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HDD Mounting Guidelines for Digital Video Recorders (DVRs) 

 

Introduction 

These guidelines are intended to help system designers realize an effective hard disk drive 

(HDD) mount in a Digital Video Recorder (DVR) Set-Top Box (STB).  

While a hard disk drive is simple in concept, it is a complex and high-precision electro-

mechanical system operating at the nanometric scale: the heads fly over the disk surface at less 

than 10nm, the disks spin at a very precise rotational speed (better than 0.1%), the actuator 

moves the heads to the track and settles in a few milliseconds and the heads are positioned on 

the center of the track to within an accuracy of less than 10nm. 

The design requirements for a reliable, cool, and quiet DVR need to be balanced against 

customer requirements. The required stream count, and therefore the workload requirement 

on the HDD, affects all of these factors. Normally the chassis must be designed for lowest cost. 

Policy Statement: 

WD has some expertise and tools that can aid in the design and assessment of hard disk drive (HDD) mounting 

effectiveness. We do this as a knowledgeable service. We make every effort to be accurate in our advice and our 

assessment of designs within the bounds of time and resources. Many statements are based on experience and 

cannot be verified. We certainly do not wish to offend the many talented system designers we have the privilege 

to work with. We are seldom privy to an understanding of all the design constraints that a designers encounter. 

We are not responsible for the design of any system or the results of any changes that might come out of our 

advice or assessment. It is our hope that this adds value to our customer’s design efforts, the overall health of our 

HDDs in the field, and the ultimate reliability of our customers’ systems. 

Design for reliability 

Resistance to damage during delivery and installation 

Shock Guidelines: 

Non-operational shock events during system assembly, transportation, and installation can 

damage the HDD and affect reliability. 
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Allow plenty of “sway space” around drive for absorption of shock events. If the drive is very 

close to any other component or chassis section there is the possibility of contact from the 

flexibility of the mount. A shock to the system from handling could cause the drive to sharply 

contact the adjacent part and create high levels of drive-damaging shock.  

Long-term reliability in usage 

Underlying reliability (‘mean time to failure’ MTTF and ‘annualized failure rate’ AFR) is a 

function of temperature (T) and workload measured in the number of GB/day transferred 

(written to or read from) the disk surface.  

For data transferred:         

For temperature:  

Combining these two effects gives:    

For today’s HDDs the exponent β is 0.6: for instance, meaning that doubling (2x) the workload 

will result in a factor of 20.6   or approx. a 1.5x increase in AFR, all other things remaining equal.  

WD can provide AFR charts for each family of HDDs, similar to the below example. 

 

From this it can be seen that predicting the field reliability requires an accurate assessment of 

the average usage and temperature (rather than the worst-case). Also, design for reliability 

recommends the temperature and workload to be minimized as much as possible while 

maintaining customer satisfaction and functionality. 
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Note: WD uses the terms MTTF and MTBF (mean time between failures) interchangeably, and 

relates MTTF to AFR as: 

 

Chassis design for shock and vibration 

Operational vibration can interfere with the actuator’s ability to keep the read/write head on 

track which can cause data transfer performance to degrade. Rotational resonance can affect 

settling and track follow capability. Reaction torque from seeking can cause self-excited 

rotational operating vibration. Mechanical shock during operation can throw the head off track 

interrupting data transfer. If this happens during the write process, adjacent data can be 

corrupted. Chassis resonance can amplify or attenuate the shock or vibration input to the drive. 

The HDD can be mounted in any orientation.  

Stiffer mounting is typically better when the system’s shock and vibration specs are well within 

those of the drive. Lightly-damped resonances can be a problem if a stiff mounting structure is 

not used. If screws are used to mount the HDD, use all 4 side-mount screw holes or all 4 

bottom-mount screw holes to avoid twisting motions of the HDD 

Shock mounts are good when attenuation of shock and vibration is necessary. Shock mounts 

must be designed so as to not cause rotational vibration from linear. (The mass distribution of 

HDD is important.)  If shock mounts are used, grounding (if required, not mandatory) can be 

made using soft grounding springs or straps. The feet of the chassis can provide an excellent 

low-pass filter for the chassis and the HDD, limiting the amount of high-frequency vibration 

transmitted to the HDD from the mounting surface. The same effect can prevent HDD vibration 

reaching the mounting surface, thus helping acoustics. The hardness (“durometer”) of the feet 

is important. 

Compare performance in rigid mount (baseline) vs. chassis. If the in-chassis performance is 

worse, the mount design should be reviewed. This measurement is part of the WD Joint 

Qualification Lab’s service. 

Software robustness for the DVR application 

When formatting the HDD, it is recommended to separate critical data and AV data zones. 

Critical data (index nodes, directory structures, journal, directory structure, file system) should 

have redundant copies that can be used as backup. Ideally, locate critical data at the outer 

diameter (OD, the low-numbered LBAs) and middle diameter (MD, LBAs part-way from 0 to 
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max LBA) on the disk. Then implement daily testing of critical data locations and refresh the 

redundant locations. 

Use real-time commands for AV streams by implementing the ATA STREAMING command set 

and differentiate AV data from IT data by the number of blocks per command: ITFS data with 

smaller blocks vs. AV data with very large blocks.  Optimize this to reduce critical data I/O rate. 

Be mindful of the 4K sector boundaries when using an AF (Advanced Format) HDD. Ideally, 

position partitions on LBA boundaries divisible by 8, and always write in groups of 8 LBAs 

aligned on 8-block boundaries. 

Minimize continuous writes to a small range of LBA locations – in particular, design the review 

buffer so it traverses a wide range of locations across the HDD. 

Occasionally park the HDD head: pick a time when the effect will be of minimal inconvenience 

to the user and issue a STANDBY IMMEDIATE command. This ensures that the actuator arm 

traverses the whole of its stroke from time to time. 

Design for cool running 

A primary goal of the chassis design is to minimize the temperature of the HDD during 

operation, which can be achieved by convection, radiation or conduction.  

Design features that improve heat transfer can sometimes directly conflict with airborne or 

structure-borne acoustic features. E.g. fans are used in almost all STBs, acoustic barriers, heat 

sinks. 

System software design can help. 

Fan type and location 

FDB bearing fans run quieter than ball bearing fans. Fans should be on the back of the system to 

decrease acoustics. Speed control of the fan based on the internal system or drive temperature 

helps manage acoustic noise. Fans typically make a lot more noise at max rated voltage but can 

provide good airflow and low acoustics at a lower voltage). 

The HDD operating temperature can be sampled using ATA SCT commands. 

Airflow must be directed and controlled to ensure all heat-producing components receive a 

portion of the air flow – ideally air should flow over the HDD before the hotter components 

(CPU, PSU). Vents on the side and bottom help bring cool air into the chassis near the 

component that needs cooling. Dividers can be used to separate the chassis into controlled 

cooling zones 
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Drive Power Modes 

HDDs implement power saving strategies, all autonomously except STANDBY which is by host 

command. 

Active:  the HDD is performing read or write command 
Idle1:  the HDD is in the track following mode and no write or read operations are being 

performed. 
Idle 2:  the actuator is floating in this mode and spindle motor is spinning.  
Idle 3:  the heads are on the ramp with spindle motor spinning at full RPM. Time to execute a 

host command: a few hundred ms 
Idle 4:  the heads are on the ramp with spindle motor spinning at lower RPM. Time to execute 

a host command: a few seconds 
Standby: the heads are parked on the ramp load and spindle motor is stopped. The SATA 

interface is active to receive host commands. On receiving a command from the host, 
the HDD needs to spin up so the time to execute host command is around 5 to 15 
seconds. 

System software considerations for HDD background task operation 

HDDs have background tasks to perform to keep the HDD and the data stored on it in good 

condition. These background tasks are normally performed in IDLE time, but in a busy DVR, long 

periods of IDLE time can be rare. If some background tasks are consistently interrupted by host 

commands, they may become ‘high priority’ and non-interruptible, leading to extended host 

command completion times. 

To avoid this, it is advisable to allow a few minutes of HDD idle time wherever possible. For 

instance, if the user presses standby on the remote control, stop all HDD commands from the 

host but allow it to idle for several minutes before sending the STANDBY command to spin it 

down. Similarly, if an auto-standby feature is implemented in the STB, when it is invoked the 

host software should wait a few minutes issuing no commands to the HDD after the standby 

decision is made but before the STANDBY command is issued. 

Avoid ‘always on’ review buffers. Some implementations keep the ‘live rewind’ actively 

recording even when the STB is in standby mode, effectively eliminating all long periods of HDD 

idle time. 

Design for acoustics and vibration  

Acoustic fundamentals:  

Typically the air-borne path is not a major contributor to the overall sound. Still, care must be 

taken not to defeat the natural benefits of the chassis enclosure. Attacking the structure-borne 
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component is a more difficult task. The goal is to isolate the source from the structure while 

maintaining drive operating performance. This means that thermal, shock and vibration 

tradeoffs are required yet again. 

In order to minimize structure-borne acoustics, consider the use of damped rubber grommets 

for isolation. If springs are used, rubber ‘snubbers’ can be added for damping. Brackets made 

from highly damped materials such as DML (damped metal laminate) are good (the HDD top 

cover is made this way). Avoid chassis resonances that align with the fundamental rotational 

frequency of the drive, but if parts of the chassis are found to resonate, damping with carefully-

placed foam pads can mitigate this. 

Mount the main board to the chassis as rigidly as possible (don’t be tempted to save money on 

screws). 

Use the correct HDD for the purpose.  

WD AV and WD AV-25 HDDs are specialized for the consumer electronics market, with 

mechanical and firmware features specifically designed to give quiet, vibration-free operation 

in DVR applications.  

Design for high stream count operation 

Each stream of video that is written (recorded) to or read (played back) from the HDD 

constitutes an element of workload. A typical DVR of the early 21st century had two tuners and 

one decode making three streams, possibly adding an IP stream for catch-up TV, giving a typical 

workload of 150 GB/day. As MSO requirements increasingly demand multi-room solutions with 

client-server architectures the number of streams to and from the HDD increases. For a HDD, 

just like a car, the reliability changes depending on whether you drive 10,000 miles a year or 

100,000 miles a year. 
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Will my high-stream-count DVR work? 

WD has some modeling tools that allow calculation of host parameters needed to achieve 

satisfactory performance for each stream. Three-stream DVRs, even those with HD recording, 

utilize less than 10% of the performance capability of a typical HDD in a worst-case scenario, 

making design simple. Higher stream counts require careful host system software design, 

including adequate host buffer memory and command block size selection. 

 

This all assumes timely command completion by the HDD – which is not guaranteed by the ATA 

standard unless the STREAMING COMMAND SET is used. The primary purpose of an HDD is to 

store data reliably so the correction of any errors in the data before sending it to the host is of 

paramount importance – data that cannot be corrected (after all error correction attempts are 

exhausted) is not sent to the host. The only way to guarantee command completion time (while still 

returning the right number of sectors to the host) is to use the STREAMING command set. 



 

  

Conclusion 

Due to the precision mechanical nature of HDDs, care in the design of systems that use them is 

essential. Reliability, acoustics and vibration, performance and cooling considerations must be 

made in the design, but the exact requirements of the end customer and the environment in 

which it is to be used will dictate the final decisions that are made. Keeping the HDD cool and 

stable in its mount and minimizing the data transfer usage are the keys to satisfactory 

reliability. 

References / further reading 

 The latest ATA spec (i.e., ATA-8-ACS or higher) maintained by the T13 committee at 

www.t13.org  

 Technical Reference Manuals for WD HDDs (available from your WD technical 

representative) 
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