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1.1

Introduction to the Linear Swell Meter 2100

Fann’s Linear Swell Meter, Model 2100 is designed to test shale hydration or
dehydration. Operators apply the information from this test to predict and correct
shale problems encountered during oil well drilling. Having this information helps
operators develop a drilling program that minimizes drilling risks and costs
associated with shale.

The Linear Swell Meter (LSM), Model 2100 includes an automatic measuring
system, compactor unit, and software.

The LSM software records the measurements and summarizes the results in a real-
time graph that shows the percentage of swelling versus time.

Background and Application

Much research and development has gone into developing chemical and
mechanical tests and methods that can measure the reactivity of shale. Currently,
tests are available for measuring shale properties, such as specific surface area
(SSA), total cation exchange capacity (methylene blue test), dispersibility and/or
erosion potential, swelling potential, and strength.

Interest in the swelling potential of shales (absorption of water) is reflected in a
variety of experimental procedures. For many years, soil engineers have used
simple field tests to measure swelling. The Linear Swell Meter uses the same
principle.

Shale samples may come from drilled cuttings, core samples, or another source.
Drilled cuttings are ground to a suitable particle size and then compressed under
pressure using a hydraulic compactor. This compacted material is wrapped in a
porous sleeve to minimize radial swelling during the test. This sleeve’s design
keeps the sample intact, minimizing crumbling or sloughing that is common with
shale.

Temperature can significantly affect the shale reactivity. Increasing the temperature
will increase the reactivity and reduce the swelling test time.

Swelling reactivity in reconstituted shale core samples is also dependent on the
shale type, its moisture content, and the pressure and duration of compaction
loading.

102114531 Revision E, October 2018 6
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1.2 Document Conventions

The following icons are used as necessary in this instruction manual.

> B> P @ P B

NOTE Notes emphasize additional information that may be
useful to the reader.

CAUTION Describes a situation or practice that requires operator
awareness or action in order to avoid undesirable consequences.

MANDATORY ACTION Gives directions that, if not observed,
could result in loss of data or in damage to equipment.

WARNING! Describes an unsafe condition or practice that if not
corrected, could result in personal injury or threat to health.

ELECTRICITY WARNING! Alerts the operator that there is risk of
electric shock.

HOT SURFACE! Alerts the operator that there is a hot surface and
that there is risk of getting burned if the surface is touched.

102114531
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2 Safety

Safe laboratory practices and procedures should be observed while operating and
maintaining the Linear Swell Meter. This section lists some precautions to follow.
For safe operation of the vacuum pump, drying oven and dessicator, see the
manufacturer’s instruction manuals.

2.1 Compactor

Make sure that the hydraulic pressure has been released and both pressure gauges
read zero before performing the following practices:

e Removing the core chambers
e Moving the compactor
e Refilling the hydraulic pump

e Performing any maintenance on the compactor

When refilling or repairing the hydraulic system, clean any spilled oil. Oil on the
floor makes the floor slippery and can cause someone to fall or be injured. Oil
spills on the bench or the compactor can cause dirt accumulation and can be a fire
hazard.

2.2 Measuring Unit

The electrical power cables to the LSM and the computer used with it should be
three-wire grounding cables and should be plugged into a grounded receptacle in
the laboratory. Make sure that the instrument power switch is turned OFF when
connecting the power cable.

2.3 Sample Preparation

Handle the Pyrex® evaporation dishes with care to avoid breaking them and being
cut by broken glass.

Avoid spilling the sample fluid when pouring it into the evaporation dish. If the
sample fluid is spilled on the instrument, it could get into the electrical parts and
damage the electrical components. If the sample is spilled, quickly clean the area. If
the spill is near any electrical components, unplug the instrument from the power
source before cleaning the spill.

2.4 Electrical Safety

102114531 Revision E, October 2018 8
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2.5

2.6

Unplug the instrument from the electrical power source before disassembling or
repairing the instrument. Usually, maintenance operations require removing the
bottom plate and back plate in order to access the inside. With these items
removed, the user is exposed to the electrical terminals and the risk of electrical
shock unless the instrument has been unplugged. If the power must be turned back
on during troubleshooting, please contact a qualified technician who has been
trained in safely testing electrical circuits.

Ergonomic Considerations

The Linear Swell Meter and compactor are large and heavy. Handle them carefully
when moving them during installation or maintenance.

The instruments can be easily moved within a lab, but because they are delicate,
avoid moving them. Two people should help move it.

Environmental Considerations

Follow proper handling and disposal practices for your samples.

102114531 Revision E, October 2018 9
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3 Features and Specifications

The Linear Swell Meter system features an automated measuring system with four
measuring heads. Four cores can be analyzed at the same time. The system is also
configured for connecting three additional four place measuring units. The operator
can start and stop any of the individual swelling tests at any time during the
sequence.

Data from these measurements is processed by customized software that features
real-time data logging and graphics. The software is Windows®-based and uses
menus for loading constants, configuration details, data files, and other
information.

This section describes the system’s components in detail. To perform this test, you
will need the additional laboratory supplies listed in Table 3-2. Laboratory supplies
are not included, but they are available for purchase.

The complete Linear Swell Meter 2100 system includes these items:

e a four-head measuring unit
e the compactor unit
e LSM 2100 software for Windows®

Figure 3-1 shows the measuring unit with a computer (not included).

Figure 3-1 Linear Swell Meter 2100

An additional four-place head unit can be connected to the existing head assembly
via a connector cable. No additional hardware or software is required for that
arrangement.

Specifications for the LSM are listed in Table 3-1.

102114531 Revision E, October 2018 10
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Table 3-1 Linear Swell Meter, Model 2100 Specifications

Category Specification

Maximum Operating Environment Temperature | 120°F (49°C)*

Maximum Sample Temperature 180°F (82°C)

Transducer Travel + 0.2 in. (0.5 cm)

_ _ Dimensions 33x13.25 x 15.5 inches

Tﬁij;““g Unit, | Width x Depth x Height) | 83.8 x 33.65 x 39.3 centimeters

Weight 60 1b (27 kg)
Dimensions 14.5x 16.5 x 16.75 inches

S(I){nelzzcmr’ (Width x Depth x Height) | 36.8 x 41.9 x 42.5 centimeters

Weight 64 1b (34 kg)

Electrical 115 VAC, single phase, 50/60 Hz, 2 A
*Prolonged temperature above 130°F can damage interior
electronic components

3.1 Measuring System

The Fann LSM 2100 system measures swelling by linear displacement using an
automated linear variable differential transformer (LVDT). It has multiple
measuring heads, allowing four cores to be analyzed simultaneously. The LSM
2100 software collects and processes the data from these measurements. It also
keeps a record of the data and graphs it in real-time. See Figure 3-1 for the system
and computer. The components of the measuring system are shown in Figure 3-2.

This measuring system offers independent dead-weight sample loading and
simultaneous automatic operation during the swelling phase of the test.

The LVDT has a maximum displacement of +/- 0.2 inches and measures the vertical
displacement of the sample within 0.1% accuracy. The mechanical restraining force
(pre-load) that is applied to the shale core sample during the swell test is 1.21 1b
(548.8 g). Additional pre-load can be applied using auxiliary weight. Adding this
weight brings the total pre-load to 4.41 Ib (2000 g). See Figure 3-2.

To obtain accurate measurements, core samples are held in a snug-fitting porous
sleeve (60 mesh core holder) during the swelling test. This sleeve minimizes radial
swelling, sloughing, and crumbling of the core sample.

102114531 Revision E, October 2018 11
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Figure 3-2 Active Measuring Head with Auxiliary Weight
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3.2 Compactor

A two-cell, hand-operated hydraulic compactor is used to compact the pulverized
core samples from drilled cuttings. Applying constant pressure up to 10,000 Ibs for
several hours to the core sample will form a satisfactory shale core plug.

Crushed shale is placed in the cylindrical mold (core chamber) that connects to the
compactor cell (hydraulic cylinder), where compaction (reconstitution) occurs.

COME{C?OH
-t Lt Core Pressure Gauge
Panel Valve

Compactor Hydraulic
Cylinder

Core Chamber

Core Chamber Cap Hand Pump

Figure 3-3 Compactor, Cell, and Pump
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3.3 Laboratory Supplies

Table 3-2 lists the laboratory equipment and supplies that are required to compact
samples into a core plugs and to perform a swell test. (See Table 3-2 for a complete
list of optional equipment available for separate purchase.)

Table 3-2 Laboratory Supplies and Equipment for Swell Measurements

Item

Use

Vacuum desiccator

To normalize the reconstituted core plug

Vacuum pump

Drying oven Temperature range 105°C or higher
Scale Weighto 25 g

Mortar and pestle To pulverize shale

Caliper, 0-1 inch

Measure to £0.001 inch accuracy

Sieve, 60 mesh

To wash the shale

Sieve, 200 mesh

To separate crushed shale

Spatula (2)

To mix moist shale

Evaporation dish

To contain sample during the swell test

Container with lid

To store shale test samples

Calcium chloride brine solution

To control sample humidity

Isopropanol
Synthetic sea water

To wash shale

Xylene To wash shale from oil based drilling fluids
Type D Durometer To measure shale plug hardness before test
Type A Durometer To measure shale plug hardness after test

102114531 Revision E, October 2018 14
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3.4 Computer Requirements

A computer that operates on Windows® XP or Windows® 7 is required. The LSM
2100 does not include a computer and monitor.

Please disable the sleep mode on your computer. When a test is
running, the computer is collecting data. If the computer goes into
sleep mode, data will not be collected.

3.5 LSM 2100 Software

This software provides data acquisition from one to eight channels. The main
display is shown in Figure 3-4.

From the main display, the user can start and stop a test using the menu options.
The main display shows the graphs and test data. Also, the swelling time (minutes)
and percentage of swelling appears in the top right corner when the cursor is placed
along a graph line.

&. LSM SN-16386AE [

File View Start Stop Setup Help

fa““® | inear Swer Meter 2100

Percent

0.5%-] \ \ | | D D 0 D D D | 0 D D | | 0 | | |
00:00 00:02 0004 00:06 00:08 00:10 0012 00:14 00:16 0018 00:20 00:22 00:24 00:26 00:28 00:30 00:32 00:34 00:36 00:38 0040

Test Start Time Sample Name Elapsed Time Current Change Sampling Rate

] Head 1 00:04 P 2/29/2012 fannll 00:20:34 3.9% 60/H
| Heaa2 BN 00:00 PM MM/DD/YYVY 00:00:00 0% o/H
ER 09:07 PM 2/29/2012 fann3 00:36:05 91% B0/H
A == 09:10 PM 2/29/2012 fannd 00:32:53 3.2% B0/H

Figure 3-4 LSM Control and Status Screen
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The program can be configured to automatically send an email report for all eight
channels for any of these conditions:

e Pre-set times of day
e When pre-set swell percentages have been crossed
e When pre-set slopes have been exceeded

If the program is shut down or the power fails, any tests in progress will resume
when the program is restarted.

102114531 Revision E, October 2018 16
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4 Installation
This section explains how to set up the equipment and install the software.
41 Measuring Unit

Select a suitable location for the LSM measuring unit. A suitable location is one
where the measuring unit can operate with minimum disturbance, has suitable
electrical power, and is near the measurement computer.

1. Connect one end of the cable to the USB port on the right side of the measuring
unit.

USB
Connection

Figure 4-1 Computer Connection on LSM

2. Install the proper fuses for the supply voltage.

3. Connect a power cord to the power receptacle on the measuring unit and to the
power source.

A Do NOT connect anything to the USB port.

4. Turn the unit on.

4.2 Compactor

102114531 Revision E, October 2018 17
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Carefully unpack the compactor and move it to the desired location. The compactor
does not have to be next to the LSM, but having it nearby is desirable.

It should be placed on a sturdy table, counter, or stand. Make space for the core

chamber, sample preparation, and clean up after the test ends.

4.3 Software Installation

To install the LSM software, follow these steps.

1. Insert the LSM software install the USB flashdrive into the computer.

2. If the installation process does not automatically begin, click Start, and then

Run. Browse to find the setup program on the USB flashdrive. Select the setup

program, and then click to open.

o' Music
b=/ Pictures

¥ videos

18 Computer
£, Local Disk (C:)
u Recovery (D:)
=a HP_TOOLS (E)
== Removable Disk |
bin

license
w Local Disk (Q:)

6 items

supportfiles

m

r | = !
s \-,/ |- » Computer » Removable Disk (G) » b ‘ \ea |1 search Removabte Disk (G o
Organize » Share with Burn New folder B [T \f:)

=
- - f— ; =
r Fauorites Name Date modified Type Size
Bl Desktop bin File folder
& Downloads license File folder
1=l Recent Places . supportfiles File folder
|| nidist.id ID File 1KE
- Libraries o setup Application 1,345 kB
| Documents 4| setup Cenfiguration sett... 47 KB

102114531
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3. When the setup program appears in the Run dialog box, select OK.

4. Wait for the software to install.

5. Select where you want to install the software.
149 LSM2100 [E=REE )

Destination Directory
Select the primary installation directary.

Al software will be installed in the following locations. To install software into a
different locations, click the Browse button and select another directory

Diirectomy for LSM2100
|C:'-.ng|am Files &B6)\Fann.LSM2700%

H Erovize.. ]

Directory for National Instruments products
|C:"-.F‘rng|am Files {<BE)\National Instruments®.

‘ [ Browize: ]

<< Back || Nest 22 ‘ [ LCancel

6. When prompted, accept the End User License Agreements (EULA) and the
default installation paths. Click Next.

7. Continue with the installation process, following the prompts, and clicking
Next when required.

153 LsM2100 [E=REEN
e —

Start Installation
Fieview the following summary before continuing.

Adding or Changing
* L5#2100 Files

Click the Mext button to begin installation. Click the Back button to change the installation settings.

[gave File... ] [ << Back ” Mext > | [ LCancel

Start Installation

102114531 Revision E, October 2018 19
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43 LsMm2100 = X

Overall Progress: 85% Complete

<< Back Hext »»

Installation in progress

47 LSM2100 (o= e
O

Installation Complete

The installer has finished updating your system

<< Back Mewt> || Finkh

Installation complete

8. When the software installation is complete, the system will require restart.
Follow the prompt on the screen and restart the computer.

9. After the computer restarts, the LSM software will start automatically. The
prompt will say, “Machine is not connected. Please restart the program.” Click
OK. The program will close.

10. After the program closes, connect the computer to the instrument via USB
cable.

102114531 Revision E, October 2018 20
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4.4 User Configuration
Before the LSM 2100 program can be used, it must be properly configured.

1. Start the LSM software by clicking on the LSM.exe shortcut on the computer
desktop.

2. From the top menu bar, select the Setup button, then System.

File Wiew 5tart Stop Em Help

®
fa I'I I'I Motification

Instrument Company

LSM Setup Menu

3. Adjust these System Setup values:

e Lab Name — this name will appear on the test reports

e Machine Name — a unique identifier for each LSM instrument in the lab
¢ Output File Type — Comma Separated (CSV) or Tab Separated (TSV)

e Length Units — Inches or Millimeters

e Machine SN — Serial Number for the machine that the software connects

b} System Setup

— =)
System Setup

Machine Setup | Mail Setup |

Lab Hame

Machine Name Machine S
LSM 2100

Qutput File Type Length Units

Comma Separated lz‘ Inches lz‘

System Setup — Machine Setup
4. Select the Save button when complete, or select the Mail Setup tab.

5. Configure the Mail Setup as instructed by the facility’s information technology
group. Select Save when finished.
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r 1
i3 system Setup — Iéj

System Setup

Machine Setup ~ Mail Setup |

Mail Server Port

Mail Server 5 -
Username Foer |

[7] Authenticate? |Usermame | |

System Setup — Mail Setup
6. From menu, select the Setup button, then Notification.
7. Adjust and save these Notification Setup values:

e Notify at These Time of Day
e Notify When % Swell Crosses These Values
e Notify When This Slope Is Exceeded

e Notify E-Mail - enter the E-mail addresses to receive these notification
messages.

ﬂ Notification Setup {&J

Notification Setup

Notify at These Time of Day:

-~

Notify When % Swell Crosses These Values:

~

Notify When This Slope Is Exceeded:

% per minute
0%

Notify e-Mail

¥l Notify? Cancel

Notification Setup

102114531 Revision E, October 2018 22
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8. Enable all notifications by clicking Notify?.

9. Right click and select Delete Element to clear the values and disable individual
notification types.

-~

Reinitialize to Default Value
Copy Data
Swe  Description and Tip...

Insert Element Before
Delete Element

o

Notification Setup Menu

m The email notifications report the values for all measuring heads.
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5

5.1

Operation

This section describes the operations involved in using the Linear Swell Meter. It is
organized in these subsections:

e Sample Preparation

e (alibration

e Shale Core Plug Installation
e Test Start-up

e Test Shutdown

Disable the sleep mode on your computer. When a test is
running, the computer is collecting data. If the computer goes into
sleep mode, data will not be collected.

Sample Preparation

Shale core samples for these tests are compacted (reconstituted) using the two cell
hydraulic compactor. Pulverized shale is placed in a cylindrical mold, and then
compacting pressure is applied and maintained during compaction.

Tests indicate that a constant pressure of 10,000 Ibr applied for 1.5 hours results in
satisfactory shale core plugs. Approximately 20 grams of 200-mesh material will
yield a cylindrical core plug of 1-1/8 inch (28.6 mm) diameter and 5/8 inches (15.9
mm) height. The material quantity and length will vary with the type of shale or
clay.

This procedure shows how to prepare a reconstituted shale core sample suitable for
testing. It is recommended that you prepare all samples that are needed for an
investigation at the same time. Several steps require considerable processing time
which will be the same whether one or a group of samples are being prepared.
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5.1.1 Prepare the shale

Determine the source of the shale to be used for the test — drilled cuttings, core
samples, or other source.

If the shale comes from drilled shale cuttings, collect these cuttings from rig shaker.
These cuttings are usually contaminated with drilling fluids and have been exposed
to the atmosphere.

1.

Obtain sufficient sample to reconstitute the number of shale cores required.

Allow about 30 grams for each core sample plug needed.

A\
A\

A. Drilled Cuttings

1) Wash the cuttings with water on a 60-mesh sieve.

2) If the cuttings sample is very dispersed, use synthetic seawater or
isopropanol to wash them.

Isopropanol is highly flammable and has strong vapors. Keep
away from heat, sparks, or open flame. Avoid skin and eye
contact. Provide good ventilation and avoid inhalation.

3) Wash oily cuttings with xylene first, and then wash with isopropanol.

Xylene is flammable and has strong vapors. Keep away from
heat, sparks, or open flame. Avoid skin and eye contact. Provide
good ventilation. Avoid inhalation.

4)  Dry the sample in an oven at 220°F (105°C) for 4 hours.

5) Store the clean cuttings in a vacuum desiccator containing saturated
calcium chloride brine solution. This solution is needed to maintain a
constant humidity of 29.5%.

. Core Samples

If the shale sample comes from a core or other source, it probably does not
need cleaning. Store the sample in a vacuum desiccator as previously
described.
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2. Obtain approximately 25 grams of the shale sample from the desiccator.

3. Grind the shale sample to a particle size that will pass through a 200-mesh (75-
micrometer opening) sieve. Repeat this step until all the shale sample passes
through the screen.

will contain sufficient moisture. Therefore, you can skip the next

@ If the shale sample came from drilled cuttings and was washed, it
step.

5.1.2 Measure the moisture content

1. If the shale sample is from a core or other source, determine its moisture content.
Weigh approximately 5 grams of the ground sample and then dry this sample in
an oven at 220°F (105° C) for two hours.

2. Weigh the sample after it has cooled to room temperature, and then calculate the
moisture content. If the moisture content of sample is approximately 5%, go to
step 4. If the moisture content is greater than 5%, then dry the sample in the oven
and weigh it again after is has cooled to room temperature.

3. Ifthe moisture content is less than 5%, add sufficient deionized water to make
up a total of 5% water by weight.

a. Mix thoroughly by kneading the mixture with two spatulas.

b. Transfer the mixture into mortar and grind the mixture gently with a
pestle until the sample passes through a 200-mesh screen.

Do NOT exceed 5% water in the sample. Samples with moisture
content greater than 5% may not compact sufficiently.

4. Transfer the mixture from the mortar to a container with tight lid for storage
until needed for compaction.
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5.1.3 Compact the shale

1. Align the “O” on the cap with the arrow on the core chamber.
See Figure 5-1.

“O” on Chamber Cap “I” on Chamber Cap

Figure 5-1 Compactor Cell with Core Sample

The cap can only be installed or removed when the “O” on the
cap is in line with the arrow on the chamber. See Figure 5-1.

2. Turn the cap 1/4 turn until the detent snaps into place and the arrow on the
core chamber is aligned with the "I'" on the cap as shown in Figure 5-1.

3. Place the core stop in place in the cap, point down, then place the acrylic
spacer disk on top of the core stop. See Figure 5-2.

4. Pour 20.0 grams of the prepared shale powder sample into the cell. Place
the second acrylic spacer disk on top of sample and press firmly. Refer to
Figure 5-2.
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. b+~ ACRYLIC DISC
(209780)

TRl CORE SAMPLE
MATERIAL

\L ™~ E}ORE CHAMBER

209775)

I~ ACRYLIC DISC
(209780)

D T~ CORE STOP

(209779)

O
\ CORE CHAMBER

CAP (209776)

Figure 5-2 Core and Core Chamber Layout

5. Attach the core chamber assembly to the cylinder of the compactor unit.
Rotate the core chamber assembly, as a unit, 1/4 turn until the detent snaps

into place and the arrow on the core chamber is aligned with the "I" on the
cylinder. See Figure 5-3.

Compactor Cylinder

Core Chamber

Core Chamber Cap

Figure 5-3 Core Chamber Assembly onto Compactor Cylinder
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Make sure that the core chamber cap is assembled properly onto
the core chamber and that the core chamber assembly is
assembled properly onto the compactor cylinder. Separation of

these parts while pressure is applied can cause injury.

6. Close the pressure release valve on the hydraulic pump and open the cell
panel valve for the cell (Figure 5-4) to be pressurized.

] for
. Linear Swell Meter 2

'-"-'; ,LBS FORC 3:

X 1000 12 < 4
N

ann Instrument Company

|8

Figure 5-4 Panel Valve And Pressure Gauge on Compactor Cell
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7. Using the hand-operated hydraulic pump, apply hydraulic pressure until the
pressure reaches 10,000 1br on the shale (until the pressure gauge reads
compactor pressure of 10,000).

Note: due to the geometry of the compactor cell, the pounds
m force x 1000 (Ibf) value reading on the gauge can be read as an

approximately interchangeable reading for psi.

The pressure will drop when compacting begins. Maintain the
pressure at 10,000 Ibs by operating the hand pump.

8. At approximately 10 minute intervals, readjust the pressure to 10, 000 Ibg
until it remains constant. After each pressure adjustment, close the panel
valve to avoid bleed off to the pump.

9. Maintain the pressure for 1.5 hours. Open the panel valve and adjust
pressure at ten minute intervals as necessary. Close the panel valve after
adjusting the pressure.

10. Release the pressure by turning the panel valve to open, and then turn the
release valve on the hand pump.

11. Screw the extractor tool into the bottom cell cap and tighten it to force the
core slightly upward and release the pressure on the bottom cell cap.

O
\ CORE CHAMBER

CAP (209776)

= CORE EXTRACTION
= / TOOL (209783)

| )

Figure 5-5 Core Extraction Tool

12. Remove the bottom cap from the cell.
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13. With the pump release valve closed and the panel valve open for the cell
being disassembled, slowly apply enough pressure to expel the core stop,
the lower acrylic spacer, and the core from the compaction cell.

14. Immediately weigh the reconstituted core plug and place it in the vacuum
desiccator.

15. Apply a vacuum to the desiccator for 5 minutes.

16. Let the core plug sit in the desiccator for at least 24 hours before starting the
swelling test.
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5.2 Calibration

Each measurement channel must be calibrated before starting a test. This requires a
certified thickness calibration disk and a suitable calibration spacer block.

1sing a previous calibration. To do so, select the Use Existing

m Although not a recommended practice, it is possible to begin a test
Calibration button (see figure below).

| Set First Calibration Point l

Set Second Calibration Point

| Clear and Re-Start Calibration I

| Use Existing Calibration |

Calibration Disk Thickness {In} | 0.15

Last Calibration
00:00 PM MM/DD/YYYY

Cal Volt/mm i]

Calibration Menu
To begin a new calibration, proceed as follows:

1. Start the LSM software by clicking the desktop icon. Wait for the software to
fully load (~ 2 minutes or less).

LSM Desktop Icon

2. To make the channel measurement head active, on the Start menu, click the
head number. The Calibrate and Start Test for Head screen will appear.
(The example shows Head 1).
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-
4 LSM SN-16054DF

File View G0 Stop Setup Help

Head 1
fal Head 2
Instrumen; Head 3
Head 4

0.1%-

LSM Start Menu

r
& Calibrate and Start Test for Head 1

Position the measurement head and place
the calibration block under it.

Click "Set First Calibration Point” when
ready.

Verify the calibration disk thickness.

Insert the Calibration Disk and

«click "Set Second Calibration Point”.

Click "Next =" when ready.

Set First Calibration Point

Set Second Calibration Point

‘ Clear and Re-Start Calibration {

Use Existing Calibration {

Calibration Disk Thickness {In) | 0.15

Last Calibration
00:00 PM MM/DD/YYYY

Cal Volt/mm 0

Example - Head 1 Calibration

Initially, the height of the head may be out of range (identified by
partially or fully red-filled cylinder) or in range (blue-filled).

When a head indicator shows red, it is out of the measurement

range for the transducer. The Next > button is inactive. The user
cannot start the test. Correct the out of range condition by

adjusting the measurement head with the UP/DOWN switch on

the front panel on the instrument.
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(& can : Vit
& Calibrate and Start Test for Head 1 E

[

Position the measurement head and place
the calibration block under it.

Click "Set First Calibration Point” when
ready.

Verify the calibration disk thickness.
Insert the Calibration Disk and

«lick "Set Second Calibration Point”.

Click "Mext =" when ready.

Set First Calibration Point |

Clear and Re-Start Calibration l

|
| Set Second Calibration Point |
|
|

Use Existing Calibration l

Calibration Disk Thickness (In) | 0.15

Last Calibration
08:55 PM 3/6/2012

Cal Volt/mm  0.364362

& o worers ] W L
& Calibrate and Start Test for Head 1 .

[

Position the measurement head and place
the calibration block under it.

Click "Set First Calibration Point” when
ready.

Verify the calibration disk thickness.
Insert the Calibration Disk and

«click "Set Second Calibration Point”.

Click "Next =~ when ready.

Set First Calibration Point |

Set Second Calibration Point |

Clear and Re-Start Calibration I

Use Existing Calibration I

Calibration Disk Thickness (In) | 0.15

Last Calibration
00:00 PM MM/DD/YYYY

Cal Volt/mm i}

Head Indicator out of Range

3. A non-compressible spacer (e.g., aluminum or stainless) with parallel top and
bottom surfaces approximately 1.25 inches (3.17 cm) thick should be placed
below the measurement head. This thickness is approximately the same as a
compacted sample. See Figure 5-6.

4. Press and hold the Down switch on the LSM base to lower the channel
measuring head so that it will touch the spacer. Lower the measuring head until
the position indicator turns blue, which should be in the lower half of the scale.

Figure 5-6 Spacer Block

5. When the position indicator turns blue (ready), click Set First Calibration

Point.
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-
& Colibrate and Start Test for Head 1] 1y | | ==

Position the measurement head and place —
the calibration block under it.

Click "Set First Calibration Point” when
ready.

Verify the calibration disk thickness.
Insert the Calibration Disk and

click "Set Second Calibration Point”.
Click "Next =" when ready.

Set First Calibration Point

\ l
‘ Set Second Calibration Point |
‘ Clear and Re-Start Calibration I
\ l

Use Existing Calibration

Calibration Disk Thickness In} | 0.15

Last Calibration
00:00 PM MM/DDAYYY

Cal Volt/mm a

4

Example — Head 1, First Calibration Point

6. Manually lift the measurement shaft upwards, and place the certified calibration
disk (Figure 5-7) between the spacer block and the head.

The calibration disk must be certified to have 0.150 in. thickness

Figure 5-7 Certified Calibration Disk

7. Lower the head onto the calibration disk.
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Figure 5-8 Calibration Disk on Spacer Block

8. Observe the position indicator. It should be blue and stable. If so, click Set
Second Calibration Point. If the measurement does not stabilize or the
position indicator becomes red, restart the entire calibration process. If after two
attempts to calibrate, the measurements are not the same, then the LVDT may
be defective. Call Fann Instrument Company for service.

-
& Colibrate and Start Test for Head 1] 1y | | ==

Position the measurement head and place
the calibration block under it.

Click "Set First Calibration Point” when
ready.

Verify the calibration disk thickness.
Insert the Calibration Disk and

click "Set Second Calibration Point”.

Click "Next =" when ready.

Set Second Calibration Point

‘ Set First Calibration Point
\
\
\

|
I
Clear and Re-Start Calibration I
I

Use Existing Calibration

Calibration Disk Thickness In} | 0.15

Last Calibration
00:00 PM MM/DDAYYY

Cal Volt/mm a

4

Example — Head 1, Second Calibration Point

m The new calibration is retained even if you do not start a test.
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9. The calibration of the head is complete. Manually raise the shaft and remove
the spacer block and calibration disk.

10. The next button will become active (gray to active). Click Next to continue
onto the next screen to allow test sample information to be entered.

screen change to allow test sample information to be entered.
Done (lower right) is grayed out until this basic information is
entered.

m Only after a channel has been successfully calibrated will the

& Calibrate and Start Test for Head 1 | |

Enter a sample name, initial length, and
test file name.

Place the sample under the measurement
head.

Pour in the fluid to be tested, and click
"Done".

The test begins when "Done” is clicked.

Sample Mame
testl

Initial Length File Mame

0.63 Test Data File

Location
g C\Users\LSM\Dacuments

File Mame
benll.csv
Time (Hr) Samples / Hour
A 3
W 57 60
2 .
¥’ g
24 o
v’ vl

Cancel Done

Start Test — Test Data Entry

11. Enter a name for the sample in the Sample Name box. The same sample name
may be used for multiple tests.

12. Accurately measure the core length (inches) with digital calipers and enter the
initial length of the sample in the Initial Length (In) box.

13. Select Test Data File, and enter the desired location and file name. The file
name must be unique.

14. After entering data in Sample Name, Initial Length, Location and File Name
fields, Done will change from gray to active.
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& Do NOT click the Done button yet!

15. Different sampling rates may be set for three time periods (maximum). Set the
values in the Time (Hr) and Samples / Hour windows for the desired time
periods and sample rates.

Entering a time of zero (0) means to run continuously at the
m specified sample rate. The Samples/Hour field must have values

of 1-60 (i.e., 1 sample per hour to 1 sample every minute).

For an example, see the following screen capture (a section on the Calibrate and
Start Test screen previously shown). Sampling takes place as follows:

e From start to 3 hours, data is recorded 60 times per hour (once every
minute).

e From 3 to 8 hours, data is recorded 5 times per hour (every 12 minutes), and
after 8 hours, data is recorded once per hour.

Time (Hr) Samples { Hour
frjﬂ Ejan
35 Ej?
Ejﬂ Ejl

Sampling Rate Screen Capture

The values that you enter in these fields cannot be changed after the test starts.

& Do NOT click the Done button yet!

16. After entering your sample data, you will set up your sample in the
measurement head.
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5.3 Shale Core Plug Installation

This section explains how to install a core plug onto a measuring head and plot one
channel. Installations can be made simultaneously or sequentially as desired. The
LSM measuring heads are completely independent of each other.

1. Take one core sample from the desiccator.

2. Weigh the core and accurately measure the core length in inches with a caliper.
Should the core have any flashing on it, this should be removed by rubbing on a
piece of sandpaper or with a sharp knife before weighing and measuring.
Record the weight and length on the data sheet.

3. Measure the hardness of the core with a type D durometer (Model 307L, P/N
205253). Record the hardness on the data sheet.

4. Stack an acrylic disk spacer (1.125 inch diameter and 0.19 inch thickness), the
core sample plug, and the Teflon® plunger cap. Wrap the core holder around the
stack and secure with the core holder lock. See Figure 5-9 and Figure 5-10.

el
ti \O—R\NG

(207738)

f L

1 |

| |

| | TEFLON

B PLUNGER CAP
(209760}

Sl _ CORE SAMPLE

D ACRYLIC DISK
(505780)

__—CORE HOLDER
2. INSTALL %:%\CORE STACK
CORE HOLDER

4‘ ‘«PULL EARS TOGETHER

1. CORE STACK

.
|~CORE LOCK (209725)
CSLIBE INTO EAR GROOVES

3. INSTALL
CORE LOCK

CORE HOLDER
(209788)

Figure 5-9 Step-by-step Assembly for Shale Core Plug
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Teflon Sleeve

Retaining Clip

Core Holder

Core Stacked on
Acrylic Disc

Figure 5-10 Spacer and Core Plug Stacked in Core Holder

5. Place a Pyrex® evaporation dish (or sample cup) under the measuring head. See
Figure 5-11.

Figure 5-11 Evaporation Dish under the Measuring Head

6. Lower this measuring head by pressing and holding its rocker switch in the
down position and at the same time pressing the release switch (Position
Release) on the right end of the LSM (Figure 4-1).
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7. Continue lowering until the core assembly touches the bottom of the
evaporation dish as indicated by the red pilot light in the head lighting.

8. Continue lowering the measuring head until the bar graph turns blue (usually in
the lower 1/3 of the range).

(1.21 pounds). If desired, place the auxiliary loading weight on
top of the displacement plunger to obtain a total loading of 2000
grams (4.4 pounds). Record the Loading to be used 550 grams
or 2000 grams on the data sheet.

m The loading weight of the plunger and plunger cap is 550 grams

5.4 Test Start-Up

1. Place your test sample up in an appropriate vessel and center it beneath the
measurement head.

2. Manually lower the measurement head (use the switch on the front of the
measuring unit) until it contacts the sample and the bar graph turns blue
(usually in the lower 1/3 of the range).

& Cotteate snd S Tenfor Hest 1| i | 5 iéli]

Lrder 5 wamgle rumme, indtial bength, and
st B e,

Place Ihe wample under the meanarement
head

Pour in the Muld to be bested, and ool

Thee ewl Baogina wisen Do i Claciued

Samgie Mame
test]
Irutiad Length ’ Fie Name
o8 [ tetomarie |

Letatsen
% CAUsers\LSM Do uments

Ve Name
benll.cov

Teme (0 Sampies [ Mo
A A
tr 3 7 L
A A
7 3 o 3
7° -1

—

3. Carefully pour the drilling fluid into the vessel surrounding the sample.

4.  When you are ready to begin the test, click the Done button.

102114531 Revision E, October 2018 41



fannmn

LSM 2100 Instruction Manual

5. Repeat the steps for calibrating, installing the shale core plug, and starting the
test until all channels and samples are done. Enter a unique file name for each
test that you start.

Figure 5-12 Test in progress

5.5 Test Shutdown

On the Stop menu, click the Head number on which you want to stop the test, or
select AllL

Repeat for additional channels (if all was not selected).

. LSM SN-16054DF

File View Start [S&0 Setup Help

fann
Instrument Comp,

0.1%-

All

Stop Menu for ending test
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6 Test Analysis

The LSM 2100 software records and graphs the test data. The test results are
graphed to show the percent of swelling versus swelling time.

This section explains how to use the software to view and print the test results.

6.1 View Test Data

It is important to know where your files are stored. It is recommended that you use
the same folder for storing all tests. Some users create unique folders for each
customer or sample type.

1. To open a test file, open the Report Manager section. From the File menu,
click Report.

&b, LSM SN-16054DF

View Start Stop

®
Exit n

Instrument Company

AN

LSM File Menu

2. In Report Manager, click Open from the File menu, and browse to the desired
file location.

r
i Report Manz

Edit

Open

Print

Exit

Report Manager File Menu

3. Select the desired file, and then click Open. The next screen capture will
display the test report.
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r = 3 ~
4. Open File airwr [
Savein: 3 Documerts - @ s sl
I Name : Date medified Type
ehe gt J LabVIEW Data 3/5/2012 9:27 PM File folder
Recent Places ) py Music 2/28/20128:45PM  File folder
! o My Music 7/14/200912:08 AM  File folder
@ My Pictures 2/28/2012 8:45 PM File folder
Desktop a My Pictures 7/14/200912:08 AM  File folder
—_ 2 My Videos 2/28/2012 8:45 PM File folder
u=all g My Videos 7/14/200912:08 AM  File folder
Libraries . YouCam 2/9/20121:27 AM File folder
@ benl 3/1/2012 8:53 PM Microsoft
;:ﬁ @ ben3 3/1/2012 8:53 PM Microsoft
Computer @ bend 3/1/2012 8:53 PM Microsoft
@
LY 1 1 b
Network
File name: ben -
Save as type: [CS‘J (".csv) v] [ Cancel ]
S Report Manager = =
File Edit
. fann
25.0%
. — | —
20.0%
- =
25.0%
225%
2 200%
H -
£ 17.5%
E 15.0% WA
< 125% 7
10.0% /
7.5% ,
5.0% I
25% l
00%
-2.5%
00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 0800 0800 10:00 11:00 12:00 13:00 14:00 15:00 1600 17:00 18:00 18:00 20:00 21:00 22:00 23:00 2400
Chart 1 Chart 2 Time Chart 3 Chart 4
Sample Name: fann11 Sample Name: fann3 Sample Name: fann4
Test Date: 29 Feb 2012 Test Date: 29 Feb 2012 Test Date: 29 Feb 2012
Tested by Tested by Tested by Tested by
File File File File
benl.csv ben3.cev bend.cav
Comments Comments. Comments Comments
|| Printed
06 Mar 2012 10:06 PM

4. The information in the boxes below the graph can be edited. To change the

Test Report on Report Manager

contents, click inside the box and enter the new information.
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Comments for the test report only. This information is not stored

m You can enter information in the fields, Tested by and
with the test data.

5. The displayed test reports can be printed, or printed to a PDF report, if PDF
printer software (not included) has been previously installed.

6. Up to four test charts can be displayed in Report Manager at the same time.
To open additional test charts, repeat the previous steps.

7. To clear all the displayed test reports, select Clear Report from the Edit menu
bar.

4, Report Manager

Clear Report |

Report Manager Edit Menu

8. The actual test data is stored in either a comma separated value (CSV) or tab
separated value (TSV) format.

l bent - Notepad T e
File Edit Format View Help |
r:\Usersh\LsMYDocuments'benl. csv -

sample Name: fannll |
Test Date: 29 Feb 2012 =
Test Time: 21:04

Author: LsM

Ver: 3.0

Initial Length(In): 0.6000
Sampling:
0 60
0 1
0 1

Time{sec),Percent
1.0651,0.0958
60.1954,0.2259
120, 5469,0, 5271
180.5523,0.6572
240.0917,0. 8420
300.6962,1.0611
360.6576,1.4923

L) F

Test Data in CSV
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6.2 Adjust Graph Settings

The line style, line color, line weight, and point style for each measurement head
can be individually adjusted.

Right click on the plot legend to display the settings and make the desired changes.

4 Plot Visible

Common Plots

Color
Line Style
Line Width

-01%-1 .
0000 00:00  Anti-Aliased |
Bar Plots b fime
Head 1 E F|IIBaseL?ne > .
Interpolation »
B tessz Point Style y lDD.
Head 3 E ,
V| Headd B§ X Scale y DD
¥ Scale » /DD,
—— o gy ™

Graph Settings Menu

6.3 View Test Setup

To view test setup information, click Test Setup from the View menu.

ot LSM SN-16054DF
File Start Stop 5

Test Setup

LSM View Menu

On the Test Information window, you can see the setup for each measuring head.
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Head 1 | Head 2 | Head 3 | Head 4 |

Test File

Sample Mame:
sample Initial Length: 0

Last Calibration :

Sampling Scedule
L Time Duration Samples per Hour

Step 1 0 0
Step 2 [i] [i]
Step 3 0 0

Test Information Window
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7 Troubleshooting and Maintenance
The Fann Model 2100 Linear Swell Meter is a precision measurement instrument.

This section helps the user solve problems that can be fixed easily and recognize
problems that require outside assistance.

This section discusses these topics:

e Troubleshooting
o Safety
e Hardware testing and repair

e Processor unit testing
7.1 Troubleshooting Tips

The following tables list symptoms, causes, and solutions for common problems
associated with the compactor and the Linear Swell Meter.

Only qualified personnel who are specially trained in the
construction and repair of the LSM should attempt electronic or

hydraulic repairs.
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Table 7-1 Compactor Troubleshooting Guide

Problem or Symptom

Possible Cause

Corrective Action

Hand pump will not build
pressure.

Pump release valve is open.

Close the valve.

Panel valve to unused
cylinder is open.

Close the valve.

Hand pump oil reservoir is
low or out of oil.

Check and refill the oil
reservoir.

Compactor pressure cannot
be maintained.

Leakage back into pump.

Close the panel valve.

Air is in the hydraulic
system.

Bleed the system.

Core is extruding from core
chamber around bottom of
cylinder.

Core sample is too wet.

—GALIGE

i_i

PAMEL WALVES

| |

| |

| |

] | |
| |

| |

| |

PUMP BLEED OFF VALVE — ) I
y I

PUMP OIL RESERVOR— | !
+ .

d

Figure 7-1 Hydraulic Flow Diagram for Compactor
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Table 7-2 Linear Swell Meter Troubleshooting Guide

Problem or Symptom

Possible Cause

Corrective Action

Measuring Head will not
move in either direction
and motor makes no sound

No power to Linear Swell
Meter.

Check power cable and power
source.

Power switch turned “OFF.”

Turn power switch “ON.” Light
in the switch should glow.

Fuse is blown.

Replace the fuse (1 Ampere).

UP/DOWN and POSITION
RELEASE switches are not
held at the same time.

Press and hold the switches at the
same time.

Defective motor and/or
capacitor.

Replace motor and/or capacitor.

Motor runs, but head does
not move up or down.

Set screw that connects
motor to elevating screw is
loose.

Tighten set screw

The pilot light will not
light.

Sensor position stop
misadjusted.

Adjust position stop screw.

Defective resistor and/or
diode.

Check resistor and diode on
terminal strip positions 1, 2, and 3.
See the LSM wiring diagram,
Figure 9-1. Replace defective
parts.

Sensor position switch
defective.

Replace switch.

Pilot light defective.

Replace pilot light.

Pilot light on continuously.

Sensor position switch
defective.

Replace switch.

Sensor Bar on computer
screen is not near zero.
Computer is in Calibrate
Mode.

No power to Linear Swell
Meter

Check power cable and power
source.

Transducer not at zero
position.

Raise or lower sensor head by
operating the motor.

Cable between Linear Swell
Meter and computer is
unplugged or not making
connection.

Check cable and cable
connections. See Figure 9-1.

No signal from Linear Swell
Meter.

Check USB cable connection.
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Problem or Symptom

Possible Cause

Corrective Action

Broken wire or defective
connection to 14 VDC power
supply, or defective power

supply.

Replace wire, repair connection,
or replace power supply. See
Figure 9-1.

Computer does not respond
to movement of sensor bar.

Defective transducer.

Disconnect transducers, one at a
time, and determine if the 10V
returns at TP-10 to GND. Check
connector on end of the transducer
cable. If defective, repair or
replace the transducer.

Defective Plus and Minus
12V DC power supply.

Check for voltage TP-12V+ to
GND on power supply. Replace if
bad.

Improper transducer output.

Inspect the transducer cable
connector for broken or damaged
wires or pins. Repair wiring.
Remove the sensor body cover and
verify the core rod is mechanically
passing through the transducer.
Repair as required.

Test the LVDT for defective
channel. Channels 1-4 measure
voltage Ry, R4, Re, Rs, respectively
to ground. Voltage should change
from 1.5 to 5 V DC when core rod
is moved through the transducer.
Move core rod by raising and
lowering the measuring plunger.

If defective, replace the transducer.
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7.2

Maintenance

This section contains information and instructions for performing maintenance and
repairs on the Model 2100 Linear Swell Meter.

7.2.1 Safety Precautions

Perform the following safety procedures before performing in-depth maintenance
on the Model 2100 Linear Swell Meter.

& You can be injured or the equipment can be damages if you fail to

follow these safety precautions.

1. Turn off the power switch and disconnect the power cable to LSM.
2. Relieve the compactor pressure.

3. Let the unit cool to room temperature.

7.2.2 Compactor and Pump Maintenance

The LSM compactor is basically a hydraulic hand pump joined to a hydraulic
cylinder. The cylinder plunger applies pressure to the core holder and compresses
the pulverized shale into a plug.

Keeping this hydraulic system clean and free of oil leaks is important. This section
provides steps to add oil to the hand pump when it is low and to replace O-rings
when oil leaks from the compactor.

See Figure 9-3 for the hydraulic schematic diagram. See Figure 9-6 and Table 9-4
for assembly and parts location of the hydraulic pump.

Oil Level

At startup of compacting a series of cores, check the hydraulic oil level in the hand
pump.

1. Tip the compactor on its back with the handle end on the hand pump up.

2. Remove the fill cap and observe the oil level on the dip stick attached to the
plug.

3. Add hydraulic oil (P/N 207805) to the level indicated on the dip stick.
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4.

Replace and tighten the plug, and then set the compactor right side up.

Oil Leaks

Inspect the outside of the pump and around the compactor cylinders for hydraulic
oil. Total inspection of the entire hydraulic system requires removal of the stainless
steel cover behind the panel.

Leaks usually result from a loose or damaged tubing fitting or a worn or damaged
O-ring. A leaking fitting may require tightening or disassembly and replacement of
the ferules. Leaking O-rings require replacement. Refer to the following repair
procedures.

1.

9.

Make sure all hydraulic pressure has been released and that the compactor ram
is in the full UP position.

Remove the core chamber and core chamber cap if not already removed.

Remove 5 mounting screws each end of cover behind panel and remove the
cover.

Loosen the two 10-32 socket set screws in the panel plate above the cylinder.

Using a strap wrench unscrew the cylinder from its top cap leaving the top cap
mounted to the underside of the flat portion of the panel. Hold the cylinder
securely as it unscrews, since a spring will be released. Refer to Figure 9-4 for
cylinder assembly.

Remove the piston, spring and spring holder from the cylinder by sliding them
out through the top.

Remove, clean and inspect the piston O-ring and the cylinder cap O-ring. The
cylinder cap is still mounted to the panel; however the O-ring is accessible from
under the panel. Replace O-rings if deformed, hard or have nicks or cuts. Make
sure O-rings are lubricated when installing them. Repair or replace any other
damaged parts.

Reassemble the spring holder, spring, and piston with O-ring into the cylinder.
Screw the cylinder assembly onto the cylinder cap and tighten with the strap
wrench.

Tighten the two 10-32 set screws.

10. Install the panel cover.

7.2.3 Hydraulic Hand Pump Repair
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1. Remove the pump from the compactor.
2. Disconnect the tubing fitting on the front of the pump.

3. Remove the four 10-32 nuts from the U-clamps on the bottom of the base, and
remove the two U- clamps.

4. Disassemble and repair the pump following the illustration in Figure 9-6, and
the parts list of Table 9-4.

5. Fill the pump with clean hydraulic oil (P/N 207805) or equivalent after re-
assembly.

7.2.4 Swell Meter
Maintain a clean work surface free of spilled fluid and other debris.

Yearly lubricate the measuring head drive screw and thrust bearing with lithium-
based grease. Refer to Section 7.2.7 for drive motor removal and repair.

To troubleshoot and repair the LSM, you must remove the back/bottom cover plate
or the top and/or bottom measuring head covers. Refer to Figure 9-1, the wiring
diagram for electrical troubleshooting.

7.2.5 Power Supply

The power supply furnishes the 14 volt DC power to power a 10 volt regulator
which in turn operates the four LVDT transducers. On units having the power
supply mounted with a subplate to the base assembly, 115 volts AC is connected to
the two terminals toward the end of the chassis and the +14 V DC to the center
terminal and the ground side of the 14 V DC to the opposite end terminal. On units
having the power supply mounted to the bottom cover, 115 volts AC is connected
to the two terminals away from the end of the chassis.

To test the power supply, verify the 115 volt input and the 14 V DC output.
If the power supply is defective, then replace it as follows:

1. Disconnect power cable to the LSM.

2. Turn off power to the LSM.

3. Turn the LSM on its front and remove the 10 mounting screws to remove the
back/bottom cover.

4. Disconnect the four wires from the power supply.
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Remove the four power supply mount screws. For earlier LSM models, you
must access the four power supply mount screws from the bottom cover plate.
For later models, remove the two nuts holding the power supply mount bracket,
and then remove the four power supply mount screws.

Remove the power supply module.
Replace power supply module with a new one.

Install the mounting screws and the mount bracket nuts to the chassis (if used).
Reconnect wires, and then remount the back/bottom cover.

7.2.6 Drive Motor

Replacing drive motor requires removal of the measuring head position drive
system. While this system is disassembled, inspect, clean, and lubricate the guide
tube-elevating nut assembly, elevating screw and thrust bushing. Worn parts should
be replaced.

L1}

If the motor replacement is due to motor burn out or other
electrical problems, the motor capacitor should also be replaced.

Remove the drive motor and motor capacitor

1.

2.

Disconnect power cable to the LSM.

Place the measuring head in the highest possible position to easily access the
motor.

Pull the plunger cap from the bottom of the sensor plunger to release the O-ring
detent.

To remove the guide tube-elevating nut assembly (P/N 209766), first, remove
the measuring head top cover (four screws) shown in Figure 7-3. Second,
remove the roll pins (P/N 208787; one each side) that hold this assembly into
the measuring head body. The pins can be driven inward into the center of the
guide tube for removal. Refer to Figure 7-2. If the elevating screw is still
connected, the guide tube will be removed with the motor assembly.

Unscrew the elevating screw (counterclockwise) from the guide tube-elevating
nut assembly. Replace the elevating screw if it is worn or bent.
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6. Protect the front edge of the swell meter base with a cloth, and then place the
swell meter on its front side to access the bottom. To remove the back cover/
bottom plate, take out the 18 mounting screws. Some of these screws also hold
the rubber feet.

7. For earlier LSM models, you will need to remove the four small screws holding
the power supply to the base, or disconnect the four wires from the power
supply. The power supply is mounted to the bottom cover and also attached
with wires to the base. Omit this step on later models.

8. Disconnect the black motor lead wire from terminal 9 of the measuring head’s
terminal strip.

9. Disconnect the orange wire from one terminal, and disconnect the red wire
from the other terminal of the motor capacitor.

10. Remove the four 10-32 hex nuts and flat washers holding the motor mount
bracket to the swell meter base.

11. Pull the motor assembly further out. Slide the motor shaft out of the elevating
screw, and then remove the motor assembly.

12. Unplug the yellow and grey motor lead wires from the motor capacitor.

13. Remove the four screws attaching the motor to its motor bracket, and then
remove motor.

14. The thrust bushing is over the motor output shaft. Remove it and replace it if it
is worn.

15. Loosen the set screw(s) in the elevating screw and separate it from the motor
assembly. Replace the guide tube-elevating nut as an assembly if required.

16. Install the elevating screw from the bottom and screw it into the guide tube -
elevating nut assembly.
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Replace the drive motor and capacitor

1.

Preassemble the motor and motor capacitor onto the motor mount bracket (four
screws), and then connect the yellow and grey motor lead wires, one to each
side the capacitor. Use new Fast On push-on connectors crimped on the new
motor leads.

Put the drive bushing over the motor shaft (make sure that it is lubricated), and
then assemble the motor shaft into the collar of the elevating screw. Make sure
that the shaft slides all the way into the collar and that the collar end is against
the drive bushing end.

Press on the motor output shaft from the bottom of the gear housing. Push the
shaft as far as possible into the collar, and then tighten the set screws. The right
connection assures that the drive bushing takes the thrust load, and the internal
bushings in the motor’s gear reduction do not take the thrust load.

Attach the guide tube to the measuring head. Force the drive pins through the
measuring housing into the top of the guide tube. Make sure that the pins are
flush on the outside and that the tube is centered in the hole in the measuring
housing. Replace the sensor body top cover (four screws).

Connect the motor black lead to terminal 9.
Connect the orange wire to the terminal with the yellow motor lead.
Connect the red wire to the terminal with the gray motor lead.

Reconnect the power supply in the base cover if it was removed or
disconnected.

Reassemble the base/back cover and rubber feet.
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7.2.7 Transducer

A defective transducer must be replaced. Refer to Figure 7-3.

Remove the transducer

1.

2.

Disconnect power cable to the LSM.
Remove the back cover plate or the back / bottom cover.

Remove the sensor body top and bottom covers (four screws each). Let the
bottom cover drop down on top of the base.

Disconnect the transducer connector. To access the transducer connector, open
the back / bottom cover.

Remove the connector from the transducer cable. If you are replacing the
transducer, cut off the connector from the cable or unlock the pins by pressing
the side of the pin with a very small screwdriver while pulling on the pin by its
wire. New transducers are furnished with replacement pins and connector body.
However, if you are not replacing the transducer, reuse the connector body.

Free the connector end of the transducer cable of cable ties in the base area, and
then pull the cable up and out of the back leg assembly.

From the bottom side of the sensor body, pull the cable through the hole
between the leg assemblies. Then pull the cable out of the groove in the bottom
of the sensor body until it reaches the transducer.

Loosen the set screw in the left side of the sensor body, and then remove the
transducer from the bottom of the sensor body.

Replace the transducer core rod (optional)

1.

If the transducer core rod needs replacing lift the plunger assembly out the top
of the sensor body.

2. Then remove the nut attaching the rod to the transducer arm.
3. Remove and replace the transducer core rod. Leave one-eighth inch of the
threads on the end of the transducer core rod protruding through the nut.
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Replace the transducer

I.

6.

7.

Install the new transducer, placing the cable end at one-half inch above the
sensor body bottom. Then tighten the set screw.

Route the transducer lead cable up and through the measuring body, and then
move it down the rear leg into the base. For a neat installation, the cable can be
cut to the same length as the old cable.

Crimp the new contact pins on the end of the cable, and then assemble them
into the connector body. New pins and a connector body are packaged with
replacement transducers. See the LSM wiring diagram, Figure 9-1 for proper
pin arrangement.

Replace the sensor body bottom cover.

Adjust the sensor position stop. This is the screw in the transducer arm near the
transducer core rod. The end of this screw should only press down on the
switch when the plunger assembly is hanging in the sensor body. Slightly
raising the plunger should release the switch and allow the pilot light to burn.

Test for proper transducer operation. See Table 7-2 for troubleshooting tips.

Reassemble the sensor body top cover, back cover, or back/bottom cover.

7.2.8 Pilot Light

Before replacing the pilot light, verify it is defective by testing the resistor and
diode in its circuit and on the terminal strip, positions 1, 2, and 3. Refer to the
wiring diagram, Figure 9-1.

1. Disconnect power cable to the LSM.

2. Remove the sensor body top cover.

3. Remove the plunger cap from the bottom end of the plunger, and then lift the
plunger assembly out through the top of the sensor body.

4. Press the pilot inward toward the recess for the plunger then rotate it upward to
raise the leads out of the wire groove.

5. Cut away the heat shrink insulating tubing and unsolder the light leads.

6. Slide two new pieces of heat tubing shrink (about one-eighth inches) over the
green and black wires. Solder the new light leads to these wires.
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7.

8.

9.

10.

Slide the heat shrink tubing over the joint and against the bulb, and then shrink
it in place.

Fit the pilot light and its leads back into the wire groove for the leads, and insert
the bulb into the hole in the sensor body.

Replace the plunger assembly in the sensor body.

Replace the body top cover (four screws).

7.2.9 Position Indicator Switch

The position indicator switch turns the pilot lamp on when the plunger assembly is
positioned for a test to start or for a test is in progress.

1.

2.

10.

Disconnect the power cable.
Remove the sensor body top cover.

Remove the plunger cap from the bottom end of the plunger, and then lift the
plunger assembly from the top of the sensor body.

From the left side of the sensor body, remove the two cover screws to access
the switch mount screws, and then remove the two switch mount screws.

Lift the switch from its groove, and unsolder the two wires on the terminals.

Solder the wires onto the terminals of the new switch. Solder the black wire
from the four-conductor cable to COM, and the black wire to the pilot lamp to
NC.

Remount the switch and install switch mount screws and the cover screws on
left side of sensor body.

Replace the plunger assembly in the sensor body.

Adjust the sensor position stop, the screw in the transducer arm near the
transducer core rod. The end of this screw should only press down on the
switch when the plunger assembly is hanging in the sensor body. Slightly
raising the plunger should release the switch and allow the pilot light to burn

Replace the body top cover (four screws).
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7.2.10 Up Limit Switch

Refer to Figure 7-3.

The UP limit switch shuts off the power to the portioning motor in the UP direction
when the sensor head is raised to its highest position.

1. Disconnect power cable to the LSM.

2. Remove the bottom sensor body cover plate (four screws).

3. Remove the two screws holding the UP switch bracket to the bottom of the
sensor body. Take the switch and bracket out of its cavity.

4. Un-solder the 2 wire connections.

5. Remove the 2 screws and nuts holding the switch to the switch mount and
remove the switch.

6. Mount the new switch to the switch bracket.

7. Solder the lead wires to the new switch; Red to COM, and white to NO. NC is
not used.

8. Mount the switch and switch bracket and install but do not tighten the 2 screws.

9. Slide the switch and bracket toward the leg until the switch actuator presses
against the stationary outer leg.

10. Press the UP switch and allowing the measuring head to rise until the limit
switch plunger slides down the taper at the top of the outer leg. This should
cause the motor to stop. When the switch is operating properly tighten the
switch bracket mount screws.

11. Replace the bottom cover plate (4 screws).
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8 Optional Equipment

These items are available as separate purchases.

Table 8-1 Optional Equipment

Part Number | Description
205838 BALANCE, PORTABLE BEAM
209942 CALCIUM CHLORIDE BRINE SOLUTION, 8 OZ.
206113 CALIPER, 6 IN.
209952 DEIONIZED WATER, 8 OZ.
205251 DESICCATOR, VACUUM
205305 DISPOSABLE WIPES, 60 BOX
205252 DUROMETER, TYPE A
205253 DUROMETER, TYPE D
209948 ISOPROPYL ALCOHOL, 1 GAL.
205963 JAR, PLASTIC, 1 PINT WITH LID
205250 LABORATORY OVEN
205254 SIEVE, 5 IN. DIAMETER, 60 MESH
205255 SIEVE, 5 IN. DIAMETER, 200 MESH
206033 SPATULA, 6 IN.
209948 SYNTHETIC SEA WATER, 1 GAL
204731 XYLENE, 1 GAL
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9 Parts List
Table 9-1 Linear Swell Meter, Model 2100
I:lec:n Part No. | Quantity | Description
0001 | 102527580 1 LINEAR SWELL METER WITHOUT COMPACTOR
0002 | 102100513 1 MEASURING UNIT, FOUR HEAD, 115V, 50/60 Hz
0003 209745 1 COMPACTOR, TWO HEAD
0004 | 102100841 1 LINEAR SWELL METER SOFTWARE
0005 | 102114531 1 INSTRUCTION MANUAL
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Table 9-2 Measuring Unit, LSM 2100, P/N 102100513, Revision B

I:le;? Part No. | Quantity | Description
0001 207085 2 FUSE 1 AMP SLOW-BLOW 3 AG
0002 207336 18 8-32 X 3/8 BHMS STAINLESS STEEL
0003 207487 16 6-32 X 1/4 BHMS STAINLESS STEEL
0004 207619 4 6-32 X 1/2 HSSS STAINLESS STEEL
0005 207610 4 8-32 X 1/2 BHMS STAINLESS STEEL
0006 207632 12 NUT 6-32 HEX REGULAR STAINLESS STEEL
0007 207664 2 4-40 X 1/4 BHMS STAINLESS STEEL
0008 207665 8 NUT 2-56 HEX REGULAR STAINLESS STEEL
0009 207738 4 SAR;)NG’ 9/16 X 11/16, NEOPRENE N-11 0 (LSM PLUNGER
0010 207759 14 8-32 X 1/4 BHMS STAINLESS STEEL
0011 207760 12 10-32 X 3/16 HSSS BOPL
0012 207631 4 NUT 8-32 HEX REGULAR STAINLESS
0013 207871 32 WASHER FLAT 10 STAINLESS STEEL
0014 207995 16 GROMMET RUBBER 3/16in. ID X 5/16in.
0015 208421 1 SWITCH PUSH-BUTTON SPST 3AMP MOMENTARY
0016 | 101476559 3 TERMINAL, FEMALE QUICK-SLIDE
0017 208438 1 PLUG INTL ELECT CODE TYPE
0018 207615 8 8-32 X 1/8 HSSS BOPL
0019 208452 1 CABLE POWER 115V 18 AWG
0020 208454 4 TERMINAL FORK 6 22-16 AWG
0021 208455 5 TERMINAL RING 6 22-16 AWG RED
0022 208476 12 TUBE HEAT SHRINK 1/4 DIA BLA
0023 206241 7 WIRE 20 AWG TEFLON STRANDED ORANGE
0024 208550 120 CABLE 22 AWG SHIELDED 2 PAIR
0025 207633 32 NUT 10-32 HEX REGULAR STAINLESS
0026 204647 8 PIN ROLL 3/32 X 1.50 STAINLESS
0027 | 102105459 1 OVERLAY, FRONT PANEL
0028 209730 1 OVERLAY POSITION RELEASE
0029 209731 1 OVERLAY FUSE & POWER
0030 | 102100492 1 CIRCUIT BOARD ASSEMBLY
0031 209735 4 BRACKET TERMINAL STRIP H7011
0032 209736 1 BASE ASSEMBLY
0033 209737 1 BOTTOM & BACKBASE
0034 209738 4 PLATE SPACER MOTOR MOUNTING
0035 209739 8 NUT SUPPORT LEG
0036 209740 4 BRACKET, MOTOR MOUNTING
0037 209741 4 BUSHING DRIVE
0038 209746 4 BODY
0039 209747 4 TRIM TOP BODY
0040 209758 4 TRIM BOTTOM BODY
0041 209759 4 PLUNGER
0042 209760 4 CAP PLUNGER
0043 209761 4 ARM TRANSDUCER
0044 209762 4 PIN WEIGH
0045 209763 8 LEG SUPPORT
0046 209764 8 GUIDE TUBE
0047 209765 4 SCREW ELEVATING
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I:‘le: Part No. | Quantity | Description

0048 209766 4 NUT ELEVATING

0049 209769 4 BRACKET LIMIT SWITCH MOUNTING

0050 203481 16 2-56 X 3/8 LG FILHMS STAINLESS STEEL

0051 203469 7 6-32 X 3/4 SOC HD CAP STAINLESS STEEL

0052 203696 16 PIN CONNECTOR

0053 203754 4 CONNECTOR HOUSING 4 COND 0.1

0054 203769 1 CONNECTOR HOUSING 3 COND

0055 203770 2 CONNECTOR PIN

0056 203904 4 DIODE SIGNAL IN4004

0057 203914 4 LED RED

0058 204131 2 FUSE HOLDER BODY

0059 204133 2 FUSE CARRIER 1/4 X 1-1/4 FUSE

0060 204285 4 TIE WRAP 6in. LONG WITH 8 MTG

0061 204294 30 TIE WRAP 1/16in. TO 2in. DIAMETER

0062 205296 14 TIE WRAP ADHESIVE PAD

0063 | 101934687 1 POWER SUPPLY, +/-12VDC DUAL OUTPUT

0064 204473 4 MOTOR GEAR 115V 1/100HP 35 RPM

0065 | 100026443 16 NUT, ELASTIC STOP, 10-32 NF, PL

0066 204953 4 RESISTOR 10K OHM 5W 5%

0067 205128 1 SWITCH POWER 15 AMP LIGHTED

0068 205131 8 SWITCH SPDT 5 AMP SUBMINIATURE

0069 205132 4 SWITCH ROCKER 125V 5A

0070 205164 48 SECTION TERMINAL BLOCK MODULAR

0071 205156 8 JUMPER BAR 2 STATION TERMINAL

0072 205160 4 LABEL TERMINALS 1-10 H7011 SEC

0073 205161 4 LABEL TERMINALS 11-20 10-NUMBERS PER STRIP

0074 205162 4 JUMPER BAR 4 STATION TERMINAL

0075 204344 20 DISCONNECT FEMALE .250 TAB 22

0076 205398 8 TUBE HEAT SHRINK 1/16 DIA

0077 205778 4 FEET RUBBER 1/2in.

0078 205787 4 BRACKET CAPACITOR MOUNTING

0079 205789 4 CAPACITOR, MOTOR RUN, 5 UF, 370 VAC 2.16 WIDTH X 1.31
DEPTH 0.25 IN TERMINAL BLADES

0080 | 101937144 4 TRANSDUCER LINEAR

0081 208526 0.5 WIRE 18 AWG PVC STRANDED GREEN

0082 206217 130 WIRE 20 AWG PVC STRANDED RED

0083 206218 60 WIRE 20 AWG PVC STRANDED WHITE

0084 206219 72 WIRE 20 AWG PVC STRANDED BLACK

0085 206226 60 WIRE 20 AWG PVC STRANDED VIO-WHT

0086 203471 32 6-32 X 1/2 HSBH BOPL

0087 207947 2 WASHER SPLIT 8 STAINLESS STEEL

0088 207259 4 4-40 X 1/4 FHMS STAINLESS STEEL

0089 209767 1 PLATE POWER SUPPLY MOUNTING 46

0090 209780 6 DISK PLEXIGLAS CORE

0091 205163 8 END TERMINAL BLOK MODULAR w/MT

0092 204381 0.01 COMPOUND THERMAL

0094 209794 1 CALIBRATION DISK

0095 209795 1 WEIGHT, CORE (AUXILIARY WEIGHT)

0097 205256 4 DISH PYREX® 100mm DIA X 50mm DEEP
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I:‘le: Part No. | Quantity | Description

0098 209788 6 HOLDER CORE 60 MESH

0099 208457 12 BUTT SPLICE 2RA-18

0100 | 206113 1 CALIPERS DIAL 6in. ECONOMY

0101 | 100028273 1 SCREW, HEX SOCKET, #6-32 NC X 1/2, STAINLESS STEEL
0102 | 101367493 1 USB CABLE, 6 FT

102114531

Revision E, October 2018

68



fannm

LSM 2100 Instruction Manual

115V _50,

PLUG KEC 208438 WTH POWER SWTCH

BUK -, =20 -
o lowe-20

o} T3 WHT-20) WHT-20

END OF WIRE 208455
TERMINATE ON BOTTOM

mOFF N
(W/UGHT ON)
iz POWER 205128, 154

1 AP

POWER
1 AP

CQUICK DISCOMNECT
GROUND RING LUG ON E\J END EACH WIRE
4 REQ'D) 204344

THIS SIDE TOWARD
BASE OF MACINE FLAT SIDE
—— LONG LEAD,

[~ cuick DiscoNNECT 8§

(1) END EACH L |ewdr weHr
WIRE (4 REQ'D) 203914 —
204344 ]

WT—m\

WHT 1,
1

TERMINATE TRANSDUCER CABLE —

SAFETY SWITCH
DRAIN WIRE ON BOTTOM MOMENTARY PUSHBUTTON
MOUNTING SCREW, TYP. 208421, 3aM
SEE NOTE 1
a7 5V o5
: R
“REG P
ADJ R1 4
240 ©
c3 =
= Cuf ==
os‘aa{.l W"V +I2\'_£_ -
R3 RS
820 10 o
n R _é-
E: & re
0%
-MU‘:E‘FD‘;:IT ‘?“
337 -5 I W SOV I —12v
S50V SOV 0\2\1’% aa
N
Rfﬁurr
il m =
240° 3
c3
0.l
Sav %
R3 R 42
820 10 _l_
T3
0
UE‘I’O““( ‘%‘ o
Tomale T v
+|2\f_§
uss
6008 Gj’
re

205164, 205163
TERMIN'.?_ STRIF

P.C. BOARD ASSEWELY
102100492

THIS SIDE TOWARD
BASE OF MACHE FLAT

RED-20 LONG L

THIS SIDE TOWARD
TOP OF MACHINE

Lo s O+ MD-N&

0 7 QAR T30

BUTT SPLICE (1)
END EACH WIRE (3 REQD)

208457
TvP. (4) PLACES

THIS SIDE TOWARD
BASE OF MACNE
RED=20

% WHT-20
-]

THIS SIDE TOWARD
TOP OF MACHINE

[— QuICK DISCOMNECT
(1) END EACH
WIRE (4 REQD)
204344

.t
CAPACITOR 205789
TV

UP|

s RED-20
9 “D—lﬂl I

0120

BLK-20

(=]

SPADE LUG (1) END
EACH WIRE (5 REQ'D)
208454

BLK=-20

+12V)
10

20

30

205164,205163
n:kw:an STRP

CUT OFF BROWN & YELLOW WRE FLUSH WITH
AND SHRINK TUBE END
TUBE END

‘ SHELDED TRANSDUCER CABLE

HONEYWELL
BYI2SHN

"

TRANSDUCER
101937144

HONEYWELL
WRE SAME AS TRANSCUCER #4 s

3
101937144

WIRE SAME AS TRANSOUCER §4 “D"j;;‘u

#2
1NGITI44

WIRE SAME AS TRANSDUCER g4 TO "UIES\?ELL

TRANSDUCER #1
101937144

0120

= QUICK DISCONNECT 2
(1) END EACH |
WAE (4 REQ'D) H
204344
[
o
4
w| oW 1
ONC
LUMIT SWTCH
e 208131
N
o ¢ J
o
LT SWTCH
—{ e = BUTT SPUCE
_6_ = 4 CONDUCTOR CABLE
——— = SOLDERED WRE
BRN = BROWN
BLK = BLACK
BLU = BLUE
GRN = GREEN
ORG = ORANGE
RED = RED
VIO/WHT = WIOLET STRIPE ON WHITE
WHT = WHITE
YEL = YELLOW

HOTES.
1. FOR FOUR CONDUCTOR CABLE CONSTRUCTION
REFER TO "B° SIZE DWG. 33267-A1

18 = 18 GAUGE

205164,205163
rmwl?. STRP

000000000000

™= JMPER 3 STATION
205162

L~ AMPER 2 STATION
205156

00® RNo oo doooo

o
o
o

ug
o

SUMPER_INSTALLATION
20 = 20 GAUGE TYP. (4) TERMINAL STRIPS.

22 = 22 GAUGE

BLK-Z{)?
WIRE i;‘l)LDRI—_I—I WIRE GAUGE

|— JUMPER 2 STATION
205156

LMIT SWTCH
205131

THIS SIDE TOWARD
BASE OF MACHINE

CAPACITOR 205789
Sut 370V

Figure 9-1 Wiring Diagram
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Figure 9-2 Mechanical Assembly, Measuring Head
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Table 9-3 Compactor, 2 Head, LSM 2100, P/N 209745, Revision D

I:le;? Part No. | Quantity | Description
0001 203377 6 6-32 X 3/8 OHMS STAINLESS STEEL
0002 203406 4 8-32 X 3/8 RHMS STAINLESS STEEL
0003 203441 4 10-32 X 3/16 SHSS STAINLESS STEEL
0004 203466 10 5/16-18 X 1/2 AHCS STAINLESS STEEL
0005 204018 2 TEE MALE BRANCH 1/4T & 1/8 MP
0006 204046 1 TEE UNION, 1/4 TUBE, SS-400-3
0007 204047 2 ADAPTER, 1/8 MNPT X 1/8 FNPT, STAINLESS STEEL
0008 204052 1 ELBOW, MALE, 1/4 TUBE X 1/8 NPT
0009 204053 2 ELBOW, FEMALE, 1/4TUBE X 1/4 NPT

O-RING, 2 X 1/8, VITON V14 226-75 (COMPACTOR
0011 204605 2 CYLINDER)

O-RING, 1-7/8 X 3/16, NITRILE B-46 3 (COMPACTOR
0012 204625 2 PISTON)
0013 205077 2 COMPRESSION SPRING, 0.109 OD
0014 205078 2 COMPRESSION SPRING, 1.44 OD X 3
0015 205216 1 PUMP, HYDRAULIC HAND 2850 PSI
0016 205779 4 FEET RUBBER 3/4in.
0017 206150 2 VALVE BALL, 1/4, SWAGELOK IN & OUT
0018 206202 4 WASHER LOCK SPLIT 5/16in.
0019 207487 11 6-32 X 1/4, BHMS, STAINLESS STEEL
0020 207633 4 NUT, 10-32 HEX REGULAR, STAINLESS STEEL
0021 207807 1 BUSHING BRASS 3/8P-1/8P
0022 207861 1 CLAMP CABLE 1/4 X 1/2
0023 208977 72 TUBING 1/4 OD X .035 WALL
0024 209770 1 BASE
0025 209771 1 OVERLAY
0026 209772 1 INSTRUMENT PANEL
0027 209773 1 COVER
0028 209774 2 CYLINDER
0029 209775 2 CHAMBER CORE
0030 209776 2 CAP CHAMBER CORE
0031 209778 2 GAUGE 0-12000 PSI
0032 209779 6 STOP CORE
0033 209780 6 DISK PLEXIGLAS CORE
0034 209781 2 CLAMP COMPACTOR PUMP(J1016)
0035 209782 2 CAP CYLINDER
0036 209783 1 TOOL EXTRACTION
0037 209784 2 HOLDER SPRING
0038 209785 2 PISTON
0039 209786 4 STOP SPRING PIN
0040 209787 4 PIN LOCKING
0041 207805 1 HYDRAULIC FLUID, | QUART BOTTLE
0042 | 101392487 8 WASHER 1/4 IN, FLAT, STAINLESS STEEL
0043 203438 4 1/4-20 X 1 HHCS STAINLESS
0044 | 100001867 4 NUT, HEX, 1/4-20 NC, STAINLESS STEEL
0045 | 100126628 4 WASHER, LOCK, SPLIT, 1/4 STAINLESS STEEL, REG
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P. (4) PLACES  F H
¢ /® |
i
2 _n;"l / 2" i
i
1 . ) 53
. AW
/\ ;
., | AN
: 247,
H G
| A d %/
7 s
1 A 4 7
o i ) et
TUBE D" g 4
¥o i ™. &8
NN Q7 /\\/
i N NN
H N7z~
N R \\‘
| HA
i I! N} l\\,\
1 ! ;-\l‘.‘ -..‘.: .-\:{
| MR 2
. : D v e
| (TYP. BOTH CELLS)
1
Oz i
1
b‘“‘h TUBE "A" SEE DETAL | 209745
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H [ 203377 SCREW, #6-32UNC—2A X 3/8 LG., OHMS, SS 3
| 2 203406 SCREW, #8-32UNC-2A X 3/8 LG., RHMS, SS *
i 3 203441 SCREW, §10~32UNC—2A X 3/16 LG., SHSS, SS *
! * 203466 SCREW, 5/16-1BUNC-2A X 1/2 LG., AHCS, S5 10
5 204018 TEE, MALE BRANCH 1/4 TUBE X 1/8 MNPT 2
3 204046 TEE, UNION 1/4 TUBE #55-200-3 1
] 7 204047 FITTING, ADAPTER 1/8 MNPFT X 1/8 FNPT 2
H ] 204052 ELBOW, MALE 1,/4 TUBE X 1,/8 MNPT 1
I 9 204053 ELL, FEMALE 1,/4 TUBE X 1,/4 FNPT 2
: 11 204605 O-RING 2 X 1/B CROSS-SECTION, WIT V—14, §226-75 2
| 12| 204625 O-RING 1-7/8 X 3,16 CROSS—SECTION, NIT B—46 §328~70 2
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| 15 205218 PUMP, HYDRAULIC HAND 2850 PSI 1
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| 17| 206150 VALVE, BALL 1/4 TURN, 1/4 TUBE, 316 SS 2
1 18 | 206202 WASHER, LOCK SPUT 5,16 [
' 19 | 207487 SCREW, #6-32UNC—2A X 1/4 LG., BHMS, SS 1
TUBE "C" SEE DETAIL —= I 21| 207807 BUSHING, BRASS 3/8 NPT X 1/8 NPT 0
1}
| 22 | 207861 CLAMP, TUBE 1
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) Ill ' 0.62 35 | 209782 CAP, CYUNDER 2
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1
43| 203438 HEX HEAD BOLT, 1/4-20 X 1 5§ +
y ! .g‘”(l m:m) et 44 | 100001867 | FINISH HEX NUT, 1/4-20 18-8 S *
2) REQUIRED 45 100126628 | SPUT LOCK WASHER, 1/4 18-8 S 4
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oy 1 |
PLACE LABEL CENTER P ABOVE ) TJUBE "A"
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1

Figure 9-3 Mechanical Assembly, Compactor, 2 Head
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HYDRAULIC INLET
FITTING (C6085) CYLINDER CAP
MOUNTING SCREWS

(203466)

LOCKING SET SCREW
(203441)

COMPACTOR
PANEL

TS CYLINDER CAP
(209782)

CYLINDER CAP O—RING
(204605)

m S~ PISTON O—RING

(204625)

\ PISTON

(209705)

SPRING
(205078)

. . \SPRING HOLDER
(209784)

\\\*CYUNDER

(209774)

\COF&E CHAMBER
(209775)

Z5
&

<
55
<5
<5
55

RS

X
b

KX

™ CORE CHAMBER CAP
(209776)

Figure 9-4 Compactor Hydraulic Cylinder

102114531 Revision E, October 2018 73



fa alel LSM 2100 Instruction Manual

L +—_ ___ ACRYLIC DISC
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Figure 9-5 Compactor Cell
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Table 9-4 Hydraulic Hand Pump, 2850 PSI, P/N 205216, Revision A

Item Model P-18-5 Quantity | D ioti

No. Part Number y escription
1 C7.550 1 GRIP
2 B382.070 1 HANDLE
3 B113.060-1 1 BEAM
4 CB415.044 2 RETAINING RING
5 CB334.060 1 BEAM PIN
6 P75.57 1 CROSS PIN
7 P16.51 1 PUMP PLUNGER
8 B1112.803 1 O-RING
9 B1112.564 1 BACK-UP RING
10 CN204.446 1 SLEEVE, PISTON
11 B1117.903 1 O-RING
12 B1117.565 1 BACK-UP RING
13 B121.005-1 1 BASE
14 CL655.950 1 VALVE ASSEMBLY, RELEASE
15 B217.074 2 PACKING
16 MIJ11-1 1 PACKING NUT
17 B109.900 1 SPINDLE ASSEMBLY
18 P307.18 1 OIL SCREEN
19 B1006.016 2 BALL
20 B1009.016 1 BALL
21 S1.183 1 SPRING
22 K3.006 1 VALVE PLUG
23 B159.167 1 GASKET
24 CH46.900 1 BY-PASS VALVE
25 B381.025 1 RESERVOIR
26 P75.266-1 1 RESERVOIR CAP
27 P76.267-1 1 PUMP REST.
28 P75.181 1 NUT
29 B110.900 1 FILLER PLUG
30 R515.245 1 PLUG

102114531

Revision E, October 2018

75



fannmn

LSM 2100 Instruction Manual

Table 9-5 Hydraulic Hand Pump Specifications

CATEGORY SPECIFICATION

OPERATING PRESSURE 0-2850 psi (19,650 kPa)

RELIEF VALVE SETTING 2850 psi (19,650 kPa)

OIL VOLUME PER STROKE | 0.1595 in* (2.614 cm?)

RESERVOIR CAPACITY 22 in® (360 cm?)

SOURCE: Enerpac®

Figure 9-6 Hydraulic Hand Pump
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10
10.1

10.2

Warranty and Returns
Warranty

Fann Instrument Company warrants its products to be free from defects in material
and workmanship for a period of 12 months from the time of shipment. If repair or
adjustment is necessary, and has not been the result of abuse or misuse within the
twelve-month period, please return, freight prepaid, and correction of the defect
will be made without charge.

Out of warranty products will be repaired for a nominal charge.
Please refer to the accompanying warranty statement enclosed with the product.
Returns

For your protection, items being returned must be carefully packed to prevent
damage in shipment and insured against possible damage or loss. Fann will not be
responsible for damage resulting from careless or insufficient packing.

Before returning items for any reason, authorization must be obtained from Fann
Instrument Company. When applying for authorization, please include information
regarding the reason the items are to be returned.

Our correspondence address is:

Fann Instrument Company
P.O. Box 4350
Houston, Texas USA 77210

Telephone:  281-871-4482
Toll Free: 800-347-0450

FAX: 281-871-4446
Email fannmail@fann.com
Our shipping address is:

Fann Instrument Company
15112 Morales Road
Gate 11, Houston, Texas USA 77032
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