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CATEGORY AIRPLANES 

1 . PURPOSE. This adv isory c i r c u l a r (AC) prov ides gu ide l i nes f o r the 
f l i g h t t e s t eva lua t i on of t r a n s p o r t category a i r p l a n e s . These gu ide l i nes 
prov ide an acceptable means of demonstrat ing compliance w i t h the 
a p p l i c a b l e a i rwo r th i ness requ i rements . The methods and procedures 
descr ibed here in have evolved through many years of f l i g h t t e s t i n g of 
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 r a c t i c e . L ike a l l AC m a t e r i a l , these gu ide l i nes are not 
mandatory and do no t c o n s t i t u t e r e g u l a t i o n s . They are de r i ved from 
prev ious FAA exper ience in f i n d i n g compliance w i t h the a i rwo r th i ness 
requirements and represent the methods and procedures found to be 
acceptable by t h a t exper ience . Although mandatory terms such as " s h a l l " 
or "must" are used in t h i s AC, because the AC method of compliance i s not 
i t s e l f mandatory, these terms apply only to app l i can t s who seek to 
demonstrate compliance by use of the s p e c i f i c method descr ibed by t h i s 

2 . BACKGROUND. Order 8110 .8 , Engineer ing F l i g h t Test Guide f o r Transpor t 
Category A i r p l a n e s , dated 9 /26 /74 , was pub l i shed f o r i n t e r n a l use t o 
descr ibe acceptable means of compliance w i t h the f l i g h t t e s t p o r t i o n s of 
Par t 25 o f the Federal A v i a t i o n Regu la t i ons . Th is AC, which i s an update of 
Order 8110.8 in the areas of performance and f l y i n g q u a l i t i e s , covers 
Subpart B — F l i g h t . Th is m a t e r i a l has s imu l taneous ly been removed from Order 
8110.8 . As a d d i t i o n a l sec t ions are developed, t h i s AC and Order 8110.8 w i l l 
be rev ised a c c o r d i n g l y . 

3. APPLICABILITY. These methods and procedures are promulgated, i n the 
i n t e r e s t of s t a n d a r d i z a t i o n , f o r use du r i ng a l l t r a n s p o r t category a i r p l a n e 
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 ma te r i a l i s not to be construed 
as hav ing any lega l s ta tus and must be t r e a t e d a c c o r d i n g l y . The procedures 
set f o r t h herein are one acceptable means of compliance w i t h app l i cab le 
sec t ions of Pa r t 25. Any a l t e r n a t e means proposed by the a p p l i c a n t should 
be given due c o n s i d e r a t i o n . App l i can ts are encouraged to use t h e i r 
t e c h n i c a l i ngenu i t y and resource fu lness in order t o develop more e f f i c i e n t 
and less c o s t l y methods of ach iev ing the ob jec t i ves of Par t 25. Since these 
methods and procedures are on ly one acceptable means of compl iance, 
i n d i v i d u a l s should be guided by the i n t e n t of the methods prov ided i n t h i s 
AC. As dev ia t i ons from the methods and procedures descr ibed in t h i s AC may 
occu r , FAA c e r t i f i c a t i o n personnel w i l l coord ina te what they cons ider to be 
major d e v i a t i o n s w i t h the Transpor t Standards S t a f f (ANM-110) of the 
Transpor t A i r p l ane C e r t i f i c a t i o n D i r e c t o r a t e . I f in t h e i r judgement, 
however, a d e v i a t i o n i s considered t o be minor , c o o r d i n a t i o n w i t h ANM-110 
may not be necessary. 

AC. 



AC 25-7 4 /9 /86 

4 . RELATED PUBLICATIONS. C e r t i f i c a t i o n personnel should be f a m i l i a r w i t h 
FAA Order 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 
C e r t i f i c a t i o n D i r e c t o r a t e Procedures." In t h i s AC, re ference i s made to 
o ther FAA ACs which give guidance on var ious aspects of 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 . 

LEROY 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 o n 

I I 
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CHAPTER 2 - FLIGHT 

Sec t ion 1. GENERAL 

3 . PROOF OF COMPLIANCE - § 25 .21 . 

a . E x p l a n a t i o n . 

(1) Sec t i on 25.21(a) - P roo f of Compliance (A i rp l ane Loading 
C o n d i t i o n s ) . 

( i ) The burden of showing compl iance w i th the f l i g h t 
requirements f o r an a i rwo r t h i ness c e r t i f i c a t e or a type c e r t i f i c a t e r e s t s wi th 
the a p p l i c a n t . The a p p l i c a n t shou ld , at 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 requ i red by the FAA to demonstrate compl iance wi th the 
a p p l i c a b l e requ i rements . Dur ing the type i n s p e c t i o n , the a p p l i c a n t should make 
a v a i l a b l e the a i r p l a n e , as wel l as a l l of the personnel and equipment necessary 
to obta in and process the requ i red d a t a . 

( i i ) I f the a i r p l a n e f l i g h t c h a r a c t e r i s t i c s or the requ i red 
f l i g h t data are a f f e c t e d by weight and/or e . g . , the compliance data should be 
presented f o r the most c r i t i c a l weight and e . g . c o n d i t i o n . 

( i i i ) The gross weight and e . g . t o l e rances s p e c i f i e d i n 
paragraphs ( 3 ) ( i i ) ( A ) and (C) are t e s t t o l e rances and are not in tended to a l l o w 
compl iance to be shown a t l e s s than c r i t i c a l c o n d i t i o n s . 

(2) Sec t i on 25.21(c) - P roo f of Compliance ( A l t i t u d e E f f e c t on F l i g h t 
C h a r a c t e r i s t i c s ? . 

( i ) Any of 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 c h a r a c t e r i s t i c s , a f f e c t e d by a l t i t u d e should be 
i n v e s t i g a t e d f o r the most adverse a l t i t u d e c o n d i t i o n s approved f o r opera t ions 
and l i m i t e d , as a p p r o p r i a t e , in accordance w i th § 25.1527. 

( i i ) Cons ide ra t i on should be given in the t e s t program fo r 
aerodynamic c o n t r o l system changes wi th a l t i t u d e ( e . g . , con t ro l throws or auto 
s l a t s which are sometimes i n h i b i t e d by Mach number at a l t i t u d e ) . 

(3) Sec t i on 25.21(d) - P roo f o f Compliance ( F l i g h t Tes t T o l e r a n c e s ) . 

( i ) To a l l ow fo r v a r i a t i o n s from p r e c i s e t e s t v a l u e s , c e r t a i n 
t o l e r a n c e s du r ing f l i g h t t e s t i n g should be ma in ta ined . The purpose of these 
t o l e rances i s to a l l ow fo r v a r i a t i o n s in f l i g h t t e s t va lues from which data are 
accep tab le f o r reduc t ion to the value d e s i r e d . They are not in tended fo r t e s t s 
to be r o u t i n e l y scheduled a t the lower we igh t s , or to a l l ow fo r compl iance to be 
shown a t l e s s than the c r i t i c a l c o n d i t i o n ; nor are they to be cons ide red as 
a l l owab le inaccuracy of measurement. As an example, when demonstrat ing 
s t a b i l i t y w i th a s p e c i f i e d t r i m speed of 1.4Vsi» the t r i m speed may be 
1.4V$i +3 knots or 3 pe rcen t ; however, no p o s i t i v e t o le rance i s permi t ted 
when demonstrat ing the minimum p r e s c r i b e d t r i m speed 1.4V*si (Ref . § 25 .161 ) . 

Chap 2 
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( i i ) Where v a r i a t i o n in the parameter on which a to le rance i s 
a l lowed w i l l have an e f f e c t on the r e s u l t s of the t e s t , the r e s u l t s should be 
co r rec ted to the most c r i t i c a l va lue of t ha t parameter w i th in the opera t ing 
envelope be ing approved. I f such a c o r r e c t i o n i s imposs ib le or imp rac t i ca l 
( e . g . , performance at forward e . g . ) , the average t e s t c o n d i t i o n s should assure 
t ha t the measured c h a r a c t e r i s t i c s represent the ac tua l c r i t i c a l v a l u e . 

(A) Weight e x t r a p o l a t i o n l i m i t s . Test data may be 
ex t rapo la ted to h igher gross weights than s p e c i f i e d below i f the a v a i l a b l e t e s t 
data i nc ludes an adequate range of weights and an appropr ia te number of po in ts 
a t the maximum t e s t we ight . I f the t e s t data a n a l y s i s v e r i f i e s the p red i c ted 
e f f e c t of we igh t , then other e x t r a p o l a t i o n l i m i t s may app ly . E x t r a p o l a t i o n 
l i m i t s are given in F igure 3-1 below: 

FIGURE 3 - 1 . WEIGHT EXTRAPOLATION LIMITS 

F l i g h t Tes t Models 
Weight 

E x t r a p o l a t i o n L imi t 

S t a l l Speeds 

+5% +10% 

S t a l l Speeds X 

S t a l l C h a r a c t e r i s t i c s X 

Cl imb Performance X 

Takeof f F l i g h t Paths X 

Landing B rak ing D is tance X 

Landing A i r D is tance X 

Takeof f D is tance & Speed X 

Max KE RTO's X 

V M l ! X 

(B) Wind L i m i t s . For t akeo f f and l a n d i n g t e s t s , a 
wind v e l o c i t y l i m i t of 10 knots (from any d i r e c t i o n ) or ,12V$i (whichever i s 
lower) at the he ight of the MAC wi th the a i r p l a n e on the ground has been 
cons idered the maximum accep tab le . Because of l i k e l y unsteady wind c o n d i t i o n s , 
i t i s genera l l y cons idered that takeo f f and l and ing performance data obta ined 
under runway wind c o n d i t i o n s greater than 5 knots are l i k e l y to be i n c o n s i s t e n t 
and u n r e l i a b l e . I f performance data are obta ined w i th winds greater than 5 
k n o t s , these data should not n e c e s s a r i l y be i gno red . 

(C) C . G . L i m i t s . A t e s t to le rance of +7 percent of the 
t o t a l e . g . range i s intended to a l l ow some p r a c t i c a l r e l i e f fo r i n f l i g h t e . g . 

52 
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movement. T h i s r e l i e f i s only acceptab le 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 e . g . or when e . g . c o r r e c t i o n from t e s t e . g . to l i m i t e . g . i s 
a c c e p t a b l e . 

(D) A i r speed L i m i t s . No rma l l y , t e s t s conducted w i t h i n 3 
percent or 3 knots (whichever i s the h igher ) of the des i red t e s t speed are 
cons idered a c c e p t a b l e . 

( i i i ) Because the to le rance va lues normal ly are not cons idered i n 
the a i r p l a n e des ign s u b s t a n t i a t i o n , i t i s not the purpose of these t o l e rances to 
a l l ow f l i g h t s at values in excess of those au tho r i zed i n the type des ign . I f 
such f l i g h t s are to be conducted, adequate s t r u c t u r a l s u b s t a n t i a t i o n f o r the 
f l i g h t c o n d i t i o n s should be a v a i l a b l e . These f l i g h t s , however, are always 
conducted under c o n t r o l l e d c o n d i t i o n s and wi th the f l i g h t t e s t c rew 's f u l l 
cognizance of the s i t u a t i o n . Examples of such f l i g h t s a re : 

(A) Takeof f at greater than maximum takeo f f weight f o r the 
purpose of reach ing a t e s t area at the maximum takeo f f we igh t . 

(B) Landing at greater than maximum land ing weights dur ing 
the course of conduc t ing t akeo f f t e s t s . 

(C) To obta in data f o r fu tu re approvals beyond that 
subs tan t i a t ed f o r the i n i t i a l type des ign . 

( i v ) The f o l l o w i n g l i s t i n d i c a t e s the cases in which c o r r e c t i o n s 
are normal ly a l l owed : 

FIGURE 3-2 . TEST PARAMETERS THAT NORMALLY CAN BE CORRECTED 

Test Wt. C G . A i r speed A l t i t u d e 
Power or 
Thrust Wind 

A i r speed c a l i b r a t i o n X 

S t a l l speeds x X _ *a • mm _ mm X _ 

CIimb performance X — _ mm mm *- x X ___ 

Landing performance x . . . x X mm — mm X 

Takeof f performance X . . . _ mm mm X X X 

A c c e l e r a t e - s t o p p e r f . x . . . . . . X X X 

Minimum c o n t r o l speed ___ — — — _ «• _ ^ _ _ X _ _ _ 

Minimum uns t i ck speed x x x _ _ mm X mm mm — 

Buf fe t boundary X X — X — 
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(v) A l l i ns t rumenta t ion used i n the f l i g h t t e s t program should be 
a p p r o p r i a t e l y c a l i b r a t e d and accep tab le to the FAA t e s t team. 

(4) Sec t i on 25 .21 ( f ) - Proof of Compliance (Wind Measurement and 
C o r r e c t i o n s ) . The r e l a t i o n s h i p between the wind measured a t one he igh t and the 
cor respond ing wind a t another height may be obta ined by the f o l l o w i n g equa t i on : 

VW2 = V W i ( H 2 / H i ) l / 7 

Where H = HEIGHT ABOVE THE RUNWAY SURFACE 
VW2 ~ W i n d v e l o c i t y at H 2 

Vm = Wind v e l o c i t y a t Hi 

Th i s equat ion i s presented g r a p h i c a l l y be low. Values of H l e s s than 5 f t . 
should not be used i n t h i s r e l a t i o n s h i p . 

FIGURE 3-3. HIND PROFILE VARIATION 

o 
to 

"2o 36 w 
WINO VELOCITY - KNOTS 

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

54 
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(6) Wind P r o f i l e V a r i a t i o n f o r Tes t Da ta . The performance data of 
a i r p l a n e s should be obta ined in such a manner tha t the e f f e c t of 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 co r rec ted from 
the recorded he igh t above the t e s t sur face to the he igh t of the a i r p l a n e wing 
mean aerodynamic cho rd . I f the wind p r o f i l e v a r i a t i o n i s not measured, the 
v a r i a t i o n may be c a l c u l a t e d us ing the equat ion in paragraph (4) above. 

Example: Test Data 

Gi ven : 

o Height of mean aerodynamic chord w i th 
a i r p l a n e on sur face 

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

8 f t . 
6 f t . 

4 .8 k t s . 

R e s u l t s : 

o Test wind v e l o c i t y wi th a i r p l a n e 

o Test wind v e l o c i t y wi th a i r p l a n e 

o Test wind v e l o c i t y wi th a i r p l a n e 

50 f t . above l and ing su r face 
4 .8( (50 + B)/6)1/7

 = 6.6 k t s . 
35 f t . above t akeo f f su r face 
4 .8 ( (35 + 8 ) / 6 ) ! / 7 = 6.4 k t s . 
on sur face 

4 . 8 ( 8 / 6 ) 1 / 7 = 5.0 k t s . 

(7) Wind P r o f i l e V a r i a t i o n f o r A i r p l a n e F l i g h t Manual (AFM) Data . 
When expanding the data to the AFM c o n d i t i o n s , the r e s u l t should i nc 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 c h o r d , which 
corresponds to the wind c o n d i t i o n as measured at 10 meters (32.81 f t . ) above the 
takeo f f s u r f a c e , and co r rec ted f o r wind f a c t o r s of § 25 .105 (d ) (1 ) . 

Example: A i r p l a n e F l i g h t Manual Data 

Gi ven: 

0 Height of mean aerodynamic chord w i th 
a i r p l a n e on su r face 

0 Reported head wind a t 10 meters 
0 Sec t i on 25.105(d) (1) wind f a c t o r 

8 f t . 
40 .0 k t s . 

0 .5 

R e s u l t s : 

0 Fac tored wind v e l o c i t y w i th a i r p l a n e 50 f t . above l and ing sur face 
(0 .5 ) (40 ) ( (50 + 8 ) / 3 2 . 8 1 ) V 7 = 2 1 . 7 k t s . 

0 Fac to red wind v e l o c i t y wi th a i r p l a n e 35 f t . above takeo f f sur face 
(0 .5 ) (40 ) ( (35 + 8 ) / 3 2 . 8 1 ) 1 / 7 = 20.8 k t s . 

0 Fac tored wind v e l o c i t y wi th a i r p l a n e on sur face 
( 0 . 5 ) ( 4 0 ) ( 8 / 3 2 . 8 1 ) 1 / 7 = 16.3 k t s . 
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(8) A i r p l ane Airspeed V a r i a t i o n Due t o Wind P r o f i l e V a r i a t i o n With 
Simultaneous Speed Changes Due t o A i rp lane Dynamic Performance. In the 
reduc t ion of t e s t data and i n the expansion of such data t o AFM c o n d i t i o n s , the 
increase or decrease o f speed due t o the dynamic e f f e c t of the forces on the 
a i r p l a n e are mani fested by only the change in ground speed. These changes in 
speed (zero wind speed changes) may be genera l ized e i t h e r as speed increments or 
speed r a t i o s . The changes in a i rspeed due to wind p r o f i l e are superimposed on 
these speed changes. 

Example: Takeof f Test Data 

Gi ven: 

o True a i rspeed a t l i f t o f f , VLQF 144 k t s . 
o True a i rspeed a t 35 f t . above t akeo f f surface 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 r p l ane 35 f t . above takeo f f surface 6.4 k t s . 

R e s u l t s : 

o Speed change due to a i r p l a n e dynamic performance, zero wind speed change 
(V35-VLOF) = (147-6.4)-(144-5.0) 1.6 k t s . 

Example: Takeo f f—Ai rp lane F l i g h t Manual Data 

Gi ven: 

0 Factored wind a t l i f t o f f 16.3 k t s . 
0 Factored wind w i t h a i r p l ane 35 f t . above t a k e o f f 

sur face 20.8 k t s . 
0 Zero wind speed change, (V35-VLOP) 1.6 k t s . 
0 Zero wind speed change, (V[_Qp-VpJ 0.5 k t s . 
0 True a i rspeed requ i red a t 35 f t . 150 k t s . 

R e s u l t s : 

0 Ground speed requ i red a t 35 f t . 
0 Ground speed a t l i f t o f f 
0 True a i rspeed a t l i f t o f f 
0 Ground speed a t r o t a t i o n 
0 True a i rspeed a t r o t a t i o n 

( f o r d is tance c a l c u l a t i o n s ) 
0 A i rp lane f l i g h t manual r o t a t i o n 

speed, t r u e a i rspeed 

150-20.8 
129.2-1.6 

129.2 k t s . 
127.6 k t s . 

127.6+16.3 = 143.9 k t s . 
127.6-0.5 = 127.1 k t s . 

127.1+16.3 = 143.4 k t s . 

150-0.5-1.6 = 147.9 k t s 

No te : The i n d i c a t e d a i rspeed a t r o t a t i o n (VpJ given i n the AFM should be 
p red ica ted on the requ i red speed a t 35 f t . minus the zero wind speed change, not 
i n c l u d i n g the a i rspeed 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 r p l a n e w i l l gain 4.5 knots due to wind p r o f i l e , i s 143.4 kno t s . 
However, i f t h i s a i rspeed increase does not m a t e r i a l i z e , the a i r p l a n e w i l l be 
slow by 4.5 knots a t 35 f t . I t i s t h e r e f o r e more des i rab le t o a l low the 
a i r p l a n e to a t t a i n t h i s 4.5 knots on the ground. Any reduct ion in f i e l d l eng th 
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margin of sa fe ty by t h i s inc rease in V R i s adequately compensated f o r by the 50 
percent wind f a c t o r . Th i s a l s o e l im ina tes a requirement to ad jus t VR f o r wind. 
However, in c a l c u l a t i n g the AFM f i e l d l e n g t h s , the a i r speed a t t a i n e d due to wind 
p r o f i l e may be i n c l u d e d . 

Example: Land ing—Ai rp lane F l i g h t Manual Data 

Gi ven : 

o Fac tored wind w i t h a i r p l ane 50 f t . 
above l and ing sur face 21.7 k t s 

o Fac tored wind w i th a i r p l ane on l and ing sur face 20.8 k t s 
o Zero wind speed change fo r 50 f t . to touchdown 

( V 5 0 - V T D ) 4 .0 k t s 

o True a i r speed requ i red a t 50 f t . 130 k ts 

R e s u l t s : 

o Ground speed a t 50 f t . 130-21.7 = 108.3 k t s . 
o Ground speed a t touchdown 108 .3 -4 .0 = 104.3 k t s . 
o True a i r speed a t touchdown 104.3+20.8 = 125.1 k t s . 

(9) Expansion o f Takeof f Data f o r a Range o f A i r p o r t E l e v a t i o n s . 

( i ) These gu ide l i nes are a p p l i c a b l e to expanding takeo f f data 
above the a l t i t u d e at which the bas ic or v e r i f y i n g t e s t s were ob ta i ned . 

( i i ) In g e n e r a l , t akeo f f data may be ex t rapo la ted above and below 
the a l t i t u d e a t which the bas i c t e s t data was ob ta ined wi thout a d d i t i o n a l 
conserva t i sm w i th in the f o l l o w i n g c o n s t r a i n t s . 

( i i i ) When the bas i c takeo f f t e s t s are accompl ished between sea 
l e v e l and approx imate ly 3,000 f t . , the maximum a l l owab le e x t r a p o l a t i o n l i m i t s 
are 6,000 f t . above and 3,000 f t . below the t e s t f i e l d e l e v a t i o n . I f i t i s 
d e s i r e d to e x t r a p o l a t e beyond these l i m i t s , one of two procedures may be 
employed. 

(A) E x t r a p o l a t i o n of Performance Data fo r a Range of 
A l t i t u d e s When V e r i f y i n g Tes ts are Not Conducted. The approval of performance 
data f o r a i r p o r t e l e v a t i o n s beyond the maximum e l e v a t i o n permi t ted by b a s i c 
t e s t s may be a l lowed wi thout conduct ing v e r i f y i n g t e s t s i f the c a l c u l a t e d data 
i nc lude a conse rva t i ve f a c t o r . Th i s conservat ism should r e s u l t in an i nc rease 
of the c a l c u l a t e d t akeo f f d i s tance a t the d e s i r e d a i r p o r t e l e v a t i o n s by an 
amount equal to zero percent f o r the h ighest a i r p o r t e l e v a t i o n approved on the 
r e s u l t s of the bas ic t e s t s and an a d d i t i o n a l cumula t ive 2 percent incrementa l 
f a c t o r f o r each 1,000 f t . o f e l e v a t i o n above the h ighest a i r p o r t e l e v a t i o n 
approved f o r zero percent conse rva t i sm . 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 v a r i a t i o n w i th a l t i t u d e . When performance data are 
c a l c u l a t e d f o r the e f f e c t s of a l t i t u d e under t h i s p rocedure , the f o l l o w i n g 
p r o v i s i o n s are a p p l i c a b l e : 
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U) P r e v i o u s l y e s t a b l i s h e d c a l c u l a t i o n procedures 
should be used , t a k i n g i n t o account a l l known v a r i a b l e s . 

(2) The c a l i b r a t e d i n s t a l l e d engine power fo r the 
p e r t i n e n t speed and a l t i t u d e ranges should be used . 

(3) The brake k i n e t i c energy l i m i t s e s t a b l i s h e d by 
a i r p l a n e ground t e s t s should not be exceeded. 

(B) E x t r a p o l a t i o n of Performance Data When V e r i f y i n g Tes ts 
Are Conducted. 

U) I f data approval i s des i red f o r a greater range of 
a i r p o r t e l e v a t i o n s , the performance may be c a l c u l a t e d from the bas ic t e s t delta 
up to the maximum a i r p o r t e l e v a t i o n , prov ided v e r i f y i n g t e s t s are conducted a t 
appropr ia te e l e v a t i o n s to subs tan t i a te the v a l i d i t y of the c a l c u l a t i o n s . The 
ac tua l a i r p l a n e performance data from the v e r i f y i n g t e s t s should correspond 
c l o s e l y to the c a l c u l a t e d performance v a l u e s . 

(2) For the v e r i f y i n g t e s t s , i t has been found t h a t 
normal ly th ree t akeo f f s at maximum weights f o r the e l e v a t i o n s t es ted w i l l 
p rov ide adequate v e r i f i c a t i o n . 

[3) I f v e r i f y i n g t e s t s subs tan t i a te the expanded t akeo f f 
d a t a , the data may be f u r t h e r expanded up to 6,000 f t . above the a l t i t u d e a t 
which the v e r i f y i n g t e s t s were conducted. At a l t i t u d e s h igher than 6,000 f t . 
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 percent per 1,000 f t . cumulat ive f a c t o r 
d i scussed in pa ra . (A) above should be app l i ed s t a r t i n g a t zero percent at 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 of Landing Data f o r a Range of A i r p o r t E l e v a t i o n s . 

( i ) For tu rb ine powered a i r p l a n e s wi thout p r o p e l l e r s , the l and ing 
d i s tance data may be ex t r apo la ted to more than 6,000 f t . above the t e s t a l t i t u d e 
wi thout the penal ty desc r ibed i n paragraph (9) above, prov ided the t rue a i rspeed 
e f f e c t on the d is tance i s accounted f o r . 

( i i ) For t u r b o p r o p e l l e r and r e c i p r o c a t i n g engine-powered 
a i r p l a n e s , the ex t rapo la ted performance should inc lude the conse rva t i ve f a c t o r 
descr ibed in paragraph (9) above. Th is may not be necessary i f i t can be shown 
t h a t the e f f e c t s of a l t i t u d e on the l and ing performance, as a f f e c t e d by 
p r o p e l l e r d rag , are known from data a v a i l a b l e fo r the a i r p l a n e c o n f i g u r a t i o n . 

b. Procedures . 

(1) The procedures are d i scussed in each of the f o l l o w i n g paragraphs 
of t h i s AC: 

10. Takeof f and Takeof f Speeds 
11. A c c e l e r a t e - S t o p Dis tance 
12. Takeof f Path 
13. Takeof f D is tance and Takeof f Run 
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(2) Performance Data f o r M u l t i p l e F lap or A d d i t i o n a l F lap P o s i t i o n s . 
I f approval o f performance data i s requested fo r f l a p s e t t i n g s a t which no t e s t 
data i s a v a i l a b l e , the data may be obta ined from i n t e r p o l a t i o n of f l i g h t data 
ob ta ined a t no l e s s than four f l a p s e t t i n g s which are w i t h i n a constant." 
c o n f i g u r a t i o n of o ther l i f t d e v i c e s . I f the span of f l a p s e t t i n g s i s smal l and 
p r e v i o u s l y obta ined data p rov ides s u f f i c i e n t conf idence ( i . e . , the shape of the 
curves are known and lend themselves to accurate i n t e r p o l a t i o n ) , data from three 
f l a p s e t t i n g s may be a c c e p t a b l e . 

(3) 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 C o n f i g u r a t i o n s (Ref . 
§ 2 5 . 6 7 1 ( c ) ) . 

( i ) For purposes of t h i s AC, an abnormal c o n f i g u r a t i o n i s an 
ope ra t i ona l c o n f i g u r a t i o n tha t r e s u l t s from a s i n g l e probable f a i l u r e or 
probable combinat ion of f a i l u r e s . 

( 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 c o n f i g u r a t i o n s may be 
determined by t e s t or a n a l y s i s to assure tha t the a i r p l a n e i s capable of 
cont inued safe f l i g h t and l a n d i n g . F l i g h t t e s t s , i f r e q u i r e d , should be 
conducted at the c r i t i c a l c o n d i t i o n s of a l t i t u d e , we igh t , e . g . , and engine 
t h r u s t assoc ia ted w i th the c o n f i g u r a t i o n , and a t the most c r i t i c a l a i r speed 
between s t a l l warning and the maximum ope ra t i ng a i r speed as l i m i t e d fo r the 
c o n f i g u r a t i o n . 

4 . - 7 . [RESERVED] 

8 . PROPELLER SPEED AND PITCH LIMITS - § 25 .33 . 

a . E x p l a n a t i o n . None. 

b. P rocedures . The tachometers and the a i r speed i n d i c a t i n g system of the 
t e s t a i r p l a n e must have been c a l i b r a t e d in the l a s t s i x months. With those 
c o n d i t i o n s s a t i s f i e d , the f o l l o w i n g should be accompl ished: 

(1) Determine tha t the p r o p e l l e r speeds and p i t c h s e t t i n g s 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 tha t are conducted in the f l i g h t t e s t program 
w i th in the c e r t i f i c a t i o n l i m i t s of the a i r p l a n e , eng ine , and p r o p e l l e r . Th i s 
i n c l u d e s e s t a b l i s h i n g acceptab le low p i t c h ( f l i g h t i d l e ) b lade angles on 
t u r b o p r o p e l l e r a i r p l a n e s and v e r i f y i n g that p r o p e l l e r c o n f i g u r a t i o n s are 
s a t i s f a c t o r y at V M Q / M M O

 t 0 prevent p r o p e l l e r overspeed. 

(2) Determine tha t the p r o p e l l e r speeds and p i t c h s e t t i n g s are safe 
and s a t i s f a c t o r y d u r i n g a l l t e s t s tha t are conducted to s a t i s f y the performance 
requ i rements . 

(3) With the p r o p e l l e r governors ope ra t i ve 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. p o s i t i o n , determine tha t the maximum takeo f f power s e t t i n g s 
do not exceed the ra ted takeo f f r.p.m. of each engine dur ing takeo f f and c l imb 
a t the best r a t e - o f - c l i m b speed. 

(4) With the p r o p e l l e r governors made i n o p e r a t i v e by mechanical means, 
maximum power, no-wind s t a t i c r.pTm. 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 th the p r o p e l l e r governors ope ra t i ng on the low p i t c h s t o p , the engine 
speeds must not exceed 103 percent of the maximum a l l owab le t akeo f f r . p .m . On 
t u r b o p r o p e l l e r eng ines , the engine speeds must not exceed the maximum engine 
speeds a l lowed by engine and p r o p e l l e r type des igns . Note which systems were 
d i sab led and how the disablement was done. I f maximum takeo f f power torque or 
sea l e v e l standard c o n d i t i o n s cannot be obta ined on the t e s t day, the data must 
be co r rec ted to these c o n d i t i o n s by an acceptab le means. A no-wind cond i t i on i s 
cons idered to be a wind of 5 knots or l e s s . The s t a t i c r . p .m . should be the 
average obta ined w i th a d i r e c t c rosswind from the l e f t and a d i r e c t crosswind 
from the r i g h t . 

(5) I f the above determinat ions are s a t i s f a c t o r y , the l ow -p i t ch stop 
s e t t i n g and a l s o the h i g h - p i t c h stop s e t t i n g must be measured. These data may 
have been obta ined from the p r o p e l l e r manufacturer and may be used prov ided the 
p i t c h s tops have not been changed s ince the manufacturer d e l i v e r e d the 
p r o p e l l e r . I f measured, the blade s t a t i o n should be recorded . These blade 
angles must be inc luded i n the Type C e r t i f i c a t e Data Sheet . 
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Sec t i on 2 . PERFORMANCE 

9. [RESERVED] 

10. TAKEOFF AND TAKEOFF SPEEDS - §§ 25.105 AND 25.107 (PART 25 AS AMENDED 
THROUGH AMENDMENT 25^427! 

a . E x p l a n a t i o n . The primary ob j ec t i ve of the takeo f f t e s t s requ i red by 
§ 25.107 i s to determine the takeo f f speed schedule f o r a l l t akeo f f 
c o n f i g u r a t i o n s at a l l we ight , a l t i t u d e , and temperature c o n d i t i o n s w i t h i n the 
opera t i ona l l i m i t s s e l e c t e d by the a p p l i c a n t . The p r o v i s i o n s of § 25.105 are 
s e l f ev ident and are not repeated or a m p l i f i e d in t h i s d i s c u s s i o n . 

b. P rocedures . Al though the f o l l o w i n g speed d e f i n i t i o n s are given in 
terms of c a l i b r a t e d a i r s p e e d , the A i r p l a n e F l i g h t Manual (AFM) p resen ta t i ons 
s h a l l be given in terms of i n d i c a t e d a i r s p e e d . 

(1) Sec t i on 25.107(a)(1) - Engine F a i l u r e Speed ( V E F ) . The engine 
f a i l u r e speed ( V ^ p ) i s de f i ned as the c a l i b r a t e d a i r speed at which the 
c r i t i c a l engine i s assumed to f a i l and must be se lec ted by the a p p l i c a n t . 
V E F cannot be l e s s than the ground minimum con t ro l speed ( V M C G ) A S 

desc r ibed i n §§ 25.149(e) and 25 .107 (a ) (1 ) . 

(2) Sec t i on 25.107(a)(2) - Takeof f Dec i s ion Speed ( V | ) . The takeo f f 
d e c i s i o n speed (Vj ) may not be l e s s than V ^ F p lus the speed gained w i th 
the c r i t i c a l engine i nope ra t i ve dur ing the time i n t e r v a l between Vf£p and the 
i n s t a n t a t which the p i l o t recogn izes the engine f a i l u r e . Th is i s i n d i c a t e d by 
p i l o t a p p l i c a t i o n of the f i r s t d e c e l e r a t i n g device such as b rakes , t h r o t t l e s , 
s p o i l e r s , e t c . du r i ng a c c e l e r a t e - s t o p t e s t s , or by the f i r s t con t ro l input 
du r i ng V M C G t e s t i n g . The a p p l i c a n t may choose the sequence of even ts . Refer 
to § 25.109 f o r a more complete d e s c r i p t i o n of RTO t r a n s i t i o n procedures and 
a s s o c i a t e d time d e l a y s . I f i t becomes ev ident in expansion of takeo f f data f o r 
the AFM tha t excess i ve v a r i a t i o n in V i e x i s t s , r e s u l t i n g from the many 
performance v a r i a b l e s i nvo l ved ( v a r i a t i o n s of +1.5 knots or ^100 f t . have 
been a c c e p t a b l e ) , then measures must be taken to ensure tha t scheduled 
performance v a r i a t i o n s are not e x c e s s i v e . Examples of such measures are small 
f i e l d length f a c t o r s , or inc rements , and m u l t i p l e web cha r t s 
( a c c e l e r a t e - g o / s t o p , V J / V R ) f o r a p a r t i c u l a r c o n f i g u r a t i o n . 

(3) Sec t ion 25.107(b) - Minimum Takeof f Sa fe ty Speed ( V ? M I N ) . 

( i ) V2MIN» in terms of c a l i b r a t e d a i r s p e e d , cannot be l e s s than : 

(A) 1.1 t imes the V M C A de f i ned in § 25.149. 

(B) 1.2 t imes V$ f o r two-engine and th ree-eng ine 
t u r b o p r o p e l l e r and r e c i p r o c a t i n g engine-powered a i r p l a n e s and f o r a l l t u r b o j e t 
a i r p l a n e s that do not have p r o v i s i o n s f o r o b t a i n i n g s i g n i f i c a n t reduc t ion in the 
one-engine i nope ra t i ve 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 a p s , e t c . ) . 
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( i i ) v 2MIN m a y b e reduced to 1.15 t imes V$ f o r t u r b o p r o p e l l e r 
and r e c i p r o c a t i n g engine-powered a i r p l a n e s wi th more than three eng ines , and 
t u rbo je t powered a i r p l a n e s w i th adequate p r o v i s i o n s fo r o b t a i n i n g s i g n i f i c a n t 
power-on s t a l l speed reduct ion through the use of such th ings as boundary l a y e r 
con t ro l and blown f l a p s , e t c . 

( i i i ) For p r o p e l l e r - d r i v e n a i r p l a n e s , the d i f f e rence between the 
two marg ins , based upon the number of engines i n s t a l l e d in the a i r p l a n e , i s due 
to the f ac t that the a p p l i c a t i o n of power o r d i n a r i l y reduces the s t a l l i n g speed 
a p p r e c i a b l y . In the case of the two-engine p r o p e l l e r - d r i v e n a i r p l a n e , a t l e a s t 
h a l f of t h i s reduct ion i s e l im ina ted by the f a i l u r e of an eng ine . The 
d i f f e r e n c e in the requ i red f a c t o r s the re fo re p rov ides approximately the same 
margin over the ac tua l s t a l l i n g speed under the power c o n d i t i o n s which are 
ob ta ined a f t e r the l o s s of an eng ine , no matter what the number of engines ( in 
excess of one) may be . Un l i ke the p r o p e l l e r - d r i v e n a i r p l a n e , the t u r b o j e t / 
turbofan powered a i r p l a n e does not show any app rec iab le d i f f e r e n c e between the 
power-on and power-of f s t a l l i n g speed. Th is i s due to the absence of 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 i p s t r e a m wi th the a p p l i c a t i o n of power 
caus ing the wing to re ta in i t s l i f t to a speed lower than the power-of f s t a l l i n g 
speed. The a p p l i c a n t ' s s e l e c t i o n of the two speeds s p e c i f i e d w i l l i n f l uence the 
nature of the t e s t i n g requ i red i n e s t a b l i s h i n g the takeo f f f l i g h t pa th . 

(4) Sec t i on 25.107(c) - Takeof f Sa fe ty Speed (V?) . V 2 i s the 
c a l i b r a t e d a i r speed tha t i s a t t a i n e d a t or before 35 f t . above the takeo f f 
sur face a f t e r an engine f a i l u r e at Vp/p us ing an e s t a b l i s h e d r o t a t i o n speed 
( V R ) . Dur ing the takeo f f speeds demonst ra t ion , V 2 should be cont inued to an 
a l t i t u d e s u f f i c i e n t to assure s tab le c o n d i t i o n s beyond 35 f t . V 2 cannot be 
l e s s than V 2 M I N - v 2 should be subs tan t i a ted by fue l cu ts a t Virp, when the bulk 
of the engine i nope ra t i ve data have been determined w i t h Id le c u t s . 

(5) Sec t i on 25.107(d) - Minimum Uns t i ck Speed ( VMU). 

( i ) An a p p l i c a n t should comply wi th § 25.107(d) by conduc t ing 
minimum uns t i ck speed (V^u) de terminat ion t e s t s wi th a l l engines ope ra t i ng 
and w i th one engine i n o p e r a t i v e . Dur ing t h i s demonst ra t ion , the takeo f f should 
be cont inued u n t i l the a i r p l a n e i s out of ground e f f e c t . The a i r p l a n e p i t c h 
a t t i t u d e should not be decreased a f t e r l i f t o f f . In l i e u of conduct ing ac tua l 
one -eng ine - i nope ra t i ve V^u t e s t s , the a p p l i c a n t may conduct a l l - e n g i n e s 
ope ra t i ng Vjvju t e s t s tha t s imula te and account f o r a l l pe r t i nen t f a c t o r s tha t 
would be a s s o c i a t e d w i th an ac tua l one -eng ine - i nope ra t i ve V^y t e s t . To 
account f u l l y fo r pe r t i nen t f a c t o r s , i t may be necessary to ad jus t the r e s u l t i n g 
VMU t e s t va lues a n a l y t i c a l l y . 

( i i ) The f a c t o r s to be accounted f o r must at l e a s t i nc lude the 
f o l l o w i n g : 

(A) Thrus t /we igh t r a t i o f o r one -eng ine - inope ra t i ve range. 

(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 to one-eng ine-
i n o p e r a t i v e f ree a i r t e s t s , such as V$, vMCA> e t c . ) . 
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(C) Increased drag due to l a t e r a l / d i r e c t i o n a l con t ro l 
systems i n c l u d i n g dev ices such as wing s p o i l e r s , e t c . 

(D) Reduced l i f t due to dev ices such as wing s p o i l e r s used 
f o r l a t e r a l c o n t r o l , e t c . 

(E) Adverse e f f e c t s of any other systems or dev ices on 
c o n t r o l , d r a g , and/or l i f t . 

( i i i ) The number of V^u t e s t s requ i red may be min imized by 
t e s t i n g on ly the c r i t i c a l a l l - e n g i n e and one -eng ine - i nope ra t i ve t h r u s t / w e i g h t 
r a t i o s prov ided tha t the V ^ u speeds determined a t these c r i t i c a l c o n d i t i o n s 
are used f o r the range o f t h rus t /we igh t s app rop r ia te to the a l l - e n g i n e s and 
one -eng ine - i nope ra t i ve c o n f i g u r a t i o n . The c r i t i c a l t h rus t /we igh t i s e s t a b l i s h e d 
by c o r r e c t i n g to the V ^ u speed, the t h r u s t t ha t r e s u l t s in the a i r p l a n e 
ach iev i ng i t s l i m i t i n g eng ine-out c l imb grad ient at the normal ly scheduled speed 
and i n the appropr ia te c o n f i g u r a t i o n . 

( i v ) Amendment 25 -42 , e f f e c t i v e March 1, 1978, r e v i s e d 
§§ 25.107(d) and 25 .107 (e ) ( i v ) in order to permi t one -eng ine - i nope ra t i ve V ^ u to 
be determined by a l l - e n g i n e t e s t s at the t h rus t /we igh t r a t i o cor respond ing to 
the one -eng ine - i nope ra t i ve c o n d i t i o n . As r e v i s e d , § 25.107(d) s p e c i f i e s t ha t 
VMU must be se l ec ted f o r the range of t h rus t /we igh t r a t i o s to be c e r t i f i c a t e d 
ra the r than f o r the a l l - e n g i n e s ope ra t i ng and one -eng ine - i nope ra t i ve c o n d i t i o n s , 
as was p r e v i o u s l y r e q u i r e d . In determin ing the a l l - e n g i n e s t h rus t /we igh t r a t i o 
co r respond ing to the one -eng ine - i nope ra t i ve c o n d i t i o n , c o n s i d e r a t i o n should be 
given to t r im and con t ro l drag d i f f e r e n c e s between the two c o n f i g u r a t i o n s in 
a d d i t i o n to the e f f e c t of the number of engines o p e r a t i n g . The minimum t h r u s t / 
weight to be c e r t i f i c a t e d i s e s t a b l i s h e d by c o r r e c t i n g to the V ^ u speed, the 
t h r u s t t ha t r e s u l t s in the a i r p l a n e a c h i e v i n g i t s l i m i t i n g eng ine-out c l imb 
grad ien t in the appropr ia te c o n f i g u r a t i o n and a t the normal ly scheduled speed. 

(v) To conduct the V ^ u t e s t s , r o ta te the a i r p l a n e as necessary to 
ach ieve the V ^ u a t t i t u d e . I t i s acceptab le to use some a d d i t i o n a l nose-up t r i m 
over the normal t r im s e t t i n g dur ing V ^ u demonst ra t ions . V ^ y i s the speed a t 
which the weight of the a i r p l a n e i s comple te ly supported by aerodynamic l i f t and 
t h r u s t f o r c e s . Some judgment may be necessary on a i r p l a n e s that have t i l t i n g 
main l and ing gear b o g i e s . In some c a s e s , f u l l o leo ex tens ion has been permi t ted 
as the i d e n t i f i c a t i o n po in t fo r V ^ u speed. A f t e r l i f t o f f the a i r p l a n e should be 
f lown a t l e a s t ou t -o f -g round e f f e c t . The a i r p l a n e should demonstrate adequate 
c o n t r o l l a b i l i t y and l i g h t bu f fe t may be cons idered a c c e p t a b l e . 

( v i ) VMU T e s t i n g fo r A i r p l a n e s Having L im i ted P i t c h Con t ro l 
A u t h o r i t y . 

(A) For some a i r p l a n e s w i th l i m i t e d p i t c h con t ro l 
a u t h o r i t y , i t may not be p o s s i b l e a t forward e . g . and normal t r i m to ro ta te the 
a i r p l a n e to a l i f t o f f a t t i t u d e where the a i r p l a n e cou ld o therwise perform a 
c lean f lyaway at a minimum speed had the requ i red a t t i t u d e been ach ieved . T h i s 
may occur only over a po r t i on of the takeo f f weight range in some c o n f i g u r a t i o n s . 
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 to be the c a s e , V ^ u t e s t 
c o n d i t i o n s may be mod i f i ed to a l l ow t e s t i n g a f t of the forward e . g . l i m i t and/or 
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w i th use of more a i r p l a n e nose-up t r im than normal . The V̂ u data determined 
w i th t h i s procedure should be co r rec ted to those va lues r ep resen ta t i ve of the 
appropr ia te forward l i m i t ; the v a r i a t i o n of V̂u w i th e . g . may be assumed to be 
l i k e the v a r i a t i o n of f r e e a i r s t a l l i n g speed wi th e . g . Al though the 
development of scheduled takeo f f speeds may proceed from these co r rec ted V̂ u 
d a t a , two a d d i t i o n a l se ts of t e s t s are requ i red to check tha t the re laxed V̂ u 
c r i t e r i a have not neg lec ted problems that might a r i s e from opera t iona l 
v a r i a t i o n s in r o t a t i n g a i r p l a n e s w i th l i m i t e d p i t ch con t ro l a u t h o r i t y . 

(B) In each of the f o l l o w i n g assurance t e s t s , the a i r p l a n e 
must demonstrate safe f lyaway c h a r a c t e r i s t i c s . 

(J.) Minimum speed l i f t o f f w i l l be demonstrated a t the 
c r i t i c a l forward e . g . l i m i t w i th normal t r i m . For a i r p l a n e s w i th a cutback 
forward e . g . at heavy we igh t , two w e i g h t / e . g . c o n d i t i o n s should be cons ide red . 
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 e v e l c l i m b - l i m i t e d weight wi th the assoc ia ted forward e . g . The f u l l forward 
e . g . t e s t s should be conducted at the h ighes t a s s o c i a t e d weight . These t e s t s 
should be conducted a t minimum th rus t /we igh t fo r both the s imula ted one-eng ine-
i n o p e r a t i v e t e s t (symmetr ical reduced t h r u s t ) and the a l l - e n g i n e s c a s e . 

(2) The t e s t technique i s to hold f u l l nose-up 
con t ro l column as the a i r p l a n e a c c e l e r a t e s . As p i t c h a t t i t u d e i s achieved to 
e s t a b l i s h the minimum l i f t o f f speed, p i t c h con t ro l may be ad jus ted to prevent 
o v e r r o t a t i o n , but the l i f t o f f a t t i t u d e should be mainta ined as the a i r p l a n e 
f l i e s o f f the ground, and ou t -o f -g round e f f e c t . 

(3) R e s u l t i n g l i f t o f f speeds do not a f f e c t AFM speed 
schedules i f the t e s t proves success fu l and the r e s u l t i n g l i f t o f f speed i s a t 
l e a s t 5 knots below the normal ly scheduled l i f t o f f speed. Adjustments should be 
made to the scheduled V R , forward e . g . , e t c . , i f necessa ry , to achieve t h i s 
r e s u l t . 

(40 Th is 5 knot minimum spread prov ides some leeway 
fo r opera t iona l v a r i a t i o n s such as m i s - t r i m , e . g . e r r o r s , e t c . , tha t cou ld 
f u r t he r l i m i t the e l e v a t o r a u t h o r i t y . Th is reduced minimum spread from tha t 
s p e c i f i e d in § 2 5 . 1 0 7 ( 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 of g e t t i n g 
i n to a high drag cond i t i on due to o v e r r o t a t i o n . 

( v i i ) VMJJ T e s t i n g fo r Geometry L im i ted A i r p l a n e s . 

(A) For a i r p l a n e s that are geometry l i m i t e d , the 110 
percent of V^n requ i red by § 25 .107 (e ) (1 ) ( i v ) may be reduced to an 
o p e r a t i o n a l l y accep tab le value of 108 percent on the b a s i s tha t equ i va len t 
a i rwo r t h i ness i s prov ided fo r the geometry l i m i t e d a i r p l a n e . Fur thermore, f o r 
the use of the 108 percent of V^y- l i f t o f f speed, safeguards p r o t e c t i n g the 
geometry l i m i t e d a i r p l a n e aga ins t both ove r ro ta t i on on the ground and in the a i r 
are to be p rov ided . A l s o , to be def ined as a geometry l i m i t e d a i r p l a n e , the 
a p p l i c a n t ' s a i r p l a n e should be geometry l i m i t e d to the ex tent t ha t a maximum 
gross weight takeo f f w i th the t a i l dragging w i l l r e s u l t in a c lean l i f t o f f and 
f l y -away in the a l l - e n g i n e s c o n f i g u r a t i o n . Dur ing such a takeo f f f o r the 
a l l - e n g i n e s - o p e r a t i n g c o n f i g u r a t i o n , the r e s u l t i n g d i s tance to the 35 f t . he ight 
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must not be g reater than 105 percent of the normal t akeo f f d i s tance under 
s i m i l a r we igh t , a l t i t u d e , and temperature c o n d i t i o n s before the 15 percent 
margin i s added. L a s t l y , the VMU demonstrated must be sound and r e p e a t a b l e . 

(B) The c r i t e r i a concern ing the demonstrat ion of the 
geometry l i m i t e d proof t e s t w i th regard to c a p a b i l i t y f o r a c lean l i f t o f f and 
f l y -away are as f o l l o w s : 

(1) The a i r p l a n e ' s p i t c h a t t i t u d e from a speed 96 
percent of the ac tua l liftoTf speed must be w i th in 5 percent ( i n degrees) of the 
t a i l d ragg ing a t t i t u d e to the po in t of l i f t o f f . 

(2) Dur ing the above speed range (96 to 100 percent 
of the ac tua l l i f t o f f speedT, the a f t under -sur face of the a i r p l a n e must have 
ach ieved ac tua l runway c o n t a c t . I t has been found accep tab le in t e s t s fo r 
con tac t to e x i s t approx imate ly 50 percent of the time t ha t the a i r p l a n e i s in 
t h i s speed range. 

(3) Beyond the po in t of l i f t o f f to a he igh t of 
35 f t . , the a i r p l a n e ' s pi tcf i " a t t i t u d e must not decrease below tha t a t the po in t 
of l i f t o f f , or the speed must not i nc rease more than 10 pe rcen t . 

(4) The a i r p l a n e s h a l l be at the c r i t i c a l 
t h rus t /we igh t c o n d i t i o n , as de f i ned in § 25 .107(d ) , but w i th a l l engines 
o p e r a t i n g . 

(6) Sec t i on 25.107(e) - Ro ta t i on Speed ( V R ) . 

( i ) The r o t a t i o n speed, (V R ) in terms of c a l i b r a t e d a i rspeed ,mus t 
be s e l e c t e d by the a p p l i c a n t . V R has a number of c o n s t r a i n t s t ha t must be 
observed i n order to comply wi th § 25 .107 (e ) : 

(A) V R may not be l e s s than V j ; however, i t can be equal 
to V i in some c a s e s . 

(B) V R may not be l e s s than 105 percent of the a i r 
minimum c o n t r o l speed ( V ^ C A , ) . 

(C) V R must be a speed that w i l l a l l o w the a i r p l a n e to 
reach V 2 a t or before reach ing 35 f t . above the takeo f f s u r f a c e . 

(D) V R must be a speed tha t w i l l r e s u l t in l i f t o f f a t a 
speed not l e s s than 110 percent of V ^ (un less geometry l i m i t e d ) f o r the 
a l l - e n g i n e ope ra t i ng c o n d i t i o n and not l e s s than 105 percent of the V̂ u 
determined a t the t h r u s t / w e i g h t r a t i o cor respond ing to the one-eng ine-
i nope ra t i ve c o n d i t i o n f o r each set of c o n d i t i o n s such as we igh t , a l t i t u d e , 
temperature , and c o n f i g u r a t i o n . 

( i i ) E a r l y r o t a t i o n , one -eng ine - i nope ra t i ve abuse t e s t . 

(A) In showing compliance w i th § 2 5 . 1 0 7 ( e ) ( 3 ) , some 
guidance r e l a t i v e to the a i r speed a t t a i n e d a t the 35 f t . he ight du r i ng the 
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a s s o c i a t e d f l i g h t t e s t i s necessary . As t h i s requirement d e a l i n g w i th a 
r o t a t i o n speed abuse t e s t on ly s p e c i f i e s an e a r l y r o t a t i o n ( VR - 5 k n o t s ) , i t i s 
i n t e r p r e t e d tha t p i l o t technique i s to remain the same as normal ly used f o r an 
eng ine-out c o n d i t i o n . With these c o n s i d e r a t i o n s in mind, i t i s apparent t ha t 
the a i r speed ach ieved a t the 35 f t . po in t can be somewhat below the normal 
scheduled V 2 speed. However, the amount of p e r m i s s i b l e V 2 speed reduc t ion must 
be l i m i t e d to a reasonable amount as descr ibed below. 

(B) These t e s t c r i t e r i a are a p p l i c a b l e to a l l unapproved, 
new, bas i c model a i r p l a n e s . They are a l s o a p p l i c a b l e to p rev i ous l y approved 
a i r p l a n e s when subsequent abuse t e s t i n g i s war ran ted . However, f o r those 
a i r p l a n e s where the c r i t e r i a here in are more s t r i n g e n t than tha t p r e v i o u s l y 
a p p l i e d , c o n s i d e r a t i o n w i l l be given to permit some l a t i t u d e in the t e s t i n g 
c r i t e r i a . 

(C) In conduct ing the f l i g h t t e s t s requ i red by 
§ 2 5 . 1 0 7 ( e ) ( 3 ) , the t e s t p i l o t s h a l l use a norma l /na tu ra l r o t a t i o n technique as 
assoc ia ted w i th the use of scheduled takeo f f speeds f o r the a i r p l a n e be ing 
t e s t e d . I n t en t i ona l t a i l or t a i l s k i d con tac t i s not cons ide red a c c e p t a b l e . 
F u r t h e r , the a i r speed a t t a i n e d a t the 35 f t . he ight dur ing t h i s t e s t must not be 
l e s s than the scheduled V 2 value minus 5 k n o t s . These speed l i m i t s should not 
be cons idered or u t i l i z e d as t a rge t V 2 t e s t speeds, but ra the r are intended to 
p rov ide an accep tab le range of speed departure below the scheduled V 2 v a l u e . 

(D) In t h i s abuse t e s t , the engine cut should be 
accompl ished p r i o r to the VR t e s t speed ( i . e . , scheduled V R - 5 knots) to a l l o w 
fo r engine sp in -down, un less t h i s would be below the VMCQ , i n which case V ^ C G 
should govern. The normal one -eng ine - i nope ra t i ve takeo f f d i s tance may be 
a n a l y t i c a l l y ad jus ted to compensate fo r the e f f e c t of the e a r l y engine c u t . 
F u r t h e r , i n those t e s t s where the a i r speed ach ieved at the 3 5 - f t . he ight i s 
s l i g h t l y l e s s than the V 2 - 5 knots l i m i t i n g v a l u e , i t w i l l be p e r m i s s i b l e , in 
l i e u o f reconduct ing the t e s t s , to a n a l y t i c a l l y ad jus t the t e s t d is tance to 
account f o r the excess i ve speed decrement. 

( i i i ) A l l - e n g i n e s ope ra t i ng abuse t e s t s . 

(A) Sec t i on 25.107(e) (4) s ta tes tha t there must not be a 
"marked i n c r e a s e " in the scheduled takeo f f d i s tance when reasonably expected 
s e r v i c e v a r i a t i o n s such as e a r l y and excess i ve r o t a t i o n and o u t - o f - t r i m 
c o n d i t i o n s are encountered. T h i s has been i n t e r p r e t e d as r e q u i r i n g takeo f f 
t e s t s w i th a l l engines ope ra t i ng w i t h : 

(1) An abuse on r o t a t i o n speed, and 

[2) O u t - o f - t r i m c o n d i t i o n s but w i th r o t a t i o n a t the 
scheduled VR speed. 

N o t e : The express ion "marked i n c r e a s e " in the takeo f f d i s tance i s def ined as 
any amount in excess of 1 percent of the scheduled takeo f f d i s t a n c e . Thus , the 
abuse t e s t s should not r e s u l t in f i e l d leng ths more than 101 percent of the 
scheduled FAR f i e l d l e n g t h . 
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(B) For the e a r l y r o t a t i o n abuse c o n d i t i o n w i t h a l l 
engines ope ra t i ng and at a weight as near as p r a c t i c a b l e to the maximum sea 
l e v e l takeo f f we igh t , i t should be shown by t e s t that when the a i r p l a n e i s 
ove r ro ta ted at a speed below the scheduled V R , no "marked i n c r e a s e " in the FAR 
f i e l d leng th w i l l r e s u l t . For t h i s demonst ra t ion , the a i r p l a n e should be 
ro ta ted a t a speed 7 percent or 10 k n o t s , whichever i s l e s s , below the scheduled 
V R . Tests should be conducted a t a rap id r o t a t i o n ra te or should i nc l ude an 
o v e r r o t a t i o n of 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 
du r i ng t h i s demonstrat ion are accep tab le i f they are minor and do not r e s u l t in 
unsafe c o n d i t i o n s . 

(C) For o u t - o f - t r i m c o n d i t i o n s w i th a l l engines ope ra t i ng 
and at a weight as near as p r a c t i c a b l e to the maximum sea l e v e l t akeo f f we igh t , 
i t should be shown that wi th the a i r p l a n e mistr immed, as would reasonably be 
expected in s e r v i c e , there w i l l not be a "marked i n c r e a s e " in 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 at the scheduled V R 
speed. The amount of m is t r im used dur ing some a i r p l a n e c e r t i f i c a t i o n programs 
has been +2 un i t s of l o n g i t u d i n a l t r i m , w i th in the takeo f f t r im band, as shown 
on the c o c k p i t i n d i c a t o r . I t i s p e r m i s s i b l e to accept an a n a l y s i s i n l i e u o f 
ac tua l t e s t i n g i f the a n a l y s i s shows that the o u t - o f - t r i m c o n d i t i o n 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 i n c r e a s e " in the FAR 
f i e l d l e n g t h . 

(7) Sec t i on 25 .107( f ) - L i f t o f f Speed ( V I O F ) . The l i f t o f f speed 
(V|_op) 1 S de f i ned as the c a l i b r a t e d a i r speed at which the a i r p l a n e f i r s t 
becomes a i r b o r n e , i . e . , no con tac t wi th the runway. Th is a l lows comparison of 
l i f t o f f speed w i th t i r e l i m i t speed. V L Q F d i f f e r s from V̂ u in tha t 
V̂ u i s the minimum p o s s i b l e V | _ Q F speed f o r a given c o n f i g u r a t i o n , and 
depending upon l and ing gear d e s i g n , V̂ u l i f t o f f i s shown to be the po in t 
where a l l o f the a i r p l a n e weight i s being supported by a i r p l a n e l i f t and 
t h r u s t f o r c e s and not any po r t i on by the land ing gear . For example, a f t e r the 
VMU speed i s reached , a t ruck t i l t ac tua to r may fo rce a f r on t or rea r wheel se t 
to be in con tac t wi th the runway even though the f l y o f f i s in progress by v i r t u e 
of l i f t be ing greater than we igh t . 

11. ACCELERATE-STOP DISTANCE - § 25.109. 

a . E x p l a n a t i o n . Th is sec t i on desc r i bes t e s t demonstrat ions necessary to 
determine a c c e l e r a t e - s t o p d i s t ances fo r a i r p l a n e performance requ i red to be 
pub l i shed in the Performance Sec t ion of the FAA approved AFM. (See Pa r t s 121 
and 135 of the FAR.) 

b. The a p p l i c a b l e Federa l A v i a t i o n Regu la t i ons (FAR) are Sec t ion 25 .109 , 
as amended through Amendment 25 -42 , and the f o l l o w i n g : 

Sec t ion 25 .101( f ) A i r p l a n e c o n f i g u r a t i o n and p rocedures . 

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

Sec t ion 25.105 Takeof f c o n f i g u r a t i o n and environmental 
and runway c o n d i t i o n s . 
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Sec t i ons 25.107(a) (1) and (2) Def ines V ] and V E F speeds. 

c . P rocedures . 

(1) The f o l l o w i n g are a p p l i c a b l e to turb ine-powered a i r p l a n e s w i th 
and wi thout p r o p e l l e r s . A c c e l e r a t e - s t o p t e s t s should be determined in 
accordance w i th the p r o v i s i o n s of t h i s paragraph. 

( i ) In order to e s t a b l i s h a rep resen ta t i ve d is tance that would 
be requ i red in the event of a re jec ted takeo f f a t or below the t akeo f f d e c i s i o n 
speed V i , a s u f f i c i e n t number of t e s t runs should be conducted f o r each 
a i r p l a n e c o n f i g u r a t i o n des i r ed by the a p p l i c a n t . (For in te rmedia te 
c o n f i g u r a t i o n s , see paragraph 3 of t h i s AC. ) 

( i i ) The procedures o u t l i n e d i n paragraphs (12) ( 1 3 ) , and (14) 
be low, as requ i red by § 25 .101 (h ) (3 ) , apply app rop r ia te t ime de lays fo r the 
execut ion of r e t a r d i n g means r e l a t e d to the a c c e l e r a t e - s t o p operat ion 
procedures and f o r expansion of a c c e l e r a t e - s t o p data to be inco rpo ra ted in the 
FAA-approved AFM. 

( i i i ) The s topp ing po r t i on of the a c c e l e r a t e - s t o p t e s t may not 
u t i l i z e engine or p r o p e l l e r reverse t h r u s t un less the t h r u s t reve rse r system i s 
shown to be s a f e , r e l i a b l e , and capable of g i v i ng repeatab le r e s u l t s . 

No te : H i s t o r i c a l l y , reverse t h rus t c r e d i t has not 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 s i nce contaminated runway b rak ing performance has not 
been requ i red in the c e r t i f i c a t i o n p rocess . 

(2) A c c e l e r a t e - s t o p runs at d i f f e r e n t a i r p o r t e l e v a t i o n s can be 
s imula ted a t one a i r p o r t e l e v a t i o n prov ided the b rak ing speeds employed i nc lude 
the e n t i r e energy range tha t must be absorbed by the b rakes . In schedu l ing the 
data fo r the AFM, the brake energy assumed s h a l l not exceed the maximum 
demonstrated in these t e s t s . 
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(3) The b rak ing speeds r e f e r r e d to here in are scheduled t e s t speeds 
and need not correspond to the va lues to be scheduled in the AFM s ince i t i s 
necessary to i nc rease or decrease the b rak ing speed to s imu la te the energy range 
and weight enve lope . 

(4) Un less s u f f i c i e n t data are a v a i l a b l e f o r the a i r p l a n e model to 
account f o r v a r i a t i o n of b rak ing performance wi th we igh t , k i n e t i c energy, l i f t , 
d r a g , ground speed, torque l i m i t , e t c . , a t l e a s t two t e s t runs are necessary f o r 
each c o n f i g u r a t i o n when m u l t i p l e aerodynamic c o n f i g u r a t i o n s are being shown to 
have the same b rak i ng c o e f f i c i e n t of f r i c t i o n . A t o t a l of at l e a s t s i x t e s t 
runs are r e q u i r e d . These runs should be made wi th the a i r p l a n e weight and 
k i n e t i c energy v a r y i n g throughout the range fo r which t akeo f f data are schedu led . 
These t es t s are conducted on hard s u r f a c e d , dry runways. 

(5) For an a l t e r n a t e approval w i th a n t i s k i d i n o p e r a t i v e , nose wheel 
brakes or one main wheel brake i n o p e r a t i v e , au tobrak ing systems, e t c . , a f u l l 
se t of t e s t s , as in paragraph (4) above, should normal ly be conducted. A l e s s e r 
number of t e s t s may be accepted fo r "equal or b e t t e r " demonstrat ions or to 
e s t a b l i s h smal l i nc rements , or i f adequate conserva t ism i s used du r ing t e s t i n g . 

(6) The maximum energy a c c e l e r a t e - s t o p demonstrat ion should be 
conducted a t not l e s s than maximum takeo f f weight and should be preceded by a 
3 -mi le t a x i , i n c l u d i n g three f u l l stops us ing normal b rak i ng and a l l engines 
o p e r a t i n g . F o l l o w i n g the stop a t the maximum k i n e t i c energy l e v e l 
demons t ra t ion , i t w i l l not be necessary f o r the a i r p l a n e to demonstrate i t s 
a b i l i t y to t a x i . The maximum k i n e t i c a i r p l a n e energy at which performance data 
are scheduled should not exceed the value fo r which a s a t i s f a c t o r y a f t e r s t o p 
c o n d i t i o n e x i s t s or the value documented under Techn ica l Standard Order TSO C26b 
o r C26c, whichever value i s l e s s . Th is cond i t i on i s de f ined as one in which 
f i r e s are con f i ned to t i r e s , wheels , and brakes and which would not r e s u l t in 
p rog ress i ve engulfment of the remaining a i r p l a n e dur ing the t ime of passengers 
and crew e v a c u a t i o n . The a p p l i c a t i o n of f i r e f i g h t i n g means or a r t i f i c i a l 
coo lan t s should not be requ i red f o r a per iod o f 5 minutes f o l l o w i n g the s t o p . 

(7) In the event the a p p l i c a n t proposes to conduct the maximum energy 
RTO demonstrat ion from a l a n d i n g , a s a t i s f a c t o r y accoun t ing of the brake and 
t i r e temperatures tha t would have been generated dur ing t a x i and a c c e l e r a t i o n , 
requ i red by paragraph ( 6 ) , must be made. 

(8) E i t h e r ground or a i rbo rne ins t rumenta t ion should i nc l ude means to 
determine the h o r i z o n t a l d i s t a n c e - t i m e h i s t o r y . 

(9) The wind speed and d i r e c t i o n r e l a t i v e to the a c t i v e runway should 
be determined and co r rec ted to a he ight cor respond ing to the approximate he igh t 
of the mean aerodynamic cho rd . (See paragraph 3 of t h i s AC. ) 

(10) The a c c e l e r a t e - s t o p t e s t s should be conducted i n the f o l l o w i n g 
c o n f i g u r a t i o n s : 

( i ) Heavy to l i g h t weight as r e q u i r e d . 

( i i ) Most c r i t i c a l e . g . p o s i t i o n . 
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( i i i ) Wing f l a p s in the takeo f f p o s i t i o n ( s ) . 

( i v ) T i r e p ressu re : before t ax i and w i th c o l d t i r e s , se t to the 
h ighes t value appropr ia te fo r the takeo f f weight f o r which approval i s be ing 
sought . 

(v) Engine i d l e t h r u s t : set at a p p l i c a n t ' s recommended upper 
l i m i t or the e f f e c t of maximum i d l e t h r u s t may be accounted f o r in data 
a n a l y s e s . 

(11) Engine t h r u s t should be appropr ia te to each segment of the 
r e j e c t e d takeo f f and account f o r t h r u s t decay t imes . At the se l ec ted speed 
tha t corresponds to the requ i red energy, the a i r p l a n e i s brought to a stop 
employing the acceptab le b rak ing means. 

( i ) For tu rb ine powered a i r p l a n e s wi thout p r o p e l l e r s , a l l 
engines should remain ope ra t i ve f o r t e s t and AFM expansion purposes. However, 
i t should be determined tha t any engine remaining at i d l e power fo r t e s t 
purposes when compared to a f a i l e d engine caus ing an i n s e r v i c e r e j e c t e d takeo f f 
does not prov ide a d d i t i o n a l b rak ing c a p a b i l i t i e s , mask d i r e c t i o n a l con t ro l 
problems, e t c . , through the cont inued f u n c t i o n i n g of i t s hyd rau l i c pumps or 
o ther systems. 

( i i ) For t u r b o p r o p e l l e r and r e c i p r o c a t i n g engine-powered 
a i r p l a n e s conduc t ing the engine i nope ra t i ve a c c e l e r a t e - s t o p demonst ra t ion , the 
c r i t i c a l eng ine ' s p r o p e l l e r should be in the p o s i t i o n i t would normal ly assume 
when an engine f a i l s and the power l e v e r s are c l o s e d . The high drag p o s i t i o n 
(not reverse ) of the remaining eng ines ' p r o p e l l e r s may be u t i l i z e d prov 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 4 b . 4 0 2 - l ( k ) ( 2 ) ) . S imu la t i ng wet runway c o n t r o l l a b i l i t y by d i sconnec t i ng 
the 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 the a l l - e n g i n e s 
a c c e l e r a t e - s t o p demonst ra t ion , the high drag p r o p e l l e r p o s i t i o n (not reverse ) 
may be used on a l l eng ines . 

(12) A c c e l e r a t e - S t o p Time Delays (Pre-Amendment 25 -42 ) . Par ts 1 
and 25 of the FAR, p r i o r to Amendments 1-29 and 25-42 , r e s p e c t i v e l y , de f ined V i 
as the c r i t i c a l engine f a i l u r e speed. When t h i s d e f i n i t i o n of V | i s app l i ed to 
the a c c e l e r a t e - s t o p c r i t e r i a of § 25.109 and the V i c r i t e r i a of § 25 .107 (a ) (2 ) , 
engine f a i l u r e and engine f a i l u r e recogn i t i on cou ld occur s imu l taneous ly . I t 
was recogn ized tha t t h i s s imultaneous occurrence cou ld not be achieved in 
ac tua l opera t ions and tha t d e f i n i n g 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 wi th § 25.101 which requ i res al lowance fo r t ime de lays in execut ion of 
p rocedures. In order to reso lve t h i s c o n f l i c t , V j has been a p p l i e d as the 
engine f a i l u r e r e c o g n i t i o n speed and appropr ia te time de lays developed fo r 
showing compliance wi th § 25 .101 . The f o l l o w i n g i s a p i c t o r i a l rep resen ta t i on 
of the a c c e l e r a t e - s t o p time de lays cons idered acceptab le fo r compliance wi th 
§ 25.101(h) as d iscussed above: 
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FIGURE 11-1. ACCELERATE-STOP TIME DELAYS 
Pre Amendment 25-42 
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( i ) A t r e c = engine f a i l u r e r e c o g n i t i o n t ime . The demonstrated 
time from engine f a i l u r e to p i l o t a c t i o n i n d i c a t i n g r e c o g n i t i o n of the engine 
f a i l u r e . For AFM data expansion purposes, in order to a l l ow a time which can be 
executed c o n s i s t e n t l y in s e r v i c e , i t has been found p r a c t i c a l to use the 
demonstrated t ime or 1 second, whichever i s g rea te r . I f the a i r p l a n e 
i nco rpo ra tes an engine f a i l u r e warning l i g h t , the recogn i t i on time inc ludes the 
time increment necessary fo r the engine to spool down to the po in t of warning 
l i g h t a c t i v a t i o n p lus the time increment from l i g h t "on" to p i l o t ac t i on 
i n d i c a t i n g r e c o g n i t i o n of engine f a i l u r e . 

( i i ) A t a i - the demonstrated t ime i n t e r v a l between a c t i v a t i o n of 
the f i r s t and second dece le ra t i on d e v i c e s . 

( i i i ) A t a 2 = the demonstrated t ime i n t e r v a l between a c t i v a t i o n of 
the second and t h i r d d e c e l e r a t i o n d e v i c e s . 

( i v ) A t = a 1-second reac t i on time delay to account fo r i n s e r v i c e 
v a r i a t i o n s . I f a command i s requ i red f o r another crewmember to actuate a 
d e c e l e r a t i o n d e v i c e , a 2-second d e l a y , in l i e u o f the 1-second d e l a y , should be 
a p p l i e d fo r each a c t i o n . For automatic d e c e l e r a t i o n dev i ces which are approved 
fo r performance c r e d i t f o r AFM data expans ion , e s t a b l i s h e d t imes determined 
du r 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 a p p l i c a t i o n of a d d i t i o n a l 
t ime de lays requ i red by t h i s paragraph. 

(v) The sequence fo r a c t i v a t i o n of d e c e l e r a t i o n dev ices may be 
s e l e c t e d by the a p p l i c a n t in accordance wi th § 2 5 . 1 0 1 ( f ) . I f , on o c c a s i o n , 
the des i red sequence i s not achieved dur ing t e s t i n g , the t e s t need not be 
repea ted . However, the demonstrated t ime i n t e r v a l s h a l l be used . 
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( v i ) I f a d d i t i o n a l dev ices are used to dece le ra te the a i r p l a n e , 

t h e i r r espec t i ve demonstrated t imes p lus any a d d i t i o n a l requ i red time de lays 
should be inc luded u n t i l the a i r p l a n e i s in the f u l l b rak i ng c o n f i g u r a t i o n . 

( v i i ) For the purpose of f l i g h t manual c a l c u l a t i o n s , the 
demonstrated t imes may be cons idered as o c c u r r i n g s e q u e n t i a l l y and a 1-second 
delay fo r each ac t i on added a t the end of the t o t a l demonstrated t ime . However, 
f o r f l i g h t manual c a l c u l a t i o n s , the a i r p l a n e must not be a l lowed to dece le ra te 
du r ing the reac t i on time delays of paragraph ( i v ) . 

(13) A c c e l e r a t e - S t o p Time Delays (Post-Amendment 25-42). 
Amendment 25-42, e f f e c t i v e March 1, 1978, in t roduced seve ra l new requirements 
a f f e c t i n g a c c e l e r a t e - s t o p d i s tance de te rm ina t i on . The amendment in t roduced i n t o 
the r e g u l a t i o n s an e n g i n e - f a i l u r e speed, V£p; rede f i ned the takeo f f d e c i s i o n 
speed, V j ; r ev i sed the a c c e l e r a t e - s t o p d is tance c r i t e r i a to correspond to the 
Vef and V i d e f i n i t i o n s ; and added a 2-second time de lay between V j and the f i r s t 
a c t i o n to dece le ra te the a i r p l a n e . In a d d i t i o n , an a l l - e n g i n e s a c c e l e r a t e - s t o p 
d i s t ance requirement was i n t roduced . The f o l l o w i n g i s a p i c t o r i a l 
rep resen ta t i on of the a c c e l e r a t e - s t o p time delays in accordance wi th the 
p r o v i s i o n s of Pa r t 25, i n c l u d i n g Amendment 25-42: 

FIGURE 11-2. ACCELERATE-STOP TIME DELAYS 
Post Amendment 25-42 
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as f o l l o w s : 
( i ) A t r e c - § 25.107 de f i nes the r e l a t i o n s h i p between Vpp and V^ 
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( i i ) V E F IS the c a l i b r a t e d a i r speed se l ec ted by the a p p l i c a n t at 
which the c r i t i c a l engine i s assumed to f a i l . V^f may not be l e s s than V^CQ. 
V I , in terms of c a l i b r a t e d a i r s p e e d , i s the takeo f f d e c i s i o n speed se l ec ted by 
the a p p l i c a n t ; however, Vi may not be l e s s than Vr;p p lus the speed gained wi th 
the c r i t i c a l engine i nope ra t i ve dur ing the time i n t e r v a l between the i n s t a n t at 
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 at which the p i l o t 
recogn izes and reac ts to the engine f a i l u r e , as i n d i c a t e d by the p i l o t ' s 
a p p l i c a t i o n of the f i r s t r e t a r d i n g means dur ing a c c e l e r a t e - s t o p t e s t s . 

( i i i ) Demonstrated engine f a i l u r e r ecogn i t i on t imes l e s s than 
1 second should be c a r e f u l l y reviewed to assure the c o n d i t i o n s under which they 
were obta ined were rep resen ta t i ve of that which may reasonably be expected to 
occur in s e r v i c e . A s u f f i c i e n t number of demonstrat ions should be conducted 
us ing both a p p l i c a n t and FAA t e s t p i l o t s to assure tha t the time increment i s 
r e p r e s e n t a t i v e and repea tab le . The p i l o t ' s fee t should be on the rudder p e d a l s , 
not b rakes , du r ing demonstrat ion t e s t s . 

( i v ) A t a i = the demonstrated time i n t e r v a l between a c t i v a t i o n of 
the f i r s t and second dece le ra t i on d e v i c e s . 

(v) A t a 2 = the demonstrated t ime i n t e r v a l between a c t i v a t i o n of 
the second and t h i r d dece le ra t i on d e v i c e s . 

( v i ) I f a command i s requ i red f o r another crewmember to a c t i v a t e 
a d e c e l e r a t i o n d e v i c e , a l - second d e l a y , in add i t i on to ( i v ) and (v) above, 
should be app l i ed f o r each a c t i o n . For automatic d e c e l e r a t i o n dev ices which 
are approved fo r performance c r e d i t f o r AFM data expans ion , e s t a b l i s h e d system 
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 . These e s t a b l i s h e d 
t imes cannot be assumed to 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 tha t t r i g g e r s 
them; tha t i s , they cannot be t r i g g e r e d before the f i r s t p i l o t ac t i on and hence 
cannot begin u n t i l at l e a s t 2 seconds a f t e r V i . 

( v i i ) The sequence fo r a c t i v a t i o n of d e c e l e r a t i o n dev ices may 
be s e l e c t e d by the a p p l i c a n t in accordance wi th § 2 5 . 1 0 1 ( f ) . I f , on o c c a s i o n , 
the des i red sequence i s not achieved dur ing t e s t i n g , the t e s t need not be 
repea ted ; however, the demonstrated t ime i n t e r v a l s h a l l be used . 

( v i i i ) F igu re 11-2 shows a p i c t o r i a l rep resen ta t i on of how 
to app ly t ime de lays w i th up to three d e c e l e r a t i o n d e v i c e s . I f more than three 
dev ices are used to dece le ra te the a i r p l a n e , the r espec t i ve demonstrated time 
p lus a l - second reac t i on t ime should be inc luded f o r each dev ice beyond tha t 
represented p i c t o r i a l l y in F igu re 11-2 u n t i l the a i r p l a n e i s in the f u l l b rak i ng 
c o n f i g u r a t i o n . 

(14) A l l - E n g i n e A c c e l e r a t e - S t o p (Pos t Amendment 25 -42 ) . The time 
de lays o f paragraph (13) app ly to the a l l - e n g i n e s a c c e l e r a t e - s t o p requirement of 
§ 25 .109(a) (2) a f t e r V i . 

(15) The procedures used to determine a c c e l e r a t e - s t o p d i s tance must be 
desc r i bed i n the performance sec t i on of the AFM. 
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12. TAKEOFF PATH - § 25 .111. 

a . Sec t ion 25 .111(a ) . 

(1) E x p l a n a t i o n . 

( i ) The takeo f f path requirements of § 25 .111 , and the reduc t ions 
requ i red of the gross path by § 25.115 are e s t a b l i s h e d so tha t the AFM 
performance can be used i n making necessary d e c i s i o n s r e l a t i v e to t akeo f f 
weights when obs tac les are p resen t . Such c o n s i d e r a t i o n s are a l s o a requirement 
by § 121.189 when operat ion i s conducted under that P a r t . 

( i i ) The requ i red performance i s prov ided i n AFMs by e i t h e r 
p i c t o r i a l paths a t var ious t h r u s t - t o - w e i g h t c o n d i t i o n s wi th c o r r e c t i o n s f o r 
w ind , or by a s e r i e s of char ts fo r each segment a long w i th a procedure fo r 
connec t ing these segments i n to a cont inuous pa th . 

(2) P rocedures . 

( i ) Sec t i on 25.111(a) requ i res that the actua l takeo f f path 
(from which the AFM net t akeo f f f l i g h t path i s de r i ved ) extend to the h igher of 
where the a i r p l a n e i s 1,500 f t . above the takeo f f sur face or to the a l t i t u d e at 
which the t r a n s i t i o n to enroute c o n f i g u r a t i o n i s complete and a speed i s reached 
where compl iance wi th the f i n a l segment requirements of § 25.121(c) can be met. 
Sec t ion 25.115(b) a l l ows te rmina t ion of the AFM net f l i g h t path below 1,500 f t . 
in some c a s e s . 

( i i ) The AFM should conta in in fo rmat ion requ i red to show 
compl iance w i th the c l imb requirements of §§ 25.111 and 25 .121 (c ) . Th i s should 
inc lude in format ion r e l a t e d to the t r a n s i t i o n from the takeo f f c o n f i g u r a t i o n 
and speed to the f i n a l segment c o n f i g u r a t i o n and speed. The e f f e c t s of changes 
from takeo f f t h rus t to maximum cont inuous t h r u s t should a l s o be i n c l u d e d . 

( i i i ) Genera l l y the AFM shows t akeo f f paths which at low th rus t 
to weight i nc l ude a c c e l e r a t i o n segments between 400 and 1,500 f t . and end a t 
1,500 f t . , and a t high t h r u s t to weight ex tend ing cons ide rab l y h igher than 1,500 
f t . above the takeo f f s u r f a c e . On some a i r p l a n e s , the takeo f f speed schedules 
and/or f l a p c o n f i g u r a t i o n do not requ i re a c c e l e r a t i o n below 1,500 f t . , even a t 
l i m i t i n g performance g r a d i e n t s . 

( i v ) The § 25.115(b) net t akeo f f f l i g h t pa th , requ i red by 
§ 25.1587(b) to be i nc luded i n the AFM, need not extend to the a l t i t u d e 
s p e c i f i e d in § 25 .111 (a ) . I t may be terminated a t a he igh t , gene ra l l y c a l l e d 
"NET HEIGHT," tha t corresponds to the ac tua l a i r p l a n e h e i g h t , gene ra l l y c a l l e d 
"GROSS HEIGHT," which compl ies w i th the a l t i t u d e s p e c i f i e d i n § 25 .111 (a ) . 

b. Sec t i on 25 .111 (a ) (1 ) - Takeof f Path Thrust C o n d i t i o n s . 

(1) E x p l a n a t i o n . The gross takeo f f path e s t a b l i s h e d from cont inuous 
demonstrated t a k e o f f s must a t a l l po in ts represent the ac tua l expected 
per formance, or be conse rva t i ve per §§ 25.111(d)(2) and 25.111(d)(4) i f the path 
i s cons t ruc ted by the segmental method. 
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(2) P rocedures . 

( i ) To be assured tha t the p red i c ted gross takeo f f path i s 
r e p r e s e n t a t i v e o f ac tua l performance, the t h r u s t used in i t s c o n s t r u c t i o n must 
comply wi th § 2 5 . 1 0 1 ( c ) . Th i s r e q u i r e s , in p a r t , tha t the t h rus t be based on 
the p a r t i c u l a r ambient atmospheric c o n d i t i o n s tha t are assumed to e x i s t a long 
the pa th . Standard lapse ra te fo r ambient temperature i s s p e c i f i e d in Pa r t 1 of 
the FAR under "Standard Atmosphere" and should be used f o r t h r u s t de terminat ion 
a s s o c i a t e d w i th each pressure a l t i t u d e dur ing the c l i m b . 

( i i ) In accordance wi th § 2 5 . 1 1 1 ( c ) ( 4 ) , the t h r u s t up to 400 f t . 
above the t akeo f f su r face must represent the t h r u s t a v a i l a b l e a long the path 
r e s u l t i n g from the power l e v e r s e t t i n g e s t a b l i s h e d dur ing the i n i t i a l ground 
r o l l i n accordance wi th AFM procedures . T h i s r e s u l t i n g t h r u s t may be l e s s than 
tha t a v a i l a b l e from the ra ted i n f l i g h t s e t t i n g schedu le . 

( i i i ) A s u f f i c i e n t number of t a k e o f f s , to at l e a s t the a l t i t u d e 
above the t akeo f f su r face scheduled fo r V2 c l i m b , should be made to 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 l a p s e . An a n a l y s i s may be used to account f o r 
va r ious engine b l e e d s , e . g . i c e p r o t e c t i o n , a i r c o n d i t i o n i n g , e t c . In some 
a i r p l a n e s the t h r u s t growth c h a r a c t e r i s t i c s are such tha t l e s s than f u l l ra ted 
t h r u s t must be used fo r AFM takeo f f power l i m i t a t i o n s and performance. Th is i s 
to prec lude engine l i m i t a t i o n s from be ing exceeded dur ing the t akeo f f c l imbs to 
400 f t . above the takeo f f s u r f a c e . 

( i v ) Engine th rus t lapse wi th speed and a l t i t u d e dur ing the 
t akeo f f and c l i m b , a t f i x e d power l e v e r s e t t i n g s , can be a f f e c t e d by t akeo f f 
p ressure a l t i t u d e . 

(v) Most tu rb ine engines are s e n s i t i v e to crosswind or t a i l w i n d 
c o n d i t i o n s when s e t t i n g t akeo f f power under s t a t i c c o n d i t i o n s and may s t a l l or 
surge . To prec lude t h i s problem, i t i s acceptab le to e s t a b l i s h a " r o l l i n g " 
t akeo f f t h r u s t s e t t i n g procedure , p rov ided the AFM takeo f f f i e l d length and the 
t akeo f f t h r u s t s e t t i n g cha r t s are based on t h i s procedure. A t y p i c a l t e s t 
procedure i s as f o l l o w s : 

(A) A f t e r s topp ing on the runway, se t an in te rmed ia te 
power on a l l engines ( se l ec ted by a p p l i c a n t ) . 

(B) Release brakes and advance power l e v e r s . 

(C) Set t a rge t power s e t t i n g as r a p i d l y as p o s s i b l e p r i o r 
to reach ing 60 to 80 kno ts . 

( v i ) I f the a p p l i c a n t wishes to use a d i f f e r e n t p rocedure , i t 
should be eva lua ted and, i f a c c e p t a b l e , the procedure should be r e f l e c t e d in the 
AFM. 
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c . Sec t i on 25.111(a) (2) - Engine F a i l u r e . 

(1) E x p l a n a t i o n . 

( i ) S ince the r e g u l a t i o n s cannot d i c t a t e what type of engine 
f a i l u r e s may a c t u a l l y o c c u r , i t cou ld be assumed tha t the engine f a i l u r e 
requ i red by the regu la t i on occurs c a t a s t r o p h i c a l l y . Such a f a i l u r e would cause 
the t h r u s t to drop immediately wi th the assoc ia ted performance going from a l l 
engines to engine i nope ra t i ve at the po in t of engine f a i l u r e . 

( i i ) Th i s conserva t i ve r a t i o n a l e no tw i t hs tand ing , there i s bas i s 
f o r assuming tha t the f a i l e d engine t h r u s t w i l l not decay immediate ly . Un l i ke 
r e c i p r o c a t i n g eng ines , the lock ing -up of a j e t engine fan wi thout caus ing the 
engine to separate from the a i r p l a n e i s h i g h l y u n l i k e l y . Separat ion of the 
engine or f a n , or fan d i s i n t e g r a t i o n , would remove weight and/or the ram drag 
inc luded in the engine i nope ra t i ve performance, p rov i d i ng compensation fo r the 
immediate t h r u s t l o s s . 

( i i i ) With these c o n s i d e r a t i o n s i t may be acceptab le to u t i l i z e 
the 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 V E F . 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 subs tan t i a ted by 
t e s t r e s u l t s . 

(2) P rocedures . I f t r a n s i e n t t h rus t c r e d i t i s used dur ing engine 
f a i l u r e in de termin ing the a c c e l e r a t e - g o AFM performance, s u f f i c i e n t t e s t s 
should be conducted u t i l i z i n g ac tua l fue l cu t s to e s t a b l i s h the t h rus t decay 
as con t ras ted to i d l e engine c u t s . 

d . Sec t ion 25.111(a) (3) - A i r p l a n e A c c e l e r a t i o n . 

(1) E x p l a n a t i o n . None. 

(2) P rocedures . None. 

e . Sec t ion 25.111(b) - A i r p l a n e Ro ta t ion and Gear R e t r a c t i o n . 

(1) E x p l a n a t i o n . None. 

(2) P rocedures . None. 

f . Sec t i on 25.111(c) (1) - Takeof f Path S l o p e . 

(1) E x p l a n a t i o n . 

( i ) The es tab l ishment of a ho r i zon ta l segment, as par t of the 
takeo f f f l i g h t pa th , i s cons idered to be a c c e p t a b l e , per § 2 5 . 1 1 5 ( c ) , f o r 
showing compliance wi th the p o s i t i v e s lope requ i red by § 2 5 . 1 1 1 ( c ) ( 1 ) . 

( i i ) The net t akeo f f f l i g h t path i s the f l i g h t path used to 
determine the a i r p l a n e obs tac le c learance f o r tu rb ine powered a i r p l a n e s 
(§ 121 .189(d ) (2 ) ) . Sec t ion 25.115(b) s ta tes the requ i red c l imb grad ient 
reduc t ion to be a p p l i e d throughout the f l i g h t path f o r the determinat ion of the 
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net f l i g h t p a t h , i n c l u d i n g the l e v e l f l i g h t a c c e l e r a t i o n segment. Rather than 
decrease the l e v e l f l i g h t path by the amount requ i red by § 25 .115(b ) , 
§ 25.115(c) a l lows the a i r p l a n e to mainta in a l e v e l net f l i g h t path du r ing 
a c c e l e r a t i o n but wi th a reduc t ion in a c c e l e r a t i o n equal to the g rad ien t 
decrement requ i red by § 25 .115(b ) . By t h i s method, the a p p l i c a n t exchanges 
a l t i t u d e reduc t ion f o r i nc reased d i s tance to a c c e l e r a t e i n l e v e l f l i g h t in 
de terminat ion of the l e v e l f l i g h t po r t ion of the net t akeo f f pa th . 

(2) P rocedures . 

( i ) The l e v e l a c c e l e r a t i o n segment in the AFM net t akeo f f p r o f i l e 
should begin a t the same h o r i z o n t a l d i s tance a long the takeo f f f l i g h t path t h a t 
the gross c l imb segment reaches the AFM s p e c i f i e d a c c e l e r a t i o n h e i g h t . 

( i i ) The AFM a c c e l e r a t i o n he ight should be presented i n terms of 
p ressure a l t i t u d e increment above the takeo f f s u r f a c e . T h i s in fo rmat ion should 
a l l o w the es tab l i shment of the pressure a l t i t u d e " increment" (Ahp) fo r o f f -
s tandard ambient temperature so tha t the A geometric he igh t requ i red f o r 
o b s t a c l e c lea rance i s assu red . For example: 

G i ven : 

o Takeof f sur face pressure a l t i t u d e (hp) = 2,000 f t . 
o A i r p o r t s t d . temp. abs . (T s ) = l l °C+273.2 = 284.2°k 
o A i r p o r t ambient temp. abs . ( T A M ) = -20°C+273.2 = 253.2°k 
o A Geometric he ight requ i red (Ah) = 1,700 f t . above the takeo f f sur face 

F i n d : 

o Pressure a l t i t u d e increment (Ahp) above the t a k e o f f sur face 
Ahp = A h ( T s / T A M ) = 1,700 f t . (284.2°k /253.2°k) 
Ahp = 1,908 f t . 

g . Sec t i on 25. 111(c) (2) - Takeof f Path Speed. 

(1) E x p l a n a t i o n . 

( i ) I t i s in tended tha t the a i r p l a n e be flown a t a cons tan t 
i n d i c a t e d a i r speed to a t l e a s t 400 f t . above the takeo f f s u r f a c e . Th is speed 
must meet the c o n s t r a i n t s on V 2 of §§ 25.107(b) and ( c ) . 

( i i ) The s p e c i f i c wording of § 25 .111(c ) (2 ) should not be 
const rued to imply t ha t above 400 f t . the a i r speed may be reduced below V 2 , but 
i ns tead tha t a c c e l e r a t i o n may be commenced. 

(2) P rocedures . 

( i ) For those a i r p l a n e s tha t take advantage of reduced s t a l l 
speeds a t low pressure a l t i t u d e , the schedu l ing of V 2 should not be f ac to red 
aga ins t the s t a l l speed obta ined a t the t akeo f f sur face pressure a l t i t u d e . Such 
a procedure would r e s u l t in a reduced s t a l l speed margin du r i ng the c l i m b , which 
would be con t ra ry to the i n t e n t of § 25 .107(b ) . 
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( i i ) For those a i r p l a n e s mentioned i n paragraph ( i ) , the V 2 

should be c o n s t r a i n e d , in add i t i on to the requirements of § 25.107(b) and ( c ) , 
by the s t a l l speed 1,500 f t . above the takeo f f s u r f a c e . Weight reduc t ion a long 
the t akeo f f pa th , due to fue l bu rn , may be cons idered in the c a l c u l a t i o n of the 
s t a l l speed r a t i o s prov ided such i s we l l e s t a b l i s h e d . However, many a p p l i c a n t s 
have measured s t a l l speeds at 10,000 to 15,000 f t . , which p rov ides s t a l l margin 
conserva t ism a t lower takeo f f f i e l d pressure a l t i t u d e s . 

h. Sec t i on 25 .111(c) (3) - Requi red Grad ien t . 

(1) E x p l a n a t i o n . None. 

(2) P rocedu res . None. 

i . Sec t i on 25 .111(c) (4) - Con f i gu ra t i on Changes. 

(1) E x p l a n a t i o n . 

( i ) The i n ten t of t h i s requirement i s to permit only those crew 
a c t i o n s tha t are conducted r o u t i n e l y to be used in e s t a b l i s h i n g the engine 
i nope ra t i ve takeo f f pa th . The power l eve rs may only be ad justed e a r l y du r ing 
the t akeo f f r o l l , as d iscussed under § 25 .111 (a ) (1 ) , and then l e f t f i x e d u n t i l 
a t l e a s t 400 f t . above the takeo f f s u r f a c e . 

( i i ) S imu la t ion s tud ies and acc iden t i n v e s t i g a t i o n s have shown 
tha t when heavy workload occurs in the c o c k p i t , as wi th an engine l oss dur ing 
t a k e o f f , the crew might not advance the opera t i ve engines to avo id the ground 
even i f the crew knows the ope ra t i ve engines have been se t a t reduced power. 
Th i s same f i n d i n g a p p l i e s to manually f e a t h e r i n g a p r o p e l l e r . The l and ing gear 
may be r e t r a c t e d , however, as t h i s i s accompl ished r o u t i n e l y once a p o s i t i v e 
ra te of c l imb i s observed. Th is a l so e s t a b l i s h e s the delay time to be used f o r 
data expansion purposes. 

(2) P rocedures . 

( i ) To permi t the takeo f f to be conducted us ing l e s s than ra ted 
power, automat ic power advance dev ices have been approved. These dev ices are 
f u l l y d i scussed in a proposed change to Pa r t 25 (49 FR 18240; 4 / 2 7 / 8 4 ) . 

( i i ) To permit the takeo f f to be based on a fea thered p r o p e l l e r 
up to 400 f t . above the takeo f f s u r f a c e , automatic p r o p e l l e r f e a t h e r i n g dev ices 
have been approved. Drag reduc t ion fo r a manually fea thered p r o p e l l e r i s 
permi t ted f o r f l i g h t path c a l c u l a t i o n s on ly a f t e r reach ing 400 f t . above the 
takeo f f s u r f a c e . 

j . Sec t ion 25.111(d) - Takeof f Path C o n s t r u c t i o n . 

(1) E x p l a n a t i o n . T h i s regu la t i on should not be const rued to mean tha t 
the takeo f f path be cons t ruc ted e n t i r e l y from a cont inuous demonstrat ion or 
e n t i r e l y from segments. To take advantage of ground e f f e c t , t y p i c a l AFM takeo f f 
paths u t i l i z e a cont inuous takeo f f path from V ( _ Q F to the gear up p o i n t , 
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c o v e r i n g the range of t h r u s t - t o - w e i g h t r a t i o s . From tha t po in t f ree a i r 
per formance, in accordance wi th § 25 .111 (d ) (2 ) , i s added segmenta l l y . Th is 
methodology may y i e l d an AFM f l i g h t path that i s s teeper w i th the gear down than 
up. 

(2) P rocedures . The AFM should i nc l ude the procedures necessary to 
ach ieve t h i s performance. 

k. Sec t i on 25.111(d) (1) - Takeof f Path Segment D e f i n i t i o n . 

(1) E x p l a n a t i o n . None. 

(2) P rocedures . None. 

1. Sec t i on 25.111(d) (2) - Takeof f Path Segment C o n d i t i o n s . 

E x p l a n a t i o n . The sub jec t paragraph s t a t e s "The weight of the 
a i r p l a n e , the c o n f i g u r a t i o n , and the power or t h r u s t s e t t i n g must be cons tan t 
throughout each segment and must correspond to the most c r i t i c a l c o n d i t i o n 
p r e v a i l i n g in the segment." The i n ten t i s tha t f o r s i m p l i f i e d a n a l y s i s the 
performance must be based on tha t a v a i l a b l e at the most c r i t i c a l po in t in time 
du r i ng the segment, not tha t the i n d i v i d u a l v a r i a b l e s (weight , approximate 
t h r u s t s e t t i n g , e t c . ) should each be p icked a t i t s most c r i t i c a l va lue and then 
combined to produce the performance fo r the segment. 

(2) P rocedures . The performance dur ing the t akeo f f path segments 
should be obta ined us ing one of the f o l l o w i n g methods: 

( i ) The c r i t i c a l l e v e l of performance as exp la ined i n 
paragraph ( 1 ) . 

( i i ) The average performance dur ing the segment. 

( i i i ) The ac tua l performance v a r i a t i o n du r ing the segment, 

m. Sec t i on 25.111(d) (3) - Segmented Takeof f Path Ground E f f e c t . 

(1) E x p l a n a t i o n . See exp lana t ion under § 25 .111 (d ) . A d d i t i o n a l l y , 
t h i s requirement does not in tend the e n t i r e f l i g h t path to n e c e s s a r i l y be based 
upon o u t - o f - g r o u n d - e f f e c t performance simply because the cont inuous t akeo f f 
demonstrat ions have been broken i n to s e c t i o n s f o r data reduc t ion exped iency . 
For example, i f the engine i nope ra t i ve a c c e l e r a t i o n from V ^ p to VR i s 
separated i n t o a t h r u s t decay po r t i on and a w i n d m i l l i n g drag p o r t i o n , the c l imb 
from 35 . f t . to gear up does not n e c e s s a r i l y need to be based upon 
o u t - o f - g r o u n d - e f f e c t performance. 

(2) P rocedures . None 
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n. Sec t i on 25.111(d)(4) - Segmented Takeof f Path Check, 

(1) E x p l a n a t i o n . None. 

(2) P rocedures . I f the cons t r uc t i on of the takeo f f path from brake 
re lease to o u t - o f - g r o u n d - e f f e c t con ta ins any po r t i ons tha t have been segmented, 
( e . g . , a i r p l a n e a c c e l e r a t i o n segments of a l l - e n g i n e s and one-engine 
i n o p e r a t i v e ) , the path should be checked by cont inuous demonstrated t a k e o f f s . A 
s u f f i c i e n t number of t hese , employing the AFM e s t a b l i s h e d t akeo f f -procedures and 
speeds and cove r i ng the range of t h r u s t - t o - w e i g h t r a t i o s , should be made to 
ensure the v a l i d i t y of the segmented takeo f f pa th . The cont inuous takeo f f data 
should be compared to t akeo f f data c a l c u l a t e d by AFM data procedures but us ing 
t e s t engine th rus ts and t e s t speeds. 

o . Sec t ion 25.111(e) - F l i g h t Path With Standby Power Rocket Eng ines . 
(RESERVED"!: 

13. TAKEOFF DISTANCE AND TAKEOFF RUN - § 25 .113. 

a . Takeof f D is tance - § 25 .113 (a ) . 

(1) E x p l a n a t i o n . 

( i ) The takeo f f d i s tance i s e i t h e r of the two d i s t ances dep ic ted 
in (A) or (B) below, whichever i s g rea te r . The d i s tances i n d i c a t e d below are 
measured h o r i z o n t a l l y from the main l and ing gears at i n i t i a l brake re lease to 
tha t same po in t on the a i r p l a n e when the lowest pa r t of the depa r t i ng a i r p l a n e 
i s 35 f t . above the sur face of the runway. 

(A) The d i s tance measured to 35 f t . w i th a c r i t i c a l engine 
f a i l u r e recognized a t V j . 

FIGURE 1 3 - 1 . TAKEOFF DISTANCE 
C r i t i c a l Engine F a i l u r e Recognized a t V j 

START V l V L O F - 35 

\ V-^ 
TAKEOFF DISTANCE 
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(B) One hundred f i f t e e n (115) percent of the d i s t ance 
measured to 35 f t . wi th a l l engines o p e r a t i n g . 

FIGURE 13-2. TAKEOFF DISTANCE 
All Engines Operating 

START *LOF 

ALL ENGINE DISTANCE 

35 

TAKEOFF DISTANCE - 1.15 x JILL ENGINE DISTANCE TO 35', 

( i i ) The takeo f f procedure adopted should be r e f l e c t e d i n the 
takeo f f d i s t a n c e . 

b. Takeof f Run - § 25 .113(b) . 

(1) E x p l a n a t i o n . 

( i ) Takeof f run i s a term used f o r the runway length when the 
takeo f f d i s t ance i nc l udes a c learway ( i . e . , where the a c c e l e r a t e - g o d i s tance 
does not remain e n t i r e l y over the runway), and the takeo f f run i s e i t h e r of the 
two d i s t ances dep ic ted in (A) or (B) below, whichever i s g rea te r . These 
d i s tances are measured as desc r i bed in § 25 .113 (a ) . When us ing a c learway to 
determine the takeo f f r un , no more than one h a l f of the a i r d i s t ance from 
v L0F to V35 may be f lown over the c learway. 
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(A) The d is tance f rom s t a r t of t a k e o f f r o l l t o the m id ­
po in t between l i f t o f f and the po in t at which the a i r p l ane a t t a i n s a he ight of 35 
f t . above the t a k e o f f su r f ace , w i th a c r i t i c a l engine f a i l u r e recognized at V j . 

FIGURE 13 -3 . TAKEOFF RUN 
C r i t i c a l Engine F a i l u r e Recognized a t - V j 

START VLOF 

(SOUND ROLL 

TAKEOFF RUN 

MID-POINT 
35» 

CLEARWAY 
TAKEOFF DISTANCE 

(B) One hundred f i f t e e n (115) percent of the d is tance 
from s t a r t of r o l l t o the m id -po in t between l i f t o f f and the po in t at which the 
a i rp lane a t t a i n s a he ight of 35 f t . above the t akeo f f su r f ace , w i th a l l engines 
o p e r a t i n g . 

START 

FIGURE 13-4. TAKEOFF RUN 
A l l Engines Opera t ing 

7̂ l ^ —""""" MID-^OINT 

GROUND ROLL AIR DISTANCE r 

TAKEOFF RUN 1. CLEARWAY . 

TAKEOFF DISTANCE - 1.15 X ALL ENGINE DISTANCE TO W 

( i i ) There may be s i t u a t i o n s i n which the one-eng ine - inopera t i ve 
c o n d i t i o n (paragraph A) would d i c t a t e one of the d is tance c r i t e r i a , t akeo f f run 
( requ i red runway) or t akeo f f d is tance ( requ i red runway p lus c lea rway) , whi le the 
a l l - e n g i n e s opera t ing c o n d i t i o n (paragraph B) would d i c t a t e the o ther . 
The re fo re , both c o n d i t i o n s should be cons idered . 
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( i i i ) For the purpose of e s t a b l i s h i n g t akeo f f d i s t ances and 
t a k e o f f r u n s , the c learway plane i s de f i ned in Pa r t 1 of the FAR. The c learway 
i s cons idered to be par t of the takeo f f s u r f a c e , and the 35 f t . he igh t may be 
measured from tha t s u r f a c e . 

FIGURE 13-5. CLEARWAY PROFILES 

CLBMWAY PLANS 

( i v ) The p r o f i l e shows no f i x e d o b s t a c l e p r o j e c t i n g above the 
c learway p l ane . However, the a i r p o r t a u t h o r i t i e s must have con t ro l of the 
movable obs tac les in t h i s area to insure that no f l i g h t w i l l be i n i t i a t e d us ing 
a c learway un less i t i s determined wi th c e r t a i n t y tha t no movable o b s t a c l e s w i l l 
e x i s t w i t h i n the clearway when the a i r p l ane f l i e s over . 

14. TAKEOFF FLIGHT PATH - § 25 .115. 

a . Takeof f F l i g h t Path - § 25 .115(a ) . 

(1) E x p l a n a t i o n . The takeo f f f l i g h t path beg ins at the end of the 
t akeo f f d i s t ance and a t a he igh t of 35 f t . above the takeo f f sur face and ends 
when the a i r p l a n e ' s gross he ight i s the h igher of 1,500 f t . above the takeo f f 
sur face or at an a l t i t u d e at which the c o n f i g u r a t i o n and speed have been 
ach ieved where the requirements of § 25.121(c) can be met. See paragraph 12 of 
t h i s AC (§ 25.111) fo r a d d i t i o n a l d i s c u s s i o n . 
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(2) P rocedures . 

FIGURE 14-1. TAKEOFF SEGMENTS & NOMENCLATURE 

SEGMENT 
UNO IKS GEAR 
FLAPS 
COVER 
AIRSPEED 
ENGINES 
PROPELLER 

KTAKEOFF DISTANCE {LONGER OF 1 EHG IHOP TAKEOFF OR 1.15 ALL ENS TAKEOFF) 
VEF 

GROUND ROLL 
DOWN 

TAKEOFF FLIGHT PATH GROSS HEIGHT > 1500 FEET 1500 FEET 

GROSS HEIGHT > 400 FEET 

*LOF 
GROSS HEIGHTS ARE REFERENCED TO RUNWAY ELEVATION AT END OF TAKEOFF DISTANCE 

ACCELERATION FINAL 
RETRACTED 

TAKEOFF RETRACTING SEE NOTE 

TAKEOFF 
ABOVE 400 FT THRUST CAN.BE REOUCEu"1 » 
IF THE REQUIREMENTS Of 25.111(c)(3) CAN SEE NOTE 

EKftOUTE POSITION 
MAXIMUM CONTINUOUS 

ACCELERATING V2 ACCELERATING >1.25 VS 

ALL OPERATING ONE IHOPERATIV I 

TAKEOFF ONE AUTOFEATHEREO OR WINDMILLING ONE FEATHERED 
UP TO 400 FEET 400 FEET OR GREATER 

Note: The f i n a l t a k e o f f segment w i l l u s u a l l y b e g i n w i t h the a i r p l a n e 
i n the enroute c o n f i g u r a t i o n and w i t h maximum c o n t i n u o u s t h r u s t , 
but i t i s not r e q u i r e d t h a t these c o n d i t i o n s e x i s t u n t i l the end 
o f the t a k e o f f path when canp l iance w i t h S 25.121(c) i s shown. 
The time l i m i t on t a k e o f f t h r u s t cannot be exceeded. 

t 
Segments as d e f i n e d by \ 25.121. 

b. Net Takeof f F l i g h t Path - §§ 25.115(b) and ( c ) . 

(1) E x p l a n a t i o n . 

( i ) The net t akeo f f f l i g h t path i s the actua l (gross) path 
d im in ished by a g rad ien t of 0 .8 percent f o r two-engine a i r p l a n e s , 0.9 percent 
f o r th ree-eng ine a i r p l a n e s , and 1.0 percent fo r fou r -eng ine a i r p l a n e s . 
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(ii) For the level flight acceleration segment, these prescribed gradient 
reductions may be applied as an equivalent reduction in acceleration in lieu of reduction in net 
flight path. See paragraph 12 (§ 25.111) of this AC for additional discussion. 

(iii) SR-422B and § 121.189(d)(1) require that no airplane may take off 
at a weight in excess of that shown in the AFM to correspond with a net takeoff flight path which 
clears all obstacles, either by at least a height of 35 ft. vertically or by at least 200 ft. horizontally 
within the airport boundaries, and by at least 300 ft. horizontally after passing beyond the 
boundaries. 

(2) Procedures. 

FIGURE 14-2. NET TAKEOFF FLIGHT PATH 

> 400 yj5ROS3_PLIGaT_ _J>> 
HET FLIGHT PATH 

15. [RESERVED] 

16. LANDING CLIMB: ALL-ENGINES-OPERATING - g 25.119. 
* 

a. Explanation. Section 25.119(a) states that the engines are to be set at the power 
or thrust that is available eight seconds after initiating movement of the power or thrust controls 
from the minimum flight idle position to the go-around power or thrust setting. The procedures 
given are for the determination of this maximum thrust for showing compliance with the climb 
requirements of § 25.119. 

b. Procedures. 

(1) Trim engines to minimum trim to be defined in the airplane maintenance 
manual. 

(2) At the most adverse test altitude, not to exceed the maximum field 
elevation for which certification is sought plus 1,500 ft., and at the most adverse bleed 
configuration expected in normal operations, stabilize the airplane in level flight with symmetrical 
power on all engines, landing gear down, flaps in the landing position, at a speed of 1.3Vso-
Retard the throttle(s) of the test engine(s) to flight idle and determine the time to reach stabilized 
r.p.m.,as defined below, for the test engine(s) while maintaining level flight or the minimum rate of 
descent obtainable with the thrust of the remaining engine(s) not greater than maximum continuous 
thrust (MCT). Engine flight idle r.p.m. is considered to be stabilized when the initial rapid 
deceleration of all rotors is completed. This has usually been 8-20 seconds. This can be 
determined in the cockpit as the point where rapid movement of the tachometer ceases. For some 
airplanes it may be desirable to determine the deceleration time from plots of r.p.m. versus time. 
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(3) For the critical air bleed configuration, stabilize the airplane in level flight 
with symmetric power on all engines, landing gear down, flaps in the landing position, at a speed of 
1.3 Vgy, simulating the estimated rninimum climb limiting landing weights at an altitude 
sufficiently above the selected test altitude so that the time to descend to the test altitude with the 
throttles closed equals the appropriate engine r.p.m. stabilization time determined in paragraph (2). 
Retard the throttles to the flight idle position and descend at 1.3 Vg to approximately the test 
altitude; when the appropriate time has elapsed, rapidly advance the power or thrust controls to the 
go-around power or thrust setting. The power or thrust controls may first be advanced to the 
forward stop and then retarded to the go-around power or thrust setting. At the applicant's option, 
additional less critical bleed configurations may be tested. 

(4) The thrust that is available 8 seconds after the initiation of movement of 
the power or thrust controls from the minimum flight idle position, in accordance with paragraph 
(3), will be the maximum permitted for showing compliance with the landing climb of § 25.119(a), 
and Section 4T. 119(a) of SR-422B for each of the bleed combinations tested under paragraph (3). 
If AFM performance is presented so there is no accountability for various bleed conditions, the 
thrust obtained with the most critical airbleed shall be used for landing climb performance for all 
operations. The effects of anti-ice bleed must be accounted for. 

17. CLIMB: ONE-ENGINE-INOPERATIVE - § 25.121. 

a. Explanation. None. 

b. Procedures. 

(1) Two methods for estabUshing the one critical-engine-inoperative climb 
performance follow: 

(i) Reciprocal heading climbs are conducted at several thrust-to-
weight conditions from which the performance for the AFM is extracted. These climbs are flown 
with the wings norninally level. Reciprocal climbs may not be necessary if inertial corrections are 
applied to account for wind gradients. 

(ii) Drag polars and engine-out yaw drag data are obtained for 
expansion into AFM climb performance. These data are obtained with the wings norninally level. 
Reciprocal heading check climbs are conducted to verify the predicted climb performance. These 
check climbs may be flown with the wings maintained in a near level attitude. Reciprocal climbs 
may not be necessary if inertial corrections are applied to account for wind gradients. 

(2) If full rudder with wings level cannot maintain constant heading, small 
bank angles into the operating engine(s), with full rudder, should be used 
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to mainta in cons tan t head ing. Unless the l and ing l i g h t s au toma t i ca l l y r e t r a c t 
w i th engine f a i l u r e , t e s t i n g should be conducted wi th the l i g h t s extended fo r 
§ 25.121(a) Takeo f f ; l and ing gear extended, § 25.121(b) Takeo f f ; l and ing gear 
r e t r a c t e d , and § 25.121(d) Approach. 

(3) The c l imb performance t e s t s wi th l and ing gear extended i n 
accordance wi th S 25.121(a) should be conducted wi th the land ing gear and gear 
doors extended i n the most unfavorab le i n - t r a n s i t drag p o s i t i o n . I t has been 
accep tab le to cons ide r tha t the c r i t i c a l c o n f i g u r a t i o n i s a s s o c i a t e d wi th the 
l a r g e s t f r o n t a l a r e a . For the land ing gear , i t u s u a l l y e x i s t s w i th no weight on 
the l and ing gear . For gear doors , i t i s u s u a l l y wi th a l l the gear doors open. 
I f i t i s ev ident that a more c r i t i c a l t r a n s i t i o n a l c o n f i g u r a t i o n 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 the gear , t e s t i n g should be conducted in t ha t 
c o n f i g u r a t i o n . In a l l cases where the c r i t i c a l c o n f i g u r a t i o n occurs dur ing a 
t r a n s i t i o n phase which cannot be mainta ined except by s p e c i a l or ex t rao rd ina ry 
p rocedures , i t i s p e r m i s s i b l e , in accordance wi th § 2 5 . 2 1 ( a ) ( 1 ) , to apply 
c o r r e c t i o n s based on other t e s t data or accep tab le a n a l y s i s . 

(4) I f means, such as v a r i a b l e i n take d o o r s , are prov ided to con t ro l 
powerplant c o o l i n g a i r supply du r ing t a k e o f f , c l i m b , and enroute f l i g h t , they 
should be set in a p o s i t i o n which w i l l mainta in the temperature of major 
powerplant components, engine f l u i d s , e t c , w i t h i n the e s t a b l i s h e d l i m i t s . The 
e f f e c t of these procedures should be inc luded in the c l imb performance of the 
a i r p l a n e . These p r o v i s i o n s apply f o r a l l ambient temperatures up to the h ighes t 
ope ra t i ona l temperature l i m i t f o r which approval i s d e s i r e d . (Reference 
§ 25 .1043. ) 

(5) The l a t t e r pa r t of § 25.121(b)(1) which s ta tes "un less there i s a 
more c r i t i c a l power ope ra t i ng cond i t i on e x i s t i n g l a t e r a long the f l i g h t pa th" i s 
in tended to cover those cases s i m i l a r to where a wet engine dep le tes i t s water 
and r e v e r t s to d ry -eng ine o p e r a t i o n . T h i s i s not intended to cover normal 
a l t i t u d e t h r u s t lapse r a t e s . (Reference preamble to SR-422A.) 

(6) Sec t i on 25.121(d) r equ i res tha t the s t a l l i n g speed f o r the 
approach c o n f i g u r a t i o n , l and ing gear r e t r a c t e d , not exceed 110 percent of the 
s t a l l i n g speed f o r the r e l a t ed l and ing c o n f i g u r a t i o n , l and ing gear extended. 
T h i s s t a l l speed r a t i o requirement i s to ensure tha t an adequate margin above 
the s t a l l speed in the se lec ted approach c o n f i g u r a t i o n i s main ta ined dur ing f l a p 
r e t r a c t i o n . To ach ieve t h i s s t a l l speed spread requ i rement , i t i s p e r m i s s i b l e 
to a r b i t r a r i l y i nc rease the l and ing f l a p s t a l l i n g speed, V $ Q , to show compl iance . 
The AFM must, however, base the l and ing speed on the inc reased s t a l l i n g speed, 
and the l and ing d i s tance demonstrat ions and the AFM land ing f i e l d leng th 
requirements must a l s o be p red ica ted on the inc reased speed. The s t a l l warning 
requirements of § 25.207 must be e s t a b l i s h e d f o r the ad jus ted 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 
the normal s t a l l speed. 

18. EN ROUTE FLIGHT PATHS - § 25 .123. 

a . E x p l a n a t i o n . Th is guidance i s in tended f o r showing compliance wi th the 
requirements of § 25.123 and a p p l i c a t i o n to the ope ra t i ng requirements of 
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§§ 121.191 and 121.193 which spec i f y the c lea rances over t e r r a i n and 
o b s t r u c t i o n s requ i red of the net enroute f l i g h t paths subsequent to the f a i l u r e 
of one or two eng ines . 

b. P rocedures . 

(1) S u f f i c i e n t enroute c l imb performance data should be presented i n 
the AFM to permi t the determinat ion of the net c l imb grad ien t and the net f l i g h t 
path in accordance wi th §§ 25.123(b) and (c) f o r a l l gross we igh t s , a l t i t u d e s , 
and ambient temperatures w i th in the opera t ing l i m i t s of the a i r p l a n e . 

(2) Fuel Consumption A c c o u n t a b i l i t y . The e f f e c t of the v a r i a t i o n of 
the a i r p l a n e ' s weight a long the f l i g h t path due to the p rog ress i ve consumption 
of fue l may be taken i n t o account us ing fue l f low ra tes obta ined from a i r p l a n e 
manufacturers ' t e s t d a t a . I f measured fue l f l ow data i s not a v a i l a b l e , a 
conse rva t i ve fue l f low rate not greater than 80 percent of the engine 
s p e c i f i c a t i o n f low rate a t maximum cont inuous th rus t (MCT) may be used. 

(3) The procedures and f l i g h t c o n d i t i o n s upon which the enroute f l i g h t 
path are based should be prov ided to the f l i g h t c r e w . Fue l dumping may be 
requ i red to achieve the requ i red performance. A conse rva t i ve a n a l y s i s should 
be used in t a k i n g i n to account the ambient c o n d i t i o n s of temperature and wind 
e x i s t i n g a long the f l i g h t pa th . A l l performance should be based on the net 
f l i g h t p a t h , MCT on the ope ra t i ng e n g i n e ( s ) , and fue l used should be based on 
fue l which would be used f o r the net f l i g h t pa th . 

19. LANDING - § 25 .125 . 

a . E x p l a n a t i o n . 

(1) The l and ing d i s tance i s the h o r i z o n t a l d i s t ance from the po in t at 
which the main gear o f the a i r p l a n e i s 50 f t . above the land ing sur face ( t r ea ted 
as a h o r i z o n t a l plane through the touchdown po in t ) to the po in t a t which the 
a i r p l a n e i s brought to a s top . (For water l a n d i n g s , a speed of approx imate ly 3 
knots i s cons idered " s topped . " ) In t h i s AC, the d is tance i s t rea ted in two 
p a r t s : the a i rbo rne d i s tance from 50 f t . to touchdown, and the ground d i s tance 
from touchdown to s top . The l a t t e r may be f u r t h e r subd iv ided i n t o a t r a n s i t i o n 
phase and a f u l l b rak ing phase i f the a p p l i c a n t p re fe r s t h i s method of 
a n a l y s i s . 

(2) The term V R E F used i n t h i s AC means the l and ing t h resho ld 
speed ( i . e . , speed a t 50 f t . he ight ) scheduled in the AFM fo r normal o p e r a t i o n s . 
The minimum value of V R E F

 1 S s p e c i f i e d i n § 25 .125(a ) (2 ) as 1.3Vs, which 
prov ides an adequate margin above the s t a l l speed to a l l ow f o r l i k e l y speed 
v a r i a t i o n s dur ing an approach in low t u rbu lence . I f the l and ing demonstrat ions 
are unable to show the a c c e p t a b i l i t y of the minimum approach speed and the t e s t s 
are p red ica ted on the use of an approach speed, VRF_F g rea te r than the minimum 
1.3V$, the land ing d i s tance data presented in the AFM must be based upon the 
h igher approach speed. 

(3) The engines should be set to the high s ide of the i d l e t r im band 
or the e f f e c t o f the i d l e t h r u s t must be accounted f o r dur ing the a n a l y s i s and 
expansion of the t e s t r e s u l t s . 
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b. Procedures f o r Determinat ion o f the A i rbo rne D i s t a n c e . Three 
accep tab le means of compl iance are desc r i bed in paragraphs ( 1 ) , ( 2 ) , and ( 3 ) 
below. These d i f f e r from the " t r a d i t i o n a l " method in which steep approaches and 
high touchdown s ink ra tes were pe rm i t ted . Such a demonstrat ion of maximum 
performance i s no longer cons idered a c c e p t a b l e . However, the d i s tances obta ined 
us i ng tha t method have r e s u l t e d in a s a t i s f a c t o r y ope ra t i ona l sa fe ty r e c o r d . 
The methods given here a l l ow c r e d i t f o r the amount of t e s t i n g which the 
a p p l i c a n t i s prepared to conduct .such tha t i f he chooses ( 3 ) , the most complex, 
d i s tances t y p i c a l of those from the " t r a d i t i o n a l " method should be ob ta i ned , but 
w i thout i n c u r r i n g the assoc ia ted r i s k s dur ing t e s t i n g . 

No te . I f i t i s determined tha t the c o n s t r a i n t s on approach angle and touchdown 
r a t e - o f - s i n k desc r i bed in paragraphs ( 2 ) and ( 3 ) below are not app rop r ia te due 
to novel or unusual fea tu res of fu tu re t r anspo r t category a i r p l a n e d e s i g n , new 
c r i t e r i a may be e s t a b l i s h e d . Such a change would be acceptab le only i f i t i s 
determined tha t an equ iva len t l e v e l of sa fe ty to e x i s t i n g performance standards 
and ope ra t i ona l procedures i s ma in ta ined . 

( 1 ) Exper ience shows an upper bound to the Pa r t 2 5 zero-w ind a i r bo rne 
d i s t a n c e s ach ieved in past c e r t i f i c a t i o n s and, s i m i l a r l y , a minimum speed l o s s . 
These are approximated by the f o l l o w i n g : 

A i r D is tance ( f e e t ) = 1 . 5 5 ( V R E F - 8 0 ) 1 - 3 5 + 8 0 0 
where V R £ F i s in knots TAS 

Touchdown Speed = V R E F - 3 knots 

An a p p l i c a n t may choose to use these r e l a t i o n s h i p s to e s t a b l i s h land ing d i s tance 
in l i e u o f measuring a i rbo rne d i s tance and speed l o s s . 

( 2 ) I f an a p p l i c a n t chooses to measure a i rborne d i s tance or t ime , a t 
l e a s t s i x t e s t s cove r i ng the l and ing weight range are requ i red fo r each a i r p l a n e 
c o n f i g u r a t i o n fo r which c e r t i f i c a t i o n i s d e s i r e d . These t e s t s should meet the 
f o l l o w i n g c r i t e r i a : 

( i ) A s t a b i l i z e d approach , t a r g e t i n g a g l i d e s l o p e of - 3 degrees 
and an i n d i c a t e d a i r speed of V R E F , should be main ta ined fo r a s u f f i c i e n t t ime 
p r i o r to reach ing a he ight of 5 0 f t . above the l and ing sur face to s imula te a 
cont inuous approach at t h i s speed. Dur ing t h i s t ime , there should be no 
a p p r e c i a b l e change in the power, a t t i t u d e , or ra te of descen t . The average 
g l i d e s l o p e of a l l l and ings used to show compl iance should not be s teeper than - 3 
degrees . 

( i i ) Below 5 0 f t . , there should be no nose depress ion by use of 
the l o n g i t u d i n a l con t ro l and no change in c o n f i g u r a t i o n , except f o r reduc t ion in 
power. 

( i i i ) The ta rge t ra te of descent at touchdown should not exceed 6 
f t . per second. Target va lues cannot be ach ieved p r e c i s e l y ; however, the 
average touchdown ra te of descent should not exceed 6 f t . per second. 
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(3) I f the a p p l i c a n t conducts enough t e s t s to a l l ow a parametr ic 
a n a l y s i s which e s t a b l i s h e s wi th s u f f i c i e n t conf idence the r e l a t i o n s h i p between 
a i rbo rne d i s tance (or t ime) as a func t ion of the ra tes of descent at 50 f t . and 
touchdown, the P a r t 25 a i rbo rne d i s t ances may be based on an approach angle of 
- 3 . 5 degrees and a touchdown sink ra te of 8 f t . per second (see paragraph g fo r 
a sample of t h i s a n a l y s i s method). 

( i ) The a i r d is tance or a i r time e s t a b l i s h e d by t h i s method may 
not be l e s s than 90 percent of the lowest demonstrated value obta ined us ing the 
t a rge t va lues fo r approach angle and touchdown sink ra te s p e c i f i e d in paragraph 
( i i ) below. However, t e s t data wi th approach angles s teeper than - 3 . 5 degrees 
and touchdown sink ra tes greater than 8 f t . per second may not be used to 
s a t i s f y t h i s requi rement . 

( i i ) In order to determine the parametr ic r e l a t i o n s h i p s , i t i s 
recommended tha t t e s t t a rge t s should span approach angles from - 2 . 5 degrees to 
a t l e a s t -3 degrees and s ink ra tes at touchdown from 2-6 f t . per second. Target 
speed f o r a l l t e s t s should be V R E F . 

( i i i ) I f an accep tab le method of a n a l y s i s i s developed by an 
a p p l i c a n t to s t a t i s t i c a l l y e s t a b l i s h a s a t i s f a c t o r y conf idence l e v e l f o r the 
r e s u l t i n g parametr ic r e l a t i o n s h i p s , then 12 t e s t s , in each aerodynamic 
c o n f i g u r a t i o n f o r which c e r t i f i c a t i o n i s d e s i r e d , 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 of the data does not give s u f f i c i e n t 
con f idence in the parametr ic c o r r e l a t i o n . Pas t exper ience has shown tha t a 
t o t a l of 40 land ings would e s t a b l i s h a s a t i s f a c t o r y conf idence l e v e l wi thout 
f u r t h e r a n a l y s i s . Auto lands may be inc luded in the a n a l y s i s but should not 
comprise more than h a l f of the data p o i n t s . I f i t i s apparent that 
c o n f i g u r a t i o n i s not a s i g n i f i c a n t v a r i a b l e , a l l data may be inc luded in a 
s i n g l e parametr ic a n a l y s i s . 

( i v ) I f new t e s t s are necessary to subs tan t i a t e performance to a 
weight h igher than tha t permi t ted by the e x t r a p o l a t i o n l i m i t s of § 2 5 . 2 1 ( d ) , two 
land ings per c o n f i g u r a t i o n w i l l be requ i red f o r each 5 percent inc rease in 
l and ing we igh t , w i th a maximum t o t a l requirement of s i x l a n d i n g s . These may be 
merged w i t h p rev ious c e r t i f i c a t i o n t e s t s fo r parametr ic a n a l y s i s , whether the 
prev ious c e r t i f i c a t i o n was conducted by t h i s method o r no t . 

(v) In c a l c u l a t i n g the AFM l and ing d i s t a n c e s , the speed l o s s from 
50 f t . to touchdown, as a percentage of V R E F , may be assumed us ing the 
c o n d i t i o n s of paragraph (3) above. 

(4) Whichever method i s chosen to e s t a b l i s h a i rborne d i s t a n c e s , 
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 in the f l a r e maneuver 
w i th the speed a t 50 f t . of V R E F - 5 k n o t s , the a p p l i c a t i o n of l o n g i t u d i n a l 
c o n t r o l to i n i t i a t e f l a r e may be at any po in t below 50 f t . , and the touchdown 
speed should be at l eas t 5 knots l e s s than the touchdown speed used to e s t a b l i s h 
the l and ing d i s t a n c e . The ra te of descent at touchdown should not be greater 
than 6 f t . per second. Power should not be inc reased below the 50 f t . po in t in 
order to f a c i l i t a t e the f l a r e . Th i s demonstrat ion must be performed a t both 
maximum land ing weight and a t near minimum land ing we igh t . 
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c . Procedures f o r Determinat ion of the T r a n s i t i o n and Stopp ing D i s t a n c e . 

(1) The t r a n s i t i o n d i s t ance extends from the i n i t i a l touchdown po in t 
to the po in t where a l l approved d e c e l e r a t i o n dev ices are o p e r a t i v e . The 
s topp ing d i s tance extends from the end of t r a n s i t i o n to the po in t where the 
a i r p l a n e i s s topped. The two phases may be combined i f the a p p l i c a n t p re fe r s 
t h i s method of a n a l y s i s . 

(2) I f s u f f i c i e n t data are not a v a i l a b l e , there should be a minimum 
o f s i x l and ings in the pr imary l and ing c o n f i g u r a t i o n . Exper ience has shown 
tha t i f s u f f i c i e n t data are a v a i l a b l e fo r the a i r p l a n e model to account f o r 
v a r i a t i o n of b rak i ng performance wi th we igh t , l i f t , d r a g , ground speed, torque 
l i m i t , e t c . , a t l e a s t two t e s t runs are necessary fo r each c o n f i g u r a t i o n when 
c o r r e l a t i o n f o r m u l t i p l e c o n f i g u r a t i o n s i s be ing shown. 

(3) A s e r i e s of a t l e a s t s i x measured l a n d i n g t e s t s cove r i ng the 
l and ing weight range should be conducted on the same set of whee ls , t i r e s , and 
brakes in order to subs tan t i a t e that excess i ve wear of wheel brakes and t i r e s i s 
not produced in accordance wi th the p r o v i s i o n s of § 25 .125(b ) . The l and ing 
t e s t s should be conducted w i th the normal ope ra t i ng brake pressures fo r which 
the a p p l i c a n t d e s i r e s a p p r o v a l . The main gear t i r e pressure should be se t to 
not l e s s than the maximum pressure des i red f o r c e r t i f i c a t i o n cor respond ing to 
the s p e c i f i c t e s t we ight . Long i t ud ina l con t ro l and brake a p p l i c a t i o n procedures 
must be such tha t they can be c o n s i s t e n t l y app l i ed in a manner tha t permi ts the 
a i r p l a n e to be d e - r o t a t e d at a c o n t r o l l e d ra te to prec lude an excess i ve nose 
gear touchdown ra te and so that the requirements of §§ 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 not a l lowed manual ly a p p l i e d brakes before a l l 
main gear wheels are f i r m l y on the ground. 

(4) A i r p l a n e ope ra t i ng procedures appropr ia te fo r de terminat ion of 
l and ing d i s tance must be desc r ibed i n the performance sec t i on of the AFM. 

d . Landing on Unimproved Runways. 

(1) Landing d i s t ances on su r faces other than paved hard su r faces 
r e q u i r e s p e c i a l c o n s i d e r a t i o n s . An abbrev ia ted s e r i e s of t e s t measurements i s 
accep tab le prov ided normal hard sur face performance data has a l ready been 
ob ta i ned . These su r faces are u s u a l l y f i r m sod , d i r t , or gravel runways. There 
should be some conf idence that the f o o t p r i n t area and t i r e pressures are 
compat ib le wi th the su r face to be operated f rom. 

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

( i ) Def ine runway sur face ma te r i a l and c o n d i t i o n . 

( i i ) Def ine bear ing s t rength of the proposed runway. 

( i i i ) Measure l and ing ground r o l l us ing app rop r i a te p rocedures . 
Four t e s t runs are a minimum. 

( i v ) Eva lua te ground hand l i ng c h a r a c t e r i s t i c s . 
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(v) Evaluate the effect of foreign object damage and ingestion on 
safety of the proposed operation. 

(vi) The need for any special safety devices such as deflector 
shields shall be evaluated. 

(vii) Evaluate, if requested, the procedures for use of thrust 
reversers and the effect on airplane safety. 

(viii) Establish any needed procedures and operating limitations. 
The heaviest weight demonstrated will constitute a landing weight limitation. 

e. Instrumentation and Data. Instrumentation should include a means to 
record the airplane's glide path relative to the ground and the ground roll 
against time in a manner to determine the horizontal and vertical distance time 
histories. The appropriate data to permit analysis of these time histories 
should also be recorded. 

f. Airplane Flight Manual Landing Distances. 
(1) As a minimum the AFM must include data for standard temperature 

and zero runway gradient showing the variation of landing distance with weight 
(up to maximum takeoff), altitude, and wind. If the airplane is intended for 
operation under Part 121 of the FAR, the distances presented should include the 
operational field length factors for both dry and wet runways required by 
§ 121.195. 

(2) In deriving the scheduled distances, the time delays shown below 
should be assumed. 

FIGURE 19-1. LANDING TIME DELAYS 
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( i ) © Th is segment represen ts the f l i g h t t e s t measured average 
t ime from touchdown t o p i l o t ac tua t i on o f the f i r s t d e c e l e r a t i o n d e v i c e . For 
AFM data expans ion , use the longer of 1 second o r the t e s t t ime . 

( i i ) (z) T h i s segment represents the f l i g h t t e s t measured 
average t e s t t ime from p i l o t ac tua t i on o f the f i r s t d e c e l e r a t i o n dev ice to 
p i l o t ac tua t i on of the second dece le ra t i on d e v i c e . For AFM data expans ion , see 
i tem Q j above. 

( i i i ) Step ( ? ) i s repeated u n t i l p i l o t ac tua t i on of a l l 
d e c e l e r a t i o n dev ices has been completed and the a i r p l a n e i s in the f u l l b rak ing 
c o n f i g u r a t i o n . 

(3) For approved automat ic d e c e l e r a t i o n dev i ces ( e . g . , autobrakes or 
a u t o - s p o i l e r s , e t c . ) f o r which performance c r e d i t i s sought f o r AFM data 
expans ion , e s t a b l i s h e d 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 w i thout the a p p l i c a t i o n of the 1-second minimum time delay requ i red in the 
app rop r ia te segment above. 

(4) I t has been cons ide red accep tab le to expand the a i rbo rne po r t i on 
of the l and ing d i s tance in terms of a f i x e d a i rbo rne t i m e , independent of 
a i r p l a n e weight or approach speed. 

(5) Assumptions to be made in a s s e s s i n g the e f f e c t of wind on l a n d i n g 
d i s t ance are d i scussed i n paragraph 3 of t h i s AC. 

g. Paramet r i c A n a l y s i s Data Reduc t i on . The f o l l o w i n g i s an accep tab le 
method o f c o n v e r t i n g the t e s t data to a mathematical model f o r the paramet r ic 
a n a l y s i s method of a i r d i s tance descr ibed in paragraph b ( 3 ) . 

Tes t Data f o r Each Test P o i n t : 

R/S50 = Rate of s ink a t 50 f t . above l and ing s u r f a c e , F t /Sec 
R / S J D = Rate of s ink a t touchdown, F t / S e c 
V50 = True a i r speed a t 50 f t . above l and ing s u r f a c e , F t / S e c 
V J O = True a i r speed a t touchdown, F t / S e c 
t = A i r t ime 50 f t . to touchdown, Sec 

The m u l t i p l e l i n e a r reg ress ion a n a l y s i s as o u t l i n e d below i s used to so lve f o r 
the cons tan t of the two independent v a r i a b l e equa t i on : 

50 / t = a + b ( R / S 5 o ) + ( c ) ( R / S T D ) 

To mainta in the same u n i t s f o r a l l v a r i a b l e s , the dependent v a r i a b l e i s chosen 
as 5 0 / t . 
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The t e s t va lues of a l l the t e s t p o i n t s , 1 through n , are processed as f o l l o w s , 
where n equals the number of t e s t p o i n t s : 

R l -J^R/Sso 

R2 = ^ ( R / S 5 0 ) 2 

R3 ^IR/STD 
R4 =$^(R/STD)2 
R5 =̂ "(R/S50)(R/STD) 
R6 ̂ "(50/t) 
R7 = ^ ^ ( R / S 5 0 ) ( 5 0 / t ) 

R8 =̂ N
1(R/STD)(50/t) 

R9 = (n ) (R2 ) - (R l )2 

RIO = (n) (R8) - (R3) (R6) 

R l l = ( n ) (R5 ) - (R l ) (R3 ) 

R12 = (n ) (R7 ) - (R l ) (R6 ) 

R13 = (n) (R4) - (R3)2 

c = ( (R9) (R10) - (R11) (R12) ) / ( (R9) (R13) - (R11) 2 ) 

b = ( ( R 1 2 ) - ( c ) ( R l l ) ) / R 9 

a = ( < R 6 ) - ( b K R l ) - ( c H R 3 ) ) / n 

In the same manner, determine the va lues of the c o n s t a n t s , a , b, and c , in an 
equat ion f o r speed reduc t ion between 50 f t . and touchdown by r e p l a c i n g 50 / t w i th 
( v 5Q/VTD) f ° r each t e s t run . 

A f t e r determin ing the va lues of the c o n s t a n t s , the two equat ions are used to 
c a l c u l a t e the t ime from 50 f t . to touchdown and VSQ/VJQ f o r the des i r ed 
c o n d i t i o n s of 3 .5 degrees f l i g h t path and R/SJD = 8 f t / S e c . The R/S50 i s 
c a l c u l a t e d from the approach path and V50. 

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

Test Data: 

Run R/S50 R / S J D V 5 0 V T D t 

1 13.4 6 .1 219 214 5.6 
2 10.9 1.8 223 218 8.5 
3 7.9 5.8 209 201 7.4 
4 8.3 2.3 213 206 9.6 
5 9.8 4 . 1 218 212 7.5 

R e s u l t s : 

5 0 / t = 1.0432+.3647 R/S5Q+.4917 R / S T D 

V 50 / V TD = 1.05508-.003198 R/S50+.001684 R / S J D 

For c o n d i t i o n s of V50 = 220, f l i g h t path = 3.5 degrees, R /Syp = 8 .0 
the r e s u l t a n t s a re : 

R /S50 = 13.43 V 5 0 / V T D = 1.0256 
t = 5.063 sec. A i r Distance = 1100 f t . 
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Section 3. CONTROLLABILITY AND MANEUVERABILITY 

20. GENERAL - § 25.143. 

a. Explanation. The purpose of § 25.143 is to verify that any operational maneuvers 
conducted within the operational envelope can be accomplished smoothly with average piloting skill and 
without exceeding any airplane structural limits. Control forces should not be so high that the pilot cannot 
safely maneuver the airplane. Also, the forces should not be so light it would take exceptional skill to 
maneuver the airplane without overstressing it or losing control. The airplane response to any control input 
should be predictable to the pilot 

(1) The maximum forces given in the table in § 25.143(c) for pitch and roll control for 
short term application are applicable to maneuvers in which the control force is only needed for a short 
period. Where the maneuver is such that the pilot will need to use one hand to operate other controls (such 
as during the landing flare or a go-around, or during changes of configuration or power resulting in a 
change of control force that must be trimmed out) the single-handed maximum control forces will be 
applicable. In other cases (such as takeoff rotation, or maneuvering during en route flight), the two-handed 
maximum forces will apply. 

(2) Short term and long term forces should be interpreted as follows: 

(i) Short term forces are the initial stabilized control forces that result from 
maintaining the intended flight path following configuration changes and normal transitions from one flight 
condition to another, or from regaining control following a failure. It is assumed that the pilot will take 
immediate action to reduce or eliminate such forces by re-1ximming or changing configuration or flight 
conditions, and consequently short term forces are not considered to exist for any significant duration. 
They do not include transient force peaks that may occur during the configuration change, change of flight 
conditions, or recovery of control following a failure. 

(ii) Long term forces are those control forces that result from normal or 
failure conditions that cannot readily be trimmed out or elirninated. 

b. The applicable regulation is § 25.143. 

c. Procedures. Compliance with § 25.143 is primarily a qualitative detenriination by the 
pilot during the course of the flight test program. The control forces required and airplane response should 
be evaluated during changes from one flight condition to another and during maneuvering flight. The 
forces required should be compatible for each flight condition evaluated. For example,during an approach 
for landing, the forces should be light and the airplane responsive in order that adjustments in the flight 
path can be accomplished with a minimum of workload. In cruise flight, forces and airplane response 
should be such that inadvertent control input does not result in exceeding limits or in undesirable 
maneuvers. Longitudinal control forces should be evaluated during accelerated flight to ensure a positive 
stick force with increasing normal acceleration. Forces should be heavy enough at the limit load factor to 
prevent inadvertent excursions beyond design limit. Sudden engine failures should be investigated during 
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any flight condition or in any configuration considered critical, if not covered by another Section of Part 25. 
Control forces considered excessive should be measured to show compliance with § 25.143(c), "strength of 
pilots" limits. Allowance should be made for delays in the initiation of recovery action appropriate to the 
situation. 

d. Acceptable Means of Compliance- An acceptable means of compliance with the 
requirement that stick forces may not be excessive when maneuvering the airplane is to demonstrate that, in 
a turn for 0.5g incremental normal acceleration (0.3g above 20,000 feet) at speeds up to Vpc/Mpc> die 
average stick force gradient does not exceed 120 pounds/g. 

e. Interpretive Material. 

(1) The objective of § 25.143(f) is to ensure that the limit strength of any critical 
component on the airplane would not be exceeded in maneuvering flight. In much of the structure, the load 
sustained in maneuvering flight can be assumed to be directly proportional to the load factor applied. 
However, this may not be the case for some parts of the structure (e.g., the tail and rear fuselage). 
Nevertheless, it is accepted that the airplane load factor will be a sufficient guide to the possibility of 
exceeding limit strength on any critical component if a structural investigation is undertaken whenever the 
design positive limit maneuvering load factor is closely approached. If flight testing indicates that the 
design positive limit maneuvering load factor could be exceeded in steady maneuvering flight with a 50 
pound stick force, the airplane structure should be evaluated for the anticipated load at a 50 pound stick 
force. The airplane will be considered to have been overstressed if limit strength has been exceeded in any 
critical component. For the purposes of this evaluation, limit strength is defined as the larger of either the 
limit design loads envelope increased by the available margins of safety, or the ultimate static test strength 
divided by 1.5. 

(2) Minimum Stick Force to Reach Limit Strength. 

(i) A stick force of at least 50 pounds to reach limit strength in steady 
maneuvers or wind-up turns is considered acceptable to demonstrate adequate minimum force at limit 
strength in the absence of deterrent buffeting. If heavy buffeting occurs before the limit strength condition 
is reached, a somewhat lower stick force at limit strength may be acceptable. The acceptability of a stick 
force of less than 50 pounds at the limit strength condition will depend upon the intensity of the buffet, the 
adequacy of the warning margin (i.e., the load factor increment between the heavy buffet and the limit 
strength condition), and the stick force characteristics. In deteirnining the limit strength condition for each 
critical component, the contribution of buffet loads to the overall maneuvering loads should be taken into 
account. 

(ii) This minimum stick force applies in the en route configuration with the 
airplane trimmed for straight flight, at all speeds above the minimum speed at which the limit strength 
condition can be achieved without stalling. No minimum stick force is specified for other configurations, 
but the requirements of § 25.143(f) are applicable in these conditions. 

(3) Stick Force Characteristics. 

302 Chap 2 



06/06/95 AC 25-7 
Chg. 1 

(i) At all points within the buffet onset boundary determined in accordance 
with § 25.251(e), but not including speeds above Vpc/MFO m e force should increase progressively 
with increasing load factor. Any reduction in stick force gradient with change o f load factor should not be 
so large or abrupt as to impair significantly the ability o f the pilot to maintain control over the load factor 
and pitch attitude o f the airplane. 

(ii) Beyond the buffet onset boundary, hazardous stick force characteristics 
should not be encountered within the permitted maneuvering envelope as limited by paragraph 20e(3)(iii). 
It should be possible, by use o f the primary longitudinal control alone, to pitch the airplane rapidly nose 
down so as to regain the initial trimmed conditions. The stick force characteristics demonstrated should 
comply with the following: 

(A) For normal acceleration increments o f up to 0.3g beyond buffet 
onset, where these can be achieved, local reversal o f the stick force gradient may be acceptable, provided 
that any tendency to pitch up is mild and easily controllable. 

(B) For normal acceleration increments o f more than 0.3g beyond buffet 
onset, where these can be achieved, more marked reversals o f the stick force gradient may be acceptable. It 
should be possible for any tendency to pitch up to be contained within the allowable maneuvering limits 
without applying push forces to the control column and without making a large and rapid forward 
movement o f the control column. 

(iii) In flight tests to satisfy paragraphs 20e(3)(i) and (ii), the load factor 
should be increased until either: 

(A) The level o f buffet becomes sufficient to provide a strong and 
effective deterrent to further increase o f load factor; or 

(B) Further increase o f load factor requires a stick force in excess o f 150 
pounds (or in excess o f 100 pounds when beyond the buffet onset boundary) or is impossible because o f the 
limitations o f the control system; or 

(C) The positive limit maneuvering load factor established in compliance 
with § 25.337(b) is achieved. 

(4) Negative Load Factors. It is not intended that a detailed flight test assessment o f the 
maneuvering characteristics under negative load factors should necessarily be made throughout the 
specified range o f conditions. An assessment o f the characteristics in the normal flight envelope involving 
normal accelerations from lg to zero g will normally be sufficient. Stick forces should also be assessed 
during other required flight testing involving negative load factors. Where these assessments reveal stick 
force gradients that are unusually low, or that are subject to significant variation, a more detailed 
assessment, in the most critical o f the specified conditions, will be required. This may be based on 
calculations, provided these are supported by adequate flight test or wind tunnel data. 
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21. LONGITUDINAL CONTROL - § 25.145, 

a. Explanation. 

(1) Section 25.145(a) requires that there be adequate longitudinal control to promptly 
pitch the airplane nose down from, at, or near the stall to return to the original trim speed. The intent is to 
insure sufficient pitch control if inadvertently slowed to the point of stall. 

(2) Section 25.145(b) requires changes to be made in flap position, power, and speed 
without undue effort when retrimming is not practical. The purpose is to insure that any of these changes 
are possible assuming that the pilot finds it necessary to devote at least one hand to the initiation of the 
desired operation without being overpowered by the primary airplane controls. The objective is that no 
excessive change in trim will result from the application or removal of power or the extension or retraction 
of wing flaps. Compliance with its terms also requires that the relation of control force to speed be such 
that reasonable changes in speed may be made without encountering very high control forces. 

(3) Section 25.145(c) contains requirements associated primarily with attempting a 
go-around maneuver from the landing configuration. Retraction of the high-lift devices from the landing 
configuration should not result in a loss of altitude if the power or thrust controls are moved to the go-
around setting at the same time that flap/slat retraction is begun. The design features involved with this 
requirement are the rate of flap/slat retraction, the presence of any flap gates, and the go-around power or 
thrust setting. 

(i) Flap gates, which prevent the pilot from moving the flap selector through 
the gated position without a separate and distinct movement of the selector, allow compliance with these 
requirements to be demonstrated in segments. High lift device retraction must be demonstrated beginning 
from the maximum landing position to the first gated position, between gated positions, and from the last 
gated position to the fully retracted position. 

(ii) The go-around power or thrust setting should be the same as is used to 
comply with the approach and landing climb performance requirements of §§ 25.121(d) and 25.119, and 
the controllability requirements of §§ 25.145(b)(3), 25.145(b)(4), 25.145(b)(5), 25.149(f), and 25.149(g). 
The controllability requirements may limit the go-around power or thrust setting. 

b. The applicable regulations are §§ 25.145(a),(b), and (c) of the FAR. 

c. Procedures. The following test procedures outline an acceptable means for demonstrating 
compliance with § 25.145. These tests may be conducted at an optional altitude in accordance with 
§ 25.21(c). Where applicable, the conditions should be maintained on the engines throughout the 
maneuver. 

0) Longitudinal control recovery. § 25.145(a): 
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(i) Configuration: 

(A) Maximum weight or a lighter weight if considered more critical. 

(B) Aft e.g. position. 

(C) Landing gear extended. 

(D) Wing flaps retracted and extended to the maximum landing position. 

(E) Engine power at idle and maximum continuous. 

(ii) Test procedure: The airplane should be trimmed at the speed for each 
configuration as prescribed in § 25.103(b)(1). The nose should be pitched downward from any speed 
between V trim and the stall. In past programs the most critical point has been at the stall when in stall 
buffet. The rate of speed increase should be adequate to promptly return to the trim point. Data from the 
stall characteristics test could be used to evaluate this condition at the stall. 

(2) Longitudinal control, flap extension, § 25.145(b)(1). 

(i) Configuration: 

(A) Maximum landing weight. 

(B) Critical e.g. position. 

(C) Wing flaps retracted. 

(D) Landing gear extended. 

(E) Engine power at flight idle. 

(ii) Test procedure: The airplane should be trimmed at a speed of 1.4Vs. 
The flaps should be extended to the maximum landing position as rapidly as possible while mamtaining 
approximately I.4Vs for the flap position existing at each instant throughout the maneuver. The control 
forces should not exceed 50 pounds (the maximum temporary forces that can be applied readily by one 
hand) throughout the maneuver without changing the trim control. 

(3) Longitudinal control, flap retraction, §§ 25.145(b)(2) & (3). 

(i) Configuration: 

(A) Maximum landing weight. 
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(B) Critical e.g. position. 

(C) Wing flaps extended to maximum landing position. 

(D) Landing gear extended. 

(E) Engine power at flight idle and the go-around power or thrust setting. 

(ii) With the airplane trimmed at 1.4Vs, the flaps should be retracted to the 
full up position while maintaining approximately 1.4Vs for the flap position existing at each instant 
throughout the maneuver. The longitudinal control force should not exceed 50 pounds throughout the 
maneuver without changing the trim control. 

(4) Longitudinal control, power application, §§ 25.145(b)(4) & (5). 

(i) Configuration: 

(A) M a x i m u m landing weight. 

(B) Critical e.g. position. 

(C) Wing flaps retracted and extended to the maximum landing position. 

(D) Landing gear extended. 

(E) Engine power at flight idle. 

(ii) The airplane should be trimmed at a speed of 1.4 Vg. Quickly set go-
around power or thrust while maintaining the speed of 1.4 Vg. The longitudinal control force should not 
exceed 50 pounds throughout the maneuver without changing die trim control. 

(5) Longitudinal control, airspeed variation, § 25.145(b)(6). 

(i) Configuration: 

(A) Maximum landing weight. 

(B) Most forward e.g. position. 

(C) Wing flaps extended to the maximum landing position. 

(D) Landing gear extended. 

(E) Engine power at flight idle. 
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(ii) Test Procedure: The airplane should be trurimed at a speed of 1.4Vs. 
The speed should then be reduced to 1.1 Vs and then increased to 1.7Vs, or the flap placard speed, V F E , 
whichever is lower. The longitudinal control force should not be greater than 50 pounds. Data from the 
static longitudinal stability tests in the landing configuration at forward e.g., § 25.175(d), may be used to 
show compliance with this requirement. 

(6) Longitudinal control, flap retraction and power application, § 25.145(c). 

(i) Configuration: 

(A) Critical combinations of maximum landing weights and altitudes. 

(B) Critical e.g. position. 

(C) Wing flaps extended to the maximum landing position and gated 
position, if applicable. 

(D) Landing gear extended. 

(E) Engine power for level flight at a speed of 1.1 Vs for propeller driven 
airplanes, or 1.2Vs for turbojet powered airplanes. 

(ii) Test procedure: With the airplane stable in level flight at a speed of 
1.1 Vg for propeller driven airplanes, or 1.2 Vg for turbojet powered airplanes, retract the flaps to the full 
up position, or the next gated position, while simultaneously setting go-around power. Use the same power 
or thrust as is used to comply with the performance requirement of § 25.121(d), as limited by the 
applicable controllability requirements. It must be possible, without requiring exceptional piloting skill, to 
prevent losing altitude during the maneuver. Trimming is permissible at any time during the maneuver. If 
gates are provided, conduct this test beginning from the maximum landing flap position to the first gate, 
from gate to gate, and from the last gate to the fully retracted position. (The gate design requirements are 
specified within the rule.) Keep the landing gear extended throughout the test. * 

22. DIRECTIONAL AND LATERAL CONTROL - § 25.147. 

a. Explanation. 

(1) Sections 25.147(a) and (b) are intended to be investigated for dangerous 
characteristics such as rudder lock or loss of directional control with one or two critical engines 
inoperative. Sudden heading changes of up to 15 degrees are required unless the rudder force limit of 150 
lbs. (180 pounds prior to Amendment 25-42) is reached. If the rudder reaches full travel without attaining 
150 pounds force limit or a 15-degree heading change, satisfactory controllability must be demonstrated 
with this configuration for expected service operations. After full rudder is reached, heading changes using 
lateral control are permissible provided that no more than a 5-degree bank angle is required. 
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(2) Sections 25.147(a) and (b) are written to show an airplane will still be under 
control if yawed suddenly toward and against inoperative engine(s). Paragraphs (c) and (d) require an 
airplane to be easily controllable with critical inoperative engjne(s). Roll response, § 25.147(e), should be 
satisfactory for takeoff, approach, landing, and high speed configurations. Any permissible configuration 
which could affect roll response should be evaluated. 

b. Procedures. 

(1) Directional Control - General. S 25.147faV 

(i) Configuration: 

(A) M a x i m u m landing weight. 

(B) Most aft e.g. position. 

(C) Wing flaps extended to the approach position. 

(D) Landing gear retracted. 

(E) Y a w S A S on, and off if applicable. 

(F) Operating engine(s) at the power for level flight at 1.4Vs, but not 
more than maximum continuous power. 

(G) Inoperative engine that would be most critical for controllabihty, 
with propeller feathered, if applicable. 

(ii) Test Procedure: The airplane should be trimmed in level flight at the most 
critical altitude in accordance with § 25.21(c). Reasonably sudden changes in heading to the left and right 
using ailerons to maintain approximately wings level flight, should be made demonstrating a change up_to 
15 degrees or at which 150 pounds rudder force is required. The airplane should be controllable and free 
from any hazardous characteristics during this maneuver. 

(2) Directional Control - Four or More Engines. 5 25.147(bV 

(i) Configuration: 

(A) Maximum landing weight. 

(B) Most forward e.g. position. 
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(C) Wing flaps in the most favorable climb position (normally 

retracted). 

(D) Landing gear retracted. 

(E) Yaw SAS on, and off if applicable. 
(F) Operating engines at the power required for level flight at 1 -4Vsi , 

but not more than maximum continuous power. 

(G) Two inoperative engines that would be more critical for 
controllability with (if applicable) propellers feathered. 

(ii) Test Procedure: The procedure outlined in subparagraph 
b(l)(ii) above is applicable to this test. 

(3) Lateral Control - General. § 25.147(c). 

(i) Configuration: 

(A) Maximum takeoff weight. 

(B) Most aft e.g. position. 

(C) Wing flaps in the most favorable climb position. 

(D) Landing gear retracted and extended. 

(E) Yaw SAS on, and off if applicable. 

(F) Operating engine(s) at maximum continuous power. 

(G) The inoperative engine that would be most critical for 
controlIabiUty, with the propeller feathered, if applicable. 

(ii) Test Procedure: With the airplane trimmed at 1.4-Vs, turns with a bank 
angle of 20 degrees should be demonstrated with and against the inoperative engine from a steady climb at 
1.4Vsi- It should not take exceptional piloting skill to make smooth, predictable turns. 

(4) Lateral Control - Four or More Engines. $ 25.147(d). 

(i) Configuration: 

(A) Maximum takeoff weight. 
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(B) Most aft e.g. position. 

(C) Wing flaps in the most favorable climb position. 

(D) Landing gear retracted and extended. 

(E) Yaw SAS on, and off if applicable. 

(F) Operating engines at maximum continuous power. 

(G) Two inoperative engines most critical for controllability, with 
propellers feathered, if applicable. 

(ii) Test Procedure: The procedure outlined in subparagraph b(3)(ii) is 
applicable to this test. 

(5) Lateral Control - All Engines Operating. § 25.147(e). 

(i) Configuration: All configurations within the flight envelope for normal 
operation. 

(ii) Test Procedure: This is primarily a qualitative evaluation which should 
be conducted throughout the test program. Roll performance should be investigated throughout the flight 
envelope, including speeds to V F C / M F C to ensure adequate peak roll rates for safety, considering the flight 
condition, without excessive control force or travel. Roll response during sideslips expected in service 
should provide enough maneuvering capabilities adequate to recover from such conditions. Approach and 
landing configurations should be carefully evaluated to ensure adequate control to compensate for gusts 
and wake turbulence while in close proximity to the ground. 

23. MINIMUM CONTROL SPEED - $ 25.149. 

a. Explanation. Section 25.149 defines requirements for minimum control speeds during 
takeoff climb (VMC)> during takeoff ground roll ( V M C G ) , and during approach and landing ( V M C L and 
^ M C L - 2 ) - The

 V \ J C (commonly referred to as V M C A ) requirements are specified in §§ 25.149(a), (b), (c) 
and (d); the V M C G requirements are described in § 25.149(e); and the V M C L and requirements * 
are covered in §§ 25.149(f), (g) and (h). Section 25.149(a) states that the method used to simulate critical 
engine failure must represent the most critical mode of powerplant failure with respect to controllability in 
service. That is, the thrust loss from the inoperative engine must be at the rate that would occur if an engine 
suddenly became inoperative in service. Prior to Amendment 25-42 to § 25.149, the regulation required 
that rudder control forces must not exceed 180 pounds. Amendment 25-42 limits rudder control forces to 
150 pounds. The relationship between V E F . V I , and V M C G , including the requirements applicable prior to 
Amendment 25-42, is discussed in paragraph 10, Takeoff and Takeoff Speeds, and paragraph 11, 
Accelerate-Stop Distance. 
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b. Procedures. 

(1) Minimum Control Speeds - Air ( V M C A ) -

(i) To comply with the Y M C A requirements, the following two conditions 
must be satisfied: (Separate tests are usually conducted to show compliance with these two requirements.) 

(A) The dynamic condition in which control is maintained without 
exceeding a heading change of 20 degrees. 

(B) The stabilized (static) condition where constant heading is 
maintained without exceeding a 5 degree bank angle. 

(ii) Static Test Procedure and Required Data. After establishing the critical 
inoperative engine, the tests for establishing the minimum control speed may be conducted. Using the 
configuration specified in § 25.149 with the critical engine inoperative, the remaining engine(s) will be 
adjusted to maximum takeoff power and/or thrust; the airspeed will be decreased until one of the limiting 
factors specified in § 25.149(b), (c) or (d) is experienced. For airplanes with more than two engines, the 
inboard engine(s) may be throttled, provided the appropriate yawing moment coefficient (CN) is 
maintained. If the maximum power and/or thrust within the approved airplane operating envelope was 
maintained to the minimum test speed, this speed may be used as the V M C A for the airplane. If, at the 
option of the applicant, V M C A is to vary with altitude and temperature, the rninimum test speed and 
corresponding thrust may be reduced to an equivalent C N - From this C N , V M C A rnay be calculated to 
vary with takeoff thrust. If maximum takeoff thrust could not be achieved during this test, the C N can be 
used to calculate the V M C A f°r maximum takeoff thrust. It has been acceptable to extend the thrust 5 
percent beyond the test thrust. If V M C A is near or less than Vs for the test airplane, consideration may be 
given to conducting the test at a more extended flap position. It should be noted, however, that a more 
extended flap position may produce unconservative results. In the event V M C A is less than stall speed at 
all usable operational gross weights, demonstration that shows compliance with the V M C A requirements 
may be shown as follows: 

(A) Conduct static V M C A tests using partial rudder deflections to 
achieve a variation in C N with rudder deflection. 

(B) Plot the asymmetric thrust yawing moment (CN) versus control 
surface deflection (lateral and directional). These plots should be faired and then extrapolated to full 
control surface deflections. Plot C N versus rudder pedal force. This plot should be faired to 150 pounds 
(180 pounds prior to Amendment 25-42). Whichever condition of the three is most limiting determines the 
maximum C N from which V M C A can be calculated. 

(C) The extrapolation should be limited to 5 percent of the yawing 
moment coefficient unless a rigorous analysis is made to account for all of the stability and control terms. 
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(D) Compute the stalling speed (Vs) at the airplane Operational 
Weight Empty (OWE) for the maximum takeoff flap position and compute VMCA from C N using the 
maximum asymmetric takeoff thrust. If the computed V M C A is less than Vs, then the airplane is stall 
limited and V M C A is not a factor. 

(iii) Dynamic Test Procedure and Required Data. In addition to the static test 
procedure, dynamic demonstrations should be made to provide adequate proof that the speed(s) deteiTnined 
also meet the dynamic requirements. The dynamic demonstration is conducted b y applying the maximum 
rated power and/or thrust to all engines and suddenly cutting the critical engine. It should be possible to 
recover to a constant heading without exceeding the requirements of § 25.149(d). If the thrust/weight for 
the dynamic demonstration produces an extreme nose-high attitude, normally more than 20 degrees, another 
method should be used such as conducting dynamic demonstrations using a minimum required rudder and 
aileron control at reduced thrust and comparing control deflection and force required between the dynamic 
demonstration and static demonstration at several reduced thrust conditions. 

(iv) If V M C A has been shown to be less than Vs b y the static method, the 
dynamic demonstration may be conducted at speeds such as 1.1 Vs and evaluated in accordance with 
paragraph (iii) above. 

(v) Normally, V M C A and V M C G will be determined b y rendering the engine 
inoperative and allowing the propeller to autofeather; however, on some airplanes a more critical drag 
condition can be produced during a partial power condition. Some engine propeller combinations might be 
subject to this type of failure. One example is some turbopropeller installations can have a fuel control 
failure that causes the engine to go to flight idle, resulting in a higher asymmetric drag than that obtained 
from an inoperative engine. In such a case, the test must be conducted in the most critical condition. 

(vi) There may be some difference between right and left engine inoperative 
V M C A due to propeller slip stream rotation reducing rudder effectiveness to maintain the airplane on its 
original heading. The critical engine should be determined and the V M C A for that configuration should be 
used. 

(vii) V M C A and V M C G should be based on the maximum net thrust reasonably 
expected for a production engine. These speeds should not be based on specification thrust since this thrust 
represents the minimum thrust as guaranteed b y the engine manufacturer, and the resulting speeds could be 
too slow. The thrust used for scheduled V M C A and V M C G speeds should represent the high side of the 
tolerance band and may be determined by analysis instead of tests. 

(2) Minimum Control Speed - Ground ( V M C G > - $ 25.149(e). 

(i) It must be demonstrated that, when the critical engine is suddenly made 
inoperative at V M C G during the takeoff ground roll, the airplane is safely controllable to continue the 
takeoff. During the demonstration, the airplane must not deviate more than 30 feet (25 feet prior to 
Amendment 25-42) from the pre-engine-cut projected ground track. The critical engine is detemuned b y 
the methods as described above under § 25.149(c). 

312 Chap 2 



06/06/95 AC 25-7 
Chg. 1 

(ii) Tests may be conducted by abruptly retarding the engine to idle to 
establish the target V M C G - At least one fuel cut should be made at each maximum asymmetric thrust level 
desired to be certificated to investigate the more rapid thrust decay associated with this type of engine 
failure. At the applicant's option, in crosswind conditions, the runs may be made on reciprocal headings or 
an analytical correction may be applied to determine the zero aosswind value of V M C G -

(iii) During determination of V M C G * engine failure recognition should be 
provided by: 

(A) The pilot feeling a distinct change in the directional tracking 
characteristics of the airplane, or 

(B) The pilot seeing a directional divergence of the airplane with 
respect to the view outside the airplane. 

(iv) Control of the airplane should be accomplished by use of the rudder only. 
All other controls, like ailerons and spoilers, should only be used to correct any alterations in the airplane 
attitude and to maintain a wings level condition. Use of those controls to supplement the rudder 
effectiveness should not be allowed. 

(v) The V M C G should be considered at the heaviest weight where V M C G may 
impact the AFM V i schedule. 

(vi) The test should be conducted at aft e.g. and with the nose wheel free to 
caster, to minirnize the stabilizing effect of the nose gear. 

(vii) For airplanes with certification basis prior to Amendment 25-42, V M C G 

values may be demonstrated with nose wheel rudder pedal steering operative for dispatch on wet runways. 
The test should be conducted on an actual wet runway. The test(s) should include engine failure at or near 
a minimum V E F associated with minimum V R to demonstrate adequate controllability during rotation, 
liftoff, and the initial climbout. The V M C G values obtained by this method are applicable for wet or dry 
runways only, not for icy runways. 

(3) Minimum Control Speed During Approach and Landing ( V M T T ) - 5 25.149(f). 

(i) This section is intended to ensure that the airplane is safely controllable 
following an engine failure during an all-engines-operating approach and landing. From a controllability 
standpoint, the most critical case usually consists of an engine railing after the power or thrust has been 
increased to perform a go-around from an all-engines-operating approach. Section 25.149(f) requires the 
minimum control speed to be determined that allows a pilot of average skill and strength to retain control of 
the airplane after the critical engine becomes inoperative and to maintain straight flight with less than five 
degrees of bank angle. Section 25.149(h) requires that sufficient lateral control be available at VftfCL t o 
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roll the airplane through an angle of 20 degrees, in the direction necessary to initiate a turn away from the 
inoperative engine, in not more than five seconds when starting from a steady straight flight condition. 

(h) Conduct this test using the most critical of the all-engines-operating 
approach and landing configurations, or at the option of the applicant, each of the all-engines-operating 
approach and landing configurations. The procedures given in paragraph 23b(l)(ii) for V M C A

 m a y be 
used to determine V M C L > except that flap and trim settings should be appropriate to the approach and 
landing configurations, the power or thrust on the operating engine(s) should be set to the go-around power 
or thrust setting, and compliance with all V M C L requirements of §§ 25.149(f) and (h) must be 
demonstrated. 

(iii) For propeller driven airplanes, the propeller must be in the position it 
achieves without pilot action following engine failure, assuming the engine fails while at the power or thrust 
necessary to maintain a three degree approach path angle. 

(iv) At the option of the applicant, a one-engine-inoperative landing minimum 
control speed, V M C L ( 1 out), "^y be determined in the conditions appropriate to an approach and landing 
with one engine having failed before the start of the approach. In this case, only those configurations 
recommended for use during an approach and landing with one engine inoperative need be considered. The 
propeller of the inoperative engine, if applicable, may be feathered throughout. The resulting value of 
V M C L ( 1 out) mB-y be used in determining the recommended procedures and speeds for a one-engine-
inoperative approach and landing. 

(4) Minimum Control Speed with One Engine, Inoperative During Approach and 
Landing (VMTT_J) - § 25.149(g). 

(i) For airplanes with three or more engines, VjyjCL-2 is the minimum speed 
for mamtaining safe control during the power or thrust changes that are likely to be made following the 
failure of a second engine during an approach initiated with one engine inoperative. 

(ii) For propeller driven airplanes, the propeller of the engine inoperative at 
the beginning of the approach may be in the feathered position. The propeller of the more critical engine 
must be in the position it automatically assumes following engine failure. 

(iii) Conduct this test using the most critical approved one-engine-inoperative 
approach or landing configuration (usually the minimum flap deflection), or at the option of the applicant, 
each of the approved one-engine-inoperative approach and landing configurations. The following 
demonstrations are required to determine VfviCL-2: 

(A) With the power or thrust on die operating engines set to maintain 
a minus 3 degree glideslope with one critical engine inoperative, the second critical engine is made 
inoperative and the remaining operating engine(s) are advanced to the go-around power or thrust setting. 
The speed is established by the procedures presented in paragraph 23b(l)(ii) for V M C A » except 
that flap and trim settings should be appropriate to the approach and landing configurations, the power or 
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thrust on the operating engine(s) should be set to the go-around power or thrust setting, and compliance 
with all V M O L - 2

 r e c i u u " e n i e n t s °f §§ 25.149(g) and (h) must be demonstrated. 

(B) With power on the operating engines set to maintain a minus 3 
degree glideslope, with one critical engine inoperative: 

Q) Set the airspeed at the value determined above in step (A) 
and, with zero bank angle, maintain a constant heading using trim to reduce the control force to zero. If 
full trim is insufficient to reduce the control force to zero, full trim should be used plus control deflection as 
required; and 

(2) Make the second critical engine inoperative and retard the 
remaining operating engine(s) to minimum available power without changing the directional trim. The 
V M C L - 2 determined in paragraph (A) is acceptable if constant heading can be maintained without 
exceeding a 5 degree bank angle and the limiting conditions of § 25.149(h). 

( C ) Starting from a steady straight flight condition, demonstrate that 
sufficient lateral control is available at V \ J C L - 2 to r o"l the airplane through an angle of 20 degrees in the 
direction necessary to initiate a turn away from the inoperative engines in not more than five seconds. This 
maneuver may be flown in a bank-to-bank roll through a wings level attitude. 

(iv) At the option of the applicant, a two-engines-inoperative landing minimum 
control speed, V\fCL-2(2 out), m a y be determined in the conditions appropriate to an approach and landing 
with two engines having failed before the start of the approach. In this case, only those configurations 
recommended for use during an approach and landing with two engines inoperative need be considered. 
The propellers of the inoperative engines, if applicable, may be feathered throughout. The values of 
^MCL-2 O R V M C L - 2 ( 2 out) should be used as guidance in determining the recommended procedures and 
speeds for a two-engines-inoperative approach and landing. 

(5) Autofeather Effects. Where an autofeather or other drag limiting system is 
installed and will be operative at approach power settings, its operation may be assumed in determining the 
propeller position achieved when the engine fails. Where automatic feathering is not available, the effects 
of subsequent movements of the engine and propeller controls should be considered, including fully closing 
the power lever of the failed engine in conjunction with mamtaining the go-around power setting on the 
operating engine(s). 
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Sec t ion 5 . STABILITY 

25 . [RESERVED] 

26 . STATIC LONGITUDINAL STABILITY AND DEMONSTRATION OF STATIC LONGITUDINAL 
STABILITY - S§ 25.173 AND 25.175: 

a . E x p l a n a t i o n . 

(1) Sec t i on 25.173 - S t a t i c Long i tud ina l S t a b i l i t y . 

( i ) Compliance wi th the general requirements of § 25.173 are 
determined from a demonstrat ion of 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 under the 
c o n d i t i o n s s p e c i f i e d in § 25 .175 . 

( i i ) The requirement i s to have a p u l l f o r ce to obta in and 
main ta in speeds lower than t r i m speed and a push fo rce to ob ta in and main ta in 
speeds h igher than t r im speed. There may be no fo rce reve rsa l at any speed tha t 
can be o b t a i n e d , except lower than the minimum f o r s teady , u n s t a l l e d f l i g h t or 
h igher than the l and ing gear or wing f l a p ope ra t i ng l i m i t speed or Vpc/Mprj, 
whichever i s app rop r ia te f o r the t e s t c o n f i g u r a t i o n . The requ i red t r i m speeds 
are s p e c i f i e d i n § 25 .175 . 

( i i i ) When the con t ro l fo rce i s s low ly re leased from any speed 
w i t h i n the requ i red t e s t speed range, the a i r speed must re tu rn to w i t h i n 10 
percent of the o r i g i n a l t r im speed i n the c l i m b , approach, and l a n d i n g 
c o n d i t i o n s , and return to w i t h i n 7.5 percent of the t r i m speed in the c r u i s i n g 
c o n d i t i o n s p e c i f i e d i n § 25.175 ( f ree r e t u r n ) . 

( i v ) The average grad ient of the s t i c k f o rce versus speed curves 
f o r each t e s t c o n f i g u r a t i o n may not be l e s s than one pound f o r each 6 knots f o r 
the appropr ia te speed ranges s p e c i f i e d i n § 25 .175 . T h e r e f o r e , 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 of the curve and the 
requ i red maximum speed to the t r im p 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 of the curve and the requ i red minimum speed to the t r i m p o i n t . The 
s lope of these l i n e s must be at l e a s t one pound f o r each 6 k n o t s . The l o c a l 
s lope of the curve must remain s tab le fo r t h i s range. 

No te : Due to d i f f e r e n t design fea tu res of i n d i v i d u a l a i r p l a n e s , there may be 
cases where the l o c a l s lope grad ien t dev ia tes somewhat from tha t s p e c i f i e d by 
§ 25 .173 . When t h i s o c c u r s , an i n v e s t i g a t i o n should be performed to determine 
i f a f i n d i n g of equ i va l en t sa fe ty can be made based on p i l o t e v a l u a t i o n . 

(2) Sec t i on 25 .175 , Demonstrat ion of S t a t i c Long i t ud i na l S t a b i l i t y , 
s p e c i f i c a l l y de f i nes the f l i g h t c o n d i t i o n s , a i r p l a n e c o n f i g u r a t i o n s , t r i m 
speed, t e s t speed ranges , and t h r u s t s e t t i n g s where demonstrat ion i s r e q u i r e d . 

b. P rocedures . 

(1) For the demonstrat ion 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 r p l a n e should be trimmed in smooth a i r a t the c o n d i t i o n s requ i red by the 
r e g u l a t i o n . A f t e . g . load ings are gene ra l l y most c r i t i c a l . A f t e r o b t a i n i n g 
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t r i m speed , apply a l i g h t p u l l fo rce and s t a b i l i z e at a s lower speed. Cont inue 
t h i s process in acceptab le inc rements , depending on the speed spread be ing 
i n v e s t i g a t e d , u n t i l reach ing the minimum speed f o r s teady , u n s t a l l e d f l i g h t or 
the minimum requ i red as appropr ia te fo r the c o n f i g u r a t i o n . A cont inuous 
pu l l fo rce from the t r im speed i s requ i red on each s e r i e s of t e s t po in ts to 
e l i m i n a t e h y s t e r e s i s e f f e c t s . At the end of the requ i red speed range, the fo rce 
should be g radua l l y re laxed to a l l ow the a i r p l a n e to s low ly re turn toward the 
t r i m speed and zero s t i c k f o r c e . Depending on the amount of f r i c t i o n in the 
con t ro l sys tem, the eventual speed a t which the a i r p l a n e s t a b i l i z e s w i l l 
normal ly be l e s s than the o r i g i n a l t r i m speed. The new speed, c a l l e d the f ree 
re turn speed, must meet the requirements of § 25 .173. 

(2) S t a r t i n g again at the t r i m speed, push fo rces should be g radua l l y 
a p p l i e d and g radua l l y re laxed i n the same manner as descr ibed i n paragraph ( 1 ) . 

(3) The above techniques r e s u l t in severa l problems in p r a c t i c e . One 
e f f e c t of changing a i r speed i s a change of a l t i t u d e , wi th a cor respond ing change 
in Mach number and t h r u s t or power ou tpu t . Consequent ly , a reasonably smal l 
a l t i t u d e band, l i m i t e d to +3,000 f t . , should be used fo r the complete maneuver. 
I f the a l t i t u d e band i s exceeded, regain the o r i g i n a l t r i m a l t i t u d e by changing 
the power s e t t i n g and f l a p and gear p o s i t i o n , but wi thout changing the t r i m 
s e t t i n g . Then cont inue the push or p u l l maneuver in the o r i g i n a l c o n f i g u r a t i o n . 
T e s t i n g somewhat beyond the requ i red speed l i m i t s in each d i r e c t i o n assures tha t 
the r e s u l t i n g data at l e a s t extends to the requ i red speed ranges. I t w i l l a l so 
be noted in t e s t i n g tha t wh i le ho ld ing fo rce cons tan t a t each data p o i n t , the 
a i r speed and ins tantaneous v e r t i c a l speed vary in a c y c l i c manner. Th i s i s due 
to the long per iod (phugoid) o s c i l l a t i o n . Care should be e x e r c i s e d in even t ing 
the data p o i n t , s ince i t may be b iased by t h i s phugoid o s c i l l a t i o n . Averag ing 
these o s c i l l a t i n g speeds at each data po in t i s an acceptab le method of 
e l i m i n a t i n g t h i s e f f e c t . Extremely smooth a i r improves the q u a l i t y of the t e s t 
data wi th c r i t i c a l areas r e q u i r i n g the best of smooth a i r . In-bay and c ross -bay 
wing fue l s h i f t i s another problem exper ienced i n some a i r p l a n e s . In-bay fue l 
s h i f t occurs r a p i d l y w i th p i t c h a n g l e ; t h e r e f o r e , c o n s i d e r a t i o n should be given 
to t e s t i n g w i th fue l load ings tha t prov ide the maximum s h i f t s ince i t i s 
gene ra l l y d e s t a b i l i z i n g . S lower , c ross -bay fue l s h i f t , or burn from an a f t 
t ank , can i n f l uence the measured s t a b i l i t y but u s u a l l y only because of the t ime 
requ i red to obta in the data p o i n t s . Th i s t e s t i n g induced i n s t a b i l i t y should be 
removed from the data before eva lua t i on of the requ i red s l o p e . 

(4) The r e s u l t i n g p i l o t l o n g i t u d i n a l f o r ce t e s t po in ts should be 
p l o t t e d versus a i r speed to snow the p o s i t i v e s tab le g rad ien t of 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 . Th i s p l o t should a l s o show the i n i t i a l t r im po in t and 
the two r e t u r n - t o - t r i m po in t s to eva lua te the r e t u r n - t o - t r i m c h a r a c t e r i s t i c s 
(see F igure 2 6 - 1 ) . 
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F I G U R E 2 6 - 1 . 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 

CO 
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INITIAL TRIM 
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27. STATIC DIRECTIONAL AND LATERAL STABILITY - § 25 .177. 

a . E x p l a n a t i o n . 

(1) 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 . 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 de f ined by § 25.177(a) as the tendency to recover from a s k i d wi th 
the rudder f r e e . 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 requ i red f o r any 
l and ing gear and f l a p p o s i t i o n and symmetr ical power c o n d i t i o n a t speeds from 
1.2V$i up to Vp£, V L E , o r V F C / M F C a s appropr ia te fo r the a i r p l a n e 
c o n f i g u r a t i o n . 

(2) S t a t i c L a t e r a l S t a b i l i t y . P o s i t i v e 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 i ned by § 25.177(b) as the tendency to r a i s e the low wing in a s i d e s l i p w i th 
the a i l e r o n c o n t r o l s f r e e . S t a t i c l a t e r a l s t a b i l i t y may not be negat ive in any 
l and ing gear and f l a p p o s i t i o n and symmetr ical power c o n d i t i o n a t speeds from 
1.2V$i to Vp£> V L E , or VMQ/MMO» as appropr ia te fo r the a i r p l a n e c o n f i g u r a t i o n . 
At speeds from V M O / M M O

 t 0 V F C / M F C » negat ive s t a t i c l a t e r a l s t a b i l i t y i s 
p e r m i s s i b l e p r o v i d i n g the d ivergence i s : 

( i ) Gradual , 

( i i ) E a s i l y recogn izab le by the p i l o t , and 

( i i i ) E a s i l y c o n t r o l l a b l e by the p i l o t . 
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(3) Steady S t r a i g h t S i d e s l i p s . 

( i ) Sec t i on 25.177(c) r e q u i r e s , in steady s t r a i g h t s i d e s l i p s to 
s i d e s l i p ang les appropr ia te to the opera t ion of the a i r p l a n e , that the a i l e r o n 
and rudder con t ro l movements and fo rces be p ropor t i ona l to the angle of s i d e s l i p 
and must l i e between l i m i t s necessary f o r safe o p e r a t i o n . Exper ience has shown 
tha t 15 degrees i s an appropr ia te angle fo r t r anspo r t category a i r p l a n e s . 

( i i ) A t s i d e s l i p angles greater than those appropr ia te fo r 
opera t ion of the a i r p l a n e up to the s i d e s l i p angle a t which f u l l rudder or 
l a t e r a l c o n t r o l i s used or a rudder pedal fo rce of 180 l b s . i s o b t a i n e d , the 
rudder pedal f o r ces may not reverse and inc reased rudder d e f l e c t i o n must produce 
inc reased ang les of s i d e s l i p . 

( i i i ) The t e s t c o n d i t i o n s should be the same as requ i red in 
paragraph (1) above. 

b. Procedures . The t e s t c o n d i t i o n s should i nc l ude each f l a p and l and ing 
gear c o n f i g u r a t i o n as descr ibed in paragraph ( 1 ) , (2) or (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 ia te to each c o n f i g u r a t i o n . 

(1) B a s i c T e s t . 

( i ) 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 . 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 th the a i r p l a n e in the des i red c o n f i g u r a t i o n and s t a b i l i z e d a t the 
t r i m speed, the a i r p l a n e i s s lowly yawed i n both d i r e c t i o n s wh i le ma in ta in i ng 
the wings l e v e l w i th a i l e r o n s . When the rudder i s r e l e a s e d , the a i r p l a n e should 
tend to re tu rn to s t r a i g h t f l i g h t . 

( i i ) S t a t i c La te ra l S t a b i l i t y . To check l a t e r a l s t a b i l i t y wi th a 
p a r t i c u l a r c o n f i g u r a t i o n and t r i m speed, conduct s teady , s t r a i g h t s i d e s l i p s a t 
the t r im speed by ma in ta in ing the a i r p l a n e heading w i th rudder and banking w i th 
a i l e r o n . When the a i l e r o n s are r e l e a s e d , wi th the rudder he ld f i x e d , the low 
wing should tend to re tu rn to l e v e l . I n i t i a l bank angle should be appropr ia te 
to t ype ; however, i t i s recommended tha t i t should not be l e s s than 10 degrees. 
R o l l con t ro l c e n t e r i n g by the p i l o t should not be permi t ted dur ing t h i s 
e v a l u a t i o n . 

( i i i ) Absence of Rudder Lock. 

(A) Rudder lock i s that cond i t i on where the rudder over ­
ba lances aerodynamica l ly and d e f l e c t s f u l l y wi th no a d d i t i o n a l p i l o t i npu t . 

(B) To check f o r the absence of rudder lock w i th a 
p a r t i c u l a r c o n f i g u r a t i o n and t r i m speed, conduct s teady , s t r a i g h t s i d e s l i p s 
(unacce le ra ted forward s l i p s ) wh i le ma in ta in i ng a d e s i r e d a i r p l a n e t r a c k . 

(C) A i l e r o n and rudder con t ro l movements must remain in 
harmony and fo rces must inc rease in p ropor t ion wi th s i d e s l i p a n g l e , up to the 
l i m i t s found necessary f o r safe o p e r a t i o n . At s i d e s l i p angles greater than 
those app rop r ia te f o r opera t ion of the a i r p l a n e up to the s i d e s l i p angle a t 
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which f u l l rudder or l a t e r a l c o n t r o l i s used o r when a rudder pedal fo rce of 
180 l b s . i s o b t a i n e d , the rudder pedal f o r c e s may not reverse and inc reased 
rudder pedal d e f l e c t i o n must produce increased ang les of s i d e s l i p . 

(2) A l t e r n a t i v e T e s t . In l i e u of conduct ing each of the q u a l i t a t i v e 
t e s t s desc r i bed in paragraph ( 1 ) , the a p p l i c a n t may obta in recorded q u a n t i t a t i v e 
data showing a i l e r o n and rudder fo rce and p o s i t i o n versus s i d e s l i p ( l e f t and 
r i g h t ) to the app rop r ia te l i m i t s in cons tan t heading s i d e s l i p s . I f the fo rce 
and p o s i t i o n versus s i d e s l i p i n d i c a t e s p o s i t i v e d ihedra l e f f e c t , p o s i t i v e 
d i r e c t i o n a l s t a b i l i t y and no rudder l o c k , compl iance wi th § 25.177 has been 
s u c c e s s f u l l y demonstrated. 

28. DYNAMIC STABILITY - § 25 .181 . 

a . E x p l a n a t i o n . 

(1) Dynamic Long i t ud ina l S t a b i l i t y . 

( i ) The shor t pe r iod o s c i l l a t i o n i s the f i r s t o s c i l l a t i o n the 
p i l o t sees a f t e r d i s t u r b i n g the a i r p l a n e from i t s t r i m c o n d i t i o n wi th the 
p i t c h con t ro l (as opposed to the long per iod (phugo id ) ) . Care should be taken 
tha t the con t ro l movement used to e x c i t e the motion i s not too abrup t . 

( i i ) Heav i l y damped means tha t the o s c i l l a t i o n i s damped w i t h i n 
approx imate ly two c y c l e s a f t e r complet ion of i n i t i a l i npu t . 

( i i i ) Shor t per iod o s c i l l a t i o n must be heav i l y damped both wi th 
c o n t r o l s f ree and c o n t r o l s f i x e d . 

(2) Dynamic 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 y . The eva lua t i on of the 
dynamic 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 y should inc lude any combined l a t e r a l -
d i r e c t i o n a l o s c i l l a t i o n ("Dutch R o l l " ) o c c u r r i n g between s t a l l i n g speed and 
maximum a l l owab le speed appropr ia te to the a i r p l a n e c o n f i g u r a t i o n . T h i s 
o s c i l l a t i o n must be p o s i t i v e l y damped w i th c o n t r o l s f r e e , and must be 
c o n t r o l l a b l e wi th normal use of the pr imary c o n t r o l s w i thout r e q u i r i n g 
excep t i ona l p i l o t i n g s k i l l , 

b. P rocedures . 

(1) Dynamic Long i t ud ina l S t a b i l i t y . 

( i ) The t e s t f o r l o n g i t u d i n a l dynamic s t a b i l i t y i s accompl ished 
by a r a p i d movement or pu lse of the l o n g i t u d i n a l c o n t r o l in a nose up and nose 
down d i r e c t i o n at a ra te and degree to obta in a shor t pe r iod p i t c h response from 
the a i r p l a n e . 

( i i ) Dynamic l o n g i t u d i n a 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 of po in t s in each c o n f i g u r a t i o n to assure compl iance at a l l 
ope ra t iona l speeds. 
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(2) Dynamic 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 y . 

( i ) A t y p i c a l t e s t fo r l a t e r a l - d i r e c t i o n a l dynamic s t a b i l i t y i s 
accompl ished by a rudder doublet input at a ra te and ampl i tude 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 ("Dutch R o l l " ) . The frequency should be in 
phase wi th the a i r p l a n e ' s o s c i l l a t o r y response. 

( i i ) Dynamic 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 y must be checked under 
a l l c o n d i t i o n s and c o n f i g u r a t i o n s . I f c r i t i c a l , s p e c i a l emphasis should be 
p laced on adverse wing fue l l oad ing c o n d i t i o n s . 

(3) A i r p l a n e s Equipped w i th S t a b i l i t y Augmentation Systems (SAS) . In 
the event the a i r p l a n e i s equipped wi th an SAS in order to comply wi th 
§§ 25.181(a) or ( b ) , i t must meet the requirements of §§ 25.671 and 25.672. I f 
the a i r p l a n e i s equipped w i th more than one SAS and meets the requirements of 
§§ 25.671 and 25.672, i t i s the a p p l i c a n t ' s opt ion to demonstrate compl iance 
w i th § 25.181(a) or (b) wi th the SAS o f f . 
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Sec t i on 6. STALLS 

29. STALL TESTING. 

a . The a p p l i c a b l e Federa l A v i a t i o n Regu la t i ons (FAR) are as f o l l o w s : 

Sec t i on 25.21(c) Proof of Compliance 

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

Sec t ion 25.143 C o n t r o l l a b i l i t y and Maneuve rab i l i t y 

(General) 

Sec t ion 25.201 S t a l l Demonstrat ion 

Sec t ion 25.203 S t a l l C h a r a c t e r i s t i c s 

Sec t ion 25.205 S t a l l s : C r i t i c a l Engine Inopera t i ve 

Sec t ion 25.207 S t a l l Warning 

b. E x p l a n a t i o n . 

(1) The purpose of s t a l l t e s t i n g i s t h r e e f o l d : 
( i ) To de f ine the minimum i n f l i g h t a i rspeeds and how they vary 

w i th we igh t , a l t i t u d e , and a i r p l a n e c o n f i g u r a t i o n ( s t a l l speeds ) . 

( i i ) To demonstrate tha t handl ing q u a l i t i e s are adequate to 
a l l o w a safe recovery from the h ighes t a n g l e - o f - a t t a c k a t t a i n a b l e in 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 ) . 

( i i i ) To determine tha t there i s adequate p r e s t a l l warning 
( e i t h e r aerodynamic or a r t i f i c i a l ) to a l l ow the p i l o t t ime to recover from any 
probable high a n g l e - o f - a t t a c k c o n d i t i o n w i thout i n a d v e r t e n t l y s t a l l i n g the 
a i r p l a n e . 

(2) Dur ing t h i s t e s t i n g , the a n g l e - o f - a t t a c k should be inc reased a t 
l e a s t to the po in t where the f o l l o w i n g two c o n d i t i o n s are s a t i s f i e d : 

( i ) At ta inment of an a n g l e - o f - a t t a c k measurably g rea te r than 
tha t f o r maximum l i f t , except when the s t a l l i s de f ined by a s t a l l p revent ion 
dev ice ( e . g . , s t i c k pusher ) . 

f i i ) C l e a r i n d i c a t i o n to the p i l o t through the inherent f l i g h t 
c h a r a c t e r i s t i c s or s t a l l p revent ion dev ice ( e . g . , s t i c k pusher) tha t the 
a i r p l a n e i s s t a l l e d . 

(3) The a i r p l a n e i s cons ide red to be f u l l y s t a l l e d when any one or a 
combinat ion of the below l i s t e d c h a r a c t e r i s t i c s occurs to give the 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 tha t he should stop any f u r t h e r i nc rease in angle of 
a t t a c k , a t which time recovery should be i n i t i a t e d us ing normal t echn iques . The 



AC 25-7 
Chg. 1 

06/06/95 

stall speed is defined as the minimum speed reached during the maneuver, except for those airplanes which 
* require stall prevention devices (see paragraph (iv) below). 

(i) The pitch control reaches the aft stop and is held full aft for two seconds, 
or until the pitch attitude stops increasing, whichever occurs later. In the case of turning flight stalls, 
recovery may be initiated once the pitch control reaches the aft stop when accompanied by a rolling motion 
that is not immediately controllable (provided the rolling motion complies with § 25.203(c)). 

(ii) An uncommanded, distinctive and easily recognizable nose down pitch 
that cannot be readily arrested. This nose down pitch may be accompanied by a rolling motion that is not 
immediately controllable, provided that the rolling motion complies with § 25.203(b) or (c) as appropriate. 

(iii) The airplane demonstrates an unmistakable, inherent aerodynamic 
warning of a magnitude and severity that is a strong and effective deterrent to further speed reduction. This 
deterrent level of aerodynamic warning (i.e., buffet) must be of a much greater magnitude than the initial 
buffet ordinarily associated with stall warning. An example is a large transport airplane which exhibits 
"deterrent buffet" with flaps up and is characterized by an intensity which inhibits reading cockpit 
instruments and would require a strong determined effort by the pilot to increase the angle-of-attack any 
further. 

(iv) The activation point of a stall prevention device which is a strong and 
effective deterrent to further speed reduction. If an artificial stall prevention system is used, stall speed 
may be defined as the minimum speed in the maneuver, provided stall characteristics are shown to be 
acceptable at an angle-of-attack at least 10 percent beyond the activation point of the stall prevention 
device. (See Figure 29-1.) 

(4) It should be recognized that the point at which the airplane is considered stalled 
may vary, depending on the airplane configuration (flaps, gear, drag devices, center of gravity, and gross 
weight). In any case, the angle-of-attack must be increased until one or more of these characteristics is 
reached for all likely combinations of variables. 

c. Stall Speeds. 

(1) Background. Since many of the regulations pertaining to performance and handling 
qualities specify trim speeds and other variables which are functions of stall speeds, it is desirable to 
accomplish the stall speed testing early in the program, so the data are available for subsequent testing. 
Because of this interrelationship between the stall speeds and other critical performance parameters, it is 
essential that accurate measurement methods be used. Most standard airplane pitot-static systems have not 
been found to be acceptable for stall speed determination. These tests require the use of properly calibrated 
instruments and usually require a separate test airspeed system, such as a trailing bomb, a trailing cone, or 
an acceptable nose or wing boom. 
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(2) C o n f i g u r a t i o n . 

( i ) S t a l l speeds should be determined f o r a l l aerodynamic 
c o n f i g u r a t i o n s to be c e r t i f i c a t e d f o r use in the t a k e o f f , en rou te , approach , 
and l and ing c o n f i g u r a t i o n s . 

( i i ) The cen te r of g rav i t y p o s i t i o n s to be used should be those 
which r e s u l t in the h ighes t s t a l l speeds fo r each weight ( forward e . g . i n most 
c a s e s ) . 

( i i i ) S u f f i c i e n t t e s t i n g should be conducted to determine the 
e f f e c t s of weight on s t a l l speed. A l t i t u d e e f f e c t s ( c o m p r e s s i b i l i t y , Reynolds 
Number) may a l s o be cons idered i f c r e d i t f o r v a r i a t i o n s in these parameters i s 
sought by the a p p l i c a n t . I f s t a l l speeds are not to be de f i ned as a func t ion of 
a l t i t u d e , then a l l s t a l l speed t e s t i n g should be conducted a t a nominal 
a l t i t u d e no lower than 1,500 f t . above the maximum approved takeo f f and l and ing 
a l t i t u d e . (See F igu res 29-3 and 29-4 . ) 

(3) P rocedu res . 

( i ) The a i r p l a n e should be trimmed f o r hands-o f f f l i g h t at a 
speed 20 percent to 40 percent above the a n t i c i p a t e d s t a l l speed wi th the 
engines at i d l e and the a i r p l a n e in the p resc r i bed c o n f i g u r a t i o n f o r which the 
s t a l l speed i s be ing determined. Then, us i ng on ly the pr imary l o n g i t u d i n a l 
c o n t r o l , a constant d e c e l e r a t i o n (entry ra te ) i s main ta ined u n t i l one of the 
p r e v i o u s l y de f i ned p o i n t s which de f i ne the s t a l l i s reached. F o l l o w i n g the 
s t a l l , engine t h r u s t may be u t i l i z e d , as d e s i r e d , to exped i te recove ry . 

( i i ) A s u f f i c i e n t number of s t a l l s (normal ly s i x ) should be 
accompl ished at each c r i t i c a l combinat ion of we igh t , e . g . , and ex te rna l 
c o n f i g u r a t i o n , va ry ing the ent ry ra te from approx imate ly 0 .5 kno ts /second to 
1,5 kno t s / second . The i n t e n t i s to obta in enough data to de f ine the s t a l l speed 
a t an ent ry ra te of 1.0 kno ts / second . (See F igure 29 -2 . ) 

( i i i ) Dur ing the s t a l l speed t e s t i n g , the s t a l l c h a r a c t e r i s t i c s 
of the a i r p l a n e must a l s o s a t i s f y the requirements of §§ 25.203(a) and ( b ) . 

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

( i ) S t a l l speeds are normal ly de f i ned w i th the t h r u s t l e v e r s at 
i d l e ; however, i t i s necessary to v e r i f y by t e s t or a n a l y s i s tha t engine i d l e 
t h r u s t does not a f f e c t s t a l l speeds to an ex tent that they are app rec iab l y lower 
than would be exper ienced a t zero t h r u s t . Negat ive t h r u s t a t the s t a l l which 
s l i g h t l y i nc reases s t a l l speeds i s a c c e p t a b l e . 

( i i ) To determine whether 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 should be conducted a t one f l a p s e t t i n g , w i th 
t h r u s t set to approx imate ly the value requ i red to mainta in l e v e l f l i g h t at 1.6V$ 
in the s e l e c t e d c o n f i g u r a t i o n . 

( i i i ) These data may then be ex t r apo la ted to a zero t h r u s t 
c o n d i t i o n to e l i m i n a t e the e f f e c t s of i d l e t h r u s t on s t a l l speeds. (See F igu re 
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29-5.) I f the d i f f e r e n c e between i d l e t h r u s t and zero t h r u s t s t a l l speed i s 0.5 
knots or l e s s , the e f f e c t may be cons idered i n s i g n i f i c a n t . 

( i v ) The e f f e c t s of engine power on s t a l l speeds f o r a 
t u r b o p r o p e l l e r a i r p l a n e can be eva lua ted in a s i m i l a r manner. Engine t o r q u e , 
engine r . p . m . , and est imated p r o p e l l e r e f f i c i e n c y can be used to p r e d i c t t h r u s 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 a l l p r o p e l l e r s in the feathered p o s i t i o n . Th i s comparison w i l l 
d i r e c t l y i d e n t i f y the e f f e c t s of i d l e power on s t a l l speeds. 

(5) Data Reduct ion and P r e s e n t a t i o n . The f o l l o w i n g i s an example of 
how the data obta ined du r ing the s t a l l speed t e s t i n g may be reduced to s tandard 
c o n d i t i o n s . Other methods have been found a c c e p t a b l e . 

( i ) Ind ica ted a i r speed from the f l i g h t t e s t a i r speed system i s 
recorded throughout the s t a l l , and these values are c o r r e c t e d to equ i va l en t 
a i r s p e e d . 

( i i ) S t a l l en t ry ra te i s then de f ined as the s lope of a 
s t r a i g h t l i n e connec t ing s t a l l speed and an a i r speed 10 percent above the s t a l l 
speed (See F igure 29 -1 . ) 

En t ry Rate = V$-l.lVs/Time D i f f e rence 

( i i i ) The a i r p l a n e l i f t c o e f f i c i e n t , C|_, i s then c a l c u l a t e d f o r 
each t e s t s t a l l speed us ing the equa t i on : 

C L = w/qS = 295.37(w)/(Vs(e)2s) 
Where: W = a i r p l a n e t e s t weight - l b s . 

q = dynamic pressure - l b s . / f t . 2 

S = re fe rence wing area - f t . 2 

v s ( e ) = t e s t s t a l l speed co r rec ted to knots 
equ i va len t a i r s p e e d . 

( i v ) The C L ob ta ined f o r each s t a l l i s then co r rec ted to the 
ta rge ted e . g . p o s i t i o n us ing the equa t i on : 

ClCG = C L ( M A C / l t ) ( C G s t d - C G t e s t ) - A C i _ T 

Where: MAC = Wing mean aerodynamic chord leng th - i n c h e s . 

1^ = E f f e c t i v e t a i l l e n g t h , measured between the 
wing 25 percent MAC and the s t a b i l i z e r 25 
percent MAC - i n c h e s . 

C G s t d = Forward e . g . l i m i t at the pe r t i nen t weight -
percent MAC/100 

CGtest = Ac tua l t e s t e . g . p o s i t i o n - percent MAC/100 

A C L T = Change in Ci due to engine t h r u s t ( i f 
s i g n i f i c a n t 
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(v) For each ta rge ted e . g . and ex te rna l c o n f i g u r a t i o n , a p l o t of 
C[_CG versus ent ry ra te i s c o n s t r u c t e d . The f i n a l s t a l l C|_ i s s e l e c t e d a t an 
ent ry ra te of 1.0 kno t / second . (See F igure 2 9 - 2 . ) 

( v i ) For each f i n a l s t a l l C|_, we igh t , wing f l a p , and ex te rna l 
c o n f i g u r a t i o n , a p l o t o f s t a l l Cj_ versus weight i s c o n s t r u c t e d . (See F igu re 
29 -3 . ) An i n i t i a l negat ive s lope of t h i s p l o t may be caused by severa l f a c t o r s : 

(A) A decrease in C | _ M A X
 d u e t o i n c r e a s i n g Mach 

number (which i nc reases as the s t a l l speed goes up w i th w e i g h t ) ; 

(B) The f ac t that C L M A X * s p ropo r t i ona l to the 
ra te o f change of a n g l e - o f - a t t a c k , whereas the data are p l o t t e d a t f i x e d 
a i r speed b leed r a t e ; and 

(C) Minor adverse a e r o e l a s t i c e f f e c t s on the wings and 
h igh l i f t dev ices as weight (and the re fo re speed) i n c r e a s e s . The i n f l e c t i o n a t 
the r i g h t end i s caused t y p i c a l l y by a l e s s forward e . g . l i m i t as weight 
i n c r e a s e s . 

( v i i ) For each approved c o n f i g u r a t i o n , a p l o t of s t a l l speed 
versus weight i s c o n s t r u c t e d . S t a l l i n g speeds are then c a l c u l a t e d us ing the 
e q u a t i o n : 

V S ( e ) = V 2 9 5 - 3 7 < w > / ( c l - S > 

Where: W = a s e r i e s of weights chosen as the 
independent v a r i a b l e - l b s . 

C L = s t a l l C[_ cor respond ing to the chosen 
we igh t . (See F igu re 29 -4 . ) 

S = re fe rence wing area - f t . 2 

d . S t a l l C h a r a c t e r i s t i c s . 

(1) Background. S ince opera t iona l p i l o t s may not be r e q u i r e d , or 
t r a i n e d , to f l y to an a n g l e - o f - a t t a c k beyond tha t f o r s t a l l warn ing , any 
exposure to the behav ior of the a i r p l a n e in an ac tua l s t a l l would be both 
unexpected and u n f a m i l i a r . The re fo re , to assure a safe and exped i t i ous recovery 
from an un in ten t i ona l s t a l l , i t should not requ i re any unusual p i l o t i n g 
technique to s u c c e s s f u l l y demonstrate compliance wi th § 25 .203 , nor should i t 
requ i re excep t iona l s k i l l or repeated p r a c t i c e by the t e s t p i l o t . The behav ior 
of the a i r p l a n e du r ing the s t a l l and recovery must be e a s i l y c o n t r o l l a b l e us i ng 
normal ly expected p i l o t r e a c t i o n s . 

(2) C o n f i g u r a t i o n . 

( i ) S t a l l c h a r a c t e r i s t i c s should be i n v e s t i g a t e d w i th wings l e v e l 
and in a 30-degree banked turn w i th both power on and power o f f in a l l 
c o n f i g u r a t i o n s approved f o r normal o p e r a t i o n s . 
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( i i ) Power-o f f s t a l l s should be conducted a t f l i g h t i d l e fo r 
the appropr ia te c o n f i g u r a t i o n . For p r o p e l l e r - d r i v e n a i r p l a n e s , the p r o p e l l e r 
should be set in the normal low p i t c h (high r .p .m. ) p o s i t i o n . 

( i i i ) For power-on s t a l l s , t h r u s t should be set to the value 
requ i red to main ta in l e v e l f l i g h t a t a speed of I .6V5 wi th f l a p s in the 
approach p o s i t i o n , l and ing gear r e t r a c t e d , and a t maximum land ing we igh t . The 
approach f l a p p o s i t i o n r e fe r red to i s the maximum f l a p d e f l e c t i o n used to show 
compliance wi th § 25 .121 (d ) , Approach C l imb . 

( i v ) 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 
e . 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 at forward e . g . i n d i c a t e that marginal 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 at forward e . g . , compl iance wi th § 25.203 should be shown f o r the most 
c r i t i c a l l o a d i n g . 

(v) S t a l l s must be demonstrated up to the maximum approved 
opera t i ng a l t i t u d e to determine i f there are any adverse c o m p r e s s i b 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 th gear and 
f l a p s up a t the most adverse cen te r of g r a v i t y . Thrust may be s e t , as r e q u i r e d , 
to mainta in approx imate ly l e v e l f l i g h t and a 1 knot /second d e c e l e r a t i o n . A 
s l i g h t descent ra te i s pe rm i ss i b l e as long as the s t a l l occurs at approximately 
the maximum approved a l t i t u d e . C h a r a c t e r i s t i c s should be checked dur ing a wings 
l e v e l s t a l l and in a 30-degree banked t u r n . 

( v i ) For a i r p l a n e s which are c e r t i f i c a t e d f o r f l i g h t i n to known 
i c i n g c o n d i t i o n s , s t a l l c h a r a c t e r i s t i c s should be demonstrated wi th s imu la ted 
i ce shapes symmet r ica l l y a t tached to a l l su r faces which are not p ro tec ted by 
a n t i - i c e or d e - i c i n g systems. 

( v i i ) For abnormal aerodynamic c o n f i g u r a t i o n s covered by AFM 
procedures , h igh a n g l e - o f - a t t a c k c h a r a c t e r i s t i c s should be eva luated down to 
e i t h e r s t a l l warn ing, or to an a n g l e - o f - a t t a c k equ i va len t to the AFM recommended 
l and ing approach speed d i v i d e d 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 of these c o n d i t i o n s , i t i s not necessary to s t a l l the a i r p l a n e . 
"Adequate c o n t r o l l a b i l i t y " means tha t i t i s p o s s i b l e to produce and to c o r r e c t 
p i t c h , r o l l , and yaw by unreversed use of the f l i g h t c o n t r o l s , and tha t there 
are no uncommanded a i r p l a n e motions due to aerodynamic f low breakdown. I f s t a l l 
warning i s used as the end p o i n t , then i t should be demonstrated that the 
a i r p l a n e i s s a f e l y c o n t r o l l a b l e and maneuverable when flown at the recommended 
opera t i ng speed. 

( v i i i ) S t a l l c h a r a c t e r i s t i c s should a l s o be demonstrated w i th the 
maximum a l l owab le asymmetric fue l l o a d i n g . Requirements are as s p e c i f i e d in 
§§ 25.203(a) and ( c ) . 
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(3) Procedures. 

(i) The airplane should he trimmed for hands-off flight at a speed 20 percent 
to 40 percent above the stall speed, with the appropriate power setting and configuration. Then, using only 
the primary longitudinal control, establish and maintain a deceleration (entry rate) consistent with that 
specified in §§ 25.201(c)(1) or 25.201(c)(2), as appropriate, until the airplane is stalled. Both power and 
pilot selectable trim should remain constant throughout the stall and recovery (angle of attack has 
decreased to the point of no stall warning). 

(ii) The same trim reference (for example, 1.3Vs) should be used for both the 
stall speeds and characteristics testing. For all stall testing, the trim speed is based on the performance stall 
speeds which are (or will be) shown in the AFM. 

(iii) In addition, for turning flight stalls, apply the longitudinal control to 
achieve airspeed deceleration rates up to 3 knots per second. The intent of evaluating higher deceleration 
rates is to demonstrate safe characteristics at higher rates of increase of angle of attack than are obtained 
from the 1 knot per second stalls. The specified airspeed deceleration rate, and associated angle of attack 
rate, should be maintained up to the point at which the airplane stalls. 

(iv) For those airplanes where stall is defined by full nose-up longitudinal 
control for both forward and aft e.g., the time at full aft stick during characteristics testing should be not 
less than that used for stall speed determination. For turning flight stalls, however, recovery may be 
initiated once the pitch control reaches the aft stop when accompanied by a rolling motion that is not 
immediately controllable (provided the rolling motion complies with § 25.203(c)). 

(v) Normal use of lateral/directional control must produce a roll in the applied 
direction up to the point where the airplane is considered stalled. 

(vi) In level wing stalls the bank angle may exceed 20 degrees occasionally, 
provided that lateral control is effective during recovery. 

e. Stall Warning. 

(1) Explanation. The purpose of these stall warning requirements is to provide an 
adequate spread between warning and stall to allow the pilot time to recover without inadvertently stalling 
the airplane. 

(2) Background. To be acceptable, a stall warning must have the following features: 

(i) Distinctiveness. The stall warning indication must be clear and distinct to 
a degree which will ensure positive pilot recognition of an impending stall. 

(ii) Timeliness. The stall warning should normally begin at a speed not less 
than 7 percent above stall speed. A lesser margin may be acceptable depending on the probability of an 
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inadvertent stall following stall \vaming recognition, and how much difference there is between the speed at 
which the airplane stalls (stall identification), and the minimum speed allowed under § 25.103(a). 

(iii) Consistency. The stall warning must be reliable and repeatable. The 
warning must occur with flaps and gear in all normally used positions in both straight and turning flight. 
The warning may be furnished naturally through the inherent aerodynamic characteristics of the airplane, 
or artificially by a system designed for this purpose. If artificial stall warning is provided for any airplane 
configuration, it must be provided for all configurations. 

(iv) An artificial stall warning indication that is a solely visual device which 
requires attention in the cockpit, inhibits cockpit conversation, or in the event of malfunction, causes 
distraction which would interfere with safe operation of the airplane, is not acceptable. 

(3) Procedures. Stall warning tests are normally conducted in conjunction with the 
stall testing required by §§ 25.103 (speeds) and 25.203 (characteristics). 

(4) Data Acquisition and Reduction. The stall warning speed and type and quality of 
warning should be noted. The speed at which acceptable stall warning begins should then be compared to 
the stall speed as defined in paragraph (3) above to determine if the required margin exists. 

g. Accelerated Stall Warning. Determine that adequate stall warning occurs in turning flight 
under expected conditions of flight for takeoff, enroute, and approach/landing configurations at aft e.g. and 
heavy weight. 

h. M A N E U V E R Margins. Determine that adequate maneuvering capability exists prior to stall 
warning at V 2 , all-engines takeoff speed, final takeoff speed (§ 25.121(c)), and V R E F at forward e.g. and 
heavy weight for each appropriate flap setting. 
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FIGURE 29-1. STALL TEST TIME HISTORY 
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FIGURE 29-4 . STALL SPEEDS VS WEIGHT AND FLAP SETTING 
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Sec t ion 7. GROUND AND WATER HANDLING CHARACTERISTICS 

30. GENERAL. 

a . A p p l i c a b l e Federa l A v i a t i o n Regu la t i ons (FAR) . The a p p l i c a b l e 
r e g u l a t i o n s are 2 5 . 2 3 1 , 25 .233 , 25 .235 , 2b .237, and 25.239 of the FAR. 

b. Sec t i on 25.231 - Long i t ud ina l S t a b i l i t y and C o n t r o l . 

(1) E x p l a n a t i o n . Test program o b j e c t i v e s would not be expected to 
demonstrate t a x i i n g over rough sur faces a t speeds high enough to approach 
s t r u c t u r a l des ign l i m i t s , nor i s i t expected tha t in the t e s t program the 
a i r p l a n e be landed harder or a t h igher s ink ra tes than i t w i l l ever encounter in 
s e r v i c e . However, new or mod i f i ed l and ing gear systems would be eva luated on 
rough su r faces tha t are r ep resen ta t i ve of normal s e r v i c e and land ings conducted 
a t va r ious s ink ra tes s u f f i c i e n t to i d e n t i f y any dangerous c h a r a c t e r i s t i c s or 
t endenc ies . V a r i a b l e s to be cons ide red are cen te r of g r a v i t y and t ax i speed. 
The c o c k p i t motion dynamics dur ing ground hand l i ng should not impede con t ro l of 
the a i r p l a n e , and p i t c h i n g motion du r ing bounce should not c rea te s t a t i c p i t c h 
con t ro l problems or p i l o t induced o s c i l l a t i o n t e n d e n c i e s . 

(2) P rocedu res . Ground hand l i ng t e s t s at speeds normal ly expected i n 
s e r v i c e should be conducted on smooth and rough su r faces which are l i k e l y to be 
encountered under normal ope ra t i ng c o n d i t i o n s . P a r t i c u l a r a t t e n t i o n should be 
pa id to the f o l l o w i n g : 

( i ) B rakes . The adequacy of the brakes when maneuvering on 
the ground and the tendency of the brakes to cause nos ing -over should be 
i n v e s t i g a t e d . Any bad tendency w i l l normal ly be exaggerated when t a x i i n g in a 
s t rong c ross or t a i l wind. 

( i i ) Seaplanes and Amphibians. The most adverse water c o n d i t i o n s 
sa fe f o r t a x i i n g , t a k e o f f , and l a n d i n g must be e s t a b l i s h e d . The use and 
l i m i t a t i o n s of reverse th rus t must be determined. 

c . Sec t i on 25.233 - D i r e c t i o n a l S t a b i l i t y and C o n t r o l . 

(1) E x p l a n a t i o n . None. 

(2) P rocedures . T a x i , t a k e o f f , and l and ing should be conducted i n a l l 
c o n f i g u r a t i o n s under normal ope ra t i ng c o n d i t i o n s . 

( i ) There may be no u n c o n t r o l l a b l e ground- loop ing tendency in 
90-degree c r o s s w i n d s , up to a wind v e l o c i t y of 20 knots or 0 .2V$g, whichever i s 
g rea te r (except that the wind v e l o c i t y need not exceed 25 knots) at any speed a t 
which the a i r p l a n e may be expected to be operated on the ground. T h i s may be 
shown wh i l e e s t a b l i s h i n g the 90-degree crosswind component requ i red by § 25.237. 

( i i ) Landplanes must be s a t i s f a c t o r i l y c o n t r o l l a b l e , w i thout 
excep t iona l p i l o t i n g s k i l l or a l e r t n e s s in power-of f l and ings a t normal l and ing 
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speed, w i thout u s i n g brakes or engine power to mainta in a s t r a i g h t pa th . T h i s 
may be shown dur ing power-of f land ings made in con junc t ion w i th other t e s t s . 

( i i i ) The a i r p l a n e must have adequate d i r e c t i o n a l con t ro l d u r i n g 
t a x i i n g . T h i s may be shown dur ing t a x i i n g p r i o r to t a k e o f f s made in con junc t ion 
w i th other t e s t s . 

d . Sec t ion 25.235 - T a x i i n g C o n d i t i o n . [RESERVED] 

e . Sec t ion 25.237 - Wind V e l o c i t i e s . 

(1) E x p l a n a t i o n . 

( i ) Landplanes. 

(A) There must be a 90-degree crosswind component 
e s t a b l i s h e d tha t i s shown to be safe fo r t akeo f f and l a n d i n g on dry runways. 

(B) The a i r p l a n e must e x h i b i t 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 
and hand l i ng c h a r a c t e r i s t i c s in 90-degree crosswinds at any ground speed a t 
which the a i r p l a n e i s expected to opera te . 

( i i ) Seaplanes and Amphibians. 

(A) There must be a 90-degree crosswind component 
e s t a b l i s h e d tha t i s shown to be safe f o r takeo f f and l and ing in a l l water 
c o n d i t i o n s that may reasonably be expected i n normal o p e r a t i o n . 

(B) There must be a wind v e l o c i t y e s t a b l i s h e d f o r which 
t a x i i n g i s safe in any d i r e c t i o n under a l l water c o n d i t i o n s tha t may reasonably 
be expected in normal o p e r a t i o n . 

( i i i ) Crosswind Demonstrat ion. A 90-degree crosswind component at 
10 meters (as requ i red by § 25.21(f)) of a t l e a s t 20 knots or 0.2Vso> whichever 
i s g r e a t e r , except that i t need not exceed 25 k n o t s , must be demonstrated dur ing 
type c e r t i f i c a t i o n t e s t s . There are two r e s u l t s p o s s i b l e : 

(A) A crosswind component value may be e s t a b l i s h e d which 
meets the minimum requirements but i s not cons idered to be a l i m i t i n g value f o r 
a i r p l a n e hand l ing c h a r a c t e r i s t i c s . Th i s "demonstrated" value should be inc luded 
as in fo rmat ion in the AFM. 

(B) A crosswind component value may be e s t a b l i s h e d which i s 
cons idered to be a maximum l i m i t i n g value up to which i t i s safe to operate f o r 
t akeo f f and l a n d i n g . Th is " l i m i t i n g " value should be shown in the Opera t ing 
L i m i t a t i o n s sec t i on of the AFM. 

(2) P rocedures . 

(1) C o n f i g u r a t i o n . These t e s t s should be conducted in the 
f o l l o w i n g c o n f i g u r a t i o n s : 
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(A) A t l i g h t weight and a f t e . g . ( t h i s i s d e s i r a b l e ; 
however, f l e x i b i l i t y should be pe rm i t t ed ) . 

(B) Normal t akeo f f and l and ing f l a p c o n f i g u r a t i o n s us ing 
the recommended procedures . 

(C) Normal usage of t h r u s t r e v e r s e r s . P a r t i c u l a r a t t e n t i o n 
should be pa id to any degradat ion of rudder e f f e c t i v e n e s s due to t h r u s t r eve rse r 
a i r f l o w e f f e c t s . 

(D) Yaw dampers/ turn coo rd ina to r On, or O f f , whichever i s 
a p p l i c a b l e . 

( i i ) Test Procedure and Required Data . Three t akeo f f s and 3 
l a n d i n g s , wi th a t l e a s t one land ing to a f u l l s t o p , should be conducted i n a 
90-degree c rosswind component of at l e a s t 20 knots or 0.2Vso» whichever i s 
g r e a t e r , except t ha t f o r Amendment 25-42 only i t need not exceed 25 k n o t s . For 
each t e s t c o n d i t i o n , a q u a l i t a t i v e eva lua t i on by the p i l o t of a i r p l a n e c o n t r o l 
c a p a b i l i t y , forces, a i r p l a n e dynamic reac t i on in gusty c rosswinds ( i f 
a v a i l a b l e ) , and general hand l ing c h a r a c t e r i s t i c s should be conducted. The 
a i r p l a n e must be s a t i s f a c t o r i l y c o n t r o l l a b l e w i thout r e q u i r i n g excep t iona l 
p i l o t i n g s k i l l or s t r e n g t h . Wind data from the INS systems, tower , or po r tab le 
ground reco rd ing s t a t i o n s should be co r rec ted to a 90-degree crosswind component 
and to a he ight of 10 meters . 

f . Sec t ion 25.239 - Spray C h a r a c t e r i s t i c s , C o n t r o l , and S t a b i l i t y on Water. 

(1) E x p l a n a t i o n . These c h a r a c t e r i s t i c s should be i n v e s t i g a t e d a t the 
most adverse w e i g h t / e . g . comb ina t ions . 

(2) P rocedures . 

( i ) The spray c h a r a c t e r i s t i c s and, in p a r t i c u l a r , the p i l o t view 
du r i ng the i n i t i a l t akeo f f r u n , should a l l ow s u f f i c i e n t view in order to 
main ta in a reasonable t rack over the water . S ince not a l l seaplane opera t ions 
are on open lakes or bays but can be on r i v e r s or channe l s , the d i r e c t i o n a l 
c o n t r o l and view should be s u f f i c i e n t enough to s tay w i th in the channel 
c o n f i n e s . 

( i i ) The tendency of the wing f l o a t s or sponsons to submerge 
and/or cause water loops should be eva lua ted du r ing the c rosswind t e s t i n g . 
Dur ing the step t a x i i n g e v a l u a t i o n s , the f l o a t s should a l s o be eva lua ted f o r any 
tendency to bury and e i t h e r cause water loop ing or damage. The procedures used 
to avo id undes i rab le c h a r a c t e r i s t i c s should be inc luded in the AFM. 

( i i i ) Dur ing low speed t a x i , the e f f e c t i v e n e s s of the water 
rudders and/or asymmetric t h r u s t should be eva lua ted in view of the types of 
maneuvering to be expected i n s e r v i c e . I f reverse t h r u s t i s to be used , i t too 
should be eva luated i n terms of ease of accomplishment and crew c o o r d i n a t i o n . 
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( i v ) I f an amphibian i s intended to be "beached" or run up a ramp, 
the hand l ing c h a r a c t e r i s t i c s and a b i l i t y to maneuver onto the ramp should be 
e v a l u a t e d . Forward e . g . i s genera l l y more c r i t i c a l . The procedures should be 
i nc l uded i n the AFM. There should be no undue tendency to damage the bow or 
o ther s t r u c t u r e . 

(v) Engine f a i l u r e of the c r i t i c a l engine at any time dur ing the 
t akeo f f run should be e v a l u a t e d . No dangerous p o r p o i s i n g , swerv ing , or 
wa te r loop ing should r e s u l t . 

( v i ) There should be no undue tendency to porpo ise and no 
ex t r ao rd i na r y s k i l l or a l e r t n e s s should be requ i red to con t ro l p o r p o i s i n g . 

( v i i ) Spray impingement on the a i r f rame (con t ro l s u r f a c e s , e t c . ) 
should be eva luated to assure the r e s u l t i n g loads are w i th in acceptab le l i m i t s . 

( v i i i ) The above eva lua t i ons should be performed i n the a i r p l a n e 
on the water ra the r than by a n a l y s i s or model t e s t i n g . A n a l y s i s and /or model 
t e s t i n g may be used to po in t out the problem areas but should not be 
s u b s t i t u t e d f o r ac tua l t e s t i n g . 
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Sec t ion 8 . MISCELLANEOUS FLIGHT REQUIREMENTS 

3 1 . VIBRATION AND BUFFETING - § 25 .251 . 

a . E x p l a n a t i o n . 

(1) The t e s t i n g requ i red by Subpart C of Pa r t 25 covers the v i b r a t i o n 
extremes expected in s e r v i c e . The Federal A v i a t i o n A d m i n i s t r a t i o n and the 
a p p l i c a n t ' s f l i g h t t e s t s should assure tha t the regu la to ry l i m i t s are not 
exceeded. F l i g h t t e s t i n g should not be conducted beyond where s t r u c t u r a l 
(Subpart C) t e s t s and c a l c u l a t i o n s have been completed. 

(2) For §§ 25.251(b) and ( c ) , v i b r a t i o n and b u f f e t i n g i s cons idered 
excess i ve when i t i s determined tha t i t : 

( i ) May cause s t r u c t u r a l damage o r , i f sus ta ined over an 
extended per iod of t ime , cou ld l ead to s t r u c t u r a l f a t i g u e ; 

( i i ) May cause p i l o t f a t i gue or annoyance which i n t e r f e r e s w i th 
opera t ion of the a i r p l a n e or management of the a i r p l a n e systems; o r , 

( i i i ) I n t e r f e r e s w i th f l i g h t instrument r e a d a b i l i t y . 

(3) No p e r c e p t i b l e b u f f e t i n g i s permi t ted in the c r u i s e c o n f i g u r a t i o n 
as requ i red by § 25 .251(d ) . Weight and/or a l t i t u d e A i r p l a n e F l i g h t Manual (AFM) 
l i m i t a t i o n s may need to be imposed to comply wi th t h i s c r i t e r i o n . Reasonable 
bu f f e t du r i ng the deployment of s p o i l e r s and other high drag dev ices i s 
permi t ted to the extent a l lowed under §§ 25.251(b) and (c) as descr ibed above. 

(4) A determinat ion of a b u f f e t onset envelope i s to be e s t a b l i s h e d 
f o r the ranges of a i r speed and/or Mach number, we igh t , a l t i t u d e , and load f a c t o r 
f o r which the a i r p l a n e i s to be c e r t i f i c a t e d . Th is envelope should be made a 
pa r t of the AFM i n accordance wi th § 25 .1585(c ) . Th i s AFM data should be v a l i d 
c r i t e r i o n fo r forward e . g . c o n d i t i o n s or c o r r e c t a b l e to forward e . g . by the use 
of AFM procedures . T h i s boundary should be e s t a b l i s h e d by p i l o t event as there 
i s no e s t a b l i s h e d c r i t e r i o n f o r bu f fe t l eve l at the p i l o t s t a t i o n . A normal 
a c c e l e r a t i o n of +.05g has been proposed; however, tha t w i l l vary from a i r p l a n e 
to a i r p l a n e and may a l so be a f f e c t e d by the dynamic response of the 
acce le romete r . 

(5) M o d i f i c a t i o n s to a i r p l a n e s , p a r t i c u l a r l y m o d i f i c a t i o n s which may 
a f f e c t a i r f l o w about the w ing , should be eva lua ted f o r a f f e c t on v i b r a t i o n and 
b u f f e t i n g c h a r a c t e r i s t i c s , changes in the speeds f o r onset of b u f f e t , and 
maneuvering c h a r a c t e r i s t i c s beyond bu f f e t onse t . Th i s change may not on ly 
impact the bu f f e t boundary envelope but may change the a c c e p t a b i l i t y of the 
V M O / M M O

 o r V D F / M D F de r i ved from the unmodif ied a i r p l a n e . I f t h i s o c c u r s , the 
maximum opera t i ng speed and dive speed may be reduced. However, the a p p l i c a b l e 
speed spread margin r e g u l a t i o n s remain in e f f e c t . Systems and f l i g h t 
c h a r a c t e r i s t i c s a f f e c t e d by the reduced maximum speeds should a l s o be 
r e e v a l u a t e d . I nd i ca to r mark ings , overspeed ho rns , e t c . should be rese t as 
necessary i f the a i r p l a n e i s to remain in the t r anspo r t ca tego ry . 
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(6) Sec t i on 25.571 s p e c i f i e s design c r i t e r i a f o r f a t i gue to le rance of 
a i r p l a n e s t r u c t u r e . Dur ing the f l i g h t t e s t program, i n c l u d i n g func t i on and 
r e l i a b i l i t y (F&R), evidence of v i b r a t i o n of a magnitude below that l e a d i n g to 
con t ro l problems, e t c . , as desc r i bed in §§ 25.251(b) and ( c ) , should be 
analyzed f o r f a t i gue i m p l i c a t i o n s . 

(7) On swept-wing a i r p l a n e s , undes i rab le p i t ch -up maneuvering 
c h a r a c t e r i s t i c s can occur as the cen te r of l i f t moves inboard and forward wi th 
i n c r e a s i n g g , due to shock-wave induced separa t ion and/or as wing l oad 
a l l e v i a t i o n systems unload the w i n g t i p s . S t r a i g h t - w i n g a i r p l a n e s can a l s o 
e x h i b i t s i m i l a r c h a r a c t e r i s t i c s ; t h e r e f o r e , new a i r p l a n e s and those mod i f ied in 
a manner t h a t may a f f e c t the spanwise l i f t d i s t r i b u t i o n or produce undes i rab le 
p i t c h i n g moment as a func t ion of g , or inc rease the exposure to high a l t i t u d e 
bu f f e t encoun te rs , should be eva luated as descr ibed h e r e i n . 

(8) I t has been determined that a p o s i t i v e s lope of the s t i c k f o rce 
versus g ( F s / g ) r e l a t i o n s h i p i s not n e c e s s a r i l y requ i red a t speeds and g 
combinat ions beyond Vprj/Mpc and/or bu f fe t onse t . However, § 25.251(e) r equ i res 
tha t "probable i nadver ten t excurs ions beyond the boundar ies o f bu f f e t " may not 
r e s u l t in "unsafe c o n d i t i o n s . " Sec t ion 25.251(e) does not adequately desc r i be 
the requ i red maneuvering s t a b i l i t y c h a r a c t e r i s t i c s intended in demonstrat ing 
compl iance . In order to assure that no "unsafe c o n d i t i o n s " are encountered in 
maneuvering f l i g h t , maneuvering f l i g h t eva lua t i ons to demonstrate s a t i s f a c t o r y 
maneuvering s t a b i l i t y are descr ibed h e r e i n . A determinat ion of the 
l o n g i t u d i n a l maneuvering c h a r a c t e r i s t i c s should be made to assure the a i r p l a n e 
i s s a f e l y c o n t r o l l a b l e and maneuverable in the c r u i s e c o n f i g u r a t i o n to assure 
there i s no danger of exceeding the a i r p l a n e l i m i t load f a c t o r and tha t the 
a i r p l a n e ' s p i t ch response to primary l o n g i t u d i n a l con t ro l i s p r e d i c t a b l e to the 
p i l o t . 

b. P rocedures . 

(1) Sec t ion 25 .251(a ) . The t e s t procedures o u t l i n e d below w i l l 
p rov ide the necessary f l i g h t demonstrat ions fo r compl iance wi th § 25 .251 (a ) . 

(2) Sec t i on 25 .251(b ) . The a i r p l a n e should be flown a t V D p /M Dp a t 
severa l a l t i t u d e s from the h ighes t p r a c t i c a b l e c r u i s e a l t i t u d e to the lowest 
p r a c t i c a b l e 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 at 
v M0/ M M0 a t a t h r u s t s e t t i n g not exceeding maximum cont inuous power. The 
a i r p l a n e gross weight should be as high as p r a c t i c a b l e f o r the c r u i s e c o n d i t i o n 
w i th the e . g . at or near the a f t l i m i t . 

( i ) High drag dev ices should a l s o be deployed a t V Q P / M D P 

( s p o i l e r s and speed b r a k e s ) ; t h r u s t r e v e r s e r s , i f designed fo 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 c o n d i t i o n s . 

( i i ) A i r p l a n e s equipped w i t h pneumatic d e - i c e r boots should be 
eva lua ted to Vop/Mrjp w i th d e - i c i n g on and o f f ( i f automat ic) and not o p e r a t i n g . 
I f the a p p l i c a n t des i r es to r e s t r i c t the maximum opera t i ng speed (V^£ or 
V ^ O / M M Q )

 t 0 a lower value wi th d e - i c i n g on , i t should be shown tha t excess i ve 
v i b r a t i o n or b u f f e t i n g does not occur at speeds of the new V^^+IO percent of Vrjp 
or the new V M Q / M M O + 2 0 percent of Vpp. 
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(3) Sec t i on 25 .251 (c ) . The weight of the a i r p l a n e should be as heavy 
as p r a c t i c a l commensurate wi th ach iev i ng the maximum c e r t i f i c a t e d a l t i t u d e . 

(4) Sec t i on 25 .251(d ) . I t should be shown by f l i g h t t e s t s tha t 
p e r c e p t i b l e b u f f e t i n g does not occur in s t r a i g h t f l i g h t in the c r u i s e 
c o n f i g u r a t i o n a t any speed up to V ^ O / M M O -

 T n i ' s t e s t should be conducted 
a t the h ighest c r u i s e weight and a l t i t u d e expected i n s e r v i c e . 

(5) Sec t i on 25 .251 (e ) . Th i s requirement p rov ides c r i t e r i a fo r 
e v a l u a t i o n of maneuvering s t a b i l i t y in c r u i s e f l i g h t under load f a c t o r 
c o n d i t i o n s up to and beyond the onset of b u f f e t . The determinat ion of 
compl iance wi th § 25.251(e) us ing f l i g h t t e s t data from maneuvers conducted wel l 
i n t o bu f f e t i s extremely d i f f i c u l t due to the dynamics of t h i s type of maneuver 
and the es tab l i shment o f the F s / g r e l a t i o n s h i p from such d a t a . The p i l o t f l y i n g 
the a i r p l a n e needs to eva lua te the a i r p l a n e c h a r a c t e r i s t i c s under such 
c o n d i t i o n s . In t h i s r e g a r d , F igu res 31-1 and 31-2 i l l u s t r a t e general a i r p l a n e 
responses and do not n e c e s s a r i l y i n d i c a t e requ i red q u a n t i t a t i v e f l i g h t t e s t 
r e s u l t s . 

( i ) A i r p l a n e s should be eva luated a t the most a f t e . g . in 
accordance wi th the f o l l o w i n g c r i t e r i a : 

(A) For a l l w e i g h t / a l t i t u d e combinat ions where bu f f e t onset 
occurs a t va r ious load f a c t o r s between approx imate ly + lg and +2g, the 
l o n g i t u d i n a l c o n t r o l fo rce ( F s ) c h a r a c t e r i s t i c s of §§ 25.255(b) (1) and (2) app ly 
p r i o r to encounter ing tha t b u f f e t onset (see bu f f e t f ree reg ions of F i gu res 31-1 
and 3 1 - 2 ) . 

(B) Under the a i r p l a n e w e i g h t / a l t i t u d e / s p e e d combinat ions 
of (A) above, but a t load f a c t o r s beyond bu f f e t o n s e t , the f o l l o w i n g F s 

c h a r a c t e r i s t i c s apply (see bu f f e t reg ions of F igu res 31-1 and 3 1 - 2 ) : 

(_1) The eva lua t i on should proceed to a g l e v e l tha t 
w i l l a l l ow recovery to be accompl ished near +2.5g, un less s u f f i c i e n t bu f f e t or 
o ther phenomena ( n a t u r a l , a r t i f i c i a l , or a combinat ion) of such i n t e n s i t y e x i s t s 
t ha t i s a s t rong and e f f e c t i v e de te r ren t to f u r t h e r p i l o t a p p l i c a t i o n of nose-up 
l o n g i t u d i n a l c o n t r o l fo rce (as in § 25 .201(d) (2 ) ) so tha t there i s no danger of 
exceeding the a i r p l a n e l i m i t load f a c t o r (Ref . § 25 .143 (b ) ) . 

(2) Any p i t c h i n g tendency (uncommanded changes in load 
f a c t o r ) s h a l l be m i l d and r e a d i l y c o n t r o l l a b l e . 

(_3) S u f f i c i e n t con t ro l s h a l l be a v a i l a b l e to the 
p i l o t , through unreversed use of on ly the pr imary l o n g i t u d i n a l c o n t r o l , to 
e f f e c t a prompt recovery to +lg f l i g h t from the load f a c t o r s descr ibed h e r e i n . 

(4) The a i r p l a n e ' s p i t c h response to pr imary 
l o n g i t u d i n a l con t ro l s h a l l be p r e d i c t a b l e to the p i l o t . 

( i i ) Exper ience has shown tha t maneuvering e v a l u a t i o n s conducted 
a t the h ighes t Mach and the h ighes t weight and a l t i t u d e (W/del ta) combinat ion 
may not n e c e s s a r i l y produce the most c r i t i c a l r e s u l t s . Equa l l y important i s the 
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FIGURE 3 1 - 1 . MANEUVERING CHARACTERISTICS 
Speeds Up to the Lesser of Vpc or Mfc or 

B u f f e t Onset at 1G 

See paragraph b(5) 
f o r d i scuss ion o f data 
beyond b u f f e t onse t . 

FIGURE 3 1 - 2 . MANEUVERING CHARACTERISTICS 
Speeds Between F igu re 3 1 - 1 and Vnp or MQF 

•These c h a r a c t e r i s t i c s a re s a t i s f a c t o r y 
o n l y i n accordance w i t h paragraphs 
b(5)(l)(A) and(B) . 
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cha rac te r of the bu f fe t b u i l d u p , e . g . , s lowly i n c r e a s i n g or rap id r i s e , and the 
g a t which i t s t a r t s . Cond i t i ons a s s o c i a t e d w i th bu f f e t onset near 2g a t Mach 
numbers below M̂o have sometimes y i e l d e d the most c r i t i c a l c h a r a c t e r i s t i c s . 
T h e r e f o r e , a s u f f i c i e n t spread of c o n d i t i o n s should be e v a l u a t e d . 

32. HIGH SPEED CHARACTERISTICS - § 25 .253 . 

a . E x p l a n a t i o n . 

(1) The maximum f l i g h t demonstrated speed, VnF/MnF, i s used 
when e s t a b l i s h i n g V M Q / M M O and the a s s o c i a t e d speed margins under the 
p r o v i s i o n s of § 25.1505. Both VMQ and MJVJQ are then eva luated dur ing 
f l i g h t t e s t s f o r showing compliance wi th § 25.253. 

(2) The p i t c h upset descr ibed i n § 25 .335 (b ) , Amendment 25 -23 , or 
§ 25.1505, pre-Amendment 25 -33 , i s f o r a design c r i t e r i a o n l y . The ope ra t i ona l 
upsets expected to occur in se r v i ce fo r p i t c h , r o l l , yaw, and combined a x i s 
upsets are covered under § 25.253. 

(3) In g e n e r a l , the same maneuvers should be accompl ished i n both the 
dynamic pressure and Mach c r i t i c a l ranges. A l l maneuvers in e i t h e r range should 
be accompl ished a t th rus t and t r im po in ts appropr ia te fo r the s p e c i f i c range. 
I t must be r e a l i z e d tha t some maneuvers in the Mach range may be more c r i t i c a l 
f o r some a i r p l a n e s due to drag r i s e c h a r a c t e r i s t i c s , and tha t a t high a l t i t u d e s 
a lower gross weight may be requ i red to achieve the maximum approved ope ra t i ng 
a l t i t u d e and Mach/a i rspeed c o n d i t i o n s . 

(4) The a i r p l a n e ' s hand l ing c h a r a c t e r i s t i c s in the high speed range 
should be i n v e s t i g a t e d in terms of a n t i c i p a t e d ac t i on on the par t o f the f l i g h t -
crew du r ing normal and emergency c o n d i t i o n s . 

(5) A t l e a s t the f o l l o w i n g f a c t o r s should be cons idered i n determin ing 
the necessary f l i g h t t e s t s . 

( i ) E f f e c t i v e n e s s of l o n g i t u d i n a l c o n t r o l a t V M Q / M M Q and up to 
V D F / M D F -

( i i ) E f f e c t of any reasonably probable m is t r im on upset and 
recove ry . 

( i i i ) Dynamic and s t a t i c s t a b i l i t y . 

( i v ) The speed i n c r e a s e tha t r e s u l t s from l i k e l y passenger 
movement when trimmed a t any c r u i s e speed to V ^ O / M M O -

(v) Tr im changes r e s u l t i n g from c o m p r e s s i b i l i t y e f f e c t s . 

( v i ) C h a r a c t e r i s t i c s e x h i b i t e d dur ing recovery from inadver ten t 
speed i n c r e a s e . 

( v i i ) Upsets due to v e r t i c a l and h o r i z o n t a l gusts ( t u r b u l e n c e ) . 
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( v i i i ) Speed i nc reases due to h o r i z o n t a l gusts and temperature 
i n v e r s i o n s . 

( i x ) E f f e c t i v e and unmistakable aura l speed warning at V ^ Q p lus 6 
k n o t s , or M̂ o p lus 0.01M. 

(x l Speed and f l i g h t p a t h con t ro l du r i ng a p p l i c a t i o n of 
d e c e l e r a t i o n d e v i c e s . 

( x i ) The manageab i l i t y of con t ro l f o r c e s r e s u l t i n g from the 
a p p l i c a t i o n of d e c e l e r a t i o n d e v i c e s . 

(6) The f a c t o r s o u t l i n e d in § 25.335(b)(2) and i n paragraph (5) above, 
should be cons idered in e s t a b l i s h i n g minimum speed margins dur ing type 
c e r t i f i c a t i o n programs fo r the Mach and a i r speed ranges as f o l l o w s : 

( i ) Increment a l lowance fo r h o r i z o n t a l gusts (0.02M). 

( i i ) Increment a l lowance fo r pene t ra t ion of j e t stream or c o l d 
f r on t (0.015M). 

( i i i ) Increment al lowance f o r p roduc t ion t o l e rances in a i r speed 
systems (0.005M), un less l a r g e r d i f f e r e n c e s are found to e x i s t . 

( i v ) Increment al lowance fo r product ion to le rances of overspeed 
warning e r r o r (0 .01M) , un less l a r g e r t o l e rances or e r r o r s are found to e x i s t . 

(v) Increment al lowance AM due to speed overshoot from M^Q 
e s t a b l i s h e d by upset dur ing f l i g h t t e s t s in accordance wi th § 25.253 should be 
added to the va lues fo r product ion d i f f e r e n c e s and equipment t o l e r a n c e s , and 
the minimum acceptab le combined value should not be l e s s than .05M between M^Q 
and Mp/Mpp- The value of M^n, then should not be greater than the lowest value 
obta ined from each of the f o l l o w i n g equat ions and from § 25.1505: 

HM0 ^ M D / M D F - A M - . 0 0 5 M - . 0 1 M 

or 

MM0 ^ M D / M D F - . 0 5 M 

( v i ) A t a l t i t u d e s where VpjQ i s l i m i t i n g , the a l lowances of 
paragraphs ( 6 ) ( i ) and ( i i ) are a p p l i c a b l e when the Mach number increment i s 
conver ted to the u n i t s used in the p resen ta t ion of V ^ Q * 

( v i i ) At a l t i t u d e s where V ^ Q i s l i m i t i n g , the increment 
a l lowance f o r product ion d i f f e r e n c e s of a i rspeed systems and product ion 
t o l e r a n c e s of overspeed warning e r r o r s are 3 and 6 k n o t s , r e s p e c t i v e l y , un less 
l a r g e r d i f f e r e n c e s or e r r o r s are found to e x i s t . 

( v i i i ) Increment a l lowance A V due to speed overshoot from V ^ Q . 
e s t a b l i s h e d by upset du r ing f l i g h t t e s t s in accordance wi th § 25 .253 , should be 
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added to the values f o r product ion d i f f e r e n c e s and equipment t o l e r a n c e s . The 
value of V"MQ should not be greater than the lowest obta ined from the f o l l o w i n g 
equat ion and from § 25.1505: 

VM0 6: Vn/VpF-AV-3 knots (product ion d i f f e r e n c e s ) - 6 knots 
(equipment t o l e r a n c e s ) . 

b. Regu la t i ons A f f e c t e d . These c r i t e r i a r e f e r to c e r t a i n p r o v i s i o n s of 
P a r t 25 of the Federa l A v i a t i o n Regu la t ions (FAR). They may a l s o be used in 
showing compl iance w i th the cor respond ing p r o v i s i o n s of the former C i v i l A i r 
Regu la t i ons (CAR) in the case of a i r p l a n e s to which those r e g u l a t i o n s are 
a p p l i c a b l e . Other a f f e c t e d FAR are as f o l l o w s : 

Sec t i on 25.175(b) 

Sec t i on 25.251 

Sec t i on 25.253 

Demonstrat ion of 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 . 

V i b r a t i o n and b u f f e t i n g . 

High-speed c h a r a c t e r i s t i c s . 

Sec t i on 25.335(b) Design d ive speed, Vn. 

Sec t i ons 25.1303(b)(1) and (c) F l i g h t and nav iga t i on i ns t rumen ts . 

Sec t i on 25.1505 Maximum opera t i ng l i m i t speed. 

c . P rocedures . Using the speeds V ô/M ô and V Q F / M D F determined in 
accordance wi th 25.1505 and 25 .251 , r e s p e c t i v e l y , and the a s s o c i a t e d speed 
marg ins , the a i r p l a n e should be shown to comply wi th the high-speed 
c h a r a c t e r i s t i c s of § 25.253. Unless otherwise s t a t e d , the a i r p l a n e 
c h a r a c t e r i s t i c s should be i n v e s t i g a t e d a t the most c r i t i c a l speed up to and 
i n c l u d i n g V ^ O / M M O * and the recovery procedures used should be those 
s e l e c t e d by the a p p l i c a n t , except that the normal a c c e l e r a t i o n du r ing recovery 
should be no more than 1.5g ( t o t a l ) . T e s t i n g should be conducted at the 
c r i t i c a l e . g . 

(1) Center o f Grav i t y S h i f t . The a i r p l a n e should be upset by the 
cente r of g r a v i t y s h i f t co r respond ing to the forward movement of a 
rep resen ta t i ve number of passengers (and/or s e r v i n g c a r t s ) depending upon the 
a i r p l a n e i n t e r i o r c o n f i g u r a t i o n . The a i r p l a n e should be permi t ted to 
a c c e l e r a t e u n t i l 3 seconds a f t e r e f f e c t i v e overspeed warn ing . 

(2) Inadver tent Speed Inc rease . S imulate an evas ive con t ro l 
a p p l i c a t i o n when trimmed a t V ^ O / M M O * by app l y i ng s u f f i c i e n t forward 
fo rce to the p i t c h con t ro l to produce 0.5g ( t o t a l ) f o r a per iod of 5 seconds, 
a f t e r which recovery should be e f f e c t e d a t not more than 1 .5g ( t o t a l ) . 

(3) Gust Upset . In the f o l l o w i n g th ree upset t e s t s , the va lues of 
d isp lacement should be approp r ia te to the a i r p l a n e type and should depend upon 
a i r p l a n e s t a b i l i t y and i n e r t i a c h a r a c t e r i s t i c s . The lower and upper l i m i t s 
should be used f o r a i r p l a n e s w i th low and h igh m a n e u v e r a b i l i t y , r e s p e c t i v e l y . 
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( i ) With the a i r p l a n e trimmed in w i n g s - l e v e l f l i g h t , s imu la te a 
t r a n s i e n t gust by r a p i d l y r o l l i n g to the maximum bank angle appropr ia te f o r the 
a i r p l a n e , but not l e s s than 45 degrees nor more than 60 degrees. The rudder 
and l o n g i t u d i n a l con t ro l should be held f i x e d du r ing the t ime tha t the requ i red 
bank i s be ing a t t a i n e d . The r o l l i n g v e l o c i t y should be a r res ted a t t h i s bank 
a n g l e . Fo l l ow ing t h i s , the c o n t r o l s should be abandoned f o r a minimum of 3 
seconds a f t e r V ^ Q / M M Q or 10 seconds, whichever occurs f i r s t . 

( i i ) Perform a l o n g i t u d i n a l upset from normal c r u i s e . A i r p l a n e 
t r i m i s determined a t V ^ Q / M M Q us ing power / th rus t requ i red f o r l e v e l f l i g h t but 
w i th not more than maximum cont inuous power / th rus t . Th i s i s fo l l owed by a 
decrease in speed a f t e r which an a t t i t u d e of 6-12 degrees nose down as 
appropr ia te f o r the a i r p l a n e type i s a t t a i n e d w i th the power / thrus t and t r i m 
i n i t i a l l y requ i red f o r V M Q / M M O

 i n l e v e l f l i g h t . The a i r p l a n e i s 
permi t ted to acce le ra te u n t i l 3 seconds a f t e r V ^ Q / M M Q - Force l i m i t s of § 25.143 
f o r temporary a p p l i c a t i o n app l y . 

( i i i ) Perform a two-ax is upse t , c o n s i s t i n g of combined 
l o n g i t u d i n a l and l a t e r a l upse ts . Perform the l o n g i t u d i n a l upse t , as in 
paragraph ( i i ) above, and when the p i t c h a t t i t u d e i s s e t , but before reach ing 
V M Q / M M Q , r o l l the a i r p l a n e 15-25 degrees. The e s t a b l i s h e d a t t i t u d e should be 
mainta ined u n t i l 3 seconds a f t e r overspeed warn ing . 

(4) L e v e l i n g Of f from C l imb . Perform t r a n s i t i o n from c l imb to l e v e l 
f l i g h t wi thout reduc ing power below the maximum value permi t ted f o r cl imb u n t i l 
overspeed warn ing . Recovery should be accompl ished by app ly ing not more than 
1.5g ( t o t a l ) . 

(5) Descent from Mach A i r speed L i m i t A l t i t u d e . A descent should be 
performed a t the a i r speed schedule de f ined by M̂ o and cont inued u n t i l an 
overspeed warning o c c u r s , a t which time recovery should be accompl ished w i thout 
exceeding 1.5g ( t o t a l ) . 

33 . OUT-OF-TRIM CHARACTERISTICS - § 25 .255 . 

a . E x p l a n a t i o n . Cer ta in e a r l y , tr immable s t a b i l i z e r equipped j e t 
t ranspo r t s exper ienced " j e t upsets" which r e s u l t e d in high speed d i v e s . When 
the a i r p l a n e was mistrimmed i n the nose-down d i r e c t i o n and a l lowed to a c c e l e r a t e 
to a high a i r s p e e d , i t was found tha t there was i n s u f f i c i e n t e l e v a t o r power to 
recove r . A l s o , the s t a b i l i z e r cou ld not be trimmed i n the nose-up d i r e c t i o n 
because the s t a b i l i z e r motor s t a l l e d due to excess ive a i r l o a d s imposed on the 
h o r i z o n t a l s t a b i l i z e r . As a r e s u l t , a s p e c i a l c o n d i t i o n was developed and 
a p p l i e d to most P a r t 25 a i r p l a n e s wi th tr immable s t a b i l i z e r s . With c e r t a i n 
subs tan t i ve changes, i t was adopted as § 25 .255 , e f f e c t i v e w i th Amendment 25-42 . 
While these background problems seem to be genera l l y a s s o c i a t e d wi th a i r p l a n e s 
hav ing tr immable s t a b i l i z e r s , i t i s c l e a r from preamble d i s c u s s i o n s (Par t 2 5 , 
Change 7 , dated March 1, 1978) t ha t § 25.255 a p p l i e s " r ega rd l ess of the type of 
t r i m system used i n the a i r p l a n e . " Sec t ion 25.255 i s s t ruc tu red to give 
p r o t e c t i o n aga ins t the f o l l o w i n g u n s a t i s f a c t o r y c h a r a c t e r i s t i c s du r i ng 
mistrimmed f l i g h t in the higher speed regimes. 
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(1) Changes in maneuvering s t a b i l i t y l e a d i n g to o v e r c o n t r o l l i n g i n 
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p i t c h . 
(2) I n a b i l i t y t o ach ieve at l e a s t 1.5g f o r recovery from upset due to 

e x c e s s i v e c o n t r o l f o r c e s . 

(3) I n a b i l i t y o f the f l i g h t c r e w to apply the c o n t r o l f o r c e s necessary 
to achieve recove ry . 

(4) I n a b i l i t y o f the p i t c h t r i m system to prov ide necessary c o n t r o l 
f o r c e r e l i e f when high con t ro l fo rce inputs are p resen t . 

b. Reference R e g u l a t i o n . Sec t ion 25 .255 , as amended through Amendment 
25-42 . 

c . D i scuss ion o f The R e g u l a t i o n . 

(1) Sec t i on 25.255(a) i s the general statement of purpose. 
Maneuvering s t a b i l i t y may be shown by a p l o t of a p p l i e d c o n t r o l fo rce versus 
normal a c c e l e r a t i o n a t the a i r p l a n e cen te r o f g r a v i t y . M i s t r i m must be se t to 
the greater of the f o l l o w i n g : 

( i ) Sec t i on 25 .255 (a ) (1 ) . A 3-second movement of the 
l o n g i t u d i n a l t r i m system a t i t s normal ra te f o r the p a r t i c u l a r f l i g h t c o n d i t i o n 
w i th no aerodynamic l o a d . S ince many modern t r im systems are v a r i a b l e ra te 
systems, t h i s subsec t ion requ i res tha t the maneuver c o n d i t i o n be de f i ned and 
t h a t the no - load t r im ra te f o r tha t c o n d i t i o n be used to set the degree of 
m i s t r i m r e q u i r e d . 

( i i ) Sec t i on 2 5 . 2 5 5 ( a ) ( 2 ) . The maximum mis t r im tha t can be 
sus ta ined by the a u t o p i l o t wh i le m a i n t a i n i n g l e v e l f l i g h t i n the high speed 
c r u i s i n g c o n d i t i o n . The high speed c r u i s i n g c o n d i t i o n corresponds to the speed 
r e s u l t i n g from maximum cont inuous power or t h r u s t , or VMO/MMO» whichever 
occurs f i r s t . Maximum a u t o p i l o t m is t r im may be a func t i on of severa l v a r i a b l e s , 
and the degree of m i s t r i m should t he re fo re correspond to the c o n d i t i o n s of t e s t . 

(2) Sec t i on 25.255(b) e s t a b l i s h e s the bas i c requirement to show 
p o s i t i v e maneuvering s t a b i l i t y throughout a s p e c i f i e d a c c e l e r a t i o n envelope a t 
a l l speeds to V F C / M F C » and the absence of l o n g i t u d i n a l c o n t r o l f o r ce 
r e v e r s a l s throughout tha t a c c e l e r a t i o n envelope a t speeds between 
Vpc /MFC a r ) D V D F / M D F - (La te r subsec t i ons (d) and (e) recogn ize 
tha t b u f f e t boundary and c o n t r o l fo rce l i m i t s w i l l l i m i t the a c c e l e r a t i o n 
a c t u a l l y reached; t h i s does not account f o r Mach t r i m g a i n , e t c . ) . 

(3) Sec t i on 25.255(c) requ i res that the i n v e s t i g a t i o n of maneuvering 
s t a b i l i t y (§ 25.255(b)) i nc l ude a l l a t t a i n a b l e a c c e l e r a t i o n va lues between - I g 
and +2.5g. Sec t i ons 25.333(b) and 25 .337, to which i t r e f e r s , l i m i t the 
negat i ve g maximum to Og at Vp. Sec t ion 25.251 f u r t h e r l i m i t s the g to tha t 
o c c u r r i n g in probable inadver ten t excu rs ions beyond the bu f f e t onset boundary a t 
those a l t i t u d e s where the bu f f e t i s a f a c t o r . 
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(4) Sec t i on 25 .255(c) (2) would a l l o w e x t r a p o l a t i o n s to be used . For 
example, i f the s t i c k fo rce grad ien t between 0 and +2g agrees wi th p red i c ted 
d a t a , e x t r a p o l a t i o n to - l g and 2.5g should be a l l o w e d . 

(5) Sec t ion 25.255(d) requ i res tha t f l i g h t t e s t at the marginal 
c o n d i t i o n to the a p p l i c a b l e l i m i t s of paragraph (b) (1) be accompl ished i f 
marginal c o n d i t i o n s e x i s t dur ing f l i g h t t e s t . 

(6) Sec t i on 25 .255 (e ) , l i m i t s the i n v e s t i g a t i o n to the requ i red 
s t r u c t u r a l s t rength l i m i t s of the a i r p l a n e and maneuvering load f a c t o r s 
a s s o c i a t e d w i th probable inadver ten t excu rs ions beyond the boundary of the 
b u f f e t onset enve lope . I t a l s o accounts fo r the f a c t tha t speed may inc rease 
s u b s t a n t i a l l y du r i ng t e s t c o n d i t i o n s in the -1 to +1 range. I t l i m i t s the ent ry 
speed to avoid exceeding VpF/MrjF-

(7) Sec t ion 25 .255( f ) r equ i res tha t in the o u t - o f - t r i m c o n d i t i o n of 
paragraph (a) i t must be p o s s i b l e to produce a t l e a s t 1.5g dur ing recovery from 
the overspeed c o n d i t i o n of VrjF/MDF- I f adverse f l i g h t c h a r a c t e r i s t i c s prec lude 
the at ta inment of t h i s load f a c t o r at the h ighes t a l t i t u d e reasonably expected 
f o r recovery to be i n i t i a t e d a t V Q F / M Q F f o l l o w i n g an upset at high a l t i t u d e , the 
f l i g h t envelope ( e . g . , Vnp/Mnp, a l t i t u d e , e t c . ) of the a i r p l a n e should be 
r e s t r i c t e d to a va lue where 1.5g i s a t t a i n a b l e . I f t r im must be used f o r the 
purpose of o b t a i n i n g 1 .5g, i t must be shown to operate w i th the pr imary c o n t r o l 
su r face loaded to the l e a s t of three s p e c i f i e d v a l u e s . 

( i ) The fo rce r e s u l t i n g from a p p l i c a t i o n of the p i l o t l i m i t loads 
Of § 25.397 (300 l b s . ) . 

( i i ) The c o n t r o l fo rce requ i red to produce 1.5g (between 125 and 
300 l b s . ) . 

( i i i ) The con t ro l f o r ce cor respond ing to b u f f e t i n g or other 
phenomena of such i n t e n s i t y tha t i t i s a s t rong de te r ren t to f u r t he r a p p l i c a t i o n 
of pr imary l o n g i t u d i n a l con t ro l f o r c e . 

d . P rocedures . 

(1) B a s i c compl iance i s determined by the c h a r a c t e r i s t i c s of F s / g 
(normal ly a p l o t ) . Any standard f l i g h t t e s t procedure which y i e l d s an accura te 
eva lua t i on of F s / g data in the s p e c i f i e d range of speeds and a c c e l e r a t i o n should 
be cons idered fo r acceptance. Bounds of i n v e s t i g a t i o n and a c c e p t a b i l i t y are se t 
f o r t h in the ru l e and i n d i s c u s s i o n ma te r i a l above, and broad p i l o t d i s c r e t i o n 
i s a l lowed in the s e l e c t i o n of maneuvers. 

(2) I n v e s t i g a t i o n Range. O u t - o f - t r i m t e s t i n g should be done at the 
most adverse l oad ing fo r both high and low c o n t r o l f o r c e s . T e s t i n g should be 
accompl ished both at the "Q" and Mach l i m i t s . 

(3) The a b i l i t y to ac tua te the pr imary c o n t r o l s ( i n c l u d i n g t r i m ) , when 
loaded , should be cons idered p r i o r to the t e s t s . 
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