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1 .  PURPOSE: 

This AIR discusses helicopter turboshaft engine power assurance theory and 
methods. Several i nfl ight power assurance example procedures are presented. 
These procedures vary from a very simple method used on some normal category 
civi 1 he1 icopters, to the more complex methods involving trend monitoring and 
rolling average techniques. The latter method can be used by small operators 
but i s  generally better suited to the larger operator with computerized 
maintenance record capabi 1 i ty. 

2. EONER ASSURANCE OBJECTIVE: . 

2.1 Turbine engine power producing capabilities can be expected t o  decrease with 
time from the new production or overhauled zero-time engine condition. The 
primary objective of the power assurance check is to assure that the engine 
remains capable of developing the power necessary to achieve the helicopter 
performance contained in the f 1 ight manual. 

2.2 A second objective i s  t o  assure that the engine power parameter 
relationships required to assure continued engine airworthiness are 
ma 1 n ta i ned . 

2.3 Substantial maintenance cost savings and safety benefits can be realized if 
the data obtained i s recorded and monitored t o  detect power deterioration 
trends. 
assurance) or during helicopter cruise conditions (inflight power assurance). 

Engine power may be checked prior to takeoff (pretakeoff power 

3. REGULATORY BACKGROUND: 

3.1 The Federal Aviation Administration (FAA) has required an applicant for a 
commercial hellcopter type certificate to provide a means t o  permit the 
pilot t o  determine, prior t o  takeoff, that each turbine engine i s  capable OP 
.developing the power necessary to achieve the performance required by the 
type certification regulations. This longstanding FAA policy was formalized 
as a regulatory change to Part 27, Normal Category Rotorcraft, and Part 29, 
Transport Category Rotorcraft, by amendments effective November 6, 1984. 

3.2 This requirement to provide a means to assure adequate power prior t o  
takeoff has generally been met by providing a pretakeoff power assurance 
chart, The pretakeoff check i s  usually performed in an in-ground-effect 
(IGE) hover or light-on-the-wheels, 
often provided but i s  not required for type certification. 

An inflight power assurance chart i s  

3 , 3  It should be noted that FAA type certification rules and policy do not 
require that a pretakeoff power check be performed, only that a means be 
made aval lable to the pi lot. 
the frequency of the pretakeoff power assurance check. 

Individual operational practices wi 1 1  dictate 

3.4 Although this regulatory background discussion cites FAA regulations, the 
general principles contained i n  this AIR may be applied t o  rotorcraft 
certiflcated by other authorities using other airworthiness requirements. 
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4. INFLIGHT-TO-PRETAKEOFF POWER ASSURANCE COMPARI_ISQN: 

4.1  I d e a l l y ,  a p re takeo f f  and i n f l i g h t  power assurance check w i l l  y i e l d  the same 
r e s u l t s .  Var ied opera t ing  Condit ions and poss ib le  i nduc t i on  system 
mal funct ions,  however, can cause a d i f f e r e n t  power margin value t o  be 
obta ined from the  two types of  checks. 
p re takeo f f  o r  i n f l i g h t  procedure, or both, depends on the operat ions and the 
intended use o f  the  in fo rmat ion .  

4.2 Mesi t s  o f  Pre takeof f   power Assuraiwe: 

The dec is ion  t o  use e i t h e r  the 

4.2.1 

4 .2 .2  

As mentioned, the FAA has inslsteed on 'ehe a v a i l a b i l i t y  o f  the p re takeo f f  
power assurance in fo rma t ion  o r  other means to a l l o w  the operator  t o  assure 
adequate power for  r o t o r c r a f t  P l i g h t  manual (RFM) performance p r i o r  t o  
commitment t o  the  t a k e o f f  f l i g h t  phase. 
gusty wind cond i t ions ,  o r  w i t h  adverse winds which cause exhaust gas 
r e c i r c u l a t i o n  t o  the  i n l e t ,  the  power check on a newly de l i ve red  heal thy 
engine may be unsuccessful.  While these r e s u l t s  do no t  i n d i c a t e  the need 
f o r  engine maintenance, they do i n d i c a t e  t h a t  engine power may no t  be 
adequate for  a c r i t i c a l  t a k e o f f  under these s p e c i f i c  opera t ing  condi t ions.  

I f  the check i s  performed i n  

Cer ta in  i n l e t  sys tem serv ice  d i f f i c u l t y  problems which r e s u l t  i n  loss  o f  
power a t  low airspeeds bu t  adequate power a t  h igher  airspeeds may be 
detected by the p re takeo f f  check. 
f a i l u r e  would be the m i s i n s t a l l a t i o n  or d e t e r i o r a t i o n  o f  seals which 
i s o l a t e  i nduc t i on  system a i r  from t h a t  i n  adjacent h o t - a i r  compartments. 
A t  low airspeeds, the  reduced pressure i n  the I n l e t  sys tem would draw a i r  
f rom adjacent ho t  compartments r e s u l t i n g  i n  a higher  than normal i n l e t  a i r  
temperature r i s e  (or perhaps even i n l e t  a i r  temperature s t r a t i f i c a t i o n )  
and an associated engine power loss .  A t  h igher  airspeeds, the i n l e t  ram 
pressure e f f e c t  would minimize the  entrainment of ho t -a i r  f rom the 
adjacent compartment, and the resu ' l t i t i g  engine power loss e f f e c t  would be 
small .  
detectable by i n f l  i g h t  power assurance procedures. 

The most common example o f  t h i s  type o f  

T h i s  and o the r  low airspeed engins power loss causes may no t  be 

4.3 W o f a t A s s u i a t l c g :  

4.3.1 One obvious disadvantage o f  the p re takeo f f  cheek i s  the t i m e  requ i red  t o  
accomplish the procedure a t  o f t e n  uncomfortable opera t ing  cond i t ions .  
While the procedure can be used as slmple "go/no go" c r i t e r i a  ( t h a t  i s ,  as 
soon as the  check parameters are pos ' i t lve the f l i g h t  may commence), the 
f l i g h t  manual may spec i fy  a dwell  time t o  a l l ow  f o r  engine s t a b i l i z a t i o n .  
A f t e r  changing f r o %  the  'Icw pswoi- gi-ound opera t ing  c o n d i t i o n  t o  the hover 
I G E  or l ight-on-the-wheels cond i t ion ,  there i s  a f i n i t e  t i m e  requ i red  f o r  
engine i n t e r n a l  coniponents t o  wach t h e i r  opt imal  clearance and power 
producing c a p a b i l i t y .  
seconds to  5 min depending on the engine model thermodynamics and 
i n d i v i d u a l  engine b u i l d  to lerances. While the data f rom these lengthy 
power assurance checks may y i e l d  more useful power t rend  in fo rmat ion  and 
perhaps r e s u l t  i n  fewer engine r e j e e t i s n s ,  the  t i m e  delay i n  no isy ground 
p r o x i n i t y  to  s t a b i l i z e  engine power and read the  power char ts  i s  no t  
opera t iona l  l y  des i rab le .  

This s t a b i l i z a t i o n  t i m e  may vary f rom on ly  a f e w  
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4.3.2 In-ground-ef fect  condi t ions such as rotor downwash, v a r i a b l e  wind 
d i r e c t i o n ,  and exhaust gas r e c i r c u l a t i o n  may a r t i f i c i a l l y  in f luence the 
day-to-day v a r i a t i o n  i n  the pre takeof f  power assurance margin when, i n  
f a c t ,  no r e a l  change i n  engine power margin has occurred. This f a l s e  
power margin t rend can lead t o  erroneous conclusions about the need for  

. eng1 ne maintenance. 

4.4 M e r i t s  o f I n f l i u h t  Power Assurance 

4.4.1 The i n f l  i g h t  power assurance check overcomes the mentioned d i  sadvantages 
o f  the p r e t a k e o f f  check. 
c ru ise  condi t lons,  i t  may be performed w i t h  minimal or no delays i n  normal 
operat ions.  More accurate engine h e a l t h  in fo rmat ion  may be obta ined a t  
the s t a b i l i z e d  c ru ise  cond i t ion  w i thout  the in f luence o f  rotor downwash, 
v a r i a b l e  winds, and exhaust gas r e c i r c u l a t i o n  associated w i t h  the 
pre takeof f  check. Stabi  1 i z a t i o n  t i m e  for  accurate data i s  reduced since 
the engine Components have a l ready been opera t ing  a t  r e l a t i v e l y  h igh  
s tab le  temperatures j u s t  p r i o r  t o  the i n f l i g h t  check. 

Since the i n f l i g h t  check i s  u s u a l l y  made i n  

4.4.2 The more accurate engine h e a l t h  in fo rmat ion  obtained from the i n f l i g h t  
data can be u t !  1 i zed  i n  a power t rend mon1 tor program t o  reduce opera t ing  
costs. A c a r e f u l l y  administered program can prov ide an e a r l y  i n d i c a t i o n  
o f  the need for  engine maintenance wh i le  a t  the same t i m e  e l i m i n a t i n g  
unnecessary eng9 ne removal s caused by an inaccurate power assurance 
check. Ear ly  engine maintenance can reduce o v e r a l l  opera t ing  costs by 
prevent ing premature f a i l u r e  o f  expensive engine components. 

4.5 Disadvantaues o f I n f l i a h t  Power Assurance: 

4.5.1 The disadvantages o f  the i n f l i g h t  power assurance are some o f  those 
mentioned as m e r i t s  o f  the pre takeof f  check. 
i n f l i g h t  power assurance checks do no t  necessar i ly  ensure t h a t  engine 

- power i s  a v a i l a b l e  for  a c r i t i c a l  t a k e o f f  i f  there are i n l e t  sys tem 
malfunct ions o n l y  ev ident  a t  low airspeeds. 

P o s i t i v e  power margins f rom 

4.5.2 I n l e t  system and engine i n s t a l l a t i o n  maintenance errors, and f o r e i g n  
o b j e c t  damage (F.0.D.) which r e s u l t  i n  sudden power degradation, may no t  
be detected u n t i l  a f t e r  the a i r c r a f t  i s  committed t o  f l i g h t .  

5. POWER ASSU RANCE THEORY: The sa fe ty  ob jec t ives  and some p o t e n t i a l  economic 
b e n e f i t s  o f  the power assurance procedures have been mentioned. 
w i l l  exp la in ,  i n  s i m p l i f i e d  terms, some o f  the considerat ions invo lved i n  
cons t ruc t ing  the power assurance char ts .  

This sec t ion  
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5.1 

5.2 

5.3 

The power assurance charts are typically constructed with the aid of the 
engine estimated performance computer program suppl ied by the engine 
manufacturer t o  the aircraft original equipment manufacturer. The 
performance program al lows the he1 icopter manufacturer t o  input the 
helicopter model installation information for various flight conditions. 
The resulting installed engine power available prediction is verified by 
helicopter flight testing and used t o  predict RFM performance and generate 
the power assurance charts. The families of curves on the various power 
assurance charts are intended t o  check the relationship of three engine 
power related parameters - gas producer speed, measured gas temperature, and 
power (or torque). The theory involved in assuring these relationships is 
explained in the following sections by considering a simplified operating 
1 ine for turboshaft engine types. 

Minimum Spec ification Engine: The new production or overhauled zero-time 
engine acceptance test procedure will specify that the engine produce a 
given set of  required powers (rated powers) at not greater than a 
corresponding set o f  gas producer speeds and measured gas temperatures. A 
plot of these power levels versus gas producer speeds and measured gas 
temperatures defines the "minimum specification engine run1 ine." A 
different engine runline could be generated for each ambient condition, but 
by the application of correction factors, a single normalized runline may be 
constructed which is representative over a range of ambient conditions. 
These corrected engine performance parameters are designated shaft 
horsepower corrected (SHP,) , measured gas temperature corrected (MGTc), 
and gas producer speed corrected (NGc) on the accompany1 ng figures. 

Field Limit Enuine: 

5.3.1 (Fig. 1 )  At a given gas producer speed (NG) or measured gas temperature 
(MGT), turbine engine power wi 1 5  deteriorate with servi ce time. Some 
engine models will not specify a delivery power margin in the engine 
documents to account for this normal, expected deterioration. 
case, the MGT's and NG's associated with the rated powers in the engine 
performance program correspond t o  the limit values identified on the 
engine type certificate data sheet. 
voluntarily or contractual ly del iver the engine with a power margin above 
the engine recognized in engine certification documents. 
designation of any power margin for service longevity i s  an economic 
rather than safety concern, the specification of a power margin is not 
required by regulatory authorities. 
minimum acceptable power versus MGT and power versus NG relationship for 
new delivery engines is the same as that for engines which should be 
removed from service, the minimum specification engine for these models is 
the same as the "field limit engine." 

In this 

The engine manufacturer may 

Because the 

Since to these authorities the 
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(F ig .  2) To account for  normal, acceptable engine power d e t e r i o r a t i o n ,  
o ther  engine models may spec i fy  a b u i l t - i n  performance margin or f i e l d  
margin I n  the engine documents, which may be considered as an a l lowable 
measured gas temperature increase or gas generator speed increase from a 
minimum s p e c i f i c a t i o n  engine. This f i e l d  l i m i t  engine may be establ ished 
i n  the engine documents ( type c e r t i f i c a t e  data sheet, engine 
s p e c i f i c a t i o n ,  i n s t a l l a t i o n  manual, or computer p red ic ted  performance 
program) by s t i p u l a t i n g  t h a t  the engine r a t e d  powers w i l l  be produced a t  
some MGT or NG below the l i m i t  values. This s e t  of  reduced M G T ' s  and NG's  
may be r e f e r r e d  to as " ra ted  MGT 's "  or " ra ted  NG's," r e s p e c t l v e l y .  

To avoid poss ib le  confusion the t e r m  " f i e l d  l i m i t  engine," r a t h e r  than 
minimum s p e c i f i c a t i o n  engine, w i l l  be used t o  descr ibe an engine which 
w i l l  produce r a t e d  power a t  the l i m i t s  o f  MGT and/or NG i d e n t i f i e d  i n  the 
engine documents. Power d e t e r i o r a t i o n  beyond the i n s t a l l e d  f i e l d  l i m i t  
engine, described below, would r e q u i r e  t h a t  engine maintenance be 
performed i n  an attempt t o  restore power t o  acceptable l e v e l s .  

5 . 4  I n s t a l l e d  F i e l d  L i m i t  Enalne ( F ia.  3): 

The e f f e c t  of h e l i c o p t e r  i n s t a l l a t i o n  l o s s e s  i s  t o  r e q u i r e  a h igher  MGT and 
NG t o  produce a given power. The power assurance c h a r t  represents t h i s  
i n s t a l l e d  f i e l d  l i m i t  engine r u n l i n e .  Since RFM performance i s  a l s o  based 
on t h i s  r u n l i n e ,  a comparison o f  an i n d i v i d u a l  engine to  the power assurance 
c h a r t  w i l l  i n d i c a t e  whether RFM performance can be a t ta ined.  

5 . 5  Power Assurance Data Extrapo l a t i o n  : 
o f t e n  no t  performed a t  f u l l  power, the t e r m  " p a r t i a l  power assurance check" 
I s  sometimes used t o  i n d i c a t e  t h a t  e x t r a p o l a t i o n  o f  the data i s  being 
assumed I n  p r e d i c t i n g  t h a t  RFM performance can be achieved. A v a l i d  
e x t r a p o l a t i o n  of  p a r t i a l  power assurance data should account fo r  the r u n l i n e  
of  the "worst-case-slopell engine. 

Since the power assurance check i s  

5.5.1 (F ig .  4) The engine product ion acceptance procedures may n o t  address 
acceptable engine r u n l i n e  slope. The a b i l i t y  to  achieve power a t  each o f  
the engine r a t i n g  p o i n t s  a t  the p r e v a i l i n g  t e s t  c e l l  cond i t ions  may be the 
o n l y  power producing capabi 1 i t y  c r i  t e r i a  used i n  these acceptance 
procedures. 
engine, i t  has been genera l l y  assumed t h a t  the r u n l i n e  slope of  the f j e l d  
l i m i t  engine i s  acceptable for  the power assurance char ts .  The 
p o s s l b i l i  ty  of s i g n l f  i c a n t  e x t r a p o l a t i o n  e r r o r  r e s u l t i n g  from t h i s  
assumption can be minimized on h e l i c o p t e r s  wi thout  OE1 power approval by 
t y p i c a l  i n s t r u c t i o n s  to  make the check a t  as h igh  a power as prac t icab le .  
When la rge  ex t rapo la t ions  o f  power check data are involved, such as when 
OE1 r a t i n g s  are approved on the h e l i c o p t e r ,  the v e r i f i c a t i o n  o f  the 
r u n l i n e  slope becomes Increas ing ly  important to  the assumption t h a t  a 
successful p a r t i a l  power assurance check ensures t h a t  the powers t o  
achieve RFM performance can be a t ta ined.  

I n  the absence o f  d e l i v e r y  cont ro ls  on the slope o f  an 
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5.5.2 (Fig. 5) The worst-case-slope engine may be defined in engine delivery 
acceptance procedures by specify1 ng the greatest al lowabl e increase in MGT 
and NG t o  achieve a given increase in power. In other words, the 
worst-case-slope engine would exhibit the least power margin at the 
highest of the power ratings (typically 2.5 min OE11 and the greatest 
power margin at the ?lowest of the power ratings (typically maximum 
continuous). If this engine minimum allowable runline slope is less than 
(that Is, m r e  shallow than) the runline slope of the field limit engine, 
extrapalation of partial power assurance data would not assure that RFM 
power required can be attained (see Fig. 6). Either the RFM performance 
and power assurance procedure should be changed to account for a field 
limit engine with the revised niore ahalïow slope, or specjal procedures 
should be implemented to check the slope of indlvidual engines. 

5.5.3 Recently soze engi ne and ai r-frame manufacturers have developed a 
procedure to establish, and perlsdically verify, the runline slope o f  an 
individual installed engine. This special procedure allows the power 
assurance procedure to account Por that individual engine?s performance 
slope rather than taking the RFM performance penalty associated with 
assuming the conservative worst-case-slope engine. 
checking, prior to aircraft delivery, the individual engine against the 
engine slope assumed in establ i shi ng the power assurance charts. The 
minimum margin above the assumed slope i s  established and identified on a 
cockpit placard. That margin is then applied In making routine, 
in-service power assurance checks against the power assurance charts 
provided In the RFM. Thus, an engine which may have been rejected by the 
power assurance curves, if worst-case-slope had been assumed, may be 
acceptable if that individual engine?s performance slope is better than 
worst case. 

The concept involves 

5.5.4 Some procedures incorporate a runline slope check directly into the 
pretakeoff power assurance procedure by requiring a specific MGT and NG 
margin above the power assurance chart values at a given torque setting. 
If that margin is not shown at this initial torque setting, the check is 
performed at the next higher specified torque for which data is provided, 
and the MGT and NG margin must be at least equal to a specified fractlon 
of the margin at the initial lower torque setting; otherwise, engine 
maintenance is required. 

6. su PPLEMENTAL PROCEDURES: 
6.1 Independent of a valid engine runline characteristic, some engine 

installations will need to achieve the gas producer mechanical speed limit 
at altitude conditions in order to produce the predicted power available for 
fi ight manual performance. Periodic gas producer speed ?topping checks? are 
implemented to assure this capabi 1 i ty. These checks are usual ly performed 
at altitude in order to minimize the engine exposure to high temperatures or 
high torque levels, or both. The topping check should he done at selected 
maintenance intervals, whenever an engine or a fuel control component is 
changed, o r  whenever the operator suspects the abi 1 i ty to achieve topping 
may have been affected. 
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6 . 2  Some engines w i t h  c e r t i f i e d  OE1 r a t i n g s  w i l l  no t  a l low even in f requent  
mai ntenance checks t o  these measured gas temperatures t o  va l  i date the power 
assurance ex t rapo la t ion ,  The h igh thermal values associated w i t h  such 
checks would r a p i d l y  reduce usefu l  engine l i f e .  A combination o f  methods 
i n c l u d i n g  p a r t i a l  power assurance, topping checks a t  a l t i t u d e ,  engine 
product ion c o n t r o l  over a l  lowable r u n l  i ne  slope, and r u n l  i n e  slope 
moni tor ing dur ing the engine l i f e  may be necessary t o  assure the thermal and 
mechani ca l  capabi 1 i t y  o f  the eng1 ne t o  produce adequate power. 

6.3 Per iod ic  checks t o  ensure adequate f u e l  f l o w  a t  h igh power s e t t i n g s  and 
l i m i t e r  s e t t i n g s  checks, may .also be needed. Methods can be devised t o  . 
bypass f u e l  f rom the fue l  con t ro l  output  back t o  the f u e l  tank t o  check OE1 
f u e l  f l o w  capabi 1 i ty ,  Engine parameter 1 i m i t e r  s e t t i n g s  which are normal ly 
a t  o r  s l i g h t l y  above the OE1 r a t i n g s  can be temporar i ly  reduced a f i x e d  
amount I n  order t o  check t h e i r  f u n c t i o n  w i t h i n  the normal opera t ing  range. 

6 . 4  A t  the h igh  corrected gas producer speeds (NG/ 0 )  sometimes associated 
w i t h  OE1 powers, performance c h a r a c t e r i s t i c s  o f  engine components can change 
s i g n i f i c a n t l y .  A t  these h igh corrected speeds, a given increase i n  MGT may 
no t  r e s u l t  I n  the increase i n  power which would be expected by e x t r a p o l a t i o n  
o f  p a r t i a l  power assurance data. The p o s s i b i l i t y  t h a t  any i n d i v i d u a l  engine 
may experience t h i s  h igh  corrected gas producer speed phenomenon a t  a power 
l e v e l  lower than t h a t  of the t h e o r e t i c a l  engine used t o  p r e d i c t  h e l i c o p t e r  
performance must be considered i n  the development o f  power assurance and 
supplemental procedures, 

7. I N F L I G H T  POWER ASS URANCE METHODS: 

7 . 1  @meral,: 

7.1.1 Three separate procedures are presented i 1 l u s t r a t i n g  var ious l e v e l s  o f  
complexity for  i n f l i g h t  power assurance procedures. Regardless o f  the 
complexity involved, a l l  o f  the procedures have some common elements. 

7 .1 .1 .1  A l e v e l  f l i g h t  airspeed, or airspeed range where i n s t a l l a t i o n  losses are 
w e l l  known, i s  spec i f ied .  
economical c ru ise  range t o  minimize any i n t e r r u p t i o n  t o  normal 
operat ions.  
minor variances from the t a r g e t  airspeed or moderately gusty winds are 
n e g l i g i b l e .  

The airspeed selected should be i n  the 

The airspeed should a l s o  be such t h a t  in f luences o f  e i t h e r  

7 . 1 , l  ,2 S p e c i f i c  i n s t r u c t i o n s  are provided t o  a c t i v a t e  o r  deact ivate sys tems 
whi ch can i n f1  uence engine performance. 
those which e x t r a c t  power d i r e c t l y  f rom the engine o r  those which 
i n f  1 uence engi ne e f f  i c i  ency . 
( a n t i - i c e ,  environmental con t ro l  u n i t s ) ,  mechanical power e x t r a c t i o n  
f rom the gas producer gear t r a i n  ( e l e c t r i c a l  generators, accessories), 
and possi b l y  mechanical power e x t r a c t i o n  f rom the power producer gear 
t r a i  n. 

These systems t y p i c a l  l y  inc lude 

They may i nc l  ude bleed a i r  systems 
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7.1.1.3 The proper positioning of controls and switches which may influence 
engine airflow entry conditions are specified. 
induction system (airframe supplied) ice protection systems which 
utilize heating would be expected t o  result in an engine inlet airflow 
temperature increase which may not have been considered in the 
construction of the power assurance chart. Some installations use crew 
controllable inlet variable geometry to provide either maximum power or 
maximum particle separation. The position of these devices can 
influence the pressure drop from ambient to the enginelairframe 
interface. 

The activation of engine 

7.1.2 The power assurance charts should exclude low power areas where variable 
geometry devices (bleed valves, bleed bands, inlet guide vanes, etc.) are 
used for compressor surge avoidance and acceleration control. 
efficiency suffers when these devices operate, and an accurate prediction 
of power producing capability cannot be made. 

7.1.3 Caution should be used in specifying what systems are to be deactivated in 
order to assure that failure of a system during the time required for the 
check does not jeopardize continued safe operation. 

Engine 

7.2 Example 1 (Appendix A): 

7.2.1 Example 1 is a procedure used on a normal category civil rotorcraft 
without OE1 ratings such that the extrapolation of the partial power 
assurance data to the htghest torque rating available, or to the aircraft 
torque limit, is not extensive. 
engine i s  assumed t o  be worst case. 

The runlíne slope of the specification 

7.2.2 The procedure does not check the NG versus torque relationship. 
installation, this particular engine model will be rejected by the MGT 
versus torque check before it is incapable of producing RFM power required 
at the limit gas producer speed. 

In this 

7.2.3 This inflight power assurance procedure is a simple one-point pass or fail 
check wi th no trendi ng procedure i nvol ved. 

7.3 Example 2 (Appendix BI: Example 2 is used on a transport category civil 
rotorcraft wi th performance credit for OE1 power ratings. The procedure 
first checks the gas producer speed versus torque relation, then verifies 
the proper NG versus MGT characteristic. 

7.4 Example 3 (Appendix C): 

7.4.1 The power assurance procedure for example 3 is more complicated than most 
others, but it does offer more precise information on engine health and 
should provide an early indication of the need to schedule engine 
maintenance. The procedure consists o f  two major parts, the acquisition 
of inflight power information and the postflight data reduction of that 
i nformat i on. 

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r40

83

https://saenorm.com/api/?name=bcc49238a72646d1a4423bac8010bc85


I AIR4003 Page 10 

7,4,2 The l n f l i g h t  data a c q u l s l t l o n  can be subdlvided I n t o  two elements, the 
p e r l o d l c  "Power Assurance" check a t  30 min OE1 Rated Power and the ' 'Dal ly 
Trend" checks I n  c ru ise  near Normal Cruise Rated Power. 

7,4.2.1 I n l t l a l  Power Assurance check ln fo rmat lon  i s  gathered a t  30 min OE1 
power a t  a s p e c i f l e d  alrspeed associated w i t h  mlnimum power requ i red  for  
l e v e l  f l l g h t  i n  order t o  determine the i n i t i a l  power margin. This i s  
fo l lowed by repeated data a c q u i s i t i o n  a t  t h i s  power l e v e l  every 50 
engine f l l g h t  hours, as requ l red  by engine maintenance or d e t e r i o r a t i o n ,  
or a t  the o p t l o n  o f  the p i l o t .  

7 , 4 , 2 , 2  D a l l y  'Trend check In format ion 4 s  obtained a t  Normal Cruise Power a t  a 
s p e c l f l e d  alrspeed a t  a nomlnal s p e c i f i e d  a l t i t u d e .  If possib le ,  a l l  
power assurance in format ion should be obtained a t  the  same pressure 
a l t l t u d e  'In order t o  el4mlnate a l t i t u d e  var ta t isn l ;  i n  the f l i g h t  data. 

9 . 4 . 3  Processlng of the f l i g h t  data i ' s  done a f t e r  shutdown, b u t  p r i o r  t o  the 
next  f l l g h t ,  Composite graphs OF mlnlmum acceptable torque a t  var ious 
M G T ' s  and amblent condl t lons are provlded. The data i s  charted and 
mon1 to red  for  power t r e n d i  ng . 
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a ENGINE RATED.POWERS 
AT LIMIT MGT AND NG 
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MGT, OR NG, 

FIGURE 1 

MIN SPEC ENGINE 

FIELD LIMIT ENGINE . .  

ENGINE :R.ATED POWERS 
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O ENGINE RATED POWERS 
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FIGURE 2 
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SHP, 

s m ,  

UNINSTALLED 
FIELD LIMIT ENGINE. 
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UNINSTALLED 
FIELD LIMIT ENGINE. 

/ 
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/ /. 

MGT, OR NGc 

FIGURE 3 
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SHP,  

SHP, 

UN1 NS T A L L E D / 
W0RS.T-CASE-SLOPE / 

ENGINE 

ENGINE RATED POWERS 

MGT, OR NGc 

FIGURE 5 /; LOW POWER REGION 
HIGHEST POWER FOR 

. -*,9 ---II---_.----- 

RFM .PERFORMANCE 

1 NST A L L ED 
WORST-CASE-SCOPE 

A’/A FIELD LIMIT ENGINE RUNLINE SLOPE 
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FIGURE 6 

PREPARED BY SAE COMMITTEE S-12, HELICOPTER POWERPLANT 
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A ,  1 

A 8 2  

A ,  3 

A , 4  

A , 5  

A . 6  

APPENDIX A 

EXAMPLE 1 PROCEDURE (FIG.  A l )  

Turnof f  a l l  sources o f  bleed a i r ,  i n c l u d i n g  engine a n t i - i c e .  

Es tab l i sh  l e v e l  f l i g h t  a t  a s p e c i f i c  airspeed range, n o t  t o  exceed VNE. 

NOTE: The loading c o n d i t i o n  o f  the DC generator, d r i v e n  by the engine's gas 
producer gear t r a i n ,  i s  n o t . s p e c i f i e d  I n  the t e x t .  The load i d e n t i f i e d  on 
the char t ,  however, represents nomi na1 generator loading for  c r u i  se 
condi t l o n s .  

Record pressure a l  t i  tude, outs ide a i r  temperature (OAT), measured gas 
temperature, and percent torque from the cockpi t instruments.  

Enter the char t  a t  the observed OAT, proceed v e r t i c a l l y  t o  i n t e r s e c t  the 
Ind ica ted  MGT, f o l l o w  h o r i z o n t a l l y  to  i n t e r s e c t  pressure a l t i t u d e ,  and then 
drop v e r t i c a l l y  t o  read the minlmum torque which should be ava i lab le .  

I f  the torque I n d i c a t i o n  from the cockp i t  instrument i s  greater  than or 
equal to the torque read from the char t ,  the engine equals or exceeds 
minlmum performance spec i f i ca t ion ,  and RFM performance can be achieved. 

I f  the cockp i t  ind ica ted  torque i s  l e s s  than the requ i red  c h a r t  torque, 
engine power i s  l e s s  than minimum s p e c i f i c a t i o n ,  and the performance i n  the 
RFM cannot be achieved. 
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FIGURE A 
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APPENDIX B 

EXAMPLE 2 PROCEDURE (FIGS. B1 AND B2) 

6.1 Perform the NG versus torque check (Fig. 61) as follows: 

6.1.1 

B.1.2 

B , 1 . 3  

6.1 ,4  

B,1.5 

B , 1  ,6 

B,1,7 

Place the aircraft in stabilized multiengine level flight for at least 
3 mín at economical cruising speed at a precise, specified collective 
pitch setting. 

Record torque, MGT, and gas generator speed for each engine, and rotor 
speed, pressure altitude, and outside air temperature. 

For each engine, at the indicated NG ( 1 )  move horizontally t o  the left 
using Fig. B1 t o  intersect the recorded OAT (Z), then move vertically to 
intersect the pressure altitude ( 3 ) .  
pressure altitude intersection (3) into the upper right-hand quadrant of 
the chart. 

Switchoff any customer bleed air devices. 

Project a line horizontally from the 

From the indicated torque value (4) for each engine in turn, move 
horizontally to intersect the relevant NR curve ( 5 ) .  
vertically from the NR curve intersection ( 5 )  into the upper right-hand 
quadrant of the chart. 

Project a line 

Determine the intersection point (6) of the lines coming from the pressure 
altitude point ( 3 )  and from the NR point ( 5 ) .  

If the final intersection point (6) falls within the shaded region, RFM 
performance may not be achieved, and mai ntenance should be performed. 

If the final intersection point (6) falls within the unshaded region, 
adequate power will be produced for RFM performance if the "thermal load 
check," which follows, i s  satisfactory. 

6.2 The NG versus MGT, thermal check load (Fig. 62) i s  performed using the 

6 , 2 . 1  

preliminary Information obtained for the preceding NG versus torque check. 

From the recorded NG ( 1 )  move horizontally t o  the right t o  intersect the 
measured OAT curve ( 2 ) .  

B . 2 , 2  Project a line vertically downward from the OAT curve ( 2 )  into the lower 
half of the chart. 

B,2.3 From the recorded MGT ( 3 ) ,  project a line horizontally t o  the right to the 
Intersection (4) of the vertical line from the OAT curve ( 2 ) .  

B,2.4 IF the intersection point (4) is in the unshaded region o f  Fig. B2, 
adequate power will be produced for RFM performance if the NG versus 
torque check was 1 ikewi se successful. 

B , 2 . 5  If the intersection point (4) falls in the shaded region, RFM performance 
may not be achieved and maintenance should be performed. 
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FIGURE B1 - In-Flight Engine Power Check 
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FIGURE 82 - Engine Thermal Load Check 
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