Tensile Testing Machine and Flat Panel Procedure

Device Overview

-The tensile testing machine is a device capable of measuring scattering while elongating the

sample. The specifications are as follows:

Test Mode Uniaxial Tensile Test Operate at the set speed up to the set
elongation
Sample Sample dimensions Dumbbell shape, chuck distance: 10mm

Sample dimensions including grips: 10mm
X 30mm,
Maximum: 12 X 60

Chuck distance

Initial chuck distance 10mm
Maximum chuck distance | 200mm
Stroke 190mm
Stroke setting 0.1-190mm

Position reset

Can be set at any position as the initial

position
Extension rate | Extension rate 0.1-1000.0mm/min
Load detection | Method Detected by a load cell
detection range 200N
resolution 0.01N

-At BL-6A, measurements of SAXS (Small-Angle X-ray Scattering) with PILATUS 1M and
WAXS (Wide-Angle X-ray Scattering) with PILATUS 100K are available. At BL-10C and BL-
15A2, measurements of SAXS with PILATUS 2M, WAXS with PILATUS 200K or 300K, and
SAXS with a Flatpanel detector are possible." The extension start of the tensile testing
machine can be synchronized with the start of SAXS and WAXS measurements. However, the
tensile testing machine and Flatpanel cannot be synchronized for extension and measurement,

so they need to be started separately.

equipment configuration

-The tensile testing machine consists of a controller, stage, handheld control box, and data

logger. The attached USB memory to the logger saves date, time, load value (N), and
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elongation (mm) in CSV format.

Controller Stage

Handheld control box Data logger

-The detectors are SAXS (PILATUS 1M or PILATUS 2M), WAXS (PILATUS 100K,
PILATUS 200K, or PILATUS 300K), and a Flatpanel detector. SAXS and the Flatpanel

detector are controlled by separate PCs.

Flatpanel detector The PC (inside the frame) controls the Flatpanel detector.

Origin reset after power-on

- When you turn on the power, you will be prompted for origin reset. Please follow the steps
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below: Press the "Origin Reset(Jii fifZi#)" button and navigate to the page for starting the

origin reset process.

N my

"Origin Reset (Ji #if2)&#)" button

-Please press 'Start Origin Reset. (Ji SfEIREIB A 4 v F)'

Mounting the sample onto the equipment

- Please set the sample onto the grips of the tensile testing machine. Use a Phillips screwdriver

to attach and remove the grips.



-Remove any slack in the sample. Use the jog [<——] buttons on the handheld control box to
open the grips of the tensile testing machine. If there is no slack in the sample, this step is not

necessary.

-After opening the grips to remove any slack in the sample, press "Origin Reset (Ji si{& )"

to navigate to the page for performing the origin reset.

- Press and hold the "Origin Reset(J5is5 Y % » })" button to set the current elongation
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display to 0.

-Please input the elongation rate and elongation value. When you touch each value, a numeric

keypad will appear. The maximum absolute value for elongation is 190mm.

(B i F |Ri/ee/es:3s
for B fif

-Press the ESC button on the controller to reset the load value.



-The logger is in free-running (7 Y — 7 » =¥ 7’) mode, and data is not being saved.
Please press START/STOP.



-Press ENTER to put it in a trigger-ready state. It may take several seconds to enter the

trigger-ready state. Now, the tensile testing machine is ready for elongation.

Measurement with SAXS.

-Configure the measurement GUI as follows: Select "PILATUS 1" from the Detector option.
Set the Control program mode to "Single trigger mode." Set the Exp. delay[sec] to 0.2 to
account for the 0.2-second delay between the start of PILATUS measurement and the
extension start of the tensile testing machine. For X-ray Shutter Setting, set Shutter Open
Delay[sec] to 0 and Shutter Close Delay[sec] to 0.1. Turn CHE ON, set Pulse Width[sec]
to 0.1, Pulse Delay[sec] to 0, and Pulse Polarity to POS.



Exp. delay [sec] 02

Start wait [sec] 0 & [Exp. Delay] B: [Exp. period] - [Exp. time]

No. cycle 5 2 Gycle interval [sec] 220+ A+B+ 0
Detector position © Fix (") Change
Auto Relative to Current
@ Manual Pos. 1 Wer |01 Har iu
/|Pos.2 e [-01 Hor [0

Sinele trigeer mode Multi trigeer mode = | External enable mode

Z¥
cbf

ad] - [Exp: time]

224 8+B+ [0

External enable mode

@) Internal mode

Single trigeer mode Multi trigeer mode

File  Option
) PILATUS 1 () PILATUS 1 and 2 [ [Single trigger mode -
Energy (eV) 10222 *
Optional Settings Gain
Directory Z¥admin¥nagatani¥data¥20191128 (@) " ) Pt environment profiles to 1 ike:
File prefix testss 003 File type @ tif () cbf Gounter Output o Inhdividual () Integration
||| Monochrometer Enerey ) Waveleneth Shutter Burst Mode ) ON
control 10300 eV auto tune without gap IBPT:QD___]
Mo, i 5 Tl Pulse Generator Setting
o, images { |
> = - External Trigeer ) ON @ OFF
Exp. time [sec] 5 i
Exp.period [sec] 501 Trigeer Level [V] %-5 [CHD] [Module#1]

DR gl Mode
Pulse Width [sec]

Pulse Delay [sec]

X-ray Shutter Setting
Shutter Open Delay [sec] 0
Shutter Close Delay [sec] 0.1 Pulse Polarity

@ ON © OFF

C¥]
Mode
Pulse Width [sec]

Pulse Delay [sec]

Mode Single Pulse Shot
Pulse Width [sec] 0.1
Pulse Delay [sec] 0

Pulse Polarity © POS. () NEG. Pulse Polarity
Module#d ©)ON © OFF Module#5

Mode Single Pulse Shot Mode

Pulse Width [sec] 0005 Pulse Width [sec]
Pulse Delay [sec] Pulse Delay [sec]
Pulse Polarity @ POS. NEG. Pulse Polarity

ipt=Pilat anel _Msg pilatt
Done.
i Pilatt anel _Disc

System=PilatusControlPanel @GetimagePath Er: camstars2 is down.

itrolscriptQC9600QC9528SingleTrigger

camstars 1>PilatusControlPanel @GetimagePath /rar

camstars 1=PilatusControlPanel @GetGain autog
camstars1=PilatusControlPanel @GetEnergy 10222
stbr.bl15.DCM.Energy=Pilatt trolPanel _Ch dValue 10299.96
stor.bl15.DCM.Energy=Pilatt o0lPanel _Ch. 10299.95
stbr.ol15.DCM.Energy=PilatusControlPanel _ChangedValue 10299.96
stbr.bl15.DCM.Energy=PilatusControlPanel _ChangedValue 10299.95

pilatuscontrolscriptQC9600QC9528SingleTrigger Done.

-Please press the 'Run' button on the GUI to start the measurement.

-Even after the measurement is completed, the tensile testing machine will continue to
elongate. Please press the STOP button on the controller to halt the extension. Press the

RETURN button on the controller to bring the chuck distance back to 10mm. Also, please

stop the data logging.




-After the measurement is complete, please press START/STOP to stop saving the data on

the logger.

Measurement using SAXS and WAXS.

-Select "PILATUS 1 and 2" from the Detector option. Set the Control program mode to
"Single trigger mode." Set "Exp. delay[sec]" to 0.2 for both Pilatus 1 and Pilatus 2.
Configure X-ray Shutter Setting as follows: "Shutter Open Delay[sec]" to 0, and "Shutter
Close Delay[sec]" to 0.1. Turn on CHE, set "Pulse Width[sec]" to 0.1, "Pulse Delay[sec]" to
0, and "Pulse Polarity" to POS.



85 PILATUS Measurement Conirol Software at Photon Factory - m] X
File  Option
) PILATUS 1 (®) PILATUS 1 and 2 Single trigeer mode ~
5 - | Erergyiew) -
A
Directory ‘Z¥user¥nac ‘ Plot environment profiles to 1 file
File prefix File type @ tif O cbf Gounter Output ® hdividual O Intearation
Carnera length it Shutter Burst Mode QoM ® OFF B (e
Tnu:turgrrumeler O Ererey (®) Wavelzrgth ; Change
e s ! A ity (Wi External Trizger I ON (®) OFF
Exp. time [soc] Trigeer Level [V] 25 OoN ® OFF
Exp. period [sec]  [5.01 Tz B — == Mode Single Pulss Shot
Exp. delay [sec] Pulse Width [zec] 000§
Start wait [sec] 0 f B Wik B [ peed] = (B tned Shutter Open Delay [sec] l:l Fulse Delay [zec]
Meaml 5 | yol intorval [sec] 22ehvBe i ] Shutter Close Delay [sec] Fulse Polarity FOS. MEG.
Detectar position (® Fix () Chanee Stage control ® 0N O OFF [ E OoN @® OFF
:“‘” b1 E{e‘awe © O“”ne"t Mods Single Pulse Shat Mods Single Pulse Shat
anual s Pulse Width [sec] 01| Fulse Width [sec] 0005
Prs 9 0 0
Pulze Delay [zec] Pulze Delay [zec]

Internal moc : (@) Single trigger made Multi trieger mode External enable mode Pulse Polarity (® FOS. ) NEG. Pulse Polarity FOS. MEG.
Directory ‘Z¥user¥nac ‘ Oon ® OFF Don ®) OFF
File: prefix File type @) tif () cbf Maode Single Pulse Shat Made Single Pulse Shot
Mo, images 5 - Pulse Width [sec] 100g Pulze Width [zec] 000§
e, e [ Pulse Delay [sec] Pulse Delay [sec]
Exp. period [zec] 501 Pulze Palarity POS MEG Pulze Polarity PO MEG
Exp. delay [zec]
Start wait [sec] A [Exp. Delay] B: [Exp. period] - [Exp. time]
Ha. eycle 5 = Ovwecle interval [sec] 22+A+B+ 1

Internal moc = (@) Single trigger mode Multi trigeer mode External enable mode

Stop
STARS client camstars1 is down.

-Please press the "Run" button on the measurement GUI to start the measurement.

- Even after the measurement is complete, the tensile testing machine will continue
elongating. Please press the "STOP" button on the controller to stop the elongation. Then,
press the "RETURN" button on the controller to bring the chuck spacing back to 10mm.

Finally, stop saving data on the logger.
Measurement using SAXS and a flat panel detector.
- Please input the measurement GUI in the same way as the SAXS measurement.

- For the measurement, select "Acquisition — Analog Integration" on HiPic8 software

running on the PC connected to the flat panel detector.
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% HiPic 8 (High Performance Image Control System)
File  Tools Acquisition Corrections Analysis Display  Processing  Window  Infao

sE BaossED k(@ ? LA - o= 8

UT Cont
|
114 |
1 S 1 - 1 ! | " | 3 1 '
|“16 0 2000 4000 G000 8000 10000

Action
| lve | Feee | SingleExp. |

-We will perform a background measurement without emitting X-rays. For example, set the
Exposure time to 1 second and #of exposures to 2. This will integrate two scatterings with 1-

second exposure each into one file. Press the "Integrate” button to start the measurement.
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| B3 COT28DK-10 acquisition control

; : Analog Photon
the I S Integration| counting

Aetion

[ negate  Gop |

Exposure ume
‘ b Te

Gain & Offset |

Scan Speed O T

Integration
# of exposure . 2 [¥] Clear on start

-Save the obtained background image by selecting "File — Save as" or right-clicking on the

image and choosing "Save as."

— =
5 Hiic 8 (High Performance Image Control System)
File  Tools Acquisition Corrections Analysis  Display Processing  Window Infa

s BEos O k- 2 [Q - \No=]§

LUT Contral

d 2l |

114

Ix18u

————T——
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Acquire Integration

Action

[ e | Feee [ sigeEm |
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-To subtract the background from the subsequent measurements, select "File — Options.

r - HiPic 8 (High Performance Image Contral Systern)
_File Tools Acquisition Corrections  Analysis  Display  Processing  Window  Info

ww BEossEO k(@ 2 [BQ - \No=]&
.LUTControl

d 2l |

114

T Lo 7 BN & o T ool o &L T
2000 4000 6000 8000 10000 -

| 18 ¢

Analog F‘Hoton

Live I Acauite | |nteqration | counting

| e Jimmend

- You will see "All Options" displayed. Open the "+" next to "Corrections” on the left.

Last lnaded warkfile/date :Mao warkfile loaded

- General

- Camera

- doquizition

- Aawiliary Devices
- Calibration

- Sequence

- Corrections

- lmages

[+ Profiles

oK ] ’ Cancel

Whorkfiles contain the settings of all optionz and other prograrmn setting like
camera exposure ime and the like. Saving them remembers the current
measurement conditions. Loading a workfile overwrites all current setting,
t odification in ary setting after lnading a warkfile iz nob automatically
zaved to the last loaded workfile, which means that once a file iz witten it
keeps the zettings permanently until it iz explicitely ovensritien again.

Independently of this feature the most important setting are restored from
one zeszion bo the nest.
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-Select "Background." Set "Background source" to "File."

All Options: <Background Correction Setup> ‘
Wwiorksettings

—Background source

Background source;

[T Use individual background images for every acquisition mode [special cases anly)

Background file: C:AProgramD atahH amamatsutHiFichReserved_Backgroundimage_General.img

Background images can be created by the comesponding acquizition function
[LIYE etc.] and zaved by the Save Az funchion.

—&rithmetic I

&dd constant after Background Subtraction: g

Clip to zero during B ackaground Subtraction

—Real Time Background Subtracton [RTBS)

Background source for RTES has been eliminated in this verzion for the sake of simplified operation. |
Background sounce [gee top of this dialog) iz uzed instead.

—&utormation

[T Aute Backaround Subtraction

[ ok || cancel

-Check the box for "Use individual background images for every acquisition mode." In the

"Analog integration" section, enter the filename of the background image that was measured

earlier, including the file path, or use "Get" to browse for the file. Finally, press "OK" at the

bottom left to close the window.
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whorksettings —Background zource
e GEneral
e Camera Background source:
- Aquigition

Ausiliary Devices

Calibration Usze individual background images for every acguisition mode [special cases only]
Sequence

Corections

-Background Live: Get
-Shadlng. Acquire: Get

---------- Defect pivel ) = .
Analag Integration: zershBLESADocumentstAnalog Integration BG.img Get

Background images can be created by the corezponding acquizition functian
[LIWE etc.] and saved by the 5 ave Az function.

—Aithrmetic
Add constant after Background Subtraction: g

Clip ta zero during B ackaground Subtraction

—Real Time B ackground Subtracton [(RTES)

B ackground zounce for RTES has been eliminated in thiz verzion for the zake of simpliied operation.
B ackground zounce [zee top of thiz dialog) is uzed instead.

—Automation

Auto Background Sublraction

-I oK I’ Cancel ]

-To perform time-resolved measurements, select "Acquisition — Sequence..."

&3‘ HiPic 8 {Hiah Performance Image Control Systemn)
_File Tools Acquisition  Corrections  Analysis  Display  Processing  Window Info

sHd o sElO k(@ 2 [MQ - \o=]§#
LUT Control

d ol |

114 |
| »16 g

RS Tty ool o & bon v
2000 4000 6000 8000 10000 -

728 quisition control
7 2 Analog Photon
Live I Acquite | |rteqration | counting

l{ Freeze H Single Exp. l

-The Sequence control will appear. Select "Analog Integration" from the Acquisition mode.
For example, set "No of Loops" to 10 measurements and "Interval” to 5 seconds. The
Interval represents the time between the start of one measurement and the start of the next

one. Please enter the unit as ms, s, min, or h.
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_—
B3 Sequence control 23

N

Acquisition T Data storageT Processing

Camera settings

Acquisition mode: l Analog Integrz vJ

Cycle definition

No. of Loops: 10

Acquisition timing: [Fixed intervals v]

Interval [ms.s.min_ h] Bs

T

Images v |Totak| 10 Copy to new |

Cungnt;

Fome. 1 s m ]

|RAM: C:\Users\BL6AAD ocuments\0000011.img

-With the following settings, press "Start" on the Sequence control to begin the

measurement:

Exposure time: 1 second
Number of exposures: 2 (integrate into one file)
Interval: 5 seconds (time between each measurement)

Number of Loops: 10 (total number of measurements)
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Please ensure that the measurement time, the number of exposures, and the measurement
cycles are sufficient for the flat panel to be exposed properly. After pressing "Run" on the
measurement GUI, immediately press "Start" on the Sequence control to start the Flatpanel
measurement. Alternatively, you can press "Run" on the measurement GUI after starting the

Flatpanel measurement with the "Start" button on the Sequence control.

&3 C9728DK-10 acquisition control [ o |[ & ][ 52 [3 Sequence control =]

: ! Analog | Phaton | Acquisition T Data storage T Processing
Live l Acquire ] il counting

Integratiol
Camera settings

Acquisition mode:

Cycle definition

Action

[ Integrate ]|r Stop

) No. of Loops: 10
Exposure time

< i Acquisition timing:

Interval [ms.s.min h] Bs
Gain & Offset |

Scan Speed

Integration
# of exposures: 2 Clear on start

Ilmages v ITotaI: | 10 Copy to new

Current:

|RAM: C:\Users\BL6AAD ocuments\0000011.img

-As the tensile testing machine continues elongating even after the measurement is
complete, please press the "STOP" button on the controller to stop the elongation. Then,
press the "RETURN" button on the controller to bring the chuck spacing back to 10mm.
Finally, stop saving data on the logger.

-To subtract the background from the obtained scattering image, select the scattering image

and choose "Corrections — Background Subtraction."
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£, HiPic 8 (High Perfon [riciaiins sl

File Tools Acquisitiol Corrections \nalysis Display Processing Window Info

FH BEO®aEE k@ 2 MR \No=| BF &

LUT Control

T T T T T T

T T T T T T
6000 8000 10000 12000 14000 16000

Action

[ megae |

Exposure time

€ [l

Gain & Offset

Scan Speed

Integration
# of exposures

! ! Ilmagag v [Total: | 5 [ Copv to new | ‘

-Save the scattering image by selecting it, then choose "File — Save as" or right-click on the
image and select "Save as." Since you have entered 10 in "No of Loop," the images will be

saved with file names from 001 to 010.



EH'iPi'c'S (High Performance Image Conholvg_

File Tools Acquisition Corrections Analysis Display Processing Window Info
Tl m@os sl Kk ([@- 2 GQ - - \No=]8BR &
>
LUT Control
<« of ]
°
T T T T T T T o T T T T T ' T T T
I x4 2000 4000 6000 8000 10000 12000 14000 16000
Sequence 0000001 (01:35:17) (Zoom x1/2) = =]

[ C9728DK-10 a
Live A
[E—
EE—
Action

Integrate

Exposure time

< 1l

Gain & Offset

Scan Speed

Integration
# of exposures

[ !_! lImanes  v[Total] 5 T Copu to new |

Cawvemmt- |

-When the contrast is low, adjust it using the LUT control.

LUT Control
<« o ] <«
402 l 1568
e e B s o e e L B m e e S e o I s B e e e o e B A —
| L] 2000 4000 E000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000

- In the LUT control peaks may appear. Adjust the lower and upper limit lines on the display
to sandwich the peaks, which will increase the contrast and make it easier to visualize. You

can move the lower and upper limit lines by holding down the left mouse button.
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LUT Control
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