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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document prescribes requirements for planning and executing manoeuvres and operations to
remove an operating spacecraft from the geosynchronous orbit at the end of its mission and place
it in an orbit for final disposal where it will not pose a future hazard to spacecraft operating in the
geosynchronous ring.

This document includes requirements related to the following:

— when the disposal action needs to be initiated,

— gelecting the final disposal orbit,

— ¢xecuting the disposal action successfully, and

— dlepleting all energy sources to prevent explosions after disposal.

End-pf-mission disposal of an Earth-orbiting spacecraft broadly means the following:

a) temoving the spacecraft from the region of space where other spacecrafts are operatipng, so as not
fo interfere or collide with these other users of space in the futufe, and

b) eénsuring that the disposed object is left in an inert state and-is incapable of generating an explosive
event that could release debris which might threaten the©perating spacecraft, see ISO[16127.

For d spacecraft operating in the geosynchronous belt, the)most effective means of dispogal is first to
re-o1bit the spacecraft to a super-synchronous orbit above the region of the operating spacecraft and
the manoeuvre corridor used for relocating the operating spacecraft to new longitudinal slots, and then
to difcharge batteries and vent propellants and take‘other actions to preclude a debris-producing event.

© IS0 2019 - All rights reserved v
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INTERNATIONAL STANDARD ISO 26872:2019(E)

Space systems — Disposal of satellites operating at
geosynchronous altitude
IMPORTANT — The electronic file of this document contains colours which are considered to be

useful for the correct understanding of the document. Users should therefore consider printing
this document using a colour printer.

1 $Scope
This|document specifies requirements for the following:

— planning for disposal of a spacecraft operating at geosynchronous altitide to ensure that final
isposal is sufficiently characterized and that adequate propellant"will be reserfved for the
anoeuvre;

— gelecting final disposal orbits where the spacecraft will not re-enter the operational r¢gion within
the next 100 years;

— ¢xecuting the disposal manoeuvre successfully;

— depleting all energy sources on board the vehicle befarethe end of its life to minimize thle possibility
fan event that can produce debris.

This|document provides techniques for planning dnd executing the disposal of space hapdware that
reflect current internationally accepted guidelifiés and consider current operational protedures and
best practices.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of thissdocument. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 44113:2019, Space systems — Space debris mitigation requirements

3 Terms anddefinitions
For the purposés of this document, the terms and definitions given in ISO 24113 and the follpwing apply.

ISO gnd TEC maintain terminological databases for use in standardization at the following dddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

inclination excursion region

region in space occupied either by a non-operational geostationary spacecraft (3.4) or by an operational
geosynchronous spacecraft without inclination station-keeping

3.2
re-orbit manoeuvre
action of moving a spacecraft (3.4) to a new orbit

© IS0 2019 - All rights reserved 1
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3.3
satellite
manufactured object or vehicle intended to orbit the Earth, the moon or another celestial body

3.4
spacecraft
system designed to perform a set of tasks or functions in outer space, excluding launch vehicle

[SOURCE: ISO 24113:2019, 3.25]

4 Symbgalsand abbreviated terms

4.1 Symbols

a s¢mi-major axis

Cr s¢lar radiation pressure coefficient of the spacecraft (0 < Cy < 2)
NLTE In some references, Cy is defined as the index of surface refleetion.

e egcentricity

h,, perigee altitude

i ificlination

I, specific impulse

Lg s¢lar longitude

M njean anomaly

p s¢milatus rectum or semi-paraméter [p = a(1 - e2)]

r radius of orbit

v titue anomaly

u Ehrth gravitational'\¢onstant

o standard deviatieh or the positive root of the variance, which measures the dispersion ¢f
the data

0 right ascenision of ascending node (RAAN)

w afgument of perigee

A/m effective area-to-mass ratio: projected area of the spacecraft perpendicular to the sun's ray
divided by the mass of the spacecraft

AH change in altitude

AV delta velocity or total velocity change

2 © IS0 2019 - All rights reserved
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Abbreviated terms

Earth gravitational model
DP end-of-mission disposal plan
geosynchronous (geostationary) Earth orbit

right ascension of ascending node

eosynchronous region is a circular ring around the Earth in the equatorial plane. Withi
ject in space moves along the ring at a mean angular rate that is equal or very:-close t
ion, meaning that the spacecraft appears to be positioned over a fixed location en the g

out so-called north-south station-keeping, the inclination of a GEO spaceeraft will gra
een 0° (equatorial orbit) and a maximum of approximately 14,6° and back again. In
taining the accuracy of its inclination, a GEO spacecraft must execlite station-keeping
hintain longitudinal accuracy, so as to prevent a naturally occurfing drift to the east o}
bd by asymmetries in the Earth’s gravitational field, unless the-spacecraft is located §
gravity wells” on the geostationary arc.

e 1 shows a three-dimensional view of the geosynchrenous ring with a cross-section
pximate size of the ring. Figure 2 gives the dimensions of three regions of the cross-
-section is defined by two axes: the latitudinal axis‘and radial axis. This plane of the c
Fpendicular to the Earth's equatorial plane.

three concentric boxes shown in Figure 2\give the approximate boundaries for thi
s. The smallest box represents the regionywhere a geostationary spacecraft will be cor
bn-keeping, and the next larger box-approximates the region where a geosynchronou
be located when its inclination is netcontrolled but it remains under a mission-specifig
iple, the upper value for some specific geosynchronous missions may range from 3° to §
ne ground user's antenna design. The largest box represents the inclination excui

bcrafts, the longitude station-keeping limit is +0,1°.

Protected region

LEO protectédregion, defined by ISO 24113 and indicated by 3 in Figure 1, includes the

ostationary altitude, the GEO protected region is extended in altitude to create a
dor, for relocating the spacecraft. Passivation of the disposed spacecraft is necessar
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1
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2 equator (1/%
3 GEO region O
4  LEO (low Earth orbit) region s\\%
Z  altitude measured with respect to a spherical Earth whose radius is 6 378 km O
Zggoaltitude ¢f the geostationary orbit with respect to a spherical Earth whos%ius is 6378 km
NOTE The dimensions in the figure are not to scale. \§\Q
Figure 1 — View in the equatorial plane of E and the protected regions
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Dimensions in kilometres
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x  1jadial (away from Earth)

y  lptitude (north)

1 protected region

2 deostationary control box (#37,5 km x +37,5 km)

3 gdeosynchronous control box (#40 km radial; £3° to £5° in inclination)

NOTH The dimensions in the figure are.not to scale.

Figure 2:—"Cross-section of the geosynchronous ring

7 Primary requiréments

7.1 | Disposal manoeuvre planning

An EPDMDP shall be developed, maintained and updated in all phases of mission and spacecraft design
and pperagion. The EOMDP shall be an integral part of the space debris mitigation plan gpecified by
[SO 441718.'The EOMDP shall include the following:

a) details of the nominal mission orbit;

b) details of the targeted disposal orbit;

c) estimates of the propellant required for the disposal action;

d) identity of systems and capabilities required for successful completion of the disposal action;
e) criteria that, when met, shall dictate initiation of the disposal action;

f) identities of energy sources required to be depleted before end of life;

g) timeline for initiating and executing the disposal action;

h) timeline for depleting the remaining energy sources;

© IS0 2019 - All rights reserved 5
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those individuals or entities, or individuals and entities to be notified of the end of mission and
disposal and a timeline for notification.

i)

7.2 Probability of successful disposal

In accordance with the requirements of ISO 24113:2019, 6.3.1, a spacecraft shall be designed such that
the joint probability of having sufficient energy (propellant) remaining to achieve the final disposal
orbit and successfully executing commands to deplete energy sources equals or exceeds 0,9 at the time
disposal is executed. Details of the design that provide the basis for the probability estimate shall be

included in the EOMDP.

7.3 Crite

Specific crif
monitored t

EXAMPLE
systems criti

Projections
reviews.

ria for executing disposal action

eria for initiating the disposal action shall be developed, included in the EOMDP
hroughout the mission life.

Propellant amount remaining; redundancy remaining; status of electriedD power; stat
Cal to a successful disposal action; time required to execute disposal action-

of mission life based on these criteria shall be made as a regular“part of mission s

7.4 Contingency planning

Independen
developed t
The objectiy
The conting
rationale foy
in the EOMI

8 Dispoq

8.1 Gene
Planning ac

actual dispg
described in

8.2 Estin

The amount]

L of the success or failure of other aspects of a disposal action, a contingency plan shg
b deplete all energy sources and secure the vehicle before the final demise of the space
e shall be to ensure that actions necessary to secure the vehicle are taken before end o
ency plan shall include criteria that define when the securing actions are to be taker

and

us of

ratus

1l be
rraft.
f life.
, the

each criterion, and a schedule for securing'actions. The contingency plan shall be included

P.

sal planning requirements

ral

ivities for end-of-mission disposal shall start in the mission design phase. Planning fq
sal action should begin at least six months before the date of re-orbit manoeuvres. The
8.2 to 8.8 shall befollowed in all mission phases and shall be documented in the EOMI

jating propellant reserves

of fuelnecessary to perform spacecraft disposal shall be estimated from the design p

r the
bteps
P.

hase,

in accordanfe-with the needed accuracy level, and reserved for the disposal phase. The minimum AV
capability (3= i i i ified i DP.
The fuel required to provide this AV shall be maintained for end-of-life disposal, see ISO 23339.

8.3 Computing the initial perigee increase

In accordance with the requirements of ISO 24113:2019, 6.3.2, a spacecraft operating within the GEO
protected region shall, after completion of its GEO disposal manoeuvres, have an orbital state that
satisfies at least one of the two conditions outlined below.

a) The orbit has an initial eccentricity of less than 0,003, and a minimum perigee altitude, AH,
expressed in kilometres, above the geostationary altitude (35 786 km) calculated according to

Formula (1):

© ISO 2019 - All rights reserved
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AH =235+(1 000xCy XA/ m) (1)

The minimum value of Cy for computing the initial perigee increase shall be no less than 1,5 (a
conservative estimate for Cy, so as to adequately predict the solar radiation pressure effect).
Justification shall be provided for using a value less than 1,5. Formula (1) was derived to ensure
that the long-term perturbations will not cause the GEO debris to re-enter a protected zone of GEO
plus 200 km.

b) The orbit has a perigee altitude sufficiently above the geostationary altitude that the spacecraft will
not enter the GEO protected region within 100 years, irrespective of long-term perturbation forces.

8.4 | Developing basic manoeuvre requirements for a stable disposal orbit
A stdble disposal orbit shall be established by one of the two options described below.
a) Use Formula (1) and the eccentricity constraint to determine initial dispgsal orbit conditions.

b) Perform long-term (100-year) numerical integrations of the selected.disposal orbit. The predicted
minimum perigee altitude shall be greater than the 200 km, protected region (see 8.5). It is
fecommended that the optimal eccentricity vector be determihed from Tables A.1 jto A.3, as a
flunction of the date of orbital insertion and the value of Cy x4/m.

The altitude stability will be improved for either method if the following apply:
— the initial disposal perigee points toward the sun (perigee is sun-pointing);

— the disposal manoeuvres are performed in the miost favourable season of the year, spich that the
game amount of perigee altitude increase will'give the largest clearance over 100 years.

NOTHE 1  The true optimal direction will differ\slightly from the actual sun-pointing direction ps a result of
lunar|perturbations.

NOTHE 2  See Annex A for the optimalceceentricity and argument of perigee as a function of timle for various
valugs of Cy x A/m. Disposal orbits defined in accordance with Formula (1) are stable if the final gccentricity is
less than 0,003. Tables A.1 to A.3 can'be used to select the initial guess if option b) is used to determjne the initial
orbitjparameters.

Shoulld the intention be to~operate the vehicle after placing it in a disposal orbit, the effects of such
operption on the orbittshall be estimated; and this estimate and computations verifylng that the
operptions will not compromise the long-term stability of the orbit (i.e. perigee shall remajn above the
protected region £or/100 years) shall be included in the EOMDP. In all cases, the spacecraft shall be
passivated (see8.%) prior to end of life.

8.5 | Developing long-term (100-year) disposal orbit characteristics

Long-term (100-year) orbit histories are needed only when the second option [see 8.4 b)]lis chosen to
establish a stable disposal orbit. If 8.4 b) is chosen, orbit propagation results developed by a reliable
orbit propagator, either semi-analytic or numerical, shall be used to predict histories of perigee heights
above GEO for a period of 100 years after initial insertion into the disposal orbit. The orbit propagator
shall be of high precision and include as a minimum the perturbing forces of Earth's gravitational
harmonics (up to a degree/order of 6 by 6), lunisolar attractions and solar radiation pressure. The
precision of long-term propagation of the propagator shall be verified against another well-established
orbit propagator. Details on the orbit propagator used, assumptions made and analysis results shall be
included in the EOMDP.

8.6 Determining the manoeuvre sequence

The manoeuvre sequence shall be determined that will place the GEO spacecraftin the required disposal
orbit, have the optimal near-sun-pointing perigee and exhaust all the propellant on board. The disposal

© IS0 2019 - All rights reserved 7
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orbit is obtained after passivation and complete tank depletion, which can have unpredictable effects
on orbital parameters and altitude. See Annex B for examples. The initial conditions of the disposal

orbit shall b

e determined using the steps outlined in 8.4 and 8.5.

8.7 Developing a vehicle securing plan

Depletion of propellant creates forces that can affect a vehicle's orbit. The vehicle securing plan shall
specify the following:

a) stepstodeplete on-board energy sources after the spacecraft has been placed into the disposal orbit;

b) the effe
to incre|

c) criteria

d) asched

8.8 Deve

If a malfunc
planned,ac

rtstie deptetion actionm witt irave o the fimat orbitof the vetticte tthe goatshould be
hse altitude or at least to limit a possible decrease in altitude);

for when the plan will be executed;

1e to be followed.

oping a contingency plan

Fion or other circumstance makes it necessary to proceed to the-disposal phase earlier
pntingency plan shall be developed that includes provisions{or the following:

a) selecting an alternative orbit that is the least likely to interfere with the protected area

Annex (
b) manoey
C) securin
d) securin

Annex D prd

): the contingency plan shall include criteria and technriques for selecting this orbit;
vring the spacecraft to the alternative orbit;

b the spacecraft after the move;

b the vehicle if specified criteria are met-atany time in the mission.

vides an example in which the quantity of propellant remaining is uncertain.

ither

than

(see
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Annex A
(informative)

Tabulated values of the optimal eccentricity vector

Tables A.1 to A.3 contain the optimal eccentricity vector [eccentricity and argument of perigee plus
RAAN (or longitude of periapsis)] as a function of time and a function of (Cy x A/m), expressed in

squafe metres per kilogram, that will yield the highest perigee over the next 100 years,
valugs were calculated in a brute-force fashion using increments of 2,3 x 10-5 in eccentxic
tude of periapsis. The benefit gained from using the optimal vector over the sun-point
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d from 0 km to 20 km (the average was approximately 9 km). However, if the Sin-point
psen for the disposed vehicle, then the longitude of periapsis should be sef‘equal to
olar longitude (depicted as Lg in Tables A.1 to A.3) with an eccentricity €qual to 0,01
e charts can be interpolated to find the optimal vector for any partictlar spacecra
However, the following should be noted when using these tables.

nitial conditions used to generate the data assumed a constan®)semi-major axis of 3(
(i.e. a constant AV was used in the disposal), mean anomaly of 180° (i.e. the last bu

(maximum at end of life if inclination drift is allowed) and an epoch of 0:00 Univer
rst day of each month. Additional analysis has showh-that the optimal vector depend|
 elements (the minimum perigee altitude may vagy by approximately 2 km for each

s should be used as an initial guess so as to-fifid the optimum for a particular dispos

rigee was changed in 5° increments untilthe optimal value was found. Different RAAN
ked and it was found that the relevantangular parameter was the argument of perigee
5 value is held constant, then the results will again be consistent with 1 km to 2 km, iry
articular RAAN.

dition, care should be taken if interpolating the values. In searching for optimal v|

mums. As either the-timie or Cy x A/m advanced, the true maximum jumped from
her. For example, consider the 2008-05-01 disposal. A Cg x A/m of 0,015 m?/kg has
wtricity of 0,000 04'and a longitude of periapsis and 262,3°, whereas the Cy x A/m of 0,0
nal values of 05000 09 and 37,3°. Linearly interpolating would imply optimal values of 0,
° for a Cg x.4/m of 0,02 mZ2/kg. Instead, the Cr x A/m = 0,02 optimal value was actual
17,3°. In<€his case, the optimal point switched from one maximum to another, and t
mediate-maximum would actually be close to one point or the other.

Che optimal
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ce, raising the perigee so that the eccentricity is equaltorthe tabulated value), an inclination of

sal Time on
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component),

f a high level of accuracy is required for a givenndisposal, the interpolated values found from the

al situation.

pxception is the RAAN: in the search process; the initial RAAN was set to 62,3° and the argument

[s were then
plus RAAN;
espective of
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lar argument, it was founhd that, at times, there was not one pure maximum, but mlultiple local

one peak to
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efore, when confronted with angular changes greater than 90° it is recomn|

inter

point for a more refined search.
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A few final comments on the general behaviour of the system are warranted. When the A/m was
small (Cp x A/m < 0,01), the optimal angle was pointed at the lunar apogee; when the A/m was large
(Cr x A/m > 0,03), the solar radiation pressure force became dominant and the optimal angle was
directed toward the sun.
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Table A.1 — Optimal eccentricity vector for Cy x A/m = 0,00 m2/kg, Cy x A/m = 0,005 m2/kg and
CrxA/m=0,01 m%/kg

Year Month Lg CrxA/m=0,00m?/kg |Cy x A/m=0,005m?/kg| CgxA/m=0,01 m?/kg
) e w+0 e w+0 e w+0
2006 1 281 0,000 115 132,3 0,000 065 142,3 0,000 090 177,3
2 314 0,000 140 112,3 0,000 115 102,3 0,000 065 102,3
3 341 0,000 140 117,3 0,000 115 117,3 0,000 115 92,3
4 10 0,000 140 142,3 0,000 115 132,3 0,000 090 117,3
8 38 0000140 162 3 0000118 1473 0000090 1273
6 68 0,000 115 177,3 0,000 115 167,3 0,000 090 122]3
7 99 0,000 065 167,3 0,000 090 122,3 0,000 140 1173
8 131 0,000 090 142,3 0,000 140 137,3 0,000 190 1373
9 160 0,000 115 157,3 0,000 165 157,3 0,000215 15743
10 187 0,000 090 167,3 0,000 140 172,3 0,000 215 177)3
11 216 0,000 090 187,3 0,000 140 202,3 0,000 215 207)3
12 246 0,000 165 177,3 0,000 115 207,3 0,000 165 2223
2007 1 281 0,000 140 187,3 0,000 140 207,3 0,000 140 222(3
2 314 0,000 165 207,3 0,000 165 2173 0,000 165 2323
3 341 0,000 165 212,3 0,000 115 2273 0,000 115 2423
4 10 0,000 090 217,3 0,000.065 2373 0,000 040 2573
5 37 0,000 040 192,3 0,000 015 167,3 0,000 015 1473
6 68 0,000 115 192,3 0,000 090 172,3 0,000 115 1623
7 99 0,000 140 202,3 0,000 165 192,3 0,000 140 17713
8 130 0,000 190 2223 0,000 165 212,3 0,000 140 1973
9 159 0,000 165 237,3 0,000 165 222,3 0,000 190 207)3
10 186 0,000 115 207,3 0,000 165 212,3 0,000 240 2123
11 215 0,000%190 227,3 0,000 240 2273 0,000 290 2273
12 246 0,000165 232,3 0,000 215 237,3 0,000 290 242]3
2008 1 280 0;000 115 2373 0,000 165 252,3 0,000 215 252(3
2 313 0,000 090 222,3 0,000 115 2473 0,000 140 2623
3 342 0,000 115 2273 0,000 090 252,3 0,000 115 272]3
4 10 0,000 140 2273 0,000 115 242,3 0,000 065 2673
5 38 0,000 190 2373 0,000 115 242,3 0,000 090 2523
6 69 0,000 165 247,3 0,000 115 247,3 0,000 040 2423
7 100 0,000 140 2373 0,000 115 2273 0,000 140 2123
S 13+ 0,060-215 2373 0,6606-246 2323 0,060-215 2223
9 160 0,000 215 252,3 0,000 165 242,3 0,000 165 232,3
10 187 0,000 140 262,3 0,000 165 2473 0,000 190 2373
11 216 0,000 215 247,3 0,000 115 252,3 0,000 165 242,3
12 247 0,000 090 2373 0,000 140 242,3 0,000 190 247,3
2009 1 280 0,000 140 242,3 0,000 165 252,3 0,000 265 257,3
2 313 0,000 165 2573 0,000 190 267,3 0,000 265 272,3
3 342 0,000 165 262,3 0,000 190 272,3 0,000 215 2873
4 10 0,000 115 262,3 0,000 115 287,3 0,000 140 312,3
5 38 0,000 115 252,3 0,000 065 267,3 0,000 040 3473
6 69 0,000 115 272,3 0,000 065 282,3 0,000 040 287,3
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Table A.1 (continued)

IS0 26872:2019(E)

Year Month Lg CrxA/m=0,00m2/kg |Cy x A/m=0,005m2/kg| CgxA/m=0,01 m2/kg
) e w+0 e w+Q e w+0
7 100 0,000 090 287,3 0,000 040 2773 0,000 015 272,3
8 131 0,000 015 292,3 0,000 015 342,3 0,000 015 192,3
9 160 0,000 040 267,3 0,000 040 2273 0,000 090 222,3
10 187 0,000 140 297,3 0,000 115 247,3 0,000 115 2373
11 216 0,000 115 282,3 0,000 140 272,3 0,000 165 262,3
12 247 6,8060-096 3023 08-000345 2873 0;000-165 277,3
2p10 1 280 0,000 040 3323 0,000 040 2773 0,000 115 282,3
2 313 0,000 065 282,3 0,000 090 297,3 0,000-165 297,3
3 341 0,000 040 302,3 0,000 090 312,3 0,000 140 307,3
4 10 0,000 065 332,3 0,000 090 342,3 0,000 140 347,3
5 38 0,000 090 352,3 0,000 115 7,3 0,000 165 7,3
6 68 0,000 090 22,3 0,000 115 27,3 0,000 140 37,3
7 99 0,000 065 27,3 0,000 090 47,3 0,000 115 57,3
8 131 0,000 015 337,3 0,000 040 67,3 0,000 065 77,3
9 160 0,000 065 342,3 0,000015 352,3 0,000 015 322,3
10 187 0,000 090 7,3 0,000 040 7,3 0,000 015 7,3
11 216 0,000 140 37,3 0,000 090 32,3 0,000 040 32,3
12 246 0,000 140 47,3 0,000 065 32,3 0,000 040 17,3
2p11 1 279 0,000 140 27,3 0,000 140 12,3 0,000 140 357,3
2 313 0,000 215 42,3 0,000 190 27,3 0,000 215 17,3
3 341 0,000 215 47,3 0,000 215 32,3 0,000 265 27,3
4 10 0,000.265 57,3 0,000 215 52,3 0,000 240 42,3
5 37 0,000 115 57,3 0,000 165 57,3 0,000 215 52,3
6 68 0,000 115 42,3 0,000 165 52,3 0,000 215 57,3
7 99 0,000 190 37,3 0,000 190 47,3 0,000 215 57,3
8 130 0,000 265 47,3 0,000 265 57,3 0,000 265 62,3
9 159 0,000 265 62,3 0,000 265 72,3 0,000 290 77,3
10 186 0,000 215 62,3 0,000 165 72,3 0,000 140 92,3
1% 215 0,000 265 57,3 0,000 190 57,3 0,000 165 62,3
12 246 0,000 265 62,3 0,000 190 62,3 0,000 140 62,3
2p12 1 279 0,000 240 72,3 0,000 190 67,3 0,000 140 57,3
2 312 0,000 190 67,3 0,000 190 57,3 0,000 165 42,3
3 342 0,000190 67,3 0;000215 52,3 0,000 215 42,3
4 10 0,000 240 62,3 0,000 265 57,3 0,000 340 52,3
5 38 0,000 315 67,3 0,000 340 62,3 0,000 415 62,3
6 69 0,000 315 77,3 0,000 365 77,3 0,000 415 72,3
7 100 0,000 240 72,3 0,000 290 77,3 0,000 390 82,3
8 131 0,000 315 72,3 0,000 340 77,3 0,000 365 82,3
9 160 0,000 340 82,3 0,000 340 87,3 0,000 340 92,3
10 187 0,000 290 87,3 0,000 290 97,3 0,000 265 107,3
11 216 0,000 215 87,3 0,000 215 102,3 0,000 190 112,3
12 247 0,000 215 82,3 0,000 140 82,3 0,000 090 87,3
2013 1 279 0,000 290 77,3 0,000 240 72,3 0,000 190 62,3
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Table A.1 (continued)
Year Month Lg CrxA/m=0,00m2/kg |Cy x A/m=0,005m2/kg| CgxA/m=0,01 m2/kg
®) e w+0 e w+0 e w+0
2 312 0,000 340 82,3 0,000 315 77,3 0,000 290 72,3
3 342 0,000 340 87,3 0,000 340 82,3 0,000 315 77,3
4 10 0,000 315 97,3 0,000 290 87,3 0,000 315 77,3
5 38 0,000 290 92,3 0,000 315 87,3 0,000 365 82,3
6 69 0,000 315 97,3 0,000 390 97,3 0,000 415 92,3
7 160 08-600-296 1073 08-006-349 1023 8,8080-396 162,3
8 131 0,000 240 112,3 0,000 290 112,3 0,000 340 1173
9 160 0,000 215 107,3 0,000 240 117,3 0,000 290 1223
10 187 0,000 265 97,3 0,000 265 112,3 0,000 290 1223
11 216 0,000 340 102,3 0,000 315 112,3 0,000.265 1223
12 247 0,000 340 112,3 0,000 290 117,3 0,000 265 127)3
2014 1 280 0,000 265 117,3 0,000 215 127,3 0,000 165 1323
2 313 0,000 265 112,3 0,000 215 112,3 0,000 190 1023
3 341 0,000 290 117,3 0,000 265 107,3 0,000 240 1023
4 10 0,000 315 127,3 0,000 290 122,3 0,000 290 1173
5 38 0,000 315 137,3 0,000 290 132,3 0,000 265 1223
6 68 0,000 240 142,3 0,000,240 137,3 0,000 290 1223
7 99 0,000 190 137,3 0,000 265 127,3 0,000 265 127)3
8 131 0,000 240 127,3 0,000 315 127,3 0,000 365 127)3
9 160 0,000 265 137,3 0,000 315 137,3 0,000 365 142)3
10 187 0,000 290 142;3 0,000 340 152,3 0,000 365 1523
11 216 0,000 265 152,3 0,000 290 157,3 0,000 315 1673
12 246 0,000 340 162,3 0,000 265 162,3 0,000 265 177)3
2015 1 279 0,000315 162,3 0,000 290 172,3 0,000 265 182|3
2 313 0,000 265 177,3 0,000 240 182,3 0,000 215 192)3
3 341 0,000 240 177,3 0,000 215 177,3 0,000 165 1823
4 10 0,000 190 172,3 0,000 165 162,3 0,000 090 1623
5 37 0,000 215 162,3 0,000 190 152,3 0,000 190 142)3
6 68 0,000 290 162,3 0,000 315 152,3 0,000 340 142)3
7 99 0,000 315 172,3 0,000 315 162,3 0,000 340 157)3
8 130 0,000 315 182,3 0,000 340 177,3 0,000 365 172|3
9 159 0,000 265 182,3 0,000 290 182,3 0,000 365 177}3
10 186 0,000250 1873 ;000340 1873 ;000415 1873
11 215 0,000 315 197,3 0,000 365 202,3 0,000 415 202,3
12 246 0,000 290 202,3 0,000 340 212,3 0,000 365 212,3
2016 1 279 0,000 215 207,3 0,000 240 217,3 0,000 290 222,3
2 312 0,000 240 192,3 0,000 215 207,3 0,000 215 217,3
3 342 0,000 240 192,3 0,000 215 202,3 0,000 165 212,3
4 10 0,000 290 202,3 0,000 240 202,3 0,000 190 202,3
5 38 0,000 315 207,3 0,000 265 207,3 0,000 190 202,3
6 69 0,000 290 217,3 0,000 240 207,3 0,000 190 207,3
7 100 0,000 290 217,3 0,000 290 202,3 0,000 315 192,3
8 131 0,000 340 222,3 0,000 365 212,3 0,000 365 207,3
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Table A.1 (continued)

IS0 26872:2019(E)

Year Month Lg CrxA/m=0,00m2/kg |Cy x A/m=0,005m2/kg| CgxA/m=0,01 m2/kg
) e w+0 e w+Q e w+0
9 160 0,000 315 232,3 0,000 340 222,3 0,000 365 217,3
10 187 0,000 265 2373 0,000 290 232,3 0,000 315 227,3
11 216 0,000 215 222,3 0,000 265 222,3 0,000 315 222,3
12 247 0,000 240 222,3 0,000 290 222,3 0,000 340 232,3
2017 1 279 0,000 315 227,3 0,000 340 232,3 0,000 390 2373
2 342 6,8080-346 2373 8,000-365 2423 08-606-396 252,3
3 342 0,000 340 242,3 0,000 340 247,3 0,000 340 2573
4 10 0,000 290 242,3 0,000 265 252,3 0,000:240 2573
5 38 0,000 315 242,3 0,000 240 247,3 0,000 190 247,3
6 69 0,000 315 252,3 0,000 265 252,3 0,000 215 252,3
7 100 0,000 290 257,3 0,000 240 2573 0,000 190 257,3
8 131 0,000 215 257,3 0,000 190 247,3 0,000 190 232,3
9 160 0,000 240 247,3 0,000 240 2373 0,000 265 2273
10 187 0,000 265 247,3 0,000 315 242,3 0,000 340 2373
11 216 0,000 315 257,3 0,000'365 257,3 0,000 415 252,3
12 247 0,000 290 267,3 0,000 365 262,3 0,000 390 262,3
2p18 1 280 0,000 240 262,3 0,000 290 267,3 0,000 365 272,3
2 313 0,000 315 262;3 0,000 340 272,3 0,000 365 2773
3 341 0,000 315 272,3 0,000 340 272,3 0,000 340 287,3
4 10 0,000 290 282,3 0,000 290 292,3 0,000 315 2973
5 38 0,000 215 2873 0,000 240 302,3 0,000 240 312,3
6 68 0,000.265 287,3 0,000 115 302,3 0,000 090 312,3
7 99 0,000 190 267,3 0,000 115 2773 0,000 065 2573
8 131 0,000 240 277,3 0,000 215 267,3 0,000 165 267,3
9 160 0,000 265 287,3 0,000 215 282,3 0,000 215 272,3
10 187 0,000 240 297,3 0,000 215 277,3 0,000 215 272,3
11 216 0,000 215 292,3 0,000 265 2773 0,000 265 272,3
12 246 0,000 240 302,3 0,000 290 292,3 0,000 315 282,3
2p19 1 279 0,000 190 312,3 0,000 240 307,3 0,000 290 302,3
2 313 0,000 140 327,3 0,000 190 322,3 0,000 240 322,3
3 341 0,000 140 327,3 0,000 190 332,3 0,000 265 337,3
4 10 0,000 115 312,3 0,000 140 332,3 0,000 190 3373
5 37 0,000 140 3073 0,000 120 32273 0,000 140 342,3
6 68 0,000 190 312,3 0,000 165 3273 0,000 190 342,3
7 99 0,000 215 332,3 0,000 190 342,3 0,000 165 352,3
8 130 0,000 165 347,3 0,000 115 352,3 0,000 140 12,3
9 159 0,000 140 3273 0,000 090 3273 0,000 065 307,3
10 186 0,000 165 342,3 0,000 115 332,3 0,000 090 322,3
11 215 0,000 165 2,3 0,000 140 352,3 0,000 115 342,3
12 246 0,000 165 12,3 0,000 140 357,3 0,000 115 342,3
2020 1 279 0,000 115 17,3 0,000 090 3473 0,000 115 332,3
312 0,000 090 352,3 0,000 140 342,3 0,000 190 3373
342 0,000 115 352,3 0,000 165 352,3 0,000 215 347,3
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Table A.1 (continued)
Year Month Lg CrxA/m=0,00m2/kg |Cy x A/m=0,005m2/kg| CgxA/m=0,01 m2/kg
®) e w+0 e w+0 e w+0
4 10 0,000 165 7,3 0,000 215 7,3 0,000 265 7,3
5 38 0,000 165 22,3 0,000 215 22,3 0,000 290 27,3
6 69 0,000 165 32,3 0,000 190 42,3 0,000 265 47,3
7 100 0,000 165 32,3 0,000 190 47,3 0,000 215 57,3
8 131 0,000 240 37,3 0,000 240 52,3 0,000 240 57,3
9 160 0,000-245 523 6,600215 623 08:000245 723
10 187 0,000 165 62,3 0,000 140 72,3 0,000 140 878
11 216 0,000 115 52,3 0,000 040 47,3 0,000 015 52,B
12 247 0,000 115 37,3 0,000 090 27,3 0,000 090 12,B
2021 1 279 0,000 215 47,3 0,000 215 37,3 0,000:190 22,B
2 312 0,000 265 62,3 0,000 240 52,3 0,000 190 42,8
3 342 0,000 265 67,3 0,000 265 57,3 0,000 265 52,B
4 10 0,000 215 72,3 0,000 240 62,3 0,000 265 47,8
5 38 0,000 215 67,3 0,000 290 62,3 0,000 365 57,8
6 69 0,000 265 72,3 0,000 340 72,3 0,000 390 72,8
7 100 0,000 265 77,3 0,000 290 82,3 0,000 365 82,B
8 131 0,000 215 77,3 0,000,240 87,3 0,000 265 92,B
9 160 0,000 190 72,3 0,000 190 87,3 0,000 215 97,8
10 187 0,000 240 72,3 0,000 190 82,3 0,000 190 92,B
11 216 0,000 290 77,3 0,000 240 82,3 0,000 215 87,8
12 247 0,000 290 87,3 0,000 240 92,3 0,000 165 92,B
2022 1 280 0,000 240 87,3 0,000 190 82,3 0,000 140 72,B
2 313 0,000 290 82,3 0,000 290 72,3 0,000 265 67,8
3 341 0,000.290 87,3 0,000 290 77,3 0,000 315 67,8
4 10 0,000 290 97,3 0,000 290 92,3 0,000 290 82,B
5 38 0,000 240 102,3 0,000 265 92,3 0,000 290 87,8
6 68 0,000 165 97,3 0,000 215 92,3 0,000 265 92,B
7 99 0,000 190 87,3 0,000 215 92,3 0,000 290 92,8
8 131 0,000 240 92,3 0,000 290 97,3 0,000 365 97,8
9 160 0,000 315 97,3 0,000 340 102,3 0,000 340 1123
10 187 0,000 315 102,3 0,000 290 117,3 0,000 315 1223
M 216 0,000 240 102,3 0,000 215 107,3 0,000 190 1223
12 246 0,000265 162;3 0,000 240 1073 0,000°190 12,3
2023 1 279 0,000 215 117,3 0,000 165 117,3 0,000 115 127,3
2 313 0,000 140 122,3 0,000 090 117,3 0,000 040 107,3
3 341 0,000 140 122,3 0,000 090 117,3 0,000 090 82,3
4 10 0,000 165 107,3 0,000 165 97,3 0,000 165 82,3
5 37 0,000 190 112,3 0,000 240 102,3 0,000 265 87,3
6 68 0,000 240 117,3 0,000 290 107,3 0,000 315 102,3
7 99 0,000 190 127,3 0,000 240 122,3 0,000 290 117,3
8 130 0,000 140 112,3 0,000 190 117,3 0,000 240 117,3
9 159 0,000 190 117,3 0,000 190 127,3 0,000 265 127,3
10 186 0,000 190 132,3 0,000 215 142,3 0,000 240 147,3
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Table A.1 (continued)

IS0 26872:2019(E)

Year Month Lg CrxA/m=0,00m2/kg |Cy x A/m=0,005m2/kg| CgxA/m=0,01 m2/kg
) e w+0 e w+Q e w+0
11 215 0,000 165 152,3 0,000 190 167,3 0,000 215 172,3
12 246 0,000 140 177,3 0,000 140 1773 0,000 165 192,3
2024 1 279 0,000 090 132,3 0,000 065 177,3 0,000 090 207,3
2 312 0,000 140 1273 0,000 090 1273 0,000 040 1273
3 342 0,000 140 137,3 0,000 090 132,3 0,000 065 117,3
4 16 6,660-146 1573 8,666-690 473 8,600-065 142,3
5 38 0,000 115 172,3 0,000 090 152,3 0,000 090 117,3
6 69 0,000 090 177,3 0,000 115 142,3 0,000-165 127,3
7 100 0,000 115 177,3 0,000 140 162,3 0,000 165 152,3
8 131 0,000 165 2173 0,000 190 182,3 0,000 215 172,3
9 160 0,000 140 207,3 0,000 165 197,3 0,000 215 192,3
10 187 0,000 090 212,3 0,000 140 2023 0,000 190 197,3
11 216 0,000 090 172,3 0,000 115 197,3 0,000 165 202,3
12 247 0,000 140 182,3 0,000 140 197,3 0,000 140 202,3
2p25 1 279 0,000 165 197,3 0,000"165 2173 0,000 190 222,3
2 312 0,000 165 2173 0,000 190 232,3 0,000 190 242,3
3 342 0,000 190 2273 0,000 190 242,3 0,000 165 252,3
4 10 0,000 115 22233 0,000 040 172,3 0,000 015 152,3
5 38 0,000 165 217,3 0,000 090 212,3 0,000 040 187,3
6 69 0,000 190 227,3 0,000 140 2173 0,000 090 207,3
7 100 0,000 165 232,3 0,000 140 222,3 0,000 115 212,3
8 131 0,0000215 2273 0,000 115 207,3 0,000 115 177,3
9 160 0,000 115 222,3 0,000 140 207,3 0,000 190 192,3
10 187 0,000 165 227,3 0,000 215 222,3 0,000 240 212,3
11 216 0,000 190 237,3 0,000 240 232,3 0,000 315 232,3
12 247 0,000 190 242,3 0,000 265 2473 0,000 315 2473

Table A.2 — Optimaleccentricity vector for Cy x A/m = 0,015 m?/kg, Cy x A/m = 0,02 m?/kg and
Cg xA/m=0,03 m2/kg

Year Month Lg Cr xA/m=0,015 m2/kg| Cg x A/m=0,02m2/kg | Cy xA/m=[0,03 m%/kg
) e w+0 e w+0 e w+0
206 1 281 0,000 065 187,3 0,000 090 207,3 0,000 115 237,3
2 31% 0,000 015 27473 0,000065 2573 0,000 140 272,3
3 341 0,000 090 77,3 0,000 065 67,3 0,000 040 3573
4 10 0,000 065 107,3 0,000 040 92,3 0,000 140 32,3
5 38 0,000 090 127,3 0,000 140 82,3 0,000 215 67,3
6 68 0,000 140 107,3 0,000 190 102,3 0,000 265 87,3
7 99 0,000 190 117,3 0,000 240 117,3 0,000 365 107,3
8 131 0,000 240 1373 0,000 290 1373 0,000 390 1373
9 160 0,000 265 157,3 0,000 315 162,3 0,000 415 162,3
10 187 0,000 240 177,3 0,000 315 182,3 0,000 415 182,3
11 216 0,000 240 207,3 0,000 290 207,3 0,000 415 212,3
12 246 0,000 215 232,3 0,000 265 232,3 0,000 365 2373
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Table A.2 (continued)

Year Month Lg CrxA/m=0,015m2/kg| Cg x A/m=0,02m2/kg | CyxxA/m=0,03 m2/kg
®) e w+0 e w+0 e w+0
2007 1 281 0,000 190 232,3 0,000 215 242,3 0,000 290 257,3
2 314 0,000 165 247,3 0,000 165 267,3 0,000 290 272,3
3 341 0,000 115 2573 0,000 140 272,3 0,000 140 312,3
4 10 0,000 015 2873 0,000 015 312,3 0,000 090 7,3
5 37 0,000 040 112,3 0,000 040 87,3 0,000 115 67,3
6 68 08-:000-345 423 6;000345 1223 08-600190 162,3
7 99 0,000 165 172,3 0,000 165 157,3 0,000 215 1323
8 130 0,000 165 187,3 0,000 190 172,3 0,000 265 1623
9 159 0,000 190 197,3 0,000 265 192,3 0,000 365 177)3
10 186 0,000 290 207,3 0,000 365 207,3 0,000.440 2023
11 215 0,000 340 2273 0,000 365 222,3 0,000 465 222)3
12 246 0,000 365 242,3 0,000 415 242,3 0,000 515 247)3
2008 1 280 0,000 265 2573 0,000 315 262,3 0,000 440 267)3
2 313 0,000 165 2773 0,000 215 282,3 0,000 340 2873
3 342 0,000 115 2873 0,000 165 302,3 0,000 265 3123
4 10 0,000 040 312,3 0,000 065 312,3 0,000 140 3523
5 38 0,000 040 262,3 0,000,015 47,3 0,000 090 37,8
6 69 0,000 015 172,3 0,000 040 137,3 0,000 090 1023
7 100 0,000 140 187,3 0,000 140 172,3 0,000 190 1523
8 131 0,000 215 212,3 0,000 265 207,3 0,000 265 182|3
9 160 0,000 190 2223 0,000 215 207,3 0,000 290 197,3
10 187 0,000 215 227,3 0,000 265 222,3 0,000 340 2123
11 216 0,000 240 2373 0,000 290 232,3 0,000 415 2323
12 247 0,000.240 247,3 0,000 315 247,3 0,000 415 247)3
2009 1 280 0,000 315 262,3 0,000 315 262,3 0,000 440 267)3
2 313 0,000 315 2773 0,000 340 282,3 0,000 440 2873
3 342 0,000 265 292,3 0,000 290 297,3 0,000 365 307)3
4 10 0,000 165 317,3 0,000 190 327,3 0,000 290 3373
5 38 0,000 090 357,3 0,000 115 7,3 0,000 215 12,B
6 69 0,000 040 42,3 0,000 090 52,3 0,000 190 62,B
7 100 0,000 015 102,3 0,000 065 102,3 0,000 190 97,8
8 131 0,000 065 172,3 0,000 115 157,3 0,000 190 137)3
9 160 0,000 115 2073 0,000 115 1873 0,000240 1873
10 187 0,000 165 2273 0,000 190 217,3 0,000 290 212,3
11 216 0,000 215 252,3 0,000 265 247,3 0,000 340 242,3
12 247 0,000 215 272,3 0,000 265 267,3 0,000 390 262,3
2010 1 280 0,000 165 282,3 0,000 240 282,3 0,000 340 282,3
2 313 0,000 215 2973 0,000 240 302,3 0,000 340 307,3
3 341 0,000 165 332,3 0,000 215 332,3 0,000 340 332,3
4 10 0,000 190 357,3 0,000 240 357,3 0,000 340 7,3
5 38 0,000 190 17,3 0,000 240 27,3 0,000 340 32,3
6 68 0,000 190 42,3 0,000 240 47,3 0,000 365 52,3
7 99 0,000 190 67,3 0,000 240 72,3 0,000 290 82,3
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Table A.2 (continued)

IS0 26872:2019(E)

Year Month Lg CrxA/m=0,015m2/kg| Cy x A/m=0,02 m2/kg | CgxA/m=0,03 m2/kg
) e w+0 e w+Q e w+0
8 131 0,000 090 92,3 0,000 140 102,3 0,000 215 112,3
9 160 0,000 040 142,3 0,000 090 152,3 0,000 190 147,3
10 187 0,000 015 192,3 0,000 065 192,3 0,000 190 192,3
11 216 0,000 015 262,3 0,000 065 257,3 0,000 165 242,3
12 246 0,000 090 312,3 0,000 140 297,3 0,000 215 282,3
2p4H 3 279 8,000-165 3473 08-000215 3373 8-000-265 322,3
2 313 0,000 240 12,3 0,000 265 2,3 0,000 340 352,3
3 341 0,000 290 22,3 0,000 315 17,3 0,000:390 7,3
4 10 0,000 265 32,3 0,000 315 32,3 0,000 415 27,3
5 37 0,000 265 47,3 0,000 315 47,3 0,000 440 47,3
6 68 0,000 240 57,3 0,000 290 573 0,000 415 62,3
7 99 0,000 290 62,3 0,000 290 67,3 0,000 415 77,3
8 130 0,000 315 72,3 0,000 315 77,3 0,000 415 87,3
9 159 0,000 290 87,3 0,000 340 97,3 0,000 340 107,3
10 186 0,000 165 97,3 0,000"190 112,3 0,000 240 132,3
11 215 0,000 065 62,3 0,000 040 177,3 0,000 090 177,3
12 246 0,000 090 57,3 0,000 015 242,3 0,000 015 2473
2p12 1 279 0,000 090 42,3 0,000 090 12,3 0,000 140 317,3
2 312 0,000 165 22,3 0,000 190 12,3 0,000 265 357,3
3 342 0,000 240 32,3 0,000 290 22,3 0,000 390 17,3
4 10 0,000 390 47,3 0,000 440 42,3 0,000 515 37,3
5 38 0,0000440 57,3 0,000 515 57,3 0,000 615 57,3
6 69 0,000 465 72,3 0,000 515 72,3 0,000 640 72,3
7 100 0,000 415 82,3 0,000 515 87,3 0,000 590 87,3
8 131 0,000 365 87,3 0,000 415 92,3 0,000 515 97,3
9 160 0,000 365 102,3 0,000 390 102,3 0,000 465 117,3
10 187 0,000 290 112,3 0,000 290 122,3 0,000 340 137,3
11 216 0,000 165 127,3 0,000 190 137,3 0,000 215 162,3
12 247 0,000 040 87,3 0,000 040 172,3 0,000 090 192,3
2p13 1 279 0,000 165 57,3 0,000 115 32,3 0,000 015 247,3
2 312 0,000 240 62,3 0,000 215 52,3 0,000 215 42,3
3 342 0,000 340 67,3 0,000 340 62,3 0,000 365 47,3
% 10 0,000365 72,3 ;000365 62,3 0,000465 52,3
5 38 0,000 440 77,3 0,000 465 72,3 0,000 565 67,3
6 69 0,000 490 87,3 0,000 540 87,3 0,000 640 87,3
7 100 0,000 465 102,3 0,000 515 102,3 0,000 615 102,3
8 131 0,000 390 117,3 0,000 440 117,3 0,000 540 122,3
9 160 0,000 315 127,3 0,000 365 132,3 0,000 465 137,3
10 187 0,000 315 127,3 0,000 315 137,3 0,000 390 147,3
11 216 0,000 290 127,3 0,000 290 137,3 0,000 290 162,3
12 247 0,000 240 132,3 0,000 215 142,3 0,000 165 177,3
2014 1 280 0,000 140 142,3 0,000 115 162,3 0,000 090 187,3
313 0,000 140 97,3 0,000 015 202,3 0,000 015 2373
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Table A.2 (continued)

Year Month Lg CrxA/m=0,015m2/kg| Cg x A/m=0,02m2/kg | CyxxA/m=0,03 m2/kg
®) e w+0 e w+0 e w+0
3 341 0,000 215 92,3 0,000 215 82,3 0,000 215 62,3
4 10 0,000 290 107,3 0,000 265 97,3 0,000 315 82,3
5 38 0,000 290 112,3 0,000 315 102,3 0,000 365 92,3
6 68 0,000 290 117,3 0,000 315 112,3 0,000 415 102,3
7 99 0,000 365 117,3 0,000 390 117,3 0,000 515 117,3
8 134 08-:006-445 1273 8,000-465 1273 8,000-565 12743
9 160 0,000 415 142,3 0,000 490 142,3 0,000 590 1473
10 187 0,000 415 157,3 0,000 440 162,3 0,000 540 167)3
11 216 0,000 365 172,3 0,000 390 177,3 0,000 515 187)3
12 246 0,000 315 182,3 0,000 315 192,3 0,000.415 207)3
2015 1 279 0,000 240 192,3 0,000 265 197,3 0,000 265 217)3
2 313 0,000190 202,3 0,000 165 212,3 0,000 165 22713
3 341 0,000 140 197,3 0,000 090 2173 0,000 040 272)3
4 10 0,000 090 132,3 0,000 065 107,3 0,000 115 72,8
5 37 0,000 215 127,3 0,000 240 117,3 0,000 265 97,8
6 68 0,000 340 137,3 0,000 315 127,3 0,000 390 11743
7 99 0,000 390 152,3 0,000,415 147,3 0,000 465 137)3
8 130 0,000 390 167,3 0,000 415 162,3 0,000 465 157)3
9 159 0,000 390 177,3 0,000 465 177,3 0,000 565 172|3
10 186 0,000 465 187,3 0,000 515 187,3 0,000 615 187)3
11 215 0,000 440 2073 0,000 490 207,3 0,000 640 207)3
12 246 0,000 415 217,3 0,000 465 222,3 0,000 565 22713
2016 1 279 0,000 315 232,3 0,000 365 2373 0,000 440 242|3
2 312 0,000215 232,3 0,000 215 242,3 0,000 290 262|3
3 342 0,000 140 222,3 0,000 140 257,3 0,000 165 282)3
4 10 0,000 140 202,3 0,000 090 207,3 0,000 015 3323
5 38 0,000 140 202,3 0,000 090 197,3 0,000 040 87,8
6 69 0,000 190 182,3 0,000 165 167,3 0,000 240 142)3
7 100 0,000 315 187,3 0,000 315 177,3 0,000 340 1623
8 131 0,000 365 202,3 0,000 390 192,3 0,000 440 182|3
9 160 0,000 365 217,3 0,000 390 207,3 0,000 465 197,3
10 187 0,000 365 217,3 0,000 390 217,3 0,000 490 2123
1T 216 0,000365 22273 0,000440 22273 0,000540 222,3
12 247 0,000 390 232,3 0,000 440 232,3 0,000 540 2373
2017 1 279 0,000 415 242,3 0,000 465 247,3 0,000 565 252,3
2 312 0,000 415 257,3 0,000 440 262,3 0,000 540 267,3
3 342 0,000 365 267,3 0,000 390 272,3 0,000 440 282,3
4 10 0,000 240 2773 0,000 240 282,3 0,000 265 302,3
5 38 0,000 140 252,3 0,000 115 277,3 0,000 115 322,3
6 69 0,000 165 252,3 0,000 015 252,3 0,000 015 37,3
7 100 0,000 140 2373 0,000 065 217,3 0,000 065 157,3
8 131 0,000 190 207,3 0,000 190 202,3 0,000 215 182,3
9 160 0,000 290 222,3 0,000 315 212,3 0,000 390 202,3
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Table A.2 (continued)

IS0 26872:2019(E)

Year Month Lg CrxA/m=0,015m2/kg| Cy x A/m=0,02 m2/kg | CgxA/m=0,03 m2/kg
) e w+0 e w+Q e w+0
10 187 0,000 365 232,3 0,000 415 2273 0,000 515 222,3
11 216 0,000 465 2473 0,000 515 2473 0,000 615 242,3
12 247 0,000 440 262,3 0,000 490 262,3 0,000 640 2573
2018 1 280 0,000 415 272,3 0,000 465 272,3 0,000 565 272,3
2 313 0,000 415 2773 0,000 440 282,3 0,000 565 287,3
3 344 08-080-365 2873 08:680-396 2973 08-080465 302,3
4 10 0,000 315 307,3 0,000 340 312,3 0,000 390 327,3
5 38 0,000 215 3173 0,000 215 332,3 0,000:265 3473
6 68 0,000 090 332,3 0,000 115 352,3 0,000 140 22,3
7 99 0,000 015 247,3 0,000 015 22,3 0,000 065 62,3
8 131 0,000 140 262,3 0,000 115 232,3 0,000 015 122,3
9 160 0,000 190 257,3 0,000 190 247,3 0,000 215 2173
10 187 0,000 215 262,3 0,000 265 2473 0,000 340 227,3
11 216 0,000 315 267,3 0,000 390 2573 0,000 465 252,3
12 246 0,000 365 282,3 0,000415 2773 0,000 515 272,3
2p19 1 279 0,000 340 302,3 0,000 390 2973 0,000 515 297,3
2 313 0,000 290 3173 0,000 340 3173 0,000 465 3173
3 341 0,000 315 3373 0,000 365 337,3 0,000 465 337,3
4 10 0,000 215 347,3 0,000 265 352,3 0,000 390 357,3
5 37 0,000 190 357,3 0,000 215 2,3 0,000 315 17,3
6 68 0,000 165 352,3 0,000 165 7,3 0,000 215 32,3
7 99 0,000.140 7,3 0,000 115 17,3 0,000 140 47,3
8 130 0,000 140 27,3 0,000 115 37,3 0,000 115 67,3
9 159 0,000 040 302,3 0,000 040 82,3 0,000 065 117,3
10 186 0,000 065 307,3 0,000 015 147,3 0,000 040 162,3
11 215 0,000 090 317,3 0,000 065 302,3 0,000 140 252,3
12 246 0,000 090 3173 0,000 115 302,3 0,000 215 2773
2p20 1 279 0,000 165 307,3 0,000 215 307,3 0,000 315 302,3
2 312 0,000 265 337,3 0,000 315 3273 0,000 415 322,3
3 342 0,000 265 347,3 0,000 340 3473 0,000 440 347,3
4 10 0,000 315 12,3 0,000 365 12,3 0,000 490 12,3
5 38 0,000 365 32,3 0,000 415 32,3 0,000 490 32,3
6 69 0,000315 52,3 0,600-365 573 0,000490 57,3
7 100 0,000 290 62,3 0,000 290 67,3 0,000 390 77,3
8 131 0,000 215 72,3 0,000 240 77,3 0,000 340 92,3
9 160 0,000 215 82,3 0,000 240 92,3 0,000 265 107,3
10 187 0,000 115 107,3 0,000 115 112,3 0,000 140 1373
11 216 0,000 015 117,3 0,000 015 137,3 0,000 040 177,3
12 247 0,000 090 357,3 0,000 090 3373 0,000 115 302,3
2021 1 279 0,000 165 12,3 0,000 165 2,3 0,000 190 332,3
2 312 0,000 215 27,3 0,000 240 17,3 0,000 290 357,3
3 342 0,000 290 42,3 0,000 315 32,3 0,000 415 22,3
4 10 0,000 315 47,3 0,000 390 42,3 0,000 465 37,3
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Table A.2 (continued)

Year Month Lg CrxA/m=0,015m2/kg| Cg x A/m=0,02m2/kg | CyxxA/m=0,03 m2/kg
®) e w+0 e w+0 e w+0
5 38 0,000 390 57,3 0,000 440 57,3 0,000 540 52,3
6 69 0,000 440 72,3 0,000 490 72,3 0,000 615 72,3
7 100 0,000 390 87,3 0,000 440 87,3 0,000 565 87,3
8 131 0,000 315 102,3 0,000 365 102,3 0,000 465 107,3
9 160 0,000 240 107,3 0,000 265 112,3 0,000 340 127,3
16 187 0;000-165 H23 6;600196 1223 6,000-24-0 +42,3
11 216 0,000 190 97,3 0,000 140 117,3 0,000 115 157)3
12 247 0,000 140 102,3 0,000 115 102,3 0,000 015 272)3
2022 1 280 0,000 090 57,3 0,000 090 27,3 0,000 145 2,3
2 313 0,000 240 57,3 0,000 240 47,3 0,000.240 32,B
3 341 0,000 315 62,3 0,000 340 52,3 0,000 340 42,8
4 10 0,000 315 72,3 0,000 340 67,3 0,000 415 57,8
5 38 0,000 340 82,3 0,000 365 77,3 0,000 465 67,8
6 68 0,000 315 87,3 0,000 365 87,3 0,000 490 82,B
7 99 0,000 340 92,3 0,000 415 92,3 0,000 490 97,8
8 131 0,000 390 102,3 0,000 465 102,3 0,000 515 1123
9 160 0,000 365 117,3 0,000,440 117,3 0,000 490 127)3
10 187 0,000 315 132,3 0,000 365 137,3 0,000 440 147)3
11 216 0,000 190 142,3 0,000 215 162,3 0,000 290 172|3
12 246 0,000 140 132,3 0,000 090 157,3 0,000 140 197,3
2023 1 279 0,000 065 1273 0,000 015 232,3 0,000 040 267)3
2 313 0,000 040 67,3 0,000 040 32,3 0,000 115 3523
3 341 0,000 090 62,3 0,000 090 42,3 0,000 190 27,8
4 10 0,000190 77,3 0,000 240 67,3 0,000 290 52,B
5 37 0,000 315 82,3 0,000 390 77,3 0,000 440 72,8
6 68 0,000 365 102,3 0,000 415 97,3 0,000 515 92,B
7 99 0,000 340 117,3 0,000 390 112,3 0,000 490 1123
8 130 0,000 290 117,3 0,000 365 117,3 0,000 465 1223
9 159 0,000 315 127,3 0,000 365 137,3 0,000 440 142)3
10 186 0,000 265 152,3 0,000 315 162,3 0,000 415 1673
14 215 0,000 240 182,3 0,000 265 182,3 0,000 365 192)3
12 246 0,000 215 207,3 0,000 240 212,3 0,000 340 222)3
2024 T 279 0,000050 2273 0,000 140 2373 0;000215 2473
2 312 0,000 015 97,3 0,000 040 287,3 0,000 140 297,3
3 342 0,000 015 97,3 0,000 015 317,3 0,000 115 3373
4 10 0,000 040 117,3 0,000 090 52,3 0,000 165 37,3
5 38 0,000 165 87,3 0,000 190 82,3 0,000 290 67,3
6 69 0,000 190 122,3 0,000 265 112,3 0,000 315 102,3
7 100 0,000 240 142,3 0,000 290 137,3 0,000 365 127,3
8 131 0,000 240 162,3 0,000 290 162,3 0,000 365 152,3
9 160 0,000 240 182,3 0,000 290 182,3 0,000 390 177,3
10 187 0,000 240 197,3 0,000 290 197,3 0,000 390 192,3
11 216 0,000 215 207,3 0,000 240 207,3 0,000 365 212,3
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Table A.2 (continued)

IS0 26872:2019(E)

Year Month Lg CrxA/m=0,015m2/kg| Cy x A/m=0,02 m2/kg | CgxA/m=0,03 m2/kg
) e w+0 e w+Q e w+0
12 247 0,000 215 222,3 0,000 240 222,3 0,000 340 232,3
2025 1 279 0,000 215 232,3 0,000 240 237,3 0,000 315 252,3
2 312 0,000 215 252,3 0,000 240 2573 0,000 290 272,3
3 342 0,000 190 262,3 0,000 165 2773 0,000 240 292,3
4 10 0,000 015 142,3 0,000 065 317,3 0,000 165 3273
5 38 8-000-045 18743 68:000-645 3523 08-080-665 17,3
6 69 0,000 065 212,3 0,000 065 102,3 0,000 115 87,3
7 100 0,000 065 1873 0,000 090 147,3 0,000:215 1273
8 131 0,000 165 177,3 0,000 215 167,3 0,000 290 152,3
9 160 0,000 215 192,3 0,000 265 182,3 0,000 365 182,3
10 187 0,000 265 207,3 0,000 340 2073 0,000 440 202,3
11 216 0,000 390 232,3 0,000 390 227,3 0,000 515 227,3
12 247 0,000 365 2473 0,000 440 2473 0,000 540 2473

Tahle A.3 — Optimal eccentricity vector for Cy x A/m = 0;04'm2/kg, Cy x A/m = 0,05 m2/kg and
Cgr xA/m = 0,06 m?/kg

Year Month Lg Cg xA/m=0,04 m?2/kg,| €y x A/m=0,05m?2/kg | Cg xA/m=|0,06 m?/kg
) e W+ e w+0 e w+0
2p0o6 1 281 0,000 215 252,3 0,000 315 2573 0,000 415 267,3
2 314 0,000 190 297,3 0,000 315 297,3 0,000 415 302,3
3 341 0,000 165 352,3 0,000 265 347,3 0,000 390 347,3
4 10 0,000.215 22,3 0,000 315 17,3 0,000 440 17,3
5 38 0,000 315 57,3 0,000 415 52,3 0,000 540 52,3
6 68 0,000 390 87,3 0,000 490 82,3 0,000 615 82,3
7 99 0,000 465 107,3 0,000 590 107,3 0,000 665 107,3
8 13T 0,000 515 132,3 0,000 615 132,3 0,000 715 132,3
9 160 0,000 515 162,3 0,000 615 162,3 0,000 715 157,3
10 187 0,000 490 187,3 0,000 615 187,3 0,000 715 187,3
1% 216 0,000 515 212,3 0,000 615 217,3 0,000 715 217,3
12 246 0,000 515 242,3 0,000 590 242,3 0,000 715 242,3
2p07 1 281 0,000 390 262,3 0,000 490 267,3 0,000 615 267,3
2 314 0,000 365 282,3 0,000 415 292,3 0,000 515 297,3
3 34T 0,000265 322;3 0,000 365 3273 0,000465 332,3
4 10 0,000 190 7,3 0,000 315 12,3 0,000 415 12,3
5 37 0,000 215 57,3 0,000 315 52,3 0,000 415 47,3
6 68 0,000 290 92,3 0,000 390 87,3 0,000 515 82,3
7 99 0,000 315 117,3 0,000 440 112,3 0,000 515 112,3
8 130 0,000 390 142,3 0,000 490 142,3 0,000 565 142,3
9 159 0,000 465 177,3 0,000 565 177,3 0,000 640 172,3
10 186 0,000 540 197,3 0,000 665 197,3 0,000 790 197,3
11 215 0,000 590 222,3 0,000 690 222,3 0,000 815 222,3
12 246 0,000 615 2473 0,000 740 247,3 0,000 865 247,3
2008 1 280 0,000 540 267,3 0,000 665 272,3 0,000 765 272,3
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Table A.3 (continued)

Year Month Lg CrxA/m=0,04m2/kg | Cg x A/m=0,05m2/kg | Cg x A/m=0,06 m?/kg
®) e w+0 e w+0 e w+0
2 313 0,000 440 292,3 0,000 540 297,3 0,000 640 297,3
3 342 0,000 365 317,3 0,000 465 322,3 0,000 565 3273
4 10 0,000 240 357,3 0,000 365 2,3 0,000 490 7,3
5 38 0,000 215 42,3 0,000 315 42,3 0,000 440 42,3
6 69 0,000 140 92,3 0,000 315 82,3 0,000 390 82,3
7 160 08-000-246 1323 08-006-349 1273 8,8000-449 H73
8 131 0,000 315 167,3 0,000 390 162,3 0,000 465 1523
9 160 0,000 365 187,3 0,000 440 182,3 0,000 540 172|3
10 187 0,000 440 207,3 0,000 540 202,3 0,000 665 2023
11 216 0,000 490 2273 0,000 615 227,3 0,000.740 2273
12 247 0,000 540 247,3 0,000 690 252,3 0,000 790 2523
2009 1 280 0,000 565 272,3 0,000 665 272,3 0,000 790 272)3
2 313 0,000 515 292,3 0,000 640 297,3 0,000 740 297)3
3 342 0,000 465 312,3 0,000 540 322,3 0,000 640 3223
4 10 0,000 390 347,3 0,000 490 352,3 0,000 590 357)3
5 38 0,000 290 22,3 0,000 415 27,3 0,000 540 32,B
6 69 0,000 315 62,3 0,000,415 67,3 0,000 515 67,8
7 100 0,000 290 97,3 0,000 390 97,3 0,000 515 97,8
8 131 0,000 290 137,3 0,000 390 137,3 0,000 490 137)3
9 160 0,000 315 177,3 0,000 415 172,3 0,000 515 172|3
10 187 0,000 390 2073 0,000 465 202,3 0,000 590 2023
11 216 0,000 415 237,3 0,000 490 232,3 0,000 615 2323
12 247 0,000 515 262,3 0,000 615 257,3 0,000 715 257)3
2010 1 280 0,000.465 282,3 0,000 565 282,3 0,000 690 282)3
2 313 0,000 440 312,3 0,000 565 307,3 0,000 665 3123
3 341 0,000 440 337,3 0,000 540 337,3 0,000 615 3423
4 10 0,000 465 7,3 0,000 565 7,3 0,000 665 7,3
5 38 0,000 440 32,3 0,000 565 32,3 0,000 665 37,8
6 68 0,000 465 57,3 0,000 590 62,3 0,000 715 62,8
7 99 0,000 440 82,3 0,000 515 87,3 0,000 590 87,8
8 131 0,000 315 117,3 0,000 440 117,3 0,000 540 1223
9 160 0,000 290 152,3 0,000 390 152,3 0,000 490 1523
10 187 0,000250 19273 0;000350 19273 0,0004950 192.3
11 216 0,000 290 2373 0,000 390 232,3 0,000 490 232,3
12 246 0,000 290 272,3 0,000 440 267,3 0,000 515 267,3
2011 1 279 0,000 340 312,3 0,000 490 302,3 0,000 515 302,3
2 313 0,000 440 342,3 0,000 515 337,3 0,000 615 332,3
3 341 0,000 490 2,3 0,000 615 2,3 0,000 690 3573
4 10 0,000 515 22,3 0,000 615 22,3 0,000 740 22,3
5 37 0,000 540 47,3 0,000 665 47,3 0,000 790 47,3
6 68 0,000 565 67,3 0,000 665 67,3 0,000 765 67,3
7 99 0,000 490 82,3 0,000 565 87,3 0,000 665 87,3
8 130 0,000 465 97,3 0,000 540 102,3 0,000 640 107,3
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Table A.3 (continued)

IS0 26872:2019(E)

Year Month Lg CpxA/m=0,04 m2/kg | Cx x A/m=0,05m2/kg | Cg xA/m=0,06m%/kg
) e w+0 e w+Q e w+0
9 159 0,000 415 117,3 0,000 490 122,3 0,000 590 127,3
10 186 0,000 290 142,3 0,000 365 152,3 0,000 465 162,3
11 215 0,000 165 197,3 0,000 265 202,3 0,000 365 207,3
12 246 0,000 140 2473 0,000 265 247,3 0,000 390 247,3
2012 1 279 0,000 240 307,3 0,000 340 297,3 0,000 440 2973
2 342 8;000-365 3473 08-000-465 3373 6,8060-546 3373
3 342 0,000 440 7,3 0,000 565 7,3 0,000 665 2,3
4 10 0,000 615 32,3 0,000 715 32,3 0,000:815 27,3
5 38 0,000 715 52,3 0,000 840 52,3 0,000 965 52,3
6 69 0,000 740 72,3 0,000 865 72,3 0,000 965 72,3
7 100 0,000 665 87,3 0,000 815 92,3 0,000915 92,3
8 131 0,000 615 102,3 0,000 715 107,3 0,000 790 107,3
9 160 0,000 540 122,3 0,000 590 132,3 0,000 690 132,3
10 187 0,000 415 142,3 0,000 490 152,3 0,000 565 157,3
11 216 0,000 265 177,3 0,000'340 187,3 0,000 440 197,3
12 247 0,000 140 217,3 0,000 215 222,3 0,000 315 232,3
2p13 1 279 0,000 090 302,3 0,000 165 302,3 0,000 340 292,3
2 312 0,000 240 12,3 0,000 315 3473 0,000 415 342,3
3 342 0,000 390 27,3 0,000 465 17,3 0,000 565 7,3
4 10 0,000 565 47,3 0,000 640 37,3 0,000 740 37,3
5 38 0,000 665 62,3 0,000 815 62,3 0,000 865 57,3
6 69 0,000.740 82,3 0,000 840 82,3 0,000 940 82,3
7 100 0,000 715 102,3 0,000 815 102,3 0,000915 102,3
8 131 0,000 640 122,3 0,000 765 122,3 0,000 865 122,3
9 160 0,000 565 142,3 0,000 665 142,3 0,000 740 147,3
10 187 0,000 465 157,3 0,000 565 162,3 0,000 665 167,3
11 216 0,000 340 177,3 0,000 415 187,3 0,000 515 192,3
12 247 0,000 215 192,3 0,000 265 212,3 0,000 340 222,3
2p14 1 280 0,000 090 222,3 0,000 140 242,3 0,000 240 257,3
2 313 0,000 015 2873 0,000 115 317,3 0,000 215 317,3
3 341 0,000 240 42,3 0,000 290 27,3 0,000 365 22,3
4 10 0,000 340 67,3 0,000 365 52,3 0,000 465 47,3
5 38 0,000440 82,3 ;000515 7253 0,000615 67,3
6 68 0,000 515 97,3 0,000 665 92,3 0,000 740 87,3
7 99 0,000 615 112,3 0,000 765 107,3 0,000 865 107,3
8 131 0,000 665 127,3 0,000 790 127,3 0,000 890 127,3
9 160 0,000 690 147,3 0,000 740 152,3 0,000 865 152,3
10 187 0,000 640 172,3 0,000 765 172,3 0,000 890 172,3
11 216 0,000 590 192,3 0,000 690 197,3 0,000 815 202,3
12 246 0,000 490 217,3 0,000 590 222,3 0,000 690 227,3
2015 1 279 0,000 315 2373 0,000 390 247,3 0,000 515 2573
313 0,000 190 272,3 0,000 240 2773 0,000 340 2873
341 0,000 065 327,3 0,000 190 332,3 0,000 290 3373
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Table A.3 (continued)

Year Month Lg CrxA/m=0,04m2/kg | Cg x A/m=0,05m2/kg | Cg x A/m=0,06 m?/kg
®) e w+0 e w+0 e w+0
4 10 0,000 190 52,3 0,000 265 37,3 0,000 365 32,3
5 37 0,000 340 82,3 0,000 415 72,3 0,000 515 67,3
6 68 0,000 490 112,3 0,000 540 102,3 0,000 640 97,3
7 99 0,000 540 132,3 0,000 640 127,3 0,000 740 122,3
8 130 0,000 590 152,3 0,000 715 147,3 0,000 790 147,3
9 159 0,000-640 1723 8080765 1673 68,000-865 16743
10 186 0,000 740 1873 0,000 840 1873 0,000 940 187]3
11 215 0,000 715 212,3 0,000 840 212,3 0,000 965 212)3
12 246 0,000 690 2273 0,000 765 232,3 0,000 890 232)3
2016 1 279 0,000 540 252,3 0,000 665 257,3 0,000.740 2573
2 312 0,000 390 272,3 0,000 465 282,3 0,000 565 287|3
3 342 0,000 215 302,3 0,000 315 312,3 0,000 440 31783
4 10 0,000 090 7,3 0,000 190 12,3 0,000 315 12,8
5 38 0,000 115 72,3 0,000 240 62,3 0,000 340 62,8
6 69 0,000 265 127,3 0,000 340 112,3 0,000 415 102)3
7 100 0,000 415 152,3 0,000 490 142,3 0,000 540 137)3
8 131 0,000 515 177,3 0,000,565 167,3 0,000 665 162)3
9 160 0,000 540 192,3 0,000 640 187,3 0,000 740 182]3
10 187 0,000 615 207,3 0,000 690 207,3 0,000 790 207)3
11 216 0,000 640 222,3 0,000 765 222,3 0,000 865 2223
12 247 0,000 665 2423 0,000 765 242,3 0,000 890 242|3
2017 1 279 0,000 665 257,3 0,000 740 257,3 0,000 865 262)3
2 312 0,000 615 2773 0,000 690 282,3 0,000 765 287)3
3 342 0,000.490 292,3 0,000 540 2973 0,000 615 307)3
4 10 0,000 340 317,3 0,000 390 3273 0,000 490 337)3
5 38 0,000 190 352,3 0,000 240 7,3 0,000 340 17,8
6 69 0,000 090 62,3 0,000 215 67,3 0,000 340 67,8
7 100 0,000 165 1273 0,000 265 122,3 0,000 415 11783
8 131 0,000 315 167,3 0,000 390 162,3 0,000 465 152]3
9 160 0,000 440 192,3 0,000 540 187,3 0,000 665 187)3
10 187 0,000 615 217,3 0,000 715 212,3 0,000 815 207)3
M 216 0,000 715 237,3 0,000 815 237,3 0,000915 2373
12 247 0,000 740 2573 0,000 840 257.3 0,000940 257,3
2018 1 280 0,000 690 2773 0,000 815 2773 0,000915 2773
2 313 0,000 640 292,3 0,000 740 292,3 0,000 840 2973
3 341 0,000 565 312,3 0,000 640 317,3 0,000 740 317,3
4 10 0,000 440 337,3 0,000 515 342,3 0,000 615 347,3
5 38 0,000 340 2,3 0,000 415 12,3 0,000 540 17,3
6 68 0,000 215 37,3 0,000 315 47,3 0,000 440 52,3
7 99 0,000 140 82,3 0,000 240 82,3 0,000 390 107,3
8 131 0,000 140 152,3 0,000 240 147,3 0,000 340 142,3
9 160 0,000 290 197,3 0,000 365 187,3 0,000 440 182,3
10 187 0,000 415 222,3 0,000 515 2173 0,000 615 212,3
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Year Month Lg CpxA/m=0,04 m2/kg | Cx x A/m=0,05m2/kg | Cg xA/m=0,06m%/kg

) e w+0 e w+Q e w+0
11 216 0,000 565 247,3 0,000 640 242,3 0,000 740 242,3
12 246 0,000 615 272,3 0,000 740 267,3 0,000 840 267,3
2019 1 279 0,000 615 292,3 0,000 715 292,3 0,000 840 292,3
2 313 0,000 565 317,3 0,000 690 317,3 0,000 815 317,3
3 341 0,000 565 337,3 0,000 665 3373 0,000 765 3373

4 10 0;8060-496 23 8;600-596 23 08-006-696 2,3

5 37 0,000 440 22,3 0,000 540 27,3 0,000 640 32,3

6 68 0,000 315 42,3 0,000 415 52,3 0,000:515 57,3

7 99 0,000 240 62,3 0,000 340 77,3 0,000 440 82,3
8 130 0,000 165 97,3 0,000 240 102,3 0,000 340 117,3
9 159 0,000 115 137,3 0,000 190 142,3 0,000 315 152,3
10 186 0,000 115 182,3 0,000 240 19273 0,000 365 192,3
11 215 0,000 265 237,3 0,000 340 232,3 0,000 540 2373
12 246 0,000 315 272,3 0,000 440 262,3 0,000 615 267,3
2p20 1 279 0,000 415 297,3 0,000'540 292,3 0,000 640 292,3
2 312 0,000 515 322,3 ;000 615 322,3 0,000 715 317,3
3 342 0,000 565 347,3 0,000 665 3473 0,000 790 347,3

4 10 0,000 590 12,3 0,000 690 12,3 0,000 815 12,3

5 38 0,000 640 373 0,000 740 37,3 0,000 840 37,3

6 69 0,000 590 62,3 0,000 715 62,3 0,000 865 62,3

7 100 0,000 515 82,3 0,000 665 82,3 0,000 715 87,3
8 131 0,000.415 102,3 0,000 515 107,3 0,000 590 112,3
9 160 0,000 315 117,3 0,000 390 132,3 0,000 465 142,3
10 187 0,000 215 152,3 0,000 290 167,3 0,000 540 177,3
11 216 0,000 140 212,3 0,000 240 217,3 0,000 415 217,3
12 247 0,000 190 272,3 0,000 265 272,3 0,000 490 257,3
2p21 1 279 0,000 240 312,3 0,000 340 302,3 0,000 465 297,3
2 312 0,000 365 337,3 0,000 465 3373 0,000 540 332,3

3 342 0,000 465 12,3 0,000 565 7,3 0,000 640 2,3

4 10 0,000 565 32,3 0,000 690 32,3 0,000 790 27,3

5 38 0,000 665 52,3 0,000 765 52,3 0,000 890 47,3

6 69 0,000 715 72,3 0,000 840 72,3 0,000 890 72,3

7 160 ;000665 92,3 0,000765 92,3 ;000890 92,3
8 131 0,000 565 112,3 0,000 640 117,3 0,000 765 117,3
9 160 0,000 440 132,3 0,000 540 137,3 0,000 640 142,3
10 187 0,000 315 157,3 0,000 390 162,3 0,000 490 167,3
11 216 0,000 165 182,3 0,000 265 197,3 0,000 390 197,3
12 247 0,000 065 242,3 0,000 190 247,3 0,000 290 247,3
2022 1 280 0,000 165 342,3 0,000 215 312,3 0,000 340 297,3
2 313 0,000 265 12,3 0,000 315 357,3 0,000 390 342,3

3 341 0,000 390 27,3 0,000 515 22,3 0,000 540 12,3

4 10 0,000 515 47,3 0,000 590 42,3 0,000 690 37,3

5 38 0,000 565 62,3 0,000 665 62,3 0,000 765 57,3

© IS0 2019 - All rights reserved

25


https://standardsiso.com/api/?name=b559f955a45256a8d9a8a48fe1a70492

ISO 26872:2019(E)

Table A.3 (continued)

Year Month Lg CrxA/m=0,04m2/kg | Cg x A/m=0,05m2/kg | Cg x A/m=0,06 m?/kg
®) e w+0 e w+0 e w+0
6 68 0,000 590 82,3 0,000 740 77,3 0,000 840 77,3
7 99 0,000 615 97,3 0,000 715 97,3 0,000 840 97,3
8 131 0,000 640 112,3 0,000 740 112,3 0,000 815 117,3
9 160 0,000 590 132,3 0,000 715 132,3 0,000 765 142,3
10 187 0,000 490 152,3 0,000 590 157,3 0,000 690 162,3
+H 216 68,000-365 1823 08,660-496 1923 68-080-596 1943
12 246 0,000 240 2173 0,000 365 2273 0,000 465 232)3
2023 1 279 0,000 165 272,3 0,000 290 272,3 0,000 390 2773
2 313 0,000 190 332,3 0,000 290 327,3 0,000 390 322)3
3 341 0,000 265 7,3 0,000 390 2,3 0,000.490 2,3
4 10 0,000 415 42,3 0,000 515 37,3 0,000 565 32,B
5 37 0,000 540 67,3 0,000 640 62,3 0,000 740 57,8
6 68 0,000 615 87,3 0,000 715 87,3 0,000 815 87,8
7 99 0,000 590 107,3 0,000 715 107,3 0,000 865 102)3
8 130 0,000 590 122,3 0,000 690 122,3 0,000 890 127)3
9 159 0,000 540 147,3 0,000 640 147,3 0,000 740 1473
10 186 0,000 490 172,3 0,000,615 177,3 0,000 690 17713
11 215 0,000 490 202,3 0,000 590 207,3 0,000 690 2073
12 246 0,000 440 2273 0,000 515 232,3 0,000 590 2323
2024 1 279 0,000 340 257,3 0,000 440 262,3 0,000 540 267)3
2 312 0,000 240 30%3 0,000 340 307,3 0,000 465 3023
3 342 0,000 215 3473 0,000 315 3473 0,000 440 3473
4 10 0,000 290 32,3 0,000 390 27,3 0,000 490 22,B
5 38 0,000.390 62,3 0,000 465 57,3 0,000 565 57,8
6 69 05000 440 92,3 0,000 515 87,3 0,000 665 87,8
7 100 0,000 440 122,3 0,000 565 117,3 0,000 690 112]3
8 131 0,000 465 152,3 0,000 565 147,3 0,000 665 1423
9 160 0,000 465 172,3 0,000 590 172,3 0,000 665 1673
10 187 0,000 490 192,3 0,000 615 192,3 0,000 715 192]3
11 216 0,000 490 217,3 0,000 615 217,3 0,000 715 217)3
12 247 0,000 440 2373 0,000 540 242,3 0,000 640 242|3
2025 1 279 0,000 415 2573 0,000 540 262,3 0,000 615 2673
2 312 0,000390 282;3 0,000490 2873 0,000590 292,3
3 342 0,000 290 3073 0,000 390 312,3 0,000 465 322,3
4 10 0,000 240 342,3 0,000 315 347,3 0,000 415 357,3
5 38 0,000 165 32,3 0,000 265 37,3 0,000 365 37,3
6 69 0,000 215 77,3 0,000 315 77,3 0,000 440 77,3
7 100 0,000 290 117,3 0,000 465 112,3 0,000 515 112,3
8 131 0,000 390 147,3 0,000 490 147,3 0,000 590 147,3
9 160 0,000 465 177,3 0,000 565 177,3 0,000 665 172,3
10 187 0,000 540 202,3 0,000 615 202,3 0,000 740 197,3
11 216 0,000 640 227,3 0,000 765 2273 0,000 890 2273
12 247 0,000 640 2473 0,000 740 2473 0,000 840 2473
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Annex B
(informative)

Optimal manoeuvre sequences

e is optimal
1ld consider

res.

th chemical
aft utilizing

is an initial
Id be taken:

/' =5,0 m/s);

0,9 m/s and

[ is available

B.1 General

Two ftypes of manoeuvre sequences are suggested depending on whether the orbit perigeg

neartsun-pointing at the end of the spacecraft's operational life. Actual planning-shot

missjon constraints and uncertainties in estimating propellant usage.

The two main criteria for the manoeuvre sequence planning are the following:

a) énsuring sun-pointing or keeping final orbit eccentricity small (less than 0,005);

b) ¢nsuring all on-board energy sources are depleted or passivated‘at'the end of manoeuy

B.2 fo B.4 illustrate the two types of manoeuvre sequences<for impulsive burns wi

propulsion systems. B.5 discusses the two types of mano€uvre sequences for spacecr

low-thrust propulsion systems.

B.2 | Type A manoeuvre sequence

The [nitial perigee is already in the optimal diteetion, near-sun-pointing. Assuming there

eccentricity of 0,000 5 and a target perigee 0f£300 km above GEO, the following actions shot

a) perform the first burn at apogee to ryaise the perigee to GEO plus 200 km (AV = 4,0 m/s};

b) perform a new orbit determination two orbits later;

c) perform the second burn atthe new apogee to raise the perigee to GEO plus 300 km (A

d) perform a new orbit determination two orbits later;

e) perform the third-burn at the new apogee to raise the perigee to GEO plus 250 km (AV =
¢=0,000589);

f) erform a.new orbit determination two orbits later;

g) Ierform the fourth burn at perigee to raise the apogee to GEO plus 350 km, if propellan
A)V=09 m/s and e= 0,001 18);

h) perform a new orbit determination 1,5 orbits Iater;

i) perform the fifth burn at apogee to raise the perigee to GEO plus 300 km (AV = 0,9 m/s and
e=0,000588);

j)  perform a new orbit determination two orbits later;

k) perform the sixth burn at apogee to raise the perigee to 325 km, if adequate propellant is available
(AV=0,45m/s and e = 0,000 294);

1) continue to raise the perigee and apogee by about 25 km or less for each additional burn until

propellant tanks are empty, and keep the perigee sun-pointing as shown for burns 7 and 8 in

Table B.1; the last few burns should be small and well planned such that the final eccent
is as close to the optimal vector as possible (see Annex C).
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Table B.1 — Orbit conditions and AV consumed after each Type A burn

Perigee Apogee Accumulat- Accumulat-
height height | edlongitude AV ed AV Sun-
Burn above GEO | above GEO drift e m/s pointing?
km km ° west m/s

1 21 200 0 0,002 120 4,0 4,0 No

2 200 300 3,2 0,001 170 5,0 9,0 Yes

3 250 300 11,2 0,000 589 09 99 Yes

4 250 350 20,0 0,001 180 0,9 10,8 Yes

52 300 350 27,6 0,000 588 0,9 11,7 Yes

6 325 350 359 0,000 294 0,45 12,15 Yes

7 325 375 44,5 0,000 592 0,45 12,6 Yes

8 350 375 55,6 0,000 296 0,45 13,05 Yes
a  The miniEqum perigee increase, AH, computed by Formula (1), can usually be satisfied affér-the fifth burn{ The
remaining bufrns are used to increase the altitude until the propellant is exhausted (the accumulated AV is 13,05 m/s,
assumed tota] AV remaining for orbit disposal).
The actual| manoeuvre sequence should consider the ground-station<viewing constraint ag the
spacecraft is gradually drifting westward as shown in the fourth colufun of Table B.1. It may bg two
to three manths before the last two to three burns (burns 6 to 8).can’ be performed. The estimated
propellant mass to achieve a minimum perigee increase of 280 km is.about 8 kg for a 2 000 kg spacecraft
with a chemfical propulsion system (I, = 300 s).
B.3 Typ¢ B manoeuvre sequence
The initial perigee is not along the optimal direction-for near-sun-pointing. When the initial pefigee
is not sun-pointing, the long-term eccentricity variation will be more pronounced and the minimum
perigee altifude will be lower than the desired-value of 300 km. The standard re-orbit strategy|is to
execute the ffirst two to three burns away from-perigee or apogee to change the argument of perigee or
the eccentrifity vector. The change can be-achieved without additional propellant or burns. Figure B.1

gives an example of induced change in argument of perigee versus the burn location on the orbit.

exact sol

N RS X

y
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/"\
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90

60

|

30
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150180 X

ution

burn location (true anomaly), in degrees

Formulae (B.1) and (B.2)

Figure B.1 — Induced change in argument of perigee versus burn location

change in argument of perigee, in degrees

The example assumes an initial eccentricity of 0,000 5 and the AV as 2,0 m/s. This burn will also
raise the semi-major axis by the desired amount, approximately 110 km. The top curve is computed

28
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from formulae based on closed-form orbit relations to be discussed in Annex C. The bottom curve is
computed from simplified linear relations as follows:

Aa
Ae=—xcosv

a

Aa .
eAw=—Xxsinv

a

where

(B.1)

(B.2)

The
burn
perig
is leg
sequ

Figu
good

Whe
sequ

Ae is the induced change in eccentricity;
Aw is the induced change in argument of perigee;

Aa is the planned increase in mean orbit altitude or semi-major axis;

Burn location (true anomaly), in degrees

¢ is the true anomaly where a single burn is executed.

bccentricity in front of Aw on the left-hand side of Formula (B.2) isthe new eccentric
. Figure B.1 shows that the simplified relations for determining.the induced change in
ee give good approximations when the burn location (true-anomaly or central angle fj
s than 90°. Formulae (B.1) and (B.2) are useful in thelinitial design of the Type B
ence for orbits whose perigees are not sun-pointing.

e B.2 shows the corresponding change in eccentriéity. The approximate relation [Forn
for eccentricity computation when the true anomaly is less than 40°.

h the perigee becomes sun-pointing aftercthe first two or three burns, the rem
ences should follow the Type A manoeuvre sequence.
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Formula (B.1

Figure B.2 — Induced change in eccentricity versus burn location (e, = 0,000 5; AV = 2,0 m/s)

B.4

Sample manoeuvre sequence

The following sample manoeuvre sequence assumes a 70° difference between the initial perigee and

the s

un vector (the sun is 70° east of the perigee vector):

a) perform the first burn at 60° past perigee or when true anomaly equals 60°, with a AV of 2,0 m/s
along the in-track direction to raise the orbit altitude;

© IS0 2019 - All rights reserved
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b)

f)
g)

h)

j)
k)

D)

perform an orbit determination one or two orbits later; the new orbit should be a = 42 220,86 km,
e=0,001 613, same inclination and RAAN, and argument of perigee advanced by 44,42°;

perform the second burn at 56° past the new perigee, with a AV of 2,0 m/s along the in-track
direction;

perform an orbit determination one or two orbits later; the new orbit after the second burn should be
sun-pointing with a =42 275,96 km, e = 0,002 584, and argument of perigee advanced by another 25°

perform the third burn at the new apogee to raise the perigee to GEO plus 250 km (AV = 4,52 m/s
and e = 0,000 362);

perfor

perfor
and e =

perfor

perfor
e=0,00

perforni

perforni
av=o,

repeat H
continu

an orbit determination two orbits later;

the fourth burn at the new apogee to raise the perigee to GEO plus 325 km (AVA=31,91 m/s

,000 883 3);

an orbit determination two orbits later;

the fifth burn at the apogee to raise the perigee to GEO plus 300(km (AV = 0,9 m/s

294);

1 an orbit determination two orbits later;

Table B.2 — Orbit conditions and AV consumed after each Type B burn

and

| the sixth burn at the perigee to raise the apogee by )50 km if propellant is available
D m/s and e = 0,000 872);

.4 h) and B.4 i) to raise the perigee by 25 km (AV =©@;45 m/s) after each additional burr, and
e until propellant tanks are empty as illustratedin Table B.2.

Per_igee Ap(_)gee Accumul_at- Accumulat-
Burn height height ed longi- . AV ed AV Sun-pojnt-
above GEO | above GEO | tudé drift m/s ing?
km km ° west m/s

1 13 123 0 0,001 613 2,0 2,0 No
2 1 219 1,74 0,002 584 2,0 4,0 Yes
3 219 250 4,55 0,000 362 4,52 8,52 No
4 250 325 10,5 0,000 893 191 10,43 Yes
5 300 325 18,0 0,000 294 09 11,33 Yes
6 300 375 26,0 0,000 872 09 12,23 Yes
7 325 375 34,6 0,000 592 0,45 12,68 Yes
8 350 375 43,5 0,000 296 0,45 13,13 Yes

The actual manoeuvre sequence should consider the ground-station-viewing constraint as the
spacecraft is gradually drifting westward as shown in the fourth column of Table B.1. It may be two
to three months before the last two to three burns (burns 6 to 8) can be performed. The estimated
propellant mass to achieve a minimum perigee increase of 280 km is about 8 kg for a 2 000 kg spacecraft
with a chemical propulsion system (I, = 300 s).

B.5 Manoeuvre sequence for low-thrust propulsion

For simplified illustration, it is assumed that a near-circular geostationary orbit is gradually pushed
into the desired disposal orbit using a continuous and constant low-thrust propulsion along the velocity

30
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direction. The changes in the semi-major axis and the eccentricity vector may be understood through

the following set of Gaussian form of formulae of motion.

%_ 2aF
dte V
dh _2FsinL
dt %
dk _2FcosL
1t %
daL
4—=n
it
wheite

h=ecos(w+Q) ;

k=esin(w+Q2);

L=M+w+2 ;

¢ isthe semi-major axis;

F  isthe constant acceleration along the velacity direction;
V' is the magnitude of the velocity;

n  is the orbit mean motion;

M is the mean anomaly.

Formulae (B.3) to (B.6) can be jntegrated by assuming constant a and V for a small increase
orbit{altitude, e.g. AH = 280.km, as follows:

2aFAt
\a =
V

2F (£osLy —cosLy )
Vn

Ah=

. ZF (s Ly —SMLg ]
B Vn
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(

B.10)

The time required for the low-thrust propulsion to achieve the desired altitude increase can be

determined

At—AH

 2aF

from Formulae (B.3) to (B.5), or from Formula (B.11):

v (

B.11)

For the Type A manoeuvre sequence, no change in the eccentricity vector for retaining sun-pointing

geometry is

For the Typ
that the de
example, a (
Boeing Com
Assuming tl
from the XI
280 km abo
for an addit
required pr
chemical pr

In actual aj
complex wi
required m
should be in]
effective thy

/

aF and Ly = L.
e B manoeuvre sequence, the time of action of the low-thrust propulsion should be
sired altitude increase is reached and the final eccentricity vector is sun~poeinting
hEO spacecraft is equipped with the xenon ion propulsion system (XIPS)Ydesigned b
pany™. The estimated thrust level is about 80 mN and the specific impulse Usp) is 3 4
ne mass of the spacecraft at end-of-life is 2 000 kg, the estimated acceleration gene
PS is approximately (0,4 x 10~%) m/s2. From Formula (B.11), the-time required to 1
ye GEO is 2 956 days. In order to ensure sun-pointing, the propulsien should continue {
onal three days or three orbit revolutions to the point where Lpis equal or close to L

required. Therefore, At >

bpulsion).

pplication, the low-thrust propulsion systems of asparticular spacecraft can be r
th burn constraints. A detailed manoeuvre sequénce should be outlined to achiev
nimum perigee altitude increase and the desired sun-pointing geometry. A descri
cluded of the method to be used to monitor.the remaining propellant and to estimat
ust level.

such
. For
y the
00 s.
rated
each
o act
. The

ppellant mass for this transfer is about 0,7 kg (which is less than one-tenth of the mass ysing

hther
b the
btion
e the

1) XIPS is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.
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Annex C
(informative)

Example calculations

Closed-form formulae for computing off-perigee burn locations

Whe
perig
and |

Inth
to th

h a re-orbit burn is applied at a location away from the perigee or apogee, changes.n
ee and eccentricity occur. The magnitude and direction of the changes depend-enithe
ocation of the burn.

s application, the single-burn vector is assumed to be along the in-track direction or pdg
e radial direction and the burn is assumed to be impulsive. The computation starts wif

applied at a given location on the orbit or true anomaly v. The following-Keplerian relations

thei

If thd

I

whet|
axis,

o

whet|

1

!

hduced eccentricity and argument of perigee.

total orbital velocity after the burn, V, is calculated from:

=V, +AV

e V, is the orbital velocity before the burn, thepfrom the vis-viva integral, the new
a, is computed as shown in Formula (C.2) after,the AV is applied at a given true anoma

_ 1
2/r-v2/u
e
is the radius of the orbit.atthe time of burn;

L is the gravitational constant for the Earth.

Assujming that the AV is-along the in-track direction and the velocity component in the rad

is no

L affected, one Keplerian relation gives Formulae (C.3) and (C.4):

i)

hrgument of
burn vector

rpendicular
h a given AV
will lead to

(1)

semi-major
y v

(€.2)

al direction

gcosv=v1= -1 (C.3)
r r
: 1/2 1/2 ; 1/2 ;
sine— i po Dk e sinig— b prd e sinn (€4
where
_ 2
p_a(1—e ) (C.5)
_ 2
Po —ao(l—eo ) (C.6)
and p, ag and e are the elements before the burn.
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Formulae (C.3) and (C.4) can then be used to calculate e and v by iteration, through Formulae (C.7)
and (C.8):

e’ =(esinv)2 +(ecosv)2 (C.7)
and
v:tan_l(esmvj (C.8)
ecosv

After knowing the true anomaly, v, the new value of argument of perigee is as calculated in Formuda [C.9):

With Formullae (C.1) to (C.9), the burn location, v, can be determined by iteration.

C.2 Sample 100-year histories of sun-pointing disposal orbits

A sun-pointjng geometry is selected by assuming an epoch of 2018-07-01. Figure C.1 illustratef the
sun-pointing geometry of this example. A midnight-pointing perigeecwpould be achieved for the fame
initial orbital elements by changing the epoch to 2018-01-01.

}7% L,
_ N\

x 2

©)

Key
x,y,z Earth-¢entred Cartesian coordinates
1 sun
2 perigee of disposal orbit
3 disposhl orbit

Figure C.1 — Sun-pointing geometry with 2018-07-01 epoch

The sample |orbital elements of a GEO disposal orbit for 100-year integration are determined from the

assumed initialeccentricity of 0,000 5 with A/m = 0,035 m?/kg and Cp=1.3. The recommended altjtude

increase, AV, expressed in km, is

AH =235+(1000xCp x A/m)=235+(1000x1,3x0,035)=280,5 (C.10)

The corresponding semi-major axis is 42 467,6 km, e = 0,000 5,i = 0,1°, 2 = 90°, w = 0°, and M = 0°.
A high-precision N-body numerical integration tool was employed to generate all the long-term orbit
results presented in Figures C.2 to C.7. The perturbing forces included are Earth's gravitational
harmonics (6 by 6 EGM96), lunisolar attractions and solar radiation pressure.

Figure C.2 shows the sun-pointing perigee height history of the 100-year integration. The perigee
height history of such orbit is well behaved, with the perigee never below GEO plus 250 km. However,
when the perigee is pointing to the local midnight, a much larger oscillation in perigee height is found
in the 100-year integration (see Figure C.3). The minimum perigee height above GEO is approaching

34 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=b559f955a45256a8d9a8a48fe1a70492

IS0 26872:2019(E)

200 km. This finding suggests that the re-orbit insertion should be performed with perigee pointing
to the sun. A long-period perigee height variation with a period of about 10,5 years, caused by sun/
moon attractions, is apparent in these two cases (see Figures C.2 and C.3), as well as the other 100-year
eccentricity histories.

y
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250 :
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y  perigee above GEO, in km

Key

X )

Figure C.2 — 100-year perigee history (sun-pointing)
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Figure C.3 — 100-year perigee history (pointing to midnight)

Fal‘cases of 100-year integration were repeated to study the sensitivity of the perig

the ¢

ee height to

poch. The initial orbit elements are the same as before for each case at 07-01 or 0

[-01 of each

epoch year. In each 100-year integration, only the minimum perigee height above GEO is recorded
and plotted, as in Figure C.4. The upper curve represents the minimum perigee height for the 07-01
epoch (sun-pointing), and the lower curve represents the minimum perigee height for the 01-01 epoch
(perigee pointing to midnight). The epoch is varied from 2005-01-01 to 2025-07-01. Figure C.4 shows

the s

© ISO

ensitivity of the minimum perigee height to epoch.
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Figure C.4 — Minimum perigee height versus epoch

e whether there is a seasonal variation, the 100-year integration only for the sun-poi
curve in Figure C.4) is repeated on the first day of each month for four selected years (4
hnd 2018). Figure C.5 shows the seasonal variation of.the minimum perigee heights
in Figure C.5 reveal another interesting fact: the peakoof the seasonal variation chang
it every 4 years, or one-quarter of the 18,6 year lunar cycle. The same trend can be se

hting
2005,

The
es to
en in

Figure C.4, where the peaks occur in summer (07-01) for 2009 and 2018.
y 2018\ 2009 2005
260
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/ / - \’\'\-
250 [ N
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4 / AN 12014
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I v
240 -
12 3 4 5 6 7 8 9 10 11 12 X
Key
x  month of the year
Yy minimurp perigee-height above GEO, in km

Figure C.5 — Minimum perigee height versus month of the vear

This finding reveals that the recommended altitude increase (280,5 km) yields a minimum perigee of
250 km or higher for 100 years if the orbit insertion is performed near the peak season (Figures C.4
and C.5) following sun-pointing geometry. For example, if a disposal orbit manoeuvre sequence is to be
planned in 2009, the best time for the re-orbit is sometime in April, as indicated in Figure C.5.

When the perigee is pointing away from the sun or toward midnight, the minimum perigee height from
the 100-year integration changes in a different way. Figure C.6 shows the minimum perigee height as
a function of the combined angle, (w + Q2), for two epochs. On 07-01, the sun-pointing geometry occurs
when (w + ) = 90° On 01-01, the sun-pointing geometry occurs when (w + 2) = 270°. The results show
that the highest value of the minimum perigee height occurs when the perigee is sun-pointing.
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Figure C.6 — Minimum perigee height versus (v + ()

e C.7 shows the minimum perigee height above GEO determined from the 100-year

two epochs, 2018-07-01 and 2018-01-01. All the casés’satisfy the initial perigee altituy
etermined by Formula (C.10) (280,5 km).

integration
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Figure C.7 — Minimum perigee height above GEO versus initial eccentricity

The results indicate that smaller eccentricity, at 0,000 5, tends to keep the minimum perigee higher, at
230 km, when the perigee is pointing to midnight (dashed curve in Figure C.7). The results also show
that a larger initial eccentricity actually increases the minimum perigee height if the sun-pointing
geometry is followed (solid curve in Figure C.7). However, a larger initial eccentricity with the same
initial perigee altitude increase (280,5 km) requires more propellant, which is undesirable for mission
operations. Figure C.8 gives an estimate of the AV requirement as a function of the initial eccentricity of
a GEO disposal orbit with an initial altitude increase of 280,5 km.
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