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I. INTRODUCTION

A. History of Scanning Brookfield Test

Low-temperature viscosity data obtained from the Scanning Brookfield Technique ™ (SBT) has
provided important information regarding the effects of base oils, wax content, Viscosity Index
improvers, Pour Point depressants, and other additives on the pumpability of engine oils and
automatic transmission fluids since the early 1980s. The method has become ASTM D5133 for
fresh oils and D7110 for used and soot-laden oils.

The original Scanning Brookfield Technique™ developed in the early 1980’s required taking
sequential data points of the recorded viscosity/time data. Such data acquisition was time
consuming; it was necessary to simplify data collection and corresponding calibration calculations.

In 1991 Tannas Co. automated these critical steps with the development of the SBT Automation
Package. It incorporates calculating the first derivative of the ASTM-Walther curve in order to
provide more information about the nature of the low-temperature gelation phenomenon in engine
oils and ATFs. This was later named Gelation Index. Software iterations have been incorporated
since then which can be used with the Tannas SB+2 Liquid Bath and Direct Cool II unit.

The Direct Cool IT (DCII) was designed to provide highly reliable temperature ramping and control
from 90°C to -40°C without the use of a liquid bath medium. It incorporates thermoelectric heating
and cooling to modulate temperatures of the samples according to the ASTM Method for testing.
It also incorporates a Human-Machine Interface (HMI).

The DCII accommodates up to two Tannas TAV-III M Viscometers for collecting low-temperature
viscosity and gelation data. The system allows for cooling at a rate in excess of 1°C per hour.
Temperature is capable of being held within £+ 0.1°C to approximately —45°C. The Direct Cool II
replaces the SBT Direct Cool, SB+4 and SB+8 liquid baths previously offered by Tannas Co.

Prior to operation of the bath, the operator should be familiar with the contents and application of
ASTM D5133 and D7110, included in this Operations Manual.

B. History of Low Temperature Viscosity

Low-temperature studies by automobile manufacturers (OEMs) began in the 1950s due to the
failure of automatic transmissions under cold temperatures. The original technique used a cold
air cabinet set at the designated temperature to condition the samples for 16-hours. Each sample
was placed in a Balsa wood block, removed from the cabinet at the end of the cooling period,
and carried to a benchtop rotational viscometer for the viscosity determination. Based on this
development, a procedure was written and accepted as ASTM D2983 in 1971. In the mid-1990s,
Tannas developed and patented the SimAir® Test Cell for use in a constant temperature liquid
bath, dramatically improving the test operation, usability and precision. The SimAir® technique
was written into the method as Procedure C in 2007. More recently, the method was revised to
permit use of thermoelectrically cooled systems with automation features, known as Procedure
D.
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Originally designed for running SBT® tests, the DC II was found to effectively and conveniently
run the new D2983, Procedure D method with integrated pre-heating -- meeting the parameters
and automation features called for in the procedure while providing double the testing capacity
of other such instruments running Procedure D. The versatile DC II model offers a small, bench-
top footprint capable of meeting several critical low-temperature pumpability tests on a wide
range of fluids; engine oils, ATFs, hydraulic fluids, and gear oils.

C. Use of the SBT Automation Package

Simply stated, the Automation Program for the Scanning Brookfield Technique is the automation
of:

Calibration of the Viscometer, Rotor, and Stator

Determination of the viscosity/temperature relationship of a test oil

Calculation of the Critical Pumpability Temperature

Determination and plotting of the ASTM-Walther viscosity/temperature relationship
(LogLog viscosity vs. Log absolute temperature)

5. Determination of the first derivative of Step 4, and calculation of the Gelation Index.

P
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II. UNPACKING AND INSPECTION

A. Direct Cool IT Shipment

All components and parts for the DCII bath are contained in a series of boxes that are typically
packaged in one main container. Inspect the main container for any damage and cross-check the
parts with the packing list to be sure that the shipment is complete upon arrival.

B. Initial Inspection

Care has been taken to minimize damage during shipment; however, a careful visual inspection
should be made of (1) the exterior carton, and of (2) the individual packages to identify any obvious
damage due to mishandling. It is the responsibility of the buyer to resolve such damages with the
carrier at the time of delivery. It is recommended that any damage be noted on the bill of lading
from the carrier. Please take photographs of damaged packages and report to Tannas Co. within
seven business days. It is advisable to retain the original shipping containers, at least through the
initial commissioning of the unit. If you have arranged shipment with a freight forwarder of your
choice, you will need to contact them to report any damage and arrange for any necessary
inspections.

C. Unpacking

Carefully unpack all component parts and place them on a workplace that allows ample room for
assembly. Any accessories that were ordered may be contained in the main container with the bath.
Unpack all parts along with the convoluted foam and protective plastic wrap and inspect for any
possible shipping damage. Cross reference the parts in the shipment with the packing list to ensure
all parts have been received. Locate the DCII in an area that allows a minimum distance of 20 cm
between the back of the unit and other objects and a minimum distance of 30 cm between the sides
of the bath and other objects. Avoid setting the DCII next to other units that give off excessive
heat, such as an oven or a hood that has high air flow.

Read the instructions for the INSTRUMENTATION AND PARTS and SETUP before attempting
to begin assembly. Become familiar with the major component parts. The components are marked
with identification labels.
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II. INSTRUMENTATION AND PARTS

A. DCII Parts Reference Guide - SBT

The following Parts Reference Guide is designed to familiarize the operator with the DCII and its
SBT components as shown in Figure 1.

Main Power Switch on Back Panel
TAV-III M Viscometer

Computer

SBT Adapter Assembly
— Direct Cool

Human Machine
Interface

USB Port

Figure 1 — DCII & Components
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B. DCII Parts Reference Guide — Low Temperature Viscosity

The following Parts Reference Guide is designed to familiarize the operator with the DCII and
its Low Temperature Viscosity components as shown in Figure 2.

D2983 Adapter
Assembly
Stator DV2T Viscometer

Human Machine
Interface

USB Port

Main Power Switch on Back Panel

Figure 2 — DCII & Components

Direct Cool Il Operations Manual (Version 2024/01) Page 7



C. Parts Description

1.

Programmable Cooling Bath - The DCII is capable of running Calibrations or the Testing
programs for ASTM D5133, ASTM D7110, or ASTM D2983. The DCII controls
temperature within +0.1°C across the temperature range to approximately —45°C.

TAV-III M Viscometer - The rotational Viscometer is capable of producing and
transferring a digital signal to the computer. These measurements are read by the
software included in the Tannas SBT2010 Automation Package.

Computer and Analysis Program - Means of receiving data from the Viscometer drive
module and converting this data into the desired information.

Direct Cool Rotor - A titanium rotor designed for the DCII system sized to give a
compromise of sensitivity and range to the determination of viscosity and gelation using
this method.

Direct Cool Stator - A precision stainless steel tube designed for the DCII system, to
which a measured amount of oil is added for the test and within which the specially made
Rotor turns.

a. Direct Cool Test Cell - The combination of the Direct Cool Rotor and Direct Cool
Stator.

Direct Cool Adapter Assembly — Affixed to the Viscometer, this Adapter consistently
maintains vertical axial alignment of the Viscometer, as well as consistently positioning
the Rotor in the Stator to obtain repeatable torque readout from test to test.

Air Filter Dryer with Desiccant - There is one (1) integrated desiccant tube under the
right side of the bath to reduce condensation during testing.

DV2T Viscometer — Features a 13 cm color display to guide users through test creation
and data gathering for fast and easy viscosity measurements. The DV2T also offers
powerful new programming capabilities and results analysis including data averaging and
QC limits with alarms. User instructions with multi-step test protocols can be created
using the new Program Generator Software and uploaded to the DV2T through a USB
Flash Drive. Test Data can be recorded directly on a local printer or sent to a PC.

D2983 Viscometer Adapter Assembly - Affixed to the Viscometer, this Adapter
consistently maintains vertical axial alignment of the Viscometer, as well as consistently
positioning the Rotor in the Stator for ASTM D2983.
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1. Human Machine Interface (HMI)
1. The HMI screen shown in Figure 2 is the Home Screen. From here the user can:

e Select ”Change Profile” to navigate to the “Profile Selection Screen”. Details of this
screen are illustrated in Figure 3.

Adjust to a specific temperature set point

Start a profile

Make adjustments to temperature offsets

View incoming voltage when changing viscometers

If specific programming information is required, contact Tannas Co. technical Service at
service(@tannasco.com, 989-496-2796, or the local distributor for further information.

Main Display:
Change Profile: e Indicates profile selected
e  Use to display profile selection (Calibration, D5133,
D7110, D2983), Preheat to 90 °C, Precool to -5 °C

e  Custom profile creation .

Control On:
Starts to achieve
temperature set point

ch 1 ktrl S Start Profile:
ange ‘ ° / e  Starts the selected
PrOfile COOI tO '5 C on y proﬁle
Start ¥
TANNAR Profile
Profile on/off: o C .
e Indicates whether profile ?ettlngs
is on or off
e  Tannas tree is colored red
when profileisonand | Prafila off """ """ """ -------- 1
“running” displaysunder |~~~ o« :
tree
iscometer
Profile Status: T
e  Shows time remaining in
Temperature Display: profile Settings:

Change viscometer:??
e  Allow or disallow voltag
to viscometer power

e  PID settings
Alarm and advanced settings

e  Display temperature of Blinks if waiting to reach
bath temperature needed to

e Adjust temperature set proceed

Touch to see type of step and
number of steps remaining in
profile or to return to time if
viewing steps

point if profile is off

outlet (for use when
changing from a
viscometer accepting 120
VAC to one accepting
240 VAC or vice-versa)

Figure 3 — Home Screen of the HMI
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Figure 3 illustrates the options on the Change Profile screen.

D5133:

Preheat to 90°C: Calibration: e  Use when performing a
e  Use to preheat sample to e  Use when performing a Calibration calibration run or a D5133
90C for 90 minutes run at 2°C/hr. Sample test at 1°C/hr.
\ / /
N / Profile Selection

Preheat Calibration D5133 D7110
to 90 °C

Precool to -5°C: 2 °C/hr 1°C/hr 3 °C/hr

e Use to precool sample —p» Precool
to-5°C
Custom Auto Viscosity
Full
Preheat | Length
Test

Precool I Short

Auto Viscosity: f
e  Use when running D8210 or
D2983 Procedure D (no
ASTM equivalency study has
been performed)

Custom:
e  Use to create custom profile

Figure 4 — Profile Selection Screen

2. Safety Devices and Fuses

An Over-Temperature Alarm Level will prevent the thermoelectric module from overheating
above a factory-set temperature.

An Open Loop Alarm can be engaged and will detect if the thermoelectric modules are not
controlling temperature as desired. This is triggered when the temperature is more than a factory-
set deviation from the set point and doesn’t approach the set point by that deviation within the
factory-set time. The factory defaults for this alarm are a deviation of 1 °C and a time of 180 s.
This can be caused by a problem with the thermoelectric modules or the RTD or improper setting
of the alarm parameters to expect faster than the default response. The Alarms page is illustrated
in Figure 4.
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«l Settings: Alarms ’|
Over-Temperature Sign in for
Alarm Level Advanced
Open Loop Detect AR A
Time User 1
Pass
Deviation Code 0
Fact
D:;;zg Save | Home

Figure 5 — Alarms Page

There are also warning messages that will detect the following conditions:

Message

Cause

Solution

Sensor Open

RTD has become disconnected within
instrument.

Contact Tannas Technical
Service for assistance in
reconnecting RTD.

Sensor Short

There is a short across the RTD input
terminals on the controller.

Contact Tannas Technical
Service for assistance in
removing the shorted material
or replacing the RTD

Cal Error

An invalid input in the temperature
calibration is making it impossible to
calculate the calibrated temperature from
the raw RTD input.

Try loading the factory
defaults or completing a
temperature calibration per
Section I'V.B. If this does not
resolve the problem, contact
Tannas Technical Service.

Measure Error

An invalid temperature input is making
it impossible to calculate the temperature
from the raw RTD input.

Contact Tannas Technical
Service.

There is also a voltage detection feature that will detect high (approximately 240 VAC) and lower
(approximately 110 VAC) voltage. This warns the user about the voltage level upon being turned
on so that the user can avoid connecting viscometers that cannot accept the voltage powering the
unit. TAV-III M viscometers can accept power from 100 VAC to 240 VAC. The user must answer
“Yes” to the viscometer power question for power to be connected to the viscometer power outlets.

Finally, there are fuses that prevent the unit from drawing too much current and damaging
components. They are listed in the Appendix IV Fuse List. Any fuse must be replaced with a fuse
of the same current rating.
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3. Dry Gas Control

Condensation of water or frost can
affect test results. To greatly reduce
condensation during product testing,
Tannas recommends using nitrogen to
form a blanket whenever possible in
conjunction with the Direct Cool
Adapter Assembly. It can be
connected to the back of the bath as
shown in Figure 5.

Figure 6 — Dry Air Connection Point

If nitrogen is not available,
compressed air can be used
by passing it through the Air
Filter Dryer with Desiccant
filters that attach under the
DCII as shown in Figure 6.
prior to connecting to the
back of the DCII (Figure 5).
The preassembled Air Filter
Dryer with Desiccant should
last approximately 15 days
at 70% relative humidity
with flow rate of 10 ml/min
at room temperature.

Figure 7 illustrates that when the
Desiccant media absorbs moisture, it
turns purple. The media is reusable by
placing it in a drying oven, or available
for purchase from Tannas Co.

Figure 8 — Desiccant Media comparison
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A larger, two-stage Desiccant Assembly may also be
attached to the valve line on the back of the DCII bath.
The supply pressure for the dry gas should be set at
approximately 69 kPa. The flow control to each
viscometer should be adjusted to approximately 7 kPa,
only enough to keep a constant flow of dry gas into the
Test Port holes.

Contact Tannas Marketing and Sales or the local
distributor for further information about Tannas Part
No. 350190 Desiccant Assembly as shown in Figure 8.

Lo s

Figure 9. Desiccant Assembly
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IV.SETUP

A. Initial Setup

The Direct Cool 1II is intended for indoor use in a laboratory or industrial setting with normal
environmental conditions. Specifically, ambient temperatures up to 26°C, maximum relative
humidity of 80% up to 31 °C, decreasing linearly to 50% relative humidity at 40 °C, and only non-
conductive pollution (i.e. dust). The bath requires a minimum of 30 cm of clearance on all sides
for proper airflow and cooling.

The unit must be level; this can be accomplished by using the 4 leveling feet.

The DCII can run on 120V 50/60 Hz or 240V 50/60 Hz. The outlet for the power cord must be a
dedicated circuit, have proper earth ground, and correct polarity. The Main Power Switch must be
in the OFF position before connecting the bath to an electrical supply.

Note: Operating the bath with inappropriate power or reverse polarity may cause damage to the
bath and/or injury to the operator and will void the warranty.

Note: Position the bath so the main power switch and cord disconnect are accessible in case of the
need to quickly disconnect the bath from power.

Note: The voltage to the outlets on the back panel for the viscometers will be the same as the main
supplied voltage to the DCII. Do not exchange or use any power cord for the viscometers other
than what has been provided by Tannas Co. & King Refrigeration. If the power cord for the
viscometer needs replacement, contact Tannas Co. & King Refrigeration or the local distributor.

B. Bath Calibration

The temperature readings for the bath have been linearized for proper results at various
temperatures during the laboratory testing of this instrument at the factory. No changes
should be made to this screen without the direction of Tannas Service. Contact us at
service@tannasco.com for further help.
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C. Computer Hardware and Viscometer Setup for SBT and Low Temperature
Viscosity

The following procedure is to be completed when
first connecting or reconnecting either the TAV-III
M or DV2T Viscometer and/or the bath to the PC
when running SBT.

1. Place the viscometer(s) on the bath. Plug
the power cables from the rear of the bath
into each viscometer. The receptacle
locations are identified in Figure 10.

Figure 10 — Power attachment for Viscometers

2. Turn on the viscometer(s) using the switch on the back of the viscometer(s). Follow the
instructions on the viscometer screens to zero each viscometer. Once complete, make
sure the motor is off.

Note: If running Low Temperature Viscosity (ASTM D2983), proceed to Section V.
Direct Cool Il Operation. If connecting to the PC for running SBT, continue to step
3.

3. Connect two COM (USB) data cables to the top two USB ports labeled “VISC” in the
multi-port USB hub. On the Direct Cool II, the multi-port USB hub is located on the back
of the bath, as shown in Figure 11.

4. Connect one end of a COM (USB) data cable to the bottom port labeled “DATA OUT”
of the multi-port USB hub, but do not yet connect it to the PC.

Figure 11 — COM Port
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5. Open the SBT software, then click on the tab labeled Device Setup on the left-hand side
of the window.

6. With the bath not connected to the computer, click “Scan” in the “Thermometer” pane,
which itself is in the “Unit 1” pane. Next, plug the COM (USB) data cable from the
“DATA OUT” port on the back of the bath into the PC. The COM Select dropdown
menu should automatically be populated with the appropriate COM port.

7. Click on the “Add New Viscometer” button on the top left of the Device Setup screen. A
new dialogue box should open.

8. Click on “Start Scan”. Once the dialogue box says “Scanning...”, plug the COM cable
that is connected to the top “VISC” port into the left (when facing the front of the unit)
viscometer on the bath. This will be Viscometer 1. Once the software recognizes the
viscometer, the dialogue box will say “Confirmation Complete.” Unplug the COM cable
from the viscometer.

9. Click “Scan” in the “Viscometer 1” pane, which itself is in the “Unit 1” pane. Plug the
COM cable back into the viscometer. The “COM Select” dropdown menu should
automatically be populated with the appropriate COM port.

10. Repeat steps 11 through 13 with the right viscometer, Viscometer 2.

11. Once all devices have been connected, click “Apply”.

Scanning Brookfield Test 2010 - X
File Help

Add New Viscometer ‘ Apply I Device Setup Clear | Refresh ‘
Unit 1
" Viscometer 1 Viscometer 2 Thermometer
COM Select COM Select COM Select
' Digital [noPo ~] @ Digit!l WO PO + ' Digital [noPa +]
Sca Scan Sca
Unit2
Viscometer Viscometer 2 Thermometer
COM Select COM Select . COM Select
S & Digital
Pigtel oo Digiel 1570 < . NO PO
Sca Scan Sca
Unit 3
" Viscameter 1 Viscometer 2 Thermemeter
COM Select COM Select COM Select
@ Digidl  oFo v & Digital NOPO < & Digital NO PO ~.
Scan Scan Scan
Unit&
Viscometer 1 Viscometer 2 Thermometer
COM Select COM Select COM Select
o - -
Digisl  [ope s Digiel o e |
Scan Scan Scan

Figure 12 — Device Setup as shown in software
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12. Run the Software as normal.
D. Software Start-up and Temperature Verification for SBT

1. If'the software is not already started, double-click the Tannas Icon on the computer display
to begin the SBT program.

2. Access the Program Setup menu by clicking on the Program Setup icon. If desired, enter
the company name and address into the appropriate locations as shown in Figure 13 (2).

- X

Scanning Brookfield Test 2010
File Help

Inactive |\nadive| Inadwel Inadwel

3)nitID [ * Cdl Rate (‘Che): [ 10 E]: ( )
Sample Setup Temps slibration Torque Calibration ———————————————————
Actual (°C) Set Point 1(°C): 3 SetPoint2(C): 0 Viscometer 1 Viscometer 2
Adjustment 5 Adjustment ET) Actual Actual
Data Collection App Lpp Offset: 0 Offset: 0
FE Start Calibration | (5 )
Test Results
~Company Information Mumber of Units Appearance
Company: [ X =) & O Flat
Address: | X Taraware Type
[ & SBT Direct Cool Il
City/StateZip: x X X | © seTDirect Cool 1 5B22
(2) C SB+4/SB+8
> 4
T ————
[C\UsersTannas\ Documents's a

x |

|7 Serial Number:

Ready

Figure 13 — Company Information software section

3. Select the appropriate number of units being utilized (1-4). Note that each unit and the 2
corresponding Viscometers will have their own tab across the top.

4. Select the desired cooling rate required for the test to run.

Note: Calibration runs may be performed at either 1° or 2°C per hour. A Sample run must be
performed at 1°C per hour.
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Note: Changing the cooling rate in the software does not affect the physical cooling rate of the
bath -- only the rate at which the software collects and analyzes the data. The cooling rate selected
in the software must be the same as what is selected on the DCII HMI.

5. The Start Calibration button enables the operator to verify that each viscometer is
outputting to the proper COM port in the software. With the motors on, simply check that
the “Actual” torque readings in the Torque Calibration pane match the torques displayed
on the viscometers, with the left (when facing the front of the unit) viscometer being
“Viscometer 1” and the right viscometer being “Viscometer 2.” Click “End Calibration”
to exit calibration mode. A test cannot start with the software in calibration mode.

6. The Default Sample Data Location section designates the location on the computer where
the operator desires to have the data saved.

Note: Program Setup settings cannot be modified once a calibration or sample run has been started.

E. Starting a Profile
1. From the DCII HMI Home Screen shown in Figure 2, press Change Profile.
2. Select the desired cooling profile from the screen.
3. Press Start Profile on the DCII HMI Home Screen. tANNAg

a. Below the Tannas Tree, a message will state
“Profile Starting” as illustrated in Figure 14.

Profile off

Profile
starting...

Figure 14 — Profile Status
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b. Once the Profile has started, the Tannas Tree will
turn red, the message will go away, and the word
“Running” will appear directly below the Tannas
Tree. A countdown timer will also show the time
remaining in the profile.

4

Running

Figure 15 — Profile Status

4. When the profile has completed, a pop-up window will display directions or indicating the
test is complete.

Figure 16 is an example of the HMI screen after the temperature has reached -5°C.

Change o
Profile | Custom Start Temperature ~ RU" |

T1ANNAg

Bath is at start temperature.
Please place viscometer
in bath and start motor.

fr

Profile off
OK

Figure 16 - Profile completion example screen
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V.DIRECT COOL II OPERATION

A. Pre-treatment Heating

Pre-treatment heating of test samples using the DCII unit is achievable without the use of an
external preheating apparatus. The preheating step is performed with the Viscometer(s) completely
assembled and lowered in the DCII Test Cells.

After preheating is completed, the viscometers need to be raised for the time indicated on the timer
on the HMI. The HMI controller will guide the user through these steps.

Raise the Viscometers while the samples are still at 90°C with the Motor turned off. Set the DCII
unit to cool to -5°C via the appropriate profile. Once the bath achieves -5°C and the proper wait
time has been met as indicated on the HMI, lower the Viscometers into the Test Port holes, turn
the Motor ‘On’ and allow stabilization for 20 minutes before starting the temperature profile and
analysis software.

Warning: Stators will be hot when raised. To avoid burns, avoid touching the stators when raising
them and allowing them to cool outside of the unit.

Note: Failure to remove the Viscometer (and sample) while the unit cools to -5°C may result in

inaccurate sample data. Alternatively, failure to acknowledge the prompt to raise viscometer after
Pre-heating will result in termination of the profile.

B. Operation of a Calibration or Sample Run
A calibration of all cells can be run at either 1°C/hour or 2°C/hour. ASTM D5133 requires
1°C/hour for a sample run. A calibration on one Viscometer and a sample run on the other can be

performed at the same time, if the cool rate desired is 1°C/hour.

Note: The cooling rate selected in the software must be the same as what is selected on the DCII
HMI.

Note: Viscometer calibrations are recommended on a semi-annual basis.

Note: A Reference Oil sample run is recommended every 6 months to verify proper operation of
the bath, or if test results are suspicious.

1. In the software, select Sample Setup before starting the test. This section is where the
operator will enter all the calibration and sample setup information.

2. Input the operating temperature range (starting and stopping temperatures).

3. Select the Unit tab; viscometer and oil reference will be entered in this section Figure 17.
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Scanning Brookfield T

¢ Unit T4 Inactive | Inactive | Inactive

Starting Temperature ('C): [ 5 =]  Stopping Temperature (*C): [ 40 =] (2)
15Cometer
Type: [Caibration _+] Fluid ID:  LNP-5 Calibration Fluid
Viscometer: [Viscometer 1 ( 4 5) Vis Type: [TAVII |
Rotor: |Rotor 1 —— 1
L Stator: [Stator 1 J (9)
fiscometer 2 N
Type: [Unused <
Viscometer: E 4 5)
L Stator:
ﬁbranon Fluid Infarmation for Unit: Unit 1 - Viscameter: 1
Fluid Neme: [LNP5 Batch Number: [0810 oK
1 2 2 s 5 1 H 3 10 ot
ancel
TE"'PE'fEfC)lilililililili-mli!i!i 4((%7 8)
Viscosity (cP) | 1324 [ 1985 5015 [ 8526 [ 15280 [ 59164 L
New
MacCoul - Wialther - \wiright Regression
Slope: -3.03 Correlation Coefficient: 0.95330 Delete
\\ntemept' 18.92 Equation: LnLn(Viscosity) = -3.03~ Ln(KTemp) + 18.52

Figure 17. Sample Setup software section

4. Select whether a calibration or sample run will be performed, or which Viscometer(s) will
be unused during the test. Within a single test run any of the three settings can be made for
each Viscometer.

For example, a calibration run can be made simultaneously with another Viscometer
running a sample, if the cooling rate selected is the same. (See the statements on this topic
in the Notes above.)

Note: If it is the first time a Viscometer is being tested, it must be setup for a calibration run.
5. Enter the Viscometer, Rotor and Stator numbers into the appropriate blanks.
Note: Do not use special characters such as / ” * \ when naming files.

6. If running a calibration, select the reference oil desired (Fluid Name) and, if necessary,
enter the batch number and viscosity information from that oil into the blanks provided and
select OK.

7. If performing a sample run, enter the sample information. There is also a section provided
to enter five (5) temperatures and five (5) viscosities which may be chosen to have reported.
This information will automatically be printed on the report form.

8. Click the OK button when completed to save the data. Repeat these steps for the remainder
of the Viscometers and units that are connected to the computer.

9. The Select Calibration selection is designed for the use of multiple styles of Viscometers.
It allows the operator to select a calibration data set that was previously determined with
another Viscometer.
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This way the operator can switch between various high and low viscosity TAV
Viscometers without needing to re-calibrate each time. This is only selectable when
running a sample, not a calibration.

Note: The same Rotor and Stator must be used on a sample run that was performed with the
calibration run.

10. If not already on, turn on the Viscometer without a Rotor connected. Level the Viscometer
using the bullseye level. Press any key to Autozero the Viscometer. Ensure the torque value
is 0 £0.1%. When Autozero is complete, make sure the Motor is off.

Note: Ensure that you have already completed the connection procedure outlined in Section IV,
subsection C.

11. At room temperature, pour 16 ml of the calibration oil or sample oil into the Stainless-Steel
Stators.

12. If using a Newtonian reference oil for calibration, the fluid does not require pre-heating.
For sample tests, the oil must be pre-heated according to the ASTM method to remove any
pre-existing molecular structure.

Note: LNP-5 Reference Oil is Newtonian in behavior throughout the low temperature test range
and is non-gelling. No special pre-heating preparation is necessary.

13. Assemble the Rotor and Stator assembly onto the appropriate Viscometer and lower each
Viscometer assembly into the Direct Cool Test Port holes.

Note: When placing the Rotor into the Stator filled with oil, tilt the Stator Tube at an approximately
45° angle for about 10 seconds. Tilting of the Stator will allow the displacement of any air bubbles
at the bottom of the Rotor before assembly.

14. If running a sample test on any of the Viscometers, this oil must be preheated to 90°C for
90 minutes. This may be performed by selecting the Preheat to 90°C profile in the HMI
and then pressing Start Profile. After 90 minutes of preheating, raise the Viscometer so that
the Stator is outside of the Test Port hole and select the Precool to -5°C profile to cool the
DCII to -5°C. The viscometer shall not remain raised outside of the Test Port hole for no
more than 20 minutes after preheating.

Once the bath cools to -5°C, lower the Viscometer assembly into the Test Port hole.

Note: Failure to raise the Viscometer (and sample) while the unit cools to -5°C may result in
inaccurate sample data. Alternatively, failure to acknowledge the prompt to raise viscometer after
Pre-heating will result in termination of the profile. Failure to lower the Viscometer back into the
bath held at -5°C in less than 25 minutes may also result in erroneous sample data.
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15. Press Select Speed on the Viscometer until 0.3 RPM appears on the screen. Press Set Speed
to save. Once set, press the motor ‘On’ button.

16. Verify the Dry Gas Line to the Direct Cool II bath is connected, referring to Section IIL.LE
for further information.

17. Select the Data Collection icon on the computer. This section allows the operator to start
the collection of the data and view the results as they are tabulated.

18. Select the Start button with the name of the appropriate profile displayed in the top center
of the SBT DCII bath’s HMI. Starting the software on the computer should start the profile.
Verify that the profile starts and is running. If not, it can be manually started on the HMI.
The Test Status window, shown in Figure 18, will inform the operator of the progress of
the test. Included on this screen is the actual run time and temperature of the sample test.

File Help

unit 1| iffotive | inactive | Inactive |

(BB |-

Start

Elapsed Time Temp (*C)

Test Status

Viscomgter 1 SAMPLE - GIR-150 ID: A Company: A Graph

Current = Max Gelation @ Temp (°C) & Sample
EEETE T NEDN MR MR G v S|
Viscometer 2 SAMPLE - GIR-150 ID: A Company: A

Current Viscosity (cP)  Max Viscosity (cP) @ Temp ("C)  Max Gelation @ Temp (*C)

R BN EEEN BN EEEE oo S 9

SAMPLE 1-GIR-150
SAMPLE 2 -GIR-150

=
&

o
Wiscosity (cP)
rl
&
=]

8
=]

o
&8
Gelation Index

20,000

10,000 _A 10

=35 -30 -25 -20 -15 -10 -5
Temperature (*C)

— Sample 1 Viscosity — Sample 1 Gelation — Sample 2 Viscosity —— Sample 2 Gelation

Figure 18. Test Status

19. The Graph selection at the top right of the screen will allow the operator to view
Viscometers performing either a Sample or Calibration run.

Note: The operator may capture and print samples as they are completed.
20. Test results can be viewed in real-time by entering the Test Results section. The graph

allows the operator to view either the Viscosity vs. Temperature curve or the Gelation vs.
Temperature curve, as shown in Figure 19.
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Select Test

" Viscometer 1 SAMPLE - GIR-150 ID: A Company: A Show Gelation ¥ Shaw Viscosity
@ Viscometer 2 SAMPLE - GIR-150 ID: A Company: A Show Gelation [ Show Viscosity I
Viscometer 2 SAMPLE - GIR-150 1D: A Company: A Graph
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L’""‘ o el Viscosity (cF)
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Calibration nfo

Visc = 1229 ue + 185 82 Temperature (*C)

_ IEEEEN SIS RN
@ Viscosity (cP) | 5000 10000 20000 30000 40000 Refresh
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90,000 \

80,000 \\‘l\

70,000 \
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Z 50000
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2 40000 \

30,000 \

20,000 \
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]
-35 -30 -25 -20 15 -10
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= Sample1Viscosity == Sample 1Gelation — Sample2 Viscasity Sample 2 Gelation

@
2
Gelation Index

Figure 19. Curve Evaluation

21. Individual curves can be viewed by turning off
the view of the other curves. Simply click the
checkmark next to the individual cell, shown in

Figure 20, to remove the curve from the display.

Figure 20. Curve View Sections

Show Gelation |v

p—

Show Viscosity |v
Show Torgue [v

Graph
* Sample

" Calibration

22. The Table provides a continuous update on the highest viscosity and Gelation Index up to
that point. The Table will only be available during sample tests.

23. Printing of the graph or table may be performed at any time during the test.

24. The test may be stopped at any time. Stopping the test with the “Stop” button on the
computer software will cancel the cooling profile on the DCII bath, as well.

Note: If the test is restarted, it will not continue from where the last test stopped. It will start the
process all over again.
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C.

ASTM D2983 - Operation

The following procedure is to be completed when running ASTM D2983. Refer to the latest
version of ASTM D2983, which takes precedence over these instructions. Contact Tannas &
King Technical Service at service@tannasco.com or (989) 496-2796 for further information.

Before starting, ensure that temperature calibrations and calibration offsets for the Direct Cool 11
are established. Program the DV2T Viscometer as per ASTM D2983, Procedure D, and use the
D2983 Viscometer Adapter Assembly.

1.

10.

1.

12.

Adhering to ASTM D2983, Procedure D, pour 20 mL + 0.4 mL of a calibration fluid into
a clean 25 mm x 150 mm Direct Cool 11 stator.

Insert the Direct Cool II stator into the bath using the D2983 Adapter Assembly.

If not connected, connect the power cables from the rear of the bath to each viscometer.
Switch on the viscometer(s) from the back. Allow 30 mins for the viscometer to warm
up. Lower the viscometer tray without the spindle attached to its measurement position
and initiate the viscometer's zero compensation function. Once complete, raise the

viscometer tray.

After zeroing, select “Spindle” on the viscometer, key in “64”, and confirm by selecting
“OK”.

Attach the spindle onto the viscometer. This can be achieved by positioning the spindle at
an angle within the adaptor, elevating the sleeve coupling, and aligning the lower

coupling with the upper one.

Note: It's essential for the spindle to be inserted at an angle into the adaptor due to its
length exceeding the height of the adapter.

With the spindle attached to the viscometer, lower the viscometer tray to the
measurement position.

On the Direct Cool II home screen, tap “Change Profile” to access the D2983 profiles.
Choose “Full Length” under Auto Viscosity to execute D2983.
Set the test temperature for the rotational viscosity test and confirm by tapping “OK”.

After selecting the profile and the test temperature, shift to the DV2T viscometer
touchscreen.

Press the “Home” button on the viscometer and then “Load Test”.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

Choose “Viscosity Test” on the viscometer, then “Internal Memory”, “users”, and
lastly, “administrators”.

From the given options, select “D2983-Visc.dvt”.

Return to the Direct Cool II touchscreen and initiate the test by tapping “Start Profile”.
Back on the viscometer, tap “Run”.

The profile will run for 17 hours, and 12 minutes as outlined by ASTM D2983,
Procedure D. This includes a pre-heating step at 50°C for 30 minutes, followed by

cooling to room temperature before starting the cooling profiles.

The sample cools to the test temperature and maintains it for 14 hours before the
viscosity is measured automatically.

Once viscosity measurements are done, the sample chambers return to room temperature.
At this point, remove the sample and clean all components to prepare for future tests.

Once viscosity measurements are done, the sample chambers return to room temperature.
At this point, remove the sample and clean all components to prepare for future tests.

See Low Temperature Viscosity (ASTM D2983) Test Results under the Test Results and
Printing Section.
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VI. TEST RESULTS AND PRINTING
This section provides the operator the capability of printing the report forms for each Viscometer.
A. SBT Test Results

1. Once the test is completed, click on the Test Results menu bar shown in Figure 21 and
select the desired Viscometer by clicking the appropriate section.

Unit 1 | Inactive | Inactive | Inactive  Previous Results

Select Test

(" [EADirect Cool CSV Files'\20100715-1 0509.dat 3| €| Show Gelation v Show Viscosity IV
o &l e
Test 1 SAMPLE - GIR-150 1D: 0508 Company: TANNAS Graph

Run Date: 2010/07/15 Gelation «

ok e P Viscosity (cF) - - - - - o
G =184@-137

= & @ Temperature (°C) 5 KT B c

W e ey Temersrere) | I RSN NN
orrelation = 0.99932 @ Viscosity (cP) [ 5000 10000 20000 30000 40000 m

SAMPLE 1-GIR-150

100,000 100
90,000 l‘\\ 50
80,000 \ 80
70,000 70

- 3\ .

& 60000 80 5

5 \ £

Z 50000 50 S

2 £

2 \ o

< 40,000 \ w0 3
30,000 30

&Y
20,000 AN 20
10,000 10
e
[ 0
a5 -a0 -35 -30 25 20 -15 -10 5 0

Temperature (*C)

= Sample 1Viscosity == Sample 1 Gelation

Figure 21 — Test Results Screen

2. [If additional information is required at different viscosities and temperatures, simply type
in the desired number into the table.

3. Print the data by clicking on File and then Print.

When analyzing results of the calibration, the tolerance of the slope value of the equation
is based upon the Viscometer model type used. The Direct Cool II is only compatible with
the TAV-III M. Therefore, the slope should be greater than 950.

The Correlation Coefficient, R, should be 0.999 or better, and the intercept should be
0+1500cP, regardless of the Viscometer model type.

If not, another calibration run should be made to check the results. If no improvement is
shown, see section IX Troubleshooting Guide, or contact Tannas Co. Technical Service or
the local distributor.
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Note: Tannas Co. recommends running Gelation Index Reference oil (GIR-150) every 6 months
to verify operation of the bath and Viscometers, or if test results are suspicious. Note that GIR-150
requires pre-treatment at 90°C for 90 minutes.

LNP-5 calibrations are recommended on a semi-annual basis.

B. Sample Results

If the Gelation Index result is 6 GI or below, per the ASTM methods, neither the Gelation Index
nor the Gelation Index Temperature shall be reported.

A Gelation Index that is above 6 GI may occur at more than one location on the
viscosity/temperature curve. The maximum peak of the Gelation Index and the associated Gelation
Index Temperature shall be reported.

C. Low Temperature Viscosity (ASTM D2983) Test Results

Test results are identified by observing the highest RPM with a torque reading between 20% and
80%. Record results from the second screen for the highest RPM reading. Note in the report that
results were obtained using Procedure D.

Remember: If the torque exceeds 100%, data will be taken from the previous screen.

For enhanced measurement accuracy, we recommend performing spindle calibrations per ASTM
D2983, Annex A3 periodically.

Data from the DV2T viscometer can be compiled into a summary for download. The digital
viscometer tracks several factors from the onset of a test, including elapsed time, sample
temperature, spindle speed, torque, and viscosity. Once the test concludes, a summary of the
viscosity data is showcased on the viscometer. These findings can either be printed or saved to a
CSV file, offering a comprehensive record of both thermal conditioning and viscosity
measurements.
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D. Previous Test

This section allows the operator to load a previous sample or calibration run and print. It also
provides a unique method of overlaying several sample tests for comparison.

1. Select the Previous Results tab in the Test Results section, shown in Figure 22.

2. Select Load and indicate the file to be viewed. The file may be pulled from any location
accessible in the computer.

Results can be printed by selecting File > Print Setup under the dropdown menu.

Uit 1 | Inactive | Inactive | Inactivf Previous Results |

—Select Test

al EKd
“ &l c

Sample Setup

Data Collection

Figure 22. Opening Previous Results
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VII. DISASSEMBLY PROCEDURE

Once the test has completed, the bath will return to a safe, pre-programmed idle setpoint. The test
may be disassembled at the operator’s convenience.

1. Turn off the viscometer motor by pressing the Motor On/Off button.
. Raise the Viscometer, Rotor, and Stator assembly out of the bath.
3. Remove the Rotor and Stator from the Viscometer. Thoroughly clean the Rotor and Stator
with a suitable hydrocarbon solvent. Make certain there is no oil residue on the parts.

Caution: Use proper PPE when working with samples and solvents. Clean the Rotor and Stator in
a suitable location away from the bath, with proper ventilation and solvent containment.

Caution: The Stator can be very cold at the end of a test and can be difficult to remove from the
bath at temperatures below 0 °C. Do not attempt to raise the Stator until it has returned to
temperatures above freezing.
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VIII. BATH MAINTENANCE

1. Keep the bath free of water by periodically heating the unit to 90°C for several hours. The
ports may be dried with a dry cloth or by vacuuming them out with a suction line.

2. Keep the Test Port Holes plugged with Rubber Stoppers when not in use to reduce frost
build-up.

Note: It is detrimental to turn the unit On and Off frequently. The bath may be left on continuously
but if the bath will not be used for a month or more, it may be turned off and unplugged.

3. Clean the heat sink fins and the fans with pressurized air at least every six (6) months or
more often depending on the dust level. Heat sinks can be accessed by removing DCII

cabinet enclosure.

Caution: Turn off power and disconnect plug before removing cabinet enclosure.

Figure 23 — Desiccant Cartridge locations

4. Remove the two front fasteners on each side of the DCII; their location is depicted in Figure
23. Once the two fasteners are removed, pull the enclosure forward and tip it as shown in

Figure 24.
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Figure 24 — Enclosure removed

5. Use compressed air to blow dust and debris out of all areas of the fins, fans, and all internal
components.

6. Clean the cabinet surfaces as needed by wiping with a damp cloth using a mild soap and
water solution. Do not allow solution to enter the cabinet -- especially the top control or
the rear access panels.

Note: Use applicable PPE during all cleaning processes.
7. In general, control the environment in which the unit resides. Give it plenty of ventilation

at approximately 21°C £6°C. Keep the humidity as low as practical. Higher humidity levels
contribute to increased frost levels.
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IX. TROUBLESHOOTING

A. Bath Operation

If the Direct Cool II is not performing according to the specified standards, use the following to
resolve the problem. If there is still an issue, contact Tannas Technical Service at
service(@tannasco.com.

Symptom Problem Solution

No power 1. Main circuit blown 1. a) Check the building circuit
breakers and reset if necessary
b) Make sure the circuit can
handle indicated current for the

DCII
2. DCII F1 and/or F2 2. Check F1 and F2 in the fuse
blown drawer next to the power cord.

Replace with an equivalent fuse
amp & type. Turn off power and
unplug unit before replacing fuse.

No power to 1. High temperature 1. Make sure the HMI temperature

heating/cooling circuit, problem set point is not set above 90°C.

Over-Temp Banner

displayed on HMI 2. Environment issue 2. Make sure room temperature is
below 26°C

No heat 1. Heater fuse blown 1. Contact Tannas Technical Service
or the local distributor

2. Heater malfunction 2. Contact Tannas Technical Service

or the local distributor
3. Heat Profile Time-out 3. Restart 90°C Pre-heat profile

No cooling 1. Cooler module issue 1. Contact Tannas Technical Service
or the local distributor

Poor Temperature Control 1. Room is too warm 1. Operate in room that is cooler

than 26°C

2. PID settings have been | 2. Contact Tannas Technical Service
changed Check clearance around DCII

4. Check Dry Air pressure

(O8]

3. Poor air circulation
4. Dry Air flow not correct
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B. Viscometer and SBT2010 Software Operation

If the Viscometers or software are not performing properly, use the following to resolve the
problem. If there is still an issue, contact Tannas Technical Service at service(@tannasco.com.

Power not enabled to
viscometer

Symptom Problem Solution
No power to Viscometer or | 1. SBTDCII fuse blown for | 1. Contact Tannas Technical
no display on Viscometer. Viscometers Service

2. Viscometer fuse blown | 2. Contact Tannas Technical

Service

Select “change Viscometer” and
answer “Yes” after ensuring the
viscometers can tolerate the
detected voltage. (TAV-III M
viscometers can tolerate 90 —
240 VAC))

No Viscometer data output
to software

[98)

Motor not running

Motor failed

Data Cable disconnected
Communication signal
disabled.

[98)

Press the speed select button
until 0.3 RPM appears then press
the set speed button to save.
Contact Tannas Technical
Service

Reconnect data cable

Close SBT 2010 software. Turn
off viscometer motor. Go to the
“Check viscometer connection”
as in Step 8 of TAV-III M setup
and select the option. Navigate
back to the main screen of the
viscometer. On the PC, verify
the com port. If necessary, run
the Putty application for a serial
connection with the com port for
that viscometer and speed
38400. If the connection is
correct, numbers will appear in
the putty terminal. Close the
terminal and proceed to the
software, verifying the correct
com port is selected for that
viscometer. If no numbers
appear, further troubleshooting is
needed. Close the terminal and
repeat the TAV-III M setup. If
this does not work contact
Tannas Technical Service.
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Software: Device not found | 1. Software Lock not 1. Be sure the Software Lock is
erTor. installed installed, and green light is on,
then restart computer
Failed Calibration Results: | 1. Viscometer not level 1. Level Viscometer
Poor Correlation or 2. Bent or damaged shaft 2. Replace Hooks and/or Rotor
Intercept greater than or hooks
0+1500 cP 3. Service due on 3. Contact Tannas Technical
Viscometer Service
4. Software not 4. Refer to Section IV.C in this
synchronized Operations Manual
5. Cell temperatures out of | 5. Contact Tannas Technical
calibration Service for Linearization
Procedure
Software: Computer 1. Setup performed 1. Check all data entry areas for
displays file not found utilizing incorrect illegal characters such as / * )\ -
Windows characters.
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C. Graphical Analysis Issues

The following graphs are some general examples of issues that may be experienced along with the
appropriate resolutions:

Example 1

Viscosity

Temperature
1. This graph is an example of a loose hook. As the viscosity increases, the hook begins to
tighten and therefore displays a loss of viscosity or torque during this time. Once the hook
is tight it resumes the normal readings.

2. This can be rectified by carefully tightening the hook by hand. It is good practice to
check hooks prior to setting up a test.

Example 2

Viscosity

Temperature
1. This graph depicts a Viscometer motor or motor board that is failing. The drops in
viscosity/torque are when the motor is periodically turning off. This symptom typically
continues to worsen over time.

2. Contact Tannas Technical Service to send Viscometer back to Tannas Co. for cleaning,
calibration, and repair.
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Example 3

Viscosity

Temperature

1. When a hook, Viscometer shaft, or Rotor is bent, then this is the graph that will appear.
Sometimes this condition is even worse with a very wide line at the base. It could also
appear if the Viscometer was not properly leveled prior to operation. The last case is the
jewel, in which the shaft turns, is scratched or otherwise damaged.

2. Make sure Viscometer is level. Replace hooks and then Rotor. If these do not rectify the
situation, contact Tannas Technical Service to send the Viscometer in for repair.

Example 4

Viscosity

Temperature

1. In this graph the end has dropped down to a zero point.

2. Viscometer and/or software was turned off before run was completed. Communication
between the bath and software was interrupted.

Direct Cool Il Operations Manual (Version 2024/01) Page 41



Example 5

Viscosity

Temperature

1. This graph shows a decrease and then another increase in viscosity.

2. This may be a situation where the structure of the sample has been broken down and then
reforms again.

Example 6

L\ Viscosity

Temperature

1. This may occur if the resistive temperature device (RTD) is having problems.

2. Contact Tannas Technical Service at 989-496-2796, service@tannasco.com, or the local
distributor.
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Example 7

Viscosity

Temperature

1. This may be seen on the computer screen during a run if the unit returns to —5°C. The
reason the graphs may differ is because of the unit heats up at a faster rate than which it
cools.

2. There is no concern if this is viewed on the computer screen. The analysis will eliminate
any erroneous information.

Example 8

Viscosity

Temperature

1. These spikes showing an increase of viscosity are typically caused by ice.

2. Make certain a good dry gas source is being utilized (see Section IILE).
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IX. SPARE PARTS / REPLACEMENT ITEMS

ITEM DESCRIPTION PART NUMBER
SBT Rotor-Direct Cool 160011
SBT Stator-Direct Cool 160022
Female Hook 100031
Male Hook 100032
TAV-III M Viscometer 100022
SBT™ DC Viscometer Assembly (TAV-III M), 220V 100854
(Includes Adapter Assembly, Rotor, Stator, Hooks)
Air Filter Dryer with Desiccant 550170
Desiccant Assembly with tubing 350190
Media Refill - Desiccant (1 1b. / 0.45 Kg) 550175
SBT Adapter Assembly-Direct Cool 160021
Calibration Fluid — LNP-5 020013 (Pint)
030013 (Quart)
040013 (%2 Gallon)
Gelation Index Reference oil — GIR-150 010007 (1/4 Pint)
030007 (Quart)
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IX. WARRANTY AND LIABILITY

SCANNING BROOKFIELD TECHNIQUE - DIRECT COOL 1T
Limited One (1) Year Warranty

Tannas Company warrants the SBT Direct Cool II (SBTDCII) for one year from the date of
commissioning by TANNAS personnel or authorized distributor to be free from manufacturing
defects according to the following terms:

Any part of the unit manufactured or supplied by Tannas and found in the reasonable judgment of
Tannas to be defective in material or workmanship will be repaired or replaced by Tannas without
charge for parts and labor.

That portion of the unit, including any defective part, must be returned to Tannas within the
warranty period. The expense of returning the unit to TANNAS for warranty service will be paid
for by the buyer. Tannas' responsibility in respect to warranty claims is limited to making the
required repairs or replacements, and no claim of breach of warranty shall be cause for cancellation
or rescission of the contract of sale of any Scanning Brookfield Bath unit.

This warranty does not cover any SBTDCII unit that has been subject to misuse, negligence, or
accident. The warranty does not apply to any damage to the unit that is the result of improper
installation or maintenance, or to any unit that has been operated or maintained in any way contrary
to the operating or maintenance instructions as specified in the Operations Manual. The warranty
does not cover any SBTDCII unit that has been altered or modified so as to change its intended
use. This includes any software modifications or additions to the Tannas supplied computer.

In addition, the warranty does not extend to repairs made necessary by the use of parts, accessories,
or fluids that are either incompatible with the unit or adversely affect its operation, performance,
or durability.

Tannas reserves the right to change or improve the design of all TANNAS Co. instruments without
assuming any obligation to modify any unit previously manufactured.

THE FOREGOING EXPRESS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES,
EXPRESSED OR IMPLIED INCLUDING WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE.

TANNAS' OBLIGATION UNDER THIS WARRANTY IS STRICTLY AND EXCLUSIVELY
LIMITED TO THE REPAIR OR REPLACEMENT OF DEFECTIVE PARTS, AND TANNAS
DOES NOT ASSUME OR AUTHORIZE ANYONE TO ASSUME FOR THEM ANY OTHER
OBLIGATION.

TANNAS ASSUMES NO RESPONSIBILITY FOR INCIDENTAL, CONSEQUENTIAL OR
OTHER DAMAGES INCLUDING, BUT NOT LIMITED TO, LOSS OR DAMAGE TO
PROPERTY, LOSS OF REVENUE, LOSS OF USE OF THE UNIT, LOSS OF TIME, OR
INCONVENIENCE.
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