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Recent events have reminded us that what you cannot see with the 
naked eye, CAN make an impact on our ability to function. We, as 
engine machinists, are accustomed to working with dimensions that 
require us to use tools to help us “see” what is really going on. 

One tool that helps us see what is happening when we machine 
parts is the profilometer. If you have ever given any consideration to 
whether a profilometer provides enough value to justify the cost, I 
want to help you with that answer…YES! 

In this article, we want to focus on cylinder bore finish and 
nuances of process that may adversely affect our desired results. 

So, what variables can affect the surface finish of my cylinder 
bore. The obvious choice is the grit size of the honing abrasive. I 
get the question all the time, “What abrasive do I need to hone my 
blocks for ABC ring?” I am going to only speak to the variables 
that impact the honing process yield. The ring suppliers can direct 
the desired roughness parameters, or AERA can provide OE specs 
for an application if available. 

Cylinder Block
Block Hardness is a factor that is directly correlated to the cylinder 
material. We are working with great variability in the stock 
production engine world that used to be reserved for performance. 
At any given time, a shop may have cast iron blocks, Aluminum 
blocks with cast iron sleeves, ductile iron sleeves, compacted 
graphite blocks, spray coated cylinders, Alusil, Nikasil and the list 
goes on. Each of these likely require a different honing strategy at 
the OE level and we try to simplify that when possible.

FINISH 
FACTORS
More than meets the eye
BY CHUCK LYNCH

Casting Integrity – Block thickness will vary greatly around 
the bore. You have thicker walls on the major thrust axis than on 
the minor thrust axis. The area between the cylinders is typically 
drastically thinner to accommodate flow and keep bore center 
distances close. So, how does this impact surface finish? Pressure! 
You must apply force, or pressure against the casting for the 
abrasive to “work”. If you are reacting against material that has 
varied thickness, you are going to have variation in response to the 
outward force, thus impacting roughness consistency and of course, 
bore distortion. 
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Honing Abrasives
Diamond, CBN or Vitrified? The “abrasive 
stick” constructions vary in design. Old 
staples like aluminum oxide, silicon carbide 
is typically vitrified bond. More current 
manmade materials like Cubic Boron 
Nitride (CBN) and synthetic diamond can 
be vitrified bond as well but are commonly 
metal bond for cylinder honing. 

Characteristics of the abrasive particle 
are commonly expressed by their grit size 
and that is what determines the size of the 
scratch, right? Sort of but there is more to 
the story. 

The mineral based vitrified abrasive 
particles have some level of friability. 
Friability is a characteristic of abrasives 
grains that describes their tendency to 
fracture or break apart when hit or placed 
under pressure. Highly friable abrasive 
cut more easily but wear faster than other 
abrasives. Friable abrasives are usually 
chosen for soft, gummy materials or where 
heat produced by worn grits must be 
carefully controlled. Friability is usually 
related to the levels on impurities in the 
manufactured abrasive mineral. 

 
Honing abrasives. Images courtesy  
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More current manmade materials like 
CBN and synthetic diamond can be vitrified 
bond as well but are commonly metal bond 
for cylinder honing. The CBN and diamond 
are manmade abrasives that do not break 
down like minerals (not friable) and rely 
more on the selection of the bond to expose 
new cutting edges. 

Bond is the carrier of the particle or 
grain. The bond is to retain the particle 
until the friction, which generates heat, gets 
to the level that the particle is released to 
expose a new, sharp cutting edge. This is 
a balancing act that changes with material 
being honed. Once again, the challenge 
presented to the shop that hones a breadth 
of applications. 

Tom Dustman of Sunnen had the 
following comments regarding abrasives: 
“Diamond and CBN abrasives come in 
various crystal structures – and these 
varieties of diamond and CBN can also 
influence the ‘stay sharp’ or ‘last longer’ 
performance of the honing abrasives. Still 

more performance variations can exist 
with a “coating” on the diamond or CBN 
abrasive grit – these coatings can help to 
anchor the grit in the metal bond matrix 
and help the performance depending on the 
material to be honed in the engine block or 
cylinder liner.”

Today, typically an engine cylinder bore 
must use at least three different grit sizes 
in order to meet all of the surface finish 
specifications defined by the manufacturer – 
typically these successive honing operations 
are done with abrasives that progressively 
finer grit sizes and reduced concentration of 
grit within each honing stone.

Given engine block designs (relatively 
weaker block design for support) causes 
one to use abrasives that will cut/make 
chips at relatively low feed out pressure to 
prevent distortion in bore geometry. And, 
as noted earlier, variations in the material 
to be honed create challenges to bring 
science and process control to the fore 
front.

Ed Kiebler of Rottler had the following 
comments: “A common issue with abrasive 
performance or surface roughness is the 
fact that machine operators will switch 
abrasives from one holder to another. 
Without taking time to break the abrasive 
in to the desired radius, you will have 
variation because you are contacting only 
on the leading or trailing edge of the stick. 
There is no consistency until the abrasive 
is broken in relevant the radius. With 
Diamond or CBN, this ‘break in process’ 
will take time. A few strokes in a bore is 
not going to work with modern metal bond 
abrasives.” 

Honing Fluid
Cast Iron has graphite and is somewhat 
self-lubricating and really needs more 
fluid to flush away debris, provide rust 
protection than it needs lubrication. These 
requirements can be much different for 
CGI, Ductile Iron, Alusil, Nikasil, Plasma 
Wire Transfer, spray coatings, plating’s, etc. 

Oils provide some anti-welding 
properties because of additives like sulfur, 
chlorine, phosphorous. The abrasive media 
may react differently to oil than water 
carried products. 

Synthetic, water soluble and oil carry 
away heat. These products have varied 
makeups and do not release the absorbed 
heat equally. If you are going back to touch 
up bores because of sizing issues, you may 
change pressure and which abrasive was 
applied, thus removing valley depth. Good 
intentions do not always yield positive 
results.
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Brix, specific gravity, or concentration 
level of the fluid can impact performance 
of the abrasive. We tend to add water and 
honing fluid when the levels drop off. We 
are not considering that the additive is 
typically not evaporating with the water. 

If you are not checking the concentration, 
typically with a refractometer, you are 
guessing as to the concentration load. This 
can reduce friction that exposes new cutting 
edges which can make the abrasive act 
“loaded”. I often see this commentary in 
blogs and the response is to buff or blast 
the abrasive without discussion of root 
cause. Why is the abrasive loaded?
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Filtration
One area that I have observed that is underappreciated and often 
neglected is the filtration of the honing fluids. There is no better 
way to “load a stone” than to blast the trash that you are removing 
while honing, the “swarf” into the face of 
your abrasive and creating an imbalance in the 
abrasives intended working design. You are 
now introducing different particle sizes, soft 
and hard materials that can embed into the 
honing abrasive and the cylinder surface.

Tom Dustman of Sunnen had the following 
to say regarding filtration: “Minimal standards 
should be cascading cartridge filtering, but 
magnetics will be helpful and overtime when 
filtration is insufficient – the entire honing 
process begins to break down. Honing 
abrasives erode more quickly, surface finishes 
cannot be attained, and cycle times increase.” 

Another factor that comes into play is 
contamination. Water from block cleaning 
operations ahead of honing can cause water 
to enter the honing coolant/filter system and 
really the filtration process that is designed for 
mineral oil coolants cannot perform with any amount of water 
contamination. The same destructive problems can occur with 
hydraulic fluid leaking into and contaminating the filtration system. 

Typically, 10-micron or 5-micron filter cartridges are 
recommended for cylinder block honing.

image courtesy Tri-Star 
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Save time locating engine specs by using our exclusive, web-based 
software. Now with over 13,000 engines from 200+ manufacturers 
covering a wide variety of applications. Mobile-friendly, so it’s 
convenient and easy to use on smart phones and tablets. For AERA 
members only; also available in a desktop version.

aera.org/prosispro
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Machine Operator 
So, you have a process, that when followed, 
yields the numbers that are desired for your 
application. The operator gets distracted 
by another job they have going, phone 
call, you name it… Now your process is 
compromised. We probably do not even 
realize how long that mental checklist is. 

Ed Kiebler and I chatted about this 
subject and here is a short list of common 
items that get out of control, especially when 
being done manually. 

•	 How many strokes with my finish 
abrasive? 

•	 How much pressure applied at finish? 
•	 How much material was left to be honed 

before switching abrasives? 
•	 Am I switching abrasives to different 

shoes, too?
•	 Are you brushing? By hand or with 

machine?
•	 Am I interrupting auto cycles of CNC 

hones because I am trying to lock in finish 
size? Doing this might be done while high 
pressure is applied to the abrasives. This 
can impact desired roughness numbers as 
well as leaving chatter in the bore. A brush 
may hide chatter, but it does not correct it. 

My intent is to bring to light that there 
are many factors that will impact the 
effectiveness of your honing process. If you 
cannot measure, you are guessing. You may 
be having success, but in the climate of 
material substitutions and process controls 
being linked to people; is that a gamble that 
is worth more than having the right tool for 
the job?n

Chuck Lynch is the Director of Technical Services for 
AERA. He leads our tech team by developing new technical 
programs and services for our active members, along with 
enhancing our custom training programs, international 
development and more. For more information, email: 
chuck@aera.org.

From the author: Thanks to Tom Dustman, 
Sunnen Products Company; Ed Kiebler, 
Rottler Manufacturing; and Dave Steine,  
Tri-Star Engines and Transmission.
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