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 1. Introduction to  Automatic Density Control 

System for the Recirculating Mixer   
 

The density of the slurry mixed by the ACM-III Cement Mixing and Control System can be 

controlled either manually or automatically.  The following introduces the automatic control 

mode features. 

 

The Automatic Cement Mixer (ñACM IIIò) with the Density Control System is designed to 

meet the highest specifications for High Energy Recirculating Mixing with the aid of the latest 

Computer Control Technology. The ACM consists of four component groups that work 

interactively together to produce a consistent quality blend of cement and a wide range of 

slurry densities.  They are:  1) high energy mixer, 2) bulk cement metering valve and 3) 

density control computer and 4) densitometer. 

 

The High-Energy Mixer is the heart of the system.  It mixes the dry bulk cement with mix 

water and recirculated slurry.  The rate of mix water addition is controlled by a valve built 

within the mixer (lever operated externally).   

 

The cement-metering valve is mounted to the high-energy mixer inlet.  It controls (meters) the 

dry bulk cement rate entering the mixer.  It is operated by a rotary hydraulic actuator which 

incorporates a feedback potentiometer.  The valve is approximately linear and will provide 

near equal increases in bulk cement delivery per increment of rotation. 

 

The mixing process is controlled by the density control computer system.  The density control 

computer is an Industrial Grade microprocessor that also has an operator interface control 

panel.  The control software that resides in the microprocessor, analyses the measured mix 

water rate, slurry density and the desired slurry design and determines the required bulk 

cement metering valve position. This microprocessor sends a control signal to an electro-

hydraulic valve which in-turn operates the rotary actuator on the cement metering valve.  

 

The ñgo-toò control algorithm calculates the cement that is required to meet the job design 

density. The water flow meter transmits the rate when water is flowing into the mixer, and the 

control algorithm calculates the percent opening of the cement-metering valve that will satisfy 

the per-programmed desired density.  

 

A PID loop dials in the fine setting of the metering valve as it reads the signal from the 

densitometer. 

 

The system has a non-radioactive densitometer mounted in recirculation piping.  The 

densitometer responses quickly and works reliably. It requires no calibration. 
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The system also has a training simulator mode that lets the operator practice running 

cementing jobs without having bulk cement supplied to the unit. The operator can improve his 

skills for controlling density in manual or automatic mode with no material cost or cleanup. 

The microprocessor, while in simulation mode, provides system function verifications to test 

all lines, cables, flow meter, hydraulic system, feed back system and the microprocessor itself. 
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2. Operation and Features of Slurry Density 

Control System  
 

Key Features: 

1. Automatic Density Control 

2. Key Job Parameter Recording 

3. Built-in Pre-job System Check 

4. Built-in Manual Simulator 

 

Slurry Density Design 

 

The operator interface panel and the microprocessor allow the storage of three different slurry 

density designs. The operator enters the following parameters for a cement job: 

Õ Desired slurry density in lb/gal 

Õ Water specific gravity (fresh or sea water) 

Õ Design yield in ft. 3/SK 

Õ Water requirements in gal/SK  

Õ Discharge rate in bbl/min  

If water specific gravity does not change, which seldom changes in a given job area, the 

system will default the value previously used. The microprocessor calculates and displays the 

required water discharge rate based on the data and then displays actual water discharge rate. 

The operator manually controls the mixing water rate. However, the microprocessor calculates 

and displays the required mix water rate that will match the desired slurry mix rate. 

 

Control Algorithm  

 

The control system responds to three possible changes during the job: throughput rate, density, 

and cement bulk delivery.  Throughput rate is reflected with changes in the water rate; changes 

in set point density (so operators can thicken the slurry at the tail end of the slurry mix); and 

changes in cement delivery due to irregular and or declining cement delivery from the bulk 

supply. 

 

The throughput rate is based on the water rate the operator has set manually. The water flow 

meter measures this rate and provides feedback to the operator interface panel and the 

microprocessor. Then the microprocessor uses this data to set control gain values and the 

cement metering valve nominal operating position. The result is that for whatever reasons the 

water rate changes, the cement metering valve will be repositioned appropriately without 

waiting for the density change (maintaining slurry density before errors occur). 
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Variance in the throughput rate may occur for several reasons. The operator can use the mix 

rate as the tub level control mechanism rather than use the down hole pumps. The pumping 

rate may have to be changed due to possible pressure limitations on the casing or for job 

design reasons. Also inadequate bulk cement delivery can require the job to slow down. In the 

case of such a change, the ACM system immediately recognizes the change in water rate and 

moves the cement metering valve to a new position based on current measured valve delivery 

rate. Thus the density is only minimally disturbed. Correction is made before the density error 

shows up. Typically, less than 0.1ppg change in density would occur. 

 

The control system responds to density set points and densitometer measurements. The 

microprocessor takes density readings every second and uses the data along with water rate to 

adjust the opening of the cement metering valve. The algorithm is based on the calculated ñgo-

toò values plus proportional, integral, and derivative (PID) feedback, whose coefficients vary 

with throughput rate and tub volume. Some operators like to change the set density so that 

they can ñthickenò the slurry at the tail end of the mixing. In this case, the ACM system reads 

the current actual calibration scale of the cement metering valve. It calculates the new valve 

position based on the current calibration, the new density and water rate. The new valve 

position is not based primarily on an error signal but a known ñgo-toò position. Once it reaches 

that position and still there is some error, then the PID control takes over. This error is 

normally minimal. 

 

Position corrections of the cement metering valve can also be required due to irregular and/or 

declining bulk cement delivery from the bulk supply. The ACM continually calculates the 

actual calibration value of the valve, which is the amount of cement being delivered by the 

valve at its current position. With the updated calibration and the known amount of cement 

required for preset density (calculated by the ACM microprocessor) and slurry rate, the 

cement valve again is driven to a ñgo-toò position.  

 

The operator interface panel displays the changing valve calibration value. Therefore the 

operator has an actual number on the ability of any given bulk supply to deliver cement. A 

minimum bulk delivery calibration can be established so that if a particular system falls below 

this value, then corrective maintenance would need to be planned. 

 

Data Storage 

 

Density data is stored in the microprocessor at ten-second intervals for up to 4 hours of 

recording. Additional data replaces the first data entered (first in, first out). These data, which 

are stored in an ASCII format, can be downloaded through an RS-232 computer port 

connection on the side of the computer junction box. Data can be imported into a spreadsheet 

for plotting and analysis. 
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The microprocessor is also capable of recording throughput rate and pumping pressure. Thus 

all important job parameters are recorded with a single unit. 

 

Control Function Simulation 

 

The microprocessor can be placed in a simulation mode, which is useful for operator training 

and system functional verification. This mode allows the operator to control the complete 

system as if he were doing a cement job but without cement. This quality training is available 

for each cementer without added expense. It will help insure that operators are qualified and 

confident in operating the system for an actual job. In the training mode, the operator would 

circulate water through the mixer without mixing cement. The operator can adjust the cement 

metering valve manually or have the ACM system control it automatically. The 

microprocessor reads the valve position and calculates an assumed bulk flow based on a 

microprocessor stored curve.  

 

The microprocessor calculates the theoretical real-time density that would have been mixed in 

the tub if cement had been used. This simulation takes into account the mix water flow (job 

throughput rate), tub volume, slurry design yield, and water requirement and sack weight. The 

systems functional verification works the same as when the microprocessor is in the training 

mode. All lines, cables, flow meter, hydraulic system, feedback system and microprocessor are 

tested during the simulation.  

 

Adjustments for Different Systems 

 

Since the system is intended to adapt to different designs, easy access to control design 

parameters is provided. Mixing tank volume and proportional, integral, and derivative (PID) 

feedback gain parameters are accessed from the operator panel. Flow meters, Densitometers 

and pressure transducers are also easily calibrated to the system using simple menu driven 

screens. 

 

 Controls and Display 

 

The ACM controller system has two parts: the display unit and the computer junction box.  

The ACM front panel consists of a 4 X 4 (18 keys) keypad, a 2 X 5 (10 keys) function keypad 

and a 6" color display screen. It also has a thermostatic controlled heater for cold weather 

operation. 

 

 Computer Junction Box 

 

The ACM Computer Junction Box consists of the computer electronics and a junction plate for 

cable connections for all of the inputs and outputs of the system. The computer junction box is 
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connected to the display unit with three cables, computer power, heater power and a 

communications cable. 

 

 

 Operating Characteristics 

 

The ACM is designed to operate from a D.C. voltage input of 24 volts. This line should be 

externally fused. The internal power supplies are internally protected against reverse 

connection of the D.C. input. 

 

The ACM has a working ambient temperature range of -20 to +120 degrees F. Though the 

ACM is resistant to most ranges of shock and vibration, extreme shock may damage the 

display unit and junction box components. 
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3. General Descriptions of the Functions Keys per 

screen 
 

INFOrmation screen 

 

 

 

 

"RUN F2"----Click it to change the current screen to "RUN SCREENò. 

 

"SHUTDOWN F8" ---- Accesses special setup panel view plus screens.  Not normally needed 

for equipment operators. 
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Run Screen Description and Operation 

 

The run screen is where the job is run from. It displays actual and desired values as well as 

various warnings; the automatic or manual control modes are selected on this screen. The job 

is started or aborted from this screen. 

 

 

 

 

Triplex pressures:  The triplex pressure is displayed both graphically and digitally.  The 

ñleftò triplex is displayed on the upper left and the ñrightò triplex pressure is displayed on the 

right.  In addition, below the digital reading is a digital display of ñover pressureò setting.  

When the over pressure setting is reached, the engine speed is reduced to idle.  The ñover 

pressureò condition can be reset by pressing K2 key for the left engine and K10 key for the 

right engine. 

Triplex pumping rate and volume pumped:  The triplex pumping rate and total is displayed 

below the triplex discharge pressure.   

Triplex total pumping rate and total volume:  The total pumping rate and total volume for 

the combined output of the two triplex pumps is displayed below the ñleftò triplex rate.  The 

accumulated volume for each triplex and the total combined volume can be reset to zero by 

pressing F2.   

Water flow rate:   The actual water flow in GPM is shown on top with the dark background.   
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The desired water flow rate to reach the desired slurry is displayed below the actual flow rate.  

This value is calculated from the slurry design entered on the job design screen.   

 

Slurry density:  The actual slurry density (measured by the densitometer) is shown both 

graphically and digitally.    Below the digital valve is the slurry design set point (desired 

density).   This is the value the operator entered on the ñJOB DESIGN NO.ò screen for the 

current job. This value can be changed while running.  While running a job the density may be 

bumped up or down by.05 PPG per bump, K8 to increase and K7 to decrease.  

 

Parameter trends:  The trend charts include density, total slurry rate and discharge pressure. 

 

Setting Graphic and Chart Display ranges:  The range of the displays can be changed by 

going the ñSetting Graphic and Chart Display rangesò screen. 

 

Valve Position:   Actual valve position (opening from 0 to 100%). If the valve position 

simulator is on, it displays the simulated valve % opening. The valve position is generated 

from a position pot located on the cement metering valve actuator. For valve position 

simulator operation instructions refer to the Description and Operation of ñEMULATOR 

TEST SCREENò.  To calibrate the valve position, refer to Description and Operation of 

ñVALVE/CALIBRATION SCREENò.   

 

The desired valve position to obtain the desired density is displayed to the right of the actual 

valve position.  This value can be used as a set point while operating in the manual mode.  

While operating in the automatic density control mode, the computer will control the cement 

metering valve to this position. 

 

Cement Metering Valve (lbs./sec/%):  This value is displayed below the ñactual valve 

positionò.  This is the bulk cement deliverability number, in lb/sec/%. If this number reads 1.2 

lb/sec/% at 100% valve opening position, the theoretical delivery rate would be 120 lb/sec/% 

(76 sk/min. assuming 94 lb/sk).  

With an assumed value of 1.2 lb/sec/% and a 10% valve opening position, the delivery would 

be 12 lb/sec (7.6 sk/min) and at 50% valve opening position, the delivery would be 60 lb/sec 

(38 sk/min). 

 

The condition of the air compressor, the line size and condition, the distance and the bulk tank 

air pad condition decide the total system deliverability.  If the compressor was weak, lines 

partly plugged or air pads plugged, the number would register a much smaller and/or 

fluxuating number. Values less than .9 lb/sec/%, at the beginning of a job, would suggest that 

the bulk system was marginal in the ability to perform. During the job, particularly during high 

rate jobs, the compressor may not keep up with demand and therefore the bulk line pressure 

will fall and subsequently, the lb/sec/%, will also fall typically to .5 or lower before a tank 

change is required.  The lower the bulk deliverability falls before switching tanks, the more 

difficult it is to maintain reasonable density control. 
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F13 DESIGN STG NO:  Used to enter the slurry design number (1-3). 

 

F14 START CODE:   Pressing function key F14 will bring up a screen for entering the start 

code.  Possible number entries are between 10 and 100.  The process control and recording 

will not operate until the start code has been entered and F1 ñACCEPTò key has been pressed. 

 

F15 JOB MARKER:   ñJob markerò, is accessed by selecting F15.  See the following list of 

possible ñjobmarkersò.   To input a marker into the database, select F15 and then enter a 

number 1-38.  The number and corresponding job event description will appear in the job 

chart when using SERVAview data recording and charting software. 

 

Jobmarkers 

 

1.    Start job 
2.    End job 
3.    Zero totals 
4.    Other 
5.    Prime pumps 
6.    Test lines 
7.    Pressure up well  
8.    Break formation 
9.    Pump spacer 1 
10. Pump spacer 2 
11. Clean lines 
12. Drop bottom plug 
13. Pump lead cement 
14. Pump cement 
15. Pump tail cement 
16. Pump cap cement 
17. Pump foam cement 
18. Start additive 
19. Stop additive 
 
 

20. Start N2 
21. Stop N2 
22. Drop top plug 
23. Pump displacement 
24. Pump well fluid 
25. Displacement reached cement 
26. Bump plug 
27. Shut in well 
28. Set packer 
29. Release packer 
30. Open MSC 
31. Close MSC 
32. Drop plug 
33. Drop ball 
34. Circulate well 
35. Reverse circulate well 
36. Clean hole 
37. Pause 
38. Resume 
 

 

 

 System Status: 

 

ñEMULATE, ON/OFFò:  Green button indicates emulator is ñONò and red button indicates 

the emulator is ñOFFò.  

 

ñRECORD, ON/OFFò:  Green button indicates DATA RECORDER is ñONò and red button 

indicates the DATA RECORDER is ñOFFò.  

 

ñSTOPò:  Green button indicates system is operating (manual or auto mode) and data is being 

recorded (if required).  The red button indicates the JOB has been ABORTED (stopped), 

recording is automatically stopped and the cement metering valve return to ñ0ò position. 
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óAUTO MODEò:  Green button indicates AUTO control is ñONò and red button indicates the 

AUTO control is ñOFFò.    Even in the system is in ñMAN MODEò, all calculations are still 

done and the system records the job if desired. 

 

Warnings: 

 

 

ñWATER FLOW LOW OPEN MAIN VALVE!ò ---- It indicates that the density is lower than 

the minimum density the densitometer was scaled for on the ñDENSITY/CALIBRATION, 

SCREEN 5ò. It also suggests that the pipe was not full and water was not available for the job.  

 

Note: Once the F8 ñABORTò key is used to stop auto control system and stop parameter 

recording. 

 

Running a Job: 

Enter Job Designs on ñJOB DESIGN NO.ò Screen. 

Select Record Preference on the ñDATA ACQUISITIONò Screen. 

From the Run screen, enter the start code. Use the left or right arrow key to move the cursor to 

the front of the start code desired. Input the start code and click enter key. 

 

Input the job design number on the run screen in the same way as the start code is entered. 

Then click ñacceptò key to start the job. Select ñRECò key to start job recording. After the job 

is started the ñSTART CODEò on the Run screen will change to ñ** ò. 

 

Changes on the Fly (density and job design): 

Use the bump keys ñK7ò and ñK8ò to make changes in the desired density on the fly.  For 

changing density of the current job design (for example, lead slurry), using the ñbumpò is 

preferable.  However, if the operator has a need to change other parameter (water required or 

yield), they can be changed from the ñJOB DESIGNò screen.  To make changes in the slurry 

design parameters during the job, the operator selects the ñJOB DES F5ò function key and 

then select the ñJOB DESIGN #ò that is running. Next, he can change the parameter he wants, 

as described in design screen description operation. But the program has not accepted the 

change, yet. And then the operator needs to go back to the run screen and press the ñacceptò 

key. Only after the ñACCEPTò key is pressed the design change becomes effective. 

 

Another way to change parameters on the fly is by changing the design number that is running 

(for example, going from lead slurry to tail slurry). To change the design number, enter the 

new design number desired as described in the run screen description operation. When 

ñRETURNò is pressed, the accept sign will flash reminding the operator the change has not 

been accepted. When ñACCEPTò key is pressed, the warning stops and the changes take 

effect. 
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Setting Graphic and Chart Display ranges 

 

Use ñMax.Setò (K13) on the RUN screen to get to the screen shown below: 

 

 

Enter the desired max and min values for the displays.  These values apply both to ñDialò 

value display and the trend charts.
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Job Design No. # Screen Description and Operation 

 

The Job Design Screen is where the Job Designs are set up. Three different designs can be 

entered.  

 

To enter a job design the operator first selects the job design number by pressing F2.  Then 

enter the desired job design number (1through 3) on the keypad. Click the return key and the 

Job Design to be set up is selected.  

 

After the job design number is entered, input the parameters for the job by selecting the 

appropriate FUNCTION KEY (i.e. K1, K2, D3, K4, K5, K6 or K7).   Click the return key after 

each value has been entered. 
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Emulator test Screen 

 

The emulator mode is a unique feature available only in the Serva ACM system. This feature 

permits the user to set a design, and "RUN" a cement job in auto or manual without cement.  If 

desired the operator could use the built-in GPM simulator.  Then water would not even be 

required to run a simulated job. Finally, if there was not even a metering valve hooked up the 

operator could be trained on the system by using the built in valve position simulator along 

with the GPM simulator and density emulator. This feature simulates jobs changes on the fly 

and runs data acquisition with nothing on but the computer. 

 

 

 

 

 

 

 

The Emulator Test Screen contains ON/OFF indicators and switches for three simulators. It 

also has an entry for emulator starting density as well as an entry for the GPM simulator. 

When the system is first powered up, all simulators are placed in off condition and must be 

selected if desired. 

 

 Water Rate Simulation, K3, sets the water flow simulation rate. Note: Real water flow 

rate is disabled. To turn on the WATER SIMULATOR, press "K3ò.   WATER 

SIMULATOR is indicated as being ñONò if the button is ñgreenò, ñredò for ñOFFò.   

To turn off WATER SIMULATOR, press "K3" again.  The value WATER 
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SIMULATOR will use is the value entered K2 ñWATER RATE SIMULATEò.  Enter 

the desired value and press return. 

 

 V POS Simulator - The valve position simulator replaces the actual valve position with 

what the calculated new valve position would be. If the valve position simulator is ON 

then the valve control outputs are disabled.  To turn valve position simulator ON press 

"K4".   V POS SIMULATOR is indicated as being ñONò if the button is ñgreenò, ñredò 

for ñOFFò.    

 

 Note: With power UP all simulators are set to "OFF". 

 

 DENSITY SIMULATION ï This enables the simulator to simulate density. To use the 

simulator, first press the K1 key to enter the starting density.   To turn ñONò the 

simulator, just press "K5".  The simulator is indicated as being ñONò if the button is 

ñgreenò, ñredò for ñOFFò.   This is true for this screen and the run screen.  To turn 

emulator OFF, press "K5" again from the Emulator Screen.  
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Description and Operation of Data Acquisition Screen  

The data acquisition system has two relevant screens.  The first screen is used to set the new 

ñCEMENT UNIT JOB#ò, the ñMVI46 MAX. JOBò and to turn ñonò or ñoffò the real time 

recording. The maximum job default value is 500. When the job recorded is more than this 

value, the program will delete the oldest job.  

 

 
 

From this screen just select which job is downloaded and to "DOWN LOAD" the selected file.  

The download "IN PROGRESS" signal is displayed while system is down loading.  

"DOWN LOAD STOPPED" signal displays after down loading is finished or off.  
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CALibration Screens 

 

To view the CAL Screen displays, press "CAL F4" to cycle through a continuous loop of CAL 

screens.  

 

The CAL screens display in the order as follows:  

 

 "VALVE/CALIBRATION SCREEN", 

 "SLURRY FLOW METER & WATER FLOW METER CALIBRATION SCREEN", 

 "PRESSURE CALIBRATION SCREEN", 

 "DENSITY/CALIBRATION SCREEN".  

 

A more detailed explanation of each screen is follows. 
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a. Valve Calibration Screen:  Description and Operation  

 

This screen is used to calibrate the cement metering valve position. It is also very useful in 

troubleshooting. The "VOLTS IN" displays actual voltage and it will not be affected by the 

valve calibration. The ñV POS" is the valve position. It is dependent upon the valve calibration 

for its accuracy. This is the same value that is displayed on the run screen actual ñV POS". If 

the "V POS" simulator is ñONò then "V POS SM" button will display green color (red color 

indicates that the simulator is ñOffò.  If in the "V POS SM' mode, the "VOLTS IN' is not 

affected by the simulator. It still is the actual valve position voltage. 

 

 

 

 

 

 

Calibrating Valve Position 

 

To calibrate valve position from the running screen, first go to manual mode. From the 

"VALVE/CALIBRATION SCREEN 1", calibrate valve as follows: 

----First manually run valve to zero and visually verify the zero position in the metering valve.  

The valve is calibrated by actually looking inside the metering valve to verify that the valve is 

barely at the open position (1/16ò).  A piece of wire, .062ò in dia, can be use to let the valve 

close on the wire.  When the valve grips the wire, then this can be considered the closed 

position. (Do not assume that the calibration strip on the metering valve is in the correct 

position).  
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----Next press "K3". This accepts the zero valve position. The accepted 0% entry signal should 

flash.  

----Next manually run valve to 100% and verify position at metering valve. With metering 

valve at 100%, press "K4". This accepts 100% valve position.  

----Manually run valve from 0% to 100% and verify that metering valve indicator agrees with 

"V POS" on screen.  

----The valve is now calibrated. Finally, go back to the run screen, move the valve to the 

computer indicated ñ0ò position and verify that scale on the metering also shows ñ0ò position.  

If the scale does not also show ñ0ò, remove it, drill new holes and replace it so it shows ñ0ò 

position. 
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b. Slurry and Water Flow Calibration Screen  

 

The slurry and water flow calibration screen is used to calibrate the triplex flow output and the 

water flow meter being used. It is also very useful in troubleshooting. 

 

 

The screen is divided into two parts.  The first part is for entering the calibration factors and 

the other displays incoming frequency and calculated rates.  

 

CALIBRATING THE SLURRY and WATER FLOW METER:   Enter the flow meter 

calibration factors by pressing either K1, K2 or K3.  After entering the value, press the return 

key. The system is now calibrated for that flow meter.  Note that when using the pump stroke 

counter system, the volumetric efficiency of the pump should be factored into entered number.  

Typically, the pumps operate at an average efficiency of 95%.  In other words, it will take 

more pulses to obtain the actual volume and therefore the theoretical factor should be divided 

by the efficiency 

 

The lower part of the screen displays the incoming frequency of the flow meters and the 

calculated rates (based of incoming frequency and cal factor).  In addition, there is a ñbuttonò 

labeled ñGPM SIM ONò which indicates if the water simulator is ñONò.  It will show green if 

it is ñONò and red if it is ñOFFò.  Note: The calibration factor entered for the water flow meter 

must be the same value given by the flow meter manufacturer. It is not recommended to 

change the calibration factor unless the flow meter is replaced. If the "GPM SIM" is ñonò, then 

the GPM simulator value is placed in the "WATER FLOW" display. The "WATER FLOW" 

displayed on this screen is the same as the actual "WATER FLOW" displayed on the run 

screen. 




