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Introduction to the Series

In this series of articles, the goal is to educate the reader on tidwvd classes and their unique
features. To provide enough comprehension of
choices that the reader will be able to make informed choices for their sydasign, ultimately
ensuring a more reliablgystem.

Throughout, the series will be examining the use of hard drivédsameal world andhe known
stressors that occur. Some of the stress mechanisms are universal, such as heat, while others are

unique to thespecific use cases.

For each stressor, we will go into some significant detail and exawvhgéhese occur, as well as to
outline their effect on the hardirives.

Once the stressor has been outlined, we will discuss the state of the art for hard drives and what
features have been incorporated to combat these particular stressors, paying specific attention to
which drives are best suited to deal with edgbe of stress.

At the conclusion of the series, we will tie what we have learned together and hopefully, give the
reader confidence in their choice of driv@dels.



Stress: Heat

Heat and hard drives is an interesting subject, though certainly not Dewes are actually quite
robust against heat, and once you understand the effects of heat on the drive, their capabilities are

really pretty impressive.
The reason drives are sensitive to heat is due to the fundamentals of their operation: magnetics.

Drives use magnetics to store digital data, and magnetic materials change properties over
temperature.

The recording heads, the magnetic media layer, the voice coil actuator for head positioning, and the
spindle motor, all rely on magnetic materials. Each of these materials are a bit different and each

have their own unique dimensions and tolerances.



Stress Detail: Heat

Some key examples:

AWhen the media is cold, the magnetic recordi
coercivity) increases, making it more dlfflcult to influence polarity change, which would be

requiredto“wrlte to the disc. This i1 s al
coerciviyfpbecomes “soft” and i1t 1s easily i1 nfl uenc

taken to the extreme, the magnetic layer could conceivably become so lowercivity that the
magnetic bits would simply lose their will to maintain their polarity. This would translate to data
erasure and total failure.

A Permanent magnets will lose magnetic strength (measured in Gauss) when they become warm,
and gain it when they get cooler. When the magnets used inside the Spindle Motor get warm,
t hey wi | | | ose some of their magnetic Gauss.
Revolutions per Minute (RPM) if this were not compensated for.

A The same is true for the magnets used to create a permanent magnetic field for the head
actuating voice coil motor. With loss of Gauss, the seek speed will slow. In the extreme, this could
mean the servo positioning system would not be able to accurately calibrate head movement.



The Expected Effect of Heat

Drive makers know the effect of heat on their product, because they test for it. Some companies will
publish temperature deating curves, that will outline the effect.

Drive designers typically make the following assumptions:
A Mean environmental ambient temperature: 25
A Mean operating temperature for the population: 85 (case temp)
A Astable material property temperature range of aboute®0

So, this is the basis for the bulk of design considerations used in the specifications for Operating
Temperatures for a hard drive:

Mean Operating Temp: 35
Plus/Minus 50% of Stable Temp Range3%?

Result:
Operating Temp Range = 0 — 70°C



Heat in Surveillance

Heat is a factor for all hard drives, and indeed for all devices at some point.
So, why is this a concern for Surveillance specifically? Easy: heatijpuild

With “most” types of systems, their u
lower workload, depending upon the interactions with a user.

For Surveillance, the camera is expected to catch all the action, and the drive is
responsi bl e for scr i élithatgmeWthlna sigpificaat c a m

opportunity to cool off, drives in Surveillance run warm, period.

Thi s has a negative effect on the rel
not good for the other components either.



The 24 hr Heat Profile

A Both temperature extremes and
temperature swings are stressful for
devices that rely on magnetics

A For Surveillance, we typically only
need to worry about one
temperature related stress, long tern
heat

A Notice that even in a very well coole
DVR, the temperature relief is
minimal, and the heat buildup is
relentless

20

45

40

35

30

25

20

8:00
8:45

9:30

10:15

11:00
11:45
12:30

1:15

2:00

Case Temps over 24 hr Period

2893989849893 °9
N = = W W M~ M~ 080 & O O = ™~
= = =

g DL g N otebook g DYE

1:00
1:45
2:30
3:45
4:30
5:15
6:00
6:45

7:30




Heat Induced Reliability Derating

AThis is routinely tested in drive Design Centers
AThe key is to remember: Constant heat is the issue, not short term heat

AFRvs. HDD Case Temp
= 700k MTBF Product

As outlined in this 2.000% -
graph, the Annualized 1.800% /A
Failure Rate (AFR) of 1.600% ——
drives in hot systems 1.400% ——
can easily be expected | ¢ 1.200% ——
to double L 1.000% ——
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Heat: What to Do About It

AHeat is not unique tany one usageyut the potential for long term
exposure to heat is a reality foertain use cases

AKeep this in mind when designing systems:
AVentilation schemes matter more for us
AChassis density is a pitfall for compounding the issue
Alf you plan to run 24/7, fans are not optional
ATest your design for HDD temperature rise in still air, which is worst case
AAsk yourhard drive provider for help with a Reliability Projection
AUse the test data and projection to establish expectations for failure rates



Stress: Rotational Vibration

Vibration of any type is a potential stressor to any device. The key to managing the
stress |l evels I nduced by vibration 1 s
typically defined by three parameters:

A Orientation of the energy (or Axis)

A Amplitude—the strength, or intensity of the energy

A Frequency-the speed at which the energy oscillates

Hard drives are not particularly susceptible to linear vibration, such as the X, Y and
Z axis of traditional laboratory vibration tolerance testing.

This Is, In part, due to the mass of tBasecastingand the careful balancing of the
Head Stack Assembly (HSA)

The other reason, is becauseh Y S NJ GAONI G0A2Y R2SayQid |




Say What?!

Al ttrues In nature, all movements are nonlinear.

A Even in laboratory conditions, with extreme measures taken, man fails to create perfectly linear
vibration.

APut an accelerometer on the cross plane of any
out of planemaotion.

AThis is caused by “asymmetry”,”or “the inabi

A All materials will respond to energy inputs in their own unigue way, based upon their stiffness,
spring rate, dimensions, etc.

A Since no two pieces of matter are exactly identical, no two parts will ever react exactly the same.
Fix these two parts together, and they can only move in one possible pattern, rotationally.



Sources of Rotational Vibrationr

AAIl vibrations, within the system or externally applied to the system,
become rotational vibration

AWithin the system, we have vibration sources:

AFans
ADVD ROM/Writer
AAdjacent Drives

AThe hard drive itself is the largest contributor to disruptive energy
A Sir Isaac Newton taught us that for every action, there is an opposite and
equal reaction

AEvery time a drive executes a seek, it applies a torque to the base, which in
turn, is applied to the chassis




Rotational Vibration Effects

The Disc Pack within
the drive, is, in
effect, a gyroscope.
As such, it is
susceptible to all of
the traits of

gyroscopes.
This illustration 02000 How Sttt Works
outline the basics of As forces are

applied to the

“Precessi on”axet¢ng g
points identified

response a will attempt to
i in th

gyroscope will have indicated

to an external force directions.

Using a Fixed Shaft motor, and adding an
additional screw, through the top cover, restricts
the motion of the gyroscopic precession

Rotational Vibrationswill nduce “Precessio
the Spindle Motor, if both ends are not fixed.



Stress: Power On Hours (POH) Q

ARunning 24/7 is tough on all equipment

ASt andard “Desktop” drhrsweekusagee d

A5400 RPM drives consume ~5.5 Watts
A7200 RPM drives consume ~8.0 Watts

APowering a device off (or Stand By) allows it to cool
AWnhen devices are asked to run 24/7, they never cool

AConstant data transfer increases probability of error, and accumulates
heat
ABoth of these are known Reliability degraders




Design for Power On Hours cO

AMultiple attributes can be enhanced to resist these stresses
A Spindle Motors
ARecording Subsystem
AASIC design

ATuning can enhance drive life by anticipating workload type

AUni que screening duriong "mareafkaeasc
AFactory CERT testing has been conditioned to emulate specific use cases

ADrives incapable of tolerating these uses are screened out and get
reprocessed for easier applications



Stress: Workload

AA measure of work, as serviced by the drive
ATypically defined byolume of Data over Tim(@, TB/year)

AMore data means:
AHigher power consumed
AMore heat produced
AAccelerated wear
A Greater statistical probability of error




Design for Workload

AHow drives design for higher workloads:

A More robust Reader/Writer Element
A Allows for more data transferred at higher data rates, extends drive life
AMore robust “Read Channel Preamp”’

A The ASIC that processes raw data into the controller is built with beefler
silicon and tighter tolerances

A Tougher Spindle bearings

A Hydrodynamic bearing surfaces are enlarged, motor windings are
encased in stiffer materials

ABe prepared for high workloads by choosing componentdg
that are rated and tested for it. There I1s no shortcut



Stress: RAID File System

AThere aremanyimplementations of RAID
ARAID 0 and 1 present no elevated stress, all other tyges,

ARAID can be controlled through software, or hardware

AThe hard drive does not know (or care) which.
ABoth represent a dictated set of data storage instructions the drive complies
with

AThe primary goals for RAID are:
AEnhanced write performance through multiplication of spindles/heads

AEnhanced data security through redundancy and parity



Stress: RAID File System

AData security is a highly desirable traitmany system types
ARAID, with parity, can provide this (RAID 5 is most common)

A System designers simply need to be aware of the effects on the components
within this type of system, and choose accordingly

AThe greater the data security,
AThe more Parity employed, the longer the RAID rebuild time

AWhile RAID can prevedttal oss, it comes at a
Al't’s much tougher on drives
ARequires more robust, more expensive drives
A Sacrifices formagfficiency, raising costs



Example: Streaming Video

{ Host Controller ]

Streaming Video

D}

Streaming File System Means
Very Low Movement

Video Data .

Meta Data

Disc Volume



Detail: Streaming File System

i

Streaming Video Idle Drives
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Example: RAID File System

Streaming Video

RAID
Controller

Video Data-

Meta Data

Parity .

RAID means:
High Activity, High Energy




Stress: RAID File System

RAID Controller
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Design for RAID File Systems

AThe higher activity means lots of vibrations within the chassis
ASeek acteixwiittyes“seclafch dri ve
AAdj acent drives “excite” each other
AHigh speed fans contribute even more energy

AThis energy is typically referr

AEnterprise class drives are designed to tolerate this

AMechanics are enhanced via:
A Fixed Shaft Motor

A RV Feed~orwardSensors
AFaster processor -Brnac kiforper edinmptliexn “adfgor i t h
A RV Feedrorwardsensors measure repeatable rotational energy



Stress: Population Density

AnaRacMount ed Chassi s, componeé

AMore components within the system means:

Alncreased opportunity for chasdi®rne vibrations:
ADr i vOffragk “i nstances that standard Ser v

AShorter material spans:
A Driving frequency responsésgher
Alncreased power consumption:

A More heat production
A Increasing fan counts
A Raising fan speeds



Design For Population Density

AThe enhancements required for RAID, apply to Chassis Density

AFaster Serv®esponse
ARV Feedrorward

AEnhanced robustness for key components
AFixed Shaft SpindMotors
AHeads and Media
AASICs

AEnterprise class drives typically include all these features



Stressors Conclusions

Aln this series, we have explored multiple use cases and system design
features that present challenges to hatdves.

AAS these stresses are added up, the challenge becomes
l nsur mountable for the “common”

required.

AThe real challenge is in knowing which stressors your system exhibits,
In which combinations and for what durations. Then, translating this
understanding to an appropriate hard drive choice.

AWhile it is not necessary to use Enterprise class drives for every
system to become reliable, it is virtually impossible to get reliability
out of drives that were not designed for certain strégses.




Conclusion

AHopefully you’'ll find yourself
selection abilities following thisourse.

AMany systems have some combination of stressors, but not all of
them, making selectiopotentially confusing.

AThese are the cases that really require laboratory testing in order to
determine the required componergelection.

AHDSTOR can help you to design this test plan, and advise the best
selection, based upon your tesgsults.

AThanks for taking time to part.
program.
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