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1 Introduction

Morehouse is a family-owned company whose passion for metrology has passed from generation
to generation for over 100 years. Here, company culture ensures we constantly raise the standard
regarding our products and services. Every day, Morehouse collaborates with the government,
standards institutes, accreditation bodies, and customers to promote best practices in force calibration
and measurement.

As a part of that tradition, Morehouse has manufactured Universal Calibrating Machines (UCM) for
over 70 years as hydraulic load frames used to calibrate various instruments. The Automated Force
Calibration System (AFCS) is designed to automate and simplify the operation and data gathering of
UCMs.

2 General Safety Warnings

- This system is designed to automate the control of hydraulic load frames that can apply large
force loads. These machines do not move quickly but can move without warning. Ensure that
the control system is not running, and use care when putting hands or other body parts in a
position where they could be crushed, especially if there is a small gap.

- Hardware and software modifications should only be made under the direction of Morehouse
Instrument Company. When powered on, the cabinet contains high voltage. Disconnect all
sources of electrical power before opening the cabinet.

- Morehouse UCMs and USCs are designed to have approximately 1” of stroke. Do not use setups
where the combined deflection of the instrument and fixturing (including the gap between
fixturing and the machine) exceeds 1”.

- Operators must ensure proper installation of all fixtures per documentation and markings. If
documentation is not available, parts should not be used until evaluated.

- No list of fixturing errors can be complete, but common errors include:

o Insufficient number of threads engaged for a given force value.

Fixtures are used beyond their rated capacities.

Fixtures are used below the rated capacity.

Using fixtures that are visibly damaged or bent.

Using a smaller pin size than needed on a Tension Link

Using fixtures that have been modified without the approval of a cognizant engineer.

Using fixtures in a way they were not designed for.

Using fixturing with small cracks or insufficient welds.

O O 0O O O O O
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- Itis recommended not to modify settings in the reference standard (including, but not limited
to, taking the meter manually, changing displayed units, etc.) while the program is running. This
may cause issues and possibly damage to equipment.

3 Referenced Documents

- PM-5201: UCM Operation and Instruction Manual

- PM-5301: USC Operation and Instruction Manual

- PG-5950: Force Calibration Setups and Adapters

- PG-5901: Quick Change Adapters for Force Tension Calibration
- PG-5943: Compression and Tension Adapters

4 System Overview

The HCS system is designed to control Morehouse UCMs (Universal Calibration Machines) and USCs
(Universal Scale Calibrators) and automate data collection. The system can be connected to an existing
system with minimal effort or provided with a new system. All that is required to connect to a machine
is to connect the hydraulic connection on the back of the system to the machine’s jack and connect the
system to the reference meter. The system is designed to work with a reference load cell calibrated
with a Morehouse M4215. This can be a standard, HS, or plus model. There is a shelf on the top of the
machine designed to hold the reference meter and some space to hold another meter for the UUT if
desired. The side of the system has a 120VAC socket and 3 female USB A connections for operator
convenience to power and communicate with UUTs (units under test) and an RJ45 ethernet connection
and WiFi capability to interface with a network if desired. The system can be requested without WiFi if
desired.

The system is controlled by a PC running Windows loT, and so has all the functionality of a typical
Windows computer. It is controlled through the hard-wired keyboard, mouse, and monitor supplied
with the system. There is also an emergency stop on the front of the machine and a remote e-stop
designed to be mounted to the UCM, should the operator need to shut it down in an emergency. There
is a working surface for the keyboard and mouse (or any other work) designed to be at a comfortable
height while standing.

There are images of the system indicating the locations of the important components on the next
page.
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General Specifications:
Width: 39” (1,000mm)
Width without a monitor: 22” (560mm)
Depth: 25” (640mm)
Height: 60” (1530mm)
Weight: 400 Ibs (180kg)
Max 60dB during normal operation (measured 6” from the front of the machine).
Required electrical power supply: 6A @ 120VAC or 3A @ 240VAC.
Requires reference cells calibrated with Morehouse M4215 meters.
Maximum system pressure: 5,000psi (34MPa) — Maximum oil capacity: 2 U.S. gallons (7.5L).

Capabilities
Capable of controlling USCs and UCMs with capacities from 10 klbf through 2,500 klbf
Capable of applying loads from 1 %-100 % of load frame capacity.
System can exercise to specified loads and number of cycles. Automates calibration sequences
with an unlimited number of points.
The system can be commanded to hold a set force indefinitely, and readings can be triggered
manually. This can be useful for programming scales, dynamometers, etc.
Capable of gathering data from an unlimited number of UUTs. The system can automatically
gather data from certain meters; others may be added on request. Meters that cannot be
communicated with can be entered manually or recorded using a camera, which will be
recorded manually later.
Individual calibration points can be held for specified times, and multiple readings can be held
simultaneously to automate creep tests, etc.

4.3 Safety System Overview

The HCS system is designed with many safety features in place to prevent damage caused by
operator or program errors. However, operators should always stay attentive and ensure proper setup
and data entry.

Below is a list of possible operator errors and system issues, along with the safety measures
intended to prevent damage that could be caused by each issue.

Issue Safety measure(s)
Incorrect UUT capacity | Prompt asking operator to confirm UUT capacity before applying load; on
entered the first exercise, the system applies 10% of the entered capacity and
prompts the user to confirm that it is correct. This can be disabled.
Reference cell not System compares pressure in system to pressure expected and stops if
connected outside acceptable limit; pressure relief valve set to protect load frame
Wrong reference cell System compares pressure in system to pressure expected and stops if
connected outside acceptable limit; pressure relief valve set to protect load frame
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Program cras ystem removes pressure if connection lost with program; limit switch in
meter set to shut system off if higher than overload for lowest capacity
item; pressure relief valve set to protect load frame

Program malfunction System removes pressure if connection lost with program; limit switch in
meter set to shut system off if higher than overload for lowest capacity
item; pressure relief valve set to protect load frame

No UUT installed System stops running if contact is not made after a certain amount of time.

5 Operating Instructions

5.1 Setup
5.1.1 Reference Meter Setup
5.1.1.1 4215 Setup

- Assemble 4215 mounting brackets as shown. Leave screws loose so that there is about 1 thread
worth of engagement.

- Insert the nuts into the side rail of the 4215, as shown below, and tighten so that the rail is
clamped between the upright part of the bracket and the nut. This will require the nut to rotate
inside the rail, as shown below.

- Once all four brackets have been mounted on the 4215, mount them on the top shelf of the
automation unit. This will likely require loosening the brackets and sliding them into place.

5.1.1.2 Other Meters

If a reference meter other than a 4215 is being used, connect the communications for the meter to the
system. Connect the reference meter bypass connector to the connector on the top of the automation
system.
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5.1.2 Physical Setup
- Install remote e-stop to UCM using the included bracket and U-bolt, as shown below. Make

sure it is mounted in a spot that is easily accessible while operating and loading/unloading from
the UCM. If the system is to be used on more than one UCM, additional remote e-stop modules
should be purchased and mounted to each machine with which the system is to be used. The
system can then be plugged into the e-stop on whatever machine it uses.

g

- Connect the system to the jack of the machine using a hose rated for at least 5,000 psi.
- Connect the reference indicator power, USB, digital 10, and sensor cables (circled below).

LA L L L
sessccsC
LA R R B B R ]
LE R B R N
it LR X R RN ]

2304 FUSE, T, 0. 1604 S587

- Plug the system into a power outlet and turn power switch to the on position. The system
should power up automatically.
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5.1.3 Program Setup

To start using the automation system, two main things must be configured: the machine settings and
the reference cell. The machine settings pertain to the UCM or USC to which the automation system is
connected. The reference cell is the load cell that the system will use as a reference for calibration.

Ensure that the e-stop is released and the front e-stop light is not on. If the e-stop is released
and the light is still on, consult the troubleshooting Section 6.

Start the HCS program and navigate to the Reference Cell Editor page using the hamburger
button in the top left corner of the program.

Add information for the reference cells to be used with the system. For detailed instructions,
see Section 5.3.8 Reference Cell Editor.

Navigate to the Machine Editor page and enter the information for the machines the system will
use. For detailed instructions, see Section 5.3.9.

Navigate to the Settings page and select the machine to be used and other settings desired. For
detailed instructions, see Section 5.3.6.

Close HCS.

Start HCS and follow the instructions in Section 5.3.2 to connect to the reference standard in the
Load Cell Selection screen.

5.2 Calibration
If this is the first time using the system, set it up in accordance with the previous section.

Place the reference load cell in the UCM and connect it to the reference meter.

Place the UUT in the UCM and prepare it for calibration. See Section 2 General Safety Warnings.
Start HCS if it has not already been started.

Confirm that the proper machine (UCM or USC to which the automation system is connected)
and reference cell are selected in the top left corner of the screen. See Section 5.3.1 for more
information. If the correct machine is not shown, select it in the Settings screen. If the correct
reference cell is not shown, navigate to the Load Cell Selection screen and connect to it. See
Section 5.3.2 for more information.

Navigate to the Load Cell Selection page and connect to (and select) any UUT meters used in the
calibration. If the instrument being used is one for which the user will be manually entering
data, a Manual Entry “meter” can be used. This will pop up a dialog box for the user to enter
data from the UUT once the system has stabilized. Be sure to select Apply before navigating
away from the page. For more details, see Section 5.3.2 Load Cell Selection.

Navigate to the Test Details page and enter information for desired exercise cycles and
allowable overload, and either select a sequence or enter one manually. For more details, see
Section 5.3.3.

To start exercise runs, press the Start Exercise button. If the Run Sequence After Exercise check
box is checked, the system will automatically run the first calibration run after the exercise runs
are complete. If the 10% Exercise Safety Point check box is checked, the system will stop at 10%
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of the capacity of the UUT on the first exercise run and ask the user to confirm that everything is
correct before proceeding.

- To start a calibration run, press the Start Run. Once any run has started, all controls for
changing the meters, UUTs, or calibrations runs will be locked. For more information, see
Section 5.3.3 Test Details.

- Once the system has reached the target load +/- the acceptable set point offset and has been
within that range for the specified hold time, the system will start collecting readings from all
the UUTs. If the check box to wait until the set point has been reached is checked on the
Settings page, the system also waits until the actual set point has been reached to take readings
from the UUTs (or will pop up a dialog box for the user to enter and Manual Entries). This does
not mean, however, that all readings will be taken at the set point. Readings will be taken when
the load is within the Reading Set Point Offset defined on the Settings page. Once it has
collected as many readings as are specified to be averaged on the Settings page, it averages
them, records them, and moves to the next point. For more information on these settings, see
Section 5.3.6.

- The Manual Set Point Control can also command the system to go to a specified load indefinitely
until a new one is given. This can be useful for programming dynamometers and load links
where the instrument needs to be held at a given load. Take Reading will capture and record
data from all connected UUTs.

- Data that is gathered will be displayed on the Results screen and can be exported from there.

- Once a calibration is completed and the results exported, press the Reset button to clear data
and unlock controls to set up the next calibration.

5.3 Screens

5.3.1 Top Banner

Setected Machine R . a Display nits ™

100K sToghlun eference Reading bf . ;%n
i N

Selected Reference Sta, *}}{?3 RESET  Set Point (V/V) Meiehoeese

S——
Set Point (Ibf): Current Load (Ibf): Offset From Set Point (%Set Point)

0.001% 8

A banner is always at the top of the window, allowing controls and displays to be always available.
Description of items on screen:

1. Onthe leftis a display of the currently selected machine, reference cell, and meter to which the
reference cell is connected. This allows the user to check that the system is correctly configured
at any time. The machine refers to the UCM or USC to which the automation system is
connected to.

2. The Stop Run button, when pressed, stops the current run. A run cannot be restarted, and the
data for that run will be lost.

3. The Clear Data and Reset buttons have similar functions but differ slightly. The reset button is
intended to be used when a new instrument is calibrated, or the calibration to be run is
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button does not unlock any of the controls but clears all data that has been gathered

4. Adisplay shows the current reading from the reference standard in mV/V and the system’s
target set point in mV/V. The reference display filter in the settings page does not affect this
display.

5. The Display Units dropdown allows users to change the units used in all displays.

The Set Point display shows the system’s target set point in force units.

7. The Current Load display shows the system's current load in force units. The settings page
allows you to change the resolution of this display and set simple averaging filtering. When the
system gets a reading, it will record the unfiltered load at full resolution.

8. The Offset From Set Point shows how far the current load on the system is from its target as a %
of the target value.

o

5.3.2 Load Cell Selection

= MOREHOUSE HCS v0.1.0.0

Selected Michine ) ——
= STOP RUN oad (ibs)

Reference Reading o § 9
‘Selected Reference Standard _ _ - Moretrowse
Toaibh pakbe Taat CLEAR DATA RESET Set Point (Ibs) Set Point (mV/V) dHiciehaise

LOAD CELL SELECTION

Meters To Search For Select Reference Meter Select UUTs
[ camera Test Manual Entry
2 Manual Entry
[OJosc 1 3 6
[ Haot
[ ma215
[] omPag
4 Test U-123456 (ASC) . 7 Manual Entry  UUT Serial Number Capacity Iof

2 5 8

The load cell selection screen allows users to connect the system to meters to get readings from load
cells.

Description of items on screen:

1. The Meters To Search For region lists possible meters that can be connected to.
2. The search button searches for any meters selected in the Meters To Search For field.

3. The Select Reference Meters region is where the user selects which meter is connected to the
reference cell.
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below for the user to select the reference cell that is connected to the meter.

The Apply button below the reference meter selection area will apply any changes made.

The Select UUTs region is where the user selects which meter is connected to the UUT.

Once a meter is selected in the Select UUTs region, a menu will appear below. This will allow the
user to enter the serial number and capacity of the UUT. Some meters will allow the user to
select which units should be read. For example, a 4215 can display the reading from a load cell
in mV/V or a converted value in force units (Ibf, kN, etc). This system allows the user to capture
readings from a 4215 in either mV/V or a variety of force units.

The Apply button below the UUT selection area will apply any changes made.

The typical workflow for this screen would be as follows:

Connecting to the reference meter:

If the system has already been connected to the reference meter, it will automatically attempt
to connect to the meter again on startup, so this step is typically unnecessary once the system is
set up.

First, select the type of meter from the Meters To Search For field (1).

Select Search (2).

The serial number for any meters found will appear in the Select Reference Meter and Select
UUTs regions (3 & 6). Select the reference meter’s serial number in the Select Reference Meter
region (3). Select the appropriate reference cell from the dropdown menu that appears (4) and
select Apply (5).

Connecting to a UUT:

First, select the type of meter from the Meters To Search For field (1).

Select Search (2).

The serial number for any meters found will appear in the Select UUTs region (6). Select the
reference meter’s serial number and enter the instrument’s serial number, capacity, and units
used for capacity.

Some meters will allow the user to select which units to read. For example, a 4215 can display
the reading from a load cell in mV/V or a converted value in force units (Ibf, kN, etc). This
system allows the user to capture readings from a 4215 in either mV/V or a variety of force
units.

Select Apply (5).
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5.3.3 Test Details

= MOREHOUSE HCS v0.1.0.0

test
-

TOP RUN Load (bs) et er -] “a
LA DATA arset Set Point (s S Paa V) Morehouse

TEST DETAILS

]
Testi on meter Test

Saquence Detalls

Sewmnce
6 100KE74

Alun Sequence Afier Exercise

2 10% Exarcise Satety Point

The Test Details page contains the controls for setting up and starting exercise sequences and
calibration runs.

Description of items on screen:

1. The exercise settings are grouped in the top left of the screen. Once an exercise sequence is
started with the Start Exercise button, the system will load the machine to the exercise load and
hold it there until it has continuously held it at that load (+ the Acceptable Set Point Offset
specified in the Settings Page) for the specified exercise hold time. It will then return to no load
and hold it there for the specified exercise hold time. The system will automatically run the
exercise the specified number of times. The load that the system exercises will be the lowest of
the machine, reference cell, and UUT capacities. For example, a 50klbf UUT in a 100klbf
machine with a 100klbf reference cell will exercise to 50klbf. However, a 200klbf UUT in the
same machine will only exercise to 100klbf. If the Run Sequence After Exercise check box is
clicked, the system will automatically run one calibration run as specified in the Sequence
Details chart (8) after completing all the exercise runs. This will be explained later in this
section. If the 10% Exercise Safety Point check box is clicked, the system will apply 10% of the
exercise load and prompt the user with a dialog box and auditory alarm to confirm that it should
continue with the exercise sequence. This is a safety feature intended to prevent damage to
equipment. If the user confirms that the system should continue with the exercise sequence,
the check will only be performed on the first exercise run and will not be performed again until
the Reset button is pressed.

2. When the Start Run button is pressed, the sequence displayed in the Sequence Details chart (8)
will be run.

3. The Tare Standard button tares all attached reference meters.
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4. The Tuning Routine button will run a routine that will tune the system to the instrument
currently in the machine. This can be useful if the system has difficulty holding a point steady or
taking a long time to reach a point with the current instrument. This may happen with
instruments that have either very low or very high amounts of deflection. The tuning
parameters will be reset to default values once the Reset button is pressed. If this is a common
ongoing problem, running a tuning routine for the whole machine may make sense.

5. The Allowable Overshoot entry allows the user to set the allowable overshoot for the UUTs in
the machine. If the load overshoots the capacity of any UUTs (plus the allowable overshoot),
the system will stop the run. The program, internal pressure sensor, and reference 4215 (if
used) will monitor the system for an overload and are independently able to stop the run. The
value entered here should be greater than 100%.

6. The dropdown at the top of the Sequence Details section of the screen allows the user to load a
sequence previously built in the Sequence Builder screen. See Section 5.3.7 for more
information. Selecting a sequence from the dropdown will populate the sequence chart (8) with
the prebuilt sequence.

7. To delete a row from the sequence chart (8), select the whole row using the left header column
and press delete.

8. The sequence chart shows the sequence of loads the system will apply in a run and the amount
of time it will hold those loads. See below for how to generate sequences.

There are three ways to create a sequence to be run. The first is creating a run manually from scratch.
This can be done by entering the desired loads and hold times directly into the sequence chart. The
second way to create a sequence is by going to the Sequence Builder screen and creating a sequence.
Any sequence created in that screen will be saved for future use and can be selected on the test details
screen using the dropdown above the sequence chart (6). The third way to create a sequence is to
modify a saved sequence. Once a previously created sequence is selected from the dropdown, it can be
modified directly in the sequence chart on this screen and subsequently run. Any changes made on this
screen will not affect the saved sequence. It can be loaded, unchanged, for runs in the future.

Changing the Typical Hold Time entry below the sequence chart at any time will change all entered rows
to a common hold time.
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5.3.4 Active Test

=  MOREHOUSE HCS v1.1.4- DEMO

Selocted Machine Feference Azading
100K STAERN 0.00002 of @
‘Selected Reterence STInA3IG CLEAR Set Point (mV/V) Morefiowse
Demo on meter Dema oara RSl 0.00000 —————
o e
setPoint (1bf): Current Load (Ibf): Offset From Set Point (%8et Point)
@ p.000%
ACTIVE TEST
Time Since Last Reading (5] 1 3 as56 Manual Setpoint
0.0 0.00000 0.00000 s
4 SetPoint(l ¢ .

Target Load (Ibf) Hold Time (5)

The active test screen displays information pertaining to the test currently being run.
Description of items on screen:

1. The Time Since Last Reading displays how long it has been since a reading was taken.

2. The Overshoot of Point displays how far the set point has been overshot as a percent of load.
For an ascending point, this is how far over the system has gone; for a descending point, this is
how far under the system has gone. If the system overshoots by more than the Acceptable
Overshoot setting on the Settings page, it will alert the user and give them the option to stop
the run.

3. Adisplay showing the current reading for each UUT labeled with its serial number (the example
screenshot shows two UUTs) and a tare button under its reading display is also available.

4. The Manual Setpoint controls allow the user to command the system to go to a specified force
and hold it there indefinitely. It also allows the user to trigger the system to take a reading from
all connected UUTs. To do this, enter a load to go to and press the Go button. To change the
load, enter a new load and press the Go button. The system will hold the last specified load
indefinitely. To stop using the manual controls, press the Stop Run button.

5. The Active Test screen displays each point's target force and hold time. For each run, it displays
the reading from each UUT and the actual measured force when the UUT readings were taken.
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5.3.5 Results

= MOREHOUSE HCS v1.1.3

Selected Machine Ret Read Display Units
test2 STOP RUN eference Reading It -

Selected Reference Stal CDLAET‘:‘: Set Point (mV/V)

S—
Set Point (Ibf): Current Load (Ibf): Offset From Set Point (%Set Point)

0.001%

RESULTS

DETAILED RESULTS SIMPLIFIED RESULTS

Torget Load () ‘ Hold Time (5 StepTrmeRun 2 ©) Overshoot R:S)n 2 (% of Min Actual Load (1bf) Run 1 o Run1; Cov[e:t:d To Target Target Load (Ibf) | Run 1 Run 1; Corrected To Target Load
20 0.00001 0.00001
000 000 0.0000 0 0.00001 0.00001

500 008299 008297
2,500 0.414%9 041502

500 0.00 000 10,0000 500 008299 008297

2,500 0.00 000 0.0000 2,500 041499 041502
5,000 0.00 000 10,0000 5,000 083005 083005

5,000 083005 083005
7,500 124515 124514

7,500 0.00 000 0.0000 7,500 124515 124514
10,000 0.00 000 10,0000 10,000 166006 1.66004

10,000 166006 166004
12,500 207484 207485

12,500 0.00 000 0.0000 12,500 207484 207485
15,000 0.00 000 10,0000 15,000 248951 248951

15,000 248951 248951
17,500 290414 200414

17,500 0.00 000 0.0000 17,500 290414 290414
20,000 0.00 000 10,0000 20,000 331374 331876

20,000 331874 331876
22,500 373333 373331
25,000 414795 414795
[ 0.00010 000010

22,500 0.00 000 0.0000 22,500 37333 373331
25,000 0.00 000 10,0000 25,000 414705 414795

0.0000 000010 000010

EXPORT TO
EXPORT TO CSV MOREHOUSE EXPORT TO CSV ?(E':AOPRLTAIE
TEMPLATE

The results page shows all results from the calibration runs for the current instrument. Below is an
explanation for each column:

- Target Load: Load that the user had selected to apply.

- Hold Time: Amount of time the user had selected to hold the target load.

- Step Time: Amount of time between the previous reading being taken and the reading in this
row being taken.

- Overshoot: How far over the target load the load on the system went. Expressed as a % of
target load.

- Actual Load: Actual load applied according to the reference load cell when the UUT reading was
taken. This is corrected based on the Initial and/or final zero readings of the reference load cell
according to the Reference Zero Correction setting on the Settings screen.

- UUT Reading: Reading taken from UUT.

- UUT Reading, Corrected to Target Load: UUT reading corrected to what the UUT may have read
if the target load had been applied instead of the actual load. This assumes the UUT is linear.

A chart on the left side of the screen shows all of these results, and a chart on the right side shows
only the target load, UUT reading, and UUT reading corrected to the target load. The full results
chart can be exported to a CSV. The simplified results can be exported to a CSV or a template
supplied by Morehouse to generate a certificate. The data can also be exported to a user-made
template by selecting a file and then selecting what sheet and starting location the data is to be
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written to. This allows users to export data to a known place in a spreadsheet to be used however
they see fit.

5.3.6 Settings
The Settings page allows users to change various settings that persist when the program is restarted.
They are described below in detail.

Machine: The machine to which the system is currently connected. This is also displayed at the
top of the screen.

Default Units: The units are automatically selected when the program starts.

Max Overshoot: If the system is attempting to reach a force (F) and an ascending force reaches F
+ the unacceptable overshoot (or for a descending force, F — unacceptable overshoot), the
system will alert the user and give them the option to cancel the run.

Set Point Offset: The amount that the load can be off from the set point where the system will
begin the timer for the hold time specified in the sequence. Once the system is within the
target force +/- the acceptable offset, the system begins a timer. Once that timer has reached
the hold time specified in the sequence, it will continuously check whether it is within the
Reading Set Point Offset and that the Wait Until Set Point Is Reached To Take Reading check box
conditions are met. If both are true, it will gather readings from the UUT. If, however, the load
passes back outside of the Set Point Offset threshold, the timer for the hold time will be reset.

Reading Set Point Offset: The amount that the load can be off from the set point at which the
system will take readings. If the applied load has been within the Set Point Offset for the
specified hold time and within the Reading Set Point Offset, the system will gather readings until
it has the required number of readings to average.

Wait Until Set Point Is Reached to Take Reading: Whether the system waits until the actual set
point has been reached to take readings from the UUTs. This does not guarantee that the
applied force is exactly the target force when readings are taken, only that it has reached that
target force at some point. This may result in readings taken closer to the target load if the hold
times are set low enough that the system would otherwise not have reached the Reading Set
Point Offset. For example, if the hold time is set to 0 seconds, the system will start taking
readings as soon as it crosses that acceptable offset threshold. However, if the check box is
checked, it will start taking readings as soon as it reaches the actual set point.

Below is a graphical representation of an example to demonstrate how the system would handle the
different set point offsets.
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999.9

999.85
1] 5 10 15 20 25 30 35 40 45 50
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- Number of averaged readings: The number of readings the system will take from the UUT meter
and then average together to get one reading.

- Pressure Build Timeout: How long it takes the system to error out due to not building pressure.
If the system is running at no load and trying to build pressure, it will only try as long as specified
before it errors out. This safety feature prevents jack-over travel if the user left too large of a
gap, forgot to put in an adapter, etc. However, some larger machines may take longer to build
pressure under normal circumstances, and this timeout may need to be adjusted.

- Use Default Resolution: When selected, the reference display's resolution will match the
indicator's resolution based on the mV/V.

- Reference Display Resolution: The user can select a resolution for the reference load display.

- Reference Display Filter Time: Allows the user to select the amount of time that the reference
readings are averaged over to filter the display.

- Reference Zero Correction: This allows the user to set how the system corrects the reference
load cell’s readings based on the initial and final zero readings. For example, most of
Morehouse’s customers get their reference standards calibrated according to ASTM E74 using
Method B zero correction (which takes into account initial and final zeros). Selecting the Initial
& Final Zero selection here would best reflect how the reference load cell was calibrated and
would reduce the uncertainty associated with these corrections.

- Enable Manual Controls: This enables some jogging controls on the Active Test screen, allowing
the user to control the system manually.

- Tare UUTs at Beginning of Run: Selecting this will cause the system to tare all UUTs at the
beginning of each calibration run.
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5.3.7 Sequence Builder

MOREHOUSE HCS v0.1.0.0

‘Selected Machine

test STOPRUN Load (Ibs) Reference Reading

‘Selected Reference Standard .
Test on meter Test setront (9 setron (Y

SEQUENCE BUILDER

[ [ Load (b Hold Time (s)

The Sequence Builder screen allows the user to create sequences that can be called up later to perform
a calibration. An existing sequence can be modified by selecting it from the dropdown, making the
required changes, and pressing save. It can also be deleted by pressing delete. A new sequence can be
created by pressing new, entering the desired name, and pressing ok.
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5.3.8 Reference Cell Editor

=  MOREHOUSE HCS v0.1.0.0

Selected Mach
R STOPRUN Load (Ibs) Reference Reading

22?2’"“?':32?%&““1 S ) S )
REFERENCE CELL EDITOR

Referece Cell
testl

- Serial Number

Units:

Capacity i

Coefficients

The Reference Cell Editor screen allows the user to enter the calibration coefficients for reference cells.

To create a new reference cell or modify an existing one:

- To create a new cell, press the New button, enter the desired name, and press OK. To modify an
existing cell, select it from the dropdown.

- Enter Serial Number, Capacity, and Units. The units apply to both the capacity and the
calibration coefficients.

- Enter the calibration coefficients of the cell. If a Morehouse PDF certificate is available for the
load cell, it can be dragged and dropped onto the Coefficient display, and the coefficients will be
automatically loaded in. AO-AS5 are the coefficients associated with the polynomial for
calculating the applied load based on the response of the load cell. BO-B5 are the coefficients
associated with the polynomial for calculating the load cell’s response for a given applied load.
Calibration providers may use different nomenclature for these coefficients. Below is a
demonstration of what these coefficients represent. If a lower-order calibration equation is
used, the unused coefficients can be left as 0.

Response (MV/V) = Ao + AF + AsF? + AsF® + AaF* + AF5
where: F=Force (kM)

Force (kW)= Bo + BiR + B2R* + BaR® + BsR* + BsR*
where: R = Response (my,/V)
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- Press Save to save your changes. A dialog will appear with the loads at 10% capacity and
capacity and the mV/V values calculated for those loads. This is to check that the coefficients
were entered correctly. Check the predicted response values against your calibration certificate.

- An existing cell can also be deleted by selecting it from the drop-down and pressing delete.

5.3.9 Machine Editor

The Machine Editor screen allows the user to enter the parameters for machines (UCM or USC) that the
system will be connected to.

To create a new machine or modify an existing one:

- If creating a new machine: press the New button, enter the desired name, and press ok. If
modifying an existing machine, select the machine from the dropdown.

- Enter the serial number, capacity, units, and jack size. Jack size refers to the size of the hydraulic
jack on the UCM or USC that the automation system is connected to. If the machine’s jack does
not have a label, a table of approximate outer diameters of different jack sizes is listed below.
Measure the outer diameter of the jack and compare it to the chart. The jack is likely the same
as the machine's capacity, but some machines have jacks that are larger than the machine's
capacity.
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Jack Size Outer Diameter (in)
30KLBF 4
60KLBF 5.5
100KLBF 7
150KLBF 8.5
200KLBF 9.75
300KLBF 11
500KLBF 16
600KLBF 17
675KLBF 17
1,000KLBF | 23
2,000KLBF | 27

- Press Save to save your changes.
- An existing machine can also be deleted by selecting it from the drop-down and pressing delete.
The currently selected machine for the system cannot be deleted.

6 Troubleshooting

Issue Possible Cause Solution
Safety system fault See below
System will not initialize Reference meter issue Make sure the reference meter is on
and the USB is connected.
E-stop is pressed Release e-stop (check both).
The safety system needs | Press e-stop for 5-10 seconds and
to be reset. release it.

Make sure the reference meter is on.
Make sure the reference meter 10
cable is plugged in.

Make sure there is no load on the
system and tare reference meter.

If not using 4215 as a reference meter,
The reference meter make sure the bypass connector is
limit was triggered. connected to the reference 10
connector on top of the unit.
Configure meter limit value by starting
HCS and following instructions.

If the above fails, reset the meter limit
value manually (see Appendix in
Section 8).

E-stop light is lit (safety system
fault)
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Viake sure the reference cell is
connected to the meter.

Make sure the correct cell and meter
are selected in the program.

Make sure the cell coefficients are
System keeps saying there is a correct.

pressure mismatch Make sure the correct machine is
Incorrect machine selected in the program.

selected Make sure that the correct jack size is
assigned to the machine.

Hydraulics not Make sure the system is connected to
connected the jack.

System keeps saying it is taking | Too large of a gap is left | Reduce the gap between adapters to
too long to build pressure 1/16” -1/8" .

Reference cell issue

7 Glossary

Meter — Device that reads the output from a load cell. Also known as an indicator.
Reference Cell — Load cell used to measure the load applied to the UUT.

UCM - Universal Calibration Machine. A hydraulic load frame manufactured by Morehouse for
calibrating load cells, dynamometers, proving rings, crane scales, etc.

USC — Universal Scale Calibrator. A hydraulic load frame manufactured by Morehouse for calibrating
truck scales, aircraft scales, etc.

UUT — Unit under test. The instrument is being calibrated.
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8 Appendix 1: 4215 Limit Switch Setting

The 4215 meter has a functionality called a “limit switch.” This is a set of relays in the meter that can be
set to trigger if it reads a mV/V over or under a certain amount. The automation system uses this
functionality as a safety check that allows the 4215 to shut the system down if a certain load is
exceeded. If using a 4215 that was not supplied with your automation system, it may be necessary to
set these limit manually switches the first time the 4215 is used with the automation system. If the e-
stop light on the front stays on despite the e-stop not being pressed, this may be the case (see the
troubleshooting section 6).

Load A 8.80088 Lb
Limits 8 6 8 @

Above is an image of the faceplate of a 4215. Throughout these instructions, the buttons will be
referred to by the labels surrounded in white (+, -, ENTER, ESC, LEFT, and RIGHT).

After bootup, press the LEFT and RIGHT buttons simultaneously to enter the menu.

Using the RIGHT button, scroll to Limiters.

Press ENTER.

Press ENTER on Select Limiter 1.

Select Normally Closed and press ENTER.

Select Limit 1 Enabled and press ENTER.

Select Source: Load A and press ENTER.

Select Units: mV/V and press ENTER.

Enter 4.0000 mV/V Set using LEFT and RIGHT keys to select digits + and — keys to change values.

The value can be toggled between positive and negative by pressing the + and — keys together.

Press ENTER.

10. Select Trip if Load A>Set and press ENTER.

11. Select Latching Off and press ENTER.

12. Enter 3.000 mV/V Reset and press ENTER.

13. You should now be back in the main menu at Limiters. Press ENTER to reenter the Limiters
menu.

14. Select Limiter 2 and press ENTER.

15. Follow steps 5 through 12 for Limiter 2.

Lo NV R WNPRE
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16. You should now be back in the main menu at Limiters. Press ESC to exit the menu.

17. Tare the meter.

18. At this point, the limiters should be off. This can be confirmed by scrolling through the display
using the ITEM button (same as the LEFT button) until the Limits are displayed. The first to
numbers should be zero.

19. If the e-stop light has still not turned off, try pressing the e-stop for about 10 seconds and
releasing it. If it is still on, see the troubleshooting section 6.
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mWARNING: Morehouse Instrument Company products are precision instruments for specific force
or torque calibration applications. Improper use, exceeding stated capacities, or unauthorized
modifications can result in severe injury, death, machine damage, and warranty voiding. Always
ensure proper installation, alignment, and use within specified limits. Do not use damaged or visibly
compromised components. Refer to your product manual for proper use and specifications. If you
have questions about a Morehouse Instrument Company product’s capabilities or limitations or to
access a manual, please contact your sales representative or email info@mbhforce.com.

m Dansk

ADVARSEL: Morehouse Instrument Company produkter er praecisionsinstrumenter til specifikke kraft-
eller momentkalibreringsapplikationer. Forkert brug, overskridelse af angivne kapaciteter eller
uautoriserede a&endringer kan resultere i alvorlig personskade, dgd, maskinskade og bortfald af garanti.
Sarg altid for korrekt installation, justering og brug inden for specificerede graenser. Brug ikke
beskadigede eller synligt defekte komponenter. Se din produktmanual for korrekt brug og
specifikationer. Hvis du har spgrgsmdl om et Morehouse Instrument Company-produkts egenskaber eller
begreensninger, eller for at fG adgang til en manual, bedes du kontakte din salgsrepraesentant eller sende
en e-mail til info@mhforce.com.

m Nederlands

WAARSCHUWING: Morehouse Instrument Company producten zijn precisie-instrumenten voor specifieke
kracht- of koppelkalibratietoepassingen. Onjuist gebruik, het overschrijden van de vermelde capaciteiten
of ongeautoriseerde wijzigingen kunnen leiden tot ernstig letsel, overlijden, schade aan de machine en
het vervallen van de garantie. Zorg altijd voor een correcte installatie, uitlijning en gebruik binnen de
gespecificeerde grenzen. Gebruik geen beschadigde of zichtbaar aangetaste onderdelen. Raadpleeg uw
producthandleiding voor correct gebruik en specificaties. Als u vragen heeft over de mogelijkheden of
beperkingen van een Morehouse Instrument Company product, of om toegang te krijgen tot een
handleiding, neem dan contact op met uw verkoopvertegenwoordiger of stuur een e-mail naar
info@mhforce.com.
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AVlaams

WAARSCHUWING: Morehouse Instrument Company producten zijn precisie-instrumenten voor specifieke
kracht- of koppelkalibratietoepassingen. Onjuist gebruik, het overschrijden van de vermelde capaciteiten
of ongeautoriseerde wijzigingen kunnen leiden tot ernstig letsel, overlijden, schade aan de machine en
het vervallen van de garantie. Zorg altijd voor een correcte installatie, uitlijning en gebruik binnen de
gespecificeerde grenzen. Gebruik geen beschadigde of zichtbaar aangetaste onderdelen. Raadpleeg uw
producthandleiding voor correct gebruik en specificaties. Als u vragen heeft over de mogelijkheden of
beperkingen van een Morehouse Instrument Company product, of om toegang te krijgen tot een
handleiding, neem dan contact op met uw verkoopvertegenwoordiger of stuur een e-mail naar
info@mhforce.com.

m Frangais

AVERTISSEMENT: Les produits Morehouse Instrument Company sont des instruments de précision
destinés a des applications spécifiques d'étalonnage de force ou de couple. Une utilisation incorrecte, un
dépassement des capacités indiquées ou des modifications non autorisées peuvent entrainer des
blessures graves, la mort, des dommages a la machine et I'annulation de la garantie. Veillez toujours a
une installation, un alignement et une utilisation corrects dans les limites spécifiées. N'utilisez pas de
composants endommagés ou visiblement compromis. Reportez-vous au manuel de votre produit pour
une utilisation correcte et les spécifications. Si vous avez des questions sur les capacités ou les limites
d'un produit Morehouse Instrument Company, ou pour accéder a un manuel, veuillez contacter votre
représentant commercial ou envoyer un courriel a info@mhforce.com

m Deutsch

WARNUNG: Produkte der Morehouse Instrument Company sind Prdzisionsinstrumente fiir spezifische
Kraft- oder Drehmomentkalibrierungsanwendungen. Unsachgemdéfer Gebrauch, Uberschreitung der
angegebenen Kapazitédten oder unbefugte Anderungen kénnen zu schweren Verletzungen, Tod,
Maschinenschdden und zum Erléschen der Garantie fiihren. Stellen Sie stets eine korrekte Installation,
Ausrichtung und Verwendung innerhalb der angegebenen Grenzen sicher. Verwenden Sie keine
beschddigten oder sichtbar beeintrdchtigten Komponenten. Beachten Sie Ihr Produkthandbuch fiir die
korrekte Verwendung und Spezifikationen. Wenn Sie Fragen zu den Féhigkeiten oder Einschrénkungen
eines Produkts der Morehouse Instrument Company haben oder um auf ein Handbuch zuzugreifen,
wenden Sie sich bitte an lhren Vertriebsmitarbeiter oder senden Sie eine E-Mail an info@mhforce.com.
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mItaliano

AVVERTENZA: | prodotti Morehouse Instrument Company sono strumenti di precisione per applicazioni
specifiche di calibrazione della forza o della coppia. L'uso improprio, il superamento delle capacita
dichiarate o le modifiche non autorizzate possono provocare gravi lesioni, morte, danni alle macchine e
I'annullamento della garanzia. Assicurarsi sempre di una corretta installazione, allineamento e utilizzo
entro i limiti specificati. Non utilizzare componenti danneggiati o visibilmente compromessi. Fare
riferimento al manuale del prodotto per I'uso corretto e le specifiche. In caso di domande sulle capacita o
sui limiti di un prodotto Morehouse Instrument Company, o per accedere a un manuale, contattare il
proprio rappresentante di vendita o inviare un'e-mail a info@mhforce.com.

m Norsk

ADVARSEL: Morehouse Instrument Company-produkter er presisjonsinstrumenter for spesifikke kraft-
eller momentkalibreringsapplikasjoner. Feil bruk, overskridelse av oppgitte kapasiteter eller uautoriserte
maodifikasjoner kan fare til alvorlig personskade, dad, maskinskade og bortfall av garanti. Sgrg alltid for
riktig installasjon, justering og bruk innenfor angitte grenser. lkke bruk skadede eller synlig defekte
komponenter. Se produktets bruksanvisning for riktig bruk og spesifikasjoner. Hvis du har spgrsmal om et
Morehouse Instrument Company-produkts egenskaper eller begrensninger, eller for a fa tilgang til en
manual, vennligst kontakt din salgsrepresentant eller send en e-post til info@mhforce.com.

A Portugués

AVISO: Os produtos da Morehouse Instrument Company sdo instrumentos de precisdo para aplicacbes
especificas de calibracdo de forca ou torque. O uso inadequado, a superagdo das capacidades declaradas
ou modifica¢bes ndo autorizadas podem resultar em ferimentos graves, morte, danos a mdquina e
anulagdo da garantia. Certifique-se sempre da instalagéo, alinhamento e uso corretos dentro dos limites
especificados. Ndo use componentes danificados ou visivelmente comprometidos. Consulte o manual do
seu produto para uso e especificagées adequados. Se vocé tiver duvidas sobre os recursos ou limitagoes
de um produto da Morehouse Instrument Company, ou para acessar um manual, entre em contato com
seu representante de vendas ou envie um e-mail para info@mhforce.com.
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& Espaiol

ADVERTENCIA: Los productos de Morehouse Instrument Company son instrumentos de precision para
aplicaciones especificas de calibracion de fuerza o par. El uso inadecuado, la superacion de las
capacidades indicadas o las modificaciones no autorizadas pueden provocar lesiones graves, la muerte,
dafios en la mdquina y la anulacion de la garantia. Asegurese siempre de que la instalacion, la alineacion
y el uso sean correctos dentro de los limites especificados. No utilice componentes dafiados o
visiblemente comprometidos. Consulte el manual de su producto para conocer el uso y las
especificaciones correctas. Si tiene preguntas sobre las capacidades o limitaciones de un producto de
Morehouse Instrument Company, o para acceder a un manual, pongase en contacto con su
representante de ventas o envie un correo electronico a info@mhforce.com.

ASvenska

VARNING: Morehouse Instrument Companys produkter dr precisionsinstrument fér specifika kraft- eller
vridmomentkalibreringsapplikationer. Felaktig anvindning, 6verskridande av angivna kapaciteter eller
obehériga modifieringar kan leda till allvarliga personskador, dédsfall, maskinskador och upphdvande av
garantin. Se alltid till att installationen, inriktningen och anvéindningen ér korrekt inom angivna grdnser.
Anviind inte skadade eller synligt komprometterade komponenter. Se din produkthandbok fér korrekt
anvdndning och specifikationer. Om du har fragor om ett Morehouse Instrument Company- produkts
kapacitet eller begrédnsningar, eller fér att komma Gt en manual, vénligen kontakta din sdljrepresentant
eller e-posta info@mhforce.com.

Document #: PM-6015 Page 29 of 29 Rev:6/2024

Copyright © 2024


mailto:info@mhforce.com
mailto:info@mhforce.com

	1 Introduction
	2 General Safety Warnings
	3 Referenced Documents
	4 System Overview
	4.1 General Specifications:
	4.2 Capabilities
	4.3 Safety System Overview

	5 Operating Instructions
	5.1 Setup
	5.1.1 Reference Meter Setup
	5.1.1.1 4215 Setup
	5.1.1.2 Other Meters

	5.1.2 Physical Setup
	5.1.3 Program Setup

	5.2 Calibration
	5.3 Screens
	5.3.1 Top Banner
	5.3.2 Load Cell Selection
	5.3.3 Test Details
	5.3.4 Active Test
	5.3.5 Results
	5.3.6 Settings
	5.3.7 Sequence Builder
	5.3.8 Reference Cell Editor
	5.3.9 Machine Editor


	6 Troubleshooting
	7  Glossary
	8  Appendix 1: 4215 Limit Switch Setting

