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APPLICABLE DOCUMENT:

SSP 30234,  Failure Modes and Effects Analysis and Critical Items Requirements List for Space Station

SCOPE:     The report shall consist of the Reliability and Maintainability predictions for Space Station flight hardware for: components failure rate data for end items; Mean Maintenance Crewhours per Year (MMCH/Y) predictions, for on-orbit maintainable equipment, as required; quantitative status of R&M characteristics of Space Station functions, capabilities and equipment and Failure Detection, Isolation, and Recovery (FDIR) assessment data.  

CONTENT:     The report shall consist of three volumes, as follows.  Each volume may be submitted and approved independently.  The volumes may be further subdivided according to subsystem architecture and/or end items, as appropriate.

Volume I
1)  General and programmatic information

2)  Top-level groundrules and assumptions used in performing the R&M analyses.

Volume II
1)  R&M source data in accordance with Table 1.

2)  Failure Detection Isolation and Recovery Assessment Information (see Table 2).

3)  Perform Preventative Maintenance Assessment per decision matrix (see Figure 1).

Volume III
FMEA/CIL summary information per SSP 30234, including summary tables (index), list of critical items, and identification of incomplete design areas.

NEED DATE or MILESTONE REQUIRING R&M PREDICTIONS REPORTS SUPPORT:

The R&M Predictions Report data requirements applies to all flight hardware and must be assessable in the JSC Design Data Management System 7 days prior to the PDR/CDR that covers the first flight deployment of the hardware.

The data provided for the PDR may be preliminary data.  If the initial submittal is preliminary data, final data must be provided to support a subsequent CDR.
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Figure 1 Preventive Maintenance Decision Matrix
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Figure 2 Preventive Maintenance Decision Matrix - Continued
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TABLE 1: R&M SOURCE DATA FIELD DEFINITION TABLE

Col
DESCRIPTION

A.
Item Name - R&M attributes shall be entered for each item which is to be maintained on orbit.  The Vehicle Master Data 
Base (VMDB) nomenclature shall be used for all R&M reporting.  R&M is not responsible to develop the Item Name but 
shall use it as a reference for reporting R&M parameters.

B.
Drawing/Part Number - R&M attributes shall be referenced to the Drawing/Part number in the VMDB.  R&M is not 
responsible to develop the Drawing/Part number but shall use it as a reference for reporting R&M parameters.

F.
Reliability Class - Reliability classification.  The six reliability class codes are as follows:


CODE
DESCRIPTION


1
Electronic - equipment that primarily contains digital or low power analog electronics.  Moving parts are high power electrical equipment that normally constitute less than 5% of the item failure rate in the classification. Electronic type will typically have a fairly high level of Built-In-Testing (BIT).


2
Electrical - equipment that performs electrical power distribution, power storage, signal distribution, and/or radio frequency radiation functions.  Moving parts or low power electronics normally constitute less than 5% of the item failure rate in this classification.  Electrical types will typically have a low level of BIT.


3
Electro-Mechanical - equipment that contains electrical/electronic and mechanical parts, including devices which use electrical power to produce mechanical motion, and devices which use mechanical motion to produce electrical power or signals.  Electro - Mechanical items should contain more than 5% electrical/electronic and more than 5% mechanical parts by failure rate contribution in this classification.


4
Mechanical - equipment that primarily consists of moving parts, fluid handling equipment(including thermal systems), and or seals.  High power electrical equipment or low power electronics normally constitute less than 5% of the failure rate in this classification.


5
Structural with Crew Contact - equipment that is primarily structural but encounters planned crew contact or provides equipment protection.  This type specifically includes doors, covers, panels, hatches, micro meteoroid/debrise shields, and thermal blankets.


6
Structural with no crew Contact - equipment that is load bearing.  Moving parts, electronics, and electrical equipment normally constitute less than 5% of the failure rate in this classification.  Structural items should not normally encounter planned crew contact.

G.
IVA/EVA/Robotics Code - The code which describes the level of robotic compatibility of the equipment. The codes are as follows:


CODE
DESCRIPTION


0
Equipment located in pressurized area.


1
Equipment can be maintained only by EVA crew member.  No robotic support is required or intended.


2
Equipment can be maintained using SPDM without EVA.  Equipment is SPDM compatible.  Compatibility consists of Equipment to SPDM interface.  EVA can provide maintenance support in a backup role.


3
Equipment can be maintained using SSRMS without EVA.  Equipment is SSRMS compatible.  Compatibility consists of Equipment to SSRMS interface.  Equipment must be equipped with SSRMS grapple fixture.  EVA can provide maintenance support in a backup role.


4
Equipment requires combined SPDM/EVA operations for maintenance.


5
Equipment requires EVA crew member to be positioned on SSRMS for access to the worksite.  Equipment requires no robotic compatibility.


6
Equipment requires the Mobile Servicing System/SSRMS for transportation to the EVA worksite.  Dimensions or mass of equipment to be replaced are not compatible with EVA/CETA translation.  Equipment must be equipped with SSRMS grapple fixture.
J
MTBF - Mean Time Between Failures (“Hot” or “operating” MTBF).  The estimated average time in hours between failures due to random effects under nominal operating conditions at the maintainable equipment level.  Redundancy within the maintainable equipment item which is not necessary to meet failure tolerance requirements 
(e.g., component redundancy used for reducing maintenance demand) shall be modeled so as to improve the reported MTBF.  Worst case estimates shall not be used.  Failures of components that are used only during installation or removal (such as deployment motors and mechanisms) shall be excluded where maintenance would not be caused by the components failure.  Failures of components that cause degradation of the equipment within the specified limit shall also be excluded.  For complex items having components operating at different duty cycles, the operating MTBF may be adjusted to a duty cycle of 1.0.  MTBF does not include failures due to Micrometeoroid/Orbital Debris (MM/OD).
K
Deleted
L
Wearout Life - Expected time to failure (in calendar years at the stated average duty cycles) due to wear-out, degradation, 
or fatigue conditions in the absence of random failures for age or cycle life limited items.  Wearout life should be used as 
an estimate of characteristic life (L Char) in the algorithms (Table 3).  Best available data and engineering judgment 
should be used to estimate wearout life as the time when 63 percent of a population would have failed due to 
wearout/aging conditions alone.  Minimum design life shall not be reported as the wearout life.  No life limit should be 
reported if the expected wearout life is 20 years or greater.
M
MTBPM:  Removal/Replacement - Mean Time Between Preventive Maintenance for Removal & Replacement - The 
average time in calendar hours between all preventive maintenance (PM) replacements.  Care should be given when 
determining if preventive maintenance replacements should be performed in place of waiting until maintenance is 
required due to gradual performance degradation and eventual wearout (life limits).
Col
DESCRIPTION

N
MTBPM - Inspect/Service - Mean Time Between Preventive Maintenance for Inspection - The average time between PM 
inspections and/or servicing expressed in calendar hours.  A single MTBPM - Inspect/Service parameter shall be 
developed for any equipment items requiring multiple servicing and/or inspection actions.
Q
CM IVA MTTR - Mean Time to Repair - Nominal elapsed IVA crew hours at the worksite.  The MTTR includes 
remove, replace and fault detection time.  Computed for zero-g using task standards.  In 
situations where developer does 
not control elemental task time enter N/A as the task time.

R
Detection Percentage - Percentage of ORU failure modes detected by BIT or other diagnostic techniques.

TABLE 2: FAILURE DETECTION DATA DEFINITION TABLE

Description 

Function - Identify the function supported by the ORU.

ORU - Identify the ORU associated with the failure mode code.

Failure Mode Code - Reference the failure mode code for each ORU failure mode as identified in the FMEA.

Cat/Crit Hazard < 24 Hours (Y/N) - May a critical or catastrophic hazard occur in less than 24 hours as a result of the failure mode (Yes or No)

Detection: A/M/N - Specify whether Automatic, Manual or No detection is provided for the failure mode.

Detection: Failure Signature Algorithms - Describe the algorithm (including sensor/system states) used to detect the failure mode.

Detection: SRS/LSAR Reference - Provided a reference to the SRS that documents automatic detection, and/or the LSAR that documents manual detection procedures.

Safe: A/M/N - Specify whether Automatic, Manual or No on-orbit safing is provided for the failure mode.

Safe: Algorithms - Describe the algorithm (including sensor/system states) used to safe a hazard that results from the failure mode.

Safe: SRS/LSAR Reference - Provided a reference to the SRS that documents automatic safing, and/or the LSAR that documents manual safing procedures.

TABLE 3: R&M Source Data Format To Be Entered Into the ISSP Vehicle Master Database (VMDB).

Input Col. #
Input Column Name

1
Part Number

2
Mfg. Cage Code

3
Maintainability Serial Number

4
Failure Mode Code

5
Maint. Item Name

6
Maint. Distrib. System Name

7
Maint. Subsystem Name

8
Maint. ORU Function

9
Maint. ORU Des.

10
Maint. Location

11
Maint. Quantity

12
Reliability Class Code

13
Robotics Code

14
Avg. Duty Cycle Prior AC

15
Avg. Duty Cycle After AC

16
MTBF Hot

17
MTBF Cold

18
MTBCF

19
Wearout Life Amount

20
MTBPM RR

21
MTBPM IS

22
CM EVA MTTR

23
CM EVA Crew Size

24
CM IVA MTTR

25
CM IVA Crew Size

26
CM EVR MTTR

27
PM RR EVA MTTR

28
PM RR EVA Crew Size

29
PM RR IVA MTTR

30
PM RR IVA Crew Size

31
PM RR EVR MTTR

32
PM IS EVA MTTR

33
PM IS EVA Crew Size

34
PM IS IVA MTTR

35
PM IS IVA Crew Size

36
PM IS EVR MTTR

37
Manifest Flight

38
Activation Flight

39
EVA RMAT Overhead Code

40
EVR RMAT Overhead Code

41
IVA RMAT Overhead Code

42
EVA Total Maint. Crew Time

43
IVA Total Maint. Crew Time

44
EVR Total Maint. Crew Time

45
Total Maint. Actions

46
Auto 24 Des.

47
Crit. Hazard 24 Hr. Des.

48
Criticality Code

49
Detection Automation Code

50
Detection Algorithm

51
Detection SRS LSAR Ref

52
Isolation Ambiguity Level Mnt.

53
Isolation Automation Code

54
Isolation Algorithm Mnt.

55
Isolation SRS LSAR Ref Mnt.

56
Isolation Automation Code Reco

57
Isolation Algorithm Reco

58
Isolation SRS LSAR Ref Reco

59
Recovery Automation Code

60
Recovery Algorithm

61
Recovery SRS LSAR Ref

62
Safe Automation Code

63
Safe Algorithm

64
Safe SRS LSAR Ref

FORMAT:  See R&M Source Data field definitions in Table 1.  R&M Source Data shall be submitted in an electronic table (see Table 3) compatible with Microsoft Word. 

MAINTENANCE:

Bi-annual, based on utilizationof preventive maintenance updates. Updates shall be made in DDMS.
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