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1 . PURPOSE. T h i s c i r c u l a r s e t s f o r t h an a c c e p t a b l e means by which compl iance 
w i t h the au tomat ic p i l o t i n s t a l l a t i o n requ i rements of FAR 25.1329 may be 
shown. I n c l u d e d a re r e l a x a t i o n of the performance o f c o n t i n u e d au tomat ic 
approach f o l l o w i n g e n g i n e f a i l u r e and c a p a b i l i t y fo r h a r d o v e r s ( p i t c h ) 
t o exceed a c c e l e r a t i o n l i m i t s o f p a s t p r a c t i c e i f s p e c i f i c c o n d i t i o n s 
a re met . Due c o n s i d e r a t i o n w i l l be g i v e n to any other means of d e t e r ­
m i n i n g compl iance the a p p l i c a n t e l e c t s to p r e s e n t . 

2 . CANCELLATION: AC N o . 2 5 . 1 3 2 9 - 1 , da ted October 1 , 1965. 

3 . REGULATIONS AFFECTED. These a c c e p t a b l e means o f compl iance r e f e r to 
c e r t a i n p r o v i s i o n s o f the r e c o d i f i e d Federa l A v i a t i o n R e g u l a t i o n s (FARs) 
P a r t 2 5 . They may be used i n showing compl iance w i t h the c o r r e s p o n d i n g 
p r o v i s i o n s of the former C i v i l A i r R e g u l a t i o n s (CARs) i n the case of 
a i r c r a f t t o which t h o s e r e g u l a t i o n s are a p p l i c a b l e . For conven ience , 
the CAR r e f e r e n c e i s shown i n p a r e n t h e s i s , f o l l o w i n g the FAR r e f e r e n c e . 

FAR 25.1309 Equipment Systems and I n s t a l l a t i o n s (4b .606) 
FAR 25.1329 Automat ic P i l o t Systems ( 4 b . 6 1 2 ( d ) ) 
FAR 25 .1353 E l e c t r i c a l Equipment and I n s t a l l a t i o n (4b .625 ) 
FAR 25 .1431 E l e c t r o n i c Equipment (4b .650) 

4 . D I S C U S S I O N . 

a . A t h r e e - s e c o n d d e l a y between a i r p l a n e r e s p o n s e to an au tomat ic 
p i l o t m a l f u n c t i o n and p i l o t c o r r e c t i v e a c t i o n h a s been c o n s i d e r e d 
an a c c e p t a b l e v a l u e on p a s t type c e r t i f i c a t i o n programs for t r a n s ­
p o r t c a t e g o r y a i r c r a f t . The a i r p l a n e r e s p o n s e h a s been determined 
by use o f an acce le rometer or other i n s t r u m e n t a t i o n . I n normal 
o p e r a t i o n s , the p i l o t does not have the i n s t r u m e n t a t i o n a v a i l a b l e 
by which t o r e c o g n i z e a i r p l a n e r e s p o n s e . The f i r s t i n d i c a t i o n a 
p i l o t h a s o f a m a l f u n c t i o n o f the a u t o p i l o t i s from a d e v i a t i o n 
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of the a i r p l a n e from the in tended f l i g h t p a t h , abnormal c o n t r o l 
movements, or a r e l i a b l e f a i l u r e w a r n i n g s y s t e m . P r e s e n t o p e r a t i n g 
p rocedures r e q u i r e t h a t a t l e a s t one p i l o t mon i to r the b e h a v i o r o f 
the a i r p l a n e and a s s o c i a t e d a u t o p i l o t per formance a t a l l t i m e s . 
The t h r e e - s e c o n d d e l a y a p p l i e d i n normal c l i m b , c r u i s e , and d e s c e n t , 
and the one -second d e l a y a p p l i e d d u r i n g low approaches a r e , t h e r e f o r e , 
r e a s o n a b l e d e l a y t i m e s , p r o v i d e d t h a t p i l o t r e c o g n i t i o n o f the 
m a l f u n c t i o n i s the b a s i s o f t h e s e t ime d e l a y s . 

b . The a rea o f normal maneuver ing f l i g h t ( t u r n i n g f l i g h t ) h a s not been 
s p e c i f i e d f o r e v a l u a t i o n o f the e f f e c t s o f a u t o p i l o t m a l f u n c t i o n s . 
A u t o p i l o t s a re b e i n g used i n t u r n i n g f l i g h t . A o n e - s e c o n d d e l a y i s 
c o n s i d e r e d a r e a s o n a b l e time p r i o r to u n d e r t a k i n g c o r r e c t i v e a c t i o n 
p r o v i d e d the p i l o t r e c o g n i z e s t h a t a m a l f u n c t i o n h a s o c c u r r e d . 

c . The method o f m e a s u r i n g a l t i t u d e l o s s due t o au tomat ic p i l o t m a l ­
f u n c t i o n d u r i n g an I L S ( I n s t r u m e n t L a n d i n g System) approach needs 
t o be c l a r i f i e d . The method which h a s been u s e d , the v e r t i c a l 
d i s t a n c e between the I L S g l i d e s l o p e and the l o w e s t p o i n t i n the 
r e c o v e r y maneuver, i s b e i n g r e t a i n e d . T h i s method, however , i s not 
c o n s i d e r e d s a t i s f a c t o r y when the a u t o m a t i c p i l o t s y s t e m i n c l u d e s an 
approach c o u p l e r and a p p r o v a l i s d e s i r e d f o r I L S c o u p l e d a p p r o a c h e s . 
For t h i s r e a s o n , a method w i l l be d e f i n e d by which the maximum d e v i ­
a t i o n o f the a i r p l a n e from the I L S f l i g h t p a t h due t o the e f f e c t s 
o f an au tomat ic p i l o t m a l f u n c t i o n can be d e t e r m i n e d . 

5. ACCEPTABLE MEANS OF COMPLIANCE. The f o l l o w i n g i s an a c c e p t a b l e means 
o f showing compl iance w i t h FAR 25.1329 (CAR 4 b . 6 1 2 ( d ) ) . 

a . M a l f u n c t i o n T e s t s . (See a l s o P a r a g r a p h 5 . d » ) 

(1) C l i m b , c r u i s e , and d e s c e n t f l i g h t r e g i m e s . 

( a ) The more c r i t i c a l o f the f o l l o w i n g s h o u l d be induced i n t o 
the au tomat ic p i l o t s y s t e m . I f a u t o - t h r o t t l e s a re i n s t a l l e d , 
they s h o u l d be o p e r a t i n g , and v e r t i c a l g y r o m e c h a n i c a l 
f a i l u r e s s h o u l d not be c o n s i d e r e d . 

1 A s i g n a l about any a x i s e q u i v a l e n t t o the c u m u l a t i v e 
e f f e c t o f any s i n g l e f a i l u r e , i n c l u d i n g a u t o t r i m , 
i f i n s t a l l e d . 

2 The combined s i g n a l s about a l l a f f e c t e d a x i s , i f 
m u l t i p l e a x i s f a i l u r e s c a n r e s u l t f rom the m a l f u n c t i o n 
o f any s i n g l e component . 
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(b) Corrective action should not be initiated until three 
seconds after the pilot has become aware, either through 
the behavior of the aircraft or a reliable failure warning 
system, that a malfunction has occurred. The simulated 
failure and the subsequent corrective action should not 
create loads in excess of structural limits or beyond an 
envelope of 0 to 2g, or speeds beyond V F Q/M F Q, whichever 
is appropriate, or result in dangerous dynamic conditions 
or deviations from the flight path. Resultant flight 
loads outside the envelope of 0 to 2g will be acceptable 
provided adequate analysis and flight test measurements 
are conducted to establish that no resultant aircraft 
load is beyond limit loads for the structure, including a 
critical assessment and consideration of the effects of 
structural loading parameter variations (i.e. center of 
gravity, load distribution, control system variations, 
maneuvering gradients, etc.). Analysis alone may be used 
to establish that limit loads are not exceeded where the 
aircraft loads are in the linear range of loading (i.e. 
aerodynamic coefficients for the flight condition are 
adequately established and no significant non-linear air 
loadings exist). If significant non-linear effects could 
exist, (e.g. buffet loads), flight loads survey measurements 
may be necessary to substantiate that the limit loads are 
not exceeded. The power or thrust for climb should be the 
most critical of (a) that used in the performance climb 
demonstrations, (b) that used in the longitudinal stability 
tests, or (c) that actually used for operational climb 
speeds. The altitude loss should be measured. 

(2) Maneuvering Flight, Malfunctions should also be induced into 
the automatic pilot system similar to paragraph a.(l). When 
corrective action is taken one second after the result of the 
malfunction has alerted the pilot, the resultant loads and 
speeds should not exceed the values in paragraph a.(l). Maneu­
vering flight tests should include turns with the malfunction 
induced when maximum bank angles for normal operation of the 
system have been established and in the critical airplane 
configuration and/or stages of flight likely to be encountered 
when using the automatic pilot. The altitude loss should be 
measured. 

(3) Oscillatory Tests. 

(a) An investigation should be made to determine the effects 
of an oscillatory signal of sufficient amplitude to 
saturate the servo amplifier of each device that can move 
a control surface. The investigation should cover the 
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range of frequencies which can be induced by a malfunction 
of the automatic pilot system and systems functionally 
connected to it, including an open circuit in a feedback 
loop. The investigated frequency range should include the 
highest frequency which results in apparent movement of 
the system driving the control surface to the lowest elas­
tic or rigid body response frequency of the aircraft. 
Frequencies less than 0.2 cps may, however, be excluded 
from consideration. The investigation should also cover -
the normal speed and configuration ranges of the airplane. 
The results of this investigation should show that the 
peak loads imposed on the parts of the aircraft by the 
application of the oscillatory signal are within the limit 
loads for these parts. 

(b) The investigation may be accomplished largely through 
analysis with sufficient flight data to verify the analyti­
cal studies or largely through flight tests with analytical 
studies extending the flight data to the conditions which 
impose the highest percentage of limit load to the parts. 

(c) When flight tests are conducted in which the signal fre­
quency is continuously swept through a range, the rate of 
frequency change should be slow enough to permit deter­
mining the amplitude of response of any part under steady 
frequency oscillation at any critical frequency within 
the test range. 

Recovery of Flight Control. Recovery should be demonstrated either 
by overpowering or by manual use of an emergency quick disconnect 
device after the appropriate delay. The pilot should be able to 
return the airplane to its normal flight attitude under full manual 
control without exceeding the loads or speed limits defined in this 
paragraph and without engaging in any dangerous maneuvers during 
recovery. If, for airplanes whose certification basis is prior to 
August 12, 1957, an emergency quick disconnect button Is not installed 
on the control wheel, it should be possible to overpower servo forces 
plus resultant airloads in all configurations and attitudes of flight 
demonstrated, including maximum speed for which approval is sought 
and without exceeding the following transient control forces measured 
at the pilot's controls; pitch 50 pounds; roll 30 pounds (force 
applied at rim); yaw 150 pounds. The maximum servo forces used for 
these tests should not exceed those values shown to be within the 
structural limits for which the airplane was designed. The maximum 
altitude loss experienced during these tests should be measured. 
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c . Performance o f F u n c t i o n . The au tomat ic p i l o t s y s t e m s h o u l d be dem­
o n s t r a t e d to per form i t s in tended f u n c t i o n th roughout a l l a p p r o p r i a t e 
maneuvers and env i ronmenta l c o n d i t i o n s , i n c l u d i n g t u r b u l e n c e , u n l e s s 
an a p p r o p r i a t e o p e r a t i n g l i m i t a t i o n or i n f o r m a t i o n a l s ta tement i s 
i n c l u d e d i n the a i r p l a n e f l i g h t manua l . A l l such maneuvers s h o u l d be 
a c c o m p l i s h e d smooth ly and w i t h o u t s u b j e c t i n g the a i r p l a n e to l o a d s 
g r e a t e r than t h o s e d e s c r i b e d i n p a r a g r a p h a . (1) o f t h i s s e c t i o n . 

d . Automat ic P i l o t I n s t r u m e n t Approach A p p r o v a l . 

(1) Throughout an a p p r o a c h , no s i g n a l or c o m b i n a t i o n o f s i g n a l s 
s i m u l a t i n g the c u m u l a t i v e e f f e c t o f any s i n g l e f a i l u r e or m a l ­
f u n c t i o n i n the au tomat ic p i l o t s y s t e m , except v e r t i c a l g y r o 
m e c h a n i c a l f a i l u r e s , s h o u l d p r o v i d e hazardous d e v i a t i o n s from 
f l i g h t pa th or any degree of l o s s of c o n t r o l i f c o r r e c t i v e 
a c t i o n i s i n i t i a t e d one second a f t e r the p i l o t h a s become 
a l e r t e d to the m a l f u n c t i o n . 

(2) The a i r c r a f t s h o u l d be f lown down the I L S i n the c o n f i g u r a t i o n 
and a t the approach speed s p e c i f i e d by the a p p l i c a n t fo r a p p r o a c h . 
S i m u l a t e d a u t o p i l o t m a l f u n c t i o n s s h o u l d be induced a t c r i t i c a l 
p o i n t s a l o n g the I L S , t a k i n g i n t o c o n s i d e r a t i o n a l l p o s s i b l e 
v a r i a t i o n s i n a u t o p i l o t s e n s i t i v i t y and a u t h o r i t y . The m a l ­
f u n c t i o n s s h o u l d be induced i n each a x i s . Whi le the p i l o t may 
know the purpose of the f l i g h t , he s h o u l d not be informed when 
a m a l f u n c t i o n i s to be or has been a p p l i e d except through a i r ­
p l a n e a c t i o n , c o n t r o l movement, or o ther a c c e p t a b l e w a r n i n g 
d e v i c e s . 

(3) An eng ine f a i l u r e d u r i n g an au tomat ic I L S approach s h o u l d not 
cause a l a t e r a l d e v i a t i o n o f the a i r p l a n e from the f l i g h t path 
a t a r a t e g r e a t e r than th ree d e g r e e s per second or produce 
hazardous a t t i t u d e s . 

(4) I f a p p r o v a l i s s o u g h t f o r I L S approaches i n i t i a t e d w i t h one-
e n g i n e i n o p e r a t i v e , the au tomat ic p i l o t s h o u l d be capab le of 
c o n d u c t i n g the a p p r o a c h . The d e v i a t i o n from the I L S c o u r s e 
f o l l o w i n g the f a i l u r e o f a second c r i t i c a l e n g i n e s h o u l d not be 
g r e a t e r than three degrees per s e c o n d . 

(5) E i t h e r o f the f o l l o w i n g methods i s a c c e p t a b l e fo r uncoupled 
I L S a p p r o a c h e s . I f a p p r o v a l i s b e i n g s o u g h t fo r coup led I L S 
a p p r o a c h e s , however, method (b) s h o u l d be u s e d . 

(a ) A l t i t u d e L o s s Method . R e c o v e r i e s s h o u l d be i n i t i a t e d one 
second a f t e r the p i l o t r e c o g n i z e s the f a i l u r e . The a l t i ­
tude l o s s s h a l l be measured a s the v e r t i c a l d i s t a n c e between 
the g l i d e s l o p e p a t h and the lowest p o i n t i n the r e c o v e r y 
maneuver. 
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(b) Deviation Profile Method. 

_1 The airplane should be so instrumented that the following 
information is recorded: (a) the path of the airplane 
with respect to the normal glide path; (b) the point 
along the glide path when the simulated malfunction is 
induced; (c) point where the pilot indicates recognition 
of the malfunction; and (d) the point along the path of 
the airplane where recovery action is initiated. Data 
obtained from the point of the indicated malfunction to 
the point where the airplane has either again inter­
sected the glide slope or is in level flight will define 
the deviation profile. When changes to the airplane/ 
autopilot configuration are made during the approach and 
these changes alter the deviation profile, additional 
data should be obtained to define each of the applicable 
deviation profiles. An example of a deviation profile 
may be found in Appendix I. . 

2 Recoveries from malfunctions should simulate under-the-
hood instrument conditions with a one-second time delay 
between pilot recognition of the fault and initiation 
of the recovery at all altitudes down to 80 percent of 
the minimum decision altitude for which the applicant 
requests approval. 

3 Recoveries from malfunctions at altitudes between 80 
percent of the minimum decision altitude for which the 
applicant requests approval and the minimum altitude 
for which the applicant requests approval to operate 
the autopilot may be visual with no time delay between 
pilot recognition of fault and initiation of recovery. 

4 The minimum altitude at which the autopilot may be used 
should be determined as the altitude which results in 
the critical deviation profile becoming tangent with a 
minimum operational tolerance line. An example of this 
may be found in Appendix 2. The 29:1 slope of the 
minimum operational tolerance line provides a one per­
cent gradient factor of safety over the 50:1 obstacle 
clearance line. An additional factor of safety is 
provided by measuring the 29:1 slope from the horizontal 
at a point 15 feet above the runway threshold. It is 
recognized that this minimum altitude will vary with 
glide slope angle. Information regarding these vari­
ations should be obtained and presented. 
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A malfunction of the autopilot during a coupled ILS approach 
should not place the airplane in an attitude which would pre­
clude conducting a satisfactory go-around, or landing. 

e. Servo Stall Forces. The automatic pilot system should be so installed 
and adjusted that the system tolerances established during certifi­
cation tests can be maintained in normal operation. This may be 
assured by conducting flight tests at the extremes of the tolerances. 
Those tests conducted to determine that the automatic pilot system 
will adequately control the aircraft should establish the lower limit; 
and those tests to determine that the automatic pilot will not impose 
dangerous loads or deviation from the flight path should be conducted 
at the upper limit. Appropriate aircraft loadings to produce the 
critical results should be used. 

f. Airplane Flight Manual Information. The following information should 
be placed in the airplane flight manual: 

(1) In the Operating Limitations Section: - airspeed and other 
applicable operating limitations for use of the autopilot. 

(2) In the Operating Procedures Section, the normal operation 
information. 

(3) In the Emergency Operation Procedures Section: 

(a) A statement of the altitude loss in the cruise, climb and 
descent configurations and the maneuvering flight configur­
ation in accordance with paragraphs 5.a.(l) and 5.a. (2) 
of this advisory circular. 

(b) A statement of the altitude loss, as defined in paragraph 
5d(5)(a), if applicable. 

(c) True profiles of deviations below the glide slope or projec­
ted flare path for the critical conditions tested in accord­
ance with paragraphs 5d.(5)(b), (See Appendix 1) and the 
deviation profile indicating the lowest altitude at which 
the autopilot can be used, as defined in paragraph 
5d(5)(b)4, if applicable. 
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MOTE: Point of change of airplan* configuration 
may be more than one point. For instance: 

(1) Gain changes along the glide path 
(2) The 200 ft. or middle marker 

transition 
(3) Flap changes affecting autopilot 

authority, etc. 
Point of Change of 
Airplane Configuration 

EXAMPLE DEVIATION PROFILE APPENDIX 1 

Runway 

00 iso 

£. 
00 |_I 

W 
to 

I 

Q 
Ti 3 PI a. 

s i r 



en * 
W TO 

I 

Critical Fault Point, 
Mittimun Height For 
Operation of Autopilot 

Profile 

15 ft. 

Runway 

*T3 
(D 

OQ S 
EXAMPLE OPERATING LIMITATION APPENDIX 2 * x 


