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EarthCARE
Cloud Profiling Radar (CPR)
Instrument Budgets
BEE Overview
This document presents the instrument budgets of EarthCARE Cloud Profiling
Radar (CPR).
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1. INTRODUCTION

1.1 Scope

This document presents the instrument budgets of EarthCARE Cloud Profiling Radar (CPR).

2. DOCUMENTS

2.1 Applicable Documents
NONE

2.2 Reference Documents

1) EC.ICD.ASD.CPR.00001 CPR Interface Control Document

2) SEC-080001 CPR Instrument Technical Description

3) SEC-080010 CPR Mechanical, Thermal and Electrical ICDs

B 1
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3. INSTRUMENT BUDGETS

3.1 Mass Budget

The mass budget of CPR is shown in Table 3.1-1.

The mass meets the requirement (270 kg maximum).

Regarding mass, NEC has issued NECS-RFW-0042. The requirement of ESA/ICD is that the mass
of the CPR shall be less than 245.3kg. NEC required that the mass of CPR is changed or less
270kg by NECS-RFW-0042.

Table 3.1-1 CPR mass budgets

Nominal Maximum
CPR MREF 34.7 35.0
System DPM 3.8 3.8
HRM 5.8 5.8
SPU 29.0 31.9
HSW 2.1 2.3
INT 17.2 18.2
STR 49.5 50.1
STR(platform) 44.0 44.0
Sub Total 186.1 191.0
TRS 51.5 55.2
QOF 18.5 22.8
Total | 256.2 | 2690
Requirement 270kg orless

(Unit: kg)
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3.2 Power Budget

The power budget of CPR is shown in Table 3.2-1 and Table 3.2-2. Regarding power consumption,
NEC has issued NECS-RFW-0063, NECS-RFW-0095 and NECS-RFW-0096.

B, s
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Heater Margin= 18%

Survival Heater

Table 3.2-1 Power Consumption of Survival Heater

S/C position is stabilized.
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peak 140.9W=119.4W(thermal analysis result)+21.5W(margin18%)
No.| CPRMODE | 2" Mgroe | eaav | __—
*1,%3
voltage*2
1Al Off 0.0 ‘/610’ 0.0
2|Safety 140.9 196. 386.9
3|INIT 88.3 196.0 386.9
4|Standby 0.0 0.0 0.0
IDLE/
0 silent state 0.0 0.0 0.0
6|Observation 0.0 0.0 0.0
Contingency
7 Observation 0.0 0.0 0.0
Internal
8 Calibration 0.0 0.0 0.0
External
9 Calibration 0.0 0.0 0.0
Sea Surface
10 Calibration 0.0 0.0 0.0
77 |Standby Refuse 0.0 0.0 0.0
72|1del Refuse 0.0 0.0 0.0
*1:28V *2:24.2V
*3: Orbi
3: Orbit Average For 45min > 207.7W =161.4W (thermal analysis result)+46.3W (analytical uncertainty)
) For 60min > 207.7W =160.5W (thermal analysis result)+47.2W (analytical uncertainty)
Heater Margin= 0% For 63min > 207.7W =146.7W (thermal analysis result)+61.0W (analytical uncertainty)
Survival Heater (Including temperature margin) To be repeated for 20 orbit > 158.5W=134.3W (thermal analysis result)+24.2W(margin18%)
beak Thermal analysis condition is below.
>MREF Deployed
No.| S/GMODE | *777° [Malower F~@sav pove
vo}a@
(168min)e 1
y 1 (105min) 207.7 166.1 3279
=0 *
1:28V *2:24.2V
£ ““ 4
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Table 3.2-2 CPR Power consumption

Including temperature margin HPT=8.1degreeC,Others=15degreeC
Operational mode(Nominal operation mode : HPT duty = 2.0%)

Operational Heater BOL EOL
*2 eak TRS/QOF*7 eak eak
No CPR MODE average o T ey SPUXS | Hswx | (T REn| HPTXT | average P8 average | P
*3 *2,3 *2,3
voltage*1 voltage*1 voltage*1
7|All Off 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2|Safety 0.0 0.0 0.0 0.2 0.2 0.6 0.5 1.5 1.5 1.5 1.5 1.5 1.5
S3|INIT 0.0 0.0 0.0 54.0 0.2 0.6 0.5 55.3 55.3 55.3 55.3 55.3 55.3
3a|INIT-Standby 1843 *4| 155.6 307.1 54.0 2.0 64.9 0.5 305.7 2717.0 428.5 305.7 271.0 428.5
4|Standby 1843 *4 | 155.6 307.1 54.0 2.0 64.9 0.5 305.7 2717.0 428.5 305.7 271.0 428.5
5|IDLE/silent state 1359 *4| 1556 307.1 54.0 2.0 64.9 25.0 281.8 301.5 453.0 281.8 301.5 453.0
182.4 *4 | 155.6 307.1 48.0 6.4 45.8 15.0 2976 270.8 422.3 297.6 270.8 422.3
6 |Observation*8 220 *4 37.3 73.7 54.0 0.5 64.9 1810 [ 3224 l 337.7 374.1 3224 337.7 374.1
595 =*4 88.3 174.3 48.0 1.0 45.8 136.6 290.9 319.7 405.7 290.9 319.7 405.7
7|Contingency Observation Same as Observation mode Same as Observation mode
8|Internal Calibration 1359 *4 | 1556 307.1 54.0 2.0 64.9 25.0 281.8 301.5 453.0 281.8 301.5 453.0
1824 *4 | 155.6 307.1 48.0 6.4 458 15.0 297.6 270.8 4223 297.6 270.8 4223
9 |External Calibration Same as Observation mode Same as Observation mode
10 Sea Surface Calibration*8 53.7 x4 373 73.7 L 54.0 1.0 i 64.9 181.0 354.6 338.2 374.6 354.6 338.2 374.6
(410sec) 69.7 *4| 1324 261.3 48.0 1.5 45.8 136.6 . 364.3 493.2 301.6 364.3 493.2
71 |Standby Refuse 184.3 *4 | 155.6 307.1 54.0 2.0 64.9 0.5 305.7 2717.0 428.5 305.7 271.0 428.5
72|ldle Refuse 135.9 *4 | 1556 307.1 54.0 2.0 64.9 25.0 281.8 301.5 453.0 281.8 301.5 453.0
1824 *4 | 155.6 307.1 48.0 6.4 45.8 15.0 297.6 270.8 4223 297.6 270.8 4223
Other possible operation modes(Nominal operation mode : HPT duty = 2.2%)
Operational Heater BOL EOL
No CPR MODE *2 peak SPUX5 | Hswks [TRT 0T HpTx7 | average poak average poak
average 3 @Lower @34V except *2.3 @Lower @34V *2.3 @Lower @34V
voltage*1 voltage*1 voltage*1
7|All Off 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2|Safety 0.0 0.0 0.0 0.2 0.2 0.6 0.5 1.5 1.5 1.5 1.5 1.5 1.5
J|INIT 0.0 0.0 0.0 54.0 0.2 0.6 0.5 55.3 55.3 55.3 55.3 55.3 55.3
3a|INIT-Standby 1843 *4 | 155.6 307.1 54.0 0.2 64.9 0.5 303.9 275.2 426.7 303.9 275.2 426.7
4|Standby 184.3 *4 | 155.6 307.1 54.0 2.0 64.9 0.5 305.7 2717.0 428.5 305.7 271.0 428.5
5|IDLE/silent statex8 135.9 *4 | 1556 307.1 54.0 20 64.9 25.0 281.8 301.5 453.0 281.8 301.5 453.0
1824 4| 1556 3071 [ 480 64 [ 458 150 [ 2076 [ 2708 [ 4223 2976 27038 422.3
6|Observation*8 220 x4 373 73.7 54.0 0.5 64.9 198.0 3394 354.7 3911 339.4 354.7 391.1
595 x4 88.3 174.3 48.0 1.0 45.8 136.6 . 319.7 405.7 290.9 319.7 405.7
7|Contingency Observation Same as Observation mode Same as Observation mode
8|Internal Calibration*8 135.9 *4 | 1556 307.1 54.0 20 64.9 25.0 281.8 301.5 453.0 281.8 301.5 453.0
1824 *4 | 155.6 307.1 48.0 6.4 45.8 15.0 297.6 270.8 4223 297.6 270.8 4223
9|External Calibration Same _as Observation mode Observation mode
10 Sea Surface Calibration*8 53.7 x4 37.3 73.7 54.0 L 1.0 i 64.9 198.0 371.6 ' 355.2 391.6 371.6 355.2 391.6
(410sec) 69.7 *4| 1324 261.3 48.0 1.5 45.8 136.6 301.6 364.3 493.2 301.6 364.3 493.2
77 |Standby Refuse 1843 *4 | 155.6 307.1 54.0 2.0 64.9 0.5 305.7 2717.0 428.5 305.7 271.0 428.5
72|ldle Refuse*8 1359 *4| 1556 307.1 54.0 2.0 64.9 25.0 281.8 301.5 453.0 281.8 301.5 453.0
182.4 *4 | 155.6 307.1 48.0 6.4 45.8 15.0 297.6 270.8 422.3 297.6 270.8 422.3
l - *1:24.2V *3: Orbit average except Sea Surface CAL. Sea Surface CAL: average for 410 sec.
rr-i *2:29.0V *4:Cold Case
d ‘W *5:1CD-0S9459rev.2, *6:1CD-0S9903rev.4 *7:TR§ and HPT max power is based on IDS-ECA-169929-001, QOF:JX-ESPC-100594C
w *8:Upper=Unit Dissipation is maximum case. Lower=Unit Dissipation is minimum case.
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3.3 Datarate Budget
3.3.1 Housekeeping Telemetry Datarate

There are two telemetries of housekeeping telemetry.

One is HK telemetry via RIU, the other is HK telemetry via MIL-bus.

3.3.1.1 Housekeeping Telemetry Data rate
Data Rate of HK telemetry via MIL-1553B: 656bps (less than 700bps)

3.3.1.2 Housekeeping Telemetry Formats
HK telemetry via MIL-BUS is designed in accordance with PUS.

6
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3.3.2 Science Telemetry

(1) Science Telemetry Data rate

Data rate of science telemetry is less than 270kbps.

The Science Telemetry data rate detail is shown Table 3.3.2-1.

Table 3.3.2-1 Science Telemetry

EarthCARE/CPR Instrument Budgets
SEC-080011 D
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TM(240.1) Byte | TM(240.2) Byte | TM(240.3) Byte
Packet Header 6 | Packet Header 6 | Packet Header 6
Data Field Header 12 | Data Field Header 12 | Data Field Header 12
Private Science Data Private Science Data Private Science Data

Header 10 | Header 10 | Header 10
Source Data 208 | Source Data 2340 | Source Data 1234
CRC 2 | CRC 2 | CRC 2
Total Data Size (Byte) 238 | Total Data Size (Byte) | 2370 | Total Data Size (Byte) | 1264
TM(240.4) Byte | TM(240.5) Byte

Packet Header 6 | Packet Header 6

Data Field Header 12 | Data Field Header 12

Private Science Data Private Science Data

Header 10 | Header 10

Source Data 186 | Source Data 2172

CRC 2 | CRC 2

Total Data Size (Byte) 216 | Total Data Size (Byte) | 2202

Observation/Sea

CAL/Ext CAL @1sec Contingency @1sec Internal Cal @1sec
TM(240.1)x1packet TM(240.1)x1packet TM(240.4)x1packet

(Byte) 238 | (Byte) 238 | (Byte) 212
TM(240.2)x14packet TM(240.3)x14packet TM(240.5)x7packet

(Byte) 33180 | (Byte) 17696 | (Byte) 15414
Total Data Size (Byte) | 33414 | Total Data Size (Byte) | 17930 | Total Data Size (Byte) 15626
Total Data Size (kbps) 267 | Total Data Size (kbps) 143 | Total Data Size (kbps) 125

(2) Science Telemetry Formats

Header and Temperature Data are stored once per second, and observation data is stored 14 times

per second. The packet structure of science telemetry is designed in accordance with PUS.

In CPR, five packets are defined.

i) TM(240.1)

This packet format output once per second in Observation / Sea CAL / External CAL /

Contingency mode.

TM(240.1) Format

Packet Data Field S .Prlvat; ¢ Source Date Packet

Header Header clence Lata > Science Status1 + Science Status2 < CRC
Header

6 byte 12 byte 10 byte 2 byte

=
-
~

-
-
-

-

-

Private Science Data Header
ISPS .
S/C State Vector . Ancillary
Quality Version data
Number
4 byte 2 byte 4 byte

—
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i1)TM(240.2)
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This packet format output 14 times per second in Observation / Sea CAL / External CAL mode.

TM(240.2) Format
Packet Data Field .Prlvate Source Date Packet
Science Data .
Header Header > Science Data < CRC
Header
6 byte 12 byte 10 byte 2 byte
| Tt ~—
Private Science Data Header
ISPS .
S/C State Vector . Ancillary
Quality Version data
Number
4 byte 2 byte 4 byte
ii1) TM(240.3)
This packet format output 14 times per second in Contingency mode.
TM(240.3) Format
Packet Data Field Sciz;:\:/:tgata Source Date Packet
Header Header > Science Data < CRC
Header
6 byte 12 byte 10 byte 2 byte
| Tt~
Private Science Data Header
ISPS .
S/C State Vector . Ancillary
Quality Version data
Number
4 byte 2 byte 4 byte
iv) TM(240.4)
This packet format output once per second in Internal CAL mode.
TM(240.4) Format
Packet Data Field Sciz;:\:/:tgata Source Date Packet
Header Header > Science Status1 + Science Status2 < CRC
Header
6 byte 12 byte 10 byte 2 byte

Private Science Data Header
ISPS .
S/C State Vector . Ancillary
Quality Version data
Number
4 byte 2 byte 4 byte

8
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v) TM(240.5)

This packet format output 7 times per second in Internal CAL mode.

TM(240.5) Format
Packet Data Field Sciz;:\:/:t;ata Source Date Packet
Header Header > Science Data < CRC
Header
6 byte 12 byte 10 byte 2 byte

Private Science Data Header
S/C State Vector lSP,S Ancillary
Quality Version data
Number
4 byte 2 byte 4 byte
9
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3.3.3 TC budget D
Number of CMDs and CMD-ID and size of the CMD

1) Typical orbit (consider CAL/VAL and for Nominal operations)
In normal operation, we send mode transition commands to CPR.
Send SPU ON command. This is the RIU interface command.
After that, we send the following mode transition commands to CPR. The sizes and frequency
are shown in Table 3.3.3-1.
All mode transition command sizes are the same.
CCSDS Primary Header: 6byte
Data Field Header : 4byte

Function ID : lbyte
Reserve : 1byte
Operational mode : 2byte
Sub mode : 2byte
CRC : 2byte

Total 18byte

Table 3.3.3-1 Mode transition commands size and frequency (Nominal operation)

No. | command size frequency remarks
1 Standby mode 18byte 1 time after SPU-INI mode transition
transition completion.
2 IDLE mode 18byte 1 time after Standby mode transition
transition completion.
3 NOM mode 18byte 1 time after IDLE mode transition
transition completion

Mode transition time is shown in Table 3.3.3-2. The frequency to send the above commands is
very low. After mode transition to NOM completion, we don’t send commands to CPR. Then

the command sending frequency is very low.

10
| JAXA/ESA Project Confidential |




EarthCARE/CPR Instrument Budgets
SEC-080011 D
EC-TN-JAXA-CPR-0003 Issue 5

Table 3.3.3-2 Mode transition time D

From | All-off | Safety | SPU Standby | IDLE | Observation Int. Ext Sea Contin- | Standby | IDLE
To INI CAL | CAL | CAL | gency refuse refuse
All-off - 1 - - — - - - - - - -
Safety 1 1
SPU-INI = 50 = 1 1 1 1 1 1 1 1 1
Standby — — 12! - 1 - — — - — 1 1
IDLE — — 3057 — 1 1 1 1 1 - 1
Observation = — - 1 — 1 1 1 1 - -
Int. CAL — = - 1 1 S 1 1 1 = =
Ext CAL = = = 1 1 1 = 1 1 — —
Sea CAL = = = 1 1 1 1 = 1 = =
Contingency = = - 1 1 1 1 1 - - -
Standby refuse = — 1 1 1 1 1 1 1 — 1
IDLE refuse - - - 1 1 1 1 1 1 - -

Unit: Second

*1 Depend on the equipment temperature. When equipment in CPR temperature is in the
turn-on range, it takes 10 seconds.

*2 Depend on HPT temperature and HPT startup tume. When HPT temperature 1s in the turn-on
range, 1t takes 300 seconds. And Software processing time for this mode transition is 5 sec. In

this case, the waiting time for equipment turn on is zero.

- - Impossible to transfer

11
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Next, in CAL/VAL phase, CPR transfers to the following calibration modes.
a) Internal calibration
b) External calibration

c¢) Sea surface calibration

The necessary commands are shown in Table 3.3.3-3. Then the command sending frequency is

very low.

Table 3.3.3-3 Cal. mode transition commands size and frequency (Nominal operation)

No. | command size frequency remarks
Internal 18byte CAL/VAL phase: 1 time.
calibration Nom. Operation: 2 times per month.
mode
transition
External 18byte CAL/VAL phase: 1 time
calibration Nom. Operation: 1 time per month.
mode
transition
Sea surface 18byte CAL/VAL phase: 1 time
calibration Nom. Operation: 1 time per month.
mode
transition

Typical day (consider CAL/VAL and for Nominal operations)

Although in CAL/VAL phase, CPR usually continues observation. Then basically we don’t

send commands. According to the above 1), we send commands. Then the command sending

frequency is very low.

5 Day autonomous operation period (consider CAL/VAL and for Nominal operations)

As the same above, CPR usually continues observation. Then basically we don’t send

commands. When we need calibration data of CPR, we send mode transition commands.

12
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3.3.4 Memory budget

Memory Budget
PROM (Version 0xFO0)
Total capacity :128KB
Used amount
IPL/SPL/Monitor :26,159byte (20.0%)

Vector : 320byte (0.0%)

OS & Application: 70,888byte (54.1%)

Sum total 1 97,367byte(74.3%)
Remaining capacity :33,705 byte(25.7%)

EEPROM (Version 0x62)

Total capacity :1IMB

Used amount :
Vector : 472byte (0.0%)
PROM->RAM copy table : 112byte (0.0%)
(O 1 64,912byte (0.1%)
Application : 519,584byte (49.6%)
Table & log : 146,228byte (13.9%)
Sum total 1 731,308byte(69.7%)

Remaining capacity:317,268byte (30.2%)
There is enough remaining capacity on both PROM and EEPROM.
3.3.5 SPU start-up time
Watch dog Timer Timeout is 25.6 seconds when SPU starts-up.

The time from Power ON to PROM start-up (MIL-BUS communication start) is for 15 seconds.
And from Restart caused by SPU S/W Restart to EEPROM start-up is for 16.4 seconds.

For each case, there is about 10-second-margin. Therefore WDT Timeout does not occur at start-up.

WDT Timeout is for 3 seconds during CPR operation.
WDT Timer is reset once a second.
Unit of SPUFS internal process is decided on the integral frame (about 56ms~70ms) which is CPR
internal processing.

The time for integral frame processing with its maximum load is approximately for 10ms,
therefore there is enough time to process.

The process of MIL-BUS communication is about for 6ms at MFO where processing is

concentrated. It has enough time compared to 1MF (50ms).

13
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3.3.6 SEU

We confirmed SPU memory scrubbing rate and SEU phenomenon. And it is confirmed that CPR
memory scrubbing rate is much faster than the occurrence rate of SEU. The details are shown in
EC-N-T-13083

14
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3.3.7 Timing budget

When CPR is synchronized to 1PPS, the time stamp includes about 4 clocks time error. The
one clock is 1/48MHz = 20.8ns. Then the error is 83.2ns.
On the other hand, Lo oscillator short term stability in CPR is around 100us. Then this Lo

oscillator short term stability determines the accuracy of CPR time stamp.

CPR provides time stamp as Course time + Fine time. Fine time is determined inside CPR.

This Fine time accuracy is around 100ns according to the Lo oscillator short term stability.

Then CPR time stamp error is around 100us.

15
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3.4 B — AfBMIEE Antenna beam pointing accuracy

3.4.1 #E % Outline

T T E—ARAEEL T T E— AR EREEILE 3.4.1-118 T X D ITHER
iR d 5,

Antenna beam pointing accuracy and antenna beam pointing accuracy of unknown meet
the requirement, as shown in table 3.4.1-1.

#34.1-1 TUoTFE—LEBABELT VT FE—LEERREBEDERLER

Table 3.4.1-1 The requirement and result of Antenna beam pointing accuracy and
antenna beam pointing accuracy of unknown

Cross—track (RX) Along—track (RY)
pointing Pointing accuracy pointing Pointing accuracy
accuracy of unknown accuracy of unknown
CPR (without QOF) 3.17E-03 1.92E-03 8.90E-03 1.50E-03
QOF 2.51E-03 1.23E-03 1.80E-03 9.15E-04
RSS of CPR and QOF 4.04E-03 2.28E-03 9.08E-03 1.76E-03
Requirement <1.5E-2(10) |<25E-3(10) <1.5E-2(10) |<25E-3(10)

*QOF O 7T 7 E—AfRHEE LT V7 7B — AR RRERKEIX QOF PDR T CPR

e LcBl oz L7

* Antenna beam pointing accuracy and antenna beam pointing accuracy of unknown of
QOF use distribution value which CPR system provided by QOF PDR.

32 7 T T E—ARBABEL T T 7 E— AERREMRE Antenna beam pointing

accuracy and antenna beam pointing accuracy of unknown

TroT = ARAEE LT TS E— ARAREREDEREEZ L TICRT,
T T e AR E AN T T e — AR E S AN DR
I~ EDOREZET 5 Bias 4y, Wil (EEW) &3t
B — A AN E 4% Harmonic a4y K& ONEERIIC BIFR 72 < 48
#)9 % Random 5 ® A&t
T T T E— AR ERE BT T S E— A a5 ED 5 HEE
504y &2 BV BV 72 unknown K57

The definition of antenna beam pointing accuracy and antenna beam pointing accuracy of
unknown are shown below.

Antenna beam pointing accuracy: The error over the ideal antenna beam pointing direction

The antenna beam pointing accuracy is sum total of the

bias value which always requires a fixed error, the random

value changed regardless and the Harmonic value for

16
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which the direction of a beam is changed with time (long

cycle), and time
Antenna beam pointing accuracy of unknown: The unknown component which removed a
part for known among the errors over the

ideal antenna beam inclination direction

343 77T E—AEMEERZER The error Factor of antenna beam pointing

accuracy
BB R O R B F A 2 LU R IR,
The explanation of each error factor is shown below.

(a) Fabrication Error
7 YT ARMEEI EIE NFM THE S D28, 7 v 7 T E—LAfRA TR 2T b
il & MEMEDZE, #uE B TEE LRV Bias Ky DA ThHh D,
WERE , I TVEET T T E—LFEmI7m /T IVEDZED known 57, HI7E
A=) unknown 43 & 72 D,

Antenna pointing direction are the differences of the antenna beam pointing
direction nominal value and measured value, although measured by NFM.

Since it does not change on an orbit, it is only a Bias value.

The difference of a measurement result nominal value and the antenna beam
pointing direction design value is the known value, and an error of measurement is

the unknown value.

(b) Thermal Distortion
Wl L TOBERIC L H5RRE, BERMITICL - TRIBSN D, K (REH)
(2 XV AEBT 5O T Harmonic [l OB Th 5, FENTHERD known 43 & 720 | i
Bri&7£25 unknown 73 & 72 %,

The error is the thermal deformation on orbit. It is calculated by thermal
deformation analysis. Since it changes by time (long cycle), it is only a Harmonic

value.
An analysis result is the known value and an analysis error is unknown value.

(c) Gravity Release
MW ETOT T4 A MUED 16 EBIC K DA, Wil L TEH) LRV Bias
R DHTH D,
FEHTHRE RS known 43 & 72 V) | fEHTEAZEDS unknown 43 & 72D, 16 AT K OV
BEFHR RIC K D EEOBIES DUV 731 % L THITKEZ LT 5512,
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3.4.3- 1T HIETERHELFHEEZ2 LOWRETCCPROMAEEZEZTT T4
A2 MAIEZEFEHid 5,

The error is 1G modification of alignment measurement in the ground. Since it does
not change on an orbit, it is only a Bias value. The analysis result is known value
and the analysis error is unknown value.

In order to improve accuracy of alignment measurement, alignment measurement is

carried out by the configuration shown in a figure 3.4.3-1.

;
0%t

— 14 i

YCPR ZCPK [

] 1 WEERE AREM |
LEEAE 247 EEME SEHE ERWE 247 HE
(Yl +48° E#E) y@h +24° EEE) Cr o0 B4

- REREERICRETS
- V-STARS TERSBMMA LD Y -7 v F2WET D

X 3.43-1 1GEBHE=L7 4 X2l — a3 Alignment measurement configuration

(d) Moisture Desorption
CFRP % O W R FEM OHRR A I L 27874, #iE ECTEB L7229 Bias oD
HThH D, FENTHREFD known 43 & 720 | MENTERZE2Y unknown 43 & 72 5,

The error is the moisture desorption modification of moisture absorption materials,
such as CFRP. Since it does not change on an orbit, it is only a bias value.

the analysis result is known value and the analysis error is unknown value.

(e) Launch Shift
MR BRI R+ 2 6 A7 U o RFAZE, ful L TE®) LW 2®) Bias sy D H
Thb, FRINTEARWNIZD unknown 2y DA Th 5, HMIRERBRATH% THIE L
7. CPRICEV AT THD 2MHDF2—7 37— (CPR1 : CPR M HEAE R 7 s ff
FOMRE I/F O < IZH Y {113 7=, CPR2 : MREF  ARM (ZHt W fH1F 72) o> FA %I B
DEBEZNVIAALT, F¥2—7IF7—I2LHHEITMHE I/F 5 MREF  ARM &£
TOE AT U APEIES I, F DD MREF 12O W TIXAELIR A K& O pre/post
LLS I THRERMEAfER L TV 5, M CFRP Y2 KA » F /3% L D MREF
IXZ OFE EMEENMRS BUEER T 5 X0 RICHEBET 5720, HERE L
pre/post LLS LG CEENR RN EAHERTDH I ENAEETH 5,

18
| JAXA/ESA Project Confidential |




EarthCARE/CPR Instrument Budgets
SEC-080011 D
EC-TN-JAXA-CPR-0003 Issue 5

The error is the hysteresis error by the mechanical environment. Since it does not
change on an orbit, it is only a Bias value. Since prediction is impossible, it is only
unknown value.

The amount of change of the relative angle of two cube mirrors attached to CPR
measured before and after the mechanical environmental test was taken in. The
hysteresis from satellite I/F to MREF ARM has guaranteed by measurement by a
cube mirror. MREF is checked by a visual examination and pre/post LLS

comparison.

(f) Development Repeatability
JE BB A O R BA PR EME I K 2R 72, #E L TABE) LW ow Bias iy DA TH
éo
TR TERUWT2® unknown 53 DA TH 5, A ENTEEARBR O ROMEZ AN T
W5, ALERMEIE 5. 0E-4 £,

The error is the deployment reproducibility of a deployment mechanism. Since it
does not change on an orbit, it is only a Bias value. Since prediction is impossible,
it is unknown value. The value as a result of a deployment test is put in this time.

The specification value is 5.0E-4 degree.

(g) Micro vibration
ﬂ%kf%é@%#év4ﬁmﬂ47v~yayViof$05W/ﬁifké
B, EEMTHLTOIZ, Ry 7T —HEERHRENTEELZMT 22 L1
ey, 77T E—MRMABRREICIIEE L RN LIt 572 (3. 4.6)

This error is a modification error which arises by the micro vibration which a
satellite emits on orbit. Since it was a short cycle and decided to evaluate influence
within the Doppler velocity fluctuation error, it will not calculate for an antenna

beam pointing error (See Section 3.4.6).

(h) Compensation of bias error
Bias 543 @ 9 B known 3 Z DWW CIT R ICHEHE T 2 RIS ¥ AFH CTHIE 24TV EY
DB (Lo Tknown 2310 &7 %) , Compensation of bias error T A%
Eﬁ’éuéyAmﬁoﬁé’ié%ﬁﬁwmﬁ VAEDREFIZLDHAET
H 5, KiEF1L Bias B @ unknown 73208 SN 5,

When CPR carried in a satellite, the bias value of the beam pointing error is
removed by the Shim adjustment (therefore, set to 0 by the amount of known).
Compensation of bias error is an error by the limit of the adjustment by the
minimum thickness of Shim which produces at the time of the Shim compensation
and the common difference of the Shim thickness. This error is unknown of a Bias

value.
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3.4.4 HH 5k Calculation Method

CPR7T v 7T FE—LdBAKE L T 7 F B — MRMRERE ORI 71k 2% 3.4.4-1 TR
7, F 7z gravity release, moisture distortion,?® 472 7= Z[K @ unknown 57 O i H 5 R &2 F£
3.4.4-2 |Z7”7, Fabrication error O i i R & % 3.4.4-3 12”7,

BEA OB L E S TR ATRE 72 B — AR ARG BE C, RO A & Te @ fabrication errors O &t
JUfE, deformation by gravity release D fi##T{E, deformation by moisture desorption @ fi#ATE
5 L O thermal distortion O AT

Unknown 73 DEIZ— EFH DB Z D N HEFERMETH Y . IROME A HTe : fabrication
errors D FHHIFR 2, deformation by gravity release D fEHT#4 7, deformation by moisture
desorption D fEHT 47, thermal distortion O fEHTFR 72, deformation by launch shift D fi#ATRR 2=,
JEBH - ELME,. 3 O the compensation of bias error.

ARILEHTHW TV D HEET, “Pointing accuracy” & “ Pointing accuracy of unknown” |
ZHZ 1 Absolute Pointing Error (APE)” & ”Absolute Measurement Error (AME)” 2484 9
%o

The calculation method of CPR antenna beam pointing accuracy and antenna beam pointing
accuracy of unknown is shown in Table 3.4.4-1. The calculation result for unknown value of
error factor of gravity release and moisture distortion is shown in Table 3.4.4-2.

The calculation result of Fabrication error is shown in Table 3.4.4-3.

The known value are the value that the beam pointing accuracy can predict with numerical
value. The following items are included; the measurement value of fabrication errors, the
analysis value of deformation by gravity release, the analysis value of deformation by
moisture desorption and the analysis value of thermal distortion.

The unknown value is the uncertain numerical value that is predicted in certain range. The
following items are included; the measurement error of fabrication errors, the analysis error of
deformation by gravity release, the analysis error of deformation by moisture desorption, the
analysis error of thermal distortion, the analysis error of deformation by launch shift, the
deployment repeatability and the compensation of bias error.

The terms “Pointing accuracy” and “ Pointing accuracy of unknown” used in this document
are equivalent to so called Absolute Pointing Error (APE) and Absolute Measurement Error
(AME) respectively. AME is calculated by RSS of (Bau, Bck, Bcu, Bdk, Bdu, Beu, Bfu, Bhu,
Hbk, Hbu).
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£344-1 TUTFE—LARAKEL Y VT E— ARAPERE O
S

Table 3.4.4-1 The calculation method of CPR antenna beam pointing accuracy
and antenna beam pointing accuracy of unknown

Cross—track (RX)
pointing accuracy Pointing
Bias Harmonic Random accuracy of
known Unknown known Unknown known Unknown unknown
la__|Fabrication Error Bak Bau =Bau
b _[Thermal Distortion(*1 Hbk Hbu=Hbk*30%/3 =Hbu
c__|Gravity Release Bck(*2 Bcu=Bc*16%/3 =Bcu
d_[Moisture Desorption Bdk(*3 Bdu=Bd*21%/3 =Bdu
le |Launch Shift Beu =Beu
f [Deployment Repeatability Bfu =Bfu
g |micro vibration
h |[compensation of bias error Bhu(*5 =Bhu
RSS of Bias(*6 =RSS of (Bau,Bcu,Bdu,Beu,BfuBhu) | -
RSS of harmonic =Hbk + Hbu
RSS of Randkom | === —=—mmm———————— | mmmmm———— e Rgu
pointing accuracy =RSS of (RSS of Bias, RSS of Harmonic, RSS of Random)
Pointing accuracy of unknown |  —————————————— RSS of {EEIRTEFE
Requirement <1.5E-2(10) <2.5E-3(1 0)
Along-track (RY)
pointing accuracy Pointing
Bias Harmonic Random accuracy of
known Unknown known Unknown known Unknown unknown
la__|Fabrication Error Bak Bau =Bau
b_|Thermal Distortion Hbk(*1 Hbu=Hbk*30%/3 =Hbu
c__|Gravity Release Bck(*2 Bcu=Bc*16%/3 =Bcu
d_[Moisture Desorption Bdk(*3 Bdu=Bd*21%/3 =Bdu
le |Launch Shift Beu =Beu
f [Deployment Repeatability Bfu =Bfu
g [micro vibration
h [compensation of bias error Bhu(*5 =Bhu
RSS of Bias =RSS of (Bau,Bcu,Bdu,Beu,BfuBhu)f ~  —————ooo——o
RSS of harmonic =Hbk + Hbu
RSS of Random | = —=m——————————— | —mmmm—m—————— Rgu ==
pointing accuracy =RSS of (RSS of Bias, RSS of Harmonic, RSS of Random)  J-——————————
RSS of (Bau,
L. Hbu, Bcu, Bdu,
Pointing accuracy of unknown Beu . Bfu,
Rgu, Bhu)
Requirement <1.5E-2(10) <2.5E-3(10)
X

* 1 BERIS (TENE EBERICKBIEMEME B DR /ITVE, S8 L TAEZFERALTCE—LIERMESDHEET S,
unknownDEH HEIZDNWTIISEFSIR

*2 1GEMICKDIEMEBESND/TIE (BITE) .

*3 IREMICKDIEMEBESD/ITIVE (BHTE) .

x4 xR

*5 VLIZEBRNATFABETE-S>TLESRE

* 6 Bak, Bek, BdklE LITKBNAFRBEICKYHBEST SO T, FBELGL, FEHERXITILUTICLS

RSS-of - (Bau,Bcu,Bdu,Beu, Bfu, Bhu): \/Bau2 + Bew’ + Bdw® + Be? + Bfu2 + Bhi?

Note

*1 The known value is the analysis nominal value of the antenna beam pointing
direction change by thermal deformation on orbit. The antenna beam pointing
change is rectified on an orbit using this value.
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*2 This value is the nominal value by Gravity Release analysis.

*3 This value is the nominal value by moisture desorption analysis.

*4 The missing number

*5 The error which remains by adjustment by Shim

*6 Since B,y, Bek, and By, are removed as bias correction by Shim, they does not integrate.
A formula is shown below.

RSS-0f~(Bau,Bcu,Bdu,Beu,Bfu,Bhu)z \/Bau2 + Bcu® + Bdu® + Beu® + Bfu” + Bhu®
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#3442 FRRZEZEREO unknown S DEHERGB o)

Predictive accuracy of the gravity release

Factor of error & RIS E LE=
The prediction error of The prediction error of distribution of
distribution of mass 5%|mass and the error of distribution to a

model
The tolerance of the characteristics of
15%|each component, and the error by rigid

Structure | Analysis
The error by modeling

(Stiffeness) .
imitation
Predictive accuracy(RSS) 16%
Predictive accuracy of the moisture desorption
REER B 5 F REE kA
The tolerance of CME of each
CME 15%|component, and the diffence of

moisture desorption configuration

The tolerance of the characteristics of
15%|each component, and the error by rigid
imitation

Structure | Analysis
The error by modeling
(Stiffeness)

Predictive accuracy(RSS) 21%

# 3.4.4-3 Fabrication error unknown 73 D FE HFERGB o)

MGSE of integration Along—track(RY) Cross—track(RX)
Coaxiality of alignment pin 2.50E-04
Assembly reproducibility 4.50E-06 6.20E-04
measurement error og cube 1.22E-03 1.94E-03
measurement error of alighment 1.94E-03
measurement error of level 4.40E-04
RSS 1.30E-03 2.83E-03
measurement error between Along-track(RY) Cross—track(RX)
MGSE cube and CPR cube measurement error og MGSE cube 1.22E-03 1.94E-03
measurement error og CPR cube 1.22E-03 1.94E-03
measurement error of alignment 1.94E-03
RSS 1.73E-03 3.37E-03
Measurement of a NEF Along-track(RY) Cross—track(RX)
measurement coordinate measurement of probe coordinate 1.11E-05 1.78E-04
system
system measurement error og CPR cube 1.22E-03 1.94E-03
measurement error of alignment 1.94E-03
RSS 1.22E-03 2.76E-03
error of NFM measurement *) Along—track(RY) Cross—track(RX)
3.00E-04 3.00E-04
Error which remains by
) ) Along—track(RY) Cross—track(RX)
ajustment by sShim
5.70E-04 5.70E-04
Along—track(RY) Cross—track(RX)
it 2.57E-03 5.23E-03

*) T T FRE = IET L U ELLE (Near-Field Measurement System; NFM) H
B> T D AERIERRZEIL, 03E-4deg LT THY . /&0,

ZAUE, NFM B E D3> TOWAAREBRRZAEN W HIZB W T 2deg LR TH Y, vk
3.5m UG DAF % 2 %AT 9 BRI — WG IS AT 2 (B — 2GR Z 582&Th 5,
WEZE

94.05GHz D F1X 3.19mm, A7AHZ 2deg i% 1.77E-2mm (2%t 9 5, 3.5m A%+ > T 1.77E-
2mm DREFEEE 2 5 L | tan-1(1.77E-2,/3500)=0.0003deg & 72 5,

&y
e
' .%‘“ﬁ 23
EARTHCARE | JAXA/ESA Project Confidential |




lf;%l% 24

EarthCARE/CPR Instrument Budgets
SEC-080011 D
EC-TN-JAXA-CPR-0003 Issue 5

*)The angle measurement error which Near-Field Measurement System itself has is less than 0.3E-4deg,
and is small enough. The phase fluctuation error which the NFM itself has is 2 or less degree in W band.
This error occurs, when scanning 3.5 m around and generating in one axis (the worst case).
Outline;
The wavelength of 94.05 GHz is 3.19 mm. Phase difference 2degree corresponds to 1.77E-2mm.
It will be set to tan-1(1.77E-2 / 3500)=0.0003deg if a 1.77E-2mm error is considered with a 3.5-m
scan.

345 7 VT FE— ABRABERVT 7 — BRI EEERE LR Calculation

result of antenna beam pointing accuracy and antenna beam pointing accuracy of unknown

MRS R L ORRZE O A EFRER L VER L, 7o 7P E—ABABELYT T E—

AP ERSE OB ME A 2 6.7.5-1 1T, 7 o7 E—AfRRREEOER  0.015degree LA
Tzt LT 0.00682degree (RX) . 0.00961degree (RY) . 7 > 7 7 B — LRI ERSE DO

3K 0.0025degree LA N DZERIZK} LT 0.00232degree (RX) . 0.00177degree (RY) & 3R % i &
T2,

The calculation result of antenna beam pointing accuracy and antenna beam pointing accuracy of
unknown is shown in table 6.7.5-1. The specification value of antenna beam pointing accuracy is 0.015
or less degree, and results are 0.00682degree (RX) and 0.00961degree (RY), and meet the specification.
The specification value of antenna beam pointing accuracy of unknown is 0.0025 or less degree, and
results are 0.00232degree (RX) and 0.00177degree (RY), and meet the specification.
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#3451 7T FE—ArEBRABERORT T F E—higRkEREHRERER12) Table

3.4.5-1 Calculation result of antenna beam pointing accuracy and antenna beam pointing accuracy of

unknown
(a) Cross-track
CPR (without QOF) (Unit: degree)
| Cross—track (RX)
pointing accuracy Pointing
Bias Harmonic Random accuracy of
known Unknown known Unknown known Unknown unknown
la__|Fabrication Error measured value] 1.74E-03 1.74E-03
b |Thermal Distortion 2.30E-03 2.30E-04 2.30E-04
c_|Gravity Release 5.00E-05 2.64E-06 2.64E-06
d |Moisture Desorption 5.00E-05 3.54E-06 3.54E-06
e |Launch Shift ~ |-m———mmm——— 6.48E-04 6.48E-04
f |Deployment Repeatability  |-——————————— 3.10E-04 3.10E-04
g |micro vibration
h__|compensation of bias error 2.58E-04 2.58E-04
RSS of Bias 190E-03 | = mmmmmm————————
RSS of harmonic | @ mmmmmmmme——e 2.53E-03
RSSof Random | = -———eeoo—o = | | e
pointing accuracy 317e-03 ]
Pointing accuracy of unknown |  —————————————— 1.92E-03
QOF (Unit: degree)
Cross—track (RX)
pointing accuracy Pointing
Bias Harmonic Random accuracy of
known Unknown known Unknown known Unknown unknown
la__|Fabrication Error 0.0E+00 9.0E-03 9.0E-03
b _|Thermal Distortion 6.1E-04 6.0E-05 3.0E-05
c__|Gravity Release 1.1E-03 1.1E-04 1.1E-04
|d__|Moisture Desorption 1.1E-03 1.1E-04 1.1E-04
e |lLaunch Shift ~ |-————mmm—m—m 1.2E-03 1.2E-03
f |Deployment Repeatability 1.1E-03 1.1E-04 1.1E-04
g [micro vibration
h _|compensation of bias error
RSS of Bias 24E-03 | mmmmmmmm——————
RSS of harmonic | == —mmmmmmm——— 6.7E-04
RSSof Random | = -———oeeoo—— | o
pointing accuracy 2603 - |mmmmmmmmm—
Pointing accuracy of unknown | = —————————————— 1.2E-03

(unit: degree)
(£) QOF ™%X QOF PDR T CPR 7% QOF (247~ L 7AiM, Fabrication error |Z CPR ™
NFM I ERFZ [FIRFIZHE S D 72 DFER L7,

Note

The table of QOF is the distribution value which CPR showed to QOF by QOF PDR.

Since it is simultaneously measured at the time of NFM measurement of CPR, Fabrication error is not
integrated.

FE%‘M 25
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#3451 77T E—LRABERVT 7 F E—AiEAREREHEREQ2R2)

Table 3.4.5-1 Calculation result of antenna beam pointing accuracy and antenna beam pointing
accuracy of unknown

(b) Along-track

CPR (without QOF) (Unit: degree)
Along-track (RY)
pointing accuracy Pointing
Bias Harmonic Random accuracy of
known Unknown known Unknown known Unknown unknown
a_|Fabrication Error measured value 8.55E-04 8.55E-04
b [Thermal Distortion 8.00E-03 8.06E-04 8.06E-04
c__|Gravity Release 3.00E-04 1.58E-05 1.58E-05
|d |Moisture Desorption 4.00E-03 2.83E-04 2.83E-04
e |Launch Shift ~  |-——mmmmmmm— 6.48E-04 6.48E-04
f |Deployment Repeatability ~ |-——————————— 3.10E-04 3.10E-04
g |micro vibration
h _|compensation of bias error  |-——————————- 5.16E-04 5.16E-04
RSS of Bias 126E-03 | = mmmmmm————————
RSS of harmonic | @ mmmmmmmm———e 8.81E-03
RSSof Random |  -—-—ooo— @ | @
pointing accuracy 8.90E-03
Pointing accuracy of unknown | — —————————————— 1.50E-03
QOF (Unit: degree)
Along-track (RY)
pointing accuracy Pointing
Bias Harmonic Random accuracy of
known Unknown known Unknown known Unknown unknown
la__|Fabrication Error 0.0E+00 9.0E-03 9.0E-03
b [Thermal Distortion 9.4E-04 9.0E-05 9.0E-05
c_|Gravity Release 8.2E-04 8.0E-05 8.0E-05
|d |Moisture Desorption 8.2E-04 8.0E-05 8.0E-05
le |Launch Shift ~ |-——mmmmmm—— 9.0E-04 9.0E-04
f |Deployment Repeatability 8.2E-04 8.0E-05 8.0E-05
g |micro vibration
h_|compensation of bias error
RSS of Bias 18E-03 | = mmmmmmm—m—————
RSS of harmonic | = —mmmmmm——— 9.0E-05
RSS of Random | = -——mo—— @ |
pointing accuracy 1.8E-03
Pointing accuracy of unknown | — —————— 9.2E-04

(unit: degree)
(£) QOF ™%X QOF PDR T CPR 7% QOF (247~ L 72AC 43, Fabrication error |Z CPR O
NEM (ZHIE R RIFFCHIE S5 72 DR L7220,
Note
The table of QOF is the distribution value which CPR showed to QOF by QOF PDR.
Since it is simultaneously measured at the time of NFM measurement of CPR, Fabrication error is not
integrated.
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(c)CPR & QOF DO Ff% SUM of CPR and QOF

Cross—track (RX) Along—track (RY)
pointing Pointing accuracy pointing Pointing accuracy
accuracy of unknown accuracy of unknown
CPR (without QOF) 3.17E-03 1.92E-03 8.90E-03 1.50E-03
QOF 2.51E-03 1.23E-03 1.80E-03 9.15E-04
RSS of CPR and QOF 4.04E-03 2.28E-03 9.08E-03 1.76E-03
Requirement <1.5E-2(10) [<2.5E-3(10) <1.5E=-2(10) [<2.5E-3(10)

(unit: degree)
() T U7 U= LEERRERE IR R & g3 5 728 known & unknown O & FHE
% RSS L7z (F720%H QOF DEEANS T bias fli EIX TH22Y)

Note

The antenna beam pointing accuracy of unknown of QOF is the RSS of known and unknown value in
order to simplify the work demarcation.

&
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PDR DLW, #EMNCE SR L CWN =T 7 B — AEREER NS R TX /a0 2 LAV L
77 = Z T ARCHHIEIZ T Blas a7z MiET 5 Z &2 LT,

It became clear after PDR that the specification of antenna beam pointing accuracy of unknown being
demanded of the satellite side was unsatisfying. Then, it decided to correct a Bias part error by ARC
compensation. It is shown in Chapter 6.1 for details.
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3.4.6 Ky 7Z(fHZXE) Doppler Phase Fluctuation
3.4.6.1 QOF ~D~A 7 uaXf 7L — g 4f Micro-Vibration environment of QOF

A7 unNf T —2 g Nl LA E—ATHRICOWTT T E—ARmkEE,. 777
B — LR AR E RS R IZ % LT QOF DR FHERINHE L2V, £ 2T~ 7 u"f 7 L—
Variliae— AT NET VTS U AMERRE, 72T ) B AMRARERE D/ Y =
v RBBRWT, Ry 7 ZHERENY =y NCEHTSZ LI L7, LirL, QOF O%E
EIZx LT 70%L FIZE— AT A SR T T Ry 7T HERERY v N ERE
Tl 2 L7200,

FZIZTQOF ~D<A 7 /{7 L— a3 L-yLOIRERRG %2 356 L7,

FER. QOF D~ A 7N T L—3 3 NZHDE =TI 10%LL FIZT 52 &R TE,
Ry P HERRAENT =y NPNEREZE TE D2 2R LT,

The design consequence of QOF is not met to the antenna beam pointing accuracy and the antenna
beam pointing accuracy of unknown demand by micro vibration. Then, it decided to manage by a
Doppler speed error budget and removing from the budget of antenna beam pointing accuracy and
antenna beam pointing accuracy of unknown. However, if a beam change is not reduced to 70% or less
to the design value of QOF, a Doppler speed error budget does not satisfy a demand, either. Then,
reduction examination of the micro vibration level to QOF was carried out. The beam change by the
micro vibration of QOF could make it to 70% or less, and it checked that a Doppler speed error budget
could satisfy a demand.

BENOECRENTZ CPR~O~A 7 a3, 7T L—3 3 2 LUl TR SEC-070014

Environment Condition Design Requirements C QOF |Z#g/R L7c~A 7 a/"f T L —3 3 L
L. EM BAFEERBRAE R DRI Lo~ A 7 a3 T L—v 3 UL a K 34.6-1107 7, QOF
DA TR, T L— g UREORREIT EM ESX RS, RERT — X LR ORE
EOOLMPI LIV Th D, TNENORBRGER X 3.4.6-100 5% 3.4.6-31279, 7=
QOF SUB-REF DJSEfRMT Dfk B A X 3.4.6-512759, F£ 72 QOF HL V) {1 ER UL & 2 BH iy
DISERATHRE ROl 2 X 3.4.6-612777, QOF Hif1#8 500Hz F TOINZEIZEI L CREBA/MUH
TRERERIHY A, Lo T300Hz £ TOREITIHF 2 7 4 X2 b—2 3 TR
Br U 72 IEZ IRED B RS I 2 O CH RIEEIZ I, ~Af 7 f T L— 3 2K 5 QOF D
B — A 3421 SUN-REF O %8723 B Td 5, QOF  SUB-REF ORENE— Ni% 150Hz LA
FizH v, 200-500Hz 1Z~A 7 a4 T L— g boba —H 131K L=, £72 150-
200Hz @ QOF DT X Bl « Y #le s  ZdhieE =114 Th D, ~A 7 a3 (T L —
3 v LoV ZHIN L 72 REIZEL QOF L ~L s BRI QOF L L D 722 JREh = x L ¥ — L L Y
S50%FRE B — AT B S D,

The micro vibration level from a satellite to shown CPR, the micro vibration level which QOF was
shown by SEC-070014 Environment Condition Design Requirements, and the micro vibration level
reduced from EM development test result is shown in table 3.4.6-1. Reduction of the micro vibration
conditions to QOF is EM sine wave vibration test and the level examined from the result of the modal
examination at the time of deployment. each test result are shown in figure 3.4.3-1 to figure 3.4.3-3.
the result of the response analysis of QOF SUB-REFis shown in figure 3.4.3-5. The result of response
analysis of deployed configuration and stowed configyuration are shown in Figura 3.4.3-6. There is no
big difference by deployed/stowed about the response up to 500 Hz of a QOF interface. Therefore, it is
satisfactory even if it uses the sine vibration test result of having tsted the result up to 300 Hz by the
configuration at the stowed configuration. The responce of SUN-REF is dominant in a beam change of
QOF by micro vibration. Since the natural frequency of QOF SUB-REF was in 150 Hz or more, 200 to
500 Hz reduced the micro vibration level to one third uniformly. moreover, the response resio of QOF
of 150 to 200 Hz is “X-axis response: Y-axis response: Z-axis response =1:1:4. From the difference of
the vibrational energy of the QOF level and a reduction QOF level when a micro vibration level is
inputed, a beam change is reduced about 50%.
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0.075 ! +0.05 : +0.025 4
R = 1+1+4 1+1+4 1+1+4 _ 500,
e 0.075

X > T 150-200Hz 1% 50%1K15. 200-500Hz T 333% (K CH V., b—Z /L TR CTIKHi~A1 7 1
NAT L= g byLTiEd7a< &b QOF O B —AFHIE 70%FEHE £ Tl cx s 2 &

R L7,

the beam change by 150 to 200 Hz is 50% reduction, and the beam change by 200 to 500 Hz is 33.3%
reduction. Therefore, beam change of QOF can be reduced to about at least 70%.
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#34.6-1 v 7 a7 L — 3Ll The micro-vibration level

. CPR level Reduse QOF level
Frequincy QOF level Xcpr axis YCP(R2 axis Zcpr axis
0.1-7Hz 0.098m/S* 0.098m/S’ 0.098m/S* 0.098m/S” 0.098m/S”
(0.01G) (0.01G) (0.01G) (0.01G) (0.01G)
7-10Hz 0.0098 m/S” 0.0098 m/S” 0.0098 m/S” 0.0098 m/S” 0.0098 m/S”
(0.001G) (0.001G) (0.001G) (0.001G) (0.001G)
10-50Hz 0.098m/S” 0.098m/S” 0.098m/S” 0.098m/S” 0.098m/S”
(0.01G) (0.01G) (0.01G) (0.01G) (0.01G)
50-100Hz 0.098m/S” 0.29m/S” 0.29m/S* 0.29m/S” 0.29m/S*
(0.01G) (0.03G) (0.03G) (0.03G) (0.03G)
100-150Hz 0.25m/S” 0.74m/S’ 0.74m/S” 0.49m/S” 0.74m/S”
(0.025G) (0.075G) (0.075G) (0.05G) (0.075G)
150-200Hz 0.25m/S” 0.74m/S’ 0.74m/S” 0.49m/S” 0.25m/S”
(0.025G) (0.075G) (0.075G) (0.05G) (0.025G)
200-500Hz 0.49m/S” 1.47m/S* 0.98m/S” 0.98m/S’ 0.98m/S”
(0.05G) (0.15G) (0.1G) (0.1G) (0.1G)
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o
Power Spectra! DEHSI'!}' Large Separation Shock Test Facility
TestTie: CPR_EM
Specimen Name: Test Date/Time: 21-JAN-2013 15:35:46
Test File Number: 1 Test Type: shack Analysis Date/Time: 21-Jan-2013 16:25:44
Part NumberiD: 1 . ' o
Channel # 10 Node Number: 10 Lﬁ.?swmn

Channel Label:  BP-QOF1-X
Channel Description:

1.0E-2
1.0€-3 —
£
¢
»
L]
E
1.0E-4-{—
1.0E-5
1
Magnitude Detection: Average Stant Time: 55.00  Analysis Period: 13.06  DOF: 455
Analysis Window: Hanning Overlap: 0.500 AF: 781 Hz.  Block Size: 1024
Sample Rate: 8000 S/Sec. F8 Range: 96.22 mis’s Confidence Factor: 0.917-0.99 (d&) at 99.9% Con.
JAXA Environmental and Structural Test Laboratory

X 3.4.6-4 BERE—F1L QOF Nyl rhE
Modal test deployed configuration (hammering test) response of QOF
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Displacements
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X| 3.4.6-5 QOF SUB-REF D)% Response of QOF SUB-REF
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3.4.6.2 (Deleted) D

3.5 Timing budget

When CPR is synchronized to 1PPS, the time stamp includes about 4 clocks time error. The one clock is
1/48MHz = 20.8ns. Then the error is 83.2ns.

On the other hand, Lo oscillator short term stability in CPR is around 100us. Then this Lo oscillator
short term stability determines the accuracy of CPR time stamp.

CPR provides time stamp as Course time + Fine time. Fine time is determined inside CPR. This Fine
time accuracy is around 100ns according to the Lo oscillator short term stability.

Then CPR time stamp error is around 100us.
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