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1. PURPOSE. This  advisory c i r c u l a r  (AC) prov ides guidel ines f o r  the 
f l i g h t  eval ua t ion  o f  t r anspo r t  category a i rp lanes .  These guide1 ines 
prov ide  an acceptable means o f  demonstrating compliance w i t h  the 1 app l i cab le  a i rwor th iness  requirements. The methods and procedure4 . , .. 
descr ibed here in  have evolved through many years o f  f l i g h t  t e s t i n g  of5 
t r a n s p o r t  category a i rp lanes  and, as such, represent  c u r r e n t  
c e r t i f i c a t i o n  p rac t i ce .  L i ke  a l l  AC mater ia l ,  these guidel ines are not:. 
mandatory and do n o t  c o n s t i t u t e  regu la t ions .  They are der ived  from 
prev ious FAA experience i n  f i n d i n g  compliance w i t h  the a i rwor th iness  ... 
requirements and represent the methods and procedures found t o  be 

I 
acceptable by t h a t  experience. A1 though mandatory terms such as " s h a l l  " 
o r  "must" are used i n  t h i s  AC, because the  AC method o f  compliance i s  n o t  
i t s e l f  mandatory, these terms apply on ly  t o  app l i can ts  who seek t o  
demonstrate compliance by use o f  the s p e c i f i c  method descr ibed by t h i s  

2. BACKGROUND. Order 8110.8. Engineering F l i g h t  Test  Guide f o r  Transpor t  
Category Airplanes, dated 9/26/74, was publ ished f o r  i n t e r n a l  use t o  
descr ibe acceptable means o f  compliance w i t h  the f l i g h t  t e s t  p o r t i o n s  o f  
P a r t  25 o f  the Federal Av ia t ion  Regulations. Th i s  AC, which i s  an update o f  
Order 8110.8 i n  the areas o f  performance and f l y i n g  q u a l i t i e s ,  covers 
Subpart B- -F l igh t .  Th is  ma te r i a l  has simultaneously been removed From Order 
8110.8. As add i t i ona l  sect ions are developed, t h i s  AC and Order 8110.8 w i l l  
be rev ised  accord ingly .  

I 

3. APPLICABILITY. These methods add procedures are promulgated, i n  the 
i n t e r e s t  o f  s tandard izat ion,  f o r  use du r i ng  a l l  . t r anspo r t  category a i rp lane  
f l i g h t  t e s t  c e r t i f i c a t i o n  a c t i v i t i e s .  Th is  mater ia l  i s  n o t  t o  be construed 
as having any l ega l  s ta tus  and m u s t b e  t r e a t e d  accord ingly .  The procedures . 
s e t  f o r t h  here in are one acceptable I means o f  compliance w i t h  appl i c a b l  e  
sect ions o f  P a r t  25. Any a l te rna temeans proposed by the app l i can t  should 
be given due considerat ion.  Appl icants are encouraged t o  use t h e i r  
techn ica l  ingenu i ty  and resourcefulness i n  order  t o  develop more e f f i c i e n t  ' 
and l e s s  c o s t l y  methods o f  achiev ing the bb jec t i ves  o f  P a r t  25. Since these 
methods and procedures are on ly  oneacceptab le  means o f  compliance, 
i n d i v i d u a l s  should be guided by the i n t e n t  o f  the methods prov ided i n  t h i s  
AC. As dev ia t ions  from the methods and procedures descr ibed i n  t h i s  AC may 
occur, FAA c e r t i f i c a t i o n  personnel w i l l  coord inate what the?/ consider t o - b e  .,. s . 

major dev ia t ions  w i t h  t he  Transport  Standards S t a f f  (AFiM-110) o f  the .. .. . 

Transpor t  A i rp lane C e r t i f i c a t i o n  D i rec to ra te .  :f fn, t h e i r  judgement, . . , , , 

however, a  dev ia t ion  i s  considered t o  bp minor; coord ina t ion  w i t h  ANM-110 . . 
. . ~  , 

. - . my;.not be necessary. . . ... 



4. RELATED PUBLICATIONS. C e r t i f i c a t i  n  personnel should be f a m i l i a r  w i t h  1 FAA Drder 8110.4, "Type C e r t i f i c a t i o n ,  and FAA Order 8100.5. " A i r c r a f t  

I C e r t i f i c a t i o n  D i rec tora te  Procedures." I n  t h i s  AC, reference i s  made t o  
o ther  FAA ACs which give guidance on v  I r i o u s  aspects o f  type c e r t i f i c a t i o n  - .  
and supplemental type c e r t i f i c a t i o n .  1 

BROY A. KEITH 
Manager, A i r c r a f t  C e r t i f i c a t i o n  D i v i s i  
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CHAPTER 2 - FLIGHT 

Section 1. GENERAL 

3. PROOF OF COMPLIANCE - § 25.21. 

a. Explanation. 

(1) Sect ion 25.21ta) - Proof o f  CI e (A i rp lane Loading 
Condi t ions) .  

~ m p l  ianc 

( i  ) The burden o f  showing compliance w i t h  the f l i g h t  
requirements f o r  an a i rworth iness c e r t i f i c a t e  o r  a type c e r t i f i c a t e  r e s t s  w i t h  
the app l icant .  The app l icant  should, a t  h i s  own expense and r i s k ,  conduct such 
o f f i c i a l  f l i g h t  t e s t s  as requi red by the  FAA t o  demonstrate compliance w i th  the  
app l icab le  requirements. During the type inspect ion,  the app l icant  should make 
a v a i l a b l e  the a i rp lane,  as we l l  as a l l  o f  t he  personnel and equipment necessary 
t o  ob ta in  and process the requ i red  data. 

I ( i i )  I f  the a i rp lane f l i g h t  character o r  the requ i red  
f l i g h t  data are a f fec ted  by weight and/or c.g., t he  compliance data should be 
presented f o r  the most c r i t i c a l  weight and c.g. cond i t ion .  

( i i i  ) The gross weight and c.g. tolerances spec i f i ed  i n  
paragraphs ( 3 ) ( i i  ) (A)  and (C) are t e s t  tolerances and are n o t  intended t o  a l l o w  
compliance t o  be shown a t  l ess  than c r i t i c a l  cond i t ions .  

( 2 )  Sect ion 25.21(c) - Proof o f  Compliance ( A l t i t u d e  E f f e c t  on F l i g h t  
Charac te r i s t i cs ) .  

( i  ) Any o f  the f l y i n g  q u a l i t i e s ,  i n c l u d i n g  c o n t r o l l a b i l i t y ,  
s t a b i l i t y ,  t r i m ,  and s t a l l  cha rac te r i s t i cs ,  a f fec ted  by a l t i t u d e  should be 
i nves t i ga ted  f o r  the most adverse a l t i t u d e  cond i t ions  approved f o r  operat ions 
and l i m i t e d ,  as appropriate, i n  accordance w i t h  § 25.1527. 

( i i )  Consideration should be given i n  t he  t e s t  program f o r  
aerodynamic con t ro l  system changes w i th  a l t i t u d e  (e.g., con t ro l  throws o r  auto 
s l a t s  which are sometimes i n h i b i t e d  by Mach number a t  a l t i t u d e ) .  

(3 )  Sect ion 25.21(d) - Proof o f  Compliance ( F l i g h t  Tes t  Tolerances). 

( i  ) To a l l ow  f o r  va r i a t i ons  from precise t e s t  values, c e r t a i n  
to lerances dur ing  f l i g h t  t e s t i n g  should be maintained. The purpose o f  these 
tolerances i s  t o  a l low f o r  va r i a t i ons  i n  f l i g h t  t e s t  values from which data are 
acceptable f o r  reduct ion t o  the value desired. They are n o t  intended f o r  t e s t s  
t o  be r o u t i n e l y  scheduled a t  the lower weights, or t o  a l l ow  f o r  compliance t o  be 
shown a t  l e s s  than the  c r i t i c a l  cond i t ion ;  nor  are they t o  be considered as 
a l lowable inaccuracy o f  measurement. As an example, when demonstrating 
s t a b i l i t y  w i t h  a spec i f i ed  t r i m  speed 'of 1.4V~1, the t r i m  speed may be 
1 . 4 V ~ 1  +3 knots o r  3 percent; however, no p o s i t i v e  to lerance i s  permi t ted 
when deii ionstrating the minimum prescr ibed t r i m  speed 1.4Vs1 (Ref. 1 25.161). 
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( i i )  Where va r ia t i on  i n  t e parameter on which a to lerance i s  
al lowed w i l l  have an e f fec t  on the r e s u l t s  of the tes t ,  the r e s u l t s  should be 
cor rec ted  t o  the most c r i t i c a l  value o f  t h a t  parameter w i t h i n  the operat ing 
envelope being approved. I f  such a cor rec t ion  i s  impossible o r  imprac t ica l  
(e.g., performance a t  forward c.g.), the average t e s t  cond i t ions  should assure 
t h a t  the measured c h a r a c t e r i s t i c s  represdnt the actual c r i t i c a l  value. 

I 

(A) Weight extrapol lat ion l i m i t s .  Test data may be 
extrapolated t o  h igher  gross weights than spec i f i ed  below i f  the ava i l ab le  t e s t  
data inc ludes an adequate range of and an appropr iate number o f  po in t s  
a t  t he  maximum t e s t  weight. v e r i f i e s  the pred ic ted  
e f f e c t  o f  weight, then other may apply. Ex t rapo la t ion  1 l i m i t s  are given i n  Figure 3-1 below: 

I 
FIGURE 3-1. WEIGHT XTRAPOLATION LIMITS 

( B )  Wind L im i t s .  ~ b r  takeo f f  and l and ing  tes ts ,  a 
wind v e l o c i t y  l i m i t  o f  10 knots ( from any d i r e c t i o n )  o r  .12Vs1 (whichever i s  
lower)  a t  the he igh t  o f  the MAC w i t h  the 1 i r p l a n e  on the ground has been 
considered the  maximum acceptable. Because o f  l i k e l y  unsteady wind condi t ions,  
i t  i s  general ly  considered t h a t  t akeo f f  and land ing  performance data obtained 
under runway wind cond i t ions  greater than 5 knots are l i k e l y  t o  be i ncons i s ten t  
and un re l i ab le .  I f  performance data are bta ined w i t h  winds greater than 5 
knots, these data should no t  necessar i ly  

(C) C.G. L imi ts .  A t e s t  to lerance o f  +7 percent o f  the 
t o t a l  c.g. range i s  intended t o  a l l ow  som 1 p r a c t i c a l  r e l i e f  Tor i n f l i g h t  

l 
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movement. This  r e l i e f  i s  only acceptable when the t e s t  data general s c a t t e r  i s  
about the l i m i t i n g  c.g. o r  when c.g. co r rec t i on  fron .g. t o  l i m i t  c.g. i s  
acceptable. 

1 t e s t  c  

(Dl Airspeed L im i t s .  Normally, t e s t s  conducted w i t h i n  3 
percent o r  3 knots (whichever i s  the h igher )  o f  the desi red t e s t  speed a r e  
considered acceptable. 

( i i i  ) Because the tolerance values normal ly are n o t  considered i n  
the  a i rp lane design substant ia t ion,  i t  i s  n o t  the purpose o f  these tolerances t o  
a l l ow  f l i g h t s  a t  values i n  excess o f  those authorized i n  the type design. I f  
such f l i g h t s  are t o  be conducted, adequate s t r u c t u r a l  subs tant ia t ion  f o r  the 
f l i g h t  cond i t ions  should be ava i lab le .  These f l i g h t s ,  however, are always 
conducted under c o n t r o l l e d  cond i t ions  and w i t h  the f l i g h t  t e s t  crew's f u l l  
cognizance o f  the s i t ua t i on .  Examples o f  such f l i g h t s  are: 

(A) Takeoff  a t  greater than maximum takeo f f  weight f o r  the  
purpose o f  reaching a t e s t  area a t  the maximum takeo f f  weight. 

(6 )  Landing a t  greater than maximum land ing  weights dur ing  
t h e  course o f  conduct ing takeo f f  tes ts .  

(C l  To obtain data f o r  f u tu re  approvals beyond t h a t  
substant ia ted f o r  the  i n i t i a l  type design. 

( i v l  The fo l l ow ing  l i s t  i nd i ca tes  the cases i n  which co r rec t i ons  
are normal l y  a1 1 owed: 

FIGURE 3-2. TEST PARAMETERS THAT NORMALLY CAN BE CORREC TED - 
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I I i v )  A l l  inst rumentat ion used i n  the f l i g h t  t e s t  program s D 
approp r ia te l y  c a l i b r a t e d  and acceptable t o  the FAA t e s t  team. 

( 4 )  Sect ion 25.21( f )  -  roo/ o f  Compliance (Wind Measurement and 
Correct ions) .  c e  
corresponding wind a t  another height  maj be obtained by the f o l l o w i n g  equation: 

V W ~  = V W ~ ( H ~ / H ~ ) ~ / ~  

Where H = HEICHT A OVE THE RUNWAY SURFACE 
Vw2 = Wind v e l o c i t y  a t  Hp 
V W ~  = Wind v e l o c i t  a t  HI Y 

This  equation i s  presented graph ica l l y  b k low. Values o f  H l ess  than 5 ft. 
should no t  be used i n  t h i s  re la t i onsh ip .  

FIGURE 3-3. W 1 ND PROFILE VARIATION 

70 
I 

d WIND VELO ITY - KNOTS 

(5 )  The f o l l o w i n g  examples are methods of handl ing wind p r o f i l e  
v a r i a t i o n  data. Other methods have a l s o  been found acceptable. 



( 6 )  Wind P r o f i l e  Var ia t ion  f o r  Test  Data. The performance data o f  
a i r ~ l a n e s  should be obtained i n  such a  manner t h a t  the e f f e c t  o f  wind on the  
t e s t  data may be determined. The t e s t  wind v e l o c i t y  should be cor rec ted  from 
the  recorded he igh t  above the  t e s t  surface t o  the he igh t  o f  the a i rp lane  wing 
mean aerodynamic chord. I f  the wind p r o f i l e  v a r i a t i o n  i s  n o t  measured, the 
v a r i a t i o n  may be ca lcu la ted  us ing  the equation i n  paragraph ( 4 )  above. 

Example: Test  Data 

Given : 

o Height o f  mean aerodynamic chord w i t h  
a i rp lane  on surface 

o  Height o f  wind measurement 
o  Measured wind v e l o c i t y  

8  ft. 
6  ft. 

4.8 k t s .  

Results:  

o  Test wind v e l o c i t y  w i t h  a i rp lane 50 ft. above l and ing  surface 
4.8((50 + 81/6)1/7 = 6.6 k t s .  .. . 

o  Test wind v e l o c i t y  w i t h  a i rp lane 35 ft. above takeo f f  s u r f i  
4 . 8 ( f 3 5 + 8 ) / 6 1 1 / 7 =  6.4 - . . -  .. . 

o  Test wind v e l o c i t y  w i t h  a i rp lane on surface 
4.8(8/6)1/7 = 5.0 K ~ S .  

Sce 
k t s .  

( 7 )  Wind P r o f i l e  Var ia t ion  f o r  A i rp lane F l i g h t  Manual (AFM) Data. 
When expanding the  data t o  the AFM condi t ions,  the r e s u l t  should inc lude the  
e f f e c t i v e  v e l o c i t y ,  a t  the a i r p l a n e ' s  wing mean aerodynamic chord, which 
corresponds t o  the  wind cond i t ion  as measured a t  10 meters (32.81 f t . )  above t h e  
takeo f f  surface, and corrected f o r  wind f a c t o r s  o f  § 25.105(d)( l ) .  

I Example: Ai rp lane F l i g h t  Manual Data 

Given : 

o Height o f  mean aerodynamic chord w i t h  
a i rp lane on surface 

o  Reported head wind a t  10 meters 
o  Sect ion 25.105(d)( l )  wind f a c t o r  

Resul t s :  

Factore 

Factore 
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8  ft. 
40.0 k t s .  

0.5 

d  wind v e l o c i t y  w i t h  a i rp lane 50 ft. above 1  nd ing  surface 
(0.5)(40)( (50 + 8) /32.8111/~ = 21.7 k t s .  

,d wind v e l o c i t y  w i t h  a i rp lane 35 ft. above t k e o f f  surface 
(0 .5) (40) ( (35  + 8)/32.81)1/9 = 20.8 k t s .  

sd wind v e l o c i t y  w i t h  a i rp lane on surface 
(0.5)(40)(8/32.a i ) l /7  = 16.3 k t s .  



( 8 )  Airp lane Airspeed v a r i a t i o h  Due t o  Wind P r o f i l e  Var ia t ion  With 
Simultaneous Speed Changes Due t o  Ai rp lahe Dynamic Performance. I n  the 
reduct ion of t e s t  data and i n  the expansion o f  such data t o  AFM condi t ions.  the 

- . -  
increase o r  decrease o f  speed due t o  the dynamic e f f e c t  of the forces on t i e  
a i rp lane are manifested by only the chanbe i n  ground speed. These changes i n  
speed (zero wind speed changes) may be generalized e i t h e r  as speed increments o r  
speed r a t i o s .  The changes i n  airspeed due t o  wind p r o f i l e  are superimposed on 
these speed changes. 

Example: Takeoff  Test Data I 
Given : 

- 
o True airspeed a t  l i f t o f f ,  VLOF 144 k t s .  
o True airspeed a t  35 ft. above tak 147 k t s .  
o Test  wind a t  l i f t o f f  5.0 k t s .  
o Test  wind w i t h  a i rp lane 35 ft. ab surface 6.4 k t s .  

Results:  i 
o Speed change due t o  a i rp lane dynaihic performance, zero wind speeo warlye 

( V 3 5 - v ~ o ~ )  = ( 147-6.4)-( 144-5.0) , 1.6 k t s .  
I 

Example: Takeoff--Airplane F l i g h t  Manua i Data 
I 

Given : - 

Results:  

o Factored wind a t  l i f t o f f  
o Factored wind w i t h  a i rp lane 35 f t ,  

surface 
0 Zero wind speed change. (V35-VLOF 
o Zero wind speed change, (VLO~-VR) 
o True airspeed requi red a t  35 ft. 

o Ground speed requi red a t  35 ft. 
o Ground speed a t  l i f t o f f  
o True airspeed a t  l i f t o f f  
o Ground speed a t  r o t a t i o n  
o True airspeed a t  r o t a t i o n  

( f o r  distance ca l cu la t i ons )  
o Ai rp lane f l i g h t  manual r o t a t i o n  

speed, t r u e  airspeed 

16.3 k t s .  
above takeo f f  

20.8 k t s .  
1.6 k t s .  
0.5 k t s .  
150 k t s .  

150-20.8 = 129.2 k t s .  
129.2-1.6 = 127.6 k t s .  
127.6t16.3 = 143.9 k t s .  

Note: The ind ica ted  a i rspeed a t  ro ta t io r /  (VR) given i n  the AFM should be 
pred ica ted  on the  requ i red  speed a t  35 ft. minus t h e  zero wind speed change, n o t  
i n c l u d i n g  the airspeed change due t o  wind p r o f i l e .  The proper r o t a t i o n  speed, 
assuming the a i rp lane w i l l  gain 4.5 knots due t o  wind p r o f i l e ,  i s  143.4 knots. 
However, i f  t h i s  airspeed increase does no t  mater ia l i ze ,  the a i rp lane w i l l  be 
slow by 4.5 knots a t  35 ft. It i s  there fore  more des i rab le  t o  a l l ow  the 
a i rp lane  t o  a t t a i n  t h i s  4.5 knots on the 1 ground. Any reduct ion i n  f i e l d  l eng th  
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margin o f  safety by t h i s  increase i n  VR i s  adequately compensated f o r  by the 50 
percent  wind fac to r .  Th is  a l so  e l im ina tes  a requirement t o  ad jus t  VR f o r  wind. 
However, i n  c a l c u l a t i n g  the AFM f i e l d  lengths,  the airspeed a t t a i n e d  due t o  wind 
p r o f i l e  may be included. 

Example: Landing--Airplane F l i g h t  Manual Data 

Given : 

o Factored wind w i t h  a i rp lane 50 ft. 
above land ing  surface 21.7 k t s .  

o  Factored wind w i t h  a i rp lane on l and ing  surface 20.8 k t s .  
o  Zero wind speed change f o r  50 ft. t o  touchdown 

( V50-VTD) 
o True airspeed requ i red  a t  50 ft. 

Results:  

o  Ground speed a t  50 ft. 
o Ground speed a t  touchdown 
o True airspeed a t  touchdown 

4.0 k t s .  
130 

130-21.7 = 108.3 k t s .  
108.3-4.0 = 104.3 k t s .  
104.3+20.8 = 125.1 k t s .  

(9 )  Expansion o f  Takeoff  Data f o r  a Range o f  A i r p o r t  E levat ions.  

( i )  These guidel ines are appl icable t o  expanding takeo f f  data 
above the  a l t i t u d e  a t  which the basic o r  v e r i f y i n g  t e s t s  were obtained. 

( i i )  I n  general, t akeo f f  data may be extrapolated above and below 
the  a l t i t u d e  a t  which the  basic t e s t  data was obtained w i thout  add i t i ona l  
conservatism w i t h i n  the f o l l o w i n g  cons t ra in ts .  

( i i i )  When the basic t akeo f f  t e s t s  are accomplished between sea 
l e v e l  and approximately 3,000 ft., the  maximum al lowable ex t rapo la t i on  l i m i t s  
a re  6,000 ft. above and 3,000 'ft. below the t e s t  f i e l d  e leva t ion .  I f  it i s  
des i red  t o  ex t rapo la te  beyond these l i m i t s ,  one o f  two procedures may be 
empl oyed . 

(A) Ex t rapo la t ion  o f  Performance Data f o r  a Range o f  
A l t i t u d e s  When V e r i f y i n g  Tests are Not Conducted. The approval o f  performance 
data f o r  a i r p o r t  e leva t ions  beyond the maximum e levat ion  permi t ted by bas ic  
t e s t s  may be al lowed w i thout  conduct ing v e r i f y i n g  t e s t s  i f  the  ca l cu la ted  data 
inc lude a conservat ive fac to r .  This  conservatism should r e s u l t  i n  an increase 
o f  t h e  ca l cu la ted  takeo f f  distance a t  the desi red a i r p o r t  e leva t ions  by an 
amount equal t o  zero percent f o r  the highest a i r p o r t  e leva t ion  approved on the 
r e s u l t s  o f  the  basic t e s t s  and an add i t i ona l  cumulat ive 2 percent incremental 
f a c t o r  f o r  each 1,000 ft. o f  e leva t ion  above the h ighest  a i r p o r t  e leva t ion  
approved f o r  zero percent conservatism. The 2 percent incremental f a c t o r  should 
have a s t r a i g h t  l i n e  va r ia t i on  w i t h  a l t i t u d e .  When performance data are 
ca l cu la ted  f o r  the  e f f e c t s  o f  a l t i t u d e  under t h i s  procedure, the  f o l l o w i n g  
prov is ions  are appl icable:  I- 
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(1 )  Previously  e  1 tab l i shed ca l cu la t i on  p r ~  
; should be used , tak ing  i T t o  account a l l  lknown variables. 

I 

I '  ( 2 )  The c a l i b r a t e d  i n s t a l l e d  engine power r o r  rne 
p e r t i n e n t  speed and a l t i r u d e  ranges should be used. 

ocedures 

z.. LL. 

I (3) The brake k i  e t i c  energy l i m i t s  establ ished by 
1 a i rp lane ground t e s t s  should no t  be exce d ded. 

(8) Ext rapo la t ion  of derformance Data When V e r i f y i n g  Tests 
Are Conducted. 

( 1 )  I f  data appr va l  i s  desired f o r  a  greater range o f  
a i r p o r t  e levat ions,  the performance may e  ca l cu la ted  from the basic t e s t  data 
up t o  the maximum a i r p o r t  e levat ion,  provided v e r i f y i n g  t e s t s  are conducted a t  
appropr iate e leva t ions  t o  substant ia te thk  v a l i d i t y  o f  the ca lcu la t ions .  The 
actual  a i rp lane performance data from the, v e r i f y i n g  t e s t s  should correspond 
c lose l y  t o  the ca lcu la ted  performance values. 

( 2 )  For the v e r i f b i n g  tes ts ,  i t  has been found t h a t  . 
normal ly  th ree  takeof fs  zt maximum weights f o r  the e levat ions  tes ted  w i l l  
provide adequate v e r i f i c a t i o n .  

( 3 )  I f  v e r i f y f n g  kests substant ia te the expanded takeo f f  
data, the data may be fuFther  expanded up t o  6,000 ft. above the a l t i t u d e  a t  
which the v e r i f y i n g  tes ts  were conducted. A t  a l t i t u d e s  higher than 6,000 ft. B above the v e r i f y i n g  t e s t  a l t i t u d e ,  the 2  ercent  per  1,000 ft. cumulative f a c t o r  
discussed i n  para. (A) above should be ap l i e d  s t a r t i n g  a t  zero percent a t  the 
v e r i f y i n g  t e s t  a l t i t u d e  p lus  6,000 f t .  

(10) Expansion o f  Landing Data f 1 r a  Range o f  A i r p o r t  Elevat ions. 

1 ( i )  For t u rb ine  powered aii-planes w i thout  p rope l le rs ,  the land ing  

1 d istance data may be extrapolated t o  more than 6,000 ft. above the t e s t  a l t i t u d e  
w i thout  the penal ty  described i n  paragrap A ( 9 )  above, provided the t rue  a i r s ~ e e d  

1 e f f e c t  on the distance i s  accounted f o r .  ! 
! 

( i  i ) For turbopropel l e r  and rec ip roca t i ng  engine-p~ 
a i rp lanes,  the extrapolated performance should include the conservanve r a c r u r  
described i n  paragraph ( 9 )  above. This mdy n o t  be necessary i f  i ! 
t h a t  the e f f e c t s  o f  a l t i t u d e  on the landing performance, as a f fec  
p rope l l e r  drao. are known from data ava i ldb le  f o r  the a i rp lane conr isurdc i  

b. Proc - edures. 

owered 
...A 2... d 

t can be 
ted by 
.c2 A 

shown 

on. 

( 1 )  Ine procedures are discussed i n  each o f  the f o l l o w i ~ t y  pdroyr  
o f  t h i s  AC: I 

10. Takeoff and Takeoff  deeds 
11. Accel erate-Stop Distadce 
12. Takeoff Path 

-. 13. Takeoff Distance and dakeoff  Run 
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( 2 )  Performance Data f o r  Mu1 t i p l e  F lap o r  Add i t iona l  F lap  Pos i t ions .  
I f  approval o f  performance data i s  requested f o r  f l a p  se t t i ngs  a t  which no t e s t  
data i s  ava i lab le ,  the data may be obtained from i n t e r p o l a t i o n  o f  f l i g h t  data 
obtained a t  no l ess  than four  f l a p  se t t i ngs  which are w i t h i n  a  constant. 
con f i gu ra t i on  o f  other  l i f t  devices. I f  the span o f  f l a p  se t t i ngs  i s  small and 
prev ious ly  obtained data provides s u f f i c i e n t  confidence (i .e., the shape o f  t he  
curves are known and l end  themselves t o  accurate i n t e r p o l a t i o n ) ,  data from three 
f l a p  se t t i ngs  may be acceptable. 

( 3 )  F l i g h t  Charac te r i s t i cs  f o r  Abnormal Conf igurat ions (Ref. 
1 25.671(c)). 

( i )  For purposes o f  t h i s  AC, an abnormal con f i gu ra t i on  i s  an 
operat ional  conf igura t ion  t h a t  r e s u l t s  from a  s ing le  probable f a i l u r e  o r  
probable combination o f  f a i  1  ures. 

( i i  ) F l i g h t  c h a r a c t e r i s t i c s  f o r  abnormal con f i gu ra t i ons  may be 
determined by t e s t  o r  ana lys is  t o  assure t h a t  t he  a i rp lane i s  capable o f  
cont inued safe f l i g h t  and landing. F l i g h t  tes ts ,  i f  required, should be 
conducted a t  t he  c r i t i c a l  cond i t ions  o f  a l t i t u d e ,  weight, c.g., and engine 
t h r u s t  associated w i t h  the conf igura t ion ,  and a t  the most c r i t i c a l  airspeed 
between s t a l l  warning and the maximum opera t ing  airspeed as l i m i t e d  f o r  the 
conf igura t ion .  

4.-7. [RESERVED] 

8. PROPELLER SPEED AND PITCH LIMITS - § 25.33. 

a. Explanat ion. None. 

b. Procedures. The tachometers and the airspeed i n d i c a t i n g  system o f  the 
t e s t  a i rp lane  must have been c a l i b r a t e d  i n  the l a s t  s i x  months. With those 
cond i t ions  s a t i s f i e d ,  the f o l l o w i n g  should be accomplished: 

(1 )  Determine t h a t  the p r o p e l l e r  speeds and p i t c h  se t t i ngs  are safe 
and s a t i s f a c t o r y  dur ing  a l l  t e s t s  t h a t  are conducted i n  the f l i g h t  t e s t  program 
w i t h i n  the c e r t i f i c a t i o n  1  i m i t s  o f  the a i rp lane,  engine, and prope l le r .  This  
inc ludes e s t a b l i s h i n g  acceptable low p i t c h '  ( f l i g h t  i d l e )  blade angles on 
turbopropel l e r  a i rp lanes and v e r i f y i n g  t h a t  p rope l l e r  conf igura t ions  are 
s a t i s f a c t o r y  a t  VMO/MMO t o  prevent p rope l l e r  overspeed. 

( 2 )  Determine t h a t  the p r o p e l l e r  speeds and p i t c h  se t t i ngs  are safe 
and s a t i s f a c t o r y  du r ing  a l l  t e s t s  t h a t  are conducted t o  s a t i s f y  the performance 
requirements. 

(3 )  With the p r o p e l l e r  governors operat ive and the p r o p e l l e r  c o n t r o l s  
i n  f u l l  h igh  r.p.m. pos i t i on ,  determine t h a t  the maximum takeo f f  power s e t t i n g s  
do n o t  exceed the ra ted  t a k e o f f  r.p.m. o f  each engine dur ing  takeo f f  and c l imb 
a t  the best  rate-of -c l imb speed. 

(4 )  With the p r o p e l l e r  governors made inopera t ive  by mechanical means, 
maximum power, no-wind s t a t i c  r.p.m.'s must be determined. On r e c i p r o c a t i n g  
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engines w i t h  the  p rope l l e r  governors ope a t i n g  on the low p i t c h  stop, the engine 
speeds must n o t  exceed 103 percent o f  thle maximum al lowable t a k e o f f  r.p.m. On 
tu rboprope l le r  engines, the engine speeds must n o t  exceed the maximum engine 
speeds al lowed by engine and p r o p e l l e r  type designs. Note which systems were 
d isabled and how the disablement was done. I f  maximum takeo f f  power torque o r  
sea l e v e l  standard cond i t ions  cannot be obtained on the t e s t  day, the data must 
be corrected t o  these cond i t ions  by an acceptable means. A no-wind cond i t ion  i s  
considered t o  be a wind o f  5 knots o r  leks. The s t a t i c  r.p.m. should be the  
average obtained w i t h  a d i r e c t  crosswind from the l e f t  and a d i r e c t  crosswind 
frm the r i g h t .  

I 
(5 )  I f  the  above determinat ion 1 are  sa t i s fac to ry ,  the low-pi tch stop 

' s e t t i n g  and a l s o  the  h igh-p i tch  stop s e t t i n g  must be measured. These data may 
have been obtained from the p rope l l e r  manufacturer and may be used provided the 
p i t c h  stops have n o t  been changed since the  manufacturer de l i ve red  the  

I p rope l l e r .  I f  measured, the  blade s t a t i d n  should be recorded. These blade 
angles must be inc luded i n  the Type Cer t  f i c a t e  Data Sheet. 

I 1 
I 

- 

I 

I 

I 
1 
6 0  ( t h r u  200) 
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Section 2. PERFORMANCE 

9. [RESERVED] 

10. TAKEOFF AND TAKEOFF SPEEDS - §§ 25.105 AND 25.107 (PART 25 AS 1 - 
THROUGH AMENDMENT 25-42]. 

a. Explanation. The primary ob jec t ive  o f  the takeo f f  t es t s  requ i red  by 
§ 25.107 i s  t o  determine the takeof f  speed schedule f o r  a l l  takeof f  
conf igura t ions  a t  a1 1  weight, a1 t i t u d e ,  and temperature cond i t ions  w i t h i n  the 
operat ional  l i m i t s  se lected by the app l icant .  The prov is ions  o f  § 25.105 are  
s e l f  ev ident  and are  n o t  repeated o r  ampl i f ied  i n  t h i s  discussion. 

b. Procedures. Although the fo l l ow ing  speed d e f i n i t i o n s  are given i n  
terms o f  c a l i b r a t e d  airspeed, the Ai rp lane F l i g h t  Manual ( A M )  presentat ions 
sha l l  be given i n  terms o f  ind ica ted  airspeed. 

( 1 )  s 
f a i l u r e  soeed 7 

25.107(a)(1) - Engine F a i l u r e  Speed ( V F ~ ) .  The engine 
d e f i n e d i c h  the 

c r i t i c a l  engine i s  assumed t o  f a i l  and must be selected by the appl icant .  
VEF cannot be l ess  than the  ground minimum con t ro l  speed (VMCG) as 
described i n  §§ 25.149(e) and 25.107(a)( l ) .  

(2) Section 25.107(a)(2) - Takeoff Decision Speed ( V l ) .  The t a k e o f f  
decis ion speed ( V 1 )  may n o t  be l ess  than VEF p lus  the speed gained w i t h  
the  c r i t i c a l  engine inoperat ive dur ing  the-time i n t e r v a l  between VEF and the 
i n s t a n t  a t  which the p i l o t  recognizes the engine f a i l u r e .  This  i s  ind ica ted  by 
p i l o t  app l i ca t i on  o f  the f i r s t  decelerat ing device such as brakes, t h r o t t l e s ,  
spo i l e rs ,  e tc .  du r ing  accelerate-stop tes ts ,  o r  by the f i r s t  con t ro l  i n p u t  
du r ing  VM G t es t i ng .  The app l icant  may choose the sequence o f  events. Refer 
t o  § 25.1 $ 9  f o r  a  more complete descr ip t ion  o f  RTO t r a n s i t i o n  procedures and 
associated time delays. I f  it becomes evident  i n  expansion o f  t akeo f f  data f o r  
the  AFM t h a t  excessive v a r i a t i o n  i n  V 1  ex is ts ,  r e s u l t i n g  from the many 
performance var iables involved ( v a r i a t i o n s  o f  +1.5 knots o r  + I00  f t .  have 
been acceptable), then measures must be taken To ensure that-scheduled 
performance va r ia t i ons  are n o t  excessive. Examples o f  such measures are small 
f i e l d  length  fac tors ,  o r  increments, and m u l t i p l e  web char ts  
(accelerate-go/stop, V ~ / V R )  f o r  a  p a r t i c u l a r  conf igura t ion .  

( 3 )  Section 25.107(b) - Minimum Takeoff Safety Speed (V7MrN). 

( i  ) V~MIN, i n  terms o f  c a l i b r a t e d  airspeed, cannot be l ess  than: 

(A) 1.1 times the YMCA def ined i n  § 25.149. 

( 8 )  1.2 t imes VS f o r  two-engine and three-engine 
tu rboprope l le r  and rec ip roca t i ng  engine-powered a i rp lanes  and f o r  a1 1  t u r b o j e t  
a i rp lanes  t h a t  do no t  have prov is ions  f o r  ob ta in ing  s i g n i f i c a n t  reduct ion i n  t h e  
one-engine inopera t ive  power-on s t a l l i n g  speed ( i .e. ,  boundary l a y e r  c o n t r o l ,  
blown f l aps ,  etc .  1. 
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( i i )  V~MIN may be reduced t o  1.15 times VS f o r  tu rboprope l le r  
and rec ip roca t i ng  engine-powered a i r p l a n  s  w i th  more than three engines, and 

con t ro l  and blown f l aps ,  e tc .  

I 
t u r b o j e t  powered a i rp lanes  w i t h  adequate prov is ions  f o r  ob ta in ing  s i g n i f i c a n t  
power-on s t a l l  speed reduct ion th rough ' t  II e  use o f  such th ings  as boundary l aye r  

I 

ned a f tc  
s  o f  ont 
fan powc 
.- . - A  

reduc t i  
1 the r e  
L , ~ ~  

,d by-thc 
therefo, 
.>  b -  

?r the  1  
2 )  may b  
?red a i r  
- .. . 

een the 
i s  due 

g  speed 
A . ~ ~ ~ &  
same 

( i i  i ) For propel l e r - d r i  vek a i rp lanes,  the d i f fe rence betw 
two margins, based upon the number o f  en ines  i n s t a l l e d  i n  the a i rp lane,  
t o  the f a c t  t h a t  the app l ica t ion  o f  powe o r d i n a r i l y  reduces the s t a l l i n  
appreciably.  I n  the case o f  the two-enalne prope l le r -d r iven a i rp lane,  a r  l eas t  
ha1 f o f  t h i s  on i s  e l im ina te  ? f a i l u r e  o f  an engine. The 
d i f f e rence  i r  qui  red fac to rs  re  provides approximately the 
margin over tne acrual s t a l l i n g  speeo unoer the power cond i t ions  which are 
ob ta i8  oss o f  an engine, no mat ter  what the number o f  engines ( i n  
exces e. Unl ike the propel ler -dr iven a i rp lane,  the t u r b o j e t /  
tu rbo  plane does n o t  show any appreciable d i f fe rence between the 
power-on ana power-off s t a l l i n g  speed. This i s  due t o  the absence o f  the 
p r o p e l l e r  which o r d i n a r i l y  induces a  s l ibst ream w i t h  the apphicat ion o f  power 
causing the wing t o  r e t a i n  i t s  l i f t  t o  a  speed lower than the power-off s t a l l i n ' g  
speed. The app l i can t ' s  se lec t ion  o f  the jtwo speeds spec i f i ed  w i l l  i n f luence the 
nature o f  the t e s t i n g  requi red i n  e s t a b l ~ s h i n g  the takeo f f  f l i g h t  path. 

I i ( 4 )  Section 25.107(c) - Takeof Safety Speed (V7). V2 i s  the 
I c a l i b r a t e d  airspeed t h a t  i s  a t ta ined  a t  o r  before 35 ft. above the takeo f f  
1 surface a f t e r  an engine f a i l u r e  a t  VEF us ing an establ ished r o t a t i o n  speed 

(VR). Dur ing the  takeo f f  speeds demonstiation, V2 should be cont inued t o  an 
a l t i t u d e  s u f f i c i e n t  t o  assure s tab le  cond i t ions  beyond 35 ft. V2 cannot be ' l ess  than V~MIN. V2 should be substant ia ted by fue l  cu ts  a t  VEF, when thc 

1 o f  the engine inopera t ive  data have been ldetermined w i t h  I d l e  cuts. 
I 

? bu lk  

(5) Section 25.107(d) - Minimud Unst ick Speed (VMu). 

( i )  An app l icant  should cdmply w i th  5 25.107(d) by conduct ing 
minimum unst ick  speed (VMu) determinat ion t e s t s  w i th  a l l  engines operat ing 
and w i t h  one engine inoperat ive.  During t h i s  demonstration, the takeo f f  should 
be cont inued u n t i l  the a i rp lane i s  out  o  ground e f f e c t .  The a i rp lane p i t c h  
a t t i t u d e  should no t  be decreased a f t e r  1  i ' f t o f f .  I n  1  i e u  o f  conduct ing actual  
one-engine-inoperative VMU tes ts ,  the apdl i c a n t  may conduct a1 1-engines 
operat ing VMU t e s t s  t h a t  simulate and account f o r  a l l  p e r t i n e n t  f ac to rs  t h a t  
would be associated w i t h  an actual  one-engine-inoperative VMU t e s t .  TO 
account f u l l y  f o r  pe r t i nen t  fac tors ,  it may be necessary t o  ad jus t  the r e s u l t i n g  
VMU t e s t  values a n a l y t i c a l l y .  1 

( i i )  The fac tors  t o  be accbunted f o r  must a t  l e a s t  inc lude the  
fo l low ing:  

( A )  Thrust/weight r b t i o  f o r  one-engine-inoperative range. 
I 

( B )  C o n t r o l l a b i l i t y  (may be r e l a t e d  t o  one-engine- 
i nope ra t i ve  f ree  a i r  tes ts ,  such as VS, V 
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(C l  Increased drag due t o  l a t  
systems i n c l u d i n g  devices such as wing spo i le rs ,  e t  

rect iona 11 con t r  

. . 
I ( D )  Reduced l i f t  due t o  devices sucn as wing spo i l e rs  used 

f o r  l a t e r a l  con t ro l ,  e tc .  

(E ) Adverse e f f e c t s  o f  any other  systems or  devices on 
con t ro l ,  drag, and/or l i f t .  

( i i i )  The number o f  VMU t e s t s  requi red may be minimized by 
t e s t i n g  only  the  c r i t i c a l  a l l -engine and one-engine-inoperative th rus t /we igh t  
r a t i o s  provided t h a t  the VMU speeds determined a t  these c r i t i c a l  cond i t ions  
are  used f o r  the range o f  thrust /weights appropr iate t o  the a l l -engines and 
one-engine-inoperative conf igura t ion .  The c r i t i c a l  th rus t /we igh t  i s  establ ished 
by c o r r e c t i n g  t o  the  VMU speed, the t h r u s t  t h a t  r e s u l t s  i n  the a i rp lane 
achiev ing i t s  l i m i t i n g  engine-out c l imb gradient a t  the normal ly scheduled speed 
and i n  the appropriate eon f i  gurat ion . 

( i v )  Amendment 25-42, e f f e c t i v e  March 1, 1978, rev ised 
§§ 25.107(d) and 25.107(e ) ( i v )  i n  order t o  permi t  one-engine-inoperative VMU t o  
be determined by a l l -engine t e s t s  a t  the thrust /weight  r a t i o  corresponding t o  
the  one-engine-inoperative condi t ion.  As revised, 5 25.107(d) spec i f i es  t h a t  
VMU must be selected f o r  the range o f  thrust /weight  r a t i o s  t o  be c e r t i f i c a t e d  
r a t h e r  than f o r  the  a l l -engines opera t ing  and one-engine-inoperative condi t ions,  
as was prev ious ly  required. I n  determining the a l l -engines th rus t /we igh t  r a t i o  
corresponding t o  the one-en g ine- inoperat i  ve condi t ion,  considerat ion should be 
given t o  t r i m  and con t ro l  drag d i f fe rences between the two conf igura t ions  i n  
add i t i on  t o  the  e f f e c t  o f  the  number o f  engines operat ing. The minimum t h r u s t /  
weight t o  be c e r t i f i c a t e d  i s  establ ished by c o r r e c t i n g  t o  the VMU speed, the 
t h r u s t  t h a t  r e s u l t s  i n  the a i rp lane achiev ing i t s  l i m i t i n g  engine-out c l imb 
gradient  i n  the appropr iate conf igura t ion  and a t  the normal ly scheduled speed. 

( v )  To conduct the VMU t e s t s ,  r o t a t e  the a i rp lane as necessary t o  
achieve the  VMU a t t i t u d e .  It i s  acceptable t o  use some add i t i ona l  nose-up t r i m  
over the normal t r i m  s e t t i n g  dur ing  VMU demonstrations. VMU i s  the speed a t  
which the weight o f  the  a i rp lane i s  completely supported by aerodynamic l i f t  and 
t h r u s t  forces. Some judgment may be necessary on a i rp lanes t h a t  have t i l t i n g  
main land ing  gear bogies. I n  some cases, f u l l  oleo extension has been permi t ted  
as the i d e n t i f i c a t i o n  p o i n t  f o r  VMU speed. A f t e r  l i f t o f f  the a i rp lane should be 
flown a t  l e a s t  out-of-ground e f f e c t .  The a i rp lane should demonstrate adequate 
c o n t r o l l a b i l i t y  and l i g h t  b u f f e t  may be considered acceptable. 

( v i )  VMU Test ing f o r  Airplanes Having L imi ted  P i t c t  
Au tho r i t y  . r o l  

(A) For some ai rp lanes w i t h  l i m i t e d  p i t c h  con t ro l  
au tho r i t y ,  i t  may n o t  be possib le a t  forward c.g. and normal t r i m  t o  r o t a t e  the  
a i rp lane t o  a l i f t o f f  a t t i t u d e  where the a i rp lane cou ld  otherwise perform a 
clean flyaway a t  a minimum speed had the requ i red  a t t i t u d e  been achieved. Th i s  
may occur only  over a po r t i on  o f  the takeo f f  weight range i n  some conf igura t ions .  
When l i m i t e d  p i t c h  c o n t r o l  a u t h o r i t y  i s  c l e a r l y  shown t o  be the case, VMU t e s t  
cond i t ions  may be modi f ied t o  a l low t e s t i n g  a f t  o f  the forward c.g. l i m i t  and/or 
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w i t h  use o f  more a i rp lane nose-up t r i m  han normal. The VMU data determined 
w i t h  t h i s  procedure should be corrected t o  those values representat ive o f  the  
appropr iate forward l i m i t ;  the v a r i a t i o  o f  VMU w i t h  c.g. may be assumed t o  be 
l i k e  the  v a r i a t i o n  o f  f r e e  a i r  s ta l l i ng l speed  w i t h  c.g. Although the  
development o f  scheduled takeo f f  speeds may proceed from these corrected VMU 
data, two add i t i ona l  sets o f  t e s t s  are dequired t o  check t h a t  the  re laxed VMU 
c r i t e r i a  have n o t  neglected problems t h a t  might a r i s e  from operat ional 
v a r i a t i o n s  i n  r o t a t i n g  a i rp lanes  w i t h  l i m i t e d  p i t c h  cont ro l  au tho r i t y .  

( B )  I n  each o f  the fo l l ow ing  assurance tes ts ,  the a i rp lane 
must demonstrate safe f lyaway 

( 1 )  Minimum sbeed l i f t o f f  w i l l  be demonstratec 
c r i t i c a l  forward c.g. l im i t -w i th  normal t r i m .  For a i rp lanes  w i th  a  cutba,, 
forward c. g. a t  heavy weight, two weightyc. g. cond i t ions  should be considered. 
The heavy weight t e s t s  should be conducted a t  maximum s t r u c t u r a l  o r  maximum sea 
l eve l  c l imb- l im i ted  weight w i t h  the assot ia ted forward c.g. The f u l l  forward 
c.g. t e s t s  should be conducted a t  the highest associated weight. These tes ts  
should be conducted a t  minimum thrust /weight  f o r  both the simulated one-engine- 
i nope ra t i ve  t e s t  (symmetrical reduced thhus t )  and the a1 1  -engines case. 

1 ( 2 )  The t e s t  echnique i s  t o  ho ld  f u l l  nose-up 
1 con t ro l  column as the a i rp lane acce lera t  i s. As p i t c h  a t t i t u d e  i s  achieved t o  
I e s tab l i sh  the minimum l i f t o f f  speed, p i t c h  cont ro l  may be adjusted t o  prevent 

over ro ta t ion ,  b u t  the  l i f t o f f  a t t i t u d e  should be maintained as the a i rp lane 
1 f l i e s  o f f  the ground, and out-of-ground e f f e c t .  
I 

(3) Resu l t ing  ( l i f t o f f  speeds do n o t  a f f e c t  AFM speed 
schedules i f  the  t e s t  prove: successful qnd the r e s u l t i n g  1  i f t o f f  speed i s  a t  

I l e a s t  5  knots below the normal ly scheduled l i f t o f f  speed. Adjustments should be 
; made t o  the  scheduled VR, forward c.g., dtc., i f  necessary, t o  achieve t h i s  

I r e s u l t .  I 
1 (4) This 5 knok minimum spread provides some leeway 
1 f o r  operat ional  va r i a t i ons  such as mis-trlim, c.g. errors,  etc., t h a t  could 

f u r t h e r  l i m i t  the e levator  au tho r i t y .  Thfis reduced minimum spread from t h a t  
I 

spec i f i ed  i n  § 25 .107 (e ) ( l ) ( i v )  r e s u l t s  from the  reduced p r o b a b i l i t y  o f  g e t t i n g  
i n t o  a  high drag cond i t ion  due t o  over ro th t ion .  

I 

I ( v i i  ) VMU Test ing f o r  ~ e o m k t r ~  L imi ted Airplanes. 

(A) For a i rp lanes t h a t  are geometry l im i ted ,  the 1: 
percent o f  VMU requ i red  by P 25.107(e ) (  l ) ( i v )  may be reduced t o  an 
ope ra t i ona l l y  acceptable value o f  108 percent on the basis  t h a t  equivalent  
a i rwor th iness  i s  provided f o r  the geometrj l i m i t e d  a i rp lane.  Furthermore, f o r  
t he  use o f  the 108 percent o f  VMU l i f t o f f l s p e e d ,  safeguards p r o t e c t i n g  the 
geometry l i m i t e d  a i rp lane against  both over ro ta t ion  on the  ground and i n  the  a i r  
are t o  be provided. Also, t o  be def ined as a  geometry l i m i t e d  a i rp lane,  the  
a p p l i c a n t ' s  a i rp lane should be geometry l i m i t e d  t o  the extent  t h a t  a  maximum 
gross weight t akeo f f  w i t h  the t a i l  draggiqg w i l l  r e s u l t  i n  a clean l i f t o f f  and 
fly-away i n  the  a1 1-engines conf igura t ion  1 During such a  takeo f f  f o r  the  
a l l -engines-operat ing conf igura t ion ,  the ;esult ing distance t o  the  35 ft. he igh t  
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must n o t  be greater than 105 percent o f  the normal t akeo f f  d is tance under 
s i m i l a r  weight, a l t i t u d e ,  and temperature cond i t ions  before the  15 percent 
margin i s  added. Las t ly ,  the VMU demonstrated must be sound and repeatable. 

(B) The c r i t e r i a  concerning m s t r a t i  he 
geometry l i m i t e d  proof  t e s t  w i t h  regard t o  capab i l ,  a clean f and 
fly-away are as fo l lows:  

the demc 
i t y  f o r  

(1 )  The a i rp lane 's  p i t c h  a t t i t u d e  from a speed 96 
percent o f  t he  actual  l i f t o f f  speed must be w i th in  5 percent ( i n  degrees) o f  t he  
t a i l  dragging a t t i t u d e  t o  the p o i n t  o f  l i f t o f f .  

( 2 )  During the above speed range (96 t o  100 percent 
o f  t he  actual  l i f t o f f  speedr, t he  a f t  under-surface o f  the a i ro lane  must have 
achieved actual  runway contact .  It has been found t e s t s  f o r  
contac t  t o  e x i s t  approximately 50 percent o f  the t rp lane i s  i n  
t h i s  soeed ranae. 

accept? 
ime that  

~ b l e  \n 
: the a i  

(3 )  Beyond the p o i n t  o f  : t o a h  f 
35 ft. s p i t c F  a t t i t u d e  must n o t  dec ?low tha  2 p o i n t  
o f  l i f r o ~ r ,  o r  rne speed must no t  increase more than lu percent. 

i r p l  ane' 
L , ~ ~  ~ 

l i f t o f l  
rease be 
-~ .,. ~~ 

e i g h t  0, 
t a t  thc 

(4)  The a i rp lane s h a l l  be a t  the c r i t i c a l  
th rus t /we igh t  cond i t ion ,  as-defined i n  § 25.107(d), b u t  w i t h  a l l  engines 
operat ing. 

(6)  Sect ion 25.107(e) - Rotat ion Speed (VR). 

( i  ) The r o t a t i o n  speed, (VR) i n  terms o f  c a l i b r a t e d  airspeed,must 
be selected by the appl icant .  VR has a number o f  cons t ra in t s  t h a t  must be 
observed i n  order t o  comply w i th  § 25.107(e): 

I (A) VR may n o t  be l ess  than V1; however, i t can be equal 
t o  V 1  i n  some cases. 

(B) VR may n o t  be l ess  than 105 percent o f  the a i r  
minimum con t ro l  speed (VMCA). 

(C) VR must be a speed t h a t  w i l l  a l l ow  the a i rp lane  t o  
reach V2 a t  o r  before reaching 35 ft. above the takeo f f  surface. 

(D )  VR must be a speed t h a t  w i l l  r e s u l t  i n  l i f t o f f  a t  a 
speed n o t  l e s s  than 110 percent o f  VMU (unless geometry 1 im i ted )  f o r  the 
a l l -eng ine  operat ing cond i t ion  and n o t  l ess  than 105 percent o f  the VMU 
determined a t  t he  th rus t /we igh t  r a t i o  corresponding t o  the  one-engine- 
inopera t ive  cond i t ion  f o r  each set  o f  cond i t ions  such as weight, a l t i t u d e ,  
temperature, and conf igura t ion .  

( i i )  Ea r l y  ro ta t i on ,  one-engine-inoperative abuse t e s t .  

( A )  I n  showing compliance w i t h  § 25.107(e)(3), some 
guidance r e l a t i v e  t o  the airspeed a t ta ined  a t  t he  35 ft. he igh t  dur ing  the 
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associated f l i g h t  t e s t  t h i s  requirement dea l ing  w i t h  a 
1 r o t a t i o n  speed abuse an e a r l y  r o t a t i o n  (VR-5 knots) ,  i t  i s  
1 i n te rp re ted  t h a t  p i l o t  main the same as normal ly used f o r  an 

engine-out cond i t ion .  With these considerat ions i n  mind, i t  i s  apparent t h a t  
1 t he  airspeed achieved a t  the 35 ft. p o i n t  can be somewhat below the normi 

scheduled Vp speed. However, the amount o f  permiss ib le V2 speed reduct ic t 1 be l i m i t e d  t o  a reasonable amount as deskribed b l o w .  
I 

( 0 )  These t e s t  c r i l e r i a  are app l icab le  t o  a l l  unapproved, 
1 new, basic  model a i rp lanes.  They are  a lko  app l icab le  t o  p rev ious ly  approved 
1 a i rp lanes  when subsequent abuse t e s t i n g  f s warranted. However, f o r  those 

a i rp lanes  where the  c r i t e r i a  here in are  more s t r i ngen t  than t h a t  p rev ious ly  
appl ied, considerat ion w i l l  be given t o  permi t  some l a t i t u d e  i n  the t e s t i n g  

I c r i t e r i a .  
I 

I (C) I n  conduct ing the  f l i g h t  t e s t s  requ i red  by 
I § 25.107(e)(3), t he  t e s t  p i l o t  sha l l  use a normal/natural r o t a t i o n  technique as 
I associated w i t h  the  use o f  scheduled tak 4 o f f  speeds f o r  the a i rp lane being 

tested. I n t e n t i o n a l  t a i l  o r  t a i l  s k i d  contact  i s  n o t  considered acceptable. 
Further,  the airspeed a t ta ined  a t  the 35 ft. he igh t  dur ing t h i s  t e s t  must n o t  be 
l e s s  than the  scheduled V2 value minus 5 knots. These speed l i m i t s  should n o t  

1 be considered o r  u t i l i z e d  as t a r g e t  V2 t &I s t  speeds, bu t  ra the r  are intended t o  
p rov ide  an acceptable range o f  speed depdrture below the scheduled V2 value. 

( D l  I n  t h i s  abuse dest, the engine c u t  should be 
accomplished p r i o r  t o  the VR t e s t  speed (~i .e., scheduled VR-5 knots )  t o  a l l ow  
f o r  engine spin-down, unless t h i s  would be below the VMC i n  which case VMCG 
should govern. The normal one-engine-inoperative takeof f 'd is tance may be 
a n a l y t i c a l l y  adjusted t o  compensate f o r  the e f f e c t  o f  the  e a r l y  engine cu t .  
Fur ther ,  i n  those t e s t s  where the  airspeed achieved a t  the 35 - f t .  he igh t  i s  
s l i g h t l y  l ess  than the V2-5 knots l i m i t i n g  value, i t w i l l  be permissible, i n  
l i e u  o f  reconduct ing the  tes ts ,  t o  a n a l y t i c a l l y  ad jus t  the  t e s t  distance t o  
account f o r  the  excessive speed decrement. 

\ I  (111 Al l -engines operat ins abuse t e s t s .  

(A) Section 25.107(k)(4) s tates t h a t  there  must n o t  be a 
"marked increase" i n  t he  scheduled takeof f  distance when reasonably expected 
serv ice  va r ia t i ons  such as e a r l y  and exceksive r o t a t i o n  and out -o f - t r im 
cond i t i ons  are encountered. Th is  has been i n te rp re ted  as r e q u i r i n g  takeo f f  
t e s t s  w i t h  a l l  engines operat ing w i th :  

I  (1) An abuse o , and 

(21 o u t - o f - t r i d  
scheduled VR speea. 1 

r o t a t i o  

condi ti 

n speed, 

ons bu t  w i t h  r o  t a t i o n  i ~t the 

hould nl 
f i e l d  

Note: The expression "marked increase" i d  the takeo f f  distance i s  def ined as - 
any amount i n  excess o f  1 percent o f  the  dcheduled takeo f f  distance. Thus, the  
abuse t e s t s  s 3 t  r e s u l t  i n  f i e l d  l ed<  e than 101 percent o f  the 
scheduled FAR length. I 
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( B )  For the ea r l y  r o t a t i o n  abuse cond i t ion  w i t h  a l l  
engines opera t ing  and a t  a weight as near as p rac t i cab le  t o  the maximum sea 
l e v e l  t akeo f f  weight, i t  should be shown by t e s t  t h a t  when the a i rp lane i s  
overrotated a t  a speed below the scheduled VR, no "marked increase" i n  the FAR 
f i e l d  l eng th  w i l l  r e s u l t .  For t h i s  demonstration, the a i rp lane should be 
r o t a t e d  a t  a speed 7 percent o r  10 knots, whichever i s  less ,  below the scheduled 
VR. Tests should be conducted a t  a rap id  r o t a t i o n  r a t e  o r  should i nc lude  an 
over ro ta t ion  o f  2 degrees above normal a t t i t u d e  a f t e r  l i f t o f f .  T a i l  s t r i k e s  
dur ing  t h i s  demonstration are acceptable i f  they are minor and do no t  r e s u l t  i n  
unsafe condi t ions.  

(C) For ou t -o f - t r im cond i t ions  w i t h  a l l  engines opera t ing  
and a t  a weight as near as p rac t i cab le  t o  the maximum sea l e v e l  t akeo f f  weight, 
i t  should be shown t h a t  w i th  the a i rp lane mistrimmed, as would reasonably be 
expected i n  service, there w i l l  n o t  be a "marked increase" i n  the FAR f i e l d  
length  when r o t a t i o n  i s  i n i t i a t e d  i n  a normal manner a t  the scheduled VR 
speed. The amount o f  m is t r im  used dur ing  some a i rp lane c e r t i f i c a t i o n  programs 
has been +2 u n i t s  o f  l ong i tud ina l  t r i m ,  w i th in  the takeo f f  t r i m  band, as shown 
on the  coFkp i t  i nd i ca to r .  It i s  permiss ib le t o  accept an ana lys is  i n  l i e u  o f  
actual  t e s t i n g  i f  the analys is  shows t h a t  the ou t -o f - t r im  cond i t i on  would 
present no hazardous f l i g h t  c h a r a c t e r i s t i c s  nor  "marked increase" i n  t he  FAR 
f i e l d  length.  

(7 )  Sect ion 25.107(f) - L i f t o f f  Speed (VIOF). The l i f t o f f  speed 
(VI n ~ )  i s  def ined as the  c a l i b r a t e d  airspeed a t  which the a i rp lane  f i r s t  
becomes a i rborne,  i .e., no contact  w i t h  the runway. This  a l lows comparison o f  
l i f t o f f  speed w i t h  t i r e  l i m i t  speed. VI nF d i f f e r s  from VMII i n  t h a t  
VMU i s  the minimum poss ib le  vLOF speed ?or a given con f i& ra t i on ,  and 
depending upon l and ing  gear design, VMU l i f t o f f  i s  shown t o  be the p o i n t  
where a l l  o f  the a i rp lane weight i s  being supported by a i rp lane l i f t  and 
t h r u s t  forces and n o t  any p o r t i o n  by the land ing  gear. For example. a f t e r  t he  
VMU speec ~ched, a t ruck  tilt actuator may force a f r o n t  o r  re, 
t o  be i n  : w i t h  the  runway even though the f l y o f f  i s  i n  progrl  
o f  l i f t  being greater than weight. 

1 i s  rea 
contact 

. - ? ~  - 

ar wheel 
ess by 

I se t  
r i  r t u e  

11. ACCELERATE-STOP DISTANCE - § 25.109. 

a. Ex lanat ion .  This  sect ion describes t e s t  demonstrations necessary t o  
determine -5-- acce erate-stop distances f o r  a i rp lane performance requ i red  t o  be 
publ ished i n  the Performance Section o f  the FAA approved AFM. (See Par ts  121 
and 135 o f  the FAR. ) 

b. The app l icab le  Federal Av ia t ion  Regulat ions (FAR) are Section 25.109, 
as amended through Amendment 25-42, and the fo l low ing:  

Section 25.101(f) A i rp lane con f i gu ra t i on  and procedures. 

Section 25.101 (h )  P i l o t  r e t a r d i n g  means time delay 
a1 1 owances . 

- - Section 25.105 
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Sections 25.107(a)(1) and (2 )  Defines V1 and VEF speeds. 

Section 25.735 iBrakes. 

I Section 25.1301 kunct ion and i n s t a l l a t i 0 1  

1 Section 25.1309 !Equipment, systems, and i n s r a ~  l a t i o n .  

Sect ion 25.1533 t d d i t i o n a l  operat ing 1 i m i t a t i o n s  - 
aximum takeo f f  weights and minimum 

takeo f f  distances. 

I Sect ion 25.1583(h) 

1 Sect ion 25.1587 

k ~ ~ - a ~ ~ r o v e d  a i rp lane  f l i g h t  manual - 
bperat ing l i m i t a t i o n s .  

1 c  . Procedures. 1 

AA-approved a i rp lane  f l i g h t  man 
erformance informat ion.  

1 (1) The f o l l o w i n g  are appl icab 1 e t o  turbine-powered a i rp lanes  w i r n  
and w i thout  p rope l l e rs .  Accelerate-stop t e s t s  should be determined i n  
accordance w i t h  the prov is ions  o f  t h i s  p 

I I 
( i  ) I n  order t o  es tab l i sh  a representat ive distance t h a t  would 

be requ i red  i n  the event o f  a re jec ted  t k e o f f  a t  o r  below the takeo f f  decis ion 
speed V 1 ,  a  s u f f i c i e n t  number o f  t e s t  runs should be conducted f o r  each 
a i rp lane  con f i gu ra t i on  desi red by the appl icant .  (For in termediate 1 con f igura t ions ,  see paragraph 3 o f  t h i s  AC.) 

1 ( i i )  The procedures ou t l i ded  i n  paragraphs (12) (131, and (14)  
below, as requ i red  by § 25.101(h)(3), apply appropr iate t ime delays f o r  t he  

, execut ion o f  r e t a r d i n g  means re la ted  t o  the accelerate-stop operat ion 
I procedures and f o r  expansion o f  accelerate-stop data t o  be incorporated i n  t he  

FAA-approved AFM. 
I 

( i i i )  The stopping po r t i od  o f  the accelerate-stop t e s t  may n o t  
I u t i l i z e  engine o r  p r o p e l l e r  reverse t h r u i t  unless the t h r u s t  reverser  system i s  

shown t o  be safe, r e l i a b l e ,  and capable o f  g i v ing  repeatable r e s u l t s .  
I 

I Note: H i s t o r i c a l l y ,  reverse t h r u s t  credi l t  has no t  been u t i l i z e d  f o r  
c e r t i f i c a t e d  performance since contaminaded runway brak ing  performance has no t  
been requi red i n  the c e r t i f i c a t i o n  process. 

( 2 )  Accelerate-stop runs a t  d id fe ren t  a i r p o r t  e leva t ions  can be ' s imulated a t  one a i r p o r t  e leva t ion  provided the brak ing speeds employed inc lude 
the e n t i r e  energy range t h a t  must be abso~rbed by the brakes. I n  schedul ing the 
data f o r  the AFM, the brake energy assumed sha l l  n o t  exceed the  maximum 
demonstrated i n  these tes ts .  I 
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(3 )  The brak ing  speeds re fe r red  t o  herein are scheduled t e s t  speeds 
and need n o t  correspond t o  the values t o  be scheduled i n  the AFM since i t  i s  
necessary t o  increase o r  decrease the brak ing  speed t o  simulate the energy range 
and weight envelope. 

(4 )  Unless s u f f i c i e n t  data are ava i l ab le  f o r  the a i rp lane model t o  
account f o r  v a f t ,  k i n e t i c  enerw.  l i f t .  
drag, ground speed, torque l im i t , . e t c . ,  a t  l e a s t  two t e s t  runs are necessary f o r  
each conf igura t ion  when m u l t i p l e  aerodynamic conf igura t ions  are being shorn t o  
have the same brak ing  c o e f f i c i e n t  o f  f r i c t i o n .  A t o t a l  o f  a t  l e a s t  s i x  t e s t  
runs are required. These runs should be made w i t h  the a i rp lane  weight and 
k i n e t i c  energy vary ing  throughout the range f o r  which t a k e o f f  data are scheduled. 
These t e s t s  are conducted on hard surfaced, d ry  runways. 

(5 )  For an a l t e r n a t e  approval w i t h  a n t i s k i d  inopera t ive ,  nose wheel 
brakes o r  one main wheel brake inoperat ive,  autobraking systems, etc.. a  f u l l  
s e t  o f  t es t s ,  as i n  paragraph ( 4 )  above, should normal lv be conducted. A l esse r  
number o f  t e s t s  may be accepted f o r  "equal o r  b e t t e ~  s t r a t i o  I 
e s t a b l i s h  small increments, o r  i f  adequate conserva. used du st ing.  

0' dimon 
t ism i s  

ns o r  t c  
r i n g  te! 

(6 )  The maximum energy accelerate-stop demonsrracion shou~a  De 
conducted a t  n o t  l e s s  than maximum takeo f f  weight and should be preceded by a  
3-mile t a x i ,  i n c l u d i n g  three f u l l  stops us ing normal b rak ing  and a l l  engines 
operat ing. Fo l lowing the stop a t  t he  maximum k i n e t i c  energy l e v e l  - demonstration, i t w i l l  no t  be necessary f o r  the a i rp lane  t o  demonstrate i t s  
a b i l i t y  t o  t a x i .  The maximum k i n e t i c  a i rp lane energy a t  which performance data 
are scheduled should no t  exceed the value f o r  which a  s a t i s f a c t o r y  a f t e r s t o p  
cond i t ion  e x i s t s  o r  the value documented under Technical Standard Order TSO C26b 
o r  C26c, whichever value i s  less.  This cond i t ion  i s  def ined as one i n  which 
f i r e s  are conf ined t o  t i r e s ,  wheels, and brakes and which would n o t  r e s u l t  i n  
progressive engulfment o f  the remaining a i rp lane dur ing  the time o f  passengers 
and crew evacuation. The app l i ca t i on  o f  f i r e  f i g h t i n g  means o r  a r t i f i c i a l  
.coolants should no t  be requi red f o r  a  per iod o f  5  minutes f o l l o w i n g  the stop. 

( 7 )  I n  t he  event the app l icant  proposes t o  conduct the maximum energy 
RTO demonstration from a  landing, a  s a t i s f a c t o r y  accounting o f  t he  brake and 
t i r e  temperatures t h a t  would ha ie  been generateh dur ing  t a x i  and accelerat ion,  
requ i red  by paragraph (6) ,  must be made. 

( 8 )  E i t h e r  ground o r  a i rborne inst rumentat ion should inc lude means t o  
determine the ho r i zon ta l  distance-t ime h i s to ry .  

(9)  The wind speed and d i r e c t i o n  r e l a t i v e  t o  the a c t i v e  runway should 
be determined and corrected t o  a  he igh t  corresponding t o  the approximate he igh t  
o f  the mean aerodynamic chord. (See paragraph 3  o f  t h i s  AC. ) 

(10) The accelerate-stop t e s t s  should be conducted i n  the f o l l o w i n g  
conf igura t ions :  

( i  1 Heavy t o  l i g h t  weight as required. 

( i i )  Most c r i t i c a l  c.g. pos i t i on .  
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I I ( H i  1 Y ing f l a p s  i n  t h e \  t a k e o f f  p o s i t i o n ( s l .  

( i v )  T i r e  pressure:  be o r e  t a x i  and w i t h  c o l d  t i r e s ,  s e t  t o  t h e  
h i g h e s t  va lue a p p r o p r i a t e  f o r  t h e  takeo  f weight  f o r  which approva l  i s  b e i n g  
sought. 

I 

I ( v )  Engine i d l e  t h r u s t :  s e t  a t  a p p l i c a n t ' s  recommended upper 
I l i m i t  o r  t h e  e f f e c t  o f  maximum i d l e  t h r  s t  may be accounted f o r  i r  

analyses.  
i I 

1 

I (11 )  Engine t h r u s t  should  be dppropr ia te  t o  each segment o f  the 
r e j e c t e d  t a k e o f f  and account f o r  t h r u s t  decay t imes.  A t  t h e  s e l e c t e d  speed 
t h a t  corresponds t o  t h e  r e q u i r e d  energy,  the a i r p l a n e  i s  b rough t  t o  a  s top 

I employ ing t h e  acceptab le  b r a k i n g  means. 1 
I 

( i  ) F o r  t u r b i n e  powered b i r p l a n e s  w i t h o u t  p r o p e l l e r s ,  a1 1  
eng ines should  remain o p e r a t i v e  f o r  t e s t  and AFM expansion purposes. However, 
i t - s h o u l d  be determined t h a t  any engine emain ing a t  i d l e  power f o r  t e s t  
purposes when compared t o  a  f a i l e d  eng in  6 caus ing  an i n s e r v i c e  r e j e c t e d  t a k e o f f  
does n o t  p rov ide  a d d i t i o n a l  b r a k i n g  c a p a b i l i t i e s ,  mask d i r e c t i o n a l  c o n t r o l  
problems, e tc . ,  th rough t h e  con t inued  f u n c t i o n i n g  o f  i t s  h y d r a u l i c  pumps o r  
o t h e r  systems. 

( i i  ) F o r  t u r b o p r o p e l l e r  i! n d  r e c i p r o c a t i n g  engine-powered 
a i r p l a n e s  c o n d u c t i n g  t h e  engine i n o p e r a t i v e  acce l  e ra te -s top  demonstrat ion,  t h e  
c r i t i c a l  eng ine 's  p r o p e l l e r  should be i n  the p o s i t i o n  i t  would norma l l y  assume 
when an engine f a i l s  and t h e  power l e v e r  d a r e  c losed. The h i g h  d r a g  p o s i t i o n  
( n o t  r e v e r s e )  o f  t h e  remain ing eng ines '  d r o p e l l e r s  may be u t i l i z e d  p rov ided  
adequate d i r e c t i o n a l  c o n t r o l  can be demonstrated on a  wet runway (Ref. 
CAM 4b .402- l ( k ) (2 ) ) .  S i m u l a t i n g  wet  runlway c o n t r o l l a b i l i t y  b y  d i s c o n n e c t i n g  
t h e  nose wheel s t e e r i n g  has been used by some a p p l i c a n t s .  For  t h e  a l l - e n g i n e s  
a c c e l e r a t e - s t o p  demonstrat ion,  t h e  h igh  d r a g  p r o p e l l e r  p o s i t i o n  ( n o t  reverse  
may be used on a l l  engines. 

1 
( 12 )  Acce lera te-Stop Time ~ e l a ~ 4  (Pre-Amendment 25-42). P a r t s  

and 25 o f  t h e  FAR. o r i o r  t o  Amendments 1-29 and 25-42. r e s ~ e c t i v e l v .  d e f i n e o  v i  -. .~ . . ~. - ~~ 

as t h e  c r i t i c a l  eng;ne f a i l u r e  speed. Whbn t h i s  d e f i n i t i o n  o f  V -is a p p l i e d  t 6  
t h e  acce le ra te -s too  c r i t e r i a  o f  § 25.109 and t h e  V i  c r i t e r i a  o f  4 25.107(a)(2).  
engine f a i l u r e  and' engine f a i l u r e  r e c o g n i t i o n  c o u l d  occur s imul taneous ly .  It 
was recognized t h a t  t h i s  s imul taneous occlrrrence c o u l d  n o t  be ach ieved i n  
a c t u a l  opera t ions  and t h a t  d e f i n i n g  V 1  as engine f a i l u r e  speed r e s u l t e d  i n  a  
c o n f l i c t  w i t h  § 25.101 which r e q u i r e s  a l l  h wance f o r  t ime de lays i n  execu t ion  o f  
procedures.  I n  order  t o  r e s o l v e  t h i s  c o n f l i c t ,  V 1  has been a p p l i e d  as t h e  
engine f a i l u r e  r e c o g n i t i o n  speed and a p p r d p r i a t e  t ime de lays developed f o r  
showing compl i ance  w i t h  1 25.101. The f o l l  owing i s  a  p i c t o r i a l  r e p r e s e n t a t i o n  
o f  t h e  acce le ra te -s top  t ime  de lays cons idered acceptab le  f o r  compliance w i t h  
S 25.101(h) as discussed above: I 
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FIGURE 11-1. ACCELERATE-STOP TIME DELAYS 
Pre Amendment 25-42 

decel device 

I / 

Ata2 + A t  

( i  ) Atrec = engine f a i l u r e  recogn i t ion  t ime. The demonstrated 

I -  t ime from engine f a i l u r e  t o  p i l o t  ac t i on  i n d i c a t i n g  recogn i t ion  o f  the engine 
f a i l u r e .  For AFM data expansion purposes, i n  order t o  a l low a t ime which can be 
executed cons i s ten t l y  i n  service, i t  has been found p r a c t i c a l  t o  use the 
demonstrated time o r  1 second, whichever i s  greater.  I f  the a i rp lane 
incorporates an engine f a i l u r e  warning l i g h t ,  the recogn i t ion  t ime inc ludes the 
t ime increment necessary f o r  the engine t o  spool down t o  the p o i n t  o f  warning 
l i g h t  a c t i v a t i o n  p lus  the t ime increment from l i g h t  "on" t o  p i l o t  ac t ion  
i n d i c a t i n g  recogn i t ion  o f  engine f a i l u r e .  

( i i )  A t a l  = the demonstrated t ime i n t e r v a l  between a c t i v a t i o n  o f  

I t he  f i r s t  and second decelerat ion devices. 

( i i i )  A ta2  = the demonstrated time i n t e r v a l  between a c t i v a t i o n  o f  
t he  second and t h i r d  decelerat ion devices. 

( i v )  A t  = a I-second reac t ion  t ime delay t o  account f o r  i nse rv i ce  
var ia t ions .  I f  a command i s  requ i red  f o r  another crewmember t o  actuate a 
decelerat ion device, a 2-second delay, i n  l i e u  o f  the I-second delay, should be 
app l ied  f o r  each act ion.  For automatic decelerat ion devices which are approved 
f o r  performance c r e d i t  f o r  AFM data expansion, establ ished t imes determined 
dur ing  c e r t i f i c a t i o n  t e s t i n g  may be used wi thout  the app l i ca t i on  o f  add i t i ona l  
t ime delays requ i red  by t h i s  paragraph. 

( v )  The sequence f o r  a c t i v a t i o n  o f  decelerat ion devices may be 
selected by the app l i can t  i n  accordance w i th  § 25.101(f). I f ,  on occasion, 
t he  desired sequence i s  no t  achieved dur ing tes t i ng ,  the t e s t  need n o t  be - repeated. However, the demonstrated t ime i n t e r v a l  s h a l l  be used. 



1 
( v i )  If addi t iona l  devi  c! es are used t o  decelerate the a i rp lane,  

t h e i r  respect ive  demonstrated times pluls any add i t iona l  requi red time delays 
should be inc luded u n t i l  the a i rp lane i s  i n  the f u l l  b rak ing  conf igura t ion .  

( v i i  ) For the purpose ofi f l i g h t  manual ca l cu la t i ons ,  the 
demonstrated t imes may be considered as1 occur r ing  sequent ia l l y  and a I-second 

( delay f o r  each ac t ion  added a t  the end b f  the t o t a l  demonstrated t ime. However, 
f o r  f l i g h t  manual ca lcu la t ions ,  the a i rp lane must n o t  be al lowed t o  decelerate 

, du r ing  the  reac t ion  t ime delays o f  paragraph ( i v ) .  

( 13) Accelerate-Stop Time ~ e l a j s  (Post-Amendment 25-42). 1 Amendment 25-42, e f f e c t i v e  March 1. 1978. introduced several new reauirements 

1 a f fec t ing  accelerate-stop distance determination. The amendment introduced i n t o  
the  regu la t ions  an engine- fa i lure speed, VEF; redef ined the takeo f f  decision 
speed, V1;  rev ised the accelerate-stop distance c r i t e r i a  t o  correspon ? 
VEF and V 1  d e f i n i t i o n s ;  and added a 2-second time delay between V 1  an i r s t  
ac t ion  t o  decelerate the a i rp lane.  I n  add i t ion ,  an a l l -engines accelerate-stop 
d is tance requirement was introduced. The f o l l o w i n g  i s  a p i c t o r i a l  
representat ion of the accelerate-stop time delays i n  accordance w i t h  the 

1 p rov i s ions  o f  Par t  25, i nc lud ing  Amendment 25-42: 

1 FctreFt f a i l u r e  o f  f i r s t  IT Ti me ,., dted 
decel device decel device de 1 d v i  m y  s 
Engine f a i l u r e  
reco n i  t i o n  

I VE F "1 
I 
1 I I F i g h t  Manual Expansion Time Delays 

I 
( i )  Atrec - % 25.107 d e f i n  s  the r e l a t i o n s h i p  between r t k  apau V 1  

as fo l lows:  
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( i i )  VEF i s  the c a l i b r a t e d  airspeed selected by the app l icant  a t  
which the  c r i t i c a l  engine i s  assumed t o  f a i l .  VEF may n o t  be l e s s  than VMCG. 
V1, i n  terms o f  c a l i b r a t e d  airspeed, i s  the takeo f f  decis ion speed selected by 
the  app l icant ;  however, V 1  may n o t  be l ess  than VEF p lus  the speed gained w i t h  
the c r i t i c a l  engine inopera t ive  dur ing the time i n t e r v a l  between the i n s t a n t  a t  
which the c r i t i c a l  engine i s  f a i l e d ,  and the i n s t a n t  a t  which the p i l o t  
recognizes and reac ts  t o  the engine f a i l u r e ,  as i nd i ca ted  by the p i l o t ' s  
app l i ca t i on  o f  the f i r s t  r e t a r d i n g  means dur ing  accelerate-stop t e s t s .  

( i i i  ) Demonstrated engine f a i l u r e  recogn i t ion  times l e s s  than 
1 second should be c a r e f u l l y  reviewed t o  assure the cond i t ions  under which they 
were obtained were representat ive o f  t h a t  which may reasonably be expected t o  
occur i n  service. A s u f f i c i e n t  number o f  demonstrations should be conducted 
us ing  both app l icant  and FAA t e s t  p i l o t s  t o  assure t h a t  the t ime increment i s  
representat ive and repeatable. The p i l o t ' s  f e e t  should be on the rudder pedals, 
n o t  brakes, du r ing  demonstration tes ts .  

( i v )  A t a l  = the demonstrated time i n t e r v a l  between a c t i v a t i o n  o f  
t he  f i r s t  and second decelerat ion devices. 

( v )  Ata2 = the demonstrated time i n t e r v a l  between a c t i v a t i o n  o f  
t he  second and t h i r d  decelerat ion devices. 

( v i )  I f  a  command i s  requi red f o r  another crewmember t o  a c t i v a t e  
a  decel device, a  1-second delay, i n  add i t i on  t o  ( i v )  and 1 'e , 
should i e d  f o r  each ac t ion .  For automatic decelerat ion de! i c h  
are app o r  performance c r e d i t  f o r  AM data expansion, estabi ,ystem 
times aererm~ned dur ing c e r t i f i c a t i o n  t e s t i n g  may be used. These esrao I ished 
times cannot be assumed t o  s t a r t  u n t i l  a f t e r  the p i l o t  ac t i on  t h a t  t r i g g e r s  
them; t h a t  i s ,  they cannot be t r i gge red  before the f i r s t  p i l o t  ac t ion  and hence 

I 
cannot begin u n t i l  a t  l e a s t  2  seconds a f t e r  V1.  

e ra t i on  
be appl 
 roved f 

.-:. 

: v )  abov 
/ i ces  wh 
l i shed s 

. - A . L . 2  

( v i i  ) The sequence f o r  a c t i v a t i o n  o f  decelerat ion devices may 
be selected by the app l i can t  i n  accordance w i th  5 25.101(f). I f ,  on occasion, 
t he  desired sequence i s  no t  achieved dur ing  tes t i ng ,  the t e s t  need n o t  be 
repeated; however, the demonstrated time i n t e r v a l  s h a l l  be used. 

( v i i i )  F igure 11-2 shows a  p i c t o r i a l  representat ion o f  how 
t o  apply t ime delays w i t h  up t o  three decelerat ion devices. I f  more than th ree  
devices are used t o  decelerate the a i rp lane ,  the respect ive demonstrated t ime 
p lus  a  I-second reac t ion  t ime should be included f o r  each device beyond t h a t  
represented p i c t o r i a l l y  i n  F igure 11-2 u n t i l  the a i rp lane  i s  i n  the f u l l  b rak ing  
conf igura t ion .  

(14) Al l -Engine ~cce le rade -s top  (Post Amendment 25-42). The time 
delays o f  paragraph (13)  apply t o  the a l l -engines accelerate-stop requirement o f  
S 25.109(a)(2) a f t e r  V1.  I 

(15)  The procedures used t o  determine accelerate-stop distance must be 
described i n  the performance sect ion o f  the AFM. 

I 

I 
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12. TAKEOFF PATH - 5 25.111. 

a. Sect ion 25.111(a). 

( 1 )  Explanat ion. I 
( i )  The takeo f f  path req  irements o f  5 25.111, and the reduct ions 

requ i red  o f  the gross path by 5 25.115 k r e  establ ished so t h a t  the AFM 
performance can be used i n  making necessary decis ions r e l a t i v e  t o  t a k e o f f  
weights when obstacles are present. Such considerat ions are a lso  a requirement 
by § 121.189 when operat ion i s  conducted under t h a t  Par t .  

I 

( i i  ) The requi red perfordance i s  provided i n  AFMs by e i t h e r  
p i c t o r i a l  paths a t  var ious thrust- to-weight  cond i t ions  w i th  co r rec t i ons  f o r  
wind, o r  by a ser ies o f  char ts  f o r  each segnent along w i t h  a procedure f o r  

1 connect ing these s e g m t s  i n t o  a contindous path. 
I 

( 2 )  Procedures. 1 
( i )  Section 25.111(a) redui res t h a t  the actual  t akeo f f  path 

( f rom which the AFM n e t  t a k e o f f  f l i g h t  path i s  der ived)  extend t o  the h i  her o f  
where the a i rp lane i s  1,500 ft. above the takeo f f  surface o r  t o  the a l t i t u  -%I- e a t  I 
which the t r a n s i t i o n  t o  enroute con f i gu ia t i on  i s  complete and a speed i s  reached 
where compliance w i t h  the  f i n a l  segment requirements o f  5 25.121(c) can be met. 
Sect ion 25.115(b) a l lows terminat ion o f  the AFM n e t  f l i g h t  path below 1,500 ft. 
i n  some cases. - 

( i i )  The AFM should contdin in format ion requ i red  t o  show 
compliance w i t h  the  c l imb requirements o f  59 25.111 and 25.121(c). This  should 
inc lude in format ion r e l a t e d  t o  the t r a n s i t i o n  from the takeo f f  conf igura t ion  
and speed t o  the f i n a l  segment conf igurz i t ion and speed. The e f f e c t s  o f  changes 
from takeo f f  t h r u s t  t o  maximum cont inuo s t h r u s t  should a l s o  be included. 1 

I 
( i i i  ) Generally the AFM dhows takeo f f  paths which a t  low t h r u s t  

I t o  weight inc lude acce lera t ion  segments between 400 and 1,500 ft. and end a t  
: 1,500 ft., and a t  high t h r u s t  t o  weight extending considerably h igher  than 1,500 ' 

f t. above the  takeo f f  surface. On some ai rp lanes,  the t a k e o f f  speed schedules 
and/or f l a p  conf igura t ion  do no t  r e q u i r  1 accelerat ion below 1,500 ft., even a t  
l i m i t i n g  performance gradients. 

h a t e d  
:ual a i r  
11 ti tude 

a t  a  hei 
plane hc 

speci f i 

qu i red  I 
. T L > * . . J  

( i v )  The 1 25.115(b) ne t  t akeo f f  f l i g h t  path, r e  I by 
§ 25.1587(b) t o  be inc luded i n  the AFM, need n o t  extend t o  the  a i n r u o e  
spec i f i ed  i n  § 25.111(a). It may be t e  ight ,  general ly  c a l l e d  
"NET HEIGHT," t h a t  corresponds t o  the act ? igh t ,  general ly  c a l l e d  

I "GROSS HEIGHT," which complies w i t h  the a ied i n  5 25.111(a). 

b. Section 25.111(a)( l ) -  Takeoff  dath Thrust  Condit ions. 

(1) Ex lanat ion .  The gross tdkeo f f  path establ ished from connnuous 
demonstrated t a  -?%--- eo s must a t  a l l  points; represent t he  actual  expected 
performance, o r  be conservat ive per I5 25.111(d)(2) and 25.111(d)(4) i f  the path 
i s  constructed by the segnental method. 
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( 2 )  Procedures. 

( i )  To be assured t h a t  the predic ted gross takeo f f  path i s  
representat ive o f  actual  performance, the t h r u s t  used i n  i t s  cons t ruc t ion  must 
comply w i t h  § 25.101(c). This requires, i n  par t ,  t h a t  the t h r u s t  be based on 
the p a r t i c u l a r  ambient atmospheric cond i t ions  t h a t  are assumed t o  e x i s t  a long 
the  path. Standard lapse r a t e  f o r  ambient temperature i s  spec i f i ed  i n  Pa r t  1 o f  
the  FAR under "Standard Atmosphere" and should be used f o r  t h r u s t  determinat ion 
associated w i t h  each pressure a l t i t u d e  dur ing  the cl imb. 

( i i )  I n  accordance w i th  § 25 .111 (~ ) (4 ) ,  the  t h r u s t  up t o  400 f t .  
above the takeo f f  surface must represent the t h r u s t  ava i l ab le  along the path 
r e s u l t i n g  from the power l eve r  s e t t i n g  establ ished dur ing  the i n i t i a l  ground 
r o l l  i n  accordance w i th  AFM procedures. This  r e s u l t i n g  t h r u s t  may be l ess  than 
t h a t  ava i l ab le  from the ra ted  i n f l i g h t  s e t t i n g  schedule. 

(iii) A s u f f i c i e n t  number o f  takeof fs ,  t o  a t  l e a s t  the a l t i t u d e  
above the  takeo f f  surface scheduled f o r  V2 climb, should be made t o  e s t a b l i s h  
the  f i x e d  power l e v e r  t h r u s t  lapse. An ana lys is  may be used t o  account f o r  
var ious engine bleeds, e.g. i c e  pro tec t ion ,  a i r  cond i t ion ing ,  e tc .  I n  some 
a i rp lanes  the  t h r u s t  growth cha rac te r i s t i cs  are such t h a t  l ess  than f u l l  r a ted  
t h r u s t  must be used f o r  AFM takeo f f  power l i m i t a t i o n s  and performance. Th is  i s  
t o  preclude engine l i m i t a t i o n s  from being exceeded dur ing  the t a k e o f f  c l imbs t o  
400 ft. above the takeof f  surface. 

( i v )  Engine t h r u s t  lapse w i t h  speed and a l t i t u d e  dur ing  the 
t a k e o f f  and cl imb, a t  f i x e d  power l eve r  se t t ings ,  can be a f fec ted  by takeo f f  
pressure a1 ti tude . 

( v )  Most t u rb ine  engines are sens i t i ve  t o  crosswind o r  t a i l w i n d  
cond i t ions  when s e t t i n g  takeo f f  power under s t a t i c  cond i t ions  and may s t a l l  o r  
-surge. To preclude t h i s  problem, i t i s  acceptable t o  es tab l i sh  a " r o l l i n g "  
t a k e o f f  t h r u s t  s e t t i n g  procedure, provided the AFM takeo f f  f i e l d  length  and the  
takeo f f  t h r u s t  s e t t i n g  char ts  are based on t h i s  procedure. A t y p i c a l  t e s t  
procedure i s  as fo l lows:  

(A) A f t e r  stopping on the runway, se t  an in termediate 
power on a l l  engines (selected by app l icant ) .  

( 0 )  Release brakes and advance power levers .  

(C) Set ta rge t  power s e t t i n g  as r a p i d l y  as possib le p r i o r  
t o  reaching 60 t o  80 knots. 

( v i )  I f  the app l icant  wishes t o  use a d i f f e r e n t  procedure, i t  
should be evaluated and, i f  acceptable, the procedure should be r e f l e c t e d  i n  the  
AFM . 
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( 1 )  Explanat ion. I 
c. Sect ion 25.111(a1(2) - Engine 

I ( i )  Since the regu la t ions  cannot d i c t a t e  what type o f  engine 
f a i l u r e s  may a c t u a l l y  occur, i t  could be assumed t h a t  the engine f a i l u r e  
requi red by the regu la t ion  occurs ca tas~t roph ica l l y .  Such a f a i l u r e  would cause 
the  t h r u s t  t o  drop immediately w i th  the associated performance going from a l l  
engines t o  engine inoperat ive a t  the p o i n t  o f  engine f a i l u r e .  

Fa i l u re .  

( i i )  This  conservat ive A t i o n a l e  notwithstanding, there  i s  basis  
f o r  assuming t h a t  the f a i l e d  engine t h r b s t  w i l l  n o t  decay immediately. Un l ike  
rec ip roca t i ng  engines, t he  locking-up 07 a j e t  engine fan w i thout  causing the 
engine t o  separate from the a i rp lane i s  h i g h l y  u n l i k e l y .  Separation o f  the 
engine o r  fan, o r  fan d i s in teg ra t i on ,  w I3 u l d  remove weight and/or the ram drag 

I inc luded i n  the engine inopera t ive  performance, p rov id ing  compensation f o r  the 
immediate t h r u s t  loss. I 

1 ( i i i )  With these conside)-.ations i t  may be acceptable t o  u t i l i z e  
1 t he  t r a n s i e n t  t h r u s t  as the f a i l e d  engine spools down a t  VEF. The t h r u s t  
: t ime h i s t o r y  used f o r  data reduct ion and expansion should be substant ia ted by 

t e s t  resu l t s .  1 
1 ( 2 )  Procedures. I f  t rans ien t  t h r u s t  c r e d i t  i s  used dur ing  engine 
1 f a i l u r e  i n  d e t m e  accelerate-g AFM performance, s u f f i c i e n t  t e s t s  
I should be conducted u t i l i z i n g  actual f u  I 1 cuts  t o  es tab l i sh  the t h r u s t  decay 

I as contrasted t o  i d l e  engine cu ts .  
I 

1 d. Section 25.111(a)(3) - ~ i r ~ l a n h  Accelerat ion. 

I ( 1 )  Explanat ion. None. I 
Procc 

c t i o n  2! 

I 
( 2  - zdures . None. 

5.111(b) - Airp lane ~ b t a t i o n  and Gear Retract  
I 

( 1 )  Explanat ion. None. I 

( i i  ) The ne t  t akeo f f  f l i d h t  path i s  the f l i g h t  path used t o  
determine the  a i rp lane obstacle clearance f o r  tu rb ine  powered a i rp lanes  
( 1  121.189(dl(2)).  Section 25.115(b) s tates the requi red c l imb gradient  
reduct ion t o  be app l ied  throughout the f l i g h t  path f o r  the determinat ion o f  the 

( 2 )  Procedures. None. 

f. Sect ion 25.111(c)( l )  - Takeoff 
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Path Slope. 

( 1 )  Explanation. 

( i )  The establishment o f  a hor izonta l  segnent, as p a r t  o f  t he  
t a k e o f f  f l i g h t  path, i s  considered t o  b 1 acceptable, per  5 25.115(c), f o r  
showing compliance w i t h  the p o s i t i v e  sldpe requi red by 5 25.111(c)( 1). 

I 



n e t  f l i g h t  path, i n c l u d i n g  the l eve l  f l i g h t  accelerat ion segnent. Rather than 
decrease the  l e v e l  f l i g h t  path by the amount requi red by § 25.115(b), 
§ 25.115(c) a l lows the a i rp lane t o  maintain a l eve l  n e t  f l i g h t  path du r ing  
acce lera t ion  bu t  w i t h  a reduct ion i n  accelerat ion equal t o  the gradient  
decrement requi red by § 25.115(b). By t h i s  method, the  app l icant  exchanges 
a l t i t u d e  reduct ion f o r  increased distance t o  accelerate i n  l e v e l  f l i g h t  i n  
determinat ion o f  the l eve l  f l i g h t  po r t i on  o f  the ne t  t akeo f f  path. 

(2 )  Procedures. 

( i  ) The l e v e l  accelerat ion segnent i n  the AFM n e t  t akeo f f  ' p r o f i l e  
should begin a t  the  same ho r i zon ta l  distance along the takeo f f  f l i g h t  path t h a t  
the  gross c l imb segnent reaches the AFM spec i f i ed  acce lera t ion  height .  

( i i )  The AFM accelerat ion he igh t  should be presented i n  terms o f  
pressure a l t i t u d e  increment above the takeof f  surface. Th is  in fo rmat ion  should 
a l l ow  the establishment o f  the pressure a l t i t u d e  "increment" (Ahp) f o r  o f f -  
standard ambient temperature so t h a t  the A geometric he igh t  requ i red  f o r  
obstac le clearance i s  assured. For example: 

Given : - 
i o Takeoff  surface pressure a l t i t u d e  (hp) = 2,000 ft. 

o A i r p o r t  std. temp. abs. (Ts) = 11°C+273.2 = 284.2"k 
o A i r p o r t  ambient temp. abs. (TAM) = -20°C+273.2 = 253.2'k 
o A Geometric height  requi red (Ah) = 1,700 ft. above the takeo f f  surface 

Find: - 
o Pressure a l t i t u d e  increment (Ahp) above the takeo f f  surface 

Ahp = A~(Ts /TAM) = 1,700 ft. (284.2Ok/253.2Ok) 
Ahp = 1,908 ft. 

Sect ion 25. l l l ( c ) ( 2 )  - Takeoff  Path Speed. 9 -  - 
Ixplanat 

( i )  I t  i s  intended t h a t  the a i rp lane be flown a t  a constant 
i nd i ca ted  airspeed t o  a t  l e a s t  400 ft. above the takeof f  surface. Th is  speed 
must meet the cons t ra in t s  on V2 o f  §§ 25.107(b) and ( c ) .  

1 
I ( i i )  The spec i f i c  wording o f  § 2 5 . 1 1 1 ( ~ ) ( 2 )  should n o t  be 

construed t o  imply t h a t  above 400 ft. the  airspeed may be reduced below V2, b u t  

I I instead t h a t  accelerat ion may be commenced. 

( 2 )  Procedures. 

( i )  For those a i rp lanes t h a t  take advantage o f  reduced s t a l l  
speeds a t  low pressure a l t i t u d e ,  the scheduling o f  V2 should n o t  be fac tored 
aga ins t  the s t a l l  speed obtained a t  the takeo f f  surface pressure a l t i t u d e .  Such 
a procedure would r e s u l t  i n  a reduced s t a l l  speed margin du r ing  the cl imb, which 
would be cont rary  t o  the i n t e n t  o f  § 25.107(b). 



( i i  ) For those a i rp lanes mentioned i n  paragraph ( i  ) ,  the V2 
should be constrained, i n  add i t i on  t o  t I e requirements o f  8 25.107(b) and ( c ) ,  
by the s t a l l  speed 1,500 ft. above the takeo f f  surface. Weight reduct ion a long 
the  t a k e o f f  path, due t o  f u e l  burn, may be considered i n  the ca l cu la t i on  o f  t he  
s t a l l  speed r a t i o s  provided such i s  we1 establ ished. However, many app l icants  
have measured s t a l l  speeds a t  10,000 t o  15,000 ft., which provides s t a l l  margin 
conservatism a t  lower takeoff f i e l d  pre sure a! t i t udes .  

h. Sect ion 2 5 . 1 1 1 ( ~ ) ( 3 )  - ~ e ~ u i r e d  Gradient. 

( 1 )  Explanat ion. None. 1 
( 2 )  Proce dures. - .-.,- 

None. i 
i. Section 2 5 . 1 ~ ~ \ c ) ( 4 )  - ~ o n f i g u d a t i o n  Changes. 

(1 )  Explanat ion. 

( i  ) The i n t e n t  o f  t h i s  rdquirement i s  t o  permi t  only  those crew 
ac t ions  t h a t  a re  conducted r o u t i n e l y  t o  be used i n  e s t a b l i s h i n g  the engine 
inopera t ive  takeo f f  path. The power legers may only  be adjusted e a r l y  du r ing  
the  t a k e o f f  r o l l ,  as discussed under 5 25.111(a)( l ) ,  and then l e f t  f i x e d  u n t i l  
a t  l e a s t  400 ft. above the takeo f f  surface. 

( i i  ) Simulat ion studies and accident  i nves t i ga t i ons  have shown 
t h a t  when heavy workload occurs i n  the c I, c k p i t ,  as w i th  an engine loss  du r ing  1 

takeo f f ,  t he  crew might no t  advance the operat ive engines t o  avoid the ground 
even i f  t h e  crew knows the operat ive en d ines have been se t  a t  reduced power. 
This  same f i n d i n g  app l ies  t o  manually fea ther ing  a p rope l l e r .  The land ing  gear 
may be re t rac ted ,  however, as t h i s  i s  accomplished r o u t i n e l y  once a p o s i t i v e  
r a t e  o f  c l imb i s  observed. This  a lso establ ishes the delay t ime t o  be used f o r  
data expansion purposes. I 

( 2 )  Procedures. 

( i )  To permi t  the takeo f f  t o  be conducted us ing  l e s s  than ra ted  
power, automatic power advance devices h I ve been approved. These devices are 
f u l l y  discussed i n  a proposed change t o  p a r t  25 (49 FR 18240; 4/27/84). 

( i i )  To permi t  the takeof t o  be based on a feathered p rope l l e r  X up t o  400 ft. above the takeo f f  surface, automatic p r o p e l l e r  fea ther ing  devices 
have been approved. Drag reduct ion f o r  manually feathered p rope l l e r  i s  
permi t ted  f o r  f l i g h t  path ca l cu la t i ons  o l y  a f t e r  reaching 400 
takeo f f  surface. 1 

j. Sect ion 25.111(d) - Takeoff  Pat b Construction. 

(1 )  Explanat ion. This  regulat 'on should no t  be construed t o  mean t h a t  
t he  t a k e o f f  path be constructed e n t i r e l y  from a continuous demonstration o r  
e n t i r e l y  from segne 3 take advanta b e o f  ground e f f e c t ,  t y p i c a l  AF f f 
paths u t i l i z e  a con t a k e o f f  path from VLOF t o  the gear up p o i n t ,  

I 

n t s .  TI 
t inuous 

f t .  abov re the 

M takeo 

Chap 2 
Par 12 



cover ing  the  range o f  thrust-to-wei h t  r a t i o s .  From t h a t  p o i n t  f r ee  a i r  f performance, i n  accordance w i th  1 2 . l l l ( d ) ( 2 ) ,  i s  added segmentally. This  
methodology may y i e l d  an AFM f l i g h t  path t h a t  i s  steeper w i t h  the gear down than 
UP I 

( 2 )  Procedures. The AFM dhould inc lude the procedures necessary t o  
achieve t h i s  performance. 

i 
k .  Section 25.111(d)( l )  - ~ a k $ o f f  Path Segment D e f i n i t i o n .  

(1) Explanat ion. None. 
I 

( 2 )  Procedures. None. 

1. Sect ion 25.111(d)(2) - Takeoff  Path Segment Condit ions. 

(1 )  Ex lanat ion .  The subject  paragraph s ta tes  "The weight o f  the + airplane,  the con i gu ra t i on ,  and the power o r  t h r u s t  s e t t i n g  must be constant 
throughout each segnent and must correspond t o  the most c r i t i c a l  cond i t i on  
p r e v a i l i n g  i n  the segment." The indent  i s  t h a t  f o r  s i m p l i f i e d  ana lys is  the 
performance must be based on t h a t  ada i lab le  a t  the most c r i t i c a l  p o i n t  i n  t ime 
du r ing  the  segment, n o t  t h a t  the i nd i v idua l  var iab les  (weight, approximate 
t h r u s t  se t t i ng ,  e tc . )  should each be picked a t  i t s  most c r i t i c a l  value and then 
combined t o  produce the performance f o r  the segnent . 

( 2 )  Procedures. The performance dur ing the t a k e o f f  path segnents 
should be obtalned us ing one o f  the fo l l ow ing  methods: 

( i  ) The c r i t i c a l  l eve l  o f  performance as explained i n  
paragraph ( 1). 

(11 I The average performance dur ing  the segnent. 

( i i i )  The actual performance v a r i a t i o n  dur ing  the segnent. 
i 

m. Section 25.111(d)(3) - ~ e d n t e d  Takeoff  Path Ground E f f e c t .  

( 1 )  Explanat ion. See explanat ion under S 25.111(d). Add i t i ona l l y ,  
t h i s  requirement does n o t  in tend the f l i g h t  path t o  necessar i l y  be based 
upon out-of-ground-effect performanc because the continuous t a k e o f f  
demonstrations have been broken i n t o  sect ions f o r  data reduct ion expediency. 
For example, i f  the engine inopera t ive  accelerat ion from VEF t o  VR i s  
separated i n t o  a t h r u s t  decay p o r t i o h  and a windmi l l  i n g  drag po r t i on ,  t he  c l imb 
from 35. ft. t o  gear up does no t  neckssar i ly  need t o  be based upon 
out-of-ground-effect performance. 

I 

Chap 2 
Par 12 

(2 )  Procedures. None 1 



n. Section 25.111(d)(4) - segmented Takeoff  Path Check. 

( 1 )  Explanat ion. None. I 
( 2 )  Procedures. I f  the constduct ion o f  the takeo f f  path from brake 

release t o  out-of-ground-effect contains any por t ions  t h a t  have been segmented, 
(e. g.. a i rp lane accelerat ion oegnents o a1 1 -engines and one-engine 
inopera t ive) ,  the path should be checke by continuous demonstrated takeof fs .  A 
s u f f i c i e n t  number o f  these, employing the AFM establ ished t a k e o f f  ,procedures and 
speeds and cover ing the range o f  t h r u s t  t o  weight r a t i o s ,  should be made t o  
ensure the v a l i d i t y  o f  the segnented ta;deo;f path. The continuous takeo f f  data 
should be compared t o  takeo f f  data ca lcu la ted  by AFM data procedures b u t  us ing  
t e s t  engine th rus ts  and t e s t  speeds. 

l 
o. Section 25.111(e) - F l i g h t  ~ a t d  With Standby Power Rocket Engines. 

(RESERVED). 
I 

13. TAKEOFF DISTANCE AND TAKEOFF RUN - 8 25.113. 

a. Takeoff  Distance - 8 25.113(a). 

(1 )  Explanat ion. 

stances 
.*^A *-1 

( i  ) The takeo f f  distance i s  e i t h e r  o f  the two d i !  a depicted 
i n  (A) o r  (B) below, whichever i s  great  r. The distances indicbccu UCIOW are 
measured h o r i z o n t a l l y  from the main l and ing  gears a t  i n i t i a l  brake release t o  
t h a t  same p o i n t  on the  a i rp lane  when the lowest p a r t  o f  the depar t ing  a i rp lane  
i s  35 ft. above the surface o f  the runway. 

3 c r i t i c  (A) The distance ideasured t o  35 ft. w i t h  i a 1  engine 
f a i l u r e  recognized a t  V1.  

I 

I 
FIGURE 13-11 TAKEOFF DISTANCE 

C r i t i c a l  Engine F a i l u r e  Recognized a t  V 1  
I 

START vl v 4 F 
I 
I 

/ 
35' 

I I 
T m O F F  DISTMCE 
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I 
(B) One hundred f i f t e e n  (115) pe rcen t  o f  t h e  d i s t a n c e  

I 
measured t o  35 ft. w i t h  a l l  eng ines o  

FIGURE 13-2. TAKEOFF DISTANCE 
A l l  Engilnes O p e r a t i n g  

START 
I 
I 1w- 
c ALL EN--E 
T h v r  r uISTANCE - 1.15 .ALL ENGINE DISTANC 

(ii) The takeof f  p r o c  dure  adopted snou ld  be r e f l e c t e d  i n  t h e  
t a k e o f f  d i s tance .  1 

b. Takeoff Run - 5 25.113(b). 

(1) Explanat ion.  

(i) Takeoff  r u n  i s  a  used f o r  t h e  runway l e n g t h  when t h e  
t a k e o f f  d i s t a n c e  i n c l u d e s  a  c learway where t h e  acce le ra te -go  d i s t a n c e  
does n o t  remain  e n t i r e l y  ove r  t h e  and t h e  t a k e o f f  r u n  i s  e i t h e r  o f  t h e  
two d i s t a n c e s  d e p i c t e d  i n  whichever i s  g rea te r .  These 
d i s t a n c e s  a r e  measured as When u s i n g  a  c learway t o  
determine t h e  t a k e o f f  run, t h e  a i r  d i s t a n c e  f r o m  
VLOF t o  V35 may be f l o w n  

Chap 2  
Par  13 



( A )  The d i s t a n c e  rom s t a r t  o f  t a k e o f f  r o l l  t o  t h e  mid- 
p o i n t  between l i f t o f f  and t h e  p o i n t  a t  h i c h  t h e  a i r p l a n e  a t t a i n s  a  h e i g h t  o f  35 
ft. above t h e  t a k e o f f  surface, w i t h  a  c  i t i c a l  eng ine  f a i l u r e  recogn ized  a t  V1.  I 

FIGURE b3-3. TAKEOFF RUN 
C r i t i c a l  Engink F a i l u r e  Recognized a t . V 1  - 

I START "1 "LOF 4 

L I 
35' I I, -D-POINT 

i - - -  
C -f 

J 

- TAKEOFF RUN CLEARWAY - 
TAKEOFF DISTANCE - . 

I 

(B) One hundred fi t e e n  (115) percent  of t h e  d i s t a n c e  1 f r o m  s t a r t  o f  r o l l  t o  t h e  m i d - p o i n t  betw, en l i f t o f f  and t h e  p o i n t  a t  which t h e  

I 
ope ra t ing .  

t 
a i r p l a n e  a t t a i n s  a  h e i g h t  of 35 ft. abov t h e  t a k e o f f  sur face,  w i t h  a1 1  eng ines 

\ 

FIGURE 13-4. 1 TAKEOFF 
A l l  Engines O p e r a t i  

RUN - " 9  

START 

- 
* AIR DISTANCE - 

I 
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I , I 
I ( i i )  There may be s i t u a t i  ns i n  which t h e  one-eng ine - inopera t i ve  
1 c o n d i t i o n  (paragraph A )  would d i c t a t e  on o f  t h e  d i s t a n c e  c r i t e r i a ,  t a k e o f f  r u n  

( r e q u i r e d  runway) o r  t a k e o f f  d i s t a n c e  ( r e q u i r e d  runway p l u s  c learway) ,  w h i l e  t h e  
a l l - e n g i n e s  o p e r a t i n g  c o n d i t i o n  (paragradh B )  would d i c t a t e  t h e  o ther .  
Therefore ,  b o t h  c o n d i t i o n s  shou ld  be condidered.  

Chap 2 
Par 13 



( i i i  For the purpose f es tab l i sh ing  takeo f f  distances and 
t a k e o f f  runs, the  clearway plane i s  d f i n e d  i n  Pa r t  1 o f  the FAR. The clearway 
i s  considered t o  be p a r t  o f  the takeo f surface, and the 35 ft. he igh t  may be 
measured from t h a t  surface. 

FIGURE 13-5. LEARWAY PROFILES i 

( i v )  The p r o f i l e  shows no f i x e d  obstac le p r o j e c t i n g  above the 
clearway plane. However, the a i r p o r t  a u t m i e s  must have con t ro l  o f  the  
movable obstacles i n  t h i s  area t o  i ns  r e  t h a t  no f l i g h t  w i l l  be i n i t i a t e d  us ing  
a clearway unless i t  i s  determined w i  h c e r t a i n t y  t h a t  no movable obstacles w i l l  
e x i s t  w i t h i n  the clearway when the a i  1 plane f l i e s  over. 

14. TAKEOFF FLIGHT PATH - § 25.115. I -  
I a. Takeoff F l i g h t  Path - § 25.1!5(a). 

(1 )  Ex lanat ion .  The takeohf f l i g h t  path begins a t  the end o f  the 
takeof f  d is tance + an a t  a he igh t  o f  35 ft. above the takeo f f  surface and ends 
when the a i r p l a n e ' s  gross height  i s  the h igher  o f  1,500 ft. above the takeo f f  
surface o r  a t  an a l t i t u d e  a t  which the  conf igura t ion  and speed have been 
achieved where the requirements of § 25.121(c) can be met. See paragraph 12 o f  
t h i s  AC (§  25.111) f o r  add i t iona l  discussion. 
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( 2 )  Procedures. 

i FIGURE 14-1. TAKEOFF SEGMENTS & NOMENCLATURE 
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?WER T M f f  F I f  T H  RE 1REWHTS OF 25 .111 (~ ) (3 )  CAN 
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I. 
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W TO 4W FEET 4W FEET OR-GRElin 

Note: The final takeoff segment w i l l  usually begin with the airplane 
i n  thc  enrartc configurat on and with m a x u  continuous thrust,  
but it is not required thdt these conditions e x i s t  unt i l  the end 
of  the t&coff path when qmpliance with 125.121(c)  is s h m .  
The tiw l i m i t  on takeoff thrus t  cannot be exceeded. 

-nts a s  defined by 1 d5.121. 

b. Net Takeoff  F l i g h t  Path - SS d5.115(b) and ( c ) .  

(1 )  Explanat ion. i 
( i )  The ne t  t akeo f f  fliht path i s  the actual (gross)  path 

diminished by a gradient  o f  0.8 percent f o r  two-engine a i rp lanes,  0.9 percent 
f o r  three-engine a i rp lanes,  and 1.0 percent f o r  four-engine a i rp lanes.  
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( i i  ) For the l e v e l  f l i g h t  accelerat ion segment, these prescr ibed 
gradient  reduct ions may be app l ied  a$ valent  reduct ion i n  acce lera t ion  i n  
l i e u  o f  reduct ion i n  ne t  f l i g h t  path ragraph 12 (1 25.111) o f  t h i s  AC 
f o r  add i t iona l  discussion. 

s r t i c a l  i 
?s, and 
?S. 

( i i i )  SR-422B and § 1h1 (1) requ i re  t h a t  no a i rp lane  may 
take o f f  a t  a weight i n  excess o f  t h  t 1 i n  the AFM t o  correspond w i t h  a n e t  
t a k e o f f  f l i a h t  oath which c lea rs  a l l  oDsracles, e i t h e r  by a t  l e a s t  a he igh t  o f  
35 ft. vc y o r  by a t  l e a s t  200 ft. h o r i z o n t a l l y  w i th in  the a i r p o r t  
boundarit by a t  l e a s t  300 ft. h o r i z o n t a l l y  a f t e r  passing beyond the 
boundarit I 

an equi '  
See pal 

.189(d) 
shown , . .  . 

( 2 )  Procedures. I 
FIGURE 14-2. N T TAKEOFF FLIGHT PATH 

I 

I 15. [RESERVED] 

a. Ex lanat ion .  Section 25.11 ( a )  s tates t h a t  the engines are t o  be se t  
-7- a t  the power o r  t r u s t  t h a t  i s  a v a i l  b l e  8 seconds a f t e r  i n i t i a t i o n  o f  movement 

o f  the power o r  t h r u s t  con t ro l s  from minimum f l i g h t  i d l e  t o  the takeo f f  
pos i t i on .  The procedures given are f o r  the determinat ion o f  t h i s  maximum t h r u s t  
f o r  showing compliance w i t h  the c l  i m q  requirements o f  § 25.119. 

b. Procedures. 
I 

t o  be def ined i n  the a i rp lane  
maintenance manua 

( 2 )  A t  t he  most adverse t e d t  a l t i t u d e ,  n o t  t o  exceed the maximum f i e l d  
e leva t ion  f o r  which c e r t i f i c a t i o n  i s  sought o lus 1.500 ft.. and a t  t he  most 
adverse bleed conf igura t ion  expected i n  normal operat ions , - s t a b i l i z e  the 
a i rp lane  i n  l e v e l  f l i g h t  w i th  symmet i c a l  power on a l l  engines, land ing  gear 
down, f l aps  i n  the land ing  pos i t i on ,  a t  a speed o f  1.3Vso. Retard the 
t h r o t t l e ( s 1  o f  t he  t e s t  engine(s1 t o  f l i g h t  i d l e  and determine the time t o  reach 
s t a b i l i z e d  r.p.m.,as def ined below, 6r the t e s t  engine(s1 wh i le  main ta in ing  
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I 
l e v e l  f l i g h t  o r  the minimum r a t e  o f  des b en t  obtainable w i t h  the t h r u s t  o f  the 
remaining engine( s )  n o t  greater than maximum continuous t h r u s t  (MCT) . Engine 
f l i g h t  i d l e  r.p.m. i s  considered t o  be s t a b i l i z e d  when the i n i t i a l  r ap id  
decelerat ion o f  a l l  r o t o r s  i s  completed, This has usua l l y  been 8-20 seconds. 
This  can be determined i n  the cockp i t  ak the p o i n t  where rap id  movement o f  the 
tachometer ceases. For some ai rp lanes f t  may be des i rab le  t o  determine the  
decelerat ion t ime from p l o t s  o f  r.p.m. Versus time. 

I 

( 3 )  For  the c r i t i c a l  a i r  bleeb conf igura t ion ,  s t a b i l i z e  the a i rp lane 
i n  l e v e l  f l i g h t  w i th  symmetric power on a l l  engines, randing gear down. f l a w  i n  
t h e  land ing  pos i t i on ,  a t  a speed o f  1.3VS0 s imula t ing  the estimated minimum' 
c l imb l i m i t i n g  l and ing  weights a t  an a l t i t u d e  s u f f i c i e n t  above the selected t e s t  
a l t i t u d e  so t h a t  t ime for  descent t o  thk  t e s t  a l t i t u d e  w i t h  a l l  t h r o t t l e s  closed 
equals the  appropr iate engine r.p.m. s t h b i l i z a t i o n  t ime determined i n  paragraph 
(2 ) .  Retard t h r o t t l e s  t o  f l i g h t  i d l e  alhd descend a t  1.3Vs t o  approximately the 
t e s t  a l t i t u d e ;  when the appropr iate t i m e  has elapsed, advance t h r o t t l e ( s )  i n  
l ess  than 1 second t o  obtain takeo f f  t h rus t .  A t  the app l i can t ' s  opt ion, 

I add i t i ona l  l ess  c r i t i c a l  b leed conf igurh t ions  may be tested. 

( 4 )  The t h r u s t  t h a t  i s  ava i l a  A l e  8 seconds a f t e r  the i n i t i a t i o n  o f  
movement o f  the power or  t h r u s t  con t ro l s  from the minimum f l i g h t  i d l e  pos i t i on .  
i n  accordance w i th  paragraph ( 3 1 ,  w i l l  be the maximum permi t ted f o r  showing 
compliance w i t h  the  landing c l imb o f  $ 25.119(a), and Section 4T.119(a) o f  
511-4228 f o r  each o f  the bleed combinations tested under paragraph ( 3 ) .  I f  AFM 
performance i s  presented so there i s  no accoun tab i l i t y  f o r  var ious bleed 
cond i t ions ,  the  t h r u s t  obtained w i t h  the most c r i t i c a l  a i rb leed  sha l l  be used 
f o r  land ing  c l imb performance f o r  a l l  operations. The e f fec ts  o f  a n t i - i c e  bleed 
must be accounted f o r .  

I 
17. CLIMB: ONE-ENGINE-INOPERATIVE - $1 25.121. 

l 

a. Explanation. None. ~ 
b. Procedures. ~ 

(1) Two methods f o r  es tab l i sh idg  the one c r i t i c a l  -engine-inoperat ive 
: c l imb  performance fo l low:  
I 1 
I ( i )  Reciprocal heading climbs are conducted a t  several t h rus t - to -  

weight cond i t ions  from which the perfonhance f o r  the AFM i s  ext racted.  These . 
climbs are flown w i t h  the wings nominally l eve l .  Reciprocal c l imbs may n o t  be 
necessary i f  i n e r t i a l  cor rec t ions  are appl ied t o  account f o r  wind gradients. 

( i i )  Drag po lars  and engirie-out yaw drag data are obtained f o r  
expansion i n t o  AFM cl imb performance. These data are obtained w i t h  the wings 
nominal ly l e v e l .  Reciprocal heading check cl imbs are conducted t o  v e r i f y  the 
pred ic ted  c l imb performance. These check cl imbs may be f lown w i t h  the wings 
maintained i n  a near l eve l  a t t i t u d e .  Reciprocal c l imbs may n o t  be necessary i f  
i n e r t i a l  co r rec t i ons  are appl ied t o  account f o r  wind gradients. 

( 2 )  I f  f u l l  rudder w i t h  w ings  l e v e l  cannot maintain constant heading, 
small bank angles i n t o  the operat ing enQine(s) ,  w i t h  f u l l  rudder, should be used -, 
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t o  maintain constant heading. unless! the land ing  l i g h t s  automat ica l ly  r e t r a c t  
w i t h  engine f a i l u r e ,  t e s t i n g  should b conducted w i t h  the l i g h t s  extended f o r  
8 25.121(a) Takeoff; land ing  gear ex t  nded, § 25.121(b) Takeoff; land ing  gear 
re t rac ted ,  and S 25.121(d) Approach. 

t 
(3)  The c l imb performance t h s  w i t h  landing gear extended i n  

accordance with 1 25.121(a) should b e  conducted w i th  the land ing  gear and sear - - 
doors extended i n  the most unfavorablk i n - t r a n s i t  drag pos i t i on .  It has been 
acceptable t o  consider t h a t  the c r i t i k a l  conf igura t ion  i s  associated w i t h  the 
l a r g e s t  f r o n t a l  area. For the land in  gear, i t  usua l l y  e x i s t s  w i t h  no weight on 
the  land ing  gear. For gear doors, i t  i s  usua l ly  w i th  a l l  the gear doors open. 
I f  it i s  ev ident  t h a t  a more c r i t i c a l  t r a n s i t i o n a l  con f i gu ra t i on  e x i s t s ,  such as 
d i r e c t i o n a l  r o t a t i o n  o f  t he  gear, tes  i n g  should be conducted i n  t h a t  
conf igura t ion .  I n  a l l  cases where t h  1 c r i t i c a l  conf igura t ion  occurs dur ing  a 
t r a n s i t i o n  phase which cannot be except by specia l  o r  ex t raord inary  
procedures, i t i s  permissible, 8 25 .21 (a ) ( l ) ,  t o  apply 
co r rec t i ons  based on other  t e s t  analys is .  

( 4 )  I f  means, such as var iab le  in take doors, are provided t o  con t ro l  
powerplant c o o l i n g  a i r  supply dur ing  takeoff ,  c l imb, and enroute f l i g h t ,  they 
should be se t  i n  a oos i t i on  which w i l l  maintain the temoerature o f  major 

t compor 
these 1 
These .. A.-.. 

lents, e 
~ rocedur  
p r o v i s i  
. ..A .. 

powerpl an ng ine  f l u i d s ,  etc., w i t h i n  the es tab l  
e f f e c t  o f  ,es should be ncluded i n  the c l imb pe 
a i rp lane.  

i 
ons apply f o r  a l l  ambient temperature 

operat ional  wrnperarure l i m i t  f o r  whi h approval i s  desired. 
8 25.1043.) 

I 
I 

i shed 1,  
rformanc 
s up t o  

i m i t s .  The 
ce o f  the 
the h ighes t  

ence 

( 5 )  The l a t t e r  p a r t  o f  § 25 ]121(b) ( l )  which s ta tes  .-unless there i s  a 
more c r i t i c a l  power operat ing cond i t ion  e x i s t i n g  l a t e r  a long the f l i g h t  path" i s  
intended t o  cover those cases s i m i l a r  t o  where a wet engine depletes i t s  water 
and r e v e r t s  t o  dry-engine operat ion. Th is  i s  n o t  intended t o  cover n o n a l  
a l t i t u d e  t h r u s t  lapse rates.  (Refere ce preamble t o  SR-422A.) I 

t h a t  the s t a l l i n g  speed f o r  the 
n o t  exceed 110 percent o f  the 

land ing  gear extended. 
an adequate margin above 

i s  maintained dur ing  f l a p  
i t  i s  permiss ib le 

t o  a r b i t r a r i l y  increase the land ing  f l a p  s t a l l  i n g  speed, VSO, t o  show compliance. 
The AFM must, however, base the land idg  speed on the increased s t a l l i n g  speed, 
and the  land ing  distance demonstratioris and the AFM land ing  f i e l d  l eng th  
requirements must a l so  be predicated n the increased speed. The s t a l l  warning 
requirements o f  1 25.207 must be esta 8 l i s h e d  f o r  the adjusted s t a l l i n g  speed. 
However, the § 25.203 s t a l l  c h a r a c t e r i s t i c s  requirements must s t i l l  be met a t  
t he  normal s t a l l  speed. I 
18. MROUTE FLIGHT PATHS - S 25.123. l 

a. Ex lanat ion .  Th is  guidance i s  intended f o r  showing compliance w i t h  the 
requirements +.I23 o and app1icati;on t o  the operat ing requirements o f  
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§§ 121.191 and 121.193 which specify the clearances over t e r r a i n  and 
obs t ruc t ions  requ i red  o f  the n e t  enroute f l i g h t  paths subsequent t o  the ? 

1 o f  one o r  two engines. 

I . b. Procedures. 

(1 )  S u f f i c i e n t  enroute c l imb pbrformance data should be presented i n  
t he  A M  t o  permi t  the determinat ion o f  the ne t  cl imb gradient  and the  n e t  f l i q h t  
path i n  accordance w i th  SS 25.123(b) and ( c )  f o r  a l l  gross weights, a l t i tudes ;  1 and ambient temperatures w i th in  the operat ing l i m i t s  o f  the a i rp lane.  

( 2 )  Fuel Consumption ~ c c o u n t a b h . l i t ~ .  The e f f e c t  o f  the v a r i a t i o n  o f  
t he  a i r o l a n e ' s  weiaht alona the f l i a h t  ohth due t o  the ~ r o a r e s s i v e  consumotion 
o f  f u e l '  may be taken i n t o  iccount  uSing' Fuel f low rates '  obiained from a i rp lane 
manufacturers' t e s t  data. I f  measured fbe l  f l ow  data i s  n o t  ava i lab le ,  z 
conservat ive fue l  f low ra te  no t  greater than 80 percent o f  the engine 
s p e c i f i c a t i o n  f low r a t e  a t  maximum continuous t h r u s t  (MCT) may be used. 

(3 )  The procedures and f l i g h t  kond i t ions  upon which the enroute f l i g h t  
path are based should be provided t o  the f l i gh tc rew.  Fuel dumping may be 
requ i red  t o  achieve the requ i red  perform nce. A conservat ive analys is  should 
be used i n  t a k i n g  i n t o  account the ambient condi t ions o f  temperature and wind 
e x i s t i n g  a long the f l i g h t  path. A l l  performance should be based on the n e t  
f l i g h t  path, MCT on the opera t ing  engine(s),  and f u e l  used should be based on 
fue l  which would be used f o r  the ne t  f l i g h t  path. 

19. LANDING - § 25.125. 

a. Explanat ion. i 
(1) The land ing  d is tance i s  th6 hor izonta l  d is tance from the p o i n t  a t  1 which the  main gear o f  the a i rp lane i s  50 ft. above the land ing  surface ( t r e a t e d  

n fu r the  
l i c a n t  p 

,r subdi 
r e f e r s  

as a hor izonta l -p lane through the touchdown p o i n t )  t o  the p o i n t  a t  which the 
a i rp lane  i s  brought t o  a stop. (For water landings, a speed o f  approximately 3 
knots i s  considered "stopped.") I n  t h i s  AC, the distance i s  t rea ted  i n  two 
pa r t s :  the a i rborne distance from 50 f t j  t o  touchdown. and the around d is tance 
from touchdown t o  stop. The l a t t e r  may bc vided i r  I 
phase and a f u l l  b rak ing  phase i f  the app' t h i s  me1 
ana lys is .  

( 2 )  The term VREF used i n  t h i s  AC means the la1 I l reshold 
speed (i .e., speed a t  50 f t .  he igh t )  sch duled i n  the AFI )ma1 op s .  
The minimum value o f  VREF i s  spec i f ied  i n  § 25.125(a)(2) as I.J~'s. whicn 
prov ides an adequate margin above the s t a l l  speed t o  a l low f o r  l i k e l y  speed 
va r ia t i ons  dur ing an approach i n  low turbulence. I f  the land ing  demonstrations 
are unable t o  show the a c c e p t a b i l i t y  o f  the minimum approach speed and the t e s t s  
are predicated on the use o f  an approach speed, VREF greater  than the m 
1.3Vs, the l and ing  distance data present d i n  the AFM must be based up0 
h igher  approach speed. 

I 
I 

nding t t  
M f o r  nc . ... era t ion !  

~inimum 
n the 

I ( 3 )  The engines should be se t  Lo the h igh side o f  the i d l e  t r i m  band 
I o r  t he  e f f e c t  o f  the i d l e  t h r u s t  must beaccounted f o r  dur ing  the ana lys is  and 
' expansion o f  the t e s t  resu l t s .  1 
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I _ _  . 
b. Procedures for Determinatio of the Airborne Distance. Three 

acceptable means of compliance are d scribed in paragraphs (11, ( 2 ) ,  and (3)  
below. These d i f fe r  from the "tradifional" method i n  which steep approaches and 
high touchdown sink ra tes  were permitted. Such a demonstration of maximum 
performance i s  no longer considered acceptable. However, the distances obtained 
using that  method have resulted i n  a satisfactory operational safety record. 
The methods given here allow credi t  o r  the amount of tes t ing which the 
applicant i s  prepared t o  conduct suc 1 that  i f  he chooses ( 3 ) ,  the most complex, 
distances typical of those from the "tradit ional" method should be obtained, b u t  
w i t h o u t  incurring the associated r i s  s during tes t ing.  Y 
Note. I f  i t  i s  determined that  the onstraints on approach angle and touchdown 
rate-of-sink described i n  paragraphs ( 2 )  and ( 3 )  below are not appropriate due i to  novel or unusual features of futu e transport category airplane design, new 
c r i t e r i a  may be established. Such a change would be acceptable only i f  i t  i s  
determined tha t  an equivalent level f safety to exist ing performance standards 
and operational procedures is  mainta 

I 

(1) Experience shows an upder bound to  the Part 25 zero-wind airborne 
distances achieved in past cer t i f icat ions  and', similarly,  a m i n i m u m  speed loss. 
These are approximated by the following: 

I 

Air Distance ( f e e t )  4 1.55 1 where VREF i s  i n  k n o t s  TAS 

Touchdown Speed $ V R E F - ~  knots 
i 

An applicant may choose to  use these relationships to  establish landing distance 
in l i eu  of measuring airborne distan e and speed loss .  

( 2 )  If an applicant choose4 t o  measure airborne distance or time, a t  
l e a s t  six t e s t s  covering the landing weight range are required for each airplane 
c b n f i ~ ~ t - a t i o n  for which ce r t i f i ca t io  i s  desired. These t e s t s  should meet the 
following c r i t e r i a :  I 

geting i 
maintail 
. . > > ~  

( i )  A s tabil ized appr ach, t a r  I 5 gl ideslope of -3 degrees 
and an indicated airspeed of VREF,  s ould be led for a suff ic ient  time 
prior t o  reaching a height of 50 f t .  above the lanalng surface t o  simulate a 
continuous approach a t  t h i s  speed. uring this time, there be no 
appreciable change i n  the power, a t t i tude ,  or ra te  of descen average 
glideslope of a l l  landings used t o  s ow compliance should nor De sreeper than -3 
degrees. 

should 
it. The 
A , ~ ~A 

i i )  Below 50 f t . ,  thdre should be no nose depression by use of 
the longlruainal control and no change i n  configuration, except for reduction i n  
power. I 

( i i i  ) The target rate of descent a t  touchdown should not exceed 6 
1 f t .  per second. Target values canno I be achieved precisely; however, the 

average touchdown rate of descent should not exceed 6 f t .  per second. 

4 
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I 

( i )  The a i r  distance o r  dir time establ ished by t h i s  method may 
n o t  be l e s s  than 90 percent of the lowest demonstrated value obtained us ing  the  
t a r g e t  values f o r  approach angle and touchdown sink r a t e  spec i f ied  i n  paragraph 
( i i )  below. However, t e s t  data w i t h  approach angles steeper than -3.5 degrees 
and touchdown sink ra tes  greater  than 8 f t .  per second may n o t  be used 
s a t i s f y  t h i s  requirement . 

( 3 )  I f  the app l i can t  conducts enough t e s t s  t o  a l l ow  a  parametric I @' ' 

ana l ys i s  which es tab l i shes  w i t h  s u f f i c i  n t  confidence the r e l a t i o n s h i p  between k 
a i rborne  d is tance ( o r  t ime)  as a  func t ion  o f  the ra tes  o f  descent a t  50 ft. and 
touchdown, the P a r t  25 a i rborne  distances may be based on an approach F 
-3.5 degrees and a  touchdown sink r a t e  o f  8 ft. per second (see paragr, )r 
a  sample o f  t h i s  ana lys is  method). 

I 

( i i )  I n  order t o  determide the parametric re la t ionsh ips ,  it i s  
recommended t h a t  t e s t  t a r g e t s  should spdn approach angles from -2.5 degrees t o  
a t  l e a s t  -3 degrees and sink ra tes  a t  tduchdown from 2-6 ft. per second. Target 
speed f o r  a l l  t e s t s  should be VREF. 1 

( i i i  ) I f  an acceptable m 4 thod o f  analys is  i s  developed by an 
app l i can t  t o  s t a t i s t i c a l l y  e s t a b l i s h  a  da t is fac to ry  confidence l e v e l  f o r  the 
r e s u l t i n g  parametr ic re la t i onsh ips ,  then 12 t e s t s ,  i n  each aerodynamic 
con f i gu ra t i on  f o r  which c e r t i f i c a t i o n  i d  desired, w i l l  be s u f f i c i e n t .  More 
t e s t s  w i l l  be necessary i f  the d i s t r i b u t i o n  o f  the data does no t  give s u f f i c i e n t  \ 
conf idence i n  the parametr ic co r re la t i on .  Past experience has shown t h a t  a  
t o t a l  o f  40 landings would es tab l i sh  a  sa t i s fac to ry  confidence leve l  wi thout  
f u r t h e r  ana lys is .  Autolands may be inc luded i n  the ana lys is  b u t  should no t  
comprise more than h a l f  o f  the data points .  I f  i t  i s  apparent t h a t  
con f i gu ra t i on  i s  n o t  a  s i g n i f i c a n t  var iab le,  a l l  data may be inc luded i n  a  
s ing le  parametr ic analys is .  I 

t o  a  

increase i n  
These may be 

analys is ,  whether the 

( v )  I n  c a l c u l a t i n g  the A distances, the speed l o s s  from 
i 50 ft. t o  touchdown, as a  percentage o f  be assumed us ing the 
! cond i t i ons  o f  paragraph ( 3 )  above. 
i 

( 4 )  Whichever method i s  chosed t o  es tab l i sh  a i rborne distances, 
s a t i s f a c t o r y  f l i g h t  c h a r a c t e r i s t i c s  must be demonstrated i n  the f l a r e  maneuver 
w i t h  the speed a t  50 f t .  o f  V R E F - ~  knots, the app l i ca t i on  o f  l ong i t ud ina l  
c o n t r o l  t o  i n i t i a t e  f l a r e  may be a t  any p o i n t  below 50 ft., and the touchdown 
speed should be a t  l e a s t  5  knots l e s s  than the touchdown speed used t o  es tab l i sh  
the  l and ing  distance. The r a t e  o f  descent a t  touchdown should n o t  be greater 
than 6  ft. per second. Power should no t  be increased below the 50 f t .  p o i n t  i n  
order  t o  f a c i l i t a t e  t he  f l a r e .  Th is  deMonstration must be performed a t  both 
maximum land ing  weight and a t  near minimum land ing  weight.  
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c. Procedures f o r  ~ e t e r m i n a t i o n  o f  the T rans i t i on  and Stopping Distance. 

(1 )  The t r a n s i t i o n  d is tadce extends from the i n i t i a l  touchdown p o i n t  
t o  t he  p o i n t  where a l l  approved decelerat ion devices are operat ive.  The 
stopping d is tance extends from the end o f  t r a n s i t i o n  t o  the p o i n t  where the 
a i rp lane  i s  stopped. The two phas s may be combined i f  the app l i can t  p r e f e r s  
t h i s  method o f  analys is .  

( 2 )  I f  s u f f i c i e n t  data a e n o t  ava i lab le ,  there  should be a minimum 
o f  s i x  landings i n  t he  primary land ing  conf igura t ion .  Experience has shown 
t h a t  i f  s u f f i c i e n t  data are ava i l ab le  f o r  the a i rp lane model t o  account f o r  
v a r i a t i o n  o f  b rak ing  performance w i t h  weight, l i f t ,  drag, ground speed, torque 
l i m i t ,  etc., a t  l e a s t  two t e s t  runs are necessary f o r  each con f i gu ra t i on  when 
c o r r e l a t i o n  f o r  mu1 t i p l e  conf igura t ions  i s  being shown. 

(3 )  A ser ies  o f  a t  l e a s t  s i x  measured l and ing  t e s t s  cover ing  the 
l and ing  weight range should be conducted on the  same s e t  o f  wheels. t i r e s .  and 
brakes-in order to-substant ia te t h  t excessive wear o f  wheel brakes and t i r e s  i s  
n o t  produced i n  accordance w i t h  t h  p rov is ions  o f  § 25.125(b). The land ing  
t e s t s  should be conducted w i t h  the normal operat ing brake pressures f o r  which 
the  app l i can t  des i res  approval. T I e main gear t i r e  pressure should be se t  t o  
n o t  l ess  than the maximum pressure desired f o r  c e r t i f i c a t i o n  corresponding t o  
the  s p e c i f i c  t e s t  weight. ~ o n ~ i t u d i n a l  con t ro l  and brake app l i ca t i on  procedures 
must be such t h a t  they can be consl 'stent ly appl ied i n  a manner t h a t  permi ts  the 
a i rp lane  t o  be de-rotated a t  a con r o l l e d  r a t e  t o  preclude an excessive nose 
gear touchdown r a t e  and so t h a t  t h  requirements o f  §§ 25.125(a)(4) and ( 5 )  are 
met. C e r t i f i c a t i o n  p r a c t i c e  has n t al lowed manually app l ied  brakes before a l l  
main gear wheels are f i r m l y  on the ground. i 

( 4 )  A i rp lane opera t ing  pdocedures appropr iate f o r  determinat ion o f  
l and ing  distance must be described i n  the performance sect ion o f  the AFM. 

I 

d. Landing on Unimproved ~undays .  
I 

( 1 )  Landing distances on su r faces  o ther  than paved hard surfaces 
reou i re  s ~ e c i a l  considerat ions.  Ad abbreviated ser ies  o f  t e s t  measurements i s  
acc'eptable provided normal hard su data has already been 
obtained. These surfaces are f i r m  sod, d i r t ,  o r  gravel runways. There 
should be some confidence t h a t  area and t i r e  pressures are 
compatible w i t h  the surface t o  

(2 )  The f o l l o w i n g  should be considered a minimum: 

( i  ) Def ine runway sdrface mater ia l  and cond i t ion .  

I 

I ( i i  ) Def ine bear ing  st rength o f  the proposed runway. 

( i i i  ) Measure l a n d i I g  ground r o l l  us ing  appropr ia te  procedures. 
Four t e s t  runs are a minimum. I 

1 ( i v )  Eva1 uate groun hand1 i n g  c h a r a c t e r i s t i c s  
- .  I d 
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( v )  E v a l u a t e  t h e  e f f e c  o f  f o r e i g n  o b j e c t  damage and i n g b s t i o n  on 
s a f e t y  o f  t h e  proposed o p e r a t i o n .  

( v i )  The need f o r  any p e c i a l  s a f e t y  d e v i c e s  such as d e f l e c t o r  
s h i e l d s  s h a l l  be eva lua ted .  

( v i i  ) E v a l u a t e ,  i f  r e q  es ted ,  the procedures f o r  use o f  h r u s t  
r e v e r s e r s  and t h e  e f f e c t  on a i r p l a n e  

4 
I 

( v i i i l  E s t a b l i s h  any n  eded procedures and o p e r a t i n g  l i m i t a t i o n s .  
The h e a v i e s t  we igh t  demonstrated w i l l  c o n s t i t u t e  a  l a n d i n g  w e i g h t  l i m i t a t i o n .  

e .  I r ~ r t r u m e n :  t i o n  and Data.  I s t r u w n t a t i o n  shou ld  i n c l u d e  a  n ~ a n s  t o  
r e c o r d  tt1=1--: g l i d e p a t h  r e l a  i v e  t o  t h e  sround and t h e  around r o l l  
a g a i n s t  t ime  i n  a  manner t o  de te rm ine  and v e r t i c a i  d i s t a n c e  t i m e  
h i s t o r i e s .  The a p p r o p r i a t e  d a t a  t o  p o f  these  t i m e  h i s t o r i e s  
shou ld  a l s o  be recorded.  

f. - A i r p l a n e  F l i g h t  Manual Land ing  

( 1 )  As a  minimum t h e  AFM must 
and ze ro  runway g r a a i e n t  showing t h e  
(up t o  maximum t a k e o f f ) ,  a l t i t u d e ,  an 
o p e r a t i o n  under P a r t  121  o f  t h e  FAR, 
o p e r a t i o n a l  f i e l d  l e n g t h  f a c t o r s  f o r  
§ 121.195. 

FIGURE 19-I,. LANDING TIME DELAYS 
I 

D i s tances .  

i n c l u d e  da ta  f o r  s tandard tempera tu re  
V a r i a t i o n  o f  l a n d i n g  d i s t a n c e  w i t h  w e i g h t  

wind.  I f  t h e  a i r p l a n e  i s  i n t e n d e d  f o r  
t h e  d i s t a n c e s  p resen ted  s h o u l d  i n c l u d e  t r e  
b o t h  d r y  and w e t  runways r e q u i r e d  by 

'(2) I n  d e r i v i n g  t h e  scheduleb d i s tances ,  t h e  t i m e  de lays  shown be low 
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( i i )  @ T h i s  s e g e n  r e p r i  e n t s  t h e  f l f g h t  t e s t  measured 
average t e s t  t i m e  f rom p i l o t  o f  "he f i r s t  d e c e l e r a t i o n  d e v i c e  t o  
p i l o t  c t u a t i o n  o f  t h e  second dev ice .  F o r  AFM d a t a  expansion,  see 
i t e m  6 above. 

( i )  a T h i s  segnent 
t i m e  f rom touchdown t o  p i l o t  a c t u a t i o n  
AFM da ta  expansion,  use t h e  l o n g e r  

( i i i )  Step @ i s  reheated u n t i l  p i l o t  a c t u a t i o n  o f  a l l  
d e c e l e r a t i o n  d e v i c e s  has been complkted and t h e  a i r p l a n e  i s  i n  t h e  f u l l  b r a k i n g  
c o n f i g u r a t i o n .  I 

r ep resen ts  t h e  f l i g h t  t e s t  measured average 
o f  t n e  f i r s t  d e c e l e r a t i o n  dev ice .  F o r  

o f  1 second o r  t h e  t e s t  t ime .  

( 3 )  F o r  approved au tomat i k  d e c e l e r a t i o n  dev ices  (e.g., autobrakes o r  
a u t o - s p o i l e r s ,  e t c . )  f o r  wh ich c r e d i t  i s  sought f o r  AFM da ta  
expansion,  e s t a b l i s h e d  t imes  c e r t i f i c a t i o n  t e s t i n g  may be 
used w i t h o u t  t h e  a p p l i c a t i o n  t ime  de lay  r e q u i r e d  i n  t h e  
a p p r o p r i a t e  segnent above. 

( 5 )  Assumptions t o  be madb i n  assess ing  t h e  e f f e c t  o f  w ind on l a n d i n g  
d i s t a n c e  a r e  d i scussed  i n  paragraph 3 o f . t h i s  A C .  

( 4 )  It has been cons ide re t i  accep tab le  t o  expand t h e  a i r b o r n e  p o r t i o n  

g. P a r a m e t r i c  A n a l y s i s  Data Rehuct ion.  The f o l l o w i n g  i s  an accept 'b le  
method o-thematical model f o r  t h e  p a r a m e t r i c  
a n a l y s i s  method o f  a i r  d i s t a n c e  d e s f r i b e d  i n  paragraph b ( 3 ) .  

o f  t h e  l a n d i n g  d i s t a n c e  i n  terms o f  
a i r p l a n e  w e i g h t  o r  approach speed. 

T e s t  Data f o r  Each Tes t  P o i n t :  I 

a  f i x e d  a i r b o r n e  t ime ,  independent  o f  

R/Ssg = Rate o f  s i n k  a t  50 f t .  above l a n d i n g  sur face,  Ft/Sec 
R/STD = Rate o f  s i n k  a t  t o  chdown, Ft/Sec 
V50 = True a i r s p e e d  a t  5  f t .  above l a n d i n g  su r face ,  Ft/Sec 

t 

k 
VTD = True a i r s p e e d  a t  touchdown, Ft/Sec 

= A i r  t ime  50 f t .  t o  touchdown. Sec 

The m u l t i p l e  l i n e a r  r e g r e s s i o n  anal s i s  as o u t l i n e d  below i s  used t o  s o l v e  f o r  
t h e  c o n s t a n t  o f  t h e  two independent v a r i a b l e  equa t ion :  1 .  
To m a i n t a i n  t h e  same u n i t s  f o r  a l l  a r i a b l e s ,  t h e  dependent v a r i a b l e  i s  chosen 
a s  5 0 / t .  

4 
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I The t e s t  values of a l l  the t e s t  points ,  1 through n, are processed as fo l lows,  
where n equals the number o f  t e s t  p o i n t  : 

R 1  = ~ ! R / s ~ ~  

R2 = E : ( R / S ~ O ) ~  

R3 =x:R/sTD 

R4 = ~ ~ ( R / s T D ) ~  

R5 = ~ : ( R / s ~ ~ ) ( R / s T D )  

I n  the same manner, determine the valuek o f  the constants, a, b, and c, i n  an 
equation f o r  speed reduct ion between 5 0 f t .  and touchdown by rep lac ing  50/ t  w i t h  
(V50/VTD) f o r  each t e s t  run. i I 
A f t e r  determining the values o f  the coni tants,  the two equations are used t o  
ca l cu la te  the  t ime from 50 ft. t o  touchdown and V ~ O / V T D  f o r  the desi red 
cond i t ions  o f  3.5 degrees f l i g h t  path and R/STD = 8ft /Sec. The R/S50 i s  
ca l cu la ted  from the approach path and V50. 

A f t e r  VTD i s  determined, the a i r  distance may be determined f o r  average 
speed and t. 
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Example : 

Test  Data: 

Run R/S50 R/STD V50 - - -- 

Results: 

50/ t  = 1.0432+.3647 R/Sg 

R E 5 0  = 13.43 V ~ O / V T Q  = 1.0256 
t = 5.063 sec. Air Distance = 1100 f t .  

For conditions of  V50 = 220, 
the resultants are: 
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f l i g h t  path = 3.5  degrees, R/STD = 8 .0  

235 ( th ru  300) 
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Section 3. CONTROLL BILITY PElD MANEUVERABILITY 

20. GENERAL - § 25.143. I 
a. Ex l ana t i on  The purpose o 5 25.143 i s  t o  v e r i f y  t h a t  any operat ional  -%--. . maneuvers con ucted w i t h ~ n  the opera iona l  envelope can be accomplished smoothly 

w i t h  average p i 1  o t i n g  sk i1  1 and w i  exceeding any a i rp lane  s t r u c t u r a l  l i m i t s .  
Control  forces should n o t  be so h igh '  t h a t  t he  p i l o t  cannot sa fe ly  maneuver t h e  
a i rp lane.  Also, the forces should n t be so l i g h t  i t would take except ional 
s k i l l  t o  maneuver the  a i rp lane w i tho  t overs t ress ing  it or  l o s i n g  con t ro l .  The 
a i rp lane  response t o  any con t ro l  i n p  t should be pred ic tab le  t o  the  p i l o t .  

e  eval ui 
reas ing  
t o r  t o  I 
-XI.,..,.e 

ated dur 
normal 

prevent 
r h - , , l A  

? nose d 
ne in ten  
? p o i n t  

1 b. The app l icab le  regu la t i on  i k  § 25.143. 

c. Procedures. Compliance w i t  5 25.143 i s  p r i m a r i l y  a q u a l i t a t i v e  
determinat ion by the  p i l o t  dur ing  t h  / course o f  the f l i g h t  t e s t  program. The 
con t ro l  forces requ i red  and a i r p l a n e  response should be evaluated du r ing  changes 
from one f l i g h t  cond i t i on  t o  another and du r ing  maneuvering f l i g h t .  The forces 
requ i red  should be compatible f o r  ea h f l i g h t  cond i t ion  evaluated. For 
example.during an approach f o r  l a n d i  g, the forces should be l i g h t  and the  
a i rp lane  responsive i n  order t h a t  ad'ustments I i n  the f l i g h t  path can be 
accomplished w i t h  a minimum o f  workload. I n  c ru i se  f l i g h t ,  forces and a i rp lane  
response should be such t h a t  inadver tent  con t ro l  i n p u t  does n o t  r e s u l t  i n  
exceeding l i m i t s  o r  i n  undesirable m neuvers. Longi tudinal  con t ro l  forces 

I should b . ing acce lera t  d f l i g h t  t o  ensure a p o s i t i v e  s t i c k  fo rce  
- -  I w i t h  i n c  

i 
accelerat ion.  Forces should be heavy enough a t  the l i m i t  

1  oad fac inadver tent  etcurs ions beyond design l i m i t .  Sudden 
engine f a ,  aurc, r t lvu lu  be inves t iga tbd  dur ing  any f l i g h t  cond i t ion  o r  i n  any 
con f i gu ra t i on  considered c r i t i c a l ,  no t  covered by another Sect ion o f  P a r t  25. 
Contro l  forces considered excessive f hould be measured t o  show compliance w i t h  
§ 25.143(c), "s t rength  o f  p i l o t s "  l i r h i t s .  Allowance should be made f o r  delays 

l o w  fro1 
t i s  t o  
o f  s t a l  

i n  the i n i t i a t i o n  o f  recovery ac t ion  

21. LONGITUDINAL CONTROL - § 25.145 

a. Explanat ion. 

(11 Sect ion 25.145(a) requ.res 
con t ro l  t o  promptly p i t c h  the a i rp la r  

(2 )  Sect ion 25.145(b) requ res  changes t o  be made i n  f l a p  pos i t i on ,  
power, and speed w i thout  undue e f f o r  1 when retr imming i s  n o t  p r a c t i c a l .  The 
purpose i s  t o  insure t h a t  any o f  these changes are poss ib le  assuming t h a t  the 
p i l o t  f i n d s  i t  necessary t o  devote a l e a s t  one hand t o  the  i n i t i a t i o n  o f  the 
desi red operat ion w i thou t  being over owered by the primary a i rp lane  cont ro ls .  
The ob jec t i ve  i s  t h a t  no excessive c ange i n  t r i m  w i l l  r e s u l t  from the  

very h igh  cont ro l  forces. 

i app l i ca t i on  o r  removal o f  power o r  t e extension o r  r e t r a c t i o n  o f  wing f l aps .  
Compliance w i t h  i t s  terms a lso  requi res t h a t  the r e l a t i o n  o f  con t ro l  fo rce  t o  

- speed be such t h a t  reasonable change i n  speed may be made wi thout  encounter ing 

appropr iate t o  the s i t u a t i o n .  

t h a t  there be adequate l o n g i t u d i n a l  
c m, a t ,  o r  near t he  s t a l l  t o  
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r e t u r n  t o  the  o r i g i n a l  t r i m  speed. fl insure s u f f i c i e n t  p i t c h  
con t ro l  i f  inadve r ten t l y  slowed t o  thc 1. 



(3 )  Sect ion 25.145(c) i s  conceined w i t h  the even tua l i t y  o f  going 
around du r ing  an approach f o r  land ing  i n  wh ich  event i t  i s  des i rab le  t o  be 'able 
t o  r e t r a c t  the wing f l a p s  and lead ing  e d b  s la t s ,  i f  appl icable,  qu i ck l y  a t  such 
a r a t e  t h a t  there  w i l l  be no l oss  o f  a l t i t u d e  i f  power i s  app l ied  simultaneously 
w i t h  the i n i t i a t i o n  o f  f l a p / s l a t  r e t r a c t i o n .  The des im fea ture  invo lved i n  
t h i s  requirement i s  the r a t e  o f  f l a p / s l a t  r e t r a c t i o n .  -.Several changes t o  
S 25.145(c) were made as a r e s u l t  o f  Amerldment 25-23, which became e f f e c t i v e  
May 8, 1970. i 

anes hat 
condi t i c  
~~~ ~~- 

? there  
inuous p 
i tudes a 
F A  ~ 

(i) The use o f  maximum codtinuous power was changed t o  t a n e o ~ ~  
power becaust i s  no need t o  reserve add i t iona l  power ( t h r u s t )  between 
maximum con t i  lower and takeo f f  powdr f o r  cont ingencies since compliance a t  
c r i t i c a l  a l t '  ~ n d  weights i s  required. Fur ther ,  t akeo f f  power from a 
c o n t r o l l a b i l ~ ~ v  s ~ a n d o o i n t  could be more c r i t i c a l  (i .e. p i t c h  up) .  Son - 
a i r p l  t h e i r  go-around t h r u s t  a t  c e r t a i n  weights bt o f  
t h i s  a1 engine operat ing cond i t ions  w i t h i n  the apl 
a i rp lane  operanng enve I ope must a lso be considered. 

id had t 
In. The 

~ - ~ 

.o' l i m i t  
m c r i t i c  

( i i )  P a r t i a l  f l a p  r e t r a c t i o n  t o  a gated p o s i t i o n  (design fea ture  
t o  prevent inadver ten t  operat ion beyond t h i s  p o s i t i o n )  i s  permit ted. The gate 
design requirements are i n  the ru le .  I 

( i i i )  The i n i t i a l  speed wds changed from 1.1Vs1 t o  a speed o f  
1 . 2 V ~ 1  f o r  t u r b o j e t  a i rp lanes,  which i s  intended t o  assure t h a t  t he  minimum 
i n f l  i ght go-around speed i s  r e l a t e d  t o  rea l  i s t i c  land ing  touchdown speeds. ..i 

b. The app l icab le  regu la t ions  are 25.145(a),(b), and ( c )  o f  the FAR. 

c. Procedures. The f o l l o w i n g  t e s t  procedures o u t l i n e  an acceptable means 
f o r  demonstrating compliance w i th  S 25.145. These t e s t s  may be conducted a t  an 
op t iona l  a1 t i t u d e  i n  accordance w i t h  S 25.21(c 1. Where appl icable,  the 
cond i t i ons  should be maintained on the edgines throughout the maneuver. 

(1 ) Longi tudinal  con t ro l  recovery, S 25.145(a) : 

( i  ) Conf igurat ion:  

(A) Maximum weight o r  a 1 i g h t e r  weight i f  considered more 
c r i t i c a l  . 

(B)  A f t  c.g. pos i t i on .  

(C) Landing gear extended. 

(D) Wing f l a p s  r e d a c t e d  and extended t o  the maximum 
land ing  pos i t i on .  

( € 1  Engine power a t  i d l e  and maximum continuous. 
I 

( i i )  Test procedure: The a i rp lane should be trimmed a t  the speed 
f o r  each con f i gu ra t i on  as prescr ibed i n  d 25.103(b)( l ) .  The nose should be - 
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(2 )  Longi tud inal  con t ro l ,  !lap extension, S 25.145(b)( l ) .  
I 

lr 

(i ) Conf igurat ion:  1 
I 

(A) Maximum lahd ing  weight.  
! 

4/9/86 
I 
-. 

(8 )  C r i t i c a l  c l g .  pos i t i on .  
I 

AC 25-7 

1 .  (C) Wing f l a p s  re t rac ted .  

p i tched downward from any speed between V t r i m  and the  s t a l l .  I n  past  programs 
the  most c r i t i c a l  p o i n t  has been a t  the s t a l l  when i n  s t a l l  b u f f e t .  The r a t e  o f  

I speed increase should be adequate t o  promptly re tu rn  t o  the t r i m  p o i n t .  Data 
from the  s t a l l  c h a r a c t e r i s t i c s  t e s t  could be used t o  evaluate t h i s  cond i t i on  a t  

I t he  s t a l l .  I 

1 (D) Landing gekr extended. 

(E) Engine pow r a t  f l i g h t  i d l e .  
I 

( i i  ) Test procedure: The a i rp lane  should be trimmed a t  a  speed 
o f  1.4Vs. The f l a p s  should be extended t o  t he  maximum land ing  p o s i t i o n  as 
r a p i d l y  as poss ib le  wh i le  ma in ta in ing  approximately 1 . 4 V ~  f o r  the f l a p  p o s i t i o n  

I 
e x i s t i n g  a t  each i n s t a n t  throughout the maneuver. The c o n t r o l  forces should 
n o t  exceed 50 l b s .  ( t he  maximum temporary fo rces  t h a t  can be app l ied  r e a d i l y  by , ,l- one hand) throughout the maneuver w i thout  changing the t r i m  c o n t r o l .  

( 3 )  Long i tud ina l  c o n t r o l ,  k lap  r e t r a c t i o n ,  §§ 25.145(b)(2) & ( 3 )  

( i  ) Conf igurat ion:  ~ 
1, I (A) Maximum lahd ing  weight.  

(B) C r i t i c a l  c1.g. pos i t i on .  

(C ) Wing f l a p s  extendel 

(Dl Landing gekr e x t e n o ~ u .  
I 

1 t o  max 

4 - 2  

imum la1 nding pc 

(E) Engine powkr a t  f l i g h t  i d l e  and t a k e o f f .  

( i i  ) With the a i rp lanL trimmed a t  1.4Vs, t he  f l a p s  should be 
r e t r a c t e d  t o  t he  f u l l  up p o s i t i o n  wh i le  ma in ta in ing  approximately 1 . 4 V ~  f o r  t h e  
f l a p  p o s i t i o n  e x i s t i n g  a t  each i n s t a n t  throughout the maneuver. The 
l o n g i t u d i n a l  c o n t r o l  fo rce  should n o t  exceed 50 l bs .  throughout t he  maneuver 
w i thou t  changing the t r i m  c o n t r o l .  

( 4 )  Longi tud inal  con t ro l ,  ower app l i ca t i on ,  9 25.145(b)(4) & ( 5 ) .  P 
( i  ) Conf igurat ion:  
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(A) Maximum land ink  weight. 

(B) C r i t i c a l  c.g. d o s i t i o n .  
l 

(C) Wing f l a p s  r e d a c t e d  and extended t o  the maximum, 1 l and ing  pos i t i on .  
I 

(D) Landing gear edtended. 

1 (E)  Engine power a! f l i g h t  i d l e .  

1 ( i i )  Test procedure: The a i rp lane should be trimmed a t  
I o f  1 .4V~.  Takeoff  power should be a p p l i  d  qu ick ly  wh i le  main ta in ing  t t  

o f  1.4V~.  The l ong i tud ina l  cont ro l  force should no t  exceed 50 l bs .  tt' t 
the maneuver wi thout  changing the t r i m  c q r * - - '  

( 5 )  Longi tudinal  con t ro l ,  a i r s  a t i on ,  § 25.145(b)(6). 

I I 
( i  ) Conf igurat ion:  I 

1croI . 
2ed va r i  

(A) Maximum land in  d weight. 

( B )  Most forward c.g. pos i t i on .  

a  speed 
le speed 
~roughou 

1 (C) Wing f l a p s  extehded t o  the maximum l a n a ~ n g  pos i t i on .  

(D) Landing gear extended. 

(E) Engine power at1 f l i g h t  i d l e .  I 
( i i )  Test Procedure: The h i rp lane  should be trimmed a t  a  speed 

o f  1.4V~.  The speed should then be reduckd t o  1 . 1 V ~  and then increased t o  
1.7V~,  o r  the  f l a p  p lacard speed, VFE, whlchever i s  lower. The l ong i tud ina l  
c o n t r o l  fo rce  should n o t  be greater than 50 lbs .  Data from the s t a t i c  
l o n g i t u d i n a l  s t a b i l i t y  t e s t s  i n  the land ipg  conf igura t ion  a t  forward c.g., 1 

' § 25.175(d), may be used t o  show complian e  w i t h  t h i s  requirement. F I 

( 6 )  Longi tudinal  con t ro l ,  f l a p  Le t rac t i on  and power app l ica t ion ,  I 
§ 25.145(c). 

I I 
( i  ) Conf igurat ion:  I ~ 

i n g  wei! : r i t i c a l  combinbtions o f  maximum land 1 d  
a1 t i t u d e s  . I 

(C) Wing f l a p s  exte ded t o  the maximum land ing  pc 
and gated pos i t i on ,  i f  appl icable.  1 

k (D) Landing gear ex ended. 
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- 
( E l  Engine po J e r  f o r  l e v e l  f l i g h t  a t  a  speed o f  1.1Vs 

f o r  p rope l l e r  dr iven a i rp lanes,  o r  1 1 . 2 ~ ~  f o r  t u r b o j e t  powered a i rp lanes .  

( i i  ) Test  procedure: With the a i rp lane s tab le  i n  l e v e l  f l i g h t  
a t  a  speed o f  1.1Vs f o r  p rope l l e r  dr iven a i rp lanes,  o r  1.2Vs f o r  t u r b o j e t  
powered a i rp lanes,  the f l aps  should be re t rac ted  t o  the f u l l  up pos i t i on ,  o r  
nex t  gated pos i t i on ,  wh i le  simultaneously app ly ing  i n f l i g h t  t akeo f f  power. 
The power used should be c r i t i c a l  w i t h  respect t o  c o n t r o l l a b i l i t y  o r  
performance. It should be possib le t o  prevent any l oss  o f  a l t i t u d e  w i thout  
except ional p i l o t i n g  sk i  11. Trimming throughout t h i s  maneuver i s  permissible. 
I f  gates are  provided, t h i s  t e s t  should be conducted from t h e  maximum land ing  
f l a p  p o s i t i o n  t o  the f i r s t  gate, from gate t o  gate, and from the l a s t  gate t o  
the  f u l l y  r e t r a c t e d  pos i t i on .  The gate design requirement i s  spec i f i ed  i n  t h e  
r u l e .  The land ing  gear should remain extended throughout the t e s t .  

22. DIRECTIONAL AND LATERAL cmTRoL - § 25.147. 

a. Explanation. 1 
( 1 )  Sections 25.147(a) and (b)  are intended t o  be inves t iga ted  f o r  

dangerous c h a r a c t e r i s t i c s  such as rudder lock o r  l oss  o f  d i r e c t i o n a l  c o n t r o l  
w i t h  one o r  two c r i t i c a l  engines inoperat ive.  Sudden heading changes o f  up t o  
15 degrees are requ i red  unless the rudder fo rce  l i m i t  o f  150 lbs .  (180 l bs .  
p r i o r  t o  Amendment 25-42) i s  reached,. I f  the rudder reaches f u l l  t r ave l  w i thout  

-. a t t a i n i n g  150 lbs .  force l i m i t  o r  a  115-degree heading change, s a t i s f a c t o r y  
c o n t r o l l a b i l i t y  must be demonstrated w i t h  t h i s  conf igura t ion  f o r  expected 
serv ice operat ions. A f t e r  f u l l  rudd r i s  reached, heading changes us ing  l a t e r a l  

requi red.  

b 
con t ro l  are permiss ib le provided t h a t  no more than a  5-degree bank angle i s  

I 
( 2 )  Sections 25.147(a) and (b)  are w r i t t e n  t o  show an a i rp lane  w i l l  

s t i l l  be under con t ro l  i f  yawed suddenly toward and against  inopera t ive  
engine(s1. Paragraphs ( c )  and (d)  requ i re  an a i rp lane  t o  be e a s i l y  c o n t r o l l a b l e  
w i t h  c r i t i c a l  inopera t ive  engine(s).  Ro l l  response, § 25.147(e), should be 
s a t i s f a c t o r y  f o r  takeof f ,  approach, landing, and h igh  speed conf igura t ions .  Any 
permiss ib le  conf igura t ion  which could a f f e c t  r o l l  response should be evaluated. 

I 
b. Procedures. 

( 1 )  D i rec t i ona l  Control  - ne ra l  , § 25.147(a). 

( i )  Conf igurat ion:  

I (A) Maximum lahding weight. 

I ( B )  Most a f t  c.g. pos i t i on .  
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(C) Wing f l a p s  

(D) Landing 

(E) Yaw SAS on, 

extended t o  the approach pos i t i on .  

ge,ar re t rac ted .  

and o f f  i f  appl icable.  



(F)  Operating engine(s1 a t  the power f o r  l e v e l  f l i g h t  a t  
1 .4V~,  b u t  no t  more than maximum continuous power. 

(GI Inoperat ive edgine t h a t  would be most c r i t i c a l  f o r  
c o n t r o l l a b i l i t y ,  w i t h  p rope l l e r  feathered, i f  appl icable.  

( i i  ) Test Procedure: ~ h d  a i rp lane should be trimmed i n  l e v e l  
f l i g h t  a t  t he  most c r i t i c a l  a l t i t u g e  i n  accordance w i th  S 25.21(c). Reasonably 
sudden changes i n  heading t o  the l e f t  arid r i g h t ,  us ing  a i l e rons  t o  maintain 
approximately wings l e v e l  f l i g h t ,  should be made demonstrating a change u t o  
15 degrees o r  a t  which 150 l bs .  rudder force i s  required. The a f rp lane shou d 
be c o n t r o l l a b l e  and f r e e  from any hazardous c h a r a c t e r i s t i c s  dur ing  t h i s  

47 
maneuver. I 

(2 )  D i rec t i ona l  Control  - FOU; o r  More Engines, S 25.147(b). 

(i ) Conf igurat ion:  I 
(A) Maximum landinlg weight. 

(B) Most forward c.g. pos i t i on .  

(C) Wing f l aps  i n  the most favorable c l imb p o s i t i o n  
(normal ly re t rac ted ) .  

(Dl Landing gear rk t rac ted .  

( E )  Yaw SAS on, anh o f f  i f  appl icable.  

(F)  Operating engihes a t  the power requ i red  f o r  l e v e l  
f l i g h t  a t  1.4V~1, bu t  no t  more than maximum continuous power. 

(G) Two inopera t ivk  engines t h a t  would be more c r i t i c a l  
f o r  c o n t r o l l a b i l i t y  w i t h  ( i f  app l icab le) '  p rope l l e rs  feathered. 

( i i )  Test Procedure: The procedure ou t l i ned  i n  subparagraph 
b ( l ) ( i i )  above i s  app l icab le  t o  t h i s  t e s t .  

I 

( 3 )  Latera l  Control  - Genera1,l S 25.147(c). 

( i  ) Conf igurat ion:  

(A) Maximum takeof1  weight. 

(B )  ~ o s t  a f t  c.g. bos i t i on .  

(C) Wing f l aps  i n  the most 

(D) Landing gear re t rac ted  

favorab 

and ext  

l e  c l imb pos i t i on .  

(E) Yaw SAS on, and o f f  i f  appl icable.  ~ 
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-- 
( F I  Opera t i ng  e n g i n e ( ~ )  a t  maximum cont inuous power. 

(GI The inopeJat ive engine t h a t  would be most c r i t i c a l  f o r  
c o n t r o l l a b i l i t y ,  w i t h  the p rope l l e r  feathered, i f  appl icable.  

( i i  ) Test  Procedure: With the a i rp lane trimmed a t  1.4V~, t u rns  
w i t h  a bank angle of 20 degrees s h o j l d  be demonstrated w i t h  and against  t h e  
inopera t ive  engine from a steady clrmb a t  1.4Vs1. It should n o t  take 
except ional p i l o t i n g  s k i l l  t o  make smooth, p red i c tab le  turns.  

( 4 )  La tera l  Control  - Four o r  More Engines, § 25.147(d). 

( i )  Conf igurat ion: ~ 
(A) Maximum tdkeo f f  weight. 

( B )  Most a f t  d.g. pos i t i on .  

(C) Wing f l a p s  i n  the most favorable c l imb p o s i t i o n .  
I 

( 0 )  Landing gdar r e t r a c t e d  and extended. 

( E l  Yaw SAS on, and o f f  i f  appl icable.  

(F) Operat ing engines a t  maximum cont inuous power. 
-- I 

(GI Two inoperat ive engines most c r i t i c a l  f o r  
c o n t r o l l a b i l i t y ,  w i t h  p rope l l e rs  feathered, i f  appl icable.  

I 
( i i  ) Test  Procedure: The procedure o u t l i n e d  i n  subparagraph 

b ( 3 ) ( i i )  i s  app l icab le  t o  t h i s  t e s t .  

(5 )  La tera l  Control  - A l l  ~ n ~ i n e s  Operating, 1 25.147(e). 

(5 1 Configurat ion: A l l  con f igura t ions  w i t h i n  the f l i g h t  
envelope f o r  normal operat ion. 

I 
( i i )  Test  Procedure: This  i s  p r i m a r i l y  a q u a l i t a t i v e  eva lua t ion  

which should be conducted throughout t h e  t e s t  program. R o l l  performance should 
be inves t iga ted  throughout the f l i g h t  envelope, i n c l u d i n g  speeds t o  VFC/MFC, t o  
ensure adequate peak r o l l  r a tes  f o r  safety,  consider ing the f l i g h t  cond i t ion ,  
w i thout  excessive con t ro l  force o r  t r a v e l .  R o l l  response dur ing  sides1 i p s  
expected i n  serv ice  should prov ide enough maneuvering c a p a b i l i t i e s  adequate t o  
recover from such condi t ions.  Approach and l and ing  conf igura t ions  should be 
c a r e f u l l y  evaluated t o  ensure adequate con t ro l  t o  compensate f o r  gusts and wake 
turbulence wh i le  i n  c lose  prox imi ty  the ground. 

23. MINIMUM CONTROL SPEED - § 25.149. 

a. Ex lanat ion .  Sect ion 25.149 def ines requirements f o r  minimum c o n t r o l  
speeds du r ing  --Tf t a  eo f c l imb (VMC), dur ing  takeo f f  ground r o l l  (VMCG), 
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and dur ing  l and ing  approach (VM 11. The VMC (commonly re fe r red  t o  as YMCA) 
requirements are spec i f i ed  i n  S k 25.149(h), (b ) ,  ( c )  and (d ) ;  the VMCG 
requirements are described i n  5 25.149(e); and the VMCL requirements are covered 
i n  55 25.149(f), ( g )  and (h) .  Sect ion 25.149(a) s ta tes  t h a t  t he  method used t o  
simulate c r i t i c a l  engine f a i l u r e  must represent the most c r i t i c a l  mode o f  
powerplant f a i l u r e  w i t h  respect t o  c o n t r o l l a b i l i t y  i n  serv ice.  That i s ,  the 
t h r u s t  l oss  from the inopera t ive  engine must be a t  the r a t e  t h a t  would occur i f  
an engine suddenly became inopera t ive  i n  service. P r i o r  t o  Amendment 25-42 t o  
5 25.149, the regu la t i on  requi red t h a t  rudder con t ro l  forces must no t  exceed 180 
l bs .  Amendment 25-42 l i m i t s  rudder con t ro l  forces t o  150 l bs .  The r e l a t i o n s h i p  
between VEF, V 1 ,  and VMCG, i n c l u d i n g  the requirements app l icab le  p r i o r  t o  
Amendment 25-42, i s  discussed i n  paragraph 10, Takeoff and Takeoff  Speeds, and 
paragraph 11, Accelerate-Stop Distance. 

b. Procedures. I 
I 

(1) Minimum Control  Speeds - A i r  (VMCA). 
I 

( 5 )  To comply w i th  the vMtA requirements, the f o l l o w i n g  two 
cond i t ions  must be s a t i s f i e d :  (Separate t e s t s  are usua l l y  conducted t o  show ' 

compliance w i t h  these two requirements. ) I 
(A) The dynamic codd i t ion  i n  which con t ro l  i s  maintained 

w i thou t  exceeding a heading change o f  20 degrees. 

(B) The s t a b i l i z e d  ( s t a t i c  ) cond i t i on  where constant 
heading i s  maintained w i thout  exceeding d 5-degree bank angle. 

ane. I .  

ra tu re ,  
u iva len l  
L .c - 

( i i )  S t a t i c  Test ~ r o c e d u r d  and Required Data. A f t e r  e s t a b l i s h i n g  
the  c r i t i c a l  inopera t ive  engine, the t e s t s  f o r  es tab l i sh ing  the  minimum con t ro l  
speed may be conducted. Using the conf igura t ion  spec i f i ed  i n  5 25.149 w i t h  the 
c r i t i c a l  engine inoperat ive,  the remaining engine(s) w i l l  be adjusted t o  maximum 
takeo f f  power and/or t h rus t ;  the airspeed w i l l  be decreased u n t i l  one o f  the 
l i m i t i n g  f a c t o r s  spec i f i ed  i n  E l  25.149(b), ( c )  o r  ( d )  i s  experienced. For 
a i rp lanes  w i t h  more than two engines, the inboard engine(s) may be t h r o t t l e d ,  
prov ided the  appropr iate yawing moment c o e f f i c i e n t  (CN) i s  maintained. I f  the  
maximum power and/or t h r u s t  w i th in  the approved a i rp lane  operat ing envelope was 
maintained t o  the minimum t e s t  speed, t h i s  speed may be used as the VMCA f o r  t he  
a i r p  'f, a t  the opt ion o f  the appl icant ,  YMCA i s  t o  vary w i t h  a l t i t u d e  and 
tempe the  minimum t e s t  speed and corresponding t h r u s t  may be reduced t o  
an eq t CN. From t h i s  CN, VMCA may be ca l cu la ted  t o  vary w i t h  takeo f f  
t h r u s r .  IT maximum t a k e o f f  t h r u s t  could h o t  be achieved du r ing  t h i s  t es t ,  the 
CN can be used t o  ca aximum takeo f f  t h r u s t .  It has been 
acceptable t o  extend beyond the t e s t  t h rus t .  If YMCA i s  
near o r  l ess  than VS , considerat ion may be given t o  
conduct ing the t e s t  a r  a more exrenaeo Tlap pos i t i on .  It should be note' 
however, t h a t  a more extended f l a p  p o s i t i o n  may produce unconservative i 
I n  t h e  event VMCA i s  l e s s  than s t a l l  speed a t  a l l  usable operat ional  grc 
wei ghts, demonstration t h a t  shows compliance w i th  the VMCA requirements may De 
shown as fo l lows:  

l l c u l a t e  
I the t h  
; f o r  thl 

- A  - 

the VM( 
r u s t  5 1 
e t e s t  i 
~- ~ A .  

;A f o r  m 
)ercent 
ii r p l  ane 

> ~ >  c.. 
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(A) Conduct h a t i c  VMCA t e s t s  us ing p a r t i a l  rudder 
d e f l e c t i o n s  t o  achieve a v a r i a t i o n  i n  CN w i t h  rudder de f l ec t i on .  

(B) P l o t  the asymmetric t h r u s t  yawing moment (CN) versus 
con t ro l  surface d e f l e c t i o n  ( l a t e r a  and d i r e c t i o n a l  ) . These p l o t s  should be 
f a i r e d  and then extrapolated t o  f u  1 con t ro l  surface def lec t ions .  P l o t  CN 
versus rudder pedal force. This  p 1 o t  should be f a i r e d  t o  150 lbs.  (180 l bs .  
p r i o r  t o  Amendment 25-42). Whichever cond i t ion  o f  the three i s  most l i m i t i n g  
determines the maximum CN from which YMCA can be calculated.  

(C) The ex t rapo la t ion  should be l i m i t e d  t o  5 percent o f  
the  yawing moment c o e f f i c i e n t  unless a r igorous analys is  i s  made t o  account f o r  
a1 1 o f  the s t a b i l i t y  and con t ro l  terms. 

( D l  Compute the s t a l l i n g  speed (VS) a t  the a i rp lane 
Operational Weight Empty (OWE) f o r  the  maximum takeo f f  f l a p  p o s i t i o n  and compute 
VMCA from CN us ing the maximum asymmetric t akeo f f  t h r u s t .  I f  the 
computed VMCA i s  l ess  than VS, then the a i rp lane i s  s t a l l  l i m i t e d  
VMCA i s  n o t  a fac to r .  

I 

I and 

. .. . 
( i i i  ) Dynamic Test drocedure and Required Data. I n  aaa i t i on  t o  

t h e  s t a t i c  t e s t  procedure, dynamic demonstrations should be made t o  prov ide 
adequate proof  t h a t  the speed(s1 d 4 termined a l s o  meet the dynamic requirements. 
The dynamic demonstration i s  conducted by apply ing the  maximum ra ted  power 
and/or t h r u s t  t o  a l l  engines and suddenly c u t t i n g  the c r i t i c a l  engine. It 
should be possib le t o  recover t o  a c o n s t a n t  heading w i thout  exceeding the  
requirements o f  § 25.149(d). I f  the thrust /weight  f o r  the dynamic demonstration 
produces an extreme nose-high a t t i t u d e ,  normal ly more than 20 degrees, another 
method should be used such as conduct ing dynamic demonstrations us ing  a minimum 
requ i red  rudder and a i l e r o n  con t ro l  a t  reduced t h r u s t  and comparing con t ro l  
de f l ec t i on  and fo rce  requi red between the dynamic demonstration and s t a t i c  
demonstration a t  several reduced t h r u s t  cond i t ions  . 

( i v )  I f  YMCA has be6n shown t o  be l ess  than VS by the s t a t i c  
method, the  dynamic demonstration may be conducted a t  speeds such as 1 . 1 V ~  and 
evaluated i n  accordance w i t h  paragraph ( i i i  ) above. 

( v )  Normally, VMCA and VMC w i l l  be determined by render ing t h e  F engine inopera t ive  and a l lowing the prope l e r  t o  autofeather;  however, on some 
a i rp lanes  a more c r i t i c a l  drag cond i t ion  can be produced dur ing  a p a r t i a l  power 
condi t ion.  Some engine p rope l l e r  combinations might  be sub jec t  t o  t h i s  type o f  
f a i l u r e .  One example i s  some tu rboprope l le r  i n s t a l l a t i o n s  can have a fuel 
c o n t r o l  f a i l u r e  t h a t  causes the  engine t o  go t o  f l i g h t  i d l e ,  r e s u l t i n g  i n  a 
h igher  asymmetric drag than t h a t  obtained from an inopera t ive  engine. I n  such a 
case, the t e s t  must be conducted i n  the most c r i t i c a l  cond i t ion .  

I 

( v i  ) There may be shme d i f fe rence between r i g h t  and l e f t  engine 
inopera t ive  VMCA due t o  p rope l l e r  $ l i p  stream r o t a t i o n  reducing rudder 
e f fec t iveness  t o  maintain the a i r p  ane on i t s  o r i g i n a l  heading. The c r i t i c a l  
engine should be determined and t h  r l  YMCA f o r  t h a t  con f i gu ra t i on  should be used. 

I 

( v i i )  VMCA and VMCG should be based on the maximum n e t  t h r u s t  
reasonably expected f o r  a product i  a n engine. These speeds should n o t  be based on 

I 
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AC 25-7 1 4/9/86 

s p e c i f i c a t i o n  t h r u s t  since t h i s  t h r u s t  r e  resents the mfnimum t h r u s t  as guaranteed 
by the  engine manufacturer, and the r e s u l t i n g  speeds could be too slow. The t h r u s t  
used f o r  scheduled VMCA and VMCG speeds should represent the h igh side o f  the 
to lerance band and may be determined by ahalys is  instead o f  t es t s .  

Minimun 

2 ,  -1 

I Control  Speed - Ground (VMCG) - § 25.149(e). 

r i  I it must be demonstrated tha t ,  when the c r i t i c a l  engine i s  
suddenly made inopera t ive  a t  VMCG dur ing  the takeo f f  ground r o l l ,  the a i rp lane i s  
sa fe l y  c o n t r o l l a b l e  t o  cont inue the takeof f .  During the demonstration, the 
a i rp lane  must n o t  deviate more than 30 f t  (25 ft. p r i o r  t o  Amendment 25-42) from 
the  pre-engine-cut pro jected ground t rack  The c r i t i c a l  engine i s  determined by 
the  methods as described above under § 25 

I (ii) Tests may be conducted by abrupt ly  r e t a r d i n g  the engine t o  
i d l e  t o  e s t a b l i s h  the t a r g e t  VMCG. A t  l e a s t  one f u e l  c u t  should be made a t  
each maximum asymmetric t h r u s t  l eve l  desired t o  be c e r t i f i c a t e d  t o  i nves t i ga te  

, t he  more r a p i d  t h r u s t  decay associated w i th  t h i s  type o f  engine f a i l u r e .  A t  
t he  app l i can t ' s  opt ion, i n  crosswind condi t ions,  the runs may be made on 
rec ip roca l  headings o r  an a n a l y t i c a l  cor r t i c t ion  may be app l ied  t o  determine the 
zero crosswind value o f  VMCG. 

( i i i  ) During determinat ion o f  VMCG, engine f a i l u r e  
recogn i t ion  should be by p i l o t  sensation 1 r outside reference only,  unless an 
engine f a i l u r e  warning device i s  i n s t a l  led.  

( i v )  Control  o f  the a i r p l a  e should be accomplished by use o f  
t he  rudder only.  A l l  o ther  cont ro ls ,  l i k  1 a i l e rons  and spo i le rs ,  should only  
be used t o  c o r r e c t  any a l t e r a t i o n s  i n  the a i rp lane a t t i t u d e  and t o  maintain a 
wings l e v e l  cond i t ion .  Use o f  those con t ro l s  t o  supplement the r l ~ d d e r  
e f fec t iveness  should no t  be allowed. I 

( v )  The VMCG should be condidered a t  the heaviest  weight where 
VMCG may impact the AFM V 1  schedule. 

I I 
( v i )  The t e s t  should be codducted a t  a f t  c.g. and w i t h  the nose 

wheel f r e e  t o  caster ,  t o  minimize the s t a b i l i z i n g  e f f e c t  o f  the nose gear. 

( v i i  ) For  a i rp lanes w i t h  ~ { r t i f i c a t i o n  basis p r i o r  t o  Amendment 
25-42, VMCG values may be demonstrated w i th  nose wheel rudder pedal 
s tee r ing  operat ive f o r  dispatch on wet runways. The t e s t  should be conducted on 
an actual  wet runway. The test($,) should inc lude engine f a i l u r e  a t  o r  near a 

oc ia ted  w i t h  minimum VR t o  demonstrate adequate c o n t r o l l a b i l i t y  
o ta t ion ,  l i f t o f f ,  and the i l n i t i a l  c l imbout.  The VMCG values 

i s  method are appl icable f o r  wet o r  dry runways only,  n o t  f o r  i c y  
runways. 

I 
( 3 )  Minimum Control  Speed ~ u r i n $  Landing Approach V ~ c l  - § 25. 

( i )  This  sect ion i s  intended t o  cover the c o n t r o l l a b i l i t y  aspects 
o f  an engine f a i l u r e  dur ing  land ing  approach. Section 25.149(f) requi res t h a t  
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minimum con t ro l  speeds dur ing  land n g  approach w i t h  a l l  engines opera t ing  a t  
maximum ava i l ab le  i n f l i g h t  power o  t h r u s t  be determined when the c r i t i c a l  
engine i s  suddenly made VMCL i s  def ined as t h a t  speed where i t i s  
poss ib le  t o  recover w i t h  the engine s t i l l  inopera t ive  
and maintain yaw or ,  a t  the opt ion o f  the 
appl icant ,  than 5 degrees. VMCL i s  the 

an engine f a i l s  a f t e r  power or  

operat ing. 
t h r u s t  has been increased t o  make a go-around from an approach w i t h  a l l  engines 

I 
( i i )  The i n i t i a l  poker cond i t ion  a t  the t ime o f  engine f a i l u r e  

should be the maximum ava i lab le  i n f l i g h t  t akeo f f  t h r u s t .  The procedures given 
i n  paragraph (1) f o r  VMCA may be ahpl ied i n  determining VMCL, except f l a p  
s e t t i n g s  and t r i m  se t t i ngs  should be appropr iate t o  the maximum approach f l a p  
used t o  show compliance w i t h  § 25.121(d). 

(i ) For a i rp lanes w t h  three or  more engines, V M C L - ~  i s  the 
minimum speed f o r  ma in ta in ing  safe con t ro l  dur ing  the power or  t h r u s t  changes 
t h a t  are l i k e l y  t o  be made fo l low i r ig  the f a i l u r e  o f  a  second engine dur ing  an 
approach i n i t i a t e d  w i t h  one eng ine  inoperat ive.  

.- (ii) This t e s t  shou d  be conducted i n  the most c r i t i c a l  
one-engine-inoperative approach o r  land ing  conf igura t ion  ( f rom the AM), 
usua l l y  the minimum f l a p  d e f l e c t i o  . Two demonstrations are requ i red  t o  
determine V M C L - ~ .  

(A) With powkr on the operat ing engines se t  t o  maintain a  
-3 degree g l  ideslope, w i t h  one c r i t i c a l  engine inopera t ive ,  the second c r i t i c a l  
engine i s  made inopera t ive  and the  remaining operat ing engine(s)  advanced t o  
maximum ava i l ab le  i n f l i g h t  t akeo f f  power. The VMC 2  speed i s  es tab l ished by 
the  procedures presented i n  paragr I phs ( l ) ( i  1 and t i i  1 f o r  VMCA. 

I 

( B )  With powkr on the operat ing engines set  t o  maintain a  
-3 degree gl ideslope, w i t h  one c r i t i c a l  engine inoperat ive:  

(1) s e t  the airspeed a t  the value determined above i n  
step (A) and, w i t h  zero banr  angle, mainta in a  constant heading us ing  t r i m  t o  
reduce the con t ro l  fo rce  t o  zero. I f  f u l l  t r i m  i s  i n s u f f i c i e n t  t o  reduce the 
con t ro l  fo rce  t o  zero, f u l l  t r i m  s  ould be used p lus  con t ro l  d e f l e c t i o n  as 
required; and 

(2 )  Makk the second c r i t i c a l  engine inopera t ive  and 
r e t a r d  the remaining operatTng engfne(s) t o  minimum ava i l ab le  power w i thout  
changing the d i r e c t i o n a l  t r i m .  The VMCL-2 determined i n  paragraph (A)  
i s  acceptable i f  constant heading can be maintained w i thout  exceeding a  5-degree 
bank angle and the l i m i t i n g  conditvons o f  § 25.149(h). 
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sect io4 5. STABILITY 

25. [RESERVED] 

26. STATIC LONGITUDINAL STABILITY 40 DEMONSTRATION OF STP 
STABILITY - §§ 25.173 AND 25.175. 

\TIC LON 

a. Explanat ion. 1 

( 1 )  Sect ion 25.173 - S t a t i c  Longi tudinal  S t a b i l i t y .  
I 

( i )  Compliance w i t h  dhe general requirements 
determined from a  demonstration o f  s t a t i c  l ong i tud ina l  stab 
cond i t i ons  spec i f i ed  i n  § 25.175. 1 

o f  § 2  
i l i t y  UI 

GITUDINAL 

5.173 at 
nder thc 

(ii The requirement i s  t o  have a  p u l l  force t o  obta in and 
mainta in speeds lower than t r i m  spe d  and a  push fo rce  t o  ob ta in  and mainta in 
speeds higher than t r i m  speed. T h e e  4 may be no fo rce  reversal  a t  any speed t h a t  
can be obtained, except lower than the minimum f o r  steady, u n s t a l l e d  f l i g h t  o r  
higher than the  land ing  gear o r  wing f l a p  opera t ing  l i m i t  speed o r  VFC/MFC, 
whichever i s  appropr ia te  f o r  t he  t e  t conf igura t ion .  The requ i red  t r i m  speeds 
are  spec i f i ed  i n  5 25.175. 

( i i i  ) When the con t rd l  force i s  s lowly released from any speed 
w i t h i n  the requ i red  t e s t  speed r a n d ,  the airspeed must re tu rn  t o  w i t h i n  10 
percent o f  the o r i g i n a l  t r i m  speed i n  the cl imb, approach, and l and ing  
condi t ions,  and re tu rn  t o  w i t h i n  7.5 percent o f  t he  t r i m  speed i n  the  c r u i s i n g  
cond i t i on  spec i f i ed  i n  § 25.175 ( f r  e  r e t u r n ) .  t 

( i v )  The average gradient o f  the s t i c k  fo rce  versus speed curves 
f o r  each t e s t  con f i gu ra t i on  may n o t  be l ess  than one pound f o r  each 6  knots f o r  
the appropr iate speed ranges spec i f  ed i n  § 25.175. Therefore, a f t e r  each curve 
. i s  drawn, draw a  s t r a i g h t  l i n e  from the i n t e r s e c t i o n  o f  the curve and the  
requ i red  maximum speed t o  the t r i m  o i n t .  Then draw a  s t r a i g h t  l i n e  from the 
i n t e r s e c t i o n  o f  t he  curve and the r qu i red  minimum speed t o  the  t r i m  po in t .  The 
slope o f  these l i n e s  must be a t  lea  1 t one pound f o r  each 6  knots. The l o c a l  
slope o f  the curve must remain s tab le  f o r  t h i s  range. 

Note: - Due t o  d i f f e r e n t  design f e a t  res  o f  i nd i v idua l  a i rp lanes,  there  may be 
cases where the  l oca l  slope gradien deviates somewhat from t h a t  s p e c i f i e d  by 
§ 25.173. When t h i s  occurs, an i n v  s t i g a t i o n  should be performed t o  determine 
i f  a  f i n d i n g  o f  equ iva len t .sa fe ty  c  n  be made based on p i l o t  evaluat ion.  

( 2 )  Sect ion 25.175, Demonktration o f  S t a t i c  Longi tudinal  S t a b i l i t y ,  
s p e c i f i c a l l y  def ines the f l i g h t  condi t ions,  a i rp lane  conf igura t ions ,  t r i m  
speed, t e s t  speed ranges, and t h r u s t  se t t i ngs  where demonstration i s  required. 

b. Procedures. ~ 
( 1 )  For  the demonstrationl o f  s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  , the  

a i rp lane  should be trimmed i n  smooth a i r  a t  the cond i t ions  requ i red  by t h e  
regu la t ion .  A f t  c.g. loadings are general ly  most c r i t i c a l  . A f t e r  ob ta in ing  
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trim speed, apply a l ight  pull force an h s tabi l ize  a t  a slower speed. Continue 
t h i s  process i n  acceptable increments, depending on the speed spread being 
investigated, until reaching the minimum speed for steady, unstalled f l i g h t  or 
the minimum required as appropriate for the configuration. A continuous 
pull force from the trim speed i s  requibed on each series of t e s t  points t o  
eliminate hysteresis effects.  A t  the end of the required speed range, the force 
should be gradually relaxed t o  allow th8 airplane to slowly return toward the 
trim speed and zero st ick force. Depending on the amount of f r ic t ion  in the 
control system, the eventual speed a t  which the airplane s tabi l izes  will 
normally be l e s s  than the original trim speed. The new speed, called the free 
return speed, must meet the requirement$ of S 25.173. 

( 2 )  Starting again a t  the trim speed, push forces should be gradually 
applied and gradually relaxed in the same manner as described i n  paragraph (1). 

(3)  The above techniques resu l t  i n  several problems i n  practice. One 
e f fec t  of c h a n g i n g t i t u d e ,  w i t h  a corresponding change 
in Mach number and thrust  or power outpJt .  Consequently, a reasonably small 
a l t i tude  band, limited to +3,000 f t . ,  should be used for the complete maneuver. 
I f  the a l t i tude band i s  exceeded, regain the original trim al t i tude by changing 
the power se t t ing  and f lap and gear position, b u t  without changing the trim 
sett ing.  Then continue the push or pull maneuver i n  the original configuration. 
Testing somewhat beyond the required speed l imits in each direction assures that  
the resulting data a t  least  extends to the required speed ranges. I t  will also 
be noted in tes t ing  tha t  while holding force constant a t  each data point, the 
airspeed and instantaneous vertical speed vary in a cyclic manner. This i s  due 
to the long period (phugoid) osci l la t ion.  Care should be exercised i n  eventing 
the data point, since i t  may be biased by this phugoid osci l la t ion.  Averaging 
these osci l la t ing speeds a t  each data point i s  an acceptable method of 
eliminating this  effect .  Extremely smooth a i r  improves the quality of the t e s t  
data w i t h  c r i t i ca l  areas requiring the best o f  smooth a i r .  In-bay and cross-bay 
wing fuel s h i f t  i s  another problem experienced i n  some airplanes. In-bay fuel 
s h i f t  occurs rapidly with pitch angle; tlherefore, consideration should be given 
to  tes t ing  w i t h  fuel loadings that  provide the maximum s h i f t  since i t  i s  
generally destabilizing. Slower, cross-bay fuel s h i f t ,  or burn from an a f t  
tank, can influence the measured s t ab i l i t y  b u t  usually only because of the time 
required to  obtain the data points. This tes t ing induced ins tab i l i ty  should be 
removed from the data before evaluation of the required slope. 

1 I 

( 4 )  The resul t ing p i l o t  longit  dlnal force t e s t  points should be 
plotted versus airspeed to  show the positive stable gradient of s t a t i c  
longitudinal s t ab i l i t y .  This plot should a lso show the in i t i a l  trim point and 
the t w o  return-to-trim points t o  evaluate the return-to-trim character is t ics  
(see Figure 26-1). 
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FIGURE 26-1. ST I C  LONGITUDINAL STABIL 1 
INITIAL 

0 , POINT 
TRIM 

\ . . /RETURN-TO-TRIM-POINT - w - - \ AIRSPEED R E T U R N - T 0 - d  
TRIM-POINT 0' 

\ 
0 

WIMW SPEED A 

a. Explanat ion. 

(1 ) S t a t i c  D i rec t i ona l  ~ t h b i l i t ~ .  P o s i t i v e  s t a t i c  d i r e c t i o n a l  
s t a b i l i t y  i s  def ined by a)  as the tendency t o  recover from a  s k i d  w i t h  
the rudder f ree.  Positi:e2:i:::: d i r e c t i o n a l  s tab i  l i t y  i s  requ i red  f o r  any 
land ing  gear and f l a p  p o s i t i o n  and symmetrical power cond i t i on  a t  speeds from 
1 . 2 V ~ 1  up t o  VFE, VLE, o r  VFC/MFC s  appropriate f o r  the a i rp lane 
conf igura t ion .  

(2 )  S t a t i c  La tera l  s t a b i l i t y .  Pos i t i ve  s t a t i c  l a t e r a l  s t a b i l i t y  i s  
de f ined by § as the tendency t o  r a i s e  the low wins i n  a  s i d e s l i p  w i t h  
the  a i l e r o n  con t ro l s  f ree.  S t a t i c  l a t e r a l  s t a b i l i t y  may n o t  be negat ive i n  any 
land ing  gear and f l a p  p o s i t i o n  and symmetrical Dower cond i t i on  a t  speeds from 
1 . 2 V ~ 1  t o  VFE, VLE, o r  VMO/MMO, as the a i rp '  ~ n f i g u r a t i o n .  
A t  speeds from VMO/MHO t o  VFC/MFC, l a t e r a l  : i t y  i s  
permiss ib le p rov id ing  the divergen 

ate f o r  
s t a t i c  

lane cc 
j t a b i l ,  

( i  Gradual , 

( i i l  Eas i l y  recogniz b l e  by the p i l o t ,  and 

( i i i )  Eas i l y  c o n t r o l l a b l e  I by the p i l o t .  
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1 ( 3 )  Steady S t r a i g h t  Sides1 ips .  I 

I ( i )  Section 25.177(c) req d i r es ,  i n  steady s t r a i g h t  s ides l i p2  t o  
s i d e s l i p  angles appropr iate t o  the operat ion of the a i rp lane,  t h a t  the a i l e r o n  

I and rudder cont ro l  movements and forces be propor t iona l  t o  the angle o f  s i d e s l i p  
I and must l i e  between l i m i t s  necessary f o r  safe operat ion. Experience has shown r 

t h a t  15 degrees i s  an appropriate angle for t ranspor t  category a i rp lanes.  
I 

( i i  ) A t  s i d e s l i p  angles gdeater than those appropr iate f o r  
operat ion o f  the  a i rp lane  up t o  the s i d d s l i p  angle a t  which f u l l  rudder o r  
l a t e r a l  con t ro l  i s  used o r  a  rudder pedal force o f  180 l bs .  i s  obtained, t he  
rudder pedal forces may n o t  reverse and increased rudder d e f l e c t i o n  must produce 
increased angles o f  s ides l i p .  I 

1 ( i i i )  The t e s t  cond i t ions  ishould be the same as requ i red  i n  
paragraph ( 11 above. 

I 
b. _Procedures. The t e s t  cond i t ionh should inc lude each f l a p  and l a n d i n g  

gear c o n f ~ g u r a t i o n  as described i n  paragkaph (1). (2 )  o r  ( 3 )  above, a t  both low 
a l t i t u d e  and the  maximum a l t i t u d e  appropr iate t o  each conf igura t ion .  

I 
(1) Basic Test. 

(i ) S t a t i c  D i rec t i ona l  S t a b i l i t y .  To check s t a t i c  d i r e c t i o n a l  
s t a b i l i t y  w i t h  the  a i rp lane  i n  the desi red con f i gu ra t i on  and s t a b i l i z e d  a t  the  
t r i m  speed, the  a i rp lane i s  slowly yawed in  both d i r e c t i o n s  wh i le  main ta in ing  
the  wings l e v e l  w i t h  a i le rons .  When the rudder i s  released, the  a i rp lane should 
tend t o  re tu rn  t o  s t r a i g h t  f l i g h t .  

I ( i i )  S t a t i c  La tera l  S t a b i l l t y .  J To check l a t e r a l  s t a b i l i t y  w i t h  a 
p a r t i c u l a r  con f i gu ra t i on  and t r i m  speed, conduct steady, s t r a i g h t  s ides l i ps  a t  
t he  t r i m  speed by mainta in ing the a i rp lane heading w i t h  rudder and banking w i t h  
a i l e ron .  When the  a i l e rons  are re leasedj  w i t h  the rudder he ld  f i xed ,  the low 
wing should tend t o  re tu rn  t o  l e v e l .  I n i t i a l  bank angle should be appropr iate 
t o  type; however, i t i s  recommended t h a t i t  should n o t  be less  than 10 degrees. 
R o l l  con t ro l  cen te r i ng  by the p i l o t  should n o t  be permi t ted dur ing  t h i s  
evaluat ion.  I 

(I ( i i  i ) Absence o f  Rudder ~ o c k .  

(A) Rudder lock i s  t h a t  cond i t ion  where the rudder over- 
balances aerodynamically and de f l ec t s  f u l l y  w i t h  no add i t i ona l  p i l o t  input .  

- 

(6 )  To check f o r  the bbsence o f  rudder lock w i t h  a  
p a r t i c u l a r  con f i gu ra t i on  and t r i m  speed, conduct steady, s t r a i g h t  s i d e s l i p s  
(unaccelerated forward s l i p s )  whi le  mainth in ing a  des i red  a i r p l a n e  t rack .  

(C) A i l e ron  and ruddeh con t ro l  movements must remain i n  
harmony and fo rces  must increase i n  p ropor t ion  w i t h  s i d e s l i p  angle, up t o  the  
l i m i t s  found necessary f o r  safe operat ion. A t  s i d e s l i p  angles greater  than 
those appropr iate f o r  operat ion o f  the  a i f p lane  up t o  the  s i d e s l i p  angle a t  
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which f u l l  rudder o r  l a t e r a l  when a  rudder pedal fo rce  o f  
180 l bs .  i s  obtained, the  rudder forces may n o t  reverse and increased 
rudder pedal d e f l e c t i o n  must angles o f  s ides l i p .  

I 

28. DYNAMIC STABILITY - § 25.181. 1 

( 2 )  A1 t e r n a t i v e  Test. I n  
t e s t s  described i n  paragraph ( I ) ,  
data showing a i l e r o n  and rudder forze 
r i g h t )  t o  the  appropr iate l i m i t s  i n  
and p o s i t i o n  versus sides1 i p  ind ica tes  
d i r e c t i o n a l  s t a b i l i t y  and no rudder 
successfu l ly  demonstrated. 

a. Explanat ion. 

i s  the f i r s t  o s c i l l a t i o n  the 
w i t h  the 

Care should be taken 
too  abrupt. 

l i e u  o f  conduct ing each o f  the q u a l i t a t i v e  
t i e  app l icant  may obta in recorded q u a n t i t a t i v e  

and p o s i t i o n  versus s i d e s l i p  ( l e f t  and 
constant heading s ides l i ps .  I f  the fo rce  

p o s i t i v e  d ihedral  e f f e c t ,  p o s i t i v e  
lock. compliance w i t h  § 25.177 has been 

( i i )  Heavi ly damped eans t h a t  the o s c i l l a t i o n  i s  damped w i t h i n  
approximately two cyc les a f t e r  o f  i n i t i a l  i npu t .  

A,.... ( i i i )  Short  per iod  d s c i l l a t i o n  must be heav i ly  damped both w i t h  
con t ro l s  f ree  and con t ro l s  f i xed .  1 

( 2 )  Dynamic La tera l  -D i rec t iona l  S t a b i l i t y .  The evaluat ion o f  the 
dvnamic l a t e r a l - d i r e c t i o n a l  s t a b i l  i t v  should include any combined l a t e r a l -  
d:rectional o s c i l l a t i o n  ("Dutch Rol l " )  occur r ing  between s t a l l i n g  speed and 
maximum al lowable speed appropr ia t  t o  the a i rp lane conf igura t ion .  Th is  

. o s c i l l a t i o n  must be p o s i t i v e l y  dam 3 ed w i t h  con t ro l s  free, and must be 
c o n t r o l l a b l e  w i t h  normal use o f  t h  primary con t ro l s  w i thout  r e q u i r i n g  
except ional p i l o t i n g  sk i  11. 

b. Procedures. ~ 
( i )  The t e s t  f o r  l o  g i t ud ina l  dynamic s t a b i l i t y  i s  accomplished 

by a  r a p i d  movement o r  pulse o f  t h  l ong i tud ina l  con t ro l  i n  a  nose up and nose 

the  a i rp lane.  

1 
down d i r e c t i o n  a t  a  r a t e  and degree t o  obta in a  shor t  per iod  p i t c h  response from 

I 
( i i )  Dynamic l ong i tdd ina l  s t a b i l i t y  must be checked a t  a  

s u f f i c i e n t  number o f  po in t s  i n  each conf igura t ion  t o  assure compliance a t  a l l  
operat ional speeds. 1 
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(2 )  Dynamic Latera l  -D i rec t ioha l  S t a b i l i t y .  

( i )  A t y p i c a l  t e s t  for a te ra l -d i rec t i ona l  dynamic s t a b i l i t y  i s  
accomplished by a rudder doublet i npu t  a t  a r a t e  and amplitude which w i l l  e x c i t e  
the l a t e r a l - d i r e c t i o n a l  response ("Dut h R o l l " ) .  The frequency should be i n  
phase w i t h  the  a i rp lane ' s  o s c i l l a t o r y  ksponse. 

I i 
( i i  ) Dynamic l a te ra l -d idec t i ona l  s t a b i l i t y  must be checked under 

a l l  cond i t ions  and conf igurat ions.  I f  c r i t i c a l ,  special  emphasis should be 
placed on adverse wing fue l  loading co t! d i t i o n s .  

1 I 4 I ( 3 )  Airp lanes Equipped w i t h  t a b i l i t y  Augmentation Systems (SAS). I n  
the  event the a i rp lane i s  equipped w i t h  an SAS i n  order t o  comply w i t h  
§§ 25.181(a) o r  (b) ,  i t  must meet the requirements o f  §§ 25.671 and 25.672. I f  
t h e  a i rp lane  i s  equipped w i t h  more than one SAS and meets the  requirements o f  
85 25.671 and 25.672, it i s  the appl ica b t ' s  opt ion t o  demonstrate compliance 

I w i t h  § 25.181(a) o r  (b )  w i t h  the SAS o f f .  



Section 25.143 

I--- 

C o n t r o l l a b i l i t y  and ~ . ~ ~ ~ ~ ~ ~ ~ ~ r a b i  1 i t y  
(General ) 

Sect ion 25.201 1 S t a l l  Demonstration 

4/9/86 

Sect ion 25.203 1 S t a l l  Charac te r i s t i cs  

AC 25-7 

Sect icn 

29. STALL TESTING. 

Sect ion 25.205 I S t a l l s :  C r i t i c a l  Engine Inopera t ive  

6. STALLS 

Sect ion 25.207 I 

(FAR) are as fo l lows:  

Sect ion 25.21(c) Proof o f  Compliance 

Sect ion 25.103 S t a l l i n g  Speed 

S t a l l  

b. Explanation. I 
(11 The purpose o f  s t a l l  & s t i n g  i s  th ree fo ld :  

I 

(i) To def ine the minlimum i n f l i g h t  airspeeds and how they vary 
w i t h  weight, a1 t i t u d e ,  and a i rp lane  'conf igurat ion ( s t a l l  speeds). 

( i i )  To demonstrate dhat handl ing q u a l i t i e s  are adequate t o  
a l l o w  a safe recovery from the h ighdst  angle-of-attack a t ta inab le  i n  normal 
f l i g h t  ( s t a l l  c h a r a c t e r i s t i c s ) .  1 

( i i i  To determine t a t  there i s  adequate p r e s t a l l  warning 
( e i t h e r  aerodynamic o r  a r t i f i c i a l )  o a l low the p i l o t  t ime t o  recover from any 

a i rp lane.  

r! 
probable h igh angle-of-attack condidion w i thout  i nadve r ten t l y  s t a l l  i n g  the 

I I (2 )  Dur ing t h i s  t es t i ng ,  dhe angle-of-attack should be increased a t  
l e a s t  t o  the p o i n t  where the fo l low 'ng  two cond i t ions  are s a t i s f i e d :  1 

( i )  Attainment o f  an ar 
t h a t  f o r  maximum l i f t ,  except when he 
device (e.g., s t i c k  pusher). i i g l  e-of - 

? s t a l l  
a t t a c k  I 
i s  d e f i ~  

( i i )  Clear  i n d i c a t i o  A t o  the p 
c h a r a c t e r i s t i c s  o r  s t a l l  prevent ion device ( e  _ . 
a i rp lane i s  s t a l l e d .  

neasurably g reater  than 
l e d  by a s t a l l  prevent ion 

rough the inherent  f l i g h t  
i c k  ousher) t h a t  t he  

s t a l  lec 1 when a . ~ ~ 

( 3 )  The a i rp lane  i s  consi&ered t o  be f u l l y  ny one o r  a 
combination o f  the below l i s t e d  chat-acter is t ics occurs r o  give m e  p i l o t  a c l e a r  
and d i s t i n c t i v e  i n d i c a t i o n  t h a t  he hould stop any f u r t h e r  increase i n  angle o f  
at tack,  a t  which t ime recovery shou f d be i n i t i a t e d  us ing normal techniques. The 
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s t a l l  speed i s  def ined as the minimum speed reached dur ing  the maneuver, except 
f o r  those a i rp lanes  which requ i re  s ta l i l  prevent ion devices (see paragraph ( v )  
below). 

( i )  The p i t c h  cont ro l  &aches the a f t  stop and no f u r t h e r  
increase i n  p i t c h  a t t i t u d e  occurs when the con t ro l  i s  he ld  f u l l  a f t  f o r  a sho r t  
t ime before recovery i s  i n i t i a t e d .  

i 
( i i  ) An uncommanded, d i k t i n c t i v e  and e a s i l y  recognizable nose 

down p i t c h  t h a t  cannot be r e a d i l y  arrested. 
I 

( i i i )  A r o l l  t h a t  cannot be r e a d i l y  arrested w i t h  normal use o f  
1 a t e r a l  / d i  r e c t i o n a l  con t ro l  . I 

I 

( i v )  The a i rp lane demonitrates an unmistakable, inherent  
aerodynamic warning o f  a magnitude a n d s e v e r i t y  t h a t  i s  a s t rong and e f f e c t i v e  
de ter ren t  t o  f u r t h e r  speed reduct ion. This  de ter ren t  l eve l  o f  aerodynamic 
warning ( i  .e., b u f f e t )  must be o f  a mu d h greater  magnitude than the  i n i t i a l  
b u f f e t  o r d i n a r i l y  associated w i t h  s t a l l  warning. An example i s  a la rge  
t ranspor t  a i rp lane  which e x h i b i t s  "de ter ren t  b u f f e t "  w i t h  f l aps  up and i s  
character ized by an i n t e n s i t y  which i n h i b i t s  reading cockp i t  instruments and 
would requ i re  a s t rong determined e f f o n t  by the p i l o t  t o  increase the angle-of-  
a t tack  any fu r the r .  I 

( v )  The a c t i v a t i o n  poind o f  a s t a l l  prevent ion device which i s  a 
s t rong and e f f e c t i v e  de te r ren t  t o  f u r t d e r  speed reduct ion. I f  an a r t i f i c i a l  
s t a l l  prevent ion system i s  used, s t a l l  speed may be def ined as the minimum 
speed i n  the  maneuver, provided s t a l l  c h a r a c t e r i s t i c s  are show t o  be 
acceptable a t  an angle-of-attack a t  l e a s t  10 percent beyond the  a c t i v a t i o n  
p o i n t  o f  the s t a l l  prevent ion device. (See Figure 29-1.) 

( 4 )  It should be recognized t h a t  the  p o i n t  a t  which the a i rp lane  i s  
considered s t a l l e d  may vary, depending on the a i rp lane conf igura t ion  ( f l a p s ,  
gear, drag devices, center  o f  g rav i ty ,  and gross weight) .  I n  any case, the  
angle-of-attack must be increased u n t i l  one o r  more o f  these c h a r a c t e r i s t i c s  i s  
reached f o r  a l l  l i k e l y  combinations o f  var iab les .  

I 

c. S t a l l  Speeds. 

(1) y;kg;yund. Since many ok the regu la t ions  p e r t a i n i n g  t o  
performance an an i n g  qualities specl fy  t r i m  speeds and other  var iab les  which 
are func t ions  o f  s t a l l  speeds, it i s  desi rable t o  accomplish the s t a l l  speed 
t e s t i n g  e a r l y  i n  the  program, so the data are ava i lab le  f o r  subsequent t es t i ng .  
Because o f  t h i s  i n t e r r e l a t i o n s h i p  between the s t a l l  speeds and o ther  c r i t i c a l  
performance parameters, i t i s  essent ia l  t h a t  accurate measurement methods be 
used. Most standard a i rp lane  p i t o t - s t a t i c  systems have n o t  been found t o  be 
acceptable f o r  s t a l l  speed determination. These t e s t s  requ i re  the use o f  
p roper ly  c a l i b r a t e d  instruments and usud l ly  requ i re  a separate t e s t  airspeed 
system, such as a t r a i l i n g  bomb, a t r a i l i n g  cone, o r  an acceptable nose o r  wing 
boom. 

I 
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( 2 )  Conf igurat ion.  I 
( i )  S t a l l  speeds sho i d  be determined f o r  a l l  aerodynamic 

conf igura t ions  t o  be c e r t i f i c a t e d  f r use i n  the takeof f ,  enroute, approach, 
and land ing  conf igurat ions.  

k 
( i i  1 The center of a v i t y  pos i t i ons  t o  be used should be those 

which r e s u l t  i n  the  h ighest  s t a l l  s  eeds f o r  each weight ( forward c.g. i n  most 
cases 1. 

$ 
( i i i  ) S u f f i c i e n t  tes i n g  should be conducted t o  determine the 

e f f e c t s  o f  weight on s t a l l  speed. l t i t u d e  e f f e c t s  ( compress ib i l i t y ,  Reynolds 
Number) may a lso be considered i f  c  e d i t  for  va r i a t i ons  i n  these parameters i s  
sought by the  appl icant .  If s t a l l  peeds are n o t  t o  be def ined as a  func t ion  o f  
a l t i t u d e ,  then a1 1  s t a l l  speed t e s t  ng  should be conducted a t  a  nominal 

( 3 )  Procedures. 

i 
a l t i t u d e  no lower than 1,500 ft. abbve the  maximum approved takeo f f  and l and ing  
a1 t i t u d e .  (See Figures 29-3 and 2914.) 

( i )   he a i rp lane sho 1 l d  be trimmed f o r  hands-off f l i g h t  a t  a  
speed 20 percent t o  40 percent above the  an t i c i pa ted  s t a l l  speed w i t h  the  
engines a t  i d l e  and the a i rp lane i n  the prescribed conf igura t ion  f o r  which the  
s t a l l  speed i s  being determined. T  en, us ing  only the pr imary l o n g i t u d i n a l  
con t ro l ,  a  constant decelerat ion (e fi t r y  r a t e )  i s  maintained u n t i l  one o f  the 
prev ious ly  def ined po in t s  which de f ine  the s t a l l  i s  reached. Fol lowing the  
s t a l l ,  engine t h r u s t  may be u t i l i z e t i ,  as desired, t o  expedite recovery. 

( i i )  A s u f f i c i e n t  nu I" ber o f  s t a l l s  (normal ly s i x )  should be 
accomplished a t  each c r i t i c a l  combi a t i on  o f  weight, c.g., and external  
conf igura t ion ,  vary ing the en t ry  r a  e  from approximately 0.5 knots/second t o  
1.5 knots/second. The i n t e n t  i s  t o  obta in enough data t o  de f ine  the  s t a l l  speed 
a t  an en t ry  r a t e  o f  1.0 knots/secon . (See Figure 29-2.) 

( i i i )  During the s ta  1  speed tes t i ng ,  the  s t a l l  c h a r a c t e r i s t i c s  
o f  the a i rp lane must a lso s a t i s f y  t e requirements o f  §§ 25.203(a) and (b ) .  b 

( 4 )  Thrust  E f f e c t s  on s t a l l  Speed. 

( i  ) S t a l l  speeds are normal ly def ined w i t h  the t h r u s t  l eve rs  a t  
i d l e ;  however, it i s  necessary t o  v I r i f y  by t e s t  o r  ana lys is  t h a t  engine i d l e  
t h r u s t  does no t  a f f e c t  s t a l l  speeds t o  an ex ten t  t h a t  they are appreciably  lower 
than would be experienced a t  zero th rus t .  Negative t h r u s t  a t  the s t a l l  which 
s l i g h t l y  increases s t a l l  speeds i s  acceptable. 

( i i )  To determine whjether t h r u s t  e f f e c t s  on s t a l l  speed are  
s i g n i f i c a n t ,  a t  l e a s t  th ree  s t a l l s  bhould be conducted a t  one f l a p  se t t i ng ,  w i t h  
t h r u s t  se t  t o  approximately the val e  requi red t o  maintain l e v e l  f l i g h t  a t  1.6V.s 
i n  the selected conf igura t ion  . u 

( i i i  ) These data may then be extrapolated t o  a  zero t h r u s t  
cond i t i on  t o  e l im ina te  the  e f f e c t s  f i d l e  t h r u s t  on s t a l l  speeds. (See F igure  b 



2 9 - 5 . )  I f  the d i f fe rence between i d l e  dhrust and zero t h r u s t  s t a l l  speed i s  0.5 
knots o r  less, t he  e f f e c t  may be considered i n s i g n i f i c a n t .  

( i v l  The e f f e c t s  o f  engine power on s t a l l  speeds f o r  a 
tu rboprope l le r  a i rp lane  can be evaluated i n  a s i m i l a r  manner. Engine torque, 
engine r.p.m., and est imated p rope l l e r  d f f i c i ency  can be used t o  p r e d i c t  t h rus t .  
As an a l t e r n a t i v e ,  s t a l l s  may be conducted f i r s t  a t  f l i g h t  i d l e ,  and then 
repeated w i t h  a1 1 prope l le rs  i n  the featlhered pos i t ion .  This comparison 
d i r e c t l y  i d e n t i f y  the e f f e c t s  o f  i d l e  power on s t a l l  speeds. 

I w i l l  

._, - -L ( 5 )  Data Reduction and presentlation. The fo l l ow ing  i s  an example "I 

how the  data obtained du r ing  the s t a l l  speed t e s t i n g  may be reduced t o  standard 
cond i t ions .  Other methods have been found acceptable. 

( i  ) Ind ica ted  airspeed frbrn the f l i g h t  t e s t  airspeed system i s  
recorded throughout the s t a l l ,  and these values are corrected t o  equivalent  
airspeed. 

, , ( i i  S t a l l  en t ry  r a t e  i s  khen def ined as the slope o f  a 
s t r a i g h t  l i n e  connect ing s t a l l  speed a n d  an airspeed 10 percent above the s t a l l '  
speed (See Figure 29-1.) 

Entry  Rate = V S - 1  t lVs/Time Di f ference 

( i i i )  The a i rp lane l i f t  c o e f f i c i e n t ,  CL,  i s  then ca lcu la ted  f o r  
each t e s t  s t a l l  speed us ing the equation: 

I Where: W = a i rp lane t e s t  weight - l b s .  
q - - dynamic pressure - 1 b ~ . / f t . ~  
S reference wing area - f t . 2  - = t e s t  s t a l l  speed cor rec ted  t o  knots vs(e) - 1 equivalent  airspeed. 

I ( i v )  The CL obtained f o r  Aach s t a l l  i s  then corrected t o  the 
targeted c.g. p o s i t i o n  us ing the equation: 

CLCG = c ~ ~ @ ! c / I P  ( C G S ~ ~ - C G ~ ~ S + L T  

Where: MAC = Wing mdan aerodynamic chord l eng th  - i 
It = Effect i lve t a i l  length, measured betwee 

wing 25 percent MAC and the s t a b i l i z e r  
percent, MAC - inches. 

?n the - 25 

CGstd = Forward c.g. l i m i t  a t  the p e r t i n e n t  weight - 
percend MAC/100 

C G t e s t  = Actual t e s t  c.g. p o s i t i o n  - percent MAC/100 

ACLT = Change i n  C due t o  engine t h r u s t  ( i f  
s i g n i f i c a n t  . 

I 
\ 
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( v )  For each targete c.g. and external configuration, a plot of 
CLCG versus entry ra te  i s  construct f d. The final s t a l l  C L  i s  selected a t  an 
entry rate of 1.0 knot/second. (See Figure 29-2.) 

I 

( v i  1 For each final s t a l l  C L ,  weight, wing f lap ,  and external 
configuration, a plot  of s t a l l  C L  v 1 rsus weight i s  constructed. (See Figure 
29-3.) An i n i t i a l  negative slope of t h i s  plot may be caused by several factors: 

( A )  A decreasa i n  CLMAX due t o  increasing Mach 
number (which increases as the stal  speed goes up w i t h  weight); 1 

( 0 )  The fact  ihat  CLMAX i s  proportional to the 
ra te  of change of angle-of-attack, whereas the data are plotted a t  fixed 
airspeed bleed rate;  and 

( C )  Minor adv rse aeroelastfc effects  on the wings and 
high l i f t  devices as weight (and t h  refore speed) increases. The inflection a t  
the right end i s  caused typically b a less  forward c.g. l imit  as weight 
increases. 

i 
(v i i  1 For each approded configuration, a plot of s t a l l  speed 

versus weight i s  constructed. Stal l ing speeds are then calculated using the 
equation: 

I 

Where: W = a ser ies  of weights chosen as the 
independent variable - lbs .  

CL = s t a l l  C L  corresponding to  the chosen 
weight. (See Figure 29-4.) 

s = reference wing area - f t . 2  

d. S ta l l  Characteristics. I 
pi lots  may not be required, or 

beyond that  for s t a l l  warning, any 
exposure t o  the behavior of the in an actual s t a l l  would be both 
unexpected and unfamiliar. assure a safe and expeditious recovery 
from an unintentional s t a l l ,  require any unusual piloting 
technique to  successfully demonstratre compliance with 5 25.203, nor should i t  
require exceptional ski l l  or repeatdd practice by the t e s t  p i l o t .  The behavior 
of the airplane during the s t a l l  and recovery must be easily controllable using 
normally expected pi l o t  reactions. 

( 2 )  Configuration. 

( i )  Stal l  characteri t i c s  should be investigated w i t h  wings level 
and i n  a 30-degree banked t u r n  with both power on and power off i n  a l l  
configurations approved for normal 
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(ii ) Power-off s t a l l s  sh i, u l d  be conducted a t  f l i g h t  i d l e  f o r  
the  appropr iate conf igura t ion .  For propel l e r -d r i ven  a i rp lanes,  the p r o p e l l e r  
should be se t  i n  the normal low p i t c h  (h igh  r.p.m.) pos i t i on .  

(iii ) For power-on stall!, t h r u s t  should be se t  t o  the value 
requ i red  t o  mainta in l e v e l  f l i g h t  a t  a speed o f  1.6'4s w i t h  f l a p s  i n  the  
approach pos i t i on ,  land ing  gear re t rac ted ,  and a t  maximum land ing  weight. The 
approach f l a p  p o s i t i o n  re fer red  t o  ,is the  maximum f l a p  d e f l e c t i o n  used t o  show 
compliance w i t h  § 25.121(d), Approach Climb. 

( i v l  S t a l l  c h a r a c t e r i s t i c s  t e s t i n g  i s  normal ly done a t  the a f t  
c.g. l i m i t ,  which i s  t y p i c a l l y  the  most adverse; however, i f  the s t a l l  speed 
t e s t s  a t  forward c.g. i nd i ca te  tha t  marbinal s t a l l  recovery c h a r a c t e r i s t i c s  may 
e x i s t  a t  forward c.g., compliance w i th  1 25.203 should be shown f o r  t he  most 
c r i t i c a l  loading. 

I 

( v )  S t a l l s  must be demonitrated up t o  the maximum approved 
opera t ing  a l t i t u d e  t o  determine i f  there  are any adverse compress ib i l i t y  
e f f e c t s  on s t a l l  c h a r a c t e r i s t i c s .  These t e s t s  should be flown w i t h  gear and 
f l a p s  up a t  t he  most adverse center  o f  drav i ty .  Thrust  may be set ,  as required. 
t o  maintain approximately l eve l  f l i g h t  and a 1 knot/second decelerat ion.  A 
s l i g h t  descent r a t e  i s  permiss ib le as l ong  as the  s t a l l  occurs a t  approximately 
the  maximum approved a l t i t u d e .  Charac ter is t i cs  should be checked dur ing  a wings 
l e v e l  s t a l l  and i n  a 30-degree banked tu rn .  

( v i  For a i rp lanes which a re  c e r t i f i c a t e d  f o r  f l i g h t  i n t o  known 
i c i n g  condi t ions,  s t a l l  c h a r a c t e r i s t i c s  should be demonstrated w i t h  simulated 
i c e  shapes symmetr ical ly attached t o  a l l  surfaces which are n o t  protected by 
a n t i - i c e  o r  de- ic ing systems. I 

( v i i )  For abnormal aerody amic conf igura t ions  covered by AFM 
procedures, h igh  angle-of-attack charact  b r i s t i c s  should be evaluated dorm t o  
e i t h e r  s t a l l  warning, o r  t o  an angle-of-attack equivalent  t o  the AFM recommended 
land ing  approach speed d iv ided by 1.3. I f  adequate c o n t r o l l a b i l i t y  i s  present 
a t  e i t h e r  o f  these condi t ions,  i t i s  n o t  necessary t o  s t a l l  the a i rp lane.  
"Adequate c o n t r o l l a b i l i t y "  means t h a t  it i s  possib le t o  produce and t o  c o r r e c t  
p i t c h ,  r o l l ,  and yaw by unreversed use o 1 the f l i g h t  cont ro ls ,  and t h a t  there 
are no uncommanded a i rp lane  motions due t o  aerodynamic f l o w  breakdown. I f  s t a l l  
warning i s  used as the end po in t ,  then i t  should be demonstrated t h a t  the 
a i rp lane i s  sa fe l y  c o n t r o l l a b l e  and maneuverable when flown a t  the recommended 
operat ing speed. I 

( v i i i  ) S t a l l  cha rac te r i s t i cs  should a l s o  be demonstrated w i t h  the  
maximum al lowable asymmetric f u e l  loading. Requirements are as s p e c i f i e d  i n  
55 25.203(a1 and ( c ) .  I 
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( 3 )  Procedures. 

(i) The a i rp lane shouhd be trimmed f o r  hands-off f l i g h t  a t  a  
speed 20 percent t o  40 percent above s t a l l  speed, w i t h  the appropriate power 
s e t t i n g  and conf igura t ion .  Then, us'ng only the pr imary l o n g i t u d i n a l  con t ro l ,  a  
decelerat ion (en t r y  r a t e )  o f  up t o  1 knot/second i s  maintained u n t i l  the s t a l l  

no s t a l l  warning.). 

I i s  reached. Both power and p i l o t  se ectable t r i m  should remain constant 
throughout the s t a l l  and recovery (a gle-of-attack has decreased t o  the p o i n t  o f  f 

( i i )  The same t r i m  r e  erence ( f o r  example, 1 .3V~)  should be used 
f o r  both the  s t a l l  speeds and charac e r i s t i c s  tes t i ng .  For a l l  s t a l l  t es t i ng ,  
the t r i m  speed i s  based on the perfomance s t a l l  speeds which are ( o r  w i l l  be )  
shown i n  the AFM. 

t 
( i i i )  If the a i rp lane has a  s t a l l  prevent ion system, s t a l l  

c h a r a c t e r i s t i c s  should be evaluated I t ent ry  ra tes  up t o  3 knots/second, t o  
evaluate any adverse e f f e c t s  o f  en t ry  r a t e  on the t r i p  p o i n t  o f  the device. 

I 

( i v )  For those a i r p l a i e s  where s t a l l  i s  def ined by f u l l  nose-up 
l ong i tud ina l  con t ro l  f o r  both forward and a f t  c.g., the t ime a t  f u l l  a f t  s t i c k  
should be the same dur ing  c h a r a c t e r i s t i c s  t e s t i n g  as was used f o r  s t a l l  speed 
d e f i n i t i o n .  

( v )  Normal use o f  l a t  r a l / d i r e c t i o n a l  con t ro l  must produce a  
r o l l  i n  t h e  app l ied  d i r e c t i o n  up t o  he p o i n t  where the  a i rp lane i s  considered 
s t a l l e d .  t 

e. S t a l l s :  C r i t i c a l  Engine ~ n b p e r a t i v e .  
I 

1 Ex lanat ion .  The purpbse o f  t h i s  t e s t i n g  i s  t o  ensure t h a t  
i n  an uncontro lftir- a e  maneuver. I 

( A )  Heavy weight ( i n  order t o  separate the s t a l l  speed 
and the a i r  minimum con t ro l  speed a s  much as poss ib le ) .  

( 2 )  Procedures. 

( i  ) The conf igura t ion  

(C) Wing f l aps  and h igh l i f t  aevices re t rac ted .  

should be as fo l lows:  

( D l  Landing ge r re t rac ted .  a 
(E) Tr im speed from 1.2Vs t o  1.4Vs. 

(F)  Engine pow k! r a t  75 percent o f  maximum continuous 
t h r u s t  (MCT) on a l l  operat ing engines and, f o r  t u rb ine  engines, the  c r i t i c a l  
engine a t  f l i g h t  i d l e  o r ,  f o r  p rope l l e r  dr iven a i rp lanes,  the c r i t i c a l  engine 
feathered o r  a t  approximately zero th rus t .  
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( i i )  The t e s t  procedure the same as for a symmetrical power 
s t a l l  (see S 25.201(c)) and can be f l o  a t  any a1 t i tude where 75 percent 
MCT can be maintained. There i s  some contradiction, however, between the 
requirements of 1 25.201, which specify tha t  the s t a l l  be done in "s t ra ight  
f l i gh t "  and the requirements of S 25.2d5, which imply that  i t  should be done 
with wings level. With asymmetric thrust ,  i t  i s  not possible to  achieve both of 
these conditions simultaneously. I f  the maneuver i s  flown wings level ,  the 
airplane will be sideslipping into the inoperative engine, which i s  obviously 
not "s t ra ight  f l ight ."  If a constant track equal to the airplane heading i s  
desired, the airplane must be flown a t  zero sideslip.  

power tc 
latera '  

ings be . ,  . 
3 be u s e  
I contra 
held la .. , . 

. . 
md was 7, 
11 was ma 
~ t e r a l l y  

I 
( i i i )  The original CAR 4b requirements were written for propeller 

driven airplanes, which normally have a significant ro l l ing  moment due to  
asymmetric l i f t  induced bv oroowash. ~ h e s e  requirements specified tha t  the 
asymmetric 5 percent MCT, or any lesser value necessary t o  
insure that  aintained a t  the s t a l l .  The statement that  ". . . the w level. . ." meant tha t  suff ic ient  l a te ra l  
control shou~o De avai laole ro prevent a roll  rate from developing. I t  was 
never intended t o  force the airplane into a s idesl ip  jus t  to  maintain wings 
exactly level.  As with a l l  other s t a l l s  required by the regulations, every 
e f f o r t  should be made to  maintain zero sideslip.  I n  most cases, t h i s  will 
require a s l igh t  bank (2  - 3 degrees) i n t o  the operating engine(s1. The method 
used t o  f l y  a t  zero sideslip should be repeatable i n  service and should be 
described i n  the recommended engine-out procedures. 

( i v )  When doing an engine-out s t a l l ,  airspeed should be reduced - > 

by use of the pitch control ,  while maintaining la teral  control unti l  one of the 
following occurs: 

( A )  The airplane h a l l s ,  

( 8 )  A rudder force of 150 lbs .  i s  achieved, or  

( C )  Full rudder ddflection i s  reached. 

( v )  I f  full  rudder defleation (or 150 lbs .  pedal force) i s  
required t o  maintain s t ra ight  f l i g h t  prior t o  the s t a l l ,  the maneuver should be 
terminated a t  t h i s  point. For  those airplanes that  run out of lateral  control ,  
i t  i s  permissible t o  reduce the power on the operating engines unti l  adequate 
roll  control i s  available to complete the s t a l l .  After s t a l l  recovery i s  
i n i t i a t ed ,  i t  i s  permissible to  th ro t t le  back the operating engine(s1. 

f .  Sta l l  Warning. I 
(1) Ex  lanation. The purposeof these s t a l l  warning requirements i s  + t o  provide an a equate spread between w d r n i n g  and s t a l l  to  allow the p i lo t  time 

t o  recover without inadvertently s ta l l ing  the airplane. 

~. 
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( i i )  Timeliness. Th s t a l l  warning should normal ly begin a t  a 
speed n o t  l ess  than 7 percent above s t a l l  speed. A l esse r  marginmay be 
acceptable depending on the o f  an inadver ten t  s t a l l  f o l l o w i n g  s t a l l  

5 25.103(a). 

warning recogn i t ion ,  and how much di'fference there i s  between the speed a t  which 
the a i rp lane s t a l l s  ( s t a l l  i d e n t i f i c a t i o n  ) ,  and the  minimum speed a1 lowed under 

I 

( i )  D is t inc t iveness .  
and d i s t i n c t  t o  a degree which w i l l  
impending s t a l l  . 

( i i i )  Consistency. he s t a l l  warning must be r e l i a b l e  and 
repeatable. The warning must occur i t h  f l aps  and gear i n  a l l  normal ly used 
pos i t i ons  i n  both s t r a i g h t  and t u r n i  g f l i g h t .  The warning may be furn ished 
n a t u r a l l y  through the  inherent  aerod namic c h a r a c t e r i s t i c s  o f  the a i rp lane,  o r  
a r t i f i c i a l l y  by a system designed f o  t h i s  purpose. I f  a r t i f i c i a l  s t a l l  warning 
i s  provided f o r  any a i rp lane  conf igura t ion ,  i t  must be prov ided f o r  a l l  
con f igura t ions .  I 

The s t a l l  warning i n d i c a t i o n  must be c l e a r  
ensure p o s i t i v e  p i l o t  recogn i t ion  o f  an 

( i v )  An a r t i f i c i a l  s tk 11 warning i n d i c a t i o n  t h a t  i s  a so le l y  
v isua l  device which requ i res  a t t e n t i o n  i n  the cockpi t ,  i n h i b i t s  cockp i t  
conversation, o r  i n  the event o f  malfunct ion, causes d i s t r a c t i o n  which would 
i n t e r f e r e  w i t h  safe operat ion o f  the1 a i rp lane,  i s  no t  acceptable. 

(3 )  Procedures. S t a l l  warhing t e s t s  are normal ly conducted i n  
conjunct ion w i t h  the  s t a l l  t e s t i n g  r qui red by SO 25.103 (speeds) and 25.203 
( c h a r a c t e r i s t i c s ) .  e 

( 4 )  Data Acqu is i t ion  and ~ leduct ion .  The s t a l l  warning speed and type 
and q u a l i t y  of warning should be notled. The speed a t  which acceptable s t a l l  
warning begins shou ld~then be compar'ied t o  the s t a l l  speed as def ined i n  
paragraph ( 3 )  above t o  determine i f  the requi red margin ex i s t s .  

g. Accelerated S t a l l  Warning. Determine t h a t  adequate s t a l l  warning 
occurs i n  t u r n i n g  f l i g h t  under expec I, ed cond i t ions  o f  f l i g h t  f o r  takeof f ,  
enroute, and approach/landing conf igura t ions  a t  a f t  c.g, and heavy weight. 

h. Maneuver Margins. ~ e t e r m i n b  t h a t  adequate maneuvering c a p a b i l i t y  
e x i s t s  p r i o r  t o  s t a l l  warning a t  V2, a l l  engines takeo f f  speed, f i n a l  t a k e o f f  
speed (§ 25.121(c)), and VREF a t  f o r  a rd  c.g. and heavy weight f o r  each 
appropr iate f l a p  s e t t i n g .  I - 
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I (6) Section 25.571 spec i f i es  hesign c r i t e r i a  f o r  f a t i gue  to lerance o f  
1 a i r p lane  s t ruc ture .  During the f l i g h t  t e s t  program, i n c l u d i n g  func t ion  and 

r e l i a b i l i t y  (F&R), evidence o f  v i b r a t i o n  o f  a  macmitude below t h a t  lead ino  t o  
con t ro l  problems, etc., as described i n  $1 25.25i(b) and ( c ) ,  should be 

" 

analyzed f o r  f a t i gue  imp1 i ca t i ons .  

n t  may a 
nent as 
In te rs .  

- 
1 occur 
;o shock 

unload 
.. . & -  ~2 

m 
-wave i r  
the wir 

- A 2 - -  , 

f l i f t  I 
epara t i l  

S t ra ig l  

( 7 )  u w e e t - w i n a  a i ro lanes,  - indes i rab le  pi tch-up maneuvering 1 c h a r a c t e r i s t i c s  can :enter o noves inboard and forward w i t h  
increas ing  g, due t iduced s  I on and/or as wing l o a d  1 a l l e v i a t i o n  systems i g t i p s  ht-wing a i rp lanes  can a lso  
e x h i b i t  s i m i l a r  characcer isncs ;  t he re f  re ,  new ai rp lanes and those modi f ied i n  
a  manner thl  ~ f f e c t  the spanwise 1 ' f t d i s t r i b u t i o n  o r  produce undesi rable 1 I p i t c h i n g  m a  a  func t ion  o f  g, o r  ncrease the exposure t o  high a l t i t u d e  
b u f f e t  encol , should be evaluated ds described herein. 

( 8 )  It has been determined t h  A t a p o s i t i v e  slope o f  the s t i c k  fo rce  
versus g  (Fs/g) r e l a t i o n s h i p  i s  n o t  necessar i ly  requ i red  a t  speeds and g  
combinations beyond VFC/MFC and/or b u f f e t  onset. However, § 25.251(e ) requ i res  
t h a t  "probable inadver ten t  excursions beyond the boundaries o f  b u f f e t "  may n o t  
r e s u l t  i n  "unsafe condi t ions."  Section 25.251(e) does no t  adequately describe 
the  requ i red  maneuvering s t a b i l i t y  c h a r d c t e r i s t i c s  intended i n  demonstrating 

I compliance. I n  order t o  assure t h a t  cond i t ions"  are encountered i n  
maneuvering f l i g h t ,  maneuvering t o  demonstrate s a t i s f a c t o r y  
maneuvering s t a b i l i t y  are o f  the 1 l ong i tud ina l  maneuvering cha rac te r i s t i cd  should be made t o  assure the a i rp lane  
i s  sa fe l y  c o n t r o l l a b l e  and maneuverable i n  the c ru i se  con f i gu ra t i on  t o  assure , \ 

I t here  i s  no danger o f  exceeding the a i rd lane l i m i t  l oad f a c t o r  and t h a t  t he  
a i r p l a n e ' s  p i t c h  response t o  primary lo r ig i tud ina l  con t ro l  i s  p red i c tab le  t o  the 

1 p i l o t .  

b. Procedures. I 
( 1 )  Section 25.251(a). The t j s t  procedures ou t l i ned  below w i l l  

prov ide the necessary f l i g h t  demon~t ra t i~ons  f o r  compliance w i t h  § 25.251(a). 

( 2 )  Section 25.251(b). The a i rp lane should be flown a t  VDF/MDF a t  
I several a l t i t u d e s  from the h ighest  prac 1 i cab le  c ru i se  a l t i t u d e  t o  the lowest 
, p rac t i cab le  a l t i t u d e .  The t e s t  should be flown s t a r t i n g  from trimmed f l i g h t  a t  

Y,do/W~o a t  a  t h r u s t  s e t t i n g  n o t  exceeding maximum continuous power. The 
a i rp lane  gross weight should be as high as p rac t i cab le  f o r  the c ru i se  cond i t ion  
w i t h  the c.g. a t  o r  near the a f t  l i m i t .  

8 .  

1 ( i )  High drag devices shduld a l so  be deployed a t  VDF/MDF 
( s p o i l e r s  and speed brakes) ; t h r u s t  reversers, i f  designed f o r  i n f l  i g h t  
deployment, should be deployed a t  t h e i r  l i m i t  speed cond i t ions .  

( i i )  A i rp lanes equipped i t h  pneumatic de-icer boots should be 1 evaluated t o  VDF/MDF w i t h  de- ic ing on o f f  ( i f  a u t m a t i c l  and n o t  operating. 
I f  the app l icant  desires t o  r e s t r i c t  the maximum operat ing speed ( V N ~  o r  
VMO/MMQ) t o  a  lower value w i t h  de- ic ing on, i t should be shown t h a t  excessive 
v i b r a t i o n  o r  b u f f e t i n g  does no t  occur a t  speeds o f  the new VNE+~D percent o f  VDF 
o r  the new V~o/M~0+20 percent o f  VDF. I 
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FIGURE 31-1. M A N E ~ ~ E R ~ N G  CHARACTERISTICS 
Speeds Up t o  the Lesser of  VFC or MFC or  

B u f f e t  Onset a t  1 G  
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See paragraph b(5)  
for discussion of data 

I beyond buffet onset. 

FIGURE 31-2. MANEUV~RING CHARACTERISTICS 
Speeds Between F igure  31-1 and VDF or MOF 

*These cdaracteristies .re satisfactory 
only i n  Lccordance with paragraphs 
b(5)(i)(A) and(B). 
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( v i i i )  Speed increases due t o  ho r i zon ta l  gusts and tem 
invers ions.  

I I 
( i x )  E f f e c t i v e  and unmidl aural  speed war 

knots, o r  MMO p lus  0.01M. 
VMO p l u s  6 

I ( x )  Speed and f l i g h t p a t  cont ro l  du r ing  app l i ca t i on  o f  / decelerat ion devices. 

( x i )  The manageabil i ty f cont ro l  forces r e s u l t i n g  from the 
app l i ca t i on  o f  decelerat ion devices. 

I (6 )  The factors ou t l i ned  i n  d 25.335(b)(2) and i n  paragraph ( 5 )  above, 
should be considered i n  es tab l i sh ing  niinimum speed margins dur ing  type 
c e r t i f i c a t i o n  programs f o r  the Mach and airspeed ranges as fo l lows:  

I ( i  ) Increment a1 lowance f o r  hor izonta l  gusts (0.02M). 

( i i  ) Increment allowancd f o r  penetrat ion o f  j e t  stream or  co ld .  1 f r o n t  IO.015M). 
1 I 

( i i i )  Increment allowan d e f o r  product ion tolerances i n  airspeed 
systems (0.005M1, unless l a r g e r  d i f f e  ences are found t o  e x i s t .  I 

( i v )  Increment allowanc f o r  product ion tolerances o f  overspeed i . . 
warning e r r o r  (0.01M), unless l a r g e r  olerances o r  e r ro rs  are found t o  e x i s t .  

I 

( v )  Increment allowance hM due t o  speed overshoot from M"0 
es tab l ished by upset dur ing  f l i g h t  t e s t s  i n  accordance w i t h  § 25.253 should be 
added t o  the values f o r  product ion d i f ferences and equipment tolerances, and 
the  minimum acceptable combined value shbuld n o t  be l ess  than .05M between MMO 
and MD/MDF. The value o f  MM then should no t  be greater than the lowest value 
obtained from each o f  the f o  ? lowing equations and from § 25.1505: 

MMO 6 MD/MoF-AM- .005M-.DIM 

o r  

( v i )  A t  a l t i t u d e s  where VMO i s  l i m i t i n g ,  the allowances o f  
paragraphs ( 6 ) ( i )  and ( i i )  are app l ica  I l e  when the Mach number increment i s  
converted t o  the u n i t s  used i n  the presentat ion o f  VMO. 

I 
( v i i  ) A t  a l t i t u d e s  where1 VMQ i s  1 i m i t i n g ,  the increment 

: allowance f o r  product ion d i f fe rences OF a~rspeed  systems and product ion 

I 
to lerances o f  overspeed warning e r ro rs  are 3 and 6 knots, respect ive ly ,  unless 
l a r g e r  d i f fe rences or  e r ro rs  are found t o  e x i s t .  

( v i i i  ) Increment a1 lowan lC e AV due t o  speed overshoot from VM . P estab l ished by upset dur ing  f l i g h t  tesks i n  accordance w i t h  § 25.253, shou d be - 
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.. . . 

- ( i  w i t h  the f l i g h t ,  s imulate a  - 4 
t r a n s i e n t  gust  by r a p i d l y  f o r  t h e  . . 
a i rp lane,  bu t  no t  l ess  than - 
and l ong i tud ina l  con t ro l  should be helb f i xed  dur ing  the  th t h a t  the requ i red  
bank i s  being at ta ined.  The r o l l i n g  v k l o c i t y  should be arrested a t  t h i s  bank 
angle. Fo l lowing t h i s ,  the  con t ro l s  should be abandoned f o r  a minimtlm nf 7 -~ - ~~ - .  - 
seconds a f t e r  VMO/MMO o r  10 seconds, whichever occurs f i r s t .  

( i i  ) Perform a  l ong i tud iha l  upset from normal c ru ise .  Ai rp lane 
t r i m  i s  determined a t  VMO/MMO us ing poker/thrus.t requ i red  f o r  l e v e l  f l i g h t  b u t  
w i t h  n o t  more than maximum continuous power/thrust. This  i s  fo l lowed by a  
decrease i n  speed a f t e r  which an a t t i t u d e  o f  6-12 degrees nose down as 
appropr iate for  the a i rp lane type i s  a t ta ined w i t h  the power/thrust and t r i m  
i n i t i a l l y  requ i red  f o r  VMO/MMO i n  leve'l f l i g h t .  The a i rp lane i s  
permi t ted t o  accelerate u n t i l  3 secondk a f t e r  VMO/MMO. Force l i m i t s  o f  § 25.143 
f o r  temporary app l i ca t i on  apply. 

( i i i )  Perform a  two-axis upset, cons i s t i ng  o f  combined 
l ong i tud fna l  and l a t e r a l  upsets. Per f  nn the , long i tud ina l  upset, as i n  
paragraph ( i i )  above, and when the p i t t h  a t t i t u d e  i s  set, b u t  before reaching 
VMQ/MMQ, r o l l  the a i rp lane 15-25 degrees. The es tab l ished a t t i t u d e  should be 
maintained u n t i  1  3 seconds a f t e r  overspeed warning. 

I ( 4 )  Level ing O f f  from Climb. ,Perform t r a n s i t i o n  from c l imb to' i-t?wl 
f l i g h t  w i thout  reducing power below t h  maxiiilum value permi t ted f o r  c l  ihb'ur j t i .1 
overspeed warning. Recovery should be accoyp3.i shed by apply ing n o t  more than 
1.59 ( t o t a l ) .  

. , .# 

( 5 )  Descent from Mach ~ i r s ~ e e b  L i m i t  A l t i t ude .  A  descent sl 
performed a t  the  airspeed schedule defCned by MMO and continued u n t i '  
overspeed warning occurs, a t  which time recovery should be accom~l  isheo WI rnou t  
exceeding 1.59 ( t o t a l  1 .  

33:.  OuT-oF-TRIM cHIRACTERIIIC~ - I bs.255. 

a. Explanat ion. Certain ear ly ,  krimmable s t @ $ i l i z e r  equipped j e t  
t ranspor ts  experienced " j e t  upsets" which resu l tOd f ih  h igh speed dives. When. 
'the a i rp lane was mist,rimmed i n  the nose-down d i  recTion and s l  lowed t o  accelerate 
t o  a  h igh aii-speed;ci.t was fou&d.:that there was insu f fn 'c ien t  e leva tor  power t o  
recover. Also,. t h g : s t a b i l i z e r  w u l d  nb t  be trimmed i . n  the  nose-up d i r e c t i o n  
because. the s tah i  1  i z e r  motor s t a i l e d  d  e t o  excessive a i r l oads  imposed on the  
ho r i zon ta l  s t a b i l i z e r .  -As a  r e s u l t ,  a  special  cond i t ion  was developed and 
app l ied  , t o  most P a r t  25 a i rp lanes w i t h  trimmable s t a b i l i z e r s .  With c e r t a i n  
su$stanti.ve changes, i t wasadopted as S 25.255, e f f e c t i v e  w i t h  Amendment 25-42. 
Whii4' these background problems seem t 1 be general ly associated w i t h  a i rp lanes  

h a v i n g  tr'irnmable s t a b i l i z e r s ,  it i s  c l  wsar from preamble discussions (Pa r t  25, 
Change!,,dated March 1, 1978) ihdt;?25.:255 appl ies "regardless of the  type of 
, t r i m  system used i n  the a i rp lane ." .25;255 i s  s t ruc tured t o  give 
p ro tec t i on  against  the fo l l ow ing  u n s a t : ' s f a c t o r y . ~ t i i r a c t e r i s t i c s  dur ing  
.mistrimmed f l i g h t  i n  the higher speed regimes.' 
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I I ) sec t ion ,  &255tc.1(.21 -W a t ians  t o  be tsed. far? 
exawple;::+f the, s t i c k -  f a rce  gradlent. agrees w i t h  predic-bd, ,  
data, ex t rapo la t ion  t o  -1g and. 2.5g s 

(5 )Soct ion ,25 .255(d)  requi t&* t h a t  f l i g h t  t e s t  a t  the marginal 
'condi t ion t o  f ie. ;appl lcable l i m i t s  af  aragra'ph ( b ) ( l )  be accomplished i f  
marginal cond i t ions  e x i s t  duri&&fligh . .,.. .: t e s t .  

,.. , R 
ane and 
:cursion 
:s f o r  t 
L. 

(6) Section 25.255(e), l i m i t  the dnvest igat ion t o - t h e  requ i red  
s t r u c t u r a l  s t r a g t h  l i m i t s  o f  the a i r o  k maneuverina inad f a r t o r c  

~ .- .....a . - - " - . -  
- .  associated w i t h  probable Jnadvertent e s beyond the boundary o f  the 
: b u f f e t  onset envelope. It a lso  accoun he f a c t  t h a t  speed may increase 

. .  s u b s t a n t i a l l y  du r ing  t e s t  cond i t ions  t o . - + 1  range; I t 1 i m i t s  the e n t r y  1 -;,;, .,;s.. speed t o  avoid exceeding V D F / l i j <  
. < \  . . 

: 2: (7)  cond i t i on  o f  
. , . .  paragraph (a)  recovery from. 
,G the overspeed preclude .: 

b.,. 
the at ta inment  of t h i s  load 

,'s,!-, f o r  r e c o v e r y t o  be i n i t i a t e d  a t  
+ . % f l i g h t  envelope (c..g., a i rp lane should be 

. T,&estri,cted t o  a value where must: be used f o r  the  
:., 4.. . purpose o f  ob ta in ing  1.5g; i t  t h e ' p i m . ~ ~ : ~ m M & ?  , 

;;. sur face 1oaded:to the l e a s t  values. +- 
8 

1 300 l b s . )  

. 

' The con t ro l  force equi red I 
( i  ) The force r e s u l t i n g  frorn:.application o f  th, ,. ,,, 

, I  ._. _ .  of § 25.397(300 lbs.) . .  

ig (betw 

l i ,  

een 12 

,, C' 

I 
I 

. ' con t ro l  fo rce  to b u f f e t i n g  or..&+?er 

1 . !  . ph,+t,u~,~~~? u v  JUG,, .,trrce,lsity t h a t  i t  i s  . r ~ r v l l y  u r c r r  r e n t  t o  f u r t h e r  a p p l i c a t i o n  .. o$'~py~ima.?y 1 on g i  t , con t ro l  f o r c e .  , 8 '  

1 I . . d Procedur 
, , ; ~.".*: .;.: ?- 

1 r a r a c t e r i s t i c s  o f  Fs/g 
? which y i e l d s  an accurate 

,speeds and acce le ra t i on  should 
:ceotab i l  i t y  are s e t  

-~ ~ 

f o r t h  i n  the r u l e  and \n.:.dis'cu~sion rnatkr ia l  a I '  : i s...al.towwdr:in t h e  -select i .un;of maneuver 

y the cl 
rocedun 

t i g a t i o r  
bove, ar 

1 and ac 
~d broad 

, . 

i g - shou l  
rces. 7 

m t e s t i r  
t r o l  f o ~  

I G l o t  d i s c r e t i o n  

d.be do 
' es t i ng  

ne a t  tl 
should I 

he 
be; 

, 

. , 
L ~+@) The a t r i l i t y  XO -ate& prim8ry..;cc;8otrols ( i n c l u d i n g  t r i m ) ,  when+., 

, , . l.~adea,t, W l d  be considered p r i o r  t@..&&. t e s t s .  - -  - ,  
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