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SAFETY NOTICE 
 

IMPORTANT CE SYMBOLS 
 

The symbol    means Main Power. 
 

The symbol      means Cooling.  
 

The symbol      means ground. 
 
 

The symbol       means Caution - note additional warnings. 
 
 
 

Warning: This equipment is not to be used in a manner not specified by the 
manufacturer. Any attempt to do so is not the responsibility of the 
manufacturer and may void the manufacturer’s warranty. 
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I. INTRODUCTION 
 
A. History of the Mini-Rotary Viscometer 
 
The Mini-Rotary Viscometer (MRV) was developed in the later 1970’s as a commercial instrument 
for determining pumpability of engine oils. The instrument was subsequently given the ASTM test 
Method designation D3829. It was designed to apply the instrumental technique developed earlier 
by W. Philippoff of Exxon Research and Engineering. Philippoff’s instrument and the Cannon 
MRV were both shown to correlate well with the engine oil pumpability studies that had been 
conducted earlier in that decade. 
 
However, this correlation with cold-room engine tests was inadequate to prevent field engine 
failures during the winter of 1980-81. These passenger car engines failed because of structure that 
formed in the engine oil leading to oil pump. This air-binding or gelation may occur under peculiar 
cooling conditions, slow ramping, that were not reflected by the cooling protocol of ASTM 
Method D3829. 
 
Consequently, alternative techniques using the MRV were sought. In 1985, a new cooling protocol 
called TP-1 (Temperature Profile 1) was published as SAE Paper #850443 and this procedure later 
became ASTM Method D4684, replacing the D3829 as part of the SAE J300 Viscosity 
Classification system. 
 
Limitations of the new procedure was that it could not measure the presence of Yield Stress with 
sufficient precision. In 2001, to meet the needs of the heavy-duty engine industry, a modified 
version of D4684 was developed as a tool for measuring low-temperature properties of highly 
sooted diesel engine oils. In 2003, this version of D4684 was approved by Section 7 of ASTM 
Committee D02 and was designated ASTM test Method D6896. However, again imprecise 
response to the degree of gelation of the oil limited the procedure to whether so-called Yield Stress 
was either present or absent, rather than to measure its level. 
 
 
B. Introduction of the Direct Refrigeration Mini-Rotary Viscometer 
The King Direct Refrigeration MRV, shown in Figure 1, 
was designed to provide highly reliable and accurate 
temperature ramping and control in ASTM D3829, D4684, 
D6821, and D6896 testing. The small footprint (18”W x 
18”D x 16”H or 46 x 46 x 40 cm) King MRV is unique 
with the patented direct refrigeration approach which is 
completely contained within the instrument and requires 
no additional cooling devices that are associated with 
circulating control problems and often flammable fluids.  
 

 
 
 

Figure 1 – The King Direct 
Refrigeration MRV 
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The King MRV bath is also unique in other ways: 

1. It can accommodate up to ten test oils per run. 

2. All Stators are easily removable thus permitting: 

a) Simple removal and cleaning at the normal laboratory cleaning station, rather than 
forced to clean at instruments with fixed Stators, 

b) Easy recovery of the sample by simply pouring it out of the Stator, and 
c) Agitation of the sample within the Stator after pre-heating soot-laden samples in ASTM 

Method D6896 (and, as noted in a. above, easy cleaning afterward). 
 
A special design feature provides pre-cooled, dry air to be delivered to each Rotor/Stator cell. This 
approach prevents any gathering of moisture or ice in the cell and removes the need for using split 
cell caps required by other manufacturer’s instruments. Moreover, this preventive approach is 
assisted by carbon-fiber Rotor Shafts, resisting heat conduction to the test fluid. 
 
The programmable Temperature Controller selected for the King MRV stores all desired MRV 
cooling profiles, in addition to a Calibration Program used to determine Cell Constants. The King 
MRV uses ‘direct refrigeration’ that evenly distributes a constant temperature to all the cells, and 
in conjunction with the programmable Temperature Controller, while providing cell-to-cell 
temperature consistency of plus or minus one tenth of one degree Celsius (±0.1°C) down to –40°C. 
 
 
C. ASTM Criteria 
 
The following are summaries of the ASTM Methods that can be performed using the KING 
MRV: 
 
D3829 
Standard Test Method for Predicting the Borderline Pumping Temperature of Engine Oil - 
Borderline Pumping Temperature (BPT) is determined when an engine oil is cooled to its lowest 
temperature, yet it can effectively flow to the oil pump in an automotive engine. This method 
covers the prediction of the BPT of engine oils through the use of a 16 hour cooling cycle over a 
temperature range from 0°C to -40°C. At least three temperatures are needed to determine the 
Yield Stress and Viscosity by applying two standard torques of increasing severity following the 
cooling cycle.  This method was replaced by D4684 in the SAE J300 Viscosity Classification. 
 
D4684 
Standard Test Method for Determination of Yield Stress and Apparent Viscosity of Engine Oils at 
Low Temperature - Cooling rates and duration can affect an engine oil’s yield stress and apparent 
viscosity. This test method covers the measurement of the yield stress and viscosity of engine oils 
after cooling at controlled rates (both slow and relatively rapid cooling rates) over a period 
exceeding 45 hours to a final test temperature between -10C and -40C. It is used to predict field 
failures believed to be caused by gel structures forming in the engine oils. These structures are 
believed to cause excessive yield stress and/or viscosity which can then lead to engine failures. 
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D6821 
Standard Test Method for Low Temperature Viscosity of Drive Line Lubricants in a Constant 
Shear Stress Viscometer - The Apparent Viscosity of Drive Line Fluids –Automatic Transmission 
Fluid, Gear Lubricants, and Final Drive – is adversely affected at low temperatures which can lead 
to component failure. This method covers the measurement of the Apparent Viscosity of drive line 
lubricants with a constant shear stress viscometer at temperatures from -40°C to 10°C after a 
prescribed preheat and controlled cooling to the final test temperature. 
 
D6896 
Standard Test Method for Determination of Yield Stress and Apparent Viscosity of Used Engine 
Oils at Low Temperature - When engine oil is cooled, the duration and rate of cooling can affect 
its Yield Stress and Viscosity. This method is applied to used engine oils slowly cooled through a 
temperature range where wax crystallization is known to occur, followed by relatively rapid 
cooling to the final test temperature of -20°C to -25°C over a period of 43 hr. to 45 hours. The test 
is used to determine how the oils will function in engines under similar conditions. 
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II. UNPACKING AND INSPECTION 
 
 
A. Shipment 
All components for the King Direct Refrigeration Mini-Rotary Viscometer are packaged in one 
crate. 
Warning: This unit, even though it is small, is heavy. Utilization of a hydraulic lift cart or other 
device is recommended. If it is necessary for personnel to lift the equipment, two people are 
required to lift the equipment from either end at the same time. Be certain that the personnel bend 
at the knees and keep a straight back when lifting. 
 
 
B. Initial Inspection 
While care has been taken to prevent damage during shipment, a careful visual inspection should 
be made 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, and to inform King Refrigeration 
of the circumstances. Pictures taken of the damaged crate and internal instrumentation are 
extremely helpful in resolving shipping difficulties. 
 
 
C. Unpacking 
While unpacking, carefully remove the wooden crate from around the Instrument. Remove the 
packing foam and protective plastic wrap, and inspect for any possible shipping damage that may 
not have been visible from outside the crate. Again, pictures are very helpful in establishing 
damage. 
Be particularly careful in unpacking the glassware included in the Instrument shipment. 
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III. INSTRUMENT AND PARTS 
 
 

A. Parts Description and Reference Guide 
 
This Section is a Parts Description and Reference Guide and is designed to familiarize the Operator 
with basic parts of the Direct Refrigeration MRV TP-1 instrument as illustrated in Figure 2, Figure 
3, and Figure 4. 
 
 
B. Parts Description 
 
1. Moisture Cover – Temperature- and humidity-controlled dry gas is supplied just over the top 

of each Stator to prevent water and ice from collecting upon the sample surface. This dry gas 
circulation is most effective when using the transparent Moisture Cover enclosing the 
Rotor/Stator assembly as shown in Figure 2, which limits access of any ambient moisture-
laden air to the cells. 
(2) 1/8” and (2) 5/16” diameter 
holes in the top of the Moisture 
Cover, with removable Plugs, allow 
insertion of four thermometers or 
other temperature-sensing devices 
during testing.  

 
2. Stator Insertion and Removal Tool 

(SIRT) – The SIRT indicated in 
Figure 3 is a specially designed tool 
that permits easy Stator insertion 
and removal. To engage the Stator 
with the SIRT, align the two pins on the SIRT with the vertical portion of the “J” grooves of 
the Stator as shown in Figure 5, slide the SIRT down lightly and turn clockwise to follow the 
J-Slot grooves. The SIRT can now be used to either remove or insert the Stator into the 
individual desired cell within the Cooling Block. 
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3. Viscometer Plate – The Viscometer Plate shown in Figure 2 and Figure 4 has multiple functions. 
As evident in Figure 6, Figure 7, & Figure 8 the viscometer plate provides positioning for the 
Key/Journal units that engage the Upper Rotor Shaft Bearings. These units will: 

a. Engage and provide the Journal of the Upper Rotor Shaft Bearing at the top of the Rotor 
Shaft, and 

b. Hold the Rotor for loading with weights and subsequent release during a test. 
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The Viscometer Plate is placed on top of two stainless steel Locator Posts as shown in Figure 4. 
The Plate is then held firmly on the posts during test by the two knurled Thumb Nuts. 

 
The keys should not be loose and can be tightened via the Allen screws with a 0.9mm Allen 
wrench. The Keys for each Rotor have three positions and associated functions as follows: 
Position One - This is the weight load/unload position shown in Figure 6. The position of the Key 
touches the top of the Viscometer Plate, while the locking pin is positioned in the Upper Rotor 
Shaft Bearing. In this position, the Key’s Crossbar Stop prevents the Rotor Crossbar from moving.  
 

Position Two - This is the Crossbar release position as illustrated in Figure 7. The Key is raised 
vertically, which also raises the Crossbar Stop; thus, the Crossbar is released allowing the Rotor 
to turn freely under the load previously applied in Position One. To end the timed revolutions of 
the Rotor, the Key is again depressed to Position One above. 
Position Three – During setup and teardown, the Upper Rotor Shaft Bearings are released from 
the Journal of the Key as shown in Figure 8 by pulling the Key upward as far as possible and then 
lifting it until the Key’s Journal section is raised up and out of the top of the Rotor. 
 
Note: All Keys should be in Position Three (completely raised) when removing or installing the 
Top Plate.  
 
4. Locator Posts – Two vertical stainless steel Locator Posts rise from the top of the testing area. 

These provide accurate and repeatable alignment of the Viscometer Plate. 
 
5. Thumbnuts -- The two stainless steel Thumb Nuts secure the Viscometer Plate assembly in 

position during testing. They are finger-tightened just sufficiently to prevent motion of the 
Plate. 

 
6. Rotor/Stator Sets -- There are ten Rotor/Stator sets provided. Each Rotor/Stator set is 

individually numbered 1 through 10 and each numbered set is calibrated as a ‘Cell’ producing 
a unique Calibration Constant. There are a few unique features about these components that 
are critical to the operation of the Instrument, and these are described in the next section. 
Placing a rotor into the wrong (not matching) stator will negate the validity of the test. 

  

Figure 6. Position One Figure 7. Position Two Figure 8. Position Three 
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7. Rotor Shaft Bearings and Crossbar  
a. Carbon Fiber Rotor Shaft – The Rotor Shaft is made of carbon fiber, a material that 

severely limits heat transfer to the sample and retains dimensional stability throughout 
the test temperature ranges. 

  
b. Lower Rotor Shaft Bearing – The bottom of the Rotor Shaft is an inverted metal cone. 

This cone sits atop a hardened, upright conical bearing surface rising from the inside 
bottom of the Stator. Both of these form the Lower Rotor Shaft Bearing. This bearing 
design was chosen to protect the Lower Bearing from wear by particles in samples of 
used oils. 

 
c. Upper Rotor Shaft Bearing – Inset into the top of the Rotor Shaft is a precisely 

machined cylindrical Upper Bearing closely fitted by the Journal of the Key as shown 
in Figure 6, Figure 7, & Figure 8. This is the Upper Rotor Shaft Bearing. 

 
d. Crossbar and Thread Hook – A Crossbar is inserted 

through the Rotor Shaft just below the Upper Rotor 
Shaft Bearing as illustrated in Figure 6, Figure 7, & 
Figure 8. One end of the Crossbar has a Hook. This 
Hook (Figure 8) is used to catch the loop on the 
Thread which is then wound around the upper Rotor 
Shaft and extended over the Pulley to support the 
Weight applied to turn the Rotor during test. Either 
end of the Crossbar engages the Crossbar Stop when 
the Key is fully depressed as in Figure 6. 

 
Note: If the Crossbar Stop is not activated before the Thread is 
completely unwound, the Hook also prevents the Thread from 
disengaging from the Crossbar, thus, preventing the weights 
from falling to the floor. Caution should be taken not to raise 
crossbar to Position 3 as it will release the rotor (and string) 
prematurely. 

 
8. Stator and Related Components  
 

a. “J” Stator Slot – The Stator may be removed and reinserted into the Cooling Block by 
a utilizing a special tool called the Stator Insertion and Removal Tool or SIRT shown 
previously. Note that the two opposing “J” Slots cut into the upper rim of the Stator 
permit the insertion of the SIRT to remove from, or insert the Stator into, the Cooling 
Block with or without its matching Rotor. 

 
b. Stator Positioning Groove – As shown in Figure 9, there is a Positioning Slot across 

the bottom of the Stator. When the Stator is inserted into the Cooling Block with the 
SIRT, the Stator is rotated clockwise by the SIRT until the Stator Positioning Slot 
engages a matching raised Ridge across the bottom of the Stator Port in the Cooling 
Block. This prevents any rotation of the Stator during test. 

Figure 9. Rotor/Stator Cell 
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i) Specifically, when placing the Stators with the 
SIRT into the Cooling Jackets that are an 
integral part of the Cooling Block ports, rotate 
the Stator clockwise with the SIRT while 
pushing down gently until the Positioning Slot 
is over the Ridge and drops into position. 

ii) Assure that the Stator is completely in contact 
with the bottom of the surrounding Cooling 
Jacket by checking to see that the top edge of 
the Stator is at the same height as the edge of 
the surrounding Cooling Jacket. The Stator 
may need to be rotated as much as 180 degrees 
to engage the Ridge. When removing the 
Stator with the SIRT always pull straight up 
until the Stator clears the mating Ridge. 

 
Note: The Cooling Block temperature should be at least 10°C or higher before attempting to install 
or remove any Stator because of firm grip of the Cooling Block on the close-fitting Stator when 
the Block contracts at lower temperatures. 
 
9. Wheel, Pulley and Pulley Carriage  

a. Pulley – As shown in Figure 10, the 
Pulley transfers the vertical force of the 
Weight hanging on the thread to a 
horizontal force applied to turn the 
Rotor Shaft. The thread extending from 
the Pulley to the Rotor Shaft causes the 
rotor shaft to rotate when the mass is 
applied.  

 
Three colored timing marks, one red, green, and 
yellow, and are equally positioned around the outer 
diameter of the Pulley Wheel (Figure 11). Each mark 
corresponds to one revolution of the Rotor.  
 
One full revolution of the Pulley Wheel is equivalent to three revolutions of the Rotor required for 
timing Rotor speed according to ASTM D4684 and D6821 methods. A horizontal Indicator Wire 
bar in front of the Pulley Wheel provides a reference point to begin and end the time count (Figure 
8). Any two of the metal timing marks on the Pulley Wheel are used to determine the 3 mm motion 
of the Rotor Shaft that would indicate whether or not a test oil should be considered having a Yield 
Stress. 
 
Figure 12 illustrates the wheel and its fiber optic connection to the MRV Instrument. The fiber 
optic cable is connected to the Signal Input connection with the white dot on the cable facing “up.” 
The distance of the sensor is set by a screw, and is located by moving the sensor front to back until 
the dot on the wheel is as small and focused as possible.  

Figure 11. Pulley Carriage 

Figure 10. Basic Operation 
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There is no power switch for the light, it is turned on when the MRV bath is powered. The MRV 
Dual Wheel can be used manually with a stop watch, or automatically with the MRV software. 
 

b. Pulley Carriage – The Pulley Carriage shown in Figure 11 assists the Operator in setting 
the position of the Pulley opposite the Thread, which is wound clockwise on the Rotor 
Shaft of each test cell. The Carriage is moved along the Carriage Rail until the Pulley 
‘V’ groove is lined up with the Thread to the Rotor Shaft (this is the shortest distance 
from the Pulley to the Rotor Shaft). 

 
c. Pulley Bearing Care – The Pulley Bearings must never be lubricated, and care should 

be taken when handling the Carriage Assembly to avoid damaging the Bearings. When 
not in use, it is best to remove the Carriage Assembly from the Carriage Rail and store 
it for protection. 

 
d. Pulley – Automated – The Pulley in Figure 11 is integrated with a fiber cable that 

allows the wheel to be used with the optional MRV Automation package and is similar 
to the manual operations but has divisions that are read by a light sensor located inside 
of the Pulley Carriage. Figure 12 shows the MRV with Automation Wheel set up. 
 

Note: The fiber optic cable must be fully inserted in the amplifier port and then locked in 
place by the locking lever located inside of the cover. Once locked in place then sensitivity 
calibration should be performed. 
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Figure 12. MRV with Automation Wheel 
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C. Description of Controls 
 
1. Main Power Switch 
The Main Power Switch, located on the front of the Console, is used to turn the King MRV 

instrument on and off. 
Note: As a safety precaution and to avoid effects of any electrical surges, the Main Power 
Switch should always be turned off when the King MRV Instrument is initially plugged in. 
 
2. Programmable Temperature Controller 
The Programmable Temperature Controller, shown on the front of the Console in Figure 1, 

automatically controls the heating and cooling of the Cooling Block. All Cooling and 
Calibration Profiles required for MRV TP-1 testing are stored in the Temperature Controller 
and are user selectable. A Db9 and RJ45 Connector on the rear of the cabinet is used for 
outputting the data signals for use with the optional automated software. 
a. For more information on programming, see the Temperature Controller Operation Section 

VII in this Owner’s Manual. If more specific programming information is required, contact 
King Refrigeration, Inc. 

 
3. Cooling System 

 
a. The Cooling System consists of single-stage, mechanical refrigeration. This Cooling 

System is designed to apply the refrigerant to cool the Block by a patented technique. 
This Direct Refrigeration technique provides good temperature control across the 
Cooling Block and obtains nearly identical temperatures in each of the 10 cells. 

 
Note: The amount and type of refrigerant for the King Direct Refrigeration MRV is listed 
on a tag attached to the exterior of the King MRV Console. 
 
b. A cutout pressure switch is incorporated in the Cooling System and set to 450 PSI for 

safety. 
 

c. The Cooling System will operate either manually or automatically with commands 
from the properly programmed Temperature Controller on the Console. 

 
d. While running a Profile, the Heating System will be cycled on and off according to the 

requirements of the Profile, and the green Cooling Light located on the Front Panel of 
the Console will be illuminated when the refrigeration is operating.  

 
 

Note: When the MRV is not running a profile, the Cooling System can be turned on and 
off by following instructions given later in this Owner’s Manual (see Section VII). It is 
recommended to contact Tannas Company or Authorized Tannas Distributor for additional 
assistance when charging the refrigeration system. 

 
e. During operation, the Cooling Switch should always be in the ‘on’ position. 
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4. Heating System 
The King MRV Block Heating System is entirely automatic. The Programmable Temperature 
Controller operates the heaters as needed to modulate temperature. When heat is being applied, 
the “Heater int SSR” button will be checked green on the Temperature Controller as shown in 
Figure 13 and the ‘PWR’ bar will show the % in process.  
                         
D. Dry Gas Delivery System 
 
The Dry Gas Delivery System provides a 
continuously replaced blanket of temperature-
modulated dry Gas over the cells and within the 
Moisture Cover. 
1. Either dry Air or nitrogen can be used as an 

effective Gas because both have low moisture 
content. Gas is first passed through two 
Canisters provided by King that are connected 
to one another in series as shown in Figure 14. 

 
a. The Canisters contain a blue-colored, 

calcium sulfate Drying Agent provided 
by King Refrigeration. Laboratory dry 
air or nitrogen flows into the first Canister as shown in Figure 14 which is connected 
to a second Canister. After exiting the second Canister through a flexible hose, the gas 
enters the Console and its Cooling Block through an inlet on the rear panel, again as 
shown in Figure 14. 

 
b. The gas passes through the Cooling Block to acquire a lower temperature and emerges 

immediately above the upper edge of each of the Stators as they are positioned for 
testing within the Cooling Block. 

 
c. When the proper gas flow is applied by means of the adjustable valve on the front of 

the Console (see Figure 2), this Gas Delivery System eliminates possible moisture or 
ice buildup on cold Stator walls, or condensation under the Moisture Cover during the 
test period. The Gas Delivery System also serves to help maintain the sample at test 
temperature. 

 

Figure 14. Dry Gas System 
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Figure 13 Temperature Controller 
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2. The Dry Gas Delivery System operates manually and regulated with the air flow valve (see 
Figure 2).  

 
3. During King MRV operation there is a visual indicator in line with the air system that the Dry 

Gas Delivery System is functioning: 
 

a. When the valve is fully open and air movement can be heard around the test cells. 
 
b. A flow of 4.0 SCFH (Standard Cubic Feet per Hour) is a reasonable flow rate to test 

control of humidity. This may be modified higher or lower depending on the laboratory 
conditions.  

 
4. Maintenance of the Drying Ability of Canisters 

 
a. As previously mentioned, air or nitrogen gas provided to the Dry Gas Delivery System 

first passes through the two Canisters of blue-colored (when anhydrous) calcium sulfate 
(the chosen King Drying Agent) connected in series to remove virtually all moisture 
from the Gas, whether air or nitrogen. 
 

b. Maintenance of the moisture-removing ability of the Canisters is important and the 
Drying Agent changes from a blue to pink color when the calcium sulfate absorbs 
sufficient moisture and is no longer capable of absorbing more water. When the first 
Canister shown in Figure 14 is almost completely pink, move the second Canister to 
the first position and place a freshly charged Canister with blue Drying Agent in the 
second position and reconnect all hoses. 

Note: When ‘house’ compressed air is used as the source of gas, it is necessary to use a filtering 
technique before the gas is exposed to the Drying Agent. King Canisters of Drying Agent contain 
such filters. Anhydrous calcium sulfate canister columns with integral filters for house air are 
available from King Refrigeration. Currently the canisters are also available in some chemical 
catalogs.  
 
 
E. Safety Information and Fuses 
 
1. High-Temperature Cut-Out Switch 

a. The bath is protected by an Over-Temperature Cut-Out Sensor located in the 
Aluminum Cooling Block. The Sensor is connected to the programmable Temperature 
Controller which monitors the temperature of the Block. If the temperature goes above 
a Set Limit of 90°C the Controller breaks the heating circuit, illuminates an alarm 
Indicator Light. 

b. The Aluminum Cooling Block also incorporates a 105°C Thermal Fuse, located 
internally in the Block. If the temperature rises above the Set Limit, the Thermal Fuse 
eliminates the ability for the Instrument to heat. See the Trouble Shooting Guide, 
Section X, included in this Owner’s Manual (or contact King Refrigeration). 
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IV. SETUP 
 
A. Initial Setup  

 
The King Direct Refrigeration Mini-Rotary Viscometer is a self-contained, stand-alone 
Instrument having a relatively small bench top “foot print”. The instrument requires no other 
supporting equipment or circulating bath. 
 
To be self-contained, the King MRV incorporates a directly refrigerated, highly heat-conductive 
aluminum block which contains ten (10) Stator Cell ports with removable stainless steel test 
Stators. As previously mentioned, the King MRV TP-1 also includes an internal Dry Gas 
Delivery System to cool and conduct the externally dried (see Section III.D) gas to prevent frost 
from forming in the stators during cooling. 

 
1. Power Requirements for the United States and Canada: 

• Input power: 220 Volts of AC power 
• Amperage: 15 Amps 
• Phase: Single 
• Frequency: 60 Hertz 

 
The power requirements are specified on an instrument Tag located on the back of the 
Console. Any laboratory Power Outlet for the King MRV Power Cord must be a dedicated 
circuit, have proper earth ground, and correct polarity. 

 
Note: Before plugging in the King MRV instrument, make certain that the Main Power 
Switch as shown in Figure 2 is in the ‘off’ position. 

 
2. Dry Gas Connection to the Instrument 
 

a. The Dry Gas system requires ¼” plastic tubing to be connected to the connector located 
on the rear of the Console (see Figure 14). 

 
b. The Tygon tubing provided should be connected to two Canisters of King Drying Agent 

as shown in Figure 14. 
 
c. Drying Agent filling both Canisters should be blue colored at the beginning of the test. 
 
d. The Dry Gas system should be supplied with no more than 10 PSI of compressed air, 

bottled dry air, or nitrogen. 
 
Note: The blue color of fresh King Drying Agent indicates that the Drying Agent is in proper 
condition for drying the incoming air to the proper level of humidity. Any portion of the Drying 
Agent which turns pink in color indicates that portion of the Drying Agent is no long serviceable. 
Replace the Drying Agent contents as soon as possible with fresh blue Drying Agent when it is 
mostly pink in color. 
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3. Operating Conditions 
 

a. During the initial setup of the unit, the level of the Instrument must be checked by 
placing a ‘bull’s eye’ bubble gauge (or other type of level) on the horizontal surface 
connecting the Stator Ports on top of the Cooling Block (see Figure 15) and adjusting 
the leveling feet to center the bubble in the ‘bull’s eye’. 

 
b. The temperature of the environment 

which the King Direct Refrigeration 
MRV TP-1 is operated must be 
controlled between 21° and 29°C.   
Humidity should be kept as low as 
possible since higher humidity levels 
shorten the service life of the Drying 
Agent. 

 
c. Locate the Instrument in a position to 

provide a minimum of four inches or 
10 cm of clearance for the exhaust 
vents (see Figure 14) located on the 
rear panel of the Console. 

 
d. Do not place the Instrument directly below or above an air conditioning or heating 

duct. 
 
 
B. Temperature Calibration 
 
1. The King Direct Refrigeration MRV TP-1 Instrument has undergone Temperature Calibration 

in King Refrigeration testing facilities at –25°C prior to shipping. However, the Temperature 
Calibration needs to be performed at least every 12 months or when a standard oil indicates 
that the desired temperature is not obtained after proper cooling. 

 
2. There are a total of (four) thermal wells; two 5/16” or 8 mm and two 1/8” or 3.175 mm. Two 

are located in front and left of test Port 1, and the other two are to the rear and right of test Port 
10. These are used with certified thermometers or other temperature sensors to give the Cooling 
Block temperature. Thermal wells are used during Temperature Calibration of the Temperature 
Controller, and are also used to affirm Cooling Block temperatures prior to actual testing (see 
Section IV.C.5 and V.A.9). Refer to Section VII.B.4 on how to change the RTD Offset, if 
necessary. 

 
 
C. Test Cell Calibration (Rotor/Stator Sets)  
 
Calibration of each Rotor/Stator Test Cell set is necessary for later application in determining 
viscosities at low temperatures. Although closely similar to one another, the Cell Constants for a 
given Rotor and Stator set are unique. 

Stator Port Plate 

Bull’s Eye Level 

Figure 15. Leveling the MRV 
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1. First, match the numbers of a Rotor and Stator set and clean them according to cleaning 
procedures outlined in Section VI B. The numbers are on the bottom of the Stator and on the 
topside of the Rotor cylinder. There is also a clip-on tag around the rotor shaft. The cleaning 
procedure is outlined in Section VI.B. 

 
2. Fill the Stator with 10 ±1.0 mL of a Newtonian reference oil with a viscosity for current LNP-

5 reference fluid, or other suitable Newtonian calibration standard at -25°C. All suitable 
reference oils are available from King Refrigeration or Tannas Co. 

 
3. Assemble the unit as described in section V.A. Calibrate all of the Rotor/Stator Cells during 

the same Calibration Run. 
 
4. Program the King MRV Temperature Controller to cool the Block to -25°C. A Calibration 

Profile is stored in the Temperature Controller that can be used to perform this cooling 
sequence named Cal Neg 25. Instructions on how to access and use this Profile are given in 
Section VII.D.1. 

 
5. Allow the oil to soak at -25°C for at least 2 hours. Place a certified thermometer or other 

temperature sensor of sufficient sensitivity in either one of the two thermal wells one hour prior 
to the beginning of the test and assure that the temperature on the calibrated thermometer is -
25° ±0.1°C. 

 
6. Follow the procedure for testing apparent viscosity of oil described in this Section V.C.1-5, 

but only Steps 1 through 5 (except as further required in the next Section IV.C.7). 
 
7. For the determination of Cell Calibration Constants, it is necessary to make two 

determinations of the Rotation Time for each Cell during the same test sequence. First, 
the Rotation Times for one sequential set of test Cells from 1 to 10 are obtained and 
recorded. Secondly, follow a second sequential set of the same test Cells from 1 through 
10. 

 
8. Calculate the Cell Constant for each Rotor/Stator Set using the following equation with a 

Nominal 150 g Weight (weighed to ±0.1g) hung on the Thread: 
   C = V/T   T = (T1+T2)/2 
in which C is the desired Cell Calibration Constant, V is the known viscosity of the reference oil, 
and T is the average rotation time from 2 runs (T1 & T2). 

 
Note: An electronic Calibration form has been provided, which will perform the calculations 
required to determine the cell constants for the individual Rotor/Stator sets once the applied weight 
and test times have been entered. 
 
Note: It is important to protect the Nominal 150 g Weight from damage and loss of mass since 
this Weight is used in the determination of the apparent viscosity of fluids as well as in 
Calibration. Any change in the mass of this Weight greater than 0.3 grams requires 
recalibration of all the Rotor/Stator Sets, or use of Weights totaling its mass within ±0.2g of the 
original Weight. 
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V. KING MRV TP-1 TESTING 
 
 
A. Test Preparation 
 

1. Match the Rotor and Stator numbers and clean them according to the cleaning procedure 
outlined in Section VI.B. 

 
2. Pour 10 ±1 mL of the test oils into the appropriate Stators and use the Stator Insertion and 

Removal Tool (SIRT) provided to place each of the (10) Stators containing test samples into 
the corresponding Cooling Block Ports in numerical order left to right as shown in Figure 16 
with Odd numbers in the front row and Even numbers in the back row. 

 
3. Ensure that the Stator Positioning Slot on the 

bottom of the Stator has engaged the 
matching Ridges in the floor of the Stator 
Ports. To do this, rotate each Stator with the 
SIRT when inserting into the Block’s Port 
and Cooling Jacket while pushing down 
gently, until the Slot settles around the Ridge 
and the Stator top aligns with the internal 
Cooling Jacket as previously mentioned in 
Section III.B.8.b.ii. The Stator may need to 
be rotated as much as 180 degrees by the use 
of the SIRT to locate the Ridge.  

 
Note: The block temperature must be approximately 10°C or warmer prior to installing or 
removing Stators with the SIRT. 
 
Note: Whether or not all Stator Cells are required for MRV tests, all must be filled with 10mL 
of an oil during the test to maintain the proper heat distribution throughout the Cooling Block, 
and thus the conditions generating the Calibration Constants for each Cell. 
 

4. If loop does not exist at either end of the Thread, then tie a Bowline loop knot on the top ends 
of a higher tensile cotton sewing Thread (T-8). On the bottom end of the Thread (which will 
be used for easy attachment of the Weight System), the Bowline is looped through a thin, light, 
plastic Washer with a 1/4-inch hole. 

 
5. Place the top Bowline loop over the Rotor Hook. There are two ways to string the rotors.  

 
1) Holding the Rotor in one hand as shown in Figure 17, turn the Rotor clockwise to wind the 
thread around the Rotor Shaft just under the Crossbar with fair tension for several turns.  

Figure 16. Placement of Cells in Block 
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2) After assembling the rotors into the MRV (steps 6 & 7 
below), place the loop over the Rotor Hook and then with 
hand turn the rotor while controlling the string with the other. 
Take care not to overlap the thread when winding and 
periodically slide the wound thread together to make a single 
helix of closely wound turns of the Thread down the Rotor 
Shaft. Leave approximately eight inches or 20 cm of Thread 
unwound to later hang freely over the Pulley Wheel when the 
test is to begin. 
 

6. Place the Thread-wound Rotors into the matching Stators and 
make sure the Rotors engage and turn easily on the Lower 
Rotor Shaft Bearings. Without turning the Rotor bring the 
unwound portion of each individual Thread forward to 
temporarily hang down slightly over the front of the Instrument. 

 
7. With all of the Viscometer Plate Keys in the Rotor Release Position 3, place the Viscometer 

Plate assembly onto the Locating Posts over the Rotors and finger-tighten the two Thumbnuts. 
 

Note: Ensure all Viscometer plate Keys are in the Rotor Release Position 3. 
 

8. Place the top of each Rotor Shaft under the appropriate Key Journal set in Position 3 (Figure 
8). Place the Upper Rotor Shaft Bearing directly under the Key Journal and gently press the 
Key down until the Journal enters the Upper Bearing. Complete gentle downward pressure 
until the Key locks into Position 2 (see Figure 7). Place the Rotor Crossbar just before the 
Crossbar Stop on the Key and gently press the Key until it takes Position 1 (see Figure 6) 
preventing the Crossbar from moving counter-clockwise because of the Stop. Bring the 
Crossbar against the Stop by lightly pulling on the appropriate Thread. 

 
9. Leave the Washer end of the Threads evenly spaced and hanging over the front of the Console 

by about 5 inches or 12.7 cm. Place the Moisture Cover over the entire area of the Viscometer 
Plate to block ambient air access to the Cooling Block Ports. Confirm the correct Date and 
Time on the Temperature Controller (see Section VII.B.3). Select the appropriate test Profile, 
and start the programming cycle for the desired test temperature with the desired Time for 
starting the test (see Section VII.D.1 and VII.D.2). 

 
Note: If using the Autostart function of the Temperature Controller, to start the Program at a 
later Time or Date (see Section VII.D.2), set the desired Date and Time before starting the 
program. 

 
10. One hour before the test Profile is completed and with the Moisture Cover remaining in place, 

choose the same thermal well as was used during calibration and remove the appropriate 
thermal well plug (see Figure 2). Place a thermometer or other temperature-sensing device into 
the thermal well and leave the thermometer or other device in the thermal well until the 
completion of the test Profile and the following steps. 

 
 

Thread 
Rotor 
Shaft 

Figure 17. Thread Winding 
Procedure 
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11. Verify that the Cooling Block is at the desired test temperature within ±0.1°C and proceed to 
determine if there is a presence of Yield Stress (the next Section V.B.) and the apparent 
viscosity (Section V.C.). If not at the precise test temperature, make a slight change in the 
temperature setting of the Controller (in the appropriate), direction and re-verify after an 
appropriate time, then start determination of any Yield Stress (see test method for time). 

 
 
B. Measuring Yield Stress  
 
1. Carefully remove the Thermometer or other temperature sensor from the Moisture Cover and 

then (being careful not to move the Threads passing under the front edge of the Cover) remove 
the Moisture Cover itself. 

 
2. Install the Pulley Carriage assembly from the left side of the Carriage Rail by inserting the 

Carriage around the Rail. Next, slide the Carriage assembly to the right until it is located in 
front of the Rotor Shaft resulting in the Thread issuing from the left edge of the Rotor Shaft 
exactly in line with the Pulley groove. 

 
3. Begin all tests with the Rotor furthest to the left, then proceed testing from left to right. 
 
4. Take the chosen Rotor’s Thread and place it in the 

Pulley groove and hang it down over the front of the 
Pulley. If necessary, move the Carriage slightly to 
be sure the groove on the Wheel’s Pulley is directly 
in line with the Thread from the Rotor.  

 
5. Make sure the Key is in Position 1 (see Section 

III.B.3 and Figure 6) and that the Crossbar Stop 
is behind the Crossbar while remaining in 
contact. 

 
6. Attach the 10-gram Weight Hook onto the Thread 

Washer hanging over the Pulley (see Figure 18). 
 
7. Manually rotate the Pulley Wheel forward without moving the Thread or Weight Hook so that 

the stationary Indicator Wire aligns with the lower of the two Yellow Marks on the Wheel (see 
Figure 11). 

 
8. To begin the test for Yield Stress, pull gently upward on the Key to place it in Position 2 and 

start a Stopwatch. (Position 2 releases the Crossbar Stop.) 
 
9. Visually observe any rotation of the Wheel to see if the upper Yellow Mark, indicating 3 mm 

of Rotor rotation, is reached within 15 seconds. 
 

a. If no or insufficient Pulley Wheel rotation occurs within 15 seconds, this shows the 
presence of Yield Stress.  

Weight Hook & 10g 
weight 

Figure 18. Yield Stress Determination 
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Again depress the Key to Position 1 so that the Crossbar Stop is again behind the 
Crossbar, and check that the position the Pulley Wheel is at the lowest Yellow Mark. 
Add one of the 10-gram Weights to the Weight Hook and repeat Steps 7 and 8 above. 

 
If the Rotor Crossbar has moved slightly but not enough to meet the criterion of 3 mm 
in 15 seconds, do not depress the Key to Position 1 again, but gently (to avoid any 
sudden movement of the Thread) add the 10-gram weights as before. 
 

b. Continue this process until rotation of 3 mm within 15 seconds is observed. Once this 
response has been obtained, re-depress the Key to Position 1 and allow the rotor to 
continue to rotate under the weight to reengage the Crossbar Stop. This may be slow, 
but do not pull on the String to force earlier contact with the Crossbar Stop. Doing so 
may affect the next step of determining the apparent viscosity of the test fluid. 

 
c. If rotation occurs, there is no Yield Stress. Re-depress the Key to Position 1 and allow 

the rotor to continue to rotate under the weight to reengage the Crossbar Stop in 
preparation for measuring viscosity (see Section V.C). 

 
10. Record the Yield Stress as less than the final weight in Section V.B.8.b (example: ‘less than 40 

grams’). 
 
11. Whether or not Yield Stress has been observed, continue to the next Section: Measuring 

Apparent Viscosity (Section V C).  
 
 
C. Measuring Apparent Viscosity 
 
1. After performing Steps V.B.1 through V.B.11 to determine if the test fluid has any Yield 

Stress, carefully remove the Weight Hook and Weights from the plastic Washer at the end of 
the Thread. Make sure the Key is in Position 1. 

 
2. Attach to the same nominal 150 gram weight used during Rotor/Stator Calibration (see Section 

IV.C.7) to the plastic Washer. 



 

King MRV TP-1 Operations Manual (Version 2023/07)                                                            Page 21 

 
3. Manually rotate the Pulley Wheel so the Indicator 

Wire is aligned about ¼ inch or 6 mm below the 
number “0/3” (Red) timing mark.  

 
4. Lift the Key to Position 2 to release the Crossbar 

Stop and begin timing when the number “0/3” 
passes the Indicator Wire. Continue until the Wheel 
returns to and passes the “0/3” Red mark. Record 
this time. (As previously noted in Section III.B.9.a, 
one revolution of the Wheel is equivalent to three 
revolutions of the Rotor.) 

 
5. Return the Key to Position 1 to lower the Crossbar 

Stop and prevent further downward motion of the 
150-gram Weight. 

 
6. If repeat analysis of the test fluid is desired, there is enough Thread wound on the Rotor Shaft 

for an additional analysis. Repeat V.B.1-11 (Measuring Yield Stress) and V.C.1-6 (Measuring 
Apparent Viscosity) for all remaining test oils. 

 
Note: If the 150 gram Weight is damaged or unavailable, applying the same mass (identical to 
within ±0.1 gram) used in calibration of the Rotor/Stator Cells may be used as a substitute. 
 
 
D. Calculation of Apparent Viscosity  
 
1. Calculation of apparent viscosity uses the following equation with the mass of the same 150 

gram Weight used in calibrating the cell (see Section IV.C.7 and its attached Note): 
 
   V = [(C∙M∙t)/r] 
 

Where:  V is the apparent viscosity in centiPoise  
   C is the cell constant determined in Section IV.C.8 

M is the mass weight on the Thread in grams 
   t is the time for three revolutions of the rotor   
   r is the number of revolutions of the rotor 
 

2. The calculated values of apparent viscosity are recorded as the desired values of the MRV test. 
 
 
 
 
 
 
 
 

Weight Hook 
plus 150g 

weight 

Figure 19. Yield Stress Determination 
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VI. AFTER-TEST PROCEDURE 
 
 
A. Viscometer Disassembly  
 
1. Set the Temperature Controller (Section VII.D.4) to approximately 24°C and allow the Cooling 

Block temperature to stabilize at that temperature. 
 
Note: The block temperature must be approximately 10°C prior to installing or removing sample 
stators. 
 
2. Gently remove the Pulley Carriage assembly by sliding to the left and off the Pulley Rail, and 

store with care on its side to protect its bearing and avoid potential damage. 
 
3. Set the Keys to Position 2, thus freeing the Rotor Shafts, and gently remove the Threads from 

the Rotor Shafts by pulling the Threads remaining on the rotors and slipping the loop off the 
Crossbar Hook. 

 
Note: To prevent tangling of Threads, wind them on the Thread Winding Slat. 
 
4. Set all Keys in Position 3 thus releasing the Rotors. 
 
5. Remove the two Thumbnuts and Viscometer Plate assembly. 
 
6. Using the SIRT, remove the Rotor/Stators sets and place them in the plastic rack provided. 
 
Note: If desired, test oils can be poured from the stators into containers and retained for further 
use.  
 
 
B. Cleaning the Rotor/Stator Sets  
 
1. Take the Rotor/Stator Sets to the appropriate cleaning station, remove the Rotor from the stator 

and place Rotors carefully in a container (e.g. a beaker) to drain. 
 
2. Similarly, drain all remaining test oil from the Stators into a container. 
 
3. Thoroughly clean Rotors and Stators with suitable hydrocarbon solvent. 
 
4. Set Rotors and Stators aside to dry in preparation for next analyses. 
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VII. PROGRAMMABLE TEMPERATURE CONTROLLER OPERATION 
 
 
A. Familiarization with Watlow F4T  

 
This section introduces the User Interfaces of the Watlow F4T Programmable Temperature 
Controller’s displays, buttons and indicator lights as shown in Figure 20. Also discussed are the 
principles of utilizing the software to start or stop certain programs, and actions to adjust the 
preprogrammed test Profiles and Date/Time function used to operate the King MRV TP-1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Controller Status: indicates alarms and errors if they occur while also 
showing the current security level and the name (upper left corner) given by 
user. The button shown in the center of the status bar allows a user to view 
alarm and error messages when pushed. 
 

2. There are four security levels on the controller; User, User with Password, 
Maintenance user, and Admin. To access the different security levels use 
the following passwords. 
 
 User: no password required 
 User with Password: 1234 
 Maintenance User: contact Tannas and King Refrigeration 
 

3. Profile Status Bar: Provides visibility and information pertaining to running 
profiles as well as access to available profiles. 
 

4. Vertical Ellipsis: Displays current control mode while also providing access 
to other operational parameters such as the Closed Loop Set Point, 
Autotune, PID settings, etc. 
 

5. Output Widget Bar: User configurable events, function keys or output status 
(on/off). 

Figure 20 Watlow F4T Controller Screen Descriptions 

2. Profile 
Status 

4. Output 
Widget 

1. Controller Status 

3. Vertical Ellipsis 
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Figure 21 illustrates the Front Panel Navigation buttons with descriptions following: 

 
• Home: Regardless of the screen currently in view, when pushed, will always 

return to the Home screen which displays the following: 
o Loop name – user designated 
o Control Mode 
o Process Value – input connected to the PV receiver of the loop function 

block 
o Set Point – which represents the desired value to be maintained by the 

controller 
o PWR – output power levels for heat and cool if both are configured 
o Output Actions – allows a user to monitor the on/off status of user-defined 

inputs or outputs 
 

• Menu: As shown below for User security level, will provide access to other 
settings and functions within the controller as shown in Figure 22: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Return: When pushed, this button will take the user back to the previous screen 
until the top level of either the home screen or the main menu are reached. 
 

• Help: Displays information about the controller such as; part number, software 
revision, etc. 

 
• Certain screens and menus are locked out depending on the security level 

accessed in the controller. 
 

 

Figure 21. Watlow F4T Controller Front Panel Navigational Buttons 

Figure 22. Controller Settings 
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B. Operation  
 

1. Profile Actions from the Home Screen 
 
When the Profile Actions button is pushed, one of three pop-up windows (profile running, profile 
not running, profile paused) will appear; all three are described as follows (options below may be 
locked out depending on security level): 
 

Profile Running 

Pause  > Suspends running the profile, profile cannot resume running at the 
same point 

Terminate  > Stop running profile, profile cannot resume running, it must be started 
again 

View/Edit Profile 
Events  > View and edit profile events 

Create a Profile  > Create a new profile 

Cancel  > Return to Home screen 

 
Profile Not Running       

Run Last  > Starts the last executed profile 

Run Profile  > Brings up a list of profiles by name for the selection 

View/Edit Profile 
Events  > View and edit profile events 

Create a Profile  > Create a new profile 

Go to Profiles  > Brings up a list of profiles by name for the selection 

Clear Profile Status  > Removes the profile icon and step status (profile status bar) 

Cancel  > Return to Home screen 

 
Profile Paused        

Resume  > Continue step execution where the previously paused and with 
previous time remaining 

Terminate  > Cancels a profile execution 

View/Edit Profile 
Events  > View and edit profile events 

Create a Profile  > Create a new profile 

Cancel  > Return to Home screen 
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2. Static Set Point 
  
Changing the current set point on the controller. Press the Set Point box on the home screen and 
type in the desired set point. Make sure the set point is within the operational tolerances of the 
MRV from -40°C thru 80°C. 
 
 
3. Digital Output 
 
Controlling the output event 1 (cooling) on or off function. Use one of the following methods. 
 

• Toggle the “Cooling” button on the home screen 
  Or 

• Go to Menu  Operation Profile Events  then choose an event to toggle on or off 
Note: user with password or maintenance user security level may be required for this 
method 

 
 
4. RTD Offset 
 
The MRV temperature Controller is capable of maintaining offsets for all set points. It is 
recommended to verify all temperature set points are accurate every 12 months, or sooner if 
Reference Oil test value results look uncertain. 
 
The following steps will gain access to the temperature offsets and describe how to make a 
changes, if necessary: 
 

a. Remove all Rotors & Stators, the Viscometer Plate Assembly, and the Plate Locator 
Posts. 

 
b. Set the temperature to 90.0°C to allow any potential moisture to evaporate for 4 hours. 

Do not let the instrument remain at 90.0° for more than 4 hours. 
 

c.  If necessary, clean all (10) Stators according to Section VI.B. 
 

d. Fill all (10) Stators with 10ml of LNP-5 Reference Oil and place them in the Stator 
wells, and place rubber stoppers in the Stator well holes. 
 

e. Place Moisture Cover with yellow stoppers over the Stator well holes.  
 

Note: From this point on, it is advised to start the temperature calibration at the start of a workday. 
 

The first calibration step is to calibrate at -25.0°C. To do so: 
 
f. Using a certified thermometric device with dual temperature probes in the smallest 

thermal well holes (see figure below), set the temperature to -25.0°C and allow it to 
stabilize.  
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If there is a temperature difference of 0.4°C difference between the two certified 
temperature readings, do not proceed any further and contact Tannas and King technical 
service at service@tannasco.com or 989-496-2796. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
g. From any screen, press the MENU button which goes to Main Menu. 

 
h. From this screen, press the Login Icon. 

 
i. With lower case letters, type the Password ‘king’ and press enter. The Maintenance 

Level of the controller as shown below. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

j. Press the My Menu Icon on the controller screen. After a few seconds, the following 
screen will appear to evaluate if the RTD Calibration Offset needs to be changed. 

Smallest Thermal 
Wells 

mailto:service@tannasco.com
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k. If necessary, make an adjustment to the RTD Calibration Offset by pressing the white 

number display which brings up the following screen: 
 
 
 
 
 
 
 
 
 
 
 
 
l. Key in the offset value and press Enter on the screen. The following screen will appear; 

when it does press Done. After doing so the Main Menu screen will appear. 
 
 
 
 
 
 
 
 
 
 
 
 
m. With the RTD Calibration completed, next is to verify all test set points are correct. To 

do so, press the Settings icon from the Main Menu screen. 
 

n. From the Settings screen, press the Machine Controls icon. From here press the 
Linearization icon and the following screen will appear: 
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o. Only press and work within Linearization 1. After pressing Linearization 1 the 

following screen will appear: 
 
 
 
 

 
 
 
 
 
 
 
 

 
NOTE: Do not change -45.0 (Output Point 1) or 150.0 set point (Output Point 10) – they are set 
up as safety measures. 
 

p. With the controller set point at the highest temperature (-40.0°C), compare the reading 
to the certified thermometric device. If there is a difference, change the Output Point – 
in this case Output Point 2 - by pressing on the -40.0° display. When the keypad 
appears, change the Output Point to match the certified thermometric device. 
 

q. Allow the temperature to stabilize and check the temperature on the certified 
thermometric device is at -40.0°C. 
 

r. Repeat steps p and q for all testing set points. 
 
 
C. Preprogrammed Profiles  

 
The Programmable Watlow F4T Temperature Controller stores nine pre-programmed Profiles to 
be used for MRV/TP-1 testing. It also stores a Profile to determine the l Calibration Constants of 
the Rotor/Stator Cells. The following list indicates the profile names, final test temperatures, SAE 
Viscosity Classification grades of oil, and duration of test: 
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Profile name Final Test Temp  Grade of Oil   Nominal Test Time  
TP-1 30W -10 °C  30 W Oil  45 hours 
TP-1 25W -15 °C  25 W Oil  47 Hours 
TP-1 20W -20 °C  20 W Oil  45 Hours 
TP-1 15W -25 °C  15 W Oil  47 Hours 
TP-1 10W -30 °C  10 W Oil  49 Hours 
TP-1 5W -35 °C    5 W Oil  51 Hours 
TP-1 0W -40 °C    0 W Oil  53 Hours  
CAL NEG 25 -25 °C   Reference Oil    2 Hours 20 Minutes 
Sooted Oil  40 °C  Sooted Oil    2 Hours 40 Minutes 
 
 

D. Creating a Profile 
 
This section describes how to create a profile from the user interface. Profiles can be created at 
any time and they can be created from the home screen via the “Profile Actions” button or 
through the Main Menu. (User with Password security level required) 
To create a new profile in the controller via the Profile Actions button: 
 
1. Push the Profile Actions button 
2. Push the Create Profile button 

a. Name, enter the desired profile name up to 20 characters 
b. Password, enter a profile password if desired up to 10 characters 
c. Log Data, select yes or no to log data 
d. Guaranteed Soak Deviation, the amount by which the process value is allowed to differ 

from the loop’s set point for steps with Guaranteed Soak Enable set to On 
 

3. Push the Options button 
a. Create steps, add steps to the profile 

 
Note – As steps are added to the profile it may be necessary to swipe up on the screen to see the 
last configured step on the list. 
 

b. Cancel New Profile, removes toe profile from the controller 
c. Close, closes the open window 

 
4. After all steps have been created, push the Options button 

a. Done, exits the step editor and displays a listing of all profiles 
b. Run Profile, displays the Home screen and will then execute the selected profile 
c. View/Edit Details, displays the step editor for the selected profile while also allowing 

modification to be made 
d. Cancel, returns the display to the step editor 

 
To create a new profile in the controller via the Main Menu Button: 
 
1. Push the Main Menu button 
2. Push the Profiles button 
3. Push the Options button 

a. Create profile, adds a new profile to the end of the profile list 
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Note – As new profiles are added it may be necessary to swipe up on the screen to see the last 
profile on the list. 

 
b. View/edit Profile Events, view and/or modify the selected profile event output. 
c. Import File, looks for a previously exported profile (profile filename.wpf) on a thumb 

drive inserted in to a USB port. 
 

4. Push the Create Profile button 
a. Name, enter the desired profile name up to 20 characters 
b. Password, enter a profile password if desired up to 10 characters 
c. Log Data, select yes or no to log data 
d. Guaranteed Soak Deviation, the amount by which the process value is allowed to differ 

from the loop’s set point for steps with Guaranteed Soak Enable set to On 
 

5. Push the Options button 
a. Create Steps, adds steps to the profile 

 
Note – As steps are added to the profile, it may be necessary to swipe up on the screen to see the 
last configures step in the list. 

 
b. Cancel New Profile, removes the profile from the controller 
c. Close, closes the open window 

 
6. After all steps have been created, push the Options button 

a. Done, exits the step editor and displays a listing of all profiles 
b. Run Profile, displays the Home screen and will then execute the selected profile 
c. View/Edit Details, displays the step editor for the selected profile while also allowing 

modifications to be made 
d. Cancel, returns the display to the step editor 

 
 
E. Starting a Profile  
 
To start a Profile using the Calendar: 
 
Use the following menu controls to start a profile at the current date and time from the F4T 
controller if not using a PC (Profile Actions  Run Profile  Actions [on the profile to run]  
Run Profile). To start the profile on both the F4T and the PC at the current date and time choose 
the Watlow Profile and start the Profile Run. 
 
To start a profile at a predetermined Date and Time: 

 
1. Push the Profile Actions button 
2. Push the Go to Profiles button 
3. Push the Actions button for the desired profile 
4. Push the Calendar Start button 
5. Select and change the Day of Week and Time to the application requirements pushing the 

Save button for each when done 
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6. Push the Start button (bottom right of screen) when complete and return to the home screen 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use the above menu controls to start a profile at a predetermined date and time from the F4T 
controller if not using a PC. To start the profile on both the F4T and the PC at a predetermined 
date and time from the PC just set the date and time on the Unit X Sample Setup screen and choose 
the Watlow Profile and start the Profile Run. 
 
Distributor and service techs only. To set each of the 10 individual calibration set points. 
(Maintenance User security level required) 
 

• Go to Menu  Settings  Machine Controls  Linearization  Linearization 1 the 
change the Outputs to match what the certified temperature probe is reading for the current 
set point. 

• Do not calibrate the highest and lowest temperature. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 23 Starting a Profile 
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VIII. KING MRV AUTOMATION SOFTWARE PACKAGE 
 
 
A. Introduction 
 
This portion of the manual has been prepared in conjunction with the current MRV/ TP1 
Operations Manual. It only serves as a guide to operate the Automated Software package. 
Operators must reference both manuals for complete instructions. 
 
Upon startup, the “Program” and “Setup” menu bars will appear along the left side of the screen. 
(Although the icons may change, this section of the screen remains visible through all views of the 
program.) The “Program” menu contains the icon selections, “Program Setup”, “Sample Setup”, 
“Data Analysis” and “Help”. The automation software is capable of recording data for up to four 
MRV instruments. 
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B. Set up 
 
1. Equipment Setup and Initialization 
 

a. Before turning the computer “on” or starting the program, insure that all cables are 
firmly connected to the MRV, computer and printer (optional). There is one USB cable 
that goes between the MRV and the Computer (and one from the computer to the 
printer). 

 
b. Make certain that the connector for the Pulley Assembly is connected to the Signal 

Input Connector (with the white dot facing up). Turn “on” the main power to the MRV 
and then the computer. Do not plug / unplug any connections while power is engaged 
to either the computer or the MRV. 

 
2. Setup Menu 
 
The “Setup” menu is sectioned into five tabs: Unit 1through Unit 4 and General. These folders 
contain all the test parameters of the program and can be bypassed if there are no changes to the 
setup from previous testing. If a change is made in any of these five sections, the “Apply” button 
must be selected. If not, the new selection will not be saved. 
 

GENERAL 
 

 
a. The General tab has several basic options to select. The test appearance and audio mode 

must be checked. The data will be reported with the test information on the report form. 
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b. Input the company name and phone if desired. 
 
c. The data location is where the raw data are to be stored. This can be either on the 

computer or via a network site. 
 
d. Press “Apply” to save any changes. 
 

Unit 1 – 4 
 

The Unit screen is for calibration purposes only. The purpose for this screen to ensure that the 
computer software is reading what the Temperature Controller is displaying and that the 
Automated Pulley system is functioning. Also in this section is where each instrument is named 
and if the instrument is in use. 

 
Note: This procedure is performed before the instrument is shipped and does not normally require 
repeating when the instrument is received. 
 
The unit 1 through 4 program setup screen has the added Watlow Setup section. This section has 
to be completed so that the software knows which Watlow to communicate with. To find and set 
the IP address in the Watlow F4T controller go to the following menu. Menu  Settings  
Network  Ethernet  scroll down to set/change the IP Fixed Address Part 1 through 4. 
(Maintenance User security level required) 
 
Unit 1 = 192.168.0.2 Unit 2 = 192.168.0.3 Unit 3 = 192.168.0.4 Unit 4 = 192.168.0.5 
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3. Temperature Calibration  
 

Temperature calibration shall be performed when the testing temperature is adjusted or a new 
Temperature Controller is installed. 
 
This section allows the operator to properly calibrate the display reading to the actual temperature 
displayed on the Temperature Controller located on the MRV panel. 
 
Note: The temperature displayed on the Temperature Controller must be within ±0.1°C of the set 
point temperature when making these adjustments. 
 

a. Click the “Start Calibration” button section. The Actual temperature in the top box 
should display the temperature on the front of the Controller (The maximum display 
here is 10.0°C – anything above that will still read 10.0°C.) 
 

b. If the temperature in the ‘Temperature Display’ section matches the Temperature 
Controller, click the “Stop” button and then “Apply” to save changes and continue to 
the next screen. 
 

c. If the temperature in this section appears different than the actual readout of the 
Temperature Controller, set the bath to go first to -40.0°C and then click on the “Apply” 
next to the words “Set Point 1”. 
 

d. Next, set the temperature to 10.0°C. Once the display on the Temperature Controller 
displays 10.0°C, click on the “Apply” button next to the words “Set Point 2”. The 
temperature display should now be correct. Click on the “Stop Calibration” button 
(unless the Automated Pulley confirmation needs to be done). 

 
 
4. Automated Pulley Operation Confirmation 
 
This procedure is performed to ensure the Automated Pulley system is properly working. 
 

a. Once the Automated Pulley is plugged into the Signal Input, the light will illuminate 
focusing a dot on the Pulley. The lens can be adjusted back and forth via the set-screw 
to get a pin-point focus on the Pulley. 
 

b. With one finger, spin the Pulley so that it turns making two or three rotations. If the 
count test records about 20 counts per rotation, the unit is working well. Click on the 
“Stop Calibration” button when done. 

 
 
5. Test Settings 
 

a. There are four parameters that can be set using this tab. The first is the wait time for 
movement. In other words, how long the software will wait to detect for movement 
when doing the yield stress test. The default is 10 seconds. 
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b. The second parameter is the test measuring time. This is how long the Automated 
Pulley system will read the viscosity with the weight on the string. The default is 60 
seconds. 

c. The third parameter is the beginning yield stress weight that is desired. Default is 10 g 
but may be changed for other methods. 
 

d. The last parameter is the testing weight to be used. Default is 150 g but may be changed 
for other methods. 

 
 
C. Operation 
 
1. Sample Setup – CALIBRATION MODE 
 
After the setup is complete, open the “Sample Setup” screen under the “Program” menu selector. 
This section is designed to provide an area for the operator to enter all the information for either a 
calibration or sample run for each cell. 
 

a. Click on the Unit number Tab. Select the desired stator location in the diagram on the 
top. The appropriate number will display in the small window to the right of the 
diagram. 
 

b. Once a stator is selected a list will appear. That stator can be left unused during a test, 
run as a sample or run as a calibration. 
 

c. To run a calibration for a stator, select the “Calibrate” status option. The screen will 
appear as shown. 
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d. Enter the Reference Oil name, batch, a desired reference code, the weight to be used 
during the testing (in grams) and the known viscosity at the temperature to be tested. 
Press the “Apply” button upon completion.  
 
Repeat this sequence for the remaining stators. Note: If all the same reference oil is 
used in all the cells you can use the ‘Calibrate All’ button from the drop down to copy 
all the cells. 
 

e. After all the data has been entered for each test cell, setup the unit as described in the 
manual for calibration. 

 
f. When running a calibration profile: 
 

i. Select the profile type under the “Watlow Profile” dropdown box.  
ii. Start the profile run in the computers software; this will also start the controller 

profile. 
iii. Let the profile run until completion, then stop the data collection in the computer. 

 
Note: A new profile needs to be ran with each new calibration or profile. 

 
g. When finished, place the string and MRV Dual Wheel Assembly in the correct location 

on the Pulley for the first stator location to test. 
 

h. Select the Data Analysis icon in the left sidebar. Click on the “Stator 1” location and 
the oil type will be displayed. The instructions for operating appear in the center of the 
screen. 

 
i. When it is time to start, click on the “Ready” button and then release the 150 g weight 

as displayed on the center of the screen. 
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j. The software will allow the rotor to turn three complete revolutions before determining 
a first value for the cell constant. Once the third revolution is completed push down the 
key so that the rotor stops turning. Wait a few seconds and repeat this process again as 
instructed by the program. 

 
i. It is also conceivable to run Cell Constant 1 for all 10 cells before running Cell 

Constant 2 for all 10 cells. 
 

The computer will average the two tests and automatically determine a final cell 
constant. The number for the cell constant can be brought up later by selecting the stator 
position in the Sample Setup screen. 

 
k. Repeat the same measuring process with the remaining test cells until you have 

completed all the cell constants. 
 

l. Once completed with the calibration the software will switch to sample test mode and 
be ready to run samples once the sample data has been inputted. 

 
2. Sample Setup – TESTING SAMPLES 
 
After the calibration has been completed (repeated according to test method), open the “Sample 
Setup” screen under the “Program” menu selector. This section provides an area for the operator 
to enter all of the information for a sample run for each cell. 
 

a. Click on the Sample Unit number tab. Select the desired stator location in the diagram 
on the top. The appropriate number will display in the small window to the right of the 
diagram. 
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b. Enter the Reference Oil name, batch, and a desired reference code for that sample in 
that location. Press the “Apply” button upon completion. If an error is made, then it can 
be cleared by using the Clear button in the lower right. If all entries need to be cleared, 
select the Clear All button in the lower left. Repeat this sequence for the remaining 
stators. That stator can be left unused during a test if desired. 
 

c. Once all of the data has been entered for each test cell, setup the unit as described in 
the main King MRV Operations Manual for a sample run. 
 

d. When running a sample profile: 
 

i. Select the profile type under the “Watlow Profile” dropdown box.  
ii. Start the profile run in the computers software; this will also start the controller 

profile. 
iii. Let the profile run until completion, then stop the data collection in the computer. 

 
Note: A new profile needs to be ran with each new calibration or profile. 

 
e. When the profile is complete place the string and the 10g weight hook (for yield stress) 

in the correct location on the Pulley for the first stator location to test. 
 
f. Select the Data Analysis icon in the left sidebar. Click on the Stator 1 location and the 

oil sample will be displayed.  
The instructions for operating will appear in the center of the screen to begin the yield 
stress test with a 10g weight hook. When it is time to start, release the key for the rotor 
first and then click on the “Ready” button. If no yield stress is found, in other words 
the rotor does turn, then push down the Key to stop the rotor and continue to the next 
step. If yield stress is detected, the rotor does not move, lock rotor and then place the 
next 10g weight on the weight hook, as instructed, and select “Ready”. Continue this 
process until the unit registers movement. 

 
g. Once the yield stress section is completed, remove the yield stress hook and place the 

150g weight onto the string as instructed by the software. Click on the “Ready” button 
first and then raise the key to release the Rotor. The software will allow the rotor to 
turn three complete revolutions before determining the viscosity. Once the third 
revolution is completed push down the key so that the rotor stops turning. 
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h. Repeat the same measuring process with the remaining test cells. When samples are 
completed, a check mark will appear in the stator layout area as shown below. 

 
 

3. Schedule a Profile 
 

a. To schedule a profile, proceed to the Sample Setup page, then choose your preferred 
date and time from the dropdown calendar and clock. The profile will begin at the 
date and time selected. Be sure to enter all of the information for a sample run for 
each cell. 
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4. Previous Test 
 

a. This mode allows the user to bring up previous sample runs for viewing. Select the 
Previous Results icon and then select one of the three tabs for the results desired. The 
various Previous Runs can be browsed, viewed, or printed as shown. 

 
 

 
b. The information available in this mode are the yield stress/viscosity results for a 

sample, run date, run temperature and the calibration information (which includes the 
cell constant and date. 

 
 
5. Errors 
 
If errors occur they will be displayed on the screen. Some of the more common error messages are 
listed below along with a solution. If an error is not clear or needs resolution beyond in-house 
capabilities, contact King Refrigeration immediately. 
 
 
6. Printing 
 
The printing system utilized the Windows setup for the printer selections. The default printer set 
in Windows will be the printer the software uses every time. To print, click on the “File” menu at 
the top left of the screen and scroll down to find the print selection. 
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IX. SPARE PARTS AND REPLACEMENTS 
 
 

Item Description      Part Number 
 

Stator Insertion & Removal Tool (SIRT)   350127 
 

MRV String (Each)      350417 
 
MRV Rotor/Stator Set (1 Set)     350222 
 
Driveline Rotor (for D6821)     350232 
 
Test Cell Holding Rack     170028 
 
Weight Hook (10g)      350130 
 
MRV Weight - 10 gram     350129 
 
MRV Weight - 150 gram     350153 
 
Weight Set – Driveline (for D6821)    350223 
 
MRV Dual Wheel Assembly     350174 

 
Thumbnut, Stainless Steel     950508 

 
Desiccant Assembly with tubing    350190 
 
Desiccant Media – (1 lb. / 0.45 Kg)    550175 

 
Moisture Cover      350128 
 
N105B Reference Oil (Pint / 0.47 L)    020019 
 
LNP-5 Reference Oil – (Pint / 0.47 L)   020013  
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X. TROUBLESHOOTING 
 
 
If the King MRV TP-1 is not performing according to the specified standards, the following guide 
can be used to resolve the problem. The purpose of this guide is to allow an Operator or King 
Technical Representative to analyze and repair the Instrument when minor problems occur. If 
further complications or questions arise, please contact King Refrigeration at: 

 
4800 James Savage Road    Phone: 1-989-698-5500 
Midland, MI 48642               Fax: 1-989-496-3438 
 
Please note that for fuse replacement directions follow this Trouble Shooting Guide 

 
Symptom Problem Solution 

No Power, no lights 1. Main circuit blown 
 
 
 
 
 
 
2. Main fuse blown 

1  a) Check main circuit breaker and 
reset.  

    b) Make sure circuit can handle 
indicated current draw.  

    c) If using a transformer, make sure 
tap is set for correct voltage 
(contact King Refrigeration). 

2.    Check main fuse next to input 
power cord. Replace with an 
equivalent fuse. 

No Cooling 1. Cooling turned off in temperature 
controller 

 
 
2. Cooling switch in the “off” position 
 
 
3. Cooling fuse blown. 

1.   Make certain that the ‘Cooling' 
button for cooling system in the 
temperature controller is on 
(Watlow F4T digital output). 

2.    Remove fuse access panel and check 
cooling fuse. Replace with 
equivalent fuse. 

3.    Contact King Refrigeration. 
No Heating 1. Heater fuse blown. 

 
 
2. Heating indicator malfunction. 
 
 
3. Heater malfunction. 

1.    Remove fuse access panel and check 
heater fuses. Replace with 
equivalent fuse.  

2.    If fuse is not blown, check if unit is 
actually heating by adjusting set 
point to higher setting.  

3.    Contact King Refrigeration. 
No Dry Gas flow 1. Valve not fully open or low pressure. 

 
 
2. Control knob turned “ Off” 
 
3. No Input dry gas supply.  

1.    Make certain that the valve in fully 
open or pressure is turned up on 
source regulator. 

2.    Check input dry gas supply. Insure 
dry gas supply is set to 10 PSI. 

3.    Contact King Refrigeration. 
No Autostart function 1. Autostart programmed incorrectly.  

 
2. Changes not saved and start activated. 

1. Check calendar start, date and time 
setting.  

2. Make desired date and time changes 
and save then press ‘Start’ button. 
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A. Fuse System and Replacement 
 

 
Important Note: Prior to attempting to change any fuse, disconnect the power by 
unplugging the Instrument from the power source. Always replace a blown fuse with the 
same size and type. It is particularly import to determine if the fuse is a ‘slow-blow’ fuse 
which prevents a sudden start-up or other surge to cause it to fail. 

 
1.  The Main Fuses are accessible from the outside rear of the Instrument. Information on the Main 
Fuse is as follows: 

Fused Item  Fuse ID Fuse size/Type Quantity 
Main Power  F-1  15 AMP Slow Blow      2 
 

2. To gain access to the Internal Fuse System, remove the four Allen screws on both sides of the 
cover then lift cover straight up of the instrument. Removing the cover will expose the five Internal 
Fuses shown in Figure 24. All five Internal Fuses are equipped with orange LED indicators, which 
glow when a Fuse is blown. 
 
3. The identities and properties of the five Internal Fuses are as follows: 

Fused Item   Fuse ID Fuse size/Type Quantity 
Temperature Controller F-2  2 Amp (5x20 mm)      1 
Heater    F-3  2 Amp (5x20 mm)      1 
Heater    F-4  2 Amp (5x20 mm)      1 
Refrigeration   F-5  7 Amp Slow Blow      1 
24V Power Supply  F-6  2 Amp (5x20 mm)      1 
 

4.  For a given LED to glow, the Main Switch and the Heating 
and Cooling Circuits must be temporarily turned on to send 
current to these five Internal Fuses for test.   

a. For Internal Fuse F-2, the Temperature 
Controller circuit is always ‘on’ when the Main 
Power Switch is turned on.  

b. The two Heater Circuit Fuses, Internal Fuses F-
3 and F-4, are active when the Set Point 
Temperature is adjusted to be above the 
temperature on the Upper Display. 

c. Refrigeration Circuit Internal Fuse F-5 is 
activated by both turning on the Cooling Switch 
(Section III.C.3.d, Figure 2) and the Watlow 
setting (Section VII.B.5.a).   

 
 
 

Figure 24. Fuse Location 
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5.  After using the LED to determine which fuse needs changing, turn off the Main Switch 
and disconnect the Main Power to the Instrument by removing the Plug of the Power 
Cord to the back of the Console. Wait for two minutes, and then change the particular 
Internal Fuse using the following steps. 

 
Note: Do not try to change fuses when the power is on. 

 
a. Locate the Finger Tab on lower end of the fuse holder next to the fuse identification 

number, and Pull the tab out and in an upwards motion while rotating the fuse holder 
open. 

 
b. Once the fuse holder is open, locate the installed fuse. There will be what appears to be 

two fuses, however, the actual Internal Fuse is lower of the two. (The upper component 
is the orange LED indicator mentioned above.) 

 
c. Depending on the identification of the particular Internal Fuse, remove the Fuse by 

pushing the Fuse out of either the side or end of the Fuse holder. (Internal Fuses F2, 
F3, F4 and F6 are removed from the side of the Fuse holder, while F5 is removed from 
the end of the Fuse holder.) 

 
d. Replace the Fuse according to list above. Install a new Internal Fuse, while closing the 

Fuse holder by rotating the cover down until the tab clicks into place. 
 
e. Reconnect the Main Power and turn the Main Switch on. Then check all five Internal 

Fuses again to assure that all are functioning. 
 
f. Turn the Main Switch back off and reinstall the cover and reinsert the four Allen 

screws. 
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XI. MAINTENANCE 
 
 
A. Run the King MRV Instrument continuously. When the Instrument is not in use, operate the 

test block at room temperature (24°C). If the Instrument will not be used for one month or 
more, it can be turned off. 

 
B. Keep the test ports for the stators covered. Be sure that there are no foreign objects in the test 

ports before use. 
 
C. Clean the top plate assembly. Insure there is no lubricant on bearing surfaces that contact the 

rotor rod. 
 
D. Clean the air-cooled condenser fins and the fans with pressurized air at least every six months. 

 
E. Clean the cabinet surfaces as needed using a mild soap and water solution. Do not allow the 

solution to enter the cabinet. 
 

F. Make sure back of MRV instrument is at least 6 inches or 15 cm from the wall or other 
instruments. 
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XII. WARRANTY AND LIABILITY 
 
 
King Refrigeration, Inc. warrants the direct refrigeration King MRV TP-1 for one year from the 
purchase date, either the commissioning by King Refrigeration personnel or authorized distributor, 
to be free from manufacturing defects according to the following terms. 

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

 
That portion of the Instrument, including any defective parts, must be returned to King 
Refrigeration within 45 calendar days of issued RMA number from King Personnel. The expense 
of returning the unit or part to King Refrigeration for warranty service will be paid for by the buyer. 
King’s responsibility, in respect to the 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 direct refrigeration King MRV TP-1 Instrument. 

 
This warranty does not cover any direct refrigeration King MRV TP-1 that has been subject to 
misuse, neglect, negligence, and/or accident. The warranty does not apply to damage to the 
Instrument that is the result of improper installation or maintenance, or to an Instrument that has 
been operated or maintained in any way contrary to the operating or maintenance instructions 
specified in the Operations Manual. The warranty does not cover any direct refrigeration King 
MRV/TP-1 Instrument that has been altered or modified. 

 
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. 

 
King Refrigeration, Inc. reserves the right to change or improve the design of all King 
Refrigeration Instruments without assuming any obligation to modify units previously 
manufactured. 

 
The forgoing express warranty is in lieu of all other warranties, expressed or implied including 
warranties of merchantability and fitness for a particular purpose. 
 
King Refrigeration’s obligation under this warranty is strictly and exclusively limited to the repair 
and/or replacement of defective parts. King Refrigeration does not assume or authorize anyone to 
assume for King Refrigeration additional obligations.  

 
King Refrigeration 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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