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What Hard Drive Should | Buy?

Brian Beach January 21, 2014
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My last two blog posts were about expected drive lifetimes and drive reliability.
These posts were an outgrowth of the careful work that we’ve done at Backblaze
to find the most cost-effective disk drives. Running a truly unlimited online backup
service for only $5 per month means our cloud storage needs to be very efficient
and we need to quickly figure out which drives work.

Because Backblaze has a history of openness, many readers expected more details
in my previous posts. They asked what drive models work best and which last the
longest. Given our experience with over 25,000 drives, they asked which ones are
good enough that we would buy them again. In this post, I'l answer those
questions.

Drive Population

At the end of 2013, we had 27,134 consumer-grade drives spinning in Backblaze
Storage Pods. The breakdown by brand looks like this:

Hard Drives by Manufacturer Used by Backblaze

Brand Number Terabytes Average

of Drives Age in Years
Seagate 12,765 39,576 1.4
Hitachi 12,956 36,078 2.0
Western Digital 2,838 2,581 2.5
Toshiba 58 174 0.7
Samsung 18 18 3.7

As you can see, they are mostly Seagate and Hitachi drives, with a good number
of Western Digital thrown in. We don’t have enough Toshiba or Samsung drives
for good statistical results.

Why do we have the drives we have? Basically, we buy the least expensive drives
that will work. When a new drive comes on the market that looks like it would
work, and the price is good, we test a pod full and see how they perform. The new
drives go through initial setup tests, a stress test, and then a couple weeks in
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Release production. (A couple of weeks is enough to fill the pod with data.) If things still
. ) look good, that drive goes on the buy list. When the price is right, we buy it.
estories

Startup Life We are willing to spend a little bit more on drives that are reliable, because it

costs money to replace rive. We are not willing to spen lot more, th h.
Storage Pod 0 oney to replace a d a o g to spend a lot more, thoug

Tech News Excluded Drives

TechBytes
Some drives just don't work in the Backblaze environment. We have not included
Uncategorized them in this study. It wouldn't be fair to call a drive “bad” if it’s just not suited for

the environment it's put into.

We have some of these drives running in storage pods, but are in the process of
replacing them because they aren’t reliable enough. When one drive goes bad, it
takes a lot of work to get the RAID back on-line if the whole RAID is made up of
unreliable drives. It’s just not worth the trouble.

The drives that just don’t work in our environment are Western Digital Green 3TB
drives and Seagate LP (low power) 2TB drives. Both of these drives start
accumulating errors as soon as they are put into production. We think this is
related to vibration. The drives do somewhat better in the new low-vibration
Backblaze Storage Pod, but still not well enough.

These drives are designed to be energy-efficient, and spin down aggressively when
not in use. In the Backblaze environment, they spin down frequently, and then
spin right back up. We think that this causes a lot of wear on the drive.

Failure Rates

We measure drive reliability by looking at the annual failure rate, which is the

average number of failures you can expect running one drive for a year. A failure
is when we have to replace a drive in a pod.
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This chart has some more details that don’t show up in the pretty chart, including
the number of drives of each model that we have, and how old the drives are:

Number of Hard Drives by Model at Backblaze

30f9

Model Size Number Average Annual
of Drives Age in Failure

Years Rate

(S;;“?SB%DDSSOKJS? HDD.15 4.0TB 5199 03  3.8%
(H:ss;izcz;goiﬁ(;;r) 720005 otB 4716 29 1.1%
(F:t;;?cgigoieiss;r)5K3OOO 3.0T8 4592 1.7 0.9%
f’::ggg%g;ggi‘;da 3.0TB 4252 1.4 9.8%
?:;;?CZZZ"()S;T_;: 3'(:)0 00 4.07B 2587 0.8 1.5%
(Ssejgftseossgrlf;fa LP 1.5TB 1929 38 9.9%
(H:it;;';izgg?;ﬁ;;fg;) 00 3.0T8 1027 21 0.9%
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Seagate Barracuda 7200

(ST31500341AS) 1.5TB 539 3.8 25.4%
\(’\\;\fgtleor; A?Digi)t al Green 1.0TB 474 44 3.6%
\(’z\‘f;;egggg;ta' Red 3.0TB 346 05  3.2%
f:?g:g%g:;rla:;;ja X7 3.07B 293 20 7.3%
(Sse?g:;%g;;;a:;fa LP 2.0TB 288 20 7.2%
fgffgg%g;gg g;lda xT 4.0TB 179 0.7 n/a
\(’\\;\fgtleor; A@gi)ta' Green 1.0TB 84 5.0 n/a
f:?f:g%gig;a;;da Green 1.5TB 51 0.8 120.0%

The following sections focus on different aspects of these results.

1.5TB Seagate Drives

The Backblaze team has been happy with Seagate Barracuda LP 1.5TB drives.
We've been running them for a long time - their average age is pushing 4 years.
Their overall failure rate isn't great, but it's not terrible either.

The non-LP 7200 RPM drives have been consistently unreliable. Their failure rate

is high, especially as they're getting older.

1.5 TB Seagate Drives Used by Backblaze

Model Size Number Average Annual

of Drives Age in Failure

Years Rate

Seagate Barracuda LP o

(ST31500541AS) 1.5TB 1929 3.8 9.9%
Seagate Barracuda 7200

1.5TB . 25.4%

(ST31500341AS) > 539 3.8 254%
Seagate Barracuda Green

1.5TB 1 . 120.0%

(ST1500DL003) > > 0.8 120.0%

The Seagate Barracuda Green 1.5TB drive, though, has not been doing well. We
got them from Seagate as warranty replacements for the older drives, and these
new drives are dropping like flies. Their average age shows 0.8 years, but since
these are warranty replacements, we believe that they are refurbished drives that
were returned by other customers and erased, so they already had some usage
when we got them.

Bigger Seagate Drives

The bigger Seagate drives have continued the tradition of the 1.5Tb drives:
they're solid workhorses, but there is a constant attrition as they wear out.

2.0 to 4.0 TB Seagate Drives Used by Backblaze

Model Size Number Average Annual
of Drives Age in Failure
Years Rate

Seagate Desktop HDD.15

4.0TB 5199 0.3 3.8%
(ST4000DM000) ?
Seagate Barracuda

3.0TB 4252 1.4  9.8%
(ST3000DM001) ?
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Seagate Barracuda XT

3.0TB 293 2.0 7.3%
(ST33000651AS) o
Seagate Barracuda LP .
(ST32000542AS) 2.0TB 288 20 7.2%
Seagate Barracuda XT

4.0TB 179 0.7 n
(ST4000DX000) /a

The good pricing on Seagate drives along with the consistent, but not great,
performance is why we have a lot of them.

Hitachi Drives

If the price were right, we would be buying nothing but Hitachi drives. They have
been rock solid, and have had a remarkably low failure rate.

Hitachi Drives Used by Backblaze

Model Size Number Average Annual
of Drives Age in Failure
Years Rate

Hitachi GST Deskstar 7K2000

(HDS722020ALA330) 2.0T8 4716 29  1.1%
TSI w17 oo
osscatonEesey | 40TB 27 08 Lsw
osrisosoneasy 0B 107 24 09%

Western Digital Drives

Back at the beginning of Backblaze, we bought Western Digital 1.0TB drives, and
that was a really good choice. Even after over 4 years of use, the ones we still
have are going strong.

We wish we had more of the Western Digital Red 3TB drives (WD30EFRX).

They’ve also been really good, but they came after we already had a bunch of the
Seagate 3TB drives, and when they came out their price was higher.

Western Digital Drives Used by Backblaze

Model Size Number Average Annual
of Drives Age in Failure
Years Rate
Western Digital Green
1.0TB 474 4.4 3.6%
(WD10EADS) ?
Western Digital Red
3.0TB 346 0.5 3.2%
(WD30EFRX) ?
Western Digital Green
1.0TB 84 5.0 n
(WD10EACS) /a

What About Drives That Don’t Fail Completely?

Another issue when running a big data center is how much personal attention
each drive needs. When a drive has a problem, but doesn’t fail completely, it still
creates work. Sometimes automated recovery can fix this, but sometimes a RAID
array needs that personal touch to get it running again.

Each storage pod runs a number of RAID arrays. Each array stores data reliably by

spreading data across many drives. If one drive fails, the data can still be obtained
from the others. Sometimes, a drive may “pop out” of a RAID array but still seem
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good, so after checking that its data is intact and it’s working, it gets put back in
the RAID to continue operation. Other times a drive may stop responding
completely and look like it’s gone, but it can be reset and continue running.

Measuring the time spent in a “trouble” state like this is a measure of how much

work a drive creates. Once again, Hitachi wins. Hitachi drives get “four nines” of
untroubled operation time, while the other brands just get “two nines”.

Untroubled Operation of Drives by Manufacturer used at Backblaze

Brand Active Trouble Number of Drives
Seagate 99.72 0.28% 12459
Western Digital 99.83 0.17% 933
Hitachi 99.99 0.01% 12956

Drive Lifetime by Brand

The chart below shows the cumulative survival rate for each brand. Month by
month, how many of the drives are still alive?

36 Month Survival Rate

100 % ,E--.__ 96.92 Hitachi
94.8% Western Digital

L]
L

12 24 36
Months Months Months

& BACKBLAZE
Hitachi does really well. There is an initial die-off of Western Digital drives, and

then they are nice and stable. The Seagate drives start strong, but die off at a
consistently higher rate, with a burst of deaths near the 20-month mark.

Having said that, you'll notice that even after 3 years, by far most of the drives
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are still operating.
What Drives Is Backblaze Buying Now?

We are focusing on 4TB drives for new pods. For these, our current favorite is the
Seagate Desktop HDD.15 (ST4000DM000). We'll have to keep an eye on them,
though. Historically, Seagate drives have performed well at first, and then had
higher failure rates later.

Our other favorite is the Western Digital 3TB Red (WD30EFRX).

We still have to buy smaller drives as replacements for older pods where drives
fail. The drives we absolutely won't buy are Western Digital 3TB Green drives and
Seagate 2TB LP drives.

A year and a half ago, Western Digital acquired the Hitachi disk drive business.
Will Hitachi drives continue their excellent performance? Will Western Digital
bring some of the Hitachi reliability into their consumer-grade drives?

At Backblaze, we will continue to monitor and share the performance of a wide
variety of disk drive models. What has your experience been?

Like {3.3k 8+ - 587 Tweet < 1,153

f Share

Start Backing Up
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44 comments Add a comment

Gordan Bobic - Camberley
"Will Western Digital bring some of the Hitachi reliability into their consumer-grade drives?"

Or will the HGST product line degrade to WD's quality levels?
Reply - 6 - Like * 21 hours ago

Yevgeniy Pusin - Top Commenter - Social Marketing at Backblaze Online Backup
Since we buy consumer-grade drives, we're hoping for the former :)
Reply - Like - 18 hours ago

Gordan Bobic - Camberley

History teaches us that bad apples spoil the good apples, not the other way
around. I'm just in the process of switching my disk estate from 3.5" to 2.5" (4TB+
disks are becoming way too much of a liability given resilvering times), so once
this is all upgraded to Hitachi 2.5" drives | suspect that'll be it for my consumption
of mechanical drives. | fully expect the price gap between solid state and spinning
rust by the time the warranty runs out to close to the point where mechanical
drives just aren't worth bothering with.

Reply - Like - 15 hours ago

Adam Zey

" toyuniverses For BackBlaze, it's not the case, but for many people, SSDs don't
p" have to be cheaper, just cheap enough. For example, given the choice between a
1TB HDD for $30 and a 1TB SSD for $90, which would you buy? Would you even
bother with HDDs at that point?

Reply - 1 Like - 12 hours ago
View 1 more

Joe Evans

| had 2 of the 1.5TB Seagate drives fail in a year. Luckily they were on a RAID 1 config.
Seagate's customer service was non-existent and | basically threw the drives away. | haven't
bought a Seagate product since and have no plans to. If this article hurts their business - good!
Shame on them for not standing behind their products!

Reply - 3 - Like - 19 hours ago

Paul Mansfield - Top Commenter

I've never had a problem sending in a Seagate drive for replacement, | post it off
and a replacement comes back.

Reply - Like - 2 hours ago

Charles Burns - Pocatello, ldaho
Charts should be saved as PNG, not JPG.
Reply - 2+ Like * 11 hours ago

Dexter Blakely

Great information. One question - it looks like you are running a mix of 5K rpm and 7K rpom
drives (for the Hitachi it's obvious which is which; others | would need to look up to be sure).
Any conclusions on how this affects reliability (it looks like this is not a factor for Hitachi))? |
would think you would buy 5K drives more often as they are usually cheaper and probably "fast
enough" for your purposes.

Reply - 1 Like * 21 hours ago

Brian Beach - Distinguished Engineer at Backblaze Online Backup

There is not a strong correlation between RPM and reliability -- other factors are
much more important. And you're right that the lower data transfer rate of lower
RPM drives is fine for us.

Reply - 3 - Like - 21 hours ago

Jesse Huizenga

| have always been a WD fan. | have an 85MB WD drive from 1992, still seems to work
perfectly. | have another from 98ish that still works fine. Seagate, Maxtors | have had have a
pretty high failure rate. | have a few other drive too like fujitsu, quantum, but only a few. a
server | had had 2 fujitsu, One just suddenly started going Waco on starting system, and
locked up SCSI bus, so have 1 now. had 3 quantums a big foot, and 2 SCA scsi drives, i used
ocasinally for a while, and seemed to work fine.

For externals my favorite so far is my 2TB Samsung story station. nice case setup, drive is
fairly quiet, and I've never had make an odd sound. | got a 3TB Toshiba canvio on sale at
staples to backup Samsung, and use for some other stuff that is about the most annoying drive
I've ever dealt with. power save takes effect like 10-15 ... See More

Reply - Like - 14 hours ago

Sjoerd Nefkens - Nhl Hogeschool

Four hours ago there was a comment(deleted) about some Hitachi 3.5" HDD's models now
being sold as Toshiba. According to the comment author(BackBlaze) this particular model had
the best track record(or best bang for buck?). The only reason BackBlaze don't use this
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