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I nt roducti on

Thi s docunent provides a wal kt hrough of the electrical power generation
subsystens for the TRI Flyhawk aircraft. Al of the subsystens
described here are contained in the electrical systemfile FLYHAWK. AMP

Conpl et e docunentation of all subsystem object types is underway as a

| ong-term project. However the useful ness of the ‘dpnd (Dependency)
subsystemin constructing conplex electrical systemlogic cannot easily
be understood by a sinple breakdown of the syntax in the .AMP file.

This docunent attenpts to shed a little nore |ight on how dependenci es
are actually used in the construction of conplex system behavi our,
usi ng the power generation and distribution systemof the TRl Fl yhawk
as an exanpl e.



dpnd Dependency Subsystem

d ass: CDependency

Descri ption:
The Dependent Subsystemis sinply a functionality |ayer of a subsystem

“The | ayer seens to have been added to confuse the docunentation of Fly
Subsystens” —- Paul “Singuy” Russel

The critical feature of dependencies is that they can be linked to
ot her dependencies in order to create a hierarchical tree of
functionality that inpenents the conplex interworkings of aircraft
el ectrical and pitot-static systens.

The <eBus> tag links this object to a ‘dpnd’ subsystemw th hardware
type of BUS.

The <fuse> tag links this object to a ‘dpnd’ subsystemwi th hardware
type of FUSE.

The <swch> tag links this object to a ‘dpnd’ subsystemwi th hardware
type of SW TCH.

The <lite> tag links this object to a ‘dpnd’ subsystemw th hardware
type of LI GHT.

The <annr> tag links this object to a ‘dpnd’ subsystemw th hardware 1D

of ANNOUNCER

The <cntr> tag links this object to a ‘dpnd’ subsystemw th hardware |ID
of CONTACTOR

The <flsh> tag links this object to a ‘dpnd’ subsystemwi th hardware
type of FLASHER

The <batt> tag links th
The <nvrt> tag links thi
The <genr> tag links thi
The <altr> tag links th
subsyst em

dependency to
dependency to
dependency to
dependency to

‘batt’ (Battery) subsystem
‘nvrt’ (lnverter) subsystem
‘genr’ (Generator) subsystem
‘natr’ (Alternator)

nw uonon
QYO D

Several of these tags of various types can be specified as dependencies
of a single object. The < AND> and < OR > tags determ ne how nmultiple
dependenci es are conbined. |If the < AND> tag is specified then al
dependenci es nust be active in order for the object to be active. |If
the < OR > tag is specified then only one of the dependent subsystens
needs to be active.

The <pxyl> and <pxy0> specify nessages that are sent to other
subsystens when the state of this subsystemtransitions fromOf to On
(<pxyl> tag) or fromOn to Of (<pxy0> tag). These paraneters can be
specified nultiple tines.

Read Tags

Signature Description Type Format
vol t El ectrical Voltage REAL Vol ts
vl t Maxi mum Vol t age REAL Vol ts
| oad El ectrical Load REAL Anps




node is Of

freQ AC Electrical Crcuit REAL Hz
Frequency
eBus Logi cal Connection to I D TYPE Dependent uni que ID
speci fied Bus
fuse Logi cal Connection to I D TYPE Dependent uni que ID
speci fied Fuse
swch Logi cal Connection to I D_TYPE Dependent uni que |ID
specified Switch
lite Logi cal Connection to I D_TYPE Dependent unique |ID
speci fi ed Light
annr Logi cal Connection to I D_TYPE Dependent unique |ID
speci fi ed Annunci at or
bool Logi cal Connection to I D_TYPE Dependent unique |ID
speci fi ed Dependent
cntr Logi cal Connection to I D_TYPE Dependent unique |ID
speci fi ed Contactor
flsh Logi cal Connection to I D_TYPE Dependent unique |ID
speci fied Fl asher
bat t Logi cal Connection to I D_TYPE Dependent uni que ID
speci fi ed Annunci at or
genr Logi cal Connection to I D TYPE Dependent uni que ID
speci fi ed Generator
altr Logi cal Connection to I D TYPE Dependent uni que ID
speci fied Alternator
nvrt Logi cal Connection to I D TYPE Dependent uni que ID
specified Inverter
st 8t Controls the state of BOCOLEAN 0 (FALSE) = OFF
t he dependent 1 (TRUE) = ON
(On/ O f)
_AND Logical Circuit NO_VALUE
connections are ANDed
together. All
circuit connections
at this node nust be
active to create an
active circuit at
t his node
_OR _ Logical Circuit NO_VALUE
connections are ORed
together. Just one
circuit connection
needs to be active to
create an active
circuit at this node
hwi d Hardware 1D CODE Do not use. Use ‘unld’
i nst ead
pxyl Ri si ng Edge Proxy Msg OBJECT Message
rise Val ue for Rising Edge REAL Val ue
Proxy Msg
pxy0 Fal | i ng Edge Proxy OBJECT Message
Msg
fall Val ue for Falling REAL Val ue
Edge Proxy Msg
nPol Pol | i ng Message OBJECT Message
mAl | Create all three OBJECT Message
proxy nessages
t Pol Pol I i ng Met hod CODE Per si st ent
Pr oxy
of fV I ndi cator val ue when REAL I ndi cator val ue




Set Tags

The foll owi ng subsystem val ues can be set by sending a SETDATA nessage
to the subsystemwith the datatag set appropriately. This allows
gauges, other subsystens, custom DLLs, etc. to actively nodify the
operational state of any subsystem

The <st8t> tag controls the activity (On/Of) state of the dependent.
The <indn> tag overrides the current indication value for the subsystem
Either the <tinK> or <ratK> can optionally be used to filter the

i ndi cation value of the dependent. The <tinkK> sets the tine constant of
first-order exponential filter. This paraneter is used to snooth digital
transitions in the indication value. The <ratK> tag causes a linear
filter to be applied to the indication, with [inear rate constant as
specified in the tag.

Datatag Description Type Format

st 8t Controls the state of BOOLEAN 0 (FALSE) = OFF
t he dependent 1 (TRUE) = ON
(On/ O f)
i ndn I ndi cation val ue REAL Val ue
tinmK Ti me Const ant REAL Di mensi onl ess
ratK Rat e Const ant REAL Di mensi onl ess
vol t El ectrical Voltage REAL Vol ts
nwvl t Maxi mum Vol t age REAL Vol ts
| oad El ectrical Load REAL Anps
FreQ AC El ectrical Freq REAL Hz
Cet Tags

The foll owi ng subsystem val ues can be retrieved by sendi ng a GETDATA
message to the subsystemwi th the datatag set appropriately. This

al | ows gauges, other subsystens, custom DLLsS, etc. to actively query the
operational state of any subsystem

Datatag Description Type Format
st 8t Controls the state of BOCOLEAN 0 (FALSE) = OFF
t he dependent 1 (TRUE) = ON
(On/ O f)
actv Reports the circuit BOOLEAN On/ O f
st at us
i ndn I ndi cation val ue REAL Val ue
tinkK Ti me Const ant REAL Di mensi onl ess
ratK Rat e Const ant REAL Di nensi onl ess
vol t El ectrical Voltage REAL Vol ts
vl t Maxi mum Vol t age REAL Vol ts
| oad El ectrical Load REAL Anps
FreQ AC El ectrical Freq REAL Hz




Not at i on

It is useful to draw out electrical system dependencies synbolically
before witing the somewhat cryptic AMP file progranm ng. | suggest
the use of the follow ng synbols for commopn power subsystens:

HM—. ‘batt’ Battery

unld

‘genr’ Generator
unld

‘natr’ Al ternator

And the follow ng for the cormmon dependency hardware types:

unld
: : I ‘dpnd’ BUS Dependency

unl d

e ‘dpnd’ SW TCH Dependency
oo

unl d

(\j ‘dpnd’ FUSE Dependency




Fl yhawk El ectrical System Overvi ew

This exanple illustrates how the TRI Flyhawk el ectrical systemis
constructed using various types of ‘dpnd (Dependency) subsystens al ong
with power generation systens such as the ‘batt’ (Battery) and ‘genr’
(DC CGenerator) subsystens. It traces the dependency connections

wor ki ng forwards fromthe power generation subsystens ‘batt’ (Battery)
and ‘natr’ (Alternator) through several |ayers of ‘dpnd (Dependency)
subsystens of various types : switches, fuses and busses. These
subsystem specs are all taken fromthe Flyhawk systens fil e FLYHAVWK. AMP
al t hough the individual exanples nmay be sonmewhat scattered through the
file.

Wien anal yzing the el ectrical systemof an existing aircraft, it is
sonetines easier to start at the end-systenms such as the radi os and

ot her avionics, and work backwards al ong the dependenci es through the
busses, fuses and switches to the power sources. However when creating
a new aircraft it would typically be better to work the other way,
starting with power sources and then fanning them out through switches,
fuses and busses to their final destinations, the avionics systens.
Det ai | ed nmi nt enance and/or operating docunentation for the aircraft
being nodelled is generally required in order to accurately sinulate
its operation.

For this exanple, | have (arbitrarily) separated the TRl Flyhawk power
generation and bus subsystens into three parts (although there are

i nterconnections between the parts) : the Main Bus Circuit, the
Alternator Crcuit and the Avionics Bus Crcuit.

Main Bus Circuit

The purpose of the Main Bus Circuit is to drive power to the nain
system busses ‘busl’ and ‘bus2’, and to the “essential s” bus ‘essl’
At the “top” of the electrical chain is the battery, which is fed
through the battery nmaster switch to the two main busses, which then
drive the essentials bus.

bat t nBa < - bus1
1o oo ool 22l

essl

.
2

< bus2
nat r < = us
{\_} < .:_:_I.

(Alternator Circuit)

The main busses are also driven fromthe output of the Alternator
Circuit (see bel ow).



The battery is defined in a ‘batt’ type subsystem

<subs> - Subsystementry -

bat t

<bgno> - Battery -
<life> - anp-hour rating -
30
<volt> - nmax vol tage -
24.0

<endo>

Specific data tags for this battery set its voltage at 24.0 volts, and
its total charge capacity at 30 anp-hours. |If realistic battery drain
is enabled in the sinulation options, then placing a continuous |oad on
the battery will cause it to drain over tinme. Note also that the
battery has no dependencies associated with it; it is therefore
considered to always be “On”.

The switch dependencies for the battery and alternator master sw tches
both have a hardware type of SWTCH, and are linked to switch objects
on the panel. See the Gauge Reference Guide for details on gauge types
like ‘“swit’ (Sinple Switch), ‘knob’ (Knob) etc. for additiona
informati on. The gauge instances include a reference to the associ ated
subsystem via the <nmesg> (or other) tag in the gauge specification

This reference provides an internal “connection” between the gauge

obj ect and the subsystem object. Wen the switch is toggled by the
user, a nmessage is autonmatically sent to the subsystem setting the
‘st8t’ datatag to 0 (Of) or 1 (On).

For the naster battery and alternator switches, this table shows the
associ ati on between the SWTCH dependency object specified in the AW
file and the gauge object specified in the PNL file. Note that for the
TRl Flyhawk, a specialized switch gauge type ‘batt’ was inplenented to
control both the ‘nmBat’ and ‘mAlt’ switches; on other aircraft, these
woul d typically be separately controlled by independent ‘swit’ gauge

types.

AMP File PNL File
<subs> - Subsystementry - <gage> ==== GAUGE ENTRY ====
dpnd bat t
<bgno> - Master Battery Switch - <bgno> ==== BEGA N GAUGE ENTRY ====
<unld> - Unit Id - <unid> ---- unique id ----
nmBat bat t
<hwi d> - hardware type - <mesg>
SW TCH <bgno>
<batt> -- Battery Circuit -- <conn>
bat t nmBat
<endo> <dt ag>




<subs> - Subsystementry - st 8t
dpnd <endo>
<bgno> - Master Alternator Switch - <altt> ---- alt data tag ----
<unld> - Unit Id - mAl t
mAl t <batt> ---- battery data tag ----
<hwi d> - hardware type - nmBat
SW TCH <size> ---- switch size ----
<fuse> - independent circuit - 109
altf 576
<endo> 36
50
<bmap> ---- bitmap nane ----
skyhpowr . pbg
<Ccsru> ---- up cursor ----
mpf | i pup. csr
<csrd> ---- down cursor ----
nmpfli pdn. csr
<sfxu> ---- up sfx ----
swi t chup. wav
<sfxd> ---- down sfx ----
swi t chdn. wav
<hel p> ---- popup help ----
Alternator/Battery Switch
<endo> ==== END GAUGE ENTRY ====

Note that the master alternator has a subsystem dependency, to the
‘“altf’ FUSE. This fuse is described later in the docunent.

Next are the definitions for the Main busses. Min bus 1 ‘busl’ and
Mai n Bus 2 ‘bus2’ have identical dependencies on the alternator fuse
and nain battery switch subsystens.

<subs> - Subsystementry -
dpnd
<bgno> - Bus #1 -

<unld> - Unit Id -

busi
<hwi d> - hardware type -
BUS
<fuse> - independent circuit 1 -
natr
<swch> - independent circuit 2 -
nBat
<endo>
<subs> - Subsystementry -
dpnd

<bgno> - Bus #2 -
<unld> - Unit Id -
bus2
<hwi d> - hardware type -
BUS
<fuse> - independent circuit 1 -
natr
<swch> - independent circuit 2 -
nBat
<endo>

Note that there are two dependencies specified, but no < AND> or < OR >
tag present. The < OR > tag is the default, so these busses will both
be Active when either the alternator is On, and/or the battery naster
switch is On.

The two <eBus> tags indicate that this bus is Active whenever either
“busl’ or ‘bus2’ are active. (Actually, since we noted above that
“busl’ and ‘bus2’ have identical dependencies, there is not really any
need to have two dependenci es here).



The essential bus drives the critical electrical conponents such as the
annunci ators and starter circuits. |Its dependency definition is:

<subs> - Subsystementry -

dpnd

<bgno> - Essential Crossfeed Bus -
<unld> - Unit Id -
essl

<hwi d> - hardware type -

BUS

<eBus> - independent circuit -
busi

<eBus> - independent circuit -
bus2

<endo>

The essentials bus is used directly by several subsystens such as the
annunci ator lights, starter/igniter system etc. It is also a
dependency of other electrical subsystens in the Alternator and
Avionics Bus CGrcuits.

Alternator Circuit

The Alternator Circuit contains all of the | ogic surrounding the

engi ne-driven alternator power source. The output of the Alternator
Circuit is the ‘natr’ fuse which drives power to the Main Bus Circuit,
and to any ot her subsystens which need to directly nonitor the output
of the circuit. At first glance it nmay appear that this is a “short
circuit” since the essentials bus is a dependency of the Alternator
Crcuit. However this is not the case; all it neans is that the
essentials bus nust first be powered up with the battery, after which
(and after other alternator dependencies are satisfied such as the
engi ne runni ng, master alternator switch on, etc.) the Alternator
Circuit can “take over” driving the main busses.

A

-:-:-I- ') o—c//;—o ._{gé}_ﬂ A

(Mai n Bus
Crcuit)

The first dependency in this circuit is the alternator field fuse,
which isolates the Alternator Circuit fromthe Main Bus Crcuit. The
entire alternator circuit can be independently failed sinply by failing
the “altf’ fuse

<subs> - Subsystementry -

dpnd

<bgno> - Alternator Field Fuse -
<unld> - Unit Id -
altf
<hwi d> - hardware type -
FUSE
<eBus> - independent circuit -
essl



<endo>

The master alternator switch is dependent both upon the panel gauge
switch (see above) and on the alternator field fuse.

Next in line is the alternator itself, defined in a ‘natr’ type
subsyst em

<subs> - Subsystementry -

natr

<bgno> - Alternator -
<swch> - circuit -

<nxl d> - max capacity (anps)
<l oRg> - | east RPMregul atable -
<volt> - max Vol tage -

<endo>

This alternator is rated to provide 28.0 volts at a maxi mum of 60 anps
continuous current. All alternators are engine-driven, and the <l oRg>
tag indicates the mni nrumengi ne RPM at which the alternator can
function. This would nornmally be a couple of hundred RPM Il ess than the
idle RPM for the engine.

The alternator has a single dependency on the naster alternator switch
‘mAl't’. As described above, this SWTCH dependency is controlled
solely by the alternator switch on the main panel. Wen this switchis
in the On position, and the engine is running, then the alternator
subsystem wi || be delivering power.

Finally the output of the alternator is fed into the alternator fuse

<subs> - Subsystementry -

dpnd

<bgno> - Alternator Fuse -
<unld> - Unit Id -

natr

<hwi d> - hardware type -

FUSE

<altr> -- Alternator Crcuit --
natr

<endo>

The <altr> tag creates a dependency between the FUSE and the ‘natr’
subsystem descri bed above. Wenever the alternator is On and
delivering power, this FUSE will be Active.

Avionics Bus Circuit

The purpose of the Avionics Bus Circuit is to drive two main avionics
busses, ‘avil’ and ‘avi2’. These busses are used as dependencies to
nost of the radio and other avionics systems in the aircraft.
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bus2 L _|avis avi 2
e

(Mai n Bus
Crcuit)

A

Two avionics fuses are defined which sinply mrror the state of the
associ ated main busses fromthe Main Bus Circuit:

<subs> - Subsystementry -

dpnd

<bgno> - Circuit Breaker -
<unld> - wunit id -

avi 1
<hwi d> - hardware type -
FUSE
<eBus>
busi1
<endo>
<subs> - Subsystementry -
dpnd

<bgno> - Circuit Breaker -
<unld> - unit id -
avi 2
<hwi d> - hardware type -
FUSE
<eBus>
bus?2

<endo>

These avionics fuses provide power to the master and secondary avionics
switches. The master avionics power is controlled by the avionics
master switch on the panel

AMP File PNL File
<subs> - Subsystementry - <gage> ==== GAUGE ENTRY ====
dpnd SW t
<bgno> - Avionics Switch (Master) - <bgno> ==== BEGA N GAUGE ENTRY ====
<unld> - Unit Id - <unid> ---- unique id ----
avi o avi o
<hwi d> - hardware type - <mesg> ---- Subsystem Message ----
SW TCH <bgno>
<fuse> - independent circuit - <conn> ---- data tag ----
avi 1 avi o
<endo> <user> ---- user data ----
HARDWARE, SW TCH
<endo>
<size> ---- X,Y,Xsize,ysize ----
343
576
33
49

<bmap> ---- bitmap nane ----




skyhavpw. pbg
<csru> ---- up cursor ----
mpf | i pup. csr
<csrd> ---- down cursor ----
nmpfli pdn. csr
<sfxu> ---- up sfx ----
swi t chup. wav
<sfxd> ---- down sfx ----
swi t chdn. wav
<hel p> ---- popup help ----
Avi oni cs Power

<endo> ==== END GAUGE ENTRY ====

The secondary naster switch has a hardware type of SWTCH, however it
is not connected to a switch on the panel; rather it is dependent only
upon ot her subsystens:

<subs> - Subsystementry -
dpnd
<bgno> - Avionics Switch (Sl ave) -
<unld> - Unit Id -
avi s
<hwi d> - hardware type -
SW TCH
<fuse> - independent circuit -
avi 2
<swch> - independent circuit -
avi o
<st8t> - hardware state -
1
< _AND> -- AND | ndependent Circuit States --
<endo>

So in essence, both avionics switches ‘avio’ and ‘avis’ are controlled
by the naster avionics switch on the panel; the ‘avio’ switch directly
t hrough the nmessage connection to the ‘swit’ gauge type, and the ‘avis
switch indirectly through the ‘avio’ swtch

Finally, the avionics busses ‘avil and ‘avi2’ are defined. If you
exani ne avionics and other electrical subsystens el sewhere in the AW
file, you will notice that they practically all have <eBus>
dependenci es back to one of these avionics busses.

Avionics bus 1 ‘avil is dependent only on the ‘avio’ sw tch described
above, while avionics bus 2 is dependent only on the ‘avis’ swtch.

<subs> - Subsystementry -

dpnd

<bgno> - Avionics Bus #1 -
<unld> - Unit Id -

avi 1
<hwi d> - hardware type -
BUS
<swch> - independent circuit -
avi o
<endo>
<subs> - Subsystementry -
dpnd

<bgno> - Avionics Bus #2 -
<unld> - Unit Id -

avi 2

<hwi d> - hardware type -

BUS

<swch> - independent circuit -

avi s



<endo>

Concl usi on

Hopeful Iy this wal kt hrough of the power generation and bus systens for
arelatively sinple aircraft will help to denmystify the inner workings
of Fly! Il electrical systens. The aircraft designer has conplete
freedomto inplenent as nuch or as little conplexity in the electrica
systens, depending on how accurately one w shes to reproduce the

behavi our of the real-life aircraft. The ‘dpnd (Dependency) subsystem
provides alnost limitless flexibility for inplenenting conplex,
realistic system behaviour.



