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DUT Orientation

For mechanical testing, the drive is mounted in the Comtrak system as typically shipped to the end user.
Note that the test axes are in reference to those of the test drive and not those of the host system.

Figure1: Standard Drive Orientation

Mechanical Test Description and Results
RVI (Rotational Vibration Index)

Test Objective:

To verify the rotational vibration index of the integrated drives/chassisis within limits. Excessive RV values can degrade
drive performance due to self-induced rotational vibration.

Test Description:

The drives were mounted into the Verint system and tested through the SATA Interface to exercise the drives using
IOMETER diagnostic program with sequential writes and random write/reads. Rotationa Vibration Index (RVI) was
measured with two accel erometers attached to the drive baseplate to measure the rotational energy produced by the
drive/system. The system under test was placed on alab bench in the normal operating orientation during the testing.
All fans in the chassis were on and under system control.

Environment:

Temperature: Ambient, approximately 23°C

Humidity: Ambient, approximately 30-50% RH
Drive Voltage: 5.0V and 12.0V from internal test supply
Surveillance Code: 3.ACH

Pasg/Fail Criteria:

To avoid drive performance degradation, the RV value of the drive/system should remain below an average of 107 dB
during random operation. In atrue DVR, this criteriais not always valid, as the field usage model is typically highly
sequential. In this situation, the RV spectrum should be used for frequency and amplitude reference only, with the Pass/Fail
criteria being drive performance.
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Test Results:

Baseline RVI Setup Accel erometer mounti ng on drive in Tenbox

Therotationa vibration PSD plots are shown in the graphs below along with the average and maximum RV values.
TenBox TB1000

Z-axis RVI 7/14/2008
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Conclusions:

Results of RV testing indicate that the Tenbox TB1000 system tested with the DB35, 500GB SATA drives produces an
average RVI value well below the recommended 107dB limit on drives mounted in either slot. Thisis afavorable result, and
is as expected for the mounting situation.

No significant mechanical stresses are apparent, and no changes are recommended.
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Acoustics

Test Objective:

To characterize the level of noise generated by the TB1000 in various modes of operation.

Test Description:

M easurements performed in accordance to the A-weighted Sound Power (LWA in dB-A) as defined in the 1SO 7779
Standard. The TB1000 was tested in Quiet mode and Maximum cooling mode, both with and without drive access activity.
Sound Power measurements are performed employing ten microphonesin a hemispherical orientation (r=1 meter) as shown
below in the following figure.

Position | x/r | yir Tz
1 018 | -096 | 0,22
2 078 | -0680 | 0,20
3 0,78 0,55 | 0,31
4 0.16 0.90 0.41
5 -0.83 0.32 | 045
6 -083 | -040 | 038
7 -0.26 - 0,65 0,71
8 074 | -0,07 | 087
9 -0.26 0,50 | 0,83

10 0,10 -0,10 0,99

Top View of Microphone Positions
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Environment:
Temperature: Ambient, approximately 25°C
Humidity: Ambient, approximately 30-50% RH
Drive Voltage: 5.0V and 12.0V from internal system supply

M easurement Parameters:
Bandwidth: 1/3 octave, 100 Hz to 20 kHz (Sound Power)
Averaging: Linear
Sample Time: 8 seconds

PassFail Criteria:

Seagate was not provided with an Acoustic specification from TenLab. The data provided isfor information only.

Test Results:

The TB1000 was tested in four operational modes. Cooling system set to “Quiet” with both drives Idle, cooling system set to
“Maximum” with both drives Idle, cooling on low with both drives performing access, and cooling on high with both drives
performing access. The ESATA port was used to initiate a simulated high access rate. 16k blocks were transferred in a
pattern designed to replicate three streams of continuous high definition writes (movies, recording), with an additional fourth
stream of read access (playback). The results of the testing are shown below in the following table.

Test Condition Sound Power (dbA)
DrivesIdle, Quiet Cooling 33.74
Drives Idle, Maximum Cooling 45.76
Drives Active, Quiet Cooling 34.78
Drives Active, Maximum Cooling 4591

Below is a Sound Pressure graph for the microphone #10 results. Thisis a good reference to visually understand which
activity levels are contributing the various frequencies contained within the measured profile.
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Conclusions:
The TenBox TB1000 presents a smooth sound, with no discernable tones. It measured only 34 dbA SPL on the Quiet cooling
setting, which is lower total acoustics than most HD-DV Rs the device may accompany. If a user placesthe deviceinto a

cabinet, thereby requiring the “Max” cooing setting, we believe the cabinet itself will limit the acoustic impact to the user,
therefore, this result is favorable, and no changes are recommended.

Thermal Testing

Test Objective

To verify that the 500GB SATA drive remains within specified temperature limits while operating in the TenBox TB1000
system.

Test Description:

A thermocouple was attached to each drive base plate to measure drive temperature. The system was set to perform a
continuous access pattern of Write/Reads. Once thermal equilibrium was reached, the temperature of the drives was
recorded.

Note: all testing is performed in a gtill air environment (~24°C) to simulate typical airflow environments where the system
will beused inthefield. Once drive base plate temperature deltas (base plate over ambient) are characterized, temperatures
at elevated ambient conditions can be calcul ated.
Environment:

Temperature: Ambient, approximately 24°C

Humidity: Ambient, approximately 30-50% RH
DriveVoltage: 5.0V and 12.0V from interna system supply

Pass/Fail Criteria:

The drive base plate temperature must remain within specification limits of 69°C when operating at the system specified
limits.

Test Results:

The system was tested on aworkbench in an ambient environment of approximately 24°C, and still air conditions. After
thermal equilibrium was reached, the drive base plate temperatures were recorded. Results of the testing are summarized in
the table below.

Drivesin all dotsrunning | Drive Base Plate Temperature
Itnerlaced Write/Reads Temperature Above Ambient
Slot 1, Quiet Cooling 42.3°C 18.0°C
Slot 1, Maximum Cooling 37.1°C 12.6°C
Slot 2, Quiet Cooling 41.8°C 17.4°C
Slot 2, Maximum Cooling 37.3°C 13.0°C
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Conclusions:

The TB1000 system was tested with the SV35.3 500GB SATA drives to find the operating drive base plate temperature.
With the unit performing a continuous access write/read, the drive in slot 1 reached 18.0°C above ambient. Using the linear
relationship, the drive temperatures will remain below the specification limit (69°C), even in elevated ambient conditions of
up to 40°C.

Seagate recommends keeping the drive case temperaturesto adelta-T value of 20°C, in order to maximize drive life. Thisis
being easily achieved in a till air environment on “Quiet” cooling setting with the device as designed, with the “Maximum”
cooling setting available for customers who chose to place the device into a cabinet with other components.

Thisisan optimal profile, with no changes required, or recommended.

Performance Testing

Test Objective

Compare performance characteristics for two different drive types while mounted in the TB1000 system.

Test Description:

In an effort to calibrate the RV results, aswell as to provide better resolution to TenL ab regarding the effect of the mounting
scenario on SV 35 SATA drives, performance data was taken on the individual drives, when mounted in the TB1000.

The system was completely assembled with all drives operational, and write cache enabled for all tests. All data transfers
were initiated and measured by |Ometer. The TB1000 was powered on, and providing the drives with power, aswell as
having the cooling fans under system control.

All tests are initiated with 16K block sizes, and are reported input/outputs, per second (10OPS)
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TIOPS and MB/Second

'Target Type |Target Name |Access Spi# Managerf# Workers |# Disks 10ps Read I10ps|Write I0ps |MBps Read MBps |Write MBps
WORKER Worker 1 16K; 100% Write; 5% random 1] 1410.426 0] 1410.4265| 22.03791 0] 22.037913
DISK D:New Volume 1410.426 0] 1410.4265| 22.03791 0] 22.037913
WORKER Worker 1 16K; 100% Read; 5% random 1 2988.004| 2988.004 0| 46.68757| 46.687566 0
DISK D:New Volume | | 2988.004| 2988.004 0| 46.68757| 46.687566 0
Conclusions

Performance was measured in both sequential Read and Write access patterns, and was found to be well above the expected
minimums for this usage model.

No issues requiring design changes at the system level were noted.

Final Conclusions

Overall, the device is well constructed and has excellent provisions for managing performance, thermals, and acoustics.
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