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DonAt just automate, [ nnovate.

Welcome to CINRG Systems Inc. Our focus is the
delivery of global laboratory solutions. Our philosophy
is centered on the automation and integration of
laboratory testing and information systems. We
develop systems that easily integrate multiple
operations. For we believe that the partnering of
global clients develops solutions of greater value. If
you are interested in how a CINRG system can
improve your laboratory please contact us.

Our latest product offerings are a fully automated
sample dilution system an auto -diluting automated
particle counter (available both in a large and small
format instrument) and a robotic  Houillon viscometer
automation system.
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Toronto, Ontario and graduated from the
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Kannan comes with 10 years of combined
engineering experience in automobile and Oil &
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operations and Testing & Field services are his
University of Waterloo in pre -med with minors key expertise. Kannan is a Masters graduate

in Biology, Chemistry and Computer Science. from University of Waterloo in Mechanical &
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Bill Quesnel has been in the oil analysis
industry for 30 years. Bill is president and
former laboratory manager for WearCheck in
Toronto, Ontario and graduated from the

CLS, OMA |, OMAII, MLA |, MLA I, BEng, MEng, P.Eng.
MLA 1ll, MLT I, MLT Il, LLA 1 Certified

Phone : +1 905 569-8600 x4641 Phone : +1 905 569-8600 x4641

Direct : +1 289 291-4641 Direct : +1 289 291-4641

E-mail : Bill.Quesnel@cinrg.com E-mail : Kannan.Viswanathan@cinrg.com
ACW-2


http://cinrg.com/index.html
mailto:Alistair.Geach@cinrg.com
mailto:Alistair.Geach@cinrg.com
mailto:Alistair.Geach@cinrg.com

CIIUNRG CINRG Systems Inc About Us

DonAt jJjust auto
/nnovate.

Welcome to CINRG Systems Inc.
Our focus is the delivery of
global laboratory solutions. Our
philosophy is centered on the
automation and integration of
laboratory testing and
information systems. We
develop systems that easily
integrate multiple operations.
For we believe that the
partnering of global clients
develops solutions of greater
value. If you are interested in
how a CINRG system can
improve your laboratory please
contact us.

Our latest product offerings are
a fully automated sample
dilution system an auto -diluting
automated particle counter
(available both in a large and
small format instrument) and a
robotic Houillon viscometer
automation system.

ACW-3



http://cinrg.com/index.html

CIIUNRG CINRG Systems Inc About Us

DonAt jJjust aut
/innovate.

Welcome to CINRG Systems Inc.
Our focus is the delivery of
global laboratory solutions. Our
philosophy is centered on the
automation and integration of
laboratory testing and
information systems. We
develop systems that easily
integrate multiple operations.
For we believe that the
partnering of global clients
develops solutions of greater
value. If you are interested in
how a CINRG system can
improve your laboratory please
contact us.

Our latest product offerings are
a fully automated sample
dilution system an auto -diluting
automated particle counter
(available both in a large and
small format instrument) and a
robotic Houillon viscometer
automation system.

© Copyrights 2022. All rights reserved.



http://cinrg.com/index.html

CINRG Systems Inc About Us

CS-APC-2
Automated

Auto -Diluting
Particle Counter
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CS-APC-22M

Mini -Automated
Auto -Diluting

Particle Counter
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Applications B
Solvent Performance
Diesel Engines
FRF / Water Glycol
Metalworking Fluids
NAS 1638 & AS4059 Testing
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ASTM D7647

Standard Test Method for Automatic Particle Counting of Lubricating and Hydraulic Fluids Using Dilution
Techniques to Eliminate the Contribution of Water and Interfering Soft Particles by Light Extinction

This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

Lﬂ.g]:h) Designation: D7647 - 10 (Reapproved 2018)

Method covers

A Standards

A Terminology

A Significance of Method
A Interferences

A Procedure

A Reporting

© Copyrights 2022. All rights reserved.

INTERNATIONAL

Standard Test Method for

Automatic Particle Counting of Lubricating and Hydraulic
Fluids Using Dilution Techniques to Eliminate the
Contribution of Water and Interfering Soft Particles by Light

Extinction’

This standard is issued under the fixed designation D7647; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (£) indicates an editorial change since the last revision or reapproval.

1. Scope

[.1 This test method covers the determination of particle
concentration and particle size distribution in new and in-
service oils used for lubrication and hydraulic purposes.

1.2 Particles considered are in the range from 4 pm ., to
200 pm ., with the upper limit being dependent on the specific
automatic particle counter being used.

Note 1—For the purpose of this test method, water droplets not masked
by the diluent procedure are detected as particles, and agglomerated
particles are detected and reported as a single larger particle.

Nore 2—The subscript,,, is used to denote that the apparatus has been
calibrated in accordance with ISO 11171. This subscript,, strictly only
applies to particles up to 50 pm.

1.8 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard 1o establish appro-
priate safery, health, and environmenital practices and deter-
mine the applicability of regulatory limitations prior to use.

1.9 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents
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= NRG Applications Solvent Performance

Investigation into the suitability of the dilution
solvents allowed for ASTM D7647.

i)

H“‘\l KEROSENE cLeAR %‘
|

Solvents Investigated
1. Toluene/IPA 75/25%

2. Ethylene Glycol Butyl Ether (Chemically similiar to @ -
Dipropylene glycol n propyl ether). UN1294

3. Varsol (Stoddard Solvent).
4. Kerosine

Lamp oil is a liquid petroleum product that is designed to burn cleanly in brass and glass oil lamps, torches, and lanterns. In
the same family as kerosene. It has been further processed and refined so that it doesn't produce as much harmful smoke,
soot, and other pollutants.

Stoddard solvent is a widely used synthetic, organic solvent that comes from the refining of crude oil. It is a petroleum
mixture made from distilled alkanes, cycloalkanes (naphthenes), and aromatic compounds. It also goes by other names
such as Varsol 1, TexSolve S and others.

Dipropylene glycol monpropyl ether (DPnP) is a colorless liquid with an ether-like odor that
evaporates slowly. It is used as a solvent and as a coalescent for water-borne latex coatings.

© Copyrights 2022. All rights reserved. ACW-11
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= NRG Applications Solvent Performance

Results Disparity even with low levels of insoluble

Sample No 02515720 Sample No 02521133

Component Thrust Bearing Component  Turbine

Fluid Petro Canada TurboFlo R&O 46 Fluid Castrol Perfecto XPG 32

MPC 15 MPC 23
Undiluted 16571 1915 153 18/15/11  Undiluted 73128 22505 1504  40.1 20/18/14
Diluted 1:1 Toluene/IP/ 1477.3 211.6 176 53 03 0  18/15/11  Diluted 1:1 Toluene/IP/ 290.2 88 61 17 02 0 15/14/10
Diluted 1:1 Varsol 21156 2161 158 66 01 01 1815/11  Diluted 1:1Varsol 7009.2 19091 863 179 0.6 0 20/18/14
Diluted 1:1 EGBE 1600.2 2278 223 84 1 0.3  18/15/12  Diluted 1:1 EGBE 3941 996 61 21 04 0 16/14/10
Diluted 1:1 Kerosine ~ 1986.6 2003 145 48 0.6 0  18/15/11  Diluted 1:1 Kerosine. ~ 74954 2063.6 853 168 05 0  20/18/14

Visual Clarity PrtFilter18/15/11 Visual Clarity PrtFilter15/14/10 MPC 23

© Copyrights 2022. All rights reserved. ACW-12
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= NRG Applications Solvent Performance

Particle Debris Patches with solvent treatment

01961022(MPC=159) PDH Keroseng(ISO23/23/21) PDHFH Toluene(1ISO17/15/11)
019640171MPC=47) PDF Keroseng(1SO23/22/17) PDF Toluene(ISO20/ 16/ 12)

Figurell: ParticleDebrispatchesfor two of the gearboxsamplegested comparingsolvents

© Copyrights 2022. All rights reserved. ACW-13
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Particle Count

Solvent Performance
Water Contaminated Samples | ‘

]
‘

F

-
A


http://cinrg.com/index.html

BZ:EN R G

Processing Samples

Water Contamination
Table 1 i Testing results from trial of water in MIL-H-5606 oil using 75%
Toluene/25% Iso-propanol as a solvent.

120000

100000

Applications Solvent Performance

Sample ID % Water  4um (c)  6pm(c) 14pm(c) 21um (c) 38um(c) 70um (c) Clegggr;ess

80000
RM863200 0.0% 7424 2144 20 3 0 0 20/18/11
RM863205 0.5% 7415 2153 15 2 0 0 20/18/11 | 000
RM863210 1.0% 7852 2269 14 3 0 0 20/18/11
RM863215 1.5% 7098 2078 11 2 1 0 20/18/11 | o000
RM8632_20 | 2.0% 7484 2215 13 2 0 0 20/18/11
RM8632_25 | 2.5% 91341 | 37472 | 2512 183 1 0 2422119 | .
RM8632_30 | 3.0% | 101760 | 89620 | 43566 | 23261 | 2816 9 24/24/23

Table 2 i Testing results from trial of 0.1% water in MIL-H-5606 oil using 100% 0 -

Toluene as a solvent.
Cleanliness

SN (G Code

% Water 70um (c)

14pm (c) 21um (c)

Sample ID 4um (c) 6um (c)

RM863201T 0.1% 180022 | 170028 | 122925| 91843 37729 6798 25/25/24

© Copyrights 2022. All rights reserved.
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Figure 4 7 Individual micron channel results from
trial of 0.5% to 3.0% water in MIL-H-5606 oil using
75% Toluene / 25% lIso-propanol as a solvent.

ACW-15
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Processing Samples
Water Contamination

200000

Samples 1 After Shaking

e 5% water (toluene/fisopropanaol) gl 1% water (toluene)
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Figure 5 i 0.1% water contamination using 100% toluene as a diluent vs. 0.5%
water contamination using 75% toluene / 25% isopropanol as a diluent.

© Copyrights 2022. All rights reserved.
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Applications Solvent Performance

Solvent Performance
Opague Samples
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Processing Samples
Opaque Samples (Castrol Optigear A 320)

Count Data 4um (c) 6pum (c) 14pm(c) 21pm(c) 38um (c) 70um (c) Cleanliness Code
Undiluted Sample 67307 43281 46 4 0 0 23/23/13
Diluted Sample(1:1) 4833 811 57 6 1 0 19/17/13

Table 4 i Particle Testing results for both diluted and undiluted preparation for
sample 01667462.

Count Data 4um (c) 6um (c) 14pm(c) 21lpm(c) 38um(c) 70um (c) Cleanliness Codg
Undiluted Sample 66792 20984 97 15 1 0 23/22/14
Diluted Sample(1:1) 2730 228 21 5 2 0 19/15/12

Table 5 i Particle Testing results for both diluted and undiluted preparation for
sample 01667464.

© Copyrights 2022. All rights reserved.
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= NRG Applications Solvent Performance

Processing Samples Sample 01667462 Sample 01667464
Opaque Samples (Castrol Optigear A 320)
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60000 \ 'L N

\\ / unailiutead
50000 /

\ \ —4—1667462 undiluted
40000
\ \ —fl— 1667462 diluted

30000 —k— 1667464 undiluted _
\ —m— 1667464 diluted ' caI

20000
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10000 : ;
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Figure 8 i Comparison of undiluted particle counts on the Hiac Royco
SDS particle counter versus diluted particle counts for Castrol Optigear
Synthetic A ISO 320 on the CS-APC-2 particle counter.

© Copyrights 2022. All rights reserved. Particle Debris Patch @ 100X magnlflcatlon Particle Debris Patch @A@W(lmagnlflcatlon
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MPC Images / Results HIAC 8012
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Figurel0: MPCpatchesfor avariety of the gearboxsampledested

© Copyrights 2022. All rights reserved.
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= NRG Applications / Diesel Engine Counting Samples with Soot

Procedure Measurement of Samples with Soot

Sample Type
Diesel engine oil samples with < 1.5% soot

Materials
A Dilution Solvent - 75% Toluene / 25% Isopropanol (mix and let settle for 12 hours)
A Sample Diluent - Filtered White Oil/API Group Il Base Oil (filtered to 1ISO 13/12/9 or better)

Procedure

1. Set stirring speed to 6 and stirring time to 1 minute.

2. Run sample on FT-IR for soot % measurement (if less than 1.5% - LDS30/30 sensor, or less than 1.0% - LDS
45/50 sensor then process on CINRG SDS).

3. Dilute sample with filtered white oil [sample:oil] [1:49].

4. Add 15 ml of diluted sample to sample cup [sample:solvent] [1:1].

5. Run samples using standard processing.

© Copyrights 2022. All rights reserved. ACW-22
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= NRG Applications / Diesel Engine Counting Samples with Soot

Klotz 30/30 Sensor

(Klotz Factory Calibration - similar to but not traceable to NIST SRM 2806b)
Coincidence Limit = 120,000 particles/ml.

-

0.51 1 100 11 0 (<0.05 14881 641 21/17/20 >0. 0005
0.51 3_100 31 0.2 14950 780 35 7.3 0.5 0.1 21/17/12  0.002
0.5 4 100 29 0.3 5768 358 9.7 1.7 0.1 0 20/16/10  0.003
0.5 5_100 54 0.4 5720 501 10.1 1.9 0.3 0.1 20/16/11  0.004
0.5 6_100 46 0.5 47552 3346 27.8 4.7 0.8 0.1 23/19/12  0.005
0.51 7_100 100 0.6 35461 2309 30.7 3.1 0.1 0 22/18/12  0.006
0.5 8_100 22 0.7 11033 823 23 5.3 0.9 0 21/17/12  0.007
0.5 9 100 44 0.8 27732 729 4.5 0.8 0.1 0 22/17/9 0.008
0.5 10_100 42 0.9 25478 889 8.3 2.8 0.5 0 22/17/10  0.009
0.5 11_100 83 1 64965 2067 8.1 2.6 1.2 0.8 23/18/10 0.01
0.5 12_100 78 11 70931 1669 34.1 5.2 0.3 0 23/18/12  0.011
0.51 13_100 28 1.2 3943 126 10.1 2.1 0.4 0 19/14/11  0.012
0.5 14 100 26 1.3 31678 228 11.1 2.5 0.4 0.1 22/15/11  0.013
0.5 15_100 118 1.4 53440 1170 24.4 5.4 0.7 0 23/17/12  0.014

NOTE: Actual dilution is approximately100:1

© Copyrights 2022. All rights reserved. ACW-23
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= NRG Applications / Diesel Engine Counting Samples with Soot

Klotz 45/50 Sensor
(CINRG Calibration with Conostan 2806 secondary Calibration fluid traceable to NIST SRM 2806b)
Coincidence Limit = 25000 particles/ml.

-

0.51 1 100 11  0(<0.05 19759 12. 7 21/17/11  >O0. 0005
0.51 3 100 31 0.2 24212 922 42.8 10 0.5 0 22/17/13 0.002
0.51 4 100 29 0.3 7252 578 10.8 1.4 0 0 20/16/11 0.003
0.5 4a_100 54 0.4 8618 450 10.4 2.4 0.3 0 20/16/11 0.004
0.52 6_100 46 0.5 47428 3931 38.5 6.5 0.9 0.6 23/19/12 0.005
0.51 7_100 100 0.6 43832 2690 42.1 4.4 0.4 0.1 23/19/13 0.006
0.51 8 100 22 0.7 19102 1079 30.2 7.3 0.8 0.1 21/17/12 0.007
0.51 9 100 44 0.8 39612 966 7.7 1.7 0.7 0.7 22/17/10 0.008
0.5 10 100 42 0.9 35671 1166 8.8 2 0 0 22/17/10 0.009
0.5 11 100 83 1 0 0 0 0 0 0 -/ -/ - 0.01
0.5 12 100 78 1.1 0 0 0 0 0 0 -/ - 0.011
0.5 13 100 28 1.2 0 0 0 0 0 0 -/ -/ - 0.012
System stopped 14 100 26 1.3 0.013

NOTE: Actual dilution is approximately100:1

© Copyrights 2022. All rights reserved. ACW-24
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Applications / Diesel Engine Counting Samples with Soot

SO 21/17/12 024 1SO 20/16/10  0.39 1SO 20/16/11  0.49 1SO 23/19/12  0.59

1SO 22/18/12 0.69 ISO 21/17/12 0.7q 1SO 22/17/9 0.89 ISO 22/17/10 0.99 ISO 23/18/10 1.09

1SO 23/18/12 1.1q 1SO 19/14/11 1.29 1SO 22/15/11 1.39 ISO 23/17/12 1.49 1SO 22/19/13 referenc
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Applications FRF / Water Glycol Fluids

Applications
FRF / Water Glycol based samples
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Procedure Prior to ASTM D7647

Sample Type

FRF 1 Fire-Resistant Fluids

Materials A

A Millipore 0.8um filter patch

Procedure A

1.

2.
3.
4

Spat indicates >0.1% water.

Filter 10 ml through a Millipore patch.

Dry, then examine under a microscope
Compare the patch to a set of ISO 4406
Classification images and select the
closest ISO xx/yy/zz match.

Particle count size values are mean of the
ISO class selected.

© Copyrights 2022. All rights reserved.

Applications / FRF / Water Glycol Counting Water -based Samp les

e —

Spat indicates
too much water

.

Particle Debris Patch _J*"

“[tso cassipicamion

Microscopic | Cleanliness g
Examination | Guesstimation. '
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c NRG Applications / FRF / Water Glycol Counting Water -based Samp les

Procedure Measurement of FRF / Water Glycol Fluids

Sample Type
FRF 1 Fire-Resistant Fluids (i.e. Houghton Houghto-Safe 620) typically have between 35% and 45% water

Materials A
A Dilution Solvent - 40% Heptane / 60% Isopropanol (filter through 0.45um Durapore filter, HVLP)

Procedure A
1. Add 2 ml of diluted sample to sample cup [sample:solvent] [1:15].
2. Run samples using standard processing.

Materials B
A Dilution Solvent - Ethylene glycol butyl ether (2-Butoxyethanol) or DPnP (let settle for 12 hours)

Procedure B

1. Set stir speed to 6, using a minimum mixing time of 1 minute.

2. Add 5 ml of sample to sample cup [sample:solvent] [1:5].

3. Run samples using standard processing.

4. |If sample fails, reprocess adding only 1ml of sample to sample cup [sample:solvent] [1:29].

© Copyrights 2022. All rights reserved. ACW-28
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= NRG Applications / FRF / Water Glycol Counting Water -based Samp les

Historical Particle Counts Effects between Heptane/lso vs. EGBE

02487282 / 02552967 02499628 / 02552968 02482245 | 02552977 02487276 / 02546499 ‘ 02499627 / 02552969

Size Visual EGBE Visual EGBE Visual EGBE Visual EGBE Visual
>4um | 120 2568 1086 120 2069 181 120 29951 111 240 1186 2772 120 3381 358

I I I I
>6um | 60 786 185 | 60 538 75 | 60 57 | 120 296 504 | 60 830 75
>14um| 7 70 13 | 7 30 11 | 7 18 | 15 31 22 | 7 30 10
>21pym| 0 28 4 | o 8 4 | o 13 | 2 20 11 | o 8 3
>38um| O 0 o | o 2 2 | o 2 3 | o 4 3 | o 4 0
>7ipm| 0 0 o | o 2 2 | o 0 1 | o 0 1 | o 2 0

ISO 440{14/13/10 19/17/13 17/15/11}15/14/11 18/16/12 15/13/11]14/13/10 PRIPRIEE 14/13/11]15/14/11 17/15/12 19/16/12|14/13/10 19/17/12 16/13/10}

© Copyrights 2022. All rights reserved. ACW-29
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Applications Aviation Fluids to AS4059 (Previously NAS1638)

Applications
Aviation hydraulic samples
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SNRE
|ISO 4406:1999

Number of particles per ml
ISO code ki ki

T More than l_.lp to :?nd
including

22 20,000 40,000
21 10,000 20,000
20 5,000 10,000
19 2,500 5,000
18 1,300 2,500
17 640 1,300
16 320 640
15 160 320
14 80 160
13 40 80
12 20 40
11 10 20
10 5 10
09 2.5 5
08 1.3 25
07 0.64 1.3

A Based on 1SO11171 Calibration

A MTD Calibration Fluid

A Light Extinction Based Method

A Cumulative Count

A >4, >6, >14, >21, >38, >70 micron

© Copyrights 2022. All rights reserved.

Applications / NAS 1638 & AS4059 Counting Aviation Hydraulics

N

AS 1638:1987

Sizerange 5-15pum 15-25puym 25-50 ym 50-100 pm >100 pm

NAS classes (based on maximum

_ 00 125 22 4 1
E 0 250 44 8 2
2 1 500 89 16 3
& 2 1,000 178 32 6
3 3 2,000 356 63 11
g 4 4,000 712 126 22
g 5 8,000 1,425 253 45
g 6 16,000 2,850 506 90
E 7 32,000 5,700 1,012 180
5 8 64,000 11,400 2,025 360
s 9 128,000 22,800 4,050 720
E 10 256,000 45,600 8,100 1,440
£ 11 512,000 91,000 16,200 2,880
E 12 1,024,000 182,400 32,400 5,760

A Based on 1SO4402 Calibration

A ACFTD Calibration Fluid

A Optical Microscope Based Method

A Differential Count

A 5-15, 1525, 2550, 56100, >100 micron

W A N = 2 DO

)]

64
128
256
512

1,024

ACW-31
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CINRG
SAE AS4059 (Differential)

Applications / NAS 1638 & AS4059 Counting Aviation Hydraulics

SAE AS4059 (Cumulative)

1) 5, incl. to 15, excl. to 25, excl. to 50, excl. to >100 pm >1 >5 >15 >25 >50 >100
Contamination 15, incl. pm 25, incl. ym 50, incl. pm 100, incl. ym Contamination (1) Um pgm um pm pum pm

Levels @) 6, incl. to 14, excl. to 21,excl. to 38, excl. to >70 pm(c) Levels >4 >6 >14 >21 >38 >70
14, incl. pm(c) 21, incl. ym(c) 38, incl. um(c) 70, incl. ym(c) H (2) pum(c) pym(c) pm(c) pum(c) um(c) pym(c)

00 125 22 4 1 0 000 195 76 14 3 1 0

0 250 44 8 2 0 00 390 152 27 5 1 0

1 500 89 16 3 1 0 780 304 54 10 2 0

2 1000 178 32 6 1 1 1560 609 109 20 4 1

3 2000 356 63 11 2 2 3120 1217 217 39 7 1

4 4000 712 126 22 4 3 6250 2432 432 76 13 2

5 8000 1425 253 45 8 4 12 500 4864 864 152 26 4
6 16 000 2850 506 90 16 5 25000 9731 1731 306 53 8
7 32 000 5700 1012 180 32 6 50 000 19 462 3462 612 106 16

8 64 000 11 400 2025 360 64 7 100 000 38924 6924 1224 212 32

9 128 000 22800 4050 720 128 8 200 000 77 849 13 849 2449 424 64
10 256 000 45 600 8100 1440 256 9 400 000 155 698 27 698 4898 848 128
1" 512 000 91200 16 200 2880 512 10 800 000 311 396 55 396 9796 1696 256
12 1024 000 182 400 32 400 5760 1024 11 1600 000 622 792 110792 19 592 3392 512
12 3 200 000 1245 584 221584 39184 6784 1024

(1) Size range, microscope particle counts, based on longest dimension as measured per AS598 or ISO 4407.

(2) Size range, APC calibrated per ISO 11171 or an optical or electron microscope with image analysis software, based on projected area
equivalent diameter.

(3) Contamination classes and particle count limits are identical to NAS 1638.

(1) Size Range, Optical Microscope, based on longest dimension as measured per AS598 or SO 4407.
(2) Size Range, APC Calibrated per ISO 11171 or an optical or electron microscope with image analysis software, based on projected area
equivalent diameter.

A Based on 1SO11171 Calibration

A MTD Calibration Fluid

A Light Extinction or Optical Microscope Method

A Cumulative Count

A >4, >6, >14, >21, >38, >70 micron
GAAWSAUA Haaa + &/ 2yil YAY!

A MORE EQUIVALENT TO 1SO4406:1999

ACW-32

Based on ISO11171 Calibration

MTD Calibration Fluid

Light Extinction or Optical Microscope Method
Differential Count

6-14, 1421, 2138, 3870, >70 micron

wSadzZ G A& F a/ 2yal YAYL
EQUIVALENT TO NAS 1638

© Copyrights 2022. All rights reserved.
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ISO/DIS 4406

BS 5540/4 codes
13/11/08
14/12/09
15/13/10
16 /14 /09
16 /14 /11
17 /15/09
17/15/10
17/15/12
18/16/ 10
18 /16 / 11
18/16 /13
19/17 /11
19/17/14
20/18/12
20/18/13
20/18/ 15
21/19/13
21/19/ 16
22/20/13
22/20/17
23/21/14
23/21/18
24/22/15
25 /23 /17

NAS 1638

w

10

11

12

© Copyrights 2022. All rights reserved.

Applications / NAS 1638 & AS4059 Counting Aviation Hydraulics

Size range in ym

5, incl. to
15, incl. ym

15, excl. to
25, incl. ym

25, excl. to
50, incl. um

50, excl. to
100, incl. ym

>100 um

Particle count per
100 mL

114 000

9200

3920

172

52

Contamination
Level

9

8

9

7

Contamination
Code

AS4059 Contamination Code [9/8/9/7/8]

AS4059
Contamination
Class

AS4059 Class 9

NAS 1638

Contamination
Class

NAS 1638 Class 9

Size range in ym

>4 um(c)

>6 um(c)

>14 um(c)

>21 um(c)

>38 um(c)

>70 um(c)

Particle count
per 100 mL

382 000

127 000

13 300

224

52

Contamination
Level

9

9

8

Contamination
Code

AS4059 Contamination Code ¢pc[9/9/8/9/8/8]

AS4059
Contamination
Class

AS4059 cpc Class 9

ISO 4406
Cleanliness Cods

ISO 4406 19/17/14

ACW-33
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Procedure Measurement of Samples for AS4059 (equivalent to NAS 1638)

Sample Type

Aviation hydraulic fluids max ISO 46 (i.e. Skydrol LD-4, 500B-4)

Materials

A No materials required

Procedure

1. Set stirring speed to 6 and stirring time to 1 minute.
2. Run sample neat by adding 28 to 30 ml of sample to the sample cup.
3. Run samples using standard processing.

NOTE:

AR
AR
A 'S

© Copyrights 2022. All rights reserved.

Maximum Pﬂle&/ 100mL in Specified Size Range (pm)

Applications / NAS 1638 & AS4059 Counting Aviation Hydraulics

Clas 515 | 1525 N\ 2550 50-100 >100
o0 | 128 | 2 A\ 4 (e )
0 250 | 44 2 0
1 | s0 | 89 16 T R
2 1,000 178 32 \s 1
3 1 2,000 I 356 63 2
4 4000 | 712 126 ) 4
5 | 8000 | 1425 253
[} 16,000 2,850 506
7 [Jag.ooo S ]7 s700 | 1012 | 180 [ RN
8 64,000 | 11,400 2,025 360 64
o | 128000 | 22800 4,050 120 | 128
10 256,000 45,600 8,100 1,440 256

1 | 512000 | 91200 16,200 2880 | 512
12 1,024,000 | 182,400 32,400 5,760 1,024

emoves issues with particle counts considering APC counts are 3 x 5 ml instead on 1 x 100ml.
unning the sample neat keeps more of the larger particles (>14um) in suspension.
pecify up to 3 decimal places for results in software settings.

ACW-34
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= NRG Applications / NAS 1638 & AS4059 Counting Aviation Hydraulics

CINRG CS-APC Output File (Example)

Sample _Numbe2333147 IVL¢ Internal variance limitg
Time_Stamp/24/2020 8:26:20 AM (customizabley; i.e. 5%

ISO_440€&0/18/15 ASTM7647c Hard-coded

IVLPASS variance limits per method
ASTM764PASS «

4059 Dif Codd0/9/10/7/1 4 SAE AS 4059 COntaminatiTn
4059 Cum_Cod&0/10/9/10/7/000 Code

Undiluted_Fractiorf.42

um_Sizest,6,14,21,38,70

um_Cumulative_Counts_Per_81191.8,1809.6,205.4,54.5,1.6,0.0 1 ml & 100 ml cumulative
um_Cumulative_Counts_Per 10069177,180964,20539,5452,15 O counts
Solvent_um_Size$6,14,21,38,70

Solvent_um_Cumulative_Counts Per 1614,4.4,0.5,0.2,0.0,0.0

© Copyrights 2022. All rights reserved. ACW-35
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AS4059 / NAS 1638 Calculation

Sample_Numbe®2333147

ISO_440&0/18/15 -

VLPASS 4u 60917 20711«
ASTM764PASS 6u 18096¢ 2615C
4059 Dif Codé0/9/10/7/1 14p 2053¢ 5611
4059 Cum_Cod&0/10/9/10/7/000 21p 5452 159
Undiluted_Fractior.42

um_Sizest.6,14,21,38,70 38 159 0
um_Cumulative_Counts_Per_6091.8,1809.6,205.4,54.5,1.6,0.0 70p 0
um_Cumulative_Counts_Per_100619177,180964,20539,5452,159,0 Code 10/10/9/10/7/000 Clas.

Solvent_um_Size$6,14,21,38,70
Solvent_um_Cumulative_Counts_Per 16l4,4.4,0.5,0.2,0.0,0.0

© Copyrights 2022. All rights reserved.

Applications / NAS 1638 & AS4059 Counting Aviation Hydraulics

sumcum  diff (100ml)

402062
154814
1492¢
5298

ACW-36
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Primary & Secondary Calibration Fluids  for Optical Particle Counters

MIL-H-5606 Fluid ACFTD or MTD

=T

PartiStan 2806 Calibration Fluid

Item: 150-701-001
Unit of measure: 40
Description:
Traceable to the New
March 2021 by the N

Primary Calibration Fluid
ASold by NIST
AProduction contracted
ATested by external parties e
AVery expensive NP
A3 x400mli US$4742 e

* Prepared in accord:

« Certified concentrat

© Copyrights 2022. All rights reserved.

Applications Calibration

APC

] Calibration Fluid

Secondary Calibration Fluid

APrepared/sold by certified
companies

ATraceability to primary NIST
certification

ALess expensive

A3 x 400mli US$1155

ACW-38
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= NRG Applications Calibration

Calibration Fluids History

Material Stacard SEleAG Reason for Revision Expiration | Testpust | Cert Method | praniof oo

ACFTD 4402:1991 19607 1999 AC FineTest Dust (ACFTD) nolonger commercially ACFTD FP/EM

ISO MTD . ummmraceame
SRVPEO o 11171:1999  10-Dec-97 Standard - Original Certificate MTD FP/EM/IPSW

ISO MTD . Revised uncertainties and change of >30um values
SR 11171:1999 1-Mar-99 0 Information values " MTD FP/EM/IPSW

SII%\C/I)ZI\E/;'(-)FE;D-Z 11171:1999 9-Aug-00 Revision of expiration date. MTD FP/EM/IPSW
SII%\C/I)ZI\E/;'(-)FE 3 11171:1999 16-Nov-04 Decrease in expiration date due to instability. 17-Sep04 MTD FP/EM/IPSW

MNUNCISY  11171:1999  13-Oct-04 Original Certificate MTD EP/EM/IPSW

SIIQSIVIOZ%Egl 11171:1999 29-Jan-07 Update of expiration date and editorial changes. MTD FP/EM/IPSW
SO MTD 11171:1999 16-Dec-08 Extension of certification period MTD FP/EM/IPSW
SRM2806a-2 : p .

SIS 11171:2010  30-May-13  Extension of certification period; editorial changes.  31-Dec14 MTD EP/EM/IPSW

LI 111712016 12-Jun-14 Original Certificate 31-Dec20 MTD EP/EM/IPSW

VNI 11171:2020 1-Dec-20 Latest certification MTD LS

N P 2%
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= NRG Applications Calibration

1ISO 4406:1987 (1ISO 4402) Y 1SO 4406:1999 (ISO 11171)
ISO 4402

40 =
35
——wmib) ACFTD (Air Cleaner Fine Test Dust) llj "
—ACFTD
15um
R e Fl By S How is ]T;:; gzzt’ particle

.13 .6pm(c)

w
(=]

(]
w

Particle Size, pm
N
(=]

[y
un

=
o

[Fy]

[=]

Particle Size, um{c]

ISO MTD (Medium Test Dust)

ISO 11171
NI NIST traceable
traceable
Particle size . . . :
based on Cﬁ’iﬁ:gfasrlez: ;Sf Original Sizes Replaced By
longest chord . 4pm(c)
Cross section
length Spm 6um(c)
ISO 4402 basec ISO 11171 base 15l1m 14um(c)
on (2), 5,15 um on4, 6, 14 um
ACW-40

© Copyrights 2022. All rights reserved. Ref: Barry Verdegan, Cummins Filtration
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= NRG Applications Calibration

Revision of ISO 4406:1999 1 Method of Coding the level of Contamination by Solid Particles

ISO 4406 Cleanliness Codes Results on fluid from APC with ACFTD Calibration

MORE THAN UP TO AND <0 CODE Particle Size (ACFT l 4406 Range Code
INCLUDING 19/16

(pimi) (pimi) 2um 11200 21 or

80,000 160,000 24 5um 4319 19 21/19/16

40,000 80,000 23

20,000 40,000 2 15pm 410 16 Code based on
10,000 20,000 21 2,5 and 15 um

5000 10,000 20 Results on same fluid from APC with MTD Calibration<®!"s/M

2,500 5,000 19

1,300 2,500 18 Particle Size (MTD) Counts/ml Range Code

640 1,300 17

320 40 16 Zum(c) 22340 22

L 320 15 4um(c) 10842 21 o

30 160 14

40 80 13 5um(c) 6681 20

20 40 12

0 50 > 6um(c) 4210 19 — = 21/19/16

5 10 10 14pm(c) 389 16 — » | Code based on
25 5 9 4,6 and 14 pm (c)
13 25 8 15um(c) 300 15 counts/ml

© Copyrights 2022. All rights reserved. ACW-41
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= NRG Applications Calibration

SRM 2806b 1T What Happened?

Comparative4pmcalibrationSettir)gs E S_t | mat e_ O f C er t | f _I C a t l 0N
SRM2806avs SRM2806b traceability Relative contribution of increased test dust concentration and
20000 certification Aerroro to the 1 ncres
18000 Sample 2057135
| Sample 2057129
G l 110 = 7806-10b fluid h f
14000 Particle Size SRM2806a (3.3mg/l) SRM2806b (3.5mg/l) Overall Count  Expected Counts Unexpected Change from
— SRM2R060 Ch#110 Certified Counts Certified Counts Increase 3.3mg/l x 1.062 Increase "Certification Error"
12000 ———
g \ SRN2806a Ch#170
510000 >4um 7300.5 10864 49% 3110.9 40%
2 8000
= T >6Hm 2907.9 4210 45% 3088.2 1121.8 36%
= 6000 ~————
g 4000 >14pum 209.8 389.3 86% 222.8 166.5 75%
“ Channel 170

w0 1o 10 1ol 10 200 >Aum = 7300 + 6.2% = 7753(from 10864) = 3110 / 7753‘ =  40% ‘

Channel Numbe

|

Aum = 14,001 vs. 4,803 NOTE: The fnerr or onotiwih SRM2806b SR M2 8 (

© Copyrights 2022. All rights reserved. ACW-42
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= NRG Applications Calibration

SRM 2806b i What is the Solution?
Calibration (b) to (c) Conversion Factor

(b Ale ol E]FlGlH K[ LIMIN]OLP[Q]Ven| s

m 0.886 0.875 0.927 0.844 0.891 0.882 0.904 0.873 0.895 0.880 0.880 0.938 0.859 0.948 0.987  --- 0.924 0.037
R 0.978 0.999 0.994 0.998 0.985 0.985 0.996 0.997 0.997 0.997 0.973 0.980 0.998 0.995 0.990 --- 0.994 1.0 0.01
> . . : 40 ®A
A Round-robin with 15 labs in 5
4 countries (secondary £ C
= 30 ®D
samples from 7 sources) < oE
A Linear relationship from 0- & o
38um S 20 oH
A Beyond 38um can use latex & °)
spheres for calibration. é 10 o
Ref: Barry Verdegan i Cummins Filtration M
March 2016 N
o o
0 10 20 30 40 ®Q*

SRM2806b Size, um

© Copyrights 2022. All rights reserved. ACW-43
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SRM 2806b i What is the Solution?

d C — O . 898d b Projected Area

Equivalent Diameter

A Draft revision to 1ISO1171

A *Ability to report to SRM2806a:
4um(c), 6um(c), 14pum(c) using
4.45um(b), 6.68um(b), 15.6um(b)

A Ability to report to SRM2806b:
4um(b), 6pum(b), 14pm(b)

NOTE: Relationship determined using round robin results
from 15 laboratories using secondary samples from 7
different sources in 4 countries.

- FDIS ballot of 11171 will be out soon.

-1SO TC131/SC6 will meet to vote in next few months.

© Copyrights 2022. All rights reserved.

Applications Calibration

I > 1SO 11171 (c)

How is the dust
particle defined?

4.45um(b
‘( um(b)

4um(b)

‘\‘m(m

» 1SO 11171 (b)

*Size Equivalence

Micron(c) Micron(b)

4.45 pum(b)
6.68 pum(b)
15.6 pm(b)

ACW-44
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C

3.

o

4.0

NRG

Secondary Calibration Fluid

Mean Particle
Concentration

Size

2007.9

1939.9

1273.8

851.2 iCP SCIENCE
500 8 {aw0y201 6820
445.7 d
Standard [ Coefficient of |  Table C2. ISO
| rianc 2 2010(E) | Status
Pass
October 3, 2013 3
1
ass
.
ISO 11171:2010 (E) E&=
Pass
NIST SRM2806a =
Pass
Pass
. Pass
> 79.
>20 65. 13 2.1% 2,4% Pass
>21 54. 12 2.2% 2,4% Pass
>22 45.
>23 37.
>24 30. 0.8 2.4% 2,9% Pass
>25 28 08 2.9% 2.9% Pass
>26 23.
>27 20.
>28 16. 06 3.6% 4.1% Pass
>29 14,
>30 10.¢ 0.4 3.8% 4,1% Pass
Attention: Due to a requirement in the of 1SO 11171:2010(E) norminal 2.8mgh

to a nominal 3.3mgl. For any questions please contact SCP SCIENCE.

Method of analysis and  This standard was prepared according toaclle
traceability:
life and product usage information.
REFERENCE VALUES:
None
APPROVAL AND DATE OF CERTIFICATION:

Certification Approval:
Certification Date:

© Copyrights 2022. All rights reserved.

Jee page 2 for sheif

3.

4

=)

°

Mean Particle Mean Particle
Slze Concentration Size g :::e::tar‘;:;:\ Concentration
_ umb) | (Particlesimt) | For size pmic)
10650.8
=5 B700 9 > 10196.6 8245.3
6 | 45005 = Fgm 51'5';
7 ey 4289.1 3320,
-8 5138.2 >7 25971 22407
>9 1516.5 = >8 2095.0 1551.6
: (&) 1508.7 1085.5
210 1094.7 qd >10 1099.1 786.5
>11 797.3 | ndara >11 815.8 574.6_
=12 | i w312 615.5 4789
>13 >13 469.7 320.8
| =14 >14 370.1 264.2
20
March 11, 2016 = October 24, 2016
. ; 241. 37 1.5% 21% 165.7
>18 153.. 32 21% 21% Pass > 194.: 136.9
>19 130. > 158. 28 1.8% 21% Pass 115.5
>20 11 18 1.6% 21% Pass :20 1: =5 5% T o 3
7:2 ?,;:g 15 16% 21% Dess 21 54 ) T6% 24% Pass 720 |
523 672 22 2 509
>24 56.4 1.2 2.2% 2.4% Pass 524 4, 14 25% 2.4% Pass Y. T
;gg :g.z 14 22% 24% Pass 525 4. 11 2.1% 2.4% Pass £
- — = — — E .
>28 33.1 08 2.8% 2.9% Pass >28 0.9 2.4% 2.9% Pass n/a
:g gg; 06 2.7% % Pass % ; 07 24% 25% Pass s
“i‘lb:ge‘ 2(;?;;; for sizes in pm{c) were oblained by mathematically converting the um{b) size counts from this lot per ISO
od of an: is al This standard was rod according to bold in Table This standard was prepared P Win Table 1
REFERENCE VALUES:
3.0 REFERENCE VALUES:
None
- None
éPPROVALAADNprDO‘II)aﬁi\TE OF CERTIFICATION: Fiioer @L:Q_ 25 /é‘:d :

Certification Date:

] I March 11, 2016 I

APPROVAL AND DATE OF CERTIFICATION:
Certification Approvill® cal
Certification Date:

Applications Calibration

- RM2806a / RM2806b / RM2806d

Cize Mean Particle
mic) Concantration
H (=Particles/mL)
=4 11133.8
- .
=G 48385.6
=7 3205 4
=2 | 2313.2
=3 1616.9
CON O =10 1125.0
Oil Analysis S¢ =11 BOG 1
w oeonrmon [ »12 608.1
Letblumoor: =13 482 3
Expirstion Dats: Je =14 3808
2.0 CERTIFIED VALUES AND ASSOCIATED UNCERTAINTY:
Table 1:
Size
wmic)
. ﬁ January 2, 2023
=5 N
=6 4
2 i ISO 11171:2022 (E)
=9
=10
= 1
== NIST SRM2806d
=14
ae s
: ; f?'; 28 1.6% 21% PASE
=19 150.
=20 1235 23 1.8% 2.1% PASS
=21 101. 2 2.0% 2.1% PASS
o 73
=24 B43 15 2.3% 2.4% PASS
=25 1.7 1.2 2.4% 2.4% PASS
=28 402
::g :4: 0.9 3.7% 4.1% PASS
=20 | 21.0
=30 | 18.6 07 3.8% 4+1% PASS

3

4

=1

o

Msthed of snslysiz and
traceability:

This standard was prepared aoocrding to
1 represent non-certified values derved
daza fcuic spline] per the standard ard pr
carosrirations in Table 1 determined on

2B0Bd. See page 2 for sheF [fe 2rd product usage intrmation

REFERENCE VALUES:
MNons

APPROVAL AND DATE OF CERTIFICATION:
Cartification App

oduction Managsr
Certification Dats: I January 2, 2023 I

e

ACW-45
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= NRG Applications Calibration

SRM2806 i Significant Changes

Standard Significant Changes

Discontinuation leads to change in calibration method (ISO 44020 11171).
SRM 2806 1997 First traceable MTD based calibration fluid. Due to change in accuracy particle
are reported as 4(c), 6(c), 14(c)um

SRM 2806a 2013 Counts reports as 4(c), 6(c), 14(c)um

Counts increased dramatically (approx. +40%). An-iatesratory study was
conducted and a calculate was determined to correlate the (c) and (b) flyigs (d
0.898d). Leads to ISO 11171:2016 revision.

Counts can be reported as either (b) or (gusing calculation

ISO 11171:2020 revision. Counts reported as (c) (the (b) reporting has now been
SRM 2806d 2022 eliminated). Fluid now certified using Inteaboratory Study (ILS).
Committee sets the ISO code as the priority!

SRM 2806b 2014

© Copyrights 2022. All rights reserved. ACW-46
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= NRG Applications Calibration
'; L -

Calibrating 38 & 70|J.m 40um PSL Fluid

140

A Larger particles calibrated = 12
using PSL fluid. 100

A Unaffected by MTD based
calibration fluid.

A No change for large
particles.

80

60

40

Differential Counts

20

0 dikindislesitienl il -
1000 2000 3000 4000
-20

Counter Channel Number

CINStan Calibration Kit

The CINRG CINStan Calibration Fluids Kit is suitable for a single
calibration of a CS-APC-2 or CS-APC-22M instrument. The kit includes;

CINStan (CONOSTAN) Super Clean Fluid (400 ml)

CINStan PSL40 SCF Blend - 40um monospheres in SCF (250 ml)
CINStan PSL70 SCF Blend - 70um monospheres in SCF (250 ml)
CINStan PSL100 SCF Blend - 100pum monospheres in SCF (250 ml)
PartiStan 2806 Calibration Fluid (400 ml)

© Copyrights 2022. All rights reserved.
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Calibrating 38 & 70um

Changes to ISO 11171:2022 allow for the use of
coarse test dust to produce secondary calibration
standards

A Must meet ISO 12103-1 specification

A Any size test dust may be used
A Al7 Ultrafine Test Dust (UTD) 0-10pm
A A2 Fine Test Dust (FTD) 0-80um
A A3 1 Medium Test Dust (MTD) 0-80pm
A A4 Coarse Test Dust (CTD) 0-180um

Standards made with coarse test dust

A Include 38um & 70um particle sizes

A Increased counts (3 mg/L into MIL-H-5606 fluid)
A Longer shelf life than PSL (2 years vs. 3 months)
A No preparation required

A Lower cost ($60 for 3.5kg of test dust!)

© Copyrights 2022. All rights reserved.

Applications Calibration

ISO 12103-1, A3 MEDIUM TEST DUST

IS0 12103-1, A3 MEDIUM TEST DUST Is used In many applications such as filter efficiency, fuel filter testing, hydraulic
filter testing, etc. Click on the following link to see a list of standards and specifications that use 1SO 12103-1, A3
Medium Test Dust. Filtration Standards & Specifications.

Click on the following link for chemical composition listed on the materlal safety data sheet. SDS

1SO 12103-1 ARIZONA TEST DUST CONTAMINANTS A2 MEDIUM GRADES

Iso Test Dust Particle Size Distributions by Volume %

~ 1SO 121031
£
097 20-24
138 38-44
275 103 - 111
5.50 221-232
11.00 423 -4386
22.00 625645
4400 820-835
88.00 947 -960
124.50 972 -986
176.00 99.0 — 100

Available in 1 Gallon Jars {3.5kg Net Weight)

ACW-48
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= NRG Operations Internal V ariance Limits

ISO 11171:2020 i Maximum Allowable VL

Settlng IVL If the mean number of particles counted is | Use these Values for the
Greater than maximum allowable Dq for
) o or equal to but less than an individual sample
Internal Variance Limits (IVL) 10000 1.0
Maximum allowable differences (expressed as 5000 10000 11.3
percentages) in particle counts between runs 2000 5000 115
1000 2000 13.4
500 1000 15.6
— : 200 500 19.3
Dq — X(maX)C X(mln) 100 200 27.5
X(ave) 48y D7647 - 10 (2018)
TABLE A2.1 Maximum Allowable Percent Differences in Particle
Counts Between Runs
. Average Number of Total e il
NOTE - o CoumZdar;eC:e;un. c ":’ercem D:\f:‘:feﬂ
A IVL settings are initially set to the values 10000 =C <= I
stated in 1ISO 11171 and ASTM D7647 3000 = & < 2000 134
A Can be changed in the software, oot sy o
however, can only be set lower. 50.= G < 100 s74
20=C <50 51.8

© Copyrights 2022. All rights reserved. ACW-49
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CIIUNRG Operations PCS and Verification Fluids

Process Control Statistics 1 CS-APC-2 Particle Counter PCS

Process Control

>4pm(c) 2pm >Bpmic) Spm >14pmic) 15pm
Cert Val 5239 2,274 182
Standards (PCS ~
¥ (Mean) 5,819 2,469 163
a (Std Dev) 474 2 28.9
ucL 6,510 2,957 315

UWL
LWL

A PCS should be made with =
test dust (increased counts) I
A PCS at beginning of run,

PCS at end of run Histogram of 14um Trend for 14um

AName sample P/| | T
automatically apply the L e A T

trol limits to the run
&« 0
3835 56 207 %32 138 182 225 70 314 358 Apr23  Apr26  Apr27  Apr28  Apr20  Apr30  May01 Msy02 Msy03 May04  Msy0S
e Or 1848 275 717 118 150 204 248 202 336 380 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

based on ASTM D7647

repeatability specification. ASTM D7647-10(2018) Precision Statement

TABLE 1 Temporary Precision with 95 % Confidence

Rapaatabil Raproducibilit Data Range Data Range

Parameter Units 271  otd dew 277 x sid dev Low High ’
Coumts =4 pm ., countsmb 30 e N3 % 150 110000
Counts =6 pm ., countaimb a0 % 76 % &0 &0 000
Counts =14 pm countsmL T3 % 135 % & 22000
150 =4 ym code value <1 1.7 14 24
150 =6 pm code value <1 1.2 13 22
150 =14 prm 4 code value 15 2 10 18

© Copyrights 2022. All rights reserved. ACW-50


http://cinrg.com/index.html

Maintenance
Maintenance Tips
Flanging Kit for System Tubing
Calibration Tips



http://cinrg.com/index.html
http://cinrg.com/index.html

c NRG Maintenance Sensor Backflush Procedure

Possible Flow Restriction Sites
In-line Filter

0 In-line 200um filter
o Remove the filter
o Open the filter at the o-ring
o Remove the fine metal mesh screen and
soak in toluene for 30 minutes
0 Rinse the screen with your system solvent,

and reinstall

9 Replacement Filter
o Filter can be purchased from any RCA
hobby shop.
o GreatPlanes.com P/N GPMQ4150

NOTE: Refer to page 42 of the CS-APC-2 System
User Manual.
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