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The references are:

· [VVSG0708] – the August 31, 2007 version of the new VVSG as delivered to the EAC

· [VVSG05] – the 2005 version of the VVSG

· [M810D] – MIL-STD-810D, dated July 19, 1983, “MILITARY STANDARD ENVIRONMENTAL TEST METHODS AND ENGINEERING GUIDELINES”, the reference used in both [VVSG05] and [VVSG0708]
· [M810F] – MIL-STD-810F, dated January 1, 2000, “DEPARTMENT OF DEFENSE TEST METHOD STANDARD FOR ENVIRONMENTAL ENGINEERING CONSIDERATIONS AND LABORATORY TESTS”, the current version of the military environmental testing standard

General comments:

· The following is a discussion of test procedures in MIL-STD-810D and in MIL-STD-810F that relate to test procedures for use with the VVSG. Both [VVSG05] and [VVSG0708] refer to [M810D]. It is possible that a version of the VVSG may at some point refer to [M810F], therefore a comparison is made between [M810D] and [M810F] in the context of the VVSG.

· The conformance tests for the [VVSG05] standard are listed in Volume II, as part of the standard, and are based on the test methods listed in [M810D], “modified where appropriate” ([VVSG05] Volume II, 1.3.1.2). If [M810F] is adopted as the basis for environmental tests for [VVSG0708], it is expected that modification to the [M810F] default test procedures will similarly be applied in creating the conformance tests. Both [M810D] and [M810F] are intended as guidelines for the creation of conformance tests for specific applications, and encourage tailoring of the default test procedures in the conformance tests, to meet the needs of the specific application; thus this modification is in accordance with the intended use of [M810D] / [M810F].
810D and 810F differ for:

Test: Bench handling test, equipment service or transport, [VVSG0708] 6.4.7-D.2

Test parameter: test tolerances (drop height)

· [M810D]: not specified

· [M810F]: 2.5% (4.5.7.2, p 516.5-30)

· [VVSG05]: not specified

· Comment: Drop height affects shock characteristics in the dropped item. Tolerance specified in [M810F] may not be practical for test items without sharply defined edges (e.g. rounded corners). The description of the drop heights implies fairly close test tolerance. Do not see a need to include drop height tolerance in test specifications for VVSG.
Test: Vibration test, equipment transport, [VVSG0708] 6.4.7-D.3

Test parameter: vibration stimulus curves / break points

· [M810D]: Figures 514.3-1, 514.3-2, and 514.3-3 (pp 514.3-7 to 514.3-9), breakpoints included in tables

· [M810F]: 810F Change 3, TABLE 514.5C-VII (p 514.5C-6), 810F Change 3, FIGURE 514.5C-1 (p 514.5C-8)

· [VVSG05]: specified only by reference to [M810D]

· Comment: The vibration stimulus curves and break points are identical between [M810D] and [M810F] (with the single exception of overall rms level for transverse axis of 0.20 g ([M810D]) vs 0.204 g ([M810F]), a negligible difference in this context). Either would be suitable for voting equipment tests for VVSG.
Test: Vibration test, equipment transport, [VVSG0708] 6.4.7-D.3

Test parameter: instrumentation

· [M810D]: references to equipment for measurement of “acceleration time history” (not explicitly specified for this test)

·  [M810F]: “Install sufficient transducers…” (514.5 4.5.2 Step 4) (p 514.5-16)

· [VVSG05]: “Attach instrumentation as required to measure the applied excitation” (4.6.3.2 Step 2) (Vol II p 66)

· Comment: Not fully specified in any of the references – [VVSG05] reference appears sufficient. May be some value in suggesting placement of sensors. Note that the reference stimulus levels should be applied and measured relative to the exterior of the case, since the case is what will be exposed to the environmental conditions specified in the standards. The vibration of the contained equipment may be different from the vibration of the case, particularly if the case contains vibration-damping material.

Test: Storage temperature, [VVSG0708] 6.4.7-D.1, high temperature

Test: Storage temperature, [VVSG0708] 6.4.7-D.1, low temperature

Test parameter: rate of temperature change

· [M810D]: max 10 °C (18 °F) per minute

· [M810F]: max 3 °C (6 °F) per minute “unless otherwise specified…to prevent thermal shock”

· [VVSG05]: max 10 °F (5.56 °C) per minute

· Comment: setting the maximum rate of temperature change to 3 °C (6 °F) per minute would be compatible with all of the referenced standards, but could result in longer test time than the 10 °C (18 °F) permitted by [M810D]. Recommend 3 °C maximum rate if possible. 

· Comment: [VVSG05] specifies a maximum rate less than the maximum permitted by [M810D] – is the reason for this known?

Test: Storage temperature, [VVSG0708] 6.4.7-D.1, high temperature

Test parameter: number of high temperature cycles

· [M810D]: minimum of 7 24-hour cycles, 168 hours

· For Procedure I (Storage), [M810D] explicitly specifies only the cyclic high temperature test (with minimum of 7 cycles). Procedure II (Operation) specifies options for both constant and cyclic tests. General Requirement 4.4.3.2 (p 11) refers to temperature stabilization of non-operating equipment, implying that a constant test can be applied to non-operating equipment within the scope of this standard.

· Presumably the choice of 1 temperature cycle in [VVSG05] was regarded as tailoring of the procedure specified in [M810D].

· [M810F]: Choice of 1 (constant temperature test) or 7 or more (cyclic temperature test)

· [VVSG05]: 1

· Comment: Test procedure in [VVSG05] is more compatible with [M810F] than with [M810D] (but see comments on tailoring elsewhere in this document).

· Comment: 1 temperature cycle (constant temperature test) appears appropriate and sufficiently compatible with all of the referenced standards (sufficiently stressful to the equipment but not beyond the specifications of [M810D], and no more difficult to conduct the test than [M810D]).

Test: Storage temperature, [VVSG0708] 6.4.7-D.1, high temperature

Test parameter: time to hold peak temperature

· [M810D]: 

· Cyclic test: refer to tables, e.g. 501.2-II (p 501.2-7)

· Steady state test: refer to General Requirement 4.4.3.2 (p 11) and temperature stabilization curves Figure 501.2-1 (p 501.2-10). By the curves, 4 hours peak chamber temperature would support test of (equipment plus packaging) up to ~6 inches thick.

· [M810F]: Steady state test: “at least two hours following stabilization”. To determine stabilization refer to General Requirement 5.4.2 (p Part One – 16). (“…when the temperature of the functional part(s) of the test item considered to have the longest thermal lag reaches a temperature that is within the temperature tolerance of the air surrounding the test item”)

· Note test sequence 4.5.2 (Procedure I – Storage) (p 501.4-10), Step 3b, with the explanation that “the two additional hours will help ensure unmeasured internal components actually reach stabilization”.

· [VVSG05]: 4 hours after chamber temperature stabilized

· Comment: For high temperature storage test, the equipment is required to reach and stabilize at the test temperature, but is not required to remain at that temperature for any specified length of time. This corresponds to the failure mechanisms associated with high temperature storage.

· Comment: The hold time of 4 hours as described in [VVSG05] appears compatible with both [M810D] and [M810F] for equipment (including protective storage case) that is not more than 6 inches thick. (Is the insulative quality of packing foam a possible area of concern? Is the reason for the choice of 4 hours in [VVSG05] known?)

Test: Storage humidity, [VVSG0708] 6.4.7-D.4

Test parameter: temperature – humidity cycle

· [M810D]: Table 507.2-I “High-humidity diurnal categories”, Column “Natural / Hot-Humid (Cycle 1)”
· [M810F]: No longer includes natural temperature/humidity cycles, instead specifying a severe test with temperatures cycling as high as 60 °C, and relative humidity continuously at 95%. The philosophy of testing (2.4, p 507.4-3, and 1.3, p 507.4-1) is to produce a highly stressful situation that may uncover potential problem areas. “Alternative Tests” (2.5, p 507.4-3) provides tailoring guidance for the use of natural or induced cycles when the use of such is indicated, and lists AR 70-38 and NATO STANAG 2895 as references. In AR 70-38 (which can be found at http://www.army.mil/usapa/epubs/pdf/r70_38.pdf ), Army Regulation 70-38, “RESEARCH, DEVELOPMENT, TEST AND EVALUATION OF MATERIEL FOR EXTREME CLIMATIC CONDITIONS, September 15, 1979”, Table 2-3, “Hot Climatic Design Type: Hot-Humid Daily Cycle of Temperature, Solar Radiation, and Humidity”, columns for Operational Conditions, the 24-hour temperature – humidity cycle is identical to the [VVSG05] Table 507.2-I, Natural / Hot-Humid (Cycle 1) that is the reference for the storage humidity test in [VVSG05]/[M810D], with the exception that the time listed in the [M810D] table as “0000” is listed as “2400” in the AR 70-38 table. 

· [VVSG05]: reference to [M810D] Table 507.2-I “High-humidity diurnal categories”, Column “Natural / Hot-Humid (Cycle 1)

· Comment: [M810F] accepts tailoring for natural cycles, and references AR 70-38. A natural cycle is a reasonable approximation of the conditions likely to be encountered by voting equipment in storage.

Test: Storage humidity, [VVSG0708] 6.4.7-D.4

Test parameter: After completion of temperature/humidity cycles, requirement that the equipment be held at controlled ambient conditions for 24 hours followed by operational test

· [M810D]: yes (II-3.1 (p 507.2-15))

· [M810F]: no – perform operational test within 15 minutes of end of last temperature/humidity cycle ([M810F] Change 3, 4.5.2 Step 5 (p 507.4-6))

· [VVSG05]: no

· Comment: Recommend that this test feature not be included. Inclusion of 15-minute time window for start of operational test appears useful to assure uniform testing conditions. The test procedure for [VVSG05] is more compatible with [M810F] than with [M810D].
810D and 810F are the same but [VVSG05] procedure is different for:

Test: Bench handling test, equipment service or transport, [VVSG0708] 6.4.7-D.2

Test parameter: test surface

· [M810D]: solid wood, at least 4.24 cm (1.675 inches) thick (I-3.8c, p 516.3-14, also II-1.3, p 516.3-19)

· [M810F]: same as M810D (4.5.7.1, p 516.5-30)

· [VVSG05]: level floor or table

· Comment: The composition of the test surface (bench top) can make a large difference in the shock characteristics in the dropped test item. Recommend specification of test surface in test procedure.

Test: Bench handling test, equipment service or transport, [VVSG0708] 6.4.7-D.2

Test parameter: test sequence

· [M810D]: 4 drops onto each face (once per edge) which the test item could be placed practically during servicing (would be 24 drops total for a cube) (II-3.6, p 516.3-23)

·  [M810F]: same as M810D (4.5.7.3, p 516.5-30)

·  [VVSG05]: 24 drops all onto one face, 6 each along 4 edges

· Comment: Test as specified in [VVSG05] is intended both as a test for bench handling and as a proxy for drop test in transit (during which presumably protective packaging would limit the shock to the equipment). Equipment with a general tablet shape (as opposed to cube) would have at most two practical surfaces for the bench handling test. Do not perceive a compelling need to alter this part of the test sequence from [VVSG05].

Test: Vibration test, equipment transport, [VVSG0708] 6.4.7-D.3

Test parameter: test duration

· [M810D]: 60 minutes per 1000 miles, can be tailored according to test needs (I-3.2.1 b, p 514.3-6)

· [M810F]: same as M810D (810F 514.5 Annex A, 2.2.1 Category 4, d (1)) (p 514.5A-3)

· [VVSG05]: 30 minutes per axis, total 90 minutes

· Comment: See no need to change the test duration from that of [VVSG05].
Test: Vibration test, equipment transport, [VVSG0708] 6.4.7-D.3

Test parameter: vibration type (e.g. random, sinusoid)

· [M810D]: random (p 514.3-58)

· [M810F]: same as M810D random (p 514.5B-4)

· [VVSG05]: specified only by reference to [M810D]

· Comment: Should mention in the test procedure to avoid ambiguity.

Test: Storage temperature, [VVSG0708] 6.4.7-D.1, high temperature

Test parameter: maximum temperature

· [M810D]: “Basic Hot” Induced (Table 501.2-II, p 501.2-7) extends to 63 °C (145 °F), but can easily be tailored to the needs of the VVSG test.

· [M810F]: same as M810D (Table 501.4-I, p 501.4-7).

· [VVSG0708]: 60 °C (140 °F)

· [VVSG05]:140 °F (degrees C not specified)

· Comment: See no need to change from the [VVSG05] max of 60 °C (140 °F).

Test: Storage temperature, [VVSG0708] 6.4.7-D.1, low temperature

Test parameter: minimum temperature

· [M810D]: “Mild Cold” (Table 501.2-I, p 502.2-5) extends to -19 °C (-2 °F) (Operational) and to -21 °C (-6 °F) (Induced) – can easily be tailored to the needs of the VVSG test.

· [M810F]: same as M810D –  “Mild  Cold” (Table 502.4-II, p 502.4-9).

· [VVSG0708]: -20 °C (-4 °F)

· [VVSG05]: -4 °F (degrees C not specified)

· Comment: See no need to change from the current (VVSG05]) min of -20 °C (-4 °F).

Test: Storage temperature, [VVSG0708] 6.4.7-D.1, low temperature

Test parameter: time to hold minimum temperature

· [M810D]: different times required for degradation to stabilize:

· Default: 4 hours (I-3.2b(1)) (p 502.2-6)

· Organic plastics: 72 hours (I-3.2b(2)) (p 502.2-6) degrade/crack

· Restrained glass (LCD?): 24 hours (I-3.2b(3)) (p 502.2-7) static fatigue

· [M810F]: same as M810D – different times required for degradation to stabilize:

· Default: 4 hours (2.3.2a) (p 502.4-4)

· Organic plastics: 72 hours (2.3.2b) (p 502.4-4) degrade/crack

· Restrained glass (LCD?): 24 hours (2.3.2c) (p 502.4-4) static fatigue

· [VVSG05]: 4 hours after chamber temperature stabilized

· Comment 1: The degradation mechanisms for cold exposure are different from those for heating – duration of exposure is regarded as important (and different for different materials), and cycling is not regarded as important. DRE machines typically contain organic plastics (molded case, circuit boards) and restrained glass (LCD). If the reason for the previous choice of 4 hours in VVSG 2005 cannot be determined, recommend at least 24 hours hold time.
· Comment 2: MIL-STD-801D and MIL-STD-810F do not specifically mention LCDs, and with reference to this test, do not explicitly state which degradation model (restrained glass, organic plastics, or general equipment) best fits the degradation mechanism of LCDs in cold storage. Since most LCDs contain restrained glass, and since the failure of this glass will cause failure of the LCD, it appears that the minimum cold storage test for equipment containing LCDs should be 24 hours, consistent with the [M810D] / [M810F] test for restrained glass. The only other references found thus far that might offer insight on which degradation mechanism in [M810D]/[M810F] is the best match for LCD cold storage degradation are:

· IEC 61747-5 “Liquid crystal and solid state devices – Part 5: Environmental, endurance, and mechanical test methods” (First edition, 1998-06)

· EIAJ ED-2531A “Environmental testing methods for Liquid Crystal Display devices” (no longer current – was submitted to the IEC standards activity that led to IEC 61747-5)

· Many commercial LCD displays give their environmental specifications either by reference to MIL-STD-810F or to “MIL-202E-103B” – have been unable to determine whether the latter is a current standard.

· The above three documents have not been inspected, but it is possible that they in turn contain references to studies of LCD environmental degradation.

In the absence of information to the contrary, assume that the restrained glass of LCDs is subject to static fatigue, which under [M810D] / [M810F] guidelines should be tested by holding low temperature a minimum of 24 hours.
Test: Storage humidity, [VVSG0708] 6.4.7-D.4

Test parameter: Pretest – controlled ambient conditions for 24 hours prior to test

· [M810D]: yes (II-2.2 (p 507.2-15))

· [M810F]: yes (23 ± 2 °C, 50% ± 5% R.H.) ([M810F] Change 3, 4.5.2 Step 1 (p 507.4-6)

· [VVSG05]: no

· Comment: 24 hours at ambient conditions assures that all test items will start with the same conditions – recommend that 24 hour pretest be included. (Not necessarily requiring use of environment chamber for pretest – sitting in the test lab for 24 hours may be sufficient.)

