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[bookmark: _Toc470607966]Overview
The International Space Station (ISS) Program is a unique science platform, and offers a wealth of relatively inexpensive, and long-term access to space. The ISS, the on-orbit crew, the launch and return vehicles, and the operation control centers will all assist in supporting your payload and its’ unique operations. 
However, the ISS can be an almost overwhelming experience to some first-time payload developers. And to recurrent users, the ISS can still be a trying experience, and one that seems to develop new potholes at every turn. To assist the payload developer throughout the lifecycle of a project, we have compiled a list of Lessons Learned and Potential Mitigation actions that may be used by the payload developer to help them through their interaction and interface with the ISS.
This report is divided into major categories of Lessons Learned that we have uncovered in the last 12 months or so, and concentrates on those pertaining to external payloads. The report provides different sections for categories of lessons learned, and provides potential mitigation actions that the payload developer may take to help alleviate the issues that you may face. The payload developer must realize, however, that some obstacles you encounter may not be avoided. The ISS, and with most large programs, is evolving. That includes the number of visiting vehicles and Extra Vehicular Activities (EVAs) for any given year; changing configuration of the ISS caused by new platforms or interfaces being added; and improvements and changes in the ISS processes.
The payload developer should be aware that the list of potential Lessons Learned is also an evolving dynamic in your project lifecycle. Finally, the enclosed list of Lessons Learned is based on five external payloads – so, it will not list all the issues that you will encounter during your interface with the ISS.
We invite you to contact us with additional Lessons Learned, preferably, when you first encounter them, but at any time during your project’s lifecycle.
This report will be updated on a yearly basis at a minimum, and is considered a living document.
[bookmark: _Toc470607967]Revolutionize the ISS for Science and Exploration 
The ISS Program has established a new team, called Revolutionize the ISS for Science and Exploration (RISE), to help move the ISS into a better, improved platform that is more user focused, and science/exploration centered. This team is working on alleviating some of the issues included in this document. But, the RISE team is multi-faceted, with a rather large charter, so some of their proposed enhancements and changes to the ISS Program will take years to implement.
Therefore, some of the issues and associated Lessons Learned contained within this report may be mitigated by the on-going efforts of the RISE team, the Research and Integration Office (OZ), and the ISS Program as a whole in the future. But, the report covers the lessons learned from those issues that continue in today’s environment. 
[bookmark: _Toc470607968]Scope
This report is centered towards external payloads. However, many of these Lessons Learned apply across the board to all ISS payloads. The report was based on inputs from five external payload projects, and represents a broad spectrum: some are between Preliminary Design Review (PDR) and Critical Design Review (CDR); others are in storage waiting for a flight, while others are operating on-orbit. So, we have covered most of the full lifecycle of a typical payload.
This report is presented in a generic fashion; that is, no specific payloads/projects are identified with a specific lesson learned and/or potential mitigation action  is included in this report.
Finally, this report is considered a living document, and will be updated periodically with additional lessons learned, which will CY 2017.
[bookmark: _Toc470607969]Document Development Process
The process for development of this document was simple: gather all project lessons learned by NASA-funded ISS external payloads, develop a comprehensive list of these lessons, and provide potential mitigation actions for each.
In order to simplify and strengthen the document, several categories of lessons learned were created, each containing multiple lessons learned.
The authors of the document bundled several lessons learned into single items, but stringently retaining the integrity of each individual project input.
In an unexpected twist, the number of total lessons learned were less than anticipated. But, the majority of lessons learned from each project was included in at least one other project’s inputs, and many lessons learned were mentioned by all 5 projects. 
Therefore, the total number of items is less, but, perhaps, more relevant as so most of the lessons learned included in this document were provided by multiple projects.
[bookmark: _Toc470607970]Lessons Learned and Potential Mitigation
The following sections are divided into broad categories of ISS Lessons Learned, each containing multiple, specific individual lessons learned in that category. Potential mitigation steps that may assist the Payload Developer (PD) in alleviating or preventing the same issues as other projects have experienced are also included for each individual lesson learned. 
The list contained within this document is NOT all encompassing, as it contains the issues and associated lessons learned from five external payload projects. 
In addition, the Potential Mitigations that accompany each lesson learned results from the following: discussion with each projects, discussions with ISS personnel, and the experiences of the author of this document. So, they must be evaluated by each project manager and PD to determine whether these mitigation suggestions are applicable and appropriate to their project.
[bookmark: _Toc470607971]ISS Program Interfacing 
This section covers the lessons learned from interfacing with the ISS Program personnel. In all, the ISS personnel are very responsive and are helpful to payload developers, especially the “first-timers,” and is confirmed by the following Lessons Learned. This section also covers ISS boards, and other facets of the ISS Program that require human interfacing.
[bookmark: _Toc470607972]Lesson Learned: ISS is a complex, and unwieldy Program - difficult to understand
The ISS is a complex, and unwieldy program, especially to first time payload developers. It can cause immense frustration, and lots of “starts and stops,” and unnecessary schedule delays and increased costs, especially for those that are new to the ISS system. 
Potential Mitigation:
Start interfacing with the ISS Program (particularly ISS Research Office (OZ)) early and often after proposal selection. The following is a list of activities that you may elect to accomplish, as they are proven to assist you in your initial phases of interfacing with the ISS Program:
Conduct an early ISS Kick-off meeting with ISS and immediately begin to “ramp up” your learning curve on the ISS payload integration process
Reach out to your assigned Research Integration Manager (RIM) and Payload Integration Manager (PIM) – most are very helpful and responsive in coordinating requirements, interfaces, and responding to questions. Conduct weekly PIM tag-ups with a well thought agenda and the correct project personnel in attendance
Note: the ISS schedule template provides a good framework for planning
Work continuously with ISS Program, and keep them updated!
For first-time proposers, an External Payloads Proposer’s Guide to the ISS has been developed and can be viewed on the ISS/OZ website.
[bookmark: _Toc470607973]Lesson Learned: Numerous ISS boards to navigate
The ISS has numerous boards which require some duplication of effort. These boards are somewhat difficult to navigate, as they seem to overarch each other to some degree. And, there a LOTS of them.
Potential Mitigation:
The ISS boards are well defined, well-staffed, and numerous. The ISS Program is well established, and the charters for each are relatively unchanged for years now. There is no getting around the board’s requirements. The payload developers should meet with their PIM and RIM to understand the function and requirements for each board at the earliest possible opportunity. They can help you navigate this process, and most of them are very experienced in this area!
[bookmark: _Toc470607974]Lesson Learned: Navigating ISS processes, procedures, and people is exceptionally challenging. 
As stated previously, the ISS is a large, behemoth program. For those unaccustomed to human-rated space flight and/or are first timers to the ISS, the number of technical and human interfaces can become quickly overwhelming.
Potential Mitigation: 
Utilizing your PIM and RIM, who understand the overall process and know the players, is invaluable. The first thing a payload developer should do, after proposal acceptance, is get on-board with your designated PIM/RIM. This should be the highest priority for a payload developer. Make sure that the interaction is constant, and continuous. They are NOT an adversary, but an ally in getting your payload on-board the ISS!
The ISS/OZ group, as a whole, is very efficient, and helpful throughout a project’s lifecycle. 
[bookmark: _Toc470607975]ISS Requirements, Interface Documentation, and Supporting Tools
This section contains specific lessons learned and mitigation steps that cover a broad range of ISS requirements and other ISS-required documentation and databases. 
[bookmark: _Toc470607976]Lesson Learned: Certificate of Flight Readiness process is difficult
The Certification of Flight Readiness (CoFR) tool in the ISS, called ORBIT, is difficult to use, for a first-time user. For each launch/increment, a payload developer is expected to reconfirm their CoFR.  There is a checklist of about 50 items in order to use the CoFR tool. Each item requires input of “applicable/not applicable” and other supporting information, for example.   Finally, it should be possible to copy a previous checklist to use as a starting point, but there is no option for this task sequence.
Potential Mitigation:
Most projects do not have full-time personnel available to spend hours generating CoFR Tool checklists, and  it is a tedious and time-consuming task to complete.The RISE group within ISS has heard complaints against the CoFR tool  previously. They have stated that they will work that issue. Until then, have your designated ISS-interface person (or team) familiarize themselves with the parameters of the tool early as feasible in the integration process. Familiarization early with the required inputs MAY help alleviate some personnel stress when preparing final inputs. However, at this writing, this tool is the ISS Program’s accepted format for the CoFR process.
[bookmark: _Toc470607977]Lesson Learned: Electronic Document Management System (EDMS) is a very difficult tool to use
The ISS EDMS system is difficult, for the novice user, to utilize efficiently. The EDMS contains a hodge-podge of documents: requirements documents, Payload Integration Agreements, detailed engineering documents such as software updates, Preliminary Interface Revision Notices (PIRNs), etc. In reality, finding documents on the EDMS is difficult and, it turns out, some are not there. Also, the EDMS is not well organized for the novice user, there are thousands of  entries in the EDMS. Plus, how does one know that the document they find is the latest revision? In some cases, if the project had not known there was a specific revision, EDMS may have provided out-of-date documents to project personnel.
Potential Mitigation:
It is not recommended that one treat the EDMS as a library. Rather, one should use the EDMS to search look specific documents. While there is a benefit in the EDMS, as many ancillary documents associated with a specific entry may be visible, it is a very cumbersome system. 
Rather than have members of a project search through the EDMS, it is much more time efficient to ask your PIM/RIM which documents you will need, and at what phase during the integration template will you need them. 
The RISE group has been hit with numerous complaints about the EDMS, but no solution has been found as of this writing. Although the EDMS contains thousands of documents, many times, it’s a hit-and-miss proposition to find specific documents, and the search function often does not return the correct results. In summary, the EDMS is NOT an easy-to-use system that actually has all the right documents in it. In many instances, it is more efficient, and easier, to perform your initial search using Google rather than using EDMS.
[bookmark: _Toc470607978]Lesson Learned: Interface Control Document process is long, and requires numerous documents 
Depending on which external site you decide to interface with (Expedite the Processing of Experiments to the Space Station (ExPRESS) Logistics Carrier (ELC), Japanese Experiment Module – Exposed Facility (JEM-EF), or the Columbus External Payload Facility (EPF)), the number of Interface Control Documents (ICDs) will vary. Many users that do not have experience with human-rated vehicles will find the number of required ICDs exhausting. For those flying with an International Partner, the payload developer will have at least four major ICDs versus three for users of the ELC.
Potential Mitigation
In most cases, the length of time required for approval of an ICD is directly related to the timeliness and veracity of the PD’s input. Beginning at System Requirements Review (SRR), and certainly before PDR, the payload developer should have the ICD as a front-and-center activity. The PD must recognize that, even in the best circumstances, ICD reviews may be lengthy; therefore, the project must maintain should contain an appropriate schedule for the ICD submittal/approval process. The RISE team is working diligently to improve this process over the last few months, and it has been effective to varying degrees. 
The number of ISS-required ICDs is cumbersome to projects. However, the PD should realize that many of the inputs are identical/nearly identical between several documents. 
Projects using Columbus-EPF or JEM-EF have one additional ICD to develop than ELC users. JEM-EF users, for example, will require the ISS Program ICD; a separate Japan Aerospace Exploration Agency (JAXA) ICD; a Launch Vehicle ICD; and a Software ICD. While JAXA has a somewhat easier-to-use template to fill in, the ISS Program provides an ICD engineer who generates a payload-specific ICD. 
The good news is that the ISS RISE team is evaluating the need for multiple inputs and are working on a tool that will require one entry that can be implanted into several documents. As of this writing, the tool is in development!!
Besides getting your inputs in on time or even ahead of schedule, there is little the PD can do to control the approval process. 
[bookmark: _Toc470607979]Lesson Learned: The Japanese Experiment Module – Exposed Facility (JEM-EF) is governed by JAXA rules and requirements, separate from NASA rules and requirements. 
JAXA develops an ICD with the payload, and JAXA defines the verification requirements. Developing the ICD and identifying the requirements is not overly onerous. Providing verifications that were acceptable to JAXA; however, required (in some cases) substantial amounts of iteration and, in some cases (e.g., fluid loop verifications) re-testing and/or development of new test procedures.  The JAXA verification process is considerably more detailed than any of the NASA/ISS/Boeing processes. The amount of iteration required, and therefore the time required, was more than most anticipated.
Potential Mitigation 
It is best that the PD engage with JAXA personnel at the earliest opportunity, with approbal by your PIM/RIM. Unfortunately, the JAXA process is not being actively reviewed; however, this may change with the increasing number of NASA projects schedule to fly on JEM-EF.
[bookmark: _Toc470607980]Lesson Learned: PIRNs are a constant threat to a payload design and are difficult to track.
The ISS has seemingly never-ending requirements changes. These changes are usually document with PIRNs, which are voluminous and difficult to track. The project personnel must be on alert for PIRNs that may affect a number of area of their hardware/software design.  PIRNs are a constant headache to the PD and project personnel in general. On some occasions, PIRNs are already approved prior to a project becoming aware of their existence.

Potential Mitigation:
The ISS uses a portion of its ORBIT application as the PIRN database. If a PIRN affects a specific project, the PD should receive an email notification from the ORBIT system, so the project may evaluate any impacts. Also, the project’s PIM and RIM should contact you and inform you that you need to assess a specific PIRN. 
In most cases, a PD has the opportunity to provide an assessment before the PIRN is approved. However, it is almost inevitable that some PIRNs will go unnoticed until after they have been approved. 
In most cases, a project has an opportunity to incorporate a PIRN into their requirements without it becoming a major issue. As there are hundreds of PIRNs issued across the ISS Program, 
it is recommended that the Project Manager assign a member of your ISS-interface team to review PIRNs with the project’s PIM on a regular basis.
[bookmark: _Toc470607981]ISS Safety Process
[bookmark: _Toc470607982]Lesson Learned: The culture of the NASA safety community can be adversarial.
Depending on the type of payload you are developing, the ISS Payload Safety Review Panel (PSRP) CAN be adversarial. They have the authority to not allow you to fly your mission, and the strict rules of the safety process must be obeyed.
Potential Mitigation:
Along with your PIM/RIM, meet regularly with your ISS Safety Engineer. Keep them informed at each step in your schedule, and let them know early what YOU think your potential hazards will be. The Safety process is extremely well defined, and the PD should get acquainted with the safety process in the proposal process.
The two primary safety documents are readily available, and rather easy to understand for the most part. In addition, ISS RIO has issued a Primer for Operations and Integration of Payloads on the ISS, which can also help understanding the process. It is available on-line, using Google.
While I understand the frustration of many PDs who are new to the human-rated spaceflight arena, it is a necessary and vital process that is well established, well-supported, and vital.
You should also be aware that some payloads may have far greater scrutiny than others. For example, active lasers will receive substantially greater investigation by the PSRP than a simple optical telescope.
[bookmark: _Toc470607983]Lesson Learned: ISS Safety Panel may require payload design changes under some circumstances (use of lasers, etc.)
It is very possible that some design changes will be required by the PD to meet specific guidance from the PSRP. For example, a special inhibit was required for an active laser, which created a design change, and increased project costs.
Potential Mitigation
Payload equipment/instruments such as lasers, or moving parts of instruments that exceed the defined ELC, JEM-EF, or Columbus EPF envelope, will require additional inhibits on most occasions. Such additional inhibits, to meet the two fault tolerant requirement for safety-critical functions, may require design changes, and will increase a project’s cost, unless it is identified early in the project lifecycle. Of all the requirements levied on a project by ISS, the most firm and fixed rules lie within the safety process. 
During the proposal process, it is recommended that the project/proposer carefully study the Safety documentation. Most of these scenarios requiring additional 2-fault tolerant functions, such as specific inhibits, are discussed in these documents. 
Unfortunately, many projects have different personnel that wrote the proposal from the project team responsible for its implementation post-proposal. In that case, the PD should meet with an appointed Safety engineer, in the ISS PSRP, at the earliest opportunity. As stated previously, it is critical that a project maintain a close and continuing interaction with their Safety engineer. 
All projects that have lasers, for example, should expect to include special inhibits as an integral part of their design.
[bookmark: _Toc470607984]Launch Vehicle Interfacing and Integration
This section covers the interface with the ISS Launch Vehicle, which is Falcon/Dragon. However, the ISS will have an additional launch vehicle that is capable of carrying external payloads that will become operational during the Commercial Resupply Services-2 (CRS-2) phase. This is scheduled to occur in FY 17-18, currently.
[bookmark: _Toc470607985]Lesson Learned: ISS Program and Launch Vehicles Interface is Time Consuming
ISS can be slow in getting the information/data that a PD needs from SpaceX. 
The ISS Program, who serve as the contractual interface to SpaceX, needs an imnproved avenue in requesting interface data in time to meet project’s schedules for launch vehicle activities. In dealing with SpaceX, all contractual elements should flow through ISS. That is, models and documents between the PD and SpaceX, and all contractual deliverables from SpaceX to the PD. 
Potential mitigation: 
Relying on ISS Program to provide information or distribute Launch Vehicle documents came sometimes be problematic, but the PD must interface with the ISS Vehicle Office initially.  In addition, the CRS 2 contract contains a requirements document that provides all ISS launch and visiting vehicles requirements.  This process improvement should yield better requirements data upfront to the payload developer.  Meeting the requirements contained in the launch vehicle requirements document should alleviate some of the early information requests to SpaceX
[bookmark: _Toc470607986]Lesson Learned: Late analysis by SpaceX
The Coupled Loads Analysis (CLA) is accomplished late in the integration process, and random vibration profile is included only by special request. This situation COULD cause a design anomaly to occur, or at least, a schedule slip.
Potential mitigation:
The ISS Program has a schedule “disconnect” based on their CRS-1 contract. And, they are aware of it! They have contracted SpaceX to provide CLAs, etc. late in the overall ISS integration process, for most payload projects who have requested them. 
The new CRS contract (CRS-2) attempts to alleviate this situation, as a Launch Vehicle Interface Requirements Document (IRD) is part of the CRS-2 contract. This IRD will provide loads, power, etc. requirements for ANY ISS launch vehicle. Therefore, if you can meet the requirements of the IRD, special assessments should not be necessary. 
In the meantime, the ISS Program has funded several CLAs and random vibration analyses by SpaceX. The ISS Program is very much aware of this schedule “disconnect”, and is working with payload developers to alleviate it. If your project has an urgent need for these structural/loads analysis, you should notify your PIM and the Vehicle Office immediately. 
[bookmark: _Toc470607987]Lesson Learned: SpaceX Interface Requirements Document (IRD) delivery is late in the project lifecycle
This is a common issue with virtually all SpaceX customers. 
Potential Mitigation:
The IRD, included in the new ISS CRS-2 contract, will help alleviate some of these issues. However, the IRD is in draft form only, and applies to the CRS-2 contract. The ISS is providing draft versions to those projects which have a critical need for it. 
But, some of the ICD/IRD issues will remain, as they are a result of SpaceX internal practices. It is highly recommended that the PD develop early inputs which may be forwarded by the ISS program to SpaceX,, prior to the beginning of the official template generated by SpaceX.
The good news is that once a project is within the SpaceX template, SpaceX personnel have been generally responsive.
[bookmark: _Toc470607988]ISS Integration and Operations
This section focuses on the ISS integration and operations function. Most of the lessons learned occurred with the Payload Operations Integration Function (POIF), which are personnel, and the Payload Operation Integration Center (POIC), which is the facility.
[bookmark: _Toc470607989]Lesson Learned: Integration costs significantly higher than originally budgeted.
The integration effort was underestimated, significantly, during the proposal process, and during early formulation. This required the projects to increase their budget, and for most projects, a designated ISS interface(s) was required for integration tasks.
Potential Mitigation: 
The integration task is one of the most frequently underestimated facets for flying on ISS. The number of interfaces and documents required is significantly greater than comparable expendable flights. The integration template, readily available in numerous ISS documents and on the internet, should be carefully reviewed by PDs. 
The one-page ISS integration template clearly denotes the number of documents, interfaces, and payload inputs that a PD will require. The template also provides a generic schedule, which illustrates the timing of the process and data deliverables required throughout a typical project’s lifecycle.
It is stressed that the PD (and proposer) carefully review the standard ISS template for a better understanding of the comprehensive ISS requirements for integration.
In addition, many first-timers do not recognize that these data deliverables apply to all (or almost all) ISS payloads – regardless of Class, size, external vs internal, etc.
[bookmark: _Toc470607990]Lesson Learned: Operational Flight Rules were worked late in the time-line 
The Operational Control Agreement Database (OCAD) required to support projects was approved late in the integration/operations template for some payloads. This impacted Flight Rules (FRs), since the FRs require use of the OCAD. The result was that the FRs did not get worked in a timely manner in a few cases. For example, the FRs were shown to an International Partner (IP) only one day before the expected launch of the payload – and that project interfaced with the IPs hardware!
Potential Mitigation: 
Communications, clear and concise, is a must when inside the POIF/POIC template. Some of this communication between operations teams are beyond the control of the payload developer. However, it is recommended that the PD review ALL required inputs to the operations template MONTHS before these inputs are due. Discuss the potential issues of delays with the POIF personnel! Develop a schedule to illustrate any potential disconnects or delays. If necessary, raise the issue with ISS Program management.
[bookmark: _Toc470607991]Lesson Learned: The Payload Operations Integration Center/Payload Operations Integration Function (POIC/POIF) input/involvement is sometimes not compatible with a PDs early development of operations and ground systems  
The POIC/POIF processes follow a pathway where they only engage a payload whe it enters the “tactical timeframe.” For many PDs, this is late in the project’s timeline if there are major issues that arise.
Potential Mitigation: 
Some projects, especially those that have been previously flown on unmanned vehicles, deign/develop payloads for the earliest launch opportunity. The ISS POIF function is a hold-over concept, in many ways, from Shuttle/Spacelab operations. The POIF has a timeline that has a structured data flow, training, and several databases requiring population from POIF early on would have been helpful in defining how a project’s data system architecture was designed. However, POIF did not want to engage in any substantive way until the “tactical timeframe”, as defined in the ISS integration and operations template.  Moreover, there were several occurrences when a project moved to within  the tactical timeframe, and POIF started to engage with a project, and then the launch date moved out – so the payload moved back out of the tactical timeframe and the Marshall Space Flight Center (POIF) engagement ceased, or was minimized.  
The PD should be aware of the timeframe for engaging with the POIF.  This timeframe, while it can be adjusted to some degree, is held because of the ISS scheduling of a myriad of payloads.  Overall, this important function (POIF) is ISS-driven, and is based on many factors, including, but not limited to, scheduling of all training and operations for all ISS payloads, and funding.
[bookmark: _Toc470607992]Lesson Learned: PD training by Payload Operations Integration Function (POIF) was dissimilar to real-time operations. 
The PD and Team did take all required training, and participated in “simulation training.” However, many items POIF considers essential are sometimes not covered in the training. Basically, the training assumes a PD is already familiar with all the POIF systems and procedures, and new PDs have no idea which pieces are missing or being under-taught until start of real-time operations.
Potential Mitigation: 
Some projects have had to learn from POIF in real time, on occasion.. For example, training could lead a PD to believe they could request commanding at any time. Not so. A request for some commanding (such as a system controller reset) sets off red flags that the payload is ‘off-nominal’, Typically, a Payload Anomaly Report (PAR) or Operations Change Request (OCR) is required for off-nominal conditions. But POIF training touched only briefly on these PAR and OCR things in some cases.
It is highly recommended that the payload developer request a walk-through training exercise, if one is not offered, on where to find PAR and OCR templates, how to populate one, and fill one out as an exercise - this would help a project from scrambling (real-time) in what COULD be described as an “emergency”, off-nominal payload condition.
[bookmark: _Toc470607993]Lesson Learned: Training of the Payload Operations Integration Function (POIF) payload seemed to be minimal for some payloads.
Despite the POIF-developed “Self Study,” process for use by POIF personnel, it seemed as though SOME POIF folks were insufficiently briefed on some aspects of payload operations requirements (especially with respect to payload hazards). 
Potential Mitigation:
Some PDs have educated POIF members in real time on the payload and payload-unique operations. There are many POIF personnel cycling through on different shifts, and each had different expectations, misconceptions, and interpretations of some payloads operating rules. 
It is highly recommend that the PD asks the question: does ALL necessary POIF members understand the basics, and especially the safety-critical functions and operations of their payload. And, insist that there is at least one POIF member per shift on hand that is knowledgeable. 
Finally, take it upon yourself to ensure that the POIF operations Lead assigned to the payload provides this education with POIF personnel prior to payload activation. Do NOT assume that all POIF members receive training on your specific needs during operations.
[bookmark: _Toc470607994]Lesson Learned: Transmission of safety-critical commands is generally accomplished by the POIF/POIC personnel, not the PD.
Some payloads have what are designated “critical commands,” meaning commands that are tied to hazard-generating operations. By long-standing rule, the Payload Rack Officer (PRO) at the POIC is the only person who can transmit critical commands to a payload. This has caused some consternation with the internal planning of some payload developers, as they were unaware of this process. 
Potential Mitigation: 
During the PSRP process, payload developers are required to demonstrate a two-fault tolerant approach to ensure safe operations. For example, a safety critical function (2-fault tolerant) against inadvertent laser operation is mandatory. The Payload Data Library (PDL) is used by payload developers to upload commands to their payload. Many safety critical functions will NOT be included in the PDL, and are may be reserved for the POIC to implement. Please study the PDL list of possible commands during the operations template process. That will avoid any confusion, or possibly consternation, on the ISS role in issuing safety-critical commands. If there is a valid reason for you to not accept the arrangement, then this must be discussed with your POIC Flight Officer well before the PDL is finalized. 
[bookmark: _Toc470607995]Design-Phase (Technical) 
This section focuses on specific technical issues that arose within the design phase of projects. In many cases, these issues are specific to an individual project. However, they are included as it will benefit others who have similar missions, hardware, and/or science requirements.
[bookmark: _Toc470607996]Lesson Learned: Lack of predictive capability for ISS attitudes
The ISS Program does not have a program-provided capability to provide PDs with predicted attitudes. With fine pointing experiments, this situation may require additional design capability and/or hardware enhancements.
Potential Mitigation:
The ISS does NOT have this capability for several reasons: solar array movements; natural orbital fluctuations due to adverse thermal conditions (rising/setting sun many times in a 24-hour period, for example); visiting vehicles; EVAs; and numerous other factors.
The PD should be prepared to develop their own attitude prediction capability, and budget/schedule that enhancement accordingly. There have been projects that have developed this capability within their project, and these tools MAY be available to another project – this must be negotiated with the “owner” project, though. Although the ISS can provide historical data, down to a specific 24-hr period, for attitude, it is of little benefit when forecasting the future ISS attitude. This lack of capability is acknowledged by the ISS Program but no action has been taken to date. So, it is highly recommended that the project devise (or “borrow”) this capability outside of ISS assistance.
In addition, at least one project has designed a permanent “offset”: for their instrument, thereby alleviating some of the ISS attitude prediction obstacles. Of course, this added to their budget requirements, and was included early in their design process.
Some projects have developed their own tool to simulate varying FOV scenarios. Such a tool was developed by the Mission Design Lab at Goddard Space Flight Center, for example. A similar tool could be utilized as an approximation for the ISS FOVs.
[bookmark: _Toc470607997]Lesson Learned: ISS resource allocations (power, cooling) for JEM-EF payloads are far different than the advertised capability.
In what must have been an embarrassing situation, the ISS Program at Johnson Space Center was unaware that the JEM-EF could NOT supply the JAXA advertised resources for multiple payloads on JEM-EF. This has caused a major upset to more than one JEM-EF payload. For example, one project assumed thought 3kW of power and 3kW of cooling (based on JAXA documentation) was available at each individual JEM-EF location (all 10 of them), rather than the entire complement. ISS/JSC and the PD were unaware of this limitation until the payload was in the design phase, requiring some redesign of the payload. 
Potential Mitigation: 
The ISS Program has now established a system that puts “limits” or allocations on power and cooling capability for JEM-EF payloads. These limits are well below the advertised capability of the JEM-EF. But, while these limits are low, it is a fact that JAXA advertised this capability without explaining that the advertised amounts were above the actual capability – for multiple payloads. Proposers should be made aware that these limits may be negotiated on a case-by-case basis. But, the JAXA Payload Accommodations Handbook for JEM-EF is inaccurate. 
While their advertised capability is available for a single payload on the JEM-EF, the resources must be SHARED between the payload complement, resulting in a much lower capability than advertised.
To mitigate this situation, JAXA is reexamining their actual capability under specific scenarios of multiple payloads. However, as of this writing, the power and thermal capability MUST be viewed with concern. The ISS Program, and sponsoring NASA Headquarters Offices are determining a resource allocation among NASA payloads on JEM-EF. PDs should carefully review their power/cooling requirements during their proposal process, and attempt to live within the ISS-mandated constraints. For payloads already selected and underway, a combination of carefully managed flight manifests and JAXA re-assessment is the best hope for meeting science requirements.
[bookmark: _Toc470607998]Lesson Learned: ISS-provided Field-of-View (FOV) assessments can be problematic, even with the assistance of the MAGIK team. Lack of crucial FOVs can cause an instrument/payload redesign effort.
This Lesson Learned and Potential Mitigation is discussed in the Safety section of this document.
[bookmark: _Toc470607999]ISS-Provided Hardware and Simulators
This section covers Lessons Learned and Potential Mitigation actions for ISS-provided hardware.
[bookmark: _Toc470608000]Lesson Learned: The items provided by ISS Government-Provided Hardware (government-furnished equipment (GFE)) does not mean that the project will receive all the equipment required to integrate an ISS payload. 
In addition, the items on the GFE list sometimes requires additional specialized hardware that is not included by the ISS. For example, Payload Interface Unit (PIU) Flight Connectors for JEM-EF payloads are not part of the standard GFE list.
As another example, the ISS supplies the Flight Releasable Grapple Fixture (FRGF) but not the specialized bolts that hold the FRGF to the payload! In some cases, the PD discovered much later in the design process that very specific hardware is required, and that the ISS does not stock or supply it, that no substitutions are allowed, and that to purchase the specialized hardware takes months at a significant cost
Potential Mitigation: 
These connectors described above are long lead and very expensive items. It is imperative that a PD investigate the items that ARE supplied by the ISS at the earliest possible opportunity. And, in consultation with your PIM, list the items that the payload requires that are NOT on the GFE list! This will save costly, time-consuming “last minute” purchases, which might require accelerated payments, etc. 
The ISS GFE list is provided routinely by the ISS Program. Examine it and look for items that you need that are not on the list. Those items must be funded, in most cases, by the project.
[bookmark: _Toc470608001]Lesson Learned: Ground Support Equipment, including Simulators, are sometimes in short supply.
On many occasions, there is a shortage of Ground Support Equipment (GSE) or simulators for the number of payloads undergoing integration onto the ISS. Examples include:
· Two Coolant Carts only
· One Degassing Cart only
· One PIU Adapter only
These limitations may cause integration and test delays, threatening the payload schedule.
Potential Mitigation:
The ISS Program is developing additional items that will alleviate future PD concerns. For those in, or nearing the integration/verification timeline, the news continues to be more of the same.
The PD may elect to purchase copies of this equipment, but that can very costly and time consuming, depending on which item is duplicated.
Therefore, realize that there are limitations to some of the ISS-provided equipment, especially those in the ground-testing arena.
[bookmark: _Toc470608002]Lesson Learned: There is only one ELC simulator.
The ELC simulator, located at KSC, is the only simulator used for final verification and checkout of an ELC payload prior to integration with the launch vehicle.
Potential Mitigation:
The ISS Program has no plans for building an additional ELC simulator, so PDs should carefully plan their final verification and checkout at KSC using the single ELC-simulator.
[bookmark: _Toc470608003]Lesson Learned: The Command and Data Handling (C&DH) simulators, called RAPTER, are slow to be provided to ISS payloads on some occasions.
The ISS Program provides C&DH simulators that are used, primarily, by PDs for payload development. The new simulators, RAPTERs, are now beginning to be delivered to payloads, but more are needed.
Potential Mitigation:
The ISS Program has contracted for a specific number of simulators, which will meet the demand exhibited by PDs. Additional units will be available in the near future.
[bookmark: _Toc470608004]Lesson Learned: ISS-provides ELC flight units only for ELC payloads
The ISS-program provides flight-unit ELCs (and PIUs for JEM-EF payloads).   However, ground test units, required for almost every payload, are generally not provided.
Potential Mitigation:
The PD must plan to include ground-test units for the ELC and JEM-EF payloads both in their planning and in their project budget.
The flight units are provided by the ISS program, which significantly helps to offset flight-hardware costs.
It should also be noted that many supporting items, such as attachment fittings, connectors on the payload half, and even pressurized disconnects are NOT provided.  These must be included in the project’s budget and schedule.
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