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POTAPPLICATION

PROPORTIONAL AIR PRESSURE CONTROL
FOR A MATERIALS TESTING SYSTEM

BACKGROUND OF THE DISCLOSURE

180611 This application claims priority under 35 U.S.C 1i8{e) of US, provisional
application serial no. 62/317,678 filed on April 4, 2016, the contents of which is herchy
ineorporated by reference i its entirety and for all purposes.

Field of the Disclosure

[GB62] The present disclosure relates to a control system for pneumatic grips, using

proportional air pressure control, as employed in the field of materials testing,

Beseription of the Prior Ant

M3 In the prior art, matenals {esting systems often employ pnoumatic clamps or grips
for holding the specimen during the test. Manufacturers of materials testing system provide a
wide array of pneumatic control systemas to open and close the grips and to regulate the pressure.
However, a number of challenges or problems may exist in that the grips may close at full test
pressure when loading the specimen thereby raising safety concerns; a fast closing rate could
pinch the fingers of the user or cause the specimen to be damaged; and in that the manual seiting
of pressures may impact the repeatability of resulis, Additionally, similar deficiencies that may
arise in the prior art are that 0 mannally set the presasure for each specimen type may be time-

consurning; the process may not be agdequaiely rcliabie for quality control and result
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repeatability, some implementations of pressure feedback roay impact the accuracy of the resulis;
the prior arl apparaius roay allow the test to procesd even if the correct pressure has not been
achieved; and the test pressure is not reported in the software or firmware of the device thereby
roaking it difficulf to oritically analyze the proper functioning of the apparatus during the fest.
Figure 1 i3 an exaraple of prior art.

{004 Some prior ant inchudes Buropean Patent Application EF 2631496 AZ, entitled
“Fluid Control, in particular Pneumatic Control for Testing Machines”.  Further prior ant
ineludes the Zwick/Roell product hitergture for the “Preumatic Control Unit”, document nos. P

430 2.0817 and P 818 2.0612,

SUMMARY OF THE BISCLOSURE

jBON5] The disclosure relates to clectronic control of the hydraulic or pneumatic

components of a materials testing system.

{(006] Embodiments of the present disclosure typically have the benefit of variable
gripping pressure wherein a user adjustable low gripping pressure is used in set-up mode. This
rechuces the of rvisk of pinch injuries thereby increasing safety.  The pressure is adjustable,
typically within a {ow range up to 1 bar {15 psi). The low pressure causes a slow closing speed
of the grips, thereby allowing time to the user to avoeid injury,

0067 There is a fast rarop up or fast fill to full pressure after the grips are closed and a
separate command is given. The firmware controls the gripping pressure on g per test basis

thereby allowing for a repeatability of results.
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{0a8] This is intended 1o provide a substantially fail-safe design. The pressure is logged
and checked in firmware and/or software and the initation of the test is prevented if the target

pressure or set pressure is not achieved,

1G0409] Further objects and advantages of the disclosure will become apparent from the

following description and from the accompanying drawings, wherein

O8I0} Figure 1 is a schematic of prior art,

180011 Figare 2 is a schematic of an erobodiment of the present disclosure.

{B6012] Figure 3 15 a flowehart of the controlier firmware of an embodiment of the present
disclosure,

{013 Figure 4 is a flowchart of the main supervisory task or execulor task of the

firmrware of an embodiment of the present disclosure,

{B681 4] Figure S 1s & flowchant of the pressure control task of the frmware of an
embodiment of the present disclosure.

LB RY Figure & s a flowehart of the CAN bus communications task of the firmware of
an embodiment of the present disclosure.

LEHIEY Figure 7 is a flowchart of the close grip reguest function of the firmware of an
embodiment of the present disclosure,

{Hoa17] Figure 8 is & flowchart of the open grip request function of the firmware of an

embadiment of the present disclosure,



WO 2017/176568 PCT/US2017/025285

[B618] Referring now to the figures in detail, one sees that Figure 2 is a schematic of an

embodiment of the apparatus 10 of the present disclosure.

{EE R A materials testing device 109U is provided. The materials festing device 100
typically includes vertically opposed upper and lower grips 102, 104, Upper grip 102 includes
horizontally opposed upper jaw faces 106, 108 which are activated in response fo upper
preumatic input 110, Likewise, lower grip EG4 includes horizontally opposed lower jaw faces
112, 114 which are activated in response to lower pneumatic input 116, Upper and lower
preurnatic inputs 110, 116 are in fluid (air) communication with mantfold 12 which receives
preseurized air through pressurized alr supply 14 (ilustrated as being provided at 120 psy,
somewhat higher than a typical desired operating pressure of the materials testing device 100}
This pressurized air ultimately operates the jaw faces 106, 108, 112, 114, but is pneumatically
regulated by manifold 12 which is, in turn, in electronic communication with and controlled by
elecironic pneumatic contrel unit 16 (typically implemented as a prinied circnit board).
Pressurized air {rom pressurized air supply 14 is received by first input solenoid valve (ill valve)
20 winch 1s in floid communication with second input selenoid valve (dump valve) 22 via
mtermediate air‘liﬁe 24, Pressurired air ling 26, which includes accumulator 28, exiends from
intermediate air Hine 24 and includes a first fork 30 which provides pressurized alr 1o upper grip
solencid valve 32 and a second fork 34 which provides pressurized air {o fower grip solencid

-

valve 36, with a tap hine 38 leading to pressure sensor 40
183626} Upper grip solenotd valve 32 provides preurnatically regulated pressure to upper
pnewmatic input 119 of upper grip 102 via upper grip pueumatic line 42, therehy operating upper

jaw faces 106, 108, An optional first pressure switch 44 may tap into upper grip pnewmnatic line
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42 and provide a control signal to electronic puewmatic control unit 16 via first pressure switch
signal line 46, Likewise, lower grip solenoid valve 36 provides pneumatically regulated pressure
to lower pneumatic input 116 of lower grip 184 via lower grip preumatic line 48, thereby
operating lower jaw faces 112, 114, An optional second pressure switch 50 may tap into lower
grip pneumatic line 48 and provide a control signal to electronic pneumatic control unit 16 via

second pressure switch signal hoe 52

16821} The exhaust ports of second input solenctd valve 22, upper grip solenoid valve 32
and lower grip solenoid valve 36 are in fhuid communication with exhaust line 60 which cxits the
manifold 12 vig exhaust port #2 and, typically, muffler 64, The combination of the various states
of the first and second input solenoid valves 20, 22 provides the fundamental operation of
manifold 12, When first input sclencid valve 28 is closed, pressure is not communicated from
mressurized air supply 14 to manifold 12, When first input solenotd valve 20 is open and second
input solencid valve 22 1a closed, alr pressure is provided to the upper and lower grip solenotd
vaives 32, 36, When upper and lower grip solenoid valves 32, 36 are open with air pressure
being provided thereto, the upper jaw faces 106, 108 are driven toward each other and the lower
iaw faces 110, 116 are driven toward each other. When first and second input solenoid valves
28, 22 are closed, alr pressure is comwmunicated from pressurized air supply 14 but exhausted
through exhaust port 62, thereby relieving any pressure supplied to upper and lower grip
solenoid valves 32, 36 and allowing upper jaw faces 106, 108 to move apari and lower jaw faces
110, 116 1o likewise move apart.

80622 Proportional pressure control logic urut 70 (typically implemented as a pringed
circuit board) receives a pressure command via analog pressure command hne or digital-to-

analog converter 76 from ¢lectronic proumatic condrel unit 16, This is typically an analog value
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from between zero and ten volts, corresponding a desired pressure range of 0-100 psig.
Proportional pressure control logic unit 70 further receives an elecironie pressurs signal from
pressure sensor 40 via line 78, Proportional pressure control logie unit 70 uses this information
to control the configurations {open or closed) of first and second input selenoid valves 20, 22 via
electrical coptrol Hines 72, 74, wherein the clectrical control hines 72, 74 thereby conirol the

pressure in pressurized air line 26 and associated lines.

[00623] More specifically, the elecironic pueumatic control uwmt 16 connects fo the
materials testing controller 90 via the CAN bus 88, The materials testing controlier 99, in turn,
connects via an gtherpet cable or similar connection o a remots processing device (not shown}
where the materials testing application is running. The values for the desired methad pressure
and safe pressure, used io close the upper and lower grips 102, 104, are eniered as separate

“

parameiers by an operator or similar personnel using this sottware application.

{00241 Electronic preumatic control unit 16 optionally receives input from the first and
second pressure switches 44, 50 and, as described above, further receives the pressure feedback
signal from proportional pressure control umit 70 via bne 71, Electronic pneumatic control unit
16, based on this information, sende grip closing signals o upper and lower grip solenoid valves
32, 36 via lines 80, 82, respectively, and, as previously described, a pressure command via
analog pressure command line or digital-te-analog converter 76 to electronic pnewmatic control

unit 16,

1B0825] Additionally, electronic pneumatic contrel unit 16 includes a module 86 which
can provide power to manifold 12, and further transmit information to and receive information
from a bus 88, which may be connected to external devices such as a materials festing controller

940, a footewitch module 92, and various recording devices (not shown).
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{8261 Turning now to an overview of the firmware as illustrated 1o Figures 3-8, the
embedded software or firroware on the electronic pneumatic control wmit 16 mavages the apphied
pressure and operating state {open or closed) of the upper and lower pneumatic grips 102, 104,
The firmware running on the microcontroller (such as, but not limited to a Texas Instruments
Hercules® microconiroller) on this clectronic pneumatic control unit communicates via the CAN
bus 88 to the materials testing controller 90 and the footswitch module 92, The materials testing
controller 90 sends application-specific operating mode and pressure parameters, while the
operagtor-initigted footswitch module 92 sends trigger signals to open and close the upper and
lower ppeumatic grips 102, 104, The on-board firmware stores the operating parameters and
modes iocally, and implements the steps necessary to spply pressure and open and close the grips
in response 1o the signals from the footswitch module 92, The grip control operating mode and
pressure are sel by the main system software, and are dependent upon the specific application
and test specimen. The electronic pucumatic control unit 16 performs the requested operation
without apphication-specific knowledge, using a pre-defined state sequence for each operating
mode, |
{6827} The firmware is made up of three mailn fasks, which run concurrently on a real-
time operating system (RTOS) to achieve the above functions. These tasks are as follows:
[BGG2E] I, Main supervisory task, iHusirated in Figure 4, which coordinaies the overall
execution of the seguences in response 1 requests arriving via the CAN bus 88,

1B0829] 2. Pressure control task, tlustrated in Figure 5, which sets and monitors the air

pressure using analog inputs and outpuis to/from the Proportional Pressure Controlier (PPCO)

PCB 70,
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1860381 3. CAN bus communications task, illustrated in Figure 6, which receives
incoming safety and non-safety messages from the fooiswitch modale 92 {see blocks 617, 614 of
Figure 6} and the material testing controller 90 {see blocks 616, 618 of Figure 6}, and sends
ouigoing status messages {sce blocks 620, 622, 624, 626, 628, 630, 632, 634, 436 of Figure 63,

fellowing the CANopen and CANopen Safety protocois.

IB0031] The logical flow of the firmware 15 typically as tollows:
{(HH321 E. When the firmware starts up as shown in Figure 3, block 300, it performs

a self-test to check the state of its on-board hardware as shown in block 302, The resulis are
saved on-board as shown in block 304 and later reported fo the main controller over the CAN

bus 88.

1B86633] 2 The on-board hardware 1s then initialized to open the grips 102, 104 and
keep the pressure at § pounds per square inch (psi) as shown in block 306, The grip states are
controlied via digital output bite connectad 1o the top and botlorm pneumatic solenoids 32, 36, As
shown inn block 308, the pressure is set 1o (L0 psi by writing o a digital-lo-analoy converter
(DALY, which sends a 0.0 Volt signal to the proportional pressure controller 70 via line 76, The
calibration of the DAC and proportional pressure controller 70 are maiched such that § o +10
YD digital-to-anslog converter output corresponds o § 1o 100 psi of requested pressure.

BG034] 3. The main suapervisory task, or executor task, iHustrated in Figure 4, waits
for a message t¢ arrive on s input guene, Block 308 on Figure 3 and blocks 400, 402, 404, 406

on Figure 4.
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{B0435] 4, The pressure control task, Hlustrated in Figure 5, sleeps, waits for a
pressure change request to arrive on its input gueue. Bloek 310 on Figure 3 and blocks 500, 502,

564 on Figure 5.

{HO036] 3, The CAM bus task, illustrated in Figure &, waiis for a message o arrive via
the CAN bus 88, Block 312 on Figure 3 and the loop formed by blocks 600, 602, 604 on Figure

6. When the message arrives, the task decodes i and puts it on the wnput queue of the executor

task. Blocks 6006, 608 and 610 on Figure 6,

16837} &, The exccutor task, see Figure 4, wakes up when a new message arrives on
its input guene. Blocks 402, 404, 406, 408 on Figure 4. It proceeds to perform the requested
action. The messages include:
a. Owperator-initiated open/close grip request from the foetswitch module 92,
Blocks 414, 412,
B Grip status query from the materials testing controller %0, Blocks 414, 414,
¢, Grip moode reguest/query from the materials testing controller 20, Blocks 418,
424,
d. Footswitch module mode request/query from the materials testing controller 86,
© Blocks 422, 424,

¢. Reguest immediate change to safe or method pressure. Blocks 426, 428,

Svstem status change {(emergency stop, system safety level, materials festing
status, ele.} from the materials testing controller 90 or other CAN module. Blocks

430, 432, 434, 436,
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5. Pressure-setting parameter update/query (safe pressure {target), method pressure
{target}, current pressure) from the materials testing controller 90, Blocks 438,
444},

h. Current pressure feedback query from the materials testing controller 98, Rlocks

b

442, 444,

[B0035] 7. The materials testing controlier 90 first sends messages 6c, 6d, 6g, to
define the operating pressures and grip closure sequencing modes to use when message 6a
spen/closs requesis are subseguently received from the footswiich roodule 92, The safe pressure
and method pressure parameters received from the materials testing controller 90 tn message 6g
are saved locally by the firmware. Safe pressure is typieally settable to 8 1o 15 psi, while method
preasures 19 typically settable in the range of 15-100 psi. Safe and method pressures are applied
automatically fo the upper and lower grips 102, 104 by the firmware, based on the system safety
ievel, when message 6a close grip reguests are recetved. The syster safety level 15 a global
aystemn parameier which defines the safety behavior of the whole materials testing system
including the grip pressure sequencing. [t is broadcast continuously over the CAN bus 88 by the
materials testing controller 80 (message 6f). More specitically, when the operator enters the
desired values for the method pressure and the safe pressure into the software application, these
values are sent 1o the materials testing controller 80 by an ethernet cable or similar connection.
The materials testing controller, in turn, transmits these values to the pneumatic control unit 16
via the CAN bus 88, The control unit 16 stores theses values locally, so that they can be guickly
retrieved, converted to an equivalent analog 8-10 volts DC value for & pressure command via hne
76 to the proporiional pressure controlier 70, during the various grip and system states as

deseribed herein.

18
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{00391 g. In processing message 6a, the executor task of Figure 4 co-ordinates the
application or removal of pressure to the upper and lower grips 102, 104 with their opening and
closing states. The specific sequence of operation is determined by combining the 'syss;f:m satety
level, aystem status, grip state, footswiich roode, geip control mode, stored safe pressure, stored
method pressure, pressure feedback, and top/bottom grip solenoid output control bits. A typical
examiple of the sequence for a systom that 18 using the enhanced safety level {dual-pressure
made) s as follows, as iHustrated in Figure 7
a. Assume grip state=hoth grips open; footswitch mode=footswitch only {default);

N
H
7

grip control mode=3-step mode (default); safe pressure=6 psi; method

pressure=9%0 psi; system status = festing machine enabled and ready to run,

b, Operator sieps on the “close” footswitch pedal, causing & “close gnip request”

CAN bus message 1o be broadeast. Bloek 700 of Figure 7.

¢. The CAN bus task (see Figure §) receives this message and puts it on the input

gquene of the executor task {see Figure 4) for further processing.

d. The executor task reads the new “close grip request” message on Hs input queue.
it fooks at the “grip control mode” and knows that the top grip must be closed

first, It then turns the top grip solenotd 32 furned on {see blocks 702, 704, Figure

-

73, comnecting regulated alr supply ouwtput 26 1o top grip 102

The execntor task then sends a message to the pressure control task to request &

G

pai of air preasure {safe pressure).

f. The pressure control task receives the message on tis inpul queue and sets the

analog pressure command ne or digital-to-analog converier 76 10 output 0.6V

il
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h.

D, corresponding to 6 psi. As a result, the top grip 102 closes slowly using 6 psi

of pressure. Blocks 702, 704, 706, 708, 710, 712 of Figure 7.

The executor task sends a “grip status change” message, indicating “top grip
closed at safe pressure” o the quene of the CAN bus communications task, which
then sends it out the CAN bus 8% {0 the materials testing coniroller 90, Block 708

of Figure 7.

Sometime later, the operator sieps on the “close” footswiteh pedal again, causing
a “close grip request” CAN bus message to be broadeast again, Block 700 of

Figure 7.

The CAN bus task receives this message and puis if on the input gueue of the
executor task for further processing, Block 610 of Figure 6,

Ty

The exeoutor task reads the new “close grip request” message on s Input qusue,
1t looks at the “grip control made™ and current grip siatus, and knows that the wp
grip ¢ already closed at safe pressure. Blocks 714, 716 of Figure 7. This means
that the bottom grip 104 18 o be closed next. [t then turns the botfom grip

solencid 36 on, connecting regulated air supply cutput 26 o bottom grip 104,
Block 718 of Figure 7,

The executor task sends a “grip status change” message, indicating “both grips
ciosed al safe pressure” to the queue of the CAN bus communications task, which
then sends it out the CAN bus 88 to the materials testing controller 90, Block 720

of Figure 7.

12
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T,

i

(08

p.

The grips remain in the “both closed at safe pressure” state (blocks 722, 724 of

Figure 7) until the operator manually pushes a “mode” button to put the whole
sysiem in the “ready to run” state. When this oceurs, the materials testing

controller 80 sends a Svstem Status Change message 6F out over the CAN bus 88,

The CAN bus task receives this message (61) and decodes i, and puts a new
message {6¢) on the on the input queve of the executor task, telling it w
iromediately change the pressure 1o the saved “method pressure”. Blocks 616,
618 of Figure 0.

The executor task then sends a message to the pressure control task to request 90

psi of air pressure (method pressure). Blocks 438, 4490 of Figure 4.

The pressure contrel {ask reccives the message (blocks 500, 502, 504, 506, 508,
510 of Figure 5) on s input quene and sets the analog pressure command DAC
{line 76} to output 9.0 VI, corresponding to 90 psi. As a resull, both upper and
fower grips 102, 104 increase their gripping force as the pressure begins ramping

up to 90 psi of preasure,

The pressure control task monitors the pressure feedback analog output (0 - 10
VIXCY from the proportional pressure control logic unit 70, using an analog-to-
digital converter channe! of the microcontroller (blocks 512, 514 of Figure 5).
When the pressure toedback has reached 935% of the requested pressure (85.5 psi
i this example), see block 316 of Figure S, it changes the grip status to “both
grips closed at full pressure”, causing the executor task to send it 1o the CAN bus

task, which in turn sends it out over the CAN bus 8¥ to the rest of the system.

o
[#5]
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Block 518 of Figure §. The application software will wait for this message to

signal it when o begin the materials test)

g. Sometime later, after the test has finished the operator steps on the “open”
footswiich pedal, causing an “open grip reguest” CAN bus message (6a) to be

broadeast. Blocks 804, 802, 804 of Figure 8,

r. The CAN bus task receives this message and puts it on the input quene of the
executor task for further processing.

5. The executor task reads the “open grip request” message on its input queue. It
then turns the fop and bottom grip solenoids 32, 36 off (block 806 on Figure 8},
disconnecting the regulated air supply cutput 26 to both grips 102, 104, and
aliowing them to exhaust their pressurized air via exbaust port 62, Springs mnside
the grips 102, 104 will now cause the grips 102, 104 to open, as all pressure has

been removed.

t.  The executor task then sends 2 message 1o the pressure control task o request 0

pai of air pressure (open). Block 808 of Figure &

w. The pressure control task receives the message on its input quene and sets the
analog pressure command DAC (76} to output 8.0V DC, corresponding to O psi.
This has no imoediate effect, since the grips 102, 104 were already opooed in
step 8 above.‘ However, i adds a measure of redundancy 1o tnsure that the gnips

will open, even if the solencids were o get stuck in the “on” state,
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v. The executor task sends a “grip status change” message, indicating “grips open”
to the queue of the CAN bus conumunications task, which then sends it out the
CAN bus to the matenials testing controller 90, Blocks 810, 8§12, 814 of Figure §,
18030401 The above eight sieps describe the basic design and operation of the firmware on
the electronic pnewrmnatic control untt 16,
{60041} Thus the several aforementioned objects and advantages are most effectively
attained.  Although preferred embodiments of the invention have been disclosed and deseribed

in detail hevein, @ should be understood that this invention is in no sense Hmited thereby,

)
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CLAIMS
What s Claimed is:
1. An apparatus for controlling pressure in a materials testing device, including:

a device for receiving an electronic command relating to a first target pressure;

a device for receiving an electronic command relating (o a second target pressure,

wherein the second target pressure is higher than the first target pressure;

a device for receiving a signal indicating measured pressure In the apparatus;

& device for generating a command for selectively applying the first larget pressure or the
second target pressure to an ouiput, the output being recetved by opposing grips of a materials

testing device;

a device for receiving the command for selectively applying the first target pressure or
the second target pressure 1o an output, wherein the first target pressure 1s applied in response (o
a first command and the second farget pressure 16 applicd in response o a subsequent conmmand;

and

a processing device for comparing the measured pressure o the selecied first or seeond

pressure and gencrating pressure control signals for varying pressure.

16
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2. The apparatus of Claira 1 wherein the fivat target pressure operates the opposing grips of

a materials testing device in a safe range for the human operator.

3. The apparaius of Claim 1 wherein the first target pressure operates the opposing grips of

a materials testing device in a range of greater than zero to fifteen psi.

4. The apparatus of Claim 3 wherein the second target preasure is the full pressure required

for a materials testing device.

5. The apparatus of Claim 3 wherein the sccond target pressure 1S in a range of greater than

iifteen psi to one hundred psi.

&, The apparatus of Claim 5 wherein the device {or generating a command for selectively

applying the first target pressure or the second larget pressure s manually operated.

7. The apparatus of Claim & wherein the device for generating a command for selectively

applying the first target pressure or the second target pressure 15 a footswiich,

i7
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8. The apparatus of Claim | whersin the electronic commands for tirst and second target

pressures are generated in response to manual input from a control panel.

9. The apparatus of Claim | wherein the electronic commands for first and second fargel

pressures are received from a materials testing device.

0. A method for controlling pressure in 2 materials testing device, including the steps oft
receiving an electronic command relating to a fivst target pressuse;

receiving an elecironic command relating to a second target pressure, wherein the second

farget pressure is higher than the first farget pressure,
receiving a signal indicating measured pressure in the apparatus;

generating a command for selectively applying the first target pressure or the second
target pressure 1o an output, the output being recetved by opposing grips of & materials testing

device;

recetving the command for selectively applying the first target pressure or the second
targel pressure (o an ouipul, wherein the first favget pressure is gpplied in response 1o a first

command and the second target pressure is applied in response to a subsequent command; and

processing, including comparing the measured pressure to the selected first or second

pressure and generating pressure control signals for varying pressure.

18
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11 The method of Claim 10 wherein the first target pressure operates the opposing grips of' a

materials testing device in a safe range for the human operator.

12, The method of Claim 10 whersin the first turget pressure operates the opposing gripsof a

materials testing device in a range of greater than zero to fifteen psi.

£3. The method of Claim 12 wherein the second target pressure is the full pressure reguived

for a materials testing device.

14, The method of Claim 12 wherein the second target pressure 18 in g range of greater than

fifteen psi to one hundred pst.

s, The method of Claim 14 wherein the step of generating a comumand for selectively

=

applying the first target pressure or the second targe! pressure is manually actuated,

16. The method of Claim 15 wherein the step generating a command for selectively applyving

the first target pressure or the second target pressure 15 aciuated by a footswiich

18
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17, The method of Claim 10 wherein the electronic commands for first and second target

pressures are generated in response to manual inpul.

18.  The method of Claim 10 wherein the electronic conumands for first and second target

pressures are received from a materials testing device,
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