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COMBUSTION CONTROL METHOD AND 
SYSTEM 

TECHNICAL FIELD 

[0001] This invention relates to the general ?eld of com 
bustion controls, and more particularly to an improved 
method and system for controlling and automatically relight 
ing a turbogenerator combustor under certain conditions. 

BACKGROUND OF THE INVENTION 

[0002] A turbogenerator With a shaft mounted permanent 
magnet motor/generator can be utiliZed to provide electrical 
poWer for a Wide range of utility, commercial and industrial 
applications. While an individual permanent magnet turbo 
generator may only generate 20 to 100 kilowatts, poWer 
plants of up to 500 kiloWatts or greater are possible by 
linking numerous permanent magnet turbogenerators 
together. Peak load shaving poWer, grid parallel poWer, 
standby poWer, and remote location (stand-alone) poWer are 
just some of the potential applications for Which these 
lightWeight, loW noise, loW cost, environmentally friendly, 
and thermally ef?cient units can be useful. 

[0003] The conventional poWer control system for a tur 
bogenerator produces constant frequency, three phase elec 
trical poWer that closely approximates the electrical poWer 
produced by utility grids. Key aspects of such a poWer 
generation system are availability and reliability. 

[0004] In grid-connect poWer generation, lack of avail 
ability can result in penalties from the local utility. Since 
many utility users are charged variable rates depending upon 
the amount of poWer draWn during a given period of time, 
the loWest SS/kWh is charged When poWer is draWn at loWer 
levels than some negotiated base. PoWer draWn above the 
base level Will usually have greatly increased fees and 
sometimes a penalty associated With it. While grid-connect 
poWer generation can be used to provide less expensive 
poWer When more than the utility base level of poWer is 
required, should this grid-connect poWer generation fail, or 
otherWise be unavailable, greater costs to the user Would 
ensue. 

[0005] Availability and reliability are even more important 
in a standalone system in Which the turbogenerator itself is 
providing the entire load for a user. If the turbogenerator is 
unavailable, lengthy interruptions to all aspects of a user’s 
business can occur and result in signi?cant ?nancial loss to 
the user. For remote installations, the turbogenerator could 
be doWn for a long period of time since it might take a While 
for a service person to provide support at the remote site. 

[0006] In a gas turbine engine, inlet air is continuously 
compressed, mixed With fuel in an in?ammable proportion, 
and then contacted With an ignition source to ignite the 
mixture Which Will then continue to burn. The heat energy 
thus released then ?oWs in the combustion gases to a turbine 
Where it is converted to rotary energy for driving equipment 
such as an electrical generator. The combustion gases are 
then exhausted to atmosphere after giving up some of their 
remaining heat to the incoming air provided from the 
compressor. 

[0007] Quantities of air greatly in excess of stoichiometric 
amounts are normally compressed and utiliZed to keep the 
combustor liner cool and dilute the combustor exhaust gases 
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so as to avoid damage to the turbine noZZle and blades. 
Generally, primary sections of the combustor are operated 
near stoichiometric conditions Which produce combustor 
gas temperatures up to approximately four thousand (4,000) 
degrees Fahrenheit. Further along the combustor, secondary 
air is admitted Which raises the air-fuel ratio and loWers the 
gas temperatures so that the gases exiting the combustor are 
in the range of tWo thousand (2,000) degrees Fahrenheit. 

[0008] It is Well established that NOx formation is ther 
modynamically favored at high temperatures. Since the NOx 
formation reaction is so highly temperature dependent, 
decreasing the peak combustion temperature can provide an 
effective means of reducing NOx emissions from gas turbine 
engines as can limiting the residence time of the combustion 
products in the combustion Zone. Operating the combustion 
process in a very lean condition (i.e., high excess air) is one 
of the simplest Ways of achieving loWer temperatures and 
hence loWer NOx emissions. Very lean ignition and com 
bustion, hoWever, inevitably result in incomplete combus 
tion and the attendant emissions Which result therefrom. In 
addition, combustion processes are dif?cult to sustain at 
these extremely lean operating conditions. 

SUMMARY OF THE INVENTION 

[0009] The invention is directed to a multi-injector com 
bustion system in Which a brake resistor is utiliZed to 
provide a minimum load for the combustor system during 
idle or loW poWer operation of the permanent magnet 
turbogenerator/motor and also to absorb poWer during tran 
sients to prevent ?ame out of the combustor. In addition, 
during single injector operation, a relighting method and 
system are provided to relight the combustor and prevent the 
necessity of a complete shutdoWn of the system. The method 
and system includes sWitching betWeen the multiple injec 
tors to ?nd the most stable injector in single injector opera 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Having thus described the present invention in 
general terms, reference Will noW be made to the accompa 
nying draWings in Which: 

[0011] FIG. 1 is a perspective vieW, partially cut aWay, of 
a turbogenerator having the combustion control method and 
system of the present invention; 

[0012] FIG. 2 is a plan vieW of a combustor housing for 
the turbogenerator of FIG. 1; 

[0013] FIG. 3 is a sectional vieW of the combustor hous 
ing of FIG. 2 taken along line 3-3 of FIG. 2; 

[0014] FIG. 4 is a sectional vieW of the combustor hous 
ing of FIG. 3 taken along line 4-4 of FIG. 3; 

[0015] FIG. 5 is a detailed block diagram of a poWer 
controller for use With the turbogenerator of FIG. 1; 

[0016] FIG. 6 is a detailed block diagram of the poWer 
controller of FIG. 5 having a dynamic brake resistor; and 

[0017] FIG. 7 is an auto relight ?oW diagram for auto 
matically relighting the turbogenerator combustor after a 
?ame out. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0018] The turbogenerator 12 having the combustion 
method and system of the present invention is illustrated in 
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FIG. 1. The turbogenerator 12 generally comprises a per 
manent magnet generator 20, a power head 21, a combustor 
22 and a recuperator (or heat exchanger) 23. 

[0019] The permanent magnet generator 20 includes a 
permanent magnet rotor or sleeve 26, having a permanent 
magnet disposed therein, rotatably supported Within a per 
manent magnet generator stator 27 by a pair of spaced 
journal bearings. Radial permanent magnet stator cooling 
?ns 28 are enclosed in an outer cylindrical sleeve 29 to form 
an annular air ?oW passage Which cools the stator 27 and 
thereby preheats the air passing through on its Way to the 
poWer head 21. 

[0020] The poWer head 21 of the turbogenerator 12 
includes compressor 30, turbine 31, and bearing rotor 32 
through Which the tie rod 33 to the permanent magnet rotor 
26 passes. The compressor 30, having compressor impeller 
or Wheel 34 Which receives preheated air from the annular 
air ?oW passage in cylindrical sleeve 29 around the stator 27, 
is driven by the turbine 31 having turbine Wheel 35 Which 
receives heated exhaust gases from the combustor 22 sup 
plied With preheated air from recuperator 23. The compres 
sor Wheel 34 and turbine Wheel 35 are supported on a 
bearing shaft or rotor 32 having a radially extending bearing 
rotor thrust disk 36. The bearing rotor 32 is rotatably 
supported by a single journal bearing Within the center 
bearing housing 37 While the bearing rotor thrust disk 36 at 
the compressor end of the bearing rotor 32 is rotatably 
supported by a bilateral thrust bearing. 

[0021] Intake air is draWn through the permanent magnet 
generator 20 by the compressor 30 Which increases the 
pressure of the air and forces it into the recuperator 23. The 
recuperator 23 includes an annular housing 40 having a heat 
transfer section 41, an exhaust gas dome 42 and a combustor 
dome 43. Exhaust heat from the turbine 31 is used to preheat 
the air before it enters the combustor 22 Where the preheated 
air is mixed With fuel and burned. The combustion gases are 
then expanded in the turbine 31 Which drives the compressor 
30 and the permanent magnet rotor 26 of the permanent 
magnet generator 20 Which is mounted on the same shaft as 
the turbine 31. The expanded turbine exhaust gases are then 
passed through the recuperator 23 before being discharged 
from the turbogenerator 12. 

[0022] The combustor housing 39 of the combustor 22 is 
illustrated in FIGS. 2-4, and generally comprises a cylindri 
cal outer liner 44 and a tapered inner liner 46 Which, together 
With the combustor dome 43, form a generally expanding 
annular combustion housing or chamber 39 from the com 
bustor dome 43 to the turbine 31. Aplurality of fuel injector 
guides 49a, 49b, and 49c may position the fuel injectors 14a, 
14b, and 14c, respectively, to tangentially introduce a fuel/ 
air mixture at the combustor dome 43 end of the annular 
combustion housing 39 along the fuel injector axis or 
centerline 47. This same centerline 47 includes an ignitor 
cap to position an ignitor (not shoWn) Within the combustor 
housing 39. The combustion dome 43 is rounded out to 
permit the sWirl pattern from the fuel injectors 14a, 14b, and 
14c to fully develop and also to reduce structural stress loads 
in the combustor. 

[0023] A How control baffle 48 extends from the tapered 
inner liner 46 into the annular combustion housing 39. The 
baffle 48, Which Would be generally skirt-shaped, Would 
extend betWeen one-third and one-half of the distance 
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betWeen the tapered inner liner 46 and the cylindrical outer 
liner 44. Three roWs each of a plurality of spaced offset air 
dilution holes 52, 53, and 54 in the tapered inner liner 46 
underneath the How control baffle 48 introduce dilution air 
into the annular combustion housing 39. The ?rst tWo (2) 
roWs of air dilution holes 52 and 53 (closest to the fuel 
injector centerline 47) may be the same siZe With both, 
hoWever, smaller than the third roW of air dilution holes 54. 

[0024] In addition, tWo (2) roWs each of a plurality of 
spaced air dilution holes 50 and 51 in the cylindrical outer 
liner 44, introduce more dilution air doWnstream from the 
How control baffle 48. The plurality of holes 50 closest to the 
How control baffle 48 may be larger and less numerous than 
the second roW of holes 51. 

[0025] Fuel can be provided individually to each fuel 
injector 14a, 14b, and 14c, or, as shoWn in FIG. 1, a fuel 
manifold 15 can be used to supply fuel to all three (3) fuel 
injectors. The fuel manifold 15 includes a fuel inlet 16 to 
receive fuel from a fuel source (not shoWn). FloW control 
valves 17 are provided in each of the fuel lines from the 
manifold 15 to the individual fuel injectors 14a, 14b, and 
14c. In order to sustain loW poWer operation, maintain fuel 
economy and loW emissions, the How control valves 17 can 
be individually controlled to an on/off position (to separately 
use any combination of fuel injectors individually) or they 
can be modulated together. The How control valves 17 can 
be opened by fuel pressure or their operation can be con 
trolled or augmented With a solenoid. 

[0026] A more detailed description of the combustor and 
fuel injectors can be found in Us. Pat. No. 5,850,732, issued 
Dec. 22, 1998 to Jeffrey W. Willis et al, entitled “Low 
Emissions Combustion System”, assigned to the same 
assignee as this application and hereby incorporated by 
reference. 

[0027] The system has a steady-state turbine exhaust tem 
perature limit, and the turbogenerator operates at this limit 
at most speed conditions to maximize system ef?ciency. 
This turbine exhaust temperature limit is decreased at loW 
ambient temperatures to prevent engine surge. 

[0028] Referring to FIG. 5, there is illustrated a poWer 
controller 140 for use With the turbogenerator of FIG. 1. 
This poWer controller 140, Which may be digital, provides a 
distributed generation poWer netWorking system in Which 
bi-directional (i.e. recon?gurable) poWer converters are used 
With a common DC bus 154 for permitting compatibility 
betWeen one or more energy components. Each poWer 
converter 144 and 146 operates essentially as a customiZed 
bi-directional sWitching converter con?gured, under the 
control of poWer controller 140, to provide an interface for 
a speci?c energy component to DC bus 154. PoWer control 
ler 140 controls the Way in Which each energy component, 
at any moment, Will sink or source poWer, and the manner 
in Which DC bus 154 is regulated. In this Way, various 
energy components can be used to supply, store and/or use 
poWer in an ef?cient manner. 

[0029] The energy components include an energy source 
142 such as the turbogenerator 12, utility/load 148, and 
storage device 150 such as a battery. The energy source 142 
is connected to DC bus 154 via poWer converter 144 under 
the control of signal processor 145. Energy source 142 may 
produce AC that is applied to poWer converter 146 under 
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control of signal processor 147. DC bus 154 connects poWer 
converter 144 to utility/load 148 and additional energy 
components. Main CPU 149 provides supervisory operation 
of poWer controller 140, speci?cally signal processors 145 
and 147. 

[0030] Each poWer converter 144, 146, and 152 operates 
essentially as a customized, bi-directional switching con 
verter under the control of main CPU 149, Which uses signal 
processors 145 and 147 to perform its operations. Main CPU 
149 provides both local control and suf?cient intelligence to 
form a distributed processing system. Each poWer converter 
144, 146, and 152 is tailored to provide an interface for a 
speci?c energy component to DC bus 154. Main CPU 149 
controls the Way in Which each energy component 142, 148, 
and 150 sinks or sources poWer and DC bus 154 is regulated 
at any time. In particular, main CPU 149 recon?gures the 
poWer converters 144, 146, and 152 into different con?gu 
rations for different modes of operation. In this Way, various 
energy components 142, 148, and 150 can be used to supply, 
store and/or use poWer in an ef?cient manner. 

[0031] In the case of a turbogenerator 12 as the energy 
source 142, a conventional system regulates turbine speed to 
control the output or bus voltage. In the poWer controller 
140, the bi-directional controller functions independently of 
turbine speed to regulate the bus voltage. 

[0032] FIG. 5 generally illustrates the system topography 
With the DC bus 154 at the center of a star pattern netWork. 
In general, energy source 12 provides poWer to DC bus via 
poWer converter 144 during normal poWer generation mode. 
Similarly, during poWer generation, poWer converter 146 
converts the poWer on DC bus 154 to the form required by 
utility/load 148. During utility start up, poWer converters 
144 and 146 are controlled by the main processor to operate 
in different manners. For eXample, if energy is needed to 
start the turbogenerator 12, this energy may come from 
load/utility 148 (utility start) or from energy source 150 
(battery start). During a utility start up, poWer converter 146 
is required to apply poWer from load 148 to DC bus for 
conversion by poWer converter 144 into the poWer required 
by the turbogenerator 12 to start up. During utility start, the 
turbogenerator 12 is controlled in a local feedback loop to 
maintain the turbine revolutions per minute (RPM). Energy 
storage or battery 150 is disconnected from DC bus While 
load/utility grid regulates VDc on DC bus 154. 

[0033] Similarly, in a battery start, the poWer applied to 
DC bus 154 from Which turbogenerator 12 may be started, 
may be provided by energy storage 150. Energy storage 150 
has its oWn poWer conversion circuit in poWer converter 
152, Which limits the surge current into the DC bus 154 
capacitors, and alloWs enough poWer to How to DC bus 154 
to start turbogenerator 12. 

[0034] A more detailed description of the poWer controller 
can be found in US. patent application Ser. No. 207,817, 
?led Dec. 8, 1998 by Mark G. Gilbreth et al, entitled “PoWer 
Controller”, assigned to the same assignee as this applica 
tion and hereby incorporated by reference. 

[0035] FIG. 6 illustrates a poWer controller of FIG. 5 
having a dynamic brake resistor and associated controls. The 
turbogenerator 12 produces three phase AC poWer Which is 
fed to AC to DC converter 144, referred to here as the engine 
control module. The DC voltage is supplied to DC bus 154 
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Which is connected to DC to AC converter 126, referred to 
here as the load control module, Which is connected to the 
load 148, such as the utility grid. 

[0036] A brake resistor 170 is connected across the DC 
bus 154. PoWer in the DC bus can be dissipated in brake 
resistor 170 by modulation of sWitch 172. Avoltage sensor 
174 is also connected across the DC bus 154 to produce a 
DC bus voltage signal 176 Which is compared in comparator 
178 With a brake resistor turn on voltage signal 180 to 
produce a DC bus error signal 182. The brake resistor turn 
on voltage signal 180 is adjustable by CPU 149. 

[0037] The DC bus error signal 182 from comparator 178 
is used to control the modulation of sWitch 172 after being 
conditioning through a proportional integral compensator 
184, a brake resistor temperature feedback limit 186, a pulse 
Width modulator 188 and gate drive 190. The sWitch 172 
may be an IGBT sWitch although conventional or neWly 
developed sWitches can be utiliZed as Well. The sWitch 172 
is controlled in accordance With the magnitude of the 
voltage on DC bus 154. Signal processor 147 typically 
maintains the DC bus voltage to a selected value by appro 
priate control of poWer ?oWs in the load control module 146 
and the engine control module 144. If a rise in voltage on the 
DC bus is detected, the brake resistor 170 is modulated on 
and off until the bus voltage is restored to its desired level. 

[0038] As outlined above, the turbogenerator combustion 
system is a loW emission system coupled With a recuperator 
creating an ef?cient gas turbine in the turbogenerator. In 
order to achieve loW emissions, the fuel source is diluted 
into a large volume of air. Little fuel is required at idle 
speeds because the recuperator is capable of supplying most 
of the energy required to self-sustain gas turbine operation. 
A high air-to-fuel ratio (AFR) mixture is created With large 
amounts of air How and loW fuel ?oW, thus reducing the 
stability of the combustion. Flame out conditions occur 
(combustion ceases) When the AER reaches too high a level. 
Of course, ?ame out can result in a time consuming shut 
doWn and restart cycle. 

[0039] In a multi-injector combustion system, the ?rst line 
of defense for preventing ?ame out is to operate on feWer 
injectors. When loW levels of fuel How are detected, the 
delivery of fuel to some injectors are turned off. By turning 
off injectors, fuel How can be concentrated into feWer 
injectors to reduce AFR and increase combustion stability. 
At very loW poWer levels, even operating on a single injector 
may not provide loW enough AF R levels to prevent ?ame out 
conditions. 

[0040] The brake resistor 170 can be extremely helpful in 
maintaining combustion ?ame stability. For eXample, during 
an off load event, the poWer ?oWing into the utility/load 148 
is suddenly reduced, and if the poWer produced by the gas 
turbine engine is reduced at the same rate, the fuel How can 
be reduced too rapidly to maintain combustion and ?ame out 
can occur. With the brake resistor able to absorb eXcess 
energy that is produced by the gas turbine engine but not 
supplied to the utility/load 148, the fuel How to the com 
bustor can be reduced more gradually at a rate that can be 
sustained by the combustion system. In other Words, the fuel 
How can be reduced at a rate that considers the maintaining 
of combustion rather than just rapidly reducing fuel How to 
compensate for the off load event. The brake resistor 170, by 
absorbing eXcess energy, permits a sloWer deceleration since 
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any load not transferred out of the power converter 146 can 
be absorbed by the brake resistor 170. 

[0041] In addition, the brake resistor 170 can provide a 
minimum load during idle or no load operating conditions. 
With the external load disconnected, the combustion system 
might not otherWise be able to maintain combustion Without 
this minimum load supplied by the brake resistor 170. 

[0042] While ?ame out conditions are certainly not 
desired, the high AFR mixture provides a unique opportu 
nity to relight the gas turbine combustor Without shutting the 
gas turbine doWn. Typically gas turbines systems require 
controls to shutdoWn the turbine, bring speed doWn to Zero 
rpm, and then issue a restart command in order to regain 
operation after a ?ame out condition occurs. With a high 
AFR mixture, the gas turbine is often beloW its ideal AFR for 
light off. By turning on the ignition system and alloWing the 
temperature control to add more fuel, an ideal AFR Will be 
found that Will reignite combustion in the gas turbine. 
Signi?cant interruption can be avoided by reigniting the gas 
turbine engine Without having to perform a complete shut 
doWn. 

[0043] Without combustion poWer it is dif?cult to keep a 
gas turbine rotating Without some external poWer source. 
The poWer controller 140 can provide added help to the 
relight process by supplying poWer from a poWer source 148 
or 150 to keep the gas turbine rotating When a ?ameout has 
occurred. Someone skilled in the art should understand that 
any type of starter motor con?guration Would provide the 
same capability. 

[0044] A ?oW diagram for the automatic relight process is 
illustrated in FIG. 7. The logic ?rst determines if the 
combustion system is operating on a single injector, block 
200. Single injector operation is an indication of loW fuel 
?oW being delivered to the combustor and a potential for 
?ame out exists. If the combustor is operating on a single 
injector, block 200, block 202 determines Whether the tur 
bine exhaust temperature (TET) error is greater than an 
alloWable error Which is a function of gas turbine speed. The 
TET error is the difference betWeen the ideal operation 
temperature (set point) and the TET feedback (actual TET). 
If the TET error is greater than an alloWable error, block 202, 
block 204 determines if the TET delta is less than an 
alloWable delta, Which is also a function of gas turbine 
speed. The TET delta is the rate of change of TET. If the 
system is not operating on a single injector, block 200, or the 
TET error is not greater than the alloWable error, block 202, 
or the TET delta is not less than the alloWable delta, block 
204, the relight timer is reset in block 206 and operation 
continues on the same primary injector. 

[0045] The relight process begins When ?ame out detec 
tion described in blocks 200, 202, and 204 exists for a time 
period that alloWs the relight timer of block 208 to expire. 
At this time, the spark exciter or ignitor is turned on and the 
injector (injector 14a also referred to in FIG. 7 as injector 
1) ?oWing fuel directly in the ignition system path is enabled 
together With the primary injector that the gas turbine is 
currently using to deliver fuel, block 210. Evaluating block 
212 to determine if the TET error is less than alloWable error 
indicates Whether relight of the gas turbine has occurred. 
Once relight is detected, block 212, the primary injector is 
sWitched from the current injector to it adjacent injector, 
block 214, and the completion timer is reset. The completion 
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timer provides a period for combustion and TET to stabiliZe 
after gas turbine relight. If the completion timer has expired, 
block 216, the spark exciter and initial injector are turned 
off, block 218 With only the neW primary injector enabled, 
block 220, folloWed by a resetting of the relight timer, block 
206. 

[0046] Successive iterations through the relight logic of 
FIG. 7 Will rotate the primary injector until the most stable 
injector is found. In this system of three injectors 14a, 14b 
and 14c, assume that the injector ?oWing fuel directly in the 
ignition system path is injector 14a. When the system 
initially lights assume that injector 14b is assigned as the 
primary injector as discussed above. When the relight logic 
commences the spark exciter and injector 14a Will be 
enabled With the primary injector (noW injector 14b). Once 
relight of the gas turbine is detected the primary injector 
designation is reassigned to injector 14c. At this time injec 
tor 14b is shutoff and injector 14c is enabled. Fuel ?oWing 
from injector 14c Will ignite via the combustion process 
occurring at injector 14a. Once the completion timer 
expires, spark exciter and injector 14a are disabled leaving 
only the primary injector (injector 14c) operating to main 
tain combustion. Stepping through the relight logic on the 
next iteration Would transfer operation from injector 14c to 
injector 14a. Eventually one injector is found to be more 
stable than the other injectors are and the system continues 
operating With this injector as the primary injector. 

[0047] The system is declared unrecoverable and a shut 
doWn occurs When the relight process of blocks 210, 212 is 
unsuccessful and the ?ame out condition exists for a lengthy 
period of time. The relight logic has only a WindoW of time 
during this detection period to recover prior to declaring an 
unrecoverable fault. 

[0048] A key point in the logic is the sWitching of injec 
tors. The combustion system described illustrates three 
injectors by Way of example. In such a three injector system, 
if tWo injectors Were found to be less stable than the third 
injector, the system Would execute the relight logic until the 
stable injector Was found. At this time, the conditions of 
block 202 and 204 Will not exist and the auto relight and 
injector sWitching logic Will not be executed. 

[0049] While speci?c embodiments of the invention have 
been illustrated and described, it is to be understood that 
these are provided by Way of example only and that the 
invention is not to be construed as being limited thereto but 
only by the proper scope of the folloWing claims. 

What We claim is: 
1. A method of relighting a multi injector combustor in a 

turbogenerator, the method comprising: 

a. determining that the combustor is operating on a single 
injector considered the primary injector; 

b. determining that combustion has ceased; 

c. turning on the ignitor; 

d. determining that the combustor has been relit; 

e. sWitching the primary injector to the next sequential 
injector: 

f. turning off the spark exciter; and 

g. continuing operation With the neW primary injector. 
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2. A method of relighting a multi injector combustor in a 
turbogenerator, the method comprising: 

a. determining that the combustor is operating on a single 
injector considered the primary injector; 

b. determining that combustion has ceased; 

c. turning on the ignitor; 

d. determining that the combustor has been relit; 

e. sWitching the primary injector to the neXt sequential 
injector: 

f. turning off the spark eXciter; 

g. determining that relight has occurred; and 

h. continuing operation With the neW primary injector. 
3. A method of relighting a multi injector combustor in a 

turbogenerator, the method comprising: 

a. determining that the combustor is operating on a single 
injector considered the primary injector; 

b. determining that combustion has ceased; 

O . turning on the ignitor; 

CL . determining that the combustor has been relit; 

. sWitching the primary injector to the neXt sequential 
injector: 

. turning off the spark eXciter; 

. determining that relight has not occurred; (IQ 

. repeating steps (a) through until it is determined that 
relight has occurred With a stable primary injector; and 

i. continuing operation With the neW primary injector. 
4. A method of relighting a multi injector combustor in a 

turbogenerator, the method comprising: 

a. determining that the combustor is operating on a single 
injector considered the primary injector; 

b. determining that combustion has ceased; 

O . determining that the relight timer has eXpired; 

CL . turning on the spark eXciter; 

. turning on the fuel injector delivering fuel to the spark 
eXciter area of the combustor; 

. turning on fuel delivery to the then primary fuel injector 
if the then primary injector is not the injector delivering 
fuel to the spark eXciter area of the combustor; 

. determining that the combustor has been relit; (IQ 

. sWitching the primary injector to the neXt sequential 
injector: 

H. . turning off the spark eXciter; 

j. turning off the fuel injector delivering fuel to the spark 
eXciter area of the combustor if that injector is not the 
neW primary injector; 

k. resetting the relight timer; 

1. determining that relight has occurred; and 

m. resetting the relight timer and continuing operation 
With the neW primary injector. 
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5. A method of relighting a multi injector combustor in a 
turbogenerator, the method comprising: 

a. determining that the combustor is operating on a single 
injector considered the primary injector; 

b. determining that combustion has ceased; 

c. determining that the relight timer has eXpired; 

d. turning on the spark eXciter; 

e. turning on the fuel injector delivering fuel to the spark 
eXciter area of the combustor; 

f. turning on fuel delivery to the then primary fuel injector 
if the then primary injector is not the injector delivering 
fuel to the spark eXciter area of the combustor; 

g. determining that the combustor has been relit; 

h. sWitching the primary injector to the neXt sequential 
injector: 

i. turning off the spark eXciter; 

j. turning off the fuel injector delivering fuel to the spark 
eXciter area of the combustor if that injector is not the 
neW primary injector; 

k. resetting the relight timer; 

1. determining that relight has not occurred; 

In resetting the relight timer; 

n. repeating steps (a) through (k) until it is determined that 
relight has occurred With a stable primary injector; and 

o. resetting the relight timer and continuing operation 
With the neW primary injector. 

6. A method of relighting a multi injector combustor in a 
turbogenerator, the method comprising: 

a. determining that the combustor is operating on a single 
injector considered the primary injector; 

b. determining that the turbine eXhaust temperature error 
is greater than an alloWable error; 

c. determining that the turbine eXhaust temperature delta 
is less than an alloWable delta; 

d. determining that the relight timer has eXpired; 

e. turning on the spark eXciter; 

f. turning on the fuel injector delivering fuel to the spark 
eXciter area of the combustor; 

g. turning on fuel delivery to the then primary fuel injector 
if the then primary injector is not the injector delivering 
fuel to the spark eXciter area of the combustor; 

h. determining that the turbine eXhaust temperature error 
is less than an alloWable error; 

i. sWitching the primary injector to the neXt sequential 
injector, delivering fuel to the neW primary injector and 
ceasing to deliver fuel to the initial primary injector; 

j. resetting the completion timer; 

k. determining that the completion timer has expired; 

1. turning off the spark eXciter; 
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rn. turning off the fuel injector delivering fuel to the spark 
exciter area of the cornbustor if that injector is not the 
neW primary injector leaving the neW primary injector 
as the only fuel injector delivering fuel to the cornbus 
tor; 

n. resetting the relight timer; 

0. determining that the turbine exhaust ternperature error 
is less than an alloWable error; and 

p. resetting the relight timer and continuing operation 
With the new primary injector. 

7. A method of relighting a rnulti injector cornbustor in a 
turbogenerator, the method comprising: 

a. determining that the cornbustor is operating on a single 
injector considered the primary injector; 

b. determining that the turbine exhaust ternperature error 
is greater than an alloWable error; 

c. determining that the turbine exhaust ternperature delta 
is less than an alloWable delta; 

d. determining that the relight timer has expired; 

. turning on the spark exciter; 

. turning on the fuel injector delivering fuel to the spark 
exciter area of the cornbustor; 

g. turning on fuel delivery to the then prirnary fuel injector 
if the then prirnary injector is not the injector delivering 
fuel to the spark exciter area of the cornbustor; 

h. determining that the turbine exhaust ternperature error 
is less than an alloWable error; 

H. . sWitching the primary injector to the next sequential 
injector, delivering fuel to the new primary injector and 
ceasing to deliver fuel to the initial prirnary injector; 

j. resetting the completion tirner; 

k. determining that the completion timer has expired; 

1. turning off the spark exciter; 

rn. turning off the fuel injector delivering fuel to the spark 
exciter area of the cornbustor if that injector is not the 
new primary injector leaving the new primary injector 
as the only fuel injector delivering fuel to the cornbus 
tor; 

n. resetting the relight timer; 

0. determining that the turbine exhaust ternperature error 
is less than an alloWable error and that the turbine 
exhaust ternperature delta is greater than an alloWable 
delta; and 

p. resetting the relight timer and continuing operation 
With the new primary injector. 

8. A method of relighting a rnulti injector cornbustor in a 
turbogenerator, the method comprising: 

a. determining that the cornbustor is operating on a single 
injector considered the primary injector; 

b. determining that the turbine exhaust ternperature error 
is greater than an alloWable error; 

c. determining that the turbine exhaust ternperature delta 
is less than an alloWable delta; 
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d. determining that the relight timer has expired; 

e. turning on the spark exciter; 

f. turning on the fuel injector delivering fuel to the spark 
exciter area of the cornbustor; 

g. turning on fuel delivery to the then prirnary fuel injector 
if the then prirnary injector is not the injector delivering 
fuel to the spark exciter area of the cornbustor; 

h. determining that the turbine exhaust ternperature error 
is less than an alloWable error; 

i. sWitching the primary injector to the next sequential 
injector, delivering fuel to the new primary injector and 
ceasing to deliver fuel to the initial prirnary injector; 

j. resetting the completion tirner; 

k. determining that the completion timer has expired; 

1. turning off the spark exciter; 

rn. turning off the fuel injector delivering fuel to the spark 
exciter area of the cornbustor if that injector is not the 
new primary injector leaving the new primary injector 
as the only fuel injector delivering fuel to the cornbus 
tor; 

n. resetting the relight timer; 

0. determining that the turbine exhaust ternperature error 
is more than an alloWable error; 

p. resetting the relight tirner; 

q. repeating steps (a) through (n) until it is determined that 
relight has occurred With a stable prirnary injector; and 

r. resetting the relight timer and continuing operation With 
the new primary injector. 

9. A method of relighting a turbogenerator having an 
annular cornbustor With three equally spaced tangential fuel 
injectors, the method comprising: 

a. determining that the cornbustor is operating on a single 
fuel injector considered the primary injector; 

b. determining that cornbustion has ceased; 

c. turning on the ignitor; 

d. determining that the cornbustor has been relit; 

e. sWitching the primary injector from the primary fuel 
injector to the next sequential fuel injector; 

f. turning off the spark ignitor; 

g. determining that relight has occurred; and 

h. continuing operation With the new primary injector. 
10. A method of relighting a turbogenerator having an 

annular cornbustor With three equally spaced tangential fuel 
injectors, the method comprising: 

a. determining that the cornbustor is operating on a single 
fuel injector considered the primary injector and that 
the primary injector is the ?rst fuel injector Which 
delivers fuel to the spark exciter area of the cornbustor; 

b. determining that the turbine exhaust ternperature error 
is greater than an alloWable error; 

c. determining that the turbine exhaust ternperature delta 
is less than an alloWable delta; 
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d. determining that the relight timer has expired; 

e. turning on the spark exciter; 

f. turning on the ?rst fuel injector delivering fuel to the 
spark exciter area of the combustor; 

g. determining that the turbine exhaust temperature error 
is less than an allowable error; 

h. sWitching the primary injector from the ?rst fuel 
injector to the second fuel injector and delivering fuel 
to the second fuel injector; 

i. resetting the completion timer; 

j. determining that the completion timer has expired; 

k. turning off the spark exciter; 

l. turning off the ?rst fuel injector delivering fuel to the 
spark exciter area of the combustor; 

m. resetting the relight timer; 

n. determining that the turbine exhaust temperature error 
is less than an alloWable error; and 

o. resetting the relight timer and continuing operation 
With the second injector. 

11. A method of relighting a turbogenerator having an 
annular combustor With three equally spaced tangential fuel 
injectors, the method comprising: 

a. determining that the combustor is operating on a single 
fuel injector considered the primary injector and that 
the primary injector is the ?rst fuel injector Which 
delivers fuel to the spark exciter area of the combustor; 

b. determining that the turbine exhaust temperature error 
is greater than an alloWable error; 

c. determining that the turbine exhaust temperature delta 
is less than an alloWable delta; 

d. determining that the relight timer has expired; 

. turning on the spark exciter; 

. turning on the ?rst fuel injector delivering fuel to the 
spark exciter area of the combustor; 

g. determining that the turbine exhaust temperature error 
is less than an alloWable error; 

h. sWitching the primary injector from the ?rst fuel 
injector to the second fuel injector as the primary fuel 
injector and delivering fuel to the second fuel injector; 

i. resetting the completion timer; 

j. determining that the completion timer has expired; 

k. turning off the spark exciter; 

l. turning off the ?rst fuel injector delivering fuel to the 
spark exciter area of the combustor; 

m. resetting the relight timer; 

n. determining that the turbine exhaust temperature error 
is more than an alloWable error; 

0. determining that the relight timer has expired; 

p. turning on the spark exciter; 
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q. turning on the ?rst fuel injector delivering fuel to the 
spark exciter area of the combustor; 

r. turning on the second fuel injector and delivering fuel 
to the second fuel injector; 

s. determining that the turbine exhaust temperature error 
is less than an alloWable error; 

t. sWitching the primary injector from the second fuel 
injector to the third fuel injector, delivering fuel to the 
third fuel injector and ceasing to deliver fuel to the 
second fuel injector; 

u. resetting the completion timer; 

v. determining that the completion timer has expired; 

W. turning off the spark exciter; 

x. turning off the ?rst fuel injector delivering fuel to the 
spark exciter area of the combustor; 

y. resetting the relight timer; 

Z. determining that the turbine exhaust temperature error 
is less than an alloWable error; and 

aa. resetting the relight timer and continuing operation 
With the third injector. 

12. A method of relighting a turbogenerator having an 
annular combustor With three equally spaced tangential fuel 
injectors, the method comprising: 

a. determining that the combustor is operating on a single 
fuel injector considered the primary injector and that 
the primary injector is the second fuel injector Which 
does not deliver fuel to the spark exciter area of the 

combustor; 
b. determining that the turbine exhaust temperature error 

is greater than an alloWable error; 

c. determining that the turbine exhaust temperature delta 
is less than an alloWable delta; 

d. determining that the relight timer has expired; 

e. turning on the spark exciter; 

f. turning on the ?rst fuel injector delivering fuel to the 
spark exciter area of the combustor; 

g. turning on the second fuel injector and delivering fuel 
to the second fuel injector; 

h. determining that the turbine exhaust temperature error 
is less than an alloWable error; 

i. sWitching the primary injector from the second fuel 
injector to the third fuel injector, delivering fuel to the 
third fuel injector and ceasing to deliver fuel to the 
second fuel injector; 

j. resetting the completion timer; 

k. determining that the completion timer has expired; 

1. turning off the spark exciter; 

m. turning off the ?rst fuel injector delivering fuel to the 
spark exciter area of the combustor; 

n. resetting the relight timer; 

0. determining that the turbine exhaust temperature error 
is less than an alloWable error; and 
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p. resetting the relight timer and continuing operation 
With the third injector. 

13. A method of relighting a turbogenerator having an 
annular cornbustor With three equally spaced tangential fuel 
injectors, the method comprising: 

a. determining that the cornbustor is operating on a single 
fuel injector considered the primary injector and that 
the primary injector is the second fuel injector Which 
does not deliver fuel to the spark exciter area of the 

cornbustor; 
b. determining that the turbine exhaust ternperature error 

is greater than an alloWable error; 

c. determining that the turbine exhaust ternperature delta 
is less than an alloWable delta; 

d. determining that the relight timer has expired; 

. turning on the spark exciter; 

. turning on the ?rst fuel injector delivering fuel to the 
spark exciter area of the cornbustor; 

g. turning on the second fuel injector and delivering fuel 
to the second fuel injector; 

h. determining that the turbine exhaust ternperature error 
is less than an alloWable error; 

H. . sWitching the primary fuel injector from the second fuel 
injector to the third fuel injector, delivering fuel to the 
third fuel injector and ceasing to deliver fuel to the 
second fuel injector; 

j. resetting the completion tirner; 

k. determining that the completion timer has expired; 

1. turning off the spark exciter; 

rn. turning off the ?rst fuel injector delivering fuel to the 
spark exciter area of the cornbustor; 

n. resetting the relight timer; 

0. determining that the turbine exhaust ternperature error 
is more than an alloWable error; 

p. determining that the relight timer has expired; 

q. turning on the spark exciter; 

r. turning on the ?rst fuel injector delivering fuel to the 
spark exciter area of the cornbustor; 

s. turning on the third fuel injector and delivering fuel to 
the third fuel injector; 

t. determining that the turbine exhaust ternperature error 
is less than an alloWable error; 

u. sWitching the primary injector from the third fuel 
injector to the ?rst fuel injector as the primary fuel 
injector and ceasing to deliver fuel to the third fuel 
injector; 

v. resetting the completion tirner; 

W. determining that the completion timer has expired; 

x. turning off the spark exciter; 

y. resetting the relight tirner; 
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Z. determining that the turbine exhaust ternperature error 
is less than an alloWable error; and 

aa. resetting the relight timer and continuing operation 
With the ?rst injector. 

14. A method of relighting a turbogenerator having an 
annular cornbustor With three equally spaced tangential fuel 
injectors, the method comprising: 

a. determining that the cornbustor is operating on a single 
fuel injector considered the primary injector and that 
the primary injector is the third fuel injector Which does 
not deliver fuel to the spark exciter area of the corn 

bustor; 
b. determining that the turbine exhaust ternperature error 

is greater than an alloWable error; 

c. determining that the turbine exhaust ternperature delta 
is less than an alloWable delta; 

d. determining that the relight timer has expired; 

e. turning on the spark exciter; 

f. turning on the ?rst fuel injector delivering fuel to the 
spark exciter area of the cornbustor; 

g. turning on the third fuel injector and delivering fuel to 
the third fuel injector; 

h. determining that the turbine exhaust ternperature error 
is less than an alloWable error; 

i. sWitching the primary fuel injector from the third fuel 
injector to the ?rst ?el injector and ceasing to deliver 
fuel to the third fuel injector; 

j. resetting the completion tirner; 

k. determining that the completion timer has expired; 

1. turning off the spark exciter; 

rn. resetting the relight tirner; 

n. determining that the turbine exhaust ternperature error 
is less than an alloWable error; and 

o. resetting the relight timer and continuing operation 
With the ?rst injector. 

15. A method of relighting a turbogenerator having an 
annular cornbustor With three equally spaced tangential fuel 
injectors, the method comprising: 

a. determining that the cornbustor is operating on a single 
fuel injector considered the primary injector and that 
the primary injector is the third fuel injector Which does 
not deliver fuel to the spark exciter area of the corn 

bustor; 
b. determining that the turbine exhaust ternperature error 

is greater than an alloWable error; 

c. determining that the turbine exhaust ternperature delta 
is less than an alloWable delta; 

d. determining that the relight timer has expired; 

e. turning on the spark exciter; 

f. turning on the ?rst fuel injector delivering fuel to the 
spark exciter area of the cornbustor; 

g. turning on the third fuel injector and delivering fuel to 
the third fuel injector; 
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h. determining that the turbine exhaust temperature error 
is less than an allowable error; 

H. . switching the primary fuel injector from the third fuel 
injector to the ?rst fuel injector and ceasing to deliver 
fuel to the third fuel injector; 

j. resetting the completion timer; 

k. determining that the completion timer has expired; 

1. turning off the spark exciter; 

m. resetting the relight timer; 

n. determining that the turbine exhaust temperature error 
is more than an alloWable error; 

0. determining that the relight timer has expired; 

p. turning on the spark exciter; 

q. turning on the ?rst fuel injector delivering fuel to the 
spark exciter area of the combustor; 

r. determining that the turbine exhaust temperature error 
is less than an alloWable error; 

s. sWitching the primary fuel injector from the ?rst fuel 
injector to the second fuel injector and delivering fuel 
to the second fuel injector; 

t. resetting the completion timer; 

u. determining that the completion timer has expired; 

v. turning off the spark exciter; 

W. turning off the ?rst fuel injector; 

x. resetting the relight timer; 

y. determining that the turbine exhaust temperature error 
is less than an alloWable error; and 

Z. resetting the relight timer and continuing operation With 
the second injector. 

16. A method of maintaining combustion in a turbogen 
erator, the method comprising: 

providing a brake resistor across the DC bus of the poWer 
controller for the turbogenerator; and during idle or no 
load operating conditions, dissipating energy in the 
brake resistor to provide a minimum load for the 
turbogenerator. 

17. The method of claim 16, Wherein said turbogenerator 
includes a combustor having a plurality of fuel injectors and 
said method includes the additional steps of: 

a. determining that the combustor is operating on a single 
injector considered the primary injector; 

b. determining that combustion has ceased; 

c. turning on the ignitor; 

d. determining that the combustor has been relit; 

e. sWitching the primary injector to the next sequential 
injector: 

f. turning off the spark exciter; and 

g. continuing operation With the neW primary injector. 
18. The method of claim 16, Wherein said turbogenerator 

includes a combustor having a plurality of fuel injectors and 
said method includes the additional steps of: 
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a. determining that the combustor is operating on a single 
injector considered the primary injector; 

b. determining that combustion has ceased; 

c. determining that the relight timer has expired; 

d. turning on the spark exciter; 

e. turning on the fuel injector delivering fuel to the spark 
exciter area of the combustor; 

l'" turning on fuel delivery to the then primary fuel injector 
if the then primary injector is not the injector delivering 
fuel to the spark exciter area of the combustor; 

g. determining that the combustor has been relit; 

h. sWitching the primary injector to the next sequential 
injector: 

H. . turning off the spark exciter; 

j. turning off the fuel injector delivering fuel to the spark 
exciter area of the combustor if that injector is not the 
neW primary injector; 

k. resetting the relight timer; 

1. determining that relight has occurred; and 

m. resetting the relight timer and continuing operation 
With the neW primary injector. 

19. A method of maintaining combustion in a turbogen 
erator, the method comprising: 

providing a brake resistor across the DC bus of the poWer 
controller for the turbogenerator; and 

during an off load event, dissipating energy in the brake 
resistor to lessen the rate of reducing fuel How to the 
combustor. 

20. The method of claim 19, Wherein said turbogenerator 
includes a combustor having a plurality of fuel injectors and 
said method includes the additional steps of 

a. determining that the combustor is operating on a single 
injector considered the primary injector; 

b. determining that combustion has ceased; 

c. turning on the ignitor; 

d. determining that the combustor has been relit; 

e. sWitching the primary injector to the next sequential 
injector: 

f. turning off the spark exciter; and 

g. continuing operation With the neW primary injector. 
21. The method of claim 19, Wherein said turbogenerator 

includes a combustor having a plurality of fuel injectors and 
said method includes the additional steps of: 

a. determining that the combustor is operating on a single 
injector considered the primary injector; 

b. determining that combustion has ceased; 

c. determining that the relight timer has expired; 

d. turning on the spark exciter; 

e. turning on the fuel injector delivering fuel to the spark 
exciter area of the combustor; 
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f. turning on fuel delivery to the then primary fuel injector 
if the then primary injector is not the injector delivering 
fuel to the spark eXciter area of the combustor; 

g. determining that the combustor has been relit; 

h. switching the primary injector to the neXt sequential 
injector: 

i. turning off the spark eXciter; 

j. turning off the fuel injector delivering fuel to the spark 
eXciter area of the combustor if that injector is not the 
neW primary injector; 

k. resetting the relight timer; 

1. determining that relight has occurred; and 

m. resetting the relight timer and continuing operation 
With the neW primary injector. 

22. A method of maintaining combustion in a turbogen 
erator, the method comprising: 

providing a brake resistor across the DC bus of the poWer 
controller for the turbogenerator; 

during idle or no load operating conditions, dissipating 
energy in the brake resistor to provide a minimum load 
for the turbogenerator; and 

during an off load event, dissipating energy in the brake 
resistor to lessen the rate of reducing fuel How to the 
combustor. 

23. The method of claim 22, Wherein said turbogenerator 
includes a combustor having a plurality of fuel injectors and 
said method includes the additional steps of: 

a. determining that the combustor is operating on a single 
injector considered the primary injector; 

b. determining that combustion has ceased; 

c. turning on the ignitor; 

d. determining that the combustor has been relit; 

e. sWitching the primary injector to the neXt sequential 
injector: 

f. turning off the spark eXciter; and 

g. continuing operation With the neW primary injector. 
24. The method of claim 22, Wherein said turbogenerator 

includes a combustor having a plurality of fuel injectors and 
said method includes the additional steps of: 

a. determining that the combustor is operating on a single 
injector considered the primary injector; 

b. determining that combustion has ceased; 

c. determining that the relight timer has eXpired; 

d. turning on the spark eXciter; 

e. turning on the fuel injector delivering fuel to the spark 
eXciter area of the combustor; 

f. turning on fuel delivery to the then primary fuel injector 
if the then primary injector is not the injector delivering 
fuel to the spark eXciter area of the combustor; 

g. determining that the combustor has been relit; 

h. sWitching the primary injector to the neXt sequential 
injector: 
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i. turning off the spark eXciter; 

j. turning off the fuel injector delivering fuel to the spark 
eXciter area of the combustor if that injector is not the 
neW primary injector; 

k. resetting the relight timer; 

1. determining that relight has occurred; and 

m. resetting the relight timer and continuing operation 
With the neW primary injector. 

25. A system for relighting a multi injector combustor in 
a turbogenerator, the system comprising: 

a. means for determining that the combustor is operating 
on a single injector considered the primary injector; 

. means for determining that combustion has ceased; 

c. means for turning on the ignitor; 

. means for determining that the combustor has been 

relit; 
e. means for sWitching the primary injector to the neXt 

sequential injector: 

f. means for turning off the spark eXciter; and 

means for continuing operation With the neW primary 
injector. 

26. A system for relighting a multi injector combustor in 
a turbogenerator, the system comprising: 

g. 

a. means for determining that the combustor is operating 
on a single injector considered the primary injector; 

. means for determining that combustion has ceased; 

. means for turning on the ignitor; 

. means for determining that the combustor has been 

relit; 
e. means for sWitching the primary injector to the neXt 

sequential injector: 

f. means for turning off the spark eXciter; 

g. means for determining that relight has occurred; and 

h. means for continuing operation With the neW primary 
injector. 

27. A system for relighting a multi injector combustor in 
a turbogenerator, the system comprising: 

a. means for determining that the combustor is operating 
on a single injector considered the primary injector; 

. means for determining that combustion has ceased; 

c. means for turning on the ignitor; 

. means for determining that the combustor has been 

relit; 
e. means for sWitching the primary injector to the neXt 

sequential injector: 

f. means for turning off the spark eXciter; 

. means for determining that relight has not occurred; 

. means for repeating steps (a) through until it is 
determined that relight has occurred With a stable 
primary injector; and 
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i. means for continuing operation With the neW primary 
injector. 

28. A system for relighting a multi injector combustor in 
a turbogenerator, the system comprising: 

a. means for determining that the combustor is operating 
on a single injector considered the primary injector; 

b. means for determining that combustion has ceased; 

c. means for determining that the relight timer has 
expired; 

d. means for turning on the spark eXciter; 

. means for turning on the fuel injector delivering fuel to 
the spark eXciter area of the combustor; 

. means for turning on fuel delivery to the then primary 
fuel injector if the then primary injector is not the 
injector delivering fuel to the spark eXciter area of the 
combustor; 

g. means for determining that the combustor has been 
relit; 

h. means for sWitching the primary injector to the neXt 
sequential injector: 

H. . means for turning off the spark eXciter; 

j. means for turning off the fuel injector delivering fuel to 
the spark eXciter area of the combustor if that injector 
is not the neW primary injector; 

k. means for resetting the relight timer; 

1. means for determining that relight has occurred; and 

m. means for resetting the relight timer and continuing 
operation With the neW primary injector. 

29. A system for relighting a multi injector combustor in 
a turbogenerator, the system comprising: 

a. means for determining that the combustor is operating 
on a single injector considered the primary injector; 

b. means for determining that combustion has ceased; 

c. means for determining that the relight timer has 
expired; 

. means for turning on the spark eXciter; 

. means for turning on the fuel injector delivering fuel to 
the spark eXciter area of the combustor; 

. means for turning on fuel delivery to the then primary 
fuel injector if the then primary injector is not the 
injector delivering fuel to the spark eXciter area of the 
combustor; 
means for determining that the combustor has been 
relit; 

(IQ 

h. means for sWitching the primary injector to the neXt 
sequential injector: 

H. . means for turning off the spark eXciter; 

j. means for turning off the fuel injector delivering fuel to 
the spark eXciter area of the combustor if that injector 
is not the neW primary injector; 

k. means for resetting the relight timer; 

1. means for determining that relight has not occurred; 
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m. means for resetting the relight timer; 

n. means for repeating steps (a) through (k) until it is 
determined that relight has occurred With a stable 
primary injector; and 

0. means for resetting the relight timer and continuing 
operation With the neW primary injector. 

30. A system for relighting a turbogenerator having an 
annular combustor With three equally spaced tangential fuel 
injectors, the system comprising: 

a. means for determining that the combustor is operating 
on a single fuel injector considered the primary injec 
tor; 

b. means for determining that combustion has ceased; 

c. means for turning on the ignitor; 

d. means for determining that the combustor has been 
relit; 

e. means for sWitching the primary injector from the 
primary fuel injector to the neXt sequential fuel injec 
tor; 

f. means for turning off the spark ignitor; 

g. means for determining that relight has occurred; and 

h. means for continuing operation With the neW primary 
injector. 

31. A system for maintaining combustion in a turbogen 
erator, the system comprising: 

a brake resistor disposed across the DC bus of the poWer 
controller for the turbogenerator; and 

means for dissipating energy in said brake resistor during 
idle or no load operating conditions to provide a 
minimum load for the turbogenerator. 

32. The system of claim 31, Wherein said turbogenerator 
includes a combustor having a plurality of fuel injectors and 
said system additionally includes: 

a. means for determining that the combustor is operating 
on a single injector considered the primary injector; 

b. means for determining that combustion has ceased; 

c. means for turning on the ignitor; 

d. means for determining that the combustor has been 
relit; 

e. means for sWitching the primary injector to the neXt 
sequential injector: 

f. means for turning off the spark eXciter; and 

g. means for continuing operation With the neW primary 
injector. 

33. A system of maintaining combustion in a turbogen 
erator, the system comprising: 

a brake resistor disposed across the DC bus of the poWer 
controller for the turbogenerator; and 

means for dissipating energy in said brake resistor during 
an off load event to lessen the rate of reducing fuel How 
to the combustor. 

34. The system of claim 33, Wherein said turbogenerator 
includes a combustor having a plurality of fuel injectors and 
said system additionally includes: 
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a. means for determining that the combustor is operating 35. A system of maintaining combustion in a turbogen 
on a single injector considered the primary injector; erator, the system comprising: 

b- means for determining that Combustion has Cea56d; a brake resistor disposed across the DC bus of the poWer 

C means for turning on the ignitor controller for the turbogenerator; 

d. means for determining that the combustor has been meflns for dissipating energy in Said brake resistor ‘luring 
rem. idle or no load operating conditions to provide a 

_ _ _ _ _ minimum load for the turbogenerator; and 

e. means for switching the primary injector to the neXt 
sequential injector; means for dissipating energy in said brake resistor during 

an off load event to lessen the rate of reducing fuel ?oW 
f. means for turning off the spark exciter; and to the combustor‘ 

g. means for continuing operation With the neW primary 
injector. * * * * * 


