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Safety Precautions

Please read and follow the safety precautions listed below. They are intended for your safety and the
safe operation of the PTC.

* NEVER operate the PTC in a hazardous or combustible environment. PTC's switches generate electrical
arcs that may initiate combustion of gases in the area.

NEVER touch exposed hot die surfaces

NEVER operate the PTC with the die door open or allow ANY objects to fall inside the unit.

NEVER blow air towards the PTC. Always use vacuum cleaner to clean.

DO NOT use liquid solvents or cleaners on the PTC.

ALWAY'S use an approved eye protection when the PTC is in operation.

NEVER attempt to operate the PTC if you suspect a malfunction. Do not attempt to repair or readjust
the unit on your own. The high forces within the PTC can cause extremely hazardous conditions if the control
and safety features do not work properly.

* Ok Ok ok Xk
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PART |I. OVERVIEW

PTC OVERVIEW BROCHURE

Powper T esting CenTeR

MODEL PTC-04DM

PRESSING MODES:  SET DENSITY or PRESSURE —I
COMPACTIBILITY
CAPACITY: DIETEMPERATURE:
3,210 MPa (225 TSI) UP TO 300°C (570°F)
DIE WALL FRICTION I
COHESIVENESS I
Green Strengths I

Green Expansions I

Bulk Density I

Tap Density I
Angle of Repose I
Compaction Curves I
Ejection Characteristics I
Crushing Characteristics I

AVERAGE TEST TIME: 10MINUTES

Copyright (C) 2018- by KZK Powder Tech Corp.

KZK Powder Tech Corp. ---------- www.k zk ptc.com ---------- info@k zkptc.com >>> In Business Since 1987




INTRODUCTION MAJOR COMPONENTS

TEST UNIT BASIC SETUP P )

POWDER TESTING CENTER ° ®

The PTC consists of three modules: the testing modul e (main front part), the [ -
power module (back and bottom) and the bulk powder tester module (attached
to the right column). It interfaces with a driving computer through a USB port.
A separate HEPA vacuum cleaner unit is usually placed below the bulk
powder tester.

The PTC must be connected to a dedicated USB port in adriving computer.
The computer, preferably a laptop, is placed on the left side of the PTC. A
separate USB hub with 3 or 4 USB ports is attached to the back of the PTC. s *
The hub is used to connect all other devices.

An electronic micrometer, mounted on the front of the unit in a l

-

micrometer's base, is used for measuring green compact expansions after
compaction. It connects to and is powered by the USB hub.

An electronic scale (mass balance) is placed on the right of the PTC. It
connects to the USB hub. It's power supply can be plugged in an outlet on the
back of the PTC.

The bulk powder tester ("BPT") can be attached to a column of the testing
module (as shown) or mounted on a dedicated stand. It connects to the USB

hub. A separate power supply, for the tapping motor, can be plugged in an (K,
outlet on the back of the PTC. a 9
The MAXIMUM PRESSING FORCE s 10 metric tons. \ '
EQUIPMENT OPTIONS TECHNICAL SPECIFICATIONS
POWDER TESTING CENTER MODEL PTC-04DM POWER:
- basic unit: test and power modules ACVoltage: 100-240 VA C, 50/60 Hz
- attached bulk powder tester module Max. Power: 650 Watts (approximately)
- external vacuum cleaner with HEPA filter
- internal microcomputer controller, USB interface PTCTEST UNIT:  compaction, green expansions and
- driving & general compacting/sintering program axal/radial crushing tests
- direct micrometer and scale reading software Control: internal computer board with USB
- user manual in pdf version interface, laptop PC
- oneyear limited warranty Testing Module:  pressing & control unit, mounted
Standar d (Cold) Test Die Set on the Power Module
- tungsten carbide insert in stainless steel body Power Module:  power unit with stepper motor
- tungsten carbide or steel punches MaxdmumLoad: 98.1KkN (22,000 Ibf)
- may be heated up to 70°C Die Temperature: up to 300°C (570°F)
Cold/Hat Univer sal Die Set Pressing Speed:  0.5-1.5 mvs user selectable
- interchangeable die cylinders Size W/H/D: 180/584/279 mm (7.1/23/11 inches)
- ceramic heat insulators Weight: 23 kg (50 Ibs) approximately
- 300°C maximumtest temperature Test Compact: cylindrical pellet 2-16 mm
Die Band Heater & Temper atur e Sensor (0.08-0.63in) long
- for use with standard cold dies for up to 70°C BPT: Bulk Powder Tester
- for use with hot dies for up to 300°C Control: internal computer powered by USB
Hectr onic Micrometer Mounting: attached to PTC or separate base
- range 0-25 mmy0-1", with SPC and USB adapter Angle of Repose: inclinometer gravity sensor
Scale (Mass Balance) Tapping: selectable, independently powered
- 0.001 gramreadability, with USB adapter Lab Air: air humidity and temperature sensor
Computer
- laptop with MSWindows 10 Pro SOFTWARE M SWindows compatible for testing
- access to printer and data processing, Manual (pdf)

KZK Powder Tech Corp. ---------- www.k zk ptc.com ---------- info@k zkptc.com >>> InBusinessSince 1987




INTRODUCTION STANDARD TEST DIES

COLD PRESSING TEST DIESET

Test dies should be made compatible (die material and surface
finish) with working production dies to ensure identical pressing
conditions. For compaction friction optimization, one can use test dies
made of different materials and various die surface finishes.

Test dies can be made as one piece, with inserts, or with surface
coating. The die diameter is selected to have most compaction tests
performed within 10-60 % of the maximum pressure (see table below).

The recommended die diameters are from 6.25 mm (0.250 in) to 19.05
mm (0.750 in). The standard compaction length of thetest dieis 80 mm
(3.150in). The standard pressing punch length is 132.08 mm (5.2001in).
These standard sizes will ensure that the pressing punch will always
bein contact with the die.

The cold pressing die may be used in awarm pressing at upto 70°C
(160°F) when used with a standard band heater. Exceeding the
temperature limt can overheat the testing unit (cold dies have no
thermal insulation). For a test die made of a steel body with atungsten
carbide insert, overheating would push the insert out during a test.

Test Dieinstallation in the PTC tak es ar ound 2 minutes.

COLD/HOT PRESSING TEST DIE SET

The cold/hot test die consist of a universal mounting head and an
interchangeable die cylinder where a compaction takes place. Any
suitable die material may be used (tool steel, steel with tungsten
carbide or ceramic inserts, solid tungsten carbide, ..) with
corresponding temperature limit for hot pressing. The die cylinder is
surrounded with ceramic heat shields to limit heat transfer to the
testing unit.

Tests may be conducted continuously at various temperatures up to
300°C (570°F). There are thr ee user sel ectabl e testing options:

- no heating: pressing at roomtemperature

- cold powder : heating the die first, adding cold powder, pressing

- hot powder : adding powder, heating the die with powder, pressing.

The die cylinder is heated with aband heater (up to 600 W) powered
and controlled by the test unit. A temperature sensor provides a
continuous temperature readings. The heating cycle is automatic. The
heating time depends on the testing temperature and the power of the
band heater.

Maximum Testing Temper ature: upto 300°C (570°F)

STANDARD DIES

i

.

B

Punch Seal

—

il
Y

Pressing Punch

1% Holding Hing

-
o

I_{-’

Die Cylinder

“ Band Heater

Holding Ring

Testing should be conducted within the recommended pressure range with the max. limit left for pressing overshots.

Standar d Die Diameter : Max. Pressing Pressure: Recommended Pr essur e Range:
19.05 mm (0.750") 3A3MPa (25T9) A-225MPa(2-17T9Sl)
12.70 mm (0.500") 765MPa (56 TS) 76—500MPa(5-37T9)
9.525mm (0.375") 1295 MPa (4 T9l) 130-845MPa(9-62TSl)
6.35mm (0.250") 3090MPa (225T9l) 309-2010MPa (22— 146 TSl)

KZK Powder Tech Corp. ---------- www.k zk ptc.com ---------- info@k zkptc.com >>> In Business Since 1987




OVERVIEW SUB-TEST #1. PROPERTIES OF THE BULK POWDER

REQUIRED PARAMETERS FOR TESTING

Powder Name

Powder Batch (optional)

Pressing Mode: max pressure or fixed density
Desired Pressure or Density

Theoretical Density of the powder mixture

Desired Compact Size for mass of die filling powder
Pressure Hold Up time

Heating A rrangement and Die Temperature

The SUB-TEST # 1 is conducted with the Bulk Powder Tester ("BPT"). The
BPT is an independent testing unit attached to the PTC or mounted on a free
standing base.

STEP 1: FILLINGTHETESTER WITH LOOSEPOWDER

The POWDER TESTER is detachable from its base for a convenient
assembly, filling and cleaning. It is mounted on its base attached to the front of .
the BPT. The powder mix should fill approximately 75% of the tester. Bt ik

cu ¥

Cup

Required amount of powder mix: appr oximately 20 cm3,

STEP 2: ANGLEOF REPOSEB OF THEPOWDER

After the Powder Shutter is pulled out approximately 10 mm, the powder
flows into the Bulk Density Cup. The powder left on the shutter forms the
Angle of Repose B. It represents the actual ability of the powder to fill
uniformly the cavity of adie. Preferenceis to have 3 in the 40° or less range.

The Angle of Repose could be measured in several ways and is quite
independent from any particular measuring method. The angle is read directly

R

LE OF

by an inclinometer sensor attached to a dial positioned parallel to the powder : o c.;C
surface by an operator. Bk '\ Stanie Blade
Cup ¥

ADVANTAGE RELIABLEand REPEATABLE for almost all powder s.

STEP 3. BULK (APPARENT) DENSITY p, OF THE POWDER

The Bulk Density py, (also known as Apparent Density) is the density of a
loose powder under the given tested conditions. The method implemented here
uses a Bulk Density Cup with a precision measured volume.

The cup is overfilled with powder flowing along the inclined surface. The
powder in the cup is separated from the overflow with a thin shutter blade to
prevent any accidental and undesirable densification of the powder in the cup.
Such extra powder densifications are quite common with other commonly used
methods.

ADVANTAGE: ACCURATE, REPEATABLE, and RELIABL E measur ements.

STEP 4. TAPDENSITY p, OF THEPOWDER

with the powder is mounted back into the Powder

The Tap Density is the density of a loose powder Tester. The tapping motor taps the entire Powder

subjected to a number of prescribed taps. The number of  Tester assembly. When done, the Density Cup with
taps is user selectable. For this test, the Bulk Density Cup tapped powder is removed and weighed.

KZK Powder Tech Corp. -------- www.k zk ptc.com -------- info@k zkptc.com ~ >>> In Business Since 1987




OVERVIEW SUB-TEST #2:. COM PACTION & EJECTION

POWDER COMPACTING PROCESS is described by 2 distinct phenomena:

COMPACTIBILITY:

the ability of a powder to densify under pressure. For a

Pressing Force

given material, it is influenced primarily by particle
sizes, shapes, and size distribution.

COMPACTIBILITY
Powder Grain / Grain
Interactions

FRICTION
Die Walls / Powder Grain
Interactions

An increase in the compactibility coefficient o
results in higher green compact density at a given
compacting pressure.

DIEWALL FRICTION:

friction interactions between powder grains and the
die walls. It is defined as slide coefficient n and varies
from O (infinity friction) to 1 (no friction). It should
always be as high as possible.

Pressing Force

STEP 1: COMPACTION

The powder mixture is put into the die (cold or heated
to a set temperature) and compacted to a desired
pressure or density. If needed, the compact may be held
in the die under pressure for a specified period of timeto
alow transformations within the green compact
(polymerization, chemical reactions) to finalize.

(@ferm®)

———

Average Density p_

Vs

0 ) 100

150 200 250 =00
Pressure (MPa)
Figure 1.  Testcompaction pressure: pressing, net, closing. (T152)

1n 2 rigid d (i

isostatic) cross-saction ocours where heHIZ

0.200
0.478

0.150

0.125

0.100

0.078

0.050

Compactibility Coefficient

0.028

0.000

15 4 5 § 58
Average Green Density (alcm?)
Figure 2. Compactisility Coefficientvariations with green density. (T152)

04

Slide Coeflicient

03

02

o
00

3 2z 4 B B 55
Average Green Density (glem?)
Figure 3. Slide Coefficient variations with green density. (T152)

STEP 2: COMPACT EJECTION

The compact is ejected from the test die by the
pressing punch. The gjection pressure (punch force per
cross section area) and the travel distance during
gjection are measured and plotted as the compact
gjection char acteristic.

In the standard configuration, the compact has to
travel approximately 5 mm (0.2 in) to the surface of the
die. On the plot below, "0" indicates the position of the
face of the compact in the die under full load. When the
load is released, before gjection, the compact expands
within the die in the axial direction as seen on the plot.

The gjection characteristic is the base for calculating:

= stripping pressure - peak initial gjection force over
compact's friction area (in contact with die)

= awerage ejection pressure - ejection pressure
averaged over initial 5 mmof travel

= gjection (start) pressure overshaot - the ratio of the
maximuminitial and the average ejection pressure

= total gection energy

= unit gjection energy - the gjection energy per unit
of the compact's friction surface and per unit of the
ejection length

NOTE: The gjection datais geometry dependent.

Ejection Pressure Py (MPa)

0

5 2 4 0 s
Distance (mm)
Figure4.  The test compact ejection characteristic. (T152)

The sjection prassure is messured on the sjscting punch

KZK Powder Tech Corp. -------- www.k zk ptc.com --------

info@kzkptc.com  >>>  InBusinessSince 1987




OVERVIEW SUB-TEST #3: GREEN COM PACT EXPANSIONS

GREEN COMPACT EXPANSIONS

Pressing Force

The compact height and diameter are measured, after ejection
from the die, with a micrometer. These values will depend on the time radial
lapsed after gjection (compacts keep expanding for a short time).

The expansion coefficients, calculated as a ratio of dimensions in
afree compact and in the same compact in die under full load, are:

= RADIAL - theratio of radial dimensions
= AXIAL - theratio of axial dimensions

Compact
NOTE: The expansion coefficients are important in tool design. The S
axial expansion is typically greater than the radial expansion.

Pressing Force

OVERVIEW SUB-TEST #4: GREEN COMPACT CRUSHING TESTS

AXIAL CRUSHING TEST

The green compact, placed in afixture, is crushedin axia direction by the
main punches. A rapid readout of the force and compact height change
provides datafor the axial crushing char acteristic (below). The maximum
crushing pressure - AXIAL GREEN STRENGHT - represents a measure of
the green strength that holds the compact together during gjection fromadie.

A COHESIVENESS of agreen compact represents the resistance of the
compact to cracking and lamination during ejection fromadie. It is calculated
as aratio of agreen strength and a maximumfriction during ejection.

Crushing
Fistture

RADIAL CRUSHING TEST RADIAL:
Punch
The green compact is crushed along its diameter . Crushing force and B
distance data are used to calculate the radial crushing char acteristic (crushing ]
force over instantaneous crushing contact area) and the diametral crushing Crushing
char acteristic (crushing force over half of the cylindrical compact area). Lol
The maximumvalues in both characteristics are the:
» RADIAL GREEN STRENGTH B
» DIAMETRAL GREEN STRENGTH. Punch |

GREEN COMPACT CRUSHING CHARACTERISTICS
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Figure 5.  The green test compact axial crushing characteristic. (T152) Figure 6.  The green test compact radial crushing characteristic. (T152) Figure 61. The green test compact diametral crushing characteristic. (T152)
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OVERVIEW RIGID DIE AND ISOSTATIC PRESSING

The test results allow calculations of properties variations within the test compact. More
importantly, with the help of a Ga parameter (compact geometry non-dimensional number), local
variations in any compact can be determined. For practical reasons, determination of a local
green compact density is critical. It allows direct calculations of the local shrinkage and the
shape of the end product. H

The graphical presentations of test results provide bases for:

= designing compaction and sintering processes
= deter mining optimal pressur e during compaction S
» calculating die dimensions. *

Pressing

DIEWALL FRICTION AND ISOSTATIC COMPACTION

The slope of the curves in the local properties graphs (below) depends on . —
the slide coefficient (die wall friction). The higher the slide coefficient (lower = - —
friction), the lower the slope. The cross section at h/H=0.5 is not affected by z N
wall friction and represents ISOSTATIC pressing conditions. There, thelocal ..
density is equal to the average density of the compact and the pressure (called ¢ = V4

00 =0 00

net pressure) is equal to ISOSTATIC pressure for that density. e e m
With no die wall friction, during compaction (plot on theright) the pressing ot  Testcompasion srsssure prassing et cosing. (122
and closing pressure would merge and be equal to the net (isostatic) pressure.

The local pressure, density and shrinkage are shown below at fixed aver age compact densities listed below each
graph. With NO FRICTION, all gr aph lines would be HORIZONTAL !

ONE-SIDED PRESSING

I

e I TR S | GO
T I S S YT 2
i z
20 I s 1 I e e e | = =
2 beoooed Sy e — T
| b et el _ (A A 5
e &
Pt g X T : —
s s e Z T S W
& - I s R R - —
o LT L= = L e 5
£ . — P 2 g &
= = i i g e e
o i A = b s % — ]
2 el ] H -
2 |—— a8 £ —_— Lo
2 e 500 T a o ]
L g = 3
= S ey = = [
& N S = . o = L
) | I I B S T % e o R _oeennsesss)
AN N S Lo R i 3 e s s P T = v ]
T T— T (I T I A N A 3 —
az
4 05 0o o 0z 03

04 05 06 o1 08 03 ‘L‘ 01 0.2 03 0.4 05 08 or 08

hiH niH

Figure 7. Figure 8. Local density distibution in a one-sided pressing. (T3.02) Figure 8.  Local Radial Shrinkage during sintering (one-sided pressing). (T3.02)
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DOUBLE-SIDED PRESSING
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OVERVIEW

TESTED PARAM ETERS AND APPLICATIONS

The Powder Testing Center provides basic information necessary in designing and controlling a dry powder
compaction process. The testing capability covers a wide range of powders: metallic, ceramic, refractories, nuclear (fuel
rods), pharmaceutical, abrasives, explosives, chemicals and others. The testing process is computer controlled and

automated. A typical test takes less than 10 minutes allowing testing for direct quality control on production lines.
Thetest results ar e geometry independent, applicable to rigid-die and isostatic pressing.

TESTING MODES

FIXED PUNCH PRESSURE - pressingto adesred
maximum pressing pressure

FIXED COMPACT DENSITY/LENGTH - pressingto
adesred in-die average compact density or length
FIXED ISO STATIC PRESSURE - pressingto adesired
isogtatic/net pressure

T he pressing position and pressure are controlled by

precison gauges. A motor brake stopsthe compaction at a
desired point. The final pressure may be held up for a
selected time period before rel ease.

TYPICAL APPLICATIONS

POWDER QUALITY CONTROL:

direct (in-line) quality control of powder after
mixing and before pressing. If tested parameters are out
of predetermined limits, the powder should be remixed
or rejected

control of alubricant content in a powder mixture
control of abinder content in a powder mixture

PRO CESS DEVELOPMENT & OPTIMIZATION:

determination of an optimum average green density of
acompact for new powders

determination of an optimum lubricant and binder
content

determination of an optimum die material to minimize
friction

determination of control limitson variationsfor
quality control

determination of temperature effects on compaction
parameters

RESEARCH AND DEVELOPMENT:

new powders and mixtures

temperature effects on pressng (warm and hot)

new die materialsto minimize wall friction

new die surface coatingsto minimize wall friction

new binders, lubricants and direct die lubrication methods

TESTED PARAMETERS

POW DER MIXTURE PRO PERTIES:

v
v
v

v

angle of repose (flowahility) - the ability of the
powder to fill uniformly a cavity of adie

bulk (apparent) density of aloose powder

tap density - the density of aloose powder subjected to
prescribed tappings

testing environment humidity and temperature

COMPACTION & GREEN COMPACT PROPERTIES:

v

v

AN NANAN AN

<\

compactibility coefficient - the ability of a powder to
densfy under a given pressure

slide coefficient - the measure of frictional
interactions at die walls during compaction

stripping pressure - theratio of the maximum initial
gjection force and the compact'sfriction area

average ejection pressure for the test compact
ejection start pressure overshot - theratio of the
maximum initial jection pressure and the average
gjection pressure

total ejection energy for the test compact

radial and axial green expansion coefficients
cohesiveness of a compact - crack and lamination
resstance

green test compact axial strength during axia
crushing

green test compact radial strength during diametral
crushing

GENERAL CHARACTERISTICS (GRAPHS):

<\

AN N N N NN Y NN

test compaction pressure: pressing, net (isogtatic),
closng

isogtatic pressing characteristic

compactibility coefficient variationswith green density
dide coefficient variationswith green density
gjection characterigtic for the test compact

axial crushing characterigic for the test compact
radial crushing characterigtic for the test compact
diametral crushing characteristic for the test compact
local pressure distribution in a compact

local dendity distribution in a compact

local shrinkage perpendicular to pressing direction
local shrinkage parallel to pressing direction

Contact us for moreinformation or torequest atesting demonstr ation.

KZK Powder Tech Corp. ---------- www.k zk ptc.com -------

info@k zk ptc.com

>>> |n Business Since 1987




11 INTRODUCTION

All computer programs supplied for the driving of the Powder Testing Center (the"PTC") may be installed on other
computers for analysis and processing of Test Data Files (the " TDF"). Thereis no limit or restriction on the installations of
the software provided the computers belong to the purchaser of the PTC or the user was granted a permission fromthe KZK
Powder Tech Corp.

The purchaser of the testing center is licensed to manufacture test dies and related components exclusively for
internal use associated with that specific testing center.

1.11  About Program Version

The programis compatible with Microsoft Windows and with international settings. It should correctly interpret
local numbering conventions, date formats and the like. It provides the capability for generating customized outputs with
local definitions for test parameters and local language. The relevant parameter definitions are assembled in Text Tables and
the user may create any number of different definitions and languages. All symbols and figures may be modified to fit specific
needs, requirements and conventions.

Please forward any comments, suggestions and any problems to the KZK Powder Tech Corp. (e-mail:
info@kzkptc.com). The development process will incorporate all constructive suggestions and corrections of any conflicts or
errors. All suggestions are highly appreciated and will lead to a more productive experience with the instrument.

112  TheTesting Method

The PTC provides the basic information necessary in design and controlling of adry powder compaction process in
arigid die. Thetests are also used for quality control of powders not destined for compaction. The testing center capability
covers awide range of powders: metallic, ceramic, refractories, nuclear, pharmaceutical, abrasives, explosives, chemical and
others. Thetests performed have been selected to create asingle testing station for powder evaluation. The testing process
is computer controlled and automated. It typically takes less than 15 minutes (for unheated dies) which allows testing for
direct quality control on production lines.

Thetest pressing arrangement is a one-sided pressing to a desired density or pressure with the length of the
compact within 2to 16 mm. During compaction all required measurements are taken at numerous punch positions and, for the
corresponding actual intermediate average compact densities, the compacting parameters are calculated and stored in a
permanent test datafile. Those parameters show actual compaction conditions at any density, up to the actual final test
density, allowing printing of acomplete test data output with plots for any desired compact density in that range. However,
for high accuracy, the test should be conducted for afinal compact density equal to or close to the desired one.

Thetesting can be conducted in one of the following modes:
- pressing to afixed pressur e (maximum pressing punch pressure)
- pressing to a fixed compact density/length (in-die under load)
- pressing to afixed net (isostatic) pressur e (maximumnet pressure)
Thetest series consists of three groups of tests:
- bulk powder properties tests: bulk density, tap density, flowability (angle of repose)

- powder compacting & ejecting properties tests (cold or heated dies): compactibility coefficient, slide coefficient,
gjection pressure and energy

- green compact properties tests: green expansion coefficients, cohesiveness of the compact, crushing properties,
green strength.

Thetest results are printed and presented as general graphs that show the following (standard graphs):
test compaction pressure: pressing, net (isostatic compaction characteristic), closing
compactibility coefficient variations with green density
slide coefficient variations with green density
gjection characteristic for the test compact
crushing characteristics (axial and radial) for the test green compact
local pressure distribution in arbitrary compacts
local density distribution in arbitrary compacts



- local shrinkage perpendicular to pressing direction (optional)
- local shrinkage parallel to pressing direction (optional).

Thetesting method is based on atechnology that represents many years of research and development. The most
important advantage of this technique is that the test results are general (for all compact shapes and sizes) and applicable to
any rigid die pressing configuration (one-sided, double sided symmetrical and non-symmetrical) as well as to isostatic
pressing. The method separates the basic processes that describe the behavior of a powder during densification in arigid die:
the resistance of the powder to outside pressure (compactibility of a powder) and the friction between powder particles and
the die walls (frictional interactions). That separation leads to an introduction of two fundamental parameters that describe the
compaction process: the compactibility coefficient and the slide coefficient. The two coefficients are mostly geometry
independent and, in many cases, only slightly depend on the green compact density.

The testing center results are used in various applications. The main areas are:
- powder quality control: direct in-line quality control of powders, control of lubricant/binder content in mixtures

- process development and optimization: determination of optimum average green density of a compact, determination of
optimum additive (lubricants, binders) content in a powder mixture, determination of control limits on powder parameter
variations for quality control

- research and development of new powders, powder mixtures, die materials and others.

The main areas of applications include powder producers, parts manufacturers (rigid die and isostatic), research
and development labs, and others. The testing center is also used in quality control of powders that are not destined for
compaction.

The related sections provide definitions and theoretical background for the testing approach.
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and the following standar d accessories (see figures below):

EQUIPMENT OVERVIEW

Standar d Equi pment

You should receive the main TEST UNIT: Testing Module, Power Module, Bulk Poader Tester Module

Vacuum Cleaner

User's Manual (pdf version) & Driving Software

Power Cables (US customers only, all others must provide 2 standard computer power cables)

USB Control Cables

Bulk Powder Tester

Bulk Density Cup

Die Filling Cup

Die Filling Vibrator

Die Cleaning Rod

Die Cleaning Felt Pads (10)

Compact Axial Crushing Cup & Cover Set
Compact Radial Crushing Cup & Cover
Powder Spoon

Compact Tweezers

Die Calibration Gauge Set

Die Installation Gauge

Punch Mounting Spacer

Teflon Rod

Die's Top Heat Shield

Hex Ball-Point 4 mm Driver, Hex Ball-Point L-Key Set (metric), 10 mmWrench, Phillips Screwdriver.

0 —

Bulk Powder Bulk Density Die Filling
Tester Cup Cup
Powder Compact Die Calibration

Spoon Tweezers Gauge

=]
|
fi—
O —T1 e ]
Die Cleaning Compact Axial Compact Radial
Felt Pad Crushing Cup Crushing Cup

F —

Vertical Teflon Die's Top
Gauge Rod Heat Shield



2.2 The Powder Testing Center

The PTCincludes two independent units: the Poamder Compaction Unit and the Bulk Powder Tester. The standard
testing always starts with the bulk properties tests followed by compaction properties tests.

o @ 5o o) * B
POWDER TESTING CENTER ° e
MODEL PTC-04DM

2

The Powder Compaction Unit ("PCU") consists of two modules that are packed separately for shipping. When
packed separately, each module is very rigid and can be shipped in any position as aregular small package. When assembled,
the unit can only be transported in avertical position.

The PCU should be placed on afirmdesk. Thereis aslight vibration generated by the PCU while in operation. The
rubber legs formavibration absorbing layer between the PCU and the desk. Place the vacuum cleaner next to the PCU on the
right side with the exhaust window pointing away fromthe PCU. The Bulk Powder Tester ("BPT") unit is mounted on a
bracket attached to the right side of the PCU. If the BPT is attached to a separate stand, it should be placed in front of the
vacuumcleaner. In a standard setup, a micrometer mount is attached to the front of the PCU. Alternatively, it may be attached
to one of the colurms of a BPT stand.

On the front of the PCU are located the following:

- the Main Power On/Off rocker switch at the bottomleft corner
- the emergency STOP pushbutton switch on the top left side of the Name Plate.

The back of the PCU houses the following:

-themain USB port for a control cable

- the die heater outlet

- the main power receptacle (accepts standard computer power cable) with the main fuse
- two standard USA -type power outlets

Plug in the power cable into the receptacle on the back panel and connect it with available power source. The PCU
accepts a univer sal voltage 100-240 VAC. However, adie heater voltage must be the same as the power sour ce voltage. THE
POWER SOCKET MUST BE GROUNDED and POLARIZED. The back panel has two power outlets to plug in power supplies
used for optional scale and for the separate USB Hub or BPT.

Connect the USB control cable to the PCU and dir ectly to a dedicated port in the computer. A separate USB Hub is
used for connecting the BPT, an optional micrometer and scale (mass balance). The USB Hub should have a separate power



supply to prevent overloading of the internal computer power source. The power supplied by the USB connection drives the
BPT's internal computer, its light and, in older versions, the tapping motor. All newer BPT modules use adedicated 6 VDC
power supplies for the tapping motor.

The separate Vacuum Cleaner must be connected to a power source outlet. On the back side, next to the power
receptacle, is the outlet for adiefilling vibrator. The standard Die Filling Vibrator accepts universal power supply in the
range of 100-240 VAC.

2.21. ThePowder Compaction Unit

The Powder Compaction Unit is shipped as two separate module: the Testing Module and the Power Module. The
power module is the base of the testing center. The contact area between the two modules is covered to keep dust out.

To assenmble the testing unit, please follow the steps below:
a) Remove the protective cover on the base of the Power Module and mount it to the front side of the module

b) The key slot in the sprocket (the bottom of the base) must be aligned with the mark lines (parallel to the side of the module).
If needed, connect the power to the unit, turn the power switch on and press the "M otor ON" button on the front wall until
the desired position is reached. Afterwards, turn the power off and disconnect the power cable fromthe module.

c) The key at the bottom of the Testing Module must be parallel to the short side of the module. If not, turn it accordingly.
d) The contact areain the sprock et and at the bottom of the testing module must be completely clean - vacuumi it if necessary.

e) Carefully place the testing module on the base of the power module. If needed, gently twist the testing module (a small
misalignment should self correct).

f) When in place, twist the testing module clockwise until it touches a stop screw (bottom|eft side in the back). The front of
the testing module should be parallel with the front of the power module. If not, twist it accordingly.

g) Use the 2 mounting screws on each sides of the power module (at the bottom) to secure the modules together. Use the 10
mmwrench to tighten the screws, do not use excessive force.

h) On the top back of the testing module, connect the modules with the control ribbon cable.

i) Plug in the heating cable into the power module and attach the cables cover to the testing module. M ake sure not to damage
the cables.

j) Attach the other cable cover to the top of the power module.



Notes. To separate the modules, follow the stepsabove in areverse order. Do not allow any objectsto fall inside the
power module. Keep the modules clean and dust free.

2.2.2. TheBulk Powder Tester Module.

The BPT moduleis shipped fully assenmbled and ready for testing. The modul€e's control and light is powered by the
USB connection. In older models, the tapping motor was powered by the USB as well with power requirement of around 0.3 A
at 5V. All new models have a separate 6 VDC power supply for the tapping motor. In a standard arrangement, the unit is
plugged into a USB Hub with independent power supply to ease power drain fromacomputer (particularly important when
connected to alaptop).

The BPT module is mounted to a bracket attached to the side (right or left) of the PTC testing module. The module
can also be mounted on an independent stand and operated with or without the main testing module. The testing assenbly
on the stand can be moved up/down on the colurmns to a desired height.

In a standard arrangement, a micrometer holding armis attached to front of the testing module. Alternatively, it can
be mounted to one of the BPT's colurms. The position of the micrometer is adjustable.

23 Required and Optional Accessories

A Test Die Set must be mounted on the PTC and calibrated before testing. The Test Die Set may be ordered fromthe
factory or it may be manufactured by the user. Since the test results are influenced by the die material, a proper material for
the die must be used. In many cases one keeps on hand several test dies with different die materials.

The testing accuracy and repeatability depend greatly on the accuracy with which the specified mass of a powder
sampleis obtained. An accurate external scaleis required. The programinterfaces with scales equipped with a computer
adapter for adirect scale reading.

An electronic micrometer is needed during testing. The micrometer is necessary to determine green compact
expansion coefficients. The programallows direct reading of micrometer measurements if the micrometer has a SPC capability
and is connected directly to the computer.

The die heating option provides a controlled power outlet for adie heater (600 VA max.) and a connector for a
thermistor temperature sensor. The die heating cycleis controlled by the program.

24  Computer and Printer Specifications.

All functions of the PTC areinitiated by a dedicated computer running Microsoft Windows. The programuses the
default printer specified by the computer.




3. SOFTWAREINSTALLATION AND REQUIREMENTS

The programis based on two independent displays: the Table Data Display window and the Tests window. The
Table Data Display window displays the test datafiles and allows general data processing and printing. The Tests window is
used exclusively for testing and manual operation of the instrument. It is accessible only on the computer connected with the
testing unit.

The main programis installed in one step for ageneral use. Access to the Tests window requires installation of a
USB driver for the PTC's internal computer. The testing part of the programcan only be run with an active PTC unit
connected through aUSB port. ATTENTION: The software must be installed before the PTCis connected.

To operate, the program requires the main control file: PTCH##H#H##.CON (the ###H##4 is the Serial Number of the testing
center found on the back of the unit). The control file is stored in the PTC's internal memory and is copied to the main driving
computer automatically when the program establishes communication with the PTC. The control file contains all calibrations
and system constants for the testing center. It also keeps current counter of the last test number necessary for proper test
numbering and test datafile identification.

Original installation and UPGRA DE of the driving program require installation of all components and libraries of the
programwhich are provided on a CD as well as available for downloading at www.kzkptc.com (the Service section). Follow
these steps to install the program:

- turn the computer ON

- create an application directory for the PTC: ¢:/PTC04DM

- insert the Installation CD or download the installation programs
- open the PTC Installation folder and run the program Setup.exe
- install the programin c:/PTC04DM

- follow the Setup instructions.

The Setup programadds the PTC0O4DM entry to the list of Programs in the Window's Start menu. It is advisable to create a
shortcut to the programand place the PTCO4DM icon directly on the Desktop screen.

When running the PTCO4DM programthe first time, the programasks for the PTC Administrator Name and
Administrator Password. Do NOT forget that password, it protects access to all mgjor parts of the programsuch as main
control data and settings for individual users of the PTC. Initially, the programis installed for a default PTC (Serial Number 1)
with data processing and viewing capabilities only. That is the option for all computers not directly connected to the PTC.
The main Table Data Display window should appear after the programis initialized. The user must select a reference directory
with the Test Data Files (the previous run directory is listed by default) or, for initial installation, to select/create directory for
the test datafiles.

UPDATES and corrected versions of the driving programinvolve only the main program PTCO4DM .EXE. That file
must be copied directly to the main driving directory for the PTC to replace the old one (always remember to rename the
original files first to preserve themas a backup before overwriting themwith new files). Installation of the programon anew
computer always requires the full installation to load all libraries but updates require only the new PTC0O4DM .EXE program
which may be transferred between computers or over a network.

Theinitial installation does not activate the Tests window which requires additional driver installation steps. That
option should be activated only on a computer connected to the testing center. It will not work on any other computer. To
activate the Tests window, follow the steps below:

- open the PTCO4DM Dirivers folder and select the driver version based on the operating systemversion
- follow the specific instructions as outlined in the InstallationNotes file
- install micrometer USB driver
- connect the PTC's USB control cable to the computer
- run the PTCO4DM program
- select the option Setup-SN## / Load Driver
- turn ON the testing center
- click the Run Tests button (the Tests window should appear)
- follow the initialization instructions
- operate the PTC.
When done with the software installation, store the installation disks in a safe place.



II. TEST DATA PROCESSING

4. MAIN TABLEDISPLAY WINDOW

This is the main window for file and data processing and all related programs are initiated fromhere.

[KZK - Powder Testing Center Model PTG 04ADM

Files Edit Print Run Setup-SN99127 Window Help

Mark Display Files Show Columns Bulk Poyder Tester

I~ Fils (AU [Stat | MorkedO & a133 2 Al —T BunTeste | 2 |
| 2. Metic Units: tMPa mm C B | Edit TDF | Wiews Plats |
— =
v group: 9/12/2006 11:19:19 AM |V Make csv Files i Setwp csv |
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This is omly & test

When the programis started, it offers a choice to select a new test data directory or start with the last accessed test data
directory:

Load Last Usged D ata Directony Load Mew Data Directory

Last Test Data Directony, C:ATestsh
Lazt Test Data Group Name:  Mew group: 9/12/2006 11:15:19 Ak

It assembles all Test Data Files (" TDF") fromthat directory, sorts themby their test number and loads theminto the Main
Table. Only files fromone directory at atime are displayed.

The TDFis astandard A SClI file with a distinctive name, A00123.00F, identified by a unique 5 digit test number
(including leading zeros) and by 2 digit extension for any versions of the same test. Each directory with TDFfiles is
considered afile Group. The user can specify adescriptive name for each group which is stored in that directory in afile
named A 00000.00F. That file also stores the number of the last created or accessed file in that Group. The programaways
searches directories for the TDF files and sorts themaccording to their test number before displaying them.

The program provides the option of creating test datafiles in the .csv (comma separ ated val ues) format compatible
with spreadsheets. Thosefiles are created for currently selected units and stored in a unit-specific folder in the test data
directory. The program can create the following files (details in 5.7):

- A00123_00_units.csv- standard output Test Data File (for each A 00123.00F test file) with General Test Data and
Plots for compaction, gjection, axial and radial crushing



- Table_units.csv- table datafile identical to the Screen Table Display
- All_units.csv- acombined plots file for user selected test plot parameters fromall tests.

Here, "units" refers to the currently selected units (MPa_mm_gpercm3, PSl_in_gpercm3, ...). The details of the data
arrangement in the csv files are shown in the Setup.csv screen option. Checking the Mak e .csv File box will automatically
generate the individual csv files for new test datafiles or for any test datafile that does not have a corresponding csv file.

The Main Table Display window also provides a direct access to the Bulk Powder Tester options:

Show Columns Bulk. Powder T ester

2 [A
—

Run Test | Test Files |

- select the Run Test option to run bulk powder tests with the Bulk Powder Tester (BPT Testing)

- select Test Files option to view the bulk powder test data fromtests run previously (BPT Files).



4.1 DataTable

The Data Table ("Table") is the central feature of the window.

[KZK - Powder Testing Center Model P
Files Edit Print Run Setup-SN99127 Window Help

Mark. Display Files Show Columns Eulk Powder Tester Bun Teste | Euit |
I Fie [AL [St@at | ¢ Makedd = AN33 = Fanr = =
Fun Test Test Files
| 2. Metiic Units: MPa mm C = | Edit TDF | Wievy Plats |
ew group: 9/12/2006 11:13:19 aM v Make .csv Files i Setup .cev | owder name i
Test Poyvder Batch Die: thot | thob | thotp | HR | Ctep [ Taps | beta | RHZ |Troom [ Temp [HPT | th [ thog-d | eta-d | alpha-d | Prstd [ Pmax-d | Prtd [ Hd | D-d |massd [P | thogc =
- - -2- -3- -4 gfcm3 | ofem3 [glem2 | 8- | % | A0 | deg | = C C [5 [seclalema [ 18- 19 MPa MPa MPa ‘mm ‘mm a -26-|_g/em3
Lt 0 RAL T TDH1/TC 9.000 3165 3673 1.130 11.54 15045 43.0 o o 25 o o E.B57 0820 01477 3178 3500 3335 12.352 12700 10.280 2 E.557
5 I MIx 4 TDH#I/TC G000 | 3165 3578 | 1130 11.54 | 15045 | 450 o ] 25 | 0 0 6557 0&20 01477 | 317.8 | 3500 3335 12352 12700 10260 2 G557
z .00 M1 TD#1/TC 9.000 | 3165 2578 | 1130 11.54 | 15045 | 49.0 [ 1] 25 | 0 0 6557 0820 07477 | 317.8 | 350.0 3335 12352 12700 10.260 | 2 6557
] .01 M1 TDH1/TC 9.000 | 2165 2579 | 1130 11.54 | 15045 | 49.0 1] 1] 25 0 0 6523 0796 01459 3130 3500  331.0 12417 12700 10.260 2 6525
a 0 S FLE TDH1/TC 7200 2165 340 1.076 E.S4 =0 43.0 7 24 22 o o 3705 08218 00252 13998 217.3 202.4 10.B439 12700 4938 2 4.070
] 0 SAMPLE TOHI/TC 7800 | 3154 3628 | 1150 1307 | 40 | 480 2a 21 22 | 0 0 6114 0772 01720 2035 2173  ZI0.3 | 6460 12700 5004 | 2 G117
Z1 1.00 SAMPLE TD#1/TC 7800 | 3154 2628 | 1150 1307 | 40 | 450 24 21 22 | 0 0 B119 0773 01723 2035 2173 2103 6451 12.700) 5000 2 6121
221 2.00 SaMPLE TDH1/TC 7800 32154 3628 1.150 132.07 40 48.0 29 21 22 o o £.102 01710 | 2022 21732 210.1 E.467 12.700 5000 2 E.110
231 3.00 SAMPLE 3628 | 1150 | 1307 | 40 Jaso] 25 [ 21 | 22 | 0 | o [6141 J079 2173 2.700] 5.000 | 2 | £140_|
Z) ZEO0_|  SAMPLE TC/TDH 7H00 | 166 3857 | 1.218 1792 | 20060 | 35.0 ] ] 15 0 0 5759 0793 01334 2568 3003 2777 12185 9525 5000 | 2 5757
5 776.00_| FERAY TOOL | 0808308 TCA 7827 | 2089 2819 | 1.236 1911 | 15045 | 50.0 1 1] 19 | 0 0 5631 0721 01383 1786 2000 189.0 8776 12700 6.260 2  5.641
=3 8232.00 042607 oo1 TCATDH1 2540  1.209 1.408 1.165 1413 15045 48.0 o o 22 o o 2,690 0.EB45 01736 2535 250.1 271.2 | 7823 12700 2700 1 2684
7 833.00 SeamPLE TCATDH 7.800 3166 3857 1.218 17.92 20060 41.0 o o 24 o o 5758 0650 01376 2674 3003 2834 6841 12700 43350 2 5761
5 | 1410.00 M 1 WCHIS/TD#T | 7.600 | 3115 3665 | 1177 1501 | 15045 | 46.0 o ] 20 | 0 0 6380 0750 01850 361.2 | 3571 3787 10482 12700 8223 | 1 G377
23 | 2417.00 | 3C9B-Plestal | 1CSc TC/TDH 5010 1533 1606 | 1.048 455 | 90270 350 1] 1] 22 | 0 0 3000 0651 01215 963 1179 1066 11.999 12700 4560 1 2977
20 2558.00 SamMPLE C-350/HTDH3 7800 2166 3857 1.218 17.92 20060 4.0 o o 24 o o 0.000 0BS5S0 01376 2674 3002 283.4 11.695 12.700 4.950 2 5761
31 3308.00 RALA TOH1 7.800 3165 3578 1.130 11.54 15045 43.0 o o 21 o o E.166 0.815 01671 306.3 3448 3250 14671 12700 11.460 2 B.1E7
32 | 6395.00 STEEL CNAC TC/TDH 7800 | 3325 3921 | 1179 1520 | 15045 | 41.0 1] 1] 20 | 0 0 5523 0590 01248 137.0 | 1500 1434 6520 19.050 10264 2 5566
‘33 9745.00 i 1 TOH a. E]EIEI 3165 3578 1130 11.54 | 15045 490 i 1] 20 | 0 0 8379 0758 03672 1460 1506 1483 4295 19.050 10260 2 8379 |~
« >

This is only a test

The first column, in addition to numbering the rows, displays symbols indicating presence of Test Notes (!) in TDF files and
marking (+). The second colum lists the test number for the displayed file. These two columns are fixed and always
displayed. All other columns are arranged in a desired order by the user who also specifies the number of colurmns to be
displayed in the table.

Common Table operations:
- to find the Name of any entry, click that column and the name is displayed
- to moveto thelast (first) column, use the Home (End) key
- to moveto the First (Last) file in the list, press Ctrl+Home (+End) keys
- to change the unit for any column, use Edit Unit in the Edit option (see details in Section 4.3.4)
- to change the column arrangement in the table, select onein the Table Setup list
- to edit the desired parameters in afile, double click any entry in that file or use the Edit TDF button
- to edit or add a note for a selected file, enter the changes in the Note window
- to change the File Group name, edit it
- to copy aselected file fromthe table to a buffer, use Copy TDF in the Edit menu
- to remove a selected file fromthe table (to a buffer), use Cut TDF in the Edit menu
- to paste afile fromabuffer to the table, use Paste TDF in the Edit menu
-to Mark or unMark aselected file, press the M key or click on the Mark File check box
-to Mark or unMark all files, click on the Mark All check box
- to display statistical values (min, max....) for marked files (3 or more), click the Stat button
- to create .csv (spreadsheet compatible) test files, mark the "Make .csv Files" and select the " Setup .csv"



41.1 Table Setup List

The order of the data (columns) displayed in the Table is determined by atable setup created by the user to fit
specific needs. The programcomes with a base table setup (metric) which may be copied and modified. The changes include
different data (columns) and units arrangement. Each table setup is identified by aname. All setups arelisted in the Table
Setup list on the main screen for selection if desired (see picture below/next page).

The table setups are also used for printing standard outputs, tables, and filing of the screen table. The units and the
text (language) selected for a given table are specific to that table. It is advisable to create separate table setups for screen
display and various printing arrangements.

The specific modifications of the table setup are described in the Edit Menu section below.

412 Screen Frames

In the Show Columns frame, the user may select all available data entries to be listed in the Table or to display only a
desired number of colurns which may be typed in the text box.

b ark. Dizplay Files Show Coluning
[ Fie [A1 [5tat | MakedD = oa112 | e0 Al
| 2. Metric Unitz: Pa mm C Lj

[New group: 9/12/2006 11:19:194M | Make csvFiles | Setup csv |

- Mark
Test Powader Batch Die that thob | rhotp
Mote |

T 2 3- -4- gfcm3 | gdom3 | gdom3

In the Display File frame, when some files are marked, the user may select to display All files or the Marked files
only. The available number of files is shown next to those options.

In the Mark frame, some files may be marked for printing and plotting purposes. One can plot several marked data
files on asingle plot for comparisons. Files may be marked individually or all at once. Pressing the M key corresponds to a
single file marking. Repeating the steps reverses the marking process.

For marked files (3 or more), the Stat option calculates and displays for each table parameter (column) the following
statistical values: minimum, maximum, mean and standard deviation.

41.3 Test Note Window

A presence of aTest Note in afileis indicated by the note mark (1) in the first column of the table. The note for the
selected file is automatically displayed in the Test Note Window. Any changes to the note are combined with the original file
and stored when the cursor is returned back to the data table.

Note: Thereisalimt of 80 characterson each line and 10 linestotal.



4.2

File Menus

The options are used for file and directory related operations.

421 Change Directories

The option displays the drive, directory and file lists for the current system.

Directories - Test Data Fil-e Gmups— w
e

Total Test Files: 13 Total Dir: 21
a00000.00f N EE =
00002 00f LE =l
0000300 [JPTCO4DT =
a00004.00 CIPTCMCUE
a00064.00t = | COQUARANTINE
a00525.00f 1 Seans
a00776.00f & cwset 1
a00832.00f SHSOILIP: =l
a00833.00f Qe
a02558.00f

Group [D: Mew group: 941242006 11:19:19 Ak

Patterr, AT

Last Directories:

C:ATestsh

Store List of: ’f
=

LCancel | Exit - Set ‘

Mew Folder |

Only TDFfiles are searched for and displayed. Each directory with TDFfiles is considered a separate file Group with a
specific name stored in the A00000.00F file. The name is displayed as a Group ID which may be changed if desired.

Note: To increase the efficiency during file search, thisoption shows all TDF filesin any selected directory, not just the
opened one.

The Bxit-Set button assigns the selected directory as the target directory for the Main Table display.

422 Sawve Screen Tablein aFile

This option is used to create an A SClI file with a data table identical to the one displayed on the screen.

@ Copy Screen Table Data to a.i:’i—kh- =

] Select the Directory and type the Desired File Mame far the Table Data

File Mame: |
D ata Alignment: il lﬁ
 Table O Right  © Left " Center oo -
gader. v
PTCO4DT.exe |QC: L] Footnates: v
PTCO4DT.HLP = 3 =
STEUNST LOG
& PTC0ADT

Sisidics
Ok |
Mew Folder
Lancel

The check boxes offer choices for including/excluding the table's header and footnotes in the file. The footnotes consist of
frame lines at the bottom of the table entries and full names for all the entries in the table.

The option displays the drive, directory and file lists for the current system. The user must select the destination
directory for the new file and enter the file's name. The New Folder option establishes a new subdirectory in the selected
directory. The subdirectory is not formally created until the option is exted.

The OK button creates the file with the table and exits the program.



423  Bulk Ponder Tester Files
This option displays the BPT Bulk Test Data Files screen (BPT Files).

£ Bulk Powder Tester: Test Data Files 3 eS|

BPT Bulk Test Data Files

BFT (Home) Directon:
bpt CopperTC csv Er - | CAPTCMVBBABPT TestData
bpt_MNewPowder. cav
bpt_Oxides.csw ] Show BFT Dir
bpt_TestD ataFile.csv ac
bpt_TestDataFile_1.cav

SYPTCMYEE
bpt_TungstenCarbide. cav Copy to BPT

bake Mew File
Renarne File

Exit Quit ‘ Remave File |

[ BPTdelstedFiles

Linett  Test# Mm-dd-wy  Powder Batch Oper Bulk. Aok Taps HR%Z Troom SHit Tapl Tapsl SiRate

1 &7 01-20-18  MIK1,, KZK 10 0.0

2 e 01-22-18  SAMPLE .. K2 20 0.00
e 01-22-18  SAMPLE .. 40 0.02
a0 01-23-18

Testline:  Copy | Cut | Insert| |

Standard Test Bulk Density, Tap Density, total Taps = [Taps1+T aps2) [T aps2) => [1-tapping, 2-retapping). HR% =3 air Relative Humidity, Troom = room air Temp.
Fepeated Tapping: Tapl Density =» density after Taps1 tapping. StRate = [[Tap-Tap1)/int(T aps}-Taps1]] £ [[Tap1-Bulk)/Taps1] => powder Stiatification R ate during tapping

Using the Quit option exits the screen without any other actions. The Exit option copies the current datafile path
and the test datafromthe test line highlighted on the screen into a data buffer used for testing.

When in the BPT TestData (" Home") directory, datafiles can be renamed (Rename File) and deleted (Remowve File).
A new files can be created (Mak e New File) as well. By definition, the name of a datafile always starts with "bpt_" followed
by user provided FileName and ending with ".csv" (format compatible with spreadsheets.)

For the screen displayed file, single Test Data lines can be Copied or Cut (removed) and moved into atemporary
buffer displayed to the right of the command buttons (below the main data display window). The datain the buffer cannot be
deleted, it can only be replaced with another Copy/Cut command or Inserted into any datafile. This is used for rearranging
the order of the tests in afile or moving test data between files. All Cut test datalines and Removed Files are moved to a
BPTdel etedFiles folder in the Home directory where they can be accessed later if needed.

All datafiles in directories other than BPT TestData (including files on other computers or servers) are "read-only"
files. Individual test datalines as well as files can be copied to home directory (Copy or Copy to BPT) . The Show BPT Dir
option returns the focus back to the Home directory.



4.3 Edit Menus

When working with atest file, the programstores it in a buffer that is never cleared so the last file placed in the
buffer is available until it is replaced by a new one.

e The Cut Test File copies the selected file to the buffer and removes the original fromthe table and the group
directory.

e The Copy Test File copies the selected file to a paste buffer.
e The Paste Test File copies the file fromthe buffer to the group directory.

e The Change Test/File # option changes the actual test number and the corresponding test data file name. The user
must specify anew unique test number within the file Group. The entries in the display table will be automatically
rearranged to reflect the new file/test number.

431  Edit Test File

This menu option is identical to the TDF command button and is described in Section 4.7. This option is also
activated by double clicking on any data entry in the Screen Table display.

432 Edit Text Tables

The standard terms, symbols and definitions for all test parameters used in note boxes, printouts, and plot
annotations are stored in a Text Tables file. The default language is English. The user may create additional text tables by
duplicating existing tables and editing the entries. The changes may involve new parameter names, symbols, and local
language.

¥ ' Text Tables for Outputs |

| To Edit Double Click the TEXT Line

Table Text Lines: Teuxt [Language] Tables:
User i

Test Mumber [File: AnnnnewwF | n=Testo, v=file_wvariation)
Sofbware version

Murmber of general data entries in data file

Murber of compaction data points; [total]. [prezsure-holding)
Mumber of ejection data paints

Murmber of asial crushing data paints

Mumber of radial crazhing data points

Bulk Properties test number

Conipaction test mumber

m

Awial cruzhing test number B
Radial crushing test number Duplic ate
Test date
Test time Delete |
Die matenal/code
Powder name Exit
Tested by/at —
Pawder batch
Murnber of theoretical density-pressure points > Cancel
Test Edit Windaw:

Symbols [click-on to edit:  Table Print
| | ‘
|

The option displays the Text Tables list with all currently defined Text Tables. The Table Text Lines list displays all
text lines for the selected Text Table. Double clicking on any entry line displays that line in an Edit text boxwhich allows
editing of thetext. The original (in English) definition of that particular entry appears in abox above and serves as a
reference. Corresponding printing and table display symbols, if any, are shown in their respective boxes. Mouse clicking on
themdisplays their code in a separate edit window for possible changes.

The user cannot change the base (default) text table. That table (and any other) can be Duplicated which creates a
copy of the selected Text Table at the end of thelist. Any Text Table except the default one can by Deleted fromthe list.

Selecting agiven Text Table and pressing Exit makes that table the current one for screen displays. The Cancel
option exits without changing the original table selection.



43.3 Edit Screen Table

The Table Setup specifies the order in which test data parameters are shown on the screen and printed on outputs
and in table files.

:| Screen Table / Page 1 Printout Setup e o
Setup Tables for printing and dizplay:
Page 1 Top Text: Optional Header
Cutt | Save Save iz Mew |
POWDER TESTIMG RESULTS - TEST HUMEBER 12.00

PowederT esting Center Model FTC-04DT SHO01 |Metric Uritz: MPa mm C
Test DATE Test TIME Testad BY /AT ;

Scieen Table/Page 1 Entries:

| 0 <<5creen Table onlyz> Test Mumber [F I ||
02 Powder name A
03 Paveder batch ) T
o Diemiatenialicode E Text [language] table for curment Setup:
05 [g/cm3]  Theoretical densiy | 1. Default Names [English) |

06 [gécm3]  Bulk density
07 [afem3]  Tap density

0g Hauszner ratio u
09 [%] Tapping compressibility N Printaut b argins:
10 <¢5creen Table only:> Tapping Code [t |
I 11 [deq] Angle of repose 1 25, Top margin for Main Text I
12 [C] Die temperatune 5 ,— 2 .
13 <<Screen Table only>> Hot pressing tum 40 Left marain for bain Text
14 [sec]  Heat holding time 145, Left margin for Data
15 [gécm3]  Desired average in-die test compact der 175. Left margin for Units
Slide coefficient for the desired compact .
17 Cornpactibility coeffizient for the desied . 0. Global [all pages] -comection
18 [MPa] Met [isostatic] pressure for the desired oo ’D— el nan e e

19 [MPa] b awirnurn pressing pressure for the desire ™

- Aobar -
Ingert Empty Line Remove Line

| Ta mowve a current entry line: Hold down Left Mouse Button and drag the entry line to & desired position

The user may group test parameters of interest together and create separate table arrangements that may be selected when
needed. Each Table Setup preserves its local choice of units and, for printing only, the selected text table (language). The
definitions of relevant options and buttons are displayed in the Note window when the mouse moves over them. Note: The
parametersthat will show on screen but not print are indicated with the " Screen Table only" mark.

This option is identical to the Page 1 Setup option - see details below in Section 4.4.3. When Exiting the Table Setup
option, the current setup becomes the setup for the screen display.



43.4  Change Unit

The unit for each data parameter displayed in a specific colurm in the data table may be set to any predefined unit.

)ﬂ’ Units and Formats eS|

| Bulk denzity

Table/File Symbal: | Change— Format  [# [0 [E [Cut

thob (" Resst || 10,000
Print Symbal:  Global | it Name:

Pb {Loeal |[g/cm3

S " Lack
R w
=1 o= Ib/in3

| JBase = C*Mewm+D E it | Cancel ‘ |

Add Mew Unit | b adify Linit ‘ Femave Unit ‘

The setting is local to and stored in the current Table Setup file. Therefore, changing units in one table setup has no
effect on the other setups. In addition, it is sometimes necessary to have the same type of data parameter expressed with
different units within the same table setup (for example, compact density may be in g/cm? but bulk density may be in kg/n®).
The different options provide that capability. The Note window provides definitions and limits for these options.

The Unit Setup window shows the table entry name, the table/file symbol and the print symbol. Double clicking on
any of them permits their editing and modifications. Those modifications are specific to the current Text (Language) Table.
The Unit Name text box shows current unit name. All available units are listed in a Unit Name list. Each unit is defined with
respect to the base unit which is thefirst unit on the list. The relation is expressed by the C coefficient except for
temperatures where an offset coefficient D is needed. The relation between the units is shown in the box display.

The user may Add new units (provide a name and conversion coefficients) and Remove themfromthelist. The
display and print format for each unit may be modified by clicking on the modification buttons.

Note: Do not make any changes until you determine the result they will bring.

The Change frame defines the scope of the unit modification on the current Table Setup. The program checks the
Table Setup and finds all colurmns with the same unit. How the unit setup for those columns is implemented depends on the
selected Change option. The Lock option affects only the current column entry and locks that selection against future
changes. The Local option affects only the current column. The Global option changes all like entries within the Table Setup
except the locked ones. The Reset option affects all like entries and unlocks any locked columns.

The Bxit option implements the selected changes.



435 Theoretical Densities Table

The Theoretical Density of a powder mixture is the mixture's density at full (100%) densification. The PTC program
provides atable screen option where the user can enter all the components of a mixture with their densities and mass (%)
contribution. Once the total reaches 100%, the mixture's density is calculated. The Cut option removes a component (line)
fromthe table, the Paste copies the cut component into the table. The Cut All option clears the table. The Exit copies the
mixture's theoretical density value into the corresponding entry in the Tests display.

The Save Component option saves all individual components and the Save Mixtur e option saves mixtures in adata
base for future access. To insert a saved mixture/component fromthe data base into the current table is done by double
clicking that entry.

Thearetical Densities Table (Units: g/cm3 MPa) ||

Powder Mixture: Denzity-Fressure Points:

Component M ame: Dengity:  Mazs &
Fe 755
Se 0.57 1

1.
2
3
4.
5
B.
7.
8.
3.
0

1

[ata enty bow:

Total Mass Loss [Z]: I |
Sintered Density: I . Add | Density |
Sintening Anizobropy: I -
LCut Cut &l
Cut | Cut | Sut Al |
Paste | Save Companents |
 Cutal I . Save Misture |

The sintering parameters (total mass loss, sintered density and sintering anizotropy) for the powder may be entered
here as well to allow shrinkage calculations during a sintering process. The same parameters may be entered at the end of a
test in the Edit TDF option (see below.) The Total Mass Loss accounts for the total mass change in a compact between
compaction and after sintering. Any mass losses (moisture, lubricants, binders, ..) or gains (oxidation, ..) must be accounted
for to assure accuracy. The Sintering Anisotr opy is the axial to radial shrinkage ratio for isostatically densified compacts.

For powders that exhibit theoretical density variation with pressing pressure there is an option to enter the
density-pressure characteristic defined by several points on that characteristic. The theoretical density and the
corresponding pressure are typed in the Data entry box. For avalid characteristic, at least two points must be defined. The
Add option saves the entry in the standard Test Data File.

With the characteristic defined, typing any pressure value within the characteristic and selecting the Density option
will calculate the corresponding density and display it in the Data entry box.



436  General Sintering Calculations

The option provides basic relationships between sintered compact, green compact and tool dimensions for
compacts with uniformdensity (average density). For compacts pressed in arigid die, the PTC programcalculates local
shrinkage during sintering based on the density variations along the height of a compact.

‘:& Sintering Shrinkage Calculations. _ I&J

GREEN - SINTERED RELATIONS FOR AVERAGE DENSITIES
Axial Radial
Green Compact Denzity [gdcm3]: E.377 Given Dimensions: | 10187 | 12700
Specify: # Tool  Compact  Sintered
{+ In die denzity: TEET
" Out of die denzity: E.377 Toal [in dig] dimensions: | 10187 | 12.700
i ize [%Z] hEd B3
Green S=1AL expansion: 1.0000 soiifenekasetioriotisee )
Green RaDIAL expanzion: 1.0000 Breen compact [out of die] dimensions; | 10157 | 12.700
i ize [Z]: hE3
| Sintered Densiy [g/emal 450 Shrink.age based on compact size [%] |
Mass Loss [Z) 2.00 Sintered compact dimensions | 9607 | 11.977
Anizotiopy: 1.0000 .
Clear 1 E it 1
| Enter the desired data - all dimensions are calculated automatically.

The following data are necessary to conduct the sintering calculations:
- green compact density p 4, measured in die under full load (tool dimensions) or out of die (free compact)
- green axial expansion e,
- green radial expansion g,

- sintered density p s
- total mass loss m, (%) during drying and sintering
- sintering anisotropy a, a=1 for compactswith randomgrain orientations.

The dimensions of thetool (in-die) and the free (out-of-die) compact are tied with the green expansion coefficients:
- axial: Nout-of-die = € * Min-die
- radial: Qout-of-die = €& * Din-die
- density: Pout-of-die = Pindie/ (€2 * &* €).

The sintering process occurs by heating afree (out of die) compact. Theradial shrinkage during sintering can be
calculated fromthe following:

Si=3* (A-m)* pg/ pI™(VI))/ (2+4).
The dimensions of afree green ("g") compact and the sintered ("s") compact are related through the following expressions:
- axial shrinkage: S,=1-hs/ h
- radial shrinkage: §;=1-d,/ d,
- anizotropy: a=§,/s,; .

After entering the necessary datafor agiven compact into the first column, the user can enter the given axial and/or
radial dimension, specify the given dimension type (tool, compact, or sinter ed) and the program calculates the other two
dimension types with shrinkages based on the tool and the free compact size.



43.7 Test Die Table

Thedietablelists all dies on record and shows the parameters defining a die which could be modified by the user.
To create anew dig, first Copy an existing die (highlighted line), move to aline below which you want your new die to be
listed, Paste it to make a new line entry and edit all relevant parameters. To edit a die parameter, double click on it. At first, the
user must provide the Oper ator Passwor dto maeke any changes. The selected parameter is displayed in the Edit Window and
may be modified as needed. Pressing Enter or moving out of there automatically makes the changein the die table. The die
parameters should be determined as accurately as possible, preferably within 0.01mm.

NOTE: All die parametersarein metric units, regardl ess of what the general unit selectioniis.

£4 Test Dies Table, Total Dies: 2 Installed: Die Mo. 2 |
Dig Dig Mame F-mag | DieD | Diel | Leff |T-max| TPL RIE TP a FPL FPE FPa FPuL |PPud| PPuE FPua |« |
5 . M mm mm mm E mm MPa 1/C mm MPa 14C mm mm MPa 1/C
1 TOHI/TC 95000 | 9.525 | 9265 | 80.00) 70 3810 | 207000 | 0.000012 | 13264 | 517500 | 0.00000534
2 TDH2/C3E0 el 0.00 207000 0000002 264 517500 0.00000594

| Die Mo 2 P-max=1333MPa  Recommended-testing-range = 138 - 835 MPa

Dies
| & Tatal T-sensors: 3. Current T-zensor: |

Eopy| F'aste| Cut | [1D =993, Tmax = 3000 ~| addT | cuT | viewT |

Change Die Itstall Dis | Calibrate Die Exit

Faowder Mame: up to 20 characters long. [To edit press E or double click).

The following parameters (metric units only) define adie:

Die Name - an ID or code of the die (20 characters), it will appear on printouts and displays
F-max - amaximum allowable force on the pressing punch (40,000-98,100 N)

DieD - the actual diameter of the die cavity (5-19.5 mm)

Diel - the total length of the test die (55-119 mm)

L-eff - the effective length of the pressing section (diameter DieD) of the die (50-119 mm)
T-max - the maximumtemperature for the die (50-300°C)

TPL - the top punch length (37.5-38.25 mm)

TPE - aModulus of Hasticity in [M Pa] for the material of the top punch

TPa - thermal expansion coefficient for the top punch [1/°C]

PPL - the pressing punch total length (130-146 mm)

PPE - aModulus of Hasticity in [M Pa] for the pressing punch

PPa - thermal expansion coefficient for the pressing punch [1/°C]

PPuL - pressing punch's undercut length in [mm]

PPuD - pressing punch's undercut diameter in [mm)

PPUE - aModulus of Hasticity in [MPa] for the undercut section of the pressing punch
PPua - thermal expansion coefficient for the undercut of the pressing punch [1/°C]

The top punch must be as shown on the punch drawing (Fig. 3). Most pressing punches are uniformin material and
diameter so in such cases the data for the undercut parameters equal zero. In some cases, the pressing punch may have a
pressing section with anominal diameter DieD and an undercut section with a smaller diameter. Sometimes, the undercut
section has the same diameter but is made of a different material. For those cases, the PPL refers to the total length of the
punch, the PPu refers to the length of the undercut section, the PPuD is the diameter of the undercut section (equal or less
than the nominal DieD), the PPE refers to the punch pressing section (with DieD) only and the PPUE refers to the undercut



section (with PPuD).

Thediethat is actually installed on the testing center is marked by ">" in the first colurmn. That die cannot be
removed fromthe table. Dies may be Cut fromthe list and moved to a buffer, Copied to the buffer, and Pasted fromthe buffer
to the table.

Before running atest, a given die must be first mounted (the Change Die option shows the mounting steps) in the
PTC, it must be Installed (the data parameters must be checked for errors and all relevant constants must be calculated), and
Calibrated (the position sensor must be initialized to correctly measure the compact length). Note: The testing will not take
place until the programfirst determinesthat the die data are within limitsand then installsthe die.

IMPORTANT NOTE: Changing a die parameter in the "Installed" die does not take effect until the button I nstall
isactivated. Only that makesthe necessary changesin the control file that affect the operation of the testing center.

The Die Table also lists the available die temper atur e sensor s. The displayed sensor is the current sensor attached
to the test die. Each sensor is identified by an ID inscribed on the sensor's plug and is defined by a specific calibration file.
There are two basic types of sensors in use:

- thermistor type sensor for ranges 0-100°C or 80-300°C (individual calibration file required)
- platinum (RTD) type sensor (ID=999) for arange 0-300°C (general calibration file stored internally).
The user may add new sensors to thelist, cut (remove) old ones, and view the calibration files.



4.4 Print Menu

The listed options define the printed page appearance for standard output and table printout.

441  Print Output (Ctrl-P)

< rint Output R — —
Frinter ... Fage Orientation: @ First Fage Font

|Br0ther HL-21700 zeries on MelS: |Aria|_ Size: 10

Page 1 .. Use the Screen Setup [ Print File(s]):
j (e Curent a8 ; o

]

| 2 Metric Units: MPa mm C

Plots .. Default Lirits v | Pririt Header Print in Calar. v

| | 4. Al Figures: general pressing j J1_ o - |
opies
I Show Pressure Holding points (if any)

'

(" First Page Only
Test Table Lze the Screen Setup [ o ﬁ Header ...
| 1. Default Names [Englsh) -] " Pages:From |2 To[4 Cancel

;

L

This option generates the main printout. The arrangement of the first page is based on the current Table Setup in the
setups list. If the Use the Screen Setup check box s selected, the current Screen Table setup is automatically selected for the
printing. The Table Setup may be modified with the Page 1 button which activates the Page 1 Setup display (see 4.4.3 below).

The plot arrangement in the output is defined by the current Plots Setup shown in the setups list. The setups may
be modified with the Plots button which activates the Plots Setup display (see Section 4.4.4 below). The Limits button
activates the Limits display which allows setting plot limits for each figure. Those limits are used when the Custom Limits
option is selected. Selecting the Default Limits option activates the original limit selection which depends on the actual
plotted data limits.

Note: The CustomLimitsfor figuresare stored in thelocal Text (Language) Tablefile. Changing Text Tablesduring
printing will change the CustomLimitsaswell.

In addition, for plots of local parameters (Standard Plots 8to 19), the user may elect to use default densities for
plotted density lines or it may specify up to 10 specific densities for the plotted lines. Again, for actual printing, the selection
might be the default or the special densities. The GaNumber for the local plots may be changed here as well. That number is
user selected and must be changed manually when desired.

Note: The user defined special densitiesare stored in a separatefile.

The output's text appearance is based on the Text Table displayed in the Text Table window. The Text Table may be
modified in the Text Table Setup (see Section 4.5.4) which can be accessed by clicking on the Text Table button. If the Use
the Screen Setup check box s selected, the Text Table choice for the Screen Table display will be automatically selected for
the printing.

The text font type and size for printing the Page 1 output are selected with the Page 1 Font option. The selected
font's name and size are shown as printed in adisplay window.

The Print Files frame option allows printing the Current TDF file (as selected in the screen table), All Mark ed files
(if there are marked files in the Screen Table Display) individually (complete output for each marked file) and Combined Plots
fromall marked files on a single output (this option is available only for plots). Selecting printing Page 1 with the last option
will print the first page only for the current (selected in the Screen Table) TDF file and will combine plots fromall the marked
TDFfiles.

The Header check box, when selected, instructs the programto print acompany header (logo), when available, on

the Page 1 of the printout. The Header button accesses the Header display (see 4.4.5below). All other buttons and choices
are standard Windows options. During printing, activating a STOP button will delete all output in progress. The output



actually sent to the printer will be printed.
442  Print Table (Ctrl-T)

This option generates printouts of test datain atable arrangement for the current directory. The colurmn arrangement
is identical to the one in the screen table.

Note:  To print a tablewith a desired Table Setup, one must first select that Table Setup for the Screen Table display and
then print thetable.

The Columns box specifies the number of colurmns for printing. The number cannot exceed the number of colunns
displayed on the screen. When the number of columns in the screen display is less than the desired number for table
printout, adjust the screen display first and then print the table.

j Print Screen Table Data Lihj

Frinters ... |Eru:uther HL-21700W seriez on Mel5:
Fonts .. IAriaI

Fort Size: g FPage onentation: @
Frinted T able Columns
tax Columns; G0 Directory Path; |v
Frint on One Page: v Header: v

Foothotes: v
Block 1 taMa.: = R S
Block 2 to Mo N
Block 3to Ma: I
Block 4 to No.: Minimurn spaces |2—
Block 5 to Mo between columns:
Default ‘ Clear | 0K
Left Margin [mm): |10.00
Top Margin [mm]; {10.00 el

The Printed Table Columns frame specifies the page arrangement for the printout. Selecting the Defaults button
displays the blocks (page) arrangements as defined in the Table Setup. The blocks correspond to collections of colunns.
The programwill start a new block if the specified block size does not fit on a printed page. Specifying the size of the first
block as equal to the total number of columns will result in a printout with maximum number of columns fitting a page printed
in each block. Checking the Print on One Page boxwill result in all blocks to be printed one after another on the same page;
otherwise, each block will be printed on a separate page.

The Header option prints the file and directory names, the entries symbols, and unit names. If not selected, the
numbers are printed fromthe top of the page. The Footnotes option prints the symbols and their full names below each block
for blocks printed on separate pages or, for one page printing, it prints all symbols and their names below the last block. The
Left and Top margins specify the margins for the printed page.

The Printer, text Font and Font Size can be adjusted when needed. The printout orientation (portrait or landscape)
is selected by clicking on the page orientation icon. These selections are local to the table printing.

Note: Thetable printing may need few trials and adjustments before being acceptable to the user.



443 Pagel Setup

This option defines the arrangement for the printed Page 1 with test results summary and defines the order of
columns in the Screen Table display (note that the parameters that will show on screen but not print are indicated with the
"Table Display only" mark.) The definitions of relevant options and buttons are displayed in the Note window when the
mouse moves over them.

.
:l Screen Table / Page 1 Printout Setup 3.

Page 1 Top Text: Optional Header

POWDER TESTING RESULTS - TEST HUMBER 12.00
PowvderTesting Center Model PTC-04DT SNOOT |Metnc Units: MPa m C
TestDATE Test TIME Tested BYAAT

Screen Table/Page 1 Entries:

Setup T ables for printing and display:

Cut | Save Save Az Mew |

o1 <<5creen Table only:> Test Humber [F D |
02 Powder name A
03 Powder batch T
0% Digmalenalicode E Text [language] table for current 5 etup:
05 [gécm3]  Thenretical densiy | 1. Default Names [Engish) -
06 [g/cm3]  Bulk density
07 [gfem3]  Tap density
0g Hausner ratio - u
03 [%] Tapping compressibility . ) H Prirtout Margins:
10 <<5Screen Table only>> Tapping Code [t | . .
I 11 [deq] Angle of repose T 25. Top margin for Main Text I
12 [C] Die temperature S ,— : it
13 <<Screen_ Tab_le only>» Hot pressing bype 40. Left margin for Main Text
14 [sec] Heat holding time 145 Left margin for Data
15 [g/em3]  Desired average in-die test compact der 174 Left margin for Linits
16 Slide coefficient far the desired compact
17 Campactibility coefficient for the desired 0. Global [all pages) *-comection
18 [MPa] Met [izostatic] pressure for the desired co l— 3
19 [MPa] M auirum pressing pressure for the desire ™ | | 0. Glabal [all pages] Y-carrectian
- Aofer -
Insert Empty Line Femove Line

| To move a current entry line: Hald down Left Mouse Buttan and drag the entry line to a desired position

The Setup Tables frame lists all currently available setup arrangements for screen displays and printing. The Cut
option will remove the selected setup fromthelist. The Save option saves all changes made on the screen to the selected
setup. The Save as New option saves the currently displayed setup in anew Setup. The name of the selected setup in the list
may be changed in the display window above the list (the changed name must be "saved" to take effect).

Selecting a Text Table fromthe Text table list selects that Text Table for printing purposes only. The choice for
Screen Display is made individually in that display. Note: Changing a Text Table affectsthe Special Limitsfor plotting
purposes because those limits, if defined, are stored in a specific Text Table.

The Top and Left margins are for the text on the printed page. The Data and the Unit margins define the placement
of the data symbol text and unit text fromthe left edge of the printed page (there may be aneed to change these settings to
accommodate printing in different languages.) The above four margins apply only to the Page 1 printout and do not affect the
pages with plots.

The Gobal corrections refer to printout position correction for all printout pages. Those corrections are in the
horizontal and vertical directions, respectively. Note: When changing paper formats, the global correctionsare often
necessary to make the output presentable.

The Page 1 area shows the actual text that appears on the printout. The Header button activates the Header display
(see 4.4.5below). Theinitial lines at the upper part of the page cannot be changed. The Screen Display / Page 1 Entries list
of parameters can be rearranged in any desired order by dragging-and-dropping parameter lines with amouse. The End of
Printout line defines the range of the printed parameters. The end line can be moved like any other line to be placed where
desired. The parameter lines below the end line will not be printed. The number of displayed parameters (colurms) in the
Screen Table Display is set independently in that display.

The Units button allows selection of units for highlighted parameter lines. The unit selection is local for agiven
table setup. However, changing the unit's name, print or table symbol will affect the current Text table where those unit
definitions are stored (this is the same as editing the Text table). Switching Text tables for a given printout/table setup will
not change the selected unit but it will display the unit's name as stored in that Text table.

The Insert Empty Line button inserts an empty line at a highlighted position. Thereis alimit of 4 empty linesin a
printout. The Delete Line button removes the highlighted parameter line and places it just below the printout end line. The
Delete and Insert keys performsimilar function.

When trying to Exit the window without saving the changes first, the programwill offer an option to save the
changes before quitting.



444  Plots Setup

The specific Plot Arrangement Options are listed in the Plots Output Options list.

i Output Plots (Page 2, 3, .) ]
) Plots Output Options:
Plats Detailz:
Setah : . |AII Figures: general pressing
¥ Auto Numbering Default Sizes v 1. Standard plots; general preszing
|2_ B L ID— 2. Standard plots: 1-S!E|EE| pless!ng
|1_ Print Fig. Mo Teplo t d
I ]1_ List Fig. Mo, Wide |0, Save Changes Save fis MEW | Cut Option ‘
High 0.
COutput Figures: & | Defaults;
Fic Compaction <1 : Page -8B Top Margin: |25,
Fig 02-2: Comp. Coef. <2 I ——————— -
Fig 03-2 Slide Coef. <3 Flg. 1 Left Margln. 40,
Fig 04-3: Ejechion <4 & i
Fig (53 Awial Crush <5 =he
Fig 06-3: Diametral Crugh <7 =
Fig 07-4: Radial Crush <& F — Mo
Fig 084 Radial Crush Force <20 Fig. 2 el e ] |
Fig 09-4: pctho <21 0.
Fig 105 Pisostatic-tho <22 Hieile
Fig 115 Prichion-tho <23
Fig 12-58: PcPrPdh <24 e i e BLR
Fig 136 Local Frezssure <8 Fig. 3
Fig 14-6: Local Density <9 Wiew Figures .
=== End Printout

Mat available <10 m]

Mat available <11 i

1-zided Local P <12 - Q
v Show Plat Boxes only Cancel

| todify page parameters if desired

Each option should have a unique recognizable name. The Save Changes button saves the arrangement currently displayed
on the screen in the highlighted Plot Output Option; the Save as New button stores it in anew Option. The Cut Option button
removes the current Option fromthelist. The display window abovethe list is used to change the name of the current
Option, the changes must be saved (Save Changes button) to be recorded.

Note: Removing all Output Optionsfromthe list will automatically reload the original default Plot Output Options.

The Plot Limits button activates the Limits display which allows setting plot limits for each figure. Those limits are
used when the Custom Limits option is selected. Selecting the Default Limits option activates the original limit selection
which depends on the actual plotted data limits. In addition, for plots of local parameters (Figures 8to 19), the user may elect
to use default densities for plotted average density lines or it may specify up to 10 specific densities for the plotted lines.
Again, for actual printing, the selection might be the default or the special densities. The Ga Number for the local plots may
be changed here as well. That number is user selected and must be changed manually when desired.

Note: The user defined special densitiesand the Ga number are stored in the main control file.

The Defaults: Left Margin, Top Mar gin and Separ ation, are used as defaults during printing to position plots on a
printed page if a specific plot position is not defined. The Left and Top Margins refer to the absolute distance fromthe left
and top edge of a printed page, respectively. The Separation is the actual distance between plots (as defined by atotal plot
height: the plot box height and the height of the text lines below it; default separation is set at 1" or 25.4 mm).

The Global Xc and Yc values correspond to independent position corrections for all pages of the printed output.
They should be reserved to accommodate different paper sizes and to correct for default printing margins used by different
printers.

The scaled plots are shown on the Page display for informational purposes only. Clicking the Show Plot Boxes only
check box alternates between displaying the total areas occupied by the plots and just the plot boxes. The Page size is taken
as the printed page size fromthe currently default printer in the Windows Operating systemand may not always correspond
to the actual paper size during printing.

The Output Figures list displays all available figures arranged according to the current Plot Output Option. The
figures included in aprintout are separated fromthe rest with an " End of printout” line. The list may be rearranged by



dragging the list lines with amouse to a desired position on the list. The original figure (plot) numbers are always shown at
the end of each figure name (list line).

Each figure definition includes default figure sizes which are used when not explicitly provided (specified as Q) in a
given plot arrangement. The limits, default and custom, for the plotted parameters are included here as well. The default limits
are the actual limits for the plotted parameters except for Figure 2 (Compactibility Coefficient's minimumlimit is set to 0) and
Figure 3 (Slide Coefficient limits are 0to 1). The customlimits (see below) are provided by the user and may be used to fix
specific plot ranges for direct comparisons (manual overlaying of printouts).

Note: The List Figuresfileispart of the Text (Language) Tablesfile and is copied to a new set when a new Text Tableis
created. Therefore, defining plot limitsislocal to a current Text Table selection wherethe limitsare stored with thefigure
definitions. Changing the Text Tables during printing changesthe special plot limitsto those stored in that Text Table.

The Plots Details frame displays the highlighted Output Figure details: the Page where the figure will be printed, the
Print Figure Number that will be printed below the plot box, the List Figure Number which refers to the figures in the List
Figures list, and the Left, Top, Wide, High that describe the position and size of the total plot area (text and plot box area) on a
printed page. Specifying any of plot size values as zero will result in a substitution with the default values as provided by the
Defaults and the default figure definition.

Note: The program scal esthe default figure sizes based on the sizes provided by the user. However, thetext on theplotis
not scaled uniformly! It may take some experimenting to get the desired output.

The Auto Numbering option has effect only during editing of the Output Figures. It rearranges, if needed, the Print
Figure numbering order. The Default Sizes check box option is also used during printing to position plots on the printed
pages, one after another. If any plot sizes are defined as zero, the default rules apply regardless of the check box selection.

The use of the Default Sizes check box and the figure sizes boxes may beiillustrated in the following three situations:

a) If the plots should appear one after another without empty gaps (if there is no test data for a specific plot), select the
Default Sizes box.
b) If some plots must appear at fixed locations (such as at the top of a specific page), leave the Default Sizes check box

unchecked, provide the necessary position for the desired plots, and use defaults (0 values) for all other plots. During
printing, the programwill place the desired plots as specified and put the rest of the plots with default arrangement. If for a
specific page any plot is not available (no data), there will be agap at the bottom of that page. However, the programwill skip
empty pages during printing.

C) If all plot sizes are provided, the plots will be printed were specified. There will be gaps when datais not available
for agiven plot. However, empty pages will not be printed.

Thefigures in the Output Figures list may be rear ranged by dragging them with amouse to a desired position. If
the Auto Numbering is checked, the Print Figure Numbers will be automatically readjusted. Otherwise, the desired Figure
Numbers must be typed in. If the Default Sizes boxis checked, the pages on which the figures will be printed and their
position parameters (Top, Left) are selected automatically. Otherwise, the user must provide the Page number and may
specify the plot position and size parameters or use defaults (set themto zero).

To create anew Plot Output Option, follow these steps:

a) in the Plots Output Options window, type in the desired name for the new Output Option
b) click the Save as New button (new option is added to the list)

c) check the Auto Numbering check box

d) check the Default Sizes check box

€) rearrange the figures as desired (by dragging themwith a mouse to a desired position)

f) use the Save button to save the new Output Option in afile.

The arrangement of plots on a given page appears concurrently, proportionally scaled, on the Page display. One
must pay particular attention not to place multiple plots at the same position (it may happen in some cases). The Default Sizes
option will always prevent that but it will also reposition plots if some plots are not printed. The user has afull control of the
printing arrangement.

The ViewFigur es option activates the figure view screen with the current Output Option figure arrangement. The
figures in the output could be reviewed and, if needed, the Output Option may be rearranged by dragging the figure entries
with amouse to adesired position on thelist. The Save button in the view screen saves the changes in the Output Option file.

The OK button sets the current setup as default for printing and exits the display.
Note: If a user exitsor cancelswithout saving the changes, a reminder note will appear with optionsto save the changes.



445  Output Header

This option allows creation and viewing of the optional header for printing on the first page of a standard printout.
There are two available choices: a Default Header and PictureFile.

(%) Output’s First Page Header i
YOUR COMPANY NAME
Tools for Default Header file PTCHEAD ALL: Header: Picture Logo
Available options for Code lines in Header File [Comment lings start with an apostrophe) 254 | Left margin [mm]
harizontal vertical ‘Position in milimeters from top left comer of the page
Font Mame=t-name SizeI-size [Bold Italic Underine StikeThraugh]  Dptional | ], fontsize in points 10.0  Top margin [mm]

Text: text

[Linewidth thickness Line thickness in milimeters Find File
[Cine: (41 1) (+2 921 &, line betwesn pont (41,91) and [+2.42), postions in millmerers

[FLine: [y & ine with a relative  » from the last paint (n milimeters)

Filstyle: sle ‘Interior of bares and eircles. G=sold 1=tiansparent, & f=lnes

[Fo [+ y1] (wickh height] 41 1) commer absoluts postion, width and height may be negative & Defaut Headsr
[Circle: [y radius) [S=start E=end A=aspect] ‘Optioral [, 5 E i radians, Elpses: aspect (b4

Header Fils PTCHEAD ALL: Save Horizartal Yiewing Dffset (mm: [0  Picture File: none
This is 5 sample header

Linewidth: .5

Line: (25101 (55 10)
Line: (25 13] (55 13)
Fort: Name=Helvetica Size=12 Bold LD
v B0
Teut TOUR COMPANT MAME =
it

With the Default Header option, the header file may be created by using the on screen listed graphics and text
options. The command lines must strictly follow the listed conventions. All dimensions arein millimeters and font sizes arein
points (1 point = 0.353 mm). The user may view the coded lines on the screen and store themin the header file
PTCHEAD.ALL. During printing, when the header option is on, the header file is accessed and the header will be printed on
thefirst page.

The Pictur e File option permits the use of any standard logo file (.BMP, .ICN, WMF, ...) that can be placed on the
printed page based on specified left and top margins. The picture file must be selected with the Find File option, its name is
listed with the Picture File option.

Note: Some light colorsmay not print at all on black and white printers, distorting color logo pictures.



45 Setup-SN Menu

This is the systemmenu. The name includes the Serial Number of the testing center.

45.1 PTC Administr ator

PTC Administrator 0 ptions:

N

Miew Caontrol Parameters fils

Change Dperator Fazsward [current: 1]

Activate ACCESSWITH-USER-PASSWORD option
Add niew uzer to the Lsers List

Remove user from the Llsers List

Change Administrator Password

Load DEFALILT formats and figures

E B % 9 ® B @

Reset Serial Mumber

Ok, Cancel

This option, protected by the Administrator Passwor d, contains several options for managing the use of control
dataand files for the PTC:

- View Control Parameters File, see detailed description in 4.5.2 below

- Change Operator Password, this password protects the Die Table entries to prevent accidental or unauthorized
changes. Theinitial password is number 1. This option allows to change the password to any number within the 1-32000
range. The password is stored in the control file. The Serial Number of the testing center is always recognized and may be
used when the password is forgotten.

- Activate (Deactivate) A ccess-With-User-Password Option, when activated, this allows the PTC Administrator to
limit access to the PTC program only to authorized users on the Users List. New users may be added or removed fromthe
Users List. When this option is deactivated, the PTC program can be run by any user.

- Add New User to the Users List, this option adds new name to the Users List. The new name is by default the new
user's initial User Password. That password can be changed any time by the user (Change User Password option in the main
Setup-SN option).

- Remove User fromthe Users List, this option can remove a specific user name fromthe Users List.

- Change Administrator Password, this is the main password for the control datafor the PTC.

- Load DEFAULT formats and figures, this option restores default (initial) setting for display formats and figures.
- Reset Serial Number, this is used only when changing the computer between different PTC units.



452 ViewControl File

The systemconstants are displayed in alist for service reviews and verifications. The entries in thelist are
protected by a service password available only to the service personnel. However, some entries may be changed by the user
if needed. The control file contains data for all dies and all temperature sensors calibration points on record (as displayed in
the Die Table).

& PTC: System Control Parameters Lﬁ

Control File PTCMAIM.COMN:

Serial Mumber: E1124
Calibration: 22Dec-14
Hardware Wer.: 32

. 00& X M
007. 0 : . EE
| S 0 |2 Diriver Werzsion: i
a0a. 25
e Last Test Mo: 20001
011. 145
01z. 17.
013 1.&77705E+07
I 014. 1 263226E40 Enable PTC Flush memory v I
015 1_877T7ZZE+07 :
018 z454143 RESET PTC Control File [
017. 1.Z63Z06E+07
018. 1.2Z63ZZ6E+07

019. 1.263226E+07
020. 1.263226E+07

021. 5454143

02Z. 1.283226E+07 Edit window:

023. 1.677T€96E+07

024. B454018

025. 8454143 : -

0Z6. B8454143 - : Exit 1

Cantral parameters for the PTC

The PTC keeps the main test counter in internal memory. Under certain conditions, the Last Test Number may need
an update. Thetest number is used for the Test Data File name so the number must correspond to the actual last test number.
Clicking on the test number allows to changeit.

The Enable PTC Flush Memory option is for storing changes to the main control file (primarily updating the test
counter) on the PTCs internal flush memory. The process is automatic.

The Reset PTC Contral File option will restore the control file based on the last calibration of the PTC. The current
test number is preserved. All other changes to the control file (new T-sensors, new dies,...) will not be preserved. This option
should be activated only when the control file become corrupted and unworkable.

The Code option is visible only when there is atime limit on use of the PTCimposed by the manufacturer on new
and/or leased units. The access to the testing options will be blocked after the time limit is exceeded. The time limit is removed
by selecting the Code option and entering the r el ease code provided by the manufacturer.



453 Set Colors

This option allows the user to set colors for the displays. The color selections will be automatically loaded into the

control file.
g |
[S Set Main Table colo.. EES)

Click on any box to Change Colar;

‘ M ain Screen

Frames

‘ Table, Notes
‘ Infio Labels

‘ All Command Buttons

Cancel | Default

454 Load Driver

Thedriver for the PTC's USB Interface is needed to access the Tests window and control the testing center. To
activate the Tests window, follow the steps below:

- install the PTCO4DM program
- open the PTCO4DM Dirivers folder and run the USBExpressinstaller.exe in the USBExpressinstal folder

Note: This program must be run in Windows XP compatibility mode: right-click the program, select Properties, set
Compatibility to Win XP

- install micrometer USB driver
- connect the PTC's USB control cable to the computer
- run the PTCO4DM program
- select the option Setup-SN## / Load Driver
- turn ON the testing center
- click the Run Tests button (the Tests window should appear)
- follow the initialization instructions
- operate the PTC.
When done with the software installation, store the installation disks in a safe place.



4.6 Run

This menu displays options for running attached devices:
- The Run option starts the Tests window for the PTC.
- The Bulk Powder Unit activates the Bulk Powder Tester
- The Scale option displays the reading of ascale that is linked to the computer. See section 6.4 for details.
The Micrometer option displays the reading of a micrometer that is linked to the computer. See section 6.5 for

4.7 TDF: HEdit Test DataFile

This is the option for changing datain the TDF file. The option's window displays the test and desired values for
the selected test file. The interactive Note displays the definitions and options for the specific parameters and buttons in the
display.

B  TestNo: 302 Die: D#1-TC/PP-TC S|
Fowder: |SAMPLE Batch: | [thet=|7.800  tho-b=|2166 rhotap= [3857  Die T=|21 er =[1.0035 ®a=[1.0269
Sintered

Compact | Ga tho H mass D Pmax Priet eta alpha Pmt Dz | Sd-die | Sd-min
Test | 797 | 5925 | 10126 | 7600 | 12700 | 3005 | 2673 N 746 | 1501 | 2834 [11.593] £.67 | @53 | thos |7.450
Desiied | @29 | 5700 [10.525) 7.600 | 12700 | 1886 | 1671 |.7473 | 1419 | 1775 |11.450| 984 | 968 | miZ|20

a |1

Get Desired Get Defaults

et Marked ‘ Save /Exit | Luit

Any of the Desir ed parameters may be modified and, by clicking the Get Desir ed button, the corresponding values
are calculated based on the compaction characteristic. This procedure is often used to calculate test parameters for a specific
desired compact density. First, one types in the desired density rho (all desired values are cleared), then clicking on the Get
Desired option calculates the rest of the desired values. Save/Exit option will save the desired values in the Test Data File.

If one needs to compare powders at the same compact density or pressing pressure, the process can be like this:
- in the main Table Display, mark the test files you wish to compare
- go to the Edit Test DataFile (TDF)
- typein the desired value and click the Get Desired option
- click the Get Mar k ed to automatically do the same for all marked files, save the results and exit.

To restore the original (test default) settings for the desired parameters, mark the files, select the Edit TDF option
and click the Get Defaults. That will restore the default (original) desired parameters for each of the marked files, save the
changes and exit.

The Sinter ed parameters frame is used to provide sintering parameters for the programto calculate dimensional
changes after sintering. The mass loss ml is the total mass loss (%) during drying and sintering. The anizotropy ratio ais
determined on compacts densifiedin an isostatic process.

Note:  The Anisotropy Ratio a=S,/S;, where S, = 1-Hgntered /Hgreen @Nd Si= 1-Ugpyered/ Agreen, H refersto a free (out of die)
compact height and d to diameter. The value a=1 for all cases except for compactionswith specific powder grain
orientations.

This option also provides the means to correct errors in the values of theor etical and bulk densities as well as the
green compact expansions. Changing the value of any of these parameters will result in recalculation of the entire compaction
characteristic and any other related parameters. For that reason, such changes should be made only if absolutely necessary.
The tap density, the Powder Name, Batch and the Die Temperature may also be modified if necessary.

Note: If needed, use the Change Test/File Number menu in the Table Display to change the test number and the
corresponding test file name.

The Exit option will save any changes in the original TDFfile.



4.8 ViewPlots

This option displays figures on the screen and is used for editing and creating new figures, custom printing of
figures and creating picture files of individual figures. When the mouse pointer is over the figure on the screen, the xand y

parameters of the pointer's tip are displayed in the bottomleft corner of the screen. This is particularly useful in quick analysis
of specific details on the plots.
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The defined figures are listed in the Figures List in an order specified by the selected Output Setup. Thefirst figure
displayed when the View option is activated is determined by the selection with the Default check box checking the box
makes the current figure the default figure. The plots may be for the Current TDF file as selected in the screen table or, if
there are marked files, for all Mar k ed Files combined on a single plot.

The default view shows afigure in a maximum size permitted by the display window. Selecting the P option displays
the screen approximation of the actual printed figure as defined in the specific Figure file. The programallows to cr eate view
boxes around any part of the displayed plot by dragging the left mouse button. The new box expands to the full size of the
display window. All view boxes are stored and may be displayed again using the "<" and ">" buttons. The Full option
displays the original full size figure.

When displaying local plots (standard Figures 8to 19), two additional data boxes appear on the screen: the Gay.,
and the desired compact density for the plots. Setting the Ga,.. value to -1 results in default selections for the two parameters
that correspond to the desired compact as defined in the test datafile. For details see the description of a specific local plot
figure.

The Limits button opens awindow for setting special (user defined) plot limits for each figure in the Figure List.
The user can select to view (print) using default (actual) limits or the special limits. In addition, for local parameter plots
(Figures 8to 19), the user may select to use default densities for plotted density lines or it may specify up to 10 specific
densities for the plotted lines. Again, for actual viewing (printing), the selection might be the default or the special densities.

Note: The user defined limitsare stored in the current Text Tablesfile.

The "Show P-holding" option box at the bottomof the Figure List displays compaction " pressure holding" data (if
available). The "pressure holding" compaction data are collected at the end of compaction when the pressing punch stops
and is held in that position for a specified "holding” time.
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Figure 1. Test compaction pressure: pressing, net, closing. (T3.02)
In a rigid die, the net (isostatic) cross-section occurs where h=H/2

The Edit-Print-Save...drop-down list provides additional options:
1 Set Screen Color s allows modifications of the display colors.

2. Edit Figure opens options for editing, deleting and creating new figures. The current figure description is copied
into an edit buffer. The Save Changes button saves all corrections to the edited figure. The Save As New button adds a new
figure to the figurelist and saves it in afile. The Delete Figure button removes a highlighted figure fromthe figurelist. To
delete other figure than the one loaded into the edit buffer, one should select that figure in the figures list and activate the
delete button. This option allows deleting figures that cannot be edited directly because of errors.

The figure editing process involves several steps that affect every aspect of the figure. Each step provides editing
directions and allowable choices. One should not attempt to make any changes unless really needed. As apractical matter,
one should not change the standard figures (1 to 24) except to modify colors for the plot lines or box as needed. If any other
modifications are needed, save the figure as a new figure and then make the desired corrections.

One practical option that may be easily edited involves plotting test data from multiple plots on a single figure. The
plots fromdifferent test files are plotted in separate colors and, by default, identified by their test numbers listed at the bottom
of the figure in matching colors. The user can adjust the colors in desired order and, more importantly, it can designate one of
several test parameters as the test identification. For example, the tests can be identified by the test temperatures which will
be listed at the bottomof the figure. Moreover, the user can specify if the tests should be arranged according to the
increasing (default) or decreasing value of the identifying parameter.

3. Print Figur e option displays printing frame which is used for positioning and printing displayed figures. The Set
Printer button allows printer selection and setup. The Top and Left specify the top and left margins for the figure on the
printed page. The Wide and High determine the printed size of the figure. Pressing the Add Plot button places the current
figure on a printer page buffer without printing the page. One may add any number of figures to the printed page. The Print
button sends the current figure to the printer. The Clear Plats button clears the printer buffer of all figures. The Hide button
hides the Print frame.

4. Save Figur e Data allows saving the plot coordinates (x, y1, y2,..) for the current plot in afile.

5. Save as Bitmap option displays an input window for the desired figure number and the size of the bitmap (the default
sizeis the default printed size as defined in the figure file). The screen shows the actual bitmap size and the user may accept it
or try adifferent size. The bitmaps are named FIG##_##.BMP and are stored in afolder called BITMAPSF created in the main
application directory. Thefirst two digits in the file name refer to the general figure number and the second two digits are
extension numbers to prevent overwriting of files (there could only be 99 bitmap files for a given figure and the user is
responsible for removing not needed files fromthe directory.)

6. Sawe as EPS (Encapsulated PostScript)File option displays an input window for the desired figure number and the
size of the figure (the default size is the default printed size as defined in the figure file). The screen shows the actual figure
size and the user may accept it or try a different size. The figures are named FIG##_##.EPS and are stored in afolder called
EPSFiles created in the main application directory. Thefirst two digits in the file name refer to the general figure number and
the second two digits are extension numbers to prevent overwriting of files (there could only be 99 bitmap files for agiven
figure and the user is responsible for removing not needed files fromthe directory.)

The Exit button or the Esc key exits the View option.



5. TEST RESULTS OVERVIEW

Thetest results generated by the PTC and stored in test datafiles are:
- single parameter data for bulk powder properties and compact characterizations
- data set for compaction and ejection
- data set for axial crushing pressure
- data set for radial crushing pressure, diametral crushing pressure, radial crushing force.

51  Test DataFile

The Test DataFile (" TDF") is astandard A SClI file identified by a unique 5digit test number (including leading
zeros) and by 2 digit extension for any versions of the same test. The file name, A12345.12F, must follow the standardized
convention to be recognizable to the program. Each directory with TDF files is considered afile Group. The user can specify
adescriptive name for each group which is stored in that directory in afile named A00000.00F. That file also stores the
number of the last created or accessed file in that Group. The program always searches directories for the TDF files and sorts
them according to their test number before displaying them.

The TDF file may be accessed by other programs. It isimperative that thefileisnot modified in any way. All files
are stored using metric units called base units.

When writing interface routines to read the TDF file it is important to include in those routines the generality of the
data arrangement to assure future compatibility. The file may start with Test Notes (up to 10lines). The actual data block
begins with aline containing the "Version" word. The interface programshould start reading the file line by line until the
"Version" is detected. That line contains all character test parameters: Test Date (mm-dd-yyyy), Test Time (hh:mm), Die
Material (20 characters), Powder Name (20 characters), Operator (15 characters) and Powder Batch (15 characters). Each
parameter occupies the designated length within the line.

The next line, for software version 27 and up, contains character test parameters, same as above, but listed as
standard character data separated by commeas: Test Date, Test Time, Die Material, Powder Name, Powder Batch, Operator.
For versions earlier than 27, that line is a comment line and should be ignored.

Thelineis followed by ageneral text line (that is ignored) and the rest of the numeric data. The third number is the
number of general test parameters (counting fromthe beginning). It is important to remember that the number of general test
parameters may change in the future as needed. The file provides the total number of compaction, gjection, axial crush and
radial crush points. The number of diametral crush and radial crush force points is the same as for the radial crush (both radial
and diametral crush data points are calculated fromthe radial crush force data which are the actual data points fromthe test.)
There are 2 numbers for each point except the compaction points which have 7 numbers.

The general parameters are followed by compaction points, ejection points, axial crush points, radial crush points,
diametral crush points, and radial crushing force points. Thereis aseparateline for each data point and the numbers on that
line refer to that point only.



The arrangement of the datain the TDFfileis as in the exarmple below:

***%* POWDER NAME Thefirst lineif NOTESarein thefile

NOTELINES (UPTO 10) The actual NOTES

Version#30Test-Date Time Die-M aterial PowderName Operator PowderBatch First lineif no NOTES

"Test Date"," Test Time"," Die M aterial”," Powder Name"," Powder Batch"," Operator" Character Test Data (Version

27+)

Data: general compaction gjection axial crush radial crush diametral crush crush force Comment line

1 1. Test number

30 2.Version

80 3. Number of general data in thefile, from Test No to the beginning of the Compaction Data

210 4. Number of all Compaction data points (compaction and pressure-holding points (if any),
the number's remainder times 1000 is equal to the number of pressure-holding points)

450 5. Number of Ejection data points

330 6. Number of Axial Crushing Points

395 7. Number of Radial Crushing Points

1 8. Test Number for Sub-Test#1

1 9. Test Number for Sub-Test#2

1 10. Test Number for Sub-Test#3: Axial Crushing Test

1 11. Test Number for Sub-Test#3: Radial Crushing Test

1 12. empty

1 13. empty

1 14. empty

1 15. empty

0 16. empty

1 17. Batch number (if expressed asa number)

1 18. Number of theoretical density - pressure points (for theor. density asa function of pressure)

3 19. Number of Radial Crush data sets (Radial Strength, Diametral Strength, Radial Force)

2 20. Pressing Mode: 1=compact density 2=pressing pressure 3=net pressure

78 21. Theoretical Density

556 22. Estimated Density

0 23. Heating Arrangement: 0=no heating 1=cold powder in hot die 2=hot powder in hot die

22 24. Die Temperature

0 25. Heat Holding Time

5.499 26. Desired Compact Density

3.08 27.Bulk Density

3.68 28. Tap Density

20060 29. Tapping Time and Taps. time=020 s taps=060

39 30. Angle of Repose

0.409 31. Slide Coefficient for the desired density

0.1346 32. Compactibility Coefficient for the desired density

140.2 33. Net Pressure for the desired density

186.3 34. Max Pressing Pressure for the desired density

5504 35. Actual in-die Test Compact Density

0.409 36. Slide Coefficient for the test density

0.1346 37. Compactibility Coefficient for the test density



384
213
135
11619
8.374
1.0024
1.0039
8.089
127
5.640
1244
3b5.1
190.1
1375
1.06
6.45
0.0050
1.00
12.026
1001
5.457
8.120
12.73
5.640
180
1405
5.640
8.089
1758

288
12.76
178.23
156.89
127
12.026
6.23

o O O

38.
39.
40.
41.
42.
43.
44,
45,

46

Cohesiveness

Average Ejection Pressure
Ejection Pressure Overshot
Total Ejection Energy

Unit Ejection Energy

Radial Expansion Coefficient
Axial Expansion Coefficient
Conpact in-die Height

. Compact in-die Diameter
47.
48.
49.
50.
51.
52.
53.
54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.

Actual Mass of the Compact

Axial Green Strength

Radial Green Strength

Maximum Test Pressing Punch Pressure

Maximum Test Closing Punch Pressure

Average Pressing Speed

Sintered Compact Density

Drying and Sintering Mass Loss

Anisotropy Ratio

Average Sintered Test Compact Diameter

Serial Number of the Testing Center

Actual out-of-die Test Compact Density

Out-of-die Test Compact Height

Out-of-die Test Compact Diameter

Initial Mass

Initial Desired Max Pressure

Initial Desired Net Pressure

Desired Mass

Desired Compact Height

Two-sided Max Pressure for Desired Density

Initial Die Temperature

Pressure Holding Time

Strip Pressure

Diametral Green Strength

Two-sided Max-Pressure for the Test Density

Net Pressure for the Test Density

Desired Diameter of the Compact

Average Sintered Compact Diameter with the Desired Density
Energy at axial fracture

Empty

Pressing punch Temperature

Top punch Temperature

Empty

Original Test Data Version (during a test)

Theoretical density (Point #1) at the pressure below (if defined and available)
Pressure (Point #1) at the theoretical density above (if defined and provided)
Theoretical density (Point #2) at the pressure below (if defined and available)



210lines
450lines
380lines
395 lines
395 lines
395 lines

84. Pressure (Point #2) at the theoretical density above (if defined and provided)

:(Ga Density PressingP ClosingP NetP SideCoef Compactibility)
. (PunchPosition PunchPressure)

. (Position
. (Position
. (Position
. (Position

PunchPressure)
Pressure)
Pressure)
Punch Force)

Compaction Points

Ejection Points

Axial Crushing Points

Radial Pressure Crushing Points
Diametral Pres. Crushing Points
Radial Crushing Force Points



5.2 Pressing Configuration

The standard test series on the PTCinvolves three separate test procedures to determine the following:
* properties of the bulk powder

* compacting & €jecting characteristics of the powder in adie

* green compact characteristics

Thetests are for dry powders only. The die wall temperature of a standard cold pressing die can be up to 70°C (158F). With
hot dies, the die wall temperature can be up to 300°C (572F).

Thetest pressing configuration is one-sided to any desired length within 2to 16 mm. However, only compacts with
lengths between 7 and 16 mmare suitable for the crushing tests. All test densitiesare referenced to in-die condition which
refersto a compact density in a die under load. This is the only fixed density reference since compacts expand differently
after gjection fromadie.

During compaction, all required measurements are taken at various punch positions and, for the corresponding
actual intermediate compact densities, the compacting parameters are calculated and stored in the permanent test datafile.
These par ameter s show ACTUAL compaction conditions at any density up to the actual final test compact density. A
complete data output with plots can be generated (with the standard driving program) for any desired compact density in
that range.

5.3 Pressing Modes
There are three different selectable pressing modes:

- pressing to afixed pressing pressure (fixed maximum punch pressure)

- pressing to afixed average compact density (fixed average test compact density/length)

- pressing to afixed net pressure (fixed net/isostatic pressure).



54 Test Data - Char acter Type

These powder characteristics are words identifying the powder and the powder test. They are part of the standard
test datafile. The PTC uses the following:

- Ponder Name - powder identification, up to 20 characters long
- Batch - powder specification, up to 15 characters long
- Die - test die material, up to 20 characters long

The die material affects directly the friction between the die and the powder particles. For direct compatibility with
production conditions, the test die material should be the same as the die material used in production dies. Thetest dieis
replaceable and typically one has several test dies with different die materials and different die surface finishes. That allows
the user to optimize the compaction process with respect to the best choice of a die material for a specific powder typeto
minimize the die friction and the local variations of density and shrinkage.

- Date - test date
- Time - test time
- By/At - operator identification

55 Test Data - Single Value Parameters

The theoretical background for the main parameters: slide coefficient and compactibility coefficient, is provided in an
articlein AppendixB. All other specific information is provided with each parameter description listed below.

1) Theor etical Density p.

This is the density of the powder mixture with 100% densification. The composition of the powder mixture (the
density of all components and their contribution by weight) must be known to calculate the density properly. The Theor etical
Densities Tabl e option simplifies the calculations and allows to store the densities of all components.

(2) Bulk Density py
This is the density of aloose powder. It is also referred to as the apparent density.

3) Tap Density pyp

This is the density of aloose powder subjected to anumber of prescribed tappings. The output specifies the
number of taps and the duration of tapping. Thetap density provides an useful information on the packing of the loose
powder during transportation and when it is in acontainer on a press before die filling.

4 Hausner RatioHR
This is theratio of Tap Density and Bulk Density: HR=py,/ py

5) Tapping Compressihility C,
This is acalculated loose powder parameter: C;=100* (py-po)/ pp [%]

(6) Angle of Repose B
This angle represents the actual ability of the powder to fill uniformly a cavity of adie. For liquids (ideal flowability)

the angle =0, for solids (no flow) =90 degrees. Powders with high flowability have § around 30 degrees. The Angle of
Repose could be measured in many ways and is quite independent froma given measuring technique.

) Relative Humidity of Air RH%
Therelative humidity of the air in the testing roomduring a bulk properties test.



8) Room Air Temper ature
The roomair temperature during a bulk properties test.

9 Die Temperature
The die temperature during a compaction test. The die may be heated to reach the required temperature. The PTC
offers three heating options:
- o heating - roomtemperature
- cold powder - the die s heated, then filled with cold powder and the compaction is performed
- hot powder - the die is filled with powder, heated and then the compaction is performed.

(10) Heat Holding Time
This is the time during which the desired die temperature is maintained before compaction.

(11) Desired Aver age In-Die Test Compact Density p o

This is the desired average green compact density measured in die under load and it is usually comparable with the
density used in production. In industrial practice, the density of a free (out-of-die) compact is measured. A simple formula
relates those two:

Pin-die = P out-of-die er2 €a
Here, e istheradial green compact expansion (in adirection perpendicular to pressing direction) and e, is the axial green
compact expansion (in adirection parallel to pressing).

That out of die density is not areliable reference since it depends on the green compact expansions which can
change significantly with pressing and ejection conditions and with time. The only reliable reference density is the in-die
density. When calculating the density directly a special care must be taken in measuring the distance between punches
under load to take into account the elastic deformations of the punches and other components.

(12) Slide Coefficient m for the desir ed density

This is ameasure of the frictional interactions between powder particles and die walls during compaction (see Ref.
1). For agiven powder and agiven die material (with given surface conditions), it varies slightly with green density. The
magnitude of n extends from O (infinite friction) to 1 (no friction) and relates directly the friction forces to the pressing forces.

The value of n around 0.7 is considered moderate. Values above that indicate good or very good compaction
properties and are desirable. Values below that suggest difficult compaction process with relatively large frictional forces
which lead to large density variations and, ultimately, large shrinkage variations. The magnitude of n could be modified by
adding lubricants or changing the die material.

(13) Compactibility Coefficient o for the desired density

It is amaterial constant characterizing the ability of a powder to densify and it represents interactions between
powder particles during compaction. In isostatic compaction, the relationships between compact density and pressure can be
expressed as (see Ref. 1):

llogllog(p/poll = o log((PrtPo)/Po) + llogllog(py/pll

where p. is the compact density at isostatic pressure p, , py is the bulk density, p, is the theoretical density, p, is the
atmospheric pressure.

In the absence of diefriction, as is the case in isostatic compaction, the compactibility coefficient provides conplete
information about compaction pressures. In rigid die compaction, the compactibility coefficient and the slide coefficient are
needed to determine all compaction pressures (pressures on punches and friction).

(14) Net (Isostatic) Pressure p, for the desired compact

It is apressure required in isostatic compaction (no friction between powder and die walls) to reach the desired
green compact density. For pressing in rigid dies, the net pressureis a pressure equal to the local pressure at the location in
agreen compact where the local density is equal to the average green density of the entire compact. In practical terms, the
net pressure isthe absolutely minimum compacting pressure needed for a given compact density.



(15) Maximum Pr essur e pyy for the desired compact
It is the pressure on a pressing punch at the desired density.

(16) Two-Sided Maximum Pr essing Pressur e p,, for the desir ed compact

It corresponds to the required pressure in a free floating die pressing arrangement resulting in a compact with an
average density equal to the desired density.

a7 Desired Compact Length in-die under |oad
It is the length of a compact with the desired density.

(18) Desired Compact Diameter in-die under load
It is the diameter of a compact with the desired density. In practice, it is equal to the die diameter.

(19) Desired Compact Mass
It is the mass of a compact with the desired density.

(20) Actual Average Test Compact Density IN and OUT of thedie
The density of the actual test compact:

- in die: at the end of a compaction, under load

- out of die: after ejection and free expansion.

(21) Slide Coefficient n for the test compact density

This is ameasure of the frictional interactions between powder particles and die walls during compaction (see Ref.
1). For agiven powder and agiven die material (with given surface conditions), it varies slightly with green density. The
magnitude of n extends from O (infinite friction) to 1 (no friction) and relates directly the friction forces to the pressing forces.

The value of n around 0.7 is considered moderate. Values above that indicate good or very good compaction
properties and are desirable. Values below that suggest difficult compaction process with relatively large frictional forces
which lead to large density variations and, ultimately, large shrinkage variations. The magnitude of n could be modified by
adding lubricants or changing the die material.

(22) Compactibility a Coefficient for the test compact density

It is amaterial constant characterizing the ability of a powder to densify and it represents interactions between
powder particles during compaction. In isostatic compaction, the relationships between compact density and pressure can be
expressed as (see Ref. 1):

llogllog(p/poll = o log((Pr+Po)/Po) + llogllog(py/pll

where p. is the compact density at isostatic pressure p, , py is the bulk density, p, is the theoretical density, p, is the
atmospheric pressure.

In the absence of diefriction, as is the case in isostatic compaction, the compactibility coefficient provides conplete
information about compaction pressures. In rigid die compaction, the compactibility coefficient and the slide coefficient are
needed to determine all compaction pressures (pressures on punches and friction).

(23) Net (Isostatic) Pressure p, for the Test Compact

It is a pressure required in isostatic compaction (no friction between powder and die walls) to reach the test compact
density. For pressing in rigid dies, the net pressure is a pressure equal to thelocal pressure at the location in agreen
compact where the local density is equal to the average green density of the entire compact. In practical terms, the net
pressure isthe absolutely minimumcompacting pressure needed for a given compact density.

(24) Maximum Pressing Pressur e for the Test Compact



The actual pressure on the pressing punch at the end of compaction.

(25) Two-Sided Maximum Pr essing Pressur e p,, for the test compact

It corresponds to the required pressure in a free floating die pressing arrangement, resulting in a compact with an
average density equal to the actual average test compact density.

(26) Compact Height IN and OUT of aDie

The length of the actual test compact:
- in die: at the end of a compaction, under load
- out of die: after gjection and free expansion.

(27) Compact Diameter IN and OUT of aDie

The diameter of the actual test compact:
- in die: at the end of a compaction, under load (equal to the diameter of the test die)
- out of die: after ejection and free expansion.

(28) Green Compact Radial e, and Axial e, Expansions

Theradial expansion is the ratio between the radial (perpendicular to pressing) dimension of the compact (out of
die) to the corresponding dimension in die under afull load. Typically, this dimension is measured in the mid height of the
compact. The axial expansion is theratio between the axial (parallel to pressing) dimension of the compact (out of die) to the
corresponding dimension in the die under a full load.

In the Green Compact Bxpansion test window, for informational purposes, the PTC program continually displays the
time laps since the compact ejection. The actual expansions are functions of time. They are typically measured shortly after
gjection fromthe die. For hot compacts, one may wait until they cool down before taking the measurements.

The expansion is significantly larger in the axial direction than in the radial direction. On an industrial press, it is
relatively difficult to determine the true height of the compact under load unless the elastic characteristic of the pressing
assembly is known. Therefore, most of the time in practice only the radial expansion is measured. The coefficients are helpful
in tool design.

(29) Mass of the Test Compact
The actual mass of the test compact measured after ejection.

(30) Aver age Hection Pressure p, for the test compact

This is the compact gjection pressure (the gjection force divided by the cross section area of the compact) averaged
over thefirst 2.54 mmof compact travel after the starting pressure overshot needed to initiate the move (averaged within the
0.01to 2.55 mmof pressing punch position).

(31) Stripping Pressure ps
Maximum ejection force at gjection start over acompact friction area (on die walls in contact with the compact).

(32) Ejection (start) Pressure Over shot e, for the test compact

This is the ratio between the maximuminitial ejection pressure needed to move the compact and the Average
Ejection Pressure: €, = Pemax / Pe

(33) Total gection Energy E for the test compact
It is calculated by integrating the ejection characteristic.

(34) Unit Ejection Energy E, for the test compact.
This is the gjection energy per unit of the friction surface area needed to move the compact along a unit distance



within adie. It is calculated as the energy required to move the compact fromthe 0.01 mmto the 2.55 mmpunch position
divided by the friction area of the test compact and by the travel distance (2.54 mm). The unit is N* mynm?/m or Jm?. Since
this would result in large numbers, the base unit is M J/m?.

This unit energy can be used to estimate total energy needed to gject a compact fromadie by multiplying it by the
travel length of the compact within the die and by the compact's friction area.

(35) Axial Strength of the Test Compact Wy,

It is the maximum crushing pressure registered during compact crushing along the axial (parallel to pressing)
direction. This is the green strength responsible for holding the compact together during ejection froma die.

Note: The green strength asdefined in most standardsis measured during compact crushing in a direction perpendicular
to pressing by putting the compact on itsside and crushing it. That green strength is useful in determining the strength of
a compact during handling but it isnot a proper value for determining the compact behavior during ejection froma die.

(36) Cohesiveness of a Green Compact C

The cohesiveness (Ref. 2) represents aratio between the axial green strength of the compact and the maximum
friction pressure between the compact and the die walls:

C =W/ Prm
Prm = (F-Fg)/(3.14 d h)
F.=p.(3.14d?/ 4)
Fd = Pd (314 d?/ 4)
Prm = (Pc - Pa) (d/ 0/ 4)

where, for a cylindrical compact:

- Wy, IS the green axial strength

- Prm IS the maximum friction pressure on a die wall

- F. is the maximumforce on the pressing punch

- p¢ is the maximum pressure on the pressing punch
- Fy is the maximumforce on the closing punch

- pq is the maximum pressure on the closing punch

- dis the diameter

- hiis the length of the compact.

It is directly related to cracking and lamination resistance during compact gjection fromadie. If the cohesiveness is
less than 1 (friction effects larger that the green strength), compacts will likely develop cracks during gjection unless special
careis implemented such as slow ejection, hold-down pressure, or special die exit design. If the cohesiveness is above 1, a
compact cracking during removal fromdies should not occur under normal conditions.

The cohesiveness can be improved by increasing the compact green strength (addition of binders), by lowering the
friction forces (addition of lubricants), or both at the sametime. Many additives give both effects at the sametime. Asisthe
case with all additives, thereis a problemhow to determine the optimumamount of the additive. Several tests with varying
amounts of a given additive will show their influence on the cohesiveness and typically it is easy to determine the saturation
point after which adding more additives does not improve the cohesiveness significantly.

(37) Energy at Axial Fracture E,
It is the integral of the axial crushing curve until the maximum (crush) point.

(38) Radial/Diametral Strength of the Test Compact wg

It is the maximum crushing pressure registered during compact crushing along the radial (perpendicular to pressing)
direction. There are different approaches to calculating the pressure or, specifically, the reference area due to the fact that
actual contact areais changing rapidly during the crushing. Currently, the calculations are for two choices: radial and
diametral. Other choices may be incorporated later if needed.

The Radial Strength (pressure) is calculated as aratio of the crushing force and the instantaneous contact area
between the crushing plane and the cylindrical surface of the compact assuming that the deformation occurs only at the
contact area:

We= F/Ac ; A= hin (din2 - 32)0'5

where Fis the crushing force measured on the crushing punch, A is the contact area, h;, is the in-die height of the compact,
di, is the in-die diameter and s is the distance between the crushing faces. Theoretically, the initial pressure is infinite (contact



along aline). Due to afinite accuracy of force measurements and compact deflections, the initial pressure points are removed
fromthe crushing characteristic and are not considered for the green radial strength.

The Diametral Strength (pressure) is calculated as aratio of the crushing force and areference area of the
unstressed compact:

Wg= F/A, ; A, =05 (3.14 hoy dow)
where the compact height and diameter are the measurements of a free (out of die) compact.

(39) Aver age Pressing Speed

The pressing speed is fixed for all hardware versions up to 26. The speed will decrease slightly with increase of the
pressing pressure.

For hardware versions above that, the pressing speed is user defined in the range 0.5to 1.5 mnmvs. That pressing
speed is constant during the pressing cycle.

(40) Pressure Holding Time

It corresponds to a set time at the end of compaction when the compact is kept under maximum pressure before
release and gjection. During the holding cycle, the bottom of the pressing punch is at fixed position. As the air escapes from
the compact, the spring energy in the punches keeps pressing the compact and increasing its density. In this process, the
compact gets shorter, the punches expand and the pressure on the compact decreases. That behavior is recorded and stored
as part of the compaction characteristic.

(41) Sintering Par ameter s
The program can calculate dimensional changes in a compact after sintering if the following data are provided:
- the desired average density after sintering
- the total mass loss during drying and sintering
- the anisotropic shrinkage ratio in isostatic compaction (constant density):
FS/S

where S;=1-Hgnered/ Hgreens Su=1-Osintered/ dgreens H is the axial dimension, d is the radial dimension. The Hgeen 8Nd dgreen are
measured on a green compact out of die. For more details about the sintering calculations see 4.3.6 above.

The PTC program calculates and displays the following parameters for sintered compacts:

- average radial shrinkage (%) of the test compact based on the die diameter:
Si-td = (1-Dsnterea / Daie) * 100

- average radial shrinkage (%) of the desir ed compact based on the die diameter:
Sa-dd = (1-Dsnterea / Daie) * 100

- calculated sintered test compact average diameter Dg,
- calculated sintered desired compact average diameter Dg, 4 .

- minimal radial shrinkage (%) of the test compact based on the die diameter:
Sami-td = (1-Dsntered-max / Daie) * 100

- minimal radial shrinkage (%) of the desir ed compact based on the die diameter:
Smi-dd = (1-Dsntered-max / Daie) * 100

Note: In practice, the average sintered compact diameter Dgreq i S Often cal culated as the average of the measured
minimumand maximumdiameter.

(42) Other Parameters

The other available parameters stored in atest data file are supplemental and include the following:
- compaction test startup (initial) par ameter s for repeating a previous test:

- desired compact density p;

- desired net (isostatic) pressure Ppe.i

- desired maximum compacting pressure Ppax.i

- powder mass m



- die temperature T;

- C;s - number of radial crush data sets stored in the test file (default is 3:
radial pressure, diametral pressure, crushing force)

- G, - number of general data entries (single parameter data) in the test datafile
- C,n - number of compaction and pressure-hold data points in the test datafile:
Gon = (Ncompaction +Nhoia) + (Nhoia / 1000)
Exanmple: C,, = 125.02 ; compaction =105 points, pressure-hold = 20 points
- B - number of gjection data points in the test datafile
- AG,, - number of axial crushing data points in the test datafile
- RC,, - number of radial crushing data points in in aradial crush data set (total radial sets = C.o)
- Test - test number
- BTest - bulk properties test number
- Ctest - compaction test number
- ACtest - axial crushing test number
- RCTest - radial crushing test number
- ver - PTC software version when test was performed
- SN - PTC unit serial number
- TDFv - original (during the actual test) version for the test datafile
- Tpress - pressing punch temperature
- Ttop - top punch temperature
- TDn - number of theoretical density-pressure points (see Theoretical Density Table).




5.6 Plots

The PTC program provides definitions for plats (or standar d figur es). Based on these plots, users may create (edit
and save as new) customplots to fit a specific purpose. The option to edit plots is available in the View Plots screen.

The Standar d Plot Number is related to the order in which they were created. The actual Figure Number is based on
their arrangement in the selected Plots List. In the Plots List, the standard plot number is displayed at the end of the plot's
name (exarmple: " Compaction <1" - plot 1).

ATTENTION: Ifa given plot data set isnot available, the programwill informthe user and automatically disable
all figuresthat are based on that plot data set.

5.6.1  Test Data Comparisons & Geometrical Generalization

IMPORTANT: Compaction properties of powders must be compar ed at the same aver age in-die density and compact
geometries must have the same Ga number

A's the compaction results show, the compaction properties depend primarily on the average in die density of the
compact. For comparisons of different tests, the results can only be evaluated at the same average density. Any other
comparison, such as based on a maximum compaction pressure, would generate significant variations and errors.

Thetesting results may be gener alized with respect to compact shapes and sizes. The geometry of a given compact
is represented by a single number Ga (Gasiorek Number) defined as follows:

Ga=Sh/4F
where Sis the total perimeter of the cross section at h, h is the distance of the cross section fromthe pressing punch (or from

aselected end face of the compact), and F is the cross section area of the compact. For a given compact, Ga=0 at h=0 and
Ga=Ga,« at h=H.
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S=nD S=xn(D + 2d) S=2(a+h)
F = zD%/4 F = n(D? - 2d%)/4 F=ab
Ga=h/D Ga = h(D + 2d)/(D?-2d% Ga = h(a+b)/(2ab)

For compacts with a constant cross section along the height, the calculation of the Ga at any height is quite simple.
However, for compacts with avarying cross section along the height the calculations may be simplified by dividing the
compact into slices and considering an average cross section for a given slice. More accurate relationship can be developed
that involves mathematical integration; however, this may be needed only in very selective cases.



5.6.2  PressureHalding Data

The compaction data set also includes the " pressure holding" compaction behavior when the pressing punch stops
and is held in that position for a specified "holding" time. That part of the datais accessible through the " Show P-holding"
option box at the bottom of the Figure List.

The compaction plot below shows the pressure holding data at the end of the compaction after the pressing punch
stops. The other end of the punch is held in place but the spring energy in the punch exerts pressure on the compact. As a
result, as the air escapes fromthe compact, it becomes shorter (the density increases) which expands the pressing punch and
lowers the spring pressure on the compact. The net effect: the compact average in-die density increases and the pressure on
the compact decreases.
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Figure 1. Test compaction pressure: pressing, net, closing. (T3.02)
In a rigid die, the net (izostatic) cross-section occurs where h=H/2

5.6.3  Enlarging Plot Details With View Box

For detailed view of any part of aplot, one can create a view box with a mouse by holding the left button and
dragging it over an area of interest. When the mouse button is released, the view boxfills the entire screen. The options in the
top-right of the screen are used to move between view boxes and the original full view.
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Figure 1. Test compaction pressure: pressing, net, closing. (T3.02)
In a rigid die, the net (isostatic) cross-section occurs where h=H/2

The coordinates of thetip of the mouse pointer are displayed in abox at the bottom left of the screen. Using the
mouse pointer on the figure allows for speedy and accurate determination of test parameters.



5.6.4  Genera Compaction & Ejection Plots

A standar d compaction test generates the following data sets for plotting:
- compaction data - point measurements, in die, during compaction: Ga, p 4, P, Pa, P, N, O
- Ga=h/Dye, h is the compact height (distance between punches)
-[paisthe average in die compact density
- p. is the pressing punch pressure
- pq is the closing punch pressure
- pn is the net (isostatic) pressure: p, = (pc * Pg)°®®
- 1 is the slide coefficient
- a is the compactibility coefficient
- gjection data - point measurements during compact ejection after compaction: s, p.
- sis the punch in-die position relative to the position at the end of compaction
- pe is the pressure on the gjecting punch.

The data sets are part of the standard Test Data File.
Standar d Plots:

Plot 1: Test Compaction Pressure: Pressing, Net, Closing
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Figure 1. Test compaction pressure: pressing, net, closing. (T3.02)
In a rigid die, the net (isostatic) cross-section occurs where h=H/2

The figure shows the actual pressure on the pressing (bottom curve) and the closing (top curve) punches and the
corresponding (calculated) net pressure (middle dashed line) versus compact density during compaction. On this figure, the
compact is pressed horizontally with the closing punch (stationary) on the left and the pressing punch moving fromright to
left. For any average green density in the pressing range, the pressures are determined on a horizontal line intersecting the
plot lines: pressing on theright, closing on the left, and net (isostatic) in the middle. The difference between the pressing and
closing pressure constitutes the total friction pressure.

The net pressure curveis the Isostatic Compaction Char acteristic. Inisostatic compaction (in the absence of die
wall friction) the local compacting pressure and the local density are uniformthroughout the compact. The compactibility
coefficient is the only parameter that relates the compacting pressure and the resulting green compact density.

The above characteristic is used frequently in arigid die pressing to determine an optimum average green compact
density for new processes. If the density is too low, the compaction process is hard to control since small variations in
compacting pressure result in high density variations. Similarly, theflat part of the characteristic is not desired since a slight
variation in compact density results in alarge variation in pressure. M echanical presses operating in that region could easily
go beyond the maximumforce that the press could deliver if more mass got into the die cavity.

Note: For compactspressed in arigid die, thelocal pressure at the cross section wherelocal density isthe same
asthe average compact density isequal to theisostatic pressure for that density. That cross section islocated at mid



height and the pressureiscalled the net pressure.

Plat 2: Compactibility Coefficient Variations with Green Compact Density
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Figure 2. Compactibility Coefficient variations with green density. (T3.02)
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The coefficient may vary with density. Theinitial variations at low densities are primarily due to initial powder
grains reorientations and breakings. The elasticity of the powder grains as well as the elasticity of air trapped within the
powder will typically increase the coefficient with density. This is most pronounced with metal powders. For ceramic
powders, the density dependenceis very often small.

Plot 3: Slide Coefficient Variations with Green Compact Density
The coefficient may vary with density.
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Plot 4: Green Compact Ejection Char acteristic

The gjection characteristic represents ejecting pressure on the compact during its removal fromthe test die. The
characteristic is geometry dependent and varies for different compacts and die configurations. In the test die, the compact is
initially located approximately 5 mmbelow the surface of the die. A typical graph shows an initial spike in gjecting pressure
that is required to overcome the static friction of the compact when it is forced to move. Next stage involves the compact
before it shows out of the die. The last part shows drop in gjecting pressure while the compact leaves the die.
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Figure 4. The test compact ejection characteristic. {T3.02)
The ejection pressure iz measured on the ejecting punch.

On the graphs, the 0 position represents the position of the pressing punch face in the die under full load. When the
pressure is released, the compact expands within the die in the axial direction. Typical gjection graph shows that the gjection
starts before the 0 position which is the result of that green expansion.

Plot 21: Test Compaction Pressure

This is the general compaction characteristic generated by any compaction test. This figure is a simplified version of
Plot 1 to show the pressure on the compaction face of the compact (compaction punch) only.
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Figure 5. Test compaction pressure. (T3.02)



Plot 22: Isostatic (Net) Pressure

The isostatic (net) compaction pressure is the pressure as measured at the cross section of acompact that has the
local density equal to the average density of the compact. In the absence of die wall friction, all cross sections of the compact
would have uniformdensity and constant compacting pressure.
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Plot 23: Total Friction Pressure

This is the difference between the pressing punch pressure and the closing punch pressure (between the faces of
the compact). The pressure is lost to the friction on the die walls.
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Plot 24: Compact Height & Compaction Pressure

This figure represents changes in test compact height during compaction. It is similar to Plot 1. On the plot, the
pressing pressure curveis on top, the closing pressure curve is on the bottom, and the net pressure curve (dashed) is in the
middle.

Test Compact Height h {mm)
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Pressure (MPa)
Figure &. Test compaction pressure: pressing, net, closing. (T3.02)



5.6.5 Loca Compaction & Sintering Plots

The graphical presentation, for compacts with constant cross section along the height, shows the local parameter at
any cross section along the height of the compact. The mid hight cross section has alocal density equal to the aver age
density of the entire compact and the pressure there is equal to the net (isostatic) pressur e for that density.

On the local plots, the compacts are " pressed” horizontally. The closing punch face is stationary at h=0and the
pressing punch face, at h=H, is pressing the compact fromright to left.

ATTENTION:

On all local propertiesdistributions plots, the horizontal axis representing h/H ratio uses Heompact Value equal to
the actual height of the current compact. As seen on the | eft plot below, the local h varies between 0 (at closing punch
face) and 1 (the intermediate compact height at the pressing punch face).

In older version of the PTC program, local pressure and density distributions plots have the horizontal axis
representing h/H ratio with Hgesreq Value equal to the H of the desired compact (at the desired density). As seen on theright
plot below, the local h varies between 0 (at closing punch face) and the intermediate compact height (at the pressing
punch face).
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By default, the PTC programshows the local parameter distribution plots for the desir ed test compact based on the
test starting parameters. For a custom compact or part, the steps tofind alocal parameter distribution are:

a) calculate Ga,,.,=SH/4F, typeit in the Ga_max box (at top-right of the screen) and press Enter
b) type the average in-die density of the compact in the Density box, press Enter
C) if desired, type a different slide coefficient value in the Eta-desir ed box, press Enter.

Each time the Enter is pressed, the graph is recalculated with the new value. Entering " 0" value for any parameter will restore
the default value for the test compact. Note: The typein density cannot be larger than the test density.

Changing the value of the slide coefficient visualizes the influence of the die wall friction on compaction pressure
and density changes within the compact and allows a determination of atarget lubrication level. Changing the Gavalue can
provide a guidance on maximum compaction pressure requirements and expected variation range in compact density and local
shrinkage.

Note: The graphsare based on an assumption that the local pressureisconstant acrossa given cross section. In
reality, thereisa pressureincrease near thediewalls. The effect may be more significant in very complex partswith large
frictional surfaces.

The slope of the cur ves depends on the slide coefficient. The higher the slide coefficient (lower friction), the lower

the slope. The points on the curves in the mid height of the compact (isostatic pressur€) ar e stationary and for slide
coefficient of 1 (nofriction) the curves will become horizontal lines passing through those points.



Standar d Plots:

Plot 12: Local Pressure Distribution In One-Sided Pressing
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Figure 7.  Local pressure distribution in a one-sided pressing. (T3.02)
Walid only for compacts with Ga = 0.0 and o = 5.8 at the nominal length H.
The solid lines represent average densities, the dashed lines are compaction curves.
Lines (g/cm?): 4.40 4.60 4,80 5.00 5.20 5.40 5.8) 585 5,70 £.75 5.80

The horizontal axis representing h/H ratio uses Hqegreq Value equal to the H of the desired compact (at the desired
density) as defined on the plot by the Gaand the densityOp . The local h varies between O (at closing punch face) and the
intermediate compact height (at the pressing punch face). Therefore, theratio h/H is less than 1 for compact densities larger
than desired and more than 1 for compact densities less than the desired. This arrangement allows visualization of local
compaction linesfor any cross section of the pressed compact (dashed lines).

The solid plot lines represent local pressure distribution at specific instantaneous average in-die compact densities
listed at the bottom of the figure (the first value is for the bottomline and the last value is for the top line.) The dashed plot
lines show the movement of fixed cross sections of the compact (at h/Heompact = 0.1, 0.2, .., 1) during the compaction cycle. The
last (on the right side) dashed line is the standard compaction characteristic (compaction pressure and compact height).



Plot 13: Local Density Distribution In One-Sided Pressing

To enhance areas of interest on aregular plot (below, left), one can enlarge particular sections of the plot for detailed
analysis. The plot on the right shows enlarged top of the plot corresponding to the end of compaction. The top line shows
local in-die density distribution in the test compact. The density variation on the pressing and the closing side of the compact
can be evaluated.
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The horizontal axis representing h/H ratio uses Hgesreq Value equal to the H of the desired compact (at the desired
density) as defined on the plot by the Gaand the densityOp . The local h varies between O (at closing punch face) and the
intermediate compact height (at the pressing punch face). Therefore, the ratio h/Hgesreq iS l€SS than 1 for compact densities
larger than desired and more than 1 for compact densities less than the desired. Thisarrangement allows visualization of
local compaction linesfor any cross section of the pressed compact (dashed lines).

The solid plot lines represent local density distribution at specific instantaneous average in-die compact densities
listed at the bottom of the figure (the first value is for the bottomline and the last value is for the top line.) The dashed plot
lines show the movement of fixed cross sections of the compact (at h/Heompact = 0.1, 0.2, .., 1) during the compaction cycle.



Plot 14: Local Radial Shrinkage In One-Sided Pressing
The radial shrinkage, in the direction perpendicular to the pressing direction, is calculated as:
Si: (1 - ds'ntered/ dgreen) 100 [%]

Theradial dimension change represents aratio between the sintered radial dimension and the green in-die radial dimension at
the same corresponding location on the compact. The graphs are plotted for specific compacts only.

To determine the local radial dimension change based on a free (out-of-die) green compact size, use the following
relation:

dowor-gie=dindge/®& ; €& istheradial green compact expansion

The plots are based on the assumption that the density after sintering is uniformthroughout the compact. In many
cases the sintered density is not uniform. However, assuming an uniformsintered density, the calculations result in a
maximum possible dimension change which means that in practical cases the actual local shrinkage may be less but it will
never be more that the one on the graph.

The programrequires an additional information to plot the local dimension changes after sintering:
- the desired average density after sintering
- the total mass loss during drying and sintering
- the anisotropic shrinkage ratio (in isostatic pressing): a=S/Sy, S=1-Hsnered/Hgreen, H is the axial dimension.
Note: If the above information isnot provided, the computer will not produce thelocal dimension change graphs.

To enhance areas of interest on aregular plot (below, left), one can enlarge particular sections of the plot for detailed
analysis. The plot on the right shows enlarged bottom of the plot corresponding to the end of compaction. The bottomline
shows local radial shrinkage in the test compact.
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Figure 11. Local Radial Shrinkage during sintering (one-sided pressing). (T3.02) Figure 11. Local Radial Shrinkage during sintering (one-sided pressing). (T3.02)
Valid onty when: Ga = 0797 at the in-die average p = 5925, er= 10035 , ea = 1 0259 Valid only when: Ga = 0.797 at the in-die average p =5.925 er=1.00356 , ea=1.0259 .
The =olid nes represent local shrinkage at listed below average in-die densities. The solid lines represent local shrinkage at listed below average in-die densities.
Line values from top to bottom (g/cm®): 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60 Line values from top to bottom (g/cm®): 4.20 4.40 4,60 4.80 5.00 5.20 5.40 5.60
5.80 5.87 5.92 5.80 587592

On this plot, the horizontal axis representing h/H ratio uses H value equal to the actual height of the current
compact. Thelocal h varies between 0 (at closing punch face) and 1 (the intermediate compact height at the pressing punch
face). Thisarrangement allows simple visualization of local changesduring sintering.

The solid plot lines represent local radial shrinkage variation at specific instantaneous average in-die compact
densities listed at the bottom of the figure (the first value is for the top line and the last value is for the bottomline.)



Plot 15: Local Axial Shrinkage In One-Sided Pressing

The local density in aone-sided pressing is changing along the hight of the compact. As aresult, the calculations
for axial shrinkage are more complexthan for the radial shrinkage. The lower density sections of the green compact shrink
more than the higher density ones. The middle cross section of the green compact will migrate towards the low (green)

density end.
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Local Axial Shrinkage during sintering (one-sided pressing). (T3.02)

Valid only when: Ga = 0.797 at the in-die average p = 3.925, er = 1.0035 , ea = 1.0265 .
The =zolid lines represent local shrinkage at listed below average in-die densities.

Line values from top to bottom (ga‘cmg'}: 4.20 4.40 4.50 4.80 5.00 5.20 5.40 5.60
580587592

On this plot, the horizontal axis representing h/H ratio uses H value equal to the actual height of the current
compact. Thelocal h varies between 0 (at closing punch face) and 1 (the intermediate compact height at the pressing punch
face). Thisarrangement allows simple visualization of local changesduring sintering.

The solid plot lines represent local axial shrinkage variation at specific instantaneous average in-die compact
densities listed at the bottom of the figure (the first value is for the top line and the last value is for the bottomline.)



Plot 16: Local Pressure Distribution In Double-Sided Pressing

The double-sided symmetrical pressing configuration is calculated based on the one-sided pressing test results. It
represents a combination of two one-sided pressing arrangements with a common closing (stationary) cross section in the
middle. The practical equivalent is the floating die compaction setup.
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Local pressure distribution in a double-sided pressing. (T3.02)
‘Walid onhy for compacts with Ga = 0.0 and p = 5.8 at the nominal length H.
The solid lines represent average densities, the dashed lines are compaction curves.
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The horizontal axis representing h/H ratio uses Hgegreq Value equal to the H of the desired compact (at the desired
density) as defined on the plot by the Gaand the densityOp . The local h varies between O (at closing punch face) and the
intermediate compact height (at the pressing punch face). Therefore, the ratio h/H is less than 1 for compact densities larger
than desired and more than 1 for compact densities less than the desired. Thisarrangement all ows visualization of local
compaction linesfor any cross section of the pressed compact (dashed lines).

The solid plot lines represent local pressure distribution at specific instantaneous average in-die compact densities
listed at the bottom of the figure (the first value is for the bottomline and the last value is for the top line.) The dashed plot
lines show the movement of fixed cross sections of the compact (at h/Heompact = 0.1, 0.2, .., 1) during the compaction cycle. The
last (on theright side) dashed line is the standard compaction characteristic (compaction pressure and compact height).



Figure 17: Local Density Distribution In One-Sided Pressing

To enhance areas of interest on aregular plot (below, left), one can enlarge particular sections of the plot for detailed
analysis. The plot on the right shows enlarged top of the plot corresponding to the end of compaction. The top line shows
local in-die density distribution in the test compact. The density variation on the pressing and the closing side of the compact
can be evaluated.
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The horizontal axis representing h/H ratio uses Hgesreq Value equal to the H of the desired compact (at the desired
density) as defined on the plot by the Gaand the density p . Thelocal h varies between O (at closing punch face) and the
intermediate compact height (at the pressing punch face). Therefore, theratio h/H is less than 1 for compact densities larger
than desired and more than 1 for compact densities less than the desired. This arrangement all ows visualization of local
compaction linesfor any cross section of the pressed compact (dashed lines).

The solid plot lines represent local density distribution at specific instantaneous average in-die compact densities
listed at the bottom of the figure (the first value is for the bottomline and the last value is for the top line.) The dashed plot
lines show the movement of fixed cross sections of the compact (at h/Heompact = 0.1, 0.2, .., 1) during the compaction cycle.



Plot 18: Local Radial Shrinkage In Double-Sided Pressing

Similar to the shrinkage in a one-sided pressing (Plot 14 above). To enhance areas of interest on aregular plot
(below, left), one can enlarge particular sections of the plot for detailed analysis. The plot on the right shows enlarged bottom
of the plot corresponding to the end of compaction. The bottomline shows local radial shrinkage in the test compact.
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Figure 15. LD_Cal Radial Shrinkage during si|f1tering (double-sided pressing). (T3.02)  Figure 15. Local Radial Shrinkage during sintering (doublz-sided pressing). (T3.02)
Valid only when: Ga = 0.797 at the in-die average p = 5.925, er=1.0036 , ea = 1.0265 . Valid onty when: Ga = 0.797 at the in-die average p = 5.925, er = 1.0036 , ea = 1.0269 .
The solid lines represent local shrinkage at listed below average in-die densities. The =olid lines represent local shrinkage at listed below average in-die densities.
Line values from top to bottom (g/cm?): 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60 Line values from top to bottom (g/cr®): 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60
5.80 5.87 5.92 580587592

On this plot, the horizontal axis representing h/H ratio uses H value equal to the actual height of the current
compact. Thelocal h varies between 0 (at closing punch face) and 1 (the intermediate compact height at the pressing punch
face). Thisarrangement allows simple visualization of local changesduring sintering.

The solid plot lines represent local radial shrinkage variation at specific instantaneous average in-die compact
densities listed at the bottom of the figure (the first value is for the top line and the last value is for the bottomline.)



Plot 19: Local Axial Shrinkage In Double-Sided Pressing
Similar to the shrinkage in a one-sided pressing (Plot 15 above).

175
o
&
8
— 15
¥
R
]
=}
=
c
o
o g
s 125
=
.
=}
o
o
]
E
EIII
: 10
It
T
-
N
m
S
(=
= [ =
= TS5
)]
o

1]

Figure 16.

] S— | |
- | I
| |
------- T L R R R e S R
|1 S S T S
I T f f f i f
| | | [ N R
| | | !
. ———: — e Y WU ) U W
| |
]
I
e B S s O O
""" AN et
1] |
| | ! |
| [ i i
"""" | """!'"'"J."""""" s | S | A )
; : ; | | | | |

0 0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.2 0.9 1

h/H

Local Axial Shrinkage during sintering (double-sided pressing). (T3.02)
Valid onty when: Ga = 0.797 at the in-die average p = 5.925, er = 1.0036 , ea = 1.0260 .
The =olid lines represent local shrinkage at listed below average in-die densities.

Line values from top to bottom (gs‘u:mg'}: 420 440 460 4.80 5.00 5.20 5.40 5.60
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On this plot, the horizontal axis representing h/H ratio uses H value equal to the actual height of the current
compact. Thelocal h varies between 0 (at closing punch face) and 1 (the intermediate compact height at the pressing punch
face). Thisarrangement allows simple visualization of local changes during sintering.

The solid plot lines represent local axial shrinkage variation at specific instantaneous average in-die compact
densities listed at the bottom of the figure (the first value is for the top line and the last value is for the bottomline.)



5.6.6 Axia & Radial Crushing Test Plots

The Crushing Tests generate the following data sets:

- axial crush - point measurements during axial crushing test: s, pac
- sis the crushing position
- P2 is the axial crushing pressure based on a cross section area of an in-die compact

AXIAL:

- radial pressur e crush - point measurements during radial crushing test: s, w;
- diametral pressur e crush - point measurements during radial crushing test: s, wy
-radial crushing force: s, F
The position s in theradial crushing test is expressed as:
s=dj,-X
where d;, is the in-die diameter and xis the distance between the crushing faces. During the test, the s=0 position is registered
when the crushing force begins to rise.

Theradial pressureis calculated as aratio of the crushing force and the instantaneous contact area between the
crushing plane and the cylindrical surface of the compact assuming that the deformation occurs only at the contact area:

W= F/Ac , A= hin (din2 - )(2)0'5

where Fis the crushing force measured on the crushing punch, A is the contact area, h;, is the in-die height of the compact.
Theoretically, the initial pressure is infinite (contact along aline). Due to afinite accuracy of force measurements and compact
deflections, the initial pressure points are removed fromthe crushing characteristic and are not considered for the green radial
strength.

The diametral pressureis calculated as aratio of the crushing force and areference area of the unstressed compact:
ws=FI/A, ; A;=05(3.14 hgy dow)
where the compact height and diameter are the measurements of a free (out of die) compact.



Standar d Plots:

Plot 5: Green Compact Axial Crushing Characteristic

The graph shows the crushing pressure versus the crushing distance. The maximum pressure during crashing
represents the corresponding Axial Green Strength of the compact. If thereis no clear drop in crushing pressure at the end of

the crushing cycle, the maximum pressure is meaningless and so is the Axial Green Strength.
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Figure 17. The green test compact axial crushing characteristic. {T3.02)

Plot 6: Green Compact Radial Crushing Characteristic

The graphs show the crushing characteristics for the Radial pressure versus the crushing distance. A few initial
points in the crushing force are not considered for this graph to prevent an initial spike due to a division of a small force over

anear zero contact area at the startup of the crush test.
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Figure 18. The green test compact radial crushing characteristic. (T3.02)



Plot 7: Green Compact Diametral Crushing Characteristic

The graphs show the crushing characteristics for the Diametral pressure versus the crushing distance.
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Figure 19. The green test compact diametral crushing characteristic. (T3.02)
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Figure 20. The green test compact diametral crushing force characteristic. (T3.02)



5.7 CSV Files - Test Data Files For Spreadsheets

Checking the Mak e .csv File boxin the Screen Table Display screen will automatically generate individual csv
(comma separ ated val ues) files for new test datafiles or for any test datafile that does not have a corresponding csv file. The
.csv (comma separ ated val ues) format is compatible with spreadsheet programs. Thosefiles are created for currently selected
units and stored in a unit-specific folder in the test data directory:

- Folder MPa_mm_gpercm3 for files in metric units: M Pa, mm, g/cn®

- Folder PSI_in_gpercm3 for files in USunits: PSl, in, g/cr?

Every time a setup for the Screen Table Display is changed, the PTC programupdates the csv test files.
The Setup .csv option provides the details for the csv files:

i ) B
| E] €5V Setup For Flots Data l__

TEST DATA FILES IN SPREADSHEET FORMATS

1. Table Data File: Tabla_Units.cov Fie-Make Files I ake Combined Fie

| Z. Test Data Files: AD1234_ 00 Units.csv 3. COMBIMED FLOTS Data File: All_Units.csv

| Coumn 1:  Gen - Gereral Data Mames same as in & Scieen Tabls Fiow 1: Test Hurbers

| Coumn 2 Gen - Genedal Data Units same a3 in & Scieen Table Row 2 Data Mames
[Coumn 3 Gen - Gensal Data Valuss same a3 in a Screen Table Fiow 3 Unis

| [Cobmn 4 h - carrpact height/length duing compaction A el

| Coumn & ha - campact in-die averace dersily during compaction COLUMMS - Setect anly cesired parameters ta Imk ke dala file size:
Coumn & | Fprss - pressing punch pressure duing compacion v h - compact heightflength during compaction
Cobmn 7. Ptep - toplclesng] punch prezsune during compaction [« tho  -indie aver aga compact densily during compaction
[Cobmn B Pret - net lizostatic] pressure cuning compaclion v Ppires - pressig punch piessure duing compachion

. Colmn 3 213 - glide coeficient at de walk: during compaction W P4op - top [clozing] punch pressure during compaction l
Cobmn 100 alpha - compactibilib: coslficiant duing compaciice |w Piet - net [isostabic] pressure duing compaction
Cobmn 11 : i W sta  -zlde cosflicient al de wals during compaction
I% ;E 2 EE:S:EE:;?L?Ej;:'::EE: SeEICH W alpha - cormpacibility cnefficienl duing cor!'paciiun ; _

[¥ Inchide Compaction Pressue Holding data [if aralabls)
|Cgbmn 13 & - erushing dztance during Asial Ciozk best [w Pa  -eection presiue, @ - ejsction dislance
Coumn 14 we-a% - adal ciushing prassure duling Saial Crusa Tes! v wg-an - avid crughing piessure, ¢- crushing dislance
Im 2 - crushing dizfance during Fadial Cazh ezt : W;-r‘:,'d i ”:'dnl crazhing PIEEsOl E,I'L,lshll'g.dlstd!'ﬁﬂ
: : : ; v ws-diz - diametral crushing pressure, ¢ - ciushing distznce

[Cobmn 16 werad - iadial crushing pressure durning A adial Crash test =F R e i
[Cobmn 17, we-dia - diameiral crushing pressure during Radial Crush test ~ radial cnishing force [Newitansl. 5 - cushing digtance
E'umn 18 8 - 1adial cruzhing foree dunng Fladial Crush test Matke: For Fladia Crush data, onl one column with 3 [crushing distance].

1. Fies are based on user select=d bazic unts in the Sceen Table Display

2. Fia: for al tastz in 2 Tect Diata directary are lored in loldars named C5Y_Lnils
5 <Re-Make Filess button creatss ness cay fies for al Test Data files i Cencd Exit
4 <Make Combied Fles button creates 3 COMBIMED TESTS Ale fomALL Tect Data hles,

The Re-Mak e Files option generates all csv files fromtest datafiles in a data directory. The Mak e Combined Files option
creates the combined plot datafile based on the current selections in the display.

The following files are available (" units" in the file names below refer to the currently selected units in the Screen
Table Display, exactly the same as for the folder names above):

- Table_units.csv- table datafile identical to the Screen Table Display:

A B C D E F G H 1 J K L ] N o P Q
5 | Test | Powder Batch Die rhot rhob rhotp HR Ctap Taps beta Temp HPT th rhog-d eta-d alpha-d P
2| -1- -2- -3- -4- glem3  gfem3  g/em3 -8- % -10- deg C -13- sec glem3  -16- -17- |
3 2 SAMPLE TC/TD#1 7.8 3.166 3.857 1.218 17.92 20060 41 28 6 0.4 0.1585
4 3 MIX1 TC/1 7.8 3.115 3.665 1177 15.01 15045 46 27 6.048 0.843 0.1613
5 4 MIX1 TD-1/C-3¢ 7.8 3.115 3.665 1.177 15.01 15045 46 a7 6.05 0.744 0.1626
6 64 SAMPLE TC/1 7.8 3.166 3.857 1.218 17.52 20060 41 27 6 0.812 0.1544

Eac camanic T 20 aaes aoc 1 a1 43 an Anncn ac an € ven A van P

y|ola|ole
ERE=-RE=RE-NE-]



- A00123_00_units.csv - standard output Test Data File (for each A 00123.00F test file) with General Test Data (hames, units,
values) and Plots for compaction (h, rho, Pc, Pd, Pn, alpha, eta), ejection (s, Pe), axial crushing (s, wa) and radial crushing (s,
wr, wd, Fc):

A B C D E F G H I J K L M N Q P Q R
1 [Gen lGen Gen h rho Pc Pd Pn alpha eta s Pe s ws-axial s ws-rad  ws-dia  Fcrush
2 |Name Unit Data mm gfem3 MPa MPa MPa , , mm MPa mm MPa mm MPa MPa N
3 |Test -1- 3 18.948 3.429 3.9 17 2.6 0.0334 0.574 -0.047 o o o o 2.1 0 3
4 |Powder -2- MIX 1 18.923 3.433 4.1 1.8 2.7 0.0335 0.5751 -0.044 1.2 0.002 1] 0.002 2.9 0 6
5 |Batch -3- 18.898 3.437 4.2 1.9 2.8 0.0335 0.5747 -0.041 4.3 0.003 0.1 0.003 3.7 0.1 11
6 |Die -4- TC/1 18.885 3.441 4.4 1.9 2.9 0.0336 0.5743 -0.038 7.5 0.005 0.1 0.005 3.4 0.1 20
7 |rhot gfcm3 7.8 18.86 3.445 4.5 2 3 0.0337 0.5739 -0.036 11 0.006 0.2 0.006 6.5 0.1 28
& |rhob gfem3 3.115 18.834 3.449 a.7 2.1 3.1 0.0338 0.5731 -0.033 12.5 0.008 0.3 0.008 9.7 0.2 a6
9 _rho‘tp g/cm3 3.665 18.809 3.453 4.9 2.1 3.2 0.0338 0.5722 -0.03 12.2 0.009 0.3 0.009 8 0.2 a2
10 |HR -8 1.177 18.796 3.458 5.1 2.2 3.3 0.0339 0.5714 -0.027 12.1 0.011 0.2 0.011 6.8 0.2 38
11 Ctap % 15.01 18.771 3.462 5.2 2.3 3.5 0.034 0.5711 -0.024 12 0.012 0.3 0.013 6.9 0.2 42
12 |Taps -10- 15045 18.745 3.466 54 2.4 3.6 0.0341 0.5708 -0.021 11.9 0.014 0.3 0.014 7 0.2 45
13 |beta deg 46 18.72 3.47 5.6 2.4 3.7 0.0342 0.5706 -0.018 11.9 0.015 0.3 0.016 7.3 0.2 50
14 |Temp c 27 18.707 3.473 3.7 2.5 3.8 0.0343 0.5709 -0.014 119 0.017 0.3 0.018 7.6 0.3 34
15 |HPT -13- 0 18.682 3.477 5.9 2.6 3.9 0.0344 0.5712 -0.011 119 0.018 0.3 0.019 79 0.3 59
16 |th sec o 18.656 3.481 6.1 2.7 a4 0.0345 0.5714 -0.007 119 0.02 0.3 0.021 8.3 0.3 65
17 _rhog-d g/cm3 6.048 18.644 3.486 6.3 2.8 4.2 0.0347 0.5711 -0.003 11.9 0.021 0.4 0.022 8.7 0.3 71
18 lata_d 1A neAal 12 AR12 T AQ ARA 5 A2 nnaag ns7n2 nonnt 11 a nna2 na nnlA a3z na 77

- All_units.csv- acombined plots file for user selected test plot parameters fromall tests:

A [ B | () | D [ E | F | G [ H | 1 | J [ K | L |
it | 1382 1382 1382 1382 1383 1383 1383 1383 1384 1384 1384 1384
2 h Pc 5 Pe h Pc s Pe h Pc s Pe
3 |in PsI in PSI in PSI in PsI in PSI in PSI
4 | 0.7155 123 -0.006 ] 0.7215 91  -0.0059 0 0.7135 106  -0.0059 ]
5 | 0.7115 133 -0.006 93 0.7175 101 -0.0058 101 0.7095 118 -0.0059 64
a 0.7075 144 -0.0059 193 0.714 112 -0.0058 220 0.7055 131  -0.0059 149
T 0.7035 156  -0.0059 211 0.7095 121 -0.0058 252 0.7015 144 -0.0059 172
&8 0.6995 168 -0.0059 238 0.7055 130  -0.0058 276 0.6975 160 -0.0058 188
9 | 0.6955 182 -0.0059 253 0.7015 141 -0.0058 301 0.6935 165 -0.0058 215
10 | 0.6915 196  -0.0059 258 0.6975 153  -0.0057 321 0.6895 178 -0.0058 238
11 0.6875 211  -0.0059 264 0.6935 167  -0.0057 335 0.6855 185 -0.0058 270
12| naARas 772 -N 0NS9 782 N ARG5S 121 -nnns7 ELL n ARR15 N2 -nNNs7 21

The desired parameters are selected in the parameter's list. The programwill extract the data fromeach test datafilein
the folder and assenble themin columns. The number in the first row shows the corresponding test number for the datain the
column. The second row shows the name and the third raw shows the unit for the data. The actual data starts in the forth row.



5.8 Applications In Process Control And Design

The tested powder parameters depend on the green compact density. Therefore, any comparisons between test data
files must be done at the same Desir ed Gr een Compact Density. The desired density and few other parameters may be
modified in the Edit TDF display (option in the main table screen display).

The test parameters are used for direct comparisons in powder developments and quality control evaluations. Test
parameters of interest may be assembled in the desired order for display in the main table display on the screen. Implementing
the option for filing the table data, one can select (mark) the specific test datafiles of interest and with that option create an
ASClI file that contains the desired data in identical format as seen on the screen. The datafromthat file may be loaded into
any third party programfor adesired statistical analysis.

It is of utmost importance to correctly interpret the data selected for comparison. Since most of the parameters
depend on the Green Compact Density, those parameters can only be compared at the same green density. That parameter
can be changed to any value within the tested range. There are three steps to set the common base for comparison between
test datafiles:

(2) - select (mark) the test datafiles to be compared
(2) - using the "Edit TDF" option, set the Desired Green Compact Density for the current test datafile
(3) - using the options in the " Edit TDF" screen, set the desired density for all selected test datafiles.

By default during atest, the Desired Green Compact Density corresponds to the desired density used for testing. If
the testing is done based on the desired pressure, the desired density will correspond to the one at the desired pressure. The
actual compact density will be slightly different since the compaction cannot be stopped precisely at the desired point, there
will always be some over- or under-shots. The user cannot change the actual test parameters in the test data file, however the
desired parameters (density, pressure) can be changed at any time to the value at which one wishes to analyze the powder
properties.

Sincethetest parameters corresponding to the final test compact cannot be changed, one must be careful when
comparing such data between test datafiles. Even though the differences between the final test compact density might
appear small, they might nevertheless be significant enough to make data comparisons inaccurate. One example might be the
maximum compaction pressure which at the end of compaction change quite dramatically with very small variations in green
density. Therefore, statistical comparisons of the actual (final) test compact parameters require some caution and may provide
conpletely useless results. Only comparisons made at the same (desired) green density give valid results.



I1l. MANUAL OPERATION & DIECHANGE

6. TESTS WINDOW: MANUAL OPERATION AND DIECHANGE

Always be aware of safety issues in dealing with the testing center:

* MAKE SURETHAT THEDIEDOOR (front main cover) IS IN PLACE!!!
* CHECK IF THETEST DIEIS MOUNTED PROPERLY !!!

* WEAR SAFETY GLASSES !!!

* USE EXTREME CAUTION WHEN THE DIE IS HOT !l

For new or serviced units, the following steps must be performed before or during the first test:
- make sure that the Test Die s installed

- release the die lock - using a3 mmhexkey, tighten the die lock screw through the hole on the top of the PTC and then turn it
1 TURN counterclockwise to release the die lock.

- check if the Test Die is mounted properly - the Top Punch should move in and out of the die without much resistance.
- calibrate the die (position sensor).
The Manual Ogptions frame in the Tests Window displays all available options for direct control of the testing center.
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The temperatures for the test die, the pressing punch base, the top punch fixture and the travel sensor are
constantly monitored and displayed in the upper right corner of the Tests window. If the temperature of the die exceeds 45°C
the program changes the color of the temperature display window. In addition, at the elevated temperature, the pressing
punch must be at the bottom of the die all the time except during testing. The testing cycle withdraws hot punches to the
bottom position. However, since the user may interrupt that cycle and leave the testing with punch too deep in the die, the
temperature display will be flashing and a memo will be constantly asking to move the punch down to prevent sensors
overheating. That reminder will stop as soon as the punch is moved to a safe level.

The Up button moves the punch slightly above the die's surface. The Down button moves the die to the bottom
position. The Spacer button initiates the top punch unlocking step (the test die is moved down). The Heating button is used
to heat the die to a desired temperature (see the Heating section below). The Light button turns on/off the test die
illumination.

The punch position is measured with respect to the top surface of a compact during compaction and it represents
the distance between the pressing and the top punch when the top punch is locked. Nominally, the " 0" reference position is
5.08 mmbelow the top surface of the die. If the pressing punch is above that location, the reading is negative and it turns to
positive when the punch is moved below it.

The readings fromboth pressure sensors are also displayed. One may check the sensors by pushing on the top
punch or on the pressing punch. The readings should register change in pressure.

The position of the top punch is monitored by limit switches. The top punch must be unlock ed during manual up
movement to prevent direct punch contact and possible damage to punches and sensors.



6.1 Die Calibration

/B Die Calibration: Use the Correct GAUGE ! )]

| Select and Check the Calibration GAUGE, Type in Corections.  Press Go to Calibrate

SENSORS READOUTS CALIBRATION GAUGE
Punch Postion: | -5.02  mm 12,700 Die Diameter [mm)

Punch Speed: mmds % 9.458 Gauge 0D [mm)

Preszing Pressure: 0.0 MPa STOP 3.69 Gauge 10 [mm]
Top Pressure: 0.0 MPa aluminum  Gauge Material

Go | Fead Mic | Cancel ‘

The die calibr ation determines the true length between punches and the absolute position of the compact in adie at
zerofor ce. To calibrate, an aluminum Die Calibration Gauge is placed between punches and pressed with a small force. The
gauge must fit into the die's cavity and its length should be close to the desired compact length. The gauge material must be
aluminum. The calibration should be performed frequently, preferably each time the testing center is turned on. The process
is quick and provides accuracy assurance for the test results.

The calibration display shows sensor readouts (position, punch speed, and pressure on both punches). The display
shows the current calibration gauge data. The gauge's outside diameter OD and inside diameter 1D should be checked and
retyped if necessary.

Pressing the Go button starts the calibration. The pressing punch moves to a position, the gauge should be placed
on top in the center of the punch. The Go option moves the punch down. It is advisable to lower the top punch with the
gauge as it moves down and lock the top punch as soon as possible. Locking the top punch will be detected by the program
and the punch will move up to complete the calibration. If the top punch is not locked, the pressing punch moves down and
stops. The message on the screen will instruct the user to lock the punch. If the gauge is not low enough which prevents the
locking, selecting the Go button will move the gauge down again and again if necessary.

The calibration is successful when aforceis detected on the pressing punch and the motor stops. The punch
position is used to calculate the distance between the punches. That distance must be verified by measuring the length of
the gauge itself. The calculated gauge length is displayed on the screen and must be corrected if the differenceis larger than
0.01 mm.



6.2 Dies

A typical user may have many dies with different diameters and materials. Each die must have a unique die name or
number that can be used for identification. Often dies work at elevated temperatures and have temperature sensors attached
for the measurements.

The most common die is a solid one-piece die as shown below. These dies typically have a steel casing and an insert
made of tungsten carbide, ceramic or other die material. They can be used for cold and warm (up to ~70°C) pressing. A band
heater mounts on the stem of the die and a temperature sensors is mounted at the bottom of the stemto monitor the
temperature.
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The cold/hot pressing die below uses die cylinders mounted in a universal (for various die diameters) mounting
head. The die cylinder is surrounded by ceramic insulators that protect the PTC from heat. Depending on the material of the
die cylinder, the die can be heated up to 300°C. This type of atest die is practical for experimentation with different die
materials and compaction temperatures.
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1. Remowve the Die Cup e o e
2. Remove the Cup's Lock Scraw H'm& W Insulator
3. Lift the Insulator and insart the thermistor I . Cup's Lock Screw
4. Bend the sensor's head into the groove in R - T
the Insulator's inside rim R [

e T DieCup

5. Push the Insulator into the Die Cup and
install the lock screw
B. Mount the Die Cup onio the Die Cylindar

@ %_ —— Punch Seal {Teflon)

PUNCH HOLDING RING INSTALLATION (NEW CESIGN):
1. Clean with solvents the end of the punch and the greowve |
2. Putthe correct bronze wira ring Inte the groove !
3. Coat the surface of the punch in the contact area (Punch-

Huolding Ring) with a high strength retaining compound : s
4. Slide the Holding Ring over the wire ring ! e ;
5. Clean any excess retaining compound from the area 1 —__Pressing Punch
6. Wait until the compound solidifies before using the punch :
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6.2.1 DieTable

Thedietablelists all dies on record and shows the parameters defining a die which could be modified by the user.
To create anew dig, first Copy an existing die (highlighted line), move to aline below which you want your new die to be
listed, Paste it to make a new line entry and edit all relevant parameters. To edit a die parameter, double click on it. At first, the
user must provide the Oper ator Passwor dto maeke any changes. The selected parameter is displayed in the Edit Window and
may be modified as needed. Pressing Enter or moving out of there automatically makes the changein the die table. The die
parameters should be determined as accurately as possible, preferably within 0.01mm.

NOTE: All die parametersarein metric units, regardl ess of what the general unit selectioniis.

£4 Test Dies Table. Total Dies:2 Installed: Die No. 2 By
Dig Dig Mame F-max | DieD | Digl | Leff |T-max| TPL ERIE TPa FPL FPE FPa PPul |PPud| PPuE PPua [= |
> 5 i} mm mm mm E mm MPa 1/C MPa 1/C mm mm MPa 1/C
1 TOHI/TC 95000 | 9525 | 9265 | 8000 ) 70 38.10 | 207000 | 0.000012 517500 | 0.00000534
23 TD#H2/C350 80.00 207000 0.000012 517500 0.00000534

| Die Mo, 2: P-max =1333 MFa Recommended-testing-range = 138 - 895 MPa

Die:
| & Total T-gensars: 3, Current T-sensar: |

Copy | Paste | Cut [ID = 399, Tmax = 300C | addT | cutT | viewT |
Change Die Ihztall Die | Calibrate Die Exit

Powder Mame: up to 20 characters long. [To edit: prezs E or double click).

Thefollowing parameters (metric units only) define a die:

Die Name - an ID or code of the die (20 characters), it will appear on printouts and displays
F-max - amaximum allowable force on the pressing punch (40,000-98,100 N)

DieD - the actual diameter of the die cavity (5-19.5 mm)

DieL - the total length of the test die (55-119 mm)

L-eff - the effective length of the pressing section (diameter DieD) of the die (50-119 mm)
T-max - the maximumtemperature for the die (50-300°C)

TPL - the top punch length (37.5-38.25 mm)

TPE - aModulus of Hasticity in [M Pa] for the material of the top punch

TPa - thermal expansion coefficient for the top punch [1/°C]

PPL - the pressing punch total length (130-146 mm)

PPE - aModulus of Hasticity in [M Pa] for the pressing punch

PPa - thermal expansion coefficient for the pressing punch [1/°C]

PPuL - pressing punch's undercut length in [mm]

PPuD - pressing punch's undercut diameter in [mm

PPUE - aModulus of Hasticity in [M Pa] for the undercut section of the pressing punch
PPua - thermal expansion coefficient for the undercut of the pressing punch [1/°C]

The top punch must be as shown on the punch drawing (Fig. 3). Most pressing punches (Fig. 2) are uniformin
meterial and diameter so in such cases the data for the undercut parameters equal zero. In some cases, the pressing punch
may have a pressing section with anominal diameter DieD and an undercut section with a smaller diameter. Sometimes, the
undercut section has the same diameter but is made of a different material. For those cases, the PPL refers to the total length
of the punch, the PPu refers to the length of the undercut section, the PPuD is the diameter of the undercut section (equal or
less than the nominal DieD), the PPE refers to the punch pressing section (with DieD) only and the PPuE refers to the




undercut section (with PPuD).

Thediethat is actually installed on the testing center is marked by ">" in the first colurmn. That die cannot be
removed fromthe table. Dies may be Cut fromthe list and moved to a buffer, Copied to the buffer, and Pasted fromthe buffer
to the table.

Before running atest, a given die must be first mounted (the Change Die option shows the mounting steps) in the
PTC, it must be Installed (the data parameters must be checked for errors and all relevant constants must be calculated), and
Calibrated (the position sensor must be initialized to correctly measure the compact length). Note: The testing will not take
place until the programfirst determinesthat the die data are within limitsand then installsthe die.

IMPORTANT NOTE: Changing a die parameter in the "Installed" die does not take effect until the button I nstall
isactivated. Only that makesthe necessary changesin the control file that affect the operation of the testing center.

The Die Table also lists the available die temper atur e sensor s. The displayed sensor is the current sensor attached
to the test die. Each sensor is identified by an ID inscribed on the sensor's plug and is defined by a specific calibration file.
There are two basic types of sensors in use:

- thermistor type sensor for ranges 0-100°C or 80-300°C (individual calibration file required)
- platinum (RTD) type sensor (ID=999) for arange 0-300°C (general calibration file stored internally).
The user may add new sensors to thelist, cut (remove) old ones, and view the calibration files.

6.2.2 Temperature Sensors

For hot or warm pressing, the computer expects to find the temperature sensor calibration data in the control file. The
temperature sensor may be common to many dies. When aparticular sensor is mounted on a die for testing, the sensor's ID
must be selected in the sensors list.

The PTCO4DM uses platinum temper atur e sensor s which are accurate in the 0-300°C testing temperature range and
do not require individual calibration. The sensors are identified with an ID=999 and use a common calibration file identified
as T00999.CAL. All PTC models can work with older thermistor sensors as well. All thermistor type temperature sensors are
individually calibrated and the calibration files are kept on record. Each sensor has an ID number engraved on the plastic
connector.

New sensors are delivered with a calibration file T#.CAL. The Sensor s frame options are used to manage the
calibration files. The Load button is used to find the calibration file and load it into the control file. Once loaded, the sensor is
listed in the T-Sensor List. The Cut option removes the sensor data fromthe Sensor List.



6.2.3 Die Change

All PTC models have the same procedure for die changing. The only difference is the location of the power outlet for
aDie Heater. The PTC-04ADM model has the heating outlet attached to the back of the testing module behind the test die. All
previous PTC models have the heating outlet in front, on the right, behind the die door.

Changing the test die requires the removal of the Die Door. The Die Door is mounted with thumb screws on the front
of the PTC. Removing the screws and the door opens the access space for die change. MAKEABSOLUTELY SURETHAT
NOTHING DROPSINSIDE THEUNIT AND NOTHINGISLEFT HANGINGON OR STICKING TO THE SENSORS !!!

EXERCISEAN EXTREME CAUTION WHEN THEDIE DOOR IS OPENED !!!

The steps below are for adie change. Follow themin the order indicated. To dismount adie, reverse the steps.

a) Lock the Test Die base - tighten the locking screw through the opening on the top of the unit.

Note: Changing a diewith thedie unlocked WILL result in a serious die misalignment and can permanently damage the
instrument!!

b) The punch mounting base should be positioned in mid-height of the die door. If necessary, moveit up or down by
pressing <U> or <D>, respectively.



c) Assemblethe Test Die: the Test Die, the pressing punch, the teflon punch sealing ring (it prevents powder fromgetting
below the mounting plate), the punch mounting plate and a die sealing rubber ring. For the sealing ring, use a silicon rubber
0-ring or asponge.

Note: The PTC-04DM model hasa die heater outlet located on the back of the unit so the heater's power cable must be
bent to the back of the die. For all older DT models, the power outlet isinside the unit and the power cable must be routed
under the die sealing rubber ring (see picture above, on theright). The temperature sensor can be secured in thediewith a
piece of a teflon tape or a dedicated wire clip.

d) Push the pressing punch through the die above the top face and through the Die Installation Gauge. The gauge must be
in the proper position (the letters on the gauge must be visible, on top). Lock the punch in the gauge with the locking screw
to prevent it fromdropping down on the bottom pressure sensor.

e) If the Top Punch is missing, install it into the Top Punch Sleeve and tighten the locking screw (first screw fromthe
bottom))

Note: For the PTC-03DT and PTC-04DT models, the Top Punch hasa pin and a bearing strip on itsside that keep the
punch fromrotating. Pull the handle all the way forward and down, insert the pin into the grove on the handle and move
the punch up. The punch must be inserted into the fixture with the bearing strip on theright side.



f) Insert the dieinto the unit and slightly tighten one mounting screw. Use a4 mmball point hexkey at an angle. The Die
Installation Gauge should be pressed against the FRONT and LEFT wall of the die mounting base (see the red line below, on
theright).

g) Tighten the other mounting screw.

h) Loosen both screws and press the die and the Die Installation Gauge against the FRONT and LEFT walls of the die
mounting base, see pictur e above, on theright. Make sure that thereis NO CLEARANCE BETWEEN THEWALLSAND
THE GAUGE. Tighten both screws firmly.

i) Holding the pressing punch, release the lock screw in the Die Installation Gauge and gently lower the punch all the way
down onto the pressing pressure gauge.

Install the punch mounting screws and tighten them When installed, the pr essing punch must have some up/down
clear ance, one should be able to move it up/down slightly. If the punch does not have any up/down clear ance, it is putting an



initial pressure on the pressing load cell that could damage theload cell. Tofix that, the test die has to be removed and
bottom of the punch with the mounting plate thor oughly cleaned.

j) For PTC-04DM models only: keep the Die Installation Gauge on top of the die. For all older models, please remove the Die
Installation Gauge and store it.

k) Position the Top Punch - NEW FOR MODELS PTC-04DM:
- slightly release the Top Punch Slide locking thumb screw on the back until the slide can be moved
- with the Die Installation Gauge on top of the die, move the Top Punch down and insert it into the gauge
- lock the Die Installation Gauge on the top punch and move the punch with the gauge up all the way

- press the Top Punch Slide and the Die Installation Gauge against the FRONT and LEFT walls of the die
mounting base

- tighten the locking thumb screw on the back to lock the Top Punch Slide in place; do not use excessive
force

- remove the Die Installation Gauge.

[) Move the rubber sealing ring to the surface of the die compartment bottomwall - see picture above. THE SEAL SHOULD
PREVENT ANY CONTAMINANTS FROM ENTERING THE INSIDE OF THEUNIT WHEN THE DIEDOOR IS CLOSED.
MAKESURETHAT THERINGIS PRESSINGAGAINST THEBOTTOM WALL.

m) Connect the temperature sensor to the connector on the left side. If needed, connect the heater's plug to the heating
power outlet. For PTC-04DM models, the power outlet is on the back of the module. For other models, the outlet is inside as
seen in the picture below:

MODEL PTC-03DT




n) Close the Die Door - tighten the mounting screws.

0) RELEASETHEDIELOCK. Turn thelocking screw (on the top of the unit) 1 turn counter clock wise.

Notes: Initially it may take sometime to change a die. Typically changing the die takesabout 3 minutes.
For new PTC models, the Top Punch can be changed without removing the test die.

6.3 Die Heating and Heat Shield

This option allows the user to heat the test die to a specified die temperature. The temperatureis typed in the
Desired T box. During compaction tests in heated dies, the target temperature is provided by the program.

For all temperatures above 80°C, the top of the die must be covered with the Top Die Heat Shield accessory fixture to
prevent heat radiation to the upper punch. The heating will not start unless the heat shield is inserted over the top of the die.
However, pressing the confirmation several times allows the start of the heating even without the heat shield.

The heating cycleis controlled by constants that have to be determined during actual heating. Therefore, the first
time after changing a heater or a die, the final temperature tolerance may be larger than desired. However, all following
heating cycles should lead to an improved accuracy.

When testing with heat cycles, it is recommended to install the removable Heat Shield in front of the heater as
demonstrated in the pictures below.




6.4 Scale

A scale (mass balance) may be connected to a USB or COM# port of the driving computer to allow direct readings of
the mass of powder during testing. If the scale cannot be connected to a computer, amanual entry of the scale's reading is
required when needed. The scale is called for during testing for bulk powder properties and during compaction.

The Tests window has a Scal e button in the upper left corner. Activating it displays the scale window. To start
direct readings, the communication parameters must be set correctly for the computer to establish alink. The Setup option
displays the communication setup display.

Communication Options for Scale e S
Parts: Baud: Farity: [rata Bits: [ ata Reguest:
1 1200 v Mone f+ ST BRI (None v
" 1800 [ Space
Mext [ 2400 [ Mark he Call Sprbal: |1
a0 © Odd itc":'a't:; L
9800 |  Even T2 Eg [cRLF
I Scale Accuracy: oy Scale: Process Input Data; - I
& 0001 g [ On = O Skip [0 Characterjs]

Fead Port | |

Port Input: |

Mote: |

Cancel

The manual for a scale must provide the required settings. The following settings are needed: port, baud, parity, data
bits, stop bits, calling symboal to get the value, and call ending character. The connection port can be found by clicking the
Next button which searches the next available port and tries to read fromit, displaying the input in the Read Port window.
One has to repeat the search until the input corresponds to the reading on the scale. If the input data starts with control
characters, the Skip can be used to ignore themby the PTC program.

In addition, the Scale Accur acy should be selected based on the accuracy of the actual scale. The selection is
needed to properly round off the needed powder mass for the compaction process. The scale calling routine may be turned on
or off if needed. The programreads in units as set on the scale.



6.5 Micrometer

The micrometer is necessary for calibration and for the green expansions test. The necessary readings may be
entered manually or, for the green expansions test, they may be taken directly fromthe micrometer by the program. A
micrometer with a SPC capability and direct computer adapter may be connected to the computer. The programwas
developed for and tested with Starrett and Mitutoyo micrometers. Any other type may or may not work with this program.

The Tests window has a Mic button in the upper left corner. Activating it displays the micrometer window. To start
direct readings, the communication parameters must be set correctly for the computer to establish alink with the micrometer.
The Setup option displays the communication setup display.

Communication Cptions for Micrometer L-E'_F-J
Partz: Baud: Farity: [ata Bits: [rata Request:
B 1200 f+ Mone I T [
" 1800 [ Space
Mext [ 2400 [ Mark ‘o Call Symbol: IF
Stop Bits: All 2ymbol:
© gg00 | 0dd i
* 9600 | Even 9 2 End [None ~
Mic: Procezs [nput Data: -
Delay after
/ opening Port [s]: |91 " On * Of Skip |0 Characters] J
Fead Fort | |
Part Input: |
Mote: |

(] Cancel

The manual for amicrometer must provide the required settings. The following settings are needed: port, baud,
parity, data bits, stop bits, calling symbal to get the value, and call ending character. The connection port can be found by
clicking the Next button which searches the next available port and tries to read fromit, displaying theinput in the Read Port
window. One has to repeat the search until the input corresponds to the reading on the micrometer. If the input data starts
with control characters, the Skip can be used to ignore themby the PTC program.

The micrometer calling routine may be turned on or off if needed. The programreads in units as set on the
micrometer.



IV. TESTING
7. TESTS WINDOW OPTIONS

Always be aware of safety issues in dealing with the testing center:

* MAKESURETHAT THE DIE DOOR (front main cover) ISIN PLACE!!!
* CHECK IF THETEST DIEISMOUNTED PROPERLY !!!

* WEAR SAFETY GLASSES I!!

* USE EXTREME CAUTION WHEN THE DIE IS HOT !!!

[iZ05  Punch Posiion

[ﬁfﬁ ~ Pressing Pressure

Eﬁ ~ TopPressure

This is only a test

The Tests window display is the center point for all operations and procedures involving the testing center. The
Manual Options frame provides access to all functions of the instrument (see Chapter 6 for details). The Initial Par ameter s
frame contains all data necessary to conduct atest. There are several buttons that lead to separate windows to perform
desired tasks.

The access frames to all individual tests performed on the testing center are arranged in a column connected with
indicative arrows. A given testing may involve all the tasks on the screen (a newtest) or it may be limited to afew selected
tasks (atest update). Each access frame displays the test number for that portion of the test data. It is possible that agiven
test may have datafromseveral tests (most often the Bulk Properties test is conducted for the first test on a new powder and
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then several compaction tests may use that bulk data.)

Thetest data are stored in a buffer which is converted to a standard test data file with the File button option. The
content of the buffer may be viewed by clicking on the "open file" picture button next to the Manual frame. The other picture
button is adirectory access button for test data directories.

The top of the screen provides white and red buttons for color setting (background, frames). The Mic buttonis a
direct link to the micrometer option. The Scale button initializes the scale reading option.

The PTC Calibration option shows readings fromall sensors and provides means to service and calibrate the
testing center. One can use this option to verify sensor readings and positions of limit switches.

All temperature sensors are monitored by the programand displayed at the right top of the screen. All sensors are
checked every second unless a specific test is conducted.

The current units are listed on top of the screen. To change any one of them, the user must click on the Table
option to return to the Screen Table display and make the unit changes there.

The End button terminates the program preserving the current settings.

At any time, the user may includetest or personal observationsin the Test Noteswindow. The noteswill be
attached to the test data file.



7.1 Gener al Requir ements and Tol er ances

There are many factors that affect the test accuracy, testing performance, and testing safety. Some of themare
common to all powder pressings and some are unique to the PTC. A reliable and safe testing requires that users are familiar
with the list below.

e Die/punch tolerances

Too tight tolerance between the die and the pressing punch can lock the punch inside the die. As aresult, the
punch holding ring (at the mounting end) will be sheared off and the punch will have to be repaired or replaced. On the other
hand, aloose tolerance will cause some powder to get between the punch and the die and damage the die's surface. The
correct tolerance must be selected for each powder and typically the judgment is based on experience. New factory supplied
test die set may require some polishing of the punch to get the desired tolerance.

Thetop (closing) punch is stationary and can tolerate larger clearance which is needed to allow smooth closing of
the die. If there are problems with closing the die, polishing the end of the top punch might be necessary. In addition, the die
filling step may result in some powder coating of the die entry walls which may make die closing difficult. Again, increasing
the punch clearance will typically remove the problem. Too large a clearance, on the other hand, will result in a sharp rimon
the compact surface fromthe powder being pushed into the clearance during compaction.

e Powder weighing

The powder sample is weighted with finite accuracy. It is often surprising to see how big a change in pressing
pressure the seemingly small amount of powder can make. One can use the options in the Edit TDF window to check it and
get ameasure of that change. That change will contribute to the accuracy of reaching the desired end point during
compaction.

o Diefilling

The diefilling process can create nonuniform powder height in the die which can affect results, particularly for short
compacts. The standard die filling fixture fills the die evenly with only slight powder elevation in the center of the die cavity.
Therelative error fromthe die filling nonuniformities is inversely proportional to the height over diameter ratio.

e Compaction

The end point of compaction is determined by sensor readings and the step motor is stopped. Dueto the system
inertial forces, there is always a small offset fromthe desired end point.

e  Punchfriction

The punch force measurements are direct by load cells beneath the ends of the punches. Thereis no direct die
friction measuring sensor and the friction is calculated as the difference between the forces on the pressing and closing
punches. It is assumed that the force measured at the pressing punch is entirely transmitted to the powder. However, the
pressing punch experiences some friction at the die walls during compaction, particularly if the die/punch toleranceis
incorrect, and that friction reduces the force transmitted to the powder.

e  Temper atur e effects

The program compensates for thermal expansions of the punches based on temperature measurements of the die, the
pressing and top punch ends, and the travel (position) sensor. For testing at elevated temperatures it is absolutely essential
that the correct thermal expansion coefficients are entered for the given test die set. The programassumes a simplified linear
temperature distribution along the punches which, in reality, depends on many factors. The thermal expansion correction may
be off depending on the magnitude of those discrepancies. There will always be some discrepancies due to uneven punch
cooling. In general, the magnitude of the possible errors is insignificant.

e Position sensor errors

The overall accuracy of the position is influenced by the electronic boards, temperature, and the ball screw
mechanismthat pushes the pressing punch (the sensor is attached to that mechanismand not to the center of the punch.)
The sensor is calibrated at many points along the effective length. The program determines the actual position fromlinear
interpolation between those points. In most cases, the overall accuracy is within the 0.01 mmrange.



7.2 Initial Test Par ameters

Test datafromthe last test file selected on the Screen Table Display or froma previous test is loaded into atest
buffer file automatically and may be used as a background for anew test. A specific file may be loaded into the buffer by
using the Directory (picture box) option.

The Initial Parameters frame provides a Clear button for clearing all entries and Reload button to load the initial
background data. Two buttons at the bottom of the frame provide options for dealing with old Test Notes when starting a
new test (Keep or Clear) and with the old crush data (Keep or Clear). The crush data options could be selected individually
by clicking the buttons on the appropriate crush test frames.

The following parameters must be provided for a conplete test:
- Test Oper ator or Site (name or an ID).
- Ponder Name. Type in the given name or code for identification.
- Powder Batch. If needed, type in the specific powder batch number.

- Theor etical Density of the Powder Mixture. This is the density of a powder mixture with a 100% densification. All
components and additives should be accounted for. (See 7.2.1 below.)

- Pressing Mode. Clicking on that button selects between three different compaction modes:

* Fixed Maximum (Punch) Pressure. All compacts will be pressed with the same pressure regardless of the
compacting conditions.

* Fixed Green Compact Density - pressing to afixed density (fixed compact length)

* Fixed Net Test Pressure. All compacts will be pressed with the same net pressure regardless of the compacting
conditions.

The desired value for the corresponding parameter must be entered. When selecting the " Fixed Compact Density"
option, the operator must provide a maximum allowable (safety) pressing pressure. This is needed to prevent over-pressing
and test die damage.

- Pressure Holding Time. If needed, this is the desired time (up to 20 seconds) for holding the maximum pressing pressure on
the compact before releasing and gjection.

- Green Compact In-die Density. This is the desired or reference density of the green compact measured IN DIE under load.
For the fixed pressure modes, this density is used to determine the mass of the powder for the compaction. The actual
compact density will be determined by the behavior of the powder. If the density of afree (out of die) green compact is
known, it has to be recalculated based on green compact expansions:

— 2
Pin-die = pout-of-dieer €

Here, € is theradial green compact expansion (in a direction perpendicular to the pressing direction) and e, is the
axal green compact expansion (in a direction parallel to the pressing direction).

- Compact Length - desired compact length The actual compact length must be between 2 and 16 mm.

- Powder Mass - the mass of the powder sample. The mass is rounded to 0.01 or to 0.001 gramaccording to the selected mass
balance accuracy.

Note: The density, length and massare interdependent and entering two of themwill determinethethird. The
final valueswill be rounded according to selected accuraciesand all parameters adjusted automatically to accommodate
that. Asa result, the specific combinations of parameterswill be only those that are physically possible.

- Die Heating Mode. There are three die heating modes available;
* No Heating - testing at roomtemperatures
* Cold Powder - the dieis heated, the heating stops, the die s filled with powder and compaction begins
* Hot Powder - the dieis filled with powder, heated, the heating stops and the compaction begins.

- Die Temper ature. For unheated dies, the die temperature will be provided by the program. For heated dies this is the
desired test temperature. Clicking on the Heating Mode button changes die heating arrangement: no heating, cold powder
pressed in a hot die, and hot powder that is heated with the die before compaction. Switching the heating arrangement is
available only when a hot pressing dieis installed.

- Heat Holding Time - available only for hot pressing. This is the time interval in which the die temperature is maintained at
the desired level before the test is initiated. It could be between 0 and 199 seconds.

If the test involves the Bulk Density test only, the only initial data needed are the first three entries in the above list.
For tests involving compact crushing only, the first two entries in the above list are sufficient.



721 Theor etical Density Table

Clicking on the theoretical density button activates the Theoretical Density display. The theoretical density of a
powder mixture is the mixture's density at full (100%) densification. The PTC program provides a table where the user can
enter all the components of a mixture with their densities and mass (%) contribution. Once the total reaches 100%, the
mixture's density is calculated. The Cut option removes a component (line) fromthe table, the Paste copies the cut
component into the table. The Cut All option clears the table. The Exit copies the mixture's theoretical density value into the
corresponding entry in the Tests display.

The Save Component option saves all individual components and the Save Mixtur e option saves mixtures in adata
base for future access. Inserting a saved mixture/component fromthe data base into the current table is done by double
clicking that entry.

Theoretical Densities Table (Units: gfcm3 MPa) &

Powder Misture : — Dengity-Pressure Points: ——

Companent Mame: Density:  Mass
. |Fe 7.85
. |5e 087 1

Diata entry box:

Total Mass Loss (%) I ; : I
Sintered Density: I bl Add | Density
Sintering Anizatropy: i
i Cut | Cut All

Pazte | Savetomponehlsl
Cut &)l I SavaMixture I

The name of the component in the powder misture.

The sintering parameters (total mass loss, sintered density and sintering anizotropy) for the powder may be entered
here as well to allow shrinkage calculations during a sintering process. The same parameters may be entered at the end of a
test in the Edit TDF option (see below.) The Total Mass Lass accounts for the total mass change in a compact between
compaction and after sintering. Any mass losses (moisture, lubricants, binders, ..) or gains (oxidation, ..) must be accounted
for to assure accuracy. The Sintering Anisotropy is the axial to radial shrinkage ratio for isostatically densified compacts. In
most cases, it is equal to 1.

For powders that exhibit theoretical density variation with pressing pressure there is an option to enter the
density-pressure characteristic defined by several points on that characteristic. The theoretical density and the
corresponding pressure are typed in the Data entry box. For avalid characteristic, at least two points must be defined. The
Add option saves the entry in the standard Test Data File.

With the characteristic defined, typing any pressure value within the characteristic and selecting the Density option
will calculate the corresponding density and display it in the Data entry box.



7.3 Bulk Powder Properties

The bulk powder properties that constitute an integral part of the powder test can be generated in two ways:

Bulk. Powder Tester

TO: [143.00 Test | Filez

- select the Test option in the Bulk Powder Tester frame (BPT Testing) and run a bulk powder test with the Bulk Powder
Tester

- select Files option in the Bulk Powder Tester frame (BPT Files) and import the bulk powder test data fromatest run
previously. —

The basic properties of aloose powder needed are: the angle of repose, the bulk density and the tap density
together with the number of taps. The PTC Test Data File also records the relative air humidity in the testing roomas well as
the roomtemperature. The Bulk Powder Tester stores all bulk powder test datain separate files which permits, if desired, the
BPT tests to be run independently fromthe main PTCtest.



74 Compaction and gection

THIS TEST INVOLVES HIGH FORCES - EXERCISE EXTREME CAUTION DURING TESTING!

The compaction test determines the relevant data and generates compacts for crushing tests. For a standard test,
there are two compacts needed for axial and radial crushing. One may also wish to preserve one extra compact for sintering or
other uses. The user specifies how many compacts should be generated (1 to 4) during atest. After each compaction is
completed and the compact is gjected, the unprocessed data are saved and the next compaction begins. After the last
compact is made (or if the process is interrupted and canceled), the user must determine which compaction data set to use
(only one set will be used to calculate all necessary parameters and generate test datafile). By default, the last compact is
suggested. It is imperative to identify the correct compact before verifying its mass and determining green expansions.

There are several settings that affect the compaction and ejection processes. The Compaction Parameters frame
displays the desired compaction parameters: powder (compact) mass, desired density or pressure, and the desired or actual
die temperature. The powder mass is displayed on all screens during initial steps to allow the user to weigh the powder
sample in advance and speed up the overall test.

Compaction
[Colars
i Compaction Parameters: Dhie Fill Position:
Compacts per Test: Powder MASS [grams]: sl = e

& e o Desired Mawimurn Pressure: | 3003 e 21943

Data Intereal [mm]: 0.0 Die Temperature: 12 alel] B

Curve Smoothing: W

Unlock
Funch Speed: 1.18 Finished Test Compacts: | ) up DOWN

Ejection Setup: - T :
Check the Compaction and Ejection Settingz.

Diata Interval - |0.05
el Press Go to START testing

Curve Smoothing: W
Punch Speed: 118

E-zpeed = C-speed v Go Cancel

The Data Inter val specifies (in mm) the interval between data points that are stored during the compaction process.
If the interval is smaller than the sampling capability of the system, all sampled points will be stored. (This option is used
most often to limit the number of points in the compaction characteristic.)

The Pressing Speed sets the punch speed during compaction.

The Curve Smocthing option turns on and off the basic compaction datafiltering procedure. The filtering is very
limited and designed to eliminate randomvariations.

The Bection Setup frame provides similar options to those above. The Ejection Speed sets the punch speed during
compact gjection. The speed can be the same as compaction speed or set separately.

a) Initialization: Go

For testing, thetest die must be unlocked (the Die Locking screw must be released to allow the die down motion).
The PTC moves the pressing punch to the pressing position.

b) Powder weighing

Note: The powder massisdisplayed during initialization. Weigh the powder during the time when the punch movesto
pressing position! Thereisno reason to wait.

The powder weighing is the most common cause of errors and discrepancies in test results! Use of an accurate and
stable scaleis required. The mass of the powder must be at least within 0.01 gram of the required one.



Note: Ifthe required powder volumeishigher than the volume of the cup, you may weigh only a portion of the required
powder mass at a time, place the powder into the die, then repeat the operation.

c) Place the powder in the die and run the Compaction

For pressing in heated dies, the option "cold powder" will first activate the die heater and, after the desired
temperature is reached, the programwill call for filling the die. The option "hot powder" will ask the operator to place the
powder in the die first and then it will heat the die with the powder in it. During adie heating, the Top Punch must bein its
upper position and the top of the die must be covered with the die's Heat Shield. WHEN FILLINGA HOT DIE, USE
EXTREME CAUTION NOT TO TOUCH THE EXPOSED HOT DIE SURFACES. RECKLESS OPERATION WILL LEAD TO
SEVERE BURNS!!

]V w ----------- J ------------ N Punch Lever 1 [ ‘
o) : : o)
Die FILLING CUP
; ? i PUSH
g Top Punch Slide _ 1 = el
i Punch : I
; - Test Die v : ]
Ready for Die Filling Die FILLING
| Tl 1 PuhDOWN ?
Press DOWN

LA

Top Punch

2. Pull until LOCKED
Top Punch LOCKing Manual Top Punch UNLOCKing

Follow these steps:
- Movethe Top Punch in the upper position.

- Thedie cavity may be cleaned if necessary with the die cleaning pads and the cleaning rod. In extreme cases, the die may
be removed fromthe PTC and cleaned outside.

- Fill the die. Place the filling cup with the powder on the surface of the die and slide it into the die base cavity by pushing it
towards the PTC. The cup's shutter will open and the powder will fall into the die cavity.

Note: In some casesthe powder will not fall easily into the cavity. Use the vibrator by touching the cup with the vibrating
ball tip and turning it on. In extreme cases, use the teflon rod to push the powder into the cavity. Powderswith a high
densification ratio (green compact density over bulk density) will require the use of the teflon rod to densify the powder in
the die cavity or the powder itself may be pre-densified into pelletsprior to filling the die cavity.

- Lock the Top Punch. Press the punch lever down until the punch enters the die cavity. Lock the Top Punch by pulling the
punch locking lever until a"click" is heard. If the lever does not want to go forward, the punch is not deep enough in the
die. Press the punch down and lock it. DO NOT APPLY EXCESSIVE FORCE DURING THIS OPERATION. THELOCKING
MECHANISM ISDELICATEAND MAY BEDAMAGED IF OVERLOADED. Thetest will not begin until the punch is locked.

d) Compaction Test - Please Wait

Lock the Top Punch and select Go to start the compaction. If any problemdevelops, the compaction will be
interrupted and appropriate message will appear on the screen. The pressing mode parameter (length or pressure) is



displayed continually as well as the punch speed, its position, the pressing pressure, the opposing pressure. The compaction
may be stopped at any time by pressing any key on the keyboard.

Note: The compaction will always end within atolerance range fromthe desired value and the tolerance is self adjusting. For
repeated compactions, the tolerance is quite small. However, if the compaction conditions change significantly fromtest to
test, the tolerance may increase for the first few tests before it adjusts to the new conditions.

€) Compact Hection

The Top Punch should unlock autometically. If not, a message appears with instructions to unlock the punch
manually. In such case, firmly press the die down and push the punch locking lever until it slides back. DO NOT USE
EXCESSIVE FORCHE!

During the gjection, the punch position and the pressure on the gjecting punch are displayed. At the very
beginning of the gjection, the program executes fast data readout which shows as atemporary halt in screen displays. If the
gjection process cannot be completed for some reason, use the manual UP option to remove the compact out of the die.

Use the tweezers to remove the compact fromthe top of the punch. The compacts must be put aside in an organized
manner to prevent mixups. Once the compact is removed, the initialization for the next compaction is started immediately until
all specified compacts are made.

The Compact Mass Verification display is to determine the actual mass of the specified compact, calculate necessary
compaction data and store the datain the data buffer. One must make sure that the compact selected on the screen
corresponds to the actual compact being used for the mass verification and green expansions. The actual compact mass can
be typed in or it may be taken directly fromthe scale by the program.

For hot pressing, the pressing punch will withdraw to the very bottomposition. STOPPING THE PUNCH AT A
HIGHER POSITION WILL INCREASE HEAT TRANSFER FROM THE DIE TO THE PUNCH AND MAY CAUSE
OVERHEATING AND DAMAGE THE PRESSING LOAD CELL. USE EXTREME CAUTION WHEN TESTING IN A HOT DIE.
DO NOT TOUCH THE EXPOSED HOT DIE SURFACES OR THE HOT COMPACT. ALLOWTHE COMPACT A SUFFICIENT
TIME TO COOL DOWN.



75 Gr een Compact Expansions

For cold pressing, this test is performed immediately after compaction. However, for hot pressing, this test may be
conducted at alater time. The green compact dimensions after ejection froma die change with time. For that reason, the
programdisplays the time elapsed fromthe last gjection.

+ Green Compact Expansions :L ]
[Colors =
Time gince LAST Compact Ejection [z]: -
0 [ MicON

i
ic Setups

In Die; Out of Dier  Expansion;

Test Compact Diameter D: 12700 2746 [1.00362 Cancel

Test Compact Height H:  [10126  [10338  [1.02686 Exit

RADIAL

|
i
1

i EAXIAL

The screen displays the actual dimensions of the compact in the die under load. Use a micrometer to measure the
height and the diameter of the compact at mid-height. The actual measurements may be typed in or taken directly froma
micrometer (if connected to the computer). For adirect reading option, pressing the Space Bar lets the programdetermineif a
given measurement is the diameter or the height of the compact. For compacts with adiameter similar to the height, using the
Space Bar may not assign the values correctly. Usethe D or H keys instead to place the measured values in proper place.

The Gr een Expansions are calculated automatically. The Enter key saves the data and exits.




7.6 Axial Crushing

ATTENTION! Thistestisonly for compactsin the 7 to 16 mmlength range. Compactsoutside thisrange may not fit in
the crushing fixture and, if tested, MAY CREATE HAZARDOUS CONDITIONS during the test.

For the test to be successful, there must be anoticeable drop (at least 30%) in a crushing force after the compact
crushes. The Green Strength valueis not reliable if there is not a clear pressure drop after the crush of the compact (see the
crushing characteristic).

When this test option is selected, the testing center automatically brings the punch to the proper crushing position.
The user must wait until the motor stops and the full option's window appears. The crushing fixture and the compact
orientation is displayed on the screen.

Although most crushing tests are performed immediately after compaction, the crushing test can be performed on
any green compact (DO NOT use the unit for crushing sinter ed compacts!) as long as a proper crushing fixture is used.
However, if the punch diameter is smaller than the compact's, the punch may be damaged during the crushing.

Green Compact AXIAL Crushing Test (eS|

(Ciolors

between the PUNCHES.

Flace the &lal Crush Fisture with the COMPACT
Press Go to start CRUSHING !

Fixture: SEItUDi 12700 Compact in-die Diameter (mm)

I_—I 10126 Compact in-die Height [mm]

[<[15 [+ Max Crushing Lenath %)
Aial Strength [MPa)
g Energy at Awial Fracture [J]

5,02 Fiibch Eosition % Curve [Data] Fitting: v
’T Crush Spesed STOP

-
Cancel Maowe Do

The Compact Diameter and Compact Length windows display the values as stored in a buffer. Those dimensions
must be correct for the tested compact. They need to be changed only when crushing compacts with different diameters than
theinstalled die diameter. When conducting the crushing tests alone, those values must be typed in.

The Crushing Length is the maximumlength the punch will move after the crush (detected force on the punches) is
initiated. If thelength is too short, part of the crushing characteristic may not be captured. For short compacts, the crushing
length must be short to prevent recompacting of the powder (short compacts may not fall apart and will be recompacted
instead, possibly overloading the testing center.) The"+" and "-" buttons adjust the value within the allowable range. In
any case, the actual crushing length will always be within 0.5to 2.0 mm.

Checking the Datafitting (smoothing) option results in crush datafiltering to eliminate randomvariations. One
should remember that the distance between acquired crushing points is much smaller than the nominal accuracy of the
position sensor. For that reason, the position values must be properly filtered and smoothed.

The steps for this test are:

a) Put the compact on its face inside the Axial Crushing Cup and put the proper cup's cover on top (the cover with
highest thickness possible to let the Crushing Cup in position between punches)

b) Insert the Crushing Cup with the compact between the punches.

MAKESURETHAT THE CRUSHING CUP IS ASSEMBLED CORRECTLY AND ISIN POSITION. THEREAREVERY HIGH
FORCES DURINGCRUSHING THAT MAY CAUSE SERIOCUSHARM IF THETEST ISNOT CONDUCTED PROPERLY !

c) Activate the Go button or Press <Enter> to start the test. The computer performs rapid data readings during the
crushing and displays the maximum crushing pressure after the test is done.

d) Remove the Crushing Cup after thetest. Clean the cup and the test area.
The computer will move the punch down in position for the next crushing test.



7.7 Radial Crushing

Note: The Radial Crush Test may not be possible for very fragile compactsthat break too fast to get sufficient
readings. The programalwaystriesto get the maximum breaking force which may provide the Diametral Strength even
without the compl ete characteristic. Thistest also may not be possible for compactsthat aretoo long to fit into the
crushing fixture.

The options for the Radial Crushing are similar to the ones for the Axia Crushing above. The radial crush test
generates the Radial crushing force characteristic. Based on that characteristic, the Radial and the Diametral crushing
pressures and characteristics are computed. All three characteristics: the Radial pressure, the Diametral pressure, and the
Radial crushing force, are stored in that order in the test datafile.

Green Compact RADIAL Crushing Test &J
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The steps for this test are:

a) Put the compact on its side inside the correct Radial Crushing Cup and put the Cover on top (the cap's handle
fits into the slot in the cover.)

b) Insert the crushing fixture with the compact between the punches.

MAKESURETHAT THE CRUSHING FIXTURE IS ASSEMBLED CORRECTLY AND ISIN POSITION. THEREAREVERY
HIGH FORCES DURING CRUSHINGTHAT MAY CAUSE SERIOUSHARM IF THETEST ISNOT CONDUCTED PROPERLY !

c) Activate the Go button or Press <Enter> to start the test. The computer performs rapid data readings during the
crushing and displays the crushing pressures after the test is done.

d) Remove the crushing fixture after the test. Clean the cup and the test area.
The computer will move the punch down.



7.8 File Test Data

The control file keeps a global test counter and every new test is assigned a new test number. If afiled test data
contain any datafroma previous test, the program provides an option in the File Test As frame to save the new file in place of
the previous one (" updated file") without increasing the test counter. The destination file name is always displayed on the
screen.

I File Test Data 2G|

| Test Data File: A20002.00F - New Test No. 20002.00

Total Test Files: 21 Total Dirs: 1 File Test As:

&00064. 00F REE | % New 2000200
E o M

Mew Folder

LCancel

(nf
0F

ek

Save

Group Di: | Tests\General

Group 1D |New group: 9/12/2006 11:13:19 Ak

The user has to select the directory where the file will be placed. The test data file directories should be distinctive
and separate for similar powders. Do not put test datafiles in directories with other programfiles! With the New Group
option anew directory may be created (at that point only the path is created). The user should change the new directory
name as needed. The Group ID is afile content description text used to provide easy recognition for agiven directory. That
ID name appears in many places within the program (it is listed on the Screen Table Display). The ID may be changed if
needed and, together with the new test data number, will be stored in a group file A 00000.00F.

Note:  There must be new test data parametersin the buffer to activate the filing option. Ifthereisa new datain the
buffer and the user attemptsto exit or terminate, the programwill display a reminder to save the data file



V. BULK POWDER TESTER

8. The Bulk Powder Tester.

The Bulk Powder Tester ("BPT") is an independent testing instrument for bulk powders. The BPT moduleis
mounted to a bracket attached to the side (right or left) of the PTCtesting module. The module can also be mounted on an
independent stand and operated with or without the main testing module. The testing assenmbly on the stand can be moved
up/down on the columns to a desired height.

The BPT moduleis shipped fully assembled and ready for testing. The module is powered entirely by the USB
connection with power requirement of around 0.3 A at 5V. In astandard arrangement, the unit is plugged into aUSB Hub
with independent power supply to ease power drain froma computer (particularly important when connected to alaptop).

When in operation, the BPT activates an LED lamp to light up the angle of repose dial. In some arrangements, a
micrometer holding armis attached to one of the BPT's columns. The position of the micrometer is adjustable.

The test results are always saved in .csv (comma separated value) files compatible with spreadsheets. When run as
part of a standard PTC test, the test results are transferred to the main testing window.



8.1 Bulk Powder Test

This test determines the properties of aloose powder: the angle of repose, the bulk density and the tap density. The
test's display shows five separate frames corresponding to the steps necessary for completion of thetest. Each frame
displays instructions and the focus will autometically transfer fromframe to frame. The tester has its own microcomputer that
stores al setup data. The USB connection provides the power for all sensors and the tapping motor.

)L KZK Powder Tech Corp: BPT Unit: Hv-003 SN-18007 Thulk® = 45 LX)
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The options at the top of the display provide basic setups. The Set-T-Units option selects between F and C degrees
for roomtemperature. The Setup provides the following options: Set Scal e for scale setup options, Adjust Room T to initialize
(determine the offset for) the roomtemperature sensor, Initialize AOR (initial offset), Load Calibr ations (re-initialize the BPT)
and Contr ol Datafor checking the calibration data.

By default, the current frame is displayed in yellow color. When computer establishes a communication link with the
scale, the scale's reading is taken by clicking on the Get Mass buttons when needed. For scales not connected to the
computer, the Get Mass buttons are disabled and the user must type in the specific mass values.

The bulk test datafroma previous test are displayed as " Old" values for reference. The Cancel option exits the
programwithout saving any test data. Any new control settings are always preserved as soon as they are made. The
Save/Exit option performs the following:

- saves the bulk test datain a.csv formet in thefile listed in the window above the Files button
- with Save/Exit option, it transfers the bulk test data to the PTC compaction test and exits the program

- with Save option, it moves the new test datainto "Old" display windows and clears all entries for a new test with the
exception of Powder Name, Batch and Operator.

In addition to standard bulk test data, the BPT collects two general data: testing room humidity HR% and room
temperature Troom. The BPT uses a gravity sensor for reading the angle of repose. Those type of sensors do not require any
calibration beyond the initial one.



Step 1: The mass of the empty bulk density cup

It is highly recommended to weigh the bulk density cup before each test to account for possible mass changes due
to deposits on the cup's walls. If necessary, the programwill use the cup's mass stored in the control file. That valueis
updated whenever the cup is weighted. The user may also change the volume of the cup.

Note: The volume of the cup isengraved on the bottom of the cup. Any error in cup volume or masswill directly affect the
test results.

Press Tab key to move to the next step.

Step 2: Measur e the Angle of Repose
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the Slide ;
3. Remove!
the Cup !
Open the Shutter Adjust the Angle Dial, Press Enter /]\1 Hold the Cup

Remove the Cup

a) Assemblethe Powder Tester: install the shutter and the empty density cup
b) Fill the tester with Powder, at least 70% of the volume above the shutter

¢) Mount the tester on its Base on the BPT, tighten the mounting screw

d) Open the Tester's Shutter until the powder starts to flow

e) Wait for the powder to stop flowing

f) Set the Angle Dial parallel to the powder surface

g) Click the Get Angle button or press the Enter key.

Step3: Bulk Density
a) Push the density cup slide lock to the end. HOLD THE CUP WITH YOUR OTHER HAND.
THE CUP WILL FALL ON THE SHELF IF UNLOCKED AND NOT HELD.
b) Placethe cup onthe scale. In amanual mode, type in the weight
Press Enter key to move to the next step.



Step4: Tapping

-

Gpsusy/| |2 Push |
% the Slide

: i 3. Removef
i the Cup ;
/h, Put the Cup in 4\1 Hold the Cup

Install the Cup Remove the Shutter, Start Tapping Remove the Cup

a) Install the density cup with the powder back into the Powder Tester.
b) Remove the Shutter fromthe Powder Tester.

¢) Make sure the mounting screw holds the Powder Tester tight

d) Edit the tapping parameters if needed

e) Start tapping.

When done, the focus moves autometically to the next step.

Step5: TapDensity
a) Removethe density cup fromthe tester
b) Weigh the density cup. In manual mode, type in the mass.

Step6: Optional - Powder Stratification Rate

Oncethe Tap Density is determined, a new option Repeat Tapping appears. If selected, the current tap density is
moved to Tap Density #1 and the taps number is moved to Taps #1. Then, the focus goes back to Step 4. Tapping and the
tapping test steps are repeated.

NOTE: For thistesting, it issuggested that one startsfirst with Taps#1=20-30 taps repeated with Taps#2=10-20 taps.

Grams

Stratification Fate: 0.04
Tap Denzity #1: |3 608 Tap: #1: [ 2o

Step 5: Tap Density

Mass: (27437 | grams Get Mass

Density: |3.?2€ afcm3 |3.523 0ld

| Remowe the Denzity Cup and GET ite mass

ﬁ Fiepeat Tapping

Step 4: Tapping - Maxz 50 Taps

S Taps: Taps/s lop
40 232 4020 nid

| Tapping: Done




When the new Tap Density is determined, the program automatically performs the following steps:

a) The number of taps in the Tap window changes to the total taps for both tests (Taps#1 + Taps#2), reflecting the
total taps corresponding to the final tap density

b) A Stratification Rate is calculated:
StRate = [(TapD - TapD#1)/Tap#2] / [(TapD#1 - BulkD)/Tap#1]

where TapD is the Tap Density, BulkD is the Bulk Density, Tap#1 is the number of first taps, Tap#2 is the number of last taps.
The StRate is displayed on the screen.

¢) Thefinal tapping number is combined as:
Taps = (Taps#l + Taps#2) + 0.01* Taps#l
Brample: Taps#1=20, Taps#2=10 => Taps=30.20, that will be the taps number stored in test datafiles.

NOTE: Thebulk and tap density tests use powder from the bottom of the Powder Tester fixture. During tapping, at first
the powder primarily settles down and then starts stratifying with smaller and heavier particles migrating down. The
Stratification Rate reflectsthe change in powder density during tapping. It isnot recommended to tap for more than 40
tapstotal sincethetap density will beinfluenced by stratification.

End Step: Remove the Powder Tester from its base and clean the ar ea - use the vacuum cleaner

That completes the test. The area should be kept clean at all times. DO NOT BLOWAIR TOWARD THE PTC -
ALWAYS USE THE VACUUM CLEANER.



8.2. Bulk Test DataFiles

The BPT programmaintains in its application directory a BPTTestData folder for all test data files generated by BPT.
Thetest data froma single bulk powder test is stored in asingle line added to the end of a datafile. The datafile has the .csv
(comma separated values) format that is compatible with most spreadsheets. It is advisable to create a separate datafile for
each different powder. All bulk datafiles in the current directory are displayed on the screen. The highlighted file's content is
displayed in the center of the screen, each line representing a single test.

Bulk Powder Tester: Test Data Fil 2 -
@ u ‘owder | ester. | es & nes v M

BPT Bulk Test Data Files

BPFT (Home) Directary:
E - [ C:APTCMYBE\BPTTestData

bpl .

k| Sond sv
bpt_Dxides.cav = Show BPT Dir
bpt_TestDataFile.csv
bpt_TestDataFile_1.cav _
bpt_TungstenCarbide. cav i D Copy Lo BPT
ake Mew File
| |
Renarme File
Exit Buit ‘ Remave Fils |
Linett  Testtt Mm-dd-yy  Powder Batch Oper Bulk Tap Aok HR% Troom SMit Tapl Tapsl SiRate
1 37 m-20-18 M.

160 224 18007 3400 10 0.01
210 214 18007 2633 20 0.00
216 214 18007 3619 40 0.0z
290 214 18007 3688 20 0.09
29.0

KZK 3165 3403 470
e 01-22-18 K2l
ez 01-22-18

iR AT

Testline:  Copy | Cut | Insert| |

Standard Test; Bulk Density, Tap Density, total Taps = [Taps1+Taps2).[Taps2] =» [1-tapping, 2-retapping). HRX => air Relative Humidity, Troom => room air Temp,
Repeated Tapping:  Tapl Density => dengity after Taps? tapping. StRate = ([Tap-Tap1)/int(Taps}Tapsl1]) 4 ([T ap-Bulk)/Taps1] =» powder Stiatification Bate during tapping

Using the Quit option exits the screen without any other actions. The Exit option copies the current datafile path
and the test datafromthe test line highlighted on the screen into a data buffer used for testing.

When in the BPTTestData (" Home") directory, datafiles can be renamed (Rename File) and deleted (Remowve File).
A new files can be created (Mak e New File) as well. By definition, the name of a datafile always starts with "bpt_" followed
by user provided FileName and ending with ".csv" (format compatible with spreadsheets.)

For the screen displayed file, single Test Datalines can be Copied or Cut (removed) and moved into atemporary
buffer displayed to the right of the command buttons (below the main data display window). The data in the buffer cannot be
deleted, it can only be replaced with another Copy/Cut command or Inserted into any datafile. This is used for rearranging
the order of the tests in afile or moving test data between files. All Cut test data lines and Removed Files are moved to a
BPTdel etedFiles folder in the Home directory where they can be accessed later if needed.

All datafiles in directories other than BPT TestData (including files on other computers or servers) are "read-only"

files. Individual test data lines as well as files can be copied to home directory (Copy or Copy to BPT) . The Show BPT Dir
option returns the focus back to the Home directory.



V1. SAFETY & TECHNICAL DATA

9. SAFETY

The PTC generates very high forces while in operation. The hardware and software incorporates several safety
features designed to prevent unintentional (accidental) damage to the unit. Among them:

a) The program stops the PTC immediately after a maximumallowable force on the punches is exceeded. The maximum
forceis set by the user (aTest Die Table parameter) but it cannot exceed the absolute maximumfor agiven unit. It is highly
recommended that the users set that value to areasonable level for each die individually to prevent unnecessary overloading
of the test dies.

b) The programwill not move the pressing punch up if the top punch is locked except during compaction and
calibration cycles. It will also stop the pressing punch up motion immediately when the top punch is locked at any time.

C) The programwill stop the motion of the pressing punch if it determines that the punch moves in the wrong direction.
d) All tests with pressing punch motion will stop if interrupted manually (by pressing any key) or if any safety is
disengaged.

€) The programwill not start compaction or crushing tests unless the punches are in proper position.

f) Thereis aset of limit switches that determine the absolute maximumand minimum position of the pressing punch.

Under normal operation, those switches are never activated. In case of control errors, those switches are the main safety
features that will stop the motor. The working maximum and minimum position of the pressing punch for agiven test dieis
calculated based on the die data as entered in the Die Table and incorporated when the die is "installed”.

In an emergency, pressing the red STOP switch on the front of the unit will stop the main motor. In any case, the
PTC MUST ALWAYS be monitored during testing and, in case of emergency, stopped manually. Thereis aways a
possibility of punches that will break or other component failure and the operator must be prepared to respond accordingly.
Any problems, suggestions and questions should be directed to:

KZK Powder Tech Corp.
E-mail: service@k zk ptc.com



TECHNICAL SPECIFICATIONS

PTC Hectrical Requirements:

ACVoltage:
Power:

Basic Test Unit Model:

Control:

Testing Module:
Power Module:

Max. Pressing Force:

Recommended Testing Range:

100-240 VA C, 50/60 Hz
650 Watts max. (approximately)

PTC-04DM (Desktop Modular)

internal microcomputer, desktop/laptop PC with USB link
pressing and control unit, detachable from Power Module
mechanical power unit with stepper motor

98.1 kN (22,000 Ibf)

10-65% of Max. Force (for test die diameter selection)

Die Temperature Control: standard, 300°C (570 F) max., 600W max. heater outlet
Pressing Speed: user selectable, range: 0.50 - 1.50 mnv's
Dimensions (W/H/D): 180/584/279 mm (7.1/23/11 inch)
Weight: 16 kg (36 1bs) Testing Module, 9kg (20 Ibs) Power Module
Compact: cylindrical, length range: 2-16 mm (.079-.630 inch)
3. Bulk Powder Tester Module: independent unit, USB controlled and powered
Angle of Repose: inclinometer sensor
Tapping: selectable number of taps
Air Humidity: air humidity and temperature sensor
4. Standard Dies: testing must be conducted within the recommended pressure range
with the max.
pressing limit left for pressing overshots or occasional use
Die Diameter: Maximum Pressure: Recommended Pressure Range:
19.05mm (0.750") A3MPa(25TSl) 3A-225MPa (2-17T9)
1270 mm(0.500") 765MPa (56 TS) 76-500 M Pa (5-37TSl)
9.525 mm (0.375") 1295MPa (A4 TS) 130-845 MPa (9-62 TSl)
6.35 mm (0.250") 3090 MPa(225TS)) 309-2010 MPa (22-146 TS)
5. Standard Die Set: PTC-DSS
Material: tungsten carbide die, tungsten carbide punches
6. Custom Die Set: Material: as desired
7. Vacuum Cleaner: PTC-VC, standard
Filter: HEPA type, min. 99.97% efficiency for 0.12 mic. min. particles
8. Micrometer: PTC-MB: range 0-25 mm, preferably electronic with SPC
Software: standard for electronic micrometers, transfers micrometer
readings directly to main program, requires SPC option and
adapter for direct computer connection
9. Scale (Mass Balance): 0.001 g readability, RS232/USB adapter
Software: standard, transfers readings directly to main program, requires a scale

with adapter/option for direct computer connection

10. Computer: dedicated laptop PC with MSWindows 7 Pro

11 Main Software: standard, main programfor testing and test data processing

12 User Manual: standard, electronic (pdf and direct Help file) version

includes technical drawings of standard dies and punches



VII. MAINTENANACE & SERVICE

NOTE: Itisadvisableto recalibratethe PTC periodically.

The PTC must be kept clean and in adry environment. When operated properly, it requires no maintenance.
UNDER NO CIRCUM STANCESISTHE CUSTOMER ALLOWED TO UNDERTAKE ANY UNAUTHORIZED REPAIRS OR
MODIFICATIONS REQUIRING THE REMOVAL OF THE TESTING CENTERSMAIN COVER. THEUNIT GENERATES
VERY HIGH FORCESAND ANY DISRUPTION OF THE CONTROLS OR SAFETY FEATURES COULD RESULT IN
PERMANENT DAMAGETO THEINSTRUMENT AND POSEA SERIOUS DANGER TO THE OPERATORS. OPENINGTHE
MAIN COVERWILL AUTOMATICALLY TERMINATETHEWARRANTY AND MAY RESULT IN A REFUSAL BY THE
MANUFACTURER TO SERVICE THEUNIT.

For a service or repair the unit must be sent to the factory in a secure box, preferably the original one. An on-site
service is available for afee (not covered by the Warranty).

11. MAINTENANCE AND CLEANUP

11.1 Top Punch Slide

It houses the Top Punch and it may require periodic adjustments. As soon as adifficulty in moving the Top Punch
up or down is detected, the following steps should be performed:
- version "A":

a) Turn once counterclockwise the locking screw inside the Top Punch Slide handle

b) Adjust the punch sliding pressure by turning the punch handle (make sure the punch does not fall down)

c¢) Lock the handle in place with the locking screw,
- version "B": Turn the spring loaded ball plunger screw (above the thumb screw) to adjust the friction.

11.2 Test Die

The die cavity may be cleaned using the Die Cleaning Rod and the Die Cleaning Felt Pad with a drop of a suitable
solvent. (Excessive amount of a solvent on the cleaning pad will cause it to drip between the punch and the die wall which
must be prevented.) Occasionally, the die may be dismounted and cleaned more thoroughly. In that case, remove the punch
fromthe die and clean it and the die with a cleaning solvent.

The Top Punch may need cleaning if there is a problemwith moving it into the die or moving it up and down in
general. In case of difficult entry into adie, cleaning the tip of the punch may be sufficient. If thereis a problemin general
movement of the punch, the cleaning and lubrication of the Top Punch Slide is needed (see above).

Note: The tolerance between the punch and the die is quite small and normally only very small amounts of powder
get through the die. Thereis apunch seal at the bottom of the die so the powder is trapped in the space above the seal.
Typically, acomplete cleaning of the die should be performed after approximately every one thousand of tests. In case of
some powders, the cleaning may be performed more often. In extreme cases when the punch requires a significant force to
move within the die, the die should be dismounted and cleaned thoroughly.

11.3 Vacuum Cleaner Maintenance

The Vacuum Cleaner is a stand alone unit with a HEPA cartridge filtration system. Under normal conditions, the
filter should be replaced when the performance of the Vacuum Cleaner drops significantly.

To remove thefilter, first remove the vacuumentry tube, then remove the screws holding the vacuum cleaner cover
and slowly take the HEPA filter out of the unit. Place a new filter cartridge in the unit and tighten the screws on the cover.
Install the vacuumentry tube.

DO NOT USE THE VACUUM CLEANER FOR MORE THAN 1 MINUTE AT A TIME!



12. PROBLEMS: WHAT TO DO?

In case of a problem please send an e-mail (service@kzkptc.com) with a detailed description of the problemto the
factory. The problemwill be evaluated and an action will be suggested to fixit by the customer or by the factory.

1) All readings and controls do not work correctly

- Check the control cable connection

- Reset the PTC by turning it off and on again

- Bt the main programand try again

If the above show negative response, the control board may be working incorrectly. The unit must be serviced by
the factory.

2) Problems with compact gjection

- Use manual UP option until the compact is out

This type of problemmight indicate that the die is dirty and needs cleaning. If this problem persists, the PTC
requires factory service.

3) The punch's mounting ring separ ates from the punch during DOWN mation

- The punch withdrawal force exceeded the safety limit. Dismount the die, remove the punch fromthe die using
outside press, reattach thering to the end of the punch. Thereis abronze wire ring in agroove at the end of the punch. Place
new wire ring in the grove and push (press) the punch mounting ring over it. A retaining compound should be used to glue
thering to the punch at the final position to prevent its motion. Note: If this problemoccurstoo often, it indicatesthat the
punch clearancein the dieisincorrect or the die and punch material are not hard enough for the tested powder. If the die
material is improper, the die walls will suffer serious damage during the withdrawal of the punch. One must use die material
suitable for the tested powder.

The limit on the magnitude of the punch withdrawal force imposed by the way thering is attached to the punch isa
safety feature to prevent an extensive damage to the die and punch if the forceis very high.

4) The top punch cannot move or moves with difficulty
The top punch and the top punch slide require cleaning. It may also require an adjustment. See the steps as outlined
in the Maintenance section.


mailto:service@kzkptc.com?subject=Service

13. SENSORS CALIBRATION OUTLINE

All sensors are individually calibrated using multi-segment linearization. The calibration files are stored on the
internal memory of the PTC.

Thetravel (position) sensor implements up to 80 points over the travel range. A calibration instrument (micrometer)
tests the travel gauge at very small intervals taking hundreds of points. Those measurements are used to determine the final
80 (or less) calibration points based on arequirement that the accuracy within the range is better than 0.01 mm. A
repeatability test is conducted for final accuracy checkup of the sensor.

The Angle of Repose sensor measures angles based on a gravitational reference. That sensor, following initial setup,
does not need any calibration. Older PTC units incorporate potentiometer senors. Their range between 0 and 90° may be
calibrated at up to 10 points. Typically, asimple linear calibration of the range with two points, 0 and 90 degree, is sufficient
to provide an accuracy better than 1 degree.

Temper atur e sensor s use individual calibration files. New PTC models use RTD platinumsensors for the 0-300°C
range. These sensors are interchangeable and use a standard calibration file. Older thermistor sensors implement 10 point
calibration for low temperature sensors (up to 130°C) and 20 point calibration for high temperature sensors (up to 300°C).

Theload sensor s (load cells) are calibrated with a special PTC Calibr ation Gauge. Dueto very high loads during
regular testing, the load cells may require more frequent calibrations than the other gauges. When desired, that calibration
can be performed by the customer with a gauge provided by the manufacturer for that purpose.

13.1 PTC Load Cells Calibration Steps

ATTENTION: This calibration involves very high forces. The procedure requires a technician with technical abilities to
performthe steps outlined below. Since the process is outside of the manufacturer's control, the manufactur er does not
assume any responsibility for the safety and outcome of the calibration process.

Step1l. Set Punch Position.

In the main TABLE display, select any setup with metric units. The PTC power must be turned on. In the TESTS
window, move the pressing punch up/down to a Punch Position (compact length) between 10 and 14 mm. That position
alows sufficient space for the mounting of the PTC Calibration Gauge. The up/down motion can be stopped by pressing any
key on the keyboard.

Step2. Install the PTC Calibration Gauge.

Lock the Die - tighten the Die Locking screw on top of the PTC. The die mounting base must be immobilized to
assure proper gauge alignment for the calibration.

Remove the Die Door. The Die Door is mounted with two thumb screws on the front of the PTC. Removing the
screws and the door opens the access space for die change.
MAKEABSOLUTELY SURETHAT NOTHING DROPS INSIDE THE UNIT AND NOTHINGISLEFT HANGINGON OR
STICKINGTO THE SENSORS !!!

Remove the Test Die fromthe PTC. Remove the Top Punch Slide.
Install the PTC Calibration gauge in place of the Test Die. The control box on the gauge must be in front of the



mounted gauge. If necessary, move the pressing punch base slightly down to make space for the calibration gauge. Before
the mounting screws are tightened, the gauge must be pushed back and to the left for proper centering. The mounting screws
must be tightened. M ake sure that the gauge is rigidly mounted. If the bottom of the gauge (the gauge's load cell) moves
when pressed, it indicates that the Die Locking screw is not in the locking position and it must be tightened.

Step3. Warm Up.

Plug the gauge's control cable into the computer USB port. The gauge should war m up for at least 5 minutes before
acalibration is conducted.

Step4. Calibration.

In the TESTS screen display, select the PTC Calibr ation option in the upper left side of the screen. The PTC
Cdlibration screen should appear.

4B PTC Calibration: Test Unit Serial No. 61124 (=)
Calibrate LC's: ’W Travel Distance and Speed:
+ Both from Gauge M Hmm:| 100 W mmdsf200
" Press from Gauge
& T e Fizss Measurement: Walue: Cal. Gauge:
™ Press from Top Top LC: |0.00693 | IN | 3
v LISE Cal Gauge Press LC: 000510 1 | On [ 000811
[~ Marwal Entry Travek 034382 2| 263856 mm | FTC:
[ Gauge Calibr. MCU-dane: |1 3l 9E:d Up
Die T: |0.93573 4| 145 C

- Travel T: |0.74716 | 141°¢
Calibrate LCs

TopT: 074838 & | 1350

Calibrate Travel Prez:z T: |D.?8431 7 | 156 C

AoR: [0.26934 a 4.3
Calibrate Other R | | Constants
Load Calibrations Files )

| Gauge Load 0.3kG 0.7 Ibf

o 152 B B B B B B [ [i7 [ie[in| [ DCpower steellnldl
1111111111D1|m

E it

At first, click the Reset option and enter the operator's password. Originally, the password is " 1". The serial number
of the PTC (as listed at the top of the display) should work as well. The password should unlock all the options on the screen.

Select the USB Cal Gauge option in the Calibrate LC's frame on the left. Please also select the calibrated load cells
option as Both from Gauge (calibrate both pressing and top punch load cells with the gauge). The readings of the calibration
gauge should display in the Cal Gauge window on the right. Click the Reset option fromtime to time to initialize (zero) all
gauges. When the calibration gauge is warmed up (ready), the reading of the gauge should oscillate around zero. Note: If the
calibration gauge reading isnot oscillating at all, the gauge is not working and the calibration must be stopped.

ATTENTION: Theforcereadings arein Newtons, asmall unit of for ce. Please do not expect accur acy or repeatability in
singledigits.

The Calibrate LC's option starts the calibration cycle. For PTC models with stepper motors, type " 2" for auto-motor
calibration:

Calibration of LC's (=3

Read-LOAD: D=marual 1=auto-manual 2=auta-mator

Cancel




Next, type in the maximum calibration load. ALWAYS start with a smaller value such as 50000 (N) and then repeat
the calibration with a higher value. The maximum recommended value for the calibration is 75000. The PTC program always
expands linearly the calibration to the full range.

Auto-Metor Calibration of LC's @
Type Laad Limit in [M] [(30000-30000 rangs, 0=0luit):

Cancel

65000

Typein"0" as offsets for the pressing and the top load cells.

PTCO4DT (=230
If needed, type Pressing LT offset in [N]:

Cancel

The systemis ready to apply load and measure the forces. The pressing load cell will move up and press against the
PTC Cdlibration gauge. The systemwill stop at about 6000 N and the readings will be taken. Then the process will repeat for
more than 10 points with increasing force until the maximum|limit is reached. After that, the pressing load cell will withdraw.

ATTENTION: The calibr ation may be stopped at any time by pressing any key on the k eyboar d.

Check the alignment of the calibration gauge and the pressing and top load cells. If everything is in line, press Enter
or click the OK button to start the load cycle.

Auto-Motor Calibration of LC's @

! ,  ThePunches and Gauges MUST be Ready for calibration!

oK | Cancel |

Theload cycleis aquick process that ends with the down motion of the pressing load cell which removes the force
fromthe load cells and the gauge. The computer will display the readings of the load cycle. Press the Space Bar to move to
the next screen.



4B PTC Calibration: Test Unit Serial No. 61124 =)

0.05344 0.05956 5656 40 7 43
008371 DDA 8767 52 7 45 Jea0
012572 013200 17134 5% 33 23 200

016420 0.17089 17073 53 37 21 E—
0.20246 020966 20978 53 16 43 8l hauge:

024158 024926 24943 62 32 36 -3
0.28087 028923 28966 53 19 34 ]
032033 032303 32983 73 33 39 .
0355962 0365902 37005 72 42 30 BTC:

039844 040833 40931 70 34 36
043752 044736 44366 71 40 31
047663 048763 48333 52 16 36
061575 062732 52975 71 20 51 Dawvin
0.55444 056664 56360 36 6 30
065400 0.EOESE 61003 76 489 27
063232 064501 64330 33 3 36

Constants
Feset

E it

FEf [l

Cal Points: LCreadings Gaugeload Pe-dif Pd-dif Po-Pd
Press: ¢-»=REMOVE-POINT  <SpaceBar: to continue

GEEEEEEE [0 [En ¥ Dipawe
)1 1 o [ [ Tvebavg

When asked to save datafor plotting, confirmthe option. Next screen will display the new calibration points for the
load cells. Press the Space Bar to continue.
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The new calibration data for the pressing load cell (and next for the top load cell) can be saved or discarded.
Selecting " Yes" for saving will save the new calibration datain the main control file and on the internal memory of the PTC.

The latest PTC hardware version has an option to add a correction for slow drift of the load cells. That drift
correction can only be determined by the manufacturer. In any other case make sure that all the correction values are set to
zeros (0, 0, 0, 0). Confirmthe values and save the calibration data.

Step5. Repeat the Calibration or Exit

It is recommended to repeat the load cells calibration once or twice.



14. SELF SERVICE

LEGAL DISCLAIMER: Any servicethat requiresthe removal of the main enclosureisreserved for the official
service of the manufacturer. There are numerous gauges and position sensorsthat need to be properly calibrated and
adjusted. The PTC generates very high forcesand any gauge misalignment could result in a catastrophic damage of the
instrument with real life threat to the personsin close vicinity. The manufacturer does not authorize the removal of the
main enclosure of the PTC by the customer. The manufacturer does not assume any responsibility for services performed by
others.

141 Testing Module Removal

The Testing Module can be removed fromthe base of the Power M odule for service purposes. Please follow the
following steps:

a) remove the Test Die fromthe PTC and close the Die Door

b) tighten the die locking screw on top of the PTC

C) disconnect the power cable fromthe PTC unit

d) disconnect the USB control cable fromthe PTC

€) remove the cable cover plate fromthe back side of the Testing M odule (2 thumb screws)

f) unplug theflat ribbon control cable fromthe back of the Testing Module

0) remove the 4 mounting screws (2 on each side) at the bottomof the Testing Module (the screws will hang loosein
place)

h) Lift the Testing Module UP and out of the Power Module.

i) MAKESURETHAT NOTHINGFALLSINSIDE THE OPENING IN THE POWER M ODULE

)] if necessary, cover the base with the Cover Plate (remove it fromthe Power Module's front wall and attach it to the
base)

The Testing Module has 4 pin legs at the bottomso it can stand on aflat even surface.

When installing the Testing M odule onto the base of the Power Module, the key slot in the sprocket inside the base
must be align with the key on the bottom of the Testing M odule. Please follow these steps:
a) make the key on the Testing M odule parallel to the (shorter) side of the module
b) align the key slot in the sprocket of the Power M odule with the marks on the cover.

The unit must be connected to power and the power switch turned on. Pressing the M otor On switch turns the
sprocket. The alignment must be as close as possible. The mechanism can tolerate small misalignment between the sprocket
and the key. Once aligned, the Testing M odule can be mounted on the base of the Power Module in reverse order to
dismounting.

NOTE: PROTECT THE MOUNTING AREA OF BOTH MODULESFROM ANY CONTAMINATION !!!



14.2 Top Punch Slide Removal

The Top Punch Slide can easily be removed following the steps below:

a) remove the front safety screw located next to the left edge of the slide near its bottom
b) turn the thumb screw on the back of the slide until the slide moves sideways freely
C) remove the Top Punch Slide by pulling it out.

NOTE: During installation, the lide MUST be pushed UP and moved back in place. The TOP PUNCH must be centered
with a Die Installation Gauge before The Top Punch Sideislocked in place with the locking thumb screw on the back.



15. REPLACEMENT AND SPAREPARTS

The up to date part's price list is available on the KZK PTC's web site at www.kzkptc.com. If needed part is not listed,
email the description of the part. Most of the items are stock items and can be shipped out within two business days.



Refer ences

1. SGasiorek, K Korczak, K Kaminski, " Compressibility of Metal Powders", Advances in Powder Metallurgy,
vol.1, 1989.

2. SGasiorek, K Korczak, " Cohesiveness Of A Compact”, Advances in Powder Metallurgy, 1990.

Note: These referencesare available for downloading asPTC_Articles.pdf.



APPENDIX: WARRANTY AND SOFTWAREAGREEMENTS

WARRANTY CLAUSE
Equipment: POW DER TESTING CENTER MODEL PTC-04DM

KZK POWDER TECH CORP. ("KZK") warrantsto the origina Purchaser for the duration of the WARRANTY PERIOD, as specifiedin the
sale contract, that the equipment offered or sold hereunder isfree from defectsin material and workmanship at the time of shipment.

The WARRANTY PERIOD extendsfor the time period as specified in the sale contract from the day of shipment and is based on a single shift
equipment use. T he partsand components of the equipment covered by the WARRANTY are asligedin the sale contract.

KZK will replace or repair at itsexpense at KZK's facility the equipment or componentswhich are covered by the WARRANTY and which
KZK's examination disclosesto be defective in material or workmanship within the WARRANTY PERIOD, provided:

PURCHASER hasretained ownership and custody thereof throughout the WARRANTY PERIOD.

T he defects were not, in KZK's opinion, caused by accident, misuse, abuse, or neglect.

PURCHASER notifies KZK of the nature of the defect, in writing and with reasonable precison.

PURCHASER preservesthe defective equipment and returnsit to KZK, freight prepaid, securely packedto avoid damage in transit.
Exceptions, if any, to this point are specified in the sale contract.

5. PURCHASER does not alter or attempt to repair any such equipment or componentswithout KZK's prior written authorization.
ANY VIOLATIONSOF THISCONDITION BY PURCHASER VOIDSKZK'SWARRANTY.

Rl

Limitations: No Warranties, satutory, expressed or implied, other than those expresdy set forth in thisWARRANTY CLAUSE, shall apply
to equipment and components sold by KZK hereunder, and no waiver, ateration, or modification of the foregoing Warranties shall be valid,
unless made in writing and signed by an Officer of KZK, their liahility arising out of supplying the equipment sold hereunder or its use, whether
on warranties or otherwise, isexpresdy limitedto replacing or repairing any defecting equipment or components, and upon expiration of the
WARRANTY PERIOD, al such liability shall terminate. In no event shall KZK be liable for loss of anticipated profit, loss of production,
non-operation or increased expense of operation of other circumstances shall KZK'sliahility exceed the invoice amount of goods shipped.

COMPUTER SOFTWARE LICENSE AGREEMENT

Sibject to the provisions contained herein, KZK Powder Tech Corp. ("KZK") hereby grantsyou a non-exclusive license to use its proprietary
computer software product contained in this package (" Software").

SOFTWARE & DOCUMENTATION. KZK shall furnish the Software to you on floppy disksin machine-readable executable form and
provide with the Software KZK's standard user's manual ("Documentation™) containing instructionsfor operation and use of the Software.
LICENSETERMS. Theterm of thislicense commences upon delivery of the Software to you and is perpetual unless earlier terminated upon
default by one of the partiesor asotherwise set forth herein. The Software can be reinstalled using the original floppy diskswith the Software.
TITLE Title, and ownership rights, andintellectual property rightsin and to the Software and Documentation shall remain in KZK. The
Software is provided for your own use under thislicense. Thislicense does not include the right to sublicense. Y ou acknowledge that the
Software source code remains a confidential trade secret of KZK and therefore you agree not to attempt to decipher or decompile the Software
or develop a source code for the Software or knowingly allow othersto do so.

UPDATES. Thislicense doesnot grant you any rights, license, or interestsin any improvements, modifications, enhancements, or updatesto
the Software and Documentation. Updates, if available, may be obtained at KZK'sthen current applicable rates, chargesandterms. Thislicense
automatically extendsto all updates supplied to you by KZK.

WARRANTY. KZK warrantsthat for a period of ninety daysfrom the date you purchased alicense to it, the Software, if operated asdirected,
will substantially achieve the functionality described in the Documentation. KZK does not warrant, however, that your use of the Software will
be uninterrupted or that the operation of the Software will be error-free. KZK also warrantsthat the floppy disks containing the Software, if
provided by KZK, are free from defectsin material and workmanship and will so remain for the period of ninety daysfrom the date you
purchased alicense to it. During the ninety-day period, KZK warrantsthat the disks and binders contain a complete copy of the indicated
version of the Software and Documentation, respectively. KZK's sole and exclusive obligation and liahility for any breach of thiswarranty shall
be to replace your defective disks or Documentation. Replaced Software and Documentation shall be covered by thislimited warranty for the
period remaining under the warranty that covered the original Software and Documentation. Only if youinform KZK of your problemswith the
Software or Documentation during the applicable warranty period will KZK be obligated to honor thiswarranty. You must contact KZK by
telephone or by letter to inform KZK of your problem. Thisaboveisalimited warranty andit isthe only warranty made by KZK. KZK makes
no other expressed or implied warranty and expresdy disclaims all warranties of merchantability and fitnessfor a particular purpose. No KZK
dealer, agent, or employee isauthorized to make any modifications, extensons, or additionsto thiswarranty. If any modificationsare madeto
the Software or Documentation by you during the warranty period; if the disks or binder are subject to accident, abuse, or improper use; or if you
violate the terms of this Agreement, then thiswarranty shall immediately be terminated.

RESTRICTED USE. The Software and Documentation shall be used exclusively by you and your qualified employees and consultants only when
it resdes on your computer. An employee or consultant isqualified only if he or she has executed an agreement or else is otherwise bound to
abide by the restrictionsimposed upon you herein under "Title" and "Restricted Use". You shall not allow othersto use or have accessto the
Software and Documentation, either directly or indirectly, when loading on the computer. KZK hereby consentsto your making backup or
archival copies of the Software and Documentation and all such copies shall be subject to this Agreement. Any copies must contain all of KZK's
notices of copyrights, trademarks, other proprietary rights, warranties, and liability limitations. You may not modify the Software or
Documentation or make derivative or compilation works of them.

SUPPORT AND TRAINING. Telephone support and on-sitetraining, if available, shall be provided at KZK's standard rates, charges and terms
then in effect.



LIMITATION OF LIABILITY. Your sou and exclusve remediesfor any damage or lossin any way connected with the Software or
Documentation, whether by KZK's breach of any express or implied warranty, negligence, or any breach of any other duty, shall be replacement
of the Software or Documentation. Under no circumstances and under no legal theory, tort, contract, or otherwise, shall KZK be liable to you or
any other person for any special, incidental, or consequential damages of any character including, without limitation, damages for loss of good
will, work stoppage, computer failure or malfunction, or any and all commercial damages.

TERMINATION. Your obligation to protect the confidentiality of the Software and Documentation shall survive any termination of this
Agreement.

MISCELLANEOUS. ThisAgreement representsthe complete and exclusive statement of the agreement concerning thislicense between the
parties. This Agreement shall be governed by and construed under Maryland law as such law appliesto agreements between Maryland residents
entered into and to be performed entirely within Maryland except asrequired by U.S Government rules and regulationsto be governed by Federal
law.



Technical Drawings

Figure 1. Standard Test Die
Figure 2. Pressing Punch
Figure 3. Top Punch

Figure 4. Test Die Cylinder



Figurel. Standard Test Die
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Figure2. Pressing Punch
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Figure 3. TopPunch
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Figure4. Test Die Cylinder
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