Hawker’s autopilot and FMS

It’s too bad that Fly doesn’t give you much information on the autopilot systems and the FMS that are available in the Hawker. Since several add-on jets are based on the Hawker’s system, so several add-on jets employ the same systems.

TRI issued a newsletter with some information on the systems but time and again I read questions in newsgroups about it.

Without pretending that I know it all, I’d like to try to explain some of it.

First of, don’t mix the autopilot with the “autopilot functions” of the Axis-panel. Don’t employ them at the same time, since they will fight each other and may perhaps get the aircraft out of control.

The main switch of the autopilot is the right lever on the main switch panel, as seen here:
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It’s linked to the “A” key on your keyboard. It either switches the AP into standby mode or switches it off. Please take notice that the keyboard shortcuts CTL-A and SFT-A work on the Axis window and therefore don’t work with the real AP!

Next is the AP mode selector panel, seen here:
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Once the AP is enabled on the main panel, this one selects in which mode(s) the AP operates.

Furthermore, there is an AP input mode switch, again seen here:
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This one selects from what source the AP takes its input when in NAV mode. It may be a VOR receiver, or the FMS. Also, a Localizer signal can be used in Approach mode.

(Actually, there are two such complete systems. In case system 1 goes u/s, simply switch to system 2).

Let’s tour around a bit on the 3 panels, starting with the main switch panel:

From left to right you’ll see some kind of joystick, which can be switched up and down and left or right; then two buttons, the top one is for AP transfers, the lower one for Turbulence mode and on the right side two levers: the left one switches the yaw damper on and off, the right one switches the AP on and off as mentioned before.

The up/down movement of the “joystick” can be used to set a vertical speed. When you’re cruising at FL350 and want to come down for your approach, you simply switch off the ALT mode, then press the mouse on the lower section of this control until you reach your desired rate of descent. The rate of descent (or climb) is shown on the Air Data System display, to the right of the Primary Flight Display (this one is the thing with the artificial horizon).

The purple needle shows the rate of climb/descent. It also is displayed in the upper left corner of the ADS in lightblue, like 1.0 for 1000 fpm.

The left/right movement can be used to make left/right turns. As long as you keep the lever fixed into either position, the a/c will turn. It kicks out Heading Hold mode if this was set before.

The AP mode selector panel shows two rows of buttons. The top row from left to right are Heading Hold, ½ Bank Hold, Perform Select, Climb Hold and ALT Hold.

The bottom row left to right are NAV Hold, Approach Hold, VNAV Hold, Descend Hold and Speed Hold.

The AP input mode panel from left to right:

One bearing source selector knob, modes Off, VOR1, VOR2, WPT and ADF

A push button for selection of Decision Height (default is 200 ft)

A selector knob for the display format modes: rose, approach and enroute, with below it a button for WX radar toggle.

Then a button for NAV data toggle and finally on the right another selector knob for Course Source: Off, VOR1, WPT and MLS.

The bearing and course source selector knobs also can be used to change the selected bearing or course, when you move the mousepointer to the center portion  you get those options. Use the mousebuttons to change these values.

OK, that’s a lot of knobs, buttons and weird character combinations. 

Depending on what aircraft you fly, several buttons and knobs have functions, some don’t. There are differences between the original Hawker supplied by TRI and the updated versions that have come out. I certainly haven’t checked out everything in the several other add-on jets that I have, but at least the Boeing 757 from Doug Moldenhauer works about the same way and so do the UAL add-on jets.

Let’s go for a flight, from take-off to cruising alt and back to the runway.

After starting up, taxiing to the runway and lining up, I usually set the bearing mode selector to VOR1 and the course mode selector also to VOR1. When you use the FMS things are different, but let’s stick to this method for the time being.

Next, I set the bearing to the take-off heading. When you select the rose display format, you’ll get a purple marker indicating this on the rose (it should be in top position). Combined with the AP in Heading Hold mode, this steers the a/c onto the selected heading. On the ground, the AP cannot be turned on!

Now start the take-off and when reaching the appropriate speed, pull on the yoke to get rotation and lift-off. Ensure a positive ROC (rate of climb), get the wheels in and retract flaps if you had these set. Then hit the A key to enable the AP (or switch the lever to the upper position). Watch your airspeed and at 160 or 170 IAS press the Speed Hold mode button.

Also press the Heading Hold mode button. You’ll find the Hawker pitching up settling on the speed, which will be shown also in yellow on the left side of the PFD (Primary Flight Display).

Next you can adjust the airspeed with the V-speed panel left of the PFD. Move the mouse over the lower button and use the mousebuttons to gradually increase or decrease the reference speed. Don’t do this too fast because then the AP Speed Hold mode kicks out.

Also note that this speed is IAS (Indicated Air Speed). You may increase the setting to 240, but at higher levels the Hawker will never maintain such a setting! So think before you set.

What I usually do is increase it to 190 or 195, which will give me a high climb rate so I reach cruising level fast, which certainly adds to fuel economy.

While climbing, set the altitude preselector, which is the right button on the ADS (Air Data System) display. The default value always is 10,000 ft and now you use the mousebuttons to set it to 31,000 ft. Next a blue “alts” shows up in the upper right corner of the PFD. 

While the Hawker will keep the set airspeed, it gradually decreases ROC until finally you’ll hear a ding at 1000 ft below the preset level. At 10 ft below this level another ding follows and once the preset level is reached the AP switches from Speed Hold into ALT Hold mode. Once there set throttles for an acceptable speed and economic fuel consumption (leaving them at 100 percent certainly is not economical!). 

BTW, you can employ the ALT Hold mode at any time. It will level the bird at the exact altitude it was when engaging this mode. So much for the vertical stuff.

Meanwhile you want to control your horizontal movement. We were on Heading Hold. Let’s pick a VOR (VHF Omni Range) ahead to navigate onto. We have the course source selector on VOR1, now use the mousebuttons to shift the course selector to a radial intercepting the VOR.  Switch the AP mode to NAV Hold and once the radial is approached, the bird swings onto the right course towards the VOR. Once over the beacon the bird may sway a little because the needle moves a bit, but that’s only temporary and your heading will be maintained once outbound. Then pick another VOR ahead, and repeat the procedure. You may need to switch the AP mode again to NAV Hold once you’re selecting another VOR. Especially on the longer hauls you won’t like this method and therefore we employ the FMS (Flight Management System) in combination with the AP. I’ll explain later.

I was talking about fuel economics. The higher you fly, the less fuel you burn. The other rule is that the heavier your bird is, the harder it climbs.  A 747 for a long haul, with max pax and cargo plus filled-up tanks, won’t get much beyond FL280 right after the start. After some hours the weight decreases because of fuel burn and it can climb beyond FL280. At the end of such a trip it can easily climb to FL390 or even 410, which reduces fuel burn and therefore increases range.

The Hawker isn’t that extreme, but with max load and fuel I usually don’t climb beyond FL350 initially, and only after some time to higher levels.

To get higher after some time, switch off the ALT Hold mode, operate the “joystick lever” on the main AP panel to set a decent vertical speed. Next set the preset level to the desired level, again you’ll see “alts” displayed on the PFD and when reaching the new level the AP switches into ALT Hold mode again.

Meanwhile we’re reaching our destination and we need to get down. Again, switch off the AP ALT Hold mode and set the preselector to the desired altitude. When your destination is lying in a mountainous area you may have to do this in steps, but let’s assume the final altitude will be set 2000 ft over terrain level. Operate the joystick-lever to get you onto the desired vertical speed (2000 fpm is the maximum you can set), reducing throttles so you’re not exceeding Vne. Once the preset altitude is reached the AP switches back into ALT Hold mode and the next thing is to couple it to an ILS system. For that we need to be within roughly 22nm of a Localizer. With the mode selector still in VOR1 mode, the ND (Navigation Display) or EHSI (Electronic Horizontal Situation Indicator) will display the Localizer heading in green. The middle part will probably show in yellow. Meanwhile, the distance to the Localizer is shown in the upper left corner of this display. You can set the AP to Heading Hold mode, adjusting your heading with the inner part of the bearing mode selector knob. Assuming the Localizer heading is 270 degrees, then fly heading 090 to get to the right approach side for the runway. Meanwhile we stay at 2000 ft AGL, adjusting speed, flaps and gear if you like. Once the runway threshold is passed, the middle part of the needle on the ND will display in green. Fly on till you have approximately 8-10nm distance shown, to ensure you are under the GS (Glide Slope) signal. Next shift your heading to a 90-degree intercept heading towards the Localizer line and switch the AP to Approach Hold mode. Once the LOC needle creeps towards the middle, the bird swings onto the right heading. Now get into landing configuration if you haven’t done so before and watch the GS signal coming down. Once on the exact GS, the AP switches out of ALT Hold mode and will keep the bird onto the GS. You only adjust throttles for speed. At 200 ft over terrain (in case you didn’t change the DH setting) a ding sounds, between here and 100 or even 50 ft over terrain switch off the AP (the A key) and complete the landing yourself. Piece-a-cake!

Another way of getting down is simply pressing Descend Hold mode, which initially sets a vertical speed of 1000 fpm. You can change this using the joystick lever.

The Approach mode will only capture the GS signal when you catch up the GS line in the middle. Therefore you gotta fly under the GS initially, keeping the altitude so the needle will come down. Once in the middle, the AP captures completely. In case you’re still above the GS, you need to come down to get the needle centered. Also, don’t try to capture the GS signal before you got the Localizer captured.

That’s the basic stuff. There’s more and I’ll try to explain that too. We’ve been talking about an FMS. The Hawker shows a complete FMS panel. Unfortunately, a lot is “fancy stuff” and doesn’t work. What works is the main stuff. To get it operational, the first thing you do is “file a plan”. You depart from HERE, and land at THERE. In between you have waypoints. You select these too and then go to the details section. The details section lets you assign speeds and altitudes for the different waypoints. Fly has some kinda habit to stick to non-realistic values for speed. Like for the Hawker, speed is set to 207 kts. When you’re moving way up at M 0.68 or so, this is not realistic. Therefore, adjust this (and note that these values refer to ground speed). The other thing is you can select altitudes for waypoints. We were departing from HERE. Next waypoint is 5 miles out from the departure runway. Specify 3000 ft AGL for this one. Next waypoint is 100nm away, specify 31,000 ft for this one. And so on. The end section, one waypoint 100nm before THERE you specify 31,000 again (or higher, if you like). The final waypoint 10nm before threshold of the destination runway. Set alt to 3000 ft AGL (too bad if you have an obstruction at 3976 ft AGL there). All set and file the plan. Next hop into the left seat and this time also fire up the FMS. There’s an “on/off DIM” button somewhere around, and after the initial start-up check hit the “accept” button on one of the two sets.

I usually fire up both sets and leave one of them without “accepting”. That one will show me geographical coordinates thru’ the flight. See piccies below:
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You’ll see a lot of buttons, but only NAV, FPL and DTO work. “Prev” and “Next” work in combination with these.

The FPL (flightplan) will show you the several legs of the flightplan. The last page here shows total distance and ETA for the destination. The NAV page(s) will show you individual legs plus the Next Waypoint plus ETA’s for these. Also crosstrack error is displayed. The DTO (direct to) button gives a display but I haven’t found anything you can do with it.

Here is a NAV page:

showing the waypoint you departed from, the actual time, the course plus distance to the next waypoint which is showed below together with the calculated ETA, then the Next waypoint and finally crosstrack errors and wind measurements.
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Now what do the FMS and AP together do? Once you set the AP Input Mode to WPT (at least the source course selector) and AP Mode selector to NAV, the whole flightplan will be flown automatically without you needing to bother. To go one step further, you specify altitudes for the waypoints and select VNAV mode instead of NAV mode. The only thing you then do is take off, switch the AP on and into VNAV mode, light up cigar nr. 1 and chat with the stewardess, and after somany hours extinguish cigar nr. somuch, and finish the final part of the landing. Meanwhile you only operate the throttles when needed. Which enables you to chat with the stewardess a lot…

The FMS does have some limits: suppose you take off from KLAX (Los Angeles) and your destination is VHHH (Hong Kong). No waypoints in between. Take off, activate the AP on NAV and the thing gets lost. Unless you switch on distance compression, in which case it’ll start greatcircling towards VHHH. The crosstrack error shown in between will be enormous but it actually greatcircles to Hong Kong. 

If you specify waypoints around 300-500nm lying from each other in between, you’ll have no problems.

The other problem that might occur is when you specify waypoints in such a way that turns of more than 90 degrees are needed. In such a case the AP also might “get lost”.

The final thing to take notice of, is that VNAV reads the altitudes at the waypoints. Suppose you’re going Transatlantic and somewhere between England and the Oceanic Entry Point you want to go from FL310 to 350. Now perhaps you have a waypoint set over England at 31,000 ft and the next one is the Oceanic Entry Point at 35,000 ft. If these are 200nm apart, the Hawker will start climbing at the first waypoint and end its climb at the next waypoint. Not very realistic. It is because of this, that I personally don’t use VNAV at all. 

There’s more use for the Speed Hold mode on the AP: after getting to cruise level and setting throttles for a certain speed, you can – after some time, when the a/c has stabilized on power, alt and speed – enable speed hold again. It has two submodes, IAS and Mach number, which can be toggled pressing Perform Select. In Speed Hold Mach nr. mode, the a/c will then stabilize on the current Mach number and proceed. Now during the flight, the a/c will slowly get lighter because of fuel consumption. Since the power setting is fixed and the speed is fixed, the third component (altitude) will slowly increase for compensation. If you want to fly realistic, you have to adjust throttles very carefully to stay at your Flight Level. Use increments of 1 percent at a time. The other (unrealistic) way is not to adjust throttles and let the a/c climb from a lower to a higher cruising level. It will stay at the set Mach number. Don’t use IAS in such a case, since it will hold IAS when set to Speed Hold, then start climbing and because it holds IAS too, in the end you could well exceed Vne at a higher level.

The ½ Bank Hold mode can be usefull to prevent oscillations along the roll and yaw axes, which turned up occasionally in the original Hawker. This mode can be enabled at the same time as NAV, VNAV and Heading Hold modes. It simply limits the banking in turns to half the standard values. I have experienced those oscillations in the default Hawker in early Fly versions on short finals and airspeeds below 150 IAS and also at high levels approaching a waypoint on the FMS. Recently they may have been the cause of a crash of an unattended flight from Europe to the US, while my 747 was over the Atlantic at FL350.

The last stuff to explain perhaps is the Bearing Mode selector. Like I said in the beginning it can be set to Off, VOR1, VOR2, WPT and ADF. These are navigation modes for the ND/EHSI. In the VOR, WPT and ADF modes this display will show a purple “bar” pointing towards the VOR or NDB that is set on the receivers, or the next waypoint in the flightplan.

Otherwise it has nothing to do with the AP.

Who said flying is difficult? It’s simply boring, unless you have stewardesses to talk to, copilots to hear the latest jokes from and/or have unlimited supplies of cigars and booze.

Apart from that, Fly gives you the option to “shrink the world”…

Newsletter 2 explained another way of using the AP:

Take off and switch on the AP.Don’t pitch up too much, so the airspeed increases. When airspeed passes 210 IAS, activate Climb Hold mode, which settles speed on 229 IAS. Once vertical speed exceeds 1000fpm, press the Perform Select button once to switch from Low Speed Climb mode to Medium Speed Climb mode. The bird first pitches down to increase speed to 249 IAS, then pitches up to maintain this speed and increases vertical speed again. There is also a High Speed Climb mode which sets speed to 259 IAS (simply press Perform Select again). Pressing Perform Select once more and you’re into LCLM again (the mode displays on the PFD).

Erm, what else? Functions that don’t work? All the other FMS stuff.

I checked for the Turbulence Mode on the switch panel, but the switch ain’t working…

The WX radar toggle switch switches on the radar display on the ND (Navigation Display) if set to Approach or Enroute mode.

I found no use for the NAV data toggle switch on the EFIS Mode Selector Panel, but I may have missed something. In the Hawker it does nothing.

Also the use of the AP Transfer button on the main AP panel is unclear to me. It may be just a fancy button, although it seems to keep the AP fixed on the last set mode and meanwhile you can change settings for new stuff.

The MLS mode button for the Course Source selector doesn’t have operational use. MLS is short for Microwave Landing System and might be a future expansion.

When I was testing the revised Hawker again (that’s the first revision where the MFD buttons got working functions) I found that the Descend Hold mode is probably wired to the wrong circuit: it puts the Hawker into climb mode with a fixed vertical speed of 1000 fpm. Other revisions for the Hawker seem to be working fine.

This document is not complete. There remains stuff that is still unclear to me too and might actually work. Feedback is essential.

I can be reached at louis@holleman.demon.nl for questions and suggestions.

Don’t blame me for missed stuff, I’m just trying to get the whole bunch together.

Meanwhile,

Blue Skies!

Louis Holleman
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