	Template for comments and secretariat observations
	Date: 
	Document: ISO/


	1
	2
	3
	4
	5
	6
	7

	MB1

	Clause/
Subclause/
Annex/Figure/Table
(e.g. 3.1, Table 2)
	Paragraph/
List item/
Note/
(e.g. Note 2)
	Type of com-ment2
	Comment (justification for change)
	Proposed change
	Secretariat observations
on each comment submitted


	Template for comments and secretariat observations
	Date: 11.4.2006
	Document: ISO 21648  


	1
	2
	(3)
	4
	5
	(6)
	(7)

	MB1

	Clause No./
Subclause No./
Annex
(e.g. 3.1)
	Paragraph/
Figure/Table/Note
(e.g. Table 1)
	Type of com-ment2
	Comment (justification for change) by the MB
	Proposed change by the MB
	Secretariat observations
on each comment submitted



	AFNOR
	
	
	ge
	The following topics are missing:

· Capability of the design to be compliant to ESD/EMC requirements and tests.

· Tribology aspects: Impact of the mission on the lubrification design of the bearing, its wear and the margin.

· Sensitivity of the design to metallic particles pollution (ie.motor magnets)

· The statistical process capability (SPC) is not approached in this normative document
	Consider to include these topics
	

	UK
	
	
	ge
	The following topics are missing:

· Capability of the design to be compliant to ESD/EMC requirements and tests.

· Tribology aspects: Impact of the mission on the lubrification design of the bearing, its wear and the margin.

· Sensitivity of the design to metallic particles pollution (ie.motor magnets)

· The statistical process capability (SPC) is not approached in this normative document
	Consider to include these topics
	

	Ru
	3.25
	
	
	In the practices limit loads are determined for significant loading events (loading cases) but not as absolute maximum during lifetime.
	the maximum load or combination of loads which a rotating part is expected to experience at significant loading event any time during its service and in the presence of expected environment. If statistical definition is applied limit value shall not be exceeded with probability at least 99% and confidential level 90%.
	

	JP
	4.1.7.1
	line 6
	te
	The speed range used in this analysis shall encompass the MEOS, unless otherwise specified.
	The speed range used in this analysis shall encompass the MDS, unless otherwise specified.
	

	JP
	4.1.8.1
	line 1
	ed
	“4.1.8.1.1” is missing or changed.
	4.1.8.2 
	

	JP
	4.1.8.1
	line 6
	ed
	4.1.8.2
	4.1.8.3
	

	JP
	4.1.8.1
	line 7
	ed
	4.1.8.3
	4.1.8.4
	

	JP
	4.1.8.4
	line 2
	te
	…after it has been subjected to the greater of a system threat analysis energy level or VDT level impact.
	…after it has been subjected to the greatest energy of a system threat analysis level or VDT level impact.
	

	Ru
	5.1.2
	First sentence
	
	Design spectrum can not be arbitrary in frames of potential scattering.
	The anticipated load, speed and associated temperatures throughout the service life of the flywheel shall be used to define the most unfavorable design load/temperature profile for the parts in the FM
	

	Ru
	5.1.2
	Second Para
	
	“Load” is more general, structural (internal loads are included (bending moment, shear, axial force)
	Throughout this document, limit load and maximum expected operating speed, MEOS, are used as the baseline external load and speed.
	

	Ru
	5.1.3
	First sentence
	
	What are “corresponding loads”? Limit loads should be taken into account for each loading case (see comment to p. 3.25) 
	All parts in the FM shall possess adequate strength to preclude detrimental deformation at  corresponding limit loads in the expected test and operating environments throughout their respective service lives.  
	

	Ru
	5.1.4
	First sentence
	
	What are “corresponding loads”? Limit loads should be taken into account for each loading case (see comment to p. 3.25).
	All parts in the FM shall possess adequate stiffness to preclude detrimental deformation at corresponding limit loads in the expected test and operating environments throughout their respective service lives.  
	

	JP
	5.1.5
	a)
	ed
	the rotor assembly’s polar mass moment of inertia to transverse mass moment of inertia ratio, Ip/It, is outside the range of 0.8-1.2
	the inertia ratio of the rotor assembly’s polar mass moment of inertia versus transverse mass moment, Ip/It, is outside the range of 0.8-1.2
	

	JP
	5.1.5
	second b)
	te
	verify through analysis that the rotor maintains 1.25 x MEOS on bending shaft critical speed when on backup bearings (touchdown event case) using appropriate bearing stiffness values, unless …
	verify through analysis that the rotor maintains stable under 1.25 x MEOS, that is at on bending shaft critical speed when on backup bearings in (touchdown events case) , using appropriate bearing stiffness values, unless …
	

	Ru
	5.1.6
	Last sentence
	
	What are “temperature extremes”? No requirements to mentioned “margin” in WD. Safety factor 1.0 is stated in 14622 for thermal loads:
	These effects shall be based on temperature extremes in accordance to 5.1.2 plus a margin predicted for the operating environment.
	

	Ru
	5.1.7
	Last sentence
	
	There are other loading cases in addition to listed ones.
	All MoS’s shall be positive for all applicable loading conditions including such as launch, landing, and touchdown event.
	

	JP
	5.1.8
	line 1 – 2
	te
	If a part can be shown by analysis or test to be contained when failure occurs, …
	“If a part can be shown by analysis or test to be contained or surrounded by other substance when failure occurs, …”  is correct?
	

	JP
	5.1.8.1
	title
	ed
	Damage tolerance life verification
	“Damage tolerance life verification *”                (See the note: “Requirements primarily applicable to manned space systems are specifically stated and identified by an asterisk (*) next to the section title or the beginning of the respective paragraph(s).” in the beginning of Section 4.)
	

	JP
	5.1.8.3
	line 2
	ed
	… strength is shown to not degrade below …
	… strength is shown not to degrade below …
	

	JP
	5.1.9
	line 2
	ed
	“in accordance with 4.1.2..”
	“in accordance with 4.1.2..”                       (one period to be deleted)
	

	JP
	5.1.9.1
	line 5
	te
	“The limit for accumulated damage shall be 80% of the normal limit.” Please confirm.
	“The limit for accumulated damage shall be 80% of the normal limit with scatter factor 4.”
	

	JP
	5.2
	page18 line1
	ed
	…shall consist the following tests.
	…shall consist of the following tests.
	

	JP
	5.2.3
	second paragraph line 3
	ed
	… to ensure that those performance parameters expect to be affected are verified.
	… to ensure that those performance parameters expected to be affected are verified.
	

	JP
	5.2.5.1
	a)
	te & ed
	The vibration levels shall be sufficient to cover the severity of the maximum design levels that shall be at least by 1,4 times higher than maximum predicted environment but shall not induce unphusical response.
	The vibration levels shall be sufficient to cover the severity of the maximum design levels that shall be at least by 1,4 times higher than maximum predicted environment but shall not induce unphysical response. (unmanned 1.25 times? or 1.4 times?)
	

	
	5.2.6
	line 4
	ed
	Add period.
	
	

	JP
	5.3.2
	
	ge
	It should be shown how proof spin test performer, that is, under 1-g or o-g simulation.
	
	

	JP
	5.3.2
	second paragraph line 3
	te & ed
	The rotor shall not fail, experience uncontrollable dynamic instability, or distort permanently prior to the end …
	The rotor shall not fail, not experience uncontrollable dynamic instability, and not distort permanently prior to the end …
	

	JP
	5.3.4.2
	line 2-3
	te
	The procedure for the random vibration acceptance test shall be that specified in 5.2.5.1 for the random vibration qualification test. Duration of random vibration test for acceptance shall be 1 minute.
	The procedure for the random vibration acceptance test shall be that specified in 5.2.5.1 for the random vibration qualification test, but the duration of random vibration test for acceptance shall be 1 minute.
	

	JP
	5.3.5
	title
	ed
	Mode survey test
	Modal survey test
	

	Ru
	6.1.10
	
	
	No reference to loading profile accounted for. Add at the end:
	Determined in accordance to 5.1.2 load/temperature profile shall be used for time dependent behaviour verification   in accordance to 5.1.10.
	

	Ru
	6.1.11
	
	
	No reference to loading profile accounted for. Add at the end:
	Determined in accordance to 5.1.2 load/temperature profile shall be used for stress-rupture life verification in accordance to 5.1.11.
	

	Ru
	6.1.3
	
	
	The referenced Para 6.2.8 does not contain requirements about ultimate loads. Wrong reference or incorrect 6.2.8.
	
	

	Ru
	6.1.4
	
	
	The referenced Para 6.2.8 does not contain requirements about ultimate loads. Wrong reference or incorrect 6.2.8.

It would be strange to check stiffness at ultimate load levels.
	
	

	Ru
	6.1.7
	
	
	No analysis based verification requirements to stiffness specifications in WD. Add at the end:
	Stress analysis results shall be also used for analytical verification of static stiffness requirements.
	

	Ru
	6.1.9
	
	
	No reference to loading spectra accounted for. Add at the end:
	Determined in accordance to 5.1.2 load/temperature profile shall be used for fatigue life verification in accordance to 5.1.9.
	

	Ru
	6.2
	
	Te
	No requirement to test sequence. No requirement to test item configuration.

Add at the end:
	Test sequence shall be defined for each project and should be correspondent to the sequence of environments realization during lifetime in much possible extent. Test item configuration in test and its attachment to test facilities shall be identical to flight hardware ones for simulated operational modes.
	

	Ru
	6.2.3
	
	Te
	No requirement for mechanical environment during SP test. Add at the end:
	Significant environmental conditions correspondent to checked operating mode shall be simulated in SP test. If those conditions are accepted as not essential for item functionality it is permissible do not simulate them. Functional checks in the presence of environments can be conducted in environmental test (e.g. in shock test with simulation of spacecraft pyrotechnical devices operating, 6.2.5.2) as an alternative to environment simulation in SP test.
	

	Ru
	6.2.4
	
	
	There is some disagreement between 6.2.3, 6.2.4 and 6.2.5 concerning SP test conducting. Why SP test should be conducted only after thermal vacuum test but it is required to be conducted before and after vibration and shock tests. In accordance to 6.2.3 SP test can be conducted not quite immediate before and after environmental tests. So corresponding requirement for thermal-vacuum test should be the same as for vibration and shock ones. Formulate last sentence as:
	It shall be subjected to a SP test to confirm that FM performs as required. A SP test shall be conducted before and after thermal-vacuum test to verify that the FM is capable of withstanding qualification level of this test. 


	

	Ru
	6.2.5.1
	First Sentence
	
	The list of operational phases is not complete in general (e.g. acceptance test, descent, landing):
	A vibration test shall be conducted to demonstrate the ability of the FM to endure the vibration environment of service including as minimum the acceptance test, transportation, launch and in-orbit phases of the mission with the desired qualification margin.  
	

	Ru
	6.2.5.1
	Second Sentence
	
	Generally both types of testing must be conducted (sinus and random). However it is possible to conduct one type of test if peak response at each frequency and cumulative damage are not lower than for two tests together.
	One of the tTwo types of vibration tests shall be conducted as appropriate:  sine vibration test and random vibration test.  It is acceptable to conduct one type of test if peak response at each frequency and cumulative damage are not lower than for both tests.
	

	Ru
	6.2.5.1
	Second Para
	
	
	Unless otherwise specified, the minimum qualification vibration test levels and duration are as follows:
	

	Ru
	6.2.5.1
	1)
	
	No requirement to margin.

Sinus vibration is some idealization of transients, as a result sometimes unphysical response can occur (notching is applied in this case).
	1. Sine vibration test level: Two  octaves/minute  unless the sweep rates and dwell time can be based on the persistence of the environment in service use.  The vibration levels shall be sufficient to cover the severity of the maximum design levels that shall be at least by 1.4 times higher than maximum predicted environment but should not induce unphysical response.
	

	Ru
	6.2.5.1
	2)
	
	Levels should not be referred to acceptance ones. Acceptance testing can not cover transportation because flight hardware will be imposed to corresponding environment in service. (See comments to 6.2.5.2 and 6.3.4)
	2. Random vibration test level:  3 dB above maximum predicted environment acceptance for 2 minutes in each of three orthogonal axes
	

	Ru
	6.2.5.1
	
	
	No requirement to frequency range. Add before the last sentence
	Test frequency ranges shall be provided by spacecraft authorities except of referred to FM and FMA autonomous service when they shall be sufficient to cover all significant loading.
	

	Ru
	6.2.5.2
	2nd Para,

2nd sentence
	
	It is practically impossible to induce prescribed shock spectrum exactly.

“Simular”  can be understood as identical, close or typical.
	The FM shall be subjected to shock excitation that cover specified shock spectrum. Typical shock spectrum similar to that defined is presented in Figure B-1 in Annex B, which is representative of launch and early operations conditions such as deployments employing pyrotechnics.
	

	Ru
	6.2.5.2
	2nd Para, last sentence
	
	
	Unless otherwise specified, the minimum test level and exposure are as follows:
	

	Ru
	6.2.5.2
	
	
	Include the definition of “maximum predicted environment”:
	3…..

Maximum predicted environment
the maximum vibration or shock levels which a rotating part is expected to experience at significant loading event during its service. If statistical definition is applied this level shall not be exceeded with probability at least 95% and confidential level 50%.
	

	Ru
	6.2.8
	Level.
	
	No definition of "The extreme expected environmental level"
	Level:  The extreme expected environmental level (unless otherwise specified extreme level is the same as in qualification environmental tests).
	

	Ru
	6.3
	
	Te
	No requirement to test sequence. No requirement to test item configuration.

Add at the end:
	Test sequence shall be defined for each project and should be correspondent to the sequence of environments realization during lifetime in much possible extent. Test item configuration in test and its attachment to test facilities shall be identical to flight hardware ones for simulated operational modes.
	

	Ru
	6.3.2
	
	Ed
	What is the difference between "full speed", "max speed", "proof spin test speed"? What is the "cycle time"? 
	The flight FRA and the flight FM shall be operated to full corresponding proof spin test speed as minimum to verify safe operation baseline rotor dynamics.  The rotor shall not fail, experience uncontrollable dynamic instability or distort permanently prior to the end of a 10-minute hold time at max test speed level.  As a minimum, the FM proof spin  test speed shall be  1.05 x MEOS.  The FM shall be operated at the proof speed for the duration of 10 minutes.  Time to reach MEOS and return to 0 rpm (cycle time) shall be determined by the capability of the system unless deemed to be important for the unique design.  Nevertheless, the cycle time shall be representative of the service cycle time.  Temperature during the proof load spin test shall be consistent with the critical case identified for operation to account for environmental effects on material properties.  This FM proof spin test shall be conducted after the FRA level proof test, when proof spin test speed shall be as minimum which is 1.1x MEOS.  The module FM level proof test can replace the FRA proof test if it tests to speeds encompassing 1.1 x MEOS proof speed requirement and only if: 
	

	Ru
	6.3.4
	
	
	Flight hardware will be exposed to transport vibration in service and so no sense to apply corresponding vibration at acceptance test (functional test will be conducted before launch) except of transportation from SC assembling/test facility at launch site to launch pad (sometimes the way can be 100 km)

No requirement to “desired acceptance margin”:

Alternation should be the same as for qualification (sinus and random or only one of them).

No requirement to vibration levels and frequency ranges.

Functional test should be referred to time after both vibration tests, not only to random one. So the second Para of 6.3.4.2 should be moved to preamble.
	Each flight FM shall be subjected to vibration acceptance test to demonstrate the ability of the FM to endure flight and transportation at launch site (if applicable) the vibration environment in of service. including the transportation, launch and in-orbit phases of the mission with the desired acceptance margin. Two types of vibration tests shall be conducted as appropriate:  sine vibration test and random vibration test.  It is acceptable to conduct one type of test if peak response at each frequency and cumulative damage are not lower than for both tests.

Acceptance vibration levels and frequency ranges shall be provided by spacecraft authority. Unless otherwise specified acceptance vibration levels shall not be lower than maximum predicted environment.

At the end of the vibration tests, a test article modal survey shall be conducted to compare modes present in the test range to those measured prior to the test to determine changes. An abbreviated performance evaluation test shall be conducted before and after vibration testing to verify operation.
	

	Ru
	6.3.4.1
	
	
	First sentence repeats partially the preamble of 6.3.4. No requirement to “desired acceptance margin”. Delete this sentence and move here the first sentence of the third Para .
	6.3.4.1
Sine vibration

The sine vibration test demonstrates the ability of the FM to endure the vibration environment imposed by the launch vehicle with the desired acceptance margin while ensuring that the FM structural response remains within required specifications.
Since modal information may be available from this test, this test may combine or replace the modal test.

Each flight FM must be capable of withstanding acceptance level sine vibration without degradation of performance outside specification requirements.  The sweep rate for acceptance testing shall be 4 octaves/minute over the frequency range. 

Each flight FM must be capable of withstanding sinus vibration at desirable acceptance level without degradation of performance outside specification requirements.  
Applied vibration levels should not induce unphysical response. The sweep rate for acceptance testing shall be 4 octaves/minute over the frequency range.
Since modal information may be available from this test, this test may combine or replace the modal test.
	

	Ru
	6.3.4.2
	Last Para
	
	It was proposed to move it to 6.3.4 preamble (with some modification).
	Delete Para here.
	

	Ru
	6.3.5
	Second Para
	
	The first sentence is repetition of (or covered by) the first Para.
	Delete sentence.
	

	Ru
	B.1
	
	
	See comment to 6.2.5.1
	The vibration test demonstrates the ability of the FRA FM to endure the vibration environment of service including as minimum the acceptance test, transportation, launch and in-orbit phases of the mission with the desired qualification margin. 
	

	Ru
	B.1.1.1
	
	
	Why imposed only by launch vehicle? Generally it is repetition of B.1. It would be better to formulate in the same manner as for random vibration in B.1.2.1. 
	The sine vibration test demonstrates the ability of the FM to endure the worst sinus vibration environment imposed by the launch vehicle throughout the lifetime with the desired qualification margin, without degradation of performance outside specification requirements or structural damage while ensuring that the FM structural response remains within required specifications.
	

	Ru
	B.1.1.2
	The first sentence
	
	This is purpose, not description
	Delete sentence
	

	Ru
	B.1.1.2
	The second sentence
	
	What is “complete flight module”? No definition. 
	This vibration test of the FM is in addition to the vibration test performed on a higher level of assembly of the flywheel module complete flywheel module
	

	Ru
	B.1.1.2
	Third sentence
	
	
	Nevertheless it It may be acceptable or desirable to perform this vibration test at a higher level of assembly of the flywheel module to provide a mechanism to mount the FM to the shaker as well as ensure that the proper loads are transmitted to the FM components.  
	

	Ru
	B.1.1.2
	Second Para, first sentence
	
	Mounting should be correspondent to service configuration.

Excitation is not simultaneous in three directions .
	The FM in service configuration should be mounted rigidly to the shaker also as in service configuration and sine vibration input loads should be applied at the base of the adapter or fixture consequently in each of three (3) orthogonal directions (X, Y and Z).  
	

	Ru
	B.1.1.2
	Second Para
	
	Sine survey is desirable before testing as in random one.

Notching can be applied.

Insert after the first sentence of the Para
	Prior to testing the FM, a test article sine survey should be conducted as a “signature test” to identify modes present in the test range.  Applied vibration levels should not induce unphysical response. To prevent it notching can be applied.
	

	Ru
	B.1.2.1
	
	
	See comment to B.1.1.1
	The random vibration test demonstrates the ability of the  FM to endure the worst random vibration environment with the desired qualification margin imposed throughout the mission lifetime with the desired qualification margin, without degradation of performance outside specification requirements or structural damage.
	

	Ru
	B.1.2.2
	The first sentence
	
	This is purpose, not description
	Delete sentence
	

	Ru
	B.1.2.2
	The second sentence
	
	What is “complete flight module”? No definition. 
	This vibration test of the FM is in addition to the vibration test performed on a higher level of assembly of the flywheel module complete flywheel module
	

	Ru
	B.1.2.2
	Third sentence
	
	
	Nevertheless it It may be acceptable or desirable to perform this vibration test at a higher level of assembly of the flywheel module to provide a mechanism to mount the FM to the shaker as well as ensure that the proper loads are transmitted to the FM components.  
	

	Ru
	B.1.2.2
	Second Para, first sentence
	
	Mounting should be correspondent to service configuration.

Excitation is not simultaneous in three directions .
	The FM in service configuration should be mounted rigidly to the shaker also as in service configuration and sine vibration input loads should be applied at the base of the adapter or fixture consequently in each of three (3) orthogonal directions (X, Y and Z).  
	

	Ru
	B.1.2.2
	Second Para, second sentence
	
	Configuration should be correspondent to service. Random vibration can also simulate transportation.
	Delete sentence.
	

	Ru
	B.1.2.2
	Second Para, 7th sentence 
	
	Practically coupled load analysis is never conducted for random processes. Acceleration time histories are the result of it mainly for transient phases. These histories are transformed to equivalent sinus vibration. Transformation method is not ideal and as a result unphysical response can occur at sinus test. How to compare the results of deterministic coupled analysis with random vibration response levels?
	Notching may be used during vibration testing at natural frequencies of the  FM to limit the response to that predicted by a coupled loads analysis, if available if it is evaluated as unphysical.
	

	Ru
	B.1.2.2
	Second Para, last sentence 
	
	Resolution is too high especially for high frequencies.
	PSD plots of both input and response random vibration data should be made with a frequency resolution sufficient for PSD adequate representation of 0.5 Hz .  
	

	Ru
	B.1.2.2
	Third Para
	
	Move it to separate section
	B.1.3 An abbreviated performance evaluation test (functional test) should be performed before and after vibration testing to verify operation. 
	

	JP
	B.1.2.2
	line 2 – 5
	te
	“Nevertheless it may be acceptable or desirable to perform this vibration test at a higher level of assembly of the FM to provide a mechanism to mount the FM to the shaker as well as ensure that the proper loads are transmitted to the FM components. However, this approach will increase program risk as noted previously.” could be read such a sentence as shown in the right box.
	“Nevertheless it may be acceptable or desirable to perform this vibration test at a higher level of assembly of the FM, it is required to provide a mechanism to mount the FM on the shaker as well as to ensure that the proper loads are transmitted to the FM components, and this approach will increase program risk as noted previously.”
	

	Ru
	B.2.1
	
	
	Move the first sentence of B.2.2 to the end of this section 
	
	

	Ru
	B.2.2
	First sentence
	
	It is purpose, not description
	Move to B.2.1
	

	Ru
	B.2.2
	
	
	No requirement to test item configuration. Insert after the second sentence.
	In tests FM should have the configuration(s) correspondent to shock events.
	

	Ru
	B.2.2
	Second Para, first sentence
	
	What is “complete flight module”? No definition. 
	This shock test of the  FM is in addition to the shock test performed on a higher level of assembly of the flywheel module complete flywheel module
	

	Ru
	B.2.2
	Second Para, second sentence
	
	
	Nevertheless it .  It may be acceptable or desirable to perform this shock test at a higher level of assembly of the flywheel module to provide a mechanism to mount the FM to the shaker as well as ensure that the proper loads are transmitted to the  FM components.  
	

	JP
	Figure A.1
	Nomenclature
	te
	“IFA-MAX” is wrong.
	“TFA-MAX” is correct.
	

	JP
	Introduction
	line 4
	ed
	… wheel was the a rim ….
	… wheel was the a rim ….
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