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Oil the News that’s Fit to Print!
We were mentioned in the New York Times! An article about oil change

frequency (”The 3,000-Mile Oil Change is Pretty Much History”) was picked up
by Yahoo News and Google News and spurred additional coverage by NPR,
CBC, and others.

ZDDWhat?
By Ryan Stark
Any search on the Internet today with regard to oil additives will eventually bring up the supposed problem

that there is a lack of anti-wear additive called zinc dialkyl-dithiophosphate (shortened to ZDDP and showing
up as the elements zinc and phosphorus ) in the new oils. People are worried the lack of ZDDP is causing the
destruction of many older flat-tappet engines.
This first part of the problem seems to stem from an EPA mandate that all oil companies either reduce or
eliminate ZDDP from their oils. While I’m sure the EPA mandates a lot of things, if they are telling the oil
companies to get rid of this additive in their oils, the oil companies don’t appear to be listening. Any automotive engine oil sample you send will have both zinc and phosphorus in it and at fairly high levels (anywhere
from 500 to 1,000 ppm and often times a lot more). So the first part of this issue isn’t really an issue at all,
and that brings up the second part of the issue.
Is a lack of ZDDP really a problem for flat-tappet engines? My first inclination would be to say no, and that’s
because 99% of all piston aircraft engines don’t use that additive in their oil. Most aircraft engines are
air-cooled, so they tend to run hot and due to this, they require the use of an ashless oil. That simply means
that when the oil burns, it must burn completely and not leave any ash behind. Aircraft engines are mostly
flat-tappet engines and they seem to get along just fine without ZDDP. So is the second part of the problem
really a problem?
I’m a mechanical engineer by training, and when I was in school, we learned the best way to answer that
would be to follow the scientific method.
The Scientific Method
If you made it this far, then I guess you weren’t tired when you started reading this because the mere mention
of the scientific method has been know to cause many a high school and college kid to nod off almost immediately. For those who don’t remember what that method is, here’s quick refresher. But wait, before you continue reading, go get a cup of coffee because I don’t want to lose any of you.
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1.
Define the question
2.
Gather information and resources (observe)
3. Form
hypothesis
4.
Perform experiment and collect data
5. Analyze
data
6.
Interpret data and draw conclusions that serve as a starting point for new hypothesis
7. Publish
results
8.
Retest (frequently done by other scientists)
1. Define the question: Is the lack of ZDDP a problem?
Apparently, the lack of ZDDP in the oil is causing the demise of older engines that still use flat tappets
because without that anti-wear additive present, the camshaft lobes and tappets grind down to nothing,
especially when the engine is brand new. The thing is, this doesn’t
necessarily happen to all of the camshaft lobes, just a select few.
The magazine Popular Mechanics recently did an article on this and
they showed a picture of a camshaft with one lobe worn down to
nothing. I have my doubts about this because if there really was a
problem with the oil, wouldn’t it affect all of the camshaft lobes and
not just one? I don’t pretend to know all there is to know about camshaft design and surface hardness, but I know enough to reason that
all of the lobes and tappets are lubricated by oil, and if the oil was
indeed substandard, then wouldn’t it affect all of the lobes the same
way?
This brings us to our next point: What would happen if you ran an oil
that didn’t have any ZDDP in it at all? If that additive is so important,
wouldn’t the complete lack of it cause camshafts to self destruct in a
short period of time? I don’t think so, because aircraft engines do it
all the time and the good majority of those last to 2,000 hours and
well beyond.
2. Gather information and resources (observe)
Not much to do here. I did have to order some oil that didn’t contain
ZDDP. That was Aeroshell W65 (see Figure 1, left). It’s a 30W oil
commonly used by aircraft engines during colder months. That viscosity is close to the 10W/30 (at 210ºF) that
I normally run. It’s important to note that while this oil doesn’t contain any additives that we read, it is known
as an ashless dispersant oil, so there are some additives in there.

Figure 1: Aeroshell W65

3. Form hypothesis: The lack of ZDDP isn’t a problem at all
Never did understand this part. Isn’t it the same as define the question? Maybe I was asleep at the time. In
any case, here goes. I don’t think the lack of ZDDP is a problem at all, based on all of the normal looking
aircraft engines we analyze that do not run that additive.
4. Perform experiment and collect data: My own engine
Since this is my experiment, I decided to use my own engine at a guinea pig. Back in 2004 I rebuilt the GM
350 engine in my 1984 Chevy ¾ ton pick-up truck. The rebuilding process didn’t quite go as planned (see our
July 2010 newsletter) but the engine has been running well since then and since it has flat tappets, I thought
it would be a good engine to test. I control the operating conditions and another plus is that if the engine
decides to explode, I’m the only one to blame and I won’t sue myself for damages, though there may be
some lawyers who would take that case.
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I changed oil originally back in February of 2008. Here is the report on the oil that I took out (see Figure 2 on
the next page). Not the best data, especially at lead, from bearings, but at least it’s consistent.
5. Analyze data
That was the easy part. I’ve been looking at oil reports every
afternoon since 1997, and I don’t have to pay for the samples.
6. Interpret data and draw conclusions that serve as a
starting point for a new hypothesis
After 16 months and 1,943 miles I decided it was time to change
the oil. You can see the results in Figure 3, below. At first glance
it would seem that the engine’s steel parts didn’t really agree
with the new oil. Iron went up to 37 ppm, which isn’t really a
problem level, but more than I had been seeing. However, it’s
also important to note that this was the longest I had run the oil
since the rebuild, both in time and mileage. Also, the engine
doesn’t have any emission controls (don’t tell the EPA) and had
an open breather coming off one of the valve covers. So with it
being exposed to the atmosphere, there is always a chance for
rust to form on the parts, and that could account for the increase
in iron. Lead was still excessive, but that didn’t really change,
and nothing else unusual was present.
Note that this oil still had some additive in it (molybdenum,
calcium, phosphorus, and zinc). These are leftover from the last
Figure 2: The original oil was Havoline 10W/30
fill and it turns out for this engine, about 20% of the old oil remains
in the engine after an oil change. This is important to note because 20% of the metals are leftover from the
last oil fill as well. But the data from one sample doesn’t make for good science and I still had more Aeroshell
to use, so I ran it again. This would help make sure the data was consistent and also make sure the lingering
additives from the regular engine oil weren’t affecting my
results.
The second oil was changed on October 30, 2010, after
another 16 months and 1,921 miles this time (see the Report
of the Month on page 5). At first glance you will notice a nice
improvement in wear, especially lead. Does this mean the
Aeroshell W65 is actually working better than other oils? Alas,
no. What you don’t see in the data is that I took a 675-mile
road trip during this oil run and I strongly suspect that highway
trip is the reason for the improved wear, rather than any
miraculous improvement due to Aeroshell.
This is an important fact to think about whenever you are
looking at someone else’s oil report. Driving conditions can
have a large effect on the data and unless you know what
those conditions are, it is very easy to draw the wrong conclusions. The conclusion I can draw is that no, my engine did not
self-destruct running this oil. I didn’t actually visually inspect
the camshaft, before or after this test, so I don’t know how
much, if any, actual wear occurred in that area. So the test isn’t
Figure 3: The first run on Aeroshell W65
perfect in that regard, but I can say the engine is still running
just fine.
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So do we have a starting point for a new hypothesis now? Yes. Would my engine be okay if I had used this oil
during break-in? Maybe, but we’ll won’t know until I rebuild another engine. When I do, I plan on use another
oil that’s popular in the aircraft community: straight mineral oil with no additive whatsoever. Probably about
80% to 90% of the aircraft engines are broken in on this type of oil and they seem to do fine. Are there any
other new hypotheses? I’m sure there will be many that come by and most of them will center on how this
test is invalid for some reason or another. And in response to that I would refer to section 8 of the scientific
method.
7. Publish results: That’s what you are reading
Not much to talk about here, and that brings us to our last point on the scientific method.
8. Retest (frequently done by other scientists)
In this case, the other scientists are you and while I’m not suggesting any of you run Aeroshell in your automotive engines, you can use oil analysis to help solve questions you may have. Is synthetic oil really better
than petroleum oil? Is that additive you’re using really helping? Feel free to draw up your own hypothesis and
run your own tests. Don’t just buy an oil or additive, start using it, and then never stop just because the
engine is running just fine. Be objective and do some testing. I think you’ll be surprised by the results.
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Report of the Month
This is 50-year-old oil from a Baldwin locomotive. Normally, we give you a link to
click and see where the elements are coming from, but in this case the standards
don’t necessarily apply. To learn more about what they were looking for with this
sample, look at the caption below.
MI/HR on Oil
MI/HR on Unit
Sample Date

UNIVERSAL
AVERAGES

14

6

4

4

1

1

727

280

49

51

10

19

183

37

7

TIN

4

0

2

MO LYBDENUM

1

1

2

NICKEL

10

4

0

PO TASSIUM

12

4

0

BORON

3

2

1

SILICON

82

53

7

SODIUM

124

19

8

CALCIUM

30

13

333

MAGNESIUM

11

4

60

PHOSPHORUS

4

1

324

ZINC

6

BARIUM

1

3
0

310
4

ALUMINUM
CHROME

ELEMENTS IN PARTS PER MILLION

12/18/10

UNIT/
LOCATION
AVERAGES

IRON
COPPER
LEAD

Values
Should Be*
SUS Viscosity @210°F

220.5

cSt Viscosity @ 100°C

47.05

PROPERTIES

Flashpoint in °F

480

Fuel %

-

Antifreeze %

-

Water %

2.0

Insolubles %

4.0

TBN
TAN
ISO Code
*THIS COLUMN APPLIES ONLY TO THE CURRENT SAMPLE

This Baldwin locomotive has been sitting on display in a park in Albuquerque, New Mexico, for more than 50 years. Between the lawn
sprinklers, potential vandals, and the elements, it’s been through a lot. The restorers were concerned water might have made its way
into the oil and caused rust or other damage to the bearing journals. While we can’t claim to be experts on Baldwin locomotives, wear
is high enough to show quite a bit of damage. Lead is a common babbit bearing material, and copper is probably from the same area.
Iron shows significant wear and rust at steel shafts or other steel parts (there are many). Water was indeed present (2.0%) and it
caused much, if not all, of the solids that formed (4.0%). The oil was very thick -- off the charts for normal oil. Note the additive
package -- a far cry from the oils we see today. Compare the elements from calcium on down to universal averages to see the
differences. To learn more about the restoration of the Santa Fe 2926 and see the engine this oil came out of, visit www.nmslrhs.org.
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