 
must manage the vertical portion of the 
approach with the AP pitch control and 
the ALT hold modes. As discussed above,  
the AP will continue to descend past the 
altitude when you press the ALT button. 
To avoid undershoot, press the ALT button 
about 50 feet prior to MDA or step-down 
altitude (don’t forget to increase power as 
well). Once the aircraft is actually at the 
correct altitude you can either toggle the 
ALT or press the CWS button to capture 
the correct altitude.

Summary :  For non-precision 
approaches, use HDG/GPSS to track the 
approach, with pitch hold and ALT modes 
to manage the vertical profile.

GPS LPV, ILS and 
GPS approaches 
(with glideslope)

For approaches with a glideslope, 
autopilot operation is slightly more 
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complex with GPSS. You will begin the approach in HDG/GPSS 
mode to fly the airplane through the initial approach segments, 
procedure turns or holding pattern course reversals. Once through 
these initial legs and inbound to the FAF the GPSS will precisely 
align the aircraft on the final approach course. Once stable on the 
final approach course, watch for the GS needles. When they begin 
to descend it is time to select the APPR mode. We do this because 
the AP must be in APPR mode to capture the glideslope. If your 
AP doesn’t support glideslope tracking, then fly as described for a 
non-precision and use the pitch hold mode to track the glideslope.

Summary: For a precision approach, use HDG/GPSS mode 
until established on the final approach course and below the 
glideslope. Then, switch to APPR mode for GS capture and final 
approach course tracking.

Missed Approach

GPSS roll steering can also be very helpful during a missed 
approach. Because it can fly complex flight paths, the AP can 
significantly reduce your workload during this very busy phase 
of flight. If you used GPSS on a non-precision approach, then 
the GPSS is likely already helping fly the miss because HDG/
GPSS mode is already enabled. When missing out of a precision 
approach you must return to HDG/GPSS mode once you are 
cleaned up and climbing.  

Summary: On the missed approach and once the airplane 
cleaned up and climbing, select HDG/GPSS with pitch hold mode.

Training

An IPC or flight review is a great time to review your autopilot 
usage. Prior to the flight you should review autopilot manuals, 
GPSS/EFIS manuals and POH supplements so you completely 
understand the capabilities of your autopilot and how your specific 
system is configured. Then work with your BPPP instructor or CFI 
to put together a custom flight plan that will allow you to use all 
of the modes of your autopilot system. Autopilots and GPSS are 
an amazing workload reducing tools, especially during IFR 
approaches, but you must understand how they work to use them 
correctly. Fly Safe! 

Kevin Crozier is the caretaker of a 1981 A36, a BPPP CFI and software 
DER.  He is the owner of Ktronics Aero Services located near Austin, 
Texas.
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