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1. BACKGROUND AND DEFINITIONS. 

a. Present 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 in rou tes or a i rways which l e a d 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 . This 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 se rve the enroute s t r u c t u r e . 
This 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 to o r from the enroute s t r u c t u r e . 

c . The employment o f a i rbo rne area n a v i g a t i o n systems (RNAV) permits 
f l i g h t ove r 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 ances wi thout the need to 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 . 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 
p o i n t s a long a rou te s t ruc tu re so o rgan ized as t o permit reduc­
t i o n I n f l i g h t d i s t ances or reduc t ion i n t r a f f i c c o n g e s t i o n ; i n 
te rmina l areas to permi t 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 i n 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 work load ; and to 
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 . 

d. Area n a v i g a t i o n a l l ows the use of routes 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 rou tes 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 n ­
c reas ing route c a p a b i l i t y and f l e x i b i l i t y . 

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

( 1 ) Along-Track Dis tance (ATP) F i x - The ATD f i x I s an a long -
t rack p o s i t i o n de f ined w i t h r e f e r e n c e t o a waypoint and 
w i th geograph ica l c o o r d i n a t e s . 

( 2 ) A long-Track Error - A f i x e r r o r a long the f l i g h t t r ack 
r e s u l t i n g from the t o t a l 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 
and ground equipment o n l y . 

( 3 ) 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 fe renced 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 . In a d d i t i o n , RNAV 
u t i l i z i n g c a p a b i l i t i e s i n the h o r i z o n t a l p lane on ly i s 2-D 
w h i l e RNAV which a l s o i nco rpo ra t e s v e r t i c a l guidance i s 3-D. 

Par 1 Page 1 
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( 4 ) Area N a v i g a t i o n (RNAV) Equipment - A i rbo rne equipment tha t 
p r o v i d e s f o r area n a v i g a t i o n . 

( 5 ) Changeover Po in t - The p o i n t a t which n a v i g a t i o n r e f e r e n c e 
i s s h i f t e d from one r e f e r e n c e f a c i l i t y t o the next r e f e r e n c e 
f a c i l i t y . 

( 6 ) C i r c u l a r P o s i t i o n Error (CPE) - The probable n a v i g a t i o n 
e r r o r expressed i n terms o f the radius o f a c i r c l e centered 
on the d e s i r e d geographic p o i n t . 

( 7 ) Cross-Track Error - A f i x e r r o r t o the l e f t o r r i g h t from 
the d e s i r e d t rack t o the presen t p o s i t i o n , measured perpen­
d i c u l a r to the de s i r ed t r a c k . This e r r o r inc ludes a i rbo rne 
equipment, ground equipment, and FTE. 

( 8 ) Designated RNAV Route - An area n a v i g a t i o n r o u t e , based on 
the current high 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 Admin i s t r a to r and publ ished in FARs 71 
and 75. 

( 9 ) Es tab l i shed RNAV Route - A p rede f ined enroute segment, a r r i v a l , 
or depar ture route ( i n c l u d i n g RNAV SIDs and STARs) . I t a l s o 
Inc ludes enroute segments e s t a b l i s h e d w i t h gaps i n VOR/DME 
cove rage f o r use o f a i r c r a f t equipped w i th RNAV systems 
capable o f automatic dead r eckon ing . 

(10 ) F l i g h t Path Ang le - A v e r t i c a l a n g l e d e f i n i n g an ascending 
or descending path TO a s p e c i f i e d a l t i t u d e (MSL) a t a 
s p e c i f i e d waypoin t . 

( 1 1 ) F l i g h t Technica l Error (FTE) - F l i g h t Techn ica l Error r e f e r s 
to the accuracy wi 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 i s success i n 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 or d e s i r e d p o s i t i o n . 
I t does not inc lude procedura l b lunde r s . 

( 1 2 ) Instrument Approach Waypoints - F i x e s used In d e f i n i n g RNAV 
instrument approach p rocedu re s , i nc lud ing the INITIAL APPROACH 
WAYPOINT ( I A W P ) , INTERMEDIATE WAYPOINT ( I N W P ) , the FINAL 
APPROACH WAYPOINT (FAWP), the MISSED APPROACH WAYPOINT (MAWP), 
and the RUNWAY WAYPOINT (RWY W P ) . 

(13 ) P a r a l l e l O f f s e t Route - A d e s i r e d p a r a l l e l t rack to the l e f t 
o r r i g h t o f the "parent" or des igna ted rou te s p e c i f i e d in 
whole n a u t i c a l m i l e s . 

( 1 4 ) Refe rence F a c i l i t y - The ground VOR/DME 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 r o u t e , 
waypoin t , o r f l i g h t p rocedure . 

(15 ) 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 th% procedure number; i . e . , RNAV Rwy 21 or 
RNAV-A. 
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RNAV T r a n s i t i o n Routes f o r I n i t i a l Approach - T r a n s i t i o n 
r o u t e s , based on RNAV, from the enroute environment to the 
i n i t i a l approach waypoint o f an instrument approach procedure . 
RNAV t r a n s i t i o n rou tes 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 
procedures . 

Route Segment - Two subsequently r e l a t e d waypoints ( o r ATD 
f i x e s ) d e f i n e a rou te segment. 

Slant 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). Th i s d i s t ance 
i s g r e a t e r than the geograph ica 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 - Slant range 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 
sur face 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 Po in t - The po in t from which a l i n e perpendicular 
to 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. 

Tangent Po in t Dis tance (TPD) - Dis tance from VORTAC to 
tangent p o i n t . 

Track Angle - S e t t i n g s used i n s t a t i o n o r i e n t e d RNAV systems 
to i d e n t i f y p r e sc r ibed routes and t racks o v e r the ground 
from p o i n t to p o i n t . 

Turn Po in t s - A waypoint which i d e n t i f i e s a change from one 
Great C i r c l e t rack to another a long a g i v e n r o u t e . 

V e r t i c a l N a v i g a t i o n (VNAV) - That func t ion o f RNAV equipment 
which p rov ide s guidance i n the v e r t i c a l p l a n e . 

V e r t i c a l Path A n g l e - (See F l i g h t Path A n g l e ) . 

Waypoint - A predetermined geograph ica l p o s i t i o n used f o r 
route d e f i n i t i o n and/or p rogress r e p o r t i n g purposes that i s 
de f ined r e l a t i v e t o a VORTAC r e f e r e n c e f a c i l i t y . 

Waypoint Displacement Area - The rec tangu la r area formed 
around the p l o t t e d p o s i t i o n o f the waypo in t . The r e c t a n g l e 
i s o r i e n t e d a long the d e s i r e d t rack wi th the waypoint a t 
I t s c e n t e r . I t s dimensions a re two t imes (plus-and-minus) 
the appropr i a t e a l o n g - t r a c k and c r o s s - t r a c k f i x displacement 
e r r o r v a l u e s . 
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f . A p p l i c a t i o n of area n a v i g a t i o n equipment and procedures i n the 
Na t iona 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 th the 
VOR/DME system on which rou te s t ruc tu re and a i r t r a f f i c c o n t r o l 
a re based. Implementat ion, t h e r e f o r e , r e q u i r e s that 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 th r e spec t t o the 
VOR/DME route s t ruc tu re by r e f e r e n c e to the geographic 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 fu r 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 terminal p rocedures . 

g . 2-D Systems - To assure c o m p a t i b i l i t y wi th e x i s t i n g ATC routes and 
procedures , 2-D 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 "waypoints" 
tha t a re used t o d e f i n e RNAV rou te segments i n r e l a t i o n to VOR/DME 
s t a t i o n l o c a t i o n s . A success ion o f these waypoints d e f i n e s the 
c e n t e r l i n e o f the rou te to be f l o w n . 

h . 3-D area n a v i g a t i o n systems inc lude the funct ions o f 2-D systems 
wi th v e r t i c a l guidance added. V e r t i c a l guidance inc ludes computed 
d e v i a t i o n from des i r ed ascending o r descending path to a s p e c i f i e d 
a l t i t u d e a t the waypoin t , which i s inc luded i n the rou te d e f i n i t i o 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 to 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 po in t - to -^ to in t 
n a v i g a t i o n , bypassing o f congested and r e s t r i c t e d a rea , 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 re 
the p r i n c i p a l advantages ga ined , and each con t r i bu t e s t o the 
reduc t ion o f p i l o t workload and to 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 on ly a re shown i n Appendix A , Page 13, 
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 th standards and procedures 
designed to ensure 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 dimensions. 

k . I n t roduc t i on 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 Na t iona l 
A i r sp ace System p rov ide s a means f o r overcoming many o f the d i s ­
advantages o f the VOR s t r u c t u r e . By e l i m i n a t i n g the requirement 
to f l y a long r a d i a l s that l ead d i r e c t l y t o or from the ground 
s t a t i o n , i t i s p o s s i b l e to des ign routes and procedures that 
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 
that r e s u l t a r e : 

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

( 2 ) M u l t i p l e rou tes to 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 ope ra t i ng c h a r a c t e r i s t i c s . 
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( 4 ) Improved alignment o f r o u t e s . 

( 5 ) Dual routes f o r o n e w a y t r a f f i c , 

( 6 ) Increased instrument approach c a p a b i l i t y . 

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

( 8 ) Procedures designed 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. FAA encourages 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 and 
has e s t a b l i s h e d routes and te rmina l procedures that a re s p e c i f i c a l l y 
des igned f o r , and are 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. P rev ious a c t i o n was d i r e c t e d t o the development of t r a n s c o n t i n e n t a l 
and major hub connect ing routes a long wi th te rminal procedures t o 
se rve these r o u t e s . Development o f o the r routes and te rmina l p r o ­
cedures 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 of 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 o the r than those r e l a t i n g to 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 (STC) may be made t o any FAA A i r C a r r i e r , General 
A v i a t i o n D i s t r i c t O f f i c e , or F l i g h t Standards 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 t o any FAA Regiona 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 approval o f new area n a v i g a t i o n routes and instrument 
approach procedures should be made to the app ropr i a t e FAA r e g i o n a l 
o f f i c e . A i r c a r r i e r / a i r t a x i requests should be forwarded t o the 
appropr i a t e F l i g h t Standards D i s t r i c t O f f i c e . 

d . A i r C a r r i e r s should adv i s e the c e r t i f i c a t e — h o l d i n g o f f i c e o f any 
a p p l i c a t i o n made t o o the r o f f i c e s . 

3. AREA NAVIGATION EQUIPMENT. Equipment that meets the performance spec­
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 ide red s u i t a b l e t o meet these requi rements . 
Equipment may inc lude dopple r 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 o the r t e c h n i q u e / d e v i c e tha t w i l l ensure com­
p a t i b i l i t y w i th the o p e r a t i o n a l p rocedures , route w i d t h s , v e r t i c a l 
s e p a r a t i o n , and o b s t a c l e c l ea rance requirements 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 o r 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 i ng on an area b a s i s . Th i s method i s p r ed i ca t ed 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 , o r o ther f a c i l i t i e s o f f e r i n g 
e q u i v a l e n t accuracy . The a i rbo rne equipment standard i s the minimum 
f o r I F R . However, the NAS w i l l r e c o g n i z e va r ious l e v e l s o f equipment 
s o p h i s t i c a t i o n . The more s o p h i s t i c a t e d equipment w i l l inc lude t rack 
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smoothing, turn a n t i c i p a t i o n , p a r a l l e l o f f s e t c a p a b i l i t y , and a t l e a s t a 
6 waypoint s t o r a g e f o r 2-D and a t l e a s t a 10 waypoint s t o r a g e c a p a b i l i t y 
f o r 3-D. They w i l l normal ly use ARINC q u a l i t y components which a re more 
accura te than the minimum standards r e q u i r e and o f t e n u t i l i z e more than 
DME/VOR inpu t s . They t y p i c a l l y use heading and a i r data o r even i n e r t i a l 
and ILS in format ion t o improve on the b a s i c accuracy . The minimum e q u i p ­
ment w i l l use the publ ished r e f e r e n c e f a c i l i t y . I t normal ly does not 
employ t rack smoothing and r a r e l y u t i l i z e s more than two waypo in t s . I t 
i s the minimum f o r IFR app rova l . Th i s l e v e l o f equipment i s expected to 
be l i m i t e d u l t i m a t e l y i n the NAS, p a r t i c u l a r l y i n the te rmina l area where 
the cockp i t workload i s such tha t 6 t o 10 waypoint s t o r a g e , p a r a l l e l o f f ­
s e t and turn a n t i c i p a t i o n f ea tu re s w i l l be v e r y d e s i r a b l e . 

RNAV w i l l be used i n a l l phases o f the NAS. Although current use i s p r i ­
m a r i l y enroute , i t I s expected t o become i n c r e a s i n g l y important i n t e rmi ­
nal a i r s p a c e . Soph i s t i c a t ed RNAV systems — e s p e c i a l l y when supplemented 
w i th a i rborne 3-D c a p a b i l i t y — a re expec ted to p r o v i d e the user w i th 
s i g n i f i c a n t l y improved instrument approach c a p a b i l i t y when compared w i t h 
the non -p rec i s ion approaches c u r r e n t l y used. The minimum RNAV systems on 
the o the r hand w i l l be of l i m i t e d usefulness i n the t e rmina l a r e a . The 
minimum system cannot supplant VOR/DME and l o c a l i z e r f o r use as an ap­
proach a id except under s p e c i a l c o n d i t i o n s where c e r t a i n geomet r ies can 
show an advantage f o r t h i s l e v e l o f RNAV. RNAV approach procedures which 
ca t e r to the minimum equipment l e v e l s w i l l normal ly not be developed i n 
high dens i ty te rmina l areas except where a d e f i n i t e o p e r a t i o n a l advantage 
can be the r e s u l t as a t an a i r p o r t l o c a t e d o v e r 10 m i l e s from the r e f e r ­
ence f a c i l i t y o r where c i r c l i n g minimums on ly app ly , o r where a l o c a l i z e r 
back course i s u n f l y a b l e ; e t c . , o r t o s a t i s f y a s p e c i f i c user need. 

4 . PROCEDURES. In o rder to pro long the usefulness o f the minimum equipment 
systems, procedures w i l l be deve loped , where p o s s i b l e , wi th on ly two 
requ i red waypo in t s . I t muBt be no ted , however , that procedures In com­
p l e x te rmina ls may r e q u i r e the use o f up t o 6 waypoints i n rap id succes­
s ion f o r 2-D and up t o 10 fo r 3-D. The minimum equipment systems, 
although s u f f i c i e n t l y accura te to meet present RNAV requi rements , w i l l 
f i nd these complex procedures u n f l y a b l e because o f the ex t remely high 
cockp i t work load . 

5. TURN ANTICIPATION. P i l o t s f l y i n g the system are expec ted t o i n i t i a t e a 
turn p r i o r t o reaching the turning po in t i n o rder to i n t e r c e p t the next 
segment wi thou t o v e r s h o o t . P i l o t s f l y i n g systems which do not automat i ­
c a l l y a n t i c i p a t e the turn should use a method which i n v o l v e s " l e a d i n g " 
the turn by approximate ly one m i l e f o r each 100 knots t rue a i r s p e e d . Au­
tomatic coupled systems must have the c a p a b i l i t y o f s i m i l a r methodology. 

6. GROUND FACILITIES. Throughout the t e x t o f t h i s A d v i s o r y C i r c u l a r , ground 
f a c i l i t y r e f e r e n c e s a re to VOR/DME. Where TACAN s e r v i c e i s p rov ided i n 
the NAS, any TACAN user whose equipment meets the minimum system p e r f o r ­
mance c h a r a c t e r i s t i c s o f the U . S . N a t i o n a l A v i a t i o n Standard f o r VORTAC 
(AC 00-31) may apply TACAN to a l l VOR/DME r e f e r e n c e s h e r e i n . 
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APPENDIX A. AIRBORNE AREA NAVIGATION SYSTEMS: ACCEPTABLE MEANS OF 
COMPLIANCE WITH AIRWORTHINESS REGULATIONS 

1. INTRODUCTORY REMARKS. 

a. Area navigation systems based on VORTAC stations have four sources 
of error: (1) ground VOR/DME radiated signal; (2) airborne VOR/DME 
equipment; (3) flight technical (pilotage);and (4) the air navi­
gation equipment itself. It is assumed further that these are 
independent errors having such distribution that they may be com­
bined root-sum-square (RSS) fashion. See Appendix C. 

b. The means of compliance presented herein apply to systems that use 
VOR/DME sensor signals either for direct aircraft position deter­
mination or for updating aircraft position derived from other 
sources such as air data computers and magnetic compasses, inertial 
navigation systems, and doppler radar navigation systems. However, 
RNAV systems may employ sensor inputs other than VOR/DME without 
VOR/DME updating if equivalent accuracies can be demonstrated by 
means suitable to such systems. 

c. The problem of slant range error takes on particular significance 
under the area navigation concept because of a direct effect upon 
the intended route of flight. Airborne systems that are dependent 
upon ground station signals for course guidance are subject to this 
error, while self-contained systems are not. Of the former, some 
systems are designed to compensate for slant range error and others 
are not. The problem is even more significant above FL 180, where 
airspace buffers are not planned. 

2-D airborne systems affected by slant range error are accommodated 
through procedural compensation by the airspace planning and air 
traffic control systems outside the terminal area below FL 180. Route 
design compensations will take the form of limitations of the proximity 
of route centerlines to the reference facility, increased lateral 
dimensions for routes that must pass In proximity to reference 
facilities and increased lateral spacing of dual or parallel routes. 

Air traffic control compensation is in the form of longitudinal 
and lateral separation criteria that encompasses the extremes of 
slant range error possibilities, 

3-D Systems are expected to incorporate slant range correction 
because the input data for the correction is normally available, 
therefore, 3-D route planning and traffic control will NOT allow 
for slant range error. 
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E l imina t ion of s l a n t range 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 routes 
and sepa ra t ion c r i t e r i a . FAA plans to i n i t i a t e rulemaking a c t i o n 
in the near future 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 i n te rmina l hubs 
and at FL 180 and above . This l e v e l may be lowered as o p e r a t i o n a l 
expe r i ence i s g a i n e d . 

2 . ACCETPABLE MEANS OF COMPLIANCE (FOR USE UNDER INSTRUMENT FLIGHT RULES) 
An accep tab le means of compliance w i th Sec t ion - . 1 3 0 1 , - . 1 3 0 9 , - . 1 4 3 1 , 
and - . 1 5 8 1 , of Pa r t 23 , 25 , 27 or 29 (as a p p l i c a b l e ) , w i t h r e spec t t o 
area n a v i g a t i o n sys tems, 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 s e t f o r t h in t h i s paragraph. 

a. Accuracy. 

( 1 ) 2-D RNAV System using Reference F a c i l i t y f o r continuous n a v i g a t i o n 
i n fo rma t ion . 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 ( r e c e i v e r s plus area n a v i g a t i o n - i n c l u d i n g d e s i r e d 
t rack s e t t i n g as w e l l as waypoint s e t t i n g e r r o r s ) when combined 
RSS w i th 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 should not 
exceed the e r r o r va lues shown i n Tab le 1, Appendix A 

VOR ground s t a t i o n + 1 . 9 ° 
DME ground s t a t i o n + 0 .1 NM 

( 2 ) 2-D RNAV systems whicn use VOR/DME in fo rmat ion from o the r than 
the Reference F a c i l i t i e s must show that the a lgo r i t hm used w i l l 
always s e l e c t a s t a t i o n that w i l l p r o v i d e c ross t r a c k / a l o n g t r ack 
e r r o r s equa l t o or l e s s than the g r e a t e r of the RNAV system e r r o r s 
of the r e f e r e n c e f a c i l i t y f o r any RNAV t rack ( T a b l e 1 ) o r the 
e r r o r s shown i n paragraph 2 . a . ( 3 ) . 

( 3 ) 2-D RNAV System not 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 of the 
a i rborne equipment ( i n c l u d i n g update , a i r c r a f t p o s i t i o n and 
computat ional e r r o r s ) , when combined w i t h app ropr i a t e f l i g h t 
t e c h n i c a l e r r o r s l i s t e d in 2 . a . ( 4 ) b e l o w , should not exceed 
the f o l l o w i n g w i t h 95% conf idence ( 2 - s i g m a ) o v e r a p e r i o d of 
t ime equal to the update c y c l e ; 

Cross Track Along Track 

Enroute 2.5 NM 1.5 NM 
Terminal 1.5 NM 1.1 NM 
Approach 0.6 NM 0.3 NM 

( 4 ) 2-D F l i g h t T e c h n i c a l Errors (FTE) when combined RSS w i t h the 
e r r o r s d iscussed i n ( 1 ) and/or ( a ) above determine the T o t a l 
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System e r r o r . The T o t a l System e r r o r i s used by a i r space 
planners and inc ludes the f o l l o w i n g s p e c i f i c FTE va lues f o r 
de termining c r o s s - t r a c k p o s i t i o n a c c u r a c i e s . Values l a r g e r 
than these must be o f f s e t by corresponding reduc t ion in other 
system e r r o r s . (See Appendix C) No FTE i s used in determining 
the a l o n g - t r a c k accuracy . 

Enroute 
Terminal 
Approach 

( 5 ) 3-D RNAV Systems. The t o t a l o f the e r r o r con t r i bu t ions o f the 
a i rbo rne equipment, i nc lud ing sensors and area n a v i g a t i o n : 

( a ) Should not c o n t r i b u t e any new h o r i z o n t a l e r r o r , and 

( b ) When combined RSS wi th the s p e c i f i c v e r t i c a l e r r o r 
c o n t r i b u t i o n s f o r " F l i g h t T e c h n i c a l " l i s t e d in Table B 
of t h i s Appendix , should not exceed the t o t a l RSS 
accuracy requirements o f Tab le B, Appendix A . 

( c ) V e r t i c a l N a v i g a t i o n Equipment (VNAV) 

T o t a l v e r t i c a l n a v i g a t i o n system accuracy c r i t e r i a are 
based l a r g e l y on the s a t i s f a c t o r y e x p e r i e n c e of many 
yea r s w i t h the present s epa ra t ion standard of 1000 f e e t , 
w h i l e a l s o a n t i c i p a t i n g the probable needs o f the a i r 
t r a f f i c system in the fu tu re . 

The t o t a l 3-D system accuracy requirements f o r l e v e l 
f l i g h t are s t a t e d i n Tab le A . The requirements a r e based 
on f i n a l approach, t e rmina l a r ea , and enroute ope ra t ions 
i n l e v e l f l i g h t . The s p e c i f i c requirements a r e based on 
the o b s t a c l e c l ea rance standards f o r f i n a l approach and on 
a i r space p r o t e c t i o n standards up t o FL 290. The r e q u i r e ­
ments f o r ope ra t i ons above FL 290, where sepa ra t ion 
standards change, are based on performance l e v e l s t y p i c a l 
o f a l t i r oe t ry systems meet ing accuracy requirements f o r 
f i n a l approach and enrou te o p e r a t i o n s up t o FL 290. 

The 3-D system accuracy f o r o the r than l e v e l f l i g h t 
v a r i e s w i th the ascen t /descen t a n g l e . Th i s va r i ance i s 
due t o the f l i g h t t e c h n i c a l e r r o r which has been shown 
to va ry w i th the ang le o f ascent or descen t . These 
v a r i a t i o n s a re shown i n Tab le B. 

+ 2 .0 NM 
+ 1.0 NM 
+ 0.5 NM 
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MINIMUM ACCURACY REQUIREMENTS FOR VERTICAL GUIDANCE EQUIPMENT 
EMPLOYED IN AIRBORNE VERTICAL NAVIGATION SYSTEMS 

L e v e l F l i g h t 

F l i g h t 
Segment 

A l t i t u d e 
Region 

T o t a l V e r t i c a l 
i n Fee t (3c0 

Error 
(99*7% c o n f i d e n c e ) Remarks 

F ina l 
Approach At o r be low 

5000* MSL 
200 Meets the o b s t a c l e c l ea rance 

requirements o f 250". 

Terminal Area At o r be low 
10000* MSL 

350 Meets the 1000* l e v e l f l i g h t 
v e r t i c a l sepa ra t ion r e q u i r e ­
ment* 

Enroute A l l a l t i t u d e s 350 Meets the 1000' l e v e l f l i g h t 
v e r t i c a l sepa ra t ion r e q u i r e ­
ment* 

1 f 
TABLE A 

T a b l e B i l l u s t r a t e s t y p i c a l e r r o r budgets where e r r o r s are 
assumed t o be independent and are combined by the root-sum-
square (RSS)method. These accuracy requirements p r o v i d e an 
adequate b u f f e r zone t o accommodate a l l normal ly encountered 
atmospheric anomalies and r e f e r e n c e d i s c r e p a n c i e s wi thout 
j e o p a r d i z i n g the v a l i d i t y o f the 1000 f o o t v e r t i c a l s epa ra t ion 
standard i n l e v e l f l i g h t . 

The t a b l e l i s t s v e r t i c a l p o s i t i o n e r r o r budgets wi thout 
r egard f o r h o r i z o n t a l p o s i t i o n u n c e r t a i n t y . I n a dynamic 
s i t u a t i o n , a d d i t i o n a l v e r t i c a l e r r o r s must be cons idered 
during ascending and descending f l i g h t because the a i r c r a f t 
may be e i t h e r ahead o f or behind i t s assumed p o s i t i o n a long 
t r a c k . For systems meeting minimum h o r i z o n t a l p o s i t i o n 
accuracy requ i rements , t h i s a d d i t i o n a l e r r o r i s g e n e r a l l y 
l a r g e r than the non pos i t ion -dependen t v e r t i c a l p o s i t i o n 
e r r o r s shown. The a i rbo rne computer c a l c u l a t e s the descent 
ang le and commands an a l t i t u d e f o r the assumed p o s i t i o n . 
I f the a i r c r a f t i s behind the assumed p o s i t i o n , the a i r ­
c r a f t i s below the in tended t r ack by an amount p r o p o r t i o n a l 
t o the a l o n g - t r a c k e r r o r . This e r r o r must be added (RSS) 
t o the b a s i c v e r t i c a l p o s i t i o n e r r o r s shown when c a l c u l a t i n g 
a i r s p a c e p r o t e c t i o n and o b s t a c l e c l ea rance during descen t . 
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SUMMARY OR REPRESENTATIVE VERTICAL GUIDANCE 
ERROR BUDGET IN FEET 99.7% (3o*) 

Error 
Source 

*Final Approach 
5000 feet MSL 
and below 

*Terminal 
10,000 feet 
MSL and below 

Enroute (1) 
All altitudes 

Level Ascent or 
Flight Descent 

Level Ascent or 
Flight Descent 

Level Ascent or 
Flight Descent 

&1timetry (3) 

WJAV Equipment (4) 

Flight Technical (5) 

90 140 

100 100 

150 200 

200 265 

150 150 

250 300 

250 350 

0 (2) 220 

250 300 

TOTAL RSS (3d*) 200 265 350 430 350 510 

TABLE B 

Maximum operating altitudes to be predicated on compliance with 
total accuracy tolerance. 
*When final approach and terminal area procedures are developed 
above altitudes shown, error is increased proportionately in the 
altimetry and RNAV parameters to provide airspace and obstacle 
clearance protection. 

In the event that VNAV guidance is used in level flight enroute 
the incremental error component contributed by the VNAV equipment 
must be offset by a corresponding reduction in other error 
components, such as flight technical error, to ensure that the 
total error budget is not exceeded. 

Altimetry Error. Refers to the electrical output and includes 
all errors attributable to the aircraft altimetry installation 
including position effects resulting from normal aircraft flight 
attitudes. In high performance aircraft, it is expected that 
altimetry correction will be necessary to meet these require­
ments. Such correction should be done automatically. In lower 
performance aircraft, upgrading of the altimetry system may be 
necessary. The larger errors shown for ascent/descent are typical 
of automatically corrected altimeter systems which meet the level 
flight error budget. 

VNAV Equipment Error. Includes all errors resulting from the 
vertical guidance equipment installation. Does not include 

NOTE 1. 

NOTE 2. 

NOTE 3. 

NOTE 4. 

Par 2 Page 5 



AC 90-45A 
Appendix A 

2/21/75 

e r r o r s o f a l t i m e t e r system but does i nc lude any a d d i t i o n a l 
e r r o r s r e s u l t i n g from the a d d i t i o n of the VNAV equipment. 
Th i s e r r o r component may be d i s r ega rded in l e v e l enroute f l i g h t s 
i f the o p e r a t i o n i s l i m i t e d t o guidance by means of the a l t i m e t e r 
o n l y . I t should not be d i s r ega rded in the t e rmina l and approach 
o p e r a t i o n s , where the p i l o t i s expec ted t o f o l l o w the VNAV 
i n d i c a t i o n s . 

NOTE 5 . F l i g h t T e c h n i c a l E r ro r . Inc ludes e r r o r s i n p i l o t i n t e r p r e t a t i o n 
o f v e r t i c a l guidance ins t rumenta t ion , p i l o t a c t i v a t i o n o f a i r c r a f t 
v e r t i c a l c o n t r o l s , and d e v i a t i o n s caused by a i r c r a f t response 
c h a r a c t e r i s t i c s . Cons idera t ion i s g i v e n t o the r e l a t i v e l y high 
p i l o t p r o f i c i e n c y and good a i r c r a f t c h a r a c t e r i s t i c s expected 
t o be found in most ope ra t i ons at the h ighe r a l t i t u d e s . These 
va lues represen t consensus es t ima tes based upon exper i ence and 
some l i m i t e d t e s t i n g ; and fo r cases in which there i s no r e l e v a n t 
e x p e r i e n c e , they a re c o n s e r v a t i v e e s t i m a t e s . I t i s r ecogn ized that 
the re are s e v e r a l des ign and o p e r a t i o n a l parameters that could 
a f f e c t those va lues i n c l u d i n g d i s p l a y c o n f i g u r a t i o n , a u t o p i l o t 
coupl ing versus manual c o n t r o l , p i l o t work load , aud v a r i a t i o n o f 
a i r c r a f t response w i th i n c r e a s i n g gross weight and a l t i t u d e . 
As o p e r a t i o n a l expe r i ence and exper imenta l data a re accumulated 
and a n a l y z e d , the va lues w i l l be s u i t a b l y ad jus ted . 

( 6 ) A l l RNAV equipment approved f o r use under Instrument F l i g h t 
Rules ( I F R ) must meet the app ropr i a t e accuracy c r i t e r i a . 
Should i t not meet these c r i t e r i a , a p laca rd must be 
I n s t a l l e d in the a i r c r a f t which reads " IFR Operat ion Not 
A u t h o r i z e d . " 

( 7 ) Equipment p resen ted w i l l be approved by issuance o f an STC 
o r , upon p r i o r approva l from the app rop r i a t e r e g i o n a l o f f i c e , 
may be approved by a p rope r ly processed Form 337 in the f i e l d . 

b . Area N a v i g a t i o n System Des ign . 

( 1 ) Genera 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 of 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 waypoin t . Systems may be des igned to u t i l i z e o the r 
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sensor Inputs i f e q u i v a l e n t accuracy can be demonstrated. 
I n s t a l l a t i o n s intended f o r f i n a l approach should use 
p o s i t i o n in fo rmat ion that i s e s s e n t a i l l y continuous wi th 
i n t e r r u p t i o n s no l o n g e r than would r e s u l t from swi tch ing 
from one preprogramed waypoint t o another . The system 
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 
informat ion* 

( 2 ) V e r t i c a l Guidance Input C o n t r o l s . 

In the absence o f p r e - s t o r e d o r a u t o m a t i c a l l y i n s e r t e d f l i g h t 
p r o f i l e parameters , p i l o t c o n t r o l s s h a l l p r o v i d e f o r at l e a s t 
the f o l l o w i n g i n p u t s : 

( a ) S t a t i o n E l e v a t i o n . For systems employing s l an t range e r r o r 
c o r r e c t i o n , e l e v a t i o n of the VOR/DME ground s t a t i o n i n 
increments not g r e a t e r than 100 f e e t i f used during f i n a l 
approach, and f o r o the r phases i n increments not g r e a t e r 
than 1000 f e e t . 

(b) Waypoint . Waypoint a l t i t u d e i n increments not g r e a t e r 
than 10 f e e t i f used during f i n a l approach, and f o r o the r 
phases i n increments not g r e a t e r than 100 f e e t . Waypoint 
h o r i z o n t a l p o s i t i o n s h a l l be en te red i n increments not 
g r e a t e r than 0 .1 n a u t i c a l m i l e o r 0 .2 degree bear ing from 
the s t a t i o n o r the e q u i v a l e n t . 

( c ) F l i g h t Path A n g l e . V e r t i c a l g r a d i e n t from a z e r o 
degree o r i g i n i n increments not g r e a t e r than 0 .1 degree o r 
the e q u i v a l e n t . 

( 3 ) Checking o f Inpu t . 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 co r r ec tnes s o f the i n p u t s . 

( 4 ) A l t i m e t e r S e t t i n g . The system s h a l l be so des igned that the re 
i s no requirement t o i n s e r t separa te ba romet r ic c o r r e c t i o n inputs 
i n t o the v e r t i c a l guidance computer. Ad jus t ing one o f the 
baromet r ic pressure a l t i m e t e r s i n the c o c k p i t should au tomat ica l ly 
p r o v i d e the c o r r e c t e d input t o the v e r t i c a l computer. In o rder 
t o avo id the abrupt i r r e g u l a r i t y i n the computer v e r t i c a l f l i g h t 
path a t the t r a n s i t i o n a l l e v e l , the p i l o t w i l l make a l t i m e t e r 
s e t t i n g changes between l o c a l and standard 29.92" Hg. above the 
t r a n s i t i o n a l l e v e l . A i r space w i l l be b u f f e r e d above t h i s l e v e l 
t o account f o r the d i s c o n t i n u i t i e s in the v e r t i c a l f l i g h t path 
and the p i l o t w i l l be expec ted t o make the change g radua l ly so 
as not t o in t roduce unacceptably abrupt f l i g h t path requi rements . 
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( 5 ) V e r t i c a l Guidance D i s p l a y . The equipment s h a l l p r o v i d e a v e r t i c a l 
guidance p r e s e n t a t i o n compat ib le w i th the a i r c r a f t ' s f l i g h t 
ins t rumenta t ion such that the p i l o t i s cont inuously furnished 
v e r t i c a l d e v i a t i o n of the a i r c r a f t w i t h r e s p e c t t o a p r e ­
programed ascen t /descen t or l e v e l f l i g h t p r o f i l e . 

( 6 ) 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 of any probable f a i l u r e o f major system 
funct ions or l o s s o f i n p u t s , i n c l u d i n g those that 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 cour se , command head ing , 
a l t i t u d e , o r v e r t i c a l guidance i n d i c a t i o n s . 

( 7 ) 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 in f l i g h t . This 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 p rocedura l 
check. 

( 8 ) Response Time. 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 are 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 at the maximum ground 
speed d e c l a r e d by the equipment manufacturer , and 

( b ) During ascent o r descent a t the maximum r a t e s dec la red 
by the equipment manufacturer , and 

( c ) Wi th in f i v e seconds a f t e r any normal maneuver, assuming 
sensor inputs are not l o s t dur ing the maneuver. 

( d ) The t ime l a g between t ime of data input 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 a rea speed l i m i t a t i o n s a re taken i n t o 
account i n connect ion w i 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. 

( 9 ) Coord ina t ion of D i s p l a y s . In i n s t a l l a t i o n s i nco rpo ra t i ng 
both h o r i z o n t a l and v e r t i c a l gu idance , t he re should be 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 d i f f e r e n c e between the v a r i o u s 
d i s p l a y s used by the f l i g h t c rew. For example , i f a descent 
i s programmed to end a t a waypo in t , the command t o l e v e l o f f 
should be o p e r a t i o n a l l y c o i n c i d e n t a l w i t h the waypoint 
i n d i c a t i o n . This i s no t intended t o p rec lude maneuver a n t i c i p a t i o n . 
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a. RNAV Routes P r o t e c t e d A r e a s . The area to be p r o t e c t e d i s as shown 
i n F i g u r e 1 and i s desc r ibed as f o l l o w s : 

( 1 ) Primary o b s t a c l e c l ea rance areas extend l a t e r a l l y two m i l e s 
each s i d e o f rou te s i n which the tangent p o i n t d i s t ance o f the 
rou te c e n t e r l i n e i s w i t h i n 53 m i l e s o f the ground s t a t i o n . The 
route boundaries sp lay 3.25 beg inn ing a t the p o i n t where the 
rou te c e n t e r l i n e e x i t s the f o u r - m i l e zone . 

( 2 ) Secondary o b s t a c l e c l ea rance areas extend l a t e r a l l y 1 m i l e each 
s i d e o f the primary area and sp lay 4.9 where the primary area 
sp lays a t 3.25 . 

( 3 ) Obs tac le c l ea rance areas a re expanded as s p e c i f i e d i n paragraph 
3 .e i n AC 95-1 and as i l l u s t r a t e d in F igu re 3 t o accommodate 
turns o f more than 15 d e g r e e s . 

( 4 ) Paragraphs 2 . a ( 3 ) and 2 . b ( 2 ) above which concern p a r a l l e l o f f ­
s e t s and turning areas a l s o a p p l y . 

b . Obs tac le Clearance Requirements . Obs tac le c lea rance w i l l be p r o ­
v i d e d as desc r ibed i n FAA Handbook 8260.3A (TERPS) , paragraph 232 .c . 

c . Terminal Waypoint Displacement A r e a . The terminal waypoint d i s p l a c e ­
ment area i s a r ec t angu la r o r square area formed around the p l o t t e d 
p o s i t i o n o f the waypoin t . The dimensions o f t h i s area are d e r i v e d 
from the appropr ia te a l o n g - t r a c k and c ros s - t r ack e r r o r v a l u e s . See 
Tab le 3, Appendix D. The t e rmina l waypoint displacement e r r o r s h a l l 
be cons idered fo r each waypoint when used i n RNAV departures and 
a r r i v a l s , i nc lud ing i n i t i a l and in t e rmed ia te approach waypoin t s . 

d . Holding P a t t e r n Area De te rmina t ion . The ho ld ing p a t t e r n i s a r a c e ­
t rack pa t t e rn f lown a t a waypoint o r an ATD f i x and a t an IAS 
appropr i a t e to the a i r c r a f t and a l t i t u d e . The ho ld ing IAS f o r h e l i ­
cop te r s i s 90 kno t s . The RNAV ho ld ing area w i l l have the outbound 
l e g l eng th s p e c i f i e d i n n a u t i c a l m i l e s . Minimum l e g l eng th f o r 
h e l i c o p t e r s i s 2 NM. Determinat ion o f r equ i r ed area i s made using 
Tab le 2 or Table 3 , Appendix D, app ropr i a t e I A S , an o m n i d i r e c t i o n a l 
wind o f 50 knots i n c r e a s i n g 3 knots per 2000 1 above 4000 AGL, pa t t e rn 
en t ry d i r e c t i o n , ICAO standard atmosphere p lus 15 C and f i x passage 
t o l e r a n c e of 5 seconds. Turning r a d i i are based on a standard r a t e 
turn o r a 25° ang le o f bank whichever I s l e s s . The f o l l o w i n g example 
i s f o r h e l i c o p t e r s h o l d i n g a t a sea l e v e l t e rmina l a rea , but the 
method a p p l i e s to a l l a i r c r a f t by using the app ropr i a t e IAS, a l t i ­
tude , and t a b l e f o r the mode o f f l i g h t ; i . e . , enroute ( T a b l e 2 ) or 
t e rmina l ( T a b l e 3) . 
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Example: IAS - 90 KTS ATD = 30 NM 
A l t = 6000' MSL & AGL TPD = 30 NM 
OAT « 3° + 15° = 18°C xwind = 50 + 3 = 53 KTS 

From Table 3 , Appendix D; c r o s s - t r a c k e r r o r (x t r k ) = 2 .4 NM, a long -
t rack e r r o r ( a l g t r k ) = 2 . 2 NM. 

( 1 ) The c r o s s - t r a c k area i s determined as f o l l o w s . 

( a ) Holding s i d e . The area on the ho ld ing s i d e i s determined 
by the c r o s s - t r a c k n a v i g a t i o n system e r r o r s , the e f f e c t 
o f wind and the area r equ i r ed f o r a standard r a t e turn 
(max 2 5 ° ) from e n t r i e s a l o n g - t r a c k or the r e c i p r o c a l and 
inc lud ing a l l d i r e c t i o n s from the nonholding s i d e . 

The c o n t r i b u t i o n due t o winds w i l l be .88 NM during the 
180° turn outbound (assume crosswind f o r wors t c a s e ) . 

The c r o s s - t r a c k e r r o r v a l u e and the wind c o n t r i b u t i o n are 
root-sum-squared, y i e l d i n g : 

y 2 . 4 2 + . RSS = V2.4" + .88" = 2.55 NM 

The angle o f bank a t 90 KTS (95 KTS, TAS) f o r a standard 
r a t e turn i s determined by the f o l l o w i n g : 

tan 0 = .00275V, V = KTS, TAS 

= .00275(95) = .26125 

then 0 = 14.64° - 15°_ 

The turning radius ( r ) a t TAS = 95 KTS and bank angle (0) 
of 15° i s determined by the f o l l o w i n g : 

1.4589 x 1 0 " 5 V 2 _ „ i r m n m A „ 
r = t f l n ^ , where V = KTS, TAS 

1.4589 x 1 0 " 3 ( 9 5 ) 2 

.2679 

r = .49 NM 

The c r o s s - t r a c k c o n t r i b u t i o n due t o the turn i s : 
2 r = .98 NM. 

Hence, the t o t a l c r o s s - t r a c k displacement on the HOLDING 
s ide i s : 

Page 8-2 Par 3 

c ro s s - t r a ck RSS + 2r : 2,55 + ,98 = 3.53 NM. 



7/22/76 AC 90-45A CHG 2 
Appendix D 

( b ) Nonholding s i d e . The c r o s s - t r a c k displacement on the 
NONHOLDING s ide i s e i t h e r one -ha l f o f the route width at 
the ATD f i x , as d iscussed be low, o r the area requ i red t o 
make an en t ry from the ho ld ing s i d e , whichever i s g r e a t e r . 
One-half o f the rou te width in the te rmina l area (50 KM or 
l e s s ) i s 2 .0 NM, I n the enroute area (more than 50 NM but 
l e s s than 102 NM) one-ha l f o f the rou te width i s 4 NM. At 
d i s tances g r e a t e r than 102 NM, one -ha l f o f the route i s 
4 NM plus a 3.25° s p l a y . (See F igu re 1 ) . For p a r a l l e l 
en t ry at the 70° s e c t o r l i n e (wors t c a s e ) , c r o s s - t r a c k d i s ­
placement i s determined as f o l l o w s ( s ee F igure 3 - 1 ) : 

FIGURE 3-1. HOLDING AREA DETERMINATION 

A - DME l e g d i s t ance H - F i x passage t o l e r a n c e ( s i n 0) 
B - Turn radius I - Nonholding s i d e en t ry RSS 
C - F i x passage t o l e r a n c e J - Turn radius ( 1 + cos 6 ) 
D - D i r e c t en t ry RSS K - F i x passage t o l e r ance ( cos 6 ) 
E - 2(Turn rad ius ) L - Holding s ide en t ry RSS 
F - Cross - t r ack RSS M - 1/2 Route width 
G - Turn radius ( 1 + s in 8 ) 
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The wind c o n t r i b u t i o n during the 110° turn t o p a r a l l e l the 
outbound i s .54 NM. 

When RSS'd w i th the c r o s s - t r a c k e r r o r : 

The turn c o n t r i b u t i o n i s r ( l + s i n 9): (he re 0 = 2 0 ° ) 

.49 (1 .3420) = .66 NM 

The f i x passage t o l e r a n c e i s : 

(5 sees @ 95 KTAS)sin 20° = .05 NM 

The c r o s s - t r a c k displacement on the N0NH0LDING s i d e i s 

p a r a l l e l en t ry RSS + r ( l + s i n 9) + f i x passage t o l e r ance 
( s i n 9): 

Since t h i s exceeds 2 .0 NM h a l f route w i d t h , i t i s the 
width t o be p r o t e c t e d . 

The a l o n g - t r a c k area f o r a d i r e c t ( o r r e c i p r o c a l ) en t ry or an 
en t ry from the nonholding s ide i s determined as f o l l o w s . 

The c o n t r i b u t i o n due t o winds during the 180° turn outbound i s 
.44 NM (assume d i r e c t en t ry and t a i l w i n d f o r wors t c a s e ) . 

When RSS'd wi th the a l o n g - t r a c k e r r o r : 

f i x passage t o l e r ance (5 s e e s ) @ 95 KTAS = .13 NM. 

The t o t a l a l o n g - t r a c k displacement i s : 

2 (nonhold ing s ide en t ry RSS) + 2 ( r ) + 2 f i x passage t o l e r ance 
+ DME l e g 

2 ( 2 , 2 4 ) + 2 ( . 4 9 ) + 2 ( . 1 3 ) + 2 = 7.72 NM 
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(10) Environmental Conditions. The area navigation equipment should 
be capable of satisfying the criteria set forth in Paragraph 
2.a. and 2.b. above over the environmental ranges expected to 
be encountered in actual aeronautical operations. In demon­
strating compliance, the environmental conditions outlined in 
Radio Technical Commission for Aeronautics Document D0-138 
titled "Environmental Conditions and Test Procedures for Air­
borne Electronic/Electrical Equipment and Instruments" dated 
June 27, 1968, or other appropriate environmental standards 
may be used. 

(11) Auto Tune Systems. Systems which automatically tune/select 
VOR/DME facilities for navigation or update should be limited 
to a search range of 130 NM for high altitude facilities and 
40 NM at 18,000 feet and below for low altitude facilities in 
keeping with the NAS frequency protection criteria unless 
through computer logic or a 'reasonableness test' faulty infor­
mation is rejected. 

(12) Turn Anticipation and Parallel Offset. 

(a) RNAV systems which provide for parallel offset tracks 
must also limit the turning maneuver. Turns shall be 
anticipated and flown in such a way as to cause the 
aircraft to remain within + 2.5 NM of the desired track 
centerline enroute and +1.5 NM of the centerline in the 
terminal area. Pilots flying systems which do not 
automatically anticipate the turn are expected to lead a 
turn by 1 NM per 100 knots true airspeed. 

(b) 3-D systems shall not require additional controls to 
assure that the offset route is in the same horizontal 
plane as the parent route at the waypoint. The plane is 
measured on the bisector angle between centerlines of the 
adjacent route segments. 

c. Area Navigation Equipment Installation. 

(1) Location of the RNAV display. Each display element to be used 
as a primary flight instrument in the guidance and control of 
the aircraft should be located where it is clearly visible to 
the pilot with the least practicable deviation from his normal 
position and from his line of vision when he is looking forward 
along the flight path. 
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( 2 ) F a i l u r e p r o t e c t i o n . Any probable f a i l u r e o f the a i rborne area 
n a v i g a t i o n equipment should not de roga t e the normal ope ra t i on 
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 , n o r 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 
emiss ions from o the r equipment i n 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 i n accordance wi th 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 fo rmat ion on the area n a v i g a t i o n equipment: 

(1) Normal procedure f o r ope ra t i ng the equipment; 

( 2 ) Equipment o p e r a t i n g 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 i n the a i r c r a f t f l i g h t manual, i n fo rmat ion on 
equipment 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 lacard 
should s t a t e "RNAV Instrument Approaches Not A u t h o r i z e d " i f the 
ins t rumenta t ion i s such that FTE cannot be r e s o l v e d t o meet ap­
p r o p r i a t e c r i t e r i a . 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. 

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

a « Genera l . An app l i can t f o r approva l o f an area 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 combination 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 a rea n a v i g a t i o n sys tem. The bench 
t e s t s may have a l r eady been performed by the i n d i v i d u a l component 
manufacturer (dur ing d e s i g n and c o n s t r u c t i o n ) o r by the i n s t a l l e r 
(on beha l f o f a p r e v i o u s c u s t o m e r ) . Such bench t e s t da t a , 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 re a c c e p t a b l e . In 
a d d i t i o n , the app l i can 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 . 
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b. Bench Tests. The following tests may be performed on the bench 
or with the navigation system installed in the aircraft: 

(1) Test equipment. Bench test equipment should be capable of 
simulating the input signals from VOR/DME and/or the altimeter 
or other sensors and of varying those signals over the ranges 
for which the equipment is designed. 

(2) Accuracy testing. 

(a) Variables to be considered. Each variable that has a 
significant effect on position error should be investi­
gated over its entire range, and the error analysis 
should show the effects of reasonably probable variations 
of these variables on total system accuracy. The statistical 
technique described in RTCA Document No. DO-153 entitled 
"Minimum Performance Standards — Airborne VOR Receiving 
Equipment Operating Within the Radio Frequency Range of 
108-118 Megahertz" dated August 18, 1972, may be used as 
a guide. 

(b) Static test. Horizontal and/or vertical position accuracy 
should be measured statically as the error iu displayed 
position relative to the theoretical position obtained 
from perfect signal inputs (range and bearing from a known 
station location and/or altitude). Simulated range and 
bearing and/or altitude signals are introduced into the 
area navigation equipment. Combinations of ranges from 
zero up to the maximum distance for which the equipment 
is designed, bearings from zero to 360 degrees, and alti­
tudes up to the maximum certificated altitude for the 
aircraft should be inserted as input signals. For each 
set of input signals, the corresponding display output 
should be compared to the theoretical position and recorded 
as an RNAV system error. The errors for each test point 
are then combined statistically to determine the 2o* (95%) 
probable error. When this value exceeds the RNAV system 
error element shown on Table 1, the total horizontal 
system error must be computed by adding the RNAV system 
error RSS to the other system errors. See Appendix C. 
They should be within the values shown in Table 1 if 
the system is to be used in IFR flight. Note that only 
one error table is provided. This represents the required 
accuracy for IFR of VOR/DME equipment using the reference 
facility. The only variable between enroute, terminal, 
and approach is FTE (shown in 2.a.(4) above). Separate 
tables are redundant. 
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The v e r t i c a l system e r r o r i s computed by adding RSS the va lues 
f o r FTE ( T a b l e B) and a l t i m e t r y app ropr i a t e t o the i n s t a l l a t i o n . 
The v a l u e s shown i n Tab le 1 and the RSS t o t a l s i n Tab le 
B should not be exceeded . 

( c ) Dynamic t e s t . In 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 s i n g s imulated 
VOR/DME and/or a l t i m e t e r inputs v a r i e d i n r ange , bea r ing 
and/or a l t i t u d e i n o rder t o assess the a b i l i t y o f the 
system to smooth v a r i a b l e input s i g n a l s wi thout 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 wi th 
r e p r e s e n t a t i v e s imulated a i r speeds throughout the range 
f o r which the equipment i s d e s i g n e d . During these t e s t s 
the measured RNAV equipment e r r o r should be cons i s t en t 
w i th the t o t a l system accu rac i e s s p e c i f i e d i n Paragraph 2 . 
A l t e r n a t i v e l y , an i n - f l i g h t demonstrat ion o f s a t i s f a c t o r y 
dynamic c h a r a c t e r i s t i c s may be accep ted . 

( 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 of 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 d e t e r ­
minat 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 . 

( e ) A l t i m e t r y t e s t s . The accuracy o f the i n s t a l l e d a l t i m e t r y 
system should be determined by t e s t s , e v a l u a t i o n o f 
p r e v i o u s l y approved da ta , o r b o t h , t o assure tha t the 
a l t i m e t r y e r r o r budget o f Tab l e B i s not exceeded . S t a t i c 
system e r r o r determined during a i r c r a f t c e r t i f i c a t i o n o r 
determined by c u r r e n t l y r e c o g n i z e d means may be combined 
RSS wi th s c a l e e r r o r data f o r the a l t i m e t e r . 

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 / 
func 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 wi th a l l a p p l i c a b l e a i rwor th ines s 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 re necessa ry . 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 neces sa ry . 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 are 
necessary i f the system accuracy i s not adequate ly d e t e r ­
mined by s i g n a l s imula t ion as de sc r ibed in 3 .b . above , or i f 
i t appears that 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 
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That the assumed FTE o f 2,0 NM ( e n r o u t e ) , 1.0 NM ( t e r m i n a l ) 
o r 0.5 NM ( a p p r o a c h ) , w i l l be exceeded . 

NOTE: The "Approach" mode i s de f ined as the f l i g h t ope ra t ion 
between the f i n a l approach waypoint and the a i r p o r t . The 
"Terminal" mode i s de f i ned as the i n g r e s s / e g r e s s f l i g h t 
ope ra t ion between Enroute and Approach, normally below FL 180 
w i t h i n 50 m i l e s o f the a i r p o r t . The "Enroute" mode i s de f ined 
as the c r u i s i n g f l i g h t o p e r a t i o n between Terminal a reas . 

( 3 ) Accuracy t e s t s In f l i g h t . When the bench check data requi red 
by paragraph 3 .b . above are not a v a i l a b l e , f l i g h t t e s t s are 
necessa ry . T h e r e f o r e , in a d d i t i o n to ground t e s t s , to 
demonstrate s a t i s f a c t o r y performance of the area n a v i g a t i o n 
equipment, the a i r p l a n e should be flown 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 the r standard f l i g h t ins t ruments , 
at 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 th 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 ­
lance as f o l l o w s : 

( a ) Along the length o f an FAA approved RNAV route segment. 

( b ) In accordance w i th an FAA approved RNAV te rmina l area 
p rocedure ; and 

( c ) In accordance w i th an FAA approved RNAV approach procedure . 

( d ) During ascent and descent f l i g h t in te rmina l and/or f i n a l 
approach ope ra t i on w i th t h e o d o l i t e obse rva t ion or equ iva ­
l e n t t o check v e r t i c a l ang le performance o f 3-D RNAV, 
F i n a l approach performance may be compared agains t IL5 
s i g n a l s . 

In 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 or o the r s u i t a b l e 
methods to 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 ence 
f a c i l i t y . 

( A ) Func t iona l t e s t 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 . are 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 ions - . 1 3 0 1 , - . 1 3 0 9 , 
- . 1431 and - . 1 5 8 1 , of Par t 23 , 25 , 27 , o r 29 (as a p p l i c a b l e ) , w i th 
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r e s p e c t to area 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 Paragraphs 2 . c . 
and 3 . c . ( l ) above , and t o p lacrad the a i r c r a f t t o l i m i t the 
use of the area n a v i g a t i o n system to VFR o n l y . 

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

5. MILITARY MEANS OF COMPLIANCE. M i l i t a r y RNAV equipment approva l p r o ­
cedures , the means f o r de s igna t ing equipment f o r use under VFR f l i g h t 
cond i t i ons o n l y , and methods by which p i l o t s a re to be informed of 
equipment l i m i t a t i o n s w i l l be accomplished by the i n d i v i d u a l m i l i t a r y 
s e r v i c e s . M i l i t a r y use of TACAN azimuth and d i s t a n c e in format ion i s 
assumed where VOR/DME i s r e q u i r e d . 

Page 14 Par 4 



2/21/75 AC 90-45A 
Appendix A 

VORfDMEfTACAN STATION REFERENCED AREA NAVIGATION ERROR TABLE (95% PROBABILITY) 

01 STANCE ALONG TRACK FROM TANGENT POINT 

o 
Q . 

o z 
o 

Q 

OF 

5 
o 

0 5 10 1 5 

0<x t rk ) .6 .3 1.1 
(•18 tr IO .7 .7 .7 
5<* t r O .7 .7 .6 1.1 
U l * t r k ) .6 .7 .8 .8 

10(* t r k ) 
• T .a .9 1.1 

( • i « t r k ) .8 . a . 9 .9 
15(x t rk ) .7 .8 .9 1.2 

( » 1 B t r k ) 1.1 1.1 1.1 1.2 
20(x crk ) .0 .9 1.0 1.2 

( a l g t r k ) 1.3 1.4 1.4 1.4 
J l ( * t r k ) .9 1.0 1.1 1.3 

(«1« t r k ) 1.6 1.6 1.7. 1.7 
10(x c r k ) 1.0 1.1 1.2 1.4 

( » ! • i r k ) 1.9 1.9 2.0 2.0 
3 3 U t r k ) 1.2 1.2 1.4 l . S 

( a l g « k ) 2.7. 2.2 2 .3 2 .3 
40<* t rk ) 1 . ) 1.4 1 .5 1.6 

( • l g t rk ) 2 . ) 2 . 1 2.6 2.6 
50(x t rk ) 1.6 1.6 1.7 1.9 

( a l l t r k ) 3 .1 3.2 3.2 3.2 
6 0 ( i t r k ) 1.9 1.9 2.0 2 .1 

( a l g t r k ) 3.7 3.8 3.8 3.8 
70(x t r k ) 2.2 2 .2 2 .1 2.4 

( • I t t r k ) 4.4 4 .4 4 .4 4.4 
80 ( * t r k ) 2 .5 I . } 2.6 2.7 

( a l g t r k ) 5.0 3.0 5.0 S.O 
90(x t rk ) 2.8 2.8 2 .9 3.0 

( a l s t r k ) 3.6 5.6 5.6 5.6 
100(* t r k ) 3.0 3 .1 3 .1 1.2 

<«lg t t k ) 6.2 6 .2 6 .2 6.3 
110(x t r k ) 3.3 3.4 3.4 1.3 

<alg t rk ) 6.8 6.8 6.9 4 . 9 
120(x t r k ) 3.6 3.7 3.7 3.8 

( a l g t r k ) 7.4 7.5 7 .S 7.5 
110<x t r k ) 3.9 4 .0 4.0 4 . 1 

( a l g t r k ) 8 .1 8 .1 8 . 1 8.1 
140(x t rk ) 4 .2 4 .3 4 . 3 4 .4 

( a l g t r k ) 8.7 8.7 8 . J 8.7 
150(x t r k ) 4 . 5 4 .6 4 .6 4 .7 

( a l g t r k ) 9.3 9 .3 9 .3 9 .3 

25 30 35 40 30 60 70 80 90 100 110 110 

1.6 1 . 9 2.2 2 . S 1.1 1.7 4 .4 5.0 5.6 6 . Z 6.8 7.4 
. 9 1 0 1.2 1.3 1.6 1.9 2 .2 2 .5 2 .3 1 . 0 3.3 3.6 

1.6 1 2 .2 2 .5 3.2 3.8 4 .4 5.0 5.6 6 b.S 7.5 
1.0 1 1.2 1.4 1.6 1.9 2.2 2 .5 2.a 3 1.4 1.7 
1.7 2 2 .1 2.6 3.2 3.8 4 . 4 5.0 5.6 6 6.9 7 . 3 
1 .1 1 1.4 l .S 1.7 2.0 2 .1 2 .6 2.9 3 1.6 3.7 

1.7 2 2 .1 2 .6 3.2 1.8 4 .4 5.0 5.6 6 6.9 7 .5 
1.3 1 1.3 1.6 1.9 2 .1 2 .4 2.7 3.0 3 1.3 3.8 

1.$ 2 1.3 2.6 3.2 l.a 4.4 5 .1 5.7 6 6 .9 7 .5 
1.6 1 1.8 1.9 2 .1 2 .3 2 .6 2.a 3.1 3. 3.6 1.9 

1.8 I 2.6 2.7 3.3 1.9 4 . 3 5 .1 5.7 6 6.9 7 .5 
1.8 1 2.0 2.1 2.3 2 . 5 2 .7 1.0 3 .2 1 l . S 4 .0 

1.9 2 2 .5 2.7 3.3 3.9 4 . 5 5 .1 5.7 b 6.9 7.6 
2 .1 2 2 .3 2 .3 2 . 3 2.7 2 .9 3.2 3.4 3 1.9 4 .2 
2 .0 2 2 .5 2 .8 3.4 4 .0 4 .6 3.2 3.8 6 7.0 7.6 
2 .4 2 2 .5 2.6 l . S 3.0 3 .2 1.4 1.6 1 4 . 1 4 .4 

2 . 1 2 2.6 2 . 9 3.4 4 .0 4 .6 5.2 5.8 6 7.0 7.6 
2.7 2 2 .8 2.9 1.0 1.2 3.4 1.6 3.a 4 . 4 . 1 4 .5 

2 . 3 2 2.8 3.0 3.6 6 . 1 4 ,7 5 .3 5.9 6 7 .1 7.7 
3.3 1 3.4 3.4 3.6 3.7 3.9 4 .1 4 . 3 6 4.7 4 .9 
2 . 5 2 1.0 3.2 3.7 4 . 3 4 .8 5.4 6 .0 6 7.2 7.a 
3.9 3 4 .0 4 .0 4 . 1 4 . 3 4 .4 4 .6 4 .8 5 1.2 5.4 
2.7 2 3.2 1.4 1 . 9 4.4 3.0 5 . 5 6 .1 6 7 . 1 7.9 
4 . 5 4 4 .6 4 .6 4.7 4 .8 5.0 3 .1 5 .1 5 5.6 5.8 
1.0 3 3.4 3.6 4 . 1 4 .6 3 .1 5.7 6.2 6 7.4 8 .0 
5 .1 5 3.2 5.2 3.3 3.4 5 .5 3.7 5.8 6 6.2 6 . 1 
1.2 3 1.6 3.a 4 .3 4.a 5.3 5.a 6.4 6 7 .5 6.1 
5.7 5 5.d 3.8 3.9 6 .0 6 . 1 6 .2 6 .4 6 6.7 6.8 
3. 5 1 3.9 4 .0 4 . 3 J . (J 3 .5 6 .0 6 . 5 7 7.6 B.2 
6 . 1 6 6.4 6.4 6 . 5 6.6 6.7 6 .0 6 .9 7 7.2 7.4 
3.8 3 4 . 1 4 .3 4.7 5 .2 5.6 6 .2 6.7 7 7.8 8 . 1 
6 . 9 6 7.0 7.0 7.1 7 .2 7 .3 7.4 7 .5 7 7.8 7.9 
4 .0 4 4 .4 4 . 3 4 . 9 3.4 5.8 6 . 1 6.a 7 7.9 6 .5 
7 .5 7 7.6 7.6 7.7 7.a 7.9 8 .0 a.i a 8 . 1 8 .3 

4 .3 4 4 .6 4.8 3.2 3.6 6 .0 6 . 5 7.0 7 8 .1 8 . 6 
8 . 1 8 8 .2 8 .2 8 . 1 a.4 8 . 5 8 .6 8.7 8 3.9 9.0 
4 .6 4 4 . 9 S.O 5.4 3.8 6 .3 6.7 7 .2 7 8 .2 8.8 

a.9 a 8 . 8 B.8 8 . 9 9.0 9 .1 9.2 9 .3 9 9.5 9.6 

4 .9 3 0 5.2 5.3 5.7 6.0 6 . 5 6 . 9 7.4 7 9 8.4 9.0 
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8 . 1 
3,9 

8.1 
4.0 

8 . 1 
4 .0 

S . l 
4 . 1 

8 ,1 
4 .2 

8 . 1 
4 .3 

8.2 
4.5 

8 .2 
4 .6 

8.2 
4.8 

a.i 
5.2 
a.4 
5.6 8 . 5 
6.0 

8.6 
6 . 5 

3,7 
7.0 

B.6 
7.3 

8 .9 

a.i 9.0 
8.6 

9,2 
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9 .5 

9.3 
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9.3 
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4.7 

9.4 
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9,4 
4 .9 

9.4 
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3.2 
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9.6 
6.0 

9.7 
6 .5 

9.8 
6.9 

9.9 
7.4 

10.0 
7.9 

10 .1 
8 . 4 

10 .2 
9.0 

10. J 
9 .5 

10.5 
10.0 

10.6 
10.6 

2 00 12.4 
6.0 

12.4 
6 .1 

12.4 
6 . 1 

12.4 
6 .2 

12, > 
6.2 

12.5 
6.3 

12.3 
6.4 

12.5 
6.5 

12 .3 
6.7 

12.6 
7.0 

12.6 
7.3 

12.7 
7.7 

12.8 
8.0 

12.9 
8 .5 

12 .9 
8.9 

13.0 
9.4 

11 .1 
9.9 

13 .2 
10.4 

13.3 
10 .9 

11 .5 
11.4 

9 
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I 

I 

TO FIND THE CROSS-TRACK AND ALONG-TRACK ELECTRONIC 
SYSTEM ERROR (LESS PILOTAGE) AT A POINT, ENTER TABLE 
WITH PERPENDICULAR DISTANCE AND DISTANCE ALONG 
TRACK FROM TANGENT POINT, i.e.. when the Perp Dist is 
30 and the along-track dist is 50, the cross-track error 
is + 3.3 NM and the along-track error is 2.5 NM. 

Tangent Pt ALONG TRACK 01 ST 

ERROR ELEMENTS 
GROUND 

VOR 
OME 

AIRBORNE 
VOR 
DME 

RNAV SYSTEM 
PILOT 

1.9° 
0.1 NM 

3.0° 
Jh or 0.5 NM 
0.5 NM 
ZERO 

TABLE 1 
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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 a p p l i c a n t d o e s : 

( 1 ) Makes an a p p l i c a t i o n f o r STC a t the FAA Reg iona l Engineer ing 
and Manufacturing o f f i c e . Ear 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 te s the data submitted by 
the app l i can t ( s ee Paragraph l . b . ) , i s sues a Type Inspec t ion 
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 ine s s requirments a re met . I f the submitted data 
i s adequate , the STC a u t h o r i z e s s i m i l a r i n s t a l l a t i o n s i n the 
same a i r c r a f t t y p e , 

( 2 ) Designs and cons t ruc t s 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 in 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 i n Appendix A , Paragraph 3 . b . , or an 
appropr i a t e c e r t i f i c a t i o n of accuracv 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 (wi th 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 fu rn i sh ing a q u a l i f i e d f l i g h t crew f o r 
conducting the requ i red 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 
be submitted f o r FAA a i r w o r t h i n e s s e v a l u a t i o n : 

( 1 ) Equipment da t a , such a s : 

( a ) Equipment schemat ics . 

( b ) Equipment manufacturer ' s ope ra t i ng 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 p rocedures . 

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 ) Faul t a n a l y s i s c o v e r i n g i n s t a l l a t i o n . 
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( 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, or p lacard 
drawings , 

(7) Evidence of p r e v i o u s l y approved da ta , 

c . What the Equipment Manufacturer Can Do. 

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

( 2 ) Perform the bench t e s t s desc r ibed in Appendix A , Paragraph 3 . b . 
and c e r t i f y ( t o the app l i can t and FAA) that the accuracy 
c r i t e r i a in 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. Major Repa i r and A l t e r a t i o n 
( A i r f r a m e , powerp lan t , p r o p e l l e r or a p p l i a n c e ) OMB 0A-R060 , ! (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 wi th a p r o p e r l y 
executed Form 337. 

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

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

b . A d d i t i o n a l Data Which May be Requi red . I f r equ i r ed 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 d a t a , the app l i can t may a l s o be r e q u i r e d t o furnish a 
copy of the equipment schemat ics , m a n u f a c t u r e r s ope ra t i ng 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 of 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 app rop 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 spec t i on of 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 . 
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APPENDIX C. SOURCES OF NAVIGATION SYSTEM ERROR 

1. CENERAL. The es tabl ishment of 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 separa t ion c r i t e r i a o r 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 of n a v i g a t i o n system accuracy . Th i s 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 he -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 judped 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 sepa ra t ion 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 r o v i d e a i r c r a f t under IFR con t ro l a high degree of p r o t e c t i o n agains t 
c o l l i s i o n wi th o the r a i r c r a f t or 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 of the VOR/DME ground f a c i l i t i e s and 
a i rborne equipment and judgments as t o 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 that VOP/DMF In fo rmat ion , when 
used wi th 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 rope r ly 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 of the a i r space w h i l e main ta in ing current standards o f i n ­
f l i g h t s a f e t y . 

2 . CURRENT RELATIONSHIP BFTWEFN NAVIGATION ACCURACY AND ROUTE WIDTH. The 
system of a i rways and rou tes used i n the United S ta tes has widths of 
rou te p r o t e c t i o n used on a VOR svstem use accuracy of + 4.5 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 fo r VOR j u s t i f i e s 
the a p p l i c a t i o n of + 4 n a u t i c a l m i l e rou te width out t o a d i s t ance of 51 
NM from the f a c i l i t y and a widening of route p r o t e c t i o n on the + 4 ,5 
degree ba s i s beyond 51 m i l e s . 

3. CURRENT RELATIONSHIP BETWEEN VERTICAL NAVIGATION ACCURACY AND SEPARATION 
STANDARDS. The system o f a i rways used i n the United S ta tes a l l o w f o r 
a l t i m e t r y systems e r r o r s and atmospheric e r r o r s of v a r i o u s amounts 
dependent on mode of f l i g h t and a l t i t u d e o f the f l i g h t o p e r a t i o n s . 
A l t i m e t e r standards f o r accuracy (TSO C 10b) r e q u i r e s c e r t a i n demonstra­
t i o n s o f accuracy ove r a wide range of c o n d i t i o n s inc lud ing temperature , 
v i b r a t i o n and p re s su re . These accurac ies combined wi th the expected changes 
in atmospheric pressure ove r the d i s t ances used and p i l o t a g e f a c t o r s do not 
exceed a va lue which would i n t e r f e r e wi th o the r IFR a i r c r a f t ope ra t i ng wi th 
1000* v e r t i c a l s epa ra t ion b e l o v FL 290 and wi th 2000' v e r t i c a l separa t ion 
above FL 290. These a re the v e r t i c a l sepa ra t ion standards cu r r en t l y used. 
E f f o r t s have been made t o improve a l t i m e t e r performance above FT, 290 In 
o rder to permit a p p l i c a t i o n o f 1000' v e r t i c a l s e p a r a t i o n above , as w e l l 
as b e l o w , t h i s f l i g h t l e v e l . The accuracy requirements of the current 
a l t i m e t e r standards a re not s t r i n g e n t enough t o meet t h i s g o a l but the 
minimum accuracy requirements o f Appendix A , Tab les A and B are intended 
t o support 1000 1 v e r t i c a l s epa ra t ion at a l l f l i g h t l e v e l s , 

4 . SOURCES OF ERROR. 

a. H o r i z o n t a l E r r o r s . The b a s i c assumption i s that four sources o f 
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error - ground VOP and DME radiated signal, airborne VOR receiver 
equipment, area navigation equipment, and pilotage - contribute 
independent errors of such distribution that they may be combined 
In RSS fashion. This is the normal assumption used traditionally 
by the FAA and is required by the method recommended by TCAO Annex 
10 for the determination of VOR system use accuracy (ICAO Annex 10, 
Second Edition, April 1968, Attachment C to Part I, Paragraph 3.ft, 
VOR System Accuracy). A H errors are based on a 95 percent 
probability basis. 

Errors from the four ifiajor sources listed above are actually com­
posite values including error contributions from various factors. 
For example, "Errors in radiated signals" include propagation errors 
as well as errors in the transmitted signals arising from geographi­
cal siting and magnetic alignment of the ground station. 

(1) "Airborne VOR equipment errors." in accordance with common 
practice include not only errors in the receiver outputs, but 
also errors contributed by the converter and the conventional 
course selector and deviation indicator. In those cases in 
which an area navigation system accepts inputs directly from 
the receiver, the error components normally included for the 
converter and indicator are not incurred and, therefore, the 
appropriate value for "airborne VOR equipment error" can be 
correspondingly reduced. (NOTE: This factor is considered 
subsequently as one type of error compensation that may be 
afforded by area navigation equipment.) The errors for DME 
receivers to be used in conjunction with area navigation 
equipment, although small compared to the total system use 
error, are taken into account in Tables 1, 2, and 3, Appendix A. 

(2) "Area navigation equipment error" includes error components 
contributed by any input, output, or signal conversion equip­
ment used, by any computing element employed, by the display 
as it presents either aircraft position or guidance commands 
(e.g., course deviation or command heading), and by any course 
definition entry devices employed. For systems in which charts 
are incorporated as integral parts of the display, the "area 
navigation equipment error" necessarily includes charting 
errors to the extent that they actually result in errors in 
controlling the position of the aircraft relative to a desired 
path over the ground. To be consistent, in the case of 
symbolic displays not employing integral charts, any errors in 
waypoint definition directly attributable to errors in refer­
ence charts used in determining waypoint positions should be 
included as a component of "area navigation equipment error." 
This type of error is virtually impossible to handle and in 
general practice highly accurate published waypoint locations 
are used to the greatest extent possible in setting up such 
systems to avoid such errors (and to reduce workload). 
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( 4 ) In des 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 of ±2 NM ( e q u i v a l e n t to ± 2 . 3 ° 
at 51 NM) , the system eng inee r f i nds that the t o t a l e r r o r 
of the new system would not s a t i s f y the requirement of a 
±4 NM route width at 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 that he can 
compensate f o r the added e r r o r component i n 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 
and using a d i g i t a l course s e l e c t o r in the RNAV equ ip ­
ment 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 a re not 
incurred so that the a i rborne VOR equipment e r r o r i s 
reduced from 3° t o 2° thus the c r o s s - t r a c k 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 permits an 
assumed p i l o t a g e e r r o r of ± 2 . 0 NM which i s cons i s t en t 
w i th v a l u e s shown in Appendix A , Paragraph 2 . a . ( 4 ) . 

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

T o t a l Er ror = ± 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 (9570 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 of s a f e t y . I n t h i s example, the DME e r r o r s 
d id not c o n t r i b u t e t o c r o s s - t r a c k e r r o r . With t rack o r i e n t a ­
t i o n o ther than along a r a d i a l , an increase in 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 in VOR e f f e c t . 
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APPENDIX D. INSTRUMENT FLIGHT PROCEDURES 

GENERAL. This appendix contains obstacle clearance requirements for 
RNAV instrument flight procedures. Section I provides guidelines which 
are applicable to all RNAV procedures. Section II discusses the con­
cept of 3-D RNAV only. Obstacle clearance requirements will be included 
in the U. S. Standard for Terminal Instrument Procedures (TERPs). 

a. Approval of RNAV procedures will be based on FAA capabllit> to 
provide service, anticipated volume of traffic, and compatibility 
of the procedure with existing airways, routes, traffic and 
procedures. 

b. All approved area navigation routings and procedures will be assured 
adequate signal coverage and frequency protection. Those approved 
for public use will be published in the United States government 
flight information publication enroute and terminal charts, FAR's 
and/or Airman's Information Manual (AIM). 

c. Pilots should refer to AC 90-63, "Air Traffic Control Procedures 
for Random Area Navigation Routes" to insure correct use of off-
airways routes. 

d. RNAV routes which require VOR/DME inputs will be provided uninter­
rupted VOR/DME signal reception as opposed to Victor airways which 
may incorporate signal gap areas. 

e. RNAV waypoints will be identified by lat/long (nearest 1/10 min.) 
and a radial and distance from the ground facility on which they 
are based. Additionally, geographical names (5 letter pronounce­
able words) will be assigned to waypoints if required for flight 
planning or ATC purposes. Along-Track Distance (ATD) fixes are 
normally used in lieu of a final approach waypoint when no lateral 
course change is required at that point. It is used to simplify 
pilot workload. An ATD fix may be used in lieu of a missed approach 
waypoint when the runway waypoint is NOT the MAP. Changeover points 
on RNAV routes will be defined using distance from an established 
waypoint. 

f. Terminal area routes are normally flown 'to' the waypoint, and 
are compatible with 3-D concepts. However, simplified procedures 
designed for the minimum equipment 2-D system may be flown 'to* or 
'from* the waypoints. Changeover points will not be used unless 
more than one facility is required to support the procedure. 

g. RNAV route segments are numbered in a manner similar to VOR airways 
and jet routes. The suffix 'R1 identifies the route as an RNAV 
route. For example, J 830 R indicates a high altitude RNAV route 
while V 762 R indicates a low altitude RNAV route. RNAV standard 
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Instrument Departures (SID) and Standard Terminal Arrival Routes 
(STAR) will be identified by the term RNAV immediately preceding 
the words "departure" and "arrival." For example: Brooks One 
RNAV Departure, Richards Three RNAV Arrival. 

h. Terminal RNAV instrument procedures will be developed as requested 
by the users and required by the NAS. They may be of two types as 
follows: 

( 1 ) Simplified procedures will be developed at small airports, 
typically with less than 4000 1 runways, or in areas where air 
traffic problems are minimal. They will use at the most two 
waypoints and will be supplemented with ATD fixes. The runway 
threshold will be one of the waypoints. The other will provide 
transitions to the Final Approach course. They will be flyable 
with minimum equipment systems. 

( 2 ) Standard procedures will be developed in large terminals based 
upon air traffic requirements, and to the extent possible, the 
desires of the users. These procedures will use up to six or 
even ten waypoints in rapid succession. They will be flyable 
in aircraft with sufficient waypoint storage, but are expected 
to generate a high cockpit workload to the extent that they 
will be unflyable with minimum equipment. 

i, RNAV instrument approach procedures will be identified as follows: 

(1) Straight-in Approach. Procedures which meet criteria for 
authorization of straight-in landing minimums will be 
identified by the word RNAV and the runway to which the 
straight-in approach is made; for example, RNAV Rwy 21. 

(2) Circling Approach. When a procedure does not meet criteria 
for straight-in landing minimums authorization, it will be 
identified alphabetically in sequence; for example: RNAV A, 
RNAV B, etc. 

j. Units of Measurement. Units of measurement in RNAV procedures 
shall be expressed as follows: 

(1) Radials and bearings in degrees magnetic, 

(2) Altitudes in feet, 

(3) Distances in nautical miles except visibility which shall be 
expressed in statute miles and RVR which shall be expressed 
in feet. 
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( 4 ) A i r c r a f t speeds i n kno t s . 

( 5 ) Track angles s h a l l be expressed i n d e g r e e s . 
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SECTION I 
2D RNAV CONSIDERATIONS 

2, ENROUTE CRITERIA. Enroute procedures shall be evaluated using existing 
flight inspection facility performance data, or by flight inspection of 
the procedure when facility data is lacking. 

a. RNAV Routes Protected Areas. The area to be protected is shown in 
Figure 1, the Area Navigation Route Width Summary, and is described 
as follows: 

(1) Four miles each side of routes in which the tangent point distance 
of the route centerline is within 102 miles of the ground station. 
The route boundaries splay at 3.25° beginning at the point where 
the route centerline exits the eight-mile zone. 

(2) When the tangent point distance is beyond the 102 mile limit, the 
minimum width of the protected area each side of the route at the 
tangent point distance is increased at the rate of 0.25 miles 
for each 10 miles increase In distance from the ground station. 
The route boundaries splay 3.25° from this minimum width at 
the tangent point distance. 

(3) Parallel offset routes are not charted in flight information 
publications. When a pilot is cleared to fly a parallel off­
set route, he is expected to fly it in precisely the same 
fashion as the parent route. Parallel offsets will be used to 
separate overtaking traffic and other similar applications. 
Enroute, it will not always be possible to'develop a parallel 
offset route on both sides of the parent route due to signal 
loss on the side of the parent route farthest from the reference 
station. When developing parallel offset routes consideration 
must be given to M0CA and MRA on both sides of the parent route. 
In the event that the MEA is higher than the parent route, offset 
parallel operations will normally not be authorized on the 
side to which the higher MEA applies. 

(4) Enroute vertical separation will be provided as prescribed in 
Air Traffic Control procedures handbooks where climb or 
descent is made using 3-D RNAV airborne equipment. 

(5) When using reference facilities not on the route the track 
angle must be computed relative to the reference facility 
being used. These track angles may change when using different 
reference facilities due to meridian divergence/convergence. 
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b . Obstac le Clearance Requirements. Obstac le c l ea rance w i l l be p r o ­
v i d e d as desc r ibed in A d v i s o r y C i r c u l a r 9 5 - 1 , paragraphs 4 , 5, and 
7, except that the primary o b s t a c l e c l ea rance areas w i l l be as 
s p e c i f i e d in paragraphs 2 . a . ( l ) and 2 . a . ( 2 ) above . 

( 1 ) Secondary o b s t a c l e c l ea rance areas extend l a t e r a l l y 2 mi les on 
each s ide o f the primary area and splay a t 4 . 9 ° where the 
primary area sp lays at 3 . 2 5 ° . 

( 2 ) Obs tac le c l ea rance areas are expanded as s p e c i f i e d in para­
graph 3.c of AC 95-1 and as i l l u s t r a t e d in F igure 3 t o 
accommodate turns o f more than 15 d e g r e e s . 

c . Enroute Waypoint Displacement A r e a . The enroute waypoint d i s p l a c e ­
ment area i s a r ec t angu la r or square area formed around the p l o t t e d 
p o s i t i o n o f the waypo in t . The dimensions of t h i s area are d e r i v e d 
from the appropr i a t e a l o n g - t r a c k and c r o s s - t r a c k e r r o r v a l u e s . See 
Tab le 2 , Appendix D. The enroute waypoint displacement area s h a l l 
be cons idered f o r each waypoint when deve lop ing RNAV enroute procedures . 

3. TERMINAL CRITERIA. Terminal routes p r o v i d e access t o the enroute 
s t ruc tu re f o r a i r c r a f t depa r t ing an a i r p o r t and rou t ing t o en t e r an 
instrument approach procedure f o r a r r i v i n g a i r c r a f t . P a r a l l e l o f f s e t 
t e rmina l routes w i l l be used where p r a c t i c a l f o r spacing and t o separa te 
o v e r t a k i n g a i r c r a f t . Terminal routes s h a l l be eva lua t ed by f l i g h t 
i n s p e c t i o n concur ren t ly w i t h a s s o c i a t e d instrument approach and departure 
p rocedures . 

Terminal a r r i v a l routes w i l l be des igned f o r e f f i c i e n t t r a f f i c f l ow t o 
the f i n a l approach a id - normal ly I L S . To the ex t en t p o s s i b l e the 
a l t i t u d e s s p e c i f i e d on the a r r i v a l routes w i l l p r o v i d e f o r a 300 1 per 
mi l e r a t e of descent from the enroute environment t o the runway or the 
po in t where the f i n a l approach a id i s i n t e r c e p t e d . To f a c i l i t a t e the 
t r a n s i t i o n and to s t anda rd ize the t e rmina l rou te s t r u c t u r e , the l a s t 
waypoint on the a r r i v a l rou te w i l l be e s t a b l i s h e d approximately 
8 m i l e s from the runway at the i n t e rmed ia t e f i x . The a l t i t u d e at 
the e i g h t m i l e waypoint should agree w i th the g l i d e s l o p e o r p r o v i d e 
an approximate 3 0 0 ' / m i l e g rad ien t t o the runway as appropr i a t e t o the 
type of f i n a l approach u t i l i z e d . 

Terminal depar ture routes w i l l be des igned from the depar ture end o f 
the runway t o the enroute s t r u c t u r e . The f i r s t waypoint w i l l be 
shown a t the depar ture end o f the runway. Immediate turns a t the end 
of the runway are d i scouraged . I n s o f a r as p o s s i b l e from the s tandpoint 
o f a i r space management the second waypoint w i l l be e s t a b l i s h e d on 
the runway c e n t e r l l n e ex tended . 

Par 2 Page 5 



AC 90-45A 
Appendix D 

2/21/75 

Page 6 Par 3 



2/21/75 AC 90-45A 
Appendix C 

(3) The 'flight technical error1 refers to the accuracy with which 
the pilot controls the aircraft as measured by his success in 
causing the indicated aircraft position to match the indicated 
command or desired position on the display. Manual Insertion errors 
are due to the human interface with the control and display 
units that affect the performance of an RNAV operation. The 
resulting error causes a deviation from the defined RNAV 
flight plan. These errors are usually recognized and corrected 
before developing in magnitude to a point where they may be 
considered blunders. However, "manual" errors also include 
undetected errors such as inaccuracies in track setting and in 
setting waypoint bearing information in some types of systems. 

Blunder errors are gross errors in human judgment or attentive-
ness that cause the pilot to stray significantly from his area 
navigation flight plan, and are not included in the area 
navigation system error budget. Blunder tendency is, however, 
an important system design consideration. 

Pilotage error will vary widely, depending on such factors as 
pilot experience, pilot workload, fatigue, and motivation. 
Equipment design and ambient environment variables also affect 
pilotage directly and measurably, such as: 

Processing of the basic display inputs (i.e., smoothing and 
quickening), whether or not heading is presented integrally 
with position and/or command guidance indications, display 
scale factors, numerous display configuration variables, 
aircraft control dynamics, air turbulence, and many more. 
Strictly speaking, with autopilot coupling, "flight technical 
error" becomes "autopilot error." These factors must be 
taken into account in arriving at empirical values for 
pilotage contribution to system use accuracy. 

Evaluation of area navigation equipment to the present time 
indicates that the flight technical error, using such equipment, 
is linear in nature. A value of + 2.0 NM is typical for the 
enroute case and + 0.5 is typical for final approach operations, 

"Manual" errors, however, are not linear in nature. Track 
setting error, for example, is angular, and its effect on 
cross-track error is a function of distance from the waypoint. 

The term "pilotage error" in the RNAV equipment error budeet 
Appendix A includes ONLY the FLIGHT TECHNICAL ERROR element 
described above, and "manual" errors must be considered in 
the AIRBORNE EQUIPMENT ERROR BUDGET. 

b. Vertical Errors. The sources of vertical error are listed in 
Appendix A, paragraph 2a(5)(c) Table B, of this advisory circular. 
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5. COMBINING THE ERROR ELEMENTS. Based on the assumptions that the variable 
errors from the various sources are normally distributed and independent, 
they may be combined in RSS (root-sunr-squares) fashion. Thus, the 
standard deviations obtained from the various contributing sources may 
be combined geometrically rather than arithmetically by taking the square 
root of the sum of their squares; 

b. ERROR BUDGETING. 

a. In optimizing a navigation system design, it is generally desirable 
to avoid having the error from one source much larger than those 
from the other sources since, by the RSS method of combination, it 
contributes disproportionately to the total error, however, it 
may be technically easier, cheaper, or operationally more desirable 
to reduce the error from one source rather than another in order to 
meet a total system use accuracy requirement. 

b. In establishing an error budget, a system designer may trade off 
reduction in the errors from one or more sources against increases 
in the errors from others. Thus, in adding an area navigation 
computing and display capability to the basic VOR/DME system, it 
is necessary and possible to compensate for the errors introduced 
by the new equipment by means of reductions in errors from other 
sources. Any of the airborne error elements, including Flight 
Technical Error, may be traded provided the total system accuracy 
reflected in Appendix D, Tables 2, 3 and 4 are met. 

(1) Assume that a company sells an airborne VOR system designed 
to fly within a + 4 NM route width to a distance of 51 NM 
from a ground facility on the basis of the following error 
budget: 

6 total • V^2 
6 l 2 + d 2 2 . . . + 6 n 2 

(2) Ground VOR Station Error +1.9° @ 51 NM - 1.7 NM 
cross-track error 

Airborne VOR Equipment Lrror +3.0° (J 51 NH = 2.7 NM 
cross-track error 

Ground DML Error +0.1 NH on radial = 0.0 NM 
cross-track error 

Pilotage Lrror +2.5° ii 51 NM « 2.2 NM 
cross-track error 

(3) The error elements combine to make: 

Total Error * + n / 1.7 2 + 2.7 2 + 2.2 2 

- + 3.88 
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FIGURE 2 . TYPICAL RNAV ARRIVAL A N D DEPARTURE ROUTE CONFIGURATION 
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FIX AREAS DETERMINED BY CROSS-TRACK AND ALONG-TRACK ERRORS 

^Jf Expansion for "corner cutter" begins at a distance prior 
to the earliest point the waypoint can be received; 
3 NM below 8000' - 7 NM 8000-18000' - 12 NM above FL 180. 

2 J Angle of splay for expanding area is 1/2 the amount of 
the course change. 

FIX AREAS DETERMINED BY CROSS-TRACK AND ALONG-TRACK ERRORS 

AREA EXPANDED I AW AC 95-1 
ABOVE 10,000 

\ Earliest point 
\ \ for waypoint 

\ ^ r oassaae 

FIGURE 3. TYPICAL TURNING AREAS 

^ \ passage 

\ * 

TERMINAL 
20 NM TURNING 

^ AREA 
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( 3 ) The a l o n e - t r a c k e r r o r f o r an en t ry from the ho ld ing s ide (70° 
s e c t o r l i n e f o r worst c a se ) w i l l e l onga t e the en t ry end and i s 
determined as f o l l o w s . 

The wind c o n t r i b u t i o n during the 160° turn t o f l y the pa t t e rn i s 
.79 NM. 

When RSS'd wi th the a l o n g - t r a c k e r r o r : 

RSS = V ( 2 . 2 ) 2 + ( . 7 9 ) 2 = 2.33 NM 

The turn c o n t r i b u t i o n i s r ( l + cos 0 ) : (he re 0 = 2 0 ° ) 

.49(1 .9397) = .95 NM 

The f i x passage t o l e r a n c e i s ; 

(5 sees @ 95 KTAS)cos 20° = .12 NM 

The t o t a l a l o n g - t r a c k displacement i s the sum o f the e n t r y , l e g 
d i s t ance and inbound turn d isp lacements : 

ho ld ing s ide en t ry RSS + r ( l + cos 9) + f i x passage t o l e r ance 
(cos 9) + DME l e g + d i r e c t en t ry RSS + r + f i x passage t o l e r a n c e : 

2.33 + .95 + .12 + 2 .0 + 2.24 + .49 + .13 - 8.26 NM 

A secondary area o f one -ha l f o f the c r o s s - t r a c k e r r o r o r 2 NM, 
whichever i s g r e a t e r , i s added t o the pe r ime te r o f the pa t t e rn 
f o r o b s t a c l e c l e a r a n c e . 

4 . INSTRUMENT APPROACH PROCEDURE CRITERIA. FAA Handbook 8260.3A, The 
United S ta tes Standard f o r Terminal Instrument Procedures (TERPS) , 
p r e s c r i b e s c r i t e r i a f o r the des ign o f instrument approach procedures . 
Although i t does not a t the present t ime conta in s p e c i a l c r i t e r i a f o r 
the des ign o f RNAV procedures , most o f the TERPS c r i t e r i a a re a p p l i c a b l e 
to RNAV procedures wi th minor m o d i f i c a t i o n s . Th i s appendix w i l l 
t h e r e f o r e p r o v i d e on ly the c r i t e r i a necessary t o modify TERPS f o r RNAV 
procedure a p p l i c a t i o n . In app ly ing TERPS to RNAV procedures , the term 
" f i x " i s e q u i v a l e n t t o "waypo in t , " thus, " F i n a l Approach F i x ( F A F ) " 
becomes " F i n a l Approach Waypoint ( F A W P ) . " 

a. Procedures Cons t ruc t ion . An RNAV instrument approach procedure 
may have four separa te segments. They a re the i n i t i a l , the I n t e r ­
media te , the f i n a l and the missed approach segments. In a d d i t i o n , 
an area 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 
cons ide red . The approach segments b e g i n and end a t waypoints or 
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a l o n g - t r a c k d i s t ance (ATD) f i x e s which are i d e n t i f i e d t o c o i n c i d e 
wi th the a s soc i a t ed segment. For example, the i n t e rmed ia t e segment 
beg ins a t the in te rmedia te waypoint (INWP) and ends a t the F i n a l 
Approach Waypoint (FAWP) or ATD f i x . 

( 1 ) Descent Grad ien t s . TERPS descent g r ad i en t s w i l l apply t o a l l 
RNAV procedures except where an uninter rupted descent g r ad i en t 
of 300 f e e t per mi le (+20* , - 5 0 ' ) can be e s t a b l i s h e d from the 
i n i t i a l approach through the f i n a l approach. I t s h a l l be done 
to p rov ide s t a b i l i z e d descent throughout the a r r i v a l p rocedures . 

( 2 ) Runway Waypoint and F l i g h t Path A n g l e . Both standard and 
s i m p l i f i e d procedures should i nco rpo ra t e a waypoint at the 
runway t h r e s h o l d . This waypoint w i l l be used as the po in t from 
which the F l i g h t Path Angle i s computed. On ILS runways, the 
F l i g h t Path Angle s h a l l be computed using the runway waypoint 
e l e v a t i o n equal to the ILS threshold c r o s s i n g h e i g h t . Where no 
ILS g l i d e path i s p r e s e n t , the F l i g h t Path Angle s h a l l be com­
puted from the runway waypoint e l e v a t i o n 50 f e e t h igher than the 
runway threshold e l e v a t i o n f o r runways 4,000 f e e t and l o n g e r . 
I t may be e s t a b l i s h e d as low as 37 f e e t f o r runways l e s s than 
4,000 f e e t in l e n g t h . The procedure s h a l l s p e c i f y the runway 
waypoint e l e v a t i o n under a d d i t i o n a l f l i g h t da ta . Example: Rwy 
W/P e l e v a t i o n 1827 ' . 

b . T r a n s i t i o n Routes . When t r a n s i t i o n routes are r equ i red from the 
en route s t ruc ture to the i n i t i a l approach waypo in t , they should be 
designed t o c o i n c i d e wi th the l o c a l a i r t r a f f i c f l o w . En route RNAV 
o b s t a c l e c lea rance c r i t e r i a (paragraph 2 . b . above) s h a l l apply t o 
t r a n s i t i o n rou tes in which the tangent p o i n t d i s tance (TPD) of the 
route c e n t e r l i n e i s more than 53 m i l e s from the ground s t a t i o n . When 
the TPD i s w i t h i n 53 mi l e s o f the ground s t a t i o n , RNAV terminal route 
o b s t a c l e c lea rance c r i t e r i a (paragraph 3 .b . above) s h a l l app ly . 

c I n i t i a l Approach Segment. The RNAV instrument approach procedure 
commences a t the I n i t i a l Approach Waypoint ( 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 phase o f f l i g h t and 
i s maneuvering t o en t e r the i n t e rmed ia t e segment. Standard RNAV 
procedures — as opposed t o s i m p l i f i e d procedures — may u t i l i z e 
s e v e r a l i n i t i a l approach segments t o accommodate the t r a f f i c f l o w 
requi rements . En route RNAV o b s t a c l e c lea rance c r i t e r i a (paragraph 
2 . b . above) s h a l l apply t o i n i t i a l approaches i n which the TPD o f the 
i n i t i a l approach course i s more than 53 m i l e s from the ground s t a ­
t i o n . When the TPD i s w i t h i n 53 m i l e s of the ground s t a t i o n , RNAV 
terminal rou te o b s t a c l e c l e a r a n c e c r i t e r i a (paragraph 3 .b . above) 
s h a l l a p p l y . 

( 1 ) 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 e q u i r e d , a ho ld ing 
pa t t e rn s h a l l be e s t a b l i s h e d in l i e u o f a procedure turn. 
Standard h o l d i n g pa t t e rn o b s t a c l e c l ea rance s h a l l app ly . 
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d. In t e rmed ia t e Approach Segment. The purpose o f the in t e rmed ia te 
segment i s t o blend the i n i t i a l approach i n t o the f i n a l approach 
and p r o v i d e an area 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 in te rmedia te segment beg ins a t the In te rmedia te 
Waypoint (INWP) and ends a t the FAWP or ATD f i x . 

( 1 ) Al ignment . The course to be f lown i n the i n t e rmed ia t e segment 
should be the same as the f i n a l approach course whenever 
p o s s i b l e . When i t i s no t 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 , the In t e rmed ia t e course may 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 . 

( 2 ) Dis tance from runway. For Standard procedures the in te rmedia te 
waypoint s h a l l be e s t a b l i s h e d approximate ly 8 m i l e s from the 
runway. For the S i m p l i f i e d procedure the i n t e rmed ia t e f i x 
w i l l be e s t a b l i s h e d as necessary t o accommodate a procedure 
which u t i l i z e s on ly two waypo in t s . See paragraph l . h . 

( 3 ) Length• The minimum leng th i s 3 m i l e s w i th standard procedures . 

e . F i n a l Approach Segment. This i s the segment i n which al ignment and 
f i n a l descent f o r landing a re accomplished. The f i n a l approach 
segment beg ins a t the f i n a l approach waypoint o r Along-Track Dis tance 
(ATD) f i x and ends a t the missed approach p o i n t , normally the runway 
threshold waypoin t . When i t i s not a t the runway t h r e s h o l d , i t i s an 
ATD f i x based on a d i s t a n c e t o the runway waypo in t . F i n a l approach 
may be made t o a runway f o r 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 . 

( 1 ) Al ignment . Whenever p o s s i b l e , the f i n a l approach course s h a l l 
be a l i g n e d w i th the s t r a i g h t - i n landing runway. When the 
al ignment exceeds 15 , s t r a i g h t - i n minimums are not au tho r i zed . 

( 2 ) F i n a l Approach A r e a . The area cons idered f o r o b s t a c l e c l ea rance 
s t a r t s a t the e a r l i e s t p o i n t the F i n a l Approach Waypoint (FAWP) 
o r ATD f i x can be r e c e i v e d and ends at the l a t e s t po in t the 
Missed Approach Waypoint (MAWP) can be r e c e i v e d o r at the runway 
threshold whichever occurs l a s t . See Table 4 , Appendix D, f o r 
f i x e r r o r s . When the f i n a l approach course I s a con t inua t ion 
o f the in t e rmed ia te course , an ATD f i x s h a l l be used ins tead o f 
a FAWP. A d d i t i o n a l ATD f i x e s may be e s t a b l i s h e d as step-down 
f i x e s . 

( a ) Length• The OPTIMUM length o f 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 
length o f 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 to make the r equ i r ed descen t , and 
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to* r e g a i n course a l ignment when a turn i s r e q u i r e d o v e r 
the f i n a l approach waypo in t . Tab l e 1, Appendix D, s h a l l 
be used t o determine the minimum l e n g t h needed t o r e g a i n 
the course . 

MINIMUM LENGTH OF THE FINAL APPROACH SEGMENT (MILES) 

APPROACH 
CATEGORY Magnitude o f turn o v e r the F i n a l Approach Waypoint (FAWP) 

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 

( b ) Width . The f i n a l approach pr imary 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 cou r se . The primary area 
i s x 2 m i l e s wide e i t h e r s i d e o f the f i n a l approach course 
a t the f i n a l approach f i x . I t narrows t o the width o f the 
f i x d isplacement area a t the runway t h r e s h o l d . See Tab le 
4 , Appendix D. A secondary area one m i l e i n width i s 
e s t a b l i s h e d on each s i d e o f the primary a rea . F igu re 4 
i l l u s t r a t e s a t y p i c a l f i n a l approach a rea . 

FIX DISPLACEMENT 
AREAS 
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( c ) Obs tac le C lea rance . The minimum o b s t a c l e c l ea rance in 
the primary area i s 250 f e e t . In the secondary area 
the f u l l o b s t a c l e c lea rance o f the adjacent primary 
area i s p rov ided a t the inner edge , t ape r ing uniformly 
to ze ro a t the ou te r edge o f the secondary a rea . 

f . Missed Approach Segment. A missed approach procedure s h a l l be 
e s t ab l i shed f o r each instrument approach procedure . The missed 
approach s h a l l be i n i t i a t e d no l a t e r than the runway threshold 
waypoin t . The missed approach should be s imple and s h a l l s p e c i f y 
an a l t i t u d e and a c l ea rance l i m i t . The missed approach a l t i t u d e 
s p e c i f i e d i n the procedure s h a l l be s u f f i c i e n t to permit ho ld ing 
or enroute f l i g h t . 

( 1 ) S t r a i g h t Missed Approach A r e a . The s t r a i g h t missed approach 
area may be used when the missed approach t rack does not 
d i f f e r more than 15 degrees from the f i n a l approach t r a ck . 
The area s t a r t s a t the p l o t t e d p o s i t i o n of the missed approach 
waypoint and has the same width as the f i n a l approach primary 
and secondary areas at the MAWP. The primary missed approach 
area sp lays at 15 degrees each s i d e o f the missed approach 
track u n t i l i t reaches the width of the app ropr i a t e te rmina l or 
enroute o b s t a c l e c lea rance a rea . The secondary areas expand 
uni formly from one m i l e to the width o f the appropr i a t e enroute 
secondary a r ea s . See F igu re 5. 

FINAL APPROACH AREA 

FIGURE 5. STRAIGHT MISSED APPROACH AREA 
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( 2 ) S t r a i g h t Missed Approach Obs tac le C lea rance . With in the 
primary missed approach area no o b s t a c l e may pene t r a t e the 
40:1 missed approach s u r f a c e . This sur face beg ins a t the 
p l o t t e d p o s i t i o n o f the MAWP when the a l o n g - t r a c k e r r o r a t 
the MAWP i s one m i l e o r l e s s . When the a l o n g - t r a c k e r r o r 
( T a b l e 4 , Appendix D) a t the MAWP exceeds one m i l e , the 
sur face beg ins at a d i s t a n c e pas t the p l o t t e d p o s i t i o n o f the 
MAWP equal to the amount o f a l o n g - t r a c k e r r o r i n excess o f 
one m i l e . The missed approach sur face beg inn ing h e i g h t i s 
determined by sub t rac t ing the r equ i r ed f i n a l approach 
o b s t a c l e c lea rance from the minimum descent a l t i t u d e . In 
the secondary a rea , no o b s t a c l e may pene t r a t e a 12:1 s l o p e 
which extends upward and outward from the 40:1 sur face a t 
the inner boundaries o f the secondary a rea . See F igu re 5. 

NOTE: H e l i c o p t e r procedures use a 20:1 missed approach 
su r face wi th 4:1 s lopes i n the secondary a r e a s . 
( R e f . TERPS 1119 & 1120) 

( 3 ) Turning Missed Approach. The turning missed approach w i l l 
be as p re sc r ibed i n FAA Handbook 8260.3A (TERPS) except that 
the s t a r t i n g po in t f o r the 40:1 o b s t a c l e c l ea rance sur face 
w i l l be p re sc r ibed i n the p reced ing paragraph ( 4 . f . ( 2 ) ) . 

g* Approach Minimums. Publ ished c i v i l RNAV approach minimums s h a l l 
meet the c r i t e r i a f o r n o n p r e c i s i o n approach systems as s p e c i f i e d 
In FAA Handbook 8260,3A (TERPS) . Tab le 6 c r i t e r i a which r e l a t e s 
minimum v i s i b i l i t y to d i s t ance from s t a t i o n s h a l l be a p p l i e d as 
a v a r i a t i o n o f c ro s s - t r a ck displacement area ( T a b l e 4 , Appendix D) 
as f o l l o w s : 

Cross - t rack area 0.6 - 0 .8 NM use Column 0-10 
" " " 0 .9 - 1.0 NM " " 10-15 
" " " 1.1 - 1.2 NM " " 15-20 
" " " 1.3 - 1.6 NM " " 20-25 
" " " Over 1.6 NM " " Over 25 

h . Approach Waypoint Displacement A r e a . The approach waypoint 
displacement area i s a r ec t angu la r o r square area formed around 
the p l o t t e d p o s i t i o n o f the waypo in t . The dimensions o f the 
area a re d e r i v e d from the app rop r i a t e a l o n g - t r a c k and c ro s s - t r a ck 
e r r o r v a l u e s . See Tab le 4 , Appendix D. The approach waypoint 
displacement area s h a l l be cons idered f o r each waypoint used i n 
deve lop ing RNAV f i n a l approach procedures i nc lud ing the FAWP, MAWP, 
and any stepdown WP o r ATD f i x e s used on f i n a l . 
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0 ( x t r k ) 
( a l g t r k ) 

1 0 ( x t r k ) 
( a l g t r k ) 

2 0 ( x t r k ) 
( a l g t r k ) 

30<x t r k ) 
( a l g t r k ) 

4 0 ( x t r k ) 
( a l g t r k ) 

5 0 ( x t r k ) 
( a l g t r k ) 

6 0 ( x t r k ) 
( a l g t r k ) 

7 0 ( x t r k ) 
( a l g t r k ) 

8 0 ( x t r k ) 
( a l g t r k ) 

9 0 ( x t r k ) 
( a l g t r k ) 

1 0 0 ( x t r k ) 
( a l g t r k ) 

1 1 0 ( x t r k ) 
( a l g t r k ) 

1 2 0 ( x t r k ) 
( a l g t r k ) 

130<x t r k ) 
( a l g t r k ) 

1 4 0 ( x t r k ) 
( a l g t r k ) 

1 5 0 ( x t r k ) 
( a l g t r k ) 

? 

ENROUTE AREA FIX DISPLACEMENT ERROR (95% Probability) 
D I S T A N C E A L O N G TRACK F R O M T A N G E N T P O I N T 

0 10 20 30 40 50 60 70 80 90 1 0 0 1 1 0 1 2 0 1 3 0 140 1 5 0 2 0 0 

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

1 . 3 1 - J 1 . J 
1 . 5 1 . 6 1 . 9 2 . 2 2 . 5 2 . 8 3 . 0 3 . 3 3 . 6 3 . 9 4 . 2 4 . 5 6 . 0 

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

1 . J 1 . 3 1 . j t . j 1 . 5 1 . 7 2 . 0 2 . 3 2 . 6 2 . 9 3 . 1 3 . 4 3 . 7 4 . 0 4 . 3 4 . 6 6 . 1 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

T O F I N D THE C R O S S T R A C K A N D A L O N G TRACK 
ERROR AT THIS P O I N T , ENTER TABLE WITH T A N G E N T 
D I S T A N C E A N D D I S T A N C E A L O N G T R A C K F R O M 
T A N G E N T P O I N T , i . e . , when the distance to TP = 
30 and the along track distance = 6 0 , the X track 
error ! s * 4 . 4 N M and the along track error i s * 2 . 7 N M . 

ERROR ELEMENTS 
GROUND 

VOR 
DME 

AIRBORNE 
VOR 
DME 

RNAV SYSTEM 
PILOT 

1.9° 
0.1 NM 

3.0° 
SHorO.SNM 
0.5 NM 

to to 
KJt 

> > 

£ ? 

CROSS-TRACK 2-0 

D I S T A N C E A L O N G T R A C K TABLE 2 
ALOW-TRACK ZERO 



AC 90-45A CHG 2 
Appendix D 

7 /22 /76 

u z < 

TERMINAL AREA FIX DISPLACEMENT ERROR (95% PROBABILITY) 
DISTANCE A L O N G TRACK F R O M T A N G E N T POINT 

u 
O 
> 
O 

O 
a. 

o z 
2 
O 

0(x trk) 
(alg trk) 

10(x trk) 
(alg trk) 

20(x trk) 
(alg trk) 

30(x trk) 
(alg trk) 

40(x trk) 
(alg trk) 

50(x trk) 
(alg trk) 

0 10 20 30 40 50 60 70 80 90 100 
1 5 1 . 5 1.7 2.2 2.7 3.3 3.9 4.5 5.1 5.7 6.3 
1 1 1. 1 1.1 1.1 1.3 1.6 1.9 2.2 2.5 2.8 3.0 
1 5 1. 5 1.7 2.2 2.8 3.3 3.9 4.5 5.1 5.7 6.3 
1 1 1. 1 1. 1 1.2 1.5 1.7 2.0 2.3 2.6 2.9 3.1 

1 'J 
1 . 5 1.8 2.3 2.8 3.4 4.0 4.6 5.2 5.8 6.4 

1 3 1.4 1.5 1.7 1.9 2 . 1 2.3 2.6 2.8 3.1 3.4 

1 J 1.6 1.9 2.4 2.9 3.5 4.0 4.6 5.2 5.8 6.4 
1 9 2.0 2.1 2.2 2.3 2.5 2.7 2.9 3.2 3.4 3.7 
1 6 1.8 2.1 2.5 3.0 3.6 4.1 4.7 5.3 5.9 6.5 
2 5 2.6 2.6 2.7 2.9 3.0 3.2 3.4 3.6 3.8 4.0 
1 9 2.0 2.3 2.7 3.2 3.7 4.2 4.8 5.4 6.0 6.6 
3 1 3.2 3.2 3.3 3.4 3.6 3.7 3.9 4.1 4.3 4.5 

8? z < 

o z < 

T O FIND THE C R O S S TRACK A N D A L O N G TRACK 
ERROR AT THIS POINT, ENTER TABLE WITH T A N G E N T 
DISTANCE A N D DISTANCE A L O N G TRACK F R O M 
T A N G E N T POINT, i.e., when the distance to TP = 
30 and the along track distance = 60, the X track 
error ist4.0 N M and the along track error is*2.7 N M . 

DISTANCE A L O N G TRACK 

ERROR ELEMENTS GROUND VOR DME AIRBORNE VOR DME RNAV SYSTEM PILOT 
CROSS-TRACK 1.0 
AlONC-TRACK ZERO 

0.1 NM 
IB0 

3lor 0.5 NM 0.5 NM 

TABLE 3 

Terminal waypoint displacement errors 
apply to waypoints used in arrival and 
departure procedures including Initial 
and Intermediate approach waypoints. 
(para 3c) 

Page 16 Par 4 
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FINAL AREA FIX DISPLACEMENT ERROR (95% PROBABILITY) 

DISTANCE ALONG TRACK FROM TANGENT POINT 

O a. 
h-

Z 
L U 

O z < 

u z 
C O 

a 

i 
O 
> 

0 5 10 15 20 25 30 

0(x trk) .8 .9 1.2 1.4 1.7 2,0 
(alg trk) .7 .7 .7 .8 .9 1.0 

5(x trk). .9 .9 1.0 1.2 1.4 1.7 2.0 
(alg trk) .6 .7 .8 .8 .9 1.0 1.1 

10(x trk) .9 .9 1.0 1.2 1.5 1.7 
(alg trk) .8 .8 .9 .9 1.0 1.1 

15(x trk) .9 .9 1.1 1.3 1.5 1.8 
(alg trk) 1.1 1.1 1.1 1.2 1.2 1.3 

20(x trk) .9 1.0 1.1 1. 3 1.6 
(alg trk) 1.3 1.4 1.4 1.4 1.5 

25(x trk) 1.0 1.1 1.2 1.4 
(als trk) 1.6 1.6 1.7 1. 7 

30(x trk) 1.2 1.2 
(alg trk) 1.9 1.9 

u Z < 
a 
z 
o z < 

? TO FIND THE CROSS TRACK AND ALONG TRACK 
ERROR AT THIS POINT, ENTER TABLE WITH TANGENT 
DISTANCE AND DISTANCE ALONG TRACK FROM 
TANGENT POINT, i .e . , when the distance to TP = 
5 and the along track distance = 10, the X track 
error isif.ONM and the afong track error is*.8 NM. 

DISTANCE ALONG TRACK 

ERROR ELEMENTS GROUND VOR OME AIRBORNE VOR DME RNAV SYSTEM PILOT CROSS-TRACK 0.5 A10NC-TRACK ZERO 

1.9° 0.1 NM 
3.0° 
nor 0.5 NM 0.5NM 

TABLE 4 

Fmal waypoint displacement errors 
apply to the waypoints used in the 
Final approach segment, {para 4h) 

Par 4 Page 17 (and 18) 
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SECTION I I 

3D RNAV CONSIDERATIONS 

* BACKGROUND. Adding a t h i r d dimension of v e r t i c a l guidance t o the two 
dimensional RNAV system can ach ieve s i g n i f i c a n t o p e r a t i o n a l advantages . 
B r i e f l y , a 3D RNAV c a p a b i l i t y permits a l t i t u d e change by f o l l o w i n g 
v e r t i c a l routes ( t u b e s ) o f known dimensions thus v e r t i c a l guidance i s 
a v a i l a b l e f o r s t a b i l i z e d descent in instrument approach procedures 
using computed g l i d e path i n fo rma t ion . In some c a s e s , the computed 
g l i d e path can make i t p o s s i b l e t o s a f e l y e l i m i n a t e o b s t a c l e s from 
c o n s i d e r a t i o n . This s e c t i o n d iscusses the o p e r a t i o n a l problems and 
c a p a b i l i t i e s o f 3D RNAV and p rov ide s c r i t e r i a f o r v e r t i c a l instrument 
f l i g h t p rocedures . 

a. L e v e l F l i g h t RNAV Long i tud ina l and V e r t i c a l E r r o r s . 

( 1 ) I n l e v e l f l i g h t , the plus o r minus v e r t i c a l p o s i t i o n e r r o r 
i s due t o a l t i m e t r y and f l i g h t t e c h n i c a l e r r o r s . Current 
standards f o r a i r c r a f t sepa ra t ion and o b s t a c l e c lea rance 
a l l o w f o r these e r r o r s , and i n a d d i t i o n , p r o v i d e an a l lowance 
f o r a tmospheric anomal ies . 

V E R T I C A L E R R O R S 

M S I C C O N C E P T 

FIGURE 6 . LEVEL FLIGHT VERTICAL ERROR 

Par 5 Page 19 
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(2) A l s o , i n l e v e l f l i g h t the combination of ground s t a t i o n , 
a i rborne equipment, and computer e r r o r s produce a plus-or-minus 
l o n g i t u d i n a l p o s i t i o n e r r o r c a l l e d a l o n g - t r a c k e r r o r . No 
f l i g h t t e c h n i c a l e r r o r i s i n v o l v e d . 

H O R I Z O N T A L P R O B A B I L I T Y 

FIGURE 7. ALONG-TRACK ERROR 

( 3 ) Thus, p r o v i d i n g a i r space f o r a i r c r a f t i n l e v e l f l i g h t using 
RNAV i s s imply a matter o f con ta in ing the plus-or-minus 
v e r t i c a l and l o n g i t u d i n a l p o s i t i o n e r r o r s as the a i r c r a f t 
p rogresses a long the in tended f l i g h t path. 

V E R T I C A L H O R I Z O H T A L P R O B A B I L I T Y 

FIGURE 8. AIRSPACE IN LEVEL FLIGHT 

Page 20 Par 5 
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b . V e r t i c a l F l i g h t RNAV E r r o r s . To p rov ide v e r t i c a l guidance during 
ascent or descent , the 3D RNAV equipment compares the i n d i c a t e d 
a l t i t u d e w i t h the de s i r ed a l t i t u d e and presents the computer 
c o r r e c t i o n i n s t r u m e n t a l l y ; t y p i c a l l y i n the form o f f l y u p / f l y down 
cross po in t e r i n fo rma t ion . The computation and comparison process 
produces v e r t i c a l p o s i t i o n e r r o r s which a re a d d i t i o n a l t o those 
a f f e c t i n g the a i r c r a f t i n l e v e l f l i g h t . 

FIGURE 9 . ADDITIONAL ERROR ALLOWANCE FOR 
ASCENDING/DESCENDING FLIGHT. 

( 1 ) The a l o n g - t r a c k e r r o r a l s o has s i g n i f i c a n c e i n v e r t i c a l l y 
guided f l i g h t . When an a i r c r a f t i s ahead or behind i t s 
assumed p o s i t i o n , i t w i l l be e i t h e r above or below i t s 
in tended path. 

ADDITIONAL VERTICIl CONTRIBUTION USING VMV 

FIGURE 10. EFFECTS OF ALONG-TRACK ERROR. 

Par 5 Page 21 
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( 2 ) The angle at which c l imb o r descent i s made a l s o a f f e c t s the 
requ i red o b s t a c l e c l ea rance because as the v e r t i c a l ang le 
i n c r e a s e s , the re i s a corresponding inc rea se in the e f f e c t 
o f the a long - t r ack e r r o r on the th ickness of the tube . 

VARIATIONS OF VERTICAL CLEARANCE 

A * » 
ICVEl FLIGHT 

FICURE 1 1 . VARIATIONS OF TUBE SIZF TO CONTAIN POSITION 
ERRORS AS VERTICAL ANCLE INCRFASES. 

CONCEPT OF VERTICAL OBSTACLE CLEARANCE. In p r e s c r i b i n g o b s t a c l e c l ea rance 
f o r 3D RNAV, i t i s u se fu l to th ink o f the v e r t i c a l rou te as be ing the 
cen te r o f a tube of a i r s p a c e . The l a t e r a l dimension o f the tube i s the 
width o f the RNAV rou te as desc r ibed i n Sec t ion I o f t h i s appendix. The 
v e r t i c a l dimension of the tube i s s u f f i c i e n t t o conta in the combined 3P 
RNAV v e r t i c a l e r r o r s . The l o n g i t u d i n a l dimension o f the tube i s l i m i t e d 
on ly by i t s o p e r a t i o n a l use; f o r example: The d i s t ance requ i red t o cl imb 
10,000 f e e t at a c l imb angle of 2 ° , or the descent from the f i n a l approach 
waypoint to the missed approach waypoint at a descent ang le of 3 ° . For 
o b s t a c l e c l e a r a n c e , I t i s necessary t o cons ide r on ly that p o r t i o n of the 
tube which I s at and below the des igned v e r t i c a l f l i g h t pa th . An a i r c r a f t 
i s p ro t ec t ed from o b s t a c l e s when no o b s t a c l e s pene t r a t e the tube from b e l o w . 
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7. OBSTACLE CLEARANCE REQUIREMENTS. 3D o b s t a c l e c lea rance requirements 
w i l l be inc luded in FAA Handbook 8260.3A t " U . S . Standard f o r Terminal 
Instrument Procedures ( T E R P s ) . 

NOTE: Use o f 3D RNAV on 2D RNAV procedures i s not p r o h i b i t e d . 2D RNAV 
procedures a re annotated w i th F l i g h t Path Angles measured from the TCH 
at the runway threshold waypoint t o the a l t i t u d e at the F i n a l Approach 
ATD. These FPA may be flown as may any o the r FPA genera ted by the 
a i rborne equipment PROVIDED tha t the minimum and maximum a l t i t u d e s 
s p e c i f i e d i n the f l i g h t procedures o r in A i r T r a f f i c Cont ro l c l ea rances 
are not v i o l a t e d . 

Par 7 Page 2'3 (and ? A } 
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APPENDIX E. MAINTENANCE 

1. MAINTENANCE. A l l maintenance w i l l be performed in accordance w i t h 
FAR 43 and the manufacturer 's i n s t r u c t i o n s , or In accordance w i t h a 
manual under an approved maintenance procedure . Records o f mainte­
nance 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 , o r i n the records r equ i r ed by the o p e r a t o r ' s approved 
maintenance p rocedures . 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 ion on i t s use. 
C o m p a t i b i l i t y o f the a i rbo rne 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 approva l was based. 

2 . INSPECTION AND TEST PROCEDURES. Operators using a i r c r a f t under IFR 
w i t h 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 inspect 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 opera t ing in accordance w i t h at l e a s t the accuracy s p e c i f i e d i n 
Appendix A f o r minimum equipment. Such procedures should inc lude a 
method f o r ana lyz ing malfunct ions and d e f e c t s t o determine that the 
e s t a b l i s h e d i n spec t i ons and t e s t s g i v e reasonable assurance that 
the equipment i s main ta in ing i t s accuracy. T e s t and i n s p e c t i o n p r o ­
cedures 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 of the a n a l y s i s . 

Par 1 Page 1 
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APPENDIX F. AIR CARRIERS/AIR TAXI AND 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 t o s e t up t o comply w i t h the r e f e r e n c e d 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 p rocedures , l i m i t a t i o n s , d e t e c t i o n o f mal funct 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 l ana t i on o f a l l systems, t oge the r wi 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 inc ludes 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 ass igned 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 ope ra t i on o r , in par t in an 
approved s imula tor o r 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 s u p e r v i s i o n 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 red by S e c t i o n 1 2 1 . 4 0 1 ( c ) . 

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. R e v i s i o n s 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 inu ing the f l i g h t wi 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 f o 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 i ons 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 o p e r a t i o n in dual system i n s t a l l a t i o n s . 

4 . 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 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. 

Par 1 Page 1 
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5. APPROACH MINIMUMS. For the i n i t i a l s i x months o f RNAV o p e r a t i o n s , 
approach minimums may be approved w i t h an a d d i t i o n a l margin o f 200 f e e t 
and 1/2 m i l e above the MDA and v i s i b i l i t y minimums publ ished on the 
standard instrument approach p rocedure . At the end o f that p e r i o d , 
the minimums publ i shed on the standard instrument approach procedure 
may be approved on a permanent bas i s i f the o p e r a t i o n a l r e l i a b i l i t y 
has been s a t i s f a c t o r i l y demonstrated during the i n i t i a l s i x month p e r i o d . 

Page 2 Par 5 
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APPENDIX H. AIR TAXI 
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1. AIR TAXIS USING SMALL 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 i n compliance w i t h the t r a i n i n g r e ­
quirements of h i s ope ra t ions 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 ope ra t i on 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 personnel . 

( 2 ) I t s t e c h n i c a l con ten 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 e x p l a n a t i o n of a l l systems, a r ev i ew of 
n a v i g a t i o n and f l i g h t p lanning . 

( 3 ) I t s r ecur ren t t r a i n i n g program inc ludes 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 ass igned as an ope ra t i ng crewmember completes as 
many t r i p s over a rou te or area ( e i t h e r i n ac tua l ope ra t i on o r , 
i n pa r t , i n an approved s imula tor or 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 s u p e r v i s i o n 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 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 i s 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 . OPERATIONS MANUAL. R e v i s i o n s t o the ope ra t ions manual should be 
prov ided 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 of the area 
n a v i g a t i o n equipment. The manual should con ta in procedures fo 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 rbo rne equipment. 

2 . APPROACH MINIMUMS. For the i n i t i a l s i x months of RNAV o p e r a t i o n s , 
approach minimums may be approved w i th an a d d i t i o n a l margin of 2U0 f e e t 
and 1/2 m i l e above the MDA and v i s i b i l i t y minimums publ ished on the 
standard instrument approach procedure . At the end of that p e r i o d , 
the minimums publ ished on the standard instrument approach procedure 
may be approved on a permanent bas i s i f the o p e r a t i o n a l r e l i a b i l i t y 
has been s a t i s f a c t o r i l y demonstrated during the i n t i a l six-month p e r i o d . 
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Sin 6 = A ° E 

DTE 

A D E = DTE S i n © 

d . T o t a l expec ted a l o n g - t r a c k e r r o r (95%) p r o b a b i l i t y . 

A l l a l o n g - t r a c k components a r e combined by the " roo t sum square" 
method. 

2 2 2 2 
AVE + ADE + C o m P + p H o t 
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APPENDIX J. COMPUTATION OF GEODESIC INFORMATION 

METHOD. Mathematical formulas used for geodetic computations are de­
rived from a procedure developed by Sodano (U.S. Army Engineer; Geodesy, 
Intelligence and Mapping Research and Development Agency; Fort Belvoir, 
Virginia.) The method provides very good direct and inverse compu­
tational compatibility; it is used by the FAA for all Route development. 

NOTE: This appendix is presented for information purposes and for use 
by manufacturers who wish to compare airborne computational processes. 
All angles are expressed in degrees and distances in Nautical Miles. 

2 COMPUTATION OF A GEODESIC LINE GIVEN TWO GEODETIC POINTS. 

Given: B^, L^ Geodesic Lat., Long, of P^ 

B2, L2 Geodesic Lat., Long, of P 

And 

F = 3.3901 X 10 3 

A Q = 3443.95594 (Semimajor Axis of the Earth) 

Required: 

Azimuth of Geodesic from P^ to P2 

Azimuth of Geodesic from P2 to P^ 

S: Geodesic Length 

Compute S (Geodesic Length in Nautical Miles): 

S = (1-F) A q S 

Par 1 Page 1 
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Where; 

S l « < f 2 + F ) [Y(2-M) + OCC2A-M0)] 

+ ifcr j 8 * 2 *"> 
X inn 

A +CXcot ififî. + 0T < 8A (M0-A)+(l-20 ) 

180 A r C T a n ^ 

( X 2 - s i n 2 L C o s 2 /3t C o s 2 ,/3? 

a 2 

(X = S i n 2 L C o s 2 J32

 + (S in ^ Cos J3l - Sin Cos /32 Cos L ) 

0 = Sin J2X Sin ^ + Cos J3X Cos / ? 2 Cos L 

i/ i f I L'I 5 180° 
L = 

L' + 360 iii—1 i f | > 180' 

L = - 1<2 
A = Sin Sin J3: 

A - Arc Tan f o r 1 = 1, 2 (1-F) Tan 

Compute A^2 (Azimuth o f Geodesic from to P 2 ) 

0 i f L 2 0 

. d + 180° i f L 0 

L12 
Where 

CT = 
Arc Tan J + 180° if Arc Tan r 0 b b 

Arc Tan i f Arc Tan ~ > 0 b 
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APPENDIX I . COMPUTATION OF CROSS-TRACK AND ALONG-TRACK ERROR COMPONENTS. 

1. TRACK ERROR. 

The t r ack e r r o r t a b l e i s deve loped by combining the app ropr i a t e c r o s s -
track and a l o n g - t r a c k e r r o r v e c t o r d e r i v e d from VOR, DME, RNAV equ ip­
ment and p i l o t a g e e r r o r v a l u e s . The v a l u e p r i n t e d out in the t a b l e i s 
the l a r g e r of the two p o s s i b l e v e c t o r s ( l e f t or r i g h t , f o r e or a f t ) . 
The mathematics used i n these computations f o r d i s t ance g r e a t e r than 
f i v e m i l e s are shown i n subsequent paragraphs. 

NOTE: This appendix i s presented f o r in format ion purposes and f o r 
use by manufacturers who wish to deve lop t ab l e s f o r 
c e r t i f i c a t i o n of equipment. 

2. CROSS-TRACK. 

a. D e f i n i t i o n s . 

D A = Distance from' facility to the tangent point. 

D 2 = Distance from aircraft to the tangent point. 

D = Distance from facility to the aircraft. 

(J = The angle formed by the tangent point, facility 
and the aircraft (facilitv at Vortex). 

(J. = Ground VOR error. 

JJ - = Airborne VOR error. 

7 • -ICE7 + J? 

DGE = DME ground error. 

DAE = DME air errorX * orY N M whichever is greater. 

DTE = ~\J DGE 2 + DAE 2 

VE = Cross track component of errors due to 0^ and J3 . 

DE = Cross track component of errors due to DAE and DGE, 

Pilot = Pilot error. 

Cottyd. = Computer error. 

Par 1 Page 1 



AC 90-45A 2/21/75 
Appendix I 

Page 2 Par 2 

b VOR Component (VE) 
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d. T o t a l expected c r o s s - t r a c k e r r o r (95%) p r o b a b i l i t y 

A l l c ro s s - t r a ck components are combined by the "root-sum-square" 
method as f o l l o w s : 

c r o s s - t r a c k e r r o r = + ^ VE 2 + DE 2 + Comp2 + P i l o t 2 

3. ALONG-TRACK. 

a. D e f i n i t i o n s 

D A = Dis tance from f a c i l i t y t o tangent p o i n t . 

D 2 = Dis tance from a i r c r a f t t o the tangent p o i n t . 

D = Dis tance from a i r c r a f t t o the f a c i l i t y . 

0 = The a n g l e formed by the tangent p o i n t , f a c i l i t y 
and the a i r c r a f t ( f a c i l i t y a t V o r t e x ) . 

OC = Ground VOR e r r o r . 

3̂ = A i rborne VOR e r r o r . 

I2 

DGE = Ground DME e r r o r . 

= DME a i r e r r o r X * o r ^ NM whichever i s g r e a t e r , 

= - I />GE 2 + DAE 2 

DAE 

DTE 

AVE a A long - t r ack component o f e r r o r s due t o Q ( and j3 • 

A D E = A long - t r ack component o f e r r o r s due t o DAE and DGE, 

P i l o t = P i l o t e r r o r . 

Comp. ~ Computer e r r o r . 
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VOR Component ( A y ^ ) 

'VE 

0 » arctarr-j" 

2 j 2 
+ D 2 

D? - Sin ( 0 - f ) 
D 

- D Sin (0 - J) 

A V E = D 2 - D 2 

c . 

Page 4 

DME Component ( A D E ) 
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a - Sin H Cos 

b = Sin /$2 Cos j3\ ~ Cos H Sin / ? x Cos /3 ; 

H = 180 Sin L Cos Pi Cos /3 2 IT L cx x 
_ 

CX2 + 2 

+ L 

MF 2 (K* -5 ^ + 4 M / 2 Cot 1 B 0 ¥ 
7f 

Compute A 2 1 in degrees (Azimuth P 2 to P j ) 

V i f L * 0 
A 2 1 = 

Where; 

V « 

V + 180 i f L > 0 

180° + Arc Tan j i f Arc Tan 7 < 0 
d d 

Arc Tan -
d 

i f Arc Tan °- > 0 
d ~ 

c = Sin H Cos j3l 
d = Sin j[$2 Cos Cos H - Sin JJX Cos j 3 2 

Par ? Page 3 
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Computation o f the Geode t ic D e s c r i p t i o n o f a True Bear ing and Dis tance From 
A Given Geode t ic P o i n t . 

Given: 

Requi red : 

B^ Geodesic L a t i t u d e o f a P± 

LJ Geodesic Longi tude o f a P^ 

S Geodesic Length 

A^2 Azimuth o f Geodesic from P^ to P 2 

And: 

F = 3.3901 X 1 0 ' 3 

A Q = 3443.95594 

B 2 Geodesic L a t i t u d e o f P 2 

L 2 Geodesic Longi tude of P 2 

A 2 ^ Azimuth o f Geodesic from P 2 t o P^ 

Compute B 2 Geodesic L a t i t u d e 

Tan 02 
B 2 = Arc Tan 

1-F 

Where* 

- Sin J3i Cos P + Cos J3\ Cos A 1 2 Sin Q 
^ 2 = [cos 2 J3Q + (Cos p C o s J3X Cos A l 2 - Sin Sin f) ) 2 J 1 / 2 

A 9 0 A 1 E 2 
P - r - —ff— Sin r - _ ^ v , r - _ D x n , r , T 

Sin r - (2 r - ^ Sin 2 r ) + A 2E?. Sin 2r 

.2_2 
| 2 2 r - ^ Sin 2r - 16r C o s 2 r + ^ C o s 2 r Sin 2r 

128 TT 

+ [±gS£ Sin r + 4r Cos r , W Cos r Sin 2r 
1 6 L /( /( 

A x = h 

r = 

S i n 2 J3\ Cos r + Cos fi\ Cos A l 2 Sin f3\ Sin 

180S 

7f d - F ) A 0 
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L 2 = 

L 2 -

L 2 

i f L , =» 180 
21 

i f | L 2 | < 180 

L' 2 B L r V Cos - L c ' 

V , 2 7 0 * l g 2 Sin r - Fr + ™ £ ( r - 90 Sin 2r> 

7T 

L ' = ^ 

L c - 180 i f Sin P > 0 and Sin A 12 

L c + 180 i f Sin P ^ 0 and Sin A l 2 > 0 

L c - 360 i f Sin Q < 0 and Sin A l 2 < 0 

Otherwise 

L c » Arc Tan 
Si Sin A 12 

Cos Cos p - Sin Q̂-ĵ  Sin p Cos A l 2 

Compute Geodesic Azimuth A2I in degrees 

where -90 < L < 90 

A 2 1 = < 

( A 2 1 + 180°) i f Sin A l 2 > 0 

L21 i f Sin A l 2 *=• 0 
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M t = h (1 - CoS

2^3o) 

h = 1 + ~ S i n 2 J3t 

j3i = Arc Tan [ ( 1 - F ) Tan B j ] 

Cos fi0 = Cos J3X Sin A 1 2 

E 2 = ( 1 - F ) " 2 -1 

Compute L 2 (Geodes ic L o n g i t u d e ) 

, 360 L 2 
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A + 180° i f g <• 0 

A 2 ' l = 

A i f ^ 2 r 0 
D 

A = Arc Tan | where -90° ^ A ^ 90° ( P r i n c i p l e Arc Tan) 

N - Cos jB0 

D = Cos j3y Cos A l 2 Cos p - Sin J3X Sin P 
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