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1. INTRODUCTION

1.1. Scope

This document governs all interface issues arising from the integration of the Nano Chem Sensor Unit (NCSU) into the Midshipman Space Technology Applications Research-I (MidSTAR-I) satellite.  

1.2. Experiment Components
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Figure 1.2.1 Nano Chem Sensor Unit 1
The NCSU consists of one Printed Circuit Board (PCB), with connections for an uninstalled/unused daughterboard PCB, one stainless steel gas sample cylinder, one chem sensor housing containing 32 sensor elements plus temperature and humidity sensors and three mini-solenoid valves for gas flow control. 

These components are enclosed in an aluminum housing, 0.127 m (5 in) by 0.0508 m (2.0 in) by 0.178 m (7.0 in). The total mass is no more than 3 kg (6.6 lb). 

Electrical interface is via one 9-pin connector providing an unregulated voltage of 28 VDC from MidSTAR-1’s Electrical Power System (EPS) and a 5-wire RS-422 serial port data connection to/from MIDSTAR-1’s Command and Data Handling (C&DH) system. 

 The PCB contains the electronics to control the flow of gas across the chem sensors, take and store measurements, and transmit the data via RS422 to the C&DH.

1.3 Experiment Description

Goal: Demonstrate nano-sensors in space flight for trace chemical detection.
Approach: Pressurized (2 atms) 5ppm NO2 in N2 will be periodically released to a sensor chamber that holds 32 sensing elements for response. See Figures 1.3.1 through 1.3.4. 

Study: 

1. Sensor responses of different nano-materials to 5ppm NO2.

2. Gravity effect, pressure effect, and temperature effect on sensor performance and sensing material properties.

3. Performance of the electronics and mechanics of the sensing system. 

Duration: 

The NCSU experiment shall collect data for 90 successive days after power is initially provided. Data shall be collected every 6 hours during the 90-day experiment run on MidSTAR-1. Following the 90-day experiment period, the NCSU shall not require power from MidSTAR-1.
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Figure 1.3.1 Single sensor element 
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\Figure 1.3.3 SEM picture of carbon nanotubes across the electrodes.



2. ADMINISTRATION

2.1. Configuration Management

This document shall be updated as needed upon agreement between the NCSU technology Principal Investigator (PI) and the Director of the USNA Small Satellite Program (SSP).  New versions of the document shall be issued at their discretion. Acceptance of the ICD is indicated by its posting on the MidSTAR website.

2.2. Precedence of Documents

This document has precedence over any and all other documents dealing with interface issues. In the event that discrepancies or conflicts arise, they shall be resolved by direct negotiations between the NCSU PI and the SSP Director. 

2.3. Reference Documents

Secondary Payload Planner’s Guide for Use on the EELV Secondary Payload Adaptor, Version 1.0, 8 Jun 2001.

The MidSTAR website is the depository for MidSTAR documentation. 

3. INTERFACE DEFINITIONS AND DESCRIPTION

3.1.
Conventions

3.1.1.
Units

Units and dimensions shall be quoted in English and metric units. All values will be quoted to the following number of decimal places:


Mass (kg or lb): .x


Moments/Products of Inertia (kg-m2 or lb-ft-s2): .xx


Center of mass (meters): .xxxx


Center of mass (inches): .xx

The following conversion factors will be used to convert from metric to English units:


2.205 lbf  = 1 kg


0.73757 lb-ft-s2  = 1 kg-m2

39.37 in  = 1 m

Reciprocal values to the same number of decimal places will be used to convert from English to metric units.

3.1.2.
Coordinate Systems

The MidSTAR-I coordinate system is consistent with the EELV Secondary Payload Adaptor (ESPA) interface and is shown in Figure 3.1.2.1.
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Figure 3.1.2.1 MidSTAR-1 Coordinate System 

The NCSU will use a right-handed coordinate system, shown in Figure 3.1.2.2. The containment chassis will have its coordinate origin at the geometric center.  For the NCSU, the x-axis is parallel to the 0. 1778 m (7.00 in) side of the envelope, the y-axis is parallel to the 0.0508 m (2.00 in) side, and the z-axis is parallel to the 0.127 m (5.00 in) side. See Figure 3.1.2.2 for the NCSU coordinate system.  
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Figure 3.1.2.2 NCSU Coordinate System 

3.2.
Mechanical Interfaces

3.2.1.
Physical Properties

3.2.1.1.
Dimensions

The NCSU payload has a height of 0.0508 m (2.00 in), a width of 0.178 m (7.00 in), and a length of 0.127 m (5.00 in).
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Figure 3.2.1.1.1 NCSU Dimensions 

3.2.1.2.
Mass

The NCSU mass will not exceed 3 kg (6.6 lb).

3.2.1.3.
Center of Mass

The NCSU center of mass is +/- 1.00 inch from the center about each axis.
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Figure 3.2.1.3.1 Location of NCSU Center of Mass

3.2.1.4.
Moments of Inertia

The NCSU coordinate system axes correspond closely with the principal axes. The mass moments of inertia about the principal axes are currently Px = 6.854 lbm-in2, Py = 11.126 lbm-in2 and Pz = 15.978 lbm-in2.

3.2.1.5.
Surface Treatments

The NCSU will have a black anodize finish per MIL-A-8625, Type III. 

3.2.1.6.
Surface Flatness

No requirement exists.

3.2.2.
Mounting and Alignment

The NCSU will be positioned near the MIDN Sensor with 9-pin connector facing the MIDN Sensor. See Figure 3.2.2.1
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Figure 3.2.2.1 NCSU Mounting and Alignment 

3.2.2.1.
Mounting Specifications 

The origin of the NCSU coordinate system will be at (MIDSTAR coordinates (x,y,z): (TBD, TBD, TBD). X,Y and Z coordinates to be provided by MidSTAR.

The x coordinates are relative to the shelf that the NCSU package is attached to.  The NCSU is attached to the fourth shelf measured from the secondary payload origin. 

3.2.2.2.
Alignment Specifications

The NSCU will be aligned so that the serial port faces C&DH.

3.2.2.3.
Vent Paths

No vent path requirement exists for the NCSU, but at least two (2) small pin-hole (~(0.05 inch) will be present.  These vents are located on the NCSU top cover and on the side opposite the data/power connector. Other vents may be added as required.

3.2.3.
Moving Parts and Deployment Mechanisms

The valves internal to the NCSU contain moving parts which are contained within the valve housing/casings. No exposed moving parts are within the NCSU.

3.2.4.
Thermal Interfaces

3.2.4.1.
Temperature Limits

The temperature limits on the NCSU is from 318˚K +/- 20(K. 

3.2.4.2.
Temperature Monitoring Components

Temperature monitoring is essential to this experiment.  One temperature sensor will be placed in the instrument housing and will be monitored by the NCSU electronics board.  The temperature sensor will be provided by the experiment team.  The satellite team is only responsible for recording digital data and transmitting it to the ground station.

3.2.4.3.
Thermal Control Components

No critical thermal control components are in the NCSU.  The NCSU will rely on the satellite’s existing thermal control components to maintain the necessary temperature range.

3.2.5 Electrical Connections

3.2.5.1   NCSU MidSTAR Interface

The NCSU requires one 9-pin connector originating from the Command and Data Handler for data and the Electrical Power System (EPS) for the power.

The NCSU data connection will use an RS-422 serial connection protocol requiring 5 pins.

 The NCSU power connections will require an additional 2 pins.

3.2.5.2 Grounding Straps

Grounding shall occur through the power connection to the MidSTAR-1 power supply ground. Ground connections will be via pins 1 and 8.

3.2.5.3  External Connector Pin-outs

The NCSU electrical interface to MidSTAR-1 is via a 9-pin Glenair P/N: MWDM2L-9P-4J7-24B-429A connector. This connector will carry both data and power per table 3.2.5.3.1:

Table 3.2.5.3.1: External Connector Pin-outs

	PIN
	FUNCTION

	1
	+28 V Ret

	2
	+28 V 

	3
	RS422 DO+

	4
	RS422 DO-

	5
	RS422 RI+

	6
	RS422 RI-

	7
	RS422 GND

	8
	+28 V Ret

	9
	Vacant


The NCSU data/power connector shall mate with 9-socket Glenair P/N:500-047M09BB-186.

Mating hardware (i.e. screws, jackposts, etc) will be delivered to the USNA with the NCSU flight hardware.

3.2.5.4 Bonding Specifications

The NCSU requires no bonding specifications. The connectors used shall provide good electrical conductivity.

3.2.5.5 NCSU/MidSTAR Data/Power Cable

The NCSU project shall provide MidSTAR with the following:

1) Connector, Glenair P/N: MWDM2L-9SSB-429A, and backshell , Glenair P/N: 500-047M09BB-186, which mates with the NCSU external data/power connector.

The MidSTAR shall provide the following:

1) Data/power cable wire.

2) Fabrication of the data/power cable between the NCSU and MidSTAR using the hardware identified above. 

3) Termination of the MidSTAR-1 end of the NCSU/MidSTAR-1 data/power cable.

3.3.
Electrical Power

3.3.1.
Voltage

The unregulated bus voltage required is 28 VDC  +/- 5%.

3.3.2.
Current

The NCSU current is 214 mA max.

3.3.3.
Power Quality

Maximum Operating Power  =  6.0 W.

3.3.4.
Loads

The NCSU loads are the electronics and three sampling valves.

3.3.5.
Grounding

Grounding will occur through the NCSU’s external data and power connector.  Ground connections will occur at pins 1 and 8.

3.3.6 Power Sequencing

The NCSU shall operate at 6.0 W peak for 72 minutes/day and at 0.3 W for 1368 minutes/day. The MidSTAR-1 shall be responsible for sequencing the available power between the various MidSTAR-1 experiments.

3.3.7.
Power Draw Profiles

Table 3.3.7.1:  Power Requirements

	Peak Power
	6.0W

	Standby Power
	0.3W

	Duty Cycle
	

	Operating
	5%

	Standby
	95%


3.4.
Discrete Electrical Signals

3.4.1.
Discrete Analog Inputs

No requirement exists.

3.4.2.
Discrete Analog Outputs

No requirement exists.

3.4.3.
Discrete Digital Inputs

No requirement exists.

3.4.4.
Discrete Digital Outputs

No requirement exists.

3.5.
Serial Digital Communications

3.5.1.
Input Signals

3.5.1.1.
Signals Characteristics

The NCSU requires RS-422 standard signal characteristics.

3.5.1.2.
Command Protocols

Command packets from the MidSTAR-1 ground station/PI to the NCSU are structured as follows: 0x02, 0x4E, 0x43, NCSU command, 0x4E, 0x43, 0x03.

3.5.1.3.
Data Input Protocols

No requirement exists.

3.5.1.4.
Command Upload Protocols

No requirement exists.

3.5.2.
Output Signals

3.5.2.1.
Signals Characteristics

The NCSU will produce RS-422 standard signal characteristics.

3.5.2.2.
Telemetry Output Protocols

No requirement exists.

3.5.2.3.
Data Output Protocols

Data packets from the NCSU to the MidSTAR-1 are structured as follows: 0x02, 0x4E, 0x43, NCSU data, 0x4E, 0x43, 0x03.

3.6.
Software Interfaces

The NCSU will interface with MidSTAR-1 via asynchronous serial using one RS-422 port. The RS-422 channel will interface with a dedicated MidSTAR-1 C&DH RS422 serial port. The NCSU RS422 port will support up to 115 Kbps.

3.7 Data Storage

MidSTAR-1 shall provide data storage for the NCSU binary data. The NCSU shall transfer data in 1 KB blocks to the MidSTAR for storage and subsequent download to the MidSTAR-1 ground station. The data transfer to MidSTAR-1 shall occur approximately every 130 seconds  while the NCSU is in its peak power operating mode. Data collection, over the NCSU/MidSTAR-1 RS-422 communication link, will be at 9600 baud, 8 bits, no parity and 1 stop bit.

MidSTAR-1 shall download the stored NCSU binary data to the MidSTAR-1 ground station at least once per day for the 90 day duration of the NCSU experiment . The expected data from the NCSU to MidSTAR-1 for storage is expected to be 35 KB/day.






















































































































































































































































































































Figure 1.3.4 Chip carrier with sensor array chip.
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Figure 1.3.2 Multi sensor element. 
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