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Introduction

Welcome to thé\ccuFrac™ Automated Blender Controller User's GuitleeAccuFrac
controller is a control and data acquisition paekéay oil well service equipment of all
types. Because of the flexibility built into thesilgn, the same components can be used to
control, monitor, and record data from virtuallyygmece of equipment.

The hardware for thAccuFrac controller consists of three main components; the Q
Term touch screen, the network gateway and the MGARIlti Channel Control Board.
This manual will mainly describe the use of Q-tesimce this is the operator’s interface
and the other two components are configured throligl®Q-term.

The MCB can be loaded with three different typefiraiware dependent on the purpose
of the system; all three are covered in this uggride:

» The Automatic Density Controller
» The Automatic Chemical Controller
» The Data Acquisition System

This guide also covers Performing System Softwagrgrbldes and capturing data with a
PC.
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Conventions Used in this Guide

The AccuFrac™ Automated Blender Controller User's Guidees the following
formats:

Bold and Italicized Texindicates a screen name.

Bold Text indicates a button on accuFrac controller screen or dialog box.
Italicized Texindicates a variable that must be entered by tbe us

Courier Text indicates commands that must be entered by the use
ALL CAPITAL TEXT indicates a file name.

NOTE: Indicates useful information you might need forfpaming the procedure.

The alphanumeric keypad refers to the touch padshio Figure 1 below.

Disrlay Hindow

UPPERCASE

|||~ == [=]]]
A =
][ ][ ][=][e]

Figure 1. The alphanumeric keypad
The numeric keypad refers to the touch pad shovwrigare 2 below.



Figure 2. The numeric keypad.
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General Q-Term Setup and operation

When starting théccuFrac™ system the Q-Term will default to an initial sanegith
the S&S logo, to proceed press anywhere on theéayigpea or on any of the buttons on
the side of the display.

When the screen is touched it will go to the mage#Frac menu on this menu
each controller board attached to the system willdpresented with a button on
the left hand side of the menu and the right haahel will contain two buttons for
basic function Terminal SettingsandNetwork Settings

STEWART & STEVENSON

5

DENSITY CONTROL TERMINAL SETTINGS

CHEMICAL CONTROL HETHORY. SETTIMGS

IATA ACOUISITION

Selecting the Network Settings will bring up a gereshowing the version of software in
each note. To verify if the latest version is ilsthcompare version numbers shown on
this screen to the software versions available on
http://www.ssss.com/petroleum/download.asp
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NETWORK SETTINGS

WODE | DESCRIPTION | VERSIOH

-- | O-TERM 2.0
248 | Gateway ¢.01
1| Density Control |Z2.67

2| Chemical Control| 2.6

From theNetwork Settingsscreen there is three functions that can be pagdrn
addition to verifying which software is loaded. TMap Network function will make the
Network Gateway send request to all possible ntaldstect if any changes have been
made to the network configuration, and will upddweNetwork Settingscreen
accordingly. From th&letwork Settingghere is also access to fhiene & Datescreen.

HA/BA.AARE  AA- 44 A4

On theTime & Datescreen Current date and time can be enteredeadtering the

correct time. PresSET to save the new time, to restore current time ftoenAccuFrac
system presGET.

From theNetwork Settingscreen there is also accesdliwork Hardware SettingsOn
that screen there will be a selection of node asfdfthe address of the gateway). There is
also an indication of the baud rate between thevgay and the MCB, for more
information on this please refer to Appendix A.
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NETHORK HARDWARE
240 |ADDRESS CETTINGG

CLEAR MEMORY

BAUD RATE

SERTAL OUTRUT
H-C1]

OB COMTROL COMMAKDS
APPLY T0:

ALL HODES

From the AccuFrac main menu there is also a bdtoaccessing th&erminal Settings
screen. On this screen the contrast and backlaghbe adjusted up and down for
improving the readability of the screen. Keyclisk@nd when buttons are touched) can
be turned on or off. To save the settings for fituse press SAVE TERMINAL this will
make the terminal start up with the currents sgstievery time. The TERMINAL RESET
button will reset the terminal as if power had begcled. SEND STATUS TO HOST

will send a serial stream of data containing tharsgs and status of the Q-Term to record
or read this data use a PC and hyper-terminal, thatehe version displayed is the Q-
Term firmware version, not the S&S AccuFrac sofeveersion.

CONTRAST EACKLIGHT KEYCLICK

SAYE TERMINAL

TERMINAL RESET

From the Terminal Settings screen there is acoetetPassword Management, to enter
Password Management the master password mustdre@nf you do not have this
password consult with your manager or contact S&8tfol Systems Group.

Note: The master password should only be knownngyperson, This person can set up
passwords for other users.
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LOGIN REQUIRED

ENTER YOUR USER HAME:

When the password has been entered correctly aiN@G pressed the Q-Term will go
to the Password Management screen. This screersshbst of recent logins, and a list
of valid login id’s (password). To create a newrusmply press a blank space on the
login ID list and enter the new name. For the ndroparation of the AccuFrac system
there is no password protections, the only thirag tian be password protected is the
hardware settings, these settings should only begdd when equipment is re-calibrated
or replaced. To lock the hardware settings for afpes without password press the
LOCK HARDWARE button, this button will then change text to $8yLOCK
HARDWARE .

HARDKARE LOCKOUT MANAGEMENT

LOGIN 115 LAST & LOGING

LGN TINE | TATE
A2 TT:#3:27 | 01/6/9
ENH739 14:23:23 |12/25/83
ENH733 13:25:54 | 12/89/73
TV | (L1123 11:93: 3¢ |#3/23/83

JC0456 A= 34: 21 1833883

LOCK HARTKARE
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The Automatic Density Controller

The density control component of tAecuFrac controller is the Automatic Density
Controller. The job density profile is programmatbithe control system through the
user interface. When the job is started, the dgesittroller calculates how much
proppant is required to achieve the programmecktatgnsity based on the discharge (or
suction) rate, base fluid density, and proppansiign

This chapter covers the following procedures ferdiensity controller:
 Configuring the density controller
* Setting up a density job
* Operation of the density controller

Accessing the Automatic Density Controller
1. Press anywhere on thecuFrac SystemTitlescreen. Th&lain Menu screen
displays.
2. PresdPensity Control. TheAutomatic Density Controkcreen displays.

AccuFrac™

AUTOMATIC DEMSITY COMTROL

HARDWARE SETUP COMMUMICATION TEST

JOB SETUP AUGER EFFICIENCY

DISPLAY SETUP TUB LEVEL

MOMITOR JOB

3. Select an option from theutomatic Density Contromain menu.
Configuring the Automatic Density Controller

This section outlines the procedures to configheedensity controller. This section
covers the following information:

Channel Assignments
Configuring the Augers

Setting the Auger control
Configuring the Tub Level Control

15
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Channel Assignments

Table 1 shows the channels used by the densityallemtand gives information about
the values.

Channel Analog In Analog Out Frequency In Digital In
Auger 1 Auto/Man
1 Auger 1 Control Auger 1 Rate Switch
Auger 2 Auto/Man
2 Auger 2 Control Auger 2 Rate Switch
Auger 3 Auto/Man
3 Auger 3 Control Auger 3 Rate Switch
4 Tub Level Dual Discharge
Feedback Input
. Discharge 2" Discharge
(Din 5 = Ground) Switch
. . Tub Level Suction nd ; :
6 Densitometer Control (Din 6 = Ground) 2" Suction Switch
Calculated Clean Discharge
7 Rate (Din 5 = 5-24VDC) Tub Level Auto/Man
8 Suction
(Din 6 = 5-24VDC)

Table 1. The Automatic Density Controller Chanraeld the equipment they can control.
Channels 1 and 2 are used most frequently. Chahiehot always used.

Configuring Augers

Each auger has a digital input associated withhié level of the input determines
whether the auger is in automatic or manual moaemslly a switch on the blender

panel is used to set the mode. When the augemmaimual mode, the density controller
does not try to control it and the system doedala into account any proppant added by
the augers. The total proppant load is shiftedhéorémaining augers.

For example, consider a two stage job. Stage ceep®ppant A, and stage two uses
proppant B. Hopper 1 is loaded with proppant AgBtane is programmed with the
appropriate properties. Hopper 2 is loaded witlppemt B. Stage two is programmed
with the appropriate properties. Start the job waitiyer 1 in automatic and auger 2 in
manual. When stage two arrives, switch auger laoual, and switch auger 2 to
automatic.

This section will show you how to:

 Select modes for augers

#$ #$ %! &
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* Configure an individual auger
* Create a Split Auger Configuration
Selecting Auger Modes

The modes for the augers can be selected by ustnauto/manual switch on the control
panel. The Automatic Density Controller does nattom an auger in manual mode.

AUGER CONTROL SETUP

AUGER RATES BASED On:
SUCTION

To select between Suction, Discharge and Dual @igghfor Auger Control keep
pressing the selection until the right type appears

Configuring Individual Augers
To configure an auger, perform the following praced

1. SelecHardware Setup on theDensity Controlscreen. Théutomatic Density
Controller Hardware Setuscreen displays.

AUGER 1 HARDKARE SETUP

AUGER 2 SUCTION FRED IN

ALGER 3 DISCHARGE FRED IN

TUB LEVEL CHAHWEL SETUP

AUGER CONTROL

2. SelectAuger 1. TheAuger Setupscreen displays.

17
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HETERED AUGER SETUP  |RAUGER

6 inch

RUGER EFFICIENCY

H. 9

B.84 lbs /revalution ‘

3. Pres®isableif the auger is not going to be used in this job.
4. Select the Auger siz6:Inch, 12 inch,or 14 inch.

5. Presd-ixed Delivery. A numeric touch pad displays.

6. EnterFixed Delivery Rate

7. Pres€nter. TheAuger Setupscreen displays.

8. Pres®Auger Delivery Factor. A numeric touch pad displays.

9. EnterAuger Delivery Factar

NOTE: The Auger Delivery Factor is based on the pitcthefauger. An auger with a
delivery factor of 1.00 is a full pitch delivery ger, while an auger with a .33 delivery is
a one-third pitch delivery auger. The Auger delvtactor will have to be lowered over
time due to performance degradation due to weagoipment.

10. Presg&nter. The Auger Setupscreen displays.

11. Pres$etto save the parameters.

NOTE: PressSetevery time parameters are entered. Entered ddthemibst ifSetis
not pressed.

12. Pres8ack. You will be returned to thAutomatic Density Controller Hardware
Setupscreen.

13. Repeat steps 2-12 to enter data for augerd 3.an

18
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Auger Efficiency

AUGER EFFICIENCY

ALIGER 1

AUGER 2

H.5H

ALIGER 3
M09

To configure the Auger Efficiency, perform the tlling steps:
PressAuger 1. A numeric touch pad displays

Enter the gain as a number from 0.00-1.00
PressEnter, TheAuger Efficiencyscreen displays
Repeat 1-3 foAuger 2 andAuger 3

PressSet

arwnE

Tub level

The Tub Level screen is both a monitoring contral a configuration screen. The screen
lets the operator monitor the current level oftdek, the output from the controller and
the current clean-rate. The level set-point cao hésadjusted using théP andDOWN
bush buttons. Additionally the closed loop con&plbarameters and the the level sensor
can be set up on this screen.

OMACHNIM=
=MD~

TUB-LEVEL SENSOR
CALIBRATE
HIE 822

HINIH
CALTBRATE
MEKTHUM 1878

AYERAGE COUNTS
[0

To configure the Tub Level PID, perform the followisteps:
1. PresKp. A numeric touch pad displays

19
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Enter the gain

PressEnter, TheTub Levelscreen displays

Repeat 1-3 foKi andKd

. PressSet

To adjust the PID set-point press these andlower triangles.

GEIAEN

To configure the Tub Level Sensor, perform thedwlhg steps:
1. Fill tub to minimum level

PresCalibrate Minimum
Fill tub to maximum level
PresCalibrate Maximum
PressAverage Counts
Enter Average Counts
PressSet

N o o bk 0D

From theAutomatic Density Controkcreen there is access to a simplified versiohef t
tub level screen. Theub screen does not have the configuration capalsiliig will let
the operator monitor the tub-level and adjust éwell set-point.

MODE
THRGET %
MEASURED %
QuTRUT %

—mcT—

CLEAN RATE

Operating the Automatic Density Controller
To operate the Automatic Density Controller, fsst up a job by programming the

stages. Once the stages are programmed, the jaliicawhile the job is running, it can
be monitored or stages can be modified.

20
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Setting-up a Job

A job can be divided into as many as 20 segmeitiesdcstages The stages are
programmed into the controller on theb Setupscreen and are defined by six properties:

Volume of Stagethe length of the stage in total control volurfRer example, if stage
three is programmed for 100 barrels, and the dtagan at 250 barrels, it will end at 350
barrels. The time required to complete each stagemtls on the control flow rate.

Proppant SG the mass (in kilograms) of proppant requiredigplace one liter of water.
Proppant Bulk Density the dry density of the proppant (Ib3/ kg/nT).
Fluid SG-is the density of the base fluid in specific grawnits (kg/liter).

Start- the target density or proppant concentratiaih@teginning of the stage (ppa, sga
or kga).

Ending- the target density or proppant concentratiaim@iend of the stage.

Two types of stages exist. The firststep changehas starting and ending values set to
the same number on tdeb Setupscreen. Stages 1, 2, 4 and 6 in Figure 3 are exampl
of a step change. Famp changehas starting and ending values set to differentbars
on theJob Setupscreen. The Density Controller calculates a graduodllinear slope to
change the concentration from the starting valubécending value over the duration of
the stage. Stages 3, 5, & 7 in Figure 3 show a remapge.

In the example shown in Figure 3, the base flumaser (SGU=1.0). Therefore stage
one, which has a target density of 1.0, does rptire proppant. Stage one is
programmed for a volume of 100 units. When the rmdwblume reaches 100, stage two
begins. Stage two is a step with b&HART andENDING programmed for 1.2. The
length of stage two is 150 units. When the contodlime reaches 250 (100 + 150), stage
three begins. The volume for stage three is 156 uthieSTART is 1.2 and the

ENDING is 1.4. The result is a ramp as shown. Stageldegins when the control
volume reaches 400 (100 + 150 + 150), and so dhatagie seven completes. Stage
eight is programmed with a length of zero.
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1.7

1.6

e N

15

1.4

1.3
1.2 /

Density

11

0.9

0.8

0 200 400
Volume

600 800 1000

Figure 3. A typical profile of a job broken intovem stages. The X-axis, Control Volume,
is the accumulated volume. The Y-axis, Density (S{Slthe target density.

TheSTART andENDING can be programmed in either SGU (density), or sand
concentration. The target density must be grehter br equal to the base fluid SGU, and

less than the proppant SGU.

Programming Stages

1. SelectJob Setupon theMain Menu screen. Thdob Setupscreen displays.

STAGE

YOLUME OF STAGE
BEL

FLUID 56
56U

PROPPANT 50
P 0L

START

PROPPANT BULK DENSITY
lhs/ 173

ENDIHG
PPA

2. PressStageuntil the correct stage number displays on theescre

3. Press/olume of Stage A numeric touch pad displays.

4. EnterVolume of Stage.

5. Pres€nter. TheJob Setupscreen displays.
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6. Pres$roppant SG. A numeric touch pad displays.
7. EnterProppant SG.

8. Pres€nter. TheJob Setupscreen displays.

9. Pres$roppant Bulk Density. A numeric touch pad displays.
10. EnterProppant Bulk Density.

11. Presg&nter. TheJob Setupscreen displays.

12. Pres$luid SG. A numeric touch pad displays.
13. EnterFluid SG.

14. Presg&nter. TheJob Setupscreen displays.

15. Press$tart. A numeric touch pad displays.

16. EnterStart.

17. Pres&nter. TheJob Setupscreen displays.

18. Pres&nding. A numeric touch pad displays.

19. EnterEnding.

20. Pres&nter. TheJob Setupscreen displays.

21. When the parameters are properly configurezsgtheSet button to accept the
settings.

NOTE: PressSetevery time parameters are entered. Entered ddthemibst ifSetis
not pressed.

22. Perform steps 2-21 until you have no more stag@rogram.

NOTE: Once all the regular stages are programmed, ome st@ge must be
programmed with a volume of 0. A volume of 0 wiluse théccuFrac controller to
turn off automatically. If you have used all 20g#ta in the job, th&ccuFrac controller
will turn itself off after the 20th stage.

23. Press$tageuntil the correct stage number displays on theescre
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24. Pres¥/olume of Stage A numeric touch pad displays.
25. EntelO.
26. Pres&nter. TheJob Setupscreen displays.

27. When the parameters are properly configureesptheSET button to accept the
settings.

NOTE: PressSetevery time parameters are entered. Entered ddthemibst ifSetis
not pressed.

28. Pres8ack to return to th&Channel Setugscreen.
Running a Job

Once a job is programmed, it can be run. All ofjtecontrol functions can be executed
from theMonitor Job screen. ThéccuFrac controller allows you to start or abort a job.
It also allows you to hold or resume a job. Thecfion of each of these operations is
described on page 20.

Start Job- resets all the totals and begins the programjpiedrhis option is found on
the left side of th&lonitor Job screen.

NOTE: Start Job will begin the job again at the beginning of thegrammed job
profile if a job is aborted.

Start Remote not currently used.

Abort Job- stops the current job and the augers. The pragedrjob is not affected. To
resume the job, pre&art Job.

Hold Stage holds the current target unRlesumeis pressed. In the hold stage, the
volume of the current stage grows at the sameaatbe control volume and the total job
volume is adjusted accordingly. TResumechoice will replacdHold Stageon the

screen once it is pressed.

Next Stage immediately advances the job to the next stagetfam remainder of the
current stage is discarded. The total job volunedjssted accordingly.

Ending- ending value for the stage is set to the cursaade volume. The total job
volume is adjusted accordingly.

View Sched allows operator to view the stages that have Ipeegrammed.

Edit Stage allows operator to make changes to the stages.
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Figure 4 shows how the hold function affects a ra8tpge two is a ramp from 1.2 to 1.6
SGU. At a control volume of 75 unitdold is pressed. While the stage is held, the end of
the stage and end of job are continuously pushekl Gde stage is resumed at 175 units
and the job continues, as it would have normallgtiéé¢ that the hold function modifies

the actual programmed value for the

1.9
rTa
1.7 '
2 Vol J — = Normal
D o .
1.3 / ;
1.1
0 100 200 300 400 Volume

Figure 4. The effect of the Hold Stage functiormaamp stage

length of the stage. Stage 2 was originally prognaeh for a volume of 100 units; but
when the job is over, stage two is programmed @8 @nits. A step function is handled

the same as a ramp.

In the example illustrated in Figure 5, stage 2 w@ginally programmed with a length of
150 units. TheNext Stagebutton is pushed a third through the stage. Theraelfor

stage two is changed to 50 units and stage thieemediately executed. Also the end of
job value is changed from 275 units to 175 units.

1.9
— ==
1.7 | 1
ol ™ - I
*72; 15 _~ ! — = Normal
o . -~ | Next
() /'
1.3 :
1.1
0 100 200 300  Volume
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Figure 5. The effect of the NEXT STAGE functioa oamp stage
To run a job, perform the following procedure:

1. PresdMonitor Job on theDensity Controlscreen. Thélonitor Job screen displays:

I —
STRGENE OF I
FROF BULK DENSITY lbsr 13
FLUID SG MR SoU
SUCTION RATE bbl min
DISCHARGE RATE bl min

SUCTION TOTAL bkl
DISCHARGE TOTAL bkl

EMND 0OF STHGE bkl
END OF JOE IEEEEEEE] bb1

RATE IIEFEEE 1bs-min

FROFFANT]

MERSURED PP
CONCENTRATIONIRIGEEN 1. o
RATIOMETRIC PPA

2. PressStart Job to run the job.
3. PresAbort Job to stop the job at the current stage.
4. Pres$old Stageto hold the job at the current stage.

5. PresdNext Stageto move the job to the next stage.

NOTE: Abort Job, Hold Stage,andNext Stagecan be used any time after the job is
started. These changes will affect the overall tcabues for the job.

6. Pres¥/iew Schedto view the schedule if needed. Tlab Schedulescreen displays.

JOB SCHEDULE

PROPPANT FLUID SLURRY

STAGE WOLUME [ SGU BULE DEWS NI
N ] ERE K
dPguld] :

HH
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TheJob Schedulescreen displays information about the programmaglest for job
running currently. The following information is gisyed.

Stage- the segment of the job.

Volume- the programmed volume for the stage.

Proppant SGU the density of the proppant.

Proppant Bulk Density the density of the dry proppant material.
Fluid SGU- The density of the base fluid.

Slurry Start- Starting density of the slurry.

Slurry End- Ending density of the slurry.

7. Pres8ack to return to thévlonitor Job screen.

8. Pres€dit Stageif needed you will be taken to tBeb Setupscreen. Refer to
"Modifying Stages During a Job" (p. 20) to makerules to the stage.

9. Pres®iagnositic if needed. Thédutomatic Density Controller Diagnostiscreen
displays:

The Diagnostic screen gives status informatiorvésious aspects of the programmed job
(e.g. auger speeds, proppant rate, and totalsjollbaing information is displayed on
the screen.

Stage m of A displays the current stage of the program aaddtal number of
programmed stages.

Ratiometric- gives the percent error compared to the taaj&imetric density value.
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Measured gives the percent error compared to the setpl@nsity value.

Target Proppant Ratetarget rate for the proppant for this stage.

Auger Status indicates whether the Auger is running in "auatisl or "manual” mode.
Auger Speed indicates the speed of the auger

Auger Target indicates the target rate for the auger

DAC - indicates the digital to analog count.

Proppant Rate the rate for the proppant

Proppant Target the target rate for the proppant

Proppant Total the total amount of proppant delivered.

Modifying a Running Job

Changes can be made to a job that is currentlyutixecby editing individual stage
values. If changes are made to stages that haweehaoin, they will take effect when the
stage does run. If the length of a stage is chanigedll affect the end of job value.
Changes to the current stage will take place imatehyi. If a ramp stage is changed in
the middle, the target will immediately go to whéreould have been, had the stage
been programmed that way originally.

In the example illustrated in Figure 6, stage twaswriginally a ramp with a volume of
100 units. At a control volume of 75 units, thegdnwas extended to 150 units. The
target value immediately jumps to 1.4 (which cqoesls to the required target based on

a state programmed for 200 units). Changing thénbety and ending density for the
stage has a similar effect.
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Figure 6. The effect of lengthening a ramp stagenguexecution. The slope is
recalculated as a straight line from the originadinning point to the new ending point.

The relevant job data are also viewable fidionitor Job screen. A description of the
Monitor Job data follows:

State- the current state of the controller (runningjtimg, job aborted, etc.).
Job Progress a horizontal bar showing the percent of the job gleted.

Stage m of Athe current stage (m), and the total numbetagfes programmed for the
current job (n).

Proppant Bulk Density the sand bulk density programmed for the cursesge.
Fluid SG -the fluid SG for the current stage.

Suction Rate the clean fluid flow rate.

Discharge Rate the slurry flow rate from the blender.

Suction Total the total volume of suction that has passedesihe last start of job (i.e.
the total is automatically reset wh8tart Job is pressed).

Discharge Total the total volume of discharge that has passed siheckast start of job
(i.e. the total is automatically reset whetart Job is pressed).

End of Stage the control volume (suction or discharge) atchithe current stage will
end.

End of Job- the control volume (suction or discharge) atalithe current job will end.
The value is calculated by adding the volumes Igfralgrammed stages.
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Proppant Rate an estimate of the rate at which proppant is badded. The calculation
is based on auger rpm.

Proppant Total an estimate of the total sand that has beewnateli since the start of the
job.

Measured the density or concentration as measured dyrégtla nuclear densitometer
or other unit-mounted density sensor.

Target -the programmed target density or concentrationhfercurrent stage. The density
is continuously updated based on the job profitereal.

Ratiometric- the current density as calculated based onatii@ of suction and flow rate.

Auxiliary Inputs- Pressure 1 and Pressure 2 are analog input9 6&&a8d for pressure,
or Rate/Total 1 and Rate/Total 2 are frequencyts@&4) scaled for flow.

Modifying Stages During a Job

Stage data can be modified during a job. The meatibns can be done either through
the Density ControlScreen or th&lonitor Job screen. In either case, you will end up at
theJob Setupscreen. This procedure describes accessingpth&etupscreen from the
Density Controlscreen. To access it from tN®nitor Job screen, predsdit Stage

select the stage you wish to modify to get tolble Setupscreen.

1. Presslob Setupon theDensity Controlscreen. Thdob Setupscreen displays.

2. PressStageuntil you reach the stage number you wish to begbd appears on the
monitor.

3. Press/olume of Stage A numeric touch pad displays.

4. EnterVolume of Stage.
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5. Pres€nter. TheJob Setupscreen displays.

6. Pres$roppant SG. A numeric touch pad displays.
7. EnterProppant SG.

8. Pres€nter. TheJob Setupscreen displays.

9. Pres$roppant Bulk Density. A numeric touch pad displays.
10. EnterProppant Bulk Density.

11. Pres&nter. TheJob Setupscreen displays.

12. Pres$luid SG. A numeric touch pad displays.
13. EnterFluid SG.

14. Presg&nter. TheJob Setupscreen displays.

15. Press$tart. A numeric touch pad displays.

16. EnterStart.

17. Pres&nter. TheJob Setupscreen displays.

18. Pres&nding. A numeric touch pad displays.

19. EnterEnding.

20. Pres&nter. TheJob Setupscreen displays.

21. When the parameters are properly configureesptheSET button to accept the
settings.

NOTE: Exiting any screen without pressiB&T, causes the changes to be ignored and
data will have to be reentered.
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Understanding the Calculated Clean Rate

Stewart & Stevenson blenders control the fluid léveéhe mixing tub by varying the
fluid inlet (suction or clean) rate. For this reasthe clean rate can be a “noisy” signal
even when the fluid outlet (discharge or slurryeria steady. The AccuFratchemical
controller adds chemicals in proportion to the gleste, so any fluctuations in the clean
rate are mirrored in the chemical rates.

To allow the chemicals to run smoothly, we calalatheoretical clean rate based on
subtracting the current proppant rate from theenirslurry rate. Following is a
description of how this is accomplished.

Overview

The density controller calculates the clean ratt@rtputs a proportional voltage which
is then read by the chemical controller(s).

The following formula is used to calculate the dleate:

SlurrySGU- FluidSGU
ProppantSGU FluidSGU

CleanRate= SlurryRatel-

where: SlurryRate= The measured slurry (discharge) rate from ariieter
SlurrySGU= The measured slurry density from a densitormiatepecific gravity units
FluidSGU= The base fluid SGU value entered into the jabpsscreen
ProppantSGU= The proppant SGU value entered into the jobpsstueen

Note that if the slurry density is equal to theébisid density (a condition that occurs
when no proppant is being added) then the cleaneiquals the slurry rate.

Calibration
To calibrate the calculated clean rate:
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1. On the density controller, set the display unitSU

2. Go to the monitor screen and read the measuredtyléng. 1.001 SGU)

3. Enter the measured density value into the fluid Si@ld in the job setup screen

4. Set the blender so that the slurry rate is zero

5. On the chemical controller, go to the auto-scak@mninput screen and select
channel 6

6. Enter 0.00 in théMin Scale Readingeld

7. Pres<LCalibrate Min Scaldthe captured reading should be less than 50)

8. Set the blender so that the slurry rate is higi. (BE00 BBL/min); you can either

use a real rate or set a hold on the flowmeter

9. Enter the current slurry rabe gallons per minutein theFull Scale Readingeld
(multiply BBL/min by 42 to get gal/min)

10. PresCalibrate Full Scalgthe captured reading should be greater than 1000)

11.Go to the chemical monitor screen and verify thatguction rate matches the
current discharge rate

Special Considerations for Hydration Units

The chemical controller on a hydration unit can edeémicals in proportion to the
blender’s calculated clean rate. To do so, s@aste Rate i the chemical setup screen.
If Base Rate 1is selected, the chemical is added in proporiotiné hydration unit’s
measured suction rate.
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The Automatic Chemical Controller

The chemical control component of thecuFrac controller is the Automatic Chemical
Controller. The chemical controller is programmeegbarts added per 1000 parts of the
control rate. The control rate can be any ratejdtypically the blender suction (clean)
rate.

This chapter covers the following procedures fer¢hemical controller:

» Configuring the chemical controller

» Calibrating the chemical controller

* Operating the chemical controller

Accessing the Automatic Chemical Controller

1. Press anywhere on tecuFrac Controller Title screen. Th&ain Menu screen
displays.
2. PresLChemical Control. TheAutomatic Chemical Controkcreen displays.

3. Select an option from th&utomatic Chemical Contromain menu.
Configuring the Automatic Chemical Controller

This section of the guide outlines the proceduoesdnfiguring the Automatic Chemical
Controller. It covers the following information:

Channel Assignments
Setting up chemicals
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Channel Assignments

Table 2 lists the channels used by the Automatien@bal Controller and gives
information about what each channel controls.

Channel Analog In Analog Out Frequency In Digitall _n
1 Chem 1 Control Chem 1 Rate Chem 1 Auto/Man
Switch
2 Chem 2 Control Chem 2 Rate Chem 2 Auto/Man
Switch
3 Chem 3 Control Chem 3 Rate Chem 3 Auto/Man
Switch
4 Chem 4 Control Chem 4 Rate Chem 4 Auto/Man
Switch
5 Chem 5 Control Chem 5 Rate Chem 5 Auto/Man
Switch
i Suction / Chem
6 Analog Suction SR
7 Base Rate 2 Chem 6 Control N/A
Chem 6 Auto/Man
i NIA Switch
Table 2. the Automatic Chemical Controller Chanraid the equipment they can

control.
To setup a chemical, perform the following procedur

1. PresdHardware Setupon theChemical Controllerscreen.Th&ACC Hardware
Setupscreen displays.

2. Pres€Chemical 1-6on theACC Hardware Setucreen. Th€hemical Setugscreen
displays, for the chosen chemical.
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Select the type of chemical in the to left coriaqqid, Dry, Disabled)
Enter a description for the chemical

Select between Base Rate 1 and Base Rate 2

For dry chemicals enter the bulk density

For dry chemicals enter delivery efficiency

PressSET to store settings

N o o bk~ 0w PR

Select next chemical and repeat step 1-6

Operating the Automatic Chemical Controller

To operate the chemical controller, first set ypkaby programming the stages. Once the
stages are programmed, the job can run. Whiledihésjrunning, it can be monitored or
stages can be modified.

Setting Up a Job

A job can be divided in up to 15 segments catliedjes The stages are programmed into
the controller on thACC Job Setugscreen and are defined by two properties:

Volume of Stagethe length of the stage in total control volurfRer example, if stage
three is programmed for 100 barrels, and the dtagan at 250 barrels, it will end at 350
barrels. The time required to complete each stagemtls on the control flow rate.

Loading- the target rate for the stage. The value isredts units per 1000 units of

control flow. If the control flow is one cubic meteer min, and the loading is five, the
target flow rate will be five liters per minute ¢libic meter equals 1000 liters).
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Programming Stages

8.

9.

1. SelectJob Setupon theMain Menu screen. ThACC Job Setugscreen displays:

. PresChemical until the correct chemical number displays on treen.
. PressStageuntil the correct stage number displays on theescre

. Pres3/olume of Stage A numeric touch pad displays.

. EnterVolume of Stage.

. Pres€nter. The ACC Job Setupscreen displays.

. Presd.oading. A numeric touch pad displays.

EnterLoading.

PresEnter. TheJob Setupscreen displays.

10. When the parameters are properly configureskptheSET button to accept the
settings.

NOTE: PressSetevery time parameters are entered. Entered ddthevidst ifSetis
not pressed.

11. Perform steps 2-9 until there are no more stamerogram.

NOTE: Once all the regular stages are programmed, ome stage must be
programmed with a volume of 0. A volume of 0 wiluse théAccuFrac controller to
turn off automatically. If you have used all 15g#a in the job, th&ccuFrac controller
will turn itself off after the 15th stage.
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12. Press$tageuntil the correct stage number displays on theescre
13. Pres¥/olume of Stage A numeric touch pad displays.

14. EnteVolume of Stage.

15. Presg&nter. TheJob Setupscreen displays.

16. When the parameters are properly configuregktheSetbutton to accept the
settings.

NOTE: PressSetevery time parameters are entered. Entered ddthevidst ifSetis
not pressed.

17. Pres8ack to return to theChannel Setupscreen.

Running a Job

Once a job is programmed, it can be run. All ofjftecontrol functions can be executed
from theMonitor Job screen. ThéccuFrac controller allows you to start or abort a job.
It also allows you to hold or resume a job. Thecfion of each of these operations is
described below:

Start Job- resets all the totals and begins the programoted

NOTE: Start Job will begin the job again at the beginning of thegrammed job
profile.

Abort Job- stops the current job and the augers. The pnogeed job is not affected. To
resume the job, pre&art Job.

Hold Stage holds the current target until the resume buigquushed. In a held stage,
the volume of the current stage grows at the sateeas the control volume. Wheiold
is pressed, it will change ®esume.The end of job is adjusted accordingly.

For example, stage 2 of a job is a ramp from 12.6SGU. At a control volume of 50
units,Hold is pressed. While the stage is on hold, the endeo$tage and the end of the
job are continuously pushed back. The stage iswedwat 100 units and the job
continues, as it would have normally. The hold fioremodifies the actual programmed
value for the length of the stage. Stage two wagrally programmed for a volume of
50 units; but when the job is over, stage two eggpimmed for 100 units. A step function
is handled the same as a ramp.
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Next Stage advances the job to the next stage and the nel@aof the current stage is
discarded.

For example, stage two was originally programmedafength of 100 unitdNext Stage

is pressed halfway through the stage. The volumetéme two is changed to 50 units and
stage three is started immediately. The end of/@be changes from 175 units to 125
units.

Modifying a Running Job

Changes can be made to a job that is currentlyutixecby editing individual stage

values. If changes are made to stages that haweehaoin, they will take effect when the
stage does run. If the length of a stage is chgngeal affect the end of job value.
Changes to the current stage will take place imatelyi. If a ramp stage is changed in

the middle, the target will immediately go to whéreould have been had the stage been
programmed that way originally.

For example, stage two was originally a ramp witlolume of 100 units. At a control
volume of 75 units, the length was extended to @tiGs. The target value immediately
jumps to 1.3 (which corresponds to the requiregeiabased on a stage programmed for
200 units). Changing the beginning and ending dgffsi the stage has a similar effect.
The procedure is described on page 38.

The relevant job data are also viewable fidionitor Job screen. A job will run until a
stage with a zero volume is encountered. Progranstaggs after the zero-volume stage
will not be executed.

A description of the data follows:

Start Job- resets all the totals and begins the programoted

NOTE: Start Job will begin the job again at the beginning of thegrammed job
profile if a job is aborted.

Start Remote is not used at this time.

Abort Job- stops the current job and augers. The programaies not affected. To
resume the job, pre§art Job.

Hold Stage holds the job at the current stage.
Next Stage moves the job to the next stage.
State- the current state of the controller (runningjtimg, job aborted, etc.).

Job Progress a horizontal bar showing the percent of the job gleted.
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End of Job- the control volume (suction or discharge) atalthe current job will end.
The value is calculated by summing the volumedigfragrammed stages.

Description- labels entered into the chemical controllertfa chemicals being used.

Loading -number of gallons of chemical programmed to besglelied per 1000 gallons
(liters per 1000 liters if using metric).

Stage- part of the current job currently being perfotme

Rate- the measured delivery of chemicals (gallonsmpieute or liters per minute for
metric).

Total -the measured total delivery of each chemical (gallor liters for metric).
Diagnostic- displays the status of the job

Edit Chem -allows editing the chemicals being used for the job

To run a job, perform the following procedure:

1. Presdvionitor Job on theChemical Controlscreen. Théonitor Job screen
displays:

PressStart Job to run the job.

PressAbort Job to stop the job at the current stage.
PressHold Stageto hold the job at the current stage.
Presd\ext Stageto move the job to the next stage.

abrwn

NOTE: Abort Job, Hold Stage,andNext Stagecan be used any time after the job is
started. These changes will affect the overall tesbues for the job.
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Modifying Chemicals During a Job
Stage data can be modified during a job. The meatibns can be done either through
the Chemical Controlscreen or th&lonitor Job screen. In either case, you will end up at
theJob Setupscreen.
This procedure describes accessingltiie Setupscreen from th&lonitor Job screen.

1. Pres<Edit Chem. TheChemicalscreen displays.

2. Select the chemical you wish to modify to get tedbb Setupscreen.

3. Modify the job as needed on theb Setupscreen (p. 39).

Running Diagnostics

Pressinddiagnosticson theAutomatic Chemical Controller Monitor Jolscreen allows
you to see the status of the job. The followingadat displayed for each chemical.

Status- indicates whether the augers are in automatinanrual mode.
DAC - displays digital to analog converter count.

Speed displays the actual speed of the chemical pump.

Target- displays the target speed of the chemical pump.

Error - display the error percentage between the aspedd and target speed of the
chemical pump.
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The Data Acquisition System

The Data Acquisition System records job informatiorough the multiple input channels
provided. This information is written to data fildeat can be appended and deleted, or
uploaded to another computer.

This chapter covers the following procedures fer Brata Acquisition System:

* Configuring the Data Acquisition System

* Calibrating the Data Acquisition System

» Operating the Data Acquisition System

Accessing the Data Acquisition System

1. Press anywhere on tAecuFrac Controller Title screen. Thdain Menu screen
displays.

2. PresPata Acquisition. TheData Acquisition Systerscreen displays.
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3. Select an option from tHgata Acquisition Systerscreen.
Configuring the Data Acquisition System

This section of the guide outlines the procedunesonfigure the DAS. This section
covers the following information:

* Channel Assignments
Channel Assignments

The DAS can monitor data points by assigning thewhiannelsTo assign channels
perform the following procedure:

1. Preshannel Setupon theData Acquisition Systenscreen. Th€hannel Setup
screen displays.

2. Press the menu item with which you wish to work.
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3. Enter data for menu item.
4. Repeat step 3 until all parameters are entered.

5. PressSet.

NOTE: PressSetevery time parameters are entered. Entered ddthevidst ifSetis
not pressed.

6. PresBack to return to théata Acquisition Systenscreen.

Operating the Data Acquisition System

This section describes the operation of the Datgufsition System (DAS). The
following procedures are covered:

- Displaying the Data
- Managing DAS files
Displaying the Data
This procedure describes how to set up the DASdoitor data from a job.

The following information appears on tBésplay screen. Figure 7 shows the different
areas of the screen.

Channel Number describes which channel data is coming from. dperator can
configure up to 16 different channels to monitor.

Channel Description describes what kind of information is being mored.
Current Value describes the current value of the signal beiongitored.
Units - describes the units in which the channels amgbmeasured.

Reset Totat Resets the total value for the particular chdbeeng monitored if it is of
type total.

1-8 - allows you to access display screen for chanmsdsthrough eight.
9-16- allows you to access display screen for charmaks through sixteen.
Reset All resets the values to zero for all channelshibae been established as Total

Types.
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Channel Number channel Description ~ Current Value Units

~N /S

Figure 7. The Data Acquisition Display screen.

Setting Up the Display Screen
1. On theDAS Main Menu, presDisplay Screen.TheDisplay Screerdisplays.

2. Press th®escription of the display channel you wish to configure. Aghanumeric
keypad displays.

3. Enter thalescriptionof the display channel using the key pad.

4. Pres€nter.

5. PresdJnits. An alphanumeric keypad displays.

6. Enter theJnits of Measure descriptiaof the display channel using the keys.

7. Pres€nter. TheDisplayscreen displays.
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8. PresCurrent Value. TheDisplay Channel Configurationscreen displays.

TheDisplay Channel Configurationscreen allows you to set up the parameters ydu wil
be monitoring by mapping the raw signal to the cledudisplay. Thdisplay Channel
Configuration screen has the following information.

Channel- This number is passed automatically from theldisscreen. However, you
can also choose which channel you want to work.with

Channel Type this field describes the raw signal the chamneatonitoring and can be
one of three types:

Total - Monitors the total

Rate- Monitors the rate of frequency inputs 1-6
Analog- Monitors the Analog input for channels 1-8
Disabled- Channel is not monitored

Channel Assignmentsets the physical channel that is used to catieuhe display
channel.

Set Total- When a total is selected the current total here.

Operation- Allows you to add, subtract, multiply or dividtgormation from an
additional physical channel.

9. Pres€hannel until the channel number you wish to monitor digpla

10. Pres€hannel Typeuntil the type of channel you wish to monitor désys.
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11. Pres€hannel AssignmentA keypad displays.

12. Select th@hysical channeyou wish to monitor.

13. Presg&nter. TheDisplay ChannelConfiguration screen displays.
14. If needed, select tloperationyou want to use.

15. Repeat steps 9-13 for additional channelsatied.

16. When the parameters are configured properbsssetto accept the parameters.

NOTE: Exiting any screen without pressiBgt, causes the changes to be ignored and
data will have to be reentered.

17. Pres8ack to return to théisplayscreen.

18. If needed, predReset Totalfor the channel.

19. If needed, repeat steps 1-18 for other channels

20. If needed, predReset Allto reset all channels being monitored in the job.

21. Pres8ack to go to theDAS Main Menu.

To set a value of a total first set up all the pseters for the channel setting the total as
the first parameter, make sure to press set. Whearameters are correct and have been
accepted; presSet Totaland enter the desired total value. Then pgets

File Management

TheFile Managementscreen of the DAS allows you to manage the fitspaiated with
the data being collected. TRde Managementscreen displays the following
information.

File Size -describes the size of the current file being useambllect data from the DAS.

Free Space describes the amount of available space left erfléish card used for data
storage.

File - describes which file is being used to write d&ach job has its own file and

information from all channels is written to theefilThe operator can have up to five files
for the DAS.
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Sample Interval describes the number of seconds between readihgshigher the
sample frequency, the larger the datafile will be.

Append -allows you to add to the end of a file or overwatfile and start over.

File Name -displays file name for the current job. This fielddates itself as the file
changesYou can also enter a name for the file using tpbatumeric pad.

Start Recording begins recording information to the file.

Stop Recording ends recording information to the file.

Upload File -uploads information from the DAS to a computer.
Delete File -deletes file from the DAS.

Format Hard Disk- Formats the flash card in the DAS. All recordaiads lost when
this is done.

The following section covers configuring and op@@the file management system.

Configuring File Management

1. On theDAS Main Menu,pressFile Management TheFile Managementscreen
displays:

2. Presd-ile until the number of the file you wish to work widlisplays.

3. PressSample Interval until you reach the sample interval you wish te.ughe
minimum sample interval is one second; the maxinsample interval is 30 seconds.

4. Select whether you would like &mpendor overwritethe file.

5. Presd-ile Name.A keypad displays.
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6. Enter thdile name.

7. Pres€nter. TheFile Managementscreen displays.
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Channel Setup

Under the hardware setup for each of the controjlees there is a button for accessing
theChannel Setupscreen, on this screen the low level setup anthgoaf each
individual I/O chanel and PID controller is perfath

Configuring the Automatic Chemical Controller using Auto-Scale
Analog Input

In most cases, the coefficents for the channebeatonfigured using th&uto-Scale
Analog Input screen. Théuto-Scale Analog Inputsscreen displays the following data:

Min-Scale Readinglow-end units which display at the moment whemGlalibrate Min-
Scalebutton is pushed.

Calibrate Min Scale adjusts the unit to read correctly at a low ertghsent.

Full-scale Reading upper-end units which display at the moment wiherCalibrate
Min-Scalebutton is pushed.

Calibrate Full-Scale adjusts the unit to read correctly at a high-seidpoint.
Average Countsthe number of readings used to acquire an average.
Low Limit- not used on this screen.

High Limit- not used on this screen

NOTE: If the curve for an input channel is not lineasuymust use thAnalog Inputs
screen to enter the data for channel. See Appehétx information about configuring
the Analog Inputs.

1. PresAuto-Scale Analog Inputon theChannel Setupscreen. Théuto-Scale
Analog Input screen displays.
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2. Preshanneluntil the correct channel number displays on thieest
3. PresfAverage Counts A numeric touch pad displays.

4. EnterAverage Counts

5. Pres€nter. TheAuto-Scale Analog Inpuscreen displays.

6. PressSet.

NOTE: PressSetevery time parameters are entered. Entered ddthemibst ifSetis
not pressed.

7. PresdMin-Scale Reading A numeric touch pad displays.

8. EnterMin-Scale reading

9. Pres€nter. TheAuto-Scale Analog Inpuscreen displays.

10. Set input voltage or current to minimum levaihg voltage or current calibrator.

11. Pres€alibrate Min-Scale. The captured reading displays in a&librate Min-
Scalebutton.

12. Press$ull-Scale Reading A numeric touch pad displays.
13. Enterrull-Scale Reading
14. Pres&nter. TheAuto-Scale Analog Inputscreen displays.

15. Set input voltage or current to minimum levaihg voltage or current calibrator.
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16. Pres€alibrate Full-Scale. The captured reading displays in @alibrate Min-
Scalebutton.

17. Pres$et.

NOTE: PressSetevery time parameters are entered. Otherwise déthenost.

18. Pres8ack until the desired menu is reached.

Configuring the Analog Inputs Screen

TheAnalog Inputsscreen allows you to configure analog input chénfoe the

Automatic Density Controller. Generic analog inpbannels can be scaled to read in any
desired units. Dedicated channels must be scatespéxific units. The following
parameters can be configured:

Coefficient O- the offset number displayed when input voltagewremt is zero.
Coefficient 1- the number of engineering units per analog gitaliconverter input level.
Coefficient 2- calibrates the channel for a nonlinear input.

Coefficient 3- calibrates the channel for a nonlinear input.

Average Counts controls how many readings are used to acquir@varage value.

NOTE: SetAverage Countto 10 for most applications. IncreasiAgerage Countsyill
reduce the effect of noise on the value. A lakgerage Countwvill result in a slowed
system response.

Low Limit- not used for this application.
High Limit - not used for this application.
To configure the analog input channel do the foitayy

1. On theChannel Setupscreen, pres&nalog In. TheAnalog Input screen displays.
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2. Press channel until the number for the chanmelwant to edit displays.
3. EnterCoefficient 0

4. EnterCoefficient 1

5. EnterCoefficient 2

6. EnterCoefficient 3

7. EnterAverage Counts

8. PressSetto save data.

NOTE: PressSetevery time parameters are entered. Entered ddthemibst ifSetis
not pressed.

9. Repeat steps 2-8 for other channels you neptbggram.
10. Pres$8ack to return to th&€hannel Setupscreen.
Example of an Auto-Scale Analog Input Configuration

TheAuto-scale Analog Inputscreen on page 6 has been configured using adA20
0-15000 psi transducer. Theerage Countw/as set to five. Th#lin-Scale Readingvas
set at zero and then a 4 mA current was applighei@channel. Whe@alibrate Min-
Scaleis pressed, a value of 825 is passed to the Deqaisition System. ThEull-Scale
Readingis set at 15,000 psi and then a 20 mA currerpdied to the channel. When
Calibrate Full-Scaleis pressed, a value of 4013 is passed to the DyeDseittroller.
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Configuring the PID Controller Screen

The PID Controller screen allows you to set theapaaters for the PID Controlers.The
PID controls adjusts the output of the control sgsto correct any error between the
desired value and the value acquired.

Delay Counts defines how often PID calculation is made.

NOTE: Increasing this value causes the PID to react m@eually.

Kp - (gain for the proportional term) - the controltartputs (target value) +Kp) *
(error term)].

Ki - (gain for the integral term) - the controller puts (target value) +K() * (integral of
the error term)].

Kd - (gain for the derivative term) - the controllertputs (target value) +K(d) *
(derivative of the error term)]. The derivative atgs to the rate of change of the error
term.

To configure the PID controller, perform the stepspage 30.

1. On theChannel Setupscreen, presBID Controller. ThePID Controller screen
displays.

NOTE: Up to 5 loops can be programmed for the Chemicait®©ller. Loop
1=Chemical 1, Loop 2=Chemical 2, etc.

2. Presd.oop until the correct loop number displays on the stree
3. PresPelay Counts A numeric touch pad displays.
4. EnterDelay Counts

5. Pres€nter. ThePID Control screen displays.
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6. PresKp. A numeric touch pad displays.

7. EnterKp.

8. Pres€nter.ThePID Control screen displays.
9. PresKi. A numeric touch pad displays.

10. EnterKi.

11. Presg&nter. ThePID Control screen displays.
12. Pres&d. A numeric touch pad displays.

13. EnterKd.

14. Presg&nter. ThePID Control screen displays.

15. Pres$Setto save data.

NOTE: PressSetevery time parameters are entered. Entered ddthevibst ifSetis
not pressed.

16. Repeat steps 2-15 for other loops you needogram.

17. Pres8ack to return to the&Channel Setupscreen.

Configuring the Frequency Inputs

The following parameters can be configured onRfexjuency Inputscreen.

Average Countscontrols how many readings are used to acquivarage value.

NOTE: IncreasingAverage Countwill reduce the effect of noise on the value. Agka
Average Countwill result in a slowed system response.

K-Factor - Converts a frequency to an engineering unit. foHewing formula is an
example of how the K-Factor is used to calculaiewa rate for a frequency of 100Hz
and a K-Factor of 500 pulses/gallon:

100 pulses

sec g9 S€C_15 ggl

500 pulses™ min min
gal

Rate=
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Current Value- the current external value of the channel ueazhtculate the K-factor
using the auto-scale feature.

To configure to the Frequency Inputs, perform thifving procedure:

1. On theChannel Setugscreen, pressrequency In. TheFrequency Inputscreen
displays

2. Preshanneluntil the correct channel number displays on thieest
3. PresfAverage Counts A numeric touch pad displays.

4. EnterAverage Counts

5. Pres€nter. TheFrequency Inputscreen displays.

If you know the manufacturer's recommended K-fadtalow steps 6-8. If the K-factor
is not known, use steps 9-12.

6. PresK-Factor. A numeric touch pad displays.

NOTE: TheK-Factor will be a manufacturer recommended value.

7. EnterK-Factor.
8. Pres€nter. TheFrequency Inputscreen displays. Skip to step 13.

9. PresCurrent Value. A numeric touch pad displays.

NOTE: TheCurrent Valuemust always bentered in English gallons.
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10. EnterCurrent Value
11. Pres&nter. TheFrequency Inputscreen displays.

12. Pres®\uto-Scale.The K-Factor is adjusted based on the informatiomfthe current
value setting.

13. Pres$etto save data.

NOTE: PressSetevery time parameters are entered. Entered ddthemibst ifSetis
not pressed.

14. Repeat steps 2-13 to program other loops.
15. Pres$8ack to return to th&€Channel SetugMenu.

Example of an Auto-Scale Analog Input Configuration for Frequency
Input

A channel is being configured for a densitometeiciiis set up for 0.8 to 2.5 SGU. The
output from the densitometer is 4 to 20 mA. OnAluo-Scale Analog Inpuscreen,
channel 6 is selected. Theerage Counts/as set to 10 and Set is pressed. Mire

Scale Readings set to 0.8 SGU and a 4 mA current was appbdati¢ channel. When
Calibrate Min-Scale is pressed, a value of 825 is passed to the De@sittroller. The
Full-Scale Readings set at 2.5 SGU and then a 20 mA current isiappbd the channel.
WhenCalibrate Full-Scaleis pressed, a value of 4013 is passed to the Qensi
Controller.

Configuring the Digital Inputs

When using digital inputs in the Accufrac systeraheBI channel needs to be
configured, the configuration is carried out frame Digital Input screen.

The following fields are present on tBggital Input screen:

Average Countscontrols how many consecutive readings is requimezhange
the state of the input.

State current state of the digital input.

The following procedure describes how to set updibéal inputs on th®igital Input
screen:

1. PresDigital In on theChannel Setugscreen. Thd®igital Input screen displays.
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2. Preshannel until the correct channel number displays.
3. PresfAverage Counts.A touch pad displays.

4. EnterAverage Counts.

5. Pres€nter. TheDigital Inputs screen displays.

6. PressSetto save data.

NOTE: PressSetevery time parameters are entered. Entered ddthemibst ifSetis
not pressed.

7. Repeat steps 2-9 to program other channels.

8. Press Back to return to tédannel Setupcreen.

Calibrating the Automatic Chemical Controller

In this section, an overview of the calibrationgedure for thénalog Outscreen is
described. This overview is followed by the proaedior calibrating the chemical

controller.

The calibration process has three main steps:

* Run the system at the designated levelimefficent O

* Create data pairs (X,Y) to correlate the outputl to the acquired rate. Famalog

input, the X=Average Counts and Y=Rates. For analogutstg=Rates and Y=Average
Counts.
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* Fit a curve to the acquired points to obt@mefficent 0, 1, 2, & 8alues. These values
can be obtained by using the AccuCal Calibratiolt@ator or by contacting Stewart &
Stevenson's Control Systems Group.

Establishing Data Pairs and Entering Coefficient Véues - Analog Out

1. PressAnalog Out on theChannel Setupscreen. Thénalog Outputsscreen
displays.

2. Pres€Channel until the correct channel number displays on theest
3. PresCoefficient 0. A numeric touch pad displays.

4. Enter500for the Coefficient O value.

5. Pres€nter. TheAnalog Outputscreen displays.

6. Let the flow rate of the device controlled bg imalog output channel stabilize, and
record the rate achieved.

Steps 4 and 6 give you a data pair [500 (x)], [Ratg)].

7. Repeat steps 3-6 to get data pairs for Coefffidlevalues of:

1500, 2000, 2500, 3000, 3500, 4000

8. Enter the data pairs into the AccuCal calibratialculator or contact Stewart &
Stevenson's Control Systems Group to generatdatataefficient values. The generated

coefficient values are entered into #ealog Outputscreen.

9. PresgCoefficient 1. A numeric touch pad displays.
10. EnterCoefficient 1

59



Stewart & Stevenson AccuFratUser Manual

11. Pres&nter. TheAnalog Outputscreen displays.
12. Repeat steps 9-11 fGoefficients 2 & 3f needed.
13. Pres&\verage Counts A numeric touch pad displays.
14. Enterl for the Average Counts value.

15. Pres&nter. TheAnalog Outputscreen displays.
16. Pressow Limit. A numeric keypad displays.
17. EnterLow Limit

18. Pres&nter. TheAnalog Outputscreen displays.
19. Pres#ligh Limit . A numeric touch pad displays.
20. EnterHigh Limit

21. Pres&nter. TheAnalog Outputscreen displays.

22. PressSet

NOTE: PressSetevery time parameters are entered. Entered ddthemibst ifSetis
not pressed.

23. Pres8ack to return to th&Channel Setugscreen.
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Loading AccuFrac firmware

To load the firmware into the different units oétAccuFrac system the Stewart and
Stevenson Firmware loader will be used.

To load the firmware to the Q-Term start up thenfirare loader, use the Up and Down
arrows on the left side to select AccuFrac TouamtDisplay, select the right
communication port in the upper right corner, radtee terminal, press connect, when
connection is established(connection light goesmjyeress download and select file to
download.

To load the firmware to the Network Controller si#p the firmware loader, use the Up
and Down arrows on the left side to select Acculzammunication I/O controller,
select the right communication port in the uppghticorner, restart the Network
Controller with the program/run switch in prograwstion, press connect, when
connection is established (connection light goeggy press download and select file to
download.
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To load the firmware to the MCB start up the firnmevénader, use the Up and Down
arrows on the left side to select AccuFrac Multia@hel Control Board, select the right
communication port in the upper right corner, redtee MCB with the program/run
switch in program position, press connect, whemeation is established (connection
light goes green) press download and select fikbotenload.
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Appendix A Baud-rate settings

The default setting for the communication betwden®ateway and the MCBs is
125.000 baud if a standard baud rate is require@dmmunication can with some
hardware changes be set to 115.200 baud.

The MCBs are easily modified to run at the 115280 the 8 pin on the address/mode
selector needs to be set on.

For setting up the Blackbox to communication atkbiHud, a new crystal and a jumper is
required, the crystal will make it possible to tet right frequency and the jumper will
give the software the right settings, if only ori¢h® two is changed all communication
to the MCB will fail. The crystal to replace is 800 MHz and is mounted next to the
EPROM; replace this with a 3.6864 MHz crystal. Jumaper will go from pin 20 on J2

to ground(suggested point is H3 pin 9)

—r >

The Q-term will always show the current baud ratdar the network settings - hardware
setup.

Note: This setting should only be changed if ther@ specific need.
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Appendix B Serial Data Stream

The serial data stream produced by AccuFrac isyar@-delimited list. The list consists
of each type of controller present. For exampl#)éf control system includes a density
controller and a chemical controller, the list viné# everything from the Density Control
table plus everything from the Chemical Controleéain a single line.

The format is ASCII. When the system is poweredthi first line of data is the current
date. Then once a second afterward, the systentsutpe serial data followed by a
carriage return and a line feed. Communicationrpatars are 19.2K baud, 8 data bits, 1
stop bit, no parity bit, XON/XOFF flow control. HoWwing is the format:

MM-DD-YYYY
HH:MM:SS,DATA1,DATAZ2,...,DATANcrIf

Where: crlf is a carriage return followed by a lieed.

Note:If no controllers are found during the network miaggprocess then the serial
stream is only the time stamp.

Density Control
The data stream for the density controller follatws following table:

Data Physical Channel
Discharge Rate Fin5
Discharge Total Fin 5
Suction Rate Fin 6 or Ain 6
Suction Total Fin 6 or Ain 6
Target Density Entered by user
Ratiometric Density | Calculated by

Controller
Measured Density Ain 6
Current Stage Calculated by

Controller
User Channel 1 Ain 7
User Channel 2 Ain 8
Auger 1 RPM Fin 1
Auger 2 RPM Fin 2
Auger 3 RPM Fin 3
Auger 1 DAC Aout 1
Auger 2 DAC Aout 2
Auger 3 DAC Aout 3
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Auger 1 sand rate

Calculated by

Controller
Auger 2 sand rate Calculated by
Controller
Auger 3 sand rate Calculated by
Controller
Sand rate of 3 augers Calculated by
Controller
Auger 1 sand total Calculated by
Controller
Auger 2 sand total Calculated by
Controller
Auger 3 sand total Calculated by
Controller
Sand total of 3 augers Calculated by
Controller
Calculated Density or Calculated by
Concentration Controller

Fluid specific gravity

Entered by user

Proppant bulk density

Entered by user

Proppant specific

Entered by user

gravity

Chemical Control
The data stream for the chemical controller folldies following table:

Data Physical Channel
Chemical 1 Rate Fin1
Chemical 1 Total Fin1
Chemical 2 Rate Fin 2
Chemical 2 Total Fin 2
Chemical 3 Rate Fin 3
Chemical 3 Total Fin 3
Chemical 4 Rate Fin 4
Chemical 4 Total Fin 4
Chemical 5 Rate Fin5
Chemical 5 Total Fin5
Suction Rate Fin 6
Suction Total Fin 6

Data Acquisition

The data stream for the data acquisition follovesftllowing table:
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Data Physical Channel
Channel 1 Entered by user
Channel 2 Entered by user
Channel 3 Entered by user
Channel 4 Entered by user
Channel 5 Entered by user
Channel 6 Entered by user
Channel 7 Entered by user
Channel 8 Entered by user
Channel 9 Entered by user
Channel 10 Entered by user
Channel 11 Entered by user
Channel 12 Entered by user
Channel 13 Entered by user
Channel 14 Entered by user
Channel 15 Entered by user
Channel 16 Entered by user

66



