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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

System level test for RF performance of spacecraft, which is the test for spacecraft expected
performance on orbit, includes test of EIRP, G/T, SPFD, AFR, group delay, PIM, etc. In some conditions, it
also includes verification of the antenna pattern on two crossed planes (normally the antenna pattern
is measured in unit level and subsystem level; if it is necessary to measure in system level, the antenna
pattern on two crossed planes would be chosen for verification purpose). Compact range is suitable for
spacecraft full-link RF performance test, which includes uplink and downlink.

Currently there are well deflned requlrements for acceptance test of 1ntegrated spacecraft as final RF
performas 3 pectalyfor-commeretal-commuieation—spacee nerformance
test flor the payload system (1nclud1ng the transponder and TX/RX antennas) is becomlng mqre and more
impqgrtant and should be verified before launch. At present, the system level RF performance test has
become one important step listed in the spacecraft production flow. It is carried putito verify whether
ther¢ is unexpected variation during the assembling of the spacecraft and whetherthe RF performance
in cojerage area (footprint) can satisfy the specification.

Accopding to ISO 15864, the system level RF performance test items havé been identified g4s necessary
functional performance parameters in acceptance tests, so they can be'tdilored to the test yequirement
for each kind of spacecraft or test plan.

© IS0 2021 - All rights reserved v
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Space systems — Spacecraft system level radio frequency
(RF) performance test in compact range

1 Scope

This document specifies the verification test activities for assessing the RF performance of integrated

the R

ber environment, with respect to the testing using compact range. This documengijs'a
F performance test for spacecraft at system level using compact range.

2 Normative references

Ther]

Fort
ISO 4
— 1
— 1
31

e are no normative references in this document.

Terms and definitions

he purposes of this document, the following terms and définitions apply.
nd IEC maintain terminology databases for use in standardization at the following adc

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

EC Electropedia: available at https://www.electropedia.org/

nomifnal plane wave axis of compact range

NPA
axis

3.2
effe
R
equiy

4

AFR
AM

bf propagation of a single plane wave generated by the compact range reflector

tive free space distancCe inh compact range

Falent distance fromrthe feed, where spherical attenuation exists

Abbreviated terms

amplitude-frequency response

facility and
ipplicable to

Iresses:

amplitude modulation

ALC
CR
DUT
EIRP
EM
FM
G/T

©ISO

automatic level control

compact range

device under test

effective isotropically radiated power
electrical model

frequency modulation

ratio of gain-to-noise temperature (quality factor of spacecraft receiving system)
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PIM
QZ
RBW
RF

Rx
SERAP
SPFD
Tx

cw

5 Testf3

According t
collimated ¢
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passive intermodulation
quiet zone

resolution bandwidth
radio frequency

receive

serration radiation protection structure

saturated power flux density
transmit

continuous wave

cility

b Reference [1], the compact range is one in which the test antenna is illuminated by the
bnergy in the aperture of a larger point or line focus antérdna. For example, a predision

paraboloidal antenna can be used to collimate the energy, as shown schematically in Figure 1, it is more

suitable for
like Cassegi
shown schel

matically in Figure 2.

test antenna; a precision dual reflector antenna can be used to collimate the energy|also,
ain dual reflector antenna which is more suitable for'the spacecraft system level test, as

N

4 &
Key
1 quietzone (QZ)
2 testantephna
3 range Tx/Rx feed
4  focal point

Figure 1 — Schematic representation of a compact range using a reflector and feed
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Key
quiet zone (QZ)
dpacecraft

Tx/Rx antenna
Tx/Rx antenna
ange Tx/Rx feed
focal point

main reflection

O N O U1 D W N
—_

qubreflector
Figure 2 — Schématic representation of a compact range using a dual reflector and feed

The fest facility(is mainly composed of a range illuminating subsystem, a positioner supsystem, an
anechoic chamber and RF test instruments.

The range'illuminating subsystem, which includes the range reflector and the range fe¢ds, shall be
able tapravide the plane wave with flatter amplitude and phase distribution in the QZ_THe alignment
between the range reflector and the range feed can be done annually or biennially; the nominal plane
wave axis of compact range (NPA) direction can be shown (by cubic mirror or others). The reflector
shall have sufficient accuracy.

The positioner subsystem, which includes the DUT positioner and the range feed positioners, shall be
able to rotate the DUT and range feeds with sufficient accuracy. Due to the heft of the DUT, the DUT
positioner can be equipped with counter weight for balance.

The anechoic chamber, which is covered with several types of absorbing material, can provide test
environment with low reflectivity.

As part of the test facility, related RF instruments shall be provided, to produce uplink RF signal and
to measure downlink RF radiating signal of the DUT, the standard RF instruments are listed in Table 1.
The frequency range, linearity and dynamic range of the RF measurement system shall satisfy the test

© IS0 2021 - All rights reserved 3
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requirements. Part of the measurement equipment that makes up the test facility can be calibrated
periodically or in advance of the test by a national metrology institute.

Table 1 — Standard RF instruments

puter

software to complete the data acquisition.

No. | Name of instrument Function Applicated test item
EIRP, G/T, SPFD, AFR,
1 Source Produce uplink transmitting signal. group delay.
Two sources are needed for PIM
test item.
Monitor the downlink receiving signal and
spectrum;
2 Spectrum analyser EIRP, G/T, SPFD,AER, PIM
Measure the power of downlink receiving
signal.
3 Power meter Measure the power of downlink receiving EIRP, SPFD
signal.
Reduce the power of downlink signal or
4 Fixed attenuator EIRP, G/T, SPFD, AFR, PIM
Reduce the power of uplink signal.
5 Coupler Couple a part of power from path. EIRP
6 Power hybrid Combine the signals .of two paths with differ- PIM
ent frequencies into one path.
. Produce the AM or FM modulation’sighal
7 AMpr FM modulation which will be carried by uplink anddownlink Group delay
signal generator .
signal.
8 Hown converter Convert the downhnkcs;,gnal tolower frequen- Group delay
9 Modem Demodulate the downllnk 51ggal to get the AM Group delay
or FM modulation signal.
Compare the twoAM or FM modulation sig-
10 Mddulation domain | nal, one is carried by uplink signal, another is Group dela
analyser carried by.dewnlink signal, to get the related p y
time delay.
11 Datp acquisition com- | Run‘automatically controlled by computer AFR

6 Testrequirement

6.1 Syste

When the syl
on the speci

1At and

m level'RF performance test

fr oo diiobion 1oy, Tha €114

crnacacra

acecraft system is very complex, system level RF performance test should be planned b
ctad

nErapara

ased

considered:

a)
b)
‘)
d)
e)
f)

goal budget of EIRP, G/T, SPFD for spacecraft system;

DUT test scheme, such as which channel and how many channels will be tested;

installation of the DUT self-alignment target which will be in accordance with the NPA;
installation of wind pipes for spacecraft heat dissipation, if necessary;
installation of additional humidifier/dehumidifier for special sensitive payload, if necessary;

provision of a suitable adapter as interface between spacecraft and the DUT positioner.

L +ha o ionc choo dbe
eattioRSahaHsteath+tnRe SpactTrarc protataoT 1oV T 1IcC TOTTOW- Org proparacurrts soal
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RF performance test in compact range

In order to verify whether the final RF performance can satisfy the specification, and to perform the RF
tests, the compact range system should fulfil the following conditions for either facility or customer's
equipment.

a)
b)

Key

N O U1 W

d)

The QZ quality needs to consider the customer’s requirement.

The DUT positioner’s maximum bending moment shall be strong enough for spacecraft holding.
Based on the DUT’s weight and centre of gravity, the positioner’s counter weight can be calculated.
Both of the positioner’s elevation and azimuth axes should be balanced with counter weight, so as

he range reflection sources should be reduced. High-performance absorbing materi
laced between the feed and the DUT to further reduce the effects of the diffraction fj
tructure. It also helps to suppress any direct radiation from the feed antenna-to the te

f the compact range has baffle or SERAP, position the baffle in the lingsof-sight betw
nd the QZ to reduce stray radiation directed to the QZ; and position-the¢’'SERAP in an
lace to prevent the feed from illuminating the main reflector serrations. The positior
$ERAP in compact range is shown in Figure 3.

bl should be
om the feed
St region.

ben the feed
appropriate
of baffle or

WWWWWWWWWWWWWW

quiet zone (Q7)

baffle

range Tx/Rx feed
focal point
SERAP

main reflector
subreflector

Figure 3 — Schematic of baffle and SERAP’s position

The spacecraft’s support structure shall be covered with absorbing material, so a
additional reflection as far as possible.

© IS0 2021 - All rights reserved

s to reduce


https://standardsiso.com/api/?name=4c7c75f705a227aba2e693a31d030e7b

ISO 23569:2021(E)

e) In the anechoic chamber, the range feed local area shall be covered with high power absorbing
material, because the spacecraft downlink is high power transmitting state, this area shall
withstand high power, if necessary. The temperature of this area shall be monitored during the
test.

Also, the range reflector local area shall be maintained in stable temperature state by running the
air-condition system continually if necessary, depending on manufacturer’s requirement, so as to
maintain stable QZ performance.

f) The capability of crane and hook need to consider the requirement of spacecraft lifting.

g) The electrical isolation / grmlnding should be available

Normally, three grounding terminals isolated from each other can be prepared, and séparately
connecfled to spacecraft surface, test instrument, and any other test equipment temporarily used in
the chamber.

h) The earth resistances need to consider the customer’s requirement.

i) Becausg¢ of the high-power level in spacecraft system level test, the hazard areas should be
identifi¢d with warning plates and / or warning lamps at any personnel gate.

j)  Calculate the RF link budget.

k) Do self-calibration for the RF equipment before each absolute value test if necessary, e.g. usjing a
power theter for absolute power test.

1) Do RF-dable loss calibration, if necessary.
m) Preparq the gain calibration data of the range feeds,

n) Preparg the antenna pattern data measured in subsystem level EM/RM (radiation mock-up).

7 Testitem

RF performpnce test items described in\this document refer to tests of EIRP, G/T, SPFD, AFR, group
delay and PIM.

RF performgnce test items are tdilpred to the test requirement for each kind of spacecraft or test plan.
The channels selected to be tested depend on the test requirement.

To verify the spacecraft’s\uplink performance, G/T and SPFD shall be tested. The spacecraft pody
together with the Rx anténnas shall be located in the QZ, while the Tx range feed shall be located gt the
focus of the range reflector.

To verify the spaeecraft’s downlink performance, EIRP shall be tested. The spacecraft body together
with the Tx Fntennas shall be located in the QZ, while the Rx range feed shall be located at the fodus of
the range reftector:

To verify the spacecraft’s full link performance, AFR and group delay shall be tested. For the AFR
test, the spacecraft body together with the Tx antennas or the spacecraft body together with the Rx
antennas shall be located in the QZ, while the Rx or the Tx range feed shall be located at the focus of the
range reflector, depending on whether output AFR or input AFR will be tested. For the group delay test,
the spacecraft body together with the Tx antennas and Rx antennas shall be located in the QZ, if the size
of the QZ is not enough to support the full link wireless test, this group delay test item will be tailored.

For a spacecraft antenna system which shares Rx/Tx signals, the PIM components of the spacecraft’s
downlink transmitting signal may go directly to the uplink channels. If PIM frequencies are within the
spacecraft’s uplink receiving frequency band, PIM shall be tested. The spacecraft body together with
the Tx antennas shall be located in the QZ, while the Rx range feed shall be located at the focus of the
range reflector.

6 © IS0 2021 - All rights reserved
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The EIRP, SPFD and PIM test need to be done in saturation state, which means spacecraft’s uplink is
saturated. The saturation point can be determined by several methods, such as power/gain method, AM
number method, and by monitoring the telemetry parameters of spacecraft’s amplifier.

8 RF performance test methods
8.1 EIRP test

8.1.1 Test purpose

a typical point in the spacecraft downlink coverage area (footprint), and to verify whetHer the EIRP
valugs can satisfy the goal budget and specifications. By combining the antenna pattérn measured in
subsystem level EM/RM (radiation mock-up) and the system level measured EIRP)values jat the beam
peakiand/or at a typical point, the EIRP coverage pattern can be obtained.

The purpose of the EIRP test is to measure and to evaluate EIRP values at the beam pe'il: and/or at

If negessary, a verification of the spacecraft’s Tx or Tx/Rx antenna radiatipn pattern can alsp be done on
two ¢rossed planes in coverage area by using the downlink EIRP setup:

8.1.2 Test principle

In compact range, the spherical wave from the range feed is feflected by the reflector, as a|plane wave,
to the QZ, wherein the spacecraft is located, then the equijvalent spacecraft to earth RF link|can be used
for system level RF performance test. The distance from the range feed to the reflector and then to the
QZ, is the effective free space distance in compact range;’R; this value depends on the designh of compact
range.

Basefd on the reciprocity of compact range, spacecraft’s downlink signal, Tx, is reflected by the range
reflector and goes back to the range feed, whébein R is the same. The EIRP can be obtained by measuring
the Rx signal received by the range feed. Tlhe EIRP can be calculated by Formulae (1), (2) and (3).

OEIRP = GTx,sat 'PTx,sat €3]

PRX,CR 'Lp,down

Qeirp = (2)

GRry CR
2

4TR

ko down = [l—] (3)
dewn

where
6 downis the free space loss for the downlink signal;
R is the effective free space distance in compact range, m;

Prycr 1S the received power measured at the output port of the range feed, W;

Gpy,cr 1s the gain of Rx range feed.

8.1.3 Illustrative test procedure

Two illustrative procedure examples for the EIRP test are provided in Annex A. The EIRP can be
measured by two methods: with full wireless link setup or with wireless downlink setup. The procedure
to be used depends on the test requirement and whether the size of QZ can satisfy the full link setup.

©1S0 2021 - All rights reserved 7


https://standardsiso.com/api/?name=4c7c75f705a227aba2e693a31d030e7b

ISO 23569:2021(E)

8.2 G/T-test

8.2.1 Test purpose

The purpose of the gain-to-noise temperature ratio, G/T, test is to measure and to evaluate G/T values
at the beam peak and/or at a typical point in the spacecraft’s uplink coverage area (footprint). The test
results show whether the G/T values can satisfy the goal budget and specifications. The G/T coverage
pattern can be obtained by combining the antenna pattern measured in subsystem level EM/RM
(radiation mock-up) and the system level measured G/T values at the beam peak and/or at a typical
point.

8.2.2 Test principle

As describedl in 8.1.2, the spacecraft is located in the QZ and illuminated by the plane wave' Ris known
and depends on the design of the compact range.

The G/T can be measured in two different modes: the fixed gain mode and the autgmatic level control
(ALC) mode. The ALC mode requires one more step in the data acquisition compared with the fixed
gain mode. The major difference between these two modes is that the outputpower level varies|with
the input pgwer level in the fixed gain mode, whereas the output power lével is constant in the ALC
mode.

a) G/Tin the fixed gain mode is obtained from three sequential powerlevel measurements:

1) noigse power level, P, of the receiving test equipment,while the spacecraft transponder is
turping off, the RF output of range source is turning off,also;

2) noige power level, P,, of the receiving test equipment, including the spacecraft noise level, ywhile
the|spacecraft transponder is turning on, the REoutput of range source is turning off;

3) power level, P;, of the receiving test equipnient, including the spacecraft noise level and cqrrier
power level, while the spacecraft transponder is turning on, the RF output of range soufce is
turning on also.

Then G/T can be calculated by Formulae {4); (5) and (6):

k’B’L ’(Yz—l)’Yl
Toyr =—p—— 4
DEIRP, Tx,CR *(Y1 —1)
Y,=PR [P, (5)
Y,=F|F (6)
where
k is the Boltzmann constant, J/K;
B is the noise bandwidth corresponding to the test bandwidth, Hz;
Ly up is the free space loss for the uplink signal;

Qrirp,Tx,cr IS the EIRP of the Tx range feed, W.

8 © IS0 2021 - All rights reserved
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The detailed derivation for Formulae (4) and (7) can be found in Annex G.

b) The G/Tin the ALC mode is obtained from four sequential power level measurements:

1) power level, P,, of the receiving test equipment, including the spacecraft noise level and carrier
power, while the spacecraft transponder is turning on, the RF output of range source is turning
on also;

2) noise power level, P, of the receiving test equipment, including the spacecraft noise level (same

setup as, P,, measurement), while the spacecraft transponder is turning on, the RF output of

range source is turning off;

3) power level, P, of the receiving test equipment, including the spacecraft noise lexe
power (same setup as P, measurement, but EIRP at Tx range station is different);

range source is turning off;

Then G/T can be calculated by Formula (7).
or = kBlow | P-P  P-h
Pi—P, | Qrrp,Tx,cR2  CEIRP,Tx,CR 1
where
k is the Boltzmann constant, J/K;
B is the noise bandwidth corresponding to the test bandwidth, Hz;
Lo up is the free space loss for the uplink signal;

DeiRp,Tx,cR,1 1S the EIRP at Tx range(station, when P, and P}, are measured, W,

The ¢letailed derivation for G/T formulae can be found in Annex G.

8.2.3

Two

fixed
setuy
whet]

8.3

Illustrative test procedure

her the size 6f QZ can satisfy the full link setup.

SPED test

8.3.

Test nurnose
| el

}) noise power level, Py, of the receiving test equipment, including the spacecpaft noisq
setup as P. measurement), while the spacecraft transponder is turningdon, the k

illustrative procedure’examples for the G/T-test are provided in Annex B. Both the G
gain mode and G/7-test with ALC mode can be measured by two methods: with full v
p or with wireless uplink setup. The procedure to be used depends on the test requ

and carrier

 level (same
XF output of

(7)

T-test with
vireless link
rement and

The purpose of the saturated power flux density (SPFD) test is to measure and to evaluate SPFD values
at the beam peak and/or at a typical point in the spacecraft uplink coverage area. The test results show
whether the SPFD values can satisfy the goal budget and specifications.

If necessary, a verification of the spacecraft’s Rx antenna radiation pattern should be performed on two
crossed planes in coverage area with uplink SPFD setup.

8.3.2 Test principle

As described in 8.1.2, the spacecraft is located in the QZ, and illuminated by the plane wave. R is known
and depends on the design of compact range.

©ISO
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The SPFD presents the received power density value at the spacecraft Rx antenna in a certain direction.
Usually SPFD is measured with the output amplifier of the spacecraft in its saturated point. So SPFD
can be calculated by Formula (8):

Bgprp =

where

1
4mR>

Pry cr *G1x CR (

|

Prycr isthe Tx power at Tx range feed, W;

(8)

GTX,CR

R

1/4mR?

8.3.3 Illu

Two illustrd
measured b
tobeusedd

8.4 AFR flest

8.4.1 Tesf

The purpos
near the bed
the AFRis f]

8.4.2 Tesf

As describe
and depend

Set the spac
the range sg

8.4.3 Ilu

Two illustrdtive procedure examples for ARF test are provided in Annex D. The ARF can be meas

by two meth
to be used d

is the gain of Tx range feed;
is the effective free space distance in compact range, m;

is identical to space distribution factor, m=2.

strative test procedure

tive procedure examples for the SPFD test are provided in Annex C. The SPFD c3
Iy two methods: with full wireless link setup or with wireless downlink setup. The procd
epends on the test requirement and whether the size of the QZ can satisfy the full link s

[ purpose

b of amplitude-frequency response (AFR)-test is to measure and to evaluate AFR cy
m peak of the spacecraft uplink or downlink coverage area. The test results show wh
at enough to satisfy the specifications:

[ principle

5 on the design of compact range.

pcraft’s uplink and downlink to make it operate in linear state, and change the frequern
urce with each specific step to get the amplitude-frequency performance curves.

strative testprocedure

ods;: with full wireless link setup or with wireless uplink or downlink setup. The proce
epends on the test requirement and whether the size of the QZ can satisfy the full link s

n be
dure
etup.

Irves
bther

1 in 8.1.2, the spacecraft is lecated in the QZ, and illuminated by the plane wave. R is knjown

cy of

ured
dure
etup.

8.5 Group delay test

8.5.1 Test purpose

The purpose of the group delay test is to measure and to evaluate group delay response curves near
the beam peak of the spacecraft uplink or downlink coverage area. The test results show whether the

group delay

response curves can satisfy the specifications.

8.5.2 Test principle

As described in 8.1.2, the spacecraft is located in the QZ, and illuminated by the plane wave. R is known
and depends on the design of compact range.

10
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Set the uplink and downlink of the spacecraft to make it operate in linear state, down convert and
de-modulate the downlink signal with modulation. The absolute delay in test frequency point can be
obtained by comparing the resulted signal with the original modulated signal. The group delay curve in
test band is obtained by changing the test frequency of the range source with each specific step.

8.5.3 Illustrative test procedure

The illustrative procedure example for the group delay test is provided in Annex E. The group delay test
only can be done in full link wireless setup, if the size of the QZ is not enough to support the full link
wireless test, this group delay test item will be tailored.

8.6

8.6.1 Test purpose

The
beam peak and/or typical point in the spacecraft uplink coverage area. The tést results sh
the HIM values can satisfy the PIM specifications.

8.6.71 Test principle
As dé¢scribed in 8.1.2, the spacecraft is located in the QZ, and jHuminated by the plane wavg.

As kpown, PIM can be represented as: fppy = * mfj; £, with two downlink signals
corrg
Tx signals, if fppy falls in uplink frequency band, a relatively high level fp;) interferes with
cominunication immediately.

To measure PIM in compact range is actually to‘measure the downlink signal harmonics, f}
falls
fpim,down higher than the transponder’s pgise spectrum can be detected. Usually the PIM
with|spacecraft’s output amplifier atits:saturation point.

8.6.3 [Illustrative test procedure

Two
meagured by two methods:.with full wireless link setup or with wireless downlink setup. Th
to bg used depends on‘the test requirement and whether the size of QZ can satisfy the full |

9

A tedt reportshould include:

a)
b)
‘)
d)
e)
f)
g)
h)

PIM test

purpose of passive intermodulation (PIM) test is to measure and to evaluate PIM v

at spacecraft’s uplink operational bandy’fp;. This is different from the unit level PI

illustrative procedure examples for the PIM test are provided in Annex F. The PIM v

L

[est report

alues at the
ow whether

f11 and fy,,

psponding to two uplink carrier signals, f; and f,. Eer spacecraft antenna system whicly shares Rx/

the normal

IM,down’ that
M test. Only
s measured

hlues can be
e procedure
nk setup.

purposes and requirements of the test;

a reference to this document, e.g. ISO 23569:2021;
test procedures;

photos during the test;

chamber environment description;

testitems;

test facility and measurement instrumentation;

test results and analysis on test error.
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Annex A
(informative)

Illustrative procedures for EIRP test

test method with full link wireless setup

Al.1 OveJrview

The spacecrjaft is installed on the DUT positioner located in the QZ. The Rx range feed isdocated gt the
focus of the range reflector. The Tx range feed is near the Rx range feed.

The Tx range feed transmits uplink signal, via the range reflector to the QZ. The spaeecraft Rx antenna
can receive the uplink signal, while the spacecraft Tx antenna can transmit the'downlink signal. [Then

the Rx range feed can receive the downlink signal. That is the full link wireless:transmission routg.

By using thq value of received power measured by the Rx range feed in uplink saturation state, the [EIRP
can be calculated.

A.1.2 Test schematic diagram

The EIRP test schematic diagram of full link wireless transmission route is shown in Figure A.1.
Communications satellite payload Range test system
r—-r—---"-"="-"="="—"=—-—"=-—"=-= A r—-""" " "="="="—"¥"="—=—="/—"/—=7==7 T 1
| [ [ e e |
| | | | Transmission loss of downlink | |
I Tx antenna I I | Lpath,pown I
| | D link | | v
| | awnlin | . I
|—— Coupler I I Coupler N
: : @) : Attenuator i :
| | | Rx range feed v
I I I -
| | | Power I
| | | Spect meter I
I| Transpdnder I I pectrum |
| | | analyser |
I I I I
| | | |
I I Uplink | Tx range feed |
I I I I
I——Cou lér 4« I I ’\ S !
' P i i | ' Transmission ootree |
| | | I loss of uplink |
| Rx antenna | | ' L ' |
| | | beoLen |
| I | ! ! I
L — o —_— ——— d L —— e —— o
Key

RF signal line
_ _ _ _ boundary line divided range area
_____ path loss line
Figure A.1 — EIRP test schematic diagram of full link wireless transmission route
12 © IS0 2021 - All rights reserved
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A.1.3 Test instruments and equipment

a) Source: with AM modulation.

b) Spectrum analyser.

c) Power meter.

d) Fixed attenuator: with suitable attenuation.

e) Coupler.

A.1.4 Preparation before test

a) $pacecraft payload setup: correctly set the antenna beams, warm up the transpondeif’s operating
hannels and make it work at fixed gain level.

b) ove the Rx range feed to the reflector’s focus for receiving and move-the Tx range feed near
he Rx range feed for transmitting. Make the polarization of range feeds horizontal or vertical,
epending on the polarization of spacecraft antennas. If the polarization of spacecraft gntennas are
inear polarization, the polarization of range feeds will coincide with'the correspondinjg spacecraft
ntenna’s polarization; if the polarization of spacecraft antennas are circular polariZation, make
he polarization of range feeds horizontal.

c) Rotate the DUT positioner to make the spacecraft’s transmitting orientation to be tested (peak
oint or typical point) coincide with NPA.

d) If the compact range has baffle or SERAP, move:them to the correct positions, so that there is no
lockage of range feed beams, RF leakage to.QZ, or illuminating at the nearby rim |of the main

feflector.

e) (alibrate the range’s receiving path (frefnt Rx range feed to power meter) and record the path loss,

Lpath, down*
A.1.5 Test procedure
a) Based on link budget, setthe RF source’s frequency and output power level (at least RO dB lower
than the budget value) to make the payload work in linear mode, and monitor the regdings of the
ower meter.

b) Increase the souteg’s RF output power step by step until the uplink saturation point is reached.
hen record thie readings of power meter.

A.1.6 Data‘processing

By calcudating the EIRP according to Formulae (A.1) and (A.2), the EIRP for linear polariz
test péint can be obtained.

ation in the

Qgrp = PRX,CR + Lp,path,down +Lp,down _GRX,CR -30

4TR
Lp,down =20xlog
down
where
Qrrp is the equivalent isotropic radiation power, dBW;
Ppy cr is the power meter’s reading, dBm;

Ly path down 1 the range receiving path loss (from Rx range feed to power meter), dB;

© IS0 2021 - All rights reserved
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Ly down is the equivalent range free space loss, dB;

GRry.cr is the gain of the Rx range feed, dBj;

R is the effective free space distance in compact range, m;
Adown is the wavelength of downlink signal, m.

If the polarization of spacecraft Tx antenna is circular, a 0 dB to 3 dB compensation shall be added to the
EIRP since the range feed is in linear polarization. It is based on the antenna’s polarization properties.

By combinipgthe RP value al the beam peal and the antenna patlern measured lnsubsuctom level

....................

EM/RM (radiation mock-up), the EIRP coverage pattern can be obtained.

A.2 EIRP|test method with downlink wireless setup

A.2.1 Overview

The wirelesjs downlink transmission route for the EIRP test means the spacecraft uplink is inpnt by
cable direct]y. As done with full link wireless transmission route, the EIRP €an be calculated using the
value of rec¢ived power measured by the Rx range feed with the spacecraftin uplink saturation stjate.

A.2.2 Test schematic diagram

The EIRP tept schematic diagram of downlink wireless transmission route is shown in Figure A.2.

Communications satellite payload Range test system
r= - —=1
Transmission loss of downlink
\ LPath,Down
Tx antenna Downlink i‘ '''''''''''''''''''
—Couler R\ Coupler
I I
! | Rxrange feed
Spectrum
analyser
Transponder : Attenuator i
I I
—Coupler|s Source Power
meter
b -— -_—
Key
RF signal line

boundary line divided range area

path loss line

Figure A.2 — EIRP test schematic diagram of downlink wireless transmission route

A.2.3 Test instruments and equipment

As defined in A.1.3.
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A.2.4 Preparation before test

a) Move the RF source near the DUT positioner and input the uplink signal by cable directly to the
spacecraft’s receiver.

b) Spacecraft payload setup: correctly set the antenna beams, warm up the repeater’s operating
channels and make it normally work at fixed gain level.

c) Move the Rx range feed to the reflector’s focus for receiving. Make the polarization of range feeds
horizontal or vertical, depending on the polarization of spacecraft antennas. If the polarization of
spacecraft antennas are linear polarization, the polarization of range feeds will coincide with the
nnwvacnnnﬂIhn‘ chf\renvaFf f\nfnnnf\ S nnlarlzatlcn }f tho Y\I‘\]"\Y‘I'7'1‘|'Ir\r\ r\f cnf\rnﬁwr\Ff L1 tennas are
¢ircular polarization, make the polarization of range feeds horizontal.

d) Rotate the DUT positioner to make the spacecraft transmitting antenna’s orientation [to be tested

peak point or typical point) coincide with NPA.

e) If the compact range has baffle or SERAP, move them to the correct pesitions, so thaf there is no
blockage of range feed beams, RF leakage to QZ, or illuminating at-th€ nearby rim |of the main
feflector.

f) (alibrate the range’s receiving path (from Rx range feed to powér meter), and record the path loss,
A path, down"

A.2.5 Test procedure

a) Based on link budget, set the RF source at operating frequency and output power ldvel (at least
20 dB lower than the budget value) to make the payload work in linear mode, and monitor the
feadings of power meter.

b) Increase the RF source output power step by step until the uplink saturation point is reached. Then
fecord the readings of power meter.

A.2.6 Data processing

By calculating the EIRP accordingto Formulae (A.1) and (A.2), the EIRP for linear polarization in the

test point can be obtained.

If thg polarization of spacecraft Tx antenna is circular, a 0 dB to 3 dB compensation shall be added to the

EIRP since the range feedis in linear polarization. It is based on the antenna’s polarization properties.

By combining the EIRP value at the beam peak and the antenna pattern, measured in subsystem level

EM/RM (radiation*mock-up), the EIRP coverage pattern can be obtained.

© IS0 2021 - All rights reserved
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Annex B
(informative)

Illustrative procedures for G/T-test

B.1 G/T-test method in fixed gain mode with full link wireless setup

B.1.1 OveJrview

The spaceci
transmittin
is near the R

The Tx rang
can receive
the Rx rang

The G/T can

B.1.2 Tes

The G/T-tes
Figure B.1.

Communicat

Q

aft is installed on the DUT positioner located in the QZ, the Tx range feed for u
b is located at the focus of the range reflector, and the Rx range feed for dawnlink rece
[x range feed.

e feed transmits uplink signal, via the range reflector to the QZ. The'spacecraft Rx an]

the uplink signal, while the spacecraft Tx antenna can transmit the’downlink signal.

be calculated by the Y factor method.

[ schematic diagram

schematic diagram of full link wireless transmission route in fixed gain mode is shov

ions satellite payload

Range test system

e feed can receive the downlink signal. That is the full link wireless transmission route.

plink
iving

enna
Then

vn in

A
| | Fr—— - ———————— =
| T . | |

I X antenna I \ I

I I Doink I Attenuator [gpe trum analyser

| —Cougler | | I (with channel

I I N I power function)

| | |

I I | Rxrange feed

| | |

| | |

| Transgonder | |

| | |

| | |

| | I Tx range feed

: : Uplink :

: —[Couplen ™ : : I>: Transmission Source

| I | ' loss of uplink

I Rx antenna \ | I o Lpathup _ _!

I I b e e

RF signal line

__ _ _boun
path

dary line divided range area

loss line

Figure B.1 — G/T-test schematic diagram of full link wireless transmission route in fixed gain
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3 Testinstruments and equipment
Source: with AM modulation.
Spectrum analyser: with the function of channel power measurement.

Fixed attenuator: with suitable attenuation.

4 Preparation before test

a) Spacecraft payload setup: correctly set the antenna beams, warm up the transponder’s operating

channels and make it nnrm:ﬂly work at stated gnin level

b) ove the Tx range feed to the reflector’s focus for transmitting and move thé Rxl range feed

‘)

d)

b)

B.1.6_-Data processing

.5 Test procedures

ear the Tx range feed for receiving. Make the polarization of range feeds horizonta
epending on the polarization of spacecraft antennas. If the polarization of spagecraft g

or vertical,
ntennas are

inear polarization, the polarization of range feeds will coincide with the correspondinjg spacecraft

ntenna’s polarization; if the polarization of spacecraft antennas are circular polariz
he polarization of range feeds horizontal.

otate the DUT positioner to make the spacecraft receiving antenna’s orientation {
peak point or typical point) coincide with NPA.

If the compact range has baffle or SERAP, move them to-the correct positions, so tha
blockage of range feed beams, RF leakage to QZ, or iluminating at the nearby rim
reflector.

e

‘'path,up*

]
yorking mode of spectrum analyser at “channel power” and select the frequency
Reconnect the receiving fange cable to the Rx range feed, make sure the transpondg
q

1
1

eceived noise power P,. If the difference between P, and P, is less than 10 dB, then
ransponder’s gainlevel until it becomes higher than this value.

Turn on the rahge source RF output, adjust the transmitting power level to guarante]
perating ifpits linear range, and make the received power level P; of spectrum anal
3 dB higher than P,. If not, increase the range source output level until 3 dB highe
feached: Record the received power P; and the range source output level Pr,.

ation, make

o be tested

t there is no
of the main

[alibrate the range’s transmitting path (from s@urce to Tx range feed), and record the path loss,

Disconnect the Rx range feed, terminate the receiving range cable with matching load, set the

hnd span of

pectrum analyser according to the test requirements, then record the received noise power P;.

br’s working

hannel is in the corresponding state, keep the same setup at spectrum analyser and record the

ncrease the

e payload is
yser at least
r than P, is

Based on the Formulae (B.1) to (B.5), calculate the test point G/T value.

kxBx(Y, -1)xY;
Y; -1

rg/r =10xlog +L, wp —QEIRp,cR

4R
Ly wp =20xlog——
p

Qerrp,cR = Prx —Lp path,up + O1x cR

Yi=P /P

© IS0 2021 - All rights reserved
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,=K/P, (B.5)
where

6T is the receiving system quality factor of the spacecraft, dB/K;

k is the Boltzmann constant, J/K;

B is the noise bandwidth (correspond to the test bandwidth), Hz;

Lyup [—isthe-uplinkequivalentiresspacelossincompactrangerds;
Qrirpcq s the range equivalent isotropic radiation power, dBW;

is the range source output level, dBm;

is the transmission loss from the range source to Rx range feed, dB;

Gry cr is the gain of the Tx range feed, dBj;

Py is the noise power level of the receiving test equipment, W;

p, is the noise power level of the receiving test equipmeit,/including the spacecraft hoise
level, W;

P, is the power level of the receiving test equipment, including the spacecraft noise level and

carrier power, W;
Y, is the Y factor 1, P,/Py;
Y, is the Y factor 2, P3 /P,.

If the polarization of spacecraft Rx antenna is:citcular, since the range feed is in linear polarizatjon, a
0 dB to 3 dB|compensation shall be added to theé G/T, depending on the antenna’s polarization properties.

By combining the G/T value at the beam*peak and the antenna pattern, measured in subsystem (level
EM/RM (radiation mock-up), the G/T Coverage pattern can be obtained.

B.2 G/T-test method in‘automatic level control (ALC) mode with full link wire]ess
setup

B.2.1 Overview

As described int¢he method in fixed gain mode, to build the full link wireless transmission route.

Th GT L ] lotad bt o & + tlhadi Al C pa |
e canoetarctratea oy e tesStTetnot i oG 1oae:

B.2.2 Test schematic diagram

The G/T-test schematic diagram of full link wireless transmission route in ALC mode is the same as
shown in Figure B.1.

B.2.3 Test instruments and equipment

As defined in B.1.3.

B.2.4 Preparation before test

As defined in B.1.4, except the transponder work at ALC mode.

18 © IS0 2021 - All rights reserved
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B.2.5 Test procedure

a) Turn on the range source RF output, adjust the transmitting power level to guarantee payload is
operating in its linear range, record the output level to P;; set the working mode of the spectrum
analyser at “Channel power” and select the frequency and span of the spectrum analyser according

to the test requirements, then record the received power of spectrum analyser P,.

b) Keep the same setup at spectrum analyser, make the frequency of spectrum analyser departure
off the downlink carrier frequency (make sure the downlink carrier frequency is out of the specific
bandwidth B), only noise power in transponder band can be received by spectrum analyser, and
record the received power level P, on spectrum analyser. P, shall be at least 3 dB higher than P,

)

d)

B.2.p Data processing

Based on the Formula (B.6), calculate the test point G/T:

where

$et the RF output level of the range source to Py,#P,;, Py, at least 3 dB higher than'R

pectrum analyser, then record the received power of spectrum analyser P...

Make the frequency of spectrum analyser departure off the downlink €arrier freq
make sure the downlink carrier frequency is out of the specific bandwidth B), only no
fransponder band can be received by spectrum analyser, and record the received powsd
gpectrum analyser. P, shall be at least 3 dB higher than P,.

k-B-Lyup.

P, -P,

Pc_Pd Pa_Pb

/T =

QEIRP,TxCR2  CEIRP,TxCR 1

is the spacecraft’s downlink signal power level plus spacecraft’s channel
and range receiving systeém noise power in the state of the range source t
power Py, W;

is the spacecraft’s channel noise power plus range receiving system noise
state of the.range source transmitting power Py, W;

is the spacecraft’s downlink signal power level plus spacecraft’s channel
and.rdnge receiving system noise power in the state of the range source t
power Py,, W;

is the spacecraft’s channel noise power plus range receiving system noise
state of the range source transmitting power Pj,, W;

DeiRprx,cr,1 1S the range EIRP in the state of the range source transmitting power Py,

;1 and make

the frequency of spectrum analyser back to the original test frequency, keep thel$ame setup at

lency again
ise power in
rlevel P; on

(B.6)

noise power

ransmitting

power in the

noise power
ransmitting

bower in the

w;

QEIRPTX CR 2

B is the noise bandwidth (correspond to the test bandwidth), Hz.

1s the range EIRP in the state of the range source transmitting power Py,, W;

If the polarization of spacecraft Rx antenna is circular, a 0 dB to 3 dB compensation shall be added to the
G/T since the range feed is in linear polarization. It is based on the antenna’s polarization properties.

By combining the G/T value at the beam peak and the antenna pattern, measured in subsystem level
EM/RM (radiation mock-up), the G/T coverage pattern can be obtained.

© IS0 2021 - All rights reserved
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B.3 G/T-test method in fixed gain mode with uplink wireless setup

B.3.1 Overview

The wireless uplink transmission route for G/T-test means the spacecraft downlink is output by
cable directly to the Rx test equipment. As done with full link wireless transmission route, measure
the received power P;, P, and P; from the Rx test equipment, then by the Y factor method, G/T can be
calculated.

B.3.2 Test schematic diagram

The G/T-test schematic diagram of uplink wireless transmission route is shown in Figure B.2.
Communidations satellite payload
N R " Range test system
| | Fr——— = = S Oy — — F—
| | | I
| | | |
| | | I
I | Attenuator I |
| —Coypler i B [ |
| | | I
| | | |
' | Spectrum analyser | | I
| | (with channel power] | |
I | function) I |
| | | I
I Trangponder I I |
| | I |
| | | I
| | | |
| | Uplink | Tx range feed I
| | | |
| | | I
—C 1 % 1 Source
I oper | ~ | i Transmission |
I I | + loss of uplink ! |
| Rx antenna | | ! Path U | |
| | | F-—-—2P—q |
| | RSy g VIR S S g g R SIS S L —d
L e e e e ——— 4
Key
RF signal line
_ _ _ _boundary line divided range area
_____ path [loss line
Figure B.R — G/T:tést schematic diagram of uplink wireless transmission route in fixed gain
mode

B.3.3 Test instruments and equipment

As defined in B.1.3.

B.3.4 Preparation before test

a) Move the Rx test equipment (spectrum analyser) near the DUT positioner. The spacecraft downlink
signal goes through cable directly to the spectrum analyser.

b) Spacecraft payload setup: correctly set the antenna beams, warm up the transponder’s operating
channels and make it normally work at stated gain level.

c) Move the Txrange feed to the reflector’s focus for transmitting. Make the polarization of range feeds
horizontal or vertical, depending on the polarization of spacecraft Rx antenna. If the polarization
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of spacecraft Rx antenna is linear polarization, the polarization of range Tx feed will coincide with
the spacecraft Rx antenna’s polarization; if the polarization of spacecraft Rx antenna is circular
polarization, make the polarization of range Tx feed horizontal.

d) Rotate the DUT positioner to make the spacecraft receiving antenna’s orientation to be tested
(peak point or typical point) coincide with NPA.

e) If the compact range has baffle or SERAP, move them to the correct positions, so that there is no
blockage of range feed beams, RF leakage to QZ, or illuminating at the nearby rim of the main
reflector.

f) Calibrate the r:mgp'c transmitting p;xfh (Frnm source to Tx range fppd), and record the path loss,

]

B.3.}
As dd

B.3.{
As dg

If thd
G/T{

By c
EM/]

B.4
sety

B.4.

As dd
calcu

B.4.]

The
Figu

B.4.}
As dg

‘'path,up*
b Test procedures

pfined in B.1.5.

b Data processing

pscribed in B.1.6, based on the Formulae (B.1) to (B.5), calculate the test point G/T valy

polarization of spacecraft Rx antenna is circular, a 0 dB to,3.\dB compensation shall be
ince the range feed is in linear polarization. It is based ofthie antenna’s polarization p

pmbining the G/T value at the beam peak and the antenna pattern, measured in sub
RM (radiation mock-up), the G/T coverage pattern ¢an be obtained.

G/T-test method in automatic level’control (ALC) mode with uplink
p

|l Overview

escribed in B.3.1 to build the uplink wireless transmission route, as described in B2, th
lated by the test method in.ALC mode.

. Test schematic diagram

G/T-test schematic diagram of uplink wireless transmission route in ALC mode
e B.2.

B Testinstruments and equipment

bfineddn B.1.3.

e.

hdded to the
roperties.

system level

wireless

e G/T can be

s shown in

B.4.

Freparation beiore test

As defined in B.3.4.

B.4.5 Test procedure

As defined in B.2.5.

B.4.6 Data processing

As described in B.2.6, based on the Formula (B.6), calculate the test point G/T.

If the polarization of spacecraft Rx antenna is circular, a 0 dB to 3 dB compensation shall be added to the
G/T since the range feed is in linear polarization. It is based on the antenna’s polarization properties.
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By combining the G/T value at the beam peak and the antenna pattern, measured in subsystem level
EM/RM (radiation mock-up), the G/T coverage pattern can be obtained.
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Annex C
(informative)

Illustrative procedures for SPFD test

C.1 SPFD test method with full link wireless setup
C.1.1 Overview
The kpacecraft is installed on the DUT positioner located in the QZ, the Tx range feedl for uplink
trangmitting is located at the range reflector’s focus, and the Rx range feed for!downlink|receiving is
near|the Tx range feed.
The Tx range feed transmits uplink signal, via the range reflector to the-QZ. The spacecraff Rx antenna
can tfeceive the uplink signal, while the spacecraft Tx antenna can transmit the downlink gignal. Then
the Rx range feed can receive the downlink signal. That is the full link'wireless transmissidn route.
By tgsting the transmitting power of Tx range feed in uplink satiication state, the SPFD can bg calculated.
C.1.2 Test schematic diagram
The $PFD test schematic diagram of full link wireless transmission route is shown in Figurg¢ C.1.
Communications satellite payload
r Range test system
| 1 ’
: Txantenna Downlink | Att t
I ! enuator g ]
| pectrum anplyser
I Coupler i I> 1 (with channel
| ! power fungdtion)
: | Rx range feed
|
|
|
: Transponder
: Power
| meter
| Uplink Tx range feed |
| |
| I '
' Caupler ! Transmission Source |
: | loss of uplink | !
| Rx antenna \ Lpahun | !
! ] il L ]
| - | -
Key
RF signal line
_ _ _ _boundary line divided range area
_____ path loss line
Figure C.1 — SPFD test schematic diagram of full link wireless transmission route
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C.1.3 Test instruments and equipment

a) Source:

b) Spectru

with AM modulation.

m analyser.

c) Power meter.

d) Fixed attenuator: with suitable attenuation.

C.1.4 Preparation before test

a) Spacecr
channe]

b) Move th
Tx rang
on the
polarizd
antenng
the pold

c) Rotate
or typic

d) If the cq
blockag]

reflectar.

e) Calibrat
L

C.1.5 Tes

a) Based g
than th
power 1]

b) Increas

c) Record

C.1.6 Dat

By calculati
point can b

path,up|*

aft payload setup: correctly set the antenna beams, warm up the transponder’s oper
s and make it normally work at stated gain level.

e Tx range feed to the reflector’s focus for transmitting and move the Rx range feed
e feed for receiving. Make the polarization of range feeds horizontal or vertical, deper
bolarization of spacecraft antennas. If the polarization of spacecraft anténnas are |
tion, the polarization of range feeds will coincide with the corresponding space

rization of range feeds horizontal.

he DUT positioner to make the spacecraft Rx antenna’s oriefitation to be tested (peak
al point) coincide with NPA.

mpact range has baffle or SERAP, move them to the correct positions, so that there
e of range feed beams, RF leakage to QZ, or illuminating at the nearby rim of the

e the range’s transmitting path (from Tx seunce to Tx range feed), and record the path|

[ procedure

n link budget, set the RF source’s’ frequency and output power level (at least 20 dB 1
e budget value) to make the payload work in linear mode, and monitor the readings g
heter.

e the source’s RF outputpower step by step, until the uplink saturation point is reache

the source’s RF gutput power value readings by the power meter, Pr,.

A processing

ng thesSPFD according to Formula (C.1), the SPFD level for linear polarization in thg
obtained.

ating

near
1ding
near
craft

’s polarization; if the polarization of spacecraft antennas are circular polarization, make

boint

is no
main

loss,

bwer
f the

test

Bgppp =

2
Prx —Lpath,up ¥ GTx,cR — [0XI0g ¥R~ =30

= Pry "+ Gy cr —10xlog4mR? —30

where

Bsprp
P

X

Py

X

GTX,CR

24

is the saturated power flux density of spacecraft, dBW/m?;
is the range source RF output power level, dBm;
is the RF input power level to the Tx range feed, dBm;

is the gain of Tx range feed, dBi;

(€1
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path,up 1S the transmission loss from the range source to the range feed, dB.

If the polarization of spacecraft Rx antenna is circular, since the range feed is in linear polarization, a
0 dB to 3 dB compensation shall be subtracted from the SPFD. It is based on the antenna’s polarization
properties.

C.2

SPFD test method with uplink wireless setup

C.2.1 Overview

The

vireless uplink transmission route for the SPFD test means the spacecraft downlink

is output by
y measuring

cablg directly to the Rx test equipment. As done with full link wireless transmission route,b
the Tx power of the Tx range feed in uplink saturation state, the SPFD can be calculated:
C.2.2 Test schematic diagram
The $PFD test schematic diagram of uplink wireless transmission route ig~shéwn in Figure [C.2.
Communications satellite payload
i‘ - T —————-—- ‘; Range test system
N o\ Sigigs - Silhgiiudi At
I | |
| | |
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[ Transponder | I
I I I
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: Coupler| : : “Transmission | Source
| | I I loss of uplink
| Rx antenna | I ! . _L_Pa.th_, up_ _!
I I L
o N d
Key
RF signal\line

| _ boundary line divided range area

| _ path loss line

Figure C.2 — SPFD test schematic diagram of uplink wireless transmission route

C.2.3 Test instruments and equipment

As defined in C.1.3.

C.2.4 Preparation before test

a) Move the Rx test equipment (spectrum analyser) near the DUT positioner. The spacecraft downlink
signal is output through cable directly to spectrum analyser.

b) Spacecraft payload setup: correctly set the antenna beams, warm up the transponder’s operating
channels and make it normally work at stated gain level.

©ISO
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c) Move the Txrange feed to the reflector’s focus for transmitting. Make the polarization of range feeds
horizontal or vertical, depending on the polarization of spacecraft antennas. If the polarization of
spacecraft antennas are linear polarization, the polarization of range feeds will coincide with the
corresponding spacecraft antenna’s polarization; if the polarization of spacecraft antennas are
circular polarization, make the polarization of range feeds horizontal.

d) Rotate the DUT positioner to make the spacecraft Rx antenna’s orientation to be tested (peak point

or typic

al point) coincide with NPA.

e) If the compact range has baffle or SERAP, move them to the correct positions, so that there is no
blockage of range feed beams, RF leakage to QZ, or illuminating at the nearby rim of the main

reflectog

f) Calibrat
L

C.2.5 Tes

a) Based g
than th
power 1]

b) Increas
the SPH
monitoy

necessary, only uplink wireless transmission route is enough-.for the SPFD test.

c¢) Record

C.2.6 Dat

By calculati
point can be

If the polari
0 dBto 3 dH
properties.

path,up|*

e the range’s transmitting path (from Tx source to Tx range feed), and record the-path|

[ procedure

n link budget, set the RF source’s frequency and output power level (at least 20 dB 1
e budget value) to make the payload work in linear mode, and monitor the readings g
heter.

e the source output power step by step, until the uplinkessaturation point is reached
D test, it is really related only to the uplink, if the saturation point can be achieve
ing the telemetry parameters of spacecraft’s amplifiety.the downlink test equipment i

the source’s RF output power value readings by the power meter, Pr,.

A processing

ng the SPFD according to Formula (C.13, the SPFD level for linear polarization in thg
obtained.

zation of spacecraft Rx antenna is circular, since the range feed is in linear polarizatj
compensation shall be sybtracted from the SPFD. It is based on the antenna’s polariz

loss,

bwer
f the

. For
d by
s not

test

on, a
htion
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Annex D
(informative)

Illustrative procedures for AFR test

D.1 AFR test method with full link wireless setup

D.1.1 Overview

The $pacecraft is installed on the DUT positioner located in the QZ. For the outpat,AFR te
Rx rgnge feed to the reflector’s focus for receiving and move the Tx range feed-niear the R
for transmitting; for the input AFR test, move the Tx range feed to the reflectof/s focus for t

and move the Rx range feed near the Rx range feed for receiving.

The Tx range feed transmits uplink signal, via the range reflector to the-QZ. The spacecraft

can feceive the uplink signal, while the spacecraft Tx antenna can transmit the downli

nk

the Hx range feed can receive the downlink signal. That is the fulldink wireless transmissid

Charlge the frequency of the range source with each specifig step, so as to get the AFR curv

D.1.2 Test schematic diagram

The AFR test schematic diagram of full link wireless setup is shown in Figure D.1.

Communications satellite payload

5t, move the
k range feed
ransmitting

Rx antenna
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n route.
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I | | |
I I | Rxrange feed I
| | | |
I | | |
I | | Data |
| Transponden I I dta |
| | | acqpisition |
| | | computer |
: N : : Tx range feed :

' Uplink
| | P ] |
| | o
: Coupler I I | source :
I | | I
| Rx antenna | | |
I | | I
I I S UM M G S U . 4
b —— o4
Key
RF signal line

boundary line divided range area

Figure D.1 — AFR test schematic diagram of full link wireless setup

© IS0 2021 - All rights reserved

27


https://standardsiso.com/api/?name=4c7c75f705a227aba2e693a31d030e7b

ISO 23569:2021(E)

D.1.3 Test instruments and equipment
a) Source: with AM modulation

b) Spectrum analyser

c) Data acquisition computer

d) Fixed attenuator: with suitable attenuation

D.1.4 Preparation before test

a) Spacecrjaft payload setup: correctly set the antenna beams, warm up the transponder’s operpting
channels and make it normally work at stated gain level.

b) Move the Tx range feed to the reflector’s focus for transmitting and move the Rx range feed|near
Tx range feed for receiving, or move the Rx range feed to the reflector’s focus for-receiving and
move the Tx range feed near the Rx range feed for transmitting, depending-6ny which AFR will
be test,|input or output. Make the polarization of range feeds horizontal er vertical, depending
on the polarization of spacecraft antennas. If the polarization of spacecraft antennas are l{near
polarizgtion, the polarization of range feeds will coincide with the¢corresponding spacecraft
antenng’s polarization; if the polarization of spacecraft antennas are(circular polarization, make
the poldrization of range feeds horizontal.

c) For the putput AFR test, rotate the DUT positioner to make the.spacecraft Tx antenna’s orientption
to be tejsted (peak point) coincide with NPA; for the input AER test, rotate the DUT positioner to
make the spacecraft Rx antenna’s orientation to be tested (peak point) coincide with NPA.

d) If the compact range has baffle or SERAP, move them:to the correct positions, so that there [is no
blockage of range feed beams, RF leakage to QZ;.87 illuminating at the nearby rim of the main
reflectafr.

D.1.5 Test procedure

a) Based opn link budget, set the RF source’s frequency and output power level to make the transpgnder
operate|in linear fixed signal level (e.g: 15 dB below the saturation point).

b) Change|the frequency of the range source with each specific step and record the reading qut of
spectrjrn analyser corresponding to each frequency point.

Spectrulm analyser spar-frequency range shall cover the test frequency range.

D.1.6 Datp processing

The AFR cuyve is.obtained by plotting the received power level for each frequency set, Y-axis by X-axis
respectively.

D.2 AFR test method with uplink or downlink wireless setup

D.2.1 Overview

The wireless uplink transmission route for the AFR test means the spacecraft downlink is output by
cable directly to the Rx test equipment. The wireless downlink transmission route for the AFR test
means the spacecraft uplink is input by cable directly.

As done with full link wireless transmission route, the spacecraft is installed on the DUT positioner
located in QZ, the Tx range feed for uplink transmitting is located at the focus of the range reflector for
input AFR test; the Rx range feed for downlink receiving is located at the focus of the range reflector for
output AFR test.
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Change the frequency of the range source with each specific step, in order to get the input or output
AFR curves.

D.2.2 Test schematic diagram

The input AFR test schematic diagram of uplink wireless setup is shown in Figure D.2; the output AFR
test schematic diagram of downlink wireless setup is shown in Figure D.3.

Communications satellite payload

o Range test system
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| | | I
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I | | I
| | | I
| ' Data ' |
: : acquisition : :
| Transponder I computer I |
I | | |
I | | |
: : : TX range feed :
Uplink
| | P | |
I - | | S I
ource
| Coupler | R | |
| | | |
I Rx antenna I | |
I | | I
| | L - = -
U d

RF signal line

_ boundary line divided range area

Figure D.2 — Input AFR test schematic diagram of uplink wireless setup
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Communications satellite payload

Range test system
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D.2.3 Tes
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D.2.4 Pre
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gure D.3 — Output AFR test schematic diagram of downlink wireless setup

[ instruments and equipment

lin D.1.3.

paration before test

a)

b)

d)

30

1 the
r the
ut by

For the|input AFR test, the rarige Rx test equipment is located near the DUT positioner, an
spacecrpft downlink signal (syoutput by cable directly to the range Rx test equipment; fo
output AFR test, the RF source is located near the DUT positioner, and the uplink signal is inp
cable difectly to the spaeecraft’s receiver.

Spacecrfaft payload.setup: correctly set the Tx antenna beams for input AFR test or Rx antenna
beams for outpuf " AFR test, warm up the transponder’s operating channels and make it norgnally
work at|statedsgain level.

For the [imput AFR test, move the Tx range feed to the reflector’s focus for transmitting; or for the
output MWWMWWWUon

of range feeds horizontal or vertical, depending on the polarization of spacecraft antennas. If the
polarization of spacecraft antennas are linear polarization, the polarization of range feeds will
coincide with the corresponding spacecraft antenna’s polarization; if the polarization of spacecraft
antennas are circular polarization, make the polarization of range feeds horizontal.

To test the output AFR, rotate the DUT positioner to make the spacecraft Tx antenna’s orientation
to be tested (peak point) coincide with NPA; to test the input AFR, rotate the DUT positioner to
make the spacecraft Rx antenna’s orientation to be tested (peak point) coincide with NPA.

If the compact range has baffle or SERAP, move them to the correct positions, so that there is no
blockage of range feed beams, RF leakage to QZ, or illuminating at the nearby rim of the main
reflector.
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D.2.5 Test procedure

a) Basedonlinkbudget, set the RF source’s frequency and output power level to make the transponder
operate in linear fixed signal level (e.g. 15 dB lower than the saturation point).

b) Change the frequency of the range source with each specific step and record the reading out of
spectrum analyser corresponding to each frequency point.

Spectrum analyser span frequency range shall cover the test frequency range.

D.2.6 Data processing

The AFR curve is obtained by plotting the received power level for each frequency set, Yraxis by X-axis
respectively.
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Annex E
(informative)

Illustrative procedures for group delay test

E.1 Group delay characteristics test method with full link wireless setup

E.1.1 OveJrview
The spacecraft is installed on the DUT positioner located in the QZ. For two range feed§)make opne of
them locatefl at the focus of the range reflector as Rx range feed for downlink receiving,’and the ¢pther
one near th¢ Rx range feed, as Tx range feed for uplink transmitting.
The Tx range feed transmits uplink signal with modulation, via the range refléctor to the QZ] The
spacecraft Rx antenna can receive the uplink signal with modulation, while the'spacecraft Tx antenna
can transmjt the downlink signal also with modulation. Then the Rx fanhge feed can receiv¢ the
downlink signal with modulation. That is the full link wireless transmission route.
Downlink signal with modulation should first be down converted, then arrive to modem and bg de-
modulated py it. By comparing this signal with the uplink original modulated signal, the absplute
delay in test frequency point is achieved. By changing the testdrequency of the range source with|each
specific stey), group delay in test band is obtained.
E.1.2 Testschematic diagram
The group delay test schematic diagram is shown in-Figure E.1.
Communications satellite payload
reT T T T T T T T T T T T Range test system
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I X antenna I Downlink I l
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I I | [
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| | | 3 I
: / : : Tx range feed :
I i UPHIIN i AM or FM |
| —Coupler | I Source modulation |
| | I signal |
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| | L e e 4
b e e e e o o — — ———— ]
Key
RF signal line
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Figure E.1 — Group delay test schematic diagram
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E.1.3 Test instruments and equipment

a) AM or FM modulation signal generator

b)

‘)
d)

e)
E.1.
a)

b)

d)

E.1.
a)

b)

E.1.¢

Source
Down converter
Modem

Modulation domain analyser

Preparation before test

pacecraft payload setup: correctly set the antenna beams, warm up the transponder
hannels and make it normally work at stated gain level.

ove the Tx range feed to the reflector’s focus for transmitting and move the Rx ran
he Tx range feed for receiving; or move the Rx range feed to the reflector’s focus f
nd move the Tx range feed near the Rx range feed for transmitting. Make the po
ange feeds horizontal or vertical, depending on the polarization-of spacecraft ante
olarization of spacecraft antennas are linear polarization, the“polarization of rang
oincide with the corresponding spacecraft antenna’s polarization; if the polarization ¢
ntennas are circular polarization, make the polarization-ofrange feeds horizontal.

f the Tx range feed is located at the reflector’s focus, rotate the DUT positioner t
pacecraft Rx antenna’s orientation to be tested (peak point) coincident with NPA; if ¢
eed is located at the reflector’s focus, rotate the DUT positioner to make the spacecraft
rientation to be tested (peak point) coincide with NPA.

f the compact range has baffle or SERAP,-move them to the correct positions, so tha
lockage of range feed beams, RF leakage to QZ, or illuminating at the nearby rim

feflector.

% Test procedure

Based on link budget, set the)RF source’s frequency and output power level to make the

perate in linear fixed signal level (e.g. 15 dB lower than the saturation point).

[hange the frequency of the range source with each specific step; for each frequenc
vith the modulation domain analyser, and record the absolute delay, so as to get the g
est band.

|

Data processing

Modulation domain analyser span frequency range shall cover the test frequency rangg.

's operating

be feed near
pr receiving
arization of
nnas. If the
e feeds will
f spacecraft

o make the
he Rx range
'x antenna’s

[ there is no
of the main

ransponder

y point, test
oup delay in

h

The group delay curve is obtained by plotting the absolute time delay for each frequency set, Y-axis by
X-axis respectively.
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Annex F
(informative)

[llustrative procedures for PIM test

F.1 PIM test method with full link wireless setup

F1.1 OveJrview

The spacecyaft is installed on the DUT positioner located in the QZ, the Rx range feed_for downlink
receiving is|located at the range reflector’s focus, and the Tx range feed for uplink transmitting is|near
the Rx range feed.
The Tx range feed transmits two pre-calculated uplink hybrid signals via the\range reflector tp the
QZ; the spagecraft Rx antenna receives the uplink signal, while the spaceeraft Tx antenna trangmits
the downlink signal, then the Rx range feed receives the downlink signal. That is the full link wireless
transmissiop route.
The PIM valjie is the difference between the levels of downlink signal'and the PIM component fp;y lown-
F.1.2 Testschematic diagram
The PIM test schematic diagram of full link wireless setupis shown in Figure F.1.
Communicaftions satellite payload
L 1 Range test system
I I | i bt |
| | | |
| | | |
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| |
| —Coupfler I S : — analyser :
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I | I R [
| | | Rxrange feed |
| | | |
| | | |
: Transppnder : : :
' ' [ |
| | I Source|l | |
| | | Tx range feed |
| | Uplink I |
| | | ’\ Power I
| —Coupler}< | } hybrid I
' ' | - !
| |
| Rx antenna | : Source 2 :
| | L e e e e —— a
- ——_— = .
Key
RF signal line
_ _ _ _boundary line divided range area
Figure F.1 — PIM test schematic diagram of full link wireless setup
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F.1.3 Testinstruments and equipment

a) Two sources: maximum stable output level should be higher than 10 dBm.

b) Power hybrid.

c) Spectrum analyser.

F.1.4 Preparation before test

a) Spacecraft payload setup: correctly set the antenna beams, warm up the transponder’s operating
channels and make it nnrm:ﬂly work at stated gnin level

b) ove the Rx range feed to the reflector’s focus for receiving and move the Tx-range feed near

he Rx range feed for transmitting. Make the polarization of range feeds horfizontal or vertical,
epending on the polarization of spacecraft antennas. If the polarization of spagecraft gntennas are
inear polarization, the polarization of range feeds will coincide with the correspondinjg spacecraft
ntenna’s polarization; if the polarization of spacecraft antennas are circular polariZation, make
he polarization of range feeds horizontal.

) otate the DUT positioner to make the spacecraft Tx antenna’s oxientation to be tested [peak point)
¢oincide with NPA.

d) If the compact range has baffle or SERAP, move them to-the correct positions, so thaf there is no
blockage of range feed beams, RF leakage to QZ, or iluminating at the nearby rim |of the main
reflector.

F.1.3 Test procedure

a) Based onlink budget, set the RF source’s fregtency and output power level to make the fransponder

perate in linear fixed signal level (e.g. 15,dB lower than the saturation point).

b) $ettwo uplink carrier signals, f; and 5, corresponding to the downlink signals, f;; and|f,,.

c) Increase the output power of the'two range sources step by step, until the saturation goint of their
fespective uplink channels is‘reached.

d) Monitor the fpy gown O _SPectrum analyser. If the PIM components fpyy gown are larger than the
iloise spectrum level (©0fjspacecraft in test band, then compare the PIM components with downlink

ajor signal level;-the PIM value is the difference between those levels.
$pectrum analyser span frequency range shall cover the test frequency range.

F.2 | PIMtest method with downlink wireless setup

F.2.1 COverview

The wireless downlink transmission route for the PIM test means the spacecraft uplink is input by
cable directly. As described in full link wireless transmission route, the spacecraft is installed on the
DUT positioner located in the QZ, the two range sources are located near the DUT positioner, and the Rx
range feed is located at the range reflector’s focus for downlink receiving.

The range sources produce two pre-calculated uplink signals; the signals are combined through
a hybrid and input by cable directly to the spacecraft, the downlink signal is transmitted by the Tx
antenna, and then the Rx range feed can receive the downlink signal. That is the downlink wireless
transmission route.

The PIM value is the difference between the levels of downlink signal and the PIM component fp;y gown-
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