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Correspondence Address: (57) ABSTRACT 
DENNISON, SCHULTZ, DOUGHERTY & 
MACDONALD A helicopter having a helicopter turbine engine disposed 
1727 KING STREET therein includes an over-stress protection system. The over 
SUITE 105 stress protection system includes a computer for storing data 
ALEXANDRIA, VA 22314 (Us) and an input such as a keyboard for inputting a safe 

temperature pro?le for starting the turbine engine. A tem 
_ perature sensor is provided for measuring the actual turbine 

(73) Asslgneei SAFE FLIGHT INSTRUMENT COR- outlet temperature during the start up of the helicopter 
PORATION turbine engine. The actual engine temperature is then com 

pared With the safe engine temperature pro?le and Water 
and/or alcohol is injected into the engine When an actual 

(21) Appl. No.: 10/659,334 temperature exceeds the safe temperature. The use of a 
ground based tank for use during start up and airborne tank 

(22) Filed: Sep. 11, 2003 for in ?ight use are also disclosed. 
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HELICOPTER TURBINE ENGINE PROTECTION 
SYSTEM 

FIELD OF THE INVENTION 

[0001] This invention relates to a helicopter turbine engine 
protection system and more particularly to a helicopter 
having a turbine engine protection system Which injects 
Water and/or alcohol into the engine When an over-stress 
condition is approached. 

BACKGROUND FOR THE INVENTION 

[0002] Helicopter’s of the type having turbine engines 
typically include turbine outlet temperature monitors to 
avoid “hot starts.” For example, it is Well knoWn that during 
the ?rst feW seconds of an engine start up procedure, the 
turbine outlet temperature Will accelerate at a rapid rate. It 
is also Well knoWn to abort a start if either a maximum 
temperature, as for example 927° C. or an 810° C. to 927° 
C. maximum ten second transition limitation is about to be 
exceeded. It is also Well knoWn to operate helicopter engines 
beloW predetermined levels of turbine output temperature, 
torque and engine speed Which are referred to herein as 
over-stress limits. Failure to operate Within such limits may 
seriously damage an engine and/or lead to an engine failure. 

[0003] One approach for starting a gas turbine of the type 
used for generating electric poWer is disclosed in the US. 
Patent of Takehara et al. US. Pat. No. 5,121,596. As 
disclosed therein, a gas turbine is started While injecting a 
prescribed amount of moisture into a path for combustion 
gas from the start up of the gas turbine and the amount of 
moisture is varied dependent upon the feed quantity of fuel 
or the temperature of the combustion gas. In this Way, the 
combustion temperature in the combustor or temperature 
variation rate on the surfaces of component parts in a gas 
path are approximately equal. 

[0004] An additional US. Patent of Moore US. Pat. No. 
4,619,110 discloses a helicopter engine Warning or control 
system Which includes arrangements for sensing the engine 
temperature, the engine speed and the output torque from the 
engine. An audible Warning is provided Which may vary as 
the over-stress limits are approached. In addition, an 
arrangement may be provided for automatically injecting 
Water or alcohol into the engine as an over-stress condition 
is approached. 

[0005] It is noW believed that there may be a commercial 
demand and need for an improved helicopter turbine engine 
protection system in accordance With the present invention. 
There should be a commercial demand and need for such 
methods and systems Which are used during start up of a 
helicopter turbine engine to avoid “hot starts.” In some cases 
the system Will avoid the need to abort the start. 

[0006] In addition, the improved systems in accordance 
With the present invention are also effective in avoiding an 
over-stress situation during ?ight operations. 

BRIEF SUMMARY OF THE INVENTION 

[0007] In essence, the present invention contemplates a 
helicopter turbine engine “hot start” prevention system. The 
system includes means for selecting a ?rst preselected 
temperature Which is beloW a critical temperature for the 
turbine outlet temperature and a ten second transient tem 
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perature range. Means such as a thermocouple are provided 
for detecting the turbine outlet temperature of the engine. 
The system includes a source of coolant such as Water and/or 
alcohol for injection into the turbine engine as for example 
into a path for combustion gas. Means for injecting Water 
and/or alcohol from the source into the engine When the 
turbine outlet temperature exceeds the ?rst preselected tem 
perature and means to abort the start up if the temperature 
fails to fall beloW the ten second transient temperature range 
are provided. 

[0008] In a preferred embodiment of the invention, the 
system also includes means for detecting an over-stress 
condition during ?ight operations and means for injecting 
Water and/or alcohol into the turbine engine in response to 
an over-stress condition. 

[0009] A further embodiment of the invention contem 
plates a helicopter turbine engine over-stress protection 
system Which includes a helicopter and a helicopter turbine 
engine mounted in the helicopter. An airborne tank for 
containing Water and/or alcohol is also mounted in the 
helicopter as is an inlet for receiving Water and/or alcohol 
from a ground source. The system also includes data storage 
means and means inputting a safe temperature pro?le for 
starting the turbine engine. Means for measuring the actual 
engine temperature pro?le during a start up procedure and 
comparison means for producing a signal When the actual 
engine temperature exceeds the safe engine temperature 
pro?le are also provided. The system in accordance With this 
embodiment of this invention also includes means for sens 
ing at least one critical operating parameter such as engine 
temperature, output torque and engine speed during ?ight 
operations. A key function in this embodiment resides in 
means for injecting Water and/or alcohol into a helicopter 
engine during a start up procedure While maintaining the 
airborne tank full of Water and/or alcohol. In addition, the 
system includes means such as a quick connect-disconnect 
coupling for disconnecting the supply of Water from the 
ground base source after completion of a start up procedure 
and means such as a pump for injecting a predetermined 
amount of Water and/or alcohol from the airborne tank into 
the turbine engine in response to an over-stress condition 
during ?ight operations. 
[0010] The invention Will noW be described in connection 
With the accompanying draWings Wherein like reference 
numerals have been used to identify like parts. 

DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a side elevational vieW Which shoWs a 
helicopter having an over-stress protection system in accor 
dance With the present invention; 

[0012] FIG. 2 is a schematic illustration of a helicopter 
turbine engine for use in practicing the present invention; 

[0013] FIG. 3 is a block diagram Which illustrates a 
method for avoiding “hot starts” in accordance With one 
embodiment of this invention; and 

[0014] FIG. 4 is a block diagram Which illustrates a 
further embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

[0015] As illustrated in FIG. 1, a helicopter 20 having a 
turbine engine 22 mounted therein includes an over-stress 
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protection system. In a ?rst embodiment of the invention, 
the system is used to avoid “hot starts” i.e., an excessive 
engine temperature that could damage the engine during a 
start up of the engine. As shoWn in FIG. 1, the helicopter 20 
also includes a tank 24 for containing a supply of Water 
and/or alcohol. 

[0016] The tank 24 is operatively connected to an injector 
26 Which is adapted to inject an engine coolant such as Water 
and/or alcohol into the engine When the engine temperature 
exceeds a predetermined value or When the rate of tempera 
ture versus time exceeds a preselected value. The tank 24 is 
connected to the injector 26 by a conduit 25. Apump 21 and 
valve 23 are disposed along the conduit 25 for supplying a 
preselected amount of coolant from the tank 24 to the 
injector 26. The amount of coolant may be varied relative to 
the fuel ?oW and other varients. 

[0017] In a second embodiment of the invention, a quick 
disconnect coupling 27 is provided in the conduit 25 
betWeen the tank 24 and injector 26. Means such as a ground 
based tank 30 is adapted to provide a supply of coolant 
during a start up procedure. In the alternative, a quick 
disconnect coupling 29 of conventional design may be 
provided in the tank 24. In either case, Water and/or alcohol 
is provided to the injector 26 during a start up procedure 
While maintaining the airborne tank 24 full of coolant. 

[0018] A sensor 32 such as a thermocouple is connected to 
a computer 34 for measuring the turbine outlet temperature 
of the engine. Then When the turbine outlet temperature 
exceeds a predetermined value, the computer sends a signal 
to the pump 21 and/or valve 23 to feed a volume of coolant 
to the injector 26. The Water and/or alcohol then cools the 
engine suf?ciently to continue an engine start procedure. In 
cases Where the turbine outlet temperature is not suf?ciently 
reduced, the start up procedure is aborted by any suitable 
means not shoWn. 

[0019] The use of a ground based tank 30 during a start up 
reduces the Weight of the coolant in the tank 24 and alloWs 
a suf?cient quantity of coolant for use during in ?ight 
operations When an unsafe temperature or critical param 
eters are approached or exceeded. 

[0020] FIG. 2 is a schematic diagram of a turbine engine 
of the type typically used for poWering helicopters but 
includes a turbine outlet temperature sensor 32 and injector 
26 for injecting Water and/or alcohol into the gas stream for 
cooling the engine and/or increasing poWer. As illustrated, 
air is supplied to the helicopter turbine engine 22 through an 
inlet duct 40 and is compressed in the compressor section 
41. Fuel is supplied to the combustion chamber 42 Which 
extends peripherally around the engine. The expanded gas 
ses are supplied to the turbine portion 44 Which drives the 
compressor 41 and then to poWer the turbine 45 Which drives 
an output poWer shaft 44 to poWer the helicopter through a 
suitable gear train 47. A torque takeoff 48 of conventional 
design is provided for measuring actual torque during ?ight 
operations. A tacometer 49 is also provided for indicating 
engine speed. In addition, a temperature sensor 52 or ther 
mocouple is provided for sensing turbine output tempera 
tures. 

[0021] FIG. 3 illustrates a method for avoiding “hot 
starts” in accordance With one embodiment of the invention. 
In conventional practice, the turbine outlet temperature is 
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monitored to avoid a “hot start” Which could seriously 
damage an engine. For example, a start up procedure for one 
speci?c engine is aborted if either the 927° C. maximum or 
the 810° C. to 927° C. maximum ten second transient 
limitation is about to be exceeded. Under such circum 
stances, the pilot depresses the engine idle rel. button, closes 
the throttle and continues to motor the starter until the 
turbine outlet temperature falls beloW 810° C. 

[0022] In accordance With the present invention, a start 53 
is initiated as provided in an FAA approved procedure. 
HoWever, at the inception or more preferably before initi 
ating a start up procedure, a safe temperature or safe 
temperature pro?le is inputted into a computer in step 54. 
Inputting a temperature pro?le may be used so that imme 
diate action can be taken as soon as an actual temperature 
falls outside of the pro?le. It is also believed that the use of 
a temperature pro?le may be a more effective parameter 
Which alloWs remedial action to be implemented earlier as 
the actual temperature approaches a dangerous condition. 

[0023] After completing the FAA mandated prestart check 
list, the engine is cranked in step 55, fuel rate set in step 56 
and ignition of the fuel in step 57. In step 58, the turbine 
outlet temperature is sensed and monitored. Then if the 
actual temperature does not exceed the safe temperature or 
fall outside of the temperature pro?le, the turbine engine is 
started as illustrated in step 60. HoWever, if the actual 
temperature exceeds the safe temperature in step 59 or falls 
outside of the safe temperature pro?le, Water, alcohol or a 
mixture thereof is injected into the engine in step 61. 
FolloWing the Water and/or alcohol injection, the actual 
temperature is monitored in step 62 until the turbine outlet 
temperature falls beloW a safe temperature limit as for 
example beloW 810° C. or falls back into the safe tempera 
ture pro?le. Then in step 63, if the actual temperature is 
beloW the safe temperature i.e., falls Within the safe tem 
perature pro?le, the starting procedure is completed. HoW 
ever, if in step 63 the actual temperature fails to fall beloW 
the safe temperature or lies outside the safe temperature 
pro?le, the starting procedure is aborted in step 64. Under 
such circumstances, the pilot presses the engine idle rel. 
button, closes the throttle and continues to crank the engine 
until the temperature falls beloW the safe temperature limit. 

[0024] It is important to recogniZe that under ordinary 
conditions and a normal start, no Water or alcohol is injected 
into the gas stream during the start up of the engine. 

[0025] A further embodiment of the invention Will noW be 
described With reference to FIG. 4. As shoWn therein, the 
start up procedure is essentially the same as shoWn in FIG. 
3. HoWever, as shoWn in FIG. 4, a step 541 replaces step 54 
and includes the input of other critical parameters (CP). For 
example, other parameters may include torque and/or engine 
speed. The start up procedure then continues until a start has 
been completed. Then if a ground based Water tank Was 
used, it is disconnected and ?ight operations commenced. 

[0026] During ?ight operations actual turbine output tem 
perature and other parameters are sensed in steps 68 and 
monitored in step 70. As long as the actual temperature does 
not exceed the safe temperature on the actual parameters do 
not exceed the critical parameters in step 72, the system 
reverts to the monitoring step as shoWn in step 70. HoWever, 
if the safe temperature or critical parameters are exceeded, 
Water and/or alcohol is injected from the airborne tank into 
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the engine as indicated in step 74. In step 76, it is again 
determined Whether or not the safe temperature or critical 
parameters are being exceeded. If not, the system recycles 
back to step 70 and the actual temperature and actual 
parameters are monitored. However, if the actual tempera 
ture or actual parameters are greater then the safe tempera 
ture or critical parameters, corrective action should be 
immediately taken as indicated in step 78. 

[0027] While the invention has been described in connec 
tion With its preferred embodiments, it should be recogniZed 
the changes and modi?cations may be made therein Without 
departing from the scope of the claims. 

1. In a helicopter of the type having a helicopter turbine 
engine mounted in the helicopter, the improvement com 
prising an over-stress protection system including: 

data storage means and means for inputting a safe tem 
perature pro?le for starting the helicopter turbine 
engine; 

means for measuring the actual temperature during start 
up of the helicopter turbine engine; 

comparison means for producing a signal When the actual 
engine temperature during an engine start up falls 
outside of the safe temperature pro?le; and 

a source of Water and/or alcohol and means for injecting 
a predetermined amount of Water and/or alcohol into 
the turbine engine during the engine start up procedure 
in response to said signal. 

2. In a helicopter in accordance With claim 1 in Which the 
helicopter includes a Water tank disposed or mounted in said 
helicopter. 

3. In a helicopter in accordance With claim 1 in Which a 
ground source of Water and/or alcohol provides the Water 
and/or alcohol for injection into the engine. 

4. In a helicopter of the type having a helicopter turbine 
engine mounted Within the helicopter, the improvement 
comprising an airborne tank for containing a supply of Water 
and/or alcohol and an inlet for receiving a supply of Water 
and/or alcohol from a ground based source, means for 
injecting Water and/or alcohol into the helicopter turbine 
engine during a start up procedure While maintaining the 
airborne tank full of Water or alcohol, means for discon 
necting the supply of Water or alcohol from the ground based 
source upon completion of the start up procedure and means 
for injecting Water and/or alcohol from the airborne tank into 
the turbine engine in response to an engine over-stress 
during ?ight operations. 

5. (Cancelled) 
6. (Cancelled) 
7. (Cancelled) 
8. (Cancelled) 
9. (Cancelled) 
10. (Cancelled) 
11. A helicopter turbine engine over-stress protection 

system comprising: 

a helicopter; 
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a helicopter turbine engine mounted in said helicopter; 

an airborne tank for containing Water and/or alcohol 
disposed Within said helicopter and an inlet for receiv 
ing Water and/or alcohol from a ground source of Water 
and/or alcohol; 

data storage means and means for inputting a safe tem 
perature pro?le for starting the helicopter turbine 
engine; 

means for measuring the actual engine temperature during 
start up of a helicopter turbine engine; 

means for sensing at least one critical operating parameter 
during ?ight operations; 

comparison means for producing a signal When the actual 
engine temperature falls outside of the safe engine 
temperature pro?le during start up of the engine; 

means for injecting Water and/or alcohol into the helicop 
ter engine during a start up procedure While maintain 
ing said airborne tank full of Water and/or alcohol; 

means for disconnecting the supply of Water and/or alco 
hol from the ground based source after completion of 
the start up procedure; and 

means for injecting Water and/or alcohol from said air 
borne tank into the turbine engine in response to an 
over-stress during ?ight operations. 

12. A helicopter turbine engine over-stress protection 
system in accordance With claim 11 in Which said injection 
means automatically injects Water and/or alcohol into said 
turbine engine in response to an engine over-stress during 
?ight operations. 

13. A helicopter turbine engine over-stress protection 
system in accordance With claim 11 in Which said inlet is 
separate from said airborne tank. 

14. A helicopter turbine engine “hot start” prevention 
system comprising: 

a helicopter; 

a helicopter turbine engine mounted in said helicopter; 

means for selecting a ?rst preselected temperature and a 
ten second transient temperature range; 

means for detecting a turbine outlet temperature of said 
engine; 

a source of Water and/or alcohol for injection into said 
turbine engine; 

means for injecting Water and/or alcohol from said source 
into said engine When said turbine outlet temperature 
exceeds said ?rst preselected temperature; and 

means to abort said start up procedure if the turbine outlet 
temperature fails to fall beloW the ten second transient 
temperature range after injection of Water and/or alco 
hol. 


