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AC
ADS-B
AGL
anpe
APCH
APV
AR
‘ase
ASI
ATC
*atis
ATM
ATS
ATT
BARO-VNAV
BG
CAT
CDA
CFIT
Cot
CNS/ATM

DA/H
DER
Drap
Drror
DR
DTA
FAA
FAF
FAP
FAS
FCC
FOSA
FROP
ft

*fte
FTP
GNSS
GP
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Advisory circular

Automatic dependent surveillance broadcast

Above ground level

Actual navigation performance error

Approach

Approach procedure with vertical guidance

Authorization required

Altimetry system error

Airspeed indicator

Air traffic control

Automatic terminal information service

Air traffic management

Air traffic services

Along track tolerance

Barometric vertical navigation

Body geometry

Category

Continuous descent approach

Controlled flight into terrain

Cotangent

Communications, navigation and surveillance/air
traffic management

Decision altitude/height

Departure end of runway

Distance from threshold to FAP

Distance to final approach roll-out point

Descent rate

Distance of turn anticipation

Federal Aviation Administration

Final approach fix

Final approach point

Final approach segment

Flight control computer

Flight operations safety assessment

Final approach roll-out point

Feet

Flight technical error

Fictitious threshold point

Global navigation satellite system

Glide path
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Lower case is used for those abbreviations and acronyms that come from the Performance-Based Navigation (PBN) Manual
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GPI
GPS
H
HATh
HL
IAF
IAS
IF
IRU
ISA
isad

km

kt

LNAV
LTP
LTPeLev
m

MA
MAS
MEL
MOC
NM
OAS
OCA/H
0CS
PANS-OPS

PBN
PSR

R

r

RA

RDH

RF
RNAV
RNP
RNP AR

RNPSORSG

RWY
Si
SOC
SSR
TAS
TCH
TF
TP
TrD
TWC

Ground point of intercept

Global positioning system

Altitude

Height above threshold

Height loss

Initial approach fix

Indicated airspeed

Intermediate fix

Inertial reference unit

International standard atmosphere

International standard atmosphere temperature
deviation

Kilometre

Knot

Lateral navigation

Landing threshold point

Landing threshold point elevation

Metre

Missed approach

Missed approach segment(s)

Minimum equipment list

Minimum obstacle clearance

Nautical mile

Obstacle assessment surface(s)

Obstacle clearance altitude/height

Obstacle clearance surface

Procedures for Air Navigation Services —
Aircraft Operations

Performance-based navigation

Primary surveillance radar

Rate of turn

Radius

Radio altimeter

Reference datum height

Radius to fix (ARINC leg type)

Area navigation

Required navigation performance

Required navigation performance authorization
required

Required Navigation Performance and Special
Operational Requirements Study Group

Runway

International system of units

Start of Climb

Secondary surveillance radar

True airspeed

Threshold crossing height

Track to fix (ARINC leg type)

Turning point

Transition distance

Tailwind component

Speed
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VA
vae
Vat
VEB
VGSI
VNAV
VPA
Vslg

Vso
WGS

Heading to altitude (ARINC leg type)
Vertical angle error

Speed at threshold

Vertical error budget

Visual glide slope indicator

Vertical navigation

Vertical path angle

Stall speed in landing configuration at maximum
landing mass

Stall speed

World geodetic system
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FAP VEB
Calculations OAS oOrigin & Gradient
Min Intermediate Segm ent Altitude: 4500.00 ft
Min Intermediate Segment Alt (a): 5,000.00 ft LTP Elevation: 1200.00 ft
LTP MSL Elevation (b): 321.00 ft Vertical Path Angle: 3.00°
RDH: 52.50 ft RDH: 55.00 ft
Vertical Path Angle (VPA): 3.00° RNP Value: 0.14 NM
ISA: -20.00°
Distance from LTP to FAP (D): 88,267.53 ft
14.53 NM StraightIn Segment
(Wingspan =<262) LTP to Origin: 2537.39 ft
LTP/FTP Latitude: 088°00' 00.00" N
LTP/FTP Longitude: 167°55' 48.50" W OAS Gradient : 0.048172
True RWY Bearing/True Course: 150.00
RF Turn Segment | Bank angle: 18.00°
FAP Latitude: 88°12'16.420" N (Wingspan =<262) LTP to Origin: 2865.18 ft
FAP Longitude: 171°46'37.176" W
Latitude/Longitude valid for OAS Gradient : 0.048172

straight segment only

VPA

Temperature Limits

Vertical Path Angle:
Max Vertical Path Angle:
FAP Elevation:

LTP Elevation:

ACT:

Min Vertical Path Angle

NA Below
NA Above

NA Below (2.5°)

(sl Al cas o) Algil o 58y

3.00°

3.50°
4500.00 ft
1200.00 ft
-10.00°C

NON SI UNITS

2.84°

-10.00°C
47 .25°C

-39.32°C

14.00 °F
117.05°F

-38.78 °F

Verslon 22
3/17/09
VEB MOC
Vertical Path Angle 3.00°
LTP MSL Elevation 1,200.00
RDH 55.00
Tangent of VPA 0.052408
OAS Gradient 0.048172
OAS Orrigin Distance
(measured along-track from LTP) 3.811.84
Obstacle Distance (measured 29,763.55

along-track from LTP)

VEB MOC (atobstacie)
O ASyar

(at obstacle)

) Akl g pnad 0 Uad) Ghald Glla Jglan

365
1250

ft
ft

(Fye-¢ Jed
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FAP VEB
Calculations OAS origin & Gradient
Min Intermediate Segment Altitude: 4500.00 ft
Min Intermediate Segment Alt (a): 5,000.00 ft LTP Elevation: 1200.00 ft
LTP MSL Elevation (b): 321.00 ft Vertical Path Angle: 3.00°
RDH: 52.50 ft RDH: 55.00 ft
Vertical Path Angle (VPA): 3.00° RNP Value: 0.14 NM
ISA: -20.00°
Distance from LTP to FAP (D): 88,267.53 ft
1453 NM Straight In Segment
(Wingspan =<262) LTP to Origin: 2537.39 ft
LTP/FTP Latitude: 088°00' 00.00" N
LTP/FTP Longitude: 167°55' 48.50" W OAS Gradient : 0.048172
True RWY Bearing/True Course: 150.00
RF Turn Segment | Bank angle: 18.00¢
FAP Latitude: 88°12' 16.420" N (Wingspan =<262) LTP to Origin: 2865.18 ft
FAP Longitude: 171°46' 37.176" W
Latitude/Longitude valid for OAS Gradient : 0.048172
straight segment only NON SI UNITS
Verslon 2.2
VPA 3/17/09
Temperature Limits VEB MOC
Vertical Path Angle: 3.00° Vertical Path Angle 3.00°
Max Vertical Path Angle: 3.50° LTP MSL Elevation 1,200.00 ft
FAP Elevation: 4500.00 ft RDH 55.00 ft
LTP Elevation: 1200.00 ft Tangent of VPA 0.052408
ACT: -10.00°C OAS Gradient 0.048172
Min Vertical Path Angle 2.84° OAS Origin Distance 3,811.84 ft

(measured along-trackfrom LTP)
Obstacle Distance (measured

NA Below -10.00°C 14.00 F o g ) 29,763.55 ft
NA Above 47.25C 117.05°F VEB MOC (@obstatr 365 1t
NA Below ( 2.59) -39.32°C -38.78 F OASjgr  @obstado 1250

(ol ) s g ) (gl ol 8y) Aaig oad 0 Unld) (el llua Jglan (Y E-¢ JSA
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\/ Roll-out point
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OCH 3 due to stabilization |
time requirement |

OCH 2 due to minimum
height constraint

OCH 1 due
to obstacles
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1 i RDH
| !

| «— (OCH - RDH)/tan VPA —»

|
| 4= LTP to OCH 1 distance —>: <+— 150r 50 seconds ——»
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FROP based on the highest of OCH 1, OCH 2, OCH 3
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. a+e
Minvea-arctan(

)

a = FAP altitude — LTP elevation (m or ft, as appropriate)
e (Si units) = AISALow *[(0.19 * 0.3048) + (0.0038 * a)] + (0.032 * a) + (4.9 * 0.3048), or

e (non-Si units) = AISAiow * [0.19 + (0.0038 * a)] + (0.032 *a) + 4.9
a

"= tan(VPA)
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—el—(0.032*a)—(4.9%0.3048)
(0.19*0.3048) +(0.0038 * a)

AISALOW (Sl units) =

—el-(0.032*a)-4.9
0.19+(0.0038%a)

AISALOW (non-Sl units) =

el = FAP altitude — b
b =r*tan(2.5° + LTP elevation

(e a
" tan(VPA)

a = FAP altitude — LTP elevation (m or ft, as appropriate)
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AISAvgn (1 units) = €1~ (0-082"a) - (4.9*0.3048)
(0.19*0.3048) + (0.0038 * a)

AISAtigh (non-Sl units) = eh-(0.032*a)-4.9
0.19+(0.0038* a)

eh = c — FAP altitude

¢ =r *tan (a) + LTP elevation

a = maximum allowed VPA

a = FAP altitude — LTP elevation

ro 2
" tan(VPA)
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FAP
Calculations

Min Intermediate Segment Alt (a):
LTP MSL Elevation (b):

RDH:

Vertical Path Angle (VPA):

Distance from LTP to FAP (D):

LTP/FTP Latitude:
LTP/FTP Longitude:

500.00
20.00
15.00
3.00°

8,872.36
4.79 NM

036° 30" 00.00"
095° 54' 00.00"

True RWY Bearing/True Course: 15.00
FAP Latitude: 36°25'21.962"
FAP Longitude: 95°55' 32.181"
Latitude/Longitude valid for
straight segment only
VPA
Temperature Limits
Vertical Path Angle: 3.00°
Max Vertical Path Angle: 3.50°
FAP Elevation: 762.00
LTP Elevation: 400.00
ACT: 2.44°C
Min Vertical Path Angle 2.99°
NA Below 2.44°C
NA Above 45.46°C
NA Below ( 2.5°) -38.87°C

VEB
OAS Origin & Gradient
Min Intermediate Segment Altitude: 762.00 m
m LTP Elevation: 16.00 m
m Vertical Path Angle: 3.00 °
m -165.00 RDH: 17.00 m
RNP Value: 0.30 NM
= ISA: -12.44 °
m
Straight In Segment
(Wingspan =<80m) LTP to Origin: 1042.86 m
N
w OAS Gradient :  0.049845
RF Turn Segment | Bank angle: 18.00°
N (Wingspan=<60m) LTP to Origin: ~ 1138.37 m
w
OAS Gradient :  0.049845
SI UNITS
Verslon 22
3/17/09
VEB MOC
Vertical Path Angle 3.00°
LTP MSL Elevation 16.00 m
m RDH 17.00 m
m Tangent of VPA 0.052408
OAS Gradient  0.049845
OAS Origin Distance  (measured
along-track from LTP) 762.00 m
o Obstacle Distance (measured
36.39°F along-track from LTP) 3,048.00 m
113.84°F VEB MOC @obstacty @3 m
-37.96°F OASHGT (at obstacle) 1 13 m

(chan gl doa) aURL) oud Y Undd) (ials clily Jgan (1 Y-8 g



FAP VEB
Calculations OAS Origin & Gradient
Min Intermediate Segment Altitude: 4500.00 ft
Min Intermediate Segment Alt (a): 5,000.00 ft LTP Elevation: 1200.00 ft
LTP MSL Elevation (b): 321.00 ft Vertical Path Angle: 3.00°
RDH: 52.50 ft RDH: 55.00 ft
Vertical Path Angle (VPA): 3.00° RNP Value: 0.14 NM
€ISA: -20.00°
Distance from LTP to FAP (D): 88,267.53 ft
1453 NM Straight In Segment
(Wingspan =<262) LTP to Origin: 2537.39 ft
LTP/FTP Latitude: 088°00' 00.00" N
LTP/FTP Longitude: 167°55' 48.50" W OAS Gradient : 0.048172
True RWY Bearing/True Course: 150.00
RF Turn Segment | Bank angle: 18.00°
FAP Latitude: 88°12' 16.420" N (Wingspan =<262) LTP to Origin: 2865.18 ft
FAP Longitude: 171°46' 37.176" W
Latitude/Longitude valid for OAS Gradient : 0.048172

straight segment only

NON SI UNITS
Verslon 22

3/17/09

VPA
Temperature Limits
Vertical Path Angle: 3.00°
Max Vertical Path Angle: 3.50°
FAP Elevation: 4500.00 ft
LTP Elevation: 1200.00 ft
ACT: -10.00°C
Min Vertical Path Angle 2.84°
NA Below -10.00°C 14.00 °F
NA Above 47.25°C 117.05°F
NA Below ( 2.59) -39.32°C -38.78 °F

(ol aladl) sy e can gl) ol 1 Uadd) (ials clily Jan

VEB MOC

Vertical Path Angle
LTP MSL Elevation
RDH

Tangent of VPA
OAS Gradient

OAS Origin Distance
(measured along-track from LTP)

Obstacle Distance (measured
along-track from LTP)

VEB MOC (at obstacle)
OASHGT

(at obstacle)

3.00°
1,200.00 ft
55.00 ft

0.052408

0.048172

3,811.84 ft

29,763.55 ft

365
1250 +
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OASygr =(ro +LTP)e -1, —LTP

(x—Dygg ) *OAS
r

e

gradient

f=

OASar = height of the VEB OAS (m or ft, as appropriate)

x = distance from LTP to obstacle (m or ft, as appropriate)

Dves = distance from LTP to the LTP level intercept of the VEB OAS (m or ft, as appropriate)
re = (Mmean earth radius) 6367435.67964 (m) or 20 890 537 (ft), as appropriate

OASgradient = value as derived from Appendix 1 or 2, as appropriate

Note.— Dves and tan final approach OAS are both obtained from Appendix 1 (Sl units) or Appendix 2
(non-SlI units).
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bg = 40 * sin(bank angle) m; or

bg = 132 * sin(bank angle) ft
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OASHgt(Obs) = (1o +LTPgey ) cef - fe =LTPeley

VEBMOC = eq * (re + LTPeIev + RDH) el P OASHgt(Obs)
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re = (mean earth radius) 6367435.67964 (m) or 20 890 537 (ft), as appropriate
LTPeiev = LTP elevation (m or ft, as appropriate)

OBSy = distance from LTP to obstacle (m or ft, as appropriate)

Dorigin = distance from LTP to OAS origin (m or ft, as appropriate)

OASgrad = OAS gradient, as derived from Appendix 1 or 2 (m or ft, as appropriate)

_ OBSx B Dorigin

P
'=*| OAS

grad

o OBS, *tan(VPA)
r

e
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XSOCcat = [(OCHcat — RDH)/tan VPA] — TrD

XSOCcat = range of the SOC for the aircraft category, positive before threshold, negative after threshold.

OCHcat = OCH for the aircraft category (the minimum value is the pressure altimeter height loss for the
category)

RDH = vertical path reference height

Tan VPA = gradient of the VPA

3
TrD = transition distance
t X MaxGndSpeed 4 3 2 3
TrD = + anpe” +wpr- + fte
3600 Vaanpe +upr'+ f

t = 15 seconds

MaxGndSpeed = maximum final approach TAS for the aircraft category, calculated at aerodrome elevation
and ISA + 15 plus a 19 km/h (10 kt) tailwind

anpe = 1.225 x RNP (99.7 per cent along-track error)
wpr = 18.3 m (60 ft) (99.7 per cent waypoint resolution error)

fte = 22.9/tan VPA m, (75/tan VPA ft) (99.7 per cent flight technical error)
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HLca = Pressure altimeter height loss for the aircraft category
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SOC for the
OCH_, selected

LTP

< TrD

v

HL., = Pressure altimeter height loss for the aircraft category
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Dwmasrne = (RNP missed approach — RNP final approach)*cot inertial reference unit (IRU) splay

s

for NM measure, cot IRU Splay = (TAS)/8 kt
for km measure, cot IRU Splay = (TAS)/14.816 km/h
TAS = initial missed approach speed for the aircraft category for the aerodrome elevation at ISA + 15

Height

loss

% v
é\\rP/FTP
Approach obstacles Missed approach obstacles
dJgeal) sy dn JALAY o B Bl YU-€ JCA
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Approach obstacles

Note.— d,, = d, + shortest distance from obstacle to line K— K
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ha = [(hma + MOC) * cot Z — Xz - x]/(cot VPA + cot Z)

ha = height of the equivalent approach obstacle

hma = height of the missed approach obstacle

X = distance of the obstacle from threshold (positive prior to the LTP threshold, negative after)
cot Z = cotangent of the Z surface angle

cot VPA = cotangent of the VPA

X = obstacle distance from threshold calculated according to 4.7.7, 4.7.8 and 4.7.9.
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(OCA/H — HL) + (d. + do)tan Z — MOC

do = shortest distance from the obstacle to the earliest turning point (TP) (see Figures 4-26 and 4-27)

d; = horizontal distance from SOC to the earliest TP,
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(Used to calculate
s = length for gradient)
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Margin = (0.068Va + 28.3) metres where Vgt is in km/h

Margin = (0.125Va + 28.3) metres where Va is in kt
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The minimum obstacle clearance (MOC) for the VEB is derived by combining three known standard deviation variations
by the root sum square method (RSS) and multiplying by four-thirds to determine a combined four-standard deviation
(40) value. Bias errors are then added to determine the total MOC.

MOC: 75 m when the approach surfaces are not penetrated (see Annex 14, Vol. |, Chapter 4)
90 m when the approach surfaces are penetrated (see Annex 14, Vol. |, Chapter 4)

The sources of variation included in the MOC for the VEB are:

Actual navigation performance error (anpe)

Waypoint precision error (wpr)

Flight technical error (fte) fixed at 23 m

Altimetry system error (ase)

Vertical angle error (vae)

Automatic terminal information system (atis) fixed at 6 m

The bias errors for the MOC are:
+  Body geometry (bg) error
+  Semi-span fixed at 40 m
+ International standard atmosphere temperature deviation (isad)

The MOC equation which combines these is:

MOC =bg-isad +%\/anpe2 +wpr? + fte? + ase? + vae? + atis?

Three standard deviation formulas for RSS computations are:
The anpe: anpe = 1.225 - rnp - 1852 - tan(VPA)
The wpr: wpr = 18 - tan(VPA)
The fte: fte = 23

The ase: ase =-2.887-107 - (elev)’ +6.5-107 - (elev) +15

elev —LTPelev

The vae: vae =
tan(VPA)

] [tan(VPA)-tan(VPA-0.01°)]

The atis: atis =6

APP 1-1
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Bias error computations:

(eleV —LTPeIev) -AISA
288+ AISA -0.5-0.0065 -elev

The isad: isad =

The bg bias:  Straight segments fixed values: bg = 7.6

RF segments: bg = semispan - sin o

SAMPLE CALCULATIONS

Design variables
Applicable facility temperature minimum is 20°C below standard: (AISA = —20)

Required navigational performance (RNP) is 0.14 NM: (rnp = 0.14)

AUTHORIZATION REQUIRED (AR) FIXED VALUES
Vertical fte of three standard deviations is assumed to be 23 m: (fte = 23)

Automatic terminal information service (atis) three-standard deviation altimeter setting vertical error is
assumed to 6 m: (atis = 6)

The maximum assumed bank angle is 18 degrees: (o = 18°)

Vertical path variables
Vertical path angle (VPA): VPA = 3°
Final approach point (FAP) is 1 400 m: (fap = 1 400)
Landing threshold point elevation (LTPelev): (LTPeiev = 360)
Reference datum height (RDH): (RDH = 17)
Minimum aerodrome temperature (Tmin) at 20°C below ISA: (AISA = —20):
Tmin = AISA + (15 -.0065 - LTPglev)

Tmin =—20 + (15— 0.0065 - 360)
min = —7.34°C

Calculations

MOC =bg-isad +%\/anpe2 +wpr? + fte? + ase? + vae? + atis?

The anpe: anpe =1.225-rnp- 1852 - tan(VPA)
=1.225.0.14 - 1852 - tan3°
= 16.6457

The wpr: wpr =18 -tan(VPA)
=18 -tan3°
=0.9433
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The fte: fte =23

The ase: ase=-2.887-10" -(elev)’ +6.5-107° - (elev) +15

ase,; = —2.887-107 - (LTPeev +75)* +6.5-10 - (LTPeiev + 75) + 15

=-2.887-10"-(360+75)° +6.5-10°-(360 +75) +15
=17.7729

asepy =—2.887-107 - (FAP)* +6.5-10° - (FAP) +15
=-2.887-107-(1400)* +6.5-10°-(1400) + 15
=23.5341

elev —LTPelev

The vae: vae =
tan(VPA)

J[tan(VPA) —tan(VPA -0.01°)]

75

vae,; = (tan(\/PA)][tan(VPA) —tan(VPA -0.01°)]

= ( £ j[tan 3°—tan(3°-0.01°)]
tan3°

=.2505

FAP —LTPelev

an(VPA) J[tan(VPA)—tan(VPA—0.01°)]

Valepp = (

B ( 1400 -360
tan3°

j[tan 3°—tan(3°-0.01°)]
=3.4730
The atis: atis =6

(elev —LTPeiev)- AISA

The isad: isad =

288 +AISA-0.5-0.0065-¢elev

. 75-(AISA)

isad,; =

288+ AISA-0.5-0.0065 - (LTPelev +75)
B 75-(-20)
© 288-20-0.5- 0.0065-(360+75)
=-5.6267
elev —LTPeev)- (AISA
isad.,p = ( v : ) ( )

288+ AISA —0.5-0.0065 - (FAP)

_ (1400-360)-(-20)
" 288-20-0.5-0.0065-(1400)

=-78.9524
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The bg: bg=semispan-sina
=40-sin18°
=12.3607

MOC,; =bg —isad, +%\/anpe2 +wpr? +fte® + ase,,” +vae,,” +atis®

= 12.6307+5.6267+%\/1 6.6457% +0.9433% +23% +17.7729% + 0.2505° + 6°
=63.3777

MOC,,, =bg—isad,, +%\/anpe2 +wpr? + fte® + ase,, * +vae,, ® +atis®

=12.6307 +78.9524 +%\/1 6.6457% +0.9433% + 232 +23.5341° + 3.4730° + 6°
=141.3599

CALCULATING THE OBSTACLE
ASSESSMENT SURFACE (OAS) GRADIENT

The OAS gradient is calculated by taking the difference in heights of the OAS surface at MOCyap and MOCys:

(fap—Itpelev —MOCeap) — (75 -MOC,;)
FAP —LTPeiev — 75
tan(VPA)

OASgradient =

CALCULATING THE OAS LTP TO ORIGIN DISTANCE

The OAS origin is calculated by taking the distance from LTP of the 75-m point of the VPA and subtracting the distance
from the MOCy7s point.

75-RDH 75-MOC
OASorigin = - 75
ol [tan(VPA)j [OASgradientj

Using the example numbers from above:

(1400 —360 —14.3599) — (75 -63.3777)
1400-360-75

tan3°
=0.0481726 (4.817%)

OASorigin = 75-17) (75-63.3777
tan3° 0.0481726

=865.4422

OASgradient =
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The required minimum obstacle clearance (MOC) for the VEB is derived by combining known three standard deviation
variations by the RSS method and multiplying by four-thirds to determine a combined four standard deviation (4c) value.
Bias errors are then added to determine the total MOC.

MOC: 250 ft when the approach surfaces are not penetrated (see Annex 14, Vol. |, Chapter 4)
300 ft when the approach surfaces are penetrated (see Annex 14, Vol. |, Chapter 4)

The sources of variation included in the MOC for the VEB are:

Actual navigation performance error (anpe)

Waypoint precision error (wpr)

Flight technical error (fte) fixed at 75 ft

Altimetry system error (ase)

Vertical angle error (vae)

Automatic terminal information system (atis) fixed at 20 ft

The bias errors for the MOC are:
+  Body geometry (bg) error
+  Semi-span fixed at 132
» International standard atmosphere temperature deviation (isad)

The MOC equation which combines these is:

MOC =bg-isad +%\/anpe2 +wpr? + fte? + ase? + vae? + atis?

Three standard deviation formulas for RSS computations:

The anpe: anpe =1.225-mp 1852
0.3048

The wpr:  wpr =60-tanVPA

-tanVPA

The fte: fte=75

The ase: ase=-88-10"-(elev)’ +6.5-107 - (elev) +50

The vae:  vae = (elev —LTPelev

- -0.01°
an6 j[tane tan(6-0.01°)]

The atis: atis = 20

15/4/11
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Bias error computations:

(eleV — LTPeIev) -AISA
288+ AISA -0.5-0.00198 -elev

The isad: isad=

The bg bias: straight segments fixed values: bg = 25

RF segments: bg = semispan - sin o

SAMPLE CALCULATIONS

Design variables

Applicable facility temperature minimum is 20°C below standard: (AISA = —-20)
Required navigational performance (RNP) is .14 NM: (rnp = 0.14)

AUTHORIZATION REQUIRED (AR) FIXED VALUES
Vertical fte of two standard deviations is assumed to be 75 ft: (fte = 75)

Automatic terminal information service (atis) two standard deviation altimeter setting vertical error is
assumed to be 20 ft: (atis = 20)

The maximum assumed bank angle is 18°: (¢ = 18°)

Vertical path variables
Final approach point (FAP) is 4 500 ft: (FAP = 4 500)
Landing threshold point elevation (LTPelev (ft)): (LTPelev = 1 200)
Reference datum height (RDH (ft)): (RDH = 55)

Vertical path angle (VPA): (VPA = 3°)

Calculations

MOC =bg-isad +%\/anpe2 +wpr? + fte? + ase? + vae? + atis?

-tan VPA

The anpe: anpe=1.225-mp- 1852
0.3048

1852

=1.225-0.14- -tan3°
0.3048

=54.6117

The wpr: wpr =60-tan VPA
=60-tan3°
=3.1445

15/4/11
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The fte: fte =75
The ase:  ase=-8.8-10"(eley)” +6.5-107 - (eley) + 50
ase,s, =—8.8-107° - (LTPelev +250)° +6.5-107 - (LTPelev + 250) + 50
=-8.8-10"° (1200 +250)* +6.5-10" - (1200 + 250) + 50
=59.2400
asep,, =-8.8-10° - (FAP)’ +6.5-107 - (FAP) + 50
=-8.8-10"°-(4500)* +6.5-10° - (4500) + 50
=77.4680
elev —LTPelev
The vae: ae=| —————— |[tanVPA —tan - °
( tan VPA j[ (VPA-0.017)]
FAP—LTPeIev
vaeg, =| ——  |[tanVPA —tan - °
FAP ( tan VPA j[ (VPA-0.01°)]
4500-1200
=(7j[tan3°—tan(3°_0,o1°)]
tan3°
=11.0200
250
vae,, =| ——— |[tanVPA —tan - °
20 (tanVPAj[ (VPA-0.01%)]
250
:( j[tan3°—tan(3°—0_0‘|°)]
tan3°
=.8349
The isad: isad = (eleV—LTPeIeV)'AISA
288+ AISA -0.5-0.00198 -elev
. (FAP —LTPelev)- AISA
|Sad|:Ap =
288 +AISA -0.5-0.00198 - (FAP)
B (4500 -1200)-(-20)
~ 288-20-0.5-0.00198- (4500)
=-250.432
. 250-AISA
288+ AISA-0.5-0.00198 - (LTPelev +250)
~ 250-(-20)
a 288—20—0.5-0.00198-(1200+250)
=-18.7572
The bg: bg = semispan-sin¢
=132-sin18°
=40.7902
15/4/11
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MOC 5, = bg —isadsso + % \/anpe2 +wpr? +fte? + asezs? + vaezso® + atis?

=40.7902+18.7572 +%\/54.61 172 +3.1445% + 752 +59.2400° + 0.8349° + 20°
=208.782

MOCkpp = bg —isadr + %\/ anpe? + wpr? + fte? + asersr? + vaers? + atis?

=407902 + 250432 + %\/54.61 172 +31445° + 752 +77.46802 + 11,0202 + 202
= 455282

CALCULATING THE OBSTACLE
ASSESSMENT SURFACE (OAS) GRADIENT

The OAS gradient is calculated by taking the difference in heights of the OAS surface at MOCgap and MOCa2so:

(fap —Itpelev —MOCFAP) — (250 —MOCz250)
FAP —LTPelev —250
tan VPA

OAS gradient =

(4500 —1200 — 455.282) — (250 — 208.782)
4500-1200-250
tan(3)

=0.04817 (4.817%)

CALCULATING THE OAS LTP TO ORIGIN DISTANCE

The OAS origin is calculated by taking the distance from the LTP of the 250-ft point of the VPA and subtracting the
distance from the MOC2s0 point.

OASorigin = (250 — RDH)— (250 -MOC)

tanVPA OASgradient

_(250-55) (250-208.782)
tan(3) 0.04817

=2865.179
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