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Document Control 

Issue Date Section Description of Change Reason for Change 

A 22/07/10 All First Draft  N/A 

B 30/07/2010 Revision Control 

11.4 

Rev B  onwards only 

ADC conversion Equations 
Updated 

Telemetry equation changes 

Improvement of telemetry 
circuit accuracy 

     

 

Revision Control 

Product Part Number Revisions covered Notes 

Cubesat FleXible Electronic 
Power System 

CS-XUEPS2-42 B 4 Large BCRs, 2 Small BCRs 

Cubesat FleXible Electronic 
Power System 

CS-XUEPS2-41 B 4 Large BCRs, 1 Small BCR 

 

Acronyms and Abbreviations 

BCR Battery Charge Regulator 

PCM Power Conditioning Module 

PDM Power Distribution Module 

MPPT Maximum Power Point Tracker 

USB Universal Serial Bus 

ESD Electro Static Discharge 

TLM Telemetry 

EPS Electrical Power System 

EoC End of Charge 

AMUX Analogue Multiplexer 

ADC Analogue to Digital Converter 

AIT Assembly, Integration and Testing 

1U 1 Unit (Cubesat standard size) 

3U 3 Unit (Cubesat standard size) 

FleXU/XU FleXible Unit (suitable for various satellite configurations) 

rh Relative Humidity 

Wh Watt Hour 

Ah Ampere Hour 

DoD Depth of Discharge 

Kbits
-1 

Kilobits per second 

Voc Open Circuit Voltage 

Isc Short Circuit Current 

2s1p Battery configuration ς 2 cells in series, 1 battery in parallel (single string) 

2s2p Battery configuration ς 2 cells in series, 2 batteries in parallel  

2s3p Battery configuration ς 2 cells in series, 3 batteries in parallel 
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Related Documents 

No. Document Name Doc Ref. 

RD-1 Battery board User Manual TBC 

RD-2 CubeSat Design Specification CubeSat Design Specification Rev. 12 

RD-3 
NASA General Environmental 
Verification Standard 

GSFC-STD-7000 April 2005 

RD-4 CubeSat Kit Manual UM-3 

RD-5 Solar Panel User Document TBC 

RD-6 

Power System Design and 
tŜǊŦƻǊƳŀƴŎŜ ƻƴ ǘƘŜ ²ƻǊƭŘΩǎ aƻǎǘ 
Advanced In-Orbit Nanosatellite 

As named 

 

#              Warning             Risk 

1  
Ensure headers H1 and H2 are correctly aligned 
before mating boards 

If misaligned, battery positive can short to 
ground, causing failure of the battery and EPS 

2  
Ensure switching configuration is implemented 
correctly before applying power to EPS 

If power is applied with incorrect switch 
configuration, the output of the BCR can be 
blown, causing failure of the EPS and 
subsequent damage to the battery 

3  Observe ESD precautions at all times 
The battery is a static sensitive system.  Failure 
to observe ESD precautions can result in failure 
of the battery 

4  Ensure not to exceed the maximum stated limits 
Exceeding any of the stated maximum limits can 
result in failure of the battery 

5  Ensure batteries are fully isolated during storage 
If not fully isolated (by switch configuration or 
separation) the battery may over-discharge, 
resulting in failure of the battery 

6  No connection should be made to H2.35-36 
These pins are used to connect the battery to 
the EPS.  Any connections to the unregulated 
battery bus should be made to pins H2.43-44  

7  
H1 and H2 pins should not be shorted at any 
time 

These headers have exposed live pins which 
should not be shorted at any time.  Particular 
care should be taken regarding the surfaces 
these are placed on.  

 Battery should only be operated when 
integrated with an EPS 

The EPS includes a number of protection circuits 
for the battery.  Operation without these 
protections may lead to damage of the batteries 

 
Do not discharge batteries below 6V 

If the battery is discharged to a voltage below 6V 
the cells have been compromised and will no 
longer hold capacity 

 If batteries are over-discharged DO NOT attempt 
to recharge 

If the battery is over discharged (below 6V) it 
should not be recharged as this may lead to cell 
rupture. 

 
  

10 

8 

9 

10 

http://www.cubesat.org/images/developers/cds_rev12.pdf
http://standards.gsfc.nasa.gov/gsfc-std/gsfc-std-7000.pdf
http://www.cubesatkit.com/docs/cubesatkitmanual.pdf
http://www.clyde-space.com/documents/1503
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1. INTRODUCTION  
This document provides information on the features, operation, handling and storage of 
the Clyde Space FleXU EPS.  The FleXU EPS has been designed to be flexible to your 
ǎŀǘŜƭƭƛǘŜΩǎ ǇƻǿŜǊ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ǇǊƻǾƛŘƛƴƎ ŦƻǳǊ ΨƭŀǊƎŜΩ ./wǎ όŦƻǊ с-8 cell solar panel pairs) 
ŀƴŘ ŜƛǘƘŜǊ ƻƴŜΣ ƻǊ ǘǿƻ ΨǎƳŀƭƭΩ ./wǎ όŦƻǊ н ŎŜƭƭ ǎƻƭŀǊ ǇŀƴŜƭ ǇŀƛǊǎύΦ  Te FleXU EPS will 
integrate with a suitable battery and solar arrays to form a complete power system for 
use on a CubeSat or Nanosat. 

 

* BCR6 only on CS-XUEPS2-42 

Figure 1-1 System Diagram 

 

1.1  Additional Information Available Online 

Additional information on CubeSats and Clyde Space Systems can be found at 
www.clyde-space.com.  You will need to login to our website to access certain 
documents. 

1.2 Continuous Improvement 

At Clyde Space we are continuously improving our processes and products.  We aim to 
provide full visibility of the changes and updates that we make, and information of these 
changes can be found by logging in to our website: http://www.clyde-space.com. 

1.3 Document Revisions 

In addition to hardware and software updates, we also make regular updates to our 
documentation and online information.  Notes of updates to documents can also be 
found at www.clyde-space.com. 

 

*  

http://www.clyde-space.com/
http://www.clyde-space.com/
file:///C:/Users/Andrew.CLYDESPACE/Desktop/Desktop/www.clyde-space.com
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2. OVERVIEW 
This is the second generation of Clyde Space CubeSat Electronic Power System, 
developed by our team of highly experienced Spacecraft Power Systems and Electronics 
Engineers. 

 

Since introducing the first generation in 2006, Clyde Space has shipped over 120 EPS and 
Batteries to a variety of customers in Europe, Asia and North America. The second 
generation EPS builds on the heritage gained with the first generation, whilst increasing 
power delivery capability by approximately 50%.  Furthermore, we have implemented 
an ideal diode mechanism, which ensures that there will be zero draw on the battery in 
launch configuration. 

 

Clyde Space is the World leading supplier of power system components for CubeSats. 
We have been designing, manufacturing, testing and supplying batteries, power system 
electronics and solar panels for space programmes since 2006. Our customers range 
from universities running student led missions, to major space companies and 
government organisations. 
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3. MAXIMUM RATINGS
(1) 

 

OVER OPERATING TEMPERATURE RANGE (UNLESS OTHERWISE STATED) 

  

BCR Value Unit  

Input Voltage(2) 

SA1 (pin 1 or pin 4) BCR1 (8W) 25 V 

SA2 (pin 1 or pin 4) BCR2 (8W) 25  V 

SA3 (pin 1 or pin 4) BCR3 (8W) 25  V 

SA4 (pin 1 or pin 4) BCR4 (8W) 25  V 

SA5 (pin 1 or pin 4) BCR5 (3W) 10 V 

SA6 (pin 1 or pin 4)(3) BCR6 (3W) 10  V 

 

Battery 

 

8.3 V 

 

5V Bus 

 

5.05 V 

 

3.3V Bus 

 

3.33 V 

  

Notes Value Unit 

Input Current 
BCR1-4 @16V 750  mA 

BCR5-6(3) @6V 750  mA 

     

Output Current 

Battery Bus @8.26V 6  A 

5V Bus @5V 4 A 

3.3V Bus @3.3V 4 A 

     Operating Temperature -40 to +85 °C 

Storage Temperature -50 to +100 °C 

Vacuum  10-5 torr 

Radiation Tolerance  (TBC) kRad 

Shock (TBC) 

 Vibration  To [RD-3] 

 
Table 3-1 Max Ratings of the FleXU EPS2 

 

(1) Stresses beyond those listed under maximum ratings may cause permanent damage to the EPS.  These are the 
stress ratings only.  Operation of the EPS at conditions beyond those indicated is not recommended.  Exposure 
to absolute maximum ratings  for extended periods may affect EPS reliability 

(2) De-rating of power critical components is in accordance with ECSS guidelines. 

(3) BCR 6 only available on CS-XUEPS2-42 

 

 

  

4
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4. ELECTRICAL CHARACTERISTICS 
 

Description Conditions Min Typical Max Unit 

8W BCR (1-4)  

   

  

Input Voltage  10 -- 25 V 

Output Voltage  6.2 -- 8.26 V 

Output Current  0 -- 1.2 A 

Switching Frequency  245 250 255 KHz 

Efficiency @16.5V input, Full Load 85% 90% 92% 

 3W BCR (5-6)  

   

  

Input Voltage  3.5 -- 8 V 

Output Voltage  6.2 -- 8.26 V 

Output Current  0 -- 0.5 A 

Operating Frequency  160 170 180 KHz 

Efficiency @6V input, Full Load  77% 79% 80% 

 Unregulated Battery Bus  

    Output Voltage  6.2 -- 8.26 V 

Output Current  -- 4 4.2 A 

Operating Frequency  -- -- -- 

 Efficiency @8.26V input, Full Load 98.5% 99% 99.5% 

 5V Bus  

    Output Voltage  4.95 5 5.05 V 

Output Current  -- 2.5 2.9 A 

Operating Frequency  470 480 490 kHz 

Efficiency @5V input, Full Load 95% 96% 98% 

 3.3V Bus  

    Output Voltage  3.276 3.3 3.333 V 

Output Current  -- 2.5 2.9 A 

Operating Frequency  470 480 490 kHz 

Efficiency @3.3V input, Full Load 94% 95% 97% 

 Communications  

    Protocol  -- I2C -- 

 Transmission speed  -- 100 400 KBps 

Bus voltage  3.26V 3.3V 3.33V 

 Node address  -- 0x2B -- Hex 

Address scheme  -- 7bit -- 

 Node operating frequency  -- 8MHz -- 

 Quiescent Operation          

Power Draw 
Flight Configuration of 
Switches  -- -- <0.1 W 

Physical  L W H   

Dimensions 
Height from top of PCB to 
bottom of next PCB in stack 95 90 15.24 mm 

Weight 

CS-XUEPS2-41 130 133 136  g 

CS-XUEPS2-42 134 137 140 G 

Table 4-1 Performance Characteristics of the FleXU EPS2 
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5. HANDLING AND STORAGE 
The EPS requires specific guidelines to be observed for handling, transportation and 
storage.  These are stated below.  Failure to follow these guidelines may result in 
damage to the units or degradation in performance. 

 

5.1 Electro Static Discharge (ESD) Protection 

The EPS incorporates static sensitive devices and care should be taken during handling.  
Do not touch the EPS without proper electrostatic protection in place. All work carried 
out on the system should be done in a static dissipative environment.  

 

5.2 General Handling 

The EPS is designed to be robust and able to withstand flight conditions. However, care 
must be taken when handling the device. Do not drop the device as this can damage the 
EPS. There are live connections between the battery systems and the EPS on the 
CubeSat Kit headers.  All metal objects (including probes) should be kept clear of these 
headers. 

Gloves should be worn when handling all flight hardware. 

Flight hardware should only be removed from packaging in a class 100000 (or better) 
clean room environment. 

 

5.3 Shipping and Storage 

The devices are shipped in anti-static, vacuum-sealed packaging, enclosed in a hard 
protective case.  This case should be used for storage.  All hardware should be stored in 
anti-static containers at temperatures between 20°C and 40°C and in a humidity-
controlled environment of 40-60%rh.  

The shelf-life of this product is estimated at 5 years when stored appropriately. 
  

3
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6. MATERIALS AND PROCESSES 

6.1 Materials Used 

 
 Material Manufacturer %TML %CVCM %WVR Application 

1.  Araldite 2014 Epoxy Huntsman 0.97 0.05 0.33 Adhesive fixing 

2.  1B31 Acrylic Humiseal 3.89 0.11 0.09 Conformal 
Coating 

3.  DC 6-1104 Dow Corning 0.17 0.02 0.06 Adhesive fixing 
on modifications 

4.  Stycast 4952 Emerson & 
Cuming 

0.42 0.17 0.01 Thermally 
Conductive RTV 

5.  PCB material 

 

FR4 0.62 0 0.1 Note: worst case 
on NASA out-
gassing list 

6.  Solder Resist 

 

CARAPACE 
EMP110 or 
XV501T-4 

0.95  

or 0.995 

0.02 

Or 0.001 

0.31 - 

7.  Solder Sn62 or Sn63 
(Tin/Lead) 

- - - - 

8.  Flux Alpha  Rosin 
Flux, RF800, ROL 
0 

- - - Note: ESA 
Recommended 

Table 6-1 Materials List 

 

Part Used Manufacturer Contact  Insulator Type Use 

DF13-6P-1.25DSA(50) Hirose Gold Plated Polyamide PTH Solar Array 
Connectors 

ESQ-126-39-G-D Samtec Gold Plated Black Glass Filled 
Polyester 

PTH CubeSat Kit 
Compatible 
Headers 

DF13-6S-1.25C Hirose N/A Polyamide Crimp Housing Harness for Solar 
Arrays (sold 
separately) 

DF13-2630SCFA(04) Hirose Gold Plated N/A Crimp Harness for Solar 
Arrays (sold 
separately) 

Table 6-2 Connector Headers 

 

6.2 Processes and Procedures 

All assembly is carried out and inspected to ESA Workmanship Standards; ECSS-Q-ST-70-
08C and ECSS-Q-ST-70-38C.   
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7. SYSTEM DESCRIPTION 
The Clyde Space FleXU EPS is optimised for Low Earth Orbit (LEO) missions with a 
maximum altitude of 850km.  The EPS is designed for integration with spacecraft that 
have multiple solar panels, which may be configured in a number of different ways, with 
a maximum of four pairs of 6-8 cell panels and two pairs of 2 cell panels.  Pairs should be 
arranged so that at any given time the panel pair cannot output any greater than 8W for 
the large panels and 3W for the small panels.  The EPS can accommodate various solar 
panel configurations, and has been designed to be versatile; please consult our support 
team if you have specific requirements for connecting the EPS to your spacecraft. 

The Clyde Space EPS connects to the solar panels via 5-6 independent Battery Charge 
Regulators (BCRs).  Each BCR can be connected to two solar arrays in parallel, provided 
the connected panels cannot output a power greater than 8W for BCRs 1-4 and 3W for 
BCRs 5 and 6.  There are a number of possible configurations that can be used, 
depending on the deployment configuration.  Please contact Clyde Space to discuss 
possible configurations.  Each of the BCRs has an inbuilt Maximum Power Point Tracker 
(MPPT).  This MPPT will track the dominant panel of the connected pair (the directly 
illuminated panel). 

The output of all BCRs are then connected together and, via the switch network, 
(described in Section 7.2), supply charge to the battery, Power Conditioning Modules 
(PCMs) and Power Distribution Modules (PDMs) via the switch network.  The PCM/PDM 
network has an unregulated Battery Voltage Bus, a regulated 5V supply and a regulated 
3.3V supply available on the satellite bus.  The EPS also has multiple inbuilt protection 
methods to ensure safe operation during the mission and a full range of EPS telemetry 
via the I2C network. These are discussed in detail in Sections 10 and 11 respectively. 

 

 

 

Figure 7-1 Some Possible Array Configuration  

 

 

 



USM-0002 
 

User Manual: FleXible Electronic Power System: 
CS-XUEPS2-41/-42 

 
 

Issue: B Date: 30/07/2010  Page: 13 of 44 
Helix Building, WSSP,  
Glasgow G20 0SP, UK 

 

SOLUTIONS FOR A NEW AGE IN SPACE  www.clyde-space.com 
PROPRIETARY & CONFIDENTIAL INFORMATION  © Clyde Space Limited 2010 

7.1  System Overview 

T
L

M

C
T

R
L

B
U

C
K

 

C
T

R
L

O
/C

C
IR

C
U

IT
S

H
D

N

T
L

M
C

T
R

L

B
U

C
K

 

C
T

R
L

O
/C

C
IR

C
U

IT
S

H
D

N

T
L

M
C

T
R

L

UNDER

VOLTAGE

CTRL

A
M

U
X

T L M

I2
C

 N
o

d
e

T
L

M
 

c
o

n
d

it
io

n
in

g

I2
C

 B
U

F
F

E
R

C
T

R
L

E
N

D
 O

F

C
H

A
R

G
E

V
b

a
tt

C
u

rr
e

n
t 

s
e

n
s
in

g

5
V

 P
C

M

3
.3

V
 P

C
M

PCM / PDM network

H2.35-36 

PCM_IN

H1.32

5v USB

H2.41-44

BCR_OUT

H2.45-46

BATTERY BUS

H2.25-26

+5V BUS

H2.27-28

+3.3V BUS

H1.41 

I2C DATA

H1.43

I2C CLOCK

ID
E

A
L

D
IO

D
E

1 2 3 4 5 6

V
I

S
E

N
S

IN
G

T
L

M
T

L
M

T
L

M

T
L

M

+
A

R
R

A
Y

-A
R

R
A

Y

I

B
C

R
/

M
P

P
T

8
W

 B
U

C
K

 B
C

R

1 2 3 4 5 6

V
I

S
E

N
S

IN
G

T
L

M
T

L
M

T
L

M

T
L

M

+
A

R
R

A
Y

-A
R

R
A

Y

I

B
C

R
/

M
P

P
T

8
W

 B
U

C
K

 B
C

R

1 2 3 4 5 6

V
I

S
E

N
S

IN
G

T
L

M
T

L
M

T
L

M

T
L

M

+
A

R
R

A
Y

-A
R

R
A

Y

I

B
C

R
/

M
P

P
T

8
W

 B
U

C
K

 B
C

R

1 2 3 4 5 6

V
I

S
E

N
S

IN
G

T
L

M
T

L
M

T
L

M

T
L

M

+
A

R
R

A
Y

-A
R

R
A

Y

I

B
C

R
/

M
P

P
T

8
W

 B
U

C
K

 B
C

R

+
A

R
R

A
Y

1 2 3 4 5 6

T
L

M

T
L

M

B
C

R
/

M
P

P
T

-A
R

R
A

Y

V
I

S
E

N
S

IN
G

T
L

M
T

L
M

I

3
W

 S
E

P
IC

  
B

C
R

+
A

R
R

A
Y

1 2 3 4 5 6

T
L

M

T
L

M

B
C

R
/

M
P

P
T

-A
R

R
A

Y

V
I

S
E

N
S

IN
G

T
L

M
T

L
M

I

3
W

 S
E

P
IC

  
B

C
R

B
C

R
1

B
C

R
2

B
C

R
3

B
C

R
4

B
C

R
5

B
C

R
6

 (
O

n
ly

 o
n

 C
S

-X
U

E
P

S
2

-4
2
)

H2.29,31-32

GND

 

Figure 7-2 Function Diagram  
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7.2 Autonomy and Redundancy 

All BCR power stages feature full system autonomy, operating solely from the solar array 
input and not requiring any power from the battery systems. This feature offers inbuilt 
redundancy since failure of one BCR does not affect remaining BCRs. Failure of the all 
strings of the battery (any of the CS-SBAT2-xx range) will not damage the BCRs but, due 
to the MPPT, will result in an intermittent interruption on all power buses 
(approximately every 2.5 seconds).  Failure of one battery on the CS-SBAT-20 or two 
batteries on the CS-SBAT2-30 will not damage the BCRs and the system can continue to 
operate with a reduced capacity of 10Wh.  

The rest of the power system is a robustly designed single string. 

7.3 Quiescent Power Consumption 

All power system efficiencies detailed (for BCRs and PCMs) takes into consideration the 
associated low level control electronics.  As such, these numbers are not included in the 
quiescent power consumption figures. 

The I2C node is the only circuitry not covered in the efficiency figures, and has a 
quiescent power consumption of Ғ0.1W, which is the figure for the complete EPS. 

7.4 Mass and Mechanical Configuration 

The mass of the system is approximately 133g and is contained on a PC/104 size mother 
card and mounted daughter card, compatible with the Cubesat Kit bus. Other versions of 
the EPS are available without the Cubesat Kit bus header. 

 

*SA6 only available on CS-XU-EPS2-42 

Figure 7-3 Board dimensions (mm) 
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8. INTERFACING 
The interfacing of the EPS is outlined in Figure 8-1, including the solar array inputs, 
connection to the switch configuration, output of the power buses and communication 
to the I2C node.  In the following section it is assumed that the EPS will be integrated 
with a Clyde Space Battery (CS-SBAT2-xx and/or CS-RBAT2-10). 

 

Figure 8-1 Clyde Space EPS and Battery Simplified Connection Diagram 

 

8.1 Connector Layout 

The connector positions are shown in Figure 7-3, and described in Table 8.1.   

 

Connector Function 

SA1 Solar Array connector for 8W +/- arrays 

SA2 Solar Array connector for 8W +/- arrays 

SA3 Solar Array connector for 8W +/- arrays 

SA4 Solar Array connector for 8W +/- arrays 

SA5 Solar Array connector for 3W +/- arrays 

SA6* Solar Array connector for 3W +/- arrays  

H1 Cubesat Kit bus compatible Header 1 

H2 Cubesat Kit bus compatible Header 2 

*CS-XUEPS2-42 only 

Table 8-1 Connector functions 

1
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8.2 Solar Array Connection 

The EPS has 5-6 connectors for the attachment of solar arrays. This interface 
accommodates inputs from the arrays with temperature telemetry for each.  

 

Figure 8-2 Solar Array Configuration 

 

HIROSE DP12-6P-1.25 DSA connector sockets are used on the EPS. These are labelled 
SA1-SA6.  SA1-SA4 are routed to BCR1-BCR4 respectively.  These BCRs are capable of 
interfacing to 8W panels and should be harnessed to arrays with between 6-8 triple 
junction solar cells in series.   

SA5-SA6 route to BCR5-BCR6 respectively, each of which are 3W channels that should be 
harnessed to the small arrays. The array lengths should be the same on joined panels, 
with 2 cells each. 

 

Figure 8-3 Solar Array Pin Numbering 

 

 

 

 

 


























































