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PREFACE

This document has been prepared by the Extravehicular Activity (EVA) Systems Group
under the authority of the EVA and Crew Systems Operations Branch, EVA, Robotics,
and Crew Systems Operations Division, Lyndon B. Johnson Space Center (JSC),
National Aeronautics and Space Administration (NASA).

The controlled copy of JSC-20597 resides in the JSC Scientific and Technical
Information Center (STIC) Document Index System (DIS) at
<http://jsc-isd-lib14.jsc.nasa.gov/dis/>.

Questions concerning the technical content of this document should be directed to
Adele Luta, (281) 483-2507, DX35.

PURPOSE

The EVA Console Handbook provides a single authoritative source of primary
information for use by EVA flight control personnel. For additional information, the
reader should refer to training manuals and other documents referenced in this
handbook.

SCOPE

Information in this handbook is not flight-specific. It addresses systems and procedures
used for EVA operations on the International Space Station (ISS).


http://jsc-isd-lib14.jsc.nasa.gov/dis/
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Reference onl
ELEMENT . .
AL EMU Water Processing Kit T

Airlock Cooiant Loop Recovery Kit SJG33118469

¢Flow Direction Jumper Assembly
— SEG33118468-301
T

[E CONFIGURATION 1:
3-Micron Filter SCRUBBING
_ SEG331 18472-301 SEG33118473-301 P

Clear Hose SEG33118475-301

Needle
Adapter
connects
here

CONFIGURATION 2:
IODINATING THE EMU
ION FILTER FOR

Biocide Filter STORAGE
SEG33118474-301
ﬁmﬂmtmﬁ] m;ﬂ lon Filter
@ CONFIGURATION 3:
IODINATION

Biocide Filter

Needle Adapter (for
Purging the lon Filter)

P/N#KLSJ320210-301

C. RodriguezZEMU Water Processing Kit ZAP Card EVA Console Handbook /JSC-20597 VOL 3/ Date 07/01/2006
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JSC-20597 REV. B ISS EVA WATER SYSTEMS
ELEMENT . . PAGE
AL EMU Water Processing Kit 2

PRE-EVA SERIES SCRUB
Event Jumper Config Airlock Config Flow Duration Time Constraint

Scrub Ion/3-mircon filters | EMU with SCU >1:00 < 4 week before 1t EVA

POST EVA SERIES SCRUB
Event Jumper Config Airlock Config Flow Duration Time Constraint
Scrub Ion/3-micron EMU with SCU >1:00 <2 weeks after Last EVA

filters

POST EVA SERIES IODINATION (WITH LTL <70 F)

Events (require both) Jumper Config Airlock Config Flow Duration Time Constraint

Loop Biocide Biocide filter EMU with SCU 1:30 <2 weeks after Last EVA

Suit Biocide Biocide filter EMU alone 0:30 <2 weeks after Last EVA
POST EVA SERIES IODINATION (WITH LTL =70 F)

Event Jumper Config Airlock Config Flow Duration Time Constraint

Loop Biocide Biocide filter EMU with SCU 2:00 <2 weeks after Last EVA
EMU 90-DAY MAINTENANCE (ON BATTERY)

Events (both required) Jumper Config Airlock Config | Flow Duration

Scrub Ion/3-micron filters EMU alone 0:30

Suit Biocide Biocide filter EMU alone 0:30

LOSS OF FLOW
EMU 90-DAY MAINTENANCE (ON SCU) CONTINGENCY:
| K | 1. Push Pump Priming Vlv, cycle
Events (both required) | Jumper Config Airlock Config Flow Duration TCV
. | 2. Swap out filters
Scrub Ion/3-micron filters EMU with SCU | 1:00
3. Use 1.528 COOLING LOOP
Loop Biocide Biocide filter EMU with SCU | 2:00 FLUSH procedure
Airlock EMU

EMU
Water
Processing

0-180 Ib/hr

8%»

ISS Thermal Loop

25 ft ISS EVA Umbilical

(IEU) 150p
SPCU Screen
Heat Exchanger
Airlock— 7.25 Ibs (3.28 kg) H20 EMU — 1.3 Ibs (0.59 kg) H,O

Airlock Water Flow Path showing EMU Water Processing Kit

C. Rodriguez/EMU Water Processing Kit ZAP Card EVA Console Handbook / JSC-20597 VOL 3/ Date 07/01/2006
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Reference onl
AL EMU Water Processing Kit 3

ELEMENT PAGE

HARDWARE LIMITED LIFE:
ION FILTER: 8 uses with SCU (60 uses w/o SCU) or 2 years after first use
3-MICRON FILTER: 4 uses or 2 years

BIOCIDE FILTER: 100 uses with SCU (1500 uses w/o SCU)
OPERATIONAL INFO:

<4 Weeks <8 \)’{eks <2 Weeks Storage, max 180 days
4
I l All EVA’s executed here I |
@ Begin EVA Series End EVA Series €< Maintenance €<

@ Denotes use of the EMU lon Filter AND EMU 3-Micron Filter (Scrubbing)
< Denotes use of the EMU Biocide Filter (for re-iodinating)

EVA SERIES

. Max 6 EVAs

. Max 2 weeks between EVAs

. Max 8 weeks from 1st to last EVA

Scrub=Using lon and 3mic filters in series to remove precipitates/biomass and ionic contaminants respectively;
required <4wks pre first EVA in a series and <2wks post last EVA of that series; also required at EMU 180 day
maintenance intervals (if suits unused for 180 days).

lodination=Using the Biocide filter to iodinate the water system to control microbial growth; required <2wks post last
EVA or at EMU 180 day maintenance intervals;

1. If LTL temp<70F then 2 step method= EMU+Loop Biocide for 1:30 then EMU alone Biocide for 30min.
2. If LTL temp>70F then do one step method= EMU+Loop Biocide for 2:00 hr.

ALCLR White Paper Requirements are to Scrub within 4wks of first EVA, perform the series of EVAs, then do
a Scrub and lodination within 2 wks of the last EVA. A Maintenance Scrub and lodination should be performed
within 180 days if an EMU is unused during that interval. Post Scrubbing, lon filter will be iodinated for
storage. TCV cycling during Scrubbing assures all channels in EMU coolant loop are flushed out. lon/3mic
Filters operational range is 50F to 80F at 40-160 Ibs/hr (low end assures 5 volume exchanges, high end
precludes ineffective scrubbing) and Biocide filter at 50F to 90F at minimum 80 Ibs/hr (assures 10 volume
exchanges).

Logistics Tracking

lon, 3micron, and Biocide filter usage is tracked on the EVA Logistics Tracking database on the V: drive.
REFERENCE INFO:
*ISS EMU Coolant Loop Recovery Kit CARD Rev B, February 2007 JSC 62294B

+Airlock Coolant Loop Recovery (ALCLR) Unit Operational White Paper-John F. Lewis, EMU/Airlock Coolant
Loop Tiger Team Lead, April 20, 2005

*Approved EVA CR# EVA-00164-R1 (updates to Operational White Paper w/ scrubber and filter extensions)
*ISSSH JSC-36027 Rev C PCN-1
*Logistics Tracking R3.XLS V:\EVA\Generic Systems ltems\Flight Support\Logistics Tracking Database

C. RodriguezZEMU Water Processing Kit ZAP Card EVA Console Handbook /JSC-20597 VOL 3/ Date 07/01/2006
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1.1 ISS EVA WATER SYSTEMS
111 System Description

Joint Airlock EVA water systems provide capability for cooling water supply, water
dumping, and water transport in support of EVA unsuited and suited activities. EVA
operations where Joint Airlock water systems are used include EMU Checkouts, EVA
Prep/Post, and EMU Maintenance activities. There is not a standalone water supply
system dedicated to EVA Systems. lodinated water is provided from the Shuttle Orbiter
Repackage Galley (SORG or Shuttle Galley) until arrival of the Water Processing
Assembly (WPA) currently targeted for ULF2. lodinated water is currently transferred
with Payload Water Reservoirs (PWRs).

1.1.2 EMU Water Recharge

EMU water recharge should be performed after an EVA to recharge partially depleted
tanks. If an EMU has not been used for >180 days, a 4-lb minimum dump is done, and
then a recharge is required. If an EMU has not been used for >365 days, a full water
tank dump is done, then recharge is required. If the EMU has seen 14 EVAs, orifitis
determined that there is a gas bubble displacement in the feedwater tanks >0.85 Ib of
water, a full water tank dump is performed, and then recharge is required. In all cases,
after the recharge is completed, an ullage dump is performed, dumping ~0.5 Ib of water
out of the feedwater tanks for each EMU to allow for condensate collection during pre-
breathe and minimize the chance of cracking the feedwater relief valve. Historical data
on EMU Waste Water dumps can be found in Section 1.1.11, Historical Data
Addendum, at the end of the Water Section.

EMU Feedwater Tank Gas Bubble Inclusion

It may be possible for gas to have been transferred into the EMU feedwater tanks
during water recharge operations due to entrained gas in the PWR supply water. This
gas would more than likely manifest itself at an Airlock pressure of 10.2 psia during EVA
Prep operations with the suit radios on (EVA telemetry being sent to the ground). The
H20 Water Pressure (WP) would be higher than the H20 Gas Pressure (GP).

Nominally, they both would track each other at ~15.1.

Shown in Figure 1.1-1 is a graph depicting the water displaced as a function of the H20
GP. To use this graph, the operator must know the following two things:

1. The amount of water offloaded at a cabin pressure of 14.7 during the ullage dump.
(The historical assumption was that about 0.5 Ib of water dumped over the
30-second ullage dump; although, some Space Station Airlock Test Article (SSATA)
data shows 0.78 Ib of water for a 30-second dump). The operator may assume a
worst-case ullage dump of 1.0 Ib and use the topmost curve in the graph for
conservative assumption.

2. The EMU H20 WP reading while at 10.2 psia cabin pressure and O2 ACT-OFF.

1.1-5
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Water Displaced as a Function of H,0 Gas Pressure
Assumes 29.85 psi during water offload (14.7 cabin + 15.14 H,O Gas)

2.0
1.8 x
” -
LYy A
f; 1.2 — ’A_,——”'k /.//’. :: O:Ioad 5lbs
e

T T T T T T T T T 1
10 11 12 13 14 15 16 17 18 19 20

H,0 Water Pressure (1132A) at 10.2 psia H,0 Gas Pressure (1132B) 15620507 237r1.cux

Figure 1.1-1. EMU water tank gas bubble correlation
(from FEMU-R-003)

As an example, if the 10.2 psia H20 WP reading is indicating 14 psi, follow a straight
line vertically from 14 on the horizontal axis to the upper curve (conservative 1.0-Ib
ullage dump assumption), then move across to the left to determine the equivalent
water displaced in Ib of water. A displacement of greater than 0.85 Ib means that the
6.5-hour EVA time will not be met (based on 1 Ib/hr water usage), an assessment
should be made as to whether the EVA can be shortened, whether estimated water
usage (cold vs. hot EVA) allows for margin, etc. The following calculations have been
used in these assumptions (assumes 0.5-Ib ullage dump):

8.35 Ib (main-tankage min) - 6.5 Ib (1 Ib/hr for 6.5 EVA) - 0.5 |Ib (30-min margin at
1 Ib/hr) - 0.5 Ib (ullage dump) = 0.85 Ib

113 EMU Water Dump

EMU water dumps are performed as part of servicing operations before and after EVAs.
The United States Operational Segment (USOS)/Airlock is required to accept EMU
waste water, and the Node 3/WPA (launch ULF2) is required to process EMU

waste water, as documented in SSP-41000, SSP-41162, and the Airlock Prime Iltem
Development Specification (PIDS) (684-10142). These requirements are not applicable
to the Russian segment and the SRV-K (Russian Water Processor), and neither is
certified nor tested for processing iodinated water.
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Because implementation of the WPA installation is not planned until ULF2, dumping of
water was performed by flowing EMU waste water to the Lab Condensate Tank, which
was then processed by the SRV-K. After the Russian segment started having problems
with the SRV-K in 2004, it was decided to stop dumping iodinated EMU waste water into
the US Lab condensate tank to avoid subsequent transfer of this water to the Russian
water processor. An alternate method of dumping water from the EMUs was required to
maintain EVA capability.

This alternative method for dumping water from the EMUs was implemented post
12A.1. This first required disconnecting the Waste Water Line under the UIA cover at
the bulkhead gammah fitting, then putting a 0.5-in gammah cap and plug on both open
sides of the line shown in Figure 1.1-2.

PN K14705-48
(Stanley Aviation)

Waste Water Line FE M F M l

PN 683-56836-449 UIA
Minimal pressure XH H#X ~15 psi|from the suits

(check valve downstream) / X X\ (lines rated for 30 psi max)

Viton seal Viton seal

PLUG (male) CAP (female)
Boeing PN 683-16347-818 Boeing PN 683-16347-841
Manuf. PN PTX14705-43 Manuf. PN NPA14705C-R or NPA14705-54

Figure 1.1-2. UIA Waste Water Line Cap and Plug installation

In this new configuration, dumping to the Lab Condensate Tank is no longer possible.
The point of disconnect of the Waste Water Line was made under the UIA cover, and
the current water flow path for the Drain Line from the UIA is shown in Figure 1.1-3. A
big picture overview of the EMU Waste Water Line disconnect at the UIA is shown in
Figure 1.1-4.
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EQUIPMENT LOCK

© ———EMU Fill and Drain Flowpaths
EMU Cooling Flowpaths
$—>— New EMU Waste Water Flow Path

02 SUPPLY

c ISOLATION

| HEAT EXCHANGER
TCS LOW TEMP

LOOP IN (35 °F) £

.I
- |

Loorouresm L
[EMu :EIEELWYATE@@—QQW LB/HR MINIMUM |
B WASTE WATER 60 LB/HR MINIMUM | |
RETURN To Lab Condensate Tank

- Will Disconnect Waste Line Here
- Requires 0.5” Gamah Cap and Plug
- Accessible under the UIA Cover

FLUID DIAGRAM

CREW LOCK
UMBILICAL INTERFACE ASSEMBLY

BULO-EAD
BLUO-EAD

m‘ . |EMU/ORLAN-M COOLING WATER IN

EMU/ORLAN-M COOLING WATER OUT
|

IEMU 02 SUPPLY

EMU WATER FILL/DRAIN

£kt -
é —, 12.0 psig
)

N

Y
8 psig MAX
MANUAL OVERDRIVE

£
- S %

, 11_6.5 psig zgraln)

L5 pBAFILL PORT

EV1

| EV2
e I 57— EMU WATER FILLIDRAIN

s TG EMU 02 SUPPLY
N/ [ I
| y I

' ICE — m EMUIORLAN-M COOLINH WATER|OUT
m > = gz @ ! - EMU/ORLAN-M COOLING WATER|IN
5, ) SIXlWASTE WATER PORT

- New Water Flow Path into CWC or PWR

- CWC can hold up to ~95 |bs water
- Total ullage dump/EVA for 2 EMUs ~1.56 Ibs

.~ Blue-Blue Hose

cwc’

js€20597_238r1.tif

Figure 1.1-3. Current water flow path for Drain Line in UIA
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LAB

Port ; :

LT

(>(> (>(>
°! @] '
1
o Iy Lab Condensate Tank

Stbd @ | 7 %

Equipment Lock AlRLOCK

v/

UIA Waste Water Line Cap and Plug
(Point of disconnect)

O @
O

EMU Water
< Dump Flow Path

In Flight Refill Unit
(PWR Connected here)

Biocide Filters
(on EMU Recharge and Dump Lines (2) ONLY; located in UIA)

Crewlock

sc20597_184.cvx

Figure 1.1-4. Big picture overview of UIA Waste Water Line disconnect
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To dump EMU waste water, a CWC is connected to the UIA Waste Water Port via a R/Y
QD - Blue/Blue Hose - R/Y QD shown below in Figure 1.1-5.

~= Waste Water Port

Figure 1.1-5. Current EMU Water Dump configuration

The rest of the process for dumping water out of the EMU is the same as described for
dumping into the lab condensate tank. For more details relating to EMU waste water
dumps into a CWC, reference the ISS EVA Systems Checklist Procedures 1.506 EMU
Water Recharge Post UIA Cap and Plug or 1.508 EMU Water Maintenance Dump and
Fill Post UIA Cap and Plug.

The CWC is currently not certified to go to vacuum and must be removed from the
airlock prior to depress operations. The CWC is nominally stowed in the Node. The
Blue/Blue Hose and Red/Yellow QD Adapters are nominally stowed connected as one
assembly in the Lab (reference the ISS Inventory Management System for current
stowage location).

Alternatively, if a CWC is not available for use during the dump, a waste PWR may be
used in its place. The Blue/Blue Hose connects directly to the PWR; therefore, a
Red/Yellow QD Adapter is not needed at this junction.

Once the WPA is installed and the waste water line under the UIA cover is reconfigured,
we will be able to perform nominal EMU waste water dumps, as originally intended. For
more information on this, refer to Section 1.1.11, Historical Data Addendum.

114 Water Maintenance

Background

Maintenance is performed on Airlock water systems to prevent water contamination,
due to microbial growth and ionic particulates, and to control subsequent introduction of
contaminants into the EMUs. During the time between STS-107 and STS-114, two of
three EMUs on orbit experienced failures of their coolant pumps. An effort was
launched to determine the causes for these failures. The presence of corrosive
particulates in the EMU cooling loop has shown that the ISS thermal loop heat
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exchanger has a corrosion problem. The impacts to EMU operations are contamination
and the potential to overpressurize the EMU system should the higher pressure LTL
breakthrough to the EMU cooling lines at the heat exchanger. Subsequently, the heat
exchanger was changed out on orbit to mitigate this potential breakthrough but the need
was determined to require coolant loop scrubbing and iodination to maintain the water
system.

The EMU Water Processing Kit was developed to address this need. The following
information describes the necessary activities needed to perform these maintenance
activities and the required hardware.

1.1.4.1 EMU Water Processing Kit

The EMU Water Processing Kit (also known as the Airlock Coolant Loop Recovery kit or
ALCLR) was developed to address the need to maintain the Airlock coolant system.
The kit is designed to be installed at the Multiple Water Connector (MWC) of the EMU.
The kit uses activated carbon, ion exchange resin, filtration, and iodinization to control
particulate formation. Two configurations are used: scrubbing is shown in

Figure 1.1-6, and iodinization is shown in Figure 1.1-7. The scrubbing configuration
incorporates an ion filter that uses activated carbon to remove organic contaminants
and an ion exchange resin to remove ionic contaminants. It also uses a 3-micron filter
to remove particulate contaminants. The iodinization uses an ion exchange resin to
iodinate the coolant loops to ~4 ppm iodine.

o Jumper Assembly
4———————Flow Direction SEG3311846

I
SEG33118472-301 : :@
>

| lon

Figure 1.1-6. Scrubbing configuration

<4—  Flow Direction

Biocide lE
ww/

SEG33118474-301
Figure 1.1-7. lodinization configuration
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Figure 1.1-8 shows the three filters used in the kit and Figure 1.1-9 shows the EMU
Water Processing Jumper Assembly. The kit filters consist of a biocide filter, ion filter,
and 3-micron filter (as shown top to bottom, respectively).

Figure 1.1-8. Biocide filter, ion filter, 3-micron filter
(top to bottom)

Figure 1.1-9. EMU water processing jumper

The following information provides some technical data for the biocide filter, ion filter,
and 3-micron filter. Photos have been provided for each filter. (Refer to
Figure 1.1-10, Figure 1.1-11, and Figure 1.1-12.)
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Biocide Filter
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Figure 1.1-10. EMU biocide filter
A. 100 uses with SCU (1500 uses w/o SCU)
B. 1 use w/SCU = ~4L, good for ~2270L of water iodination ==> ~567 uses w/SCU
1 use w/oSCU
c. Ops Nom Name: EMU Biocide Filter
d. P/N: SEG33118474-301
e. Current Cert Name: MCV (Microbial Check Valve, prepared for flight by USA)

f. Description: lon exchange resin cartridge capable of adding iodine to a
concentration of 1 to 4 ppm

g. Labels:
— Combo Label w/ Ops Nom name, P/N, S/N, and barcode

Label can be written on, over existing information or in blank space near S/N, to
denote “used”
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h. Cleanliness:

— Virtually Clean (VC) external, 300 internal (no particles bigger than 300
microns)

— 150-micron polypropylene screens on inlet/outlet basically keep MCV at 150,
but MCV reqt is 300

i. Pressure:
— 1CD-4-1006-0C-0) max operating pressure at 22 psi above local ambient

j-  Operational = 2270L or ~567 uses w/ SCU...| need the volume assumption w/o
SCU to calculate that (or you can)

Shelf-life = unlimited

k. Connections:
— Inlet: 1/4-inch M Parker Symmetrics QD
—  Oulet: 1/4-inch F Parker Symmetrics QD

When the EMU biocide filter is used to iodinate the entire cooling system (airlock plus
EMU), capacity is subsequently reduced on the Biocide filter.

Based on EMU testing the biocide filter installed in the ALCLR iodinates the
EMU/Airlock coolant loop within 1.5 hours and be able to do that 100 times. The
Biocide Filter also can be configured to iodinate just the EMU within 30 minutes.

For use of the ALCLR Biocide Filter to iodinate the EMU/Airlock coolant loop, the SCU
should be connected. For just iodinating the EMU, the SCU should not be connected.
In either case, the Temperature Control Valve (TCV) should be set to “Full Cold” to get
the best mix of all of the water in coolant loop. Sometime during the scrub, the TCV
should be cycled once to “Full Hot” momentarily and back to “Full Cold” to ensure that
all channels in the EMU coolant loop are iodinated.

The minimum flow rate through the biocide filter is 80 Ib/hr. The limit at the low flow end
is to assure that there are at least 10 volume exchanges so that the iodine has sufficient
resupply to make up for lost iodine due to the initial microbial kill. The restriction of the
biocide filter sets the flow.

Since the possible temperature range of the SCU coolant temperature is dependant on
ISS Integrated Thermal Control System (ITCS) set points, the temperature range that
the biocide filter is certified to operate in is from 50° to 90° F.
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lon Filter

EMU Ton Filter

Figure 1.1-11. lon filter

A. 8 uses with Service and Cooling Umbilical (SCU) (60 uses w/o SCU) or 2 years
after first use

B. Ops Nom Name — EMU lon Filter
C. Part Number (P/N) — SEG33118472-301
D. Current Cert Name — ACTEX

The lon filter has an exchange resin and activated carbon cartridge capable of
removing ionic and organic contamination down to an ionic concentration of

5 mS/cm (micro siemens/cm) or less, and an organic concentration of 5.0 parts per
million (ppm) or less.

E. Labels — The label includes the Operations (Ops) Nomenclature (Nom) name, P/N,
Serial Number (S/N), and barcode. The label can be written on, over existing
information or in the blank space near the S/N, to denote “used.”

F. Cleanliness
1. VC (visually clean) external, 500 internal (no particles bigger than 500 microns)

2. Activated charcoal particulates limit cleanliness, 2.5m filter will always be
downstream, which meets particulate standards of £150

G. Pressure — Max operating pressure at 22 psi above ambient (ICD-4-1006-0C-0)
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H. Operational and Shelf-Life
1. No less than 16,000ml of water flow (~8 EMU suit/loops of water)
2. 5 years based on expiration date of the ion exchange resin
l.  Connections
1. Inlet: 1/4-inch Male Parker Symmetrics QD
2. Outlet: 3/8-inch Female Parker Symmetrics QD

3-Micron Filter

Figure 1.1-12. Micron filter

A. 4 uses or 2 years

The 3-micron filter is currently certified for four uses until more on-orbit data is
obtained and tested on the ground.

Ops Nom Name — EMU 3-Micron Filter
P/N —SEG33118473-301

Current Cert Name — Microbial Removal Assembly; similar to 0.2m filter

m o o

Description — The 2.5-micron polypropylene filter (capsule and media) reduces
particulate concentration to less than 3 microns in size.
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F. Labels — The label includes the Ops Nom name, P/N, S/N, and barcode. The label
can be written on, over existing information or in the blank space near the S/N, to
denote “used.”

G. Cleanliness
1. VC external, 150 A internal (no particles bigger than 150 microns)
2. 2.5m filter meets or exceeds particulate ratings equal to 150 standards
3. Adapters and QDs mated to filter are cleaned to 150 A

H. Pressure — Max operating pressure is 22 psi above local ambient
(ICD-4-1006-0C-0)

I. Operational and Shelf-Life
1. No less than 4,000mL of water flow (~1 EMU suit/loops of water)
2. 2years
J. Connections
1. Inlet: 3/8-inch Male Parker Symmetrics QD
2. Outlet: 1/4-inch Female Parker Symmetrics QD

1.1.4.2 Operational Scenario
Pre EVA Series Events

The operational scenario of the ALCLR starts with the beginning of an EVA series. An
EVA series can be one to six EVAs with less than 2 weeks between EVAs and a
maximum time between the first and last EVA of 8 weeks. To keep any particulates that
may have formed during the EMU/Airlock down time, both loops should be scrubbed
using the ion filter and particulate filter in series.

Event ALCLR configuration | Airlock Flow duration Time constraint
configuration (h:mm)
Scrub lon/particulate filters EMU with SCU >1:00 < 4 weeks before 1 EVA

Post EVA Series Events

After the EVA series, the loops and suits that were used for the EVAs need to be
cleaned with the ion filter and particulate filter in series to remove all contaminants that
were formed during the EVAs. This is to assure that the gas trap and pump area do not
fail due to solids formed from residual contaminants. After the suits and loops are
scrubbed, they are iodinated using the biocide filter to provide a residual biocide for
microbial growth control. Since the biocide filter releases a higher concentration of
biocidal iodine at warmer water temperatures, there are two approaches to iodinating to
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assure that the EMU has the highest level of iodine possible to optimize microbial
control. If the Low Temperature Loop (LTL) is below 70° F in the Airlock, then a
two-step method is required. If the LTL is above 70° F, then a single-step method could
be performed. Typically, the LTL is reconfigured for the iodination phase to meet the
requirements of the iodination occurring in the “warm” zone (>70° F) reducing overhead
and saving crew time. Also, the ALCLR ion filter should be iodinated by flowing 150 ml
of iodinated water through it to prevent microbial growth from occurring when it is stored
for over 2 weeks.

Max time between EVAs in a series with no scrub is < 2 weeks.

Scrub
Event ALCLR configuration | Airlock Flow duration | Time constraint
configuration (h:mm)
Scrub lon/particulate filters | EMU with SCU >1:00 < 2 weeks after last EVA
lodinate with “cold” LTL Option
Event ALCLR configuration | Airlock Flow duration | Time constraint
configuration (h:mm)
Loop biocide | Biocide filter EMU with SCU 1:30 < 2 weeks after Last EVA
Suit biocide Biocide filter EMU alone 0:30 < 2 weeks after Last EVA
lodinate with “warm” LTL Option
Event ALCLR configuration | Airlock Flow duration | Time constraint
configuration (h:mm)
Loop biocide | Biocide filter EMU with SCU 2:00 < 2 weeks after Last EVA

Maintenance

The EMUs should be scrubbed and reiodinated if an EMU sits dormant for more than
90 days from last checkout (including the first checkout on orbit). This can either be
done with the SCU connected or disconnected. The advantage of having the SCU
connected is not requiring battery charging. The advantage of not having the SCU
connected is shorter scrubs and more uses of ion filter. We currently do scrubs with
the SCU connected. This takes a little longer but ensures the whole system is treated.

Maximum EMU stagnation time is 90 days.

SCU Disconnected
Event ALCLR configuration Airlock configuration Flow duration
(h:mm)
Scrub lon/particulate filters EMU alone 0:30
Suit biocide Biocide filter EMU alone 0:30
SCU Connected
Event ALCLR configuration Airlock configuration Flow duration
(h:mm)
Scrub lon/particulate filters EMU with SCU 1:00
Loop biocide Biocide filter EMU with SCU 2:00
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Operational Workarounds

If, for any reason the ALCLR hardware would not be available to scrub or iodinate the
suits and loops, then the following should be performed:

Event Workaround Airlock Flush quantity Time constraint
Configuration

Pre-EVA flush | PWR flush EMU w/ SCU 10 Ib of PWR per loop | < 4 weeks before 1% EVA

Post-EVA flush | PWR flush EMU alone 51b of PWR per EMU | <2 weeks after Last EVA

Scrubber/Filter Operational Constraints

Number of uses (Pre-EVA, Post-EVA, or maintenance)

Unit Uses with SCU connected Uses EMU alone
lon filter 8 60*

Biocide filter 100 1500*

3-Micron Filter 4 4

*15 EMU alone uses = 1 EMU with SCU connected

On-orbit life
Unit Before first use After first use
lon filter Unlimited 2 years
Biocide filter Unlimited Unlimited
3-Micron filter 2 years n/a
Adapter 2 years from manufacture -

System History — EMU Cooling Loop Maintenance (Orbit Data)

Figure 1.1-13 shows RTPLOT Airlock data obtained in the MCC in preparation for
United States (US) EVA 4. The data shows a Fan ON time of 8:30 to initiate the
scrubbing and a Fan OFF at 9:34 for scrubbing termination. During the scrubbing
phase, the LTL provides cooling, which allows for the filters to capture contaminants
more readily. Once the LTL is deconfigured (cooling disabled) from scrubbing
operations, it is reconfigured for the iodination phase in order to meet the requirements
of the iodination occurring in the “warm” zone (>70F). Biocide filters provide better
iodination at warmer temperatures. It also allows for the single-step method to be
performed, saving crew time. A minimum of 2 hours of iodination is shown completed at
12:05 with the LTL reconfigured shortly after. More detailed plots of this data may be
obtained from the EVA Systems console log entries for Inc 12 for November 9, 2005.
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Figure 1.1-13. Pre-US EVA 4 LTL data during scrub and iodination

(A/L LTL Temps(top graph, deg F) & EMU Water Temps(lower graph, deg F)
as functions of time)

1.1.4.3 EMU Water Processing Kit Stowage

The first EMU water processing kit was flown up on STS-114. The kit was manifested,
as shown in Figure 1.1-14. A kit was flown containing jumpers to be used on two EMUs
during servicing operations. The kit is stowed in CTB bags with foam containing
appropriately sized cutouts for each component. Figure 1.1-14 shows each CTB
containing two 3-micron filters, 1 ion filter, 1 biocide filter, and one EMU water
processing jumper.

Each EMU water processing kit subcomponent contains a serial number that is tracked
by Mission Operations Directorate (MOD) EVA personnel in the Logistics Tracking
Database. This tracking information is used to prevent components from exceeding
their design use cycles. Once the initial STS-114 filters are returned on STS-121, an
analysis is performed to determine if a life extension is feasible for these filters. This
eases future resupply logistics and prevents shortages on orbit. More details on
logistics tracking of this kit are provided in Section 1.1.10, Logistics Tracking.
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Figure 1.1-14. STS-114 EMU water processing Kit

1.1-21



EVA CHB DATE 05/16/08 VOLUME 3 ISS EVA OPS
JSC-20597 REV. B ISS EVA WATER SYSTEMS

1.1.5 Water Flow Paths

G.

mm oo w»

Figure 1.1-15. Airlock port view showing cooling flow paths
In-Flight Refill Unit (IRU)

IRU Water (EMU Water Recharging)

MTL Cooling Lines

LTL Cooling Lines

SPCU Heat Exchanger

EMU Waste Water (to lab condensate tank)

EMU Cooling Water Lines (water out and return lines shown)

Figure 1.1-15 is a Port view of the Airlock showing the various ISS EVA Water Systems
flow paths. The Moderate Temperature Loop (MTL), LTL, IRU water lines, EMU cooling
lines, and EMU waste water lines have been colored in for clarity. The drawing shows
the lines terminating at the Umbilical Interface Assembly (UIA) connection point and at
the Airlock to Node interface with the lines leading up to the US Lab condensate tank
omitted for brevity.
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The lines in yellow routed from the IRU are the water recharge lines. These lines carry
fluid from the PWR to the EMUs. Only the portion leading up to the UIA connections is
shown.

Figure 1.1-16 shows one simplified EMU cooling loop and includes the EMU Water
Processing Kit installed.

Airlock

—’

Water Sep

Sublimator
ISS
Thermal
Loop

0-180 Ib\hr
(82 L/hr)

. p _' Processing Kit
“V\: ¢ ¢ ¢
\ ) 25 ft ISS EVA Umbilical Gas Trap
Heat (IEU)
Exchanger

j$c20597_187.cvx

Figure 1.1-16. Simplified EMU coolant loop
1.1.6 EMU Cooling

The EMU cooling loops provide heat removal for the suits by rejecting heat into the LTL
via the Service and Performance Checkout Unit (SPCU) Airlock heat exchanger (shown
below in Figure 1.1-17). The SPCU heat exchanger may serve one or two EMUs
simultaneously. Flow through the respective EMU cooling loops is provided by the EMU
pump at approximately 240 Ib/hr (chamber data has shown approximately 180 Ib/hr with
the EMU Water Processing Kit).

Figure 1.1-16 shows one EMU cooling loop for simplicity. Starting at the EMU pump,
water flows past the UIA toward the SPCU heat exchanger. The heat exchanger
contains a brazed, plate and fin, counterflow core and can handle 2,000 BTU per EMU.
Both EMU circuits flow in parallel paths counter to the flow of the ITCS circuit. Flow
returns past the UIA, though the SCU and into the EMUs to provide cooling for the
crewmember at the Liquid Cooling and Ventilation Garment (LCVG).
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106432-02

Figure 1.1-17. SPCU Airlock heat exchanger

(PN 2351350)
Performance Data:
e Heat Transfer Capacity, BTU/hr 2,000¢1)
e Hot-Side Flow Rate, Ib/hr 240(1)
e Cold-Side Flow Rate, Ib/hr 300
e Hot-Side Inlet Temperature, deg F 56
e Cold-Side Inlet Temperature, deg F 42
e Effectiveness Cold 0.95 (2,3)
e Hot-Side Pressure Drop (@ 240 Ib/hr), psi 0.75
e Cold-Side Pressure Drop (@ 300 Ib/hr), psi 0.5
e Dry Weight, Ib 7.0
e Max Dimensions, inches 11.5(L)X5.1(W)X4.5(H)

NOTES:

(1) Per EMU Loop

(2) Effectiveness (Cold) = (Tin-Tout)cold/(Thot-Tcold)IN.
(3) Simultaneous EMU Loop Operation

During suited operations in the Airlock, ventilation loop condensate for each EMU is
introduced at a rate of approximately 0.2 Ib/hr (approximately 1.5 Ib per EVA). This
condensate contains microbes, biological materials, and salts from the crewmember.
Excess condensate is returned to the EMU water tanks. The amount of condensate
introduced into the system varies, depending on the amount of time spent in the suit
with the SCU connected, and usually is determined by the type of Prebreathe Protocol
used for the mission.
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1.1.7 IRU and PWR

The IRU (Ops Nom), also known as the Fluid Pumping Unit (FPU), is part of the Airlock
Service and Performance Checkout Equipment (SPCE) hardware and is used to move
water from a PWR into the EMU water tanks. The IRU is designed to interface with the
PWR via a QD and accepts up to two PWRs to allow for transfer of water from one
PWR to another.

1.1.71 IRU

The IRU (Figure 1.1-18) is installed in AL1F2 and is used to pump water from a PWR
into the EMUs via Airlock plumbing through the UIA and SCU. The IRU allows fluid
from the connected PWR to enter the UIA at a rate of 120 Ibm/hr.

Figure 1.1-18. In-Flight refill unit

Power up of the IRU begins at the PSA IRU/Utility Power switch. Due to power loading
constraints, crew should always contact Mission Control Center-Houston (MMC-H)
when turning on the IRU if other operations are drawing power from the Utility Power
Outlet (approximately 6 A max combined power draw from all users). For additional
technical specs, reference the IRU section of this console handbook.

Once the IRU is powered up, a PWR is connected at the H20 IN port. Water is then
pumped to the EMU or to another PWR through the AUX OUT port, depending on the
setting of the IRU rotary valve.

Water may be transferred to another PWR to consolidate PWRs or if a PWR has a leak
in it. Figure 1.1-19 shows the IRU/PWR configuration for a PWR consolidation. Note
that the PWR on the bottom has had its zipper opened for ease of view of the water
bladder within the restraint bag.
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Figure 1.1-19. PWR consolidation

When water is transferred from one PWR to another, the expiration date of the water in
the newly filled bag is equivalent to the expiration date of the oldest water. Therefore, if
one bag is going to expire in 6 months, and the other in 2 months, the new expiration
date of the combined PWR water is 2 months. Furthermore, if a PWR is to be dumped
and refilled, the expiration clock of the PWR is reset to 1070 days only if its water
quantity has gone below 5 Ib of water. More information on PWR water expiration may
be obtained in Section 1.1.10, Logistics Tracking.
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During water transfer from the source PWR, SSATA testing has shown that there is no
issue in the event that the PWR should run dry. Operationally, crew turns the pump off
and swaps out for a new PWR.

1.1.7.2 PWR

The PWR is a soft container used for a variety of fluid collection and stowage
applications on shuttle and ISS systems. Two primary applications of the PWR have
been identified during the development of PWR hardware: the transport to orbit and
short term storage of Internal Active Thermal Control System (IATCS) resupply fluid;
and the storage and transfer of high-purity iodinated potable water for the charging of
EMUs. PWRs specified for EMU use are specified as EMU PWRs and are not used for
IATCS applications, and the reverse also applies.

Several life extensions have been given to PWR water based on analysis. Currently,
PWR water is acceptable for use in the EMU if it is less than 1070 days old. Analysis
has shown that pH levels for 1070-day-old water is 5.44 (slightly acidic) and has no
detrimental affect on sublimator performance. There is currently little to no water left in
storage older than 1070 that may be tested to extend the on orbit life of PWR water.

PWRs are launched dry and filled on orbit. They are filled using the Shuttle Orbiter
Repackage Galley (SORG also known as the Shuttle Galley) with a supply pressure of
15 to 20 psig to about 22 |b of water (~3.3 gal) in about 40 minutes, as shown in
Figure 1.1-20.
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Figure 1.1-20. PWR refill using the
orbiter galley

PWRs have a nominal capacity of ~10 liters (22 Ib) of water and can therefore recharge
two completely drained EMUs. Although all nominal operations are at ambient
pressure, the PWR is certified to withstand a limited pressure condition. All PWRs are
certified clean for potable water containment. After a PWR is used on orbit and returns
to the ground, a new bladder is installed prior to acceptance testing and re-flight.

PWR Degassing

Prior to refilling an EMU, crew inspects the PWR for gas bubbles. To prevent gas from
being pumped into the EMU water tanks, a degassing technique has been developed to
flush most of the gas out of the bag prior to EMU filling. Two 11-inch Russian bungees
are used to squeeze the bags, as shown in Figure 1.1-21.
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11” Bungees

: | PWR Velcro
o= L i straps
Figure 1.1-21. PWR with bungees

To get the gas out of the bag, the ground servicing port is used. The PWR de-gas tool
was developed to allow for depressing of the poppet located in the ground servicing
port, as shown in Figure 1.1-22.

QD outlet
tube

PWR de-gas
tool

Figure 1.1-22. Insertion of de-gas tool

The tool contains a “V” cut at the bottom that makes contact with the outlet port to allow
the gas to escape. Once pressure is applied to the bag and an outlet for the gas to
escape is available, the crew must force the water away from the outlet opening.
Should crew depress the outlet poppet prior to rotating the bag, water flows out of the
bag. Therefore, the water needs to be moved out of the way of the outlet poppet. To
do this, the bag is rotated about the crewmembers axis of rotation with the outlet
opening closer to the crewmember than the rest of the bag. Crew holds a towel near
the outlet to catch any free water droplets that might escape. (Refer to Figure 1.1-23.)
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Figure 1.1-23. Position for rotation of PWR

As the bag is rotated, the water moves away from the crewmember and, thus, away
from the outlet opening. Only then does the crewmember depress the outlet poppet to
allow the bungees to squeeze the gas out of the bag. A negligible amount of water may
also flow out of the bag during degassing and is captured into a towel.

A more detailed description of PWR degassing may be obtained by referencing the ISS
EVA Systems Checklist Procedure, Payload Water Reservoir De-gas. Operators may
also reference on orbit-video footage of Expedition 9 crewmember Mike Fincke
performing PWR degassing in the US Lab.

11.8 CWC Description

The CWC is a soft container used for a variety of fluid collection and stowage
applications on shuttle and ISS systems. (Refer to Figure 1.1-24.) The primary
application of the CWC is as a container for the transport and resupply of potable water
from the shuttle to the ISS, as was similarly done for the Mir Program. For this
application, orbiter fuel cell water is processed through the Galley lodine Removal
Assembly (GIRA) where silver (biocide) and minerals (for taste) are injected into the
CWC as it is filled on the orbiter middeck. Another important application is for the
collection and stowage of humidity condensate on the ISS. In addition, there are
several contingency uses to collect condensates, wastewater, and other unique fluids
such as EMU wastewater. Thus, the CWC inner lining is shown to be compatible with a
number of different fluids. Fluid compatibility over time will also be proven, to show that
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various fluids can be stowed in CWCs for months at a time without the degradation of
either the fluid or CWC itself.

Figure 1.1-24. CWC (-305 flight configuration)

CWCs have a maximum capacity of 120 Ib of water. However, operational constraints
limit the filling of CWCs to 95 Ib to protect against overpressurization. This constraint
also serves to limit the weight in Orbiter Volume G or H, which is where CWCs would be
stowed in the event of rapid safing for an emergency landing. CWCs are also certified
to land full (95 Ib) in any appropriately sized Multipurpose Logistics Module (MPLM)
Resupply Stowage Rack (RSR) location. Although all nominal operations are at
ambient pressure, the CWC will be certified to withstand a limited pressure condition.

The CWC consists of an outer restraint and an inner bladder. The restraint is primarily
made from Nomex fabric and Nomex reinforced webbing, and is designed to provide
protection against inadvertent external bumps, structurally contain any internal pressure
forces, and contain various crew interface features such as handles, pockets, and
labeling. The bladder is made from a thin, clear material, Combitherm VPCXX-140,
chosen by the National Aeronautics and Space Administration (NASA) for its
compatibility with a large number of different fluids. Combitherm is a multilayered
material with polyethylene as the outer most layers. To aid in the proper seating of the
bladder with the restraint and to minimize unnecessary bladder crimping and crinkling,
the bladder is anchored to the restraint in several places.

The primary fluid interface of the CWC is a 3/8-inch male QD fitting. From this port, all
filling and emptying on orbit takes place. A service port is located on the underside of
the CWC and is used for ground servicing only. It remains plugged while on orbit. All
certified CWCs are cleaned and disinfected for potable water containment for their initial
use. After a CWC is used once, all future fills with this unit must be with nonpotable
water only, since the potability cannot be guaranteed without reprocessing on the
ground.
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1.1.9 UIA

The UIA in the Crewlock provides the capability to connect EMU suits to the ISS for
power, data, communication, suit cooling, and O2 during EVA prep for egress and
Airlock ingress following an EVA (or for conserving EMU consumables). It also provides
these capabilities during Intravehicular (IV) operations for EMU maintenance and
checkout activities. Water is supplied to the UIA from the IRU for EMU water recharging
activities. When charging EMUs, the UIA Supply valve is placed in the OPEN position
and Regulator is set to SUPPLY for each EMU. Water flows through a biocide filter as it
moves from the PWR to the EMU and is, therefore, iodinated. Two biocide filters are
located under the UIA cover with the second one located on the waste water line to
iodinate water that is dumped from the suits. More technical information relating to the
UIA may be found in the UIA section of this console handbook.

UIA Condensation Concerns — When the UIA is configured to allow flow through the
Liquid Cooling Ventilation Garments (LCVGs), required cooling is provided to the suited
Extravehicular (EV) crewmembers. This coolant flow path is isolated physically from the
Airlock ITCS LTL with heat rejection accomplished in the SPCE Heat Exchanger (HX).
The EMU Primary Life Support System (PLSS) contains a pump that circulates the
water through the LCVGs based on comfort settings used by the EV crewmember.
When the UIA was installed in the Crewlock, there is plumbing that is part of the UIA
that is not insulated. This discovery was made at a point in time of the outfitting
schedule that it would have caused a significant mission slip to correct it. It has not
been determined when this will be corrected. Analysis was performed to determine the
best way to deal with this operationally. For now, the Airlock CCAA setting is set lower
when the EMUs are connected flowing water and additional personnel in the Airlock is
limited. Due to restricted access, there is no way to reach behind the UIA and towel off
the area.

1.1.10 Logistics Tracking

EVA Water Systems logistics are tracked using the V: drive logistics tracking database.
During orbit operations, console operators log information such as PWR drain
quantities, PWR fill quantities, CWC fill quantities, ALCLR events, etc. More information
on EVA Water Systems logistics tracking can be found in JSC-20597, Volume 1, EVA
Console Handbook, Section 4.6, EMU Logistics Tracking Database.

1.1.11 Historical Data Addendum
A. EMU Waste Water Dump Data

Table 1.1-1 shows water usage data from STS-82 and STS-104 and is provided here
for reference to show potential EMU water recharge amounts. During an EVA, there is
no direct insight into the water usage rate of an EMU. For LiOH-based EVAs, a usage
rate of 0.8 Ib/hr is used as a conservative value. For Metox, 1.0 Ib/hr is assumed for
calculations. The operator should reference the EMU Consumables User Guide and
EMU Consumables Spreadsheet for more information regarding water usage
calculations.
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Table 1.1-1. Sample water usage data from STS-82 EVAs

STS-82
EVA | EVA Met rate TKC H.O Ib H,0 Ib refill Usage rate % Used of
time (Avg) qty refill (per EMU, (Ib/hr) primary tanks
(%) (2EMUs) | wi/ 1Ib ullage) (7.47 Ib)
1 6:42 758/800 5.2 8.666 3.407 0.508 45.6
2 7:27 760/800 5.1 8.5 3.324 0.443 44.5
3 7:11 732/782 5.6 9.333 3.74 0.521 50.1
4 6:34 743/690 4.6 7.666 2.907 0.447 38.9
5 5:17 751/695 3.3 5.5 1.824 0.345 24.4
STS-104
EVA | EVA | Met Rate TKC H20 Ib H20 Ib refill Usage % Used of
Time (Avg) Qty refill (per EMU, Rate primary tanks
(%) (2 EMUSs) w/ ullage) (Ib/hr) (7.47 Ib)
1 5:59 2?°U??7? 4.6 7.6 2.8 0.468 37.3
2 6:29 744/668 4.4 7.25 2.6 0.401 34.7
3* 3:55 957/797 N/A 12.8 3.9 0.996 52.0

* EVA 3 was the first out of the ISS Joint Airlock and the first to use METOX

During water dump after fill, a dump rate of 0.9257 Ib/min was used in the above table
based on data (420 cc/min) taken from STS-82 V1103.01 (Airlock Functional) test.
Data during STS-104 indicates 1.0 Ib/min dump also for Joint Airlock.

Since we did not perform a feedwater recharge on orbit on STS-96, we had a rare
occasion to find out the actual water used during the EVA. Using the preflight water
charge data and the postflight water drain performed at USA FCE/EVA, the actual water
usage was 2.69 Ib for EV1 (on Remote Manipulator System (RMS)) and 5.43 Ib for EV2
(free-floater).

The average metabolic rate for EV1 was approximately 615 BTU/hr, and the average
metabolic rate for EV2 was approximately 875 BTU/hr.

B. Intended Nominal Water Dumping Scenario

Figure 1.1-25 depicts the waste water lines used by the EMU and the Common Cabin
Air Assembly (CCAA) to pump water into the lab condensate tank (labeled as EMU
Water Dump Flow Path) and may be used for reference. As designed, the complete
flow path to the lab condensate tank is used any time the EMUs water tanks are
dumped as part of the nominal ullage dump after water recharging activities.
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Figure 1.1-25. EMU water dump and fill flow paths
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Table 1.1-2 and Table 1.1-3 show EMU Water dump history from 2002 through 2004.
In some cases, water was processed by the SRV-K; while in others, the water was
vented overboard.

Table 1.1-2. EMU waste water dump history
(from ISS ECLSS water mini-TIM August 2005)

Date Quantity ENTI Quantity Lah Tank Offlead | CWC Serial Flush, Process,
wastewater (Ih) | Condensate Tank (Ih) Date Nunther or Vent
JUL-21-2001 262 102 27-Jul-01 1009 Vented
FEBE-21-2002 13 a3 22-Feb-02 1022 Vented
APR-11-2002] unk 47 16-Apr-02
APR-13-2002] 11 >335 635 16-Apr02 e Vented
APR-14-2002] 125 T8 16-Apr-02
APR-16-2002] unk a0 16-Apr02
JUN-2-2002 | 135
JUN-11-2002] 1463 389 85 1-Jul 02 1004 Processed
JUN-13-2002] 089
ATTG-17-2002 0E2 40.24 21-Aug 0 1004 Processed
ATTG-30-2002 158 5029 21-Bep02 1022 Processed
OCT-10-2002] 143 26 18-Cet-02
QOCT-12-2002] 117 414 30 18-Oet-02 1004 Processed
OCT-14-2002] 154 40 18-Cet-02
MOV-27-2002] 149
MOV-20-2002] 1.12 37 4.4 10-Dec-02 1022 Processed
PIOV-20-2002] 109
JAN-15-2003 utik 43 22-Jan-03 none Vented
APR-0-2003 125 2162 28-May-03 1027 Processed
Fall- 2004 05 TED TED TED Flushed
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Table 1.1-3. EMU waste water dump history showing mission-
specific data

EMU FEEDWATER ULLAGE DUMPS TO LAB CONDENSATE TANK

POST EVA
AVAILABLE DATA POINTS:

TOTAL PER EMU
(Ib) (Ib)
8A 1.5 0.75
1.23 0.615
1.24 0.62
UF2 1.35 0.675
1.63 0.815
0.9 0.45
9A 1.42 0.71
1.33 0.665
1.51 0.755
11A 1.49 0.745
1.12 0.56
1.09 0.545
INC 6 1.25 0.625
AVERAGE 1.31 0.66
MEDIAN 1.33 0.67
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1.1.12 Related Documentation References
JSC-20597, Volume 1, EVA Console Handbook

JSC-60417/CTSD-SS-2728 FEMU-R-003 Rev L-2, EMU On-Orbit Operation,
Maintenance, Testing, Storage, and Tracking Requirements and Constraints,
January 15, 2008

ALCLR Design White Paper, John F. Lewis, EMU/Airlock Coolant Loop Tiger Team
Lead, NASA JSC EC6, April 20, 2005

JSC-39375B Project Technical Requirements Specification for the Contingency Water
Container, April 25, 2001

EMUM 1034-1070 day PWR water acceptability, March 22, 2004

EMUM 1038-Gas Bubble SEMU 3011 during ISS 8 midterm checkout, March 29, 2004
ISS AR 000257, High Residual Water Pressure

“Feedwater Gas Bubble” presentation from Colin Campbell, April 5, 2004

JSC-62294 1SS EMU Airlock Cooling Loop Recovery Kit CARD

EMU Water Dumping presentation to ISS ECLSS Mini TIM, Laurie Peterson-ISS ECLS
Subsystem Manager, August 12, 2005

DX35 EVA Systems Logistics Tracking Database
DX35 EVA Consumables Spreadsheet User Guide
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Battery Stowage Assy & Battery Charger Assy 1

EVA CHB
JSC-20597
ELEMENT
AL
Flight Configuration
enith
Port
Starboard Forward
Nadir

AL1F1 - Avionics Rack
BCA: SEG39128212-301
BCM: SEG39128256

BC1: sn1001 (type -301)
BC2: sn1003 (type -301)
BC3: sn1006 (type -303)
BC4: sn1007 (type -303)

Spares: None on-board
BSA: SEG39128213
sn1002 (type -601)

umpers —_Fans A & B__Charging LED— Micro-switch

s |

!

(similar to BSA Door Placard SDG33113132) |

=2

]
]

’
S| B

Spares: None on-board BSA SLOT ASSIGNMENTS
EMU Batteries HL-A Batteries PGT Batteries
HL-A1 HL-A2 PGT 2 PGT 3
EMU 1 EMU 2
CHARGE TIMING SEQUENCE BC 4 BC 3 BC 2 BC 1 BC 2 BC 2
OuR = = == — cH 1 CH 1 ICDH 013 HL-A (IZDH 033 HL-A o o
HOURs | PGTT | HL-AT ID 02 EMU SUIT || ID 02 EMU SUIT = ID 06 PGT || 1D 06 PCT |
2 HL-A3 HL-A4 PGT 4 PGT 5
3 REBA (ACP 1)|REBA (ACP 2 BC 1 BC 1 BC 2 BC 2
4
CH 5 CH 6 CH 5 CH 6
i R D 03HL-A | | 1ID 03HLA [ | 1D ospPGT |[ID 08 PGT
7] HL-B Batteries PGT 1
8| MU 4 HL-BIEMPTY2 | HL-BIEMPTY3 BC 1
o FLAZ PGT2 EMU 3 EMU 4 BC 4 BC 1 BC 1 CH 1
10} in BSA in BSA CH 4 CH 2 CH 4 D 09 PGT
11 ID 01 EMU BSA || ID 01 EMU BSA —
; Doy R e [ Ll hurerar
13| HL-B3 PGT3 ICB type ICB type Lot T eVl [1)BC3,CH2
14| EMU EMU HL-BIEMPTY4 || HL-BIEMPTYS5 |[ HL-BIEMPTY1 ||2) BC4, CH2
15| Battery Battery BC 3 BC 4 BC 2 3) BC3, CH5
6] CH 3 CH 3 CH 2 4) BC4, CH5
7] HL-A3 PGT 4 ID 04HL-Bor [fID 04HL-Bor || 1D 07HL-Bor ||5)BC3, CHe
13 10 HL-B EMPTYI{10 HL-B EMPTY]| 11 HL-B EMPTY| | 6) BC4, CH6
20) )
21 HL-A4 PGT5
22 Solar Array: Channel 1A -or- Channel 4A
2 DCSU: 1A: RBI 6 -or- 4A: RBI 6
25 (Direct Current Switching Unit)
26 SARJ:  Starboard -or- Port
;g (Solar Array Rotary Joint)
29 MBSU: 1:RBI 3 -or- 4: RBI 3
30 (Main Bus Switching Unit)
g; DDCU: LA1A -or- LA4A
33 (DC-to-DC Converter Unit)
- RPCM LA- 1A4A-F: RPC3
g(; RPC3 — BC 1
38 RPC 4 — BC 2
39
e RPCM AL- £~ RPC5 —{BC 3
41 REBA (ACP 3)|REBA (ACP 4 1A4A-B: RPC6 — BC 4
42
43
44
45 REBA (ACP 5)|REBA (ACP 6
46
47
48]
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DATE 05/16/08
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JSC-20597 REV.: B BCA
ELEMENT PAGE
AL Battery Stowage Assy & Battery Charger Assy 2

Front Panel Display Examples

(Photo shows Main Display @ Power up)

During Charging

CHARGE | CHAN:VOLT
CH:1 [1: -- 4: 0.0
V:40.6 |2: 0.0 5: 0.0
A:0.55 [3:31.6 6: 0.0
Channel History

Ch 3: 04HL-B

Charged 04:10:15
Task Completed OK
Look at (all complete)

Look at 2 4 5 6

Charged 1 3

Discharge (-305 only)

BATTERY
CHARGER

AL MDM CHANNELS

DATA PATH
AL MDM BCA Card Ch# Data
Anatos DIO8 16  BC#1 Ena Cmd*
LLA 13 [« X::tpss 17 BC #2 Ena Cmd *
) 21 BC#3 Ena Cmd *
ﬂ L jpet Seraly 22 BC#4 EnaCmd*
= | [seriat status] | [ L1pBC 2 Serial LLA 13/0 BC 3 Volt Mon
z ?I:Il%g? NBC 3 Seria 3 BC 3 Current Mon
o Serial Data BC 4 Serial | 5 BC4 Volt Mon
T Poling 6 BC 4 Current Mon
5 Conprol 25 |BC1VoltMon
N 26 BC 1 Current Mon
28 BC 2 Volt Mon
(|s":;||; Q{I(?h'v;) e 31 BC 2 Current Mon
* Serial Data Retreival Command

CHARGE COMPLETION STATUS & HISTORY FIELD

Completion Msg

Definition

AL1F1 Avionics Rack: PO}
Deck

T
i |
i
i |
i
I i
i
i
i |
i
i |
it |
I |
i |
i
i |
i |
i |

BSA Door
Handle

Wrong batt

Power error

Task completed OK
Stop switch toggled

Batt circuit open

or Hi-imp

Batt over-temp error
(individual channel)
Batt over-temp error
(all closed channels)
Short circuit error
Time-out error
Low-slope error

Low Probability Errors
Amp-hour tested OK

Amp-hour test error

Reverse polarity error
External-temp error

Charging was completed nominally per cut off criteria (no A-hr check)

Charge terminated by user with Stop switch -OR- by false STOP
command (refer to IFI 1137)

The battery circuit appears to be open -OR- no battery is installed
Battery failed the rail test. No battery installed -OR- wrong battery
type -OR- battery has high internal impedance (refer IFI-1855)
Battery temperature reached Temperature Cutoff (TCO) during charge
(refer IFI-1855) [only for batteries designed w/ a Thermal switch]

BSA door is open -OR- door sensor fails to indicate closure (NOTE:
IFM is possible to use other Fan/sensor)

Short-circuit sensed in the cable or battery -OR- no battery installed.
Charge terminated by time limit set in parameter table

The rate at which the battery voltage is increasing is below acceptable
limits and does not seem to be accepting a charge. Try alt-charge
initially or the battery could already be charged

Calculated amp-hours exceeded the Min Amp Hour in the parameter
table

Calculated amp-hours were less than the Min Amp Hour in the
parameter table

The charger tried to exceed 350 watts during charge or 65 watts during
discharge. This error should be N/A for the BCA because it has been
modified to limit its power draw to 100 watts charge (50 V or 3 amps)
and TBD watts discharge

Reverse polarity of battery woltage

Overtemp cutoff in discharge booster (N/A)

H ;i [History Msg Definition
i | /i [Charging Battery on selected channel is presently charging
41 /1% |Charged Battery on selected channel has finished its charge, or charge has
been terminated by the user
No History No information has heen callected forthe selected chaopel |
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AIRLOCK SYSTEMS
ELEMENT PAGE
AL Battery Stowage Assy & Battery Charger Assy 3
BCA CHARGE AND DISCHARGE PARAMETERS FOR VARIOUS BATTERY TYPES
-301 type Charge | Charge | Charge | Charge | Dis— Dis- Amp Minimu COMMENTS
Amps Volts Type / Time- | charge | charge | Hours | m Amp BOLD = Parameter used by
S03tpe | (&Alt | (ocy) | Cutoff | Out* | Amps | Cutoff Hours -
Charge) Type HH:MM Voltage
-305 type
(0OCV)
10 HL-B 0.0A 0.0V 00:00 0.0A 0.0V 0.0AH | 0.0AH | Obviously, not a real battery
Empty ReFLEX / type.
11 HL-B 0.0A 0.0V Voltage 00:00 0.0A 0.0V 0.0AH | 0.0AH |, FIX: The 303,301 chargers
Empty Maximum intermittently would not pro-
1.00A 18.0V Curve 4:00 1.0A 15.0V! | 3.4AH 2.5AH | ceed past these channels due to
slight positive V bias / noise.
01 EMU BSA 21.56V | Constant | 22:00 1.50A 2FIX: Parameters modified on-
1554 | 2078v2 | SO | 30.00e | 1504 | 15.95V | 46.0AH | 26.6am | PO via OCA 05-1339 o geta
Voltage complete maintenance recharge
21.78V Cutoff 30:00 3.0A of a fully discharged EMU ICB.
03 HL-A
04 HL.B R\iihf)i/ 30n -301 chargers, for
1.00A3 18.0V a8 4:00 1.0A 15.0V 3.4AH 2.5AH | unknown reasons, charge
07 HL-B Maximum .
current is actually around 1.3A.
Curve
06 PGT 0.5A
09 PGT R\i};{“t?i/ 40n -301 chargers, for
0.55A* 36.0V a8 4:15 0.5A 30.0V 1.9AH 1.0AH | unknown reasons, charge
Maximum .
current is actually around 0.7A.
Curve 1.0A
08 REBA-30 ) )
ReFLEX / 0.5A While REBA is a 12V system
1.00A | 360v | Vollage | 4s 30.0V | 3.60AH | 2.5aH |Whenin use, the battery cell
Maximum 0.5A strings are reconfigured when
Curve the REBA jumper cable is
1.5A separated for charging. For the
05 REBA-10 ReFLEX / 0.5A 30-cell channel, the 3 10-cell
Voltage strings are thereby placed in
1.00A 12.0V Maxi 4:15 0.5A 10V 3.60AH | 2.5AH | series, resulting in the higher
aximum
C voltage.
urve 1.5A
02 EMU In-suit charging has not been
SUIT reinstated since a grounding
sneak circuit exists when both
umbilicals are connected to
EMUs (IFI-TBS)
* Actual maximum charge time is 3 minutes longer due to the initial Alt Charge performed at the start of every charge sequence.
For battery specific voltage profiles during charge and discharge, see details in the BCA Systems Brief.
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BCA

ELEMENT

AL

Battery Stowage Assy & Battery Charger Assy

Known Issues (IFls, ARs, Chits)

Document

Signature

Workaround

IFI1-0929
IFI-1644

IFI-0500
IFI-0619

IFI-1211

IFI-0918
IFI-1137
IFI-1876

IFI-1494

IFI-0770

IFI-1494
IFI-0701
IFI1-0476

DURING CHARGING

BCA unable to topoff some EMU batteries

Some EHIP batteries do not lock in BSA
CREW sees pages skipped w hen cycling through
channel history (i.e. slow display response.)

HL battery sn1038 reads 0V on BSA slots
(BC1:Ch4 and BC2:Ch2); these slots incapable of
recognizing/ charging this battery.

In-suit Charge terminated early and UIA amperage
indicated amperage on both umbilicals although
one charger had stopped.

CREW sees no voltage reading on front panel
display w hen EMU batteries start charging.

Charger randomly stops charge and issues "STOP
SW TOGGLED" (caused by noise on the command
lines within charger)

Condition EMU battery by performing majority of
EMU C/O on battery pow er

Train crew to cycle DATA switch w hen hourglass
is not displayed or use PCS to more quickly view
data.

Battery w as installed in other slots w ith good
voltage indications; battery has subsequently been
returned, but no root cause w as identified.

In-suit EMU Battery Charging no longer
allowed.

Verify nominal charge current. Use MCC or PCS
analog voltage data, or w ait for panel Volt data to
update (EMU OCV w ill update ~2 minutes)

Have crew restart charge with switch or use
other charger. Noise is reduced in -303 charger
and if UA PWR sw itches are OFF.

-301 Chargers Only

BCMsn1001(BC1) display permenantly garbled
and frequent erroneous "STOP"

Charge inexplicably stops and data show s "No
History" on all channels.

High charge current indication on BCM display for
EMU In-suit charge.

At startup, CREW sees BCM display garbled /
blank or “look at” message displayed.

CREW sees temporary or locked 'Garbling' of data
on front panel display -OR- are immediately
returned to Main display

BC is considered failed for all operations.
Pow er cycle did not fix. Likely due excessive
noise & lockup of display circuitry

Restart charge with switch. Signature of a pow er
interupt, but data rate too slow to catch.

UIA modified to show charge current, providing
verification of in-suit battery recharge current
Pow er off UIA prior to pow ering on BCA

Functionality not affected. Cycling 'history’ sw may
correct. Bse, use MCC or PCS data, and eventual
Pow er cycle

IF1-0842

IFI-1181

IFI-1478

DURING DISCHARGING

When using an SSC to perform maintenance,
charger becomes unresponsive (no commw /
SSC, STOP switch doesn't change BC's display)

Crew sent command to start discharge, SSC
display indicates discharging, but analog voltage
Delayed discharge startup

-301 Chargers Only

BC2 RPC tripped (AL1A4A B RPC4) at the end of
the battery's discharge

BC shall not be used for discharging.
Upgrades in -305 type will reduce the amps spike
used to test if battery is still connected.

IFI1-1883

IFI-0771
IFI-0500

IF1-0489

IF1-0487

TELEMETRY ONLY ISSUES

MDM card LLA13, CH3 (BC3 Current Monitor) Alarm msg toggled on and off
MDM card LLA13, CH5 (BC4 Voltage Monitor) Alarm msg toggled on and off
MDM card LLA13, CH6 (BC4 Current Monitor) Alarm msg toggled on and off
Unpow ered BC's 'False' Serial Data: w rong data streamis intermittently populated erroneously w ith

data from another (pow ered) charger.

Analog Data periodic "Noise": data sampling speed usually syncs up to (dis-)changing (loaded)
voltage, but slow ly will phase into show ing battery OCV temporarily.

False Amps w hen PSA being used: While BCs are pow ered off, Analog Amps indicate ~0.25-0.3amps
In-suit EMU Battery Charging no longer allowed. Charge terminated early and UIA amperage
indicated amperage on both umbilicals although one charger had stopped.

Empty EMU In-suit and PGT battery slots resulted in "Short Circuit error", and HL-empty slots received
"Time-out error", rather than the expected "Battery Circuit open" message.

FIXED

Ops Notes & History

Previous ORU: Pre-7Atesting identified many
intermittent issues related to electrically noisy
signal within -301 type chargers. Two upgraded
spares (-303 type) were prepositioned on-
board. Inc-4 performed IFM of the BC3 and BC4
positions via IFM procedure 4.2.803 AIRLOCK
BATTERY CHARGER MODULE (BCM) R&R
AL1F1

Charge Resumption after BSA Door Opened:
charging resumes at a random channel, & the
'‘Over-Temp' message will continue to be
displayed for all channels not yet charged.

Firmware Table parameters updated by Crew:
(1) Inc-5 crew updated the charge cutoff voltage
and Max charge time for EMU ICBs per OCA 05-
1339 and -1381A (2) Inc-8 crew modified the
‘anlZ feature to allow automated charge-
discharge maintenance cycle per OCA 08-0627.

Don't stow batteries in the BSA: there appears
to be a parasitic load on batteries stowed
connected for a couple months, even when the
BCAs are off. (several batteries found to be
below 1V.)

Non-maintained NiMH batteries & Over-Temp:
Batteries which have not been used in ~6
months may end with an Over-Temp, Time-Out,
Low-slope, Wrong Batt/Hi Imp. The Charger will
re-initiate recharge automatically on only those
batteries which receive an Over-Temp Error. If
no other batteries are presentor will / can be
charged in that charger's sequence, this will
cause an endless charge (charge then Over-
Temp). This results in voltage swings and
degradation of battery life. The crew mustshut
down the charger manually or worst case RPCs
should be openned.

References

S
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AL Battery Stowage Assy & Battery Charger Assy e

Battery Charge Profile - Normal PGT

BCA(1-4} Analog Voltages

x: 141/04:01:28  y: 35.172414 []
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BCA

ELEMENT

AL

Battery Stowage Assy & Battery Charger Assy 6

Hazard Number

Hazard Description:

Operational Control:

Fire due to overheating of electrical
components/batteries

Any heat generated in the BSA is dissipated through the rack structure. There are no
operational temperature concerns with the BCA/BSA, during normal operation. If the
coldplate were to fail, the worst-case temperature would be in the BCA DC/DC
Converter,

Fire due to battery rupture

The crew procedures will ensure that the crew scrolls through the BCA display to
check that the battery to be charged matches the profile. The data is also monitored
by the ground via the MDM. The crew will be trained on all corrective actions taken
once

Loss of habitat environment due to presence of toxic
electrolyte from venting or leakage of batteries

Crew procedures for battery electrolyte clean up exist. The crew will also be trained
to look for electrolyte before removing any battery.
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1.2 BATTERY CHARGER ASSEMBLY (BCA)

1.2.1

Quick Look Reference Data

Table 1.2-1 shows the specifications of the Battery Charger Assembly (BCA) and

Battery Charge Module (BCM) sub-assemblies.

Table 1.2-1 . Battery charger assembly reference data

Description

| Specification

| Comments

On-Orbit Replaceable Unit (ORU)

ORU procedure

4.2.803
AIRLOCK BATTERY
CHARGER MODULE
(BCM) R&R A/L1F1

Owner: Operations Support Officer
(0S0O)

Part number:

Refer to Section 1.2.6 Failure and Design

8.1in. W x 3.98in.

BCM SEG39128256 History regarding dash number
differences

BC1 -305 Changed out during STS-124

BC 2 -305 Changed out during STS-124

BC3 -303 Changed out during Expedition 4

BC 4 -303 Changed out during Expedition 4
Anticipated -306 Chargers are anticipated to be
Configuration: launched late 2009 or 2010

BC1 -305

BC 2 -305

BC 3 -306

BC4 -306
Flight units (qty): 7 Includes the qualification unit (sn1002)
gi:m'v?nsions: Dimensions do not include protrusions

from panel surface plane
(i.e., handholds, tether rings, switches,

Cold plate (single)

Medium Temp Loop (MTL)

Hx15.451n. D etc.). Main body width not including
flanges is 6.8 inches
Weight (dry): 1271b Source: Manifest Documents (Tools EVA
BCM ' Support Equipment List (ESEL))
Interfaces
Cooling: Charge: Minimal waste heat generated at

the charger’s location.
Dischrg: TBS

Power Supply:
Power Bus (BCA)
A/L RPCM

LA1A4AA F RPC 3
AL1A4A B -120 V

Shares power bus with Metox, ORCA and
Airlock Shell heaters
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Table 1.2-1. Battery charger assembly reference data (continued)

Description Specification Comments
BC1 RPC 3: 3.5A max
BC 2 RPC 4: 3.5A max
BC 3 RPC 5: 3.5A max
BC 4 RPC 6: 3.5A max

Power Output:

Output dependent on
battery charge profile

Refer to the (Battery Stowage
Assembly) BSA/BCA zap card for
battery charge profiles

Battery Type:

Refer to the BSA/BCA zap card for BSA
locations. Refer to Table 1.2-2 for
charge sequence

REMOTE.EXE

TD-700

Christie DOS-based
executable software
communicates with -303
BCM in PCS Mode

Christie Windows-based
software communicates
with -305 BCM

BC1 1PGT+5HL
BC 2 2HL+4PGT
BC 3 1 In-suit + 3 Aux Port + Batteries using Aux Port: REBA - uses
1HL + 1IEMU all Aux Channels (2,5,6) on a BCM
BC 4 (same as BC3)
Remote Port Provides direct interface to the Christie
Operations: (via Laptop connection) (Commercial Off The Shelf) COTS
firmware via Christie COTS software
A pin out adapter between the BCM
BCM-PCS SEG33112927 REMOTE port and ISS Windows-based
) L rial communication rt;
Interface Cable Length: ~ 8ft aptop serial communications port; a

unigue cable due to the Remote
connector on BCM.

Software allows control of the hardware
without the panel switches (i.e.,
start/stop charge, start/stop discharge,
etc.). Also allows a Parameter Table to
be modified one parameter at a time.
Refer to Section 1.2.4

Allows upload and download of battery
parameter tables. BCM must be in PCS
MODE to transfer tables from BCM to
computer and in DOWNLOAD mode to
receive tables from the computer
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Table 1.2—-1. Battery charger assembly reference data (concluded)

Description Specification Comments

TABLES.EXE o Allows uploading and downloading of an
Christie DOS-based entire Parameter Table via a pre-
executable software prepared file. Refer to Section 1.2.4

communicates with BCM
in Download Mode

Data Output: . Refer to Section 1.2.4 for PUI
All BCA data is located identifications
HK2
Analog Data Provides each BCM'’s present power

Rate: 1 sample/10 sec | (voltage and amperage) output; standard
(0.1 Hz) MuItip!exer/DemuItipIexer (MDM)
sampling.
Serial Data
Collected and formatted within BCM;
read by software within the A/L MDM
every 10 seconds

Some serial data parameters are

Rate: 1 sample/10 sec sampled at the slower rate

or 1 sample/2 min

1.2.2 General Description

1.2.21 Hardware and Software Architecture

The purpose of the BCA is to provide charging and maintenance capability for the
various batteries associated with Extravehicular Activity (EVA). The BCA was designed
and built by Lockheed Martin (LM), containing four Commercial Off-The-Shelf (COTS)
battery chargers (repackaged by LM; one per BCM) manufactured by Christie Electronic
Corporation packaged along with the LM display and data handling software and
crewmember interface switches. The BCA provides the capability to recharge all of the
EVA-related batteries, including the Extravehicular Mobility Unit (EMU) batteries, EMU
Helmet Light (HL) batteries, Pistol Grip Tool (PGT) batteries, and the Rechargeable
EVA Battery Assemblies (REBAs). The BCA is designed to charge up to 24 batteries
per charge initiation event, on batteries located in the BSA, in the EMU, and at the
auxiliary charge port. The design allows for future battery development by allowing

(1) a unique cable to be connected to the auxiliary port and (2) on-orbit software
up-/down-loading of battery charge profiles via Christie’s COTS, DOS-based software.
(Figure 1.2-1)
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120 V Power Supply =—— Power out to BSA, EMU Umbilicals
________________ — Data to Airlock MDM

|
B __________
i c B . 2 Ji||
| |
4 g 'c |B | COTS Christie
! I ) C CASP/2000
i : i - Charger -
i L - Analyzer - BCM-PCS Interface Cable
Lo - Sequencer - SEG33112927
! | ! - Power Output -
| N
Lo Lockheed Martin [ serial
L - Front Panel Display - 1SS La_lp'Fo1p
- - h/w switches/interfaces - Contains Christie’s COTS
t-—- - data handling - Dogé’asg_? Es%t(v[vzare.
Baterry Charge Modules Remote TABLES.EXE
SEG39128256 l

{5€20597 190.cvx

Figure 1.2-1. General BCA hardware/software architecture

1.2.2.2 Location and Structure

The BCA is mounted in the Avionics Rack located station forward (A/L1F1) in the
equipment lock. The BCA is located to the left of the Power Supply Assembly (PSA)
and above the BSA. The BCA is composed of four independent BCM subassembilies,
each with its own crew interface switches and display. To gain better visibility and
access to the switches and displays, the crewmember can rotate the EMU Don Doff
Assembly that is normally located directly in front of the panels.

As with most other items in the Joint Airlock, the BCMs are Orbital Replacement Units
(ORUs) that can be changed out one at a time as needed. The procedure, 4.2.803
AIRLOCK BATTERY CHARGER MODULE (BCM) R&R A/L1F1, is owned by OSO and
is located in the In-Flight Maintenance Checklist. Due to anomalies found during
integrated ground testing, BC 3 and 4 were changed out during EXP 4 to reduce noise
in the charge and data circuits and to improve reliability for EMU battery charging. Due
to later on-orbit failures on BCM sn1001, and a desire to allow the switches to initiate
maintenance discharges, BCs 1 and 2 were replaced with -305 units during STS-124.

The -305 version chargers allow discharge cycle initiation without the connection of a
laptop computer. Additionally, several charging parameters have been updated. Just
prior to launch, a potential failure mode was uncovered that increases the likelihood that
the -305 displays will fail.

1.2-10




EVA CHB DATE 05/16/08 VOLUME 3 ISS EVA OPS
JSC-20597 REV.: B BCA

jsc20597_192.cvx

Figure 1.2-2. BCM Locations on avionics rack
lower section (BCAs, PSA, BSA)

Clamp
Fasteners

‘1
| = S o S — [
BATTERY e | I
CHARGER = -

Eo
SiN_1002 i
Captive Captive
Fasteners Fasteners

{sc20597 191.cvx

Figure 1.2-3. BCM Housing with structural
and user interfaces
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Figure 1.2-4. BCM electrical interface
(Rear View)

1.2.2.3 Power

Power is supplied to the BCA by the Joint Airlock Remote Power Control Module
(RPCM), which receives power off the LA1A4A F RPC 3 power bus. Each of the four
BCM subassemblies, BC1, BC2, BC3, and BC4, receive 120 V from the RPCM
AL1A4A B using RPC 3, 4, 5, and 6, respectively (refer to the zap card for the post-13A
power path). The power from these RPCs is wired through each BCMs J2 connector.
The power consumption of the BCA should not exceed 220 W under peak load
conditions. The RPCs are normally left closed since no power is drawn until the BCMs
MAIN PWR switches are taken to ON.

The BCA supplies the power required to recharge batteries installed in the BSA or
connected to the auxiliary port. The four BCs are controlled independently, allowing
them to be activated at different times. Each BC is capable of charging six independent
channels in series following a single charge initiation event. Each BC channel is
hardwired to a specific location (mostly in the BSA) and cannot be modified on orbit.
This wiring defines the sequence in which the batteries will be charged as shown in
Table 1.2—-2. Once the charge function is initiated, each channel that has a battery
connected is charged in sequence, with the charger automatically moving to the next
channel when a battery’s charge completion criteria is met or a charge error has
occurred.

The BCA also interfaces with the EMU Umbilical via the PSA to supply a 5-amp current
to the Umbilical Interface Assembly (UIA) for EMU in-suit battery recharge. The PSA is
a passive interface; a relay to allow the BCA to charge the EMU battery is in the suit.
The PSA does not need to be powered to charge the EMU battery, but it is required to
read volts and amps via the UIA, if desired. It was found that a sneak circuit existed,
causing in-suit charging to terminate early. In-suit charging is no longer considered an
option.
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Table 1.2-2. Battery charger channel sequence

BC1 BC 2 BC 3 BC 4
Channel 1 PGT 1 HL-A 1 EMU 2 (in-suit) EMU 1 (in-suit)
Channel 2 HL-B/EMPTY 2 HL-B/EMPTY 1 ACP1(REBA) ACP 2 (REBA)
Channel 3 HL-A 2 PGT 2 HL-B/EMPTY 4 HL-B/EMPTY 5
Channel 4 HL-B/EMPTY 3 PGT 3 EMU 3 EMU 4
Channel 5 HL-A 3 PGT 4 ACP 3 (REBA) ACP 4 (REBA)
Channel 6 HL-A 4 PGT5 ACP 5 (REBA) ACP 6 (REBA)

1.2.24 Data

Output analog and serial data signals are provided to the Airlock MDM for transmission
to Mission Control Center (MCC) for ground monitoring of BCA performance. Analog
voltage and amperage data is provided to the MDM directly from the associated
sensors. This same data is available to the crew via the ISS Portable Computer
System (PCS) laptop computers. Much of the serial data is also available to the crew
via the panels display on each BCM (see Section 1.2.1, Sensors and Telemetry Types).

1.2.2.5

The BCA interfaces with the avionics rack cold plate for cooling. This cold plate
removes heat from the BCA at a rate of no less than 330 BTU/hr to maintain a
temperature of no greater than 73° F. Cooling is supplied via the Moderate
Temperature Loop (MTL).

Thermal

The BCA is designed to operate within specification during exposure to an operating
temperature range of +55° F to +109° F and after exposure to a nonoperating
temperature range of +40° F to +150° F. The BCA is required to operate at the relative
humidity of the airlock (25-70 percent), and is required to operate after, but not during,
equipment lock exposure to vacuum.

1.2.2.6

The front panel of the BCA (Figure 1.2-3) provides the interface for the user to power
the various recharge channels and to obtain status information. This panel contains
three switches, a Liquid Crystal Display (LCD), a remote port, and a main power Light
Emitting Diode (LED). Each of these items is discussed in detail in Section 1.2.3,

User Interfaces
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On-Orbit Operational Details. The remote port connection can be used to update and/or
adjust the battery charge Parameter Tables, including voltage and amperage for each
battery’s charging profile. A Parameter Table update is executed on the ISS Windows-
based laptop using COTS software (Christie Inc.). The remote port can also be used to
discharge batteries using the ISS Windows-based laptop and battery discharge
software for the -303 BCMs.

1.2.3 On-Orbit Operational Details

Note that the COTS Christie CASP/2000 charger, housed inside each BCM, is capable
of many more operations than just those accessed via the front panel switches. While
all these functions are accessible and can be initiated via laptop connection to the
REMOTE port, not all functions have been certified by the International Space

Station (ISS) Program. This section limits its discussions to those operations that are
performed on-orbit via published Systems Operations Data File (SODF) procedures.

1.2.31 SODF Procedures

Nominal BCA Procedures: The following nominal procedures in the ISS EVA SYS
checklist are used to perform battery charging and maintenance using the BCA.

1.605 BSA BATTERY RECHARGE

1.610 EMU BATTERY MAINTENANCE USING SSC IN DOS MODE

1.615 DISCHARGE EMU BATTERY USING SSC IN DOS MODE

Alternate Battery Maintenance Procedures: If the BCA were to malfunction to the point

it were unusable, the following alternate hardware/procedures in the ISS EVA SYS
checklist could be used for EVA battery charging and maintenance:

1.620 IN-SUIT EMU BATTERY DISCHARGE USING FAN

1.625 EMU BATTERY RECHARGE FROM PSA UTILITY OUTLET

1.630 HELMET LIGHT/PGT BATTERY RECHARGE FROM PSA UTILITY OUTLET
1.635 REBA RECHARGE FROM PSA UTILITY OUTLET

BCM Parameter Modification: On-orbit modification of Charge and Discharge

parameters with the BCMs can be performed using the following procedure in the ISS
EVA SYS checklist:

1.645 BCA SOFTWARE DOWNLOAD
1.655 PARAMETER UPDATE FOR -305 BCMs

If only a single parameter needs to be changed on a -303 BCM, the following Orbiter
Communications Adapter (OCA) procedure can be modified for each specific case:

05-1381A BCA TIME-OUT PARAMETER MODIFICATION (Note: Uses
REMOTE.EXE program)
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1.2.3.2 Switches

The MAIN POWER switch enables power to the Battery Charger (BC) when placed in
the ON position. If the unit is receiving power from its Remote Power Controller (RPC),
the LED above the power switch is illuminated and the pixel test sequence is activated.

Once the BC is powered, its firmware prepares data provided from the Christie charger
in preparation for intermittent (~ every 2 minutes) collection by the Airlock MDM. An
“hour-glass” symbol appears in the upper right corner of the LCD while data is being
collected by the Airlock MDM. All switch inputs are buffered during this period

(15 to 40 seconds); therefore, it is best to avoid switch inputs until the “hour-glass”
clears.

The MODE switch (CHARGE/OFF/STOP) is used to initiate or terminate battery
charging. This switch is a three-position momentary switch with a center null position.
Momentarily depressing the MODE switch to the STOP position stops the charge. To
restart the charge, the MODE switch is simply returned to the CHARGE position and
released. Additional inputs to the CHARGE position are ignored if the system is
currently charging a battery. Additionally, on the -305 versions of the chargers, this
switch is used to initiate discharge and maintenance modes that have been selected
using the DATA switch.

The DATA switch (REMOTE/OFF/HISTORY) is a three-position switch, spring-loaded to
return to the center inactive position. The HISTORY position allows the user to toggle
through the display to obtain charge status and history for each of the six BC channels.
The HISTORY switch tells the firmware to report channel, battery type, charge history,
charge time, and status of the current channel. In the REMOTE position, this switch
enables the remote port for download of data for control by the Christie software on an
ISS Windows-based laptop. The download mode is achieved by taking the DATA
switch to REMOTE with a quick single toggle of the switch (up to 3 seconds). The
remote mode for control by an ISS Windows-based laptop is achieved by toggling the
switch twice or holding the switch in the REMOTE position until PCS Mode is displayed
on the LCD. The -305 version chargers allow access to Discharge, Charge-Discharge,
and Charge-Discharge-Charge modes by toggling the DATA switch to the REMOTE
position additional times.

1.2.3.3  Panel Displays during Charging

The LCD mounted on the control panel provides for direct monitoring of battery Open
Circuit Voltages (OCVs), of power (volts and amps) being supplied by the BCA to the
different channels and of battery charge time. In addition, the display provides insight
into the mode of operation for each channel and the health of the BCA itself via use of
the History position of the DATA switch. Error messages are also displayed on the
LCD, as needed. All data presented on the display is controlled by the BCM firmware.
It is collected from the Christie charger in the form of 63-byte serial data table, the same
table that is also downloaded by the Airlock MDM.
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Example of a Charge Sequence

During the first 5 seconds of the BC power-up sequence, the LCD performs a self-test
during which all pixels are illuminated.

After the initial power up self-test is complete, the LCD displays the OCV for each
battery connected to that BC’s channels (Figure 1.2-5). At this time, “No History” would
be available from the charger, as that information is purged when the charger is
powered off.

CHARGE CHAN:VOLT

CH: - 1: 0.0 4:19.2
Vi ---- 2:0.0 5:0.0
A ---- 3:11.5 6: 0.0

Figure 1.2-5. Battery charger LCD
(not charging — initial power up)

When the MODE switch is toggled to the CHARGE position, the BC default display
shows which channel is being charged, along with the associated voltage, and
amperage on the left side of the display. The display also shows the OCV of the
batteries in the other channels, as shown in Figure 1.2-6. The charger will move on in
sequence to subsequent channels when the battery’s charge completion criterion is met
or an error is encountered. The data on this display is updated on the order of every
second, with one exception, EMU battery charging. During EMU battery charging, the
EMU battery voltage data is only updated at best every 2 minutes, and can occasionally
be as old as 10 minutes (see Table 1.2-6 Data oddities on panel displays.)

CHARGE CHAN:VOLT

CH:4 1: 0.0 4: --

V: 19.0 2: 0.0 5. 0.0
A: 155 3:22.5 6: 0.0

Figure 1.2-6. Battery charger LCD
(during charge)

Before, during, or after a charge sequence, depressing the DATA switch to the
HISTORY position cycles through the status of each of the six BC channels. Each time
the switch is depressed the next channel is displayed, as shown in Figure 1.2-7, and
cycles back around to channel 1 after having displayed all six channels. The data on
these History pages is updated at best every 2 minutes, but can occasionally be as old
as 10 minutes.
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{ Channel #: Battery Type‘

Ch 3: 04HL-B Ch 4: 01EMU BSA

Charge History
Charged 04:10:15 (time in HH:MM:SS) | | Charging 01:15:35
Task Completed OK I
Charge Completion
Status or Error Message

isc20597 194.cvx

Figure 1.2-7. Battery charger LCD (viewing history)

After 20 seconds, or when the MODE switch is toggled to the STOP position, the BC
display returns to the previous default. If all six channels have completed charge or
have at least received an attempted charge, the default display cycles with an additional
screen (Figure 1.2-8) showing “Look At,” with a listing of all channels that DID NOT
receive a “Task Completed OK” Completion status, and “Charged,” with a listing of all
those that did.

Lookat 1

Charged 34

jsc20597_195.cvx

Figure 1.2-8. Battery charger LCD
(all channels complete)

Although all channels are complete, the BC cycles through the channels looking for new
batteries that have been added since the charge was initiated. The BSA door can be
opened, and batteries can be swapped out during a charge. When the BSA door is
again closed, charging of the new batteries starts, as long as the STOP switch was not
activated during the swap sequence. Similarly, if the Service and Cooling

Umbilical (SCU) was connected to the suit (and the UIA was configured for an in-suit
battery charge) after charging was initiated on BC3, the in-suit battery would not be
charged until channels 2 through 6 are finished. At this time, in-suit EMU Battery
charging starts. This is applicable also to batteries subsequently connected to the
Auxiliary Port.

The History Data display for any channels in the “Look at” list should be reviewed by the
Flight Control Team to determine if action should be taken. The history data displayed
depends on the status of the battery, as shown in Table 1.2-3.
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Table 1.2-3. Data displayed by BCM history display

Message Charge history line
"Charging Battery on selected channel is presently charging
HH:MM:SS"
"Charged Battery on selected channel has finished its charge attempt or
HH:MM:SS" the charge has been terminated by the user or a Temperature
Cut-Off (TCO) event
"No History" No charge has been attempted on and thus no information has

been collected for the selected channel, subsequent to one of
the following events:

1. Power up of the BC
2. Watchdog / CASP CPU reset (no other indication is provided)
3. New battery connected (history kept at battery disconnection)

Charge Completion
Panel Message/
CASP Code

Charge completion status Workaround

"Task completed Ok"

Ok!

Task was completed normally | N/A

"Stop switch toggled"

St*

Charge terminated by user
with the STOP switch/
command, or

Charge terminated by noise
on the firmware circuits
causing a false "STOP”
command (-301)

Toggle CHARGE switch to
restart charge

"Amp-hour tested
Okll

Ah!

Calculated amp-hours
exceeded the “Min Amp
Hour” in the Parameter Table

Only possible if a CASP
“‘Analyze” task initiated (i.e.,
maintenance sequence). No
workaround required.
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Table 1.2-3. Data displayed by BCM history display (continued)

Charge Completion
Panel Message/

Charge completion status

Workaround

CASP Code
"Batt over-temp Excessive battery For actual TCO indication:
error" temperature during charge 1. If voltage and current were
(NOTEZ The EMU Increased OK when error code was
ot* Capacity Batteries (ICBs) do received, leave in charge

(see Section 1.2.3.4
for more details.)

not provide a thermister
output and therefore does not
allow TCO monitoring by the
BCMs)

or

If indicated on all four
chargers, on channels which
have not yet completed
charge, BSA door latch
switch is indicating an open
door

mode, wait for battery to cool.
Charge will resume
automatically.

. If voltage and current were

excessive, battery likely bad.
If TCO circuit were failed,
typically will instead issue a
“short circuit error” for that
channel. (TBD)

For BSA door latch indication:

4.

It may indicate problem with
the TCO circuitry in BSA or
UIA (EMU); if indication seen
when charge initiated,
perform 1.670 BSA FAN
SWAP

"Incomplete data"

(displayed instead of
HISTORY page)

When requesting the
HISTORY Page, the BCM
firmware was not able to
communicate with the
charger after several
automated attempts

Cycle power

A ‘Completion Status™ of any of the following will cause that channel to be
included in the ‘Look at’ list:

"Batt circuit open”

Op*

Battery circuit appears to be
open; either the battery, a
cable, or a connector has a
broken connection.

or

No battery is installed,
although the channel’s
battery type (ID resistor) was
recognized

—

Install/reinstall battery in slot
If in charge mode, it will start
charge when it gets back to
that channel

If STOP switch had been
toggled, toggle CHARGE
switch
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Table 1.2-3. Data displayed by BCM history display (continued)

Charge Completion
Panel Message/

Charge completion status

Workaround

CASP Code
"Wrong batt or Battery failed the rail test. 1. Verify ID resistor has
Hi-imp" Wrong battery could be recognized properly by
installed or battery has high toggling through HISTORY
Ra* internal impedance 2. If not recognized properly,

or
If battery has been setting
around charged for extended
durations, battery may have
passivation (see work around
for Low-slope error)

reload Parameter Table

If ID resistor is correct, try a
different slot

If no joy, battery is probably
bad

"Low-slope error"

Ls*

The rate at which the battery
voltage is increasing is below
acceptable limits; battery is
not accepting a charge

This may be a nominal if:

(1) the battery was charged
nominally within the past
couple days (i.e., top-off)
or

(2) has been setting around
charged for extended
durations, causing battery
passivation

If passivation is likely:

1.

Repeat standard charge
attempt. This automatically
performs a 3-minute alt
charge prior to performing the
Low-slope test.

If that still does not work, the
battery may require
maintenance (discharge); the
battery should charge
correctly the next cycle

"Amp-hour test error”

Anh*

Calculated amp-hours were
less than the “Min Amp Hour”
in the Parameter Table

Only displayed if a CASP
“Analyze” task initiated (i.e.,
maintenance sequence).
REVIEW DATA.

1.

2.

Battery may have been
already had partial charge.
Battery capacity may be low
and does not hold a charge.
The Parameter Table may be
wrong
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Table 1.2-3. Data displayed by BCM history display (continued)

Charge Completion
Panel Message/
CASP Code

Charge completion status

Workaround

“Power error”

Pr*

Charger tried to exceed

350 watts during charge or
65 watts during discharge.
This error should be N/A for
the BCA because it is limited
to a 100 watt charge (50 V or
3 amps) and (TBD) watts
discharge

Only displayed if BCA is used as
a power supply; we do not
support this mode.

1.

Verify that the ID resistor has
been recognized using the
HISTORY switch.

If it is not recognized
correctly, reload Parameter
Tables.

. If message is received for the

external connector, also
verify the ID resistor is
correct for the attached
battery

“‘Reverse polarity
error”

Rp*

Reverse polarity of battery
voltage

. Battery is connected

backwards (not possible for
batteries installed in BSA.

. Maybe possible if external

port cable wired incorrectly.

You may get this message
erroneously instead of the
“battery circuit open” if
charge started without a
battery. It happened at
Huntsville while trying to start
a charge for the EMU battery
at the UIA with a simulated
load and TCO signal

“Short circuit error”

Sh*

Short-circuit sensed in the
cable or battery

. Should indicate the battery is

shorted (bad) and has no
voltage.

You will get this erroneously
(particularly on CH 1) when
charge is started but no
battery in a BSA slot. It does
not occur erroneously if
batteries are in the slots
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Table 1.2-3. Data displayed by BCM history display (concluded)

Charge Completion
Panel Message/
CASP Code

Charge completion status

Workaround

"Time-out error"

Ti*

Charge terminated by time
limit set in Parameter Table

1. The battery is bad and not
accepting a charge. Do not
use the battery.

2. The charge current may be
low and causing the battery
to charge slower. Check

serial data to verify current. If

it is low, start the charge
again and look for proper
termination

"External- temp
error"

Xt*

Over-temp cut-off in
discharge booster (N/A)

The BCA does not use a
discharge booster. This error
should never occur. Cycle
power

! flow charts and descriptions of the tests, measurements and decisions that the CASP firmware uses when reporting

errors can be referenced in the CASP Flowcharts fax dated Oct. 28, 1999.

The same data displayed on the panel, as well as additional data from the Christie
charger, can be viewed by the crew on a PCS laptop. As this additional data is in a very
similar format to what is available to the Flight Control Team via MDM downlink data, it

is described in Section 1.2.4, Performance Monitoring.

Data Oddities on Panel Displays

Table 1.2-4 lists known panel display oddities. These do not affect the function of the
charger, just the displaying of the data, therefore are considered a “known” annoyance
versus an actual failure.
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Table 1.2-4. Data oddities on panel displays

Oddity description

Details

Workaround

History display blank
or garbled at
powerup or after
STOP switch used
(-301)

Refer to Table 1.2-17
Malfunction summary table.

Fixed in -303 and subsequent
BCM versions

1. Cycle BCM power.

or

2. Crew monitor data on
PCS; MDM data also
available to Flight
Controllers in MCC-H

EMU battery voltage
data delayed up to
10 minutes from
actual charge start

(-all)

The EMU battery voltage during
charge is read from the Christie
charger rather than the sensor
pick-offs as all other battery
Volt/Amp readings are. The
Christie data are collected every
2 minutes, when the hour-glass
is displayed on the front panel.
Therefore, depending on the
relative timing of the collection,
the EMU battery voltage can
update relatively slow. This was
designed specifically for
monitoring EMU Battery
charging, to avoid showing the
2-volt sensor bias high (line
loss) caused by the BCM
sensors being upstream of the
actual voltage supplied at the
battery terminal. Since the EMU
battery requires a voltage cut-off
at an actual voltage of ~22 V (as
measured by the Christie during
its open-circuit check), the pick-
off would read ~24 V indicated.
This would look like an over-
charge to anyone unaware of
the charge bias; the bias is not
present during the OCV check

N/A

The -305 BCM has a more complex flow of operations, which can be initiated using only
the frontpanel switches. The flow chart in Figure 1.2-9 below documents the flow of
operations. Note that at the time of this publication not all potential switch throws had
been tested at all points in the operational sequence.
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Figure 1.2-9. -305 BCM operations flowchart
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Figure 1.2-9. -305 BCM operations flowchart (continued)
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Figure 1.2-9. -305 BCM operations flowchart (continued)
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Figure 1.2-9. -305 BCM operations flowchart (concluded)
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1.2.3.4 Temperature Cut-Off Circuitry and the BSA Door

During charging, the BCM continues from one channel to the next channel and begins
charging unless the channel’s TCO has been tripped as indicated by a Completion
Status of "Batt over-temp error" for that channel. In this case, or if a TCO is activated
after the channel begins charging, the BC pauses until the temperature decreases to
within an admissible range. Table 1.2-5 lists the TCO specifications for each battery

type.

Table 1.2-5. Battery temperature cut-off specifications

Battery type TCO Thermister Comment
temperature resistance
EMU ICB n/a (no Thermister)
i Only 1 of 3 thermisters monitored:;
elmet ight > 140 +/- 10 < 2500 +/- 100Q2 gcross battery pins 9 and10
PGT E < 1268 +/- 200 Monitored across battery pins 3 & 5
REBA deg. < 2500 +/- 100Q | Only 1 of 2 thermisters monitored:;

across battery pins 9 and10

BSA Door

As a hazard control for crew exposure to potentially explosive batteries during charging,
the BSA door position is monitored by the BCM software. If the door is opened during
charging, charging will be temporarily stopped on all batteries located in the BSA. The
door has two magnetic latches, one on each side, that indicate whether the door is open
or closed. Only one of the two redundant latches is monitored by the battery chargers,
depending on which of the fan jumpers is currently active.

If the BSA door is open during charging, all BSA channels that have not completed
charging indicate a "Batt over-temp error.” This is because, for ease of implementation,
the door latches are wired to trip the standard TCO circuitry programmed within the
Christie charger by sending all TCO-monitored BSA line resistances low. EMU
batteries in a suit continue to charge even with the door open, and the LED is
illuminated. Refer to Section 1.3 for more information on the BSA circuitry.

1.2.3.5 Battery Maintenance Discharges

During the initial design and development of the BCMs, battery hardware providers did
not identify a need to perform on-orbit, EVA battery maintenance. However, when the
reality of ISS operations began to stretch the limits of the engineering community’s
understanding of the effects of extended charged stand-time, the program decided to
certify and fly the Christie’s COTS, DOS-based software i.e., the REMOTE and
TABLES applications. While this allows access to all of the CASP/2000 features, the
certification was to allow discharges to be performed if necessary for battery health, and
to allow the Parameter Tables to be updated as new or modified batteries were

1.2-24




EVA CHB DATE 01/22/10 VOLUME 3 ISS EVA OPS
JSC-20597 REV.. B, CPN-1 BCA

developed for the program. While the software was not considered user-friendly
enough for crew use under normal circumstances, it was considered a good
compromise given the short lead time available prior to the BCA’s launch on ISS Flight
7A. Rather then going completely without the discharge maintenance functionality, it
was believed that it would not be required often and only during Stage operations.

On-orbit maintenance requirements for the EMU Increased Capacity Battery (ICB) are
officially documented in the FEMU-R-003. EMU ICB maintenance requirements were
first implemented during ISS Expedition-5 in response to an EMU battery that failed to
supply the expected Amp-hour capacity during a UF-2 Assembly EVA.

The -305 version of the charger provides the ability to enter the following maintenance
modes directly from the front panel, without attaching a laptop:

» Discharge
» Charge-Discharge
» Charge-Discharge-Charge

When these modes are selected, the BCM will move through each channel performing
the first operation of the mode on each channel. For the modes with multiple
operations, the BCM will then cycle through each channel performing the next
operation. The BCM will always walit at least 2 hours after a charge operation before
performing another action on a battery and at least 4 hours after a discharge operation.

SSATA Test Data — Discharge

The Space Station Atmosphere Test Article (SSATA) discharge test was conducted to
verify the on-orbit capability to discharge ICBs to 16 V. Prior to delivery to the SSATA,
two ICBs were discharged to 16.0 V dc and then recharged to 3 amp-hours of capacity
at USA. The test consisted of discharging, in the BSA, the two ICBs to 16 V using the
BCM. An ISS Windows-based laptop was used to interface with the BCM via the
remote port to perform the discharge. A digital multi-meter was used to test the voltage
at the battery and compare to the data supplied by the Christie charger. Table 1.2-6
lists the final numbers at discharge termination.
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Table 1.2-6. SSATA test data - discharge

ICB | Christie | Battery | Delta Discharg | Capacity | Comments

s/n voltage | voltage | voltage | e time (Amp-hrs)

(OCV) | (DMM) (HH:MM) | @ 1.55A

2015 | 16.0 15.95 |0.08 02:25 3.6 The voltage fell off
quickly at the end and
did not set to the
minimum voltage on the
Digital Multimeter (DMM)

2016 | 16.12 15.88 | 0.07 01:59 3.0 The min voltage record
on the DMM was set
prior to the voltage
falling off

ICB s/n 2015 SSATA Discharge Test

Voltage at battery

= Christie voltage

20

40

Time (mi

100

in)

120 140 160

Figure 1.2-10. ICB S/N 2015 discharge
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ICB s/n 2016 SSATA Discharge Test

h .\

<omo

Voltage at battery

16.2 — Christie voltage

Time (min)

Figure 1.2-11. ICB S/N 2016 discharge

1.2.4 Performance Monitoring

This section contains information regarding interpretation of the data supplied from the
BCMs. While the focus is on the data displayed on the MCC-H Dec-Alpha Workstation,
it also applies to the data available to the crew via the ISS PCS laptop. The new Status
and Task states that have been added in the -305 version of the charger will result in
IERR being displayed on the PCS (ref. ISS SCR 37037).

1.2.4.1 Sensors and Telemetry Types

There are two types of telemetry available from the BCMs: (1) analog sensors that
indicate the power output (voltage and current) being provided by each BC, and (2) the
CASP/2000 internal microprocessors data (Serial Data, see Section 1.2.4.2) that is
used to control charger tasks and provide a status of their results. All BCM data is
located in HK2.

Table 1.2-7. BCM sensor specifications

Parameter Sensor Sensor Specified Number of | Resolution
output range accuracy data bits
level
Volts - Analog 0-5V 0-50V
- Serial
Amps -Analog | 0—4#5V | 0—-5A
- Serial
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Sensor Calibrations and Scaling

The analog sensor data is calibrated and scaled by the MDM to supply the Standard
Out in appropriate engineering units (V or A); therefore, the display applications do not
perform any calculations, and the data is displayed exactly as it is received from the
MDM.

The serial data volt and amp readings as sent to the MDM on the BCA RS-485 serial
port is calibrated but not scaled to place the decimal point (see Table 1.2—9 Raw Serial
Data Example). However, the original ICD improperly identified this in the Standard In/
Standard Out for the MDM. The result was that the MDM performed the calibration
multiplication when it needed to perform the scaling. Therefore, the MDM Standard Out
was not in engineering units as delivered for ISS Flight 7A. The display software,
therefore, was required to divide voltages by 600 and current data by 500. This
correction was implemented for our Manual Select Keyboard (MSK) View displays on
the MCC-H Workstations, but not for the crew’s PCS displays. The MDM Standard Out
will be corrected with the Command and Control (C&C) MDM revision for ISS

Flight 15A.

When it is desired to know the voltage at a battery’s terminal, note that significant
voltage biases exist for both the analog and serial data any time a relatively large
current is flowing. This is due to the voltage (line) loss associated with the resistance in
the electrical circuits between the batteries, where the sensor would ideally be located,
and the remotely located sensors within the BCM. The size and sign of the bias varies
with the current; small when the currents small, larger when it is higher, as
demonstrated in the Table 1.2-8. Note that the bias does not affect the readings used
by the charger to terminate a charge. Christie’s firmware turns off the current for 15 to
20 ms every second to take the OCV reading used for voltage cutoff determinations.

Table 1.2-8. Examples of voltage transducer bias due to non-ideal location

e Line resistance® | calculated | On-orbit data

Case description voltage x line current voltage @ | suggests an

9 = Approx. Bias battery term | actual bias of:

1.28Q x 0.00A (+/-0.05V
OCV on EMU
battery in BSA 20.3V ~ 00V 203V per xducer
spec.)
Charge voltage on 1.28Q x -1.55A
EMU battery in BSA 240V ~-20V 22.0V (A
Discharge voltage 1.28Q x +1.55A
on EMU battery in 143V 16.3V +1.7V
~+

BSA 20V
Charge voltage on 2.14Q x -1.55A
EMU battery in suit | 270 =33V 20.7v

* Line resistances were calculated based on the solid state component specified resistances, wiring gages and line
lengths. While not actually measured, limited test and on-orbit data suggest correct order of magnitude.
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Analog Sensors

The analog sensors located within each BCM are standard ISS sensors providing BCM
voltage and current output data directly to the Airlock MDM via Analog-to-Digital (A/D)
converters. These sensors are monitored directly by the MDM as any other standard
ISS sensors would be with the values being updated every 10 seconds. The sensors
are not used by the charger in any way; they are not used to control the charge, nor are
their data displayed on the BCM front panel. Their data is only available from the MDM
via the ISS PCS laptop and MCC-H displays.

Note that due to the location of the sensors, only data related to the active channel is
displayed. Also, during discharge maintenance, only the voltage sensors provide
analog data; no currents (i.e. amps) are seen, since the discharge current from the
batteries flow through a separate circuit from the charge circuit on which the amperage
sensors are located.

This data is also plotted for monitoring in RTPIot. The BSA/BCA zap card contains
examples of both charge and discharge voltage plots. Note the apparent noise seen at
regular intervals. This is actually the sampling by the MDM matching up with the times
when the charger stops the (dis-)charge to take an OCV reading of the battery. Since
the charger performs this for 15 to 20 ms every second, how often it shows up in the
analog data depends on how often the two synchronize due to the two occurring on just
slightly different frequencies (~1Hz).

1.2.4.2 BCA Serial Data

Firmware

The “bca2.C” firmware program provides charger status information via the MDM
RS-485 serial data link for MCC monitoring. Note that the firmware also maintains
the front panel displays, processes input commands from the panel switches, and
initiates download and remote operations between the Christie charger and the ISS
Windows-based laptop. For more information on firmware and logic flowcharts,
reference drawing number SKG39134917 BCA Firmware Program Documentation.

MDM Download functions

A command received every 10 seconds from the MDM system causes the system
firmware to activate the RS-485 serial port and download a 63-byte table containing
charge history and electrical information. However, since some of the data in the
63-byte table is collected less frequently or may not be down loaded due to checksum
errors, the data can be significantly older than 10 seconds.

The MDM communication’s health with this RS-485 serial port can be monitored via the
Serial Status display (Figure 1.2-12).
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Figure 1.2-12. Serial status display

Serial Data Format and Parameter Sample Rate

Serial data transmitted between the BCM and the MDM is in the RS485 format. The
parameter order of this data stream is defined in Figure 1.2-11. All bytes are sent as
code numbers that are then decoded by the various displaying software (i.e., PCS
Displays, BCM firmware for the front panel). The first 61 data bytes of this 63-byte table
are collected by the BCM firmware at one of two sample rates, dependent on the
parameter (byte). The BCM firmware computes a checksum for the downloaded data
using an algorithm (CRC-16) and transmits the result in the last two bytes of the table.

Several times per second, sensor data is picked off from the transducers monitored by
the Christie circuitry. This is done via the A/D converter to provide frequent voltage and
amperage data (bytes 26 to 49) to the front panel default display. This is the case for all
battery types, except for the EMU battery voltage when an EMU battery is charging (see
Table 1.2—4 Data Oddities on Panel Displays).

The remainder of the table, and EMU battery voltages during charging, is collected
every 2 minutes, i.e. just after each 12" download of the table by the MDM. This data,
e.g. status/history information, is generated by the Christie firmware and is collected in
the 63-byte table by the BCM firmware. This buffering process takes 15 to 40 seconds,
during which an hour-glass is displayed on the front panel and commands from the front
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panel switches are not passed from the BCM firmware to the Christie charger.
Therefore, this data is not collected more often. Also, if the BCM is placed in the PCS
Mode or Download Mode the BCM firmware does not collect the data.

Due to the differences in sampling rate, seemingly conflicting data is displayed for a
couple minutes, or worst case up to 10 minutes. For example, when a charge
completes the volt and amp data indicate this first by the amps dropping to zero;
however, since the status/history data is not updated as quickly or as reliably, it can still
indicate charging on the serial data display and the front panel history page.

Byte 1 2 7 8 13 14 9 2 5 2627 36-37 3839 4849 5051 60-61 62-63
BCA el Type Type|Task Task [Statug Statud Volts Volts Amps Amps | Time Time [CRC
SN[ 6 Crwd| " | Crwe| Ol | cwBIchHL | Cri6 [Cril| crwelowL | O |Cr#L| CH6| Cksum

Battery Type Code Competion / Error Code Battery Current (Amps X 100)

Charel 1 through 6 Current / Previous Task Code Battery Voitage (Volits X 10)

Unique Charger I.D. Time elapsed on curert / conpleted task (minutes)
Allons up to 255 wnits

Fomet: 8 Data, 1 Stop, No Parity

Rate: 19.2 KBaud

Figure 1.2-13. BCM serial data packet definition

EXAMPLE OF RAW SERIAL DATA: The following table shows a fictitious example of
the raw serial data codes as would be received by the Airlock MDM from a BCM:

Table 1.2-9. Raw serial data example

Data Type Byte(s) Raw Serial Data
BCM S/N 1 3
Channel 2-7 1 2 3 4 5 6
Type 8-13 1 6 0 0 0 0
Task 14-19 1 2 0 0 0 0
Status 20-25 2 1 0 0 0 0
Volts * 26-37 205 414 0 0 0 0
Amps * 38-49 0 55 0 0 0 0
Time * 50-61 1020 12 0 0 0 0
Ck. Sum * 62-63 b7dd

* These data types require two bytes per data point.
Interpretation: This data is from BC serial number 1003 and shows data for an EMU

battery on channel 1 and a PGT battery on channel 2. The EMU battery has been
charged using a constant current charge and has completed its normal charging cycle
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of 1020 minutes (17 hours). The voltage of the EMU is 20.5 volts. The PGT battery is
now reflex charging at 41.4 volts and 0.55 amps after 12 minutes. The charger does
not recognize any battery type or ID resistor connected to channels 3 to 6. Information
regarding the codes and their meanings are contained in the following sections.

1.2.4.3 Summary of Charger Programmability

The Christie CASP/2000 is capable of performing various kinds of maintenance on any
rechargeable battery type. It is programmable via various types of tables stored within
the firmware of the unit. The user provides battery-unique information and the desired
profile parameters for each battery type in a particular Parameter Table. Each
Parameter Table is associated to particular ID resistance(s) sensed on the output circuit
of each of the charger’s six channels. The ID resistor can be physically located in the
battery, in an adaptor cable connected in the channel, or, as in most of our applications,
in the BSA connection circuits; the resistors were placed in the BSA since the EVA
batteries were already in use and did not contain resistors when they were
manufactured. The tables can be updated (one BCM at a time) to support new batteries
or to refine maintenance profiles by placing the BCM in Download Mode via the
REMOTE switch, connecting the REMOTE port to an ISS Windows-based laptop and
using the TABLES.EXE program located on the laptop (refer to 1.645 BCA SOFTWARE
DOWNLOAD) for the -303 BCMs and using the TD-700 software for the -305 BCMs
(refer to 1.655 PARAMETER UPDATE FOR -305 BCMs). If only a couple parameters
require changing for the -303 BCMs, they can be changed one at a time using the
REMOTE.EXE program, as was performed on Expedition 5.

Table 1.2—-10 summarizes the table types and what information they contain; the
specifics regarding the tables that the BCM’s use and the contents of each are in the
follow sections.

Table 1.2-10. Charger table types

Table type Table ID no./range Description of table contents

Battery type table 100-131 Maps an ID resistor to a battery name (e.g. EMU BSA)
and Parameter Table no.

Parameter Table 000-031 Identifies the characteristics for each battery, maps to
a Cell Type Table no., and defines the (dis-)charge
and charge termination methods

Cell Type table 090-093 Defines the characteristics of different battery
chemistries at the single cell level

Execute table 080-087 Each table contains a series of task codes that define
the sequence of events to be performed when a
function is initiated with the CHARGE switch or
REMOTE.EXE

Miscellaneous data 099 Contains items that are universal to all battery types or
that have no relation to battery processing
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1.24.4

Battery Type ID and (Dis-)Charging Parameters

The BCM can store information for up to 32 battery types and battery parameters. We
are currently only using 11 of the 32 battery type tables since there are 11 ID resistors
defined (Table 1.2—-11); on the other hand, we only use 6 of the 32 parameter tables
since there is more than 1 resistor value for the Helmet and PGTs. For example, a
circuit within the HL battery allowed the sensed resistance to change when a HL battery
is installed; therefore, the value prior to connection was used to display a type of HL-B
Empty, indicating that no battery is installed. Redundant ID resistors also help
differentiate where the batteries are located in the BSA (see Section 1.2-6 Failure and

Design History).

Table 1.2-11. Battery type tables

Battery Battery Data contained in Table
(+/- Igr::;ztor - :Zglee telgr‘::try Battery name | Parameter table
code
422 KQ 1% Table 103 01 01EMU BSA 001
6.81 KQ 1% Table 110 02 02EMU Suit 006
4.87 KQ 1% Table 105 03 03HL-A 002
23.7KQ 1% Table 129 04 04HL-B 002
19.1 KQ 1% Table 126 05 05REBA - 10 005
10.0 KQ 1% Table 116 06 06PGT 003
13.7KQ 1% Table 121 07 07HL-B 002
10.7 KQ 1% Table 117 08 08REBA - 30 004
205KQ 1% Table 127 09 09PGT 003
23.7KQ 1% Table 129 10 10HL-B Empty 000
13.7KQ 1% Table 121 11 11HL-B Empty 000

Once the BCM power up self-test is complete, the BCM polls each channel to determine
the battery type via the resistor value. Resistor values are hard-coded in the Christie
firmware to a specific battery type table. In the battery type table the user maps that
battery type to a parameter table (as shown above in Table 1.2-11). The parameter
table is where the user defines the required (dis-)charging profile used including input
current, cut-off voltage, maximum charge time, and other parameters as described in

Table 1.2-12.
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Table 1.2-12. Description of battery parameter data

Battery parameter Description

Charge amps Defines the charge current during ReFLEX™ or Constant
Current (CC) charging or the current limit during Constant
Potential (CP) charging

Discharge amps Sets the discharge current for a discharge or maintenance
(a.k.a. “Analyze”) function

Alt charge amps Defines the charge current that would be used during an
Alt charge task. The BCMs perform an Alt charge on each
battery prior to performing the charge type selected in this
table’s Charge Code. The Alt charge task is activated for
standard charges in Execute Table 80

Amp hour Defines the rated amp-hour capacity of the battery. Not
used unless Min Amp Hour is not defined

Min amp hour The minimum acceptable amp-hour capacity of the battery
is compared with the calculated Amp Hour (AH) after a
maintenance (Analyze) function and will causes an “Amp-
Hour Test Error” if the battery capacity is lower. A setting
of 0.00 avoids the message from every being received

Number of cells Defines the number of physical cells within the pack
connected to the channel. This is critical to proper, safe
operation and must be entered as two digits (e.g. ‘08’)

Charge code Also critical to proper, safe operation. The charge and
termination method letter selects the process used for
charging a battery and for detecting when charge is
complete. The Cell Type Table no. defines the particular
chemistry of the battery cells. (See Section 1.2-5 Charge
Types and Termination Criteria for charge mode details)

Charge time Defines the maximum allowed charge time in HHMM;
provides an added cut-off protection against overcharging

Alt charge time Defines the charge duration (HHMM) of an Alt charge (a
constant current charge with cut-off only occurring at this
specified duration; cut-off is not based at all on battery
voltage profile, i.e. battery chemistry)
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Table 1.2-13 identifies the actual charging parameters defined in the BCM’s Parameter
Tables for each battery type. This information is broken down for each BCM

dash-number.

Table 1.2-13. Battery parameter tables

-301
-303 Data contained in table
-305
: : Chrg
Table/ Chrg Dis- Alt Amp- Min No. of | Chrg | Time Alt
battery chrg | Chrg Amp- . | Chrg
Amps hrs cells | code | (HH: :
name Amps | Amps hrs MM) Time
000
10HL-B
Empty
11HL-B
Empty
001 2200
01EMU BSA 1.55 1.50 1.55 46.0 26.6 11 D9ON ["3p00* | 0003
3000
002 0400
O3HL-A #
04HL-B 1.00 1.00 1.00 3.40 2.50 15 B91IN | 0430 0003
O7HL-B 0430
003
06PGT 0.55 1.00 0.55 1.90 1.00 30 B9IN | 0415 | 0003
09PGT
004 0.50
#
0SREBA-30 1.00 0.50 1.00 3.60 2.50 30 B91IN | 0445 0003
1.50
005 0.50
#
O5REBA-10 1.00 0.50 1.00 3.60 2.50 10 B91N | 0445 0003
1.50
006
02EMU 1.55 1.50 1.55 46.0 26.6 11 D93N | 2200 | 0003
SUIT

* Modified on-orbit by Exp-5 crew per OCA 05-1381A.
# Modified on-orbit by Inc 18 crew per Chit 6647

While the Parameter Tables contain much of the information needed by the BCM to

safely (dis-)charge a battery, all battery voltage information is provided at the single cell
level via the Cell Type Table number contained in the CC. The voltages of a particular
battery type are then simply calculated by multiplying the cell voltage by the number of
cells in that particular battery type. For example, when charging an EMU battery in the
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BSA, the BCM stops charging when the CC voltage per cell (1.98V) times the number of
cells (11) is sensed during the charger’s OCV check (21.78V).

Table 1.2-14. Cell types used with parameter tables

Ui Data contained in table
-303
_ Table 90 | Table 91 | Table 93 | y,|tage data description
Cell type data in silver- NiCd, silver-
table zinc (In NiMH zinc (In
BSA) Suit)
Determines the maximum
voltage ever expected
during a charge; used to
determine if the battery
Rail voltage/cell 2.50 2.50 2.50 exhibits high impedance or
too many cells. If the
battery voltage exceeds
95% of this a “Wrong Batt
or Hi-imp” error is issued
Discharged Determines the voltage at
1.45 1.00 1.45 which a discharge task is
voltage/cell termi
erminated
Nominal The nominal OCV for a fully
1.50 1.20 1.50 charged cell (not used for
voltage/cell :
controlling the charger)
1.96 Determines the voltage per
Constant Current 150 1.98 cell usle(d to;jtr)mlnat? at
: : normal (vs. constan
(CC) voltage/cell 1.98* current Charge. (i.e.
charge code D - EMU ICBs)
Determines the voltage per
Constant cell during a constant
Potential (CP) 1.96 1.55 1.98 voltage charge (no EVA
voltage/cell batteries currently use this
method of charging)

* Modified on-orbit by Exp-5 crew per OCA 05-1339.
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1.2.5 Charge Types and Termination Criteria

Along with the cell type, the charge code in the Parameter Table also contains letters
designating the following:

1% position A-L Each letter defines the standard charge
type and charge termination method to be
used for the battery

Last position N (normal) This polarity suffixes defines whether the
R (reverse) battery’s thermal switch is normally
closed (N) or normally open (R)

e The EMU ICBs are charged using a Constant Current (CC) with termination at a
set Voltage Cutoff (table code D).

e All other EVA batteries are charged using a ReFLEX™ charge with termination
using the Maximum Curve criteria (table code B).

Each of these two methods of charging and charge termination are described in detail
below, as is Alt Charging. Note that the Christie chargers are also capable of CP
charging and of terminating by several other methods (Standard Curve, by time, at a set
time after a voltage is reached, and when a thermal switch trips.) For details on these
other methods, refer to Christie’s Operator’'s Manual CASP/2000.

CC charging: Uses the current entered in the CHARGE AMPS parameter. The charge
delivered to the battery is a constant stream of electrical current. This is suggested for
silver-zinc batteries. The charge voltage is allowed to vary to keep the charge current
constant. The resulting voltage profile is therefore a function of the chemical reactions
occurring in the battery during the charge.

Voltage cutoff: Senses when the battery voltage reaches the value calculated from the
CC V/CELL entry in the CELL TYPE table, then divides the current by the REDUCED
CURR entry in Table 099. When the voltage again reaches the sense point, charging is
terminated.

ReFLEX™ charging: Is the recommended method of charging sealed nickel cadmium
batteries. It is a Christie Electronic process that charges at the rate set by the CHARGE
AMPS parameter, and uses a brief discharge (or “burp”) pulse once a second. This
allows faster charge times and reduces memory in nickel cadmium batteries. The
charge voltage is allowed to vary to keep the charge current constant. The resulting
voltage profile is therefore a function of the chemical reactions occurring in the battery
during the charge.

Maximum Curve cutoff: Monitors the rate of change of the battery voltage to determine
cell condition, but waits until the battery voltage actually starts decreasing during
charge. This method delivers more energy (then Standard Curve cutoff) to the battery,
but also increases heating of the cells. This process is recommended for low
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impedance nickel cadmium batteries. More capacity is available from any one charge
using this method, but the total number of recharges of a battery is reduced.

Alt charging: The Alt charge mode is a timed charge termination versus the normal
charge termination defined in the battery’s parameter table. The Alt charge charges
until the time specified in ALT CHARGE TIME is expired. The BCM Charge process
has been programmed, via Table 080, to always start with an Alt charge. This was
done in an attempt to remove any battery electrode passivation prior to the charger
beginning to monitor the voltage profile. Passivation temporarily increases the batteries
resistance (impedance) to charging and discharging, thus affecting the normal voltage
profile and possibly stopping a charge by triggering false termination, Low-slope Error or
Wrong Batt or Hi-lmp indications.

The type of task being performed, or the communications mode that the BCM is in, is
displayed via the serial data Task field coming through the MDM,; it is NOT shown on
the front panel display. Table 1.2—15 lists the possible indications that can be received.

Table 1.2-15. BCM task field display codes

Code Task
0 No history
1 Constant current charge
2 ReFLEX™ charge
3 PCS mode
4 Download mode
5 ALT charge
The Following Apply to -305 Only
6 Discharge
7 Charge-Discharge
12 Charge-Discharge-Charge

1.2.51 Task Sequences and Execute Tables

When the MODE switch is taken to CHARGE, or when the “disch” menu item is
executed from the REMOTE.EXE program, the Christie firmware actually starts a
sequence of events that are defined by a sequence of Task Codes in the Execute
Tables (no. 080 to 085). A sequence of up to 16 tasks could be executed with a single
switch throw or command execution. Codes also exist to allow the sequence to be
repeated multiple times or indefinitely until the STOP switch is pressed. Table 1.2-16
lists the task codes for the Execute Tables normally used for on-orbit operations
(Table no. 080 and 081). The BCM'’s other Execute Tables were populated generically
by Christie Corp.; these tables might be changed and/or used in the future to allow more
automated maintenance cycling of the EVA batteries. For more information, see
Christie’s Operations Manual and EVA Battery-to-BCA/BSA ICD.
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Table 1.2-16. Execute table task sequences

Function/table | Task code sequence Comments

Charge/table 43 11 00 00 00 00 OO0 00 | Alt charge (43), standard charge

080 00 00 00 00 00 00 00 00 | (11), stop (00)
Discharge/table | 32 00 00 00 00 00 00 00 | Discharge (32), stop (00)
081 00 00 00 00 00 00 00 00

Examples of other possible functions

Charge - 43 11 35 32 00 00 00 00 | Alt charge (43), standard charge

discharge 00 00 00 00 00 OO0 00 00 | (11), timed wait (35), discharge (32),
stop (00)

Rapid recovery |43 11 35 32 15 15 15 15 | Alt charge (43), standard charge

cycles 11 35 62 00 00 00 00 00 | (11), 1-hr timed wait (35), discharge

(32), 4-hr timed wait (15)x4, standard
charge (11), 1-hr timed wait (35),
discharge with AH analysis (62), stop
(00)

A timed wait is often desired between discharge and charge tasks to allow the battery to
cool off before starting the next task. The desired time is specified in hours and minutes
by the Wait Time parameter of Table 99 Miscellaneous Data. This time is used for all
battery types. Because of this, multiple WAIT codes could be used or Table 99's Wait
Time could be set to the longest cooling time required by any of the batteries; with the
current battery types, that would be the 4 hours required by the EMU ICBs. Since
Table 99 currently has the Wait Time set to 1 hour, four Wait codes would have to be
placed between a discharge and subsequent charge to meet this requirement. NOTE:
While different WAIT task codes exist (14, 15, 34, 35, etc.), all waits are of this same
duration. What changes is the message displayed during the wait (signified by the first
digit) and whether the charger does nothing during the wait (second digit = 4) or moves
to the subsequent channels while the wait time counts down (second digit = 5).

1.2.6 Failure and Design History

1.2.6.1 Failure Modes Documentation

The BCA has several failure modes that are considered Criticality 1 items due to the
potential to cause battery explosion. See the Failure Modes and Effects Analysis
(FMEA)/Critical Items List (CIL) report from Lockheed Martin (Document no. P104955)
for details on failure modes for the following:
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) Main power switch

. Mode (CHARGE/STOP) switch

. Data (REMOTE/HISTORY) switch
o Remote port

. Display

. LED

1.2.6.2 In-Flight Anomalies and Off-Nominal Signatures
MER-IFI 842 Failure to Discharge EMU Battery

When attempting to perform on-orbit maintenance discharge of EMU battery, S/N 2020,
in BSA slot EMU 4, the discharge could not be initiated. The crew reported a History
display (as read on the ISS Windows-based laptop) message for Channel 4 of " OP *
Ch4 00:00:00" with "Discharged Look at 1,3,4" flashing on the second line. The
discharge was reattempted with Battery Charger no. 3 and Battery charger no. 4 both
powered. This also failed resulting in the same message to the crew. The crew later
confirmed that OCV of the battery was 20.4 volts, confirming that the battery was
connected properly and the charger was sensing the voltage.

MER-IFI (not incorporated) Battery Charger Amp Readings During PSA Use with EMU
Middeck Charger

BCs on MEGA display show from 0.00 to ~0.25 to 0.3 amps (Program Unique ldentifiers
(PUIs) ALXS01BT01013C, 0203C, 0303C, and 0403C) when initiating EMU battery
charge using the PSA utility outlet and middeck EMU battery Charger. The chargers
themselves were not powered. We saw another occurrence of this subsequently, when
charging batteries in BC 3 and 4. The analog amp draw showed 013 amps with PSA
power on and the RPCs open.

MER-IFI (not incorporated) BC 1 Shutdown After Charge Initiation

Approximately 5 minutes after CHARGE initiation, BC 1 charge voltage dropped from
40.5 to 0. BC 1 serial data indicated NO HISTORY for all channels. The crewmember
was directed to cycle the MODE switch back to CHARGE and charging was reinitiated
with no anomalies.

MER-IF| 701 Battery Charger 1 Low Slope Error/Garbled Display

When topping off EVA batteries in the BSA, BC 1 gave error messages for the PGT
battery in CH 1 (“Low Slope error”) and the HL battery in CH 4 (“Wrong Batt/High

Imp” — garbled on display but captured in serial data downlink). The OCV for the PGT
battery was 26.8 V dc, which indicates a bad battery (typically ~40 V). The OCV for the
HL battery was 18.6 V dc, which indicates a partially charged battery. The charge was
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reattempted in BC 2 with the same errors. The batteries were marked as “bad” and
returned on a subsequent flight. Batteries that are in a deeply discharged state will not
take a charge.

MER-IFI 740 (EXP 4) BC3 Serial Data Charge Indication Anomaly

When BC 3 advanced to Ch 3, shortly after initiating the charge, the serial data
telemetry for channel 3 indicated zero amps on the Mega Data Display. The serial data
volts increased consistent with a nominal charge. The analog amps (ALXS01BT0303C)
for this channel were nominal.

MER-IFI 619 In-suit EMU Battery Charger (BCA) Early Termination

EXP 3 began charging EVA batteries in prep for UF-1. EMU batteries 2012 and 2013
were placed in the EMUs (3010 and 3016 respectively) for charging. These batteries
were last used on 7A.1 on 8/16/2001 and were discharged (20.24 amp-hr and 21.57
amp-hrs) by the last EVA on 7A.1 and left on ISS in this state. During the subsequent
charge on EXP 3, EMU 1 charge current was ~1.49, and EMU 2 charge current was
~1.48 amps. EMU 1 battery stopped charging at 1 hr 58 min with TASK COMPLETED
OK. At this time, EMU 2 charge current changed to ~1.11 amps (due to UIA anomaly
split). EMU 1 charged ~2.98 amp-hr and EMU 2 charged ~4.9 amp-hr.

1.2.6.3  Ground Testing Anomalies
Problem Report no. 2503 Battery Charger 2 Analog Current Anomaly

BC 2 analog current data did not correlate with RS-485 data. BC 2 analog voltage was
nominal. There are no operational impacts since loss of BC 2 analog current data only
affects redundancy; RS-485 serial data is primary source of data. Potential sources of
the anomaly have been isolated to wiring harness W071, W082, Airlock MDM, or BC 2.

High Impedance Problem — EMU battery

The BCA design was based in part on the ICD for the Yardney (silver zinc) EMU
battery. The problem was identified during charging of partially discharged batteries.
The BCA failed to initiate charge due to high impedance, “HIGH IMP.” The Christie
firmware records this as an erroneous condition and skips over the battery. Batteries
that were discharged by ~ 2 amp-hr, or more, have charged successfully. The
recommended workaround option was to perform EMU Checkout on battery power.
Currently, we leave batteries discharged on ISS.

Wrong Charge Table Selected

During ground testing of the -305 BCM, the wrong table was selected. The error was
repeated twice but could not subsequently be reproduced. In all instances, an empty
table was selected. Analysis determined no hazard to crew from any incorrectly
selected table.
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Table 1.2-17. Malfunction summary

No. | Anomaly Cause Status Workaround | Comments
1 | BCM History Noise (due to | Fixed in - Cycle power | Replaced
screen shows | diode 303 units blocking diode
blank display capacitance) with short circuit
upon power-up | between front protection
end resistor in the
processor backup battery
and Christie (Li) circuit.
processor Diode
capacitance

caused battery
controller chip to

malfunction
during startup in
original
configuration
2 | BCM shows Same as 1 Fixed in - Cycle power | Same as 1
garbled display 303 units
upon startup
3 | BCM initiates Affects BC 3 | Fixed in - Procedures Changed BCM
immediate and BC 4 303 units written to circuit (NAND
charge upon only. Current power up all | gate) to
startup leakage four units eliminate
through TCO within 7 current leak
circuitry in the seconds through TCO
unpowered path

unit causes
the front-end
processor to
startup with
erroneous
data in
registers
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Table 1.2-17. Malfunction summary (continued)

No. | Anomaly Cause Status Workaround | Comments

4 | Garbled “Task | Unknown, Fixed in - Verify battery | At elevated
Completed OK” | possibly 303 units if | is fully temps,
message when | related to 5 related to 5 | charged corrupted
stop switch based on pointer in
was used to duration and | Random Access
stop charge amperage. Memory (RAM)

Status causes program
indication to begin reading
should still be | message string
good via from incorrect
telemetry location in
Erasable
Programmable
Read-Only
Memory
(EPROM)

5 | Garbled “Stop | ARAM Fixed in - Status At elevated
switch location of 303 unit. indication via | temps,
Toggled” the front-end | Micro- telemetry will | corrupted
message when | processor controller be correct pointer in RAM
stop switch appeared to replaced causes program
was used to be erroneous to begin reading
stop charge at elevated message string

temps, which from incorrect
caused a location in
pointer to EPROM
address an

erroneous

message

location

6 | Pages skipped | Data transfer | Fixed in Do not cycle | Channel counter
when problem backup DATA switch | in firmware is
attempting to between units while the incorrectly set
toggle through | Christie and hourglass is | for hourglass
history data display displayed. update routines

Cycle DATA
switch to
retrieve
skipped data
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Table 1.2-17. Malfunction summary (continued)

No. | Anomaly Cause Status Workaround | Comments
7 | “Low slope BCM does Addition of | Condition Characteristic
error” for PGT | not see the a 3 min should be behavior for
batteries desired alternate rare. If NiMH batteries
increase in charge encountered, | that have been
voltage over | postpones crew will re- deeply
a specified the slope initiate the discharged
time or saw a | test until 6 charge. and/or have sat
decrease in minutes of for extended
voltage charge time period of time,
have can exhibit a
elapsed negative voltage
slope during
initial charge
8 | High charge System noise | Fixed in Modification Capacitor added
current on on the BCM backup made to UIA | between the
BCM display current-sense | units enables current-sense
amplifier insight into op amp output
EMU in-suit and ground
battery
charge
9 | BCM will not Constant No fix Ensure EMU procedure
top off EMU current available batteries are | written for the
batteries charge profile | (would sufficiently option of
because of is not require discharged, performing EMU
“High Imp” compatible upgrade of | via EMU C/O on battery.
with EMU firmware) Checkout SSATA testing
battery at (C/O) or other | was performed
beginning of means, to to verify that
charge accept a battery is
topoff charge | sufficiently
discharged to
preclude “High
Imp”
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Table 1.2-17. Malfunction summary (continued)

No. | Anomaly Cause Status Workaround | Comments
10 | BCM cannot Current Fixed in Power BCs 3 | Changed BCM
discharge EMU | leakage backup and4 onto circuit (NAND
batteries in through TCO | units enable gate) to
BSA circuitry in the discharge eliminate
unpowered current leak
unit through TCO
path. The

powered BCM
detects current
in unpowered
unit and opens
a charge
channel that
Christie
firmware detects
as an open
fuse, resulting in
“Open Circuit”
message being
issued.

This was
thought to be
the problem
initially on EXP
5 attempt to
perform a
discharge;
however, in
troubleshooting,
both BC 3 and 4
were powered
up with no joy
on the
discharge
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Table 1.2-17. Malfunction summary (continued)

No. | Anomaly Cause Status Workaround | Comments
11 | Early charge High system | Battery None Impedance in
cutoff for impedance charge required A/L electrical
batteries in the | causes parameters lines biases the
EMU extended RC | have been measured
decay profile | updated to battery voltage
account for high. BCMs
impedance were

recalibrated/
adjusted to
account for
impedance in

A/L lines
12 | BCM HISTORY | Same as 1 If same as | Power off UIA | Replacing
screen display 1, then fixed | prior to blocking diode
“Look At’ in backup powering up | with short-circuit
message after units BCA protection
power up resistor in
backup battery
(Li) circuit.
EMU battery

line capacities
suspected to
cause battery
controller chip to
malfunction
during startup in
original config

13 | Short circuit Unexplained. | Unable to Reinitiate In one case, the
error Possibly recreate, so | charge on battery charged

related to test | closed as affected about 5 min, in
setup in unexplained | battery other charged
SSATA. 1 hr, then
Occurred terminated with
during the “Short circuit
teston S/N error.” Could
1002 and not duplicate
1006 malfunction
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Table 1.2-17. Malfunction summary (concluded)
No. | Anomaly Cause Status Workaround | Comments
14 | Anomalous History Fixed in Cycle History display
immediate display time- | backup units | through timeout counter
return to MAIN | out counter history as was not always
DISPLAY when | not always needed to reset for the
attempting to set correctly. obtain data history mode
view history
15 | Anomalous Data transfer | Closed. Wait for data | Firmware re-
voltage reading | problem Firmware to update written to parse
on EMU between updated to (displayed) data
batteries Christie and | minimize from Christie
(77.0 V dc) display. occurrences. more
Takes up to Fixed in accurately.
2 minutes to | backup units Determined
get new impact was
value, so minimal.
bogus value Current is
may be updated more
displayed for often than
up to voltage
2 minutes
16 | Garbled history | Data transfer | Fixed in Cycle Firmware re-
data problem backup units | through written to parse
between history as (displayed) data
Christie and needed to from Christie
display. obtain data more
Same cause accurately.
as 15 Determined
impact was
minimal.
Current is
updated more
often than
voltage
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1.2.6.4  Design History

The BCA was designed and manufactured by Lockheed Martin Space Operations.

The first flight of the BCA was ISS Flight 7A. It was launched in place in the ISS Airlock
module and included four -301 versions of the BCM. Two of the -303 versions were
prepositioned by ISS Flight 6A in response to the ground testing anomalies; it was
determined to be cheaper to R&R the units on-orbit after their delivery on ISS 7A.
The-305 version was installed by STS-124. A -306 version is in development at the
time of this publication and is expected to fly in late 2009 or 2010.

Materials and Constraints

The design of the BCA conforms to materials requirements of JHB 8080.5, Std. M/P-1.
All materials used in the BCA meet the requirements of NHB 8060.1C, JSC-09604, and
MIL-STD 975.

1.2.7 Original Equipment Manufacturer Data
1.2.7.1  Operating Limits
Limit conditions Operating limits | sPUI Constraints/comments
(min/max)
1 |Temperature limits 45°F (7.2 °C)/110°F | N/A |=  Qual limits
=  Assumes coldplate in Avionics Rack is functioning
= Reference SCCN 2373
2 |Pressure limits 10 psia to 15.2 psia [ N/A
3 |Input voltage 120 +/- 6 V dc to N/A |=  Each BCM supplied by separate RPC
each BCM =  Operating beyond these limits incurs risk of
hardware damage or decreased performance
Input power 0.4 amps nominal N/A Power consumption measured during testing was
per BCM less than 200 watts for four modules
Input over-current 3.7 amps to 4.2 N/A Over-current protection provided by RPCM for each
protection amps BCM
Reference SSP 30263:002
Output voltage (BSA 12.0+/- 0.5V dc N/A BSA receives power from each, or all of, the BCMs
supply) in the BCA
Does not include recharge power to the batteries
Output current (BSA <0.25 amp max N/A BSA receives power from each, or all of, the BCMs
supply) in the BCA. In the BSA, this powers electronics for
fan control, TCO, driver circuit, and charge status
LED
Does not include recharge power to the batteries
Output over-current N/A BSA receives power from each, or all of, the BCMs
protection (BSA supply) in the BCA
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Limit conditions Operating limits sPUI Constraints/comments
(min/max)
8 |Output over- N/A BSA receives power from each, or all of, the BCMs in
current protection the BCA
(BSA supply) Does not include recharge power to the batteries
9 |Output voltage 22.0+/-0.1Vdcat N/A Function provided by BCA via PSA interfaces
(EMU battery charge completion See Battery ICD JSC-38983
recharge)
10 [Output current 1.55 +/- 0.05 amps N/A Function provided by BCA via PSA interfaces
(EMU battery See Battery ICD JSC-38983
recharge)
11 [Output voltage 44 t0o 44.5V dc at N/A See Battery ICD JSC-38983
(PGT battery charge completion
recharge)
12 [Output current 0.5 amps £ 0.05 N/A See Battery ICD JSC-38983
(PGT battery
recharge)
13 |Output voltage 23t023.5V dc at N/A See Battery ICD JSC-38983
(EHIP battery charge completion
recharge)
14 [Output current 1.0 Amps + 0.05 N/A See Battery ICD JSC-38983
(EHIP battery
recharge)
15 |Output voltage 48 V dc for 30-cell N/A As programmed for REBA recharge
(BSA external REBA See Battery ICD JSC-38983 for other possible
charge port) 16 V dc for 10-cell battery tvoes
REBA v P
16 |Output current 1.0 amps + 0.05 N/A As programmed for REBA recharge
(BSA external See Battery ICD JSC-38983 for other possible
charge port)
battery types
17 |Discharge current |1.50 Amps + 0.05 N/A Only =301 and —303 models
(EMU battery 3.00 Amps + 0.05 ~305 models
discharge)
18 [Discharge current |0.50 Amps + 0.05 N/A Only —301 and —303 models
(PGT battery 1.00 Amps * 0.05 -305 models
discharge)
19 [Discharge current |1.00 Amps + 0.05 N/A -301, =303 and —305 models
(EHIP battery
discharge)
20 |[Discharge current [0.50 Amps + 0.05 N/A Only —301 and —303 models
(REBA battery 1.50 Amps £ 0.05 —305 models
discharge)
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1.2.7.2  Non-Operating LImits
Limit conditions | Non-operating limits sPUI Constraints/comments
(min/max)
17 |Survival 30° F (-1.1°C)/150° F N/A = Qual limits
temperature limits (65.6° C) +  Reference SCCN 2373
18 |Survival pressure Space vacuum to N/A
limits 15.2 psia

Ref. Engineering Memo: EVA-EV-1272

1.2.7.3

Reference Material

Specifications and other Documents

nmoo w >

BCA End Item Specification — JSC-33279

BCA-to-Airlock ICD — JSC-33234

SPCE PTRS - JSC-33277

BCA Top Assy Drawing — SEG39128212

BCM Top Assy Drawing — SEG39128256

Batteries-to-SPCE ICD — JSC-38983

Note:

The EMU batteries are the only ones
that are connected to the structure, so
they are the only ones susceptible to this.

10.45A
Safety

--------- 12vRtn
| oA
BCA#3 Ty
WOEEA UIA
] ]
R SR M| P 1.55A
i Charge (A m EMU
! current . 1.10 Battery
10.45A L
4 G— o
1554 —— L0A P 1.10A
- P
P
i 1foasa
BCA#4 P 0454
+12V e - - - - - - 4
_______________________ -
! [re—
! Ch
! arge
[l\/\ EI405'A current 0.45 Balft'\e/IrL;/
1
<
-4 405.A )  Safety
- A 0.45A

{sc20597 193.cvx

Figure 1.2-14. EMU battery in-suit charging sneak circuit
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1.2.8 References

COTS Vendor Documents — Chistie Electronic Corp.

A. CASP Flowcharts, Fax from Christie dated October 28, 1999

Description: Flowcharts and descriptions show the tests, measurements, and decisions
CASP makes when charging and discharging batteries as well as when CASP reports
error (completion) codes.

B. OPERATOR’S MANUAL CASP/2000 (L, H, and D), TD-608 Rev. E, Software
Version 5.0

Description: Contains details on the capabilities and modes of operation of the CASP,
definitions and descriptions of the tables and parameters that control the CASP’s
operation, as well as descriptions of the various messages and errors.

C. CASP 1000/1200/2000 INTERFACE PROGRAM OPERATION MANUAL,
TD-639X2, Software Revision A

Description: Contains details on the use of the TABLES.EXE and REMOTE.EXE
interface programs; much of the same information contained in the Operator’'s Manual.

D. TECHNICAL MANUAL CASP/2000 (L and H)’, TD-617 Rev. A

Description: The purpose of this technical manual is to help technicians repair and
maintain the CASP/2000. It assumes the user is familiar with the operation of the
CASP. This document has detail down to the internal electrical component level.

http:\\christiecorp.com\

ISS Program-Related References

A. Design, Analysis and Test References
B. Lockheed Martin/M. Sommers, Lead Engineer — BCA, BSA, PSA

C. Failure Modes & Effects Analysis & Critical Items List (FMEA/CIL) Report — LMSO-
P104956, March 1999

D. Safety Assessment Report (SAR) — LMSO-P104980, March 1999
E. JSC-33234B Battery Charger Assembly to Airlock ICD, February 1999

F. JSC-38983 EXTRAVEHICULAR ACTIVITY (EVA) BATTERIES TO BATTERY
CHARGER ASSEMBLY (BCA) BATTERY STOWAGE ASSEMBLY (BSA)
INTERFACE CONTROL DOCUMENT (ICD)

G. Drawing No. SKG39134917 Battery Charger Assembly Firmware Program
Documentation, Rev. A (available electronically from EDCC)
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1.3 BATTERY STOWAGE ASSEMBLY (BSA)
1.3.1 ORU Specification Table

Table 1.3-1. Battery stowage assembly reference data

Description Specification Comments

Part Number: SEG39128213-301 Designed as an ORU (fasteners captive);
SODF ORU Changeout procedure does
NOT exist.

Existing Flight Includes qualification unit (sn100x) that is

Units (Quantity): 2 currently located at JSC in the building 7
SSATA chamber; sn1002 is on-orbit

Dimensions: Dimensions do not include protrusions from

BSA 35.24in. Wx 14.6 in. Hx 9.5 in. D panel surface plane (i.e., handholds, tether
rings, switches, etc.)

Weight (dry):

BSA 48 1b

Connector Part no. TBS Electrical connectors (qty - 4) to BCA

Interfaces:

1.3.2 General Description

The purpose of the Battery Stowage Assembly (BSA) is to provide a stowage facility for
batteries, while they are being charged via the Battery Charger Assembly (BCA). The
BSA was intended to provide long-term stowage as well. However, past experience
shows that batteries left connected in the BSA experience a “parasitic’ discharge that
cause battery OCVs to be lower than 1 V after a few months of stowage. Therefore,
operationally it is suggested that batteries not be left connected in the BSA for longer
than a few weeks. The BSA provides the mechanical and electrical interfaces for
recharging EVA-related batteries. The BSA has no internal power supplies; the BCA
supplies power to the BSA for all functions. The BSA provides a visual status to the
crew during charging via the CHARGING IN PROGRESS LED. The BSA is equipped
with two fans (A and B). Only one fan is used at a time; it dissipates potential gas
buildup during charge. The BSA is equipped with two microswitches to identify whether
the door is open or closed. Only one switch is used at a time. Which microswitch and
fan is active is determined by jumper (A or B) position (refer to Figure 1.3-2).
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1.3.3 Subsystem Detail
1.3.3.1 Location and Structure

Location

The BSA is mounted in the Equipment Lock Avionics Rack (see Figure 1.3-1) and is
located below the Power Supply Assembly and the Battery Charger Assembly.

As with most other items in the Joint Airlock, the BSA is an On-Orbit Replaceable Unit
(ORU). Due to the large size of the spare and the limited on-orbit stowage space
available, the spare unit will remain on the ground until it is needed.

jsc20597_196.cvx

Figure 1.3-1. Avionics rack lower section
(BCAs, PSA, and BSA)

Structure

The BSA door provides a means for covering and protecting the batteries that are under
charge and to contain debris that may be generated in the event of an explosive battery.
Each stowage slot contains structural features that interface with the battery’s locking
mechanisms. The locking mechanisms operate in the same manner as they do with the
hardware with which the battery is used. Figure 1.3-2 shows the battery stowage
assembly.
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Figure 1.3-2. Battery stowage assembly
(close-up of BSA slots)

1.3.3.2 Interfaces

Power Interfaces

The BCA supplies power to the BSA for battery recharge and operating the fan circuitry.
Only one Battery Charger (BC) must be powered for the BSA fan to operate. Battery
Charger (BC) subassemblies, BC1, BC2, BC3, and BC4 each receives 120 volts from
RPCM AL1A4A B RPC 3, 4, 5, and 6, respectively. Each BC is capable of charging six
independent batteries (or channels) in series with the channels hardwired to specific
locations in the BSA that cannot be changed on-orbit. This wiring defines the sequence
in which the batteries will be charged. Table 1.3-2 shows the sequence for each BC.

Table 1.3-2. Battery charger channel sequence

BC1 BC 2 BC3 BC 4
Channel 1 PGT 1 HL-A 1 EMU 2 (in-suit) EMU 1 (in-suit)
Channel 2 HL-B/EMPTY 2 HL-B/EMPTY 1 ACP 1 (REBA) ACP 2 (REBA)
Channel 3 HL-A 2 PGT 2 HL-B/EMPTY 4 HL-B/EMPTY 5
Channel 4 HL-B/EMPTY 3 PGT 3 EMU 3 EMU 4
Channel 5 HL-A 3 PGT 4 ACP 3 (REBA) ACP 4 (REBA)
Channel 6 HL-A 4 PGT 5 ACP 5 (REBA) ACP 6 (REBA)

The 16 batteries that can be stowed in the BSA include two EMU batteries, nine Helmet
Light (HL) batteries (HL-A, HL-B/EMPTY), and five Pistol Grip Tool (PGT) batteries. As
designed, eight channels are dedicated to charge batteries external to the BSA (grayed
cells in Table 1.3-2.) For more information on charging in-suit EMU batteries and the
Auxiliary Charge Port (ACP) usage, see the BCA section (Section 1.2). The ACP is
currently used only for REBA battery connection to the BCA. The ACP can also be
used to charge a variety of batteries by updating a BCA parameter table such that the
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charger associates the ID resistor in a newly-provided ACP charge cable with the
appropriate charge parameters.

The label located on the inside of the BSA door provides crewmembers with a reference
to identify battery location, charging sequence, and the associated battery charger
(shown in Figure 1.3-3). Each wiring interface for the BSA is unique to each battery
type as shown in Figure 1.3-4 to Figure 1.3-7.

4 )
BSA SLOT ASSIGNMENTS
:- EMU BATTERIES : EMU BATTERIES .:- PGT BATTERIES I
1 | HL-A1 HL-A2 I PGT 2 PGT 3 !
I EMU 1 EMU 2 BC 2 BC 1 BC 2 BC 2 |
I I CH 1 CH 3 | CH 3 CH 4 1
BC 4 BC 3 | ID 03HL-A| ID 03 HL-A | ID 06 PGT ID 06PGT 1
IlcH 1 CH 1 | I |
I [Ip o2EMUSUIT|[ID 02EMU SUIT I HL-A3 HL-A4 PGT 4 PGT 5 1
1 BC 1 BC 1 | BC 2 BC 2 "
1 | CH 5 CH 6 ] CH 5 CH 6 |
| | ID 09 HL-A| ID 09 HL-A | ID 06 PGT ID 06PGT "
1 f———_—————————— rFr———_—_—_———————— =1
|
I : HL-B BATTERIES : sCCT 1 :
1 EMU 3 EMU 1 | HL-B/EMPTY 2||HL-B/EMPTY 3 I FAN|FAN CH 1 |
: Eﬁi gﬁi I ?3& %4HLB ?3& %4HLB I ALE — :
-B or -bor
Il D otemuBsal|l D o1EMUBSA : 10 HL-BEMPTY || 10 ALBEMPTY |! AU?(B%I-AGCECZ)RT |
! | HL-B/EMPTY 4||HL-B/EMPTY 5 I HL-B/EMPTY 1 2)BC 4.CH2 1
! BC 3 BC 4 1'5c 2 3§Bc 3.CH5 1
1 I{cH 3 CH 3 | CH 2 4BC 4,CHE ||
1 1|'D 04HLBor ID 04HL-Bor ||ID 07HL-Bor 5§BC 3.CH6
| | 10 HL-BEMPTY || 10 HL-B EMPTY r 11 HL-B EMPTY 6)BC 4.CH 6 :
.~~~ T y,

j5c20597_197.cvx

Figure 1.3-3. Battery stowage assembly label
(drawing SDG33113132)

The BCA uses an associated ID resistor to determine the type of battery to be charged
and the charge profile to be used. Each of the 16 battery slots in the BSA has a resistor
hardwired to the circuit board. The unique case is the HL-B/EMPTY battery slots, which
were originally going to be used for charging REBA batteries as well. With an adapter
installed (note: adapter was never built), the resistor in the BSA will then be connected
in parallel with a resistor in the adapter. This configuration allows two profiles to be
used with the HL-B/EMPTY slots. This same adapter technique could be used on any
of the BSA slots, but no situation has required this to be implemented.

Resistors for the ACP are integral to the battery adapter cable supplied by the battery
manufacturer. Currently, the REBA BSA Cable (SEG33112214) is the only cable of this
type. The BSA electrical pin assignments for the REBA BSA cable connection to the
ACP (J6) are shown in Figure 1.3-8.
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From BCA
W 0 To Circuit Board
[]-Therm
HEN {]+Therm
—{Rp
I—El Rip

17DA-15P 8|3 |12(11|7 |2 n0|9|6|1]|5]|4[13[14[15 BSA
17DA-15S 8|131M1211|7|210/9]|6|1|5|4 131415}

Figure 1.3-4. BSA to HL wiring interface

From BCA
WV 3 To Circuit Board
[]-Therm
PR et {1+Therm
ORpp
Rip
17DA-15P |8 |3 [12[11]7 |2 10|96 |1 |5 |4 [13[14/16] BSA

17DA-155 |8[3[12/11|7[2]10|9[6|1]|5]|4 13[14[15

Battery
Adapter

___|3

P ——————

Figure 1.3-5. BSA to REBA adapter wiring interface
(concept; not built)
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BSA

From BCA
W [

RIN [———

To Circuit Board
—— {1 -Therm

—— {1 +Therm

CBM7W2F2000S759.0 |A2(A1]|2 | 4

3|5| BSA

311P405-8P-B-12

A2(A112 |4

3 | 5 [ Battery

Figure 1.3-6. BSA to PGT (NiMH) wiring interface

Charge +

Charge Rtn

MS3446E7-50P |2 |6 |7 4|5 BSA
MS3446E7-50S |2 |6 |7 4 |5
EMU Battery

Figure 1.3-7. BSA to EMU battery wiring interface
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BSA aux. charge port (pins) REBA BSA cable (socket)
BCM no. : Pwr pins (+V, | Thermister pin | ID resistor .
channel +Vrtn) +) pin (+) No. of cells | Resistor ID value
BC3:Ch2 C,A B \Y REBA-30 15.6 Kohms
(EXT 1)
BC3: Ch5 g h f REBA-10 12.1 Kohms
(EXT 3)
BC3: Ch6 R, N P d REBA-10 12.1 Kohms
(EXT 5)
BC4 : Ch2 W, E X D REBA-30 15.6 Kohms
(EXT 2)
BC4 : Ch5 S, U T e REBA-10 12.1 Kohms
(EXT 4)
BC4 : Ch6 c, L M b REBA-10 12.1 Kohms
(EXT 6)
Other/ (+12 V dc, rtn) (-Therm) Z
Common H,F

Pins are designated by letters

Figure 1.3-8. Auxiliary charge port (uncapped)

Data Interfaces

There is no telemetry associated with the BSA. All charge data is collected at the BCA,;
reference the BCA section (Section 1.2) for telemetry that can be monitored from the
battery chargers.
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Thermal Interfaces

The BSA uses the rack structure to conduct heat away from the unit.

User Interface Photos

For Fan and Jumper photos, see 1.650 BSA FAN SWAP procedure in the EVA
SYSTEMS CHECKLIST)

1.34 Operational Detail
1.3.4.1 Door and Battery Latches

To install a battery in the BSA for charging, the door must first be opened. (See

Figure 1.3-9) The crew has found that opening the door fully is not required; as such,
the EMU Don/Doff Assembly (EDDA) need not be moved beyond the 60-degree
limitation of the EDDA rotation strut. Squeezing the door latch handles together directly
actuates linear rods at each end of the door, unlatching the door. (See Figure 1.3-10.)

If the door is opened during a charge, the closed-circuit door microswitch activates all
Thermal Cutoffs (TCOs) and all charging is be paused with the exception of in-suit
battery recharge.

The BSA door must be closed to begin charging to ensure that crewmembers are
protected from the batteries in the event of a battery failure.

Proper battery installation requires that the battery mount lock engages the BSA. While
not common, tolerance issues have caused some batteries not to lock into specific
locations within the BSA; try swapping battery locations if this occurs.

m

L s

j8c20597_204.cvx

Figure 1.3-9. BSA door
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BATTERY STOWAGE ASSEMBLY

P/N SEG391282
S/N 1002

isc20597 199.cvx

Figure 1.3-10. BSA door latch

1.3.4.2 Display

After power is supplied to the BSA, the CHARGING IN PROGRESS LED illuminates as
the batteries in the BSA or EMU are being charged. The BSA LED extinguishes after all
the batteries are charged, including those attached to the Auxiliary Charge Port

(Figure 1.3-11) and the in-suit EMU batteries. This charge LED is driven by circuitry in
the BCA.

jsc20597_198.cvx

Figure 1.3-11. Auxiliary charge port (capped)
1.3.4.3 Failure Modes and Signatures
For detail, see FMEA/CIL report from Lockheed Martin Space Operations.

Published signatures and workarounds include the following:
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BSA Fan and Door Microswitch

The R&R Procedure can be found in SODF:

e ISSEVA SYS: AIRLOCK CONTINGENCY: 1.650 BSA FAN SWAP: switches a
jumper located between the two BSA EMU battery slots and reconfigures the fan
vent duct.

Jammed/Bound Fan: No known data signature; can only be detected by lack of fan
sound.

Failed Open Fan Control Circuit or Door Microswitch Circuit: With charger(s) activated
and door closed, all 16 BSA slots will indicate “Over-Temp Error.”

Only one fan/microswitch combination is operational at any one time, based on the
jumper positioning. The BCA pauses charging if one of the two fans is not operating
due to an open fan control circuit or the microswitch circuit.
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1.3.5 Original Equipment Manufacturer Data
1.3.51 OPERATING LIMITS
imi (0] ting limit
L":".'t pera. ing fimits sPUI Constraints/comments
conditions (min/max)
1 Temperature 10° F (-12.2° C)/ N/A  |Qual limits
limits 110° F (43.3° C)
2 Pressure limits |10 psia to 15.2 N/A
psia
3 Input voltage 12.0+/-1.0V dc N/A Supplied by each of the four BCMs in the BCA.
Operating beyond these limits incurs risk of
hardware damage or decreased performance
4 Input power < 0.25 amps N/A BSA electronics only. Does not include power to
nominal batteries under charge
5 Input over- N/A N/A Provided by the BCA
current
protection
6 Output voltage  [22.0 +/- 0.1 V dc at N/A Function and power provided by BCA.
(EMU battery charge completion See Battery ICD JSC-38983
recharge)
7 Output current  |1.55 +/- 0.05 amps N/A Function and power provided by BCA.
(EMU battery See Battery ICD JSC-38983
recharge)
8 Output voltage |44 to 44.5V dc at N/A Function and power provided by BCA.
(PGT battery  |charge completion See Battery ICD JSC-38983
recharge)
9 Output current [0.5 Amps = 0.050 N/A Function and power provided by BCA.
(PGT battery See Battery ICD JSC-38983
recharge)
10 |Output voltage (23 to 23.5V dc at N/A Function and power provided by BCA.
(EHIP battery charge completion See Battery ICD JSC-38983
recharge)
11 Output current (1.0 Amps + 0.050 N/A Function and power provided by BCA.
(EHIP battery See Battery ICD JSC-38983
recharge)
12 |Output voltage |48 V dc for 30-cell N/A As programmed for REBA recharge.
(ESA exte:tnal I?eI;E\P;/_(\j for 10-cell Function and power provided by BCA.
charge port) ¢ for 10-ce See Battery ICD JSC-38983
REBA
13 |Output current [1.0 amps + 0.050 N/A As programmed for REBA recharge

(BSA external
charge port)

Function and power provided by BCA.
See Battery ICD JSC-38983
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1.3.5.2 NON-OPERATING LIMITS

Limit Non-operating sPUI Constraints/comments
conditions limits (min/max)
14 |Survival 10° F (-12.2° C)/ N/A Qual limits
temperature 150° F (65.6° C)
limits
15  |Survival Space vacuum to N/A

pressure limits  |15.2 psia

16 Fan short N/A BSA includes a circuit for fan over-current/over-
voltage protection.

In the event of failure, power to fan is terminated
and the “TCQO” line on all channels is set

17  |Discharge 1.50 Amps £ 0.05 N/A Only —301 and —303 models

current 3.00 Amps + 0.05 -305 models
(EMU battery
discharge)

18 |Discharge 0.50 Amps £ 0.05 N/A Only =301 and —303 models

current 1.00 Amps * 0.05 -305 models
(PGT battery
discharge)

19 |Discharge 1.00 Amps = 0.05 N/A -301, —303 and —305 models
current

(EHIP battery
Discharge)

20 |Discharge 0.50 Amps £ 0.05 N/A Only =301 and —303 models

current (REBA 1,50 Amps + 0.05 -305 models
battery

discharge)

Ref. Engineering Memo: EVA-EV-1272

As proven by testing
e Acceptance and Certification Testing
Exceptions or Waivers

e EMECB TIA#0161 (SCCN 2345)

e SCCN 2374 for qual vibration levels
e NCR-BSA-001 for EMI outages
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N
( __ BBA SLOT ABBIGNMENT8
|r EMU BATTERIES 7|_ HL-A BATTERIES 1|_ PGT BATTENIES 7|
HL-A1 HL-A2 PaT 2 PaT §
| EMU 1 EMU 2 | BC 2 BC 1 | BC 2 BC 2 |
T tH 3 CH 3 CH 4
| i 4 BC 3 | |io_oam-a| |o o3b-a| | [mo ospaT | | osper | |
H 1 cH 1
| ID 02 EMU SUIT 0 ozEwUSUT | | N |'|1-'M N |'|1-'M | o inT 4 o PET 5] |
| | CH & tH 8 | CH § CH @ |
| | o oaH-a|l |o oaH-a | D06 PGT I 08 PAT |
| | |__I-T—E_Bﬁ1TREB__|________
EMU 8 EMU 1 HL-B/EMPTY 2| HL-B/EMPTY g|, |FAN[FAN
| |lec 1 BC 1 | LALB
BC 8 BC 4 CH 2 CH 4

| o s CH 4 || osr-Bor (0 o4n-sor ||
| D 01EMY BSA D 01EMU BSA | A0 HL-B EMPTY ||10 HL-B EMPFTY |

AC-B/ENFTY 4| [HL-B/EMPTY 5|
| W
| | ID 04 HL-B or ID 04 HL-B or | D 07 HL-B or

10 HL-B EMPTY 10 HL-H EMFTY 11 H.-B EMPTY

kl___________ - 41 0 @O om0

Figure 1.3-12. BSA battery label chart
(Identical to one located on BSA door)

WAS: EMU 1 1S: EMU 4
BC 4 BC 4
CH 4 CH 4
ID 01 EMUBSA ID 01 EMUBSA

Figure 1.3-13. EMU decal correction
1.3.6 ISS AIRLOCK “SNEAK GROUND CIRCUIT”

This section documents the know condition in the ISS airlock of a “sneak” ground path
in the Service and Performance Checkout Equipment (SPCE) hardware for operation
with the EMU. This sneak circuit is responsible for several issues and signatures that
may be seen during EVA operations in the airlock. The root of the grounding issue has
been traced to the BSA. See Figure 1.3-12 and Figure 1.3-13 for the BSA battery label
chart and the EMU decal correction.

1.3.6.1 History

STS-104 (IF1 500)

During the STS-104 (7A) post-EVAS (1st EVA from ISS airlock) procedures, the In-Suit
EMU battery recharge terminated early after approximately 8.5 hours (GMT
202:20:18:00) for SCU-1 and terminated early after approximately 6 hours (GMT
202:18:32:00) for SCU-2. Both In-Suit EMU battery recharges for SCU-1 and SCU-2
should have terminated after approximately 9.6 hours.

Expedition 3 (IF1 619)

EXP 3 crew began charging EVA batteries for UF-1 support using the airlock chargers
EMU ICBs 2012 and 2014 were placed in the EMUs (3010 and 3016 respectively) for
charging. EMU batteries 2012 and 2014 were last used on STS-105 (7A.1 - did not use

1.3-13



EVA CHB DATE 05/16/08 VOLUME 3 ISS EVA OPS
JSC-20597 REV. B BSA

ISS airlock) on 8/16/01. They were discharged (SN2012 = 20.24amp-hr and 2014 =
21.57 amp-hr) during the last EVA on STS-105 and left on ISS in that state. The
charging began at GMT 333/23:46. EMU1 charge current was 1.49 amps, EMU2
charge current was 1.48amps (as read by the UIA displays). At GMT 334/01:48 EMU1
battery (S/N 2012) stopped charging (about 2 hours of charge time). The crew read the
history display and it showed 1 hr 58 min 12 sec of charge time and TASK COMPLETE
- OK. At this time the EMU2 current changed to 1.11 amps (due to UIA Anomaly split).
EMU2 charge stopped at GMT 334/03:33. Based on these times EMU1 charged 2.98
amp-hr; EMU2 charged 4.9 amp-hr. The expected charge time for both ICBs was
approximately 14 hrs. FIAR#JSCECO0910F was generated to specifically track this
issue.

1.3.6.2 BSA Single Point Ground (SPG) “Sneak Circuit”

The investigation (FIAR JSCEC0920F) that followed these initial anomalies in 2001,
determined that there was insufficient isolation in the grounding scheme between the
UIA, BSA, and BCA (and thru PSA). The SCU shielding and EMU DCM grounding is
tied to a single point ground (SPG) as well as the UIA panel structure. This creates a
path for the current fraction to flow (see figure 1). This has existed in the airlock since
launch in July 2001. A review of the drawings found a “sneak current” path that permits
a fraction of the EMU1 return current to flow via the EMUZ2 return path (or vis versa).
This initial investigation did not focus on the sneak circuit path for the early termination
of the in-suit battery charge since it was determined that no hardware fix would be
available and that an operational workaround (not performing in suit battery recharges)
was implemented.

Following issues with battery recharges in the BSA itself later, the SSATA was used to
validate the existence of the sneak circuit and assess potential on-orbit solutions. After
completing the initial SSATA testing for the existence of the sneak circuit, two cables
(J4 & J5) used to connect the BC 3 and BC 4 to the BSA to accommodate the in-suit
battery charge (thru PSA) were disconnected from the rear of the BSA (P/N
SED33110816). With these two cable disconnected, the sneak circuit was eliminated.

1.3.6.3  Summary of On-Orbit Signatures
UIA panel voltage of ~1.0 for both EMUs when not powered

Case 1 (PSA IRU/Utility Outlet PWR switch affect)

Expedition 5 (8/30/2002)
Following the EMU battery discharging (in EMU), a strange voltage signature with
the SCU hooked up to the suits was observed.

SIGNATURE: A voltage of 0.98 on UIA EMU1 and 1.03 on UIA EMU2
The configuration was as follows:

PSA Main PWR switch - ON
PSA Suit Sel switches (two) - OFF
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PSA Mode switches - PWR (this isn't verified as part of the procedure - at the time -
but we hadn’t used the charge position since Exp 3)

IRU/UTILITITY OUTLET PWR - ON (nothing plugged into outlet)

IRU PWR - ON (pump off)

UIA PWR switches (two) - OFF

SCUs connected to DCM (two suits)

EMU DCM PWR switch (two) - SCU

Basically the SCUs are connected to the suits but all switches are OFF, only the
PSA (main power and outlet) and IRU are powered. (BCs are all off also)

When the IRU is powered off, the voltage remains the same.

When the PSA IRU/UTILITY OUTLET power switch is turned off (PSA main power
still on), the voltage on the UIA panel goes to -0.00 (normal reading).

Case 2 (Nominal power down of EMUS):

STS-118 (IFI 2576)/STS-123 (AR 3203)

This particular signature in the data can be seen when the SCU is mated to the
DCM, the PSA is powered up, the UIA EMU power is off, and the EMU DCM power
switch is in the SCU position. The EMU power down sequence during post-EVA
ops is where the voltage offset is typically seen. This is the same configuration as
seen during Exp 5.

BCA Analog Amps with PSA Outlet Operations

Case 1 (BCA amps due to EMU middeck battery charger on PSA Outlet)

Expedition 4 (04/03/2002)

SIGNATURE: Amp reading of ~0.25 to 0.3 on all four battery chargers when the
PSA is turned on with the EMU middeck battery charger operating from the PSA
Utility Outlet port (BCs are all OFF).

The sum of the four current readings is ~equal to the current on the PSA Utility
outlet to the middeck charger. The amp reading didn't start until the EMU battery
charging was started.

UIA Split Amps

Case 1 (UIA split amps during In-suit EMU battery charging)

SIGNATURE: Amp reading of ~0.45 on EMU2 UIA panel reading and 1.1 amps on
EMU1.

Expedition 3 (IFI 619)

This signature occurs due to the sneak circuit when the battery charging for one
EMU is completed (in this case EMUZ2) and the other EMU continues with an in-suit
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battery charge (in this case EMU1). The UIA panel was redesigned just before
launch to allow ground monitoring of the EMU battery current charge on the UIA
panel displays due to issues with the ability to see the data on the BCA serial data
at the time. Reference Figure 2.

Case 2 (UIA split amps during EMU Donning, Fan On)

SIGNATURE: UIA amp reading for EMU 2 appeared to increase when Fan on for
EMU1 during EMU donning.

STS-118 (IFl 2576, PRACA JEMUOOOF002)

During suit donning activity for STS-118 EVA 1, the UIA current for EMUZ2 was
observed to increase when the EMU1 fan was switched on. No switch throws were
performed on EMU2 and the corresponding PSA current telemetry for EMU2
showed no change in total current drawn by both EMUs in SCU power mode was
found to agree with that drawn in battery mode, suggesting that some of EMU1’s
current was flowing through the UIA shunt for EMUZ2.
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Figure 1 UIA Power Supply Assembly Sneak Circuit Schematic
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Figure 1.3-14. In suit charging current split on return per Lockheed Martin/Marc Sommers (2002)
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1.3.7 REFERENCE MATERIAL

Specifications and other Documents

BSA End Item Specification — JSC-33280

BSA-to-Airlock ICD — JSC-33236

SPCE PTRS - JSC-33277

BSA Top Assy Drawing — SEG39128213

Batteries-to-SPCE ICD — JSC-38983

EVA Batteries to BCA/BSA ICD Rev NC March 1998 (CCBD-0538R1) JSC-38983
Lockheed Martin/M. Sommers, Lead Engineer — BCA, BSA, PSA

Failure Modes & Effects Analysis & Critical Iltems List (FMEA/CIL) Report — LMSO-
P104956, March 1999

Safety Assessment Report (SAR) — LMSO-P104980, March 1999

Hamilton Sunstrand EVAM-407 Rev A ISS SPCE Sneak Current Analysis and
Acceptablity for Use

Hamilton Sunstrand EVAM-400 UIA Sneak Current Analysis and
Recommendations

IF1 500 In-Suit EMU Battery Recharge Early Termination 07-24-2001
IF1 619 ISS EMU Battery Charge Anomaly 12-04-2001

IF1 2576 Potential sneak circuit in the SPCE 08-12-2007

FIAR JSCEC1391F

PRACA JEMUOOOF002 SNEAK CIRCUIT PATH IN THE DCM
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EMU DC-to-DC Converter Trip during EMU power transitions: During Post-
Depress when EMU Power switches both taken to BATT at the same time, the
"crowbar-type" limiter may trip open one or both conwerters due to an ower-wltage
transient spike above 20.5V. Indicated by the woltage dropping low or to zero (IV
crew also would see fault indication on the PSA display.) Reset by taking PSA
Suit Select switch to OFF, then back to EMU; awided by crew staggering DCM
Power transitions, e.g. first one EMU is switched, then the other. May also occur
if Suit Select switch is not OFF when Main Power is applied.

Power indications affected by UIA sneak grounding circuit when EMU
Umbilical connected: PSA indications do not appear to be affected. Howeer,
when an umbilical is connected to at least one EMU, UIA indicates that some
current and/or woltage is "split" onto the each umbilical's ground/return circuit. (1)
Amp split seen during In-suit battery recharge (see IFI-0619), (2) EXP-5 Insuit
Battery Discharge: ~1V per umbilical seen w/ PSA Main Power - ON, Suit Select
—OFF; same indication w/ IRV / Utility Converter powered
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2 |EVASALAA |PSAEMU1 ALXS02P W00 LLAVA1
Rack PS#1 Amps 02C
Current

4 JEVASALAA |PSAEMU2 ALXS02PW010 LLAV1
Rack PS#2 Volts v
Voltage
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Rack PS#2 Amps 2C

Current
8 |EVASALAA |PSA ORLAN 1 |ALXS02P W02 LLAV1

Rack PS#3 Volts oV
Voltage
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Lucrant
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1.4 POWER SUPPLY ASSEMBLY (PSA)

1.4.1 Quick Look Reference Data
Table 1.4-1 shows the Power Supply Assembly (PSA) sp