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Summary 
The CW/RW Experiment was conducted on the International Space Station from March 30th 2008 
through May 23rd 2008. Several seeds in 3 ECs germinated in the CW/RW Experiment on orbit but at 
the end most seedlings had wilted, and only four plants in one EC barely survived until harvest.  
 
From the very start of the experiment, a problem with watering was evident. Failure analysis of the 
hardware which was returned on 1J has in retrospect shown that faulty connections of the Quick 
Disconnects, QDs, on 2 RBLSS modules most likely were the cause of the watering issues. Due to 
the watering problem which either led to a complete lack of germination or poor growth of the 
seedlings, the PI Team decided to change a number of Experiment Requirements like illumination, 
watering and gravity stimuli. The Operations Team tried as far as possible to fulfill the PI Team’s 
changed requests. The discussed solutions had not been tested on ground to a satisfactory degree, 
and unforeseen issues arose as a consequence of this when the changed requirements were 
implemented.  
 
The problems encountered during the CW/RW Experiment on-orbit have been documented in the 
NASA PAR and ESA SPR Systems. Resolution of the open issues will be posted in the same 
systems.  
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(Germination Test) 
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1. Scope 

1.1 Purpose 
This document describes the results and a validation of the CW/RW Experiment Requirements 
Integration Process performed by N-USOC. The integration was based on the Experiment 
Requirements documented in the CW/RW Integration Requirements Document (AD01) as well as 
Test Plans, Appendix 1, which identified requirements that had to be tested by the PI-team at N-
USOC in the EMCS Ground Models, either to verify that the requirements could be met or to 
optimize integration into the EMCS facility. 

 

1.2 Document Overview 
The scope of the document is summarized in section 1; the CW/RW experiment scientific objective 
and experiment flow are described in Section 2. Section 3 contains a summary and a validation of 
how the Experiment Requirements were integrated pre-experiment (3.1, 3.2 & 3.3), during the 
experiment (3.4) and post-experiment (3.5). Section 4 identifies Payload Anomalies and incidents 
which led to alteration of Experiment Requirements. Section 5 summarizes the conclusion of the 
integration. 
 

2. Introduction  

2.1 Scientific Objective  
 
Cell wall: 
Cell walls of plants play a crucial role in forming supporting tissue in stems so they can grow in an 
upright position. Different types of cell wall components, such as cellulose, xyloglucan and lignin, are 
all involved in wall dynamics which give this type of support to plant tissue. It is expected that the 
metabolism and gene expression of a number of these substances is highly sensitive to gravity. And 
one wished therefore to examine the gene expression of these cell-wall related gene families in a 
micro-gravity environment. By using Arabidopsis Thaliana, the goal was to identify gene sets which 
play a role in gravity-dependant formation of supportive tissue in plants. 
 
Resist wall: 
Plants have two major responses to gravity; roots experience gravitropism (they grow downwards), 
and the shoot experiences resistance to the gravitational force by growing upwards. Little information 
about resistance to the gravitational force has been obtained compared to gravitropism. 
 
The hypothesis is that the mutual dependency between microtubules, the plasma membrane and the 
cell wall in plants is responsible for gravity resistance. Arabidopsis mutants that are defective, in 
various ways, of forming these cellular components show distorted growth on earth. However, it was 
expected that such mutants are rescued and can grow and develop normally as wild types under 
microgravity in space. Therefore it was desirable to cultivate these mutant strains under microgravity 
and at 1 g conditions on orbit, for comparison with the wild type. When retrieving the plants to earth, 
changes in expression of genes involved in formation of microtubules, plasma membrane and cell 
walls could also be analyzed. 
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2.2 Experiment Unique Equipment  
The CW/RW Experiment Unique Equipment (EUE) consisted of a Plant Cultivation Chamber 
(PCC)(AD07) which is an advanced flower pot that monitors the humidity in the growth medium and 
adds water when the delta pressure in the growth media is below a defined level. A reference sheet 
was located on the base-plate of the Experiment Container (EC) (Figure 2.1). 
 
 
 
 
 
 
 
 
 
 
 

  
A      B 
Figure 2.1 CW/RW A; Plant Cultivation Chamber (PCC) and Reference Sheet assembled on an Experiment 
Container (EC) Base plate, B; EC with EC Cover 
 
The growth support consisted of Zeolite (ZeoPro) with propylene felt (PP-felt) on the top.  
 

2.3 CW/RW Operational Scenario 
The CW/RW Operational Timeline as planned before experiment start is outlined in figure 2.2. The 
CW/RW pre-flight operations and experiment as performed is documented in chapters 3.3 and 3.4. 
All samples were mounted on ground and the crew operations on board involved EMCS generic 
Crew Procedures (EMCS EC replace, EMCS Water Reservoir replace, EMCS Valve movements, 
EMCS Power Switch configuration and Clean Up activities post-experiment) and CW/RW specific 
Crew Procedures (CW/RW KFT MELFI Retrieval, CW/RW MSG Set-UP, CW/RW Harvest in MSG 
etc.). 
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Figure 2.2 CW/RW Pre-flight, on-orbit and retrieval timeline as planned before experiment start. 

Preparations at 
N-USOC Lab 

Post-flight 

days wks 

days 

Upload 8 
ECs 

Cultivation from 
seed to approx. 10 

cm 

Download 
KFTs 

Transport to 
KSC  

KSC Preparations 
and Checkout 

KSC stowage
pending launch 

KFT Retrieval by PI 

Transport toPI Lab 

Replace Water 
Res. 

Post-flight assessment 
of samples at PI Lab 

Unload ECs 
from EMCS and 

Harvest
Load Ecs 

into EMCS 

Stowage in MELFI 

Activity 
Description 

Crew 
Interaction 

10 50  

L-40 L-20 L-10 



 

 

 
“EMCS CW/RW Requirements 

Integration Report” 
 

Doc.Nr: N-USOC-REQ-025 
Issue: 1 
Date: 28.11.08 
Page 11 of 30 

 

3. The Experiment Requirement Integration Process as Performed 
The CW/RW Experiment’s Integration Requirements are documented in the CW/RW Integration 
Requirements Document, N-USOC-REQ-007 (AD01). The current document summarizes the actual 
products developed during the Integration phase and describes in which way different requirements were 
met on orbit. The CW/RW Integration and Real Time Operations Flow with time aspects, responsible 
parties and resulting products can be seen in table 3.1. 
 
For further details on scientific status after execution of the experiment, reference is made to reports 
made by the ESA Mission Science Office (ESA MSO) Team and the Principal Investigator Team.  
 
Table 3.1 CWRW Integration and Real Time Operations Flow with time aspects, responsible parties and resulting 
products. 
Consolidation, Integration 
and Real Time Ops 

Start End Responsible Product 

Requirements Consolidation 
phase 

  N-USOC Consolidation List 

Integration Requirements 
Document  

 29.03.07 N-USOC EIRD 

CW/RW Test Campaign 17.09.07 09.01.08  Test Reports 
Requirement input to NASA 
POIC 

  N-USOC  URC, ground rules & 
Constraints, Payload 
Regulations 

Experiment Sequence Test 
(EST) 

19.02.08 21.02.08 N-USOC EST Report 

Flight Sample Set-Up 15.01.08 21.01.08 PI  Flight samples, Current 
Report 

EC Check-out 21.01.08 25.01.08 IOT, HFIT, IPLAT Verified ECs, Report by IOT, 
HFIT, IPLAT 

Transport/Handover 03.03.08 10.03.08 N-USOC Samples handed over to 
NASA, Current Report 

Real Time Operations 29.03.08 23.05.08 N-USOC Current Report, CW/RW 
Change Request Log, OSRs 

 

3.1 CW/RW Integration Testing in EMCS Ground Models 
As part of the Experiment Integration 4 tests were performed in the EMCS Ground Models at N-USOC. A 
summary of these tests can be seen in table 3.2. All activities involving usage of the EMCS ground 
models were coordinated within the “EMCS GM Activity Working Group” with participants from ESA, IOT, 
PI and N-USOC as described per AD11. Test Procedures were developed by N-USOC and reviewed and 
signed by participants of the EMCS GM Activity Working Group. Test reports were prepared by N-USOC 
after test finalization, and the reports were reviewed and signed by the same participants of the EMCS 
GM Activity Working Group.   
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Table 3.2: The table summarizes CW/RW tests performed in the EMCS Ground Models, test facility, test objective, start 
and end date, and test report number. 

Test Test objective Facility Test Objective Start  End  Report 
1 Science Test ERM The Arabidopsis thaliana seeds from wild type, 

mutants and GUS GM should germinate and 
develop 10 cm high stems within 50 days. 
 
•    Criteria 1: 
Germination Rate: 
Group 1; Wild, Wild GM and Mutant lefty; 
Average 80% of seeds (7 seeds of  total 9 
seeds/ PCC) 
Group 2; Mutant hmg; Average 50% of seeds (3 
seeds of total 6 seeds /PCC) 
 
•    Criteria 2: 
Stem evolution Rate: 
Group 1; Wild, Wild GM and Mutant lefty; ; 
Average around 60% of Mini Lid (3 stems of 5 
Lid/PCC) 
Group 2; Mutant hmg; Average around 50% of 
Mini Lid (1 stems of 2 Lid / PCC) 

September 
19th 

November 
7th 

N-
USOC-
TR-28  

2 Recycling Test EM Optimize the CW/RW watering strategy when 
operating the ECs with 
mature plants and utilizing the EMCS water 
recycling mode (channel excess water from 
dehumidifier 
to humidifier and EC). 

November 
5th 

November 
14th 

N-
USOC-
TR-24 

3 Biocompatibility 
(Germination) Test 

ERM Test and verify the functionality/performance of 
the CW/RW PCC/ECs when cultivating 
Arabidopsis thaliana from seed to early 
development of shoot 
• Test and verify biocompatibility of the CW/RW 
PCC/ECs when cultivating Arabidopsis 
thaliana from seed to early development of shoot 

December 
11th 

December 
20th 

N-
USOC-
TR-25 

4 Rewatering/ 
Verification Test   

EM • Verify the control strategy for automatic water 
supply to the PCC 
• Validate the different regulating schedules with 
the selected set points 
• Confirm the estimated water budget with the 
selected automatic watering control strategy 

January 
31st 

February 
18th 

N-
USOC-
TR-29  

 

3.2 CW/RW Experiment Sequence Test (EST) 
The tests were finally reviewed during the Experiment Sequence Test (EST) (from February 19th to 
February 21st) which was a compressed table-top of all procedures and products related to the CW/RW 
Experiment. The main conclusion from the EST was that the EST was a success and that all parties 
recommended continuing with CW/RW Flight preparations, with some necessary updates to procedures 
and products. Considerations mentioned in the EST Report can be seen in table 3.3.  
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Table 3.3 Considerations discussed during the CW/RW EST and documented in the EST Report. 

Objectives Comment  

1 The EMCS CW/RW tests and the schedules have 
been evaluated to meet the scientific objectives in 
EMCS: “to support stem development of the 4 
different Arabidopsis thaliana wild type, hmg, 
GUS-Wild, lefty under the environmental condition 
requested by PI.” 

N-USOC-TR-25 (RD01), N-USOC-TR-28 (RD02), N-USOC-TR-29 
(RD03) 
The testing which has been performed in the EM has covered the 
whole duration of the experiment in sequences.  The Water Strategy 
and Water Budget estimation (N-USOC-NOT-HS-002) (RD04) is a 
result of these tests.  
Schedules used during these tests will be the basis for The Flight 
Schedules for the CW/RW experiment on orbit. Some alterations 
need to be made for the schedules to be made applicable for the 
whole run, positions watering etc. These Flight schedules are not 
complete and are an open issue which will be closed before flight. 
NOTE: 
As part of the EST or Pre-EST testing there has not been performed 
a start to end sequence test of the experiment run in the EMCS GM 
using the EMCS schedules that shall be used in Flight with the 
parameter setting defined in the Water Strategy and Water Budget. 
 

1.1 Arabidopsis thaliana shall grow automatically from 
seed to approximately 10 cm in the EMCS Ground 
Models supported by the PCC. 

Verified in Science Test N-USOC-TR-28 (RD02) 

1.2 Seeds germinate in the ECs and confirm 
biocompatibility 

Verified in Biocompatibility Test N-USOC-TR-25 (RD01) 

1.3 Water is supplied to the Growth Pot after the initial 
watering by delta pressure early enough to 
support further growth of seedlings 

Verified in N-USOC-NOT-HS-002 (RD04) 

1.4 Water amount is sufficient to keep plants vigorous 
without sign of exsiccation 

The critical phases of the experiment as identified in Muligen-1 have 
been tested in the EM, and based on this the water usage has been 
estimated and a water budget has been made.   
NOTE: The EMCS FM and EM are similar, but not identical, and may 
result in a higher water usage. 
In case of water shortage due to a potential difference in recycling 
compatibility between the FM and EM, a strategy has been found to 
ensure further growth of plants. N-USOC-NOT-HS-002 

2 The transport procedures, the crew procedures 
and OCA message should have been evaluated 
to meet the PIs requirement and ensure optimal 
samples returned to the PIs lab. 

OCA message will be finalized after growth development is 
established in real time. There are a few open issues regarding the 
Transport Procedures and the return of the hardware which will be 
closed shortly. These issues are regarded as normal open work. 

3 The procedures will confirm that the EMCS 
models are kept under the correct configuration 
and the operation should be in accordance with 
the EC handbook and the EMCS User Manual 
applicable to this EST. 

Verified during EST. 

4 All NCRs with negative impact on CW/RW should 
be closed. 

NCR-002 needs a minor update regarding the water-repellent 
properties after complete dry-out seen during Science Test. This was 
due to a human error (forgot to rewater before day 20) and will not 
occur on flight. (Automatic water strategy). This is regarded as normal 
open work.  

5 All PARs with negative impact on CW/RW should 
be closed. 

PAR-HW-006 needs further testing before closure. Testing was 
performed on EMCS FM on the 25th February 2008 and the results 
will be presented in the NASA PAR System under EMCS PAR- HW-
006.   
The EST participants identified PAR-HW-006 as an impact on 
CW/RW operations.  The EMCS generic Payload Anomalies will be 
handled separately. 
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3.3 Overall activities and products related to CW/RW Pre-flight Operations 
Activities and products related to set-up of the EUE and samples are described in section 3.3.1. Activities 
and products related to transport of hardware from set-up location to KSC are described in section 3.3.2.  

3.3.1 Set-Up and EUE Verification 
The main activities related to preparations at N-USOC are listed in table 3.4. The related products and 
performance documents are referenced.  
 
Table 3.4 CW/RW Sample preparation at N-USOC laboratory 
Activity Product Procedure 

8 ECs and 8 PCCs  Integration performed by PD 
Set-up of 8 Growth Pots, growth support and seeds N-USOC-PRO-004 
Implementation of 8 integrated Growth Pots into 8 PCCs N-USOC-PRO-004 

Preparations 
at N-USOC 
by PI-Team 

Enclosure of ECs with integrated EUE N-USOC-PRO-004 
Final 
Verification 
by IOT 

Leakage check and balancing of the 8 ECs with integrated EUE  

Sharp-edge 
inspection by 
HFIT 

8 ECs with integrated EUE were inspected for sharp edges EMCS-RP-0000-131-DOR 

Approved 
labeling by 
IPLAT 

Labels on the 8 ECs with integrated EUE were inspected EMCS-RP-0000-131-DOR 

 
Preparations at N-USOC were performed without any major deviations from procedure. The CW/RW EUE 
was assembled at N-USOC. The PCCs were filled with growth support before seeds, immobilization 
membranes, borosilicate doughnuts and mini lids were implemented (AD09). After PCC assembly and 
seed implementation the EC covers were mounted on the CW/RW EC Base plate. 8 ECs were prepared 
for the CW/RW Experiment and the CW/RW seed and EC Assignment list can be seen in table 3.5. 
 
Table 3.5 CW/RW EC and seed assignment list as agreed prior to experiment execution 
EC  
Location Flight EC A1 Flight EC A3 Flight EC A2 Flight EC A4 Flight EC B1 Flight EC B3 Flight EC B2 Flight EC B4 

EC FM 92 94 95 96 97 98 99 100 

PCC FM 21 18 19 20 16 22 23 17 

mini-lid strain num strain num strain num strain num strain num strain num strain num strain num 

1 WT 2 WT 1 WT 2 GUS 1 WT 2 WT 1 WT 2 GUS 1 

2 WT 2 WT 1 WT 2 GUS 1 WT 2 WT 1 WT 2 GUS 1 

3 lefty 3 WT 1 hmg 3 GUS 1 lefty 3 WT 1 hmg 3 GUS 1 

4 lefty 3 WT 1 hmg 3 GUS 1 lefty 3 WT 1 hmg 3 GUS 1 

5 lefty 3 WT 1 hmg 3 GUS 1 lefty 3 WT 1 hmg 3 GUS 1 

6 lefty 3 WT 1 hmg 3 GUS 1 lefty 3 WT 1 hmg 3 GUS 1 

7 lefty 3 WT 1 hmg 3 GUS 1 lefty 3 WT 1 hmg 3 GUS 1 
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The preparations are documented in the filled-in procedure PCC Assembly and Seed Set-Up Report 
(Appendix 2). Figure 3.1 A-D illustrates parts of the Set-Up. 
 

                   
A        B 

               
C        D 
Figure 3.1 Images from EUE Set-up at N-USOC 
 
 
After Set-up and Assembly of the PCCs the ECs were subjected to a final verification by the Industrial 
Operator Team, IOT. The ECs were checked for leakage and were balanced and adjusted for centre of 
gravity. They were also checked for sharp edges by The Human Factors Implementation Team, HFIT, 
and the labeling was inspected by the Payload Label Approval Team, IPLAT. These processes that were 
performed by the IOT, HFIT and IPLAT were not part of N-USOC responsibility.  

3.3.2 Transport and Checkout Activities 
The main activities related to transport and checkout, are listed in table 3.6. The related products and 
performance documents are referenced and can be viewed in Appendix 3. The temperatures logged after 
set-up and until after the stowage at KSC pending launch can be viewed in Appendix 4.  
 
Table 3.6 CW/RW Transport to KSC, Check-out and Stowage pending launch 
Activity Product Procedure 

Transport boxes   
Shipping papers N-USOC-PRO-005 

Transport to KSC 

Seed certificate N-USOC-PRO-005 
KSC Preparations and Checkout 8 ECs with integrated EUE N-USOC-PRO-005 
KSC Stowage pending launch 8 ECs with integrated EUE in transport bags  
 
The 8 assembled CW/RW ECs were surface cleaned, packed in Ziplock bags and placed in approved 
transport boxes BWH AZKE (95600) with protective foam (Plastazote) of more than 2.5 cm on all sides of 
the ECs (Figure 3.2). The integrated ECs were transported to KSC by Airplane. The ECs were not 
exposed to X-Rays at any time during the transport. 
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Figure 3.2 The CW/RW ECs were packed in Zip lock bags and transported in foam-coated transport-boxes per 
agreement with PD.  
 
The check-out was performed at KSC March 6, 2008. The ECs were surface cleaned (figure 3.3A), and 
the ECs were placed in NASA approved Zip-lock bags (figure 3.3B). Sharp-edge and cleanliness 
inspections were performed. No anomalies were detected.  

               
A       B 
Figure 3.3 Surface cleaning of ECs and placed in NASA approved Zip-lock bags.  
 
Late load of the samples (L-10) was required in order to avoid long time storage in EUE prior to 
Experiment start. The assembled CW/RW ECs were handed over to Flight Crew Office on March 10th, 
2008 where they were packed in soft stowage before launch on March 11th, 2008 - 18 days prior to 
experiment start. 
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3.4 CW/RW On-orbit Operations 
The CW/RW on-orbit activities are listed in table 3.7. The related products are referenced.  

  
Table 3.7 Activities related to on-orbit CW/RW Cultivation and stowage 
Activities Product Procedure 
CW/RW KFT transfer to MELFI Crew Proc: Initial insertion in 

MELFI 
2.001 CELL WALL/RESIST WALL KFT INITIAL MELFI 
INSERT(MGUEEXPRSCWRWN001) 

EMCS Preparation Crew Proc: Opening of Gas 
Valve 

2.024 EMCS Valve Movements for Ground Commanding 
(MGUEEXPRSEMCSN024)  

Install CW/RW ECs in EMCS Crew Proc: Replace Ref ECs with 
CW/RW ECs 

2.005 EC Replacement (MGUEEXPRSEMCSN005) 

Automatic hydration of seeds in 
EMCS 

Schedules  

Water flow check due to lack of 
hydration 

Crew Proc: Check water flow  4.002 EMCS Water Flow Checks 
(MGUEEXPRSEMCSC002) 

EMCS Main Door Check Crew involvement Check Main door not closing correctly 
Water Reservoir Stowage Check Crew involvement Check that the correct Water Reservoirs are installed 
ER3/EMCS Preparation for H2O 
Res. Replace 

Crew Proc: Turn Power Switches 
Off 

2.028 EMCS Switch Configuration with Power off 
(MGUEEXPRSEMCSN028) 

EMCS Water Reservoir Replace Crew Proc: Replace Water 
Reservoir 

2.011 EMCS Water Reservoir Replacement 
(MGUEEXPRSEMCSN011) 

ER3/EMCS Preparation for 
restart of experiment run after 
H2O Res. Replace 

Crew Proc: Turn Power Switches 
On 

2.028 EMCS Switch Configuration with Power off 
(MGUEEXPRSEMCSN028) 

EC Swap on Rotor A and B Crew Proc: Exchange ECs A1 
and A2 with ECs B1 and B2  

2.004 Experiment Container Removal 
2.003 Experiment Container Insertion 

Retrieval of CW/RW KFTs from 
MELFI pre-Harvest 

Crew Proc: KFT Retrieval from 
MELFI 

2.003 Cell Wall Resist Wall KFT MELFI Retrieval 
(MGUEEXPRSCWRWN003) 

Set-Up of MSG pre-Harvest  Crew Proc: MSG Set-up 2.002 Cell Wall Resist Wall MSG Set Up 
(MGUEEXPRSCWRWN002) 

Harvest of CW/RW plants OCA message and Crew Proc: 
Harvest of plants in MSG  

2.004 CELL WALL/RESIST WALL HARVEST IN MSG 
(MGUEEXPRSCWRWN004) 

Insertion of KFTs in MELFI after 
Harvest 

Crew Proc: CW/RW KFT Insert in 
MELFI 

2.005 Cell Wall/ Resist Wall KFT MELFI Insert 
(MGUEEXPRSCWRWN005) 

Insertion of EMCS Ref ECs Crew Proc: Replace CW/RW ECs 
with Ref ECs 

2.005 EC Replacement (MGUEEXPRSEMCSN005) 

EMCS Dry-Out Schedules  
Preparation for hibernating 
EMCS 

Crew Proc: Closing of gas valves 2.024 EMCS Valve Movements for Ground Commanding 
(MGUEEXPRSEMCSN024) 

Stowage at -95 C in MELFI 
before packing in Double cold 
bags for Ascent 

NASA responsible with N-USOC 
Support 

 

 
On March 30 2008, Crew inserted the CW/RW ECs in the EMCS positions as can be seen in table 3.5. 
Initial hydration of the EC A1, A2 and B1, B2 was attempted, and progressed very slowly. (The hydration 
attempt only resulted in a small increase in rh for EC B1).  After a couple days it was clear that hydration 
of the first four ECs was non-functioning and potential causes were thought to be incorrect connections 
between EMCS RBLSS boxes, EMCS Water Reservoirs and EMCS ECs. Crew time was requested in 
order to verify correct configuration of EMCS Water Subsystem connections. Astronaut Garrett Reisman 
performed the EMCS Water Flow Checks on April 5 2008 and reported that he could not see any obvious 
failures. 
 
After the Water Flow Checks, hydration of all ECs except EC B4 was attempted several times but showed 
little difference in PCC rh. The hydration of EC A1 was not sufficient to trigger the delta pressure sensor 
which indicates a full growth pot, it was however sufficient to lead to germination in A1 (April 11th.) These 
seedlings were in danger of drying out due to lack of water, and therefore workarounds were 
implemented. As a short term plan recycling mode was used (water from the dehumidifier was directed to 
the EC instead of waste) and the time period of light was reduced. 
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Crew time was needed again for trying to assess the hydration problems and Garrett performed the 
Water Reservoir stowage check. Even though he confirmed that the correct Water Reservoirs were 
installed, the troubleshooting activities already performed seemed to point out the EMCS Water 
Reservoirs as the most likely candidates for the hydration issues. Therefore, on April 22nd, the reservoirs 
were exchanged with new ones that were stowed on ISS.   
 
After the reservoir replacement hydration attempts of the ECs was resumed, and hydration of position B1, 
B3 and B4 was deemed successful (delta pressure trigger). On April 26th and 27th germination was 
observed in position B3 and B4. Hydration of position A1, A2, A3, A4 and B2 was not successful and the 
seedlings in A1 were still in danger of drying out.  
 
Due to the unsuccessful hydration in A1, Crew time was requested again, and this time to exchange two 
ECs on rotor A with two ECs on rotor B. The rationale for this request was that: After the Water Reservoir 
Replace, EC B1 was hydrated and indicated a full growth pot, but the seeds in this EC had not 
germinated. A probable cause was that the seeds had been added small amounts of water prior to the 
reservoir replace, but not sufficient to germinate, and after this they had deteriorated. This indicated that 
the position B1 could support hydration and it was proposed to exchange EC A1 with the EC B1 to rescue 
the small seedlings present in EC A1. 
 
Crew was also asked to exchange EC A2 with EC B2 to support troubleshooting analysis of the hydration 
issue. The new positions of the CW/RW ECs after the EMCS CW/RW EC Exchange on May 5th can be 
seen in table 3.8. The green filling indicates positions were there were seedlings. An updated experiment 
database was also created to support the new EC configuration.  
 
Table 3.8 CW/RW EC and seed assignment list after CW/RW EC Exchange 
EC  
Location Flight EC A1 Flight EC A2 Flight EC A3 Flight EC A4 Flight EC B1 Flight EC B2 Flight EC B3 Flight EC B4 

EC FM 97 99 94 96 92 95 98 100 
Seed 
Type WT/lefty WT/hmg WT GUS WT/lefty WT/hmg WT GUS 
 
Hydration of the small seedlings present in position B1 was tried again but unfortunately without any 
indication of successful water supply. Figure 3.4 shows the seedlings in B1 two days after the last 
watering attempt. In Appendix 5 a summary of hydration for all ECs can be found. 

 
Figure 3.4: Image of EC B1 after the final watering attempt was performed on May 9th. 
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On April 30th and May 4th, although strongly advised against by N-USOC, ECs B3 and B4 were added 5 
pulses of water on request from PI team. A delta pressure check in ECs B3 and B4 was also requested 
by PI-team to see if the seedlings needed water again on May 7th. It was advised against a delta 
pressure check by N-USOC because of the danger of flooding the bottom chamber. The delta pressure 
check was performed anyway, and when performing this check (15 seconds in Watering Mode) the dP 
triggered in both ECs indicating full growth pots. The check lead to water flooding the bottom chamber in 
EC B3 (PAR EMCS-HW-013) and the flow stopped. Attempts were made several times to start the 
humidity control in B3 but this failed. Due to no flow in this EC, the lights were switched off to avoid an 
increase in EC temperature. (Lights remained on in the other ECs.) After five days, and continued 
attempts, the humidity control in B3 was started successfully. This was however too late for the seedlings 
in B3, and they had wilted due too drowning, see figure 3.5. 
 

 
Figure 3.5: Images of EC B3 taken on day of flooding the bottom chamber (left) and five days later when flow was 
resumed in this position (right) 
 
On May 13th the lights in position B4 were switched to FULL (from REDUCED) on day 20 after initial 
hydration.  Rapid observation of EC B4 was also implemented (every 5 minutes). In the following week, 
images of B4 and sensory data indicated that water was needed. Several failed attempts were made to 
hydrate this position and reverse pumping was also attempted. (Reverse pumping is to suck water from 
the EC and pump it to the dehumidifier to remove any blocking particles or debris in the needles.) The 
light in B4 was also switched from full to reduced intensity and the temperature in the EMCS incubator 
was lowered to 20°C to avoid dehydration. Unfortunately there was no indication that B4 received water. 
Figure 3.6 shows EC B4 on May 15th looking healthy and the condition of B4 the week after. Due to the 
watering inability, JAXA decided to request an early harvest operation.  
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Figure 3.6: Images of EC B4 taken on May 15th and on May 22nd, after continued watering attempts. 
 
On May 23rd, commands were sent to prepare the facility for harvest. Garrett Resimann stopped the 
CW/RW Experiment and initiated the harvest procedure. The CW/RW Experiment was concluded by 
harvest of plants in B3 (to 1 KFT with RNALater) and B4 (largest plants to 1 KFT with RNALater, small 
plant to KFT with formaldehyde). The KFT with formaldehyde was frozen for return immediately after 
harvest (MELFI to -95°C). In total, all ECs were removed from the EMCS and stowed, see table 3.9 for 
details. Dry-mode of the EMCS Facility was performed in the afternoon. After three days, the two KFTs 
with RNALater were relocated from +2 °C dewar in MELFI to -95 °C dewar in MELFI. 
 
Table 3.9 CW/RW Harvest  

EC  No 
Flight EC A1 

(FM097) 
Flight EC A2 

(FM099) 
Flight EC A3 

(FM094) 
Flight EC A4 

(FM096) 
Flight EC B1 

(FM092) 
Flight EC B2 

(FM095) 
Flight EC B3 

(FM098) 
Flight EC B4 

(FM100) 

Plant 
material 
to KFT 

N/A-EC 
Stowed 

N/A-EC 
Stowed and 

later returned 
on 1J for 

troubleshooting 
on ground 

N/A-EC 
Stowed 

N/A-EC 
Stowed 

EC Stowed 
and later 

returned with 
1J and 

harvested on 
ground 

N/A-EC 
Stowed 

1 KFT with 
RNALater 

1 KFT with 
RNALater 

and 
1 KFT with 

Formaldehyde 

MELFI 
DEWAR N/A N/A N/A N/A N/A NA 

+2 °C for 
three days 
than 
relocated to   
-95 °C dewar 
 

RNALater:+2 
°C for three 
days than 
relocated to-95 
°C dewar 
Formaldehyde: 
Directly to -95 
°C dewar 

 
 
 
The experiment lasted for 47 days, but due to late germination, the plants were estimated 23 days at the 
time of harvest.  
 
For more detailed information on sensory data like temperature, relative humidity, gas composition etc 
during experiment execution on-orbit telemetry files located on the N-USOC Drop-box server can be 
accessed upon request.  
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3.5 Overall activities related to CW/RW Post-flight Operations 
The 3 KFTs were returned on shuttle 1J on June 14th in double cold bags and recovered by PI-
representatives present at SLS. Some hardware was also returned to EADS Astrium for troubleshooting 
the watering issues seen during the CW/RW experiment run. Including: EC FM 099, Water Reservoir 
FM001 and RBLSS module FM008 which were all removed from the EMCS. Water Reservoir FM009, 
which had been used at the start of CW/RW and exchanged by crew, was also removed from stowage 
and returned on 1J. One additional EC, FM092 was returned for scientific reasons and on June 16th PI-
rep performed harvesting from FM092. The KFTs and harvested material were shipped to Japan in cold 
boxes. 
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4. Payload Anomalies and incidents which led to altered Experiment Requirements  

4.1 PAR Summary 
There were a number of unplanned abruptions to the EMCS environmental control during the on-board Cell Wall Resist Wall Experiment run (table 4.1). The 
major impact on the science was caused by repeated problems with hydration of the ECs (EMCS-HW-0011), the airflow problem in EC B3 (EMCS-HW-
0013) and the Automatic subsystems shutdown due to lost communication between the SPLC and the TCS (EMCS-SW-0007 and EMCS-SW-0009). In 
addition there were a lot of incidents where the EMCS SPLC lost communication with the Express Rack 3 Rack Interface Computer (RIC) (PAR EMCS-SW-
0001). This was seen in form of Health & Status telemetry dropping out and in again for different intervals ranging from 1-2 seconds to several minutes.  
 
Table 4.1 lists the PARs that were reopened or established during CW/RW.  
PAR   Description of PAR and 

Impact on science and 
CW/RW Requirements 
[AD01] 

Affected Requirement Corrective act. and Work-
arounds during CW/RW 

Impact on CW/RW after 
implemented  workarounds 

Additional requirement 
affected after work-around 

EMCS-SW-0001 
Loss of EMCS HK/H&S 
Packages 

Loss of images and other TM 
data for minutes –several 
hours on several 
occurrences. 

Obs. target and freq. 
EIR_Exec_09 
 

1. Power cycle EMCS SPLC. 
2. Reduction in EMCS TM 
Packages for a period until 
the TM had stabilized. 

1. Resumed environmental 
control and images  
Environmental control not 
effected. 

Gravity level EIR-Exec-13 
Illumination EIR-Exec-15 
Power-interruptions EIR-
Exec-31 
Obs. target and freq. EIR-
Exec-09 

EMCS-SW-0002 
EMCS SPLC-Subsystems 
Loss of Com. 

Loss of environmental control 
and images for 1-2 hours. 
One occurrence. 
Unwanted triggering of the 
EMCS H/W safety circuit 
resulting in switching off the 
EMCS subsystems occurred 
due to spikes on the signal of 
the ACS O2 safety sensor. 
After a workaround 
developed during 
MULTIGEN-1 (i.e., decrease 
the O2 level to 21 % if above) 
no more triggerings occurred 
during MULTIGEN-1. After 
the move to Columbus no 
more spikes on the O2 signal 
could be found. However, one 
single unexplained triggering 
of the hardware safety circuit 
happened during the CWRW 
experiment. 

Gravity level EIR-Exec-13 
Illumination EIR-Exec-15 
Airflow EIR-Exec-15 
Obs. target and freq. EIR-
Exec-09 
Power-interruptions EIR-
Exec-31 

1. Start of EMCS Atmosphere 
Control System to reduce the 
level of PPO2 in EMCS to 
21%. 
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PAR   Description of PAR and 

Impact on science and 
CW/RW Requirements 
[AD01] 

Affected Requirement Corrective act. and Work-
arounds during CW/RW 

Impact on CW/RW after 
implemented  workarounds 

Additional requirement 
affected after work-around 

EMCS-SW-0003 
EMCS VPU Lockup 

Loss of environmental control 
and images for 1-2 hours. 
Several occurrences. The 
EMCS VPU failed to 
communicate with the SPLC. 
The root cause has been 
identified. An EMCS 
application software update 
and VPU driver update is 
required to fix the problem 
and has been initiated. It shall 
be performed before the next 
experiment after CWRW.  
 

Obs. target and freq. EIR-
Exec-09 
 

1. Power cycle of EMCS 
SPLC/VPU when VPU was 
locked in a busy state. 
 2.  EMCS schedule to check 
and repair VPU lockups. A 
workaround to reset the VPU 
by ground commanding was 
developed during 
MULTIGEN-1 and improved 
during CWRW.  

1. Resume VPU capability 
period with loss of 
environmental control. 
2. Losing images during VPU 
lockup, no loss of 
environmental control. 
. 

Gravity level EIR-Exec-13 
Illumination EIR-Exec-15 
Power-interruptions EIR-
Exec-31 
Obs. target and freq. EIR-
Exec-09 

EMCS-SW-0007 
Unexpected Shutdown of 
EMCS Subsystems 

The TCS was powered down 
by the SPLC because the 
SPLC did not receive TM 
from the TCS for 30 sec. All 
other subsystems were 
powered off simultaneously 
with the TCS as expected in 
such a case. The other 
subsystems sent nominal 
telemetry and the EMCS 
power draw was nominal until 
the power down, i.e., the TCS 
was still running nominally 
while no TM was received. 
Impact on experiments: loss 
of illumination and artificial 
gravity for a short timeframe. 

Gravity level EIR-Exec-13 
Illumination EIR-Exec-15 
 

The subsystems could be 
nominally restarted after the 
incident. 

1. Resumed environmental 
control and images  
Environmental control not 
effected. 

Gravity level EIR-Exec-13 
Illumination EIR-Exec-15 
Power-interruptions EIR-
Exec-31 
Obs. target and freq. EIR-
Exec-09 

EMCS-SW-0008 
EMCS SSL File Transfer and 
VPU Command Issue   

Same as EMCS-SW-0003. 
The improvement of the VPU 
reset command sequence 
described in EMCS-SW-0003 
was developed because it 
was found that the command 
queue can be blocked under 
special circumstances when 
using the original reset 
sequence. 

Obs. target and freq. EIR-
Exec-09 
 

1. Power cycle of EMCS 
SPLC/VPU when VPU was 
locked in a busy state. 
 2.  EMCS schedule to check 
and repair VPU lockups. A 
workaround to reset the VPU 
by ground commanding was 
developed during 
MULTIGEN-1 and improved 
during CWRW.  

1. Resume VPU capability, 
period with loss of 
environmental control. 
2. Loosing images during 
VPU lockup, no loss of 
environmental control. 
. 

Gravity level EIR-Exec-13 
Illumination EIR-Exec-15 
Power-interruptions EIR-
Exec-31 
Obs. target and freq. EIR-
Exec-09 
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PAR   Description of PAR and 

Impact on science and 
CW/RW Requirements 
[AD01] 

Affected Requirement Corrective act. and Work-
arounds during CW/RW 

Impact on CW/RW after 
implemented  
workarounds 

Additional requirement 
affected after work-around 

EMCS-SW-0009 
Automatic subsystems 
shutdown due to lost 
communication between the 
SPLC and the TCS   

The TCS was powered down 
by the SPLC because the 
SPLC did not receive TM 
from all subsystems 
connected to the NSP bus 
"incubator" for 30 sec. All 
other subsystems were 
powered off simultaneously 
with the TCS as expected in 
such a case. The subsystems 
connected to the other NSP 
busses and to the RS422 
interface sent nominal 
telemetry and the EMCS 
power draw was nominal until 
the power down, i.e., the TCS 
was still running nominally 
while no TM was received. 
Impact on experiments: 
temporary loss of 
environmental controls. 
Remark: It is taken into 
consideration that a common 
cause led to the incidents 
described in EMCS-SW-
0002, EMCS-SW-0008, 
EMCS-SW-0009. 

Obs. target and freq. EIR-
Exec-09 
 

A restart of the EMCS 
subsystems was only 
successful after a power 
cycle of the SPLC. 

1. Resume VPU capability, 
period with loss of 
environmental control. 
2. Loosing images during 
VPU lockup, no loss of 
environmental control. 
 

Gravity level EIR-Exec-13 
Illumination EIR-Exec-15 
Power-interruptions EIR-
Exec-31 
Obs. target and freq. EIR-
Exec-09 

EMCS-HW-0006  
EMCS Humidity Control Issue 

The efficiency of the 
dehumidifiers of RBLSS 
Modules FM005 and FM006 
was reduced. Impact on 
experiments: a) limited water 
recycling capability, b) 
temporary clogging of air tube 
due to a water droplet  

Relative Humidity: 
EIR_Exec_3 

  
 

In all cases the air flow 
could be re-established after 
the droplet had evaporated. 

- 

 
 
 
 
 



 

 

 
“EMCS CW/RW Requirements Integration 

Report” 
 

Doc.Nr: N-USOC-REQ-025 
Issue: 1          
Date: 28.11.08 
Page 25 of 30 

 
 
PAR   Description of PAR and 

Impact on science and 
CW/RW Requirements 
[AD01] 

Affected Requirement Corrective act. and Work-
arounds during CW/RW 

Impact on CW/RW after 
implemented  
workarounds 

Additional requirement 
affected after work-around 

EMCS-HW-0010 
Experiment Container B4 Not 
Responding Correctly   

The digital input line to EC B4 
could not be switched to 
HIGH at the beginning of the 
CWRW experiment. The 
implications were that it was 
not possible to set the Plant 
Cultivation Chamber (PCC), 
accommodated inside the 
EC, in Watering Mode. It was 
still possible to supply water 
to the EC, but it was not 
possible to use the PCC's 
delta-pressure sensor's 
triggering point to detect the 
water saturation point of the 
growth pot.  

Initial Hydration: 
EIR_Exec_4 

After a power cycle in the 
frame of the crew procedure 
"EMCS water flow checks" 
the digital line was working 
nominally again and failed 
later again. A checkout of this 
digital line shall be performed 
with an EMCS EC with 
reference insert.  

Although impacted by PAR 
EMCS-HW-011, B4 (EC 
FM100) was the most 
successful regarding plant 
material.  

- 

EMCS-HW-0011 
EMCS ECs Not Hydrating 
Properly   

Incorrect mounting of Waste 
and Fresh Water Quick 
Disconnects on RBLSS 
Modules FM007 and FM008 
identified. Impact on 
experiments that use the 
watering feature of EMCS 
(See Appendix 7 for details) 

Initial Hydration: 
EIR_Exec_4 
EIR_Exec_5 
EIR_Exec_6 
Experiment duration: 
EIR_Exec_7 
Main Experiment objective 

1. Tried to add Water-pulses 
by manual cmds. 
2. Tried to use gravitational 
force to ease the hydration 
3. Tried to recycle water from 
dehumidifiers to EC 
4. Tried exceeded pumping 
time to force away eventual 
debris. 

1. Germination was seen in 
EC FM092, FM098 and 
FM100. 
 
2. The workarounds could 
not support the seedlings 
and early harvest was 
required  

Gravity level: EIR_Exec_13 
Illumination: 
EIR_Exec_15 
Harvesting: 
EIR_Exec_17 
EIR_Exec_18 
EIR_Exec_19 
Main Experiment objective 
 
 
 

EMCS-HW-0013 
Zero Airflow in EC B3 

The water outlet filter of EC 
B3 was blocked due to too 
much water in the "bottom 
chamber" in the CWRW 
growth pot.  

 Main Experiment objective 
 

After the water had 
evaporated the airflow could 
be restarted after 5 days and 
remained nominal. 

The “flooding” of EC B3 
(FM098) led to drowning of 
the seedlings in this 
position.  

Main Experiment objective 
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4.2 Altered Requirements 
From the 31 Requirements listed in AD01 for pre-experiment and experiment run approximately 15 were broken, in addition to the main experiment 
objective: It is desirable to cultivate wild type and mutant strains of Arabidopsis thaliana under microgravity and at 1 g conditions on orbit.  
 
Table 4.2 summarizes all CW/RW Experiment Requirements which were changed or broken as a consequence of the anomalies mentioned in this section. 
Appendix 6 gives a detailed overview of all the executed changes during the CW/RW Experiment.  
 
Table 4.2 CW/RW Experiment Run Requirements not met due to EUE or EMCS issues and further changed upon PI/ESA request.    
Requirement 
AD01 

As in the IRD Altered Reasoning Originator 

Hydration 
(AP03): 
1)CWRW-EIR-Exec-04  
2)CWRW-EIR-Exec-05  
3)CWRW-EIR-Exec-06 
 

1)Initial hydration shall provide each PCC 
with 13± 1 ml water 
2) The EMCS EC position/EC/PCC EC 
Position A1 (lefty), EC Position A2 (hmg), 
EC Position B1 (lefty), EC Position B2 
(hmg) will be watered at experiment run 
day 1. 
3) The EMCS EC Position A3 (Wild), EC 
Position A4 (GM Wild), EC Position B3 
(Wild), EC Position B4 (GM wild) shall be 
watered on the experiment run day 4. 

1)There is no method to determine 
the actual water content in the 
growth pot 
2) & 3) The hydration problem during 
the CW/RW experiment led to 
several initial hydration attempts in 
several positions and on various 
days. (Appendix 5) 

Anomaly PAR-HW-0011 Payload 
Anomalies  
PI/ESA 

Power-interruptions 
CWRW-EIR-Exec-31 

CW/RW desires continuous power during 
the entire 53-day experiment run, but can 
withstand power interruptions for up to 5 
hours during the first 43 days and up to 3 
hours during the last 10 days of the 
experiment run. 

 Both Payload Anomalies and ISS Power 
limitations lead to periods of power 
interruptions. (For detailed descriptions of 
incidents of power interruptions and other 
interruptions to environmental stimuli, contact 
N-USOC). 

Payload 
Anomalies 

Main Experirment objective By using Arabidopsis, the goal is to identify 
gene sets, which play a role in gravity-
dependant formation of supportive tissue in 
plants. Therefore, it is desirable to cultivate 
these mutant strains up to reproductive 
stage under microgravity and at 1 g 
conditions on orbit, for comparison with the 
wild type. When retrieving the plants to 
earth, changes in expression of genes 
involved in formation of microtubules, 
plasma membrane and cell walls can also 
be analyzed. 

No plants developed up to 
reproductive stage. 

Anomaly PAR-HW-0011 Payload 
Anomalies 

Temperature  
CWRW-EIR-Exec-08 

Temperature inside the EMCS Experiment 
Containers during experiment execution 
shall be 23±1 °C. 

On day 46 the temperature in the 
EMCS incubator was lowered to 
20°C  

To reduce dehydration of the plant in B4 
(FM100) 

PI/ESA 
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Illumination  
1)CWRW-EIR-Exec-15 
2) CWRW-EIR-Exec-16 

1) Illumination during the experiment run is 
16h/8h day (-night cycle (dark). 
2)The light intensity should be 50 w/m2 for 
the first 20 days and 75w/m2 for the 
remaining days 

Rotor A: Varying light duration and 
intensity 
Rotor B: Varying light duration and 
intensity  
 
See Appendix 6 for details 

To reduce stress – lights off or reduced 
intensity 
To increase growth- continuous lights 

PI/ESA 

Gravity level 
1) CWRW-EIR-Exec-13 
2) CW/RW_EIR_Exec_5.1 

1)Gravity level: rotor A - rotating (1xg) at 
the surface of PCC lid, rotor B - static 
(micro-g) 
2) The Rotor A will stand still until watering 
is complete for ECs with WT and GM wild 
(day 4). 

Rotor A: Varying g 
Rotor B: Varying g 
 
See Appendix 6 for details 

ISS Power Issues.  
Hydration issues (EMCS-PAR-HW-011) led to 
hydration attempts at different g-levels.  

Payload 
Anomalies and  
ESA/PI 
agreement 

Experiment duration  
CWRW-EIR-Exec-07 

The experiment duration is 43 days (+/-10 
days). 

The experiment lasted for 47 days, 
but due to late germination, the 
plants were estimated to 23 days at 
the time of harvest.  
 

Inability to hydrate properly. Anomaly PAR-
EMCS-HW-0011  
 

Payload 
Anomalies and  
ESA/PI 
agreement 

Observation target and frequency 
(AP03) 
1) CWRW-EIR-Exec-09 
2) CWRW-EIR-Exec-09.1 

1) Each EC is observed by still image 
grabbing every 1 hour.   
2) Two EC positions on each rotor (A1, A3, 
B1, B3), (lefty and WT) are observed every 
6 minutes during shoot circumnutations 
period (5-10 days).  
EC position and timeframe for observation 
can be defined near real-time (3 day 
lookahead) in-flight.  
EC conditions should allow clear view of 
the emerging shoots.  
The still images are downloaded via 
telemetry. 

1) Observation was prohibited upon 
several occasions. 
2) There was no stem to observe 
 

Payload anomalies; PAR-EMCS-SW-001, 
PAR-EMCS-SW-002, PAR-EMCS-SW-003, 
PAR-EMCS-SW-008, PAR-EMCS-SW-009 
Due to the fact that in the end only one plant 
was growing in all of the ECs, resources were 
redirected to observation of this particular EC. 

Payload 
Anomalies and  
ESA/PI 
agreement 

Harvesting 
(AP03) 
1)CWRW_EIR_Exec_17 
2)CWRW_EIR_Exec_18 
3)CWRW_EIR_Exec_19 
 

1) The samples from Rotor A (rotating, 1xg) 
shall be retrieved first by the crew after the 
experiment stop  
2) EMCS CW/RW samples from Rotor A 
must be removed from the EMCS ECs, 
fixated and placed into MELFI for 
preservation within 1.5 hours after the crew 
removes the ECs from the EMCS. 
3) EMCS CW/RW samples from Rotor B 
must be removed from the EMCS ECs, 
fixated and placed into MELFI immediately 
after samples from EMCS Rotor A have 
been inserted into MELFI and within 1.5 
hours after the crew removes the ECs from 
the EMCS. 

1) & 2) There were no plants on the 
A rotor for harvest. 
3) The CW/RW Experiment was 
concluded by harvest of plants in B3 
and B4. In total, all ECs were 
removed from the EMCS. 

Inability to hydrate led to very few plants to 
harvest. Payload anomalies; PAR-EMCS-HW-
0011 

Payload 
Anomalies and  
ESA/PI 
agreement 
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4.3 Main Reason for Failure 
The investigation of EMCS and CW/RW hardware returned on 1J led to the final conclusion to the main 
reason for failure of the CW/RW experiment (ref. Appendix 7- Failure Analysis): “On EMCS RBLSS 
MODULE FM008 the Quick Disconnects (QDs) towards fresh and waste water reservoir were swapped, 
meaning 
 
• "QD 10-N Fresh" at RBLSS was equipped with a female QD (thus fitting into waste QD of the water 
Reservoir and vice versa: 
• "QD 12-N Waste" at RBLSS was equipped with a male QD (thus fitting into fresh QD of the water 
Reservoir 
 
As it was confirmed by the supplier (OHB), the same discrepancy is most likely present on FM007 which 
was also used during CWRW, and which is still mounted in the EMCS FM on rotor A.  
 
Development of the failure 
Following the history of CWRW the following happened: 
• At the beginning of CWRW the humidity (RH-) control of all ECs were started with 50% setting. Due to 
the QD swap, no fresh water could be supplied to the humidifiers (which was not immediately 
recognized, because they contain sufficient water to supply 50% humidity for quite a long time). 
However, the wrong connection led to an accumulation of an air/water mixture (90% air, 10% water 
volume) in the fresh water reservoir (instead of waste), because the dehumidifier is drained every 3 
hours. 
• In parallel to RH control the initial watering of EC/PCC was commanded, starting with positions A1/A2 
(B1/B2). These positions now tried to get water from fresh reservoir, but in fact were connected to 
waste reservoir which nominally did not contain free water at the beginning of an experiment. So these 
positions only received the small amount of 1-5 ml water which was contained in the tubes. 
• Initial watering of positions A3/A4 (B3/B4) was started several days later. Since these positions were 
connected correctly, they tried to get water from fresh reservoir, but received only an air/water mixture, 
which was partly sufficient for triggering the p-sensor in the PCC. However, on a long term, since the 
trapped air in the fresh water reservoir increased by the RH control, the supply could not be supported 
sufficiently, and the plants dried out. 
• After the unsuccessful trial of seven ECs, the water reservoirs were exchanged. Before the water 
reservoir exchange no position could be hydrated at all. This can be quantitatively proven, because the 
watering of A3/A4 (B3/B4) positions followed much later than the 1+2 positions. 
• After the exchange there was a partial success in watering (B1/B3/B4). Since B3/B4 watering followed 
immediately the water reservoir exchange, only some air was collected in the fresh water reservoir, and 
the positions could receive some water. B1 did not show a proper triggering, but a kind of "partial" 
triggering, which is explained by a mixture of air with some water which led to this behavior. A4 was 
also watered quite soon after water reservoir exchange, but did obviously not get sufficient water due 
to included air. A3 was watered much later, and suffered also from air inclusion in the fresh water 
reservoir.”  
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5. Conclusion  
One of the difficulties of the Cell Wall Resist Wall experiment Integration was the late delivery of CW/RW 
test hardware. CW/RW is one of the longest experiments ever conducted in the EMCS on the ISS, and 
the test plan was affected by the length of the experiment. The EST was performed as a Table-Top, so 
the full experiment run with 8 ECs was thus not performed due to time constraints.  
 
No problems were encountered during flight preparations at N-USOC, hardware check-out, transport to 
KSC or CW/RW experiment handover to NASA.  
 
During CW/RW experiment execution on orbit 15 of the 31 CW/RW Experiment Requirements were 
changed or broken, and the main experiment objective of germination and growth in 56 PCC Lid holes 
was not met.  
 
Many of the CW/RW experiment requirements were initially broken due to Payload and EUE anomalies 
and limitations. The investigation of EMCS and CW/RW hardware returned on 1J led to the final 
conclusion to the main reason for failure of the CW/RW experiment: On EMCS RBLSS MODULE FM008 
the Quick Disconnects (QDs) towards fresh and waste water reservoir were swapped. As it was 
confirmed by the supplier (OHB), the same discrepancy is most likely present on FM007 which was also 
used during CWRW.  
 
As an attempt to optimize the remainders of the experiment, the PI team and ESA agreed upon changes 
to the original experiment requirements. In order to implement these changes several actions were taken 
which had been tested on ground only to a limited degree. On some of these occasions implementation of 
the changed requirements were tested and advised against but led to unfortunate consequences like 
flooding of the EC B3 bottom chamber, which in turn led to the seedlings in this position to perish. 
 
All in all the Cell Wall Resist Wall Experiment unfortunately failed in spite of all the time and effort that 
was dedicated to making it a success. The reason for this was most likely due to two faulty mounted 
EMCS RBLSS Modules. 
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CW/RW Test Plan 

 

Table 1: The table summarizes planned CW/RW tests in the EMCS Ground Models, with details on test objectives, test facility, comments, resources needed, start and 
end date, test manager and outcome.  

Test Test 
objective 

Facility Comment H/W, S/W 
and 
resources  

Start  End  Test Man. 
& 
Assistance 

Status 

1 Science Test ERM Verify the duration time of the experiment. (When stems have reached height 
of 10 cm - Approximately 50 days.)  

Schedules 
Test 
Procedure 
2 M-ECs 

September 
19th 

November 
5th 

S.E.O. 
H.S. 

 

2 Recycling 
Test 

EM Transfer mature plants from ERM after the ST to the EM. Verify the ability of 
the EM to support growth of mature plants. (PAR HW-0006) Dehumidifier 
issues.  

Schedules 
Test 
Procedure 
2 ST M-ECs 

November 
5th 

November 
14th 

A.G. 
G.A. 

 

3 Germination/ 
Hydration 
test  

EM When will recycling start after the initial watering? Around day seven: Switch 
to watering Mode once a day for 20 seconds (schedule to be started 
manually). Based on the Delta Pressure and Flow one has to decide if 
watering is necessary. (Plan is needed for how to interpret different variable 
of pressure and flow.) Who will decide if watering is necessary?) Venting of 
roots? Verify Schedules.  

Schedules 
 
Test 
Procedure 
2 C-FMs 

December 
3rd 

December 
21st 

A.G. 
G.A. 
C.B. 
W.S. 
(G.R.) 

 

4 Germination 
Test 

ERM Verify the ability of FMs to support germination.  Schedules 
Test 
Procedure 
6 C-FMs 
1 C-QM  

December 
10th 

December 
17th 

S.E.O. 
A.G. 
K.M. 
W.S. 
C.B. 
(G.R.) 

 

5 Run 2 
 

EM Biological: Repetition/ Optimization of Germination/Hydration/Recycling Test.  
 
Technical Test: PAR HW-0006 
PAR SW-0001, SW-0003 
 
 
 

Schedules 
Test 
Procedure 
4 M-ECs 

January 
9th 

January 
20th? 

G.A 
W.S 

 

6 EST Table 
Top 

Verify functionality of all procedures for set-up and transport, all EMCS 
schedules, all crew procedures, etc 

Schedules 
Test 
Procedure  

January / 
February 

February S.E.O. 
M.R. 

 

7 Technical 
Testing 

ERM PAR HW-0006 
 

TBD November 
5th 
January 
10th  

November 
14th 
February 
5th  

  

8 Technical 
Testing 

FM PAR HW-0006, SW-0001 TBD December  
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CW/RW Test Plan Timeline 
 
Table 2: The table illustrates the CW/RW test plan timeline, including dates reserved for RT Set-Up and Experiment execution on orbit. Green blocks represent 
planned tests, pink blocks represent set-up for flight and orange blocks represent Real Time Operations.   
Event  September-

07 
October-
07 

November-
07 

December-
07 

January-
08 

February-
08 

March 
-08 

Test 1         
Test 2          
Test 3         
Test 4           
Test 5           
Test 6          
Test 7    TBD  TBD   
Test 8     TBD    
RT Set-Up          
Exp. run on orbit         

Experiment execution on orbit Flight preparations  Planned CW/RW Tests 
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Appendix 2 - Filled in “PCC Assembly and Seed Set-Up Report” 
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1 Documents 

1.1 Applicable Documents 
AD Document Number Date Issue Title 

AD01 EMCS-MA-4000-002-DCR 12.11.04 2 “EC User Handbook” 

AD02 CWRW ISR 16.02.07 0 EMCS Cell Wall & Resist Wall 
INTEGRATED SCIENCE 
REQUIREMENTS DOCUMENT 

AD03 N-USOC-REQ-007 06.07.07 1 ”EMCS CW/RW (Cell Wall/Resist Wall) 
Integration Requirement Document” 

AD04 N-USOC-PRO-002 20.06.07 1.3 ”Multigen-1 PCC Assembly and Seed 
Set-Up Procedure” 

AD05 N-USOC-PRO-004 16.01.08 1 “CW/RW Seed Set Up Procedure” 

AD06 EMEX-RP-MULT-02-EADS 11.12.03 2 ” EMCS-Experiments, Multigen Part 1 
Design Report” (EADS) 

AD07 RP_30193_PR_02 06.10.05  “EMCS Experiments Multigen-1 Design 
Report CCN04” (Prototech) 

AD08 EMEX_MA_MULT_01_PRO 14.12.07 E “EMCS Multigen 1 PCC 1 – User’s 
Manual” 

 
 

1.2 Reference Documents 
RD Document Number Date Issue Title 
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2 List of Abbreviations 
 
AD  Applicable Document 
EC  Experiment Container 
FM  Flight Model 
H/W  Hardware  
ISS  International Space Station 
JAXA  Japan Aerospace Exploration Agency 
N-USOC Norwegian User Support and Operation Centre 
PCC   Plant Cultivation Chamber 
PI  Principal Investigator 
QA  Quality Assurance 
RD  Reference Document 
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3 Summary 
 
The CWRW PCC assembly and seed set-up was performed at the Plant BioCentre in 
Trondheim, Norway from January 14th through 24th 2008. This document and its 
appendices cover the growth pot sterilization, filling of growth support, set-up of seeds, 
implementation of immobilization membrane, PCC assembly and mounting of EC cover. 
 

4 Introduction 
 
The objective of this set-up was to prepare 8 Cell Wall/ Resist Wall ECs with PCC and 
seeds for the Cell Wall/Resist Wall experiment according to given procedures [AD04 and 
AD05].  
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5 Personnel  
 
Set-up Engineer 
The set-up engineer was responsible for: 

- performing set-up according to given procedures 
- accuracy of the measured values 
 

Set-up Manager 
The set-up manager was responsible for: 

- set-up articles and technical aspects of the set-up performance 
- examination of disturbances 
- set-up article integration and handling 
- set-up performance 
- evaluation of set-up results 

 
Quality Assurance 
The Quality Assurance representative was responsible for: 

- surveillance of set-up equipment according to regulations as well as the set-up 
procedure application 

- statement that the set-up articles to be set-up have passed all checks before set-
up, including calibration 

- checking the identification markings on the set-up articles 
- supervision of set-up proceeding with respect to quality assurance aspects (i.e 

correct tracing of procedure variations and non-conformances 
 
Table 1: Set-up personnel 
Name Affiliation Contact info Responsibility 
Motoshi Kamada JAXA +81-29-868-3698 Set-up Engineer 
Håkon Svare  N-USOC +47-735-90162 Set-up Engineer 
Suzanne Øverlie N-USOC +47-735-90181 Set-up Manager 
Maja Rostad N-USOC +47-735-90179 Quality Assurance 
Bjørnar Vasenden Prototech +47-555-74103 PCC Cleaning 
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6 Set-Up 
 
The set-up was performed at the Plant BioCentre in Trondheim, Norway. 8 Flight ECs 
(FM092, FM094, FM095, FM096, FM097, FM098, FM099 and FM100) and 8 PCCs were 
first cleaned by Prototech after being utilized in CW/RW Biocompatibility test and 
CW/RW Germination/Hydration test before set-up.  
 
Arabidopsis Thaliana seeds (Wild type, GM GUS, lefty and hmg) used for set-up was 
supplied by JAXA Science team and sterilized at N-USOC by Set-up Engineer Motoshi 
Kamada. The Zeolite used for the set-up was from the same batch as prepared for the 
Multigen-1 experiment and no new enrichment or filtration of Zeolite was performed 
during set-up of the CW/RW experiment. 
 
Motoshi Kamada performed CW/RW growth pot sterilization, growth support filling, seed 
integration, implementation of immobilization membranes, borosilicate doughnuts and 
mini lids as described in AD04 and AD05. Assembly of the PCC and implementation of 
EC cover was performed by Håkon Svare. 
 
The preparations and set-up are documented in the filled-in procedures “Multigen-1 PCC 
Assembly and Seed Set up Procedure” in Appendix 1 and “CW/RW Seed Set Up 
Procedure” in Appendix 2. Pictures illustrating parts of the Set-Up can be found in 
Appendix 3.  
 
All changes and variations during set-up were collected in fill-in tables in the procedures 
and are summarized in Table 2. 
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Table 2: Changes and variations to the procedure [AD04].  
Test step 
No 

Test-step description Remarks 

1-3 Zeolite filtration and enrichment was done prior 
to Multigen-1 experiment. Same batch was used 
for this set-up 

See N-USOC-PRO-002, Issue 
1.3 

5 Growth pots and growth pot lids were not 
marked 

Unlike for Multigen-1, the growth 
pots for CW/RW Has the same 
configurations with 7-hole lids. 

9 No need to use exsiccator because pot is left to 
dry in flow bench over night. 

 

10 Adjusted weight to 0g with growth pot + 
integration tool and Petri dish. 

 

16 Used both integration tool stamp and small 
spatula to get felt under the edge 

 

17-18 
(between) 

Put in top o-ring This step was not included in the 
procedure 

19 There is no reference rod in CW/RW lids. The 
lid with borosilicate was pressed down on a 
piece of cardboard to get the borosilicate into 
the recession 

 

29 After mounting the doughnut, the seed position 
was checked. 

 

30 A small amount of silicone was applied on the 
mini-lid male tread before it was put in the 
holes. Lids were then screwed in until leveled 
with PCC lid surface. Seed position was 
checked 

Better precision of silicone 
appliance and minimize 
smearing of silicone.  

33-31 Performed step 33 before step 31. Surface 
sterilized the inside of the EC cover, base plate, 
grid and PCC too. 

 

35 After implementing the PP-felt in the recession 
on the outside of the growth pot , the pot was 
pushed down in the PCC until the o-ring was 
aligned with the top of the PCC before applying 
grease to the o-ring 

To avoid getting grease on PP-
felt and also to prevent fibers 
from the felt to attach on the 
greased o-ring. 

40 After applying silicone to green sealing frame, 
the EC cover was mounted on “backwards” and 
then opened for a visual inspection of imprint 
that the grease made to the cover to verify an 
even distribution along the sealing. After this the 
cover was mounted the correct way. 

 

 
 

7 Non-conformities 
 
No NCR was opened as a result of the changes and variations listed in Table 2.
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8 Results 
 
The set-up was performed according to procedure AD04 and AD05 with changes and 
variations listed in Table 2.  

9 Conclusion 
 
No negative effect on the performance of the Cell Wall/ Resist Wall experiment could be 
identified from the changes and variations listed in Table 2. 
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Appendix 1: 
 
Filled in N-USOC-PRO-002 Multigen-1 PCC Assembly and Seed Set-Up Procedure, 
Issue 1.3  
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Appendix 2:  
 
Filled in N-USOC-PRO-004 CW/RW Seed Set Up Procedure, Issue 1. 
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Appendix 3: 
 
Pictures from CW/RW PCC Assembly and Seed Set-Up. 

Fixation of sponge: 

 
 

Growth pot sterilization: 

 

Drying of the sponge: 

 
 

Filling of Zeolite: 

 

Implementing top PP-felt: 

 
 

Integration of top o-ring: 

 

Attaching growth pot lid: 

 
 

Integration of seeds: 
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Implementing PVA membrane on seeds: 

 
 

Making doughnuts: 

 

Applying silicone to mini lids: 

 
 

Surface sterilizing EC: 

 

Implementing PP-felt in bottom of PCC: 

 
 

Implementing PP-felt around pot: 

 

Applying grease to o-ring around pot: 

 
 

Mounting of locking cover: 
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Coating green sealing with silicone: 
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Appendix 3 - Flight Sample/H/W Packing, Transport and Checkout 
Procedure 
 























































































































 

 

 
“EMCS CW/RW Requirements 

Integration Report” 
 

Doc.Nr: N-USOC-REQ-025 
Issue: 1          
Date: 28.11.08 
Page 1 of 1 

 

Appendix 4 - CWRW Temperatures logged during transport 
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Appendix 5 - CWRW Hydration Summary 
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Appendix 6 - CWRW Implemented changes 
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Appendix 7 - Failure Analysis - Report SPR-283 
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1 INTRODUCTION 
 
This report summarizes the result of the activities, based on the Trouble Shooting Plan, /RD6/ to find the root 
cause for the failed watering of CWRW ECs. After inspection and intensive testing of all returned parts, 
inspection of four returned MULTIGEN-ECs, analysis of CWRW water commanding sequence, the root cause 
could be clearly identified 

The attached as-run procedure describes all activities in detail. The main results are summarized below. 

 
 
 
 

2 REFERENCE DOCUMENTS 
 
RD1 EMCS-RP-0000-124-DOR, issue 3, Fault-Tree Analysis 
RD2 EMCS-MA-0000-004-DOR, issue 4, Water Reservoir Filling Procedure 
RD3 EMCS-PR-0000-006-DOR, issue 2, RBLSS Module Maintenance Procedure 
RD4 EMCS-TP-4000-007-DOR, issue 2, EC Functional Performance Test Procedure 
RD5 N-USOC-PRO-002 
RD6 EMCS-PL-0000-010-DOR, issue 1, Trouble Shooting and Recovery Plan, SPR-0283 
RD7 EMCS-TP-4000-029-DOR, issue 1, CWRW-EC Leak Test Procedure 
RD8  EMCS-PR-0000-010-DOR, issue 1, RBLSS QD Exchange Procedure 
RD9 EMCS-TP-0000-135-DOR, issue 1, RBLSS System Proof Test Procedure 
 
 
 
 
 

3 SUMMARY OF RESULTS  
 
The returned parts: 
 

S/N ITEM CI No. CWRW-history 
    

FM092 EMCS EC 401 000 

initially on Pos. A1; germination, but no 
successful watering; finally on Pos. B1, 

watering retrial not successful 

FM099 EMCS EC 401 000 

initially on Pos. B2, no successful watering; 
finally on Pos. A2, watering retrial not 

successful 

FM001 EMCS WATER RESERVOIR 223 200 

second mission after refurbishment; mounted 
on rotor A in exchange with FM008; no 

successful watering  

FM009 EMCS WATER RESERVOIR 223 200 

first mission; initially mounted on rotor B; no 
successful watering; during CWRW exchanged 

with FM002 
   

did not show any failure or deviation from design which could lead to the observed behaviour.  
 
In addition it could be shown that the RBLSS-rotor I/F, the rotor itself, and the rotor-EC I/F is functional, 
because the returned ECs were wet, and the water collected in the filters was visibly clean. This rules out a 
potential blocking of the septum or other parts of this section. 
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However EMCS RBLSS MODULE FM008, CI #223 100 first mission; which had been mounted on EMCS FM 
rotor B1/B2, and achieved no successful watering there during CWRW, showed a major discrepancy during 
incoming inspection of 1J returned items at KSC: The Quick Disconnects (QDs) towards fresh and waste water 
reservoir were swapped, meaning  
 

• "QD 10-N Fresh" at RBLSS was equipped with a female QD (thus fitting into waste QD of the water 
Reservoir and vice versa: 

• "QD 12-N Waste" at RBLSS was equipped with a male QD (thus fitting into fresh QD of the water 
Reservoir 

 
As it was confirmed by the supplier (OHB), the same discrepancy is most likely present on FM007 which was 
also used during CWRW, and which is still mounted in the EMCS FM on rotor A. 
 
 
Development of the failure 
 
Following the history of CWRW the following happened: 
 

• At the beginning of CWRW the humidity (RH-) control of all ECs were started with 50% setting. Due to 
the QD swap, no fresh water could be supplied to the humidifiers (which was not immediately 
recognized, because they contain sufficient water to supply 50% humidity for quite a long time). 
However, the wrong connection led to an accumulation of an air/water mixture (90% air, 10% water 
volume) in the fresh water reservoir (instead of waste), because the dehumidifier is drained every 3 
hours. 

 
• In parallel to RH control the initial watering of EC/PCC was commanded, starting with positions A1/A2 

(B1/B2). These positions now tried to get water from fresh reservoir, but in fact were connected to 
waste reservoir which nominally did not contain free water at the beginning of an experiment. So these 
positions only received the small amount of 1-5 ml water which was contained in the tubes. 

 
• Initial watering of positions A3/A4 (B3/B4) was started several days later. Since these positions were 

connected correctly, they tried to get water from fresh reservoir, but received only an air/water mixture, 
which was partly sufficient for triggering the p-sensor in the PCC. However, on a long term, since the 
trapped air in the fresh water reservoir increased by the RH control, the supply could not be supported 
sufficiently, and the plants dried out. 

 
• After the unsuccessful trial of seven ECs, the water reservoirs were exchanged. Before the water 

reservoir exchange no position could be hydrated at all. This can be quantitatively proven, because the 
watering of A3/A4 (B3/B4) positions followed much later than the 1+2 positions.  

 
• After the exchange there was a partial success in watering (B1/B3/B4). Since B3/B4 watering followed 

immediately the water reservoir exchange, only some air was collected in the fresh water reservoir, and 
the positions could receive some water. B1 did not show a proper triggering, but a kind of "partial" 
triggering, which is explained by a mixture of air with some water which led to this behaviour. A4 was 
also watered quite soon after water reservoir exchange, but did obviously not get sufficient water due 
to included air. A3 was watered much later, and suffered also from air inclusion in the fresh water 
reservoir. 

 
 
Fault-Tree Analysis 
 
The QD swap was already mentioned as a potential root cause in the FTA /RD1/, and so included in the crew 
inspection activity to recover EMCS. Unfortunately this failure was not detected at this opportunity. 
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4 RECOVERY 
For RBLSS FM008 the QD repair was already done during the trouble shooting activities.  
 
The following actions are still to be made: 
 

• Exchange of one QD at RBLSS FM008 (thread is slightly worn) 
• Repair activity for RBLSS FM007, according to RD8 

 
 
 
 
 

5 APPENDIX: REPORT ON TROUBLE SHOOTING OF NOT PROPERLY HYDRATED 
ECS (SPR-0283) 
EMCS-RP-0000-151-DOR, iss. 1 
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1 INTRODUCTION 
 
This report describes in detail the trouble shooting proceedings, based on the Trouble Shooting Plan, /RD6/, 
which were undertaken to find the root cause for the failed watering of CWRW ECs. 

 

2 REFERENCE DOCUMENTS 
 
RD1 EMCS-RP-0000-124-DOR, issue 3, Fault-Tree Analysis 
RD2 EMCS-MA-0000-004-DOR, issue 4, Water Reservoir Filling Procedure 
RD3 EMCS-PR-0000-006-DOR, issue 2, RBLSS Module Maintenance Procedure 
RD4 EMCS-TP-4000-007-DOR, issue 2, EC Functional Performance Test Procedure 
RD5 N-USOC-PRO-002 
RD6 EMCS-PL-0000-010-DOR, issue 1, Trouble Shooting and Recovery Plan, SPR-0283 
RD7 EMCS-TP-4000-029-DOR, issue 1, CWRW-EC Leak Test Procedure 
RD8  EMCS-PR-0000-010-DOR, issue 1, RBLSS QD Exchange Procedure 
RD9 EMCS-TP-0000-135-DOR, issue 1, RBLSS System Proof Test Procedure 
 
 
 

3 RETURNED ITEMS  
After use in EMCS the following items were returned from ISS to ASTRIUM, and used for inspections and test 
as part of the trouble shooting for SPR-283: 

S/N ITEM CI No. CWRW-history 
    

FM092 EMCS EC 401 000 

initially on Pos. A1; germination, but no 
successful watering; finally on Pos. B1, 

watering retrial not successful 

FM099 EMCS EC 401 000 

initially on Pos. B2, no successful watering; 
finally on Pos. A2, watering retrial not 

successful 

FM001 EMCS WATER RESERVOIR 223 200 

successfully used on earlier mission, 
second mission after refurbishment; mounted 

on rotor A in exchange with FM008; no 
successful watering  

FM009 EMCS WATER RESERVOIR 223 200 

first mission; initially mounted on rotor B; no 
successful watering; during CWRW exchanged 

for FM002 

FM008 EMCS RBLSS MODULE 223 100 
first mission; mounted on rotor B, connected to 

pos. B1/B2; no successful watering 
 

4 COMBINED TESTS WITH RBLSS, EC, WATER RESERVOIR 

4.1 RBLSS GSE Start-up Sequence 
Start-up of RBLSS-GSE (OHB owned equipment): 

1. Connect RBLSS connectors P12 and P14 with GSE harness 
2. Power on both GSE computers (no matter sequence) and wait for start-up (takes approx. 2 minutes) 
3. Switch on Breadboard E-Box 
4. Double-click on icon ‘Breadboard-MCS_GSE’ 
 
Switch off OHB-GSE: 

1. Exit Breadboard-MCS_GSE program 
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2. Switch off Breadboard E-Box 
3. Switch off Rotor-computer (Trend): Type at Keyboard: 
  <Alt+Strg+Entf> <Enter> 
  <Enter>  
  <Enter> 
  <Alt+F4> <Enter> 
  Press computer button (off) 
4. Switch of GSE-Computer (Hyundai) 

4.2 Characteristics of returned RBLSS 
As returned from ISS the EMCS RBLSS MODULE, FM008, with wrongly integrated Quick Disconnects, as 
documented in SPR-283, was subjected to tests to demonstrate its performance during the CWRW 
experiment.   
In the following two subparagraphs the actual physical activity is described. So when water is sucked from 
"waste" this is the actual physical activity resulting from a watering from fresh command during CWRW, and 
pumping into "fresh" is the actual physical activity resulting from a pumping into "waste" command during 
CWRW. A circuit diagram of the RBLSS with attached circuitry to EC and Water reservoir is given as Fig. 4.2 
below including a note on the reversion of the waste and fresh water connections. 

4.2.1 Sucking from "Waste" 
Water was pumped from waste water reservoir through RBLSS to the RBLSS-rotor-I/F QD01 resp. QD04 (QD 
opened by counterpart). As to be expected in consequence of the swapped QDs no water was supplied. 

Path 6:  

Waste -> V1 (ON) - PW1 (ON) - V2 (OFF) - V3 (ON) -> QD01 (opened by counterpart-QD) 

Waste -> V4 (ON) - PW2 (ON) - V5 (OFF) - V6 (ON) -> QD04 (opened by counterpart-QD) 

No. Test Water Reservoir; 
outlet 

RBLSS Module; 
outlet 

Note 

1 water service, path 6 FM009; QD10 FM008; B2 (QD04) flight configuration, except 
Rotor I/F and EC 

2 water service, path 6 FM009; QD09 FM008; B1 (QD01)  
     
 

Waste Water
Reservoir RBLSS

pressure GSE
 

Figure 4-1: Setup for water supply test with wrong QDs 
 

No. Step actual value 
1 start “EC water service” 1 pulse behavior as expected: 

no delta-pressure*; no water 
2 start “EC water service” 5 pulse behavior as expected: 

no delta-pressure*; no water 
3 start “EC water service” 3 pulse behavior as expected: 

no delta-pressure*; no water 
  *) not considering offset delta pressure when 

connecting the QDs (spring loaded volume change) 



Dok. Nr./No.: EMCS-RP-0000-151-DOR 

Ausgabe/Issue: 1 Datum/Date: 18.8.2008 
Trouble-Shooting for 

SPR-283 
Seite/Page: 5 von/of: 24 

 

 

Air 

 

T
S11

0.2 µm Filter

Humidifier EC2/EC4 
(HU-3)

Dehumidifier EC2/EC4 
(HU-4) 

EC in

Waste 
Fresh 

CO

N

N

V 3

S

S CO

N

N

V 1
SCO N

N

V 2

 

rh
 

S3
S4

flow S5

PA1

F1

PW1

PW3

rh 
 

S6 
S7 

flow S8 
PA2

rh
 

S9 
S10 Air 

0.2 µm Filter

F3

PW2 S CO

N

N

V 4 S CON

N

V 5 
CO

N

N

V 6

S

EC in 

EC Position 1  EC Position 2  
0.2 µm Filters 

EC Position 4  EC Position 3  

Air Air 

Humidifier EC1/EC3 
(HU-1)

Dehumidifier EC1/EC3
(HU-2)

Fresh Water

Waste Liquid

RBLSS-FM-diagram-1.dsf  03.07.2001

RBLSS Box 1

RBLSS Box 2
Identical to Box 1

EC out 

Air 

Thermostat
Switc

Default Direction Default Direction

F6 F5

S
CO N

N
V 7 

S
CO N

N
V 8

0.2 µm Filter 0.2 µm Filter
0.2 µm Filter0.2 µm Filter

QD manual, self sealing
CPC PMCD series 

tube fitting

QD manual, self sealing
CPC PMCD series 

QD manual, self sealing 
CPC PMCD series  

QD automatic
not self sealing 

QD 04 QD 03 QD 02 QD 01QD 08 QD 07 QD 06 QD 05
QD 09

QD 10

QD 11

QD 12

QD 08 QD 07 QD 06 QD 05

EC out

EC inEC in EC out 
QD 04 QD 03 QD 02 QD 01

EC out

0.2 µm Filters 

0.2 µm Filters 0.2 µm Filters 

r S1
S2

F4 F2

 

 
Figure 4-2: Circuit Diagram EMCS RBLSS

Note: 
Contrary to this 
Figure these QDs 
are swapped in FM-
0007 and FM0008. 
V1 is connected to 
waste not fresh 
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4.2.2 Pumping into "Fresh" 
Air was pumped into fresh water reservoir through RBLSS via RBLSS-QD12-S into Fresh Water Reservoir. As 
expected by the swapped QD failure, the water bag, containing trapped air volume, was blown up and the 
pressure increased by compressing the air in the bag (Figure 4-4) 

 

Fresh Water
ReservoirRBLSS

pressureGSE

air

 
Figure 4-3: Setup for water removal test with wrong QDs 

 

QD10-N (opened by counterpart) -> V1 (ON) - PW1 (ON) - V2 (OFF) - V3 (OFF) --> QD12-S -->Fresh 

No. Test Water Reservoir; 
outlet 

RBLSS Module; 
outlet 

Note 

1 water service, path 6 FM009; QD10 FM008; B2 (QD04) flight configuration, except 
Rotor I/F and EC 

 
 

Pumping air through wrongly connected QDs into fresh water bag
Water Reservoir FM009 / RBLSS Module FM008 (pump switched off at 700 mbar)
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Figure 4-4: Pressurization of fresh water bag, when pumping air into it (simulation of what happened during 

CWRW when A1/A2 (B1/B2) dehumidifier were drained) 
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4.3 Water supply to EC 

4.3.1 End-to End Test with EC FM092 
 
Setup according to Figure 4-5. EC FM092 has no PCC mounted. Therefore a syringe is installed to collect 
fresh water entering the EC. Initially the EC is not mounted (during filling of lines). The Water Reservoir is 
oriented with fresh water bag upside (keeps air bubble inside bag).   

 
 
 
 
 

Water
Reservoir RBLSS

Rotor I/F

EC

pressureGSE
 

 
Figure 4-5: Setup for combined test with EC092 (without PCC) 

 
 

Test Water Reservoir; 
outlet 

RBLSS Module; 
outlet 

Rotor I/F 
Adapter 

EC Note 

water service, 
path 6 

FM009; QD10 FM008; B2 (QD04) S/N 10 FM092 without PCC (syringe 
as reservoir) 

 
 
Test Equipment 

- Rotor I/F adapter S/N 10, adjusted to worst case tolerances (low interface, high rails) 
- pressure sensor 
- tube kit 
- RBLSS GSE (OHB) 
 

Test Sequence 

No. Step Result 
1. Fill water lines to EC by pumping water from Water Reservoir 

via RBLSS to Rotor-I/F adapter (the septum will be opened 
with the septum push tool, until water comes out permanently) 

ok, 3 pulses = 4 ml needed to fill 

2. Weigh Water Reservoir 1280.7 gr 
3. Weigh EC 1139.3 gr 
4. Mount EC to Rotor I/F ok 
5. Start p-sensor recording ok 
6. At GSE start water service to EC, 1 pulse (=1minute pumping), 

wait 1 minute 
ok (1 pulse = 83 sec!!) 

7. At syringe read out total volume and collected water volume total: 1.1 ml 
water: ≈0.05 

8. Repeat step 6 (2nd pulse) ok 
9. At syringe read out total volume and collected water volume total: 2.5 

water: 1.0 
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10. Repeat step 6 (3rd pulse) ok 
11. At syringe read out total volume and collected water volume total: 3.9 

water: 2.2 
12. Repeat step 6 (4th pulse) ok 
13. At syringe read out total volume and collected water volume total: 5.2 

water:3.5 
14. Repeat step 6 (5th pulse) ok 
15. At syringe read out total volume and collected water volume total: 6.6 

water: 5.0 
16. Dismount and weigh EC 1145.4 gram (6.1 gram added -> 

6.6-5.0=1.1 gram in filter) 
17. Mount EC again ok 
18. Turn Rotor-I/F with EC 180 deg top down ok 
19. Repeat step 6 (6th pulse) ok 
20. At syringe read out total volume and collected water volume total: 8.0 

water: 7.0 
21. Repeat step 6 (7th pulse) ok 
22. At syringe read out total volume and collected water volume total: 9.4 

water: 8.3 
23. Repeat step 6 (8th pulse) ok 
24. At syringe read out total volume and collected water volume total: 10.8 

water: 9.7 
25. -> syringe was emptied (start at zero) ok 
26. Repeat step 6 (9th pulse) ok 
27. At syringe read out total volume and collected water volume total: 1.3 

water: 1.2 
28. Repeat step 6 (10th pulse)  
29. At syringe read out total volume and collected water volume total: 2.6 

water: 2.5 
30. -> at GSE RH-ctrl. switched to 50% (source=DH) ok 
31. Repeat step 6 (11th pulse)  
32. At syringe read out total volume and collected water volume total: 4.2 

water: 4.1 
33. Repeat step 6 (12th pulse)  
34. At syringe read out total volume and collected water volume total: 5.5 

water: 5.3 
air bubble from RH loop passes 
the filter 

35. Repeat step 6 (13th pulse)  
36. At syringe read out total volume and collected water volume total: 7.1 

water: 6.8 
37. Dismount and weigh EC 1146.7 gram (7.4 gram added -> 

7.4-6.8=0.6 gram in filter) 
38. Weigh Water Reservoir as reference 1263.8 gr 

-> 16.9 gr removed from fresh 
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End-to-end test with empty EC (no PCC) 
Water Reservoir FM009 / RBLSS FM008 Rotor I/F adapter SN10 / EC FM092

0

50

100

150

200

250

300

08:20:00 08:30:00 08:40:00 08:50:00 09:00:00 09:10:00 09:20:00

time

pr
es

su
re

 a
t E

C
 in

le
t [

m
ba

r]

0

2

4

6

8

10

12

co
nt

en
t o

f s
yr

in
ge

 [m
l]

pressure [mbar]
content of syringe [ml] water
content of syringe [ml] air
PW1 ON

EC turned top- syringe emptied

 
Figure 4-6: Result of water supply test without PCC 

4.3.2 End-to End Test with EC FM099 
 
Setup according to Figure 4-7. EC FM099 is in original flight configuration with PCC mounted, orientation: EC 
horizontal, top-side down. Since the water tubes are still filled from the previous test, no initial filling is required. 
The Water Reservoir is oriented with fresh water bag upside (keeps air bubble inside bag).  Since the RBLSS 
delivers a controlled flow of approx. 400 ml/min, but the PCC requires 200 ml/min, the EC is by-passed and the 
flow to EC measured with an external flow meter. 

 

Water
Reservoir

RBLSS

Rotor I/F

EC

pressure

GSE

ECDK

Laptop

el. connection

water

flow

air

air

flow adjustment

 
Figure 4-7: Setup for combined test with EC099 (with PCC) 
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Test Water Reservoir; 
outlet 

RBLSS Module; 
outlet 

Rotor I/F 
Adapter 

EC Note 

water service, 
path 6 

FM009; QD10 FM008; B2 (QD04) S/N 10 FM099 with PCC 

 
 
Test Equipment 

- Rotor I/F adapter S/N 10, adjusted to worst case tolerances (low interface, high rails) 
- pressure sensor 
- tube kit 
- RBLSS GSE (OHB) 
- ECDK only for electrical connection of EC 
 

Test sequence 

No. Step Result 
   
39. Weigh Water Reservoir 1246.4 g 
40. Weigh EC 1729.7 g 
41. Mount EC to Rotor I/F and turn it accordingly Ok 
42. Connect EC connector Ok 
43. Start ECDK (+recording) Ok 
44. Start external air pump with by-pass to achieve a flow of about 

180-200 ml/min (set voltage approx. 2.9V) 
Ok 

 ECDK:  
45. Switch EC Power ON ok 
46. Set Digital Input 4 = 0 (4 at ECDK = 3 at FM etc.) ok 
47. Set Digital Input 5 = 0 ok 
48. Set Digital Input 4 = 1 ok 
49. Set Digital Input 4 = 0 ok 
50. Set Digital Input 4 = 1 ok 
51. Set Digital Input 4 = 0 ok 
52. Set Digital Input 4 = 1 ok 
53. Set Digital Input 4 = 0 ok 
54. Set Digital Input 4 = 1 ok 
55. Set Digital Input 4 = 0 ok 
   
56. Start p-sensor recording ok 
   
 Next steps will be repeated until p-sensor “triggers”  
57.  Note pulse no. in Pulse Record below ok for each pulse 
58.  ECDK: Set Digital Input 2 = 1 ok for each pulse 
59.  ECDK:  Set Digital Input 3 = 1 ok for each pulse 
60.  ECDK: Wait 10 seconds, then read Analog 3 and note 

 it in Pulse Record; if pressure increases >1V, exit 
 the loop 

ok for each pulse; triggering at 
pulse 56 

61.  ECDK: Set Digital Input 3 = 0 ok for each pulse 
62.  ECDK: Set Digital Input 2 = 0 ok for each pulse 
63.  GSE: “Valve Switching”-tab:  

 switch valves B1V4 and B1V6 = ON 
ok for each pulse 

64.  GSE: “Pump Switching”-tab:  
 switch water pump B1PW2= ON for 15 seconds; 
 observe water/bubbles entering EC and note estimated 
 volume in Pulse Record 

ok for each pulse 

65.  GSE: “Pump Switching”-tab: 
 switch water pump B1PW2=OFF (B1PA2 remains ON!) 

ok for each pulse 

66.  GSE: “Valve Switching”-tab:  
 switch valves B1V4 and B1V6 = OFF 

ok for each pulse 
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67.  Wait 1 minute (for the first 25 pulses);  
 wait 5 minutes (for the remaining pulses) 

ok for each pulse 

 ECDK:  
68. Set Digital Input 3 = 0 ok 
69. Set Digital Input 2 = 0 ok 
70. Set Digital Input 4 = 1 ok 
71. Set Digital Input 5 = 1 ok 
72. Switch EC Power = OFF ok 
   
73. switch air pump OFF ok 
74. Dismount and weigh EC+PCC 1741.6 g -> delta-m = 11.9 g 
75. Weigh Water Reservoir as reference 1232.8 g -> delta-m = 13.6 g 
 
 
Pulse Record 
 

Pulse # pressure 
(analog 2) [mV] 

estimated water 
volume in EC 

 Pulse # pressure 
(analog 2) 

estimated water 
volume in EC 

12.08.200
8 

delta-t = 1min   13.08.2008 p / RH PCC  

1 770 0.2  41 812 / 2720 6.7 
2 770 0.3  RH-ctrl 50% 5 minutes on (only RBLSS to 

generate air bubble) 
3 776 0.3  42 817 / 2343 6.9 
4 781 0.3  43 813 / 2290 7.1 
5 780 0.5  44 815 / 2239 7.3 
6 777 0.7  45 830 / 2207 7.5 
7 770 0.9  46 833 / 2181 7.7 
8 778 1.1  47 847 / 2173 7.8 
9 781 1.2  48 855 / 2143 7.8 
10 806 1.2  49 866 / 2152 7.8 
11 837 1.5  50 880 / 2153 7.9 
12 855 1.7  51 885 / 2121 8.1 
13 842 1.9  52 893 / 2117 8.3 
14 833 2.1  53 893 / 2117 8.5 
15 827 2.3  54 916 / 2108 8.7 
16 829 2.5  55 922 / 2095 8.9 
17 826 2.7  56 1051 / 2093 9.1 
18 819 2.9  57 1300 / 2113 9.1*) 
19 823 3.1  after 5 minutes: 
20 818 3.3   1500->2000 

increasing 
21 819 3.5    
22 824 3.7    
23 819 3.9    

*) delta weight = 
real value = 11.9 g 
-> 0.1625 ml/pulse 

24 815 4.1     
25 819 4.3     
26 819 4.5     

RH-ctrl 50% 4 minutes on (only RBLSS to generate 
air bubble) 

    

 delta-t=5 min      
27 809 4.7     
28 811 4.9     
29 809 5.1     
30 796 5.3     
31 800 5.4     
32 790 5.4     
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Pulse # pressure 
(analog 2) [mV] 

estimated water 
volume in EC 

 Pulse # pressure 
(analog 2) 

estimated water 
volume in EC 

33 803 5.4     
34 806 5.4     
35 806 5.5     
36 814 5.7     
37 818 5.9     
38 810 6.1     
39 796 6.3     
40 818 6.5     

interrupted for today     
 

End-to-end test with PCC
Water Reservoir FM009 / RBLSS FM008 / Rotor I/F adapter SN10 / EC FM099 
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Figure 4-8: Result of water supply test with PCC (number of pulses until p-sensor increase) 

 

5 EXPERIMENT CONTAINERS 

5.1 EC FM099 

5.1.1 Before opening bottom plate 
Before opening the bottom plate the water interfaces were inspected. The septa were protruding for 0.4 mm on  
both interfaces.  

5.1.2 Bottom plate and PEEK plate removed  
performed acc. to EMCS-MA-4000-004-DOR, issue 2, sections 4.1 and 6.  

After removal of bottom plate (Figure 5.1), the septum holder of ‘supply’ I/F was removed and inspected. The 
inner side was wet (some droplets on the surface), which means that water passed the rotor I/F and the 
septum towards EC (Figure 5.2). After removal of the PEEK plate, the filter assembly was found to be correctly 
installed. The water supply filter (upper side = outlet towards PCC) was wet. Some water could also be seen on 
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the PEEK plate (Figure 5.3). However, the channel towards PCC, as well as the drill hole between septum and 
filter assembly was dry. The channel could be dried by air which shares this way after passing the filter or it 
was never wetted. In any case it indicates that only a small amount of water (<1ml) entered the EC. 

The air supply filter was dirty from air pump dust (Figure 5.3). 

 

   
Figure 5.1 Figure 5.2 Figure 5.3 

 
The flat sealing was not removed, and after inspection the PEEK and -bottom plate were mounted again. 

 
 

5.2 EC FM092 

5.2.1 Before opening bottom plate 
Before opening the bottom plate the water interfaces were inspected. The septa were protruding for 0.4 mm on  
both interfaces.  

5.2.2 Bottom plate and PEEK plate removed  
performed acc. to EMCS-MA-4000-004-DOR, issue 2, sections 4.1 and 6.  

After removal of bottom plate the septum holder of ‘supply’ I/F was removed and inspected. The inner side was 
partly filled with water (Figure 5.4), which means that water passed the rotor I/F and the septum towards EC 
(Figure 5.5). After removal of the PEEK plate, the filter assembly was found to be correctly installed. The water 
supply filter (upper side = outlet towards PCC) was wet (Figure 5.6). Some water could also be seen on the 
PEEK plate (Figure 5.5) and in the EC inlet hole (Figure 5.7). However, the channel towards PCC, as well as 
the drill hole between septum and filter assembly was dry. The channel could be dried by air which shares this 
way after passing the filter. 

The air supply filter was dirty from air pump dust (Figure 5.3). 
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Figure 5.4 Figure 5.5 
 

  
Figure 5.6 Figure 5.7 

 
The flat sealing was not removed, and after inspection PEEK and -bottom plate were mounted again. 

 

5.2.3 PCC 
 
The EMCS EC with integrated PCC has been returned with 1J. On 28.7.2008 EC FM092 was opened in the 
presence of Astrium-PA (W. Biemann), ESA (S. Hinderer, M. Zell), JAXA (Prof. Yoda san). In this PCC 
germination took place and the seedlings were removed at KSC by JAXA representative. 

The PCC was disassembled acc. to N-USOC-PRO-002, issue 1. 

1. removal of locking cover 
2. removal of growth pot with PCC lid (Fig. 1, 2, 3) 
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Fig. 1 Fig. 2 

 
 
The o-rings at lid and water inlet hole are properly installed and undamaged. Inside the growth pot dark/black 
particles (biological origin?) were found, especially on  

• the borosilicate layer (Fig. 5, 6) 
• the sponge (Fig. 12) 
• the PCC felt (Fig. 9) 
• the felt at air inlet (mainly towards growth pot) (Fig. 3, 4) 
• the zeolithe (Fig. 10) 
 
 

  
Fig. 3 Fig. 4 - air inlet felt (left) 

 
3. removal of air inlet felt (Fig. 4) 
Dark/black colour visible, mainly towards inside of PCC (Fig. 3, 4) 

 
4. removal of PCC lid (Fig. 5, 6) 
The borosilicate layer shows dark/black particles. No further inspection, whether also seeds are visible. Donuts 
are properly installed and undamaged. The o-ring at water nipple is properly installed and undamaged, wet 
(Fig. 8). 
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5. removal of donuts (Fig. 6) 
 

  
Fig. 5 Fig. 6 

 
 
6. removal of borosilicate layer (Fig. 6, 7) 
The PDA membranes are completely dissolved. 

 

 

 

Fig. 7 Fig. 8 
 
 
7. removal of PP felt (Fig. 9, 10) 
Zeolithe, touching the felt, sticks on surface is a bit humid, as well as the borosilicate 
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Fig. 9 Fig. 10 

 
  
8. emptying and collection of growth pot zeolithe granulate (Fig. 4, 11) 
Zeolithe is removed and collected carefully with a spatula. Beside some brownish grains, there are also 
dark/black coloured ones visible. Where the zeolithe is humid, it sticks together. Top 5 mm are loose (but can 
easily be separated). Sticking increases radially from the center towards the wall. 

After emptying the PCC, some zeolithe still sticks on the air inlet holes (Fig. 11). The sponge is wet and bacl 
particles are visible (Fig. 12). 

 
 

  
Fig. 11 Fig. 12  

 
9. removal of bottom chamber lid (Fig. 13, 14) 
The bottom chamber is completely dry. The borosilicate layers incl. mesh are properly installed. The pressure 
sensor hole is also covered by the borosilicate 
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Fig. 13 Fig. 14 

 
 
10. weighing of growth pot incl. PP felts, PVA sponge 
All parts were dried for 24 hours at 50 °C with weighing before and after drying. The following weight losses 
were measured: Zeolith: 2.3 gram, sponge: 0.2 gram, felt: 0.0 gram 
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6 WATER RESERVOIRS 

6.1 FM001 
 
Inspection of external surfaces and QDs showed no damages on housing and QDs. 
 
After opening of Water Reservoir an air bubble was seen in the fresh water bag. This confirmed that air/water 
was pumped into the fresh bag during dehumidifier draining of  the EC positions A1/A2 as to be expected for 
the case of swapped QDs at the RBLSS Module FM007. 
 
No corrosion was found inside or outside the waste housing. This confirmed that the new material and surface 
treatment shows better corrosion protection than the original design. 
 
The waste sponge was removed. It was humid, but did not contain squeezable water, which is compliant with 
the analysis of 0...12 g expected contents with the swapped -QDs of RBLSS Module FM008 and FM007 (see 
Table 6-1). 
 
The fresh water bag was emptied and 227 g of water were collected. This is compliant with the initial filling 
volume of 230 g and the analysis of the QD swap, where it was derived that almost no water could have been 
used during operation of CWRW (expected value was between 182 and 254 g, see Table 6-1). 
 
No blockage or any other failure could be found. 
 
The Water Reservoir was closed again using the original parts and it is regarded ready for filling before 
launch. 
 

  
Figure 6-1: FM001: with waste sponge Figure 6-2: FM001: waste sponge removed 
 
 

6.2 FM009 
 
No damage was found on housing and QDs. 
 
After opening of Water Reservoir an air bubble could be identified in the fresh water bag. This confirmed that 
air/water was pumped into the fresh bag during dehumidifier draining of  the EC on rotor B as to be expected 
for the case of swapped QDs at the RBLSS Module FM007. 
 
Corrosion was found inside and outside the waste housing, as already known from Water Reservoirs FM003, 
FM004, FM007.  
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The upper housing and fixation nuts have to be replaced by new material and surface treatment as 
already done for FM001, FM002, see SPR-253. 
 
The waste sponge was removed. It was found humid, and 6.1 g water could be squeezed which is compliant 
with the analysis of 0...24 g expected for the case of the swapped RBLSS-QDs (Table 6-1). 
 
The fresh water bag was kept in the original flight state for later use in the end-to-end test (see chapter 
4.2/4.3). Calculated fresh water content from overall weight is 201 g (a proper value in comparison to the 
expected value of between 184 and 254 g acc. Table 6-1). 
 
No blockage or any other failure was found. 
 
The Water Reservoir was closed again using the original parts and it is regarded ready for filling before 
launch. 
 

 
Figure 6.3: FM009 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Dok. Nr./No.: EMCS-RP-0000-151-DOR 

Ausgabe/Issue: 1 Datum/Date: 18.8.2008 

 

Trouble-Shooting for 
SPR-283 

Seite/Page: 21 von/of: 24 
 

 

Table 6-1: Analysis of CWRW water budget in [gram], calculated from the number of commanded pulses; only 
blue/red values are relevant: positive = amount put into reservoir, negative = taken from reservoir 

seconds pulses before WR exchange after WR exchange
FM008 FM008 waste FM008 fresh FM001 FM001 waste FM001 fresh

A1 Fresh to HU 5989 99,8 2287 -30,49333333 3702 -49,36
Fresh to EC 26603 1773,5 19641 -261,88 6962 -92,82666667
Fresh to Waste 180 3,0 180 -2,4 2,4 0 0 0
DH to HU 1145 19,1 254 891
DH to EC 15984 266,4 8734 7250
DH to Waste 17661 294,4 6107 12 11554 12
HU to DH 897 15,0 0 897

A2 Fresh to HU 0 0,0 0 0 0 0
Fresh to EC 8810 587,3 6743 -89,90666667 2067 -27,56
Fresh to Waste 60 1,0 60 -0,8 0,8 0 0 0
DH to HU 379 6,3 379 0
DH to EC 4 0,1 3 1
DH to Waste 22751 379,2 10425 12 12326 12
HU to DH 1342 22,4 0 1342

A3 Fresh to HU 0 0,0 0 0 0 0
Fresh to EC 3073 204,9 1539 -20,52 1534 -20,4533333
Fresh to Waste 0 0,0 0 0 0 0 0 0
DH to HU 124 2,1 124 0
DH to EC 0 0,0 0 0
DH to Waste 23480 391,3 11059 12 12421 12
HU to DH 815 13,6 752 63

A4 Fresh to HU 0 0,0 0 0 0 0
Fresh to EC 4997 333,1 2927 -39,0266667 2070 -27,6
Fresh to Waste 0 0,0 0 0 0 0
DH to HU 381 6,4 129 252
DH to EC 1 0,0 1 0
DH to Waste 25782 429,7 10046 15736
HU to DH 1907 31,8 561 1346

Summe -373,48 -32,3466667 -157,7466667 -24,0533333

FM009 FM009 waste FM009 fresh FM002 FM002 waste FM002 fresh
B1 Fresh to HU 2291 38,2 2041 -27,21333333 250 -3,333333333

Fresh to EC 27135 1809,0 13568 -180,9066667 13567 -180,8933333
Fresh to Waste 250 4,2 180 -2,4 2,4 70 -0,933333333 0,93333333
DH to HU 0 0,0 0 0
DH to EC 19464 324,4 5435 14029
DH to Waste 16662 277,7 7700 12 8962 12
HU to DH 1277 21,3 0 1277

B2 Fresh to HU 0 0,0 0 0 0 0
Fresh to EC 14544 969,6 5083 -67,77333333 9461 -126,1466667
Fresh to Waste 60 1,0 60 -0,8 0,8 0 0 0
DH to HU 126 2,1 0 126
DH to EC 5 0,1 3 2
DH to Waste 25821 430,4 10439 12 15382 12
HU to DH 1271 21,2 0 1271

B3 Fresh to HU 767 12,8 0 0 767 -10,2266667
Fresh to EC 4590 306,0 3191 -42,5466667 1399 -18,6533333
Fresh to Waste 70 1,2 0 0 0 70 0,933333333 -0,93333333
DH to HU 1917 32,0 131 1786
DH to EC 131 2,2 0 131
DH to Waste 24411 406,9 10384 12 14027 12
HU to DH 1134 18,9 0 1134

B4 Fresh to HU 2420 40,3 0 0 2420 -32,2666667
Fresh to EC 4226 281,7 0 0 4226 -56,3466667
Fresh to Waste 70 1,2 0 0 70 -0,93333333
DH to HU 2686 44,8 0 2686
DH to EC 5932 98,9 0 5932
DH to Waste 22776 379,6 10430 12346
HU to DH 1235 20,6 0 1235

Summe -267,0933333 -15,3466667 -298,3733333 -94,4266667  
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7 RBLSS MODULE FM-007 

7.1 Inspection and Functional Test 
A major discrepancy was found during incoming inspection at KSC of items returned on 1J:  
RBLSS Module FM-007 Quick Disconnects (QDs) towards fresh and waste water reservoir were swapped, 
meaning  
 

• "QD 10-N Fresh" at RBLSS was equipped with a female QD (thus fitting to waste QD of the water 
Reservoir 

• "QD 12-N Waste" at RBLSS was equipped with a male QD (thus fitting to fresh QD of the water 
Reservoir 

 
The function of pumps, valves and performance of RH control were tested in the following sequence: 

No. Step nominal value actual value 
1 Switch on and off all valves one after the other audible ‘click’  click 
2 Switch on and off air pumps one after the other flow rate at GSE 

>0.3 l/min 
PA1: 0.38 l/min 
PA2: 0.41 l/min 

3 Switch on and off all water pumps (default direction) one after 
the other 

rotation visible and 
in correct direction 

rotation visible in 
correct direction 

4 Switch on RH control 50% on pos 1 and 2 and wait until 
equilibrium is reached 

HU approaches to 
50%;  

DH approaches to 
40% 

ok 

 
The filter housing F1 to F6 were inspected. Filters look clean without degradation.  

During all tests (see chapter 4) it was found that the RBLSS Module is working completely nominally. Therefore 
no further disassembly or investigations were made with the stand-alone RBLSS. 
 
The QD swap described above has dramatic consequences on all EC positions of each rotor (it was confirmed 
by OHB that not only RBLSS FM008 but also FM007 are concerned). Due to this swap all positions are 
connected in an unfavourable way, as shown in Figure 7-1b, compared to the correct connection, Figure 7-1a: 
 

Fresh

Waste

A1                    A2                     A3                    A4

      A1  hum           A2 hum       A3 hum         A4 hum

 
 

Figure 7-1a: correct connection of water supply to EC and to/from RH control: A1 to A4 and the RH loops are 
supplied from fresh water bag; drained water from RH loops is collected in the waste compartment 



Dok. Nr./No.: EMCS-RP-0000-151-DOR 

Ausgabe/Issue: 1 Datum/Date: 18.8.2008 

 

Trouble-Shooting for 
SPR-283 

Seite/Page: 23 von/of: 24 
 

 

 
 

A1  hum           A2 hum

A1                    A2 A3                    A4

A3 hum         A4 hum

Fresh

Waste

A
ir/

w
at

er

air

 
 

Figure 7-1b: Wrong connection after QD swap: From positions A1/A2 RH loops an air/water mixture (but mainly 
air) is pumped into the fresh water bag; this air/water mixture is then supplied to the correctly connected 

positions A3/A4; Supply to A1/A2 and RH loops is connected to waste compartment, which does not contain 
free water. 

 

7.2 Correct RBLSS QDs by swapping “Fresh” and “Waste” 
a) The QDs of FM-007 were exchanged to correct positions according to RD8. 

RBLSS FM007- still in orbit- is also affected and shall be repaired. 

b) It was found that the thread of the male QD of FM008 was slightly worn. Therefore this QD shall be 
replaced by a new one. 

8 INSPECTION OF MULTIGEN-EXPERIMENT CONTAINERS 
 
Inspections of the Multigen Experiment Containers from the previous EMCS mission can support trouble 
shooting for the CWRW ECs, as the latter are electrically identical, and mechanically only deviate in a few 
holes in the PCC lid, i.e. water and air channels are the same. 

All 8 MULTIGEN ECs were hydrated, thus serving as a successful reference. Four of these ECs, FM055 to 
FM058, were returned to Astrium.  

During MULTIGEN these ECs were mounted in the following rotor positions: 

Rotor A A1 A2 A3 A4 
EC  FM055  FM056 
RBLSS Module FM001 FM006 
     
Rotor B B1 B2 B3 B4 
EC  FM058 FM057  
RBLSS Module FM005 FM004 
 
Observations of MULTIGEN-ECs (returned ECs are highlighted): 
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EC S/N Rotor 

Position 
PCC S/N PCC holes Main off-nominals 

FM052 A1 FM04 3 germination; sacrificed as water reservoir to drain the 
waste 

FM055 A2 FM02 3 plants; partly no flow 
FM053 A3 FM05 3 germination, dried out 
FM056 A4 FM10 5 partly no flow, germination, dried out 
FM054 B1 FM08 5 germination; no venting possible (dig line failure); 

plants dried out 
FM058 B2 FM09 3 triggered after 200 pulses; germination, dried out 
FM057 B3 FM11 5 no germination 
FM059 B4 FM12 5 germination, dried out 

 
EC FM055 to FM057 were opened from the bottom, the filter side, for inspection, and found to be in proper 
condition with filters still wet about 9 months after the end of MULTIGEN 1 processing in EMCS. The PCCs 
were not dismounted. This inspections gave no clue on the insufficient performance during the MULTIGEN 1 
experiment in EMCS. 
 
EC FM058 was not opened and used as returned to ground for a hydration test in the same set-up as 
described in chapter 4.3 as a pre-test to the end-to-end test with EC FM099. 

9 ACRONYMS 
 
EC  Experiment Container 
EUE  Experiment Unique Equipment (experiment related hardware inside EC) 
GSE  Ground Support Equipment 
HX  Heat exchanger 
PCC  Plant Culture Chamber 
QD  Quick disconnect 
RBLSS  Rotor-based life support system 
RH  relative humidity 
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