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Gentz Industries Puts its Trust in Seco

on using a .170 thread mill, 
which created undersize holes. 
Each of the 52 holes then had 
to be individually hand-tapped 
for fi nishing. To perform the 
entire threading operation re-
quired two thread mills making 
three passes and about 15 taps 
to hand tap the part. Total time 
per component clocked in at 
154 minutes of machining time 
plus another one to two hours 
for hand tapping.  The process, 
although not greatly effi cient, 
was very stable. The Gentz team 
was not very keen about mess-
ing with a procedure that was 
producing decent components, 
especially when you consider 
that the forged combustor ring 

When Seco Tools Inc. ap-
plication engineer Belinda 

Smith approached Purchasing 
Manager Mark McWilliams and 
asked him to consider switching 
to a .156-in. Seco thread mill on 
a combustor case component 
made of Inconel 718 heat-treat-
ed to 42 RC , she was met with 
just a bit of skepticism. “We had 
already tested fi ve competitive 
.156 size thread mills on this 
application, which requires the 
creation of 52 #10-32 thread 
holes,” explains McWilliams. 
“All resulted in tool breakage. 
We weren’t very confi dent when 
Smith said ‘ours is better’.” 

To perform the thread mill-
ing operation, Gentz had settled 

is already worth $14,500 when 
it arrives on Gentz’ fl oor.

“Experience had taught us 
that the .156 thread mill was just 
not suited for the job,” says Jim 
Stevens, Gentz OEM manufac-
turing manager. “But, our long-
standing relationship and trust in 
Seco fi nally led us to agree to try 
its solid carbide Threadmaster.” 
The Threadmaster has a TiCN 
coating and micrograin struc-
ture that provides both increased 
toughness and wear-resistance as 
compared to other solid thread 
mills.

Curt Hassan, Seco Regional 
Manager, then insisted that 
Gentz more than double its feed 
rate from 78 in./min to 194 in./
min. Additionally, he wanted to 
run the machining center up to 
its 5,000rpm capacity; over 3x 
the 1,500rpm Gentz had been 
using. “We were very skittish 
about speeding up,” says Ste-
vens. “I couldn’t imagine the 
thread mill doing anything but 
falling apart on the Inconel.”

The result?  The new Seco 
Threadmaster .156 was able to 
complete the thread milling op-
eration in 53 minutes with only 
two passes, saving an hour in ma-
chining time and one complete 
pass. Additionally, the hand tap-
ping time was reduced from 90 
minutes average per component 
to 30 minutes. 

To help compensate for the 
increased feed and speed, some 
process changes were made. The 
programming parameters were 
modifi ed with Seco’s Thread 
Milling Wizard software. This 
software automatically generates 
the machine code based on in-
put parameters, greatly reducing 
setup time and creating a perfect 

Gentz Industries (Warren, MI) is an ISO 9001:2000 and AS9100 provider of 
complex turbine engine components for the commercial and military market-
place. Typically producing low volume, high-precision parts from expensive 
and hard-to-machine materials such as Inconel, titanium, stainless, etc., 
Gentz has no room for error or part-scrapping.

Seco’s Threadmaster .156 was able 
to save Gentz an hour in machin-
ing time and one complete pass. 
Additionally, hand tapping time was 
reduced from 90 minutes average 
per component to 30 minutes.
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thread from the very fi rst cut. 
And, Gentz switched from a hydraulic chuck system to a shrink fi t 

thermal tool holding system offered by Seco. “This helped us achieve 
less runoff, better tool life and more even tool wear,” adds Stevens. 
“With the machining center running at 5,000rpm, the rigidity of the 
thermal tool holder is critical in achieving better tool balance.” 

Hassan is modest about the success of this thread milling ap-
plication. “The Threadmaster .156 is providing a great cost-savings 
to Gentz, but is not necessarily contributing greatly to increased 
throughput. We are only in the infancy of gaining effi ciencies in the 
machining of this part.”

“Just eliminating the hand-tap time was worth the change in this 
process,” emphasizes Gentz COO Roger Bartolomei. “And, you can’t 
scoff at almost $62,000/year in savings. 

“We are a fast-growing company, so it is critical for us to work 
with suppliers that know how to help us improve effi ciencies,” he 
concludes. “One thing I know for sure, Seco understands the mean-
ing of partnership.”

Stability is crucial to 
Gentz as the as the 

Inconel heat-treated 
combustor cases arrive 

on the shop fl oor already 
worth about $14,500 each 

prior to the machining 
operations.
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Critical cleaning is currently in high de-
mand, and its popularity is expected to 

increase in the future. 
Contamination in the level of monolayers 

can drastically alter surface properties such 
as wettability, adhesion, optical and electri-
cal characteristics. Particles in the range of 
few microns down to submicron levels, trace 
contaminants such as non-volatile residues in 
the range of micrograms/cm2 and pictrogram/
cm2, and ionics in the same range of traces of 
corrosion have become part of the daily con-
cerns of the manufacturing engineers in ma-
jor industries such as semiconductors, auto-
motive, disk drive, optics, ophthalmic, glass, 
medical, aerospace, pharmaceuticals and tool 
coatings. 

The specifi cations on trace contaminants 
and particle sizes are being tightened peri-
odically to refl ect the new technology trends. 
Every industry has its own set of cleanliness 
specifi cations, and the focus differs. Trace 
contaminants are not acceptable in the car-
bide optics and ophthalmic industries, as they 
may cause adhesion failures in a multi-coating 
process that follows cleaning.  

Precision Cleaning
Precision or critical cleaning of components 
or substrates is the complete removal of unde-
sirable contaminants to a desired preset level. 
The preset level is normally the minimum 
level at which no adverse effects take place in 
a subsequent operation. To achieve this level, 
it is vital not to introduce new contaminants 
into the cleaning process.

For example, if the cleaning of organic and 
ionic contaminants is achieved by an aqueous 
process, it is important to have high quality 
water and the proper parameters in the rins-
ing stages. Otherwise, residual detergent and/
or ionics from the rinsing water will be the 
new contaminants. If drying is slow, deion-
ized rinse water may react with some metal-
lic surfaces at high temperatures, and create 
undesirable stains or marks. Re-contamina-
tion of cleaned parts with outgassed residues 
produced from packaging or storing materials 
is another big concern. 

To select an effective cleaning method, 
three essential factors must be considered: 
the cleaning chemistry, the scrubbing method 
and the process parameters. The subject of ex-

Ultrasonic Cavitations and Precision Cleaning
Rapid advancements in various current technologies and the con-
stant trend of miniaturizing components have created a need for 
higher cleanliness levels.

By: Sami Awad, PH.D., Vice President, 
Crest Ultrasonics Corp.

Edited by: Kelsey Higginbotham,
Assistant Editor
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amining various combinations of available 
cleaning methods and their effectiveness, or 
lack thereof, is massive.

Ultrasonic Cavitations and Surface 
Cleaning

Cleaning with ultrasonics offers several ad-
vantages over other conventional methods. 
Ultrasonic waves generate and evenly distrib-
ute cavitation implosions in a liquid medium. 
The released energies reach and penetrate 
deep into crevices, blind holes and areas that 

are inaccessible to other cleaning methods. 
The removal of contaminants is consistent 
and uniform, regardless of the complexity and 
the geometry of the substrates. 

Ultrasonic waves are mechanical pressure 
waves formed by actuating the ultrasonic 
transducers with high frequency, or high volt-
age current generated by electronic oscillators. 
A typical industrial high-power generator 
produces ultrasonic frequencies ranging from 
20 kHz to 120 kHz. Typical PZT transducers 
are normally mounted on the bottom and/or 
the sides of the cleaning tanks, or immersed 
in the liquid. The generated ultrasonic waves 
propagate perpendicularly to the resonating 
surface. 

The waves interact with liquid media to 
generate cavitation implosions. High in-
tensity ultrasonic waves create micro va-
por/vacuum bubbles in the liquid medium, 
which grow to maximum sizes proportional 
to the applied ultrasonic frequency and then 
implode, releasing their energies; the higher 
the frequency, the smaller the cavitation size. 
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Ultrasonic Cleaning System.
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Ultrasonic Frequency and Cavitation Abundance.
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High intensity ultrasonics can also grow cavi-
ties to a maximum in the course of a single 
cycle. At 20 kHz, the bubble size is roughly 
170µ in diameter. 

At a higher frequency of 68 kHz, the total 
time from nucleation to implosion is estimat-
ed to be about one third of that at 25 kHz. At 
different frequencies, the minimum amount 
of energy required to produce ultrasonic cavi-
ties must be above the cavitation threshold. In 
other words, the ultrasonic waves must have 
enough pressure amplitude to overcome the 
natural molecular bonding forces and the nat-
ural elasticity of the liquid medium in order to 
grow the cavities.

The energy released from an implosion 
collides with and fragments, or disintegrates, 
the contaminants, allowing the detergent or 
the cleaning solvent to displace it at a very fast 
rate. The implosion produces dynamic pres-

sure waves, which carry the fragments away 
from the surface. The implosion is also ac-
companied by high speed micro streaming 
currents of the liquid molecules. 

The cumulative effect of millions of con-
tinuous tiny implosions in a liquid medium 

is what provides the necessary mechanical 
energy to break physically bonded contami-
nants, speed up the hydrolysis of chemically 
bonded ones, and enhance the solubiliza-
tion of ionic contaminants. The chemical 
composition of the medium is an important 
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Ultrasonics Cavitations and Cleaning.
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factor in speeding the removal 
rate of various contaminants.

Cavitation Generation and 
Abundance

The ultrasonic cleaning 
model illustrates the generat-
ing cavitations through at least 
three steps: nucleation growth 
and violent collapse or implo-
sion. The transient cavities, or 
vacuum bubbles or vapor voids, 
ranging 50µ to 150µ in diameter
at 25 kHz, are produced dur-
ing the sound waves’ half cycles. 
During the rarefaction phase 
of the sound wave, the liquid 
molecules are extended outward 
against and beyond the liquid 
naturals physical elasticity/bond-
ing/attraction forces, generating 
a vacuum nuclei that continues 
to grow.

 A violent collapse occurs 
during the compression phase of 
the wave. It is believed that the 
latter phase is augmented by the 
enthalpy of the medium and the 
degree of mobility of the mol-
ecules, as well as the hydrostatic 
pressure of the medium.

Cavitations are generated in 
the order of microseconds. At 
the 20 kHz frequency, it is esti-
mated that the pressure is about 
35K to 70K pascal and the tran-
sient localized temperatures are 
about 5000o C, with the veloc-
ity of micro streaming around 
400Km/hr.

Several factors have great 
infl uence on the cavitation’s in-
tensity and abundance in a given 
medium. Among these factors 
are the colligative properties of 
the liquid medium, including 
viscosity, surface tension, density 
and vapor pressure; the medium 
temperature and the liquid fl ow, 
whether static or dynamic or 
laminar; and dissolved gasses. 

In general, at low frequencies 
(20 kHz - 30 kHz), a relatively 
small number of cavitations, with 
larger sizes and more energy, are 
generated. At higher frequencies, 
much denser cavitations with 
moderate or lower energies are 
formed. Low frequencies are 
more appropriate for cleaning 
heavy and large-size compo-
nents, while high-frequency (60 

kHz - 80 kHz) ultrasonics is rec-
ommended for cleaning delicate 
surfaces and for the rinsing step. 

For example, at 68 kHz, the 
cavitation abundance is high 
enough and mild enough to 
remove detergent fi lms and re-
move submicron particles in the 
rinsing steps without infl icting 
damage on surfaces. The 35 kHz 
- 45 kHz frequency range was 
found to be appropriate for a 
wide range of industrial compo-
nents and materials. 

Estimates of cavitation abun-
dance at various ultrasonic fre-
quencies have shown that the 
number of cavitation sites is di-
rectly proportional to the ultra-
sonic frequency. 
For example, 
about 60% to 
70% more cavi-
tation sites per 
unit volume of 
liquid are gen-
erated at 68
kHz than at 40 
kHz. The aver-
age size of cavi-
ties is inversely 
proportional to 
the ultrasonic 
frequency.

There fo re , 
one would ex-
pect that at the 
higher frequen-
cy, at a given 
energy level, 
the scrubbing 
intensity would 
be milder, par-
ticularly on 
soft and thin 
or delicate sur-
faces, and more 
penetration and 
surface coverage 
into the recessed 
areas and small 
blind holes would be expected. 

Ultrasonic Frequency and 
Particle Removal

Recent investigations have 
confi rmed that higher frequen-
cies are more effective for the re-
moval of certain contaminants. 
Reports on particle removal ef-
fi ciency have shown that the re-
moval of one micron and submi-

cron particles in deionized water 
has increased with the higher 
frequency. 

At 65 kHz, the removal ef-
fi ciency of a 1µ particle is 95%, 
versus 88% at 40 kHz. A similar 
increase in effi ciency results was 
reported for 0.7µ and 0.5µ par-
ticles. It was also reported that 
there was zero or little difference 
in the removal of particles at the 
ultrasonic frequency of 65 kHz 
and at the megasonic frequency 
of 862 kHz. Both frequencies 
showed 95% removal effi ciency 
of 1µ particles and 87/90, 84/84 
for 0.7µ and 0.5µ particles, re-
spectively.

Aqueous and Semi-Aqueous 
Ultrasonic Cleaning

Cavitations generated in 
plain water can clean limited 
numbers of certain contami-
nants. Cleaning is more complex 
in nature than just extracting 
the contaminants away from the 
surface. Consistency and repro-
ducibility of results are key, par-
ticularly in industrial production 

lines. Cleaning chemistry, as part 
of the overall cleaning process, is 
a crucial  element in achieving 
desired cleanliness. First, the se-
lected chemistry must cavitate 
well with ultrasonics. Also, com-
patibility of the chemistry with 
the substrates, wettability, stabil-
ity, soil loading, oil separation, 
effectiveness, dispersion of solid 
residues, free rinseablilty and 
chemistry disposal are all crucial 
issues that must be addressed 
when deciding on the proper 
chemistry. 

Special additives in clean-
ing chemistries can assist in the 
process of breaking chemical 
bonding, removing oxides, pre-

venting corrosion, or enhancing 
the physical properties of the 
surfactants. 

Ultrasonic cavitations en-
hanced the removal effi ciency 
of hydrophobic solvent clean-
ing fi lms by about 30% to 40% 
versus using a spray rinse tech-
nique, when coated metallic and 
non-metallic surfaces were treat-
ed with aqueous displacement 
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solutions (ADS). The ADS material is chemically 
designed to be compatible with the substrate and 
to rapidly displace hydrophobes. All tested surfaces 
were rendered solvent-free and hydrophilic.

Particles, in general, are not spherical and have 
irregular shapes. Some of the adhesive forces that in-
fl uence detachment of a particle are van der Waals, 
electrical double layer, capillary and electrostatic.  
One would expect that small particles are easier to 
remove. 

The fact is that the smaller the particles, the 
more diffi cult they are to remove. The weight of the 
particle is another factor greatly infl uencing particle 
detachment. Recently, it has been reported that al-
though the force between a particle and an adjacent 
surface decreases with particle size, it becomes more 
diffi cult to remove a solid particle from a solid sur-
face because of the value of the ratio, Fa/W, where 
Fa is the force of attraction and W is the weight of 
the particle. The value of Fa/W increases rapidly as 
the diameter of a particle decreases.

Ultrasonic Systems
Typical ultrasonic aqueous batch cleaning equip-

ment consists of four steps: ultrasonic cleaning; two 
ultrasonic reverse cascade water rinses; and heated, 
recirculated, fi ltered clean air for drying. 

The number and the size of the stations are 
determined by the required process time.  A semi-
aqueous cleaning system includes an extra station 
for solvent displacement, connected to a phase 
separation/recovery system. Typical tank size ranges 
from 20 liters to 2,000 liters, based on the size of 
the parts, production throughput and the required 
drying time. 

The whole machine can be enclosed to provide 
a cleanroom environment, meeting class 10,000 
down to class 10 cleanroom specifi cations. Pro-
cess control and monitoring equipment consists of 
fl ow controls, chemical feed pumps, in-line particle 
count, TOC measurement, pH, turbidity, conduc-
tivity and refractive index. 

The tanks are typically made of corrosion-resis-
tant stainless steel; however, other materials are also 
used—such as quartz, PCV, polypropylene or tita-
nium—to construct tanks for special applications. 
Titanium nitride coating is used to extend the life-
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Antiredeposition.

time of the radiating surface in tanks or in 
immersible transducers.

Automation of a batch cleaning system is 
an integral part of the system. Consistency, 
achieving throughputs, full control on pro-
cess parameters, data acquisition, and main-
tenance of process control records are a few 
advantages of automation.

Mechanism of Cleaning
Two main steps take place in surface 

cleaning. The fi rst step is contaminant re-
moval and the second is keeping those con-
taminants from re-adhering to the surface. 
The removal of various contaminants in-
volves different mechanisms, based on the 
nature and/or the class of the contaminant.

The three general classes of common 
contaminants are organic, inorganic and 
particulate matter. Particles do not necessar-
ily belong to a certain class, and can be from 
either class or from a mixture. Contaminants 
of any class could be water soluble or water 
insoluble. 

Most inorganic materials are insoluble in 
solvents that are water-immiscible. Water is 
the best universal solvent for ionic materi-
als, organics or inorganics. However, water 
insoluble inorganics, such as polishing com-
pounds made of oxides of aluminum, cerium 
or zirconium, require a more complex clean-
ing system.

Organic contaminants can be classi-
fi ed into three general classes—long chain, 

medium chain and short chain molecules. 
The physical and chemical characteristics 
are related to their structure and geometry. 
Organic contaminants are removed by two 
main mechanisms. The fi rst is by solubili-
zation in an organic solvent. The degree of 
solubilization in various solvents is directly 
related to their molecular structure. The 
second mechanism is by displacement with 
a surfactant fi lm followed by encapsulation 
dispersion.

In aqueous cleaning, the detergent con-
tains surfactants as essential ingredients. 
Surfactants are long chain organic molecules 
with polar and non-polar sections in their 
chains. Surfactants can be ionic or non-ionic 
in nature, based on the type of functional 
groups attached to or part of their chains. 
When diluted with water, surfactants form 
aggregates called micelles at a level above 
their critical micelle concentration. 

The mechanism of removal of organic 
contaminants by detergent involves wetting 
of the contaminant as well as the substrate. 

The ultrasonic cavitations play an im-
portant role in initiating and fi nishing the 
removal of such hydrophobic contaminants. 
The shock wave greatly speeds up the break-
ing of the hanging contaminants, enhancing 
displacement with the detergent fi lm. The 
removed contaminants are then encapsu-
lated in the micellic aggregates, preventing 
their redeposition. 

The net result is that ultrasonic cavitaions 
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accelerate the displacement of contaminants 
from the surface of the substrate, while also 
facilitating their dispersion throughout the 
cleaning system.

Particles, in general, have irregular 
shapes. All the adhesion forces—van der 

Waals, electrical double layer, capillary and 
electrostatic—in theory are directly propor-
tional in magnitude to the size of the particle. 
One would expect that the energy of detach-
ment would decrease with the size of parti-
cles. However, the smaller particles are always 

more diffi cult to detach. This is mainly due 
to the lodging effect. Smaller particles tend to 
get trapped in the valleys of a rough surface. 

The mechanism of particle removal in-
volves shifting the free energy of detachment 
to be near or smaller than zero. Surfactants 
play a very important role in decreasing by 
adsorption at particle and substrate interfaces 
and with the bath. 

The wettability of the surface plays an im-
portant role in achieving this step. The ultra-
sonic cavitation’s role is to provide the neces-
sary agitation energy for the detachment. 

At high frequency ultrasonics, the detach-
ment or the removal effi ciency of one micron 
particles, measured in deionized water, was 
found to be 95%, equaling the effi ciency ob-
tained by using the megasonics at about 850 
kHz, versus 88% at 40 kHz. This is expected 
in light of the fact that cavitation size is small-
er at higher frequencies and can reach deeper 
into the surface valleys. One would then an-
ticipate that using a combination of the high 
frequency ultrasonics 65 kHz to 68 kHz and 
the appropriate chemistry, the removal effi -
ciency of various particles can be further op-
timized.

Redeposition of Contaminants
In solvent cleaning, the absorbed solvent 

layers on the substrate surface and the con-
taminants provide a fi lm barrier. In aqueous 
cleaning, a good surfactant system is capable 
of encapsulating contaminants inside their 
micellic structure. Redeposition of the en-
capsulated contaminants onto the surface is 
prevented via stearic hindrance for non-ionic 
surfactants, while anionic surfactants prevent 
redeposition via electrical repulsive barrier. 

Encapsulation can be permanent or tran-
sient, based on the nature of the used surfac-
tants. Transient encapsulation is surperior to 
emulsifi cation, as it allows better fi ltration 
and/or phase separation of contaminants. 

The potential of reversing the redeposi-
tion step by the sonic shock waves on loaded 
micelles results in partial re-adhesion. With-
out good fi ltration, results will be signifi cant 
decreases in the detergent cleaning effi ciency. 
The dispersed contaminants much be re-
moved by means of continuous fi ltration or 
separation of contaminants, along with main-
taining the recommended concentration of 
the cleaning chemical.

For more information, 
visit Crest Ultrasonic’s website at 
www.crest-ultrasonics.com or call 

1-800-99-CREST.


