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[bookmark: _Toc277242178]Nomenclature
The NASA Docking System (NDS) mating system supports low approach velocity docking and provides a modular and reconfigurable standard interface, supporting crewed and autonomous vehicles during mating and assembly operations.

The NASA Docking System (NDS) is NASA’s implementation for the emerging International Docking System Standard (IDSS) using low impact docking technology.  The NASA Docking System Project (NDSP) is the ISS Program’s project to produce NDS, Common Docking Adapter (CDA) and Docking Hub. The NDS design evolved from the Low Impact Docking System (LIDS).  The acronym international Low Impact Docking System (iLIDS) is also used to describe this system as well as the EA Project which is designing the NASA docking system.  NDS and iLIDS may be used interchangeability.  Some of the heritage documentation and implementations (e.g. software command names, requirement ID, figures, etc.) used on NDS will continue to use the LIDS acronym. 
[bookmark: _Toc277242179]Background
The iLIDS was developed for in-space assembly and during rendezvous of space transportation systems (otherwise identified as host vehicles) to enable mission profiles that will ensure the success of the Vision for Space Exploration.   The iLIDS provides a reconfigurable, active, closed-loop, force-feedback controlled, mating system iLIDS is androgynous utilizing a standard mating interface tunable to the performance requirements for all types of mating operations (i.e., docking and berthing, autonomous and piloted rendezvous, in space assembly of vehicles, modules and structures, and supports crew, cargo, power, fluid, and data transfer).  The iLIDS mating system supports approaching velocity docking and berthing assembly.  Moreover, iLIDS provides a standard interface that is modular and reconfigurable, supporting crewed and autonomous vehicles during mating and assembly operations.  

The iLIDS flight hardware consists of the following parts:
· Soft Capture System
· Hard Capture System
· Electronics
· Ground Support Equipment

[bookmark: _Toc165358140][bookmark: _Toc165359139][bookmark: _Toc165359377][bookmark: _Toc277242180]Applicable Documents
[bookmark: _Toc277242181]NDS Model Description and Usage
A simple NASA Docking System (NDS) thermal model was developed for use by prospective users of this docking system.  This document is intended to accompany the thermal model and provide some details and assumptions used in the development of the model, as well as, suggestions for implementation and usage of the model.  The model was developed by ESCG (Jacobs) and was delivered as a Thermal Desktop 5.2 model (using AutoCAD 2009). The geometry model is shown in Figure 3‑1.
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[bookmark: _Ref277238596][bookmark: _Ref277238604][bookmark: _Toc277242169]Figure 3‑1 NDS Simplified Thermal Model

[bookmark: _Toc277242182]SINDA Sub Models and Nodal Breakdown
The active NDS thermal model uses six SINDA sub models representing the NDS tunnel, soft capture ring, latches, avionics boxes, and Micrometeoroid and Orbital Debris (MMOD) shielding.  The sub model names and descriptions are listed in Table 4‑1.

[bookmark: _Ref277241139][bookmark: _Toc277242163]Table 4‑1 NDS Sub Model Names and Descriptions

SINDA Sub Models		Description		
	NDSTNNL	NDS – Tunnel
	NDSSCRNG	NDS – Soft Capture Ring
	NDSLATCH	NDS – Latches
	NDSMMOD	NDS – MMOD Shielding 
	NDSCTRBX	NDS – Avionics Control Boxes
	NDSPWRBX	NDS – Avionics Power Boxes 


The active NDS was modeled using 227 nodes.  The node quantities for each system in the model are listed in Table 4‑2.

[bookmark: _Ref277238660][bookmark: _Toc277242164]Table 4‑2 NDS Node Quantities for each NDS System

			System/Structure 			Node QTY
	Tunnel	64
	Soft Capture Rings	18
	Latches	12
	Avionics Boxes	
		Power (2 boxes)	50
		Control (2 boxes)	50
	MMOD Shield
		Shield	18
		External Blanket (MLI)	18
		Beat Cloth Hatch Cover	1
		Total 	231

[bookmark: _Toc277242183]Material Properties, Optical Properties, and Component Weights
The materials used in the model were aluminum 6061-T6, Aluminum 2219-T851, and Stainless Steel 15-5PH.  Aluminum surfaces were either clear anodized (Type II) or Hard Anodized.  Both Beginning-of-Life (BOL) and End-of-Life (EOL) properties are listed.  The Multi-Layer Insulation (MLI) blanket has an outer layer of white beta cloth.  The blanket, which is located internal to the MMOD shields, has an assumed effective emissivity (E-Star) of 0.05.  The material and optical properties used in the model are listed in Table 5‑1 and Table 5‑2, respectively.


[bookmark: _Ref277238675][bookmark: _Toc277242165]Table 5‑1 Material Properties
	
         	Thermal Conductivity 	Specific Heat	Density	E-Star
	         Material	(Btu/hr/ft/F)	(Btu/lbm/F)	(lbm/ft3)			
	Aluminum (6061-T6)	96.7	0.214	168.5	
	Aluminum (2219-T851)	69.4	0.207	178.0
	Aluminum (7075-T74)	90.8	0.206	176.3
	MLI	0.0	0.0	0.0		0.05	


[bookmark: _Ref277238680][bookmark: _Toc277242166]Table 5‑2 Optical Properties

	Material/Surface Treatment	Solar Absorptivity 	IR Emissivity	   
	Anodized – Hard (BOL)	0.87	0.85	1.024		
	Anodized – Hard (EOL)	0.99	0.77	1.286		
	Anodized – Type II (BOL)	0.44	0.8	0.55
	Anodized – Type II (EOL)	0.54	0.8	0.675
	Beta Cloth (BOL)	0.27	0.91	0.297
	Beta Cloth (EOL)	0.34	0.91	0.374


The current mass estimate for NDS is roughly 750 lbm. In the thermal model, the mass of the NDS tunnel and soft capture rings were increased to account for actuators, magnets, load cells, lockdowns, plates, fasteners, brackets, petals, etc. that are not in the simplified model.  There are approximately 155 lbm which are not accounted for in the model, which consists primarily of cable harnesses, wiring, umbilicals, brackets, thermal blankets and Nextel/Kevlar shields.  The component masses used in the thermal model are listed in Table 5‑3.  

[bookmark: _Ref277238692][bookmark: _Toc277242167]Table 5‑3 NDS Model Component Mass 

	System/Structure 			Mass (lbm)
	Tunnel	184.8
	Soft Capture Rings	100.0
	Latches	158.7
	Avionics Boxes	129.6
	MMOD Shields	22.4
	Total 	595.5
[bookmark: _Toc277242184]Heater Location, Power, and Set Points
The NDS utilizes heaters to condition/maintain temperatures above the minimum limits for each operating mode.  The current NDS model has heaters that control temperatures in four locations.  The heater locations, shown in Figure 6‑1, are the avionics boxes, soft capture rings, and tunnel.  The heater power was determined by using the worst case cold conditions. This cold case is defined as a sink temperature of 3K, an adiabatic interface to the host vehicle, no view to host vehicle, and no other thermal radiation sources.  Note that the cold-case design does not assume an orbit around a planetary body.
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[bookmark: _Ref277238547][bookmark: _Toc277242170]Figure 6‑1 NDS Heater Locations


The heater power for each system includes 25% margin added to create an 80% duty cycle at worst case cold conditions.  The tunnel heaters are sized to 350 Watts of heater power and are equally spaced at 8 locations around the tunnel.  The Soft Capture System (SCS) ring heaters are sized to 180 Watts and are equally spaced around the ring.  The avionics boxes require 120 Watts of heater power and are divided based on overall box sizes.

The heater set points for operational and survival limits take into account temperature gradients and instrumentation errors.  The set points consider a 6°F dead band and 5°F nominal shift between primary and secondary heaters.  The user of this NDS model should modify the heater operating times and operating modes by using the heater edit capability in Thermal Desktop.  Heater set points for operational and survival modes are outlined in Table 6‑1, for the primary heaters.  The secondary heaters are offset by 5 degrees colder (nominal shift between primary and secondary heaters).  The secondary heater set points still protect the components against their acceptance level limits.

[bookmark: _Ref277238571][bookmark: _Ref277239623][bookmark: _Toc277242168]Table 6‑1 NDS Primary Heater Set Points for Operational and Survival Modes

	System/Structure 	Operational Mode 	Survival Mode	
	Tunnel	-11°F On, -5°F Off	-33°F On, -27°F Off
	Soft Capture Ring	-45°F On, -39°F Off	-45°F On, -39°F Off
	Avionics Boxes	+15°F On, +21°F Off	-21°F On, -15°F Off

[bookmark: _Toc277242185]NDS to Host Vehicle
From the NDS design perspective, the NDS to host vehicle interface was assumed to be adiabatic.  However, the NDS user should account for the possible heat loss/gain through the NDS.  At the mounting interface flange, a thermal contact conductance across the host vehicle to NDS docking interface is defined as ranging from 15 Btu/hr-ft2-°F to 50 Btu/hr-ft2-°F for the metal-to-metal contact.  The contact area is 2.5ft2.  For the pass through, a Beta Cloth cover is used for radiation purposes and assumed to be active on the external facing side only.  The user of this NDS model may want to modify or remove this cover to accurately model the host vehicle to NDS interface at this location. 

[bookmark: _Toc277242186]Thermal Model Electronic Files
The three Thermal Desktop files listed below are available on the NASA DDMS website, via the following link.

https://ice.exploration.nasa.gov/Windchill/netmarkets/jsp/document/view.jsp?oid=document%7Ewt.doc.WTDocument%3A1919885493&u8=1 

The thermal model files are:
	Name
	Description

	NDS_ThermalModel_Simple.dwg
	Simplified NDS Model

	NDS_ThermalModel_Simple.rco
	NDS optical property file

	NDS_ThermalModel_Simple.tdp
	NDS material property file





[bookmark: _Toc277242187]Appendix A - Acronym List
	CDA
	Common Docking Adaptor

	GFE
	Government Furnished Equipment

	HCS
	Hard Capture System

	IDSS
	International Docking System Standard

	iLIDS
	International Low Impact Docking System

	ISS
	International Space Station

	LIDS
	Low Impact Docking System

	MMOD
	Micrometeoroid and Orbital Debris Shield

	NDS
	NASA Docking System

	NDSP
	NASA Docking System Project

	SCS
	Soft Capture System
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