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1. PURPOSE. This change d e l e t e s c e r t a i n i tems found t o be i n excess o f 
minimum requirements and c l a r i f i e s c e r t a i n o ther i t ems . 

2 . CHANGES. 

a. Paragraph 2 has been changed t o reques t A i r C a r r i e r s t o adv i se t h e i r 
A i r C a r r i e r D i s t r i c t O f f i c e o f any a p p l i c a t i o n made t o o ther o f f i c e s . 

b . Paragraph 3 has been changed t o s t a t e that a s i n g l e system i s s u f f i ­
c i e n t f o r a l l normal o p e r a t i o n s . 

c . Appendix A , paragraph 2d, has been changed t o e l i m i n a t e the i n f e r ence 
that a f l i g h t manual r e v i s i o n or supplement i s t o be r equ i red and t o 
permit p r o v i s i o n of ope ra t i ng l i m i t a t i o n s by means o f p l a c a r d s . 

d. Appendix B, paragraph l b , has been changed t o make c l e a r that equip­
ment data need be submitted t o FAA on ly one t ime , not w i t h each STC 
a p p l i c a t i o n , and to e l i m i n a t e the need f o r f a u l t a n a l y s i s o f area 
n a v i g a t i o n equipment. Fau l t a n a l y s i s o f the i n s t a l l a t i o n i s r e t a i n e d . 

e . Appendix B, paragraph 2b, i s r e v i s e d t o be compat ib le w i t h the above 

f. Appendix D, paragraph 2 . d . ( 5 ) ( i ) , has been changed t o inc rease the 
MDAs by 200' and v i s i b i l i t i e s by 1/2 m i l e but not t o exceed 2 m i l e s , 
u n t i l o p e r a t i o n a l e x p e r i e n c e has been gained in the use o f the RNAV 
systems. 

g . Appendix G, paragraph 2 , has been d e l e t e d . 

changes. 
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1. BACKGROUND AND DEFINITIONS. 

a. P resen t n a v i g a t i o n a l methods, based on the use o f VOR/DME/TACAN 
ground f a c i l i t i e s , r e s u l t i n rou tes or a i rways which lead e i t h e r 
d i r e c t l y toward or away from the s t a t i o n . Th i s r e s u l t s i n 
l i m i t a t i o n s on the c o n f i g u r a t i o n and the number o f routes a v a i l a b l e 
between two p o i n t s . 

b . These l i m i t a t i o n s take on even more importance cons ide r ing 
that a r r i v a l and depar ture procedures a re based, i n l a r g e measure, 
on the same ground s t a t i o n s which s e r v e the en rou te s t r u c t u r e . 
Th i s means the funnel ing e f f e c t i s compounded by a l t i t u d e changes 
f o r t r a f f i c t r a n s i t i o n i n g t o or from the en rou te s t r u c t u r e . 

c . A l o g i c a l s tep toward p r o v i d i n g f o r more e f f i c i e n t u t i l i z a t i o n o f 
the a i r s p a c e and a i r p o r t s i s the employment o f a i rborne n a v i g a t i o n 
systems tha t w i l l permit f l i g h t over predetermined t racks w i t h i n 
p r e s c r i b e d accuracy t o l e r a n c e s wi thout the need t o o v e r f l y ground-
based VOR/DME (VORTAC) n a v i g a t i o n f a c i l i t i e s . Th i s c a p a b i l i t y , 
commonly termed "area n a v i g a t i o n , " has th ree p r i n c i p a l a p p l i c a t i o n s : 
between any g i v e n depar ture and a r r i v a l po in t s a long a rou te 
s t ruc tu re so o rgan ized as t o permit r educ t ion i n f l i g h t d i s tances 
or r educ t ion i n t r a f f i c conges t i on ; i n t e rmina l areas t o permit 
a i r c r a f t t o be f lown on p reo rgan ized a r r i v a l and depar ture f l i g h t 
paths t o a s s i s t in e x p e d i t i n g t r a f f i c f l o w and reduce p i l o t and 
c o n t r o l l e r workload; and t o permit instrument approaches w i t h i n 
c e r t a i n l i m i t a t i o n s t o a i rpor t s / runways not equipped w i t h l o c a l 
landing a i d s . 

d . Al though t h i s c i r c u l a r dea l s l a r g e l y w i t h n a v i g a t i o n i n the 
h o r i z o n t a l p l ane , i t i s r e c o g n i z e d tha t a t h i r d dimension o f c o n t r o l 
may be p rov ided by the a d d i t i o n o f v e r t i c a l guidance c a p a b i l i t y . 

e . Area n a v i g a t i o n expands the usable a i r space by a l l o w i n g the use of 
rou te s not s o l e l y l i m i t e d by a i r n a v i g a t i o n f a c i l i t y l o c a t i o n . 
These a d d i t i o n a l routes p r o v i d e o p e r a t i o n a l advantages f o r p i l o t s 
and c o n t r o l l e r s by i nc rea s ing route c a p a b i l i t y and f l e x i b i l i t y . 

f . D e f i n i t i o n s o f p a r t i c u l a r s i g n i f i c a n c e . 

( 1 ) Area N a v i g a t i o n (RNAV) - A method o f n a v i g a t i o n that permits 
a i r c r a f t ope ra t ions on any d e s i r e d course w i t h i n the coverage 
o f s t a t i o n - r e f e r e n c e d n a v i g a t i o n s i g n a l s or w i t h i n the l i m i t s 
o f s e l f - c o n t a i n e d system c a p a b i l i t y . 
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Area N a v i g a t i o n (RNAV) Equipment - A i r b o r n e equipment that 
p r o v i d e s the requirements f o r area n a v i g a t i o n c r i t e r i a 
conta ined i n Appendix D. 

RNAV Instrument Approach Procedures - Instrument approach 
procedures based on RNAV and i d e n t i f i e d by the p r e f i x RNAV 
f o l l o w e d by the procedure number; i . e . , RNAV Rwy 21 or RNAV - A . 

RNAV t r a n s i t i o n s f o r I n i t i a l Approach - T r a n s i t i o n s , based 
on RNAV, from the en rou t e environment t o the i n i t i a l approach 
f i x o f an instrument approach p rocedure . RNAV t r a n s i t i o n s 
may be inc luded i n conven t iona l approach procedures such as 
I L S , as w e l l as i n complete RNAV approach p rocedures . 

Designated RNAV Route - an a rea n a v i g a t i o n r o u t e , based on 
the current h igh a l t i t u d e o r low a l t i t u d e VOR/DME c o v e r a g e , 
as des igna ted by the A d m i n i s t r a t o r and publ ished i n FARs 71 
and 75. 

Es t ab l i shed RNAV Route - a p r ede f ined en rou te segment, a r r i v a l 
or depar ture rou te ( i n c l u d i n g RNAV SIDs and S T A R s ) . 

Reference F a c i l i t y - the ground f a c i l i t y used f o r the i d e n t i f i ­
c a t i o n and es tabl ishment o f an area n a v i g a t i o n rou te or f l i g h t 
p rocedure . 

S lant Range - the ac tua l d i s t ance between a i r c r a f t i n f l i g h t 
and c e r t a i n a i r n a v i g a t i o n a l a i d s ( r a d a r , DME), t h i s d i s t ance 
being g r e a t e r than the g e o g r a p h i c a l range because o f the 
a l t i t u d e o f the a i r c r a f t . 

Slant-Range Error - s l an t - r ange e r r o r i s the d i f f e r e n c e between 
the d i s t ance o f an a i r c r a f t t o a p o i n t on the surface and the 
d i s t ance from that po in t a long the sur face t o a p o i n t d i r e c t l y 
beneath the a i r c r a f t . 

Tangent P o i n t - the p o i n t from which a l i n e perpendicu la r t o 
the RNAV rou te c e n t e r l i n e passes through a s p e c i f i e d VORTAC. 

Way P o i n t - A pre-de termined g e o g r a p h i c a l p o s i t i o n used f o r 
r o u t e - d e f i n i t i o n and/or p r o g r e s s - r e p o r t i n g purposes that i s 
de f i ned r e l a t i v e t o a VORTAC s t a t i o n p o s i t i o n . Two subse­
quen t ly r e l a t e d way po in t s d e f i n e a rou te segment. 

Instrument Approach Way P o i n t s - F i x e s used i n d e f i n i n g RNAV 
instrument approach procedures i nc lud ing the I N I T I A L APPROACH 
WAY POINT ( I A W P ) , INTERMEDIATE WAY POINT ( I N W P ) , the FINAL 
APPROACH WAY POINT (FAWP) , and the MISSED APPROACH WAY POINT 
(MAWP). 
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g . A p p l i c a t i o n o f area n a v i g a t i o n equipment and procedures I n the 
N a t i o n a l A i r s p a c e System r e q u i r e s that they be compat ib le w i t h the 
VOR/DME system on which rou t e s t ruc tu re and a i r t r a f f i c c o n t r o l 
a r e based . Implementa t ion , t h e r e f o r e , r e q u i r e s tha t area 
n a v i g a t i o n d e v i c e s employed assure proper p o s i t i o n i n g w i t h r e spec t 
t o the VOR/DME rou te s t ruc tu re by r e f e r e n c e t o the geograph ic 
l o c a t i o n s o f VOR/DME ground f a c i l i t i e s . Such systems must fur ther 
permit n a v i g a t i o n a l o n g , and w i t h i n the p r o t e c t e d a i r s p a c e o f , 
conven t iona l VOR r o u t e s , a i r w a y s , and t e rmina l p rocedures . 

h . To assure c o m p a t i b i l i t y w i t h e x i s t i n g ATC rou tes and procedures , 
area n a v i g a t i o n systems t y p i c a l l y compute d i s t a n c e s , b e a r i n g s , 
and/or command guidance s i g n a l s r e l a t i v e t o "way p o i n t s " tha t a re 
used t o d e f i n e RNAV rou t e segments i n r e l a t i o n t o VOR/DME s t a t i o n 
l o c a t i o n s . A success ion o f these way p o i n t s d e f i n e s the c e n t e r l i n e 
o f the rou t e t o be f l o w n . 

i . The advantages o f area n a v i g a t i o n a re a p p l i c a b l e t o VFR as w e l l as 
IFR o p e r a t i o n s . For VFR o p e r a t i o n s , s t r a i g h t - l i n e p o i n t - t o - p o i n t 
n a v i g a t i o n , bypassing o f conges ted and r e s t r i c t e d a r e a s , and 
e l i m i n a t i o n o f a i r n a v i g a t i o n a l f a c i l i t y overhead requirements a r e 
the p r i n c i p a l advantages g a i n e d , and each c o n t r i b u t e s both t o the 
r educ t ion o f p i l o t workload and t o f l i g h t s a f e t y . I n s t a l l a t i o n 
requirements f o r VFR use o n l y a re shown i n Appendix A , Page 8 , 
Paragraph 4 . 

j . For IFR o p e r a t i o n s , area n a v i g a t i o n o f f e r s s i m i l a r b e n e f i t s , but 
must be conducted i n accordance w i t h standards and procedures 
des igned t o insure the s a f e , e x p e d i t i o u s , and o r d e r l y movement and 
c o n t r o l o f a i r t r a f f i c w i t h i n p r e s c r i b e d a i r s p a c e d imensions . 

k . I n t r o d u c t i o n o f an area n a v i g a t i o n c a p a b i l i t y i n t o the N a t i o n a l 
A i r s p a c e System p r o v i d e s a means o f overcoming many o f the d i s ­
advantages o f the p resen t VOR s t r u c t u r e . By e l i m i n a t i n g the 
requirement t o f l y a long r a d i a l s tha t l e a d d i r e c t l y t o o r from the 
ground s t a t i o n , i t i s p o s s i b l e t o d e s i g n rou te s and procedures tha t 
b e t t e r f a c i l i t a t e the movement o f t r a f f i c . T y p i c a l o f the b e n e f i t s 
tha t w i l l r e s u l t a r e : 

( 1 ) Congested a rea bypass r o u t e s . 

( 2 ) M u l t i p l e rou te s t o a l l o w s e g r e g a t i o n o f t r a f f i c accord ing t o 
speed or o the r o p e r a t i n g c h a r a c t e r i s t i c s . 

( 3 ) P i l o t n a v i g a t i o n o f commonly f lown radar v e c t o r pa ths . 

( 4 ) Improved al ignment o f rou tes* 

( 5 ) Dual rou tes f o r one-way t r a f f i c . 
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( 6 ) Increased instrument approach c a p a b i l i t y . 

( 7 ) Optimum l o c a t i o n o f ho ld ing p a t t e r n s . 

( 8 ) Procedures des igned f o r STOL and h e l i c o p t e r o p e r a t i o n s . 

1. The FAA intends to encourage the i n s t a l l a t i o n o f area n a v i g a t i o n 
equipment by e s t a b l i s h i n g rou tes and t e rmina l procedures that a re 
s p e c i f i c a l l y designed f o r , and a re b e n e f i c i a l t o , p r o p e r l y equipped 
use r s . 

m. Immediate a t t e n t i o n w i l l be d i r e c t e d t o the development o f t rans­
c o n t i n e n t a l and major hub connect ing rou tes a long w i t h t e rmina l 
procedures t o s e r v e these r o u t e s . Development of o ther rou tes and 
terminal procedures w i l l be cons i s t en t w i th user needs whenever 
p o s s i b l e . 

2 . WHERE TO APPLY FOR APPROVAL. 

a. A p p l i c a t i o n f o r approval o f an area n a v i g a t i o n equipment i n s t a l l a t i o n 
other than those r e l a t i n g t o an a p p l i c a t i o n f o r a Supplemental Type 
C e r t i f i c a t e ( S T C ) , may be made t o any FAA A i r C a r r i e r or General 
A v i a t i o n D i s t r i c t O f f i c e . 

b . A p p l i c a t i o n f o r a Supplemental Type C e r t i f i c a t e c o v e r i n g an area 
n a v i g a t i o n equipment i n s t a l l a t i o n may be made to any FAA Reg io na l 
Engineer ing and Manufacturing O f f i c e . 

c . A p p l i c a t i o n f o r approva l o f new area n a v i g a t i o n rou tes and instrument 
approach procedures should be made t o the app rop r i a t e FAA area or 
r e g i o n a l o f f i c e . 

* d. A i r C a r r i e r s should a d v i s e the r e s p o n s i b l e A i r C a r r i e r D i s t r i c t 
O f f i c e o f any a p p l i c a t i o n made t o o ther o f f i c e s . * 

3. AREA NAVIGATION EQUIPMENT. Equipment that meets the performance s p e c i ­
f i c a t i o n s o u t l i n e d in Appendix A i s s u i t a b l e f o r use w i t h i n the NAS. A 
s i n g l e system w i l l be cons idered s u i t a b l e t o meet these requi rements . 
Equipment may inc lude doppler radar , i n e r t i a l , p i c t o r i a l d i s p l a y / c o u r s e 
l i n e computers, or any other t e c h n i q u e / d e v i c e that w i l l ensure compat­
i b i l i t y w i t h the o p e r a t i o n a l procedures and rou t e widths p r e s c r i b e d . 
P i c t o r i a l d i s p l a y s or course l i n e computers p r o v i d e one o f the t y p i c a l 
methods o f ope ra t ing on an area b a s i s . This method i s p r e d i c a t e d on 
u t i l i z i n g the s i g n a l s from VOR/DME ground s t a t i o n s , or o ther f a c i l i t i e s 
o f f e r i n g equ iva l en t accuracy . 
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APPENDIX A . AIRBORNE AREA NAVIGATION SYSTEMS: ACCEPTABLE MEANS OF 
COMPLIANCE WITH AIRWORTHINESS REGULATIONS 

1. INTRODUCTORY REMARKS. 

a . Area n a v i g a t i o n systems based on VORTAC s t a t i o n s have four sources 
o f e r r o r : ( 1 ) ground VOR/DME r a d i a t e d s i g n a l ; ( 2 ) a i rborne 
VOR/DME equipment; ( 3 ) f l i g h t t e c h n i c a l ( p i l o t a g e ) ; and ( 4 ) the 
area n a v i g a t i o n equipment i t s e l f . I t i s assumed fur ther that 
these a re independent e r r o r s having such d i s t r i b u t i o n that they 
may be combined root-sum-square (RSS) f a s h i o n . See Appendix C. 

b . The means o f compliance presented he r e in apply t o systems that use 
VOR/DME sensor s i g n a l s e i t h e r f o r d i r e c t a i r c r a f t p o s i t i o n d e t e r ­
mina t ion or f o r updating a i r c r a f t p o s i t i o n d e r i v e d from other 
sources such as a i r data computers and magnetic compasses, i n e r t i a l 
n a v i g a t i o n systems, and dopple r radar n a v i g a t i o n systems. However, 
RNAV systems may employ sensor inputs o ther than VOR/DME wi thout 
VOR/DME u p d a t i n g j i f e q u i v a l e n t accu rac i e s can be demonstrated by 
means o f compliance s u i t a b l e t o such systems. 

c . I n the development o f area n a v i g a t i o n , the agency b e l i e v e s tha t 
v e r t i c a l guidance should be in t roduced which w i l l g i v e t h i r d -
dimensional c a p a b i l i t y t o the bas i c two-dimensional ( l a t e r a l and 
l o n g i t u d i n a l ) area n a v i g a t i o n system. The agency w i l l deve lop an 
addendum t o t h i s c i r c u l a r t o inc lude c r i t e r i a f o r v e r t i c a l 
guidance equipment. 

d . The problem o f s l an t - r ange e r r o r takes on p a r t i c u l a r s i g n i f i c a n c e 
under the area n a v i g a t i o n concept because o f a d i r e c t e f f e c t upon 
the in tended route o f f l i g h t . A i r b o r n e systems tha t a re dependent 
upon ground s t a t i o n s i g n a l s f o r course guidance a re subject t o 
t h i s e r r o r , w h i l e s e l f - c o n t a i n e d systems a re n o t . Of the former , 
some systems are des igned t o compensate f o r s l an t - r ange e r r o r and 
o the r s a re n o t . 

To a v o i d implementat ion d e l a y , a i rbo rne systems a f f e c t e d by s lant 
range e r r o r w i l l i n i t i a l l y be accommodated through procedural 
compensation by the a i r space planning and a i r t r a f f i c c o n t r o l 
sys tems. Route des ign compensations w i l l take the form of 
l i m i t a t i o n s on the p r o x i m i t y o f rou te c e n t e r l i n e s t o ground 
s t a t i o n s , inc reased l a t e r a l dimensions f o r routes that must 
pass i n p r o x i m i t y t o ground s t a t i o n s and inc reased l a t e r a l 
spacing o f dual or p a r a l l e l r o u t e s . A i r t r a f f i c c o n t r o l 
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compensations w i l l be i n t he form o f l o n g i t u d i n a l and l a t e r a l 
sepa ra t ion c r i t e r i a that w i l l be l a r g e enough t o encompass the 
extremes o f s l an t - r ange e r r o r p o s s i b i l i t i e s . Development o f 
routes des igna ted f o r the e x c l u s i v e use o f s l a n t - r a n g e - c o r r e c t e d 
users should not be expec ted as t h i s would amount t o r e s e r v a t i o n 
o f a i r space t o the det r iment o f o ther users and t o the f l o w o f 
t r a f f i c i n g e n e r a l . However, l i m i t e d a p p l i c a t i o n s f o r t h i s t ype 
o f rou te may e x i s t i n a reas o f o the rwi se unusable a i r s p a c e . 

E l i m i n a t i o n o f s l an t - r ange e r r o r and i t s a t tendant compensating 
procedures i s p r e r e q u i s i t e t o the development o f optimum rou tes 
and separa t ion c r i t e r i a . T h e r e f o r e , an NPRM r e q u i r i n g s l a n t -
range c o r r e c t i o n can be expec ted by 1 January 1971. 

The rulemaking a c t i o n w i l l r e q u i r e that s l an t range c o r r e c t i o n 
be accomplished e n t i r e l y w i t h i n t he a i rbo rne n a v i g a t i o n system 
t o comple t e ly e l i m i n a t e s lant*range e r r o r . 

2 . ACCEPTABLE MEANS OF COMPLIANCE (FOR USE UNDER INSTRUMENT FLIGHT RULES). 

An accep t ab l e means o f compliance w i t h Sec t i ons - . 1 3 0 1 , - . 1 3 0 9 , - . 1 4 3 1 , 
and - . 1 5 8 1 , o f Pa r t 23, 25, 27, or 29 ( a s a p p l i c a b l e ) , w i t h r e s p e c t t o 
area n a v i g a t i o n systems, p rov ided f o r use under IFR c o n d i t i o n s , i s t o 
s a t i s f y the c r i t e r i a se t f o r t h i n t h i s paragraph. 

a . Accuracy . 

( 1 ) Systems using VOR/DME f o r continuous n a v i g a t i o n i n f o r m a t i o n . 
The t o t a l o f the e r r o r c o n t r i b u t i o n s o f the a i rbo rne equipment 
(VOR/DME and area n a v i g a t i o n ) and the f o l l o w i n g s p e c i f i c e r r o r 
c o n t r i b u t i o n s , when combined RSS, should not exceed the va lues 
shown i n Tab les 1, 2 , and 3, Appendix A , pages 9 , 10 and 11: 

( 2 ) Systems r e f e r enced t o VOR/DME. but not using continuous VOR/DME 
i n f o r m a t i o n , should be capable o f accu rac i e s e q u i v a l e n t t o 
that conta ined in 2 . a . ( l ) above^over a p e r i o d o f t ime equal 
t o the update c y c l e . 

VOR ground s t a t i o n 
DME ground s t a t i o n 
P i l o t a g e ( en rou t e ) 
P i l o t a g e ( t e r m i n a l ) 
P i l o t a g e ( approach) 

+ 1 .9° 
± 0 - 1 m 

+ 2.0 NM 
+ 1.0 NM 
+ 0.5 NM 

957* conf idence 
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( 3 ) A l l equipment approved f o r use under instrument f l i g h t r u l e s 
should be a t l e a s t capable o f meeting the accuracy c r i t e r i a o f 
2 , a . ( l ) above , s p e c i f i e d f o r en rou te and te rmina l usage 
( T a b l e s 1 and 2 ) . Equipment which does not meet the accuracy 
c r i t e r i a o f 2 , a , ( l ) above , f o r the approach case ( T a b l e 3 ) 
should be p lacarded "RNAV Instrument Approaches Not A u t h o r i z e d . " 

NOTE: Rule making w i l l be cons idered by 1 January 1971 t o 
s p e c i f y types o f a i rbo rne equipment r equ i r ed and the accuracy 
r e q u i r e d o f tha t equipment f o r use i n the a i r t r a f f i c c o n t r o l 
system. Equipment and accuracy requirements w i l l va ry according 
t o type o f o p e r a t i o n . The f o l l o w i n g c a t e g o r i e s o f ope ra t ions 
a re fo r e seen : 

1 . IFR o p e r a t i o n s , i nc lud ing approaches, i n des igna ted h i g h -
d e n s i t y t e r m i n a l s . 

2 . IFR ope ra t ions a long en rou te segments and w i t h i n te rminal 
a r e a s , i nc lud ing approaches ( o t h e r than des igna ted h i g h -
d e n s i t y t e r m i n a l s ) where a i r t r a f f i c c o n t r o l s e r v i c e i s 
p r o v i d e d , 

3 . VFR ope ra t i ons i n des igna ted h i g h - d e n s i t y t e r m i n a l s / r o u t e s . 

4 . VFR opera t ions i n te rmina l a reas ( o t h e r than des igna ted 
h i g h - d e n s i t y t e r m i n a l s ) where a i r t r a f f i c c o n t r o l s e r v i c e 
i s p r o v i d e d . 

( 4 ) Whi le s p e c i f i c a i rbo rne equipment e r r o r c o n t r i b u t i o n s which 
a re cons idered t y p i c a l o f the ac tua l environment have been 
assumed i n Tab les 1, 2 , and 3, fur ther improvements through 
r educ t ion o f i n d i v i d u a l e r r o r elements a re cons idered p o s s i b l e . 
Abso lu t e l i m i t a t i o n s a re not i m p l i e d , and systems based on 
d i f f e r e n t combinations o f e r r o r s may be accepted p rov ided 
e q u i v a l e n t o v e r a l l accuracy i s a t t a i n e d . (See Appendix C ) . 

b . Area N a v i g a t i o n System D e s i g n . 

( 1 ) Gene ra l . The systems w i l l normal ly use VOR/DME input sensor 
s i g n a l s ( o r use combinations o f VOR and DME f o r updating 
purposes) and i n d i c a t e a i r c r a f t p o s i t i o n s r e l a t i v e t o the RNAV 
route and s e l e c t e d way p o i n t . I t should g i v e no o p e r a t i o n a l l y 
s i g n i f i c a n t mis lead ing i n d i c a t i o n . 

Systems may be des igned t o u t i l i z e o ther sensor inputs i f 
e q u i v a l e n t accuracy can be demonstrated. 
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( 2 ) Checking o f Inpu t . I f the system r e q u i r e s p i l o t input func t ions 
(such as the des igna t ions o f way p o i n t s ) , p r o v i s i o n s should be 
made t o enable the p i l o t t o check the c o r r e c t n e s s o f the i npu t s . 

( 3 ) F a i l u r e Warning. P r o v i s i o n should be made t o a l e r t the 
crew upon occurrence o f any reasonably probable f a i l u r e o f 
major system funct ions or l o s s o f i npu t s , i n c l u d i n g those 
tha t would a f f e c t a i r c r a f t p o s i t i o n , heading , command course , 
or command heading i n d i c a t i o n s . 

( 4 ) Performance Check. P r o v i s i o n should be made f o r checking the 
sys tem's performance on the ground and i n f l i g h t . Th i s may be 
a b u i l t - i n check, an a u x i l i a r y t e s t system, or a procedura l 
check. 

( 5 ) Response T ime . The n a v i g a t i o n d i s p l a y should i n d i c a t e 
a i r c r a f t p o s i t i o n , t o the accuracy s p e c i f i e d i n Paragraph 2 .a , 
assuming that n a v i g a t i o n sensor outputs a re a v a i l a b l e . 

( a ) During f l i g h t i n any d i r e c t i o n a t the maximum ground 
speed dec l a r ed by the equipment manufacturer; and, 

( b ) Wi th in f i v e seconds a f t e r any normal maneuver, assuming 
sensor inputs a re not l o s t during the maneuver, 

( c ) The t ime l a g between s e l e c t i o n o f data and guidance 
d e r i v e d from the d i s p l a y o f the data should not be 
o p e r a t i o n a l l y s i g n i f i c a n t . 

NOTE: Terminal area speed l i m i t a t i o n s a re taken i n t o account 
i n connec t ion wi th t h i s p r o v i s i o n . Moving elements o f the 
n a v i g a t i o n d i s p l a y may be damped, 

( 6 ) Environmental C o n d i t i o n s , The area n a v i g a t i o n equipment should 
be capable o f s a t i s f y i n g the c r i t e r i a se t f o r t h i n Paragraph 2.a 
and 2 . b ( 5 ) over the environmental ranges expec ted t o be 
encountered i n ac tua l a e r o n a u t i c a l o p e r a t i o n s . I n demon­
s t r a t i n g compl iance , the environmental c o n d i t i o n s o u t l i n e d i n 
Radio t e c h n i c a l Commission f o r Aeronau t i c s Document DO-138, 
t i t l e d "Environmental Condi t ions and T e s t Procedures f o r 
A i r b o r n e E l e c t r o n i c / E l e c t r i c a l Equipment and Instruments" 
dated June 27, 1968, or o the r app rop r i a t e environmental 
standards may be used. 
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c . Area N a v i g a t i o n Equipment I n s t a l l a t i o n . 

( 1 ) L o c a t i o n o f the primary RNAV d i s p l a y . Where area n a v i g a t i o n equip­
ment w i t h one or more d i s p l a y elements i s t o be i n s t a l l e d , and a 
d i s p l a y element i s t o be used as a primary f l i g h t instrument i n 
the guidance and c o n t r o l o f the a i r c r a f t , i t should be l oca t ed 
where i t i s c l e a r l y v i s i b l e t o the p i l o t w i t h the l e a s t p r a c t i c a b l e 
d e v i a t i o n from h i s normal p o s i t i o n and from h i s l i n e o f v i s i o n 
when he i s looking forward a long the f l i g h t path. 

( 2 ) F a i l u r e p r o t e c t i o n . Any reasonably probable f a i l u r e o f the a i rborne 
n a v i g a t i o n equipment should not a f f e c t the normal ope ra t ion o f 
r e q u i r e d equipment connected t o i t , nor cause a f l i g h t hazard. 

( 3 ) Radio frequency i n t e r f e r e n c e . The area n a v i g a t i o n equipment should 
not be the source o f o b j e c t i o n a b l e r a d i o frequency i n t e r f e r e n c e , 
nor be a d v e r s e l y a f f e c t e d by r a d i o frequency emissions from other 
equipment in the a i r c r a f t . 

( 4 ) Manufacturer ' s i n s t r u c t i o n s . The area n a v i g a t i o n equipment should 
be i n s t a l l e d in accordance w i t h i n s t r u c t i o n s and l i m i t a t i o n s 
p rov ided by the manufacturer . 

d. A i r c r a f t F l i g h t Manual. I f an a i r c r a f t f l i g h t manual i s p rov ided by 
the a i r c r a f t manufacturer, i t s FAA-approved p o r t i o n may conta in the 
f o l l o w i n g in format ion on the area n a v i g a t i o n equipment: 

( 1 ) Normal procedure f o r o p e r a t i n g the equipment; 

( 2 ) Equipment-operat ing l i m i t a t i o n s ; and, 

( 3 ) Emergency ope ra t i ng procedures ( i f a p p l i c a b l e ) . 

* I f not conta ined in the a i r c r a f t f l i g h t manual, in format ion on equ ip­
ment ope ra t i ng l i m i t a t i o n s should be p rov ided t o the p i l o t by means o f 
p l a c a r d s . The a i r c r a f t f l i g h t manual or p laca rd should s t a t e "RNAV 
Instrument Approaches Not A u t h o r i z e d " i f the equipment does not meet 
the accuracy requirements f o r approach, r e f e r e n c e Appendix A , para­
graph 2 a ( l ) and ( 3 ) , and Table 3 . R e v i s i o n s or supplements t o the 
f l i g h t manual must be approved by the Reg iona l Chie f o f the Engineer ing * 
and Manufacturing Branch. 



Appendix A 
Page 6 

AC 90-45 
8/18/69 

TESTING PROCEDURE (FOR EQUIPMENT PROVIDED FOR USE UNDER INSTRUMENT 
FLIGHT RULES). 

a. Gene ra l . An a p p l i c a n t f o r approva l o f an a rea n a v i g a t i o n system 
i n s t a l l a t i o n i n an a i r c r a f t may show tha t he has s a t i s f i e d the 
c r i t e r i a i n Paragraph 2 by a combinat ion o f bench t e s t s o f the 
i n d i v i d u a l components ( i n c l u d i n g VOR and DME) and g r o u n d / f l i g h t 
t e s t s o f the e n t i r e i n s t a l l e d area n a v i g a t i o n system. The bench 
t e s t s may have a l r e a d y been performed by the i n d i v i d u a l component 
manufacturer (du r ing des ign and c o n s t r u c t i o n ) or by the i n s t a l l e r 
(on beha l f o f a p rev ious c u s t o m e r ) . Such bench t e s t da ta , i f 
c e r t i f i e d by the manufacturer o r i n s t a l l e r , a r e a c c e p t a b l e . I n 
a d d i t i o n , the a p p l i c a n t may r e f e r t o a p p l i c a b l e TSO s tandards , i f 
the manufacturer o f the equipment c e r t i f i e s tha t h i s equipment 
meets those s tandards . 

b . Bench T e s t s . 

The f o l l o w i n g t e s t s may be performed on the bench o r w i th the 
n a v i g a t i o n system i n s t a l l e d i n the a i r c r a f t ; 

( 1 ) Tes t equipment. Bench t e s t equipment should be capable o f 
s imula t ing the input s i g n a l s from VOR/DME and/or o the r sensors 
and o f v a r y i n g those s i g n a l s o v e r the ranges s t i p u l a t e d i n 
Paragraph 3 . b . ( 2 ) . 

( 2 ) Accuracy t e s t i n g . 

( a ) V a r i a b l e s t o be c o n s i d e r e d . Each v a r i a b l e that has a 
s i g n i f i c a n t e f f e c t on p o s i t i o n e r r o r should be i n v e s t i ­
ga ted ove r i t s r ange , and the e r r o r a n a l y s i s should 
show the e f f e c t s o f reasonably probable v a r i a t i o n s o f 
these v a r i a b l e s on t o t a l system accuracy . The s t a t i s ­
t i c a l technique d e s c r i b e d i n RTCA Paper 48-62/D0-114, 
dated A p r i l 18, 1962, may be used as a g u i d e . 

( b ) S t a t i c t e s t . P o s i t i o n accuracy should be measured 
s t a t i c a l l y as the e r r o r i n d i s p l a y e d p o s i t i o n r e l a t i v e 
t o the t h e o r e t i c a l p o s i t i o n ob ta ined from p e r f e c t s i g n a l 
inputs ( r ange and bear ing from a known s t a t i o n l o c a t i o n ) . 
Simulated range and bear ing s i g n a l s a r e in t roduced i n t o 
the area n a v i g a t i o n equipment. Combinations o f ranges 
from z e r o up t o the maximum d i s t a n c e f o r which the 
equipment i s de s igned , and bea r ings from z e r o t o 360 
d e g r e e s , should be i n s e r t e d as input s i g n a l s . For each 
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aet o f input s i g n a l s , the corresponding d i s p l a y output 
should be r e c o r d e d . The t o t a l system e r r o r i s then 
computed f o r each t e s t po in t by adding RSS the app ropr i a t e 
s p e c i f i c e r r o r c o n t r i b u t i o n s l i s t e d i n 2 . a . ( l ) above . 
The va lues shown i n Tab les 1, 2 and 3 , Appendix A , 
should not be exceeded . 

( c ) Dynamic t e s t . I n a d d i t i o n t o the s t a t i c t e s t , a 
dynamic accuracy t e s t should be performed u t i l i z i n g 
s imulated VOR/DME inputs v a r i e d i n range and bear ing 
i n order t o assess the a b i l i t y o f the system t o smooth 
v a r i a b l e input s i g n a l s wi thou t i ncu r r ing e x c e s s i v e l a g . 
These t e s t s should be performed w i t h r e p r e s e n t a t i v e 
s imulated a i r s p e e d s throughout the range f o r which the 
equipment i s d e s i g n e d . During any such t e s t s the 
measured a i rbo rne VOR/DME and RNAV equipment e r r o r 
components should not be i n c o n s i s t e n t w i t h the t o t a l 
system accurac ies s p e c i f i e d i n Paragraph 2 .a . 

( d ) Systems having map-type d i s p l a y s . I f the system uses a 
map-type p i c t o r i a l d i s p l a y o f a i r c r a f t p o s i t i o n as a 
primary means o f s t e e r i n g gu idance , the accuracy 
de te rmina t ion should take i n t o account any e r r o r 
c o n t r i b u t i o n by the ca r tog raphy . 

c . G r o u n d / f l i g h t t e s t s . 

( 1 ) Ground t e s t s . A f t e r the area n a v i g a t i o n system has been 
i n s t a l l e d , but b e f o r e the a i r c r a f t i s f l o w n , an o p e r a t i o n a l / 
f unc t iona l check should be performed t o ensure that the 
system has been i n s t a l l e d i n accordance w i th the i n s t a l l a t i o n 
c r i t e r i a i n Paragraph 2 . c , (and w i t h a l l a p p l i c a b l e a i r ­
wor th iness r e g u l a t i o n s ) and that i t funct ions p r o p e r l y and 
s a f e l y . 

( 2 ) Determinat ion o f when f l i g h t t e s t s a r e necessa ry . F l i g h t t e s t s 
f o r accuracy i n the en rou te and t e rmina l cases a re necessary 
o n l y i f the system accuracy i s not adequa te ly determined by 
s i g n a l s imula t ion as desc r ibed i n 3 . b . above , or i f i t appears 
tha t the r e s o l u t i o n o f the p i l o t d i s p l a y i s such tha t the 
assumed p i l o t a g e e r r o r o f + 1,0 NM may be exceeded . 

A t l e a s t one f l i g h t t e s t f o r accuracy i n the approach case i s 
necessa ry , as the p i l o t d i s p l a y used f o r t h i s a p p l i c a t i o n may 
have an a p p r e c i a b l e e f f e c t on the accuracy obta ined i n f l i g h t . 
A d d i t i o n a l f l i g h t t e s t s f o r accuracy i n the approach case a re 
necessary only i f the system accuracy i s not adequate ly 
determined by s i g n a l s imula t ion as de sc r ibed i n 3 . b . above . 
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( 3 ) Accuracy t e s t s i n f l i g h t . When f l i g h t t e s t s a r e necessa ry , i n 
a d d i t i o n t o ground t e s t s , t o demonstrate s a t i s f a c t o r y perform­
ance o f the area n a v i g a t i o n equipment, the a i r p l a n e should be 
f lown s o l e l y by r e f e r e n c e t o the RNAV d i s p l a y and o ther 
standard f l i g h t ins t ruments , a t a r e l a t i v e l y low a l t i t u d e 
under VFR c o n d i t i o n s , w i t h a s a f e t y p i l o t , and i f p r a c t i c a b l e 
under ground radar s u r v e i l l a n c e as f o l l o w s : 

( a ) A long the l eng th o f an approved area n a v i g a t i o n rou te 
segment; 

( b ) I n accordance w i t h an approved area coverage t e rmina l 
a rea procedure; and 

( c ) I n accordance w i t h an approved area coverage approach 
p rocedure . 

I n each c a s e , the area n a v i g a t i o n system i s s a t i s f a c t o r y i f 
the equipment meets the accuracy requirements o f Paragraph 2 . a . 
as determined by d i r e c t v i s u a l r e f e r e n c e t o i d e n t i f i a b l e 
ground check po in t s and a l a r g e s c a l e map o f the area on which 
are shown route segment c e n t e r l i n e s and boundary widths 
a p p l i c a b l e t o the d i s t ance from the r e f e r e n c e f a c i l i t y . 

( 4 ) Func t iona l t e s t s i n f l i g h t . The area n a v i g a t i o n system should 
be checked out i n f l i g h t t o determine whether the des ign and 
i n s t a l l a t i o n c r i t e r i a i n Paragraph 2 . b . and 2 . c . a r e s a t i s f i e d . 

4 . ACCEPTABLE MEANS OF COMPLIANCE (FOR EQUIPMENT PROVIDED FOR USE UNDER 
VISUAL FLIGHT RULES ONLY) . 

a . An accep tab le means o f compliance w i t h Sec t i ons - . 1 3 0 1 , - . 1 3 0 9 , 
- .1431 and - . 1 5 8 1 , o f Par t 23, 25, 27, o r 29 ( a s a p p l i c a b l e ) , 
w i t h r e spec t t o a rea n a v i g a t i o n systems p rov ided f o r use under 
VFR c o n d i t i o n s o n l y , i s t o s a t i s f y the c r i t e r i a i n Paragraph 2 . c . 
and 3 . c ( l ) above , and t o p laca rd the a i r c r a f t t o l i m i t the use 
o f the area n a v i g a t i o n system t o VFR o n l y . 

b . A i r b o r n e area n a v i g a t i o n equipment i n s t a l l e d under Paragraph 4 . a . 
may be approved by means o f a Form 337 or Supplemental Type 
C e r t i f i c a t e . 

Par 3 
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P E R P . 
O I S T . 

0 . 
5 , 

t o . 
1 5 . 
2 0 . 
2 5 . 
3 0 . 
3 5 . 
4 0 . 
4 5 . 
5 0 . 
5 5 . 
6 0 . 
6 5 . 
7 0 . 
7 5 . 
8 0 . 
8 5 . 
9 0 . 
9 5 . 

1 0 0 . 
1 0 5 . 
1 1 0 . 
1 1 5 . 
1 2 0 . 
1 2 5 . 
1 3 0 . 
1 3 5 . 
1 4 0 . 
1 4 5 . 
1 5 0 . 

DISTANCE 
0 

2 . 1 
2 . 1 
2 . 1 
2 . 1 
2 . 1 
2 . 2 
2 . 3 
2 . 3 
2 . 4 
2 . 1 
2 . 6 
2 . 6 
2 . 7 
2 . 8 
2 . 9 
3 . 1 
3 . 2 
3 . 3 
3 . 4 
3 . 5 
3 . 6 
3 . 6 
3 . 9 
4 . 0 
4 . 1 
4 . 3 
4 . 4 
4 . 5 
4 . 7 
4 . 8 
5 . 0 

10 
2 . 2 
2 . 2 
2 . 2 
2 . 2 
2 . 2 
2 . 3 
2 . 3 
2 . 4 
2 . 5 
2 . 5 
2 . 6 
2 . 7 
2 . 8 
2 . 9 
3 . 0 
3-1 
3 . 2 
3 . 3 
3 . 4 
3 . 6 
3 . 7 
3 . 6 
3 . 9 
4 . 1 
4 . 2 
4 . 3 
4 . 4 
4 . 6 
4 . T 
4 . 8 
5 . 0 

20 
2 . 4 
2 . 4 
2 . 4 
2 . 4 
2 . 5 
2 . 5 
2 . 6 
2 . 6 
2 . 7 
2 . 7 
2 . 8 
2 . 9 
3 . 0 
3 . 1 
3 . 2 
3 - 3 
3 . 4 
3 . 5 
3 . 6 
3 . 7 
3 . 8 
3 . 9 
4 . 1 
4 . 2 
4 . 3 
4 . 4 
4 . 6 
4 . 7 
4 . 8 
4 . 9 
5 - 1 

30 
2 . 8 
2 . 8 
2 . 8 
2 . 8 
2 . 8 
2 . 9 
2 . 9 
3 . 0 
3 . 0 
3 . 1 
3 . 1 
3 . 2 
3 . 3 
3 . 4 
3 . 5 
3 . S 
3 . 6 
3 . 7 
3 . 6 
3 . 9 
4 . 1 
4 . 2 
4 . 3 
4 . 4 
4 . 5 
4 . 6 
4 . 8 
4 . 9 
5 . 0 
5 . 1 
5 . 3 

40 
3 . 2 
3 . 2 
3 .2 
3 . 2 
3 . 3 
3 . 3 
3 . 3 
3 . 4 
3 . 4 
3 . 5 
3 . 5 
3 . 6 
3 . 7 
3 . 7 
3 . 8 
3 . 9 
4 . 0 
4 . 1 
4 . 2 
4 . 3 
4 . 4 
4 . 5 
4 . 6 
4 . 7 
4 . 8 
4 . 9 
5 . 0 
5 . 1 
5 . 2 
5 . 4 
5 . 5 

50 
3 . 7 
3 . 7 
3 . 7 
3 . 7 
3 . 8 
3 . 8 
3 . 8 
3 . 8 
3 . 9 
3 . 9 
4 . 0 
4 . 0 
4 . 1 
4 . 2 
4 . 2 
4 . 3 
4 . 4 
4 . 5 
4 . 6 
4 . 6 
4 . 7 
4 . 6 
4 . 9 
5 . 0 
5 . 1 
5 . 2 
5 . 3 
5-4 
5 . 6 
5 . 7 
5 . 8 

60 
4 . 3 
4 . 3 
4 . 3 
4 . 3 
4 . 3 
4 . 3 
4 . 3 
4 . 4 
4 . 4 
4 . 4 
4 . 5 
4 . 5 
4 . 6 
4 . 6 
4 . 7 
4 . 6 
4 . 8 
4 . 9 
5 . 0 
5 . 1 
5 . 2 
5 . 2 
5 . 3 
5 . 4 
5 . 5 
5 . 6 
5 . 7 
5 . 8 
5 . 9 
6 . 0 
6 . 1 

ALOMG 
70 
4 . 8 
4 . 6 
4 . 8 
4 . 8 
4 . 8 
4 . 8 
4 . 9 
4 . 9 
4 . 9 
5 . 0 
5 . 0 
5 . 0 
5 . 1 
5 . 1 
5 . 2 
5 . 3 
5 . 3 
5 . 4 
5 . 5 
5 . 5 
5 . 6 
5 . 7 
5 . 6 
5 . 9 
5 . 9 
6 . 0 
6 . 1 
6 . 2 
6 . 3 
6 . 4 
6 . 5 

TRACK FROM TANGENT 
80 90 100 110 

6 . 5 5 . 4 
5 . 4 
5 . 4 
5 . 4 
5 . 4 
5 . 4 
5 . 4 
5 . 4 
5 . 5 
5 . 5 
5 . 5 
5 . 6 
5 . 6 
5 . 7 
5 . 7 
5 . 8 
5 . 6 
5 . 9 
6 . 0 
6 . 0 
6 . 1 
6 . ? 
o . 2 
6 . 3 
6 . 4 
6 . 5 
6 . 6 
6 . 7 
6 . 7 
6 . 8 
6 . 9 

5 . 9 
5 .9 
5 . 9 
6 . 0 
6 . 0 
6 . 0 
6 . 0 
6 . 0 
6 . 0 
6 . 1 
6 . 1 
6 . 1 
6 . 2 
6 .2 
6 . * 
6 . 3 
6 . 4 
6 . 4 
6 . 5 
6 . 5 
6 . 6 
6 . 7 
t>.7 
6 .8 ' 
6 . 9 
7 . 0 
7 . 0 
7 . 1 
7 .2 
7 .3 
7 .4 

6 . 5 
6 . 5 
6 . 5 
6 . 5 
6 . 6 
6 . 6 
6 . 6 
6 . 6 
6 . 6 
6 . 7 
6 . 7 
6 . 7 
6 . 6 
6 . 6 
6 . 9 
6 . 9 
7 . 0 
7 . 0 
7 . 1 
7 . 1 
7 . 2 
7 . 3 
7 . 3 
7 . 4 
7 . 5 
7 . 5 
7 . 6 
7 . 7 
7 .8 
7 . 6 

7 . 1 
7 . 1 
7 . 1 
7 . 1 
7 . 1 
7 .1 
7 . 2 
7 . 2 
7 . 2 
7 .2 
7 .2 
7 . 3 
7 . 3 
7 . 3 
7 .4 
7 .4 
7 .5 
7 . 5 
7 . 6 
7 . 6 
7 . 7 
7 . 7 
7 . 8 
7 . 8 
7 . 9 
6 . 0 
6 . 0 
8 . 1 
6 . 2 
8 . 3 
8 . 3 

P O I N T 
120 130 

7 . 7 
7 . 7 
7 . 7 
7 . 7 
7 . 7 
7 . 7 
7 . 7 
7 . 8 
7 . 6 
7 . 8 
7 . 8 
7 . 9 
7 . 9 
7 . 9 
8 . 0 
8 . 0 
8 . 0 
8 . I 
8 . 1 
8 .2 
6 .2 
8 . 3 
8 . 3 
6 . 4 
8 .4 
6 . 5 
6 . 6 
8 . 6 
6 . 7 
8 . 8 
8 . 8 

8 . 3 
8 . 3 
8 . 3 
8 . 3 
8 . 3 
8 . 3 
8 . 3 
8 . 4 
8 . 4 
8 . 4 
8 . 4 
8 . 4 
8 . 5 
8 . 5 
8 . 5 
8 . 6 
8 . 6 
8 . 6 
8 . 7 
8 . 7 
8 . 6 
8 . 6 
8 . 9 
6 . 9 
9 . 0 
9 . 0 
9 . 1 
9 . 2 
9 . 2 
9 . 3 
9 . 4 

140 
8 . 9 
8 . 9 
8 . 9 
8 . 9 
8 . 9 
8 . 9 
6 . 9 
9 . 0 
9 . 0 
9 . 0 
9 . 0 
9 . 0 
9 . 1 
9 . 1 
9 . 1 
9 . 1 
9 . 2 
9 . 2 
9 . 3 
9 . 3 
9 . 3 
9 . 4 
9 . 4 
9 . 5 
9 . 5 
9 . 6 
9 . 7 
9 . 7 
9 . 8 
9 . 8 
9 . 9 

150 
9 . 5 
9 . 5 
9 . 5 
9 . 5 
9 . 5 
9 . 5 
9 . 5 
9 . 6 
9 . 6 
9 . 6 
9 . 6 
9 . 6 
9 . 7 
9 . 7 
9 . 7 
9 . 7 
9 . 6 
9 . 8 
9 . 8 
9 . 9 
9 . 9 

1 0 . 0 
1 0 . 0 
1 0 . 1 
1 0 . 1 
1 0 . 2 
1 0 . 2 
1 0 - 3 
1 0 . 3 
1 0 . 4 
1 0 . 4 

200 
1 2 . 6 
1 2 . 6 
1 2 . 6 
1 ? , 6 
1 2 . 6 
1 2 . 6 
1 2 . 6 
1 2 . 6 
1 2 . 6 
1 2 . 6 
1 2 . 6 
1 2 . 6 
1 2 . 7 
1 2 . 7 
1 2 . 7 
1 2 . 7 
1 2 . 7 
1 2 . 8 
1 2 . 8 
1 2 . 8 
1 2 . 9 
1 2 . 9 
1 2 . 9 
1 3 . 0 
1 3 . 0 
1 3 . 0 
1 3 . 1 
1 3 . 1 
1 3 . 2 
1 3 . 2 
1 3 . 2 

250 
1 5 . 6 
1 5 . 6 
15 .6 
1 5 . 6 
1 5 . 6 
1 5 . 6 
1 5 . 6 
15 .6 
1 5 . 6 
1 5 . 7 
1 5 . 7 
1 5 . 7 
1 5 . 7 
15 .7 
15 .7 
1 5 . 7 
1 5 . 6 
1 5 . 8 
1 5 . 6 
1 5 . 8 
1 5 . 6 
1 5 . 9 
1 5 . 9 
1 5 . 9 
1 6 . 0 
1 6 . 0 
1 6 . 0 
1 6 . 1 
1 6 . 1 
1 6 . 1 
1 6 . 2 

300 
18 .7 
18 .7 
1 8 . 7 
18 .7 
18 .7 
18 .7 
18 .7 
1 8 . 7 
1 8 . 7 
1 8 . 7 
18 .7 
16 .7 
1 8 . 8 
18 .6 
1 8 . 8 
1 8 . 6 
18 .8 
16 .8 
16 .8 
1 8 . 9 
1 8 . 9 
1 8 . 9 
18 .9 
1 8 . 9 
1 9 . 0 
1 9 . 0 
1 9 . 0 
19 .0 
19 .1 
1 9 . 1 
1 9 . 1 

00 > o 
h-1 

00 V0 o 
-P-

TANGENT 

tb 
FT 

P T ^ D I S T A N C E along track 

u • 
a) , 
a ' o 
O I C 
•H i a 
•O |U 
C <Q 
V L-H 

a t 

X 
To find cross track error 
at this point, enter table 
with Perpendicular distance 
and Distance along track 
from tangent point. 
The along track error is 
found by interchanging the 
above perpendicular and 
along track distance values. 

EXAMPLE: 
Perp. dist. 
Along track 
Cross track 

70 NM 
100 NM 
error = + 6.8 NM 

100 NM on perp. scale 
70 NM on along track scale 
Along track error = + 5.6 NM 

Table 1 

EXAMPLE: 
Perp. dist. 0 NM 
Along track 51 NM 
Cross track error 
= + 4.0 NM (3.8) 

NM 

Ground 
TOR 1.9° 
DME 0.1 

Airborne 
V0R 3.0° 
DME 37. or 

0.5 NM 
51 NM on perp. scale 
0 NM on along track scale 
Along track error = + 2.6 NM 

Computer 
Pilot 

0.5 
2.0 

NM 
NM 

0o T> 
fl> (6 s a o 



to 
ft 

AREA NAVIGATION TRACK ERROR (95 PERCENT PROBABILITY) 

PREP. 
DIST. 

0. 
2. 
4. 
6. 
8. 
10. 
12. 
14. _ 
16. 
18. 
20. 
22. 
24. 
26. 

1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2_ 
1.2 
1.2 
1.3 
1.3 
1.3 
1.4 

2 
1.1 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

_ U 2 _ 
1.2 
1.3 

4 
1.1 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

_\,2 
1.2 
1.3 

6 
1.2 
1.2 
1.2 
1.2 
1.2 
1.3 
1.3 

_ L-3 
" 1.3 
1.3 

DISTANCE ALONG TRACK FROM TANGENT POINT 
8 

1.2 
1.2 
1.2 
1.3 
1.3 
1.3 
1.3 1- ! 
1.3 
1.3 

10 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 U3 
1.4' 
1.4 

12 
1.3 
1.3 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 

1.3 
1.3 
1.3 
1.4 

1.3 
1.3 
1.4 
1.4 

1.3 
1.3 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.5 
1.5 

1.5 
1.5 
1.^ 
1.5 

14 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.5 

J.J 
1.5 
1.5 
1.5 
1.6 
1.6 
1.6 

16 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1-5 
1.6 
1.6 
1.6 
1.6 
1.7 
1.7 

18" 20 22 24 26 
1.6 1 1.7 1.8 1.9 2.0 
1-6 | 1.7 1.8 1.9 2.0 
1.6, 1.7 1.8 1.9 2.0 
1.6, 1.7 1.8 1.9 2.0 
1.6 1.7 1.8 1.9 2.0 
U 6 1. 7 1.8 1.9 2.0 
1.6 1 1.7 1.8 1.9 2.0 
1.6* 1.7 1.8 1.9 2.0 
1.6 1.7 1.8 1.9 2.0 
1.7 1.7 1.8 1.9 2.0 
1.7 1.8 1.9 1.9 2.0 
1.7 1.8 1.9 2.0 2.1 
1.7 1.8 1.9 2.0 2.1 
1.8 1.8 1.9 2.0 2.1 

to 13 

Tangent Pt. 
Distance along track 

u 
-r* 
•a 

£ i 

£ i 

To find cross track 
error at this point, 
enter table with 
perpendicular dis­
tance and distance 
along track from 
tangent point. 

EXAMPLE: 
Perp. dist. 18 NM 
Along track 14 NM 
Cross track error 
* + 1.5 NM 

14 NM on perp. scale 
18 NM on along track scale 
Along track error = + 1.6 NM 

The along track error is 
found, by interchanging 
the above perpendicular 
and along track distance 
values. 

EXAMPLE: 
Perp. dist. 0 NM 
Along track 25 NM 
Cross track error 
=.+ 2.0 NM 

25 NM on peep, scale 
0 NM on along track scale 

Along track error = +1.3NM 

TERMINAL APPROACH TABLE NO. 2 

GROUND 
VOR 1.9 
DME 0.1 NM 

AIRBORNE 
VOR 3.0° 
DME 3% or 

0.5 NM 
COMPUTER 0.5 NM 
PILOT 1.0 NM 

Oo > 
i- 1 

CO o 
OA I 

P 
o H* 



PERP. 
DIST. 

AREA NAVIGATION TRACK ERROR (95 PCT PROBABILITY) 

DISTANCE ALONG TRACK FROM TANGENT POINT 

0 2 6. CO
 10 

0. 0.7 0.8 1 0.9 0.9 
2. 0.8 0.8 < 0.9 0.9 
M. 0.8 0.9 * 0.9 1.0 
6. 0.9 0.9 0.9 o.g' > 0,9 1.0 
8. 0.9 0.9 0.9 ^ 0 - 9 * 0.9 1.0 

10. 0.9 0.9 0.9 0.9 1.0 1.0 

Tangent Pt. 7 Distance along track O 

«3 1 
«-H « 
3 I a 
O e 

•H t <o •v 4-> 
C t 

10 
0) a > a 
« » a. 
o To find cross track error at this 

point, enter table with Perpendicular 
distance and Distance along track 
from tangent point. 

The along track error is found by 
interchanging the above perpendicular 
and along track distance values. 

EXAMPLE: 
Perp. dist. 6 NM 
Along track 8 NM 
Cross track error = +0.9NM 

8 NM on Perp. scale 
6 NM on along track scale 
Along track error = +0.9 NM 

EXAMPLE: 
Perp. dist. 0 NM 
Along track 10 NM 
Cross track error = +0.9 NM 
rounded from 0.87 NM 

10 NM on Perp. dist. scale 
0 NM on along track scale 

Along track error = +0.9 NM 
rounded from 0.85 NM 

co > o 

o 
•o .p-

GROUND 
V0R 
DME 

AIRBORNE 
V0R 
DME 

COMPUTER 

Pilot 

1.9° 
0.1NM 

3.0° 
3% or 0.5 NM 
0.5 NM 

0.5 NM a •—• o. 
M H * 

> 
FINAL APPROACH TABLE NO. 3 
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APPENDIX B . PROCEDURE FOR OBTAINING FAA DATA APPROVAL BY SUPPLEMENTAL 
TYPE CERTIFICATE (STC) OR MAJOR REPAIR AND ALTERATION 
(FORM 337) (FOR EQUIPMENT PROVIDED FOR USE UNDER INSTRUMENT 
FLIGHT RULES) 

1. APPROVAL OF TECHNICAL DATA BY SUPPLEMENTAL TYPE CERTIFICATE ( S T C ) . 

a. What the STC app l i can t does : 

( 1 ) Makes an a p p l i c a t i o n f o r STC a t the FAA Reg io na l Engineer ing 
and Manufacturing o f f i c e . Ea r ly contac t i s w i s e , s ince sched­
u l i n g may be c r i t i c a l . FAA eva lua t e s the data submitted by 
the app l i can t ( s ee Paragraph l . b . ) > i ssues a Type In spec t i on 
A u t h o r i z a t i o n ( T I A ) , and p a r t i c i p a t e s i n g r o u n d / f l i g h t t e s t s 
o u t l i n e d in Appendix A , Paragraph 3 . c . An STC i s issued when 
a l l a i rwor th ines s requirements a re met . I f the submitted data 
i s adequate, the STC au tho r i ze s s i m i l a r i n s t a l l a t i o n s in the 
same a i r c r a f t t y p e . 

( 2 ) Designs and cons t ruc ts h i s area n a v i g a t i o n system i n s t a l l a t i o n 
to the c r i t e r i a s e t f o r t h i n Appendix A , Paragraph 2 , 

* ( 3 ) Obta ins , from the equipment manufacturer or the i n s t a l l e r , the 
bench t e s t data desc r ibed in Appendix A , Paragraph 3 . b . , or an 
appropr ia te c e r t i f i c a t i o n of accuracy per Paragraph 3 . a . , or 
conducts these bench t e s t s h i m s e l f . 

( 4 ) Makes a v a i l a b l e an a i r c r a f t ( w i t h the area n a v i g a t i o n system 
i n s t a l l e d ) f o r ground i n s p e c t i o n and f l i g h t t e s t . The a p p l i ­
cant i s r e s p o n s i b l e f o r furn ish ing a q u a l i f i e d f l i g h t crew fo r 
conducting the r equ i r ed f l i g h t t e s t s . 

b . Data submitted by the STC a p p l i c a n t . The f o l l o w i n g kinds of data may 
be submitted for FAA a i rwor th ine s s e v a l u a t i o n : 

( 1 ) Equipment da ta , such as: 

( a ) Equipment schemat ics . 

( b ) Equipment manufacturer ' s ope ra t ing i n s t r u c t i o n s and i n s t a l ­
l a t i o n i n s t r u c t i o n s . 

( c ) Equipment manufacturer ' s q u a l i t y c o n t r o l procedures 

* NOTE: Equipment data i s submitted f o r o r i g i n a l i n s t a l l a t i o n 
o n l y . * 

( 2 ) Fau l t ana lys i s c o v e r i n g i n s t a l l a t i o n . 

Par 1 

( 3 ) I n s t a l l a t i o n in format ion and/or photographs . 



Appendix B 
Page 2 

AC 90-45 CHG 1 
10/20/70 

( 4 ) Any needed s t r u c t u r a l s u b s t a n t i a t i o n . 

( 5 ) E l e c t r i c a l schemat ics . 

( 6 ) Any needed f l i g h t manual r e v i s i o n or supplement, o r p laca rd 
drawings . 

c . What the Equipment Manufacturer Can Do. 

( 1 ) A s s i s t the STC app l i can t by supply ing the data s p e c i f i e d i n 
Paragraphs l . a ( 3 ) and l . b ( l ) , 

( 2 ) Perform the bench t e s t s d e s c r i b e d i n Appendix A , Paragraph 3 . b . 
and c e r t i f y ( t o the a p p l i c a n t or FAA) that the accuracy 
c r i t e r i a i n Appendix A , Paragraph 2 . a , a r e s a t i s f i e d . 

2 . APPROVAL OF TECHNICAL DATA BY FORM 337 (FOR USE UNDER INSTRUMENT FLIGHT 
RULES). 

a. Data Submitted by the A p p l i c a n t . The f o l l o w i n g a l t e r a t i o n data f o r 
the equipment i n s t a l l a t i o n w i l l be submitted w i t h a p r o p e r l y 
executed Form 337: 

( 1 ) Data t o conf i rm that the requirements o f Appendix A , Para­
graph 2 , have been met . 

( 2 ) Data t o conf i rm that the requirements o f Appendix A , Para­
graphs 3.b and 3.c have been met . 

A d d i t i o n a l Data Which May Be R e q u i r e d . I f r e q u i r e d f o r FAA A i r ­
wor th iness e v a l u a t i o n by the FAA D i s t r i c t O f f i c e approving the 
t e c h n i c a l da ta , the a p p l i c a n t may a l s o be r e q u i r e d t o furn ish a 
copy o f the equipment schemat ics , manufacturer ' s o p e r a t i n g and 
i n s t a l l a t i o n i n s t r u c t i o n s , f a u l t a n a l y s i s f o r i n s t a l l a t i o n , i n s t a l - * 
l a t i o n d e t a i l s and/or photographs , s u b s t a n t i a t i o n o f s t r u c t u r a l 
changes, e l e c t r i c a l schemat ics , and any a p p r o p r i a t e proposed f l i g h t 
manual r e v i s i o n and/or p l a c a r d s . 

c . I n s p e c t i o n o f A i r c r a f t . Make the a i r c r a f t a v a i l a b l e f o r data 
conformi ty i n s p e c t i o n . 

Par 2 
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APPENDIX C. SOURCES OF NAVIGATION SYSTEM ERROR 

1* GENERAL. The es tabl ishment o f r e l a t i o n s h i p s between n a v i g a t i o n system 
accuracy and IFR a i r c r a f t sepa ra t ion c r i t e r i a or rou te widths i s a 
complex p r o c e s s . The f i r s t problem i s t o determine a reasonably 
a c h i e v a b l e l e v e l o f n a v i g a t i o n system accuracy . This must be based not 
on ly on a n a l y s i s o f the measurable system e r r o r elements f o r s t a t e - o f -
t h e - a r t equipment but a l s o on a s e r i e s o f i n t a n g i b l e s judged p r i m a r i l y 
on the bas i s o f e x p e r i e n c e . 

Current s epa ra t i on c r i t e r i a , based on such a n a l y s i s and e x p e r i e n c e , 
p rov ide a i r c r a f t under IFR c o n t r o l a high degree o f p r o t e c t i o n aga ins t 
c o l l i s i o n w i th o the r a i r c r a f t o r o b s t r u c t i o n s . These c r i t e r i a take 
i n t o account the measured accurac ies o f the VOR/DME ground f a c i l i t i e s 
and a i rborne equipment and judgments as to how p i l o t s a c t u a l l y f l y 
t h e i r a i r p l a n e s . Accumulating ev idence shows tha t VOR/DME in format ion , 
when used w i t h area n a v i g a t i o n computing and d i s p l a y d e v i c e s and 
presented p r o p e r l y t o the p i l o t , o f f e r s the p o t e n t i a l f o r an even 
more e f f i c i e n t u t i l i z a t i o n o f the a i r space w h i l e mainta ining current 
standards o f i n - f l i g h t s a f e t y . 

2 . CURRENT RELATIONSHIP BETWEEN NAVIGATION ACCURACY AND ROUTE WIDTH. The 
system o f airways and routes used i n the Uni ted S ta tes has widths o f 
route p r o t e c t i o n based on a VOR system use accuracy o f 44 .5 degrees 
on a 95 percent p r o b a b i l i t y b a s i s . The + 4 . 5 degrees f o r VOR j u s t i f i e s 
the a p p l i c a t i o n o f +4 nau t i c a l mi le route width out t o a d i s t ance o f 
51 nm from the f a c i l i t y and a widening o f rou te p r o t e c t i o n on the 
+ 4 . 5 degree bas i s beyond 51 m i l e s . 

3 . SOURCES OF ERROR. The bas i c assumption i s that four sources o f e r r o r -
ground VOR r a d i a t e d s i g n a l , a i rborne VOR r e c e i v e r equipment, area 
n a v i g a t i o n equipment, and p i l o t a g e - c o n t r i b u t e independent e r ro r s o f 
such d i s t r i b u t i o n tha t they may be combined in RSS f a sh ion . Th i s i s 
the normal assumption used t r a d i t i o n a l l y by the FAA and i s r equ i red by 
the method recommended by ICAO Annex 10 fo r the de te rmina t ion o f VOR 
system use accuracy (ICAO Annex 10, Second E d i t i o n , A p r i l 1968, 
Attachment C t o Pa r t I , Paragraph 3 .6 , VOR System A c c u r a c y ) . A l l 
e r r o r s a re based on a 95 percent p r o b a b i l i t y b a s i s . 

Errors from the four major sources l i s t e d above are a c t u a l l y composite 
va lues i nc lud ing e r r o r c o n t r i b u t i o n s from va r ious f a c t o r s . For example, 
" e r ro r s i n r a d i a t e d s i g n a l s " inc lude propaga t ion e r r o r s as w e l l as 
e r r o r s in the t ransmi t ted s i g n a l s a r i s i n g from geograph ica l s i t i n g and 
magnetic a l ignment o f the ground s t a t i o n . 
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a. "Ai rborne VOR equipment e r r o r s , " i n accordance w i t h common p r a c t i c e , 
inc lude not o n l y e r r o r s in the r e c e i v e r ou tputs , but a l s o e r r o r s 
con t r ibu ted by the c o n v e r t e r and the conven t iona l course s e l e c t o r 
and d e v i a t i o n i n d i c a t o r . In those cases in which an area n a v i g a t i o n 
system accepts inputs d i r e c t l y from the r e c e i v e r , the e r r o r com­
ponents normal ly included f o r the c o n v e r t e r and I n d i c a t o r are 
not incurred and, t h e r e f o r e , the app ropr i a t e va lue f o r "a i rborne 
VOR equipment e r r o r " can be c o r r e s p o n d i n g l y reduced, (NOTE; This 
f a c t o r i s cons idered subsequently as one type o f e r r o r compensation 
that may be a f f o r d e d by area n a v i g a t i o n equ ipmen t ) . The e r r o r s fo r 
DME r e c e i v e r s t o be used in conjunc t ion w i t h area n a v i g a t i o n 
equipment, a l though small compared t o the t o t a l system use e r r o r , 
are taken i n t o account In Tables 1, 2 , and 3, Appendix A . 

b . "Area n a v i g a t i o n equipment e r r o r " inc ludes e r r o r components 
con t r ibu ted by any input , output , or s i g n a l conve r s ion equipment 
used, by any computing element employed, by the d i s p l a y as i t 
presents e i t h e r a i r c r a f t p o s i t i o n o r guidance commands ( e . g . , 
course d e v i a t i o n or command h e a d i n g ) , and by any course d e f i n i t i o n 
en t ry d e v i c e s employed. For systems in which char t s are i n c o r p o r ­
ated as i n t e g r a l par t s o f the d i s p l a y , the "area n a v i g a t i o n 
equipment e r r o r " n e c e s s a r i l y inc ludes c h a r t i n g e r r o r s t o the 
ex t en t that they a c t u a l l y r e s u l t in e r r o r s in c o n t r o l l i n g the 
p o s i t i o n o f the a i r c r a f t r e l a t i v e t o a d e s i r e d path o v e r the 
ground. To be c o n s i s t e n t , in the case o f symbol ic d i s p l a y s not 
employing i n t e g r a l c h a r t s , any e r r o r s i n way po in t d e f i n i t i o n 
d i r e c t l y a t t r i b u t a b l e to e r r o r s in r e f e r e n c e char ts used in 
de termining way po in t p o s i t i o n s should be included as a component 
o f "area n a v i g a t i o n equipment e r r o r . " This type o f e r r o r i s 
v i r t u a l l y imposs ib le t o handle and in gene ra l p r a c t i c e h i g h l y 
accurate publ ished way p o i n t l o c a t i o n s are used t o the g r e a t e s t 
ex ten t p o s s i b l e i n s e t t i n g up such systems t o a v o i d such e r r o r s 
(and to reduce w o r k l o a d ) . 

c . " P i l o t a g e e r r o r " inc ludes the s o - c a l l e d " f l i g h t t e chn i ca l e r r o r " 
which r e f e r s t o . t h e accuracy w i th which the p i l o t c o n t r o l s the 
a i r c r a f t as measured by h is success in causing the i n d i c a t e d 
a i r c r a f t p o s i t i o n to match the i n d i c a t e d command o r d e s i r e d 
p o s i t i o n on the d i s p l a y . I t a l so inc ludes any inaccurac ies he may 
in t roduce in manually d e f i n i n g way po in t s or d e s i r e d rou te segments. 
P i l o t a g e e r r o r w i l l va ry w i d e l y depending on many f a c t o r s . A few 
v e r y important ones a r e : p i l o t e x p e r i e n c e , competing p i l o t work­
l o a d , f a t i g u e , and m o t i v a t i o n . Equipment and ambient environment 
v a r i a b l e s a l s o a f f e c t p i l o t a g e d i r e c t l y and measurably, such as : 
p rocess ing o f the bas ic d i s p l a y inputs ( i . e . , smoothing and qu i ck ­
e n i n g ) , whether or not heading i s presented i n t e g r a l l y w i t h p o s i t i o n 
and/or command guidance i n d i c a t i o n s , d i s p l a y s c a l e f a c t o r s , numerous 
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d i s p l a y c o n f i g u r a t i o n v a r i a b l e s , a i r c r a f t c o n t r o l dynamics, a i r 
tu rbu lence , and many more. S t r i c t l y speaking, w i th a u t o p i l o t 
coup l ing , " f l i g h t t e c h n i c a l e r r o r " becomes " a u t o p i l o t e r r o r . " 
These f a c t o r s must be taken i n t o account i n . a r r i v i n g a t e m p i r i c a l 
va lues f o r p i l o t a g e c o n t r i b u t i o n t o system use accuracy . 

The most w i d e l y used f i g u r e f o r f l i g h t t e c h n i c a l e r r o r in system 
use accuracy assessments i s + 2 . 5 ° . I t assumes an angular as 
opposed t o a l i n e a r d e v i a t i o n d i s p l a y , and consequent ly the 
t rue va lue i s l i k e l y to be range dependent, dec reas ing in l i n e a r 
terms as the s t a t i o n or way p o i n t i s approached. Consider ing 
on ly those f a c t o r s d i r e c t l y under the c o n t r o l o f the area 
n a v i g a t i o n equipment d e s i g n e r , mainly the d i s p l a y r e l a t e d des ign 
v a r i a b l e s mentioned p r e v i o u s l y , i t may be p o s s i b l e to ach ieve a 
f l i g h t t e c h n i c a l e r r o r tha t i s a small f r a c t i o n o f the 2 . 5 ° v a l u e . 

Eva lua t ion o f area n a v i g a t i o n equipment t o the present time 
i n d i c a t e s that the f l i g h t t e c h n i c a l e r r o r , using such equipment, 
i s l i n e a r i n na ture . A va lue o f + 2 . 0 nm i s t y p i c a l f o r the 
en route case and + 0 . 5 nm i s t y p i c a l f o r f i n a l approach o p e r a t i o n s . 

4 . COMBINING THE ERROR ELEMENTS. Based on the assumptions that the 
v a r i a b l e e r r o r s from the va r ious sources are normal ly d i s t r i b u t e d 
and independent, they may be combined i n RSS ( root -sum-squares ) 
f a sh ion . Thus, the standard d e v i a t i o n s obta ined from the var ious 
c o n t r i b u t i n g sources may be combined g e o m e t r i c a l l y r a the r than 
a r i t h m e t i c a l l y by tak ing the square r o o t o f the sum o f t h e i r squares: 

5. ERROR BUDGETING. 

a. In o p t i m i z i n g a n a v i g a t i o n system d e s i g n , i t i s g e n e r a l l y d e s i r a b l e 
t o avo id having the e r r o r from one source much l a r g e r than those 
from the o the r sources s i n c e , by the RSS method o f combinat ion, i t 
w i l l c o n t r i b u t e d i s p r o p o r t i o n a t e l y to the t o t a l e r r o r . However, 
i t may be t e c h n i c a l l y e a s i e r , cheaper , or o p e r a t i o n a l l y more 
d e s i r a b l e to reduce the e r r o r from one source ra the r than another 
In order t o meet a t o t a l system use accuracy requirement . 

b . In e s t a b l i s h i n g an e r r o r budget , a system des igne r may t rade o f f a 
r educ t ion in the e r r o r s from one o r more sources aga ins t increases 
in the e r r o r s from o t h e r s . Thus, in adding an area n a v i g a t i o n 
computing and d i s p l a y c a p a b i l i t y t o the bas ic VOR/DME system, i t i s 
necessary and p o s s i b l e t o compensate f o r the e r r o r s int roduced by 
the new equipment by means o f reduc t ions i n e r r o r s from other 
sou rces . 

t o t a l = 1 ^ + 0 - 2

2 • • • + O - H 2 
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c . The f o l l o w i n g h y p o t h e t i c a l example i l l u s t r a t e s how th i s may be done. 

( 1 ) Assume tha t a company s e l l s an a i rbo rne VOR system des igned to 
f l y w i t h i n a +4 nra rou te wid th t o a d i s t a n c e o f 51 nm from a 
ground f a c i l i t y on the bas i s o f the f o l l o w i n g e r r o r budget : 

( 2 ) Ground VOR S t a t i o n Er ro r + 1 . 9 ° @51 nm • 1.7 nm cross t r a c k e r r o r 
A i rbo rne VOR Equipment Error + 3 . 0 ° @51 nm = 2.7 nm c ross t rack e r r o r 
Ground DME Er ro r ± 0 . 1 nm on r a d i a l » 0 .0 nm cross t rack e r r o r 
Ai rbo rne DME Er ro r +3% or 0.5 nm on r a d i a l » 0 .0 nm cross 

t r ack e r r o r 
P i l o t a g e Er ror ± 2 - 5 ° @51 nm • 2 .2 nm cross t rack e r r o r 

( 3 ) The e r r o r elements combine t o make: 

T o t a l Er ror « + ^ 1 .7 2 + 2 . 7 2 + 2 . 2 2 

« + 3.88 

( 4 ) In de s ign ing a new system con ta in ing area n a v i g a t i o n d e v i c e s 
c o n t r i b u t i n g an e r r o r element o f +2 nm ( e q u i v a l e n t t o + 2 . 3 ° 
a t 51 nm), the system eng ineer f inds tha t the t o t a l e r r o r o f the 
new system would not s a t i s f y the requirement o f a +4 nm rou te 
width t o 51 nm range i f the o the r e r r o r elements remained the 
same. However, he a l s o f inds tha t he can compensate f o r the added 
e r r o r component in two ways: 

( a ) By p i c k i n g o f f s i g n a l s d i r e c t l y from the VOR r e c e i v e r thereby 
not i ncu r r ing the usual c o n v e r t e r and i n d i c a t o r e r r o r s so tha t 
the a i rbo rne VOR equipment e r r o r i s reduced from + 3 ° t o + 2 ° . 
Thus the c ross t rack e r r o r becomes + 1 . 8 nm. 

( b ) By employing a l i n e a r RNAV d i s p l a y which permi ts an assumed 
p i l o t a g e e r r o r o f + 2 . 0 nm which i s c o n s i s t e n t w i t h current 
s tud ies r ega rd ing p i l o t a g e . 

( 5 ) The system eng ineer now recomputes the t o t a l system e r r o r on the bas i s 
o f the f o l l o w i n g e r r o r budget: 

T o t a l Er ror • + 1 / ( 1 . 7 ) 2 + ( 1 . 8 ) 2 + ( 2 . 0 ) 2 + ( 2 . 0 ) 2 

- + 3.76 nm at 51 nm from the f a c i l i t y (95% p r o b a b i l i t y ) 

The new system meets the des ign accuracy requirement w i t h an increased 
margin o f s a f e t y . I n t h i s example, the DME s t a t i o n and a i rborne 
equipment e r r o r s d id not c o n t r i b u t e t o c ross t r ack e r r o r . With t r ack 
o r i e n t a t i o n o the r than a long a r a d i a l , an inc rease i n DME c o n t r i b u t i o n 
w i l l be o f f s e t by a decrease i n VOR e f f e c t . 
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APPENDIX D. EN ROUTE AND TERMINAL AIR TRAFFIC AND FLIGHT PROCEDURES 

1 - EN ROUTE AND TERMINAL CRITERIA. 

a . F a c t o r s t o be cons idered f o r approva l w i l l i nc lude FAA c a p a b i l i t y t o 
p r o v i d e s e r v i c e , a n t i c i p a t e d volume o f t r a f f i c , and c o m p a t i b i l i t y of 
the rou t ing w i t h e x i s t i n g a i r w a y s , r o u t e s , t r a f f i c and procedures . 

b . A l l approved area n a v i g a t i o n rou t ings w i l l be checked f o r adequate 
s i g n a l cove rage and frequency p r o t e c t i o n . Those approved f o r gene ra l 
p u b l i c use w i l l be publ ished and d e p i c t e d on Uni ted S t a t e s Government 
F l i g h t In fo rmat ion P u b l i c a t i o n En Route Char ts , Standard Instrument 
Departure Char t s , Terminal Char t s , o r i n the Ai rman ' s In format ion 
Manual, as a p p r o p r i a t e . 

NOTE: Fo r equipment r e q u i r i n g VOR/DME inpu t s , a l l approved RNAV 
rou tes r e q u i r e unin ter rupted VOR/DME s i g n a l r e c e p t i o n as 
opposed t o V i c t o r a i rway MEA's which now may i nco rpo ra t e 
s i g n a l gap a r e a s . 

c . The l a c k o f s l an t - r ange c o r r e c t i o n on a i rbo rne equipment during 
i n i t i a l implementat ion r e q u i r e s tha t rou te dimensions be en larged 
t o encompass s l an t range e r r o r . The amount o f a d d i t i o n a l p ro t ec t ed 
a i r s p a c e p rov ided w i l l be determined by p r o x i m i t y t o r e f e r e n c e 
f a c i l i t i e s and maximum au thor i zed a l t i t u d e s . T h i s a d d i t i o n a l 
a i r s p a c e p rov ided w i l l be c o n s i s t e n t w i t h the amount o f s l an t - r ange 
e r r o r i n v o l v e d . 

d . The a i r s p a c e t o be p r o t e c t e d i s shown on the Area N a v i g a t i o n Route 
Width Summary, ( F i g u r e 1, page 1 3 ) , and i s d e s c r i b e d as f o l l o w s . 
Route Widths w i l l be : 

( 1 ) Four m i l e s a long t e rmina l rou tes where the p o i n t o f tangency o f 
the rou te c e n t e r l i n e l i e s w i t h i n 53 m i l e s o f the ground s t a t i o n 
on which the rou te i s based. The rou te boundaries expand t o 8 
m i l e s a t the po in t where the rou te c e n t e r l i n e i n t e r c e p t s the 
boundary o f the 4 - m i l e zone* Terminal routes a r e a s soc i a t ed 
w i t h procedures used f o r i n g r e s s and eg re s s t o o r from the en 
rou te s t r u c t u r e . 

( 2 ) E i g h t m i l e s wide a long rou te s where the p o i n t o f tangency of 
the rou te c e n t e r l i n e l i e s w i t h i n 102 m i l e s of the ground s t a t i o n . 
The rou t e boundaries expand a t 3 . 2 5 ° a t the p o i n t where the 
rou t e c e n t e r l i n e i n t e r c e p t s the boundary o f the 8-mile zone . 

( 3 ) When the po in t o f tangency i s beyond the 102-mile l i m i t , the 8-
m i l e rou te width i s inc reased by 0 .5 m i l e s f o r each 10-mile 
increment beyond 100 m i l e s from the ground s t a t i o n . A t t h i s 
p o i n t the rou te boundaries expand a t 3 . 2 5 ° . 
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e . Way p o i n t s on publ ished rou te s w i l l be i d e n t i f i e d by l a t i t u d e / 
l ong i t ude and bear ing and d i s t a n c e from the ground f a c i l i t y on which 
they a r e based. I n a d d i t i o n , g e o g r a p h i c a l names w i l l be ass igned t o 
way p o i n t s , i f r equ i red f o r f l i g h t p lanning o r ATC purposes . 

f . Changeover po in t s f o r approved area n a v i g a t i o n rou tes w i l l be pub­
l i s h e d w i t h the d i s t a n c e r e l a t i n g t o the way p o i n t s . 

g . Obs tac l e c l ea rance c r i t e r i a w i l l be those de sc r ibed i n A d v i s o r y 
C i r c u l a r 9 5 - 1 , Paragraphs 4 , 5, and 7, excep t tha t the primary 
o b s t a c l e c l ea rance area w i l l be i n accordance w i t h the rou t e 
dimension d e s c r i p t i o n in l . d . , above . Secondary areas w i l l have the 
f o l l o w i n g w i d t h s : 

( 1 ) One m i l e e i t h e r s i d e o f the primary 4 - m i l e rou te w i d t h . 

( 2 ) Two m i l e s e i t h e r s i de o f a pr imary 8-mi le rou te w i d t h . 

( 3 ) I n a d d i t i o n , the secondary area expands 4 . 9 ° where the primary 

h . Area n a v i g a t i o n en rou te segments w i l l be i d e n t i f i e d t o d i s t i n g u i s h 
them from the present a i rways and j e t r o u t e s . Standard Instrument 
Departures ( S I D ) and Standard Terminal A r r i v a l Routes (STAR) tha t 
a r e e s t a b l i s h e d f o r the e x c l u s i v e use o f area n a v i g a t i o n equipped 
a i r c r a f t w i l l be i d e n t i f i e d by use o f the term "RNAV1 1 immediate ly 
p reced ing the words "Depar ture" and " A r r i v a l " r e s p e c t i v e l y . Fo r 
example: Brooks One RNAV Depar tu re ; Richards Three RNAV A r r i v a l . 

i . Random o r impromptu area n a v i g a t i o n rou tes a r e au tho r i zed on ly when 
a i r t r a f f i c c o n t r o l radar i s used t o monitor n a v i g a t i o n and a i r c r a f t 
s e p a r a t i o n . D e f i n i t i o n o f such rou te s w i l l , i n a d d i t i o n t o cur rent 
rou te d e f i n i t i o n methods, be d e f i n e d i n terms o f DEGREE/DISTANCE 
f i x e s (example - - 'DIRECT TO THE TWO FIVE MILE FIX ON THE APPLETON 
THREE ONE ZERO RADIAL") o r o f f s e t from publ ished o r e s t a b l i s h e d 
rou t e s / a i rways a t a s p e c i f i e d d i s t a n c e and d i r e c t i o n (example 
"EIGHT MILES OFFSET RIGHT OF VICTOR S I X " ) . 

j . En rou te procedures s h a l l be eva lua ted using e x i s t i n g f l i g h t i n s p e c ­
t i o n f a c i l i t y performance da t a , o r by f l i g h t i n s p e c t i o n o f the 
procedure when f a c i l i t y data i s l a c k i n g . 

2 . INSTRUMENT APPROACH PROCEDURE CRITERIA. 

a. Scope . T h i s Appendix conta ins c r i t e r i a which s h a l l be used t o 
fo rmula te , r e v i e w , approve , and pub l i sh RNAV procedures f o r instrument 
approach o f a i r c r a f t t o c i v i l a i r p o r t s . A p p l i c a t i o n f o r m i l i t a r y 
ope ra t i ons w i l l be incorpora ted a t a l a t e r d a t e . 

area expands 3 . 2 5 ° . 
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b . Types of P rocedures . C r i t e r i a a r e p rov ided f o r the f o l l o w i n g types 
o f au thor i zed te rmina l instrument procedures : 

( ! ) S t r a i g h t - i n . A descent i n an approved procedure i n which the 
f i n a l approach course al ignment permi ts a s t r a i g h t - i n l and ing . 

( 2 ) C i r c l i n g Approach. A descent i n an approved procedure t o an 
a i r p o r t f o r a c i r c l e - t o - l a n d maneuver. 

c . Numbering. 

( 1 ) Numbering o f P rocedures . Terminal instrument procedures should 
be numbered t o be meaningful t o the p i l o t , and t o permit ready 
i d e n t i f i c a t i o n i n a i r t r a f f i c c o n t r o l p h r a s e o l o g y . 

( 2 ) S t r a i g h t - I n Approach. When the RNAV procedures meet the 
s t r a i g h t - i n runway approach course al ignment c r i t e r i a , the 
procedure s h a l l be numbered as f o l l o w s : RNAV Rwy. 21 , e t c . 
(See Paragraph ( d ) 3 , page 9 ) . 

( 3 ) C i r c l i n g Approach. When the procedures do not meet s t r a i g h t - i n 
runway approach c r i t e r i a and a r e publ ished w i t h c i r c l i n g 
minimums o n l y , they s h a l l be des igna ted a l p h a b e t i c a l l y i n 
sequence (Example: RNAV-A, RNAV-B, e t c . ) . 

d . General C r i t e r i a - Common In fo rma t ion . 

( 1 ) Un i t s o f Measurement. Un i t s o f measurement s h a l l be expressed 
as se t f o r t h be low: 

( a ) Courses and R a d i a l s . Courses s h a l l be expressed i n degrees 
magne t ic . R a d i a l s s h a l l a l s o be expressed i n deg rees 
magnet ic , and s h a l l f u r the r be i d e n t i f i e d as r a d i a l s by 
p r e f i x i n g the l e t t e r "R" t o the magnetic bear ing FROM the 
f a c i l i t y . For example: R-027 or R-010, 

( b ) A l t i t u d e s . Uni t s of measurement f o r a l t i t u d e i n t h i s 
p u b l i c a t i o n a re f e e t . In publ ished procedures , a l t i t u d e s 
below the t r a n s i t i o n l e v e l s h a l l be expressed i n f e e t 
above mean sea l e v e l (MSL) . Above the t r a n s i t i o n l e v e l 
a l t i t u d e s i n publ ished procedures s h a l l be expressed as 
" f l i g h t l e v e l s " and a b b r e v i a t e d . For example: FL 200 
or FL 450. 

( c ) D i s t a n c e s . A l l d i s t a n c e s s h a l l be expressed i n nau t i c a l 
m i l e s and tenths t h e r e o f , excep t when a p p l i e d t o v i s i b i l i ­
t i e s , which s h a l l be expressed i n s t a t u t e m i l e s and 
app rop r i a t e f r a c t i o n s t h e r e o f . Runway V i s u a l Range (RVR) 
s h a l l be expressed i n f e e t . 
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( d ) Speeds. A i r c r a f t speeds s h a l l be expressed i n knots . 

( 2 ) P o s i t i v e Course Guidance. P o s i t i v e course guidance s h a l l be 
p rov ided i n t r a n s i t i o n , i n i t i a l , i n t e r m e d i a t e , and f i n a l 
approach segments. ASR may be used t o p r o v i d e v e c t o r i n g t o or 
through any approach segment. ARSR may be used t o p r o v i d e 
course guidance through i n i t i a l approach segments up t o and 
inc lud ing the i n t e rmed ia t e way p o i n t . 

( 3 ) Approach C a t e g o r i e s . A i r c r a f t performance d i f f e r e n c e s have a 
d i r e c t e f f e c t on the a i r s p a c e and v i s i b i l i t y needed t o perform 
c e r t a i n maneuvers, such as c i r c l e t o l and , turning missed 
approaches, f i n a l a l ignment c o r r e c t i o n t o l and , and descen t . 
The f o l l o w i n g c a t e g o r i e s a r e e s t a b l i s h e d , and w i l l be r e f e r r e d 
t o throughout t h i s p u b l i c a t i o n by t h e i r l e t t e r d e s i g n a t i o n 
( A , B, C, D, or E ) : 

( a ) Ca tegory A . Speed l e s s than 91 knots o r we igh t l e s s than 
30,001 l b s . 

( b ) Ca tegory B . Speed 91-120 knots o r w e i g h t 30,001 -
60,000 l b s . 

( c ) Ca tegory C. Speed 121-140 knots o r w e i g h t 60,001 -
150,000 l b s . 

( d ) Ca tegory D. Speed 141-165 knots o r w e i g h t o v e r 150,000 l b s . 

( e ) Ca tegory E . Speed o v e r 165 knots . Weigh t not c o n s i d e r e d . 

NOTE: Speeds a r e based on 1.3 times the s t a l l speed i n the 
landing c o n f i g u r a t i o n a t maximum g ros s landing w e i g h t . 
Weigh ts a r e maximum au thor i zed g ros s landing w e i g h t s . An 
a i r c r a f t s h a l l f i t i n on ly one c a t e g o r y , and tha t 
c a t e g o r y s h a l l be the h ighes t c a t e g o r y i n which i t meets 
e i t h e r o f the s p e c i f i c a t i o n s . For example, a 30,000 l b . 
landing w e i g h t a i r c r a f t which approaches a t 130 knots 
f i t s i n t o Category C. 

( 4 ) Approach Ca tegory A p p l i c a t i o n . The approach c a t e g o r y ope ra t i ng 
c h a r a c t e r i s t i c s s h a l l be used t o de te rmine turn ing r a d i i , 
minimums, and o b s t r u c t i o n c l e a r a n c e areas f o r c i r c l i n g and 
missed approach. 

( 5 ) Procedure Cons t ruc t ion . An instrument approach procedure may 
have f i v e separa te segments. They a r e the t r a n s i t i o n , the 
i n i t i a l , the i n t e r m e d i a t e , the f i n a l , and the missed approach 
segments. I n a d d i t i o n , an a rea f o r c i r c l i n g the a i r p o r t under 
v i s u a l c o n d i t i o n s s h a l l be c o n s i d e r e d . The approach segments 
beg in and end a t des igna ted way p o i n t s . The way po in t s a r e 

Par 2 



AC 90-45 
8/18/69 

Appendix D 
Page 5 

named Co c o i n c i d e w i t h the a s s o c i a t e d segment. For 
example, the i n t e rmed ia t e segment beg ins a t the i n t e r ­
media te way p o i n t and ends a t the f i n a l approach way 
p o i n t . The o rder i n which t h i s appendix d i scusses the 
segments i s the same order i n which the p i l o t would f l y 
them i n a completed procedure ; tha t i s from a t r a n s i t i o n 
or i n i t i a l , through an in t e rmed ia t e t o a f i n a l approach. 
Only those segments which a re r e q u i r e d by l o c a l c o n d i t i o n s 
need be included i n a p rocedure . I n cons t ruc t ing the 
p rocedure , the f i n a l approach course should be i d e n t i f i e d 
f i r s t because i t i s the l e a s t f l e x i b l e and most c r i t i c a l 
o f a l l the segments. When the f i n a l approach has been 
de te rmined , the o t h e r segments should be blended w i th i t 
t o produce an o r d e r l y maneuvering p a t t e r n which i s 
r e spons ive t o the l o c a l t r a f f i c f l o w . Cons ide ra t ion 
s h a l l a l s o be g i v e n t o any accompanying c o n t r o l l e d a i r space 
requirements i n o rde r t o conserve a i r s p a c e t o the ex ten t 
i t i s f e a s i b l e . 

( a ) T r a n s i t i o n Segment (Feeder R o u t e s ) . The informat ion 
conta ined i n t h i s paragraph a p p l i e s e q u a l l y t o low 
and high a l t i t u d e p rocedures . T r a n s i t i o n s , when 
r e q u i r e d , a r e used t o d e s i g n a t e course and d i s t ance 
from a way p o i n t i n the en rou te s t ruc tu re t o the 
i n i t i a l approach way p o i n t (IAWP) . Only those 
t r a n s i t i o n s which p r o v i d e an o p e r a t i o n a l advantage 
s h a l l be e s t a b l i s h e d and pub l i shed . These should 
c o i n c i d e w i t h the l o c a l a i r t r a f f i c f l o w . The 
l e n g t h o f the t r a n s i t i o n s h a l l not exceed the 
o p e r a t i o n a l s e r v i c e volume o f the f a c i l i t i e s which 
p r o v i d e n a v i g a t i o n a l guidance unless a d d i t i o n a l 
f requency p r o t e c t i o n i s p r o v i d e d . RNAV t r a n s i t i o n s 
may be inc luded i n conven t iona l approach procedures 
such as LLS. En rou te RNAV a i rway o b s t r u c t i o n 
c l ea rance c r i t e r i a s h a l l app ly t o t r a n s i t i o n s . 

( b ) I n i t i a l Approach. 

J. I n i t i a l Approach Segment. Al though t r a n s i t i o n s 
may be p r e s c r i b e d i n an instrument procedure , the 
instrument approach as such commences a t the 
I n i t i a l Approach Way P o i n t ( I A W P ) . I n the 
i n i t i a l approach the a i r c r a f t has depar ted the 
en rou te o r t r a n s i t i o n a l phase o f f l i g h t , and i s 
maneuvering t o e n t e r an in t e rmed ia t e segment. 
When the i n t e rmed ia t e way p o i n t i s pa r t o f the 
en rou te s t ruc tu re i t may not be necessary t o 
d e s i g n a t e an i n i t i a l approach segment. I n t h i s 
case the approach commences a t the in te rmedia te 
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way point and intermediate segment criteria apply. 
An initial approach may be made along a course, or 
radar vector. Although more than one initial 
approach may be established for a procedure, the 
number should be limited to that which is 
justified by traffic flow or other operational 
requirements. Where holding is required prior to 
entering the initial approach segment, the holding 
way point and initial approach way point should 
coincide. 

2 Altitude Selection. Minimum altitudes in the 
initial approach segment shall be established in 
100-foot increments; i.e., 1549 feet may be shown 
as 1500 feet and 1550 feet shall be shown as 1600. 
In addition, altitudes specified in the initial 
approach segment must not be lower than any 
altitude specified for any portion of the inter­
mediate or final approach segment. 

3 Alignment. The angle of intersection between the 
initial approach course and the intermediate 
course shall not exceed 90 degrees. Where neces­
sary, additional way points will be established to 
eliminate the need for intercept angles greater 
than 90 degrees, or an initial approach based on 
course reversal will be provided in accordance 
with Paragraph 2 below. Where additional way 
points are established a minimum spacing of five 
miles between way points should be provided to 
minimize additional cockpit workload. 

4 Area. The initial approach segment has no 
standard length. The length shall be sufficient 
to permit the altitude change required by the 
procedure and shall not exceed 50 miles unless an 
operational requirement exists. The primary and 
secondary areas of the initial approach segment 
are Identical to RNAV en route criteria. 

5 Obstacle Clearance. The obstacle clearance in the 
initial approach primary area shall be a minimum 
of 1000 feet. In the secondary area, 500 feet of 
obstacle clearance shall be provided at the inner 
edge, tapering uniformly to zero feet at the 
outer edge. 
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6 Descent G r a d i e n t . The OPTIMUM descent g r ad i en t I n 
the i n i t i a l approach i s 250 f e e t per m i l e . Where 
a h igher descent g r a d i e n t i s necessary the 
maximum g r a d i e n t i s 500 f e e t per m i l e . 

2. I n i t i a l Approaches Based on Course R e v e r s a l . 
I n i t i a l approach segments based on a procedure 
turn s h a l l not be e s t a b l i s h e d . Where course 
r e v e r s a l i s r equ i red a ho ld ing pa t t e rn s h a l l be 
e s t ab l i shed i n l i e u o f the procedure turn . 
Standard ho ld ing p a t t e r n o b s t a c l e c l ea rance s h a l l 
app ly . 

( c ) In t e rmed ia t e Approaches . 

1 In te rmedia te Approach Segment . . Th i s i s the 
segment which blends the i n i t i a l approach 
segment i n t o the f i n a l approach segment. I t i s 
the segment i n which a i r c r a f t c o n f i g u r a t i o n , 
speed, and p o s i t i o n i n g adjustments a re made f o r 
en t ry i n t o the f i n a l approach segment. The i n t e r ­
mediate segment beg ins a t the in te rmedia te way 
po in t ( I N W P ) , and ends a t the f i n a l approach 
way p o i n t (FAWP). A p p l i c a t i o n i s s i m i l a r t o 
t y p i c a l approach segments conta ined i n FAA 
Handbook 8230.6 ( T E R P s ) . 

2 A l t i t u d e S e l e c t i o n . The minimum a l t i t u d e i n the 
in t e rmed ia te segment s h a l l be e s t a b l i s h e d i n 100-
f o o t increments ; i . e . , 749 f e e t may be shown as 
700 f e e t and 750 f e e t s h a l l be shown as 800. In 
a d d i t i o n , the a l t i t u d e s e l e c t e d f o r a r r i v a l ove r 
the FAWP s h a l l be low enough t o permit descent 
from the FAWP t o the a i r p o r t f o r a s t r a i g h t - i n 
landing whenever p o s s i b l e . 

3 Al ignmen t . The course t o be f lown i n the i n t e r ­
mediate segment s h a l l be the same as the f i n a l 
approach, except when i t i s not p r a c t i c a l f o r the 
courses t o be i d e n t i c a l . I n such cases , the 
in t e rmed ia te course s h a l l not d i f f e r from the 
f i n a l approach course by more than 60 d e g r e e s . 

4 A r e a . 

aa. Leng th . The in t e rmed ia t e segment s h a l l not 
be l e s s than 5 mi l e s o r more than 15 mi l e s i n 
l eng th , measured a long the course t o be 
f l o w n . The optimum l e n g t h i s 10 m i l e s . A 
d i s t a n c e g r e a t e r than 10 m i l e s should not be 
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used unless an o p e r a t i o n a l requirement 
j u s t i f i e s a g r e a t e r d i s t a n c e . 

b b * W i d t h . The t o t a l w id th of the i n t e rmed ia t e 
segment i s determined by j o i n i n g the ou te r 
edge6 o f the i n i t i a l approach segment w i t h 
the ou te r edges o f the f i n a l approach 
segment by means o f s t r a i g h t l i n e s . For 
o b s t a c l e c l e a r a n c e purposes , the i n t e rmed ia t e 
segment i s d i v i d e d i n t o a primary and a 
secondary a r e a . The pr imary area i s d e t e r ­
mined by j o i n i n g the primary i n i t i a l approach 
area w i t h the primary f i n a l approach area by 
means o f s t r a i g h t l i n e s . The secondary area 
i s determined by j o i n i n g the r e s p e c t i v e 
i n i t i a l approach and f i n a l approach secondary 
a reas by means o f s t r a i g h t l i n e s . 

5 Obs tac le C l e a r a n c e . A minimum o f 500 f e e t o f 
o b s t a c l e c l ea rance s h a l l be p rov ided i n the 
primary area o f the i n t e rmed ia t e approach segment. 
I n the secondary a r ea , 500 f e e t o f o b s t a c l e 
c l ea rance s h a l l be p rov ided a t the inner e d g e , 
t ape r ing t o z e r o f e e t a t the ou te r edge . 

6 Descent G r a d i e n t s . Because the i n t e rmed ia t e 
segment i s used t o prepare the a i r c r a f t speed 
and c o n f i g u r a t i o n f o r en t ry i n t o the f i n a l 
approach segment the descent g r a d i e n t should be 
as f l a t as p o s s i b l e . The optimum descent 
g r a d i e n t i n t h i s area should not exceed 150 f e e t 
per m i l e . Where a h igher descen t g r a d i e n t i s 
necessary , the MAXIMUM permissab le g r a d i e n t i s 
300 f e e t per m i l e . 

( d ) F i n a l Approach. 

JL F i n a l Approach Segment. T h i s i s the segment i n 
which a l ignment and descent f o r landing are 
accompl ished. The f i n a l approach segment 
cons idered f o r o b s t a c l e c l ea rance beg ins a t the 
f i n a l approach way p o i n t and ends a t the runway 
o r a i r p o r t . F i n a l approach may be made t o a 
runway f o r a s t r a i g h t - i n l and ing , o r t o an 
a i r p o r t f o r a c i r c l i n g approach. Only one f i n a l 
approach s h a l l be s p e c i f i e d f o r a p rocedure . 
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2 A minimum o f two way po in t s s h a l l be des igna t ed , 
and s h a l l be w i t h i n 25 m i l e s o f the r e f e r ence 
f a c i l i t y . 

aa . Missed approach way p o i n t e s t a b l i s h e d a t 
the runway t h r e s h o l d . 

bb . F i n a l approach way p o i n t e s t a b l i s h e d w i th 
r e f e r e n c e t o the l eng th o f the f i n a l approach 
segment i n accordance w i t h Tab l e N o . 1, 
page 10. 

3 S t r a l g h t - I n . The f i n a l approach course f o r RNAV 
procedures s h a l l be a l i g n e d w i th the runway 
c e n t e r l i n e . 

4 A r e a . The area cons idered f o r o b s t a c l e c learance 
i n the f i n a l approach segment s t a r t s a t the 
f i n a l approach way p o i n t and ends a t the missed 
approach way p o i n t . I t i s made up o f primary 
and secondary a r e a s . The primary area i s 
cen te red l o n g i t u d i n a l l y on the f i n a l approach 
course . I t expands uniformly from the width of 
the missed approach way p o i n t t o the width of 
the f i n a l approach way p o i n t . A secondary area 
i s on each s ide o f the primary a rea . I t s h a l l 
be one mi l e i n w i d t h . (See Paragraph 7 f o r way 
p o i n t w i d t h s . ) 

5 Length of F i n a l Approach Segment. The OPTIMUM 
length of the f i n a l approach segment i s 5 m i l e s . 
The MAXIMUM leng th i s 10 m i l e s . The MINIMUM 
leng th of the f i n a l approach segment s h a l l 
p r o v i d e adequate d i s t ance f o r an a i r c r a f t t o 
make the requ i red descen t , and t o r ega in course 
al ignment when a turn i s r equ i red ove r the f i n a l 
approach way p o i n t . Tab l e 1 s h a l l be used t o 
determine the minimum leng th needed to r e g a i n the 
course . 

6 Obs tac le Clearance - S t r a i g h t - I n Landing. The 
minimum o b s t a c l e c l ea rance i n the primary area i s 
250 f e e t . I n the secondary area 250 f e e t o f 
o b s t a c l e c l ea rance s h a l l be p rov ided a t the 
inner e d g e , t ape r ing uni formly t o z e r o f e e t a t 
the ou te r e d g e . 
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APPROACH Magnitude of turn ove r the F i n a l Approach Wav Po in t (FAWP) 
CATEGORY 10° 20° 30° 40° 50° 60° 

A 1.0 1.5 2 .0 3.0 4 .0 5.0 
B 1.5 2.0 2 .5 3 .5 4 .5 5.5 
C 2.0 2.5 3 .0 4 .0 5.0 6.0 
D 2.5 3 .0 3 .5 4 .5 5.5 6.5 

Tab le 1. 

1 F i n a l Approach Way P o i n t and Missed Approach Way 
Po in t A r e a . A c i r c l e w i t h a . 9 - m i l e radius 
c i rcumscr ibed from the p l o t t e d p o s i t i o n of the 
way p o i n t when w i t h i n 10 nm o f the r e f e r e n c e 
f a c i l i t y expanding uni formly t o a 2 -mi l e radius 
a t 25 m i l e s from the r e f e r e n c e f a c i l i t y . The 
l a t e r a l dimensions o f the f i n a l approach segment 
a r e e s t a b l i s h e d by connec t ing l i n e s between the 
missed approach way p o i n t and the f i n a l approach 
way p o i n t a t t h e i r p o i n t s o f maximum w i d t h . 

NOTE; When a turn i s r equ i r ed a t the f i n a l 
approach way p o i n t , a 2 -mi l e radius i s 
r equ i red r e g a r d l e s s o f the d i s t a n c e from 
the r e f e r e n c e f a c i l i t y . 

( e ) C i r c l i n g Approach. 

1 C i r c l i n g Approach A r e a . T h i s i s the o b s t a c l e 
c l ea rance area which s h a l l be cons idered f o r a i r ­
c r a f t maneuvering t o land on a runway which does 
not meet s t r a i g h t - I n approach c r i t e r i a . 

2 Al ignment and A r e a . The s i z e of the c i r c l i n g area 
v a r i e s w i t h the approach c a t e g o r y o f the a i r c r a f t , 
as shown i n the t a b l e be low. To d e f i n e the l i m i t s 
o f the c i r c l i n g area f o r the a p p r o p r i a t e c a t e g o r y , 
draw an a rc o f s u i t a b l e rad ius from the cen t e r o f 
the th resho ld o f each usable runway. Jo in the 
e x t r e m i t i e s o f the adjacent a r c s w i t h l i n e s 
tangent t o the a r c s . The area thus enc losed i s 
the c i r c l i n g approach a r e a . 

CIRCLING APPROACH AREA RADIUS TABLE. 
ADDroach Category Radius ( M i l e s ) 

A 1.3 
B 1.5 
C 1.7 
D 2.3 

Tab le 2 . 
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3 Obstacle Clearance. A minimum of 300 feet of 
obstacle clearance shall be provided in the 
circling approach area. There is no secondary 
obstacle clearance area for the circling approach. 

(f) Descent Gradient. The optimum descent gradient in 
the final approach segment is 300 feet per mile. 
Where a higher descent gradient is necessary, the 
MAXIMUM permissable gradient is 400 feet per mile. 
The descent gradient shall be computed with respect 
to the length of the final approach segment, using 
the difference between the altitude over the final 
approach way point; and, 

1 For Straight-in Approach. The elevation of the 
touchdown zone. 

2 For Circling Approach. The circling MDA. 

NOTE: Where straight-in descent gradient criteria 
is exceeded, only circling MDA shall be 
authorized• 

(g) Vertical Guidance. The final approach angle will be 
computed and published. This describes the angle 
from the final approach way point altitude to the 
runway threshold elevation. Obstacle clearance 
shall not be predicated on use of vertical guidance 
information at this time. This information is 
published to provide a constant descent rate from 
the final approach way point to the runway for 
aircraft with vertical guidance capability. 

(h) Missed Approach Segment. A missed approach 
procedure shall be established for each procedure 
in accordance with FAA Handbook 8260.3, (TERPs), 
Chapter 2, Section 7. Where the MAP way point 
accuracy (area) exceeds 1 mile, the final approach 
area shall be extended so as to delay the start of 
the 40:1 missed approach surface. This surface 
begins at a point beyond the designated MAP equal to 
the amount of excessive way point area over 1 mile. 

(i) Approach Minimums.. Approach minimums for non-
precision approaches contained in FAA Handbook 
8260.3A (TERPs), Chapter 3, Table 9, shall be 
utilized. However, until operational experience has 
been gained in the use of the RNAV systems, MDAs will 
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* be inc reased by 200 ' and v i s i b i l i t i e s w i l l be 
inc reased by k m i l e but not t o exceed 2 m i l e s . As 
soon as data subs tan t i a t e s o p e r a t i o n a l accuracy and 
r e l i a b i l i t y TERPs approach minimums w i l l a p p l y . * 

( j ) A l l instrument approach procedures s h a l l be f l i g h t 
inspec ted t o ensure tha t f a c i l i t y performance 
supports the procedure and tha t o b s t a c l e c l e a r a n c e 
i s s a t i s f a c t o r y . 

3 . IFR FLIGHT PLANNING. 

a . Only p i l o t s o f a i r c r a f t equipped w i t h a rea n a v i g a t i o n equipment 
approved f o r IFR ope ra t i on i n accordance w i t h t h i s A d v i s o r y C i r c u l a r 
may i d e n t i f y t h i s c a p a b i l i t y when f i l i n g an IFR f l i g h t p l an by 
appending the AIRCRAFT TYPE w i t h the s u f f i x tha t a l s o d e f i n e s the 
transponder c a p a b i l i t y as f o l l o w s : 

/C - - no code transponder and area n a v i g a t i o n . 

/F — 4096 code transponder and area n a v i g a t i o n . 

/S - - 64 code transponder and area n a v i g a t i o n . 

/W - - no transponder and area n a v i g a t i o n . 

b . When f i l i n g an IFR f l i g h t p l a n , area n a v i g a t i o n rou te s o r a combina­
t i o n o f area n a v i g a t i o n rou te s and VOR a i rways and rou tes may be 
s p e c i f i e d f o r ope ra t i ons a t o r below FL 450. Area n a v i g a t i o n rou te 
numbers may be f i l e d i n the same manner as VOR a i r w a y / r o u t e numbers. 
The f i l e d rou te should c l e a r l y d e f i n e the in tended rou t e dur ing 
t r a n s i t i o n from the VOR s t ruc tu re and v i c e v e r s a . The c o m p l e x i t i e s 
i n v o l v e d i n de termining rou te w i d t h , r e f e r e n c e f a c i l i t y usable 
d i s t a n c e and o b s t r u c t i o n c l e a r a n c e a l t i t u d e s make impromptu rou tes 
i m p r a c t i c a l dur ing i n i t i a l implementat ion phases o f area n a v i g a t i o n ; 
t h e r e f o r e , random rou tes should not be f i l e d and w i l l be approved 
on ly i n a radar environment based on i n - f l i g h t r e q u e s t s . 

4 . ROUTE WIDTH SUMMARY. The Area N a v i g a t i o n Route Width Summary, F i g u r e 1, 
Page 13, i l l u s t r a t e s the e f f e c t o f t o t a l RNAV system accu rac i e s a t 
v a r i o u s ang le s and d i s t a n c e s from the VOR/DME f a c i l i t y and d e p i c t s the 
zones which e s t a b l i s h the rou te w id th d imens ions . A d d i t i o n a l l y , the 
examples i l l u s t r a t e the imethod used t o cons t ruc t RNAV rou tes t ak ing 
advantage o f the system c a p a b i l i t i e s . 
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APPENDIX E. MAINTENANCE 

1. MAINTENANCE. A l l maintenance w i l l be performed in accordance wi th 
FAR 43 and the manufacturer 's i n s t r u c t i o n s , or i n accordance w i th a 
manual under an approved maintenance procedure . Records o f maintenance 
should be en te red in the a i r p l a n e maintenance records r equ i red by 
FAR 4 3 . 9 , or in the records r equ i r ed by the o p e r a t o r ' s approved 
maintenance procedures . F o l l o w i n g r e p a i r o r a l t e r a t i o n , the system 
should be checked b e f o r e p r e d i c a t i n g any ope ra t i on on i t s use. 
C o m p a t i b i l i t y o f the a i rborne area n a v i g a t i o n system replacement 
components should be assured unless the replacement i s o f the same 
make and model as those upon which o r i g i n a l approval was based. 

2 . INSPECTION AND TEST PROCEDURES, Operators using a i r c r a f t under IFR 
wi th an a i rborne area n a v i g a t i o n system and not under an approved 
maintenance procedure should e s t a b l i s h procedures which w i l l be used 
t o inspec t and t e s t the equipment p e r i o d i c a l l y t o determine that i t 
i s o p e r a t i n g in accordance w i th at l e a s t the accuracy s p e c i f i e d in 
Appendix A . Such procedures should inc lude a method fo r ana lyz ing 
malfunctions and d e f e c t s to determine that the e s t a b l i s h e d inspec t ions 
and t e s t s g i v e reasonable assurance that the equipment i s maintaining 
i t s accuracy. Tes t and i n s p e c t i o n procedures and i n t e r v a l s should be 
adjusted in accordance w i th the r e s u l t s o f the a n a l y s i s . 
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APPENDIX F . AIR CARRIERS /COMMERCIAL OPERATORS OF LARGE AIRCRAFT /TRAVEL CLUBS* 

1. TRAINING PROGRAM. This type o f ope ra to r should o u t l i n e the t r a i n i n g 
program he plans to se t up t o comply w i t h the r e f e r enced FAR 121 p a r t s . 
Under these r u l e s , the t r a i n i n g program i s accep tab le i f : 

a. I t encompasses a l l phases o f the o p e r a t i o n and f u l l y covers a l l 
r e s p o n s i b i l i t i e s o f f l i g h t crewmembers, d i spa tchers and maintenance 
pe r sonne l . 

b . I t s t e c h n i c a l content f o r p i l o t s c o v e r s : 

( 1 ) Theory and procedures , l i m i t a t i o n s , d e t e c t i o n o f malfunct ions , 
p r e f l i g h t and i n f l i g h t t e s t i n g , c ross -check ing methods, e t c . , 
r e l a t i n g t o the o p e r a t i o n s ; and, 

( 2 ) An o p e r a t i o n a l exp lana t ion o f a l l systems, toge the r w i th a r ev i ew 
o f n a v i g a t i o n and f l i g h t p lann ing . 

c . I t s r ecu r ren t t r a i n i n g program includes area n a v i g a t i o n t r a i n i n g . 

d . Each p i l o t assigned as an o p e r a t i n g crewmember completes as many t r i p s 
ove r a rou te or area ( e i t h e r i n ac tua l o p e r a t i o n o r , in par t i n an 
approved s imulator o r approved procedural t r a i n e r or t r a i n i n g d e v i c e ) 
under the supe rv i s ion o f an appropr i a t e i n s t r u c t o r o r a check airman, 
as may be necessary t o : 

( 1 ) Ensure h is q u a l i f i c a t i o n in the system; and, 

( 2 ) Enable c e r t i f i c a t i o n o f h is p r o f i c i e n c y in the system, as 
r equ i r ed by Sec t ion 121.413. 

e . The t r a i n i n g program conforms w i t h the above and i s approved by a 
r e p r e s e n t a t i v e o f the A d m i n i s t r a t o r . 

* T r a v e l Clubs w i l l conform to the a p p l i c a b l e par t s o f the above t r a i n i n g 
program. 

2 . OPERATIONS MANUAL. Rev i s ions t o the ope ra t ions manual should be provided 
o u t l i n i n g a l l procedures and emphasizing the methods fo r p r e f l i g h t and 
i n f l i g h t t e s t and s t e p - b y - s t e p o p e r a t i o n o f the area n a v i g a t i o n equipment. 
The manual should con ta in procedures f o r cont inuing the f l i g h t w i th p a r t i a l 
or complete area n a v i g a t i o n equipment f a i l u r e . 

3 . MINIMUM EQUIPMENT LIST (MEL) . For those components o f the area n a v i g a t i o n 
equipment r equ i r ed fo r area n a v i g a t i o n o p e r a t i o n s , MEL r e v i s i o n s w i l l be 
needed and ope ra t ions s p e c i f i c a t i o n s w i l l so s p e c i f y . The MEL should 
permit s i n g l e system ope ra t i on in dual system i n s t a l l a t i o n s . 

4 . AUTHORIZATION. The ope ra t ions s p e c i f i c a t i o n s w i l l con ta in the au thor iza ­
t i o n t o use an area n a v i g a t i o n system and i d e n t i f y the a i rborne equipment. 
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APPENDIX G. GENERAL AVIATION 

1, TRAINING PROGRAM. The ope ra to r should become thoroughly f a m i l i a r wi th 
the o p e r a t i o n of h i s area n a v i g a t i o n equipment b e f o r e he uses t h i s 
equipment i n an IFR environment . A recommended t r a i n i n g program should: 

a. Encompass a l l phases o f the ope ra t i on o f the area n a v i g a t i o n system. 

b . Cover the theory o f o p e r a t i o n , s e t t i n g p rocedures , f a m i l i a r i z a t i o n , 
d e t e c t i o n o f mal func t ions , p r e f l i g h t and i n f l i g h t t e s t i n g and c r o s s ­
checking methods. 

c . I nc lude procedures f o r cont inu ing the f l i g h t w i t h p a r t i a l o r complete 
area n a v i g a t i o n equipment f a i l u r e . 

d . P r o v i d e that each ope ra to r o f area n a v i g a t i o n equipment w i l l complete 
a s u f f i c i e n t number o f s imulated IFR approaches, missed approaches, 
depar tures and en rou te ope ra t i ons t o ensure tha t he i s competent 
t o ope ra te the equipment. 
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APPENDIX H. AIR TAXI 

1. SCHEDULED A I R TAXIS AND OTHER AIR TAXIS USING LARGE AIRCRAFT 

a. TRAINING PROGRAM. This type ope ra to r should o u t l i n e the t r a i n i n g 
program he plans to e s t a b l i s h in compliance w i th the t r a i n i n g 
requirements o f h is ope ra t i ons s p e c i f i c a t i o n s . A t r a i n i n g program 
i s accep tab le i f : 

( 1 ) I t encompasses a l l phases o f the o p e r a t i o n and f u l l y covers a l l 
r e s p o n s i b i l i t i e s o f f l i g h t crewmembers and maintenance pe r sonne l . 

( 2 ) I t s t e c h n i c a l con t en t , f o r p i l o t s , c o v e r s : 

( a ) Theory and procedures , l i m i t a t i o n s , d e t e c t i o n o f malfunct ions , 
p r e f l i g h t and i n f l i g h t t e s t i n g , c ross -check ing methods, e t c . , 
r e l a t i n g t o the o p e r a t i o n ; and, 

( b ) An o p e r a t i o n a l exp lana t ion o f a l l systems, a r e v i e w o f 
n a v i g a t i o n and f l i g h t p lann ing . 

( 3 ) I t s r ecur ren t t r a i n i n g program includes area n a v i g a t i o n t r a i n i n g . 

( 4 ) Each p i l o t assigned as an o p e r a t i n g crewmember completes as many 
t r i p s o v e r a rou te o r area ( e i t h e r i n ac tua l o p e r a t i o n o r , in 
p a r t , i n an approved s imula tor or approved procedura l t r a i n e r or 
t r a i n i n g d e v i c e ) under the supe rv i s ion o f an i n s t r u c t o r or a 
check airman, as may be necessary t o : 

( a ) Ensure his q u a l i f i c a t i o n i n the system; and, 

( b ) Enable c e r t i f i c a t i o n o f his p r o f i c i e n c y in the system, as 
r equ i r ed by Sec t ion 135.131. 

b . OPERATIONS MANUAL. R e v i s i o n s t o the ope ra t ions manual should be 
p rov ided o u t l i n i n g a l l procedures and emphasizing the methods f o r 
p r e f l i g h t and i n f l i g h t t e s t and s t e p - b y - s t e p o p e r a t i o n o f the area 
n a v i g a t i o n equipment. The manual should con ta in procedures f o r 
cont inuing the f l i g h t n a v i g a t i o n w i th p a r t i a l or complete area 
n a v i g a t i o n equipment f a i l u r e . 

c . AUTHORIZATION. The ope ra t i ons s p e c i f i c a t i o n s w i l l con ta in the 
a u t h o r i z a t i o n t o use an area n a v i g a t i o n system and i d e n t i f y the 
a i rborne equipment. 
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2 . AIR TAXIS OTHER THAN SCHEDULED A I R TAXIS AND THOSE USING LARGE AIRCRAFT 

a, TRAINING PROGRAM. This type ope ra to r should e s t a b l i s h a s u i t a b l e 
t r a i n i n g program t o assure thorough f a m i l i a r i t y w i t h the o p e r a t i o n o f 
area n a v i g a t i o n equipment b e f o r e using i t i n an IFR environment . 
The t r a i n i n g program should: 

( 1 ) Encompass a l l phases o f the o p e r a t i o n and f u l l y c o v e r a l l 
r e s p o n s i b i l i t i e s o f p i l o t s and maintenance pe r sonne l . 

( 2 ) Inc lude f o r p i l o t s : 

( a ) Theory and procedures , l i m i t a t i o n s , d e t e c t i o n o f mal func t ions , 
p r e f l i g h t and i n f l i g h t t e s t i n g , c ros s -check ing methods, e t c . , 
r e l a t i n g to the o p e r a t i o n ; 

( b ) An o p e r a t i o n a l exp l ana t i on o f a l l systems, a r e v i e w o f 
n a v i g a t i o n and f l i g h t p lann ing ; and, 

( c ) Procedures f o r con t inu ing the f l i g h t w i t h p a r t i a l o r 
complete area n a v i g a t i o n equipment f a i l u r e . 

( 3 ) Contain a r ecur ren t t r a i n i n g program f o r area n a v i g a t i o n . 

( 4 ) P r o v i d e that each p i l o t ass igned t o f l i g h t duty using the area 
n a v i g a t i o n system completes as many f l i g h t s , under the s u p e r v i s i o n 
o f an i n s t r u c t o r o r a check airman, as necessary t o : 

( a ) Ensure h i s q u a l i f i c a t i o n i n the system; and, 

( b ) Enable c e r t i f i c a t i o n o f h is p r o f i c i e n c y i n the system, as 
r equ i r ed by S e c t i o n 135.131. 

b . AUTHORIZATION. The opera t ions s p e c i f i c a t i o n s w i l l con ta in the 
a u t h o r i z a t i o n t o use an area n a v i g a t i o n system and i d e n t i f y the 
a i rborne equipment. 
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