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Q 

1. PURPOSE: T h i s  Aeronautical Recommended Practice is intended t o  out l ine 
Automatic P i lo t  i n s t a l l a t ion  design, performance, and t e s t  recommendations 
f o r  use as  a guide by the aircraft indwtry .  

2. SCOPES These recommendations cover the mechanical and e l e c t r i c a l  b t a l -  
m n  and ins t a l l a t ion  t e s t  procedures for automatic p i lo t s  of the type 
normally used i n  transport  type a i r c r a f t o  The material in this ARP does 
not supercede any airworthiness requirement i n  the  C iv i l  Air Regulationso 

GENERAL REQUIREMENTS t 

Equipment: 
Aeronautikal Standard AS-LO2A. 

The automatic p i l o t s  referred t o  herein should oonform t o  

Materials: 
have demonstrated t o  be sui table  and dependable f o r  a i r c r a f t  use. 

Materials should be of a qual i ty  which experience and/or t e s t s  

Workmanship; 
manufacturing pract iceo 

Workmanship should be consistant with high grade a i r c r a f t  

Environmental Conditions: 
t h a t  satisfacto'ry performance may be obtained under the emironmental con- 
à i t i ons  t o  which the a i r c r a f t  may be subjected. 

The design of t he  in s t a l l a t ion  should be such 

Ins ta l la t ion  Survey and Component Selection: 
mation r e i a t ive  t o  the  a i r c r a f t  aerochami o and s t ruc tu ra l  character is t ics .  

in order t o  provide infor- 

an "Jiistalìation Surveytt form is  inclided as Appendix l'Att of this ARP. 
The aircraft manufacturer should, t o  the best of his a b i l i t y  with respect 
t o  the a i r c r a f t  design s ta tus ,  supply the automatic p i l o t  manuf'acturer 
with the information called f o r  on this form. Along with t h i s  survey the 
a i r c r a f t  manufacturer should also s p e c i e  any automatio p i l o t  component 
character is t ics  which may be deemed necessary t o  provide a closer inte- 
gration of the automatic p i l o t  with the basic a i r c r a f t  control system. 

- 

On the bmis of t h i s  information, the  automatic p i l o t  manufacturer should 
then design, se lec t ,  and combine the necessary components i n t o  a compre- 
hensive system which can be expected t o  perform t h e  desired and necessary 
fuctions in accordance with AS-k02A, and not induce aerodynamic or struc- 
t i i ra l  load8 i n  excess of the design l imi t s  specified by the  a i r c r a f t  man- 
ufacturer. Final values of maximum servo forces and signal cal ibrat ion 
should be checked and determined on the basis of f ì î g h t  t e s t s  of the in- 
i t i a i  i n s t a l l a t iono  

DETAIL REQUIREIBNTSi 

hOlO1 Control Surface Actuators (Servos 1 I 
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h & L l  Location and Mounting: The location and mounting of the  servo should 
be careful ly  considered f romthe  standpoint of control system f r ic t ion ,  
preloads, l o s t  motion, and other such character is t ics  which would tend 
t o  cause automatic control d i f f icu l t ies .  

Locations should a lso  be chosen t o  permit the shor tes t  practicable con- 
necting cables or links, Adequate clearance should be provided between 
the moving par t s  of the servo and adjacent s t ructure  t o  prevent possible 
jamming by foreign objects. 

The servo mounting bracket should be designed w i t h  suf f ic ien t  r igidi ty  
t o  prevent any detrimental deflection under conditions of m a x b u m  
servo force. The use of vibration i so la tors  should not be considered. 

4.1.1.2 Connections and Rigging: 
trol system so thatdl1 produce uniform force and displacement in bot1 
directions of operation. 
a para l l e l  cable h s t a l l a t i o n  is preferred over t he  se r i e s  instal la t ion.  
Cable ins ta l la t ions  designed f o r  d i r ec t  attachment t o  a be l l  crank or 
surface horn shouldbe made through a sui table  sector  designed as an 
integral par t  of the horn or  b e l l  crank. 
be such tha t  full t r ave l  of the control system w i l l  provide a negìigible 
change in servo cable tension. Where the  cable runs over the  servo 
drum, and has an angular motion wi th  respeat t o  the  plane of the drum, 
the maximm misalignment resul t ing f r o m  this motion should not exceed 
1 degree f o r  the  neutral  position of the controls nor 3 degrees fo r  any 
posit ion between half and fu l l  movement of the  controls. 
cable keeper should be positioned as close as possible t o  the point of 
tangency between the servo drum and cable. 

The servo should be connected t o  the main con- 

In  servo ins ta l la t ions  u t i l i z ing  aable control, 

The design of the  sector  should 

Each servo 

Care should be taken i n  the design of the cable routing t o  prevent t he  
poss ib i l i ty  of foreign objects from lodging between the  cable and the 
drum. If necessary, a sui table  guard should be installed. 

A l l  control  routirig t o  the  servos should be designed such that the 
minhum amount of f r i c t i o n  will be addedto  the a i r c r a f t  control system. 
Cabling de ta i l s  should be consistent with the general design practices 
which have been oarried out i n  the manual control system. 
(See references 4 and 5 ) .  

ke1.2 Engaging Systems t 
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4.1.2.1 Cockpit Controls: If mechanical engaging and/or disengaging is  uti l ized, 
the aockpit control handle should be so located tha t  it is  readily ac- 
cessible t o  both p i l o t  and copilot  and as close t o  the flight con- 
t r o l l e r  and as d is t inc t ive  i n  method and direct ion of operation as 
practicable. Forward or  upward motion of the cockpit control should 
engage the 
rections should disengage. (If engaging and disengaging is  accomplished 
e l ec t r i ca l ly  the motion of the  control switch handle s h a U  be similar.) 
If necessary, the control handle should b provided with su i tab le  
guard t o  prevent inadvertent operation of t he  automatic p i lo t .  
handle should be so located t o  enable a force not t o  exceed 35 lbs. t o  
be readily applied. 

automatic p i l o t  system while motion in the  opposite di- 

The 

..1.2.2 Cables o r  Rod Controls: 
'in a mechanical engaging system should be so routed t h a t  they provide 
the minimum of f r ic t ion.  
sented t o  the p i l o t  at  the cockpit control. This load should be the 
total of the  f r i c t i o n  plus disconnect loado 

All Control Cables and/or Control Rods used 

A maximum load of 35 Us. should be pre- 

b.1.3 Follow-up Controis : 

4.1.3.1 Location: To permit the minimum of l o s t  motion o r  deadspot t o  be main- 
b i n e d  
par t  of the servo, should be located i n  the  control cable system as 
near aa possible t o  the servo drum or  other portion of the control 
system, t h e  movement of which is  being measured. 

the connecting linkage the follow-up control unit, i f  not a 

b01.3.2 Connection and Mounting: 
position, bu t  provisions should be mad8 t o  enable either the shaft or 
the  housing of the  unit t o  be rotated f o r  orientations of the e l e c t r i c a l  
signal element. 
means of push-pull rods and b a l l  joints,  control Gables, or  other 
sui table  means which will transmit motion of the control system t o  the 
follow-up control uni t  shaft  without l o s t  motion. The connecting 
linkage should be auch that the movement of the control system through 
i ts  full t r a v e l  w i l l  ro ta te  the  follow-up control shaft safely within 
the Umits of i t s  mechanical range, and i n  a manner compatible with 
system requirements. 

Follow-up control units may be mounted in any 

Connections should be made to the control system by 

cog. - a linear o r  non-ïinear function. 

4.1.4 Control Vaives and Pipingt Electro-hydraulic control valves should be 
located immediately adjacent t o  the i r  respective hydraulic boost or  power 
control valves on the p i lo t ' s  s ide  of t he  boost, where applicable. 
should be mounted securely i n  such a manner ao as t o  prevent misalignment 
and/or twisting of any actuated parts.  

They 

AU. hydraulic piping and valves should be kept out of the cockpit area 
and away from oxygen l ines  or  equipment, wherever possible. 
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S A E  A R P * L i l î  5 7  m 8357340 002809Y 5 

ARp419 Irruui ia/lS/S7 AUTOMATIC PILOT INSTALLATIONS 
Revired 

h o l 0 5  Reference Components and Amplifiers t Accelerometers, pendulums, rate and 
displacement gyros, or  other such &ference devices should be in s t a l l ed  
such t h a t  t h e i r  orientation, and location w i t h  respect t o  the aircraft's 
axes and center of gravity, w i l l  be i n  accordance w i t h  the manufacturer's 
recommendations. 

The a l t i t ude  sensor should be located as nem as practicable t o  the source 
of s t a t i c  pressure, and suitably shock-mounted and oriented i n  a manner 
t o  preclude any undesirable effects of vibration and acceleration. 

Amplifiers and coupling units should be mounted so as t o  allow accessibi- 
l i t y  t o  all. tap switch o r  potentiometer ad3ustments. 

L.i.6 Controller and Function Selector Panel: 
side by side and located i n  a positLon t h z t  is v i s ib l e  and readily acces- 

These units should be s i tuated 

sible f o r  operation by both p i l o t  and copilot  i n  t h e i r  normal positions. 
Thr axes of the controller knobs or wheels should be oriented with those 
of the aircraft. 

The function se lec tor  panel should be adequately l ighted for  night use. 
Where toggle switches areu used, the function should be switched ltONIt by 
a forward, or upward motion of the switch handleo 

4.1.7 General: 

4 3  JJ Mounting YI Brackets: A l l .  mounting brackets should be designed to  provide 
a d e q ~ ~ ~ n ~ ,  freedom from vibration and flaxing tha t  wo-dci inter-  
fsre with the sa t i s fac tory  operation of the automatic p i lo t  under any 
f l i g h t  conditions encountered i n  service,  

-- 

4.1.7.2 

4.1.7.3 

4.i.7 .!.I 

4.1.7.s 

Ventilations 
temperature requirements of the equipment. If it is impossible t o  s o  
looate the equipment i n  the a i r c r a f t  which has temperature s imilar  t o  
that  required, then provisions t o  direct cooling air t o  t h i s  equipment 
m u s t  be made. 

Al l .  components should be ins ta l led  i n  accordancs with the 

Safety: 

with safety wire or  co t te r  pins, 

Bonding: 
m c a L l y  bonded to the a i r c r a f t  structure.  
which conduct a ground return should be c lear  of paint, anodized coating 
o r  other non-conducting materials. 

Shock Mounts: 
should be designed t o  minhùze the e f fec t  of t h e i r  added weight on 
vibration-isolated eqyipment o This i t e m  assumes graater importance when 
light-might components are  shock-mounted and the added weight of the 
attached cable and connvctor consti tutes a s i g d f i c a n t  par t  of the shock- 
mount load. 

All. attaching f i t t i n g s  and fasteners such as bolts, nuts, 
pins, etc., if not of the self locking type should be locked 

Thr chassis or mounting frames of a l l  components should be 
All mating surfaces 

The in s t a l l a t ion  of connectors and connecting cables 
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S A €  ARP*LiLS 57 m 83573LiO 0028095  7 m 

I Reviied AUTOMATIC PILOT INSTALLATIONS 

-7- 
4 02 Electr icalr  

4.2.1 Power Supplies: The design of the e l ec t r i ca l  i n s t a l l a t ion  and the aelec- 
t i o n  of the power supply components should conform t o  the best aero- 
naut ical  pract ice  and sha l l  have ample capacity f o r  cold starts t o  be 
encountered i n  service. Intermittent loads, other than the automatic 
p i l o t  should be carefully considered with regard t o  automatic p i l o t  
performance o Where variations in voltage and frequency c r i t i c a l l y  
a f fec t  automatic p i lo t  performance indicating meters shouldbe pro- 
vided f o r  these functions. 

403.1.1 A.C. and D.C.: Voltages and frequencies supplied t o  the automatic p i l o t  
should be i n  accordance with its established design ratings. 

Wiring8 
grams supplied by the automatic p i l o t  manufacturer. 
c i r cu i t  protective devices should be installed in accordance with 
standard practices o r  as recommended by the automatic p i l o t  manufacturero 

Connections should be made i n  accordance with the wiring dia- - Power leads and 

Elec t r ica l  cabling and wiring should be adequate t o  meet such requirements 
as maximum allowable voltage drop, lead resistance, and current as recom- 
msnded f o r  the automatic p i l o t  instal la t ion.  
used as a guide f o r  a i r c r a f t  wiring, 

References 1 and 2 may be 

Shielding and Grounding; 
fiondations supplied by the automatic p i l o t  manufacturer should be fol- 
loved i n  aïJ. ins ta l la t ions  t o  eliminate any poss ib i l i ty  of spurious 
control signals. 
the s ignal  leads should be enclosed i n  sleeving to insulate  the shielding 
from other c i r cu i t s  and ground contacts with the a i r c r a f t  structure.  

S t r i c t  conformance t o  the shielding recom- 

Where shielding i s  groundsd a t  specified locations, 

Switches, Signal Devices, and Interlocks: These items should be instal led 
a n a ~ e c t r i c a l 1 . y  interconnected in to  the  system, i n  accordance with the 
- 
instructions of- the automatic p i l o t  manufa&urer t o  insure tha t  adequate 
protection of the a i r c r a f t  and the automatic p i l o t  i s  maintained. 

Engaging System: 

Cockpit Control: 
button fo r  ins tan t  deactivation of a l l  servoso 
located on the wheel s ide opposite t he  t h r o t t l e  hand. 
power o r  Autopilot ltON-OFF1l switch should be located i n  a posit ion 
eas i ly  accessible t o  both pi lots .  

Both p i l o t  and copilot  should have an e l e c t r i c a l  push 
Each switch should be 

The e l ec t r i ca l  

4.3 Maintenance: I 
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bled p./iT/L;7 AUTOMATIC PILOT INSTXLLATIONS 
, ARP4 9 Revired 

-8- 

h.3.1 Accsssibil i tyr Ready access should be provided fo r  service points such 
2s  lubrica-n, adjustment, dehydrators, and other items requiring atten- 
t i o n  while t h e  automatic p i l o t  i s  in s t a l l ed  i n  th2 airplane. 
rsquiring frequent replacement should be located t o  provide fo r  ease of 
rernovd. The in s t a l l a t ion  of such units behind s t r e s s  panels, and other 
units which require pr ior  removal for access shouldbe avoided wherever 
possible. Where units are located bshind non-stressed panels, the use 
of quick-fasteners i s  recornended for attaching the panel. 

Clearances: Adequate clearance should be provided for: 

(1) 
( 2 )  
(3)  
('I) 

Units 

I h.3.2 

Norrnal movement of the uni t  during flexing of shock mounts. 
Removaì of e l e c t r i c a l  or mechanical connections. 
The use of t o o l s  required f o r  removing and i n s t a l l i ng  attachments. 
Removing the  unit completely from the  a i rc raf t ,  through openings 
and around o thsr  items. 

4.3.3 ReplaceabilAt : Location of mounting nuts, bo l t  holvs, and other such 

The a l te ra t ion  of a component t o  match 

Where shims are required t o  a g i ?  the  Unit they should 

d are  required should be governed by the  tolerances of the  
matching unit  being install5d. 
the a i r c r a f t  f i t t i ngs  should be avoided in the in t e re s t s  of inter- 
changeability. 
be attached to, and become a permanent part  of the a i rc raf t .  
following devices is recommended wherever possible t o  f a c i l i t a t e  re- 
placeabi l i ty  : 

Use of the 

(1) Vibration-proof nutso 
( 2 )  
(3)  
(4) 

Nut plates  attached t o  mounting brackets, 
Mounting subplates equipped with quick fasteners. 
E lec t r ica l  disconnect plugs i n  l i e u  of terminal s t r ips .  (Except 
in low current carrying c i r cu i t s  such as those found in the compass 
transmitter leads i n  which case the  number of disconnect plugs 
should be kept t o  a minimum.) 

b,3.36S Hardware: The use of standard a i r c ra f t  hardware or  "NAStf) is  
-'I- 

recommended wherever possible. 

'3 

3 

d 

I 
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SAE ARP*kL(LS 57  m 83573qO O028097 O m 

AUTOMATIC PILOT INSTALLATIONS u 4  19 Iuued 11/15/57 
Reviaed 

4.3.!4 Interchangeability: AJ-1 components of a lih type and function should 
be-interchangeable with no fur ther  f i e l d  modifications o r  in te rna l  
adjustments a t  the time the uni t  i s  instal led.  

Where external  adjustments are required t o  permit components t o  be used 
in different  type a i r c r a f t  o r  different  portions of the system, it is 
recommended tha t  instructions f o r  making the adjustment be placed on 
the un i t  wherever possible. Where two units appear ident ica l  but pro- 
duce different operating character is t ics  which, i f  misplaced, would 
tend t o  cause malfunctioning, means should be provided, such as dowel 
locating pins, or other such devices t o  physically prevent the  com- 
ponents from being improperly instal led.  Where two or  more components, 
having d i f fe ren t  functions but  possessing ident ica l  connectors, a re  
adjacent, means should be provided t o  physically prevent crossed con- 
nections. kample: Two d i f fe ren t  gyro units or servo units located 
side-by-side and having the same type of electrical connectors. Each 
connector cable should be clamped close enough to the. proper unit t o  
prevent it from being cross connected to  the  wrong unito The use of 
placards, color coding, and other marking can be Üsed but should not be 
r e l i ed  upon f o r  complete protection. - 

4.3.5 Field Tester Provisionst Consideration should be given f o r  provi,ding 
sui table  t e s t  receptacles f o r  the attachment of f i e l d  t e s t  equipment 
without removal of the units under test. 

5. T E T S r  The manufacturerts recommendations regarding any special  t e s t  equip- - 
nent required, and specif ic  tes ts  t o  be performed, should be u t i l i zed  
i n  conjunction with the following: 

5.1 Ground Tests: 

5.101 Mechanical Instal la t ion:  

~el.lol Mounting: A l l  component mounting bases and brackets should be inspected 
f o r  securi ty  of attachment t o  the basic s t ructure  and the  components 
themselves for  securi ty  of attachment t o  t h e i r  respective mounting bases 
Servo mounting brackets shoulhbe inspected under max imm load con- 
dit ions f o r  any excessive flexing or  deformation. 

proper tension t ightness and inspected f o r  clearance and f r i c t i o n  
through the ful l  throw of the  controls. 
be checked for  safetying and t ightness,  

5.1.1.3 S t a t i c  and Dynamic Fressure Source Leak Test: 
pressure system t o  w-ich the a i r  data sensors are connected should 
be tes ted  f o r  leaks by use o f  a sensi t ive manometer and sui table  
f i t t i n g s .  
i n s t a l l a t ion  depending on whether o r  not cabin pressurization ex is t s  
on the a i rc raf t .  

5.1.1.2 Rigging: All servo cable leads and linkages should be checked f o r  -- 
Turnbuckles and f i t t i n g s  should 

The s t a t i c  and dynamic 

Test pressures should be determulea f o r  the par t icular  

CAUTION: EVERY PRECAUTION SHOULD BE TAKEN TO PREVENT DAMAGE TO THE 
SENSITIVE DIAPHRAGM MECHANISMS OP THE DATA SZNSOFS. 
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ARp4 19 . . 
AUTOMATIC PILOT INST.4UATIONS Iriued 11/15/57 

Revired 

-10- 

5.1 0 2 

5.1.2.1 Insulation Resistance: The insulat ion resistance between all possible 
pa i r s  of unconnected leads and between each lead and ground should not 
be less than 5 megohms when measured with 500 vol t s  D. C. 

Elect r i c a i  Ins ta l la t ion  : -* 

501.202 Continuity: 
nscting the mating receptacles and plugs t o  units, the wiring should 
be checked with a low-voltage ohmmeter fo r  continuity. 
nection wirins diagram should be followed and checks should be made 
between all connected terminals on connection plugs or receptacles, 
relays, junction boxes, e tc .  
switches f o r  closed c i rcu i t s  with switch closed and open c i r cu i t  with 
switch open. A check should be made f o r  shielding continuity t o  make 
cer ta in  tha t  the proper ground connection has been made: 

After soldered connections a re  completed and before con- 

The intercon- 

A check should be made through a l l  

NOTE: NUMEROUS ELECTRICAL FAILURES MAY BE TRACED TO DAMAGED PLUG - 
INSERTS RESULTING FXOM ~EÏ Í IMPROPER USE OF OHMMETER PRODS 
TÑ CKECKING CONTINUITY. 
INSERTS,  USE AN 0-ER WITH A RECEPTACLE P I N  SOLDERED ON 
EACH P190D. P I N S  I N  GOOD CONDITION, FROM ANY DISCARDED RE- 
C E R A C L E  WILL SERVE THE PUXPOSE. 

TO A V m  FORCING OR DISTORTINrJ THE 

s&ad WQual Inspection: A l l  soldered connections, junctions and re- 
-tacles s h o u l d 3  e inspected f o r  soundness of mechanical and e lec t r i ca l  
QQhnections, as w e l l  as acceptabi l i ty  of  the  junction or  receptacle. 
fhbles should be inspected f o r  fraying, pinching, o r  damage t o  shielding 
QP i n s  ulat ion . 

5.lr2r14 Power Supply: Measurements should be made t o  determine i f  the D.C. 
Voltage, and the A.C. voltage and frequency ( t o  which the automatic 
pilot is  connected) are  within the specified tolerances with the 
6utomatic p i l o t  both "OFF'' and (IONt1. The measurements ahould be 
made a f t e r  the automatic p i l o t  has been i n  operation far  at least 
three minutes. 

5.1.3 8yftem Adjustments t 

~ . 1 . 3 ~ 1  Oompass Compensation: The compass system used f o r  a direct ional  
reference should be swung against known magnetic headings i n  accordance 
w i t h  the manufactureris recommendations. Zvery attempt should be made 
t o  remove the lllubber l ine"  o r  index e r ro r  of the compass transmitter 
before applying any required magnetic or  mechanical compensation. 

5.1.3.2 Servo Overpowering Forces: If the in s t a l l a t ion  is  so designed as t o  
permit the  servos t o  be manually overpowered by the  human p i lo t ,  the  
servos should be adjusted so that  the  force a t  the p i lo t s  controls w i l l  
not exceed the  following values f o r  the  en t i r e  system (system f r i c t ion  
piils servo stal.l force). 

Rudder 150 Ibs. 
Aileron 30 lbs.  (as measured a t  t he  rim of the wheel) 
Elevator 50 lbs.  (as measured a t  t he  center of the  wheel) 
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S A E  A R P * 4 L S  57 W 8357340 0028099 4 W 

AUTOMATIC PILOT INSTALLATIONS 419 b l e d  w15/57 ARp 
Revised 

5.1.3.3 Limit Switches: A l l  l i m i t  switches should be adjusted t o  t h e i r  i n i t i a l  
values followed by a number of repe t i t ive  operational checks t o  make 
cer ta in  they w i l l  maintain t h e i r  se t t ings  within t h e i r  specified 
tolerance . 

5.1.3.h Control Valves: - The control valves a re  t o  be checked t o  see that they 
are  properly mounted with all connections complete and adjusted t o  
give the  desired control surface travel and forceo 

5.1.3.5 Servo Engagement and Disengagement: 

5.1.3.5.1 Mechanical: Cable rigging and/or linkages should be adjusted f o r  
c o r m m n s i o n ,  t ravel ,  and allawable load a t  the  engaging handle. 

5.1.3.5.2 Electrical:  The automatic p i l o t  should be engaged and disengaged 
e l ec t r i ca l ly  and the control surfaces checked t o  note any f l i cke r  
motion o r  control displacement. 
change occurs, t he  necessary adjustments t o  the  clutch, follow-=lp 
units, synchronizing c i rcu i t s ,  etc., s h o d d  be made. 
should be checked t o  see that they disengage sa t i s f ac to r i ly  under 
both "no-load" and "full load" conditions. 
check t o  see t h a t  the  controls are f r e e  and without excessivs 
f r ic t ion .  

If any abnormal control surface 

Clutches 

Upon disengagement, 

501.306 Signal Calibration: Pending final establishment of desired s ignal  
calibration= by means of f l i g h t  tests, the s igna l  oalibration 
leve ls  should be set i n  accordance with the automatic p i l o t  manufac- 
tu rer ' s  preliminary recomendations resul t ing from analyt ical  s tudies  
of the system. 

5.lO4 System Operation: 

5.1,,!4.1 interlock Check: All e l e c t r i c a l  and mechanical interlock combinations - 
which have been incorporated i n  the design of the automatic p i l o t  
should be checked fo r  correct functioning and sequence before placing 
the autopilot  i n  operation. 

5e10h.2 Servo Direction and Synchronization: 

7 
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-12- 

S.1.4.2.1 Controllert With the power on, the automatic p i l o t  engaged, rotat ion 

Corresponding rudder and up- 

I 
of the bank and pi tch adjustment should result i n  corresponding motion 
of the elevators and ailerons. Eotation of t he  turn  adjustment should 
r e s u l t  i n  corresponding aileron motion. 
elevator motion should a l so  be checked if the system i s  designed t o  
provide these controls during a tu rn  command. 

- NOTE: During ground tests, the counter-effect of control system 
balance weights or  spring loads may exceed the maximum servo 
force provided f o r  in-flight operEtion, thus causing the servo 
t o  be s ta l led,  and preventing actuation of t h e  controls, In  
such instances, the servo mw- be temporarily disengaged from 
the  control system t o  enable the  necessary cormnand s ignal  
tests t o  be accomplished. 

If command control is  i n i t i a t e d  through control wheel sensors, control 
direction should correspond t o  the wheel movement. 
occur within th s  specified threshold values of the sensors, 

engaged, and the  command controller i n  neutral  ( s t ra ight  and l eve l  
f l i gh t ) ,  movement of the a t t i tude  gyro i n  bank o r  i n  pi tch should 
result i n  dhplacement of control surfaces i n  a direct ion t o  correct 
the original reference movement . 
is  provided i n  the v e r t i c a l  w o ,  corresponding up-elevator w i l l  
a lso  r e su l t  from gyro movements i n  bank. Movement of the compass 
signal source indicating a divergence i n  heading t o  the  r i g h t  should 
r e su l t  i n  a l e f t  turn. Movement of the  compass signal source t o  the 
l e f t  should r e s u l t  in a r igh t  turn. 

Response should 

~,ï.i~,2.2 Corrective Control Signal: With the  power on, t he  automatic p i l o t  

If elevator compensation ( for  turns)  

NOTE I - With rate gyros, corrective signals are generated by continuous 
motion of unit  in the proper direction and sense. With inertial  
devices such as accelerometers, corrective s ignals  are generated 
bychanges i n  rate of motion. 
system should drive t o  the system null. 
cedures should be modified f o r  rate gyro and kner t ia l  type 
sensors where applicable. 

When motion ceases, the servo 
The above t e s t  pro- 

~ . l o h 0 3  Automatic Trim: Each automatic trim servo should be made t o  run a t  i t s  
installed maximum speed. 
agreement with cormnand used t o  i n i t i a t e  rotation. 

I h i t s  - Where l h i t s  of t r a v e l  f o r  the  antomatic trim servo have been 
' m i s h e d ,  the trim servo should be run t o  each end of i t s  t r ave l  as 
determined by the t r ave l  l imit ing device. 
~ l c t e n t l y  within - + 10% of the nominal value established f o r  each t r a v e l  
l i m i t  . 

Direction of rotatior, shouldbe checked f o r  

The servo should stop con- 
. 

'3 

I 

1 

3 
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AUTOMATIC PILOT INSTAJLATIONS Revised  AR^ 4 19 

-13- 

Atude and Direction Ind-oation: 
t o  indicate the  direction of applied controlforce. 

ample, a down elevator force thus result ing i n  a noss down motion 
of the a i r c r a f t  should be indicated by a down pointer defleûtisn. 
Where a t t i t ude  and direct ion are indicated by associated components 
such existing indications should be checked f o r  accuracy against 
known a t t i tudes  and directions. 

T r i m  indication shoulc 
For ex- 

Aititude Control: 
%è control ler  i n  neutral  and the a l t i t ude  control switch I1i>Nft an 
increase i n  pressure at the a l t i t ude  control should r e su l t  i n  up 
elevator motion. A decrease i n  pressure at t h e  a l t i t ude  control shod1 
r e s l a t  i n  a down elevator motion. 

With the  power on, the  automatic p i l o t  engaged, 

Radio - Automatic P l lo t -  Coupler: 
from the radio receivers o r  t h e i r  èquívalent from a s igna l  generator 
should be checked t o  see t ha t  they produce the proper corrective control 
On new ins ta l la t ions ,  it is recommended t h a t  t he  above check be per- 
formed with the input s igna l  originating from the radio receivers, usine 
a radio frequency signal generator t o  activate the receiverso 

input s ignals  t o  the ooupler, e i t he r  --. 

5.2 Flight Test: 

5.2.1 Interlocks: 
m g h t  . AU. checks performed under ~O1.~O1 should be repeated in 

5,2.2 Servo Ehgage and Disengage: 
mechanically and/or e lec t r i ca l ly  f o r  all f l i g h t  attitiides a t  which 
engagemnt and disengagement is l i k e l y  t o  take place. 
o r  appreciable change i n  direction or a t t i t ude  of the airplane should 
occur. 
t w n  the airplane t o  s t r a igh t  and l eve l  f l i g h t  when engaged during any 
other a t t i tude.  If so, t h i s  should be done without appreciable over- 
shoot, osci l la t ion,  or abrupt action.) 

The servos should be engaged and disengaged 

No abrupt movement 

(Note t h a t  there  a re  autopilot systems which are designed t o  re- 

These tests, and those specif ied i n  the following paragraphs should be 
conducted i n  smooth air, and calibration adjustments made where 
required. 
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brued W/ls/s’! 
LRP 41 9 Reviied 

AUTOMTIC PILOT IKSTALLATIONS 

5.2.3 -- Servo Overpowering and Recovery: 
have been adjusted t o  permit overpowering by t.hc human p i l o t  the following 
checks should be made; The a i r p l m e  should be trinuned fo r  s t r a igh t  and 
leve l  f l i g h t  and the  automatic p i l o t  engaged. 
overpowered t o  deviate the a i r c r a f t  from s t ra ight  and l eve l  f l i g h t o  
Overpower control should then be released and the response of the a i r c r a f t  
checked, 
cases without appreciable overshoot, undershoot, undamped osc i l la t ion  
o r  sbrupt action. 
recommended in paragrzph 5.1.3.2. 

If the servos and t h e i r  ins ta l la t ions  

Each axis should then be 

The a i r c r a f t  should return t o  s t ra ight  and level f l i g h t  in all. 

The maximum overpowering forces shculd not exceed those 

(On those axes p0ssessir.g automatic trim servos, precautions should be 
exercised during overpowering t o  prevent excessive t r im tab displacement 
from occurring. During overpower i n  pitch, the  automatic pi tch trim and 
al t i tu .& control should be disengaged) . 

5 .2  0.4 Stability-Normal Flight:  

5.2.b .1 Roll: During normal level f l i g h t  i n  smooth a i r  no notdceable motiori i r i  
Induced t ransients  on the  roll axis should damp o u t  rolfi should exist. 

smoothly. 

s? or  repe t i t ive  pi tch change should OCCUT. 
damp out smoothly. 
a l t i t ude  cont,rol. 
i n  Ac 402Am 

Roll s t a b i l i t y  s h o d d  be within the  limits specified i n  AS402Ac 

502.km2 Pitch: During normal l eve l  f l i g h t  i n  smooth a i r ,  no noticeable osci l -  
Induced t ransients  shodc  

Operation specified i n  ttis paragraph i s  without 
Pitch s t a b i l i t y  should be within the limits specified 

5,2.4..3 Yaw: There should be no noticeable indiccttion of oscilllation i n  smooth 
E and an induced. t ransient  should damp out smoothly. 

5.2.b.4 Heading: During normal level f l i gh t  i n  smooth air, the  airplane heading 
-remain within the l i m i t s  specif3& i n  PS402A. 

S 0 2 &  - Command Control: 

5.2m5.1 - Turn: 

5.2.5.2 Pitch: 
-merits i n  ASL02A. 

The maneuvering l i m i t  in turns  should be as specified Ui ASL02A. 

The maneuvering limits i n  pi tch should conform with the re- 

5.2.5.3 Bank: - 
5.2.6 Altitude Control: 

The operating limits i n  bank should conform t o  ASb02A. 

Performance should be tested at both cruising and ap- 
proach speed, in both s t r a igh t  f l i g h t  and t u r n S m  

The altitude control pi tch attitude limit should c d o r m  t o  ASh02A. 

S.2.7 Magnetic Heading Control: The maghetic heading reference should be checked 
Tor accuracy and s t&il iky with landing gear both up aid down, arid under 
d l  cor2ditions ’of e l e c t r i c a l  loads, and normal. f l i g h t  maneuvers. 

‘3 

9 

J 
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5.2.8 -. ThrocttLe Control; If t -hro t t le  control is  used, i t s  response and re- 
covery from t ransients  should be checked both up and down while on 
the  glide slope. Transients may be introduced e i the r  e l ec t r i ca l ly  . 

or by manually averpowering the controls. 

5.2.5, Airspeed Control: If airspeed control i s  used, it should be checked 
f o r  airspeed st,ability within the  design ï i m i t s  of the equipment. 
Transient response should also be tes ted,  

5.2.10 Electr ical  Power Variation: Tests should be made t o  determine the 
D O C O  voltage and the A.C. voltage and frequency received by t h e  auto- 
n i t i c  p i l o t  while t he  e l e c t r i c a l  loada a re  varied in a manner l i ke ly  
t o  be encountered i n  serviceo 
oiltlI conditions, 
control reaction by the automatic p i l o t  due t o  variations of the power 
supply, nor by the switching of other e l ec t r i ca l  loads. 

Consideration s h a l l  be given t o  "engine- 
During the above test, there  should be no adverse 

5,2,lL Servo Force Limit-e: To prevent the automatic p i lo t  from exceeding air- 
c ra f t  manewering load limits i n  the event of an actual  malfunction 
during service, means shoulc2 be provided f o r  limiting the  force output, 
of each primary control surface servo t o  a maximum valueo 
shoizld be deternìned through f l i g h t  t e s t s  of the  prototype instal la t ion.  
A simulated s igna l  source capable of producing rneximUn servo forces 
m a y  be used during these tests, 
should be determined on the basis  of the airframe manUfacturer's recom- 
nendations, and applicable Civil  Air Regulations. 

These values 

Aircraft  maneuvering loads limits 

S02.12 Autom&tic Trim: 

5.2.12.1 Direction and Speed: On each a x i s  i n  which an automatic t r i m  servo 
is ins ta l led  the surface control should be overpowered or a command 
s ignal  introduced, and direction of the t r im servo noted t o  be such 
as t o  correct the condition. 
c c n t r d  should return both the m i n  and trim servos t o  t h e i r  normal 
positions. Any osci l la t ions should- damp out smoothly. The maximum 
trim servo speed should not exceed a value which i n  5 seconds could 
r e su l t  in an out-of-trim condition which w i l l ,  under the mostacberse 
Fosition and speed of the airplane, produce accelerations exceeding 
established limits o r  result i n  s t ruc tura l  damage. 
speed shoulcl not permit an out-of-trim condition which woulC be 
dangerous if the autopil& were t o  be disconnected. 

If overpowered, release of the  surface 

Miriimum servo 

5.2J2.2 L i m i t s :  The established t r ave l  limits f o r  the automatic trim system 
not be great enough t o  permit the trim servo after 5 seconds 

of operãtion at  maximum speed t o  put t h e  a i r c r a f t  i n  a dangerous 
at t i tude,  t o  r e su l t  i n  accelerations above those allowed for  the  
a i rc raf t ,  or t o  cause s t ruc tura l  damage t o  the a i r c ra f t  within the 
licensed operating conditions of the  a i rc raf t -  a%qrUot combination. 
Closer limits may be used but should provide suf f ic ien t  range t o  
trim the surface f o r  a l l  conditions of weight, cog., and speed f o r  
which the autopilot  is licensed on the a i rc raf t .  
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5.2 .I3 Radto-Automatic P i lo t  Coupler: 

Direction and Trim: 
the  most c r i t i c a l  aircraft gross weight, airspeed, and loading conditions 
which could be encountered i n  normal serviceo Approaches should be made 
from e i the r  side of t h e  beam a t  various intercept  angles up t o  the max- 
imum angle‘for which the equipment is designed, Altitude and distance 
from the runway a t  time of beam entry should be governed by standard 
instrument approach procedureso 

Approaches t o  the loca l izer  beam should be made a t  

The direction of turn and the bank angle should be checked f o r  cor- 
rect direction and m a x i m u m  allowable values as determined by the design 
o r  init ial  adjustment of t he  coupler. 
never exceed tha t  recommended by the  a i r c r a f t  manufacturer f o r  the 
load, airspeed, and cog, fac tor  on instrument approaches, or those 
bank limits specified by ASb02A. 

The maximum bank angle should 

Bracketing of the beam should be accomplished by firm, positAve control 
action, requiring the  minimum number of overshoots to complete the 
action from the maximum angle of intercept.  
could be considered acceptable. 
t h e  manipulation and timing of the autopilot  controls should be governed 
by the design features of the  automatic p i lo t .  
i z ing  on the beam, the a i r c r a f t  should show no tendency t o  osc i l l a t e  
or  wander from the beam cen-her. 

Two overshoots o r  less 
Cockpit procedures with respect t o  

After i n i t i a l l y  stabil- 

Pitch: 
minmm nuniber of overshoots. 
sa t i s fac tory  . 

Interception of the glide slope should be accomplishrd with the - Not more than two could be considered 

After i n i t i a l ly  s tab i l iz ing  on the beam the a i r c r a f t  should have no 
tendency t o  osc i l l a t e  or wander from the beam center during the re- 
mainder of the approach down t o  an a l t i t ude  of at l e a s t  300 f ee t  d o v e  
the  ground. 
disengagement of the autopilot  o 

The a i r c r a f t  should be i n  a trimmed condition following 

Associated I.L.S. Equipment: During automatic approach t e s t s ,  t he  I.L.S. 
f a c i l i t i e s  should be operating i n  accordance with existing CAA standards, 
Considerations should be given t o  possible l o c a l  beam disturbances and 
inherent beam bends which may be encountered. 
Localizer receivers used t o  provide s ignals  t o  the automatic approach 
coupler should be calibrated and adjusted i n  accordance w i t h  current 
industry standards. 

Airborne Glide Slope and 

Further discussi.cn of 1.L.S. character is t ics  with recommended adjustment 
criteria w ï l 1  be found i n  Reference 8. 

5.3 Post Flight: 

5.3.1 Mechanic& 
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5.3.1.1 Nomting, Security and Condition: Ai1 components should be inspected 
f o r  securi ty  of mounting and f o r  any adverse effects  of vibration, 
exposure, o r  overheating. 

so3a1.2 Rigging: Upon completion of the f l i g h t  and landing, the following 
-be checked: 

(1) 

(2) 

(3) 

Visual inspection f o r  fraying, stretching or misalignment of 
the servo and a i r c r a f t  control system cables. 
Manual  check for loading, feel, f r ic t ion,  and general t ightness 
of the control system cables. 
Manual check of alignment in pulleys and servo drums and looseness 
in servo and pulley mountings. 

. 

After tightening a l l  attaching bolts,  the  automatic p i l o t  system should 
then be engaged and controlled by the controller t o  check the overal l  
operation of the  system. 

50302 Elec t r ica l  : 

5.302.1 Connections and Wir-;: A l l  terminals and disconnect plugs should 
be inspected f o r  tightness 

Junction boxes should be checked for t he  presence of any loose, 
irrelevent. mi te r ia l  

50302.2 Security and Condition: All junction box wiring, exposed wiring 
harnesses, and disconnect plugs should be inspected f o r  security 
of attachment and f o r  any adverse e f fec ts  of vibration o r  exposure. 

5.3.3 Settings and adjustments: Final  cal ibrat ion set t ings and adjustments 
arrived a t  during ground and f l i g h t  t e s t s  should be locked and/or 
sealed, as required, and the values noted f o r  use i n  subsequently 
replaced components i n  the subject a i rc raf t .  
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I" 

ARP41 9 Irued 11/15/57 
Revired AUTOMATIC PILOT INSTALLATIONS 

GLOSSARY OF T E M  

Airspeed Control 

AirsEed Sensor 

Aì t i tudv  Control 

Y- -- 
- 

Altitud-e Sensor 

Attitude Gyro 
-u--- 

Control Valve 

A function, o r  mode of operation, which provides 
constant airspeed by regulating the th ro t t l e s  i n  
response t o  signals from an airspeed sensor. 

A device which provides qutput signals propor- 
t i ona l  t o  airspeed p i to t - s ta t ic  pressureso 

A function, o r  mode of operation which provides 
constant a l t i tude  by cmt ro l l i ng  the pi tch attitude 
of t he  a i r c ra f t  i n  response t o  signals from an 
a l t i tude  sensor . 
A barometric devics which provides output signals 
proportional t o  the  deviation from a reference 
pressura-altitude. 

A gyroscope which provides an output signal. which 
is  a measurs of the a i r c ra f t ' s  a t t i tQde  idth resgect 
t o  a gravitational reference. (Also called v e r t i c a l  gy ro )  

A valve used t o  control the f lu id  f l o w  of a hydraulic 
type servo. 
a controller, selector, o r  sensor. 
Boost Control Valve, o r  Power Boost Control Valve), 

It operates i n  response t o  signals from 
(Also called a 

A device which perxits the human p i l o t  t o  init iate 
Turn, Pitch, and Bank Signals i n  the  Automatic Pilot .  

Follow-Up Control Unit A device which provides an output s ignal  proportional 
. 

t o  the displacemvnt, or r a t e  of movement, of that  which 
i s  being driven by the servo. 
Repeatback Control unit,.) 

Y-- 

(Also called a Feedback o r  

Follow-Up Signal 
-u--- 

Function Selector 
_Y_-*-.- I-- 

Glide Path ------ 
Glide Slope 
-i- 

A si"3;nal produced by a Follow-Up Control unit. 
cal led a Feedback or  Repeatback Control Unit.) 

A device which permits the human p i l o t  t o  select  auto- 
matic p i lo t  functions or  modes or̂  operation. 

The path used by an a i r c ra f t  i n  approach procadares 
as  defined by an instrument landing f a c i l i t y .  

A n  included pa%h i n  space which is defined by radio 
signals emanating from an instrumsnt landing f a c i l i t y ,  

(ALSO 
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ARP 4 1 9 AUTOMATIC PILOT INSTALLATIONS 
Imued ii/i5/57 
Revired 

-20- 

GLOCSA??Y OF TERMS (Continued) -- 
Localizer 

Overshoot 

Rate Gyro 

Servo - 

Servo Engage 
Disengage - 

Servo Overpower 

Signal 

Thrott le Control 

T r  ãnsient 

T r i m  Indicator 

Undershoot 

A radio f a c i l i t y  which provides signals f o r  use i n  
lateral guidance of a i r c r a f t  with respect t o  a runway 
c e n t e r l i e  o 

Movement of the a i r c r a f t  whereby it coasts past  the 
commanded reference al t i tude,  att i tude,  o r  f l i k h t  path 
before s e t t l i n g  out. 

A gyroscope which provides an output signal proportional 
t o  the turning r a t e  about a given axis. 

The actuating device which positions the a i r c r a f t  control 
surfaces in response t o  a commanded s i g n a  from a con- 
troller, selector  o r  sensor. 
o r  ~ e r v o  actuator o )  

(Also cal led a servomotor 

The process of connecting or disconnecting the servo 
motor and gear t r a i n  from the cable drum o r  sector 
through a mechanical or  e l e c t r i c a l  clutch i n  the  servo. 

The ac t  of oveqowering the servo by applying an ap- 
propriate p i l o t  force a t  the  control column o r  rudder 
pedals o 

A measure o r  quantity of t he  medium used t o  communicate 
a condition, effect ,  o r  other desired intel l igence from 
one point i n  the system t o  another. In an e l ec t r i ca l  
system this may be a voltage; i n  a hydraulic system, 
a pressure. 
control ìer  or  selector  or  other such reference device. 

A sienal may be generated by a sensor, 

A function or  mode of operation which provides power or 
t h r o t t l e  control ih response t o  pi tch at t i tude,  gl ide 
slope, o r  airspeed sigIl&. 

A temporary deviation of the a i r c r a f t  from i ts  n o d  a t -  
t i t ude  produced by momentarily overpowering the automatic 
controls or by momentarily inject ing a signal t o  cause 
a deviation, 

An instrument used t o  indicate the  re la t ive  amount of 
servo e f fo r t  b e h g  used t o  maintain t h e  a i r c r a f t  trim. 

Movement. of the  a i ro ra f t  whereby it stops short  of the 
commanded reference al t i tude,  a t t i t ude  o r  f l i g h t  path, 
before settling out. 
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S A E  A R P m 4 L S  5 7  W 8357340 0028LLO T W 

aRP 419 
Appendix A 

AUTOMATIC PILûT INSTATLATION SURVEY 

Date Prepared 

1, Performance and Service 

1.1 Aircraft Manufacturer Designation 

1.2 Kind of Service 

i 

1.3 Engine Type Number of Engines 

1.4 Weight and Balance 

1.4.1 Design Gross Weight lbs .  at COG.  % MAC 

l .b .2  Maximum Take-Off Gr.Wt. lbs. at COG. % MAC 

l .k.3 Minimum Landing ûr.W. lbs .  a t  COGo- % MAC 

1.4.4 Curve of C.G. VS. Gr.Wt. f o r  normal f u e l  sequencing. 

1.5 Airspeed 

1.5.1 If available, an a l t i t ude  ( f ee t )  VS. akspeed  (knots t rue )  en- 
velope should be provided. This will form the  bas i s  f o r  selec- 
t i o n  of representative f l i g h t  configurations as follows: 

1.5.1.1 Maximm Indicated Airspeed at the  a l t i t ude  of i ts  inter-  
sect ion with maximum parer speed. 

l.Y.1.2 High Alt i tule ,  Maximiun Speed a t  an a l t i tude  of 75-85% of 
the  maximum al t i tude.  
configuration f o r  bomber-type aircraft, or  the f u e l  
transfer condition f o r  an in-fl ight refueler, f o r  example. 

T h i s  may correspond t o  the bombing 

1.5.1.3 Normal cruise, usually w e l l  within the  a l t i tud-a i r speed  
envelope 

1,S.l.h 

1.5.2 Should the  altitude-airspeed envelope not be available, the al- 
t i t ude  and airspeed f o r  the four  configurations of 1.5.1 may be 
provided as follows : 
1.~.2.1 Meximum Knots IAS a t  feet. 

1.5.2.2 MawnUm Knots TAS a t  feet 

Approach at Sea Level, with gear down and landing f laps  
extended. 

i.5;.2.3 Cruise Knots IAS a t  feet . 
1 . 5 . 2 ~ h  Approach Knots TAS at  Sea Level. 

-1- _> 
/- . 
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S A E  ARP*I117 57 83573qO 0028111 1 
ARP 419 
Appendix A 

1.5.3 Landing Knots TAS a t  Sea Level. 

1.6 Service Ceiling feet. 

2. Drawincs 

2.1 Outline Drawing of Ai rcraf t  Indicatine: 

2.1.1 Overall Dimensions. 

2.1.2 Control Surfa.ce Dinensions. 

2.1.3 Extreme Posit ions of Center of GX'aVitY. 

2.1.4 Proposed Locations of Automatic P i l o t  Components. 

2.2. Mechanical schematics of rudder, ai leron, e levator  and th ro t t l e  control 
systems, including trirn systems and indicating hand and foot  movements, 
servo t ravel ,  surface travel, servo attachment points and a.11 linkage 
dimensions. 

3. Control System Data 

3.1 

3.2 

3.3 

Plots  of cable force i n  pounds and disdacement i n  inches a t  the servo 
attachments points VS. surface motion i n  degrees from t r i m  neutral  i n  
specified f l i y h t  configurations f o r  rudder, a i leron and elevator, Der 
attached Forms No. lA and D. 
t h i s  information i s  required f o r  boost operative and inoperative. 

If boost control i s  optional i n  flipht, 

Expected automatic p i l o t  servo cable t ravel ,  hardover t o  hardover. 

3.2.1 Rudder inckies . 
3.2.2 Aileron inches. 

3.2.3 Elevator jnches. 

Elevator servo m+-.le Corc'e i n  nounrts r . t  s e r ro  sttr?cbrwfit, point per " g "  
of normal accelerntion f o r  t h e  cni.Jce and 2ppogc9 cnnfj-urati-ns f o ~  ey- 
treme forward and a f t  center CY F r v j t r  7 o s i t i m s .  

3.3.1 Cruise at, Knots IAS .  

3.3.1.1 ìb/g a t  % F.A.Z. 

3.3.1.2 lb/c a t  % M.A.C. 

3.3.2 Apnroach at Knots IAS. 

3.302.2 lb/? a t  % Y.A.C. 

-2- 

                                                                    
                                         
                                                                    
                                         

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p4

19

https://saenorm.com/api/?name=693d9c980b0fe38d376a2896aa836fbd


SAE ARP*419 57 8357340 0028LL2 3 W 
ARP 419 
Appendix A 

P- 
i. 

3.b L i m i t  and Ultimate Load Factors i n  t o t a l  normal rigtsri ,  posit ive and negative. 
(Load Factor in s t r a i g h t  and l e v e l  f l i g h t  i s  +l.Og). 

3.k.l L i m i t  1.0+ g, 1.0- g. 

3.4.2 Ultimate 1.0* g, 1.0- g.  

3.5 Plots  o f  elevator  required t o  t r i m  versus l i f t  coeff jc ient  and/or indicated 
airspeed a t  four center of grevi ty  locations. 

3.6 Minimum cable force jn Founds a t  servo attachment points t o  produce s t ruc tura l  
limit load f o r  any conf i a ra t ion ;  describe the configurstion and s t ructure  
involved. 

lh. a t  - 3.6.1 Rudder 

3.6.2 Aileron lb .  a t  

3.6.3 Elevator lb.  a t  

3.7 Maximum allowable force in pounds a t  servo attachment point without overstressing 
control system. 

3.7.1 pounds . - Rudder 

3 . 7 2 Aileron Founds. 

3 . 7 . 3 Elevator pounds . 
Faximum rudder servo cable force i n  pounds a t  the servo atta.chment point re- 
quired t o  hold the aircra.ft  t o  zero r a t e  of tu rn  with wings l eve l  and f u l l  
asymmetrical power. poimds. 

M a x i m u m  servo cable force i n  pounds a t  the elevator  servo attachment point 
required t o  land the a i r c r a f t  with the center of gravi ty  in i ts  extreme forward 
posit ion . pounds . 
S t a t i c  f r i c t i o n a l  force i n  pounds a t  the servo attachment points f o r  primary 
controls. If f r i c t i o n  is  a function of control surface position, curves are  
re quire d 

3.8 

3.9 

3.10 

i 

3.10.1 Rudder pounds . 
3.10.2 Aileron pounds . 
3.10.3 Elevator pounds . 

-3- 

. - _I . __ . . .  
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Appendix A 

3.11 T r i m  System 

Type of t r im system, (i.e., tab or  surface, e l e c t r i c a l  o r  -) 
mechanical, etc.) 

3.li.i.l -3udder 

3.11.1.2 Aileron 
L 

I 

t 3.11.1.3 Elevator 

Plots  of cable force i n  pounds and displacement in  inches a t  the 
trim servo attachment points VS. trirr- surface motion in degrees 
re la t ive  t o  primary surface in specified f l i g h t  confiqurations 
f o r  the rudder, a i leron and elevator  tr im systems, per attached 
Forms No. 2A an+ 2B. 

I 

Maximm cable t r ave l  i n  inches a t  automatic p i l o t  trim servo 
attachment points. 

inches. - 3.11.3.1 Eludder - 
3.11.3.2 Aileron inches. 

3 . 11.3 . 3 Elevator inches. 

lkximum allowzble force i n  pounds a t  trim servo attachcent 
?oints which w i l l  not overstress the control system. 

3.1i.k.1 h d d e r  pounds. 

3.11.k.2 Aileron pounds. 

3.11.k.3 Elevator pounds. 

S t a t i c  f r i c t i o n a l  force in poimds a t  the trim servo a t t a c h e n t  
points. 
curves are  required. 

If f r i c t i o n  i s  a function of trim surface position, 

3.il.s.l Rudder pounds. 

3.11.5.2 Aileron pounds. 

3.11.5.3 Elevator pounds . 
3.11.6 If e l e c t r i c  motors are  used f o r  m a n u a l  trim, submit f o r  a l l  surfaces: 

3.11.6.1 Motor Type. 

3.11.6.2 Speed of t r im surface. 

3.11.6.3 Current and voltage. 

I 3 .ii.6.4 Torque-speed curves, i f  available . 
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Appendix A 

3.12 Speed Brake System 

3.12.1 Location and type. 

3.12.2 Type of actuator and speed of oyeration. 

3.12.3 Detai ls  of any f l a p  and/or t h r o t t l e  and/or landing gear interlocks. 

3.13 Throttle Control System 

3.13.1 Force i n  pounds at. t h r o t t l e  servo attachment point required t o  
molTe a l l  t h r o t t l e s  . .- pounds. 

3@13.2 M a ~ i m u m  allowable r a t e  of t h r o t t l e  movement as a function of 
engine speed and/or power set t ings.  deg/sec. 

3.13.3 Maximum t h r o t t l e  servo cable t r ave l  i n  inches a t  the servo attach- 
ment p o h t .  inches . 

4. Boost System Data 

4.1 Classif icat ion and type of boost, (i.e., hydraulic o r  aerodynamic, type 
of’ tab, etc.)  

4.1.1 Rudder 

4.1.2 Aileron 

LI . I. . 3 

D,ynamic boost character is t ics ,  includins spring, i ne r t i a  and damping loads 
reflected t o  the servo attachnent points a s  functions of indicated airspeed; 
and amF14tude m t i o  2nd nhase of outout t r ave l  VS. input tra.vel as functions 
of input Îrequency and indiceted airspeed. If resoanse is non-linear supply 
su f f i c i en t  curves t o  cover a l l  r ames  of input rmplitudes. 

Eleva t o r  

4.2 

I 
4.3 For power boost system: 

L1.3.1 

4.3.2 

4.3.3 

Power ?oost schematics and descriptions with recomended automatic 
p i l o t  t ie-in.  

Plots  of control surface speed VS. valve displacement a t  no load. 

Maximum hinge mor:,ent i n  lb - f t  which can be developed by power boost. 

b.3.3.1 Rudder lb-f t 
4.3.3.2 Aileron lb-f t 

lh-f t h. . 3.3.3 Elevator 
i 

4.3.4 Power boost t o t a l  deadspot measured a t  control surface hinge l ine.  

h.3.4.1 Rudder degrees . 
h.3.h.2 Aileron degrees. 

4.3.h.3 Elevator degr- \ 

IC 
....- 

-’”-;- 
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Appendix A 

5. Aerodynamic Data 

5.1 For c lar i ty  and completeness, a l l  symbols used i n  t h i s  section w i l l  be 
defined, (NACA Ter~inology).  
i n  degrees. 

A l l  angles i n  radians unless specified 

X 

Y 

Z 

X 

Y 

Z 

L 

M 

N 

U 

V 

W 

P 

9 

r 

L 

D 

T 
i 

W 

V 

4 

X-axis, posit ive forwzrd. 

Y-Fxis ,  posit ive towads the r i g h t  wing. 

Z-axis, posit ive towards the bottom of the airplane, 

Aerodynamic force along X - a x i s ,  posi t ive forward pounds. 

Aerodynamic force along Y - a x i s ,  posi t ive towards r i g h t  wing, pounds. 

Aerodynamic force d o n g  Z-axis, posi t ive towards bottom of airplane, 
pounds . 
Aerodynamic moment about X - a x i s ,  posi t ive r i g h t  wing down (Y t o  Z), 
foot-pounds . 
Aerodynamic moment about Y - a x i s ,  posi t ive nose up ( Z  t o  X), foot- 
pounds. 

Aerodynamic moment about Z - a x i s ,  posi t ive nose r i g h t  (X t o  Y), 
f oot-pûunds 

Linear veloci ty  along Y - a x i s ,  Dositive forward, f e e t  per second. 

Linear veloci ty  along Y - a x i s ,  posi t ive towerds r igh t  wing, feet  
per second. 
Linear ve loc i ty  along Z-pxis , positjive towards bottom of airplane , 
feet  pe r  second. 

Angular ve loc i ty  about X-axis, posit ive r i g h t  wing clown (Y t o  Z), 
radians per second. 
Angular ve loc i ty  about Y - a x i s ,  posi t ive nose up ( Z  t o  X ) ,  radians 
per  second. 
Angular ve loc i ty  about Z - a x i s ,  posi t ive nose r i g h t  (X t o  Y), radians 
per second. 
L i f t ,  pemendicular t o  f l i z h t  path, posit ive towards top of a i r= 
plane, pounds. 

Drag, p a r a l l e l  t o  f l i - h t  path, posi t ive towards rear  of airplane, pounds. 

Thr i l s t ,  posi t ive forward, Founds. 

Weight, yosi t ive down, pounds. 

True airspeed along f l i g h t  path, fee t  per  second. 

Angle of r o l l ,  posit ive r igh t  wing down (Y t o  Z), radians. 

I 
/ , k                                                                     
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Angle of pitch, posi t ive nose up (2 t o  X),  radians. 

Angle of yaw, posi t ive nose r i g h t  (X t o  Y), radians. 

See def in i t ion  of (p). 

See def in i t ion  of (9). 

See def in i t ion  of ( r ) .  

Angle of attack, angle between X - a x i s  and the  f l i g h t  path i n  the plane 
of symmetry, posi t ive nose up, radians. 

F l igh t  path angle, angle between the f l i g h t  path and the horizon, 
posi t ive i n  climb, radians. 

Angle of s idesl ip ,  l a t e r a l  angle between X - a x i s  and the f l i g h t  path, 
posi t ive f l i g h t  path t o  the r igh t ,  radians. 

Elevator angle, r e l a t ive  t o  the horizontal  s t ab i l i ze r ,  posi t ive t r a i l i n g  
edge down, radians. 

Rudder angle, r e l a t ive  t o  the fin, posi t ive t r a i l i n g  edge l e f t ,  radians. 

.4ileron ansle, r e l a t ive  t o  the win-, posi t ive trailinq edge down, 
radians. Subscript R o r  L denotes r i g h t  o r  l e f t  a i le ron  remectively.  

without subscr ipt  usually has the d e f i n i t i m  &a =saR - saL. 8, 
Flap anTle, r e l a t ive  t o  the winrr, posit ive t r a i l i n r  edze down, radians. 

Sneed Brake def lect ion re la t ive  t o  closed posit ion,  radians. 

Tab angle, r e l a t ive  t o  the elevator,  rudder o r  aileron, posit ive in the 
sane sense , radians . 
Stab i l i ze r  angle, r e l a t ive  t o  fuselage reference l ine ,  posi t ive t r a i l i n g  
edge down, radians (sometimes is o r  it is used f o r  iH).  

Wing area, square feet. 

Wing span, feet. 

Wing chord, f e e t  (usually Wean Aerodynamic Chord MAC o r  Mean Geometric 
Chord MGC). 

Vertical  Tail  area, square feet .  

Vert ical  Ta i l  length, 
t a i l ,  feet. 

N.A.C. of the wing t o  4 M.A.C. of the ver t ica l  

Horizontal Tail  area, square feet. 

I 

--A \,;, Horizontal T a i l  length, $ M.A.C. of the wing t o  4 M.A.C. of the hori- 
.Zonta1 t a i l ,  feet. ,- -, \ - 
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c I Y  

i 

c I Z  

c-r 

A i r  density, slugs per  cubic foot.  

m a n i c  pressure, p v2I2 

Longitudinal force coefficient.  

Lateraï  force coefficient.  = Y/Sq 

Normal force coefficient.  

Rolling moment coefficient.  

Pitching moment coefficient.  

Yawing moment coefficient.  

L i f t  coefficient.  cL = L/Sq 

Drag coefficient.  CD = D/Sq 

Thrust coefficient. T I c  = T/Sq 

Moment of inertia about X axis,  slug-ft  . 
Moment of i n e r t i a  about Y axis, s lug-f t  

Moment of i n e r t i a  about Z axis, s lug-f t  

cx * X/Sq 

CZ = Z/Sq 

Cl = L/Sqb 

C, = M/Sqc 

Cn = N/Sqb 

2 

2 

2 

ARP 419 
Appendix A 

Product of inertia about X and Z axes, slug-ft2. 

Radius of gyration about X axis, fee t .  kx = lw 
daaius of gyration about Y axis, fee t .  ky = 

Radius of gyration about Z axis, fee t .  kZ = 

kxz Jlxz/m 
Koment of inertia.  coeff ic ient  about X - a x i s .  

Sqb 
Moment of i n e r t i a  coeff ic ient  about Y - a x i s .  

C I y  = Iy  - 
sqc 

Koment of i n e r t i a  coeff ic ient  about Zlaxis. 

Procluct of i n e r t i a  coeffscient about X- and Z- axes. 
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H Hinge moment, posit ive in sense t o  cause increasing deflection. 
Subscript denotes surface, He is  elevator hinge moment, Hr is  
rudder hinge moment, etc., pound-feet. 

S Surface area a f t  of hinge l i ne .  
elevator area, Sr is  rudder area, Sf is  f l a p  area, etc., square feet .  

Surface span. 
rudder span, etc., fee t .  

Surface average o r  rootlmean-squared chord a f t  of hinze l i n e  (usually 

rudder chord, etc., fee t .  

Hinge moment coefficient.  
Subscrint denotes surface, Ch is  elevator hinTe moment coefficient,  
Chr is  rudder hinge moment coefficient,  etc.  

Surface moment of i ne r t i a ,  Subscript denotes surface, I, is  elev t o r  
moment of iner t ia ,  Ir i s  rudder moment of iner t ia ,  etc., slug-ft  . 

Stlbscript denotes surface, Se i s  

b Subscript denotes surface, be is elevator span, b, i s  

- 
C the l a t t e r )  Subscript denotes surf ace , ce is  elevator chord, - i s  

ch 

c r  

ch = H/qc"b (sometimes ch = H/qSc). 

9 I 

m Mass. m = W/g, slugs. 

r Relative dens i ty ,p  = m/,,Sb 

1 Time factor,T = d p s v  

Dt, Non-dimensional d i f f e ren t i a l  operator. % = (d/dt)b/2V 

Dc = (d/dt)c/2V Non-dimensional d i f f e ren t i a l  operator. Dc 

P Different ia l  operator. p = d/dt = ( ), l/seconds. 

t Time, seconds. 

Equivalent airspeed. Ve =fl ve 

u' au /v  
PI Mach number. M = V/a  

h Altitude above sea level,  fee t .  

n Load factor ,  aerodynartic force divided bv airplane weipht. 

U Ansle between the apparent Tra-"rity and the plane of symmetry, positive 
f o r  l e f t  b a l l  on a ball-bank indicator. 

Angle of attack of the ve r t i ca l  t a i l ,  radians. i 
4v 

aII Angle of attack of the horizontal t a i l ,  radians. 

Angle of clownwash a t  the t a i l ,  radians. 
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5.2 Aerodynamic Coefficients and Stability Derivatives 

5.2.1 If coeff ic ients  and derivatives are not constant with airspeed, 
angle of attack, control surface deflection, f lap configuration, 
s ides l ip  angle , hel ix  angle , Mach number, or a l t i t ude  , provide 
plots  describing the var ia t ion  over the normal oFerating range of the 
a i r c r a f t  . 
Derivatives taken with resr>ect t o  any anzular r a t e  may be presented 
i n  one of two ways. The non-dimensional operators may be employed t o  
y ie ld  time-dimensionless derivatives,  or the  derivatives may be taken 
d i r ec t ly  with respect t o  the anqular ra te ,  in which case they w i l l  have 
the un i t s  of seconds. For example: 

* 

5.2.2 
B 

d with p 
d t  

it i s  desirable t o  use the time-dimen- 

To avoid confusion of p =,$ 
and q = 6 with q = .pv2 
s iona l  de r iva  tive s when2p os s ib l e  . 
The following notes aDpl.y t o  sections 5.2.5, 5.2.6 and 5.2.7: 

(1) 

/) 

5.2.3 

These d e r i w t i v e s  are  reouired f o r  dynamic analysis of fuselage 
f l e x i b i l i t y .  
may be included in the other deriv.?tives. 

These derivatives are  required i f  the horizontal  s ta .bi l izer  i s  
ad jus table  . 

If body dynamics are  negligible,  the s t a t i c  e f f ec t  

(2)  

( 3 )  Senarate control surTace h l q e  moment data  i s  necessary f o r  
dynamic analysis of aerodynanic boost systems. 
included i n  Forms 1 and 2. 

S t a t i c  data i s  

(I;) 

( 5 )  

Here, sigma ( <J ) r e fe r s  t o  the servo drive drus  aryle. 

Eere, sigma (d ) refers t o  the sidewash ancle a t  the v e r t i c a l  t a i l .  

-10- 

i 

i 
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5.2.4 F l ight  Conditions Defined: 

VAHLABLE 

Altitude, fee t  

True Airspeed, knots 

Each Number 

Center of Gravity, % PíAC 

frocs Weight, pounds 

L i f t  Coefficient 

Angle of Attack, deg, 

F l igh t  Path Anale, deg. 

Tr im S tab i l izer  Angle, deg. 

Flap Position, deg. 

Speed Brake Position, deg. 

5.2.5 Radii of Gyration 

SYI430L 

h 

'kts 

M 

C.G. 

FJ 

CL 
U 

7 

FLIGET CONDITIONS - 
1 

IAS 

2 

iltitudr 

3 
??ziñäl 
:ruise 

4 

- _  . . . .  
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5.2.6 Lateral  S t a b i E t y  Deriv;itives 

VARIABLE 3 m o L  

cyß 
CY + 
CY + 
'8 r 

'a 

C 

8 
C l +  

C 

FLIGHT CONDITION -- 
e 

,J 
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