
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

34
6 

22
5

A
1

TEPZZ¥¥46  5A_T
(11) EP 3 346 225 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
11.07.2018 Bulletin 2018/28

(21) Application number: 17205085.8

(22) Date of filing: 04.12.2017

(51) Int Cl.:
F41H 13/00 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD TN

(30) Priority: 04.01.2017 US 201715398380

(71) Applicants:  
• Rolls-Royce Corporation

Indianapolis, Indiana 46225 (US)
• Rolls-Royce North American Technologies, Inc.

Indianapolis, IN 46241 (US)

(72) Inventors:  
• Eifert, Andrew J

Indianapolis, IN 46219 (US)
• Wilson, Eric E

Mooresville, IN 46158 (US)
• White, Russell E

Indianapolis, IN 46205 (US)
• Blackwelder, Mark J

Plainfield, IN 46168 (US)

(74) Representative: Rolls-Royce plc
Intellectual Property Dept SinA-48 
PO Box 31
Derby DE24 8BJ (GB)

(54) THERMAL CONTROL SYSTEM FOR A DIRECTED ENERGY WEAPON

(57) System for and method of thermal management
of a directed energy weapon are provided. The system
may include a controller module executable by a proc-
essor to determine a planned energy emission from a
light-emitting diode (LED) of the directed energy weapon.
The controller module may generate a cooling instruction

to influence a temperature of the LED with a cooling fluid
in response to the planned energy emission. The con-
troller module may cause the cooling fluid to be applied
to the LED in accordance with the cooling instruction prior
to a start of the planned energy emission of the LED.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to directed energy weap-
ons and, in particular, to thermal management of light
emitting diodes of directed energy weapons.

BACKGROUND

[0002] Directed energy weapons that emit focused en-
ergy from Light Emitting Diodes (LEDs) may require cool-
ing to counteract heat generated by the LEDs. In addition,
directed energy weapons may operate most efficiency
under particular thermal conditions. Present approaches
to thermal management of the directed energy weapons
suffer from a variety of drawbacks, limitations, and dis-
advantages. There is a need for inventive systems, meth-
ods, components, and apparatuses described herein.

SUMMARY OF THE DISCLOSURE

[0003] In a first aspect, the disclosure relates to a ther-
mal control system for a directed energy weapon, the
thermal control system comprising:

a processor; and a controller module executable by
the processor to determine a planned energy emis-
sion from a light-emitting diode (LED) of the directed
energy weapon, generate a cooling instruction to in-
fluence a temperature of the LED of the directed en-
ergy weapon with a cooling fluid in response to the
planned energy emission, and cause the cooling fluid
to be applied to the LED in accordance with the cool-
ing instruction prior to a start of the planned energy
emission of the LED.

[0004] In certain embodiments the thermal control sys-
tem further comprises: a cooling source in fluid commu-
nication with the LED, the cooling source responsive to
the cooling instruction to apply cooling fluid to the LED
in accordance with the cooling instruction.
[0005] In certain embodiments the controller module
is further executable by the processor to control a flow
of the cooling fluid applied to the LED in accordance with
the cooling instruction.
[0006] In certain embodiments the cooling instruction
includes an instruction to vary a rate of the flow of the
cooling fluid.
[0007] In certain embodiments the controller module
is further executable by the processor combine a first
flow of the cooling fluid at a first temperature with a sec-
ond flow of the cooling fluid at a second temperature to
form a combined flow and cause the combined flow to
be applied the LED.
[0008] In certain embodiments the controller module
is further executable by the processor to: identify a ther-
mal profile associated with the planned energy emission,

the thermal profile comprising a predetermined ratio of
flows; and control a ratio of the first flow and the second
flow in accordance with the thermal profile.
[0009] In a second aspect, the disclosure relates to a
method comprising: determining a planned energy emis-
sion from a light-emitting diode (LED) of a directed energy
weapon; generating a cooling instruction in response to
the planned energy emission, the cooling instruction in-
cluding an instruction to apply a cooling fluid to the LED;
and applying the cooling fluid to the LED with in accord-
ance with the cooling instruction to influence a tempera-
ture of the LED prior to a start of the planned energy
emission.
[0010] In certain embodiments the method further
comprises: predicting, prior to the start of the planned
energy emission, an estimated state of the LED during
the planned energy emission, wherein the cooling in-
struction is based on the estimated thermal state of the
LED.
[0011] In certain embodiments the method further
comprises: identifying an operational attribute of the di-
rected energy weapon; and identifying a thermal profile
associated with the operational attribute, wherein the
cooling instruction is responsive by a cooling source to
apply a cooling fluid to the LED in accordance with the
thermal profile.
[0012] In certain embodiments the operational at-
tributes include a type of the cooling fluid.
[0013] In certain embodiments the operational at-
tributes include a thermal delay of the cooling source.
[0014] In certain embodiments the step of applying the
cooling fluid to the LED further comprises preheating the
LED with the cooling fluid prior to the planned energy
emission and cooling the LED with the cooling fluid during
the planned energy emission.
[0015] In certain embodiments the method further
comprises: identifying, prior to the start of the planned
energy emission, a predetermined target temperature of
the LED; and adjusting a temperature of the cooling fluid
to bring the temperature of the LED closer to the prede-
termined target temperature.
[0016] The skilled person will appreciate that except
where mutually exclusive, a feature described in relation
to any one of the above aspects may be applied mutatis
mutandis to any other aspect. Furthermore except where
mutually exclusive any feature described herein may be
applied to any aspect and/or combined with any other
feature described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The embodiments may be better understood
with reference to the following drawings and description.
The components in the figures are not necessarily to
scale. Moreover, in the figures, like-referenced numerals
designate corresponding parts throughout the different
views.
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FIG. 1 illustrates an example of a system for thermal
management of a directed energy weapon;
FIG. 2 illustrates an example of a cooling source;
FIG. 3 illustrates a flow diagram of example logic of
a system for thermal management of a directed en-
ergy weapon; and
FIG. 4 illustrates an example of the thermal control
system for a directed energy weapon.

DETAILED DESCRIPTION

[0018] By way of an introductory example, systems
and methods for thermal management of a directed en-
ergy weapon are provided. For example, the system may
include a controller module that may determine a planned
energy emission from a light-emitting diode (LED) of the
directed energy weapon. The controller module may gen-
erate a cooling instruction to influence a temperature of
the LED with a cooling fluid in response to the planned
energy emission. The controller module may cause the
cooling fluid to be applied to the LED in accordance with
the cooling instruction prior to a start of the planned en-
ergy emission from the LED.
[0019] One interesting feature of the systems and
methods described below may be that the LED of the
directed energy weapon may be cooled in anticipation of
the planned energy emission. Alternatively, or in addition,
an interesting feature of the systems and methods de-
scribed below may be that the temperature of the LED
may be maintained at target temperatures or near target
temperatures through various possible shot scenarios,
and/or other operational scenarios, of the directed energy
weapon. The target temperature may be, for example, a
temperature at which the LED operates at a maximum
efficiency or above a target efficiency threshold. Efficien-
cy may the total electromagnetic power output by the
LED divided by the total electrical power supplied to the
LED.
[0020] FIG. 1 illustrates an example of a system 100
for thermal management of a directed energy weapon
102. The directed energy weapon 102 may include a
weapon that produces an energy emission 104 from a
light emitting diode (LED) 106. Examples of the LED 106
may include a laser diode and a diode-pumped solid-
state laser. The energy emission 104 from the LED 106
may include focused energy, such as a beam or any other
pattern of electromagnetic radiation, such as light or elec-
tromagnetic waves outside of the visible spectrum. Dur-
ing operation of the LED 106, the LED 106 may produce
heat, which may negatively affect the efficiency of the
directed energy weapon 102. Accordingly, a controller
105 may cause a cooling source 107 to apply cooling
fluid 108 to the LED 106 to control a temperature of the
LED 106.
[0021] The controller 105 may utilize operational at-
tributes 112 of the directed energy weapon 102 to deter-
mine how to influence the temperature of the LED 106
with the cooling fluid 108. For example, the controller 105

may determine a planned energy emission 110 of the
directed energy weapon 102. The planned energy emis-
sion 110 may represent an expected emission of energy
from the LED 106. The planned energy emission 110
may be descriptive of an anticipated energy emission of
the directed energy weapon 102. In some examples, the
planned energy emission 110 may include information
indicative of fulfilling the planned energy emission 110.
For example, as illustrated in Figure 1, the planned en-
ergy emission 110 may include a time that the planned
energy emission 110 is to occur, a duration of the planned
energy emission 110, a power of the planned energy
emission 110, and/or other information descriptive of the
planned energy emission 110.
[0022] The planned energy emission 110 may be in-
cluded in a larger set of the operational attributes 112 of
the directed energy weapon 102. The operational at-
tributes 112 may include any description an operation of
the directed energy weapon 102. For example, the op-
erational attributes 112 may be descriptive of a historical
operation of the directed energy weapon 102, a runtime
operation of the directed energy weapon 102, a planned
operation of the directed energy weapon 102, and/or a
desired operation of the directed energy weapon 102.
For example, the operational attributes 112 may include
a shot profile 114. The shot profile 114 may be descriptive
of the future operation of the directed energy weapon
102. The shot profile 114 may include multiple planned
energy emissions grouped together and configured to
fire from the directed energy weapon 102 in a pre-
planned sequence. In additional examples, the opera-
tional attributes 112 may include LED attributes 120,
cooling source attributes 122, cooling fluid attributes 124,
a firing history 125 of the directed energy weapon 102,
and other attributes descriptive of the directed energy
weapon 102.
[0023] The LED attributes 120 may include any at-
tribute descriptive of the LED 106. For example, the LED
attributes 120 may include a thermal output of the LED
106, an efficiency of the LED 106, an optical output of
the LED 106, a temperature of the LED 106, and other
attributes descriptive of the LED 106. The LED attributes
120 may include information compiled and analyzed over
a history of the operation of the LED 106, such as an
average temperature of the LED. In other examples, the
LED attributes 120 may include desired attributes, such
as a desired thermal output or a desired operational tem-
perature. Additionally or alternatively, the LED attributes
may include information acquired from a sensor 126,
such as a thermocouple, measured during operation of
the LED 106. Alternatively or in addition, the LED at-
tributes 120 may include an anticipated behavior the LED
106 during the planned energy emission 110. For exam-
ple, the LED attributes 120 may include an anticipated
temperature of the LED 106 during the planned energy
emission 110.
[0024] The cooling source attributes 122 may include
any attribute related to a supply of the cooling fluid 108
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to the LED 106. For example, the cooling source at-
tributes 122 may be descriptive of preparing the cooling
fluid 108, delivering the cooling fluid 108 to the LED 106,
and information about the cooling source 107. For exam-
ple, the cooling source attributes 122 may include a ther-
mal delay between the cooling source 107 and the LED
106. The thermal delay may include a time required to
heat and/or cool the cooling fluid 108. Alternatively or in
addition, the thermal delay may include a time for the
cooling fluid 108 to travel between the cooling source
107 and the LED 106, and/or any other delay in delivering
the cooling fluid 108 to the LED 106 from the cooling
source 107.
[0025] The operational attributes 112 may additionally
include the cooling fluid attributes 124. The cooling fluid
attributes 124 may include any attributes that describe
the cooling fluid 108. For example, the cooling fluid at-
tributes 124 may include the thermal characteristics of
the cooling fluid 108, such as an efficiency of the cooling
fluid 108. In addition, the cooling fluid attributes 124 may
include a type of the cooling fluid 108 including, for ex-
ample, propylene glycol (PGW), ethylene glycol (EGW),
water, oil, and/or any other type of coolant. In addition,
the cooling fluid 108 may include a composition of various
cooling fluid types, and the cooling fluid attributes 124
may be descriptive of the ratios of the various cooling
fluid types of the composition. The cooling fluid 108, de-
spite its name, may raise the temperature of the LED 106
if the temperature of the cooling fluid 108 is higher than
the temperature of the LED 106.
[0026] The firing history 125 may include a description
of one or more previous energy emissions from the LED
106. For example, the firing history 125 may include the
times, durations, power requirements, and other infor-
mation related to a previous energy emission of the LED
106. The firing history 125 may additionally include meas-
urements of the directed energy weapon, and other in-
formation related to the directed energy weapon, at the
times the previous energy emissions occurred.
[0027] In some examples, the controller 105 may iden-
tify a thermal profile 116 associated with the operational
attributes 112. The controller 105 may generate a cooling
instruction 118 to cool the LED 106 in accordance with
the thermal profile 116 and in response to the planned
energy emission 110. The controller 105 may cause a
temperature of the LED 106 to start being influenced in
accordance with the cooling instruction 118 prior to the
start of the planned energy emission 110. For example,
the controller 105 may control a temperature of the cool-
ing fluid 108 and/or a flow of the cooling fluid 108 in ac-
cordance with the thermal profile 116.
[0028] The thermal profile 116 may include any at-
tribute that describes a feature related to controlling the
temperature of the LED 106 with the cooling fluid 108.
For example, the thermal profile 116 may include a target
temperature of the cooling fluid 108, a target flow of the
cooling fluid 108, and other information related to con-
trolling the temperature of the LED 108 with the cooling

fluid 108. Alternatively or in addition, the thermal profile
116 may be descriptive of variable temperature control
of the LED 106 over a time interval and/or in response
to certain events. For example, the thermal profile 116
may provide for varying the temperature and/or the flow
of the cooling fluid 108 over a time interval, such as an
operation interval of the directed energy weapon 102. In
other examples, the thermal profile 116 may provide for
varying the temperature and/or the flow of the cooling
fluid 108 in response to certain events, such as detecting
the planned energy emission 110.
[0029] Accordingly, the thermal profile 116 may pro-
vide for maintaining the LED 106 at the target tempera-
ture with the cooling fluid 108 during the course of the
planned operation of the directed energy weapon 102.
Further, the thermal profile 116 may provide for cooling
the LED 106 with the cooling fluid 108 before the planned
energy emission 110 commences. For example, the ther-
mal profile 116 may provide for preheating the LED 106
to a predetermined temperature and subsequently cool-
ing the LED 106 during the planned energy emission 110.
Alternatively or in addition, the thermal profile 116 may
provide additional cooling scenarios, such as variable
temperatures and/or variable flows of the cooling fluid
108 that account for the operational attributes, such as
a timing of planned energy emissions in the shot profile
114.
[0030] For example, the thermal profile 116 may pro-
vide for controlling the temperature of the LED 106 in
anticipation of the planned energy emission 110. For ex-
ample, the thermal profile 116 may provide the target
temperature and/or the target flow of the cooling fluid 108
when the planned energy emission 110 is expected to
occur at a predetermined power level, at a predetermined
time, and/or for a predetermined duration. Alternatively
or in addition, the thermal profile 116 may provide for
controlling the temperature of the LED 106 with the cool-
ing fluid 108 during and/or after the planned energy emis-
sion 110. In some examples, the thermal profile 116 may
provide for cooling the LED 106 with the cooling fluid 108
across multiple planned energy emissions. For example,
the thermal profile 116 may include the target tempera-
tures and the target flows of the cooling fluid 108 before,
during, and after the performance of multiple planned
energy emissions defined by the shot profile 114.
[0031] In another example, the thermal profile 116 may
provide for controlling the temperature of the LED 106
with the cooling fluid 108 based on cooling fluid attributes
124. Alternatively, or in addition the thermal profile 116
may also provide for cooling the LED 106 with the cooling
fluid 108 based on cooling source attributes 124. For ex-
ample, the thermal profile 116 may account for the ther-
mal delay between the cooling source 107 and the LED
106. Accordingly the thermal profile 116 may provide for
cooling the LED 106 with the cooing fluid 108 prior to the
planned energy emission 110 and may account for the
thermal delay in maintaining the LED 106 at a target tem-
perature during the planned energy emission 110.
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[0032] In some examples, the controller 105 may gen-
erate the thermal profile 116 in response the planned
energy emission 110 and cause the LED 106 to be cooled
as provided by the thermal profile 116. The controller 105
may determine the thermal profile 116 based on associ-
ations between the thermal profile 116 and the opera-
tional attributes 112. For example, the thermal profile 116
may be associated with the types of the cooling fluid 108.
Alternatively or in addition, the thermal profile 116 may
be associated with the shot profile 114 and/or any other
of the operational attributes 112.
[0033] In other examples, the thermal profile 116 may
provide an estimated state of the LED 106 based on the
operational attributes 112. The estimated state of the
LED 106 may include an expected temperature of the
LED 106, an expected efficiency of the LED 106, and
expected optical output of the LED 106, and/or other es-
timations descriptive of the LED 106. For example, the
estimated state of the LED 106 may be determined based
on the duration and the power of the planned energy
emission 110. In other examples, the estimated state of
the LED 106 may be determined based on the timing of
the planned energy emissions in the shot profile 114. For
example, the estimated state of the LED 106 may include
an estimated low temperature of the LED 106 between
long periods of no inactivity and an estimated high tem-
perature of the LED 106 between rapid energy emis-
sions.
[0034] The associations between the thermal profile
116 and the operational attributes 112 may be estab-
lished, for example, based on research and develop-
ment, testing, and operational knowledge of the directed
energy weapon 102. In some examples, the operational
attributes 112 and the thermal profile 116 may be related
based on statistical models (not shown). Alternatively or
in addition, the associations between the thermal profile
116 and the operational attributes 112 may be stored in
a data structure, such as a table (not shown). The con-
troller 105 may identify the thermal profile 116 in the table
based on the operational attributes 112 associated with
the thermal profile 116. For example, the controller 105
may search the table for the thermal profile 116 using
the operational attributes 112.
[0035] Thus, there are many examples of controller
105 generating one or more cooling instructions based
on the thermal profile 116. In one example, the controller
105 may identify the shot profile 114 and generate cooling
instructions prior to a performance of the shot profile 114
by the directed energy weapon 102. Each of the cooling
instructions may correspond to a respective planned en-
ergy emission of the shot profile 114. The controller 105
may cause the cooling fluid 108 to be applied to the LED
106 in accordance with each of cooling instructions. For
example, the controller 105 may communicate the cool-
ing instructions to the cooling source 107 or execute the
cooling instructions directly.
[0036] In other examples, the controller 105 may gen-
erate the cooling instruction 118 with or without the ther-

mal profile 116. For example, the controller 105 may iden-
tify, prior to the start of the planned energy emission 110,
a predetermined target temperature of the LED 106. The
controller 105 may adjust the temperature of the cooling
fluid 108 to bring the temperature of the LED 106 closer
to the predetermined target temperature.
[0037] In another example, controller 105 may deter-
mine, prior to the start of the planned energy emission
110, an estimated thermal state of LED 106 the during
the planned energy emission 110. The estimated thermal
estate may include a predicted temperature of the LED
106 during the planned energy emission 110. The con-
troller 105 may generate the cooling instruction 118 in
response to the estimated thermal state. For example, if
the estimated state is greater or lower than a predeter-
mined threshold, the controller 105 may generate the
cooling instruction 118 configured to adjust the temper-
ature and/or the flow of the cooling fluid 108 so that the
temperature of the LED tracks the predetermined thresh-
old.
[0038] In a further example, the controller 105 may
generate the cooling instruction 118 based on the firing
history of the directed energy weapon 102. For example,
the controller 105 may determine that the LED 106 has
been idle for an extended period of time. In response to
the firing history, the controller 105 may generate the
cooling instruction 118 to preheat the LED 106 with the
cooling fluid 108. In other examples, the controller 105
may perform analysis on the firing history to determine
the planned energy emission 110. For example, the con-
troller may use statistical analysis, such as regression
analysis, to determine the planned energy emission 110,
based on the firing history.
[0039] The controller 105 may generate the cooling in-
struction 118 to control the temperature of the LED 106
with the cooling fluid 108. Examples of the cooling in-
struction 118 may include a control signal, one or more
packets of data sent over a network, a command gener-
ated according to a specific protocol, or any other form
of analog and/or digital output comprising information in-
dicative of an instruction to control any aspect of the cool-
ing fluid 108. In some examples, the cooling instruction
118 may be generated in accordance with the thermal
profile 116. Thus, the controller 105 may generate one
more cooling instructions to control the temperature of
the LED 106 with cooling fluid 108 in accordance with
the thermal profile 116. For example, the thermal profile
116 may provide for increased cooling during the planned
energy emission 110 and less cooling outside of the
planned energy emission 110. The controller 105 may
generate one or more cooling instructions to increase the
temperature of the cooling fluid 108 in order to provide
the increased cooling during the planned energy emis-
sion 100, and decrease the temperature of the cooling
fluid in order to provide for less cooling outside of the
planned energy emission 110. In other examples, the
thermal profile 116 may provide the cooling instruction
118. For example the thermal profile 116 may provide

7 8 



EP 3 346 225 A1

6

5

10

15

20

25

30

35

40

45

50

55

cooling instructions associated with the shot profile 114
and the controller 105 may communicate the instructions
to the cooling source 107.
[0040] The cooling source 107 may include any com-
ponent configured to supply the LED 106 with the cooling
fluid 108. The cooling source 107 may distribute the cool-
ing fluid 108 to the LED 106. Alternatively or in addition,
the cooling source 107 may augment characteristics of
the cooling fluid 108 applied to the LED 106. For example,
the cooling source 107 may adjust the temperature of
the cooling fluid 108 and/or the flow of the cooling fluid
108. In some examples, the cooling source 107 may pre-
pare the cooling fluid 108 by, for example, preheating
and/or pre-chilling the cooling fluid 108. In some exam-
ples, the cooling source 107 may include multiple com-
ponents, such as a chiller, heater, valves, pumps, varia-
ble pumps and/or any other component for distributing
and/or augmenting the cooling fluid 108. The cooling fluid
108 may flow through the LED 106 and return to the cool-
ing source 107. In some examples, the cooling source
107 may include the controller 105. In other examples,
the controller 105 may be external to the cooling source
107.
[0041] The cooling source 107 may be responsive to
the cooling instruction 118. For example, the cooling
source 107 may augment the cooling fluid 108 and/or
modify how the cooling fluid 108 is applied to the LED
106 in response to the cooling instruction 118. For ex-
ample, the cooling source 107 may vary the temperature
of the cooling fluid 108 in response to the cooling instruc-
tion. In other examples, the cooling source 107 may vary
the flow of the cooling fluid 108 in response to the cooling
instruction 118.
[0042] The controller 105 may receive feedforward in-
put 128. The feedforward input 128 may include input
predictive of the operation of the directed energy weapon
102. For example, the feedforward input 128 may include
the operational attributes 112 that are predictive of a
planned operation of the directed energy weapon. The
controller 105 may include feedforward logic 130 that is
responsive to the feedforward input 128. The feedforward
logic 130 may anticipate how to cool the LED 106 with
the cooling fluid 108 based on the feedforward input 128.
For example, the feedforward logic 130 may anticipate
the target temperature and the target flow of the cooling
fluid 108 necessary to keep the LED 106 operating at an
efficient optical performance though all shot scenarios.
In some examples, the feedforward logic 130 may antic-
ipate a thermal change in and/or a thermal behavior of
the LED 106 based on the feedforward input 128, and,
as a result, generate the cooling instruction 118 to apply
the cooling fluid 108 to the LED 106. Alternatively or in
addition, the feedforward logic 130 may retrieve the ther-
mal profile 116 associated with the feedforward input 128
and generate the cooling instruction 118 based on the
thermal profile 116 as described herein.
[0043] The controller 105 may additionally control the
temperature of the LED 106 based on feedback input

132. For example, the controller 105 may operate in a
closed control loop. The controller 105 may receive feed-
back input 132 from the closed control loop. The feedback
input 132 may include measurements of the directed en-
ergy weapon 102, such as temperature measurements
of the cooling fluid 108, temperature measures of the
LED 106, or any other measurement in the closed control
loop. The feedback input 132 may originate from the sen-
sor 126. In some examples, the feedback input 132 may
include the operational attributes 112 that are descriptive
of changes in the LED 106 during the operation of the
LED 106.
[0044] The controller 105 may include feedback logic
134 that is responsive to the feedback input 132. The
feedback logic 134 may detect thermal changes in the
directed energy weapon 102 and react to the thermal
changes by generating the cooling instruction 118. Thus,
the feedback logic 134 may operate in the closed control
loop. For example, the feedback logic 134 may generate
a cooling instruction 118 to vary the temperature of the
cooling fluid 108 in response to the temperature meas-
urement of the cooling fluid 108 that is above or below a
predetermined threshold.
[0045] In some examples, the controller 105 may in-
clude both the feedforward logic 130 and the feedback
logic 134. For example, the controller 105 may receive
both the feedback input 132 from the closed control loop
and the feed forward input 128. Accordingly, the control-
ler 105 may respond to changes in the dynamics of the
directed energy weapon 102 based on the feedback input
132 and anticipate the cooling requirements of the direct-
ed energy weapon 102 based on the feedforward input
128.
[0046] By implementing the closed loop control with
the feedforward logic 134, both the fast and slow re-
sponse dynamics of the system 100 may be accounted
for in the operation of the cooling system. Some or all of
the following may be inputs to the controller 105 with the
feedforward logic 130: an electrical load (which may oc-
cur very quickly), a lag of a thermal heat transfer to the
cooling fluid 108, a lag of fluid transport to the cooling
source 107, a temperature of the LED 106 and one or
more temperatures of the cooling fluid 108, a state of the
thermal energy storage, the shot profile 114, the firing
history 125, the desired and current LED output efficien-
cy, the desired and current LED optical power output,
and the current and desired LED temperature. These in-
puts may be included in the operation attributes 112 and
further categorized as the LED attributes 120, cooling
source attributes 122 , cooling fluid attributes 124, and/or
any other type of the operational attribute 112.
[0047] The cooling fluid 108 may include any fluid ca-
pable of transferring heat to or away from the LED 106.
Examples of the cooling fluid 108 may include propylene
glycol (PGW), ethylene glycol (EGW), water, oil, or any
other type of coolant. In addition, various types of cooling
fluid 108 may be combined. By applying the cooling fluid
108 to the LED 106, the heat generated by the LED 106
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may transfer to the cooling fluid 108. In addition, the heat
from the cooling fluid 108 may transfer to the LED 106.
Thus, controlling the temperature of the cooling fluid 108
applied to the LED 106 may influence the temperature
of the LED 106. The system 100 may vary the tempera-
ture of the cooling fluid 108 during the operation of the
directed energy weapon 102 to maintain the LED 106 at
or near the target temperature. In some examples, the
target temperature of the LED 106 may be varied over
time according to the thermal profile 116.
[0048] The target temperature of the LED 106 may in-
clude a predetermined desired temperature of the LED
106. The target temperature may vary over the course
of the operation of the directed energy weapon. For ex-
ample, the target temperature may include a first target
temperature that occurs before the planned energy emis-
sion 110, a second target temperature that occurs during
the planned energy emission 110, and/or third target tem-
perature that occurs after the planned energy emission
110. For the example, the first target temperature may
be a temperature at which the LED 106 starts to generate
an electromagnetic energy emission above a first level
of efficiency. The first target temperature may be higher
than when the temperature of the LED 106 after the LED
106 is not operated for a substantial period of time. The
second target temperature may be, for example, a tem-
perature at which the LED 106 may generate the elec-
tromagnetic energy emission at a target power level with
at least a second level of efficiency. The third target tem-
perature may be, for example, a temperature between
the first target temperature and the second target tem-
perature.
[0049] The target temperature (which may include one
or more target temperatures or an indication of a tem-
perature function) may be included in the LED attributes
120 of the operational attributes 112 of the directed en-
ergy weapon 102. Alternatively or in addition, the target
temperature may be included in the thermal profile 116.
The controller 105 may generate the cooling instruction
118 and may direct the cooling source 107 to augment
the cooling fluid 108 to achieve the target temperature
of the LED 106. For example, the cooling source 107, in
response to the cooling instruction 118, may adjust the
temperature of the cooling fluid 108 to bring the temper-
ature of the LED 106 closer to the target temperature of
the LED 106.
[0050] In addition to adjusting the temperature of the
cooling fluid 108, the controller 105 may adjust the flow
of the cooling fluid 108. In some examples, the cooling
source 107 may adjust the flow of the cooling fluid 108
applied to the LED 106. For example, increasing the flow
may decrease the operating temperature of the LED 106
because, in some thermodynamic scenarios, increasing
the flow may increase the rate of thermal energy transfer
from the LED 106 to the cooling fluid 108 as the LED 106
operates. Conversely, decreasing the flow may increase
the operating temperature of the LED 106 in some ther-
modynamic scenarios. Furthermore, adjusting the flow

may change the time elapsed between when a cooling
instruction is received and when the LED 106 reaches a
target temperature. For example, increasing the flow may
decrease the time elapsed for the LED 106 to reach the
target temperature. Conversely, decreasing the flow may
increase the time elapsed for the LED 106 to reach the
target temperature. The system may adjust the flow rate
over the course of the operation of the directed energy
weapon 102 to maintain the LED 106 at the target tem-
perature. For example, the thermal profile 116 may pro-
vide for adjusting the flow as described herein.
[0051] The flow of the cooling fluid 108, as described
herein, may refer the flow of cooling fluid 108 delivered
to and/or received from the LED 107. For example, the
flow of the cooling fluid 108 may include a rate of flow.
The rate of flow may describe the rate at which the cooling
fluid 108 travels. In some examples, multiple flows of the
cooling fluid 108 may combine to form a combined flow.
[0052] The target flow may include a target rate at
which the cooling fluid 108 travels. Alternatively or in ad-
dition, the target flow may include a target ratio of flows
in the combined flow. In some examples, the target flow
may be predetermined. For example, the target flow may
include predetermined information, such as a predeter-
mined rate of flow, stored in the thermal profile 116. In
other examples, the controller 105 may dynamically de-
termine the target flow in response to information such
as the operational attributes 112.
[0053] FIG. 2 illustrates an example of the cooling
source 107. The directed energy weapon may include
the cooling source 107. In other examples, the cooling
source 107 may be external to the directed energy weap-
on. The cooling source 107 may include a heater 204, a
chiller 206, a variable pump 208, and any other compo-
nents for controlling the temperature of the cooling fluid
108 and applying the cooling fluid 108 to the LED 106.
The cooling source 107 may be in fluid communication
with the LED 106. For example, the cooling source 107
may be configured to send the cooling fluid 108 to the
LED 106 and receive the cooling fluid 108 from the LED
106.
[0054] The directed energy weapon 102 may include
a first inflow 210 to the LED 106, a second inflow 212 to
the LED 106 and an outflow 214 from the LED 106. The
outflow 214 may direct the cooling fluid 108 out of the
LED 106. The first inflow 210 and the second inflow 212
may direct the cooling fluid 108 to the LED 106. In some
examples, the cooling fluid 108 of first inflow 210 and the
cooling fluid 108 of the second inflow 212 may combine
to adjust the temperature of the cooling fluid 108. For
example, the first inflow 210 may provide the cooling fluid
108 at a first temperature and the second inflow 212 may
provide the cooling fluid 108 at a second temperature.
The first inflow 210 and the second inflow 212 may join
to form a combined inflow 216 of a cooling fluid mixture
218 at a third temperature that is applied to the LED 106.
The first inflow 210 and the second inflow 212 may com-
bine before the cooling fluid 108 reaches the LED 106
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as illustrated in FIG. 2. Alternatively, the first inflow 210
and the second inflow 212 may combine in the LED 106.
In alternative examples, the number of inflows and/or out-
flows may differ from the example illustrated in FIG. 2.
[0055] In some examples, the cooling instruction 118
and/or the thermal profile 116 may include information
descriptive of how to combine the first inflow 210, the
second inflow 212 and any other number of inflows. For
example, the thermal profile 116 and/or the cooling in-
struction 118 may provide for a target ratio of the cooling
fluid 108 from the first inflow 210 and the cooling fluid
108 from the second inflow 212. In addition, the thermal
profile 116 and/or the cooling instruction 118 may provide
for the target temperature of the cooling fluid 108 in each
of the first inflow 210, the second inflow 212, and/or the
combined inflow 218.
[0056] The controller 105 may vary the temperature of
the cooling fluid 108 applied to the LED 106. For example,
the cooling source 107 may provide the cooling fluid 108
at a starting temperature that is colder than desired, and
the heater 204 may variably heat the cooling fluid 108 to
temperatures above the starting temperature in order to
variably control the temperature of the LED 106. Alter-
natively or in addition, the cooling source 107 may pro-
vide the cooling fluid 108 at starting temperature that is
hotter than desired and then variably cool the cooling
fluid 108 to a temperature below the starting temperature
in order to variably control the LED 106.
[0057] FIG. 3 illustrates a flow diagram of example log-
ic of the system 100. When the controller 105 starts, the
controller 150 may determine the planned energy emis-
sion 110 from the LED 106 of the directed energy weapon
102 (302). In some examples, the controller 105 may
search a queue of future targets of the directed energy
weapon 102 and determine a future time when the di-
rected energy weapon 102 is expected to fire. Alterna-
tively or in addition, the controller 105 may receive the
shot profile 114 and identify the planned energy emission
110 in the shot profile 114. In other examples, the con-
troller 105 may receive the planned energy emission 110
from a targeting system, a mission planning system, or
other examples of systems related to operation of the
directed energy weapon 102.
[0058] The controller 105 may generate a cooling in-
struction 118 to cool the LED 106 with the cooling fluid
108 in response to the planned energy emission 110
(304). For example, the controller 105 may predict the
estimated thermal state of the LED 106 during to planned
energy emission 110. For example, the estimated ther-
mal state may include an increase of the temperature of
the LED 106 during a planned firing of the laser at a pre-
determined time in the future. The controller 105 may
generate a cooling instruction (which may include multi-
ple cooling instructions) to cool the LED 106 at the pre-
determined time. The cooling instruction may include one
or more instructions to vary the temperature of the cooling
fluid 108 at predetermined times. Alternatively or in ad-
dition, the cooling instruction 118 may be configured to

vary the rate of the flow of the cooling fluid 108 at the
predetermined times. In other examples, the cooling in-
struction 118 may be configured to vary the ratio of the
first inflow 210 and the second inflow 212.
[0059] The controller 105 may cause the cooling fluid
108 to be applied to the LED 106 in accordance with the
cooling instruction 118 prior to a start of the planned en-
ergy emission 110 of the LED 106 (306). For example,
the controller 105 may communicate the cooling instruc-
tion 118 to the cooling source 107 directing the cooling
source 107 to apply the cooling fluid 108 to the LED 106.
Alternatively, the controller 105 may execute the cooling
instruction 118 in order to control the cooling fluid 108
applied to the LED 106. For example, the controller 105
may vary the temperature and/or the flow of the cooling
fluid 108 applied to the LED 106 according to the cooling
instruction 118.
[0060] The logic illustrated in FIG. 3 may include ad-
ditional, different, or fewer operations. For example, the
logic illustrated in FIG. 3 may also include an operation
to identify the operational attributes 112 of the directed
energy weapon 102. In some examples, the logic may
further include an operation to receive the feedforward
input 128 that includes the operational attributes 112.
Alternatively or in addition, the logic may include an op-
eration to receive the feedback input 132.
[0061] The logic illustrated in FIG. 3 may further include
an operation to identify the thermal profile 116 associated
with the operational attributes 112. For example, the op-
eration may include searching a table for an association
between the thermal profile 116 and the operational at-
tributes 112. Alternatively or in addition, the operation
may include determining the thermal profile 116 by pre-
dicting an estimated thermal state and/or a thermal be-
havior of the LED 106 based on the operational attributes
112. For example, the operation may predict the thermal
change to be caused by the planned energy emission
110.
[0062] In further examples of the logic illustrated in FIG.
3, the logic may include an operation to generate a cool-
ing instruction 118 to cool the LED 106 in accordance
with the thermal profile 116. In addition, the logic may
include an operation to control the temperature of the
cooling fluid 108, and operation to control the flow of the
cooling fluid 108, or operations to implement any features
described herein.
[0063] FIG. 4 illustrates an example of a thermal con-
trol system 400 of the system 100 for thermal manage-
ment of the directed energy weapon 102. The thermal
control system 400 may include a processor 402 and a
memory 404. The memory 404 may include a controller
module 406.
[0064] The processor 402 may be in communication
with the memory 404. In some examples, the processor
402 may also be in communication with additional ele-
ments, such as the cooling source 408 and/or any com-
ponents of the cooling source 408. For example, the proc-
essor may be in communication with components of the
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cooling source 408, such as the variable pump 208, the
heater 204 and/or the chiller 206 illustrated in FIG. 2.
Examples of the processor 402 may include a general
processor, a central processing unit, a microcontroller, a
server, an application specific integrated circuit (ASIC),
a digital signal processor, a field programmable gate ar-
ray (FPGA), a digital circuit, and/or an analog circuit.
[0065] The processor 402 may be one or more devices
operable to execute logic. The logic may include compu-
ter executable instructions or computer code embodied
in the memory 404 or in other memory that when exe-
cuted by the processor 402, cause the processor 402 to
perform the features implemented by the logic. The com-
puter code may include instructions executable with the
processor 402.
[0066] The memory 404 may be any device for storing
and retrieving data or any combination thereof. The mem-
ory 304 may include non-volatile and/or volatile memory,
such as a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM), and/or flash memory. Alternatively
or in addition, the memory 404 may include an optical,
magnetic (hard-drive) or any other form of data storage
device.
[0067] The controller module 406 may be any module
configured with the logic of the system 100 to control the
temperature of the LED 106 with the cooling fluid 108.
For example the controller module 306 may include the
controller 105. As illustrated in FIG 4, the controller mod-
ule 406 may be separate from the cooling source 408.
In other examples, the cooling source 408 may include
the controller module 406. Furthermore, the controller
module may be included in a directed energy weapon or
may be separate from the directed energy weapon.
[0068] The term "cooling" may be broadly interpreted.
For example, the cooling fluid 108 may be used to cool
and/or warm. As another example, the cooling instruction
118 may be an instruction to cool or warm the LED 106.
As yet another example, the cooling source 107 may be
a device that heats and/or cools the cooling fluid 108. In
still another example, the cooling source attributes 122
may relate to cooling and/or heating. According, the ther-
mal control system 400 and the system 100 for thermal
management of the directed energy weapon 102 may be
configured to cool and/or heat the LED 106. The thermal
control system 400 and the system 100 for thermal man-
agement of the directed energy weapon 102 may include
and/or be referred to as a conditioning system.
[0069] Each component may include additional, differ-
ent, or fewer components. For example, the controller
module 406 may include multiple modules. For example,
the controller module 406 may include the feedforward
logic 130 and/or the feedback logic 134. Similarly, the
memory 404 may include multiple modules. Alternatively
or in addition, the memory 404 may include the database
(not shown) of information relating to the thermal profile
as described herein.
[0070] The system 400 may be implemented with ad-

ditional, different, or fewer components. For example,
the system 400 may additionally include communications
hardware (not shown) for communicating the cooling
source 408 or other components of the directed energy
weapon. For example, the cooling instruction, as de-
scribed herein, may be communicated via the communi-
cations hardware to the cooling source 408.
[0071] The system 400 may be implemented in many
different ways. Each module, such as the controller mod-
ule 406, may be hardware or a combination of hardware
and software. For example, each module may include an
application specific integrated circuit (ASIC), a Field Pro-
grammable Gate Array (FPGA), a circuit, a digital logic
circuit, an analog circuit, a combination of discrete cir-
cuits, gates, or any other type of hardware or combination
thereof. Alternatively or in addition, each module may
include memory hardware, such as a portion of the mem-
ory 404, for example, that comprises instructions execut-
able with the processor 402 or other processor to imple-
ment one or more of the features of the module. When
any one of the module includes the portion of the memory
that comprises instructions executable with the proces-
sor, the module may or may not include the processor.
In some examples, each module may just be the portion
of the memory 404 or other physical memory that com-
prises instructions executable with the processor 402 or
other processor to implement the features of the corre-
sponding module without the module including any other
hardware. Because each module includes at least some
hardware even when the included hardware comprises
software, each module may be interchangeably referred
to as a hardware module, such as the location specific
assistance module hardware module.
[0072] Some features are shown stored in a computer
readable storage medium (for example, as logic imple-
mented as computer executable instructions or as data
structures in memory). All or part of the system 400 and
its logic and data structures may be stored on, distributed
across, or read from one or more types of computer read-
able storage media. Examples of the computer readable
storage medium may include a hard disk, a floppy disk,
a CD-ROM, a flash drive, a cache, volatile memory, non-
volatile memory, RAM, flash memory, or any other type
of computer readable storage medium or storage media.
The computer readable storage medium may include any
type of non-transitory computer readable medium, such
as a CD-ROM, a volatile memory, a non-volatile memory,
ROM, RAM, or any other suitable storage device.
[0073] The processing capability of the system 400
may be distributed among multiple entities, such as
among multiple processors and memories, optionally in-
cluding multiple distributed processing systems. Param-
eters, databases, and other data structures may be sep-
arately stored and managed, may be incorporated into a
single memory or database, may be logically and phys-
ically organized in many different ways, and may imple-
mented with different types of data structures such as
linked lists, hash tables, or implicit storage mechanisms.
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Logic, such as programs or circuitry, may be combined
or split among multiple programs, distributed across sev-
eral memories and processors.
[0074] All of the discussion, regardless of the particular
implementation described, is exemplary in nature, rather
than limiting. For example, although selected aspects,
features, or components of the implementations are de-
picted as being stored in memories, all or part of the sys-
tem or systems may be stored on, distributed across, or
read from other computer readable storage media, for
example, secondary storage devices such as hard disks,
flash memory drives, floppy disks, and CD-ROMs. More-
over, the combination of various modules illustrated is
but one example of such functionality and any other con-
figurations encompassing similar functionality are possi-
ble.
[0075] The respective logic, software or instructions for
implementing the processes, methods and/or techniques
discussed above may be provided on computer readable
storage media. The functions, acts or tasks illustrated in
the figures or described herein may be executed in re-
sponse to one or more sets of logic or instructions stored
in or on computer readable media. The functions, acts
or tasks are independent of the particular type of instruc-
tions set, storage media, processor or processing strat-
egy and may be performed by software, hardware, inte-
grated circuits, firmware, micro code and the like, oper-
ating alone or in combination. Likewise, processing strat-
egies may include multiprocessing, multitasking, parallel
processing and the like. In some examples, the instruc-
tions are stored on a removable media device for reading
by local or remote systems. In yet other examples, the
logic or instructions are stored within a given computer,
central processing unit ("CPU").
[0076] Furthermore, although specific components are
described above, methods, systems, and articles of man-
ufacture described herein may include additional, fewer,
or different components. For example, a processor may
be implemented as a microprocessor, microcontroller,
application specific integrated circuit (ASIC), discrete
logic, or a combination of other type of circuits or logic.
Similarly, memories may be DRAM, SRAM, Flash or any
other type of memory. Flags, data, databases, tables,
entities, and other data structures may be separately
stored and managed, may be incorporated into a single
memory or database, may be distributed, or may be log-
ically and physically organized in many different ways.
The components may operate independently or be part
of a same program or apparatus. The components may
be resident on separate hardware, such as separate re-
movable circuit boards, or share common hardware,
such as a same memory and processor for implementing
instructions from the memory. Programs may be parts of
a single program, separate programs, or distributed
across several memories and processors.
[0077] A second action may be said to be "in response
to" a first action independent of whether the second ac-
tion results directly or indirectly from the first action. The

second action may occur at a substantially later time than
the first action and still be in response to the first action.
Similarly, the second action may be said to be in response
to the first action even if intervening actions take place
between the first action and the second action, and even
if one or more of the intervening actions directly cause
the second action to be performed. For example, a sec-
ond action may be in response to a first action if the first
action sets a flag and a third action later initiates the sec-
ond action whenever the flag is set.
[0078] To clarify the use of and to hereby provide notice
to the public, the phrases "at least one of <A>, <B>, ...
and <N>" or "at least one of <A>, <B>, ... <N>, or com-
binations thereof" or "<A>, <B>, ... and/or <N>" are de-
fined by the Applicant in the broadest sense, superseding
any other implied definitions hereinbefore or hereinafter
unless expressly asserted by the Applicant to the con-
trary, to mean one or more elements selected from the
group comprising A, B, ... and N. In other words, the
phrases mean any combination of one or more of the
elements A, B, ... or N including any one element alone
or the one element in combination with one or more of
the other elements which may also include, in combina-
tion, additional elements not listed.
[0079] While various embodiments have been de-
scribed, it will be apparent to those of ordinary skill in the
art that many more embodiments and implementations
are possible. Accordingly, the embodiments described
herein are examples, not the only possible embodiments
and implementations.
[0080] The subject-matter of the disclosure may also
relate, among others, to the following aspects:

1. A system for thermal management of a directed
energy weapon, the system comprising:

a processor configured to:

determine a planned energy emission from
a light-emitting diode (LED) of the directed
energy weapon;
generate a cooling instruction to control a
cooling fluid in response to the planned en-
ergy emission; and
cause a temperature of the LED to be influ-
enced by the cooling fluid in accordance
with the cooling instruction prior to a start of
the planned energy emission from the LED.

2. The system of aspect 1, wherein the processor is
further configured to search a table for a thermal pro-
file associated with the planned energy emission,
wherein the cooling instruction includes an instruc-
tion to control the cooling fluid in accordance with
the thermal profile.

3. The system of any of aspects 1 to 2, wherein the
thermal profile comprises variable temperatures of
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the cooling fluid, the variable temperatures compris-
ing a plurality of target temperatures of the cooling
fluid over a duration of the planned energy emission.

4. The system of any of aspects 1 to 3, wherein the
thermal profile comprises variable flows, the variable
flows comprising a plurality of target rates of flow of
the cooling fluid over a duration of the planned en-
ergy emission.

5. The system of any of aspects 1 to 4, wherein the
processor is further configured to:

identify a shot profile of the directed energy
weapon, the shot profile comprising a plurality
of planned energy emissions; and
generate a plurality of cooling instructions prior
to a performance of the shot profile by the di-
rected energy weapon, each cooling instruc-
tions corresponding to a respective planned en-
ergy emission of the shot profile; and
cause the cooling fluid to be applied to the LED
in accordance with each cooling instruction.

6. The system of any of aspects 1 to 5, wherein the
planned energy emission comprises a time of the
planned energy emission, a duration of the planned
energy emission, and a power level of the planned
energy emission.

7. The system of any of aspects 1 to 6, wherein the
processor is further configured to determine a firing
history of the directed energy weapon, the firing his-
tory including a time of a previous energy emission,
wherein the cooling instruction is further based on
the firing history of the directed energy weapon.

8. A method comprising:

determining a planned energy emission from a
light-emitting diode (LED) of a directed energy
weapon;
generating a cooling instruction in response to
the planned energy emission, the cooling in-
struction including an instruction to apply a cool-
ing fluid to the LED; and
applying the cooling fluid to the LED with in ac-
cordance with the cooling instruction to influ-
ence a temperature of the LED prior to a start
of the planned energy emission.

9. The method of aspect 8 further comprising:

predicting, prior to the start of the planned en-
ergy emission, an estimated state of the LED
during the planned energy emission, wherein
the cooling instruction is based on the estimated
thermal state of the LED.

10. The method of any of aspects 8 to 9, further com-
prising:

identifying an operational attribute of the direct-
ed energy weapon; and
identifying a thermal profile associated with the
operational attribute, wherein the cooling in-
struction is responsive by a cooling source to
apply a cooling fluid to the LED in accordance
with the thermal profile.

11. The method of any of aspects 8 to 10, wherein
the operational attributes include a type of the cool-
ing fluid.

12. The method of any of aspects 8 to 11, wherein
the operational attributes include a thermal delay of
the cooling source.

13. The method of any of aspects 8 to 12, wherein
the step of applying the cooling fluid to the LED fur-
ther comprises preheating the LED with the cooling
fluid prior to the planned energy emission and cool-
ing the LED with the cooling fluid during the planned
energy emission.

14. The method of any of aspects 8 to 13, further
comprising:

identifying, prior to the start of the planned en-
ergy emission, a predetermined target temper-
ature of the LED; and
adjusting a temperature of the cooling fluid to
bring the temperature of the LED closer to the
predetermined target temperature.

15. A thermal control system for a directed energy
weapon, the thermal control system comprising:

a processor; and
a controller module executable by the processor
to determine a planned energy emission from a
light-emitting diode (LED) of the directed energy
weapon, generate a cooling instruction to influ-
ence a temperature of the LED of the directed
energy weapon with a cooling fluid in response
to the planned energy emission, and cause the
cooling fluid to be applied to the LED in accord-
ance with the cooling instruction prior to a start
of the planned energy emission of the LED.

16. The thermal control system of aspect 15, further
comprising:

a cooling source in fluid communication with the
LED, the cooling source responsive to the cool-
ing instruction to apply cooling fluid to the LED
in accordance with the cooling instruction.
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17. The thermal control system of any of aspects 15
to 16, wherein the controller module is further exe-
cutable by the processor to control a flow of the cool-
ing fluid applied to the LED in accordance with the
cooling instruction.

18. The thermal control system of any of aspects 15
to 17 wherein the cooling instruction includes an in-
struction to vary a rate of the flow of the cooling fluid.

19. The thermal control system of any of aspects 15
to 18 wherein the controller module is further exe-
cutable by the processor combine a first flow of the
cooling fluid at a first temperature with a second flow
of the cooling fluid at a second temperature to form
a combined flow and cause the combined flow to be
applied the LED.

20. The thermal control system of any of aspects 15
to 19 wherein the controller module is further exe-
cutable by the processor to:

identify a thermal profile associated with the
planned energy emission, the thermal profile
comprising a predetermined ratio of flows; and
control a ratio of the first flow and the second
flow in accordance with the thermal profile.

Claims

1. A thermal control system for a directed energy weap-
on, the thermal control system comprising:

a processor; and
a controller module executable by the processor
to determine a planned energy emission from a
light-emitting diode (LED) of the directed energy
weapon, generate a cooling instruction to influ-
ence a temperature of the LED of the directed
energy weapon with a cooling fluid in response
to the planned energy emission, and cause the
cooling fluid to be applied to the LED in accord-
ance with the cooling instruction prior to a start
of the planned energy emission of the LED.

2. The thermal control system of claim 1, further com-
prising:

a cooling source in fluid communication with the
LED, the cooling source responsive to the cool-
ing instruction to apply cooling fluid to the LED
in accordance with the cooling instruction.

3. The thermal control system of claim 1 or 2, wherein
the controller module is further executable by the
processor to control a flow of the cooling fluid applied
to the LED in accordance with the cooling instruction.

4. The thermal control system of any preceding claim,
wherein the cooling instruction includes an instruc-
tion to vary a rate of the flow of the cooling fluid.

5. The thermal control system of any preceding claim,
wherein the controller module is further executable
by the processor combine a first flow of the cooling
fluid at a first temperature with a second flow of the
cooling fluid at a second temperature to form a com-
bined flow and cause the combined flow to be applied
the LED.

6. The thermal control system of any preceding claim,
wherein the controller module is further executable
by the processor to:

identify a themal profile associated with the
planned energy emission, the thermal profile
comprising a predetermined ratio of flows; and
control a ratio of the first flow and the second
flow in accordance with the thermal profile.

7. A method comprising:

determining a planned energy emission from a
light-emitting diode (LED) of a directed energy
weapon;
generating a cooling instruction in response to
the planned energy emission, the cooling in-
struction including an instruction to apply a cool-
ing fluid to the LED; and
applying the cooling fluid to the LED with in ac-
cordance with the cooling instruction to influ-
ence a temperature of the LED prior to a start
of the planned energy emission.

8. The method of claim 7, further comprising:

predicting, prior to the start of the planned en-
ergy emission, an estimated state of the LED
during the planned energy emission, wherein
the cooling instruction is based on the estimated
thermal state of the LED.

9. The method of claim 7 or 8, further comprising:

identifying an operational attribute of the direct-
ed energy weapon; and
identifying a thermal profile associated with the
operational attribute, wherein the cooling in-
struction is responsive by a cooling source to
apply a cooling fluid to the LED in accordance
with the thermal profile.

10. The method of claim 9, wherein the operational at-
tributes include a type of the cooling fluid.

11. The method of claim 9 or 10, wherein the operational
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attributes include a thermal delay of the cooling
source.

12. The method of any one of claims 7 to 11, wherein
the step of applying the cooling fluid to the LED fur-
ther comprises preheating the LED with the cooling
fluid prior to the planned energy emission and cool-
ing the LED with the cooling fluid during the planned
energy emission.

13. The method of any one of claims 7 to 12, further
comprising:

identifying, prior to the start of the planned en-
ergy emission, a predetermined target temper-
ature of the LED; and
adjusting a temperature of the cooling fluid to
bring the temperature of the LED closer to the
predetermined target temperature.
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