OPUS10 Test cases

21 Task Model
The CM Task Model is tested as:

1. Input data error messages.

2. Verifying calculations

1 Running the tests
1.1 Input data test

Test instructions:

· Open the file 21_InputTest.xlsm.

· Make sure that all the files listed in column C have been converted to the latest version (if not, use Multi-Open and Multi-Calc).

·  Follow the instructions in 21_InputTest.xlsm.

· Note that two the cases 21_01_24_01.opi and 21_01_24_02.opi opens a message box which requires user interaction. It might be of interest to treat these cases separately.

· Verify that all cells in column H are green.

1.2 Input tables
This section performs a sequence of test on the task model input tables

· MaterialStructure

· MaterialPosition

· FailureMode

· CMLocation

· CMReplacement

· CMStationStructure

· MaterialPM

· PMLocation

· PMReplacement

· PMStationStructure

The baseline for these tests in user documentation of these tables.

1.2.1 MaterialStructure
1.2.1.1 RUBM

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.01 and follow the test procedure instructions!

1.2.2 MaterialPosition

1.2.2.1 MPID

Test procedure:

· Run the four OPUS10 input files 21_02_01_01.opi - 21_02_01_04.opi and verify that you for all these input files receives an error message of type:

rec 1: (error #77) System identifier reused as….
1.2.3 FailureMode

1.2.3.1 FMID

Test procedure:
· Open 21_02_03_01_01.opi and make a calculation
· Open 21_02_03_01_02.opi and make a calculation
· Verify that the curves overlap (zoom in)
1.2.3.2 FRQ and TTYPE

Test procedure:
· Open the Excel file TaskModel.xls and go to tab 02.03.02 and follow the test procedure instructions!

1.2.3.3 CRITF

Test procedure:
· Open the Excel file TaskModel.xls and go to tab 02.03.03 and follow the test procedure instructions!

1.2.4 CMLocation

1.2.4.1 FMID, IID, STID

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.04.01 and follow the test procedure instructions!

1.2.4.2 PMT

Test procedure:

· Open 21_02_04_02_01.opi and go to the CMLocation table and try to enter a negative value in the CMT field. Make sure it is not possible.
· Make sure you cannot run the scenario if leaving the CMT field empty
1.2.4.3 CMM

Test procedure:

· Open 21_02_04_03_01.opi and go to the CMLocation table and try to enter a negative value in the CMM  field. Make sure it is not possible. 
· Open 21_02_04_03_02.opi and 21_02_04_03_03.opi and run a calculation. 
· Load report setup 21_02_04_03_02.ops and generate reports

· Open the Excel file TaskModel.xls and go to tab 02.04.03 and follow the test procedure instructions!

1.2.4.4 CMC

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.04.03 and follow the test procedure instructions!

1.2.5 CMReplacement

1.2.5.1 CMRF

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.05.02 and follow the test procedure instructions!

1.2.5.2 CMRQ

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.05.03 and follow the test procedure instructions!

1.2.5.3 DISC

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.05.03 and follow the test procedure instructions!

1.2.6 CMStationStructure

1.2.6.1 TFRMS, TTOMS, CFRMS, CTOMS, OPOL

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.06.01 and follow the test procedure instructions!

1.2.6.2 DFRAC

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.06.02 and follow the test procedure instructions!

1.2.7 MaterialPM

1.2.7.1 PMID

Test procedure:
· Open 21_02_07_01_01.opi and go to the MaterialPM input table
· Verify that there are two preventive maint tasks, PMID1 and PMID2, defined for item I1 and two prev maint tasks, PMID3 and PMID4, defined for the system SYSTEM.
· Open the Excel file TaskModel.xls and go to tab 02.07.01 and follow the test procedure instructions!
1.2.7.2 FRQ and TTYPE

Test procedure:
· Open the Excel file TaskModel.xls and go to tab 02.07.02 and follow the test procedure instructions!

1.2.7.3 CRITF

Test procedure:
· Open the Excel file TaskModel.xls and go to tab 02.07.03 and follow the test procedure instructions!

1.2.8 PMLocation

1.2.8.1 PMT

Test procedure:©
· Open 21_02_08_02_01.opi and go to the PMLocation table and try to enter a negative value in the PMT field. Make sure it is not possible.
· Make sure you cannot run the scenario if leaving the PMT field empty
· Open the Excel file TaskModel.xls and go to tab 02.08.02 and follow the test procedure instructions!

1.2.8.2 PMM

Test procedure:

· Open 21_02_08_03_01.opi and go to the PMLocation table and try to enter a negative value in the PMM field. Make sure it is not possible.
· Open 21_02_08_03_02.opi and 21_02_08_03_03.opi and run a calculation.
· Load report setup 21_02_08_03_02.ops and generate reports.

· Open the Excel file TaskModel.xls and go to tab 02.08.03 and follow the test procedure instructions!

1.2.8.3 PMC

Test procedure:

· Open 21_02_08_03_01.opi and go to the PMLocation table and try to enter a negative value in the PMC field. Make sure it is not possible. 
· Open 21_02_08_03_02.opi and 21_02_08_03_03.opi and run a calculation. 
· Load report setup 21_02_08_03_02.ops and generate reports

· Open the Excel file TaskModel.xls and go to tab 02.08.03 and follow the test procedure instructions!
1.2.9 PMReplacement

1.2.9.1 PMRF

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.09.02 and follow the test procedure instructions!

1.2.9.2 PMRQ

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.09.03 and follow the test procedure instructions!

1.2.9.3 DISC

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.09.03 and follow the test procedure instructions!

1.2.10 PMStationStructure

1.2.10.1 TFRMS, TTOMS, CFRMS, CTOMS, OPOL

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.10.01 and follow the test procedure instructions!

1.2.10.2 DFRAC

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.10.02 and follow the test procedure instructions!

1.2.11 PMFailureMode

1.2.11.1 FMIQ, FMDP

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 02.11.01 and follow the test procedure instructions!

· Run the input file 21_02_11_02_01.opi and verify that you get the following message
rec 1: (warning #370) No CM replacements for the item with the specified failuremode. Data ignored
· Run the input files 21_02_11_03_01.opi and 21_02_11_03_02.opi and verify that they produce exatly the same results in the graph.
1.2.12 System demand

Test procedure: 

· Follow the instructions in the tab Case 06 in file TaskModel.xls!

1.2.13 Resupply times

Test procedure:
· Follow the instructions in the tab Case 07 in file TaskModel.xls!

1.2.14 Demand propagation

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 08.01 and follow the test procedure instructions!

· Open the Excel file TaskModel.xls and go to tab 08.02 and follow the test procedure instructions!

1.2.15 LSC Parameters

Test procedure:
· Follow the instructions in the tab Case 09 in file TaskModel.xls!

· Also verify the following: In file ‘21_09 PM Costs_SCPMT.opi’ the PM times has been doubled and the scale factor SCPMT has been set to 0.5. Verify that the file produces the same result as 21_09 PM Costs.opi

1.2.16 Conversion to random demand

Test procedure:
· Follow the instructions in the tab Case 10 in file TaskModel.xls!

1.2.17 PMCF

Test procedure:
· Open files ‘01_CM.opi’ and ‘02_PM_PMCF_0.opi’, perform calculations and verify that the two curves coincide.
· Open files ‘03_CM_PM_Half.opi’ and ‘04_PM_PMCF_05.opi’, perform calculations and verify that the two curves coincide.

1.2.18 PMRF, PMRQ, SCHED, DISC
1.2.18.1 Input Data Test

Test procedure:
· Open the file 01_InputDataTest.opi. Change the DISC parameter to “N” for the replacements of the I3 (DU) and I12 (DP) items. Change DISC to “Y” for the I1 (LRU) and I13 (SRU) items. Verify that you get four error messages – one for each of the items I3, I12, I1 and I13.
· Change back the DISC values for the I3, I12, I1 and I13 to “Y”, “Y”, “N” and “N” respectively. A calculation on this file should not produce any errors. Change the DISC for the I2 (PRU) and I11 (SPRU) from “N” to “Y” and verify that you don’t get any errors when calculating.
· Open the file 01_InputDataTest_PMRQ.opi. Change the PMRQ parameter to 2 for the item I1 in the PM task PM2 in PMReplacement (row 2). Verify that you get an error message for this row. Change the parameter to 1 and verify that you don’t get any errors when calculating.

1.2.18.2 Demand Handling

Test procedure:
· Open the file 02_DemandHandling_YY.opi and perform a calculatation.
· Check the report table PMVolumes_ItemStation and verify that there are no PM actions for I2. This shows that the PM data at B2 was ignored .
· Check the report table RepairVolumes_ItemStation and verify that there are no repair actions for I2. This shows that the given repair data was ignored.
· Check the report table Reorder_ItemStation and verify that there are reorder results for I2 at the E station only.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 cyclic demand per year for I2 at the E station.
· Check the report table PMVolumes_ItemStation and verify that there are no PM actions for I12. This shows that the PM data at B1 was ignored.

· Check the report table RepairVolumes_ItemStation and verify that there are no repair actions for I12. This shows that the given repair data was ignored.
· Check the report table Reorder_ItemStation and verify that there are reorder results for I12 at the E station only.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 cyclic demand per year for I12 at the E station.
· Open the file 02_DemandHandling_YY_reverse_order.opi and perform a calculatation. This case is the same as 02_DemandHandling_YY.opi, but with the order of the PMLocation, ItemRepair and ItemReplacement data “reversed”.
· Check the report table PMVolumes_ItemStation and verify that there are no PM actions for I2. This shows that the PM data at D2 was ignored.

· Check the report table RepairVolumes_ItemStation and verify that there are no repair actions for I2. This shows that the given repair data was ignored.
· Check the report table Reorder_ItemStation and verify that there are reorder results for I2 at the E station only.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 cyclic demand per year for I2 at the E station.
· Check the report table PMVolumes_ItemStation and verify that there are no PM actions for I12. This shows that the PM data at D1 was ignored.
· Check the report table RepairVolumes_ItemStation and verify that there are no repair actions for I12. This shows that the given repair data was ignored.
· Check the report table Reorder_ItemStation and verify that there are reorder results for I12 at the E station only.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 cyclic demand per year for I12 at the E station.
· Open the file 02_DemandHandling_YN.opi and perform a calculatation.
· Check the report table Reorder_ItemStation and verify that there are no reorder results for I2. This shows that the reorder data at B2 was ignored.
· Check the report table RepairVolumes_ItemStation and verify that there are no repair actions for I2. This shows that the given repair data was ignored.
· Check the report table PMVolumes_ItemStation and verify that there are PM actions only at the E station for for I2.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 cyclic demand per year for I2 at the E station.
· Check the report table Reorder_ItemStation and verify that there are no reorder results for I12. This shows that the reorder data at B1 was ignored.
· Check the report table RepairVolumes_ItemStation and verify that there are no repair actions for I12. This shows that the given repair data was ignored.
· Check the report table PMVolumes_ItemStation and verify that there are PM actions only at the E station for I12.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 cyclic demand per year for I12 at the E station.
· Open the file 02_DemandHandling_YN_reverse_order.opi and perform a calculatation. This case is the same as 02_DemandHandling_YN.opi, but with the order of the ItemReorder, ItemRepair and ItemReplacement data “reversed”.
· Check the report table Reorder_ItemStation and verify that there are no reorder results for I2. This shows that the reorder data at D2 was ignored.
· Check the report table RepairVolumes_ItemStation and verify that there are no repair actions for I2. This shows that the given repair data was ignored.
· Check the report table PMVolumes_ItemStation and verify that there are PM actions only at the E station for for I2.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 cyclic demand per year for I2 at the E station.
· Check the report table Reorder_ItemStation and verify that there are no reorder results for I12. This shows that the reorder data at D1 was ignored.
· Check the report table RepairVolumes_ItemStation and verify that there are no repair actions for I12. This shows that the given repair data was ignored.
· Check the report table PMVolumes_ItemStation and verify that there are PM actions only at the E station for I12.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 cyclic demand per year for I12 at the E station.
· Open the file 02_DemandHandling_NY.opi and perform a calculatation.
· Check the report table PMVolumes_ItemStation and verify that there are no PM actions for I2. This shows that the PM data at B2 was ignored.
· Check the report table RepairVolumes_ItemStation and verify that there are no repair actions for I2. This shows that the given repair data was ignored.
· Check the report table Reorder_ItemStation and verify that there are reorder results for I2 at the E station only.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 random demand per year for I2 at the E station.
· Check the report table PMVolumes_ItemStation and verify that there are no PM actions for I12. This shows that the PM data at B1 was ignored.
· Check the report table RepairVolumes_ItemStation and verify that there are no repair actions for I12. This shows that the given repair data was ignored.
· Check the report table Reorder_ItemStation and verify that there are reorder results for I12 at the E station only.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 random demand per year for I2 at the E station.
· Open the file 02_DemandHandling_NY_reverse_order.opi and perform a calculatation. This case is the same as 02_DemandHandling_NY.opi, but with the order of the PMLocation, ItemRepair and ItemReplacement data “reversed”.
· Check the report table PMVolumes_ItemStation and verify that there are no PM actions for I2. This shows that the PM data at D2 was ignored.

· Check the report table RepairVolumes_ItemStation and verify that there are no repair actions for I2. This shows that the given repair data was ignored.
· Check the report table Reorder_ItemStation and verify that there are reorder results for I2 at the E station only.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 random demand per year for I2 at the E station.
· Check the report table PMVolumes_ItemStation and verify that there are no PM actions for I12. This shows that the PM data at D1 was ignored.
· Check the report table RepairVolumes_ItemStation and verify that there are no repair actions for I12. This shows that the given repair data was ignored.
· Check the report table Reorder_ItemStation and verify that there are reorder results for I12 at the E station only.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 random demand per year for I12 at the E station.
· Open the file 02_DemandHandling_NN.opi and perform a calculatation.
· Check the report table PMVolumes_ItemStation and verify that there are no PM actions for I2. This shows that the PM data at B2 was ignored.
· Check the report table Reorder_ItemStation and verify that there are reorder results for I2 at C2.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 random demand per year for I2 at the C2 station.
· Check the report table PMVolumes_ItemStation and verify that there are no PM actions for I12. This shows that the PM data at B1 was ignored.
· Check the report table Reorder_ItemStation and verify that there are reorder results for I12 at C1.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 random demand per year for I12 at the C1 station.
· Open the file 02_DemandHandling_NN_reverse_order.opi and perform a calculatation. This case is the same as 02_DemandHandling_NN.opi, but with the order of the ItemReorder, ItemRepair and ItemReplacement data “reversed”.
· Check the report table PMVolumes_ItemStation and verify that there are no PM actions for I2. This shows that the PM data at B2 was ignored.
· Check the report table RepairVolumes_ItemStation and verify that there are repair actions for I2 at D2.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 random demand per year for I2 at the D2 station.
·  Check the report table PMVolumes_ItemStation and verify that there are no PM actions for I12. This shows that the PM data at B1 was ignored.
· Check the report table RepairVolumes_ItemStation and verify that there are repair actions for I12 at D1.
· Check the report table DemandRate_ItemStation (add DPYC and DPYR) and verify that there are 1 random demand per year for I12 at the D1 station.

1.2.19 Conversion of basic opus10 input model to CM task-model

Test procedure:

· Open the Excel file TaskModel.xls and go to tab 13 and follow the test procedure instructions!

2 Specification of test cases

2.1.1 MaterialStructure

This section tests OPUS10 based on the user documentation of the MaterialStructure table.

Note that the table fields QTYPM, ENVF in the MaterialStructure table are tested in section 21.10. In this section we only test the RUBM field.
2.1.1.1 RUBM

The test case verifies the user doc statement:
RUBM is used to specify utilization between missions when modeling autonomous missions. Default value is 0.0.

Typically in a mission scenario some materiel are in limited operation and hence failure-generating also between the actual missions. The relative utilization compared to when on mission is specified in RUBM. This value is used to calculate a contribution to the item demand rate at the stations supporting the autonomous mission station.
Similar to the environment factor, the relative utilization between missions is inherited by sub materiel.
Note that the MoE calculated at the autonomous station only refers to when on mission and that the in between utilization only has an indirect impact on this MoE.
The test is carried out by using an autonomous mission base line scenario using RUBM in the ItemStructure table and then converting it to using CM tasks instead (using menu command Tools::Convert::To CM Tasks) and comparing the results of the two cases.

2.1.2 MaterialPosition

This section tests the user documentation of the MaterialPosition table.
2.1.2.1 MPID

The test case verifies the user doc statement:
Materiel is defined in three different tables in OPUS10: System, Item and MaterielPosition. To avoid confusion, identifiers and group identifiers in these tables are required to be unique.

2.1.3 FailureMode
This section tests against the user documentation of the table FailureMode.
2.1.3.1 FMID

The test case verifies the user doc statement:
Note that it is possible to define more than one FMID per materiel. This means that different CM tasks can be distinguished, and there is therefore no need for fractions in a similar way as DIRPF and SURPF in tables ItemRepair and SystemRepair.
2.1.3.2 FRQ and TTYPE

The test case verifies the user doc statement:
The FRQ and TTYPE fields are central and together specify the frequency of the failure mode, that is, how often the CM task is performed on each materiel. FRQ is the failure mode frequency per million (or thousand) hours. The frequency is mandatory and is given as a positive float.

TTYPE specifies the unit in which FRQ is given. It is of enumeration type and can take one of the following two values:

	· OPERATION (default)
	MTBPM is given in operating time

	· CALENDAR
	MTBPM is given in calendar time


2.1.3.3 CRITF

The test case verifies the following text from the user doc (the underlined part):
CRITF is the criticality factor for the failure mode. It describes to what extent the corrective maintenance task affects the system preventive down time. The value must be given as a non-negative float less than or equal to 1.0. Default is 1.0.
The criticality factor specifies the fraction of down time that will translate into critical system down time. Thus, a value of 0.6 means that the mean corrective down time, MDTC, is multiplied by 0.6. Since MDTC is used for calculating MDT, ADT, A and NOR, these system-related MoE will also be affected by CRITF. See the chapter on system-related performance measures for further details.

Note that the CRITF has no effect on the optimization. See also item CRITF in Item and CombineFiles.
2.1.4 CMLocation
This section tests against the user documentation of the table CMLocation.
2.1.4.1 FMID, IID, STID

The test case verifies the following text from the user doc (the underlined part):
FMID is the failure mode identifier, ID is the system or item identifier and STID is the identifier of either a station or a group of stations. FMID must be defined in the FailureMode table. The ID field must be defined either in the System table or in the Item table. STID must be defined as a station (or a group of stations) in the input table Station. Together the three identifiers above form the key which must be unique within the table.
The following test case verifies the following text from the user doc:
FMID may be “*” indicating default values for all failure modes of a materiel.
The test is carried out comparing two cases in which the first case models failure modes explicitly in the PMLocation table (using same data, i.e. TAT) and in the second case the failure modes for a given item/system is instead covered by the “*” symbol.

2.1.4.2 PMT

The test case verifies the following text from the user doc (the underlined part):
CMT is the turn around time, in hours, when performing the CM task at the station. The value is mandatory and given as a non-negative float value The value of CMT should reflect the total TAT and not only the actual task time.
2.1.4.3 CMM

The test case verifies the following text from the user doc (the underlined part):

CMM is the manhours required each time the FMID is repaired at the station. The value is given as a non-negative float and is optional since the default value is 0.0.
CMM is mainly used to calculate a contribution to the LSC element CNC, Corrective Maintenance Cost, and its subelements. It reflects that there can be more than one person involved in the CM task, and also that the effective task time may be considerably shorter than CMT. CMM has no effect on the optimization.
2.1.4.4 CMC

The test case verifies the following text from the user doc:
CMC specifies direct costs (apart from manhours) associated with performing the CM task at the station. The value is given as non-negative floating-point value and is optional since the default value is 0.0.

CMC is mainly used to calculate contributions to the LSC element CNC, Corrective Maintenance Cost, and its subelements. It reflects operating costs that are related to the CM task, but that are not considered labor or manhour costs. Typical elements might be cost of materiel or components. CMC has no effect on the optimization.
2.1.5 CMReplacement

This section tests against the user documentation of the table CMReplacement.
2.1.5.1 FMID, IID, STID

The following test case verifies the following text from the user doc:
FMID is the failure mode identifier, MID  is the item identifier and IID is the subitem item identifier to be replaced. FMID must be defined in FailureMode and MID and IID must be defined in Item. Together the three identifiers above form the key which must be unique within the table.
Note that the test already done in error data tests 21.01.29-21.01.34.
2.1.5.2 CMRF

The test case verifies the following text from the user doc:
CMRF specifies the fraction of CM actions resulting in replacement of the sub item. Default is 1.0.
2.1.5.3 CMRQ

The test case verifies the following text from the user doc:
CMRQ specifies the number of items being replaced during the preventive maintenance task given that items are removed. The value is given as a float and is optional with a default value of 1.
2.1.5.4 21.02.05.03 DISC

The test case verifies the following text from the user doc:
DISC specifies whether the item is replaced to be discarded or if it should be maintained. Replacement items are ordered according to reorder data in table ItemReorder.
2.1.6 CMStationStructure

This section tests against the user documentation of the table CMStationStructure.
2.1.6.1 TFRMS, TTOMS, CFRMS, CTOMS, OPOL

The test case verifies that the fields TFRMS, TTOMS, CFRMS, CTOMS, OPOL in the CMStationStructure table overrides the corresponding data in the ItemStationStructure table, which in turn overrides the corresponding data in the StationStructure table
2.1.6.2 DFRAC

The test case verifies that the fields DFRAC in the CMStationStructure table overrides the corresponding data in the ItemStationStructure table, which in turn overrides the corresponding data in the StationStructure table.
2.1.7 MaterialPM

This section tests against the user documentation of the table MaterialPM.
2.1.7.1 21.02.07.01 PMID

The test case verifies the user doc statement:
Note that it is possible to define more than one PMID per materiel. This means that different PM tasks can be distinguished, and there is therefore no need for fractions in a similar way as DIRPF and SURPF are used for corrective maintenance (repair).

2.1.7.2 FRQ and TTYPE

The test case verifies the user doc statement:
The MTBPM and TTYPE fields are central and together specify the frequency of the PM task, that is, how often the PM task is performed on each materiel. MTBPM, the mean time between preventive maintenance, defines the average time interval between two instances of the PM task on the same materiel. The value is given as a positive float, and the default is infinity which means that the task is never performed.

TTYPE specifies the unit in which MTBPM is given. It is of enumeration type and can take one of the following two values:

	· OPERATION (default)
	MTBPM is given in operating time

	· CALENDAR
	MTBPM is given in calendar time


2.1.7.3 CRITF

The test case verifies the following text from the user doc (the underlined part):

CRITF is the criticality factor for the PM task. It describes to what extent the preventive maintenance task affects the system preventive down time. The value must be given as a non-negative float less than or equal to 1.0. Default is 1.0.

The PM criticality factor specifies the fraction of PM down time that will translate into critical system down time. Thus, a value of 0.6 means that the mean preventive down time, MDTP, is multiplied by 0.6. Since MDTP is used for calculating MDT, ADT, A and NOR, these system-related MoE will also be affected by CRITF. See the chapter on system-related performance measures for further details.

A situation where it might be reasonable to use CRITF < 1 is when the scheduling of PM tasks is flexible. Using this flexibility we might be able to send systems to PM in benevolent situations, that is, when the system is not required in operation. The criticality factor can reflect the extent to which we can reschedule.

Note that the PM CRITF has no effect on the optimization. See also item CRITF in Item and CombineFiles.
2.1.8 21.02.08 PMLocation

This section tests against the user documentation of the table PMLocation.
2.1.8.1 FMID, IID, STID

The test case verifies the following text from the user doc (the underlined part):
PMID is the preventive maintenance identifier, ID is the system or item identifier and STID is the identifier of either a station or a group of stations. PMID must be defined in the MaterielPM table. The ID field must be defined either in the System table or in the Item table. STID must be defined as a station (or a group of station) in the input table Station. Together the three identifiers above form the key which must be unique within the table.

Note that the test is already done in error data tests 21.01.01, 21.01.02, 21.01.39 and 21.01.42
2.1.8.2 PMT

The test case verifies the following text from the user doc (the underlined part):
PMT is the turn-around time, in hours, when performing the PM task at the station. The value is given as a non-negative float value and is mandatory in case the time between the PM, MTBPM, is not infinite; see the previous section.

The test case verifies the following text from the user doc (the underlined part):

The value of PMT should reflect the total TAT and not only the actual task time. PMT given for systems has no effect on the optimization, but unless CRITF is zero it affects system-related MoEs such as MDT and A.

2.1.8.3 21.02.08.03 PMM

The test case verifies the following text from the user doc (the underlined part):

PMM is the manhours required each time the PMID is performed at the station. The value is given as a non-negative float and is optional since the default value is 0.0.

PMM is mainly used to calculate a contribution to the LSC element CNP, Preventive Maintenance Cost, and its subelements. It reflects that there can be more than one person involved in the PM task, and also that the effective task time may be considerably shorter than PMT. PMM has no effect on the optimization.

2.1.8.4 PMC

The following test case verifies the following text from the user doc

PMC specifies direct costs (apart from manhours) associated with performing the PM task at the station. The value is given as non-negative floating-point value and is optional since the default value is 0.0.
PMC is mainly used to calculate contributions to the LSC element CNP, Preventive Maintenance Cost, and its subelements. It reflects operating costs that are related to the PM task, but that are not considered labor or manhour costs. Typical elements might be cost of materiel or components. PMC has no effect on the optimization.
2.1.9 PMReplacement

This section tests against the user documentation of the table PMReplacement.
2.1.9.1 FMID, IID, STID

The test case verifies the following text from the user doc:
PMID is the preventive maintenance identifier, MID is the item identifier and IID is the subitem item identifier to be replaced. PMID must be defined in MaterielPM, MID in either System or Item, and IID must be defined in Item. Together the three identifiers above form the key which must be unique within the table.

2.1.9.2 PMRF

The test cases verify the following text from the user doc:
PMRF specifies the fraction of PM actions resulting in replacement of the sub item.  PMRF is interpreted somewhat differently depending upon the SCHED parameter.
2.1.9.3 PMRQ

The test case verifies the following text from the user doc:
PMRQ specifies the number of items being replaced during the preventive maintenance task given that items are removed. The value is given as an integer and is optional with a default value of 1.

PMRQ > 1 when SCHED = Y indicates multiple removals that are perfectly scheduled. It is not allowed to specify different values on PMRQ for a certain item in case it is replaced in more than one PM task.
2.1.9.4 DISC

The following test case verifies the following text from the user doc:
DISC specifies whether the item is replaced to be discarded or if it should be maintained. Replacement items are ordered according to reorder data in table ItemReorder.
2.1.10 PMStationStructure

This section tests against the user documentation of the table PMStationStructure.
2.1.10.1 TFRMS, TTOMS, CFRMS, CTOMS, OPOL

The following test case verifies that the fields TFRMS, TTOMS, CFRMS, CTOMS, OPOL in the PMStationStructure table overrides the corresponding data in the ItemStationStructure table, which in turn overrides the corresponding data in the StationStructure table
2.1.10.2 DFRAC

The following test case verifies that the field DFRAC in the PMStationStructure table overrides the corresponding data in the ItemStationStructure table, which in turn overrides the corresponding data in the StationStructure table.
2.1.11 PMFailureMode

This section tests against the user documentation of the table PMFailureMode.
2.1.11.1 FMIQ, FMDP
The first test case verifies the following text from the user doc:
FMIQ is the number of (sub) items to inspect during the preventive maintenance task and FMDP is the probability that a failure mode is detected during an inspection. Together these two determines the number of failure modes found during the task.

When a failure mode is found, sub items specified in table CMReplacement will be replaced during the preventive maintenance task.
The second test case verifies the following text from the user doc (underlined part). Note that the first sentence is tested in the previous test case.

When a failure mode is found, sub items specified in table CMReplacement will be replaced during the preventive maintenance task. A warning is issued and data is ignored if no CM replacement data is found.
The third test case verifies the following text from the user doc (underlined part). Note that the first sentence is tested in the previous test case.

Replacement of the faulty items are performed as part of the PM task, which means that the turn-round times from PMLocation table are used (and not the turn-round times in CMLocation).

2.1.12 System demand
This case tests the basic system demand generation. At an operational system position the demand rate is calculated as the number of systems at the position, times the utilization at the position, times the system pm rate per operational time. The calculation is somewhat more complex for subsystems, where the quantities per mother system also influence the demand rates.
There is one system in the case, which is deployed at one station. The system has two subsystems, subsystem 1 and subsystem 2. Subsystem 2 is further broken down in another subsystem, to test multiple indenture levels in the system breakdown.

Material Breakdown Structure:
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2.1.13 Resupply times

This is a fairly easy test case that anyway tests all aspects of calculating resupply times.[image: image3.wmf]Quantity
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The organisation in the case is shown in the picture to the right. Systems are deployed at three different stations, A1, A2 and A3. These are supported by a common stock B1, which in turn is supported by three different workshops C1, C2 and C3. The ordering policy and the transport times differ between the transport links.

The system has 3 different sub items, two LRU’s and one DU’s. The discardable is reordered at station B1, one LRU is maintained at the three different C-stations, and the other LRU is maintained at B1.

2.1.14 Demand propagation

This case tests propagation of demand due to item replacement during preventive maintenance and corrective maintenance (using the OPUS10 task model and standard model).
2.1.15 LSC Parameters

This case tests calculation of LSC related parameters, which are updated in the process of demand rate calculations. The parameters are PM actions per year, average PM costs and average PM manhours.

2.1.16 Conversion to random demand
This case tests propagation of demand when non-scheduled replacements occur during a PM task. In this case the cyclic demand is converted to a random demand.

There is one system in the case, which is deployed at three stations. There is one PM task performed at the A-station, which replaces one item. Since the SCHED flag is set to No, there will not be a cyclic demand for the LRU, instead a random demand is created, and the item is repaired at the A-station.

2.1.17 PMCF

This case tests the functionality of the preventive maintenance coordination factor, PMCF. The item demand from scheduled replacements is normally assumed to be perfectly regular (cyclic) at the station where the replacements are performed. As the demand is propagated back up in the organisation it will normally lose some or all of its regularity. One reason behind this is that in most cases item demand from several stations are merged further back in the organisation, which would require full synchronisation between different operational sites to maintain full regularity. PMCF is a way to specify the regularity of the item demand reaching a station. If there is a perfect synchronisation between different PM actions at all supported station the regularity is fully maintained and PMCF should be set to 1.0. More likely some, or all, regularity is lost at stations further back in the organisation. A PMCF value < 1 means a loss in regularity and that some of the cyclic demand is converted to random (Poisson) demand. One special case is when PMCF is set to 0.0, in which case all scheduled demands become random and no regularity remains.

Note that if PMCF is set to 0.0 at the location of the PM item replacement, the effect will be the same as in case of random failure replacements.

A simple test of PMCF is then to compare the results from two different cases:

· A case with only corrective maintenance.
· A case with only preventive maintenance with the same demand, and the coordination factor set to zero.

These two cases should then produce the same results. (We assume that the case with corrective maintenance is correct, but this has been verified in other test cases.)

Another simple test case would be to create two other cases:

· A case with corrective and preventive maintenance.
· A case without corrective but with doubled preventive maintenance and a PMCF factor of 0.5.
These two cases should then produce the same results. (We assume that the case with preventive maintenance is correct, but this has been verified in other test cases.)

2.1.18 PMRF, PMRQ, SCHED, DISC

This case tests the combined functionality of the preventive maintenance replace fraction, PMRF, the preventive maintenance replace quantity, PMRQ, and the SCHED and DISC parameters.

The SCHED parameter is used to specify weather the replacement of an item during a PM action should be considered “regular” or “random”. If the replacement is scheduled, it occurs with perfect regularity and produces cyclic demand. If the replacement is non-scheduled, the replacement sometimes occur during the PM action, and sometimes not. This type of replacement produces a random demand flow. There is no state in between scheduled and non-scheduled. The SCHED parameter also determines which data is used for handling the demand, see the description of the DISC parameter below.

The magnitude of the produced demands can be scaled using the PMRF and PMRQ parameters. This scaling is identical for both types of replacements.

The DISC parameter determines weather the replacement requires a repair or a reorder. If DISC is “N”, data in ItemRepair/ItemReplacement is used for non-scheduled replacements, and data in PMLocation/PMReplacement is used for scheduled replacements. If DISC is “Y”, data in ItemReorder is used for both non-scheduled and scheduled replacements.
2.1.18.1 Input Data Test

The following values for the DISC parameter are allowed:

TYPE:
DISC:

DU, DP
“N” not allowed

LRU, SRU
“Y” not allowed

PRU, SPRU
Both “Y” and “N” allowed

2.1.18.2 Demand Handling

Depending on the SCHED and DISC parameters, the PM demand is handled differently:

SCHED:
DISC:
Demand type:
Data used when handling demand:


Y
Y
Cyclic
ItemReorder

Y
N
Cyclic
PMLocation/PMReplacement

N
Y
Random
ItemReorder

N
N
Random
ItemReorder/ItemRepair/ItemReplacement 

SCHED = Y, DISC = Y
PMReplacement:

The I2 item (PRU) has data in PMLocation/PMReplacement at station B2.

The I2 item (PRU) has data in ItemRepair at station C2.

The I2 item (PRU) has data in ItemReplacement at station D2.

The I2 item (PRU) has data in ItemReorder at station E.

PMReplacement:

The I12 item (SPRU) has data in PMLocation at station B1.

The I12 item (SPRU) has data in ItemRepair at station C1.

The I12 item (SPRU) has data in ItemReplacement at station D1.

The I12 item (SPRU) has data in ItemReorder at station E.

SCHED = Y, DISC = Y, Reversed order

This case is the same as 02_DemandHandling_YY.opi, but with the order of the PMLocation, ItemRepair and ItemReplacement data “reversed”.
PMReplacement:

The I2 item (PRU) has data in PMLocation/PMReplacement at station D2.

The I2 item (PRU) has data in ItemRepair at station C2.

The I2 item (PRU) has data in ItemReplacement at station B2.

The I2 item (PRU) has data in ItemReorder at station E.

PMReplacement:

The I12 item (SPRU) has data in PMLocation at station D1.

The I12 item (SPRU) has data in ItemRepair at station C1.

The I12 item (SPRU) has data in ItemReplacement at station B1.

The I12 item (SPRU) has data in ItemReorder at station E.

SCHED = Y, DISC = N

PMReplacement:

The I2 item (PRU) has data in ItemReorder at station B2.

The I2 item (PRU) has data in ItemRepair at station C2.

The I2 item (PRU) has data in ItemReplacement at station D2.

The I2 item (PRU) has data in PMLocation/PMReplacement at station E.

PMReplacement:

The I12 item (SPRU) has data in ItemReorder at station B1.

The I12 item (SPRU) has data in ItemRepair at station C1.

The I12 item (SPRU) has data in ItemReplacement at station D1.

The I12 item (SPRU) has data in PMLocation at station E.

SCHED = Y, DISC = N, Reversed order

This case is the same as 02_DemandHandling_YN.opi, but with the order of the ItemReorder, ItemRepair and ItemReplacement data “reversed”.
PMReplacement:

The I2 item (PRU) has data in ItemReorder at station D2.

The I2 item (PRU) has data in ItemRepair at station C2.

The I2 item (PRU) has data in ItemReplacement at station B2.

The I2 item (PRU) has data in PMLocation/PMReplacement at station E.

PMReplacement:

The I12 item (SPRU) has data in ItemReorder at station D1.

The I12 item (SPRU) has data in ItemRepair at station C1.

The I12 item (SPRU) has data in ItemReplacement at station B1.

The I12 item (SPRU) has data in PMLocation at station E.

SCHED = N, DISC = Y

PMReplacement:

The I2 item (PRU) has data in PMLocation/PMReplacement at station B2.

The I2 item (PRU) has data in ItemRepair at station C2.

The I2 item (PRU) has data in ItemReplacement at station D2.

The I2 item (PRU) has data in ItemReorder at station E.

PMReplacement:

The I12 item (SPRU) has data in PMLocation at station B1.

The I12 item (SPRU) has data in ItemRepair at station C1.

The I12 item (SPRU) has data in ItemReplacement at station D1.

The I12 item (SPRU) has data in ItemReorder at station E.

SCHED = N, DISC = Y, Reversed order

This case is the same as 02_DemandHandling_NY.opi, but with the order of the PMLocation, ItemRepair and ItemReplacement data “reversed”.

PMReplacement:

The I2 item (PRU) has data in PMLocation/PMReplacement at station D2.

The I2 item (PRU) has data in ItemRepair at station C2.

The I2 item (PRU) has data in ItemReplacement at station B2.

The I2 item (PRU) has data in ItemReorder at station E.

PMReplacement:

The I12 item (SPRU) has data in PMLocation at station D1.

The I12 item (SPRU) has data in ItemRepair at station C1.

The I12 item (SPRU) has data in ItemReplacement at station B1.

The I12 item (SPRU) has data in ItemReorder at station E.

SCHED = N, DISC = N

PMReplacement:

The I2 item (PRU) has data in PMLocation/PMReplacement at station B2.

The I2 item (PRU) has data in ItemReorder at station C2.

The I2 item (PRU) has data in ItemRepair at station D2.

The I2 item (PRU) has data in ItemReplacement at station E.

PMReplacement:

The I12 item (SPRU) has data in PMLocation at station B1.

The I12 item (SPRU) has data in ItemReorder at station C1.

The I12 item (SPRU) has data in ItemRepair at station D1.

The I12 item (SPRU) has data in ItemReplacement at station E.

SCHED = N, DISC = N, Reverse order

This case is the same as 02_DemandHandling_NN.opi, but with the order of the ItemReorder, ItemRepair and ItemReplacement data “reversed”.

PMReplacement:

The I2 item (PRU) has data in PMLocation/PMReplacement at station B2.

The I2 item (PRU) has data in ItemReorder at station E.

The I2 item (PRU) has data in ItemRepair at station D2.

PMReplacement:

The I12 item (SPRU) has data in PMLocation at station B1.

The I12 item (SPRU) has data in ItemReorder at station E.

The I12 item (SPRU) has data in ItemRepair at station D1.

2.2 21.13 Conversion of basic opus10 input model to CM task-model
The following test case verifies that a standard opus10 input case is converted properly to a CM task model when using the conversion command Tools::Convert::To CM tasks.
