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CREEP AND OTHER IRREVERSIBLE DEFORMATION
IN ULTRA HIGH PRESSURE APPARATUS

V. V. Jinescu, 1. C. Popescu

Politehnica University of Bucharest, Faculty of Mechanical and Mechatronics Engineering
ic.popescu@yahoo.com

ABSTRACT

Ultra high pressure apparatus used in industrial purposes are manufactured in
compound construction. The nearest components for synthesis capsule (a die and two
anvils) are made from tungsten carbide. These WC-Co components are binding with steel
rings. The pressure in the synthesis capsule from the die is above 4.5 GPa and
temperature above 1700K. In this paper are analyzed the stresses in the die and the
behavior of the material of the die in these conditions. The plastic deformation of the die
made from tungsten carbide resulted in the creep fatigue process presented. The
correlations between the plastic deformations and the process parameters are shown.

KEYWORDS: High-pressure apparatus, WC-Co, synthesis capsule, creep, plastic

deformation

1. INTRODUCTION

Ultra high pressure and high temperature
apparatus are used in synthetic diamond and other
superabrazive materials manufacture.

The pressure is above 4,5 — 6,0 GPa and temperature
above 1700K in the synthesis capsule. The real
pressure and temperature on the die inner cylindrical
surface is unknown. It is possible only an indirect
estimation. The pressure values in the capsule, during
a synthesis conditions cycle, are measured using
phase transition method.

Pressure calibration was carried out using as sensors
the metals that undergo phase changes upon
determined pressure values (Bi = 2,55 GPa and PbSn
= 4,3 GPa), and temperature with special type-K
(cromel-alumel), varying from the refrigeration
output [1,2].

During the synthesis cycle the temperature is
measured on the flat surface of the die using a special
device. The stresses are measured on the flat surface
using electrical strain gages.

Using a finite element program analysis [3, 4] is
approximate at the pressure on the inner cylindrical
surface of the die (the contact surfaces between the
external surface of the capsule and inner cylindrical
surfaces of the die), the gradient pressure in
pyrophiltitte gasket conical zone of the die and the
temperature on inner cylindrical surface of the die.
The pressure on the internal cylindrical surface is
estimated at 4,0 GP and the temperature between 800
and 1000K, in the highest stressed part of the

synthesis cycle. In these zones the material of the die
(WC-Co) is in fatigue creep conditions.

The temperature in the external zone of the die
(in the contact zone with the first steel ring) is always
below creep temperature of the used WC-Co.

2. CONSIDERATION ABOUT
THE BEHAVIOR OF THE WC-CO
IN HIGH TEMPERATURE AND
ULTRA HIGH HYDROSTATIC
PRESSURE CONDITIONS

In normal thermal and hydrostatic pressure
condition WC-Co is considered a fragile material.
Beginning of the ‘90s, some experiments showed
relative important plastic deformation at the inner
diameter of the die [3, 4,]. Experiments made by
Bridgmann correlated the hydrostatic pressure testing
with the physical-mechanical properties of the WC-Co.
Another experiments correlated the temperature with the
physical-mechanical properties of the WC-Co [5].

All these experiments show the influence of the
cobalt binder content.

In the domain up to temperatures about 800-

900K, the WC-Co materials, in principal, deform
elastically and show brittle fracture. Fracture can
occur, starting at WC/WC grain boundaries.
The cobalt forming the ligaments is free from
constraints and it can deform. The binder phase is
responsible for the toughness of the material in this
state [6].

TEHNOLOGIA INOVATIVA — Revista »Constructia de magini” nr. 1 -2/2008 7



The domain between 800-900K and 1200K is
characterized by plastic deformation of the binder
(Co). Some dislocations have been observed in WC
grains but no important plastic deformations of WC
grains have been found. This domain is transition
between brittle behavior and creep. The plasticity
remains limited because of the rigid skeleton. The
deformation is entirely related to the deformation of
the cobalt phase [7, 8, 9]

The transition temperatures to the creep domain
furthermore depend on the cobalt contents.

The high temperature domain is marked by low
flow stresses and high deformation at fracture. At the
temperatures above 1200K the creep has been
attributed to grain boundary sliding. Grain boundary
sliding is the predominant deformation mechanism.
This mechanism is confirmed by the low value of
yield stress and the decreasing of the yield stress with
decreasing WC grain size.

At room temperature WC-Co are brittle at
standard mechanical tests. With increasing
temperature these materials have important plasticity
before fracture. Ductile-brittle transition temperature
T4 is equal to 450-550 K for micron grades and 550-
950 K for submicron grades. Essential plasticity at
fracture is observed only at temperature more than
850-950 K [10]. Transverse stress rupture decrease
slowly with increasing temperature, as Young
modulus does, up to 850 K and more rapidly at
higher temperature.

Figure 1. Ultra high pressure and high temperature
apparatus

3. THE THEORETICAL
SYNTHESIS CYCLE

In figure 1 is shown an ultra high pressure and
high temperature apparatus. The apparatus is mounted
in a frame press. The displacements of the anvils are
made using the press hydraulic system. The pressure
is generated by the displacement of the anvils and
closing a synthesis capsule. The displacements of the
anvils are controlled with computer software to
maintain the synthesis pressure in optimal range.

The temperature is generated by the Joulles

effect. An electrical circuit is made using top anvil —
the synthesis capsule (top steel ring — graphite and
metallic disks bottom steel ring) — bottom anvil.
The temperature can be modified using many
parameters, like: composition of the synthesis
capsule, current, temperature and the flow of the
cooling water. These parameters are controlled using
special software.

It is necessary to maintain the same dies
temperature at the start of every run.

Temperature
Pressure
©
% Current
—
<
-~
o C
2 g
0 5
o O —
Time (s)

Figure 2. Diagrams for general synthesis
cycles.

The diagrams for general synthesis cycles used in
diamond synthetic production [11-13] are represented
in figure 2. In this figure the pressure is the hydraulic
pressure in hydraulic cylinder of the press.

4. THE STRESSES IN THE DIE
DURING THE SYNTHESIS
CYCLE

1. bottom anvil with binding rings, 2. WC-Co die, 3. top
anvil with binding rings, 4. binding steel rings, 5. support

! INgS, ] In the synthesis cycle in the die one has the
anvil block, 6. cooling jacket, 7. synthesis capsule.

following actions stresses:

- stresses produced by the binding steel
rings (in the assembly procedures) (curve 3 in
figure 2);

- stresses produced by the synthesis pressure
(curve 1 in figure 3);

TEHNOLOGIA INOVATIVA — Revista »Constructia de magini” nr. 1 -2/2008 8



stress (MPa)

- stresses produced by the temperature gradient
during the synthesis process (temperature curve 1
is represented in figure 3),

- modification of the physical and mechanical
properties of the WC-Co produced by the
temperature and the effect of the hydrostatic
pressures;

All these stresses were analyzed in static or
quasistatic conditions [3, 4, 14-17].

The duration of the synthesis cycle is between
30-60 minutes for a cycle designed to produce
maximum percentage mass per operation of the grains
size 500/400 pm.

For a maximum percentage mass of grains size
125/100 pm the duration of the cycle is 10 minutes
[1, 2]. In this synthesis process, the pressure and
temperature must be controlled very accurately to
obtain saw grade grits which consist of cubo-
ctahedral single crystal. In such a process,
reproducibility of pressure and temperature is
maintained by accurate control of the process
parameters.

When the die is not in synthesis cycle, it is
compressed inward by the interference fitting of the
steel binding rings. The contact pressure is so high
that it almost reaches the limit of compression failure
of the die. When the die is pressurized during the
synthetic diamond synthesis cycle, it is stretched
outward to the limit of tensile failure. The die, during
the synthesis cycle, is cycling near its strength limits
between compression and tension.

In an approximate analysis it is considered that
the temperature above 800-900K is between 2-4
minutes for a 10 minutes cycle and 5-10 minutes for a
30-60 minutes cycle. For all cycles (short or very
long) the inner part of the die is in creep condition.

temperature ( K)

Time (s,

Figure 3. The stresses and the temperature in
the inner surface of the die.

1. The stress from pressure cycle,

2. The temperature cycle,

3. The stress from binding rings.
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Figure 4. Deformation of the inner diameter
of the die during the use in synthesis cycles.
1. Die type “S*;
2. Die type “B* cu 8% Co;
3. Die type “B —R* cu 9% Co;
4. Die type “P*;
5. Die type “P-R*[19].

Analyzing the stresses it appears a superposition of effects:
- produced by the thermo-mechanical fatigue
(a superposition of the thermo-fatigue with a
mechanical fatigue). Generally the WGohler
fatigue curve of the WC-Co is a straight line
with a very small slope of the amplitude
tension versus number of cycle curve;
- produced by the repeated creep during short
period of time. The creep cycle can be
approximated with a trapeze shape cycle. If the
duration of the maximum pressure and
temperature is very short the shape of cycle
may be approximated by a triangular shape.
From  theoretical analyses [18] and
experimental results the greatest plastic
deformation is in triangular shape of the cycle;
- produced by the local hydrostatical tensor
stress component on the physical and
mechanical properties of the WC-Co [18].

5. THE CREEP DEFORMATIONS
OF THE INNER DIAMETER
OF THE DIE

The dies used in the experiments are made from
three grades of tungsten carbides. The physical-
mechanical properties are presented in table 1 and 2.

i/

Type | Composition | Carbide | Density | Hardness
% by weight | grain 10? (HV30)

size kgm™)
(um)

P- 9Co-91Wc | 1,5 14,60 1300

R’

‘B’ 9 Co-91Wc | 2,7 14,64 1350

‘S’ 11Co-89Wc | 2,7 14,40 1250

Table 1. Physical properties of the WC-Co alloys used
in tested high-pressure apparatus construction [14]
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Type | Young Compressive | Transversal Type of the die / A b c
Modulus | strength Rupture Inner diameters
(GPa) ( MPa) Strength ( MPa ) of the dies
‘P-R” | 590 - - “B-R”/”1,2D” 20,452 | -15,449 | 0,0179
‘B’ 596 4250 3300 “S”/”1,2D” 30,552 | -26,206 | 0,0135
‘S’ 575 4800 2700 “P-R”/”1,2D” 12,584 | -9,989 | 0,0190
“P”/”1,2D” 34,482 | -28,926 | 0,0175
Table 2. Mechanical properties of the WC-Co alloys “B” cu 8% Co/ 54,611 | -49,186 | 0,0099
used in tested high-pressure apparatus construction [14] ”1,2D”

The temperature during the synthesis cycles is
sometimes above 900K and is possible for short
periods to be over these values, possible 1100K.
Plastic deformation at normal temperature in die was
experimentally detected.

Monitoring the deformation of the inner diameter
of the die, during the real synthesis cycles, it is possible
to represent this deformation versus the number of runs.
In figure 4 are represented these correlations for 5 types
of WC-Co used for dies construction. The deformations
of the inner diameters of the dies represented in figure 4
are the “global” deformations: the plastic deformations
of the dies bellow the creep conditions and the
deformations in creep conditions.

The inner diameter was measured after every
cycle for the first 20 runs and after every 10 cycles
for the rest of the runs. The measurement must be
made at the same temperature, the temperature at the
start of the synthesis cycle.

The inner diameter of all dies after the assembly
process decreases 0,3-0,4 mm. This deformation is an
elasto-plastically deformation at low temperature.

All the synthesis cycles are similar in pressure
and temperature values. The dies temperature at the
start of the cycle is maintained constant by
controlling the time between runs (time for reloading
a new synthesis capsule in ultra high apparatus) and
the flow of the cooling fluid. The temperature of the
cooling fluid and the temperature in facilities space is
necessary to be constant.

From the dates shown in figure 5 correlations

between the theoretical and actual specific
deformation are determined:
1
ADy = ——— (1)
a+b-n¢

where AD ; is the deformation of the inner diameter

of the die; n is the number of the runs; a, b, ¢ -
constants.

The constants from equation 1 are represented
in table 3.

Tabel 3. The experimental constants used in equation (1)

The WC-Co used in dies type “S” have 11% Co all
the other dies have 8% Co. The dies type “B” and “B-
R” and respectively “P” and “P-R” used WC-Co with
8,5% and respectively 9% Co. The differences
between types “B” and “B-R” and respectively “P”
and “P-R” are the used facilities and sintering
technologies.

From these experiments resulted:

- for the same Co content the facilities and
sintering technologies are important;

- small differences in Co content have less
influence like facilities and sintering
technologies;

It is very important to predict the deformation
curve of the inner diameter of the dies. The difference
between the external diameter of the synthesis capsule
and the inner diameter of the die must be very small. If
the difference is relatively great a relative large quantity
of the displacement of the anvils is used to fill the inner
volume of the die. In this case the gasket is deformed
without a rise of synthesis pressure.

£

£
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I

g

£ 0,80

hel

5 [
2 0,60 —

o —]
5 0,40

5 /

c

S 0,20

©

€

& 0,00

3 0 400 800 1200 1600 2000

number of cycles

Figure 5. Deformation of the inner diameter
of the die during the use in synthesis cycles.

1. Constant synthesis cycles;
2. The cycle is modified - rise pressure and/or
temperature;
3. The cycle is modified — diminish pressure
and/or temperature.

The synthesis capsule must be manufactured with
different external diameters and the curves like the ones
from figure 4 are used to design an economical
production.
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During the experiments when the cycle
(maximum pressure and temperature) was modified
the correlations between the deformations versus
number of runs changes the slope:

- if the pressure and / or temperature rise, the
correlations between deformations of the inner
diameter versus number of cycles is represented in
figure 6 — appear an inflexion point (a jump of the
deformation of the inner diameter) and after a
numbers of runs the slope of the curve returns to
the same shape;

- if the pressure and / or temperature decreases, the
correlations between deformations of the inner
diameter versus number of cycles shows a constant
portion and after a number of cycles the slope of
the curve is similar to the slope before the change
of the parameters;

In the first case the jump is possible because of
another cause: the fracture of the steel binding rings. In
this case if the broken rings are not replaced the die is
fractured in few runs.

\
|
I
I
—_—
I
20
L |
I
I
I
\

a)
| |
| |
[ [

. DRy .
| ymmetrical | asymmetrical
deformed deformed

! shape I shape
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‘ I

|
- f - -

4 lLar |
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Figure 6. Deformation of the dies shape after some
synthesis cycles.

a) initial shape, b) symmetrical barrel shape of the

deformation of the dies,

¢) asymmetrical barrel shape of the deformation of

the dies,

The producers of the ultra high apparatus must
analys two situations:

- the temperature of the dies is maintained low
during the synthesis cycle. In this case the
material is brittle and the mechanical
properties of the WC-Co are high. The creep
deformations of the dies are very small. It is
possible to appear an explosion during the
fracture process. A crack produced in the die
can grow very fast;

- the temperature of the dies is above the
transition brittle-ductile temperature. There
are high creep deformations of the dies. It is
a very small probability for the brittle
fracture (explosive mode of fracture). The
inner diameter of the die must be monitored
every day. The external diameter of the
synthesis capsule must be correlated with the
inner diameter of the die. The diamond
synthesis parameters must be correlated with
the grow dimensions of the inner dies;

Deformation of the inner diameter of the dies
after some cycles can be a symmetrical shape or an
asymmetrical shape (figure 6). In figures 4 and 5 are
presented the deformation of the diameters in the
symmetrical plane of the dies:

- for symmetrical barrel shape deformation of
the inner diameter of the die during the use
in synthesis cycles is 2-AR;

- for asymmetrical Dbarrel
deformation is 2:(AR+ ARy);

The symmetrical barrel shape is a normal
deformation shape and is produced by the real stress
state [14, 15, 19] and by the vertical temperature
gradient in the dies. The greatest values of the
temperatures are on the inner surfaces of the dies in
planes of symmetry.

The asymmetrical barrel shape appears in two
cases:

- the cooling fluid has different temperature in
top part from the bottom part of the binding
rings; the cooling system must assure an
equal temperature in top and bottom of the
steel rings. It is proposed to use only parallel
cooling system.

- the bindings rings produce an non constant
external pressure on the die.

The barrel shape has a negative influence. The
difference of the barrel shape and cylindrical volumes
must be filled with the content of the synthesis
capsule. A part of the displacement of the anvils is
used to fill the volumes and the rest of the
displacement is used to compress the synthesis
capsule. It is very important to maximize the
displacement used to produce the synthesis pressure
in the synthesis capsule.

shape this
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6. CONCLUSIONS

Analyses of the real behavior of the dies of the
ultra high pressure apparatus showed a very complex
effects superposition: the thermo-mechanical fatigue,
repeated creep during short period of time and local
hydrostatical tensor stress component.

The monitoring of deformation of the inner diameter
of the die is important for a correct and efficient
synthesis production.
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1 Sarlea’, M. Tanase’, R. Negriul, Cr.Besleagcf

'S.C. ECONET PROD SRL, °S.C. FONTAX-IM SRL,
3S.C. IMCF S.A. Bucuresti, econetprod@mail.com

ABSTRACT

This paper presents some machinery for the modern technologies of the road rehabilitation and
consolidation. These special machineries are included into the large family of the machinery for
construction, maintenance and rehabilitation and consolidation of the roads. In the actual stage
of the roads network, when the most of the roads are already built, but these roads have many
year of utilization and also they haven't the capacity to support the requirements of the actual
traffic, the main purpose, in comparison with the construction of a new roads or maintenance of
the actual roads, is rehabilitation and consolidation of the actual roads.

KEYWORDS: machinery, road, rehabilitation, consolidation, maintenance

1. INTRODUCTION

Modern technologies for the rehabilitation
and consolidation of road systems also imply,
besides work methods, adequate machinery. The
relationship method-machinery being biunique, the
evolution of work methods leads to the creation of
performing machinery, and reciprocally, they lead
to the improvement of work processes.

The variety of work methods makes difficult an
exhaustive classification of the used machinery,
because there is machinery specific in a particular
field, but also machinery that covers two or more
fields.

Generally, the machinery for road works can be
grouped on three activity fields:

- machinery for road systems construction;

- machinery for road systems maintenance;

- machinery for road systems rehabilitation and
consolidation.

In this paper we approached machinery specific for
road systems rehabilitation and consolidation.

2. MODERN MACHINERY
FOR THE REHABILITATION
OF WEARING LAYERS

In accordance with reconstruction methods of
the layer there can be considered the following
groups of machinery specific for these works:

- machinery for in situ rehabilitation of the wearing layer;
- machinery for in motion rehabilitation of the
wearing layer;

- machinery for rehabilitation of the wearing layer
with fixed plants.

2.1. MACHINERY
FOR IN SITU REHABILITATION
OF THE WEARING LAYER

In situ rehabilitation of the layers involves
specialized machinery for the execution of the
operations specific for the used methods such as:

- pre-heating of the wearing layer;

- thermal-profiling;

- thermal -regeneration;

- remixing;

- milling - blending;

- take over of dislocated material by milling.

2.1.1. PRE-HEATERS

Hot rehabilitation of wearing layers needs their
heating at a temperature of 140-150°C. The heating
operation takes place in two stages:

- the increase of the temperature of the layer to 90-
100°C with pre-heaters;

- reach of final temperature with the means of the
machinery that insures in situ remixing.
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In figure 1 is represented a pre-heater of
asphalt layers. It executes the heating of the layer
by means of radiant panels, which use propane as
fuel.

Fig. 1. A pre-heater of asphalt layers
1- chassis;
2 — movement system;
3 —engine;
4 — pliable heating plates;
5 —lifting-lowering system;
6 — fuel tank

2.1.2. THERMAL-PROFILERS

The thermal-profilers (fig. 2.) insure in situ
hot rehabilitation, without material addition, of the
wearing layer executing the following operations:

- heating of the wearing layer;

- scarification of the wearing layer;

- the blending of scarified mixture;

- leveling, pre-compaction and profiling of the new
layer.

Fig. 2. The thermal-profilers
1- heating plates;
2 — scarification;
3 — distribution screw;
4 —leveling plate;
5 — pre-compacting beam;
6 — engine;
7 — gas tank;
8 — diesel fuel tank

2.1.3. THERMAL-REGENERATORS

The thermal-regenerators are machinery used
for the in situ hot rehabilitation, without addition of
materials, of the wearing layer allowing, at the same
time, the laying of the new layer over the rehabilitated
one.

The thermal-regenerator (fig. 3) executes the
following operations:

- the heating and the scarification of the existent
layer;

- addition of the new asphalt mixture;

- leveling, pre-compacting and profiling of the new

wearing layer.

2 L /]
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Fig. 3. The thermal-regenerator

1-bin;

2 — heating plates;

3 — transporters;

4 — scarification;

5, 7 — distribution screw;
6 — leveling plate;

8 — pre-comp-acting beam;
9 — engine;

10 — gas tanks;

11 — storage bins;

12 — diesel fuel tank

2.1.4. REMIXERS

The remixes execute the hot reconstruction of the
wearing layer, with material addition (Fig. 4.a.).

Fig. 4.a- Standard Remixer

1-bin;

2- bitumen tank;
3-heating plate;
4-transporter;
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5-diesel fuel tank;
6-dosing bin;

7-milling drum;

8-propane tanks;
9-blender;

10-engine;

11-distribution screw;

12- pre-compression beam

The operations that it executes simultaneously are:

- the heating in the second stage of the layer;

- the milling of the wearing layer;

- the addition of aggregates and hot bitumen;

- the blending of added materials with the
dislocated material by the means of a two-axle
blender;

- the pre-compaction and profiling of the new layer.
The Remixer plus (fig. 4.b.) executes in situ hot
reconstruction of the wearing layer and the laying,
at the same time, of a new layer over the
reconstructed one.
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Fig. 4.b - The Remixer plus
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2.1.5. COLD RECYCLERS

The in situ, cold rehabilitation of the wearing layers
or of the base layers constitutes an economical
method with a wide spreading. The machines that
work after method are the recyclers.

In figure 5 a recycler on wheels is schematically
presented. For larger width works the weight of the
machinery increases being necessary the placement
of caterpillars (fig. 6)

Fig. 5. A recycler on wheels:

1-Emulsion tank,
2-Operator platform,
3-Action group,
4-Front axle,
5-Adjustable brackets,
6-Milling drum,
7-Emulsion injection,
8-Blender,

9-Beating beam,
10-Control panel.

(=}

Fig. 6. Caterpillar
1-Variable vibrant finishing beam,
2-Action group,
3-Operator platform,
4-Control panel,
5-Water and emulsion dosing unit,
6-Water tank,
7-Caterpillar,
8-Anti-dislocation beam,
9-Water and emulsion injection,
10-Milling and cutting drum,
11-Caterpillar,
12-Distributor screw.

In figure 7 is presented a cold recycler used for the

case when it is necessary an addition of aggregates.

Fig. 7. A cold recycler
1-Vibrant-finishing beam,
2-Operator platform,
3-Water tank,
4- Cement tank,
5-Emulsion tank,
6-Power unit,
7-Mineral aggregate bin,
8-Anti-dislocation beam,
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9-Supply conveyor mineral aggregate,
10-Scarificator,

11-Injection sludge and emulsion,
12-Agitator for cement and water,
13-Continuous blender,
14-Caterpillar,

15-Distributor screw.

2.1.6. BLENDER-MILLERS

Blender-millers are machines that execute cold
rehabilitation of aged layers after Novacol method.
The equipment of the blender-millers (fig. 8)
insures:

- the dislocation of the worn layer by milling;

- the crumbling and blending with bitumen;

- the gathering and cord placement of the formatted
mixture

—
- I
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Fig. 8. The blender-miller
1-chassis;

2-caterpillar;
3-fracturing plate;
4-milling drum,;
S-crumbling grille;
6-blende

2.1.7. CORD ELEVATORS

The materials arranged in cord on the
platform of the road are gathered for the transfer in
reception bins of other machines, by cord elevators

(fig. 9).

Fig. 9. Cord elevator
1-clevator;
2 — storage-transfer bins;
3 — movement system;
4 — belt conveyer

2.2. MACHINERY
FOR THE REHABILITATION
OF LAYERS WITH MOBILE PLANTS

The reconstruction in motion of the wearing
layer needs the following operations:
- the dislocation of the worn layer;
- the transfer of the dislocated material, in a mobile
plant of asphalt mixture preparation;
- hot preparation of asphalt mixture;
- unload of the mixture prepared in the bin of the
asphalt distributor. In figure 10 is presented a mobile
installation of asphalt mixture preparation.

[/

i i

Fig. 10. A mobile installation of asphalt mixture
preparation

1-brush rollers ;

2 — plough blades;

3 — aspiration system;

4 — motor wheels;

5 — filtering group;

6 — sedimentation chamber with multi-cyclones
battery;

7 — bitumen tank;

8 — conveyer;

9 — dosing bins;

10 — blow pipes;

11 — dryer-blender drum;

12 — gas exhaust system;

13 — conveyer;

14 — ant segregation bin;

15 — bituminous emulsion tank;
16 — bitumen sprayer

The regeneration of road systems layers
composed of asphalt mixtures implies their hot or
cold dislocation, and the transfer of dislocated
material to a fix plant located outside the road.

The dislocation of the old layer is executed with
milling machines. The milling machines for road
systems roads are composed of:

- bearing structure (chassis);

- movement system (wheels, caterpillars);

- action engine (diesel engine);

- work body (cogged milling drum);

- belt conveyer ;

- action and command systems.
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From the point of view of the milling work manner
in relation to movement there are two constructive
types of milling:

- with ascendant milling (fig. 11.);

- with descendent milling (fig. 12).

Fig. 12. descendent milling

In the first case the dislocated material is

unloaded frontally in a dumper that moves in front
of the milling machine.
At descendent milling the dislocated material is
loaded from the back side giving the possibility to
be transferred to a recycler from the technological
flow.
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Quick Info

Converting automotive noise and
vibration into sound and comfort

Automobile purchasers are continually
demanding Dbetter driving comfort, improved
driving dynamics, and safety.

Vibracoustic, the vibration control business
of Freudenberg, answers this call by closely
cooperating with its customers in order to prevent
annoying vibration and noise in vehicles.

Through LMS Test.Lab, Vibracoustic has implemented
a comprehensive and productive testing environment
that makes it possible to quickly configure and run a
wide range of tests, evaluate results, determine root
causes, and assess potential solutions.

Freudenberg Vibracoustic designs and produces a
variety of modules and components for vibro-acoustic
control in chassis and suspension, engine mounts,
dynamic dampers, torsional vibration dampers, drive
train components, and air spring modules.

Vibracoustic can analyse any noise vibration and
harshness (NVH) problem and to develop optimal vibro-
acoustic control solutions from a full-vehicle
perspective.  Airspring modules for example are
designed to reduce harshness and support maximum
comfort under all loading conditions. In the subsidiary’s
lab at Weinheim, Germany, vibration and acoustic
evaluations of product variants are extensively tested
while integrated into the total vehicle.

o

Fig. 1 and 2. Freudenberg’s dedicated vibro-acoustic
control solutions improve vehicle ride characteristics
drastically.

To assess the NVH performance of the vibration
control component and to optimise their functioning
in each vehicle variant, Freudenberg Vibracoustic
requires a broad variety of tools and techniques. The
broad functionally of LMS Test.Lab for rotating
machinery as well as structural dynamics in one
software suite, allows the Vibracoustic engineers to
make in depth NVH analysis and drill down to the
root cause of a problem.

Mr Wojts-Saary, Engineer, System
Development & Technologies Business Area at the
Weinheim  facility, = comments:  “For  our
troubleshooting and validation activities, LMS
Test.Lab delivers a huge productivity increase
through its intuitive user interface and the template-
based testing and analysis approach. The Test.lab
systems offer extensive and accurate measurement
and analysis capabilities, which allow us to
profoundly test and optimize our products, and to
respond very quickly to OEM requirements.”
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Leaving no angle unexplored

Vibracoustic covers a broad range of physical
prototype tests with LMS Test.Lab: from a simple
impact testing with modal analysis on a motor, to
spectral analysis on brackets, to complete signature
testing of a car on a roller bench. “The fact that our
testing team can run this wide variety of tests offers
the tremendous benefit of not having to learn and
maintain different systems and software tools. In
addition, we gained the flexibility to apply different
testing techniques to solve more complex NVH
problems,” commented Mr Wojts-Saary. “The
LMS Test.Lab workbook concept, guides the user
through a sequence of well-defined process steps
eg documentation, channel setup, calibration,
acquisition etc. This adds to lowering the threshold
for operators, enables broad analysis and reduces
training requirements.”
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Fig. 3 and 4. LMS Test.Lab offers extensive and
accurate measurement and analysis capabilities
that allow Freudenberg to profoundly test and

optimize its products, and to respond very quickly
to OEM requirements.

Vibracoustic's test lab in Weinheim uses roller
benches, multi-axle test rigs, impact testing, and road
testing to analyse NVH problems and optimise
designs. The challenge for the Freudenberg engineers
is to assess the noise, vibration and harshness impact
of any modification either in the vibro-acoustic
control component or in the vehicle design.

A typical example of the Vibracoustic whole-
vehicle approach to optimize NVH is a case where the
OEM modified the differential of the gearbox. The
vehicle is tested on the roller bench, the 4-poster test
rig, on the street or a test track. On the roller bench, a
70-channel measurement setup with  charge
accelerometers on the vehicle, microphones inside
and outside the car, and tachometer tracking is used.
The high channel setup allows fast and in depth
evaluation of the differences in NVH performance,
especially on the chassis, axle, engine, and inside the
passenger cavity of the car for interior noise.

Typically measurements are done in run up,
start/stop, idle, and shift conditions. During the test
runs, LMS Test.Lab offers online visualization of
the acquired data through multiple graphical
displays that are defined during setup and
modifiable during the measurement. “Real-time
viewing of all the signals in the time or frequency
domain provides immediate validation of the

measurement. The user configurable displays deliver
immediate feedback on the progression of the test and
the quality of the acquired data for vibration or
acoustic channels. They allow the testing teams to
make a first assessment on the spot and perform
additional testing if needed,” said Mr. Wojts-Saary.
“During measurements on the test track, the on-line
processing combined with the use of references
allows our operators to immediately check, how the
dynamic characteristics of the current modification is
different from a reference test or a former test. At the
same time, we can record the raw data to a throughput
file for later detailed analysis.”

The Freudenberg engineers also make extensive
use of Operational Deflection Shapes to validate test
runs. Immediately after the test run, the deflection
shapes of a structure in operational conditions can be
analyzed starting from either the time or frequency
domain. This functionality enables full flexibility for
the engineer in choosing the appropriate offline
analysis to further explore a specific problem.

The post-processing phase may include the
calculation of additional orders or maximum order
contribution, and allows further exploring the NVH
issues at hand. In the post-processing phase LMS
Test.Lab enables retrieval of earlier projects with
web-based navigation tools, making it possible to
analyse the physical process in greater detail.

TheVibracoustic engineering team faces the
continuous challenge of testing prototypes in ever-
shorter time frames and assessing a wide variety of
design changes to optimize the NVH performance of
their vibro-acoustic control components, in the full-
vehicle context. Mr. Wojts-Saary comments: “In
addition to the broad application coverage and
functionality of the LMS products, there is LMS’
very responsive technical support that helps us get
even more out of our measurements. The people at
the other end of the line know the software very well.
The reactiontime is very fast and they always come
back with helpfull answers to our questions.”

LMS Test.Lab offers the productivity that
Vibracoustic requires, as it contains all the features
required to drill to the root causes of NVH vibration
issues in one integrated solution. During
measurement as well as in the post-processing phase,
LMS Test.Lab provides the engineers with the
comprehensive array of tools for in depth
investigation and comparisons of the vast amounts of
data generated during the testing.

Bruno Massa is with LMS International nv, Leuven,
Belgium. www.Imsintl.com

(http://www.engineerlive.com/european-design-
engineer/automotive-design)
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ABSTRACT

This paper presents modern technologies for road rehabilitation, consolidation and reconstruction of the base
layer. These technologies are selection according with the type of defects of the road layer, and each of these
is present with the special machines which are utilization. These technologies are utilized with hot or cold
milling or scarification of the wearing layer and with or without mixture between the old material and the

material addition.

KEYWORDS: road, rehabilitation, consolidation, maintenance, reconstruction, remixing, bitumen, milling

1. GENERALITIES

The quality of the driving surface of modern
roads is appreciated by users especially its evenness,
which insures both comfort and reduction of vehicles
wearing, and also its roughness, which mainly regards
the safety of traffic.

The superior layers of the supra-structure ate
subject to vertical and horizontal actions, resulted
from traffic and also to climacteric actions. As a
result of these actions, in time, there appear defects
of the driving surface: grooves, cracks, holes,
wearing, deformations that lead to the discomfort
and decrease of traffic safety. All these defects
must be removed by rehabilitation measures:

— surface treatment;

— coverage with a new layer;

— milling the defect layer and replacement with
a new one;

The selection of the adequate method depends
on the type of defect, its cause and traffic actions
over the new layers.

The reconstruction of the wearing layer of the
asphalt pavement needs works of wide scope
realized with special machinery.

The used work methods, and also the
machinery from the technologic process depend on
many factors:

— the place where the components of the asphalt blend
are mixed are (fixed plants, in situ, in motion);

— the temperature at which works are executed (hot
or cold);

— the need of regeneration of the layer material
(with or without material addition).

2. METHODS OF REHABILITATION
IN PLACE (MRP)

The method consists of treatment in place (in
situ) of the layer by:

— hot or cold milling or scarification of the wearing
layer;

— mixture with or without material addition;

— mixture lying.

Depending on the needs of regeneration of the
asphalt mixture with or without addition materials
there are more hot and cold recondition methods of
the wearing layer.

2.1. THERMO-RECONDITIONING

This method consists of hot rehabilitation of the
deformed or worn layer, without material addition

(Fig. 1).

Fig. 1. Hot rehabilitation of the deformed or worn
layer, without material addition
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1 — heating plate;

2 — scarification;

3 —leveling blade;

4- pre-compacting beam;
5 — compacting cylinder;
6 — thermo-reconditioning

The method applies only when the road does
not present any structure defects, after the
verification of  the physical-mechanical
characteristics of the mixture, before and after the
thermal-reconditioning, so that the characteristics
of the binder would not be affected.

The thermal-reconditioning, the machinery
that does the thermal-reconditioning, executes the
following operations:

— the heating of the layer up to ~ 160°C with the
aid of an infrared device;

— the scarification of the layer on a depth of 1 — 4
cm without breaking the aggregates;

— the leveling of the material by means of a
transversally oscillatory blade;

— pre-compacting of the material and its
conditioning with the aid of a vibrating beam;

— final compaction of the layer with compacting
cylinders.

2.2. REMIXING

The remixing allows the rehabilitation of the
layers of asphalt mixtures 5 — 6 cm thick.

The method consists of in situ hot
reconstruction of the layer, with addition of
material.

REMIXER
|
o
o =~ |
oo
e -
Fig. 2. Remixing

The work process consists of the following
stages (Fig. 3):

L] REMIXER
/—_

Fig. 3. Work process

1 — pre-heater;
2 — heating plate;
3 — milling drum;
4 — transporting bin;
5 — binder tank;
6 — blender;
7 — distribution screw;
8 — pre-compacting beam;
9 — installation mixtures preparation;
10 — dumper;
11 — compacting cylinder

— the heating of the layer with heating panels of the
recycling machinery;

— the milling of the layer and bringing the
dislocated material in the axis of the machinery;

— the blending of the old mixture with a new
mixture and/or with correction binders;

— even distribution of the obtained mixture;

— pre-compaction with the vibrating beam;

— final compaction with compacting cylinders.

2.3. NOVACOL METHOD

The method consists of in situ cold re-treatment
of the aged and cracked asphalt pavements, using a
bituminous cationic emulsion.
The execution technology is composed of the
following operations (Fig. 4):
— the distribution of the correcting broken stone (if
necessary) before the milling operation;
— cold milling of the layer;
— addition and dosage of bitumen;
— blending of milled material with the binder;
— conditioning of mixture with the cord elevator and its
dumping in the bin of the mixtures distributor;

Fig. 4. The execution technology
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1 — fracturing plate;

2 —miller;
3 — grille;
4 — blender;

5 — water tank;

6 — binder tank;

7 — cord elevator;

8 — bin;

9 — distribution screw;

10 — pre-compacting beam;
11 — compacting cylinder;
12 - blender miller;

13 - asphalt distributor

2.4. RECONSTRUCTION OF THE

BASE LAYER

a) Reconstruction of the base layer without
material addition.

In case of degradation of the wearing layers
together with the base layer it is used a method to
create a new base layer without material addition.

For this the worn layers are cold milled, the
dislocated material being blended in the mixing
chamber (Fig. 5)

Fig. 5. Dislocated material blended in the mixing
chamber

b) Reconstruction of the base layer with
material addition

If it is necessary to add some aggregates it is
used the technological flux from Fig. 6. The added
material is spread from the dumper which had a
spreading device, after that the added material is
leveled. After the mixture of the milled material
and added aggregates is complete, it is
reconditioned and compacted.

Fig. 6. Technological flux
1 — Compacting;
2 — Profiling;
3 — Granulation;
4 —Leveling;
5 - Admixture spreading

¢) Reconstruction of the base layer with
bituminous emulsion addition.
The principle of the method (Fig. 7) consists of
the followings:

Fig. 7. The principle of the method
1 - Bituminous emulsion;
2 - Water

— cold milled of degraded layers;
— simultaneously there are injected emulsion and
cold water;
— the blending of the constituents is realized;
— the back wall of the mixing chamber adjusts the
thickness of the new layer.
In Fig. 8 it is presented the technological flow in two
versions:
—  without material addition;
—  with material addition.
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The associated technological flows are
presented in Fig 11, respectively Fig. 12.

Fig. 8. The technological flow
1 — Compacting;

2 — Profiling;

3 - Milling and Mixing;

4 — Emulsion;

Fig. 11. Technological flows
1-Compacting ;
2-Profiling ;
3-Milling and Mixing;

5 — Water;

6 — Leveling; ésl—gater, )

7 - Material addition -(ement;
6-Leveling;

d) Reconstruction of the base layer with T-Aggregates

cement addition.

The increase of the bearing strength of the
base layer is realized by adding cement. This is _ﬁ?_
realized either by spreading cement on the
pavement that will be milled and injection of water 1

in mixing chamber (Fig 9).

Fig. 12. Technological flows
1-Compacting ;
2-Profiling ;
3-Milling and Mixing;
4-Cement grout ;
5-Leveling;
6-Aggregates

Fig. 9. Spreading cement on the pavement
1-Water Addition;

2-Cement;

3-Flow meter

e) Reconstruction of base layer with cement
and bituminous emulsion addition.
The principle of the method is represented in
Fig 13 where the cement is spread on the layer that
will be milled, and also in Fig 14 where the cement
grout is injected in the mixing chamber.

or by pumping cement grout in the mixing chamber
(Fig. 10).

Fig. 10. Pumping cement
1- Addition with cement grout

Fig. 13. The principle of the method
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1-Bituminous emulsion; f) Reconstruction of base layer with expanded

2-Water; bitumen.
3-Cement ; This method is a very successful one considering its
4-Flow meter ecological and economical benefits.

Expanded bitumen (foamed) is obtained by the injection
of a quantity of cold water (2 — 3 % from the bitumen
mass) in hot bitumen at ~180 °C (Fig. 17).

Fig. 14. The principle of the method
1-Bituminous emulsion addition;
2-Cement grout addition

In Fig. 15 and Fig. 16 are presented the
technological flows of the two methods and their
associated machinery. Fig. 17. Obtaining expanded bitumen
1-Flow regulator ;
2-to other nozzles;
3-Air;
4-Pressure chamber;
5-Spongy bitumen ;

6- Water;
7-Hot bitumen ;

7 8
When the water is injected in hot bitumen, the
Fig. 15. Technological flow water evaporates and produces the expansion of the
1-Compacting ; bitumen that increases its volume 15 — 20 times. The
2-Profiling; foamed bitumen (spongy) leaves the expansion
3-Milling and Mixing; chamber through a nozzle being introduced in the
4-Emulsion; mixing chamber (Fig. 18).
5-Water ;
6-Cement;
7-Leveling

8-Aggregates

1 2 3 4 5
6 7

Fig. 16. Tephnologzcalﬂow Fig. 18. The method
1-Compacting ; . .

. 1-Water for spongy bitumen;
2-Profiling; .

e .. 2-Hot bitumen ;
3- Milling and Mixing ;
3-Water

4-Cement grout;
5-Emulsion;
6-Leveling ;

7-Additional Aggregates
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3. METHODS OF REHABILITATION
IN MOTION (MRM)

The technology of reconstruction in motion
of the wearing layer uses a mobile plant of
preparation of asphalt mixtures positioned in the
technological reconstruction flow.

The plant prepares a new asphalt mixture
from the dislocated material by milling from the
old layer and material addition.

The method contains the following operations
(Fig. 19):

Fig. 19. Operations’ method of rehabilitation in
motion

1 — dumper;

2 — milling rotor;

3 — conveyer;

4 — group of lift-transfer of milled
material;

5 — dozer bin;

6 — dryer-blender;

7 — binder reservoir;

8 — bin;

9 — distribution screw

10 — pre-compacting group;

11 — compacting cylinder;

12 — miller;
13 - movable station of asphalt
mixtures;

14 - asphalt distributor

— allocation of added granular materials using a
dumper with distribution equipment;

— cold milling of old layer together with the
distributed material,;

— gathering of milled material
preparation of mixture;

— allocation and vibrant-finishing of mixture;

— compaction with cylinders.

The technological flow and the machinery are
presented in Fig. 20.

and hot

Fig. 20. The technological flow and the machinery

4. METHODS OF REHABILITATION
WITH FIXED PLANTS (MRP)

The method uses cold or hot milling of old
layers, evacuation of milled material to a fixed plant
of preparation of asphalt mixtures and the realization
of anew layer with the new mixture (Fig. 21).

h&%

//_

0™ '@? CENTRAL MIX PLANT 20 @‘l
oo
COLD MILLING PAVER
MACHINE \

'
7T /,,/,,,:/!

Fig. 21. Methods of rehabilitation with fixed plants

4.1. COLD MILLING

Cold milling consists of the dislocation of the
asphalt mixture from the worn layer with the help of a
cogged drum mounted on a self-driven aggregate. The
milling machine moves on the layer that has to be
milled with the drum lowered at the necessary depth.
The milled material is loaded with the aid of a
conveyor belt in the dumper and transported to fixed
plants of preparation of asphalt mixtures.

After milling on the resulted surface there is laid a
new mixture layer (Fig. 22).

Technologically speaking cold milling has a

series of advantages:

— can be used both to asphalt pavements and also to
concrete cement;

— allows the layered removal of a single layer;

— the milled surface is unevenly which contributes
favorably to the adherence of the new layer;

— the surface is flat and in accordance with the profile;

— allows material re-use.
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Fig. 22. Cold milling

1-milling drum;
2—conveyer;
3,6—dumpers;
4—aggregates deposit ;
S—installation mixtures preparation;
7-bin;

8—distribution screw;
9—pre-compacting beam,;
10— compacting cylinder;
11 — miller;

12 - asphalt distributor

4.2. HOT MILLING

The method is used when the asphalt
pavement presents cracks.

The method consists of the heating of the
wearing layer (1 —4 cm) at 160 - 180°C, and then the
material is milled. By heating, the bituminous coating
becomes malleable, the resistance to milling decreases
and, consequently, there can be used milling machines
with a reduced installed power.

Fig. 23. Hot milling

1 — heating panel;

2 — milling rotor;

3 — conveyer;

4,7 —dumper;

5 — aggregate deposit;

6 — installation mixtures preparation;
8 — bin;

9 — distribution screw;

10 — pre-compacting beam,;
11 — compacting cylinder;
12 — miller;

13 - asphalt distributor

5. MIXED METHODS
OF REHABILITATION
OF WEARING LAYERS

5.1. THERMAL-REGENERATION

The method consists of the heating and milling
of the layer keeping, partially or totally, the dislocated
material and the addition of a new asphalt layer.

The technologic process is realized with
complex machinery that realizes: the heating and
milling of the existent asphalt layer, the evacuation of
the excess material, the addition of the new asphalt
mixture, the allocation, the leveling and per-
compaction of the new layer.

5.2. REMIXING PLUS

It is a method that combines standard remixing
of the wearing layer with the layering of a new layer.
Remixing plus is executed by a single passing of
complex machinery whose work principle is shown in
Fig. 24.

3

Fig. 24. Remixing plus
1-pre-heater; 2-heating plate; 3-milling drum;
4-transporting bin; 5-binder tank; 6-blender;
7,11-distribution screw; 8-beating-levelling plate;
9-installation mixtures preparation; 10-dumper;
12-pre-compacting beam; 13-compacting
cylinder; 14 — remixes - plus
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Quick Info

Camera-based
system 'improve
road safety’

l

A small low-priced 3D CMOS camera has been
developed for applications such as blind-spot
monitoring in cars, robot control and for
monitoring building access points.

The camera's core component is a high-
performance light sensor.

Modern vehicle electronics can prevent many
accidents, but problems are often caused by traffic
coming from the sides; objects or pedestrians
approaching rapidly from the side have so far been
almost impossible to detect.

However, researchers at the Fraunhofer Institute for
Microelectronic  Circuits and Systems IMS in
Duisburg, Germany, have developed a small,
robust and low-priced camera that emits a rapid
series of short laser flashes that are invisible to the
human eye.

From the reflected light signals, the camera
determines not only how far away an object is, but
also its three-dimensional shape.

Rays of light that encounter protruding areas are
reflected back sooner than those that encounter
lower-lying areas. Precision control of the camera
aperture separates these light signals and
subsequently uses them to create a 3D image.

The observation of lateral traffic is only one
possible application scenario; the camera system
can also be employed for robotic applications or for
controlling access to buildings.

The researchers' goal was to develop a low-cost
device from standard components - for instance, by
using off-the-shelf components for the camera
lenses and the laser diodes.

The core component of the camera is the CMOS
chip developed by the researchers themselves,
which transforms light signals into electrical
impulses.

The chip can be manufactured at low cost in a
standard process. Werner Brockherde, the project
manager, comments: “The challenge we faced was to
create a chip that would reliably interpret light
signals in any situation. For example, the electronics
cut out interfering background light from their
calculations by opening the aperture for one millionth
of a second and measuring the natural ambient
light.”

Depending how far away an object is, a greater or
lesser amount of reflected light enters the camera.
The CMOS chip therefore has to be capable of
analysing extremely bright images as well as very
dark ones.

The researchers have developed special algorithms to
achieve this high level of dynamic performance.

The 3D CMOS camera will be on show at the Vision
2007 trade fair in Stuttgart, Germany, from 6-8
November 2007 (Hall 4, stand C56).

(Fraunhofer Institute)

The Fraunhofer-Gesellschaft undertakes applied
research of direct utility to private and public
enterprise and of wide benefit to society.Brockherde
is confident that it will be launched on the market for
the first automotive applications in about five years'
time - perhaps as an alternative to radar proximity
sensors, which are relatively expensive, or for blind-
spot monitoring.

(http://www.engineerlive.com/european-design-
engineer/automotive-design)
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RESEARCH REGARDING THE RUNNING MODE
OF THE VALVES OF THE EXTRACTION PUMPS
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ABSTRACT

The paper work presents the experimental researches regarding the running mode of the
valves of the extraction pumps. It spotlights the fact that the valves closing and opening
moments are preceded by a phase difference bigger during the opening and smaller
during the closing and due to the percussion phenomenon during the closing period
between the ball and the seat-ring take place one, two or three elastic collisions having
lower raising high. Corresponding to these processes there occur liquid leaking that
influence the volumetrically efficiency of the extraction pumps.

KEYWORDS: seat, ball, raising, valve, corrosion, toughness, pump

1. INTRODUCTION

In the pumping plant the extraction pumps
with piston are very important and their reliability
and behavior in the working condition of derricks
have a big influence for the total efficiency of the
extraction plant. To chose an extraction pump is
necessary to take account about more factor such as:
the fluid flow to be extracted , the physical and
chemical characteristics of the pumped mixture, the
pumping depth, the gas — crude oil ratio, the solid
impurity content, the drill hole geometry, and so on.
To work with a higher capacity, the seat-ball valves
must have the following characteristics:

- the liquid section pass through the valve must
be as big as possible to have a smaller
resistance to the liquid flow ;

- the seat must have a mass as high as possible
and the ball as small as possible; this condition
can increase the working life and it can be
realize either by the diameter decreasing or by
lowering the ball density;

- it is necessary that the ball to have a permanent
rotation movement during the working time ,
to obtain an uniform wear;

- the ball hardness must be bigger than seat one
because during the valve working the ball must
keep the initial surface shape but it is not
necessary this for the seat , as long as the valve
keeps the tightness (we can admit fluid leaking

up to 50 ml/24 hours at a working pressure of
200 bar);

the seat toughness must be bigger the ball one to
avoid its breaking and crushing as a result of the
repeated ball shocks because the active surface of
the seat side is by far less than the active surface
of the ball,

The main reasons of the wear are:

-the environment corrosion;

-the abrasion due to the sand from the extracted
liquid;

-the environment corrosion and abrasion .

From the point of view of the composition, the
working fluid is:

normal , with less than 30% mineralized water,
no H2S, CO2, O2 in water, less than 0.3% sand
in suspension ;
abrasive, with more
suspension ;

corrosive , with more than 30% mineralized
water, more than 20 g / 1 salinity in water, H2S,
CO02, 02, pH < 7, contaminated with HCI <10%;
abrasive and corrosive with more than 0.3% sand
in suspension, more than 20 g / 1 salinity in
water, H2S, CO2 and O2 ;

fluid with crust deposition, with more than 30%
mineralized water with content of CaSO4,
BaS04, SrS04, CaCo3, FeCo3;

fluid with deposition of paraffin with crude-oil
with up to 10% paraffin and lowered
temperature;

than 0.3% sand in
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- fluid with great gas content , with gas liquid
ratio > 300 Nmc/mc and free gas at pump port
intake;

- fluid with viscosity content for crude-oil or for
emulsion , with the crude —oil or water/crude
oil emulsion greater than 200 cP at 20°C.

The extraction pump hydraulic efficiency is
determined by the loss between piston and cylinder
and through the two ball valves, fixed and mobile.
The losses through the space between piston and
cylinder are dependent by some factors and the
most important are: the radial play, the length and
the piston displacement speed, the crude-oil water
mixture viscosity at the fixation depth of the pump,
the gas-crude oil ratio and other. The losses
through the ball valves appear during their closing
and as a consequence of the seats and balls wear
due to the permanent erosion phenomenon.
Between these two losses the most important are
considered the one of the valves leaky because the
pressure in pump acts on them.

2. CONSTRUCTIONAL
AND FUNCTIONAL ASPECTS
FOR THE EXPERIMENTAL STAND

The laboratory stand is used for trying of the
extraction pumps with medium length in working
conditions very close by the real ones from the
derricks. It permits the materials couples testing
for piston and long cylinder, the establishment of
the radial play influence on the pressure
distribution in the cylinder-piston ring space and
the determination of the high of the ball raising
from the valve seat, depending of the piston
position. To equilibrate the load, in the stand are
two vertical medium length extraction pumps and
the ascendant motions of the piston are the active
repression motion. At the upper side of the piston is
a seat ball valve in to an inductive transducer of
movement which permits the measurement of the
high of the ball depending of the piston position
and of the fluid flow on the valve. It can not be
researched the ceramic valves because we use an
inductive transducer.

3. THE EXPERIMENTAL
DETERMINATION
OF THE HIGH OF THE BALL
FROM THE VALVE SEAT

After the experimental research it was drawn
the characteristic curve of the inductive transducer.
This curve indicates the low voltage induced in the
secondary wrapping depending of the high of the
ball from the seat.

The controlled raise of the ball on vertical
direction was done using a fine step screw made of
aluminum. The assembling scheme for the high ball
measurement is shown in Figure 1.

Fig. 1. The assembling scheme for the high ball
measurement
1- transformer;
2- screw for ball raising;
3- bridge rectifier;
4-data acquisition board;
5- process computer

In Figure 2 is presented the characteristic curve for
the transducer.

natian e ridicars & bial, mm
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Fig. 2.The characteristic curve for the transducer

The equation that defines this curve is polynomial
type:

h=a+b*U+c*U?+d*U+e*U4 (1)
where the numerical constants a, b, ¢, d, e are :
a=47992.108;

b=-101389.73;

¢ =80175.273;

d=-28138.741;

e =3700.3579.

As we see from the characteristic curve look, for the
raising high h of the ball up to 12 ... 15 mm, the
voltage values U vary linear with the ball raising.
This high where the voltage has a linear variation
correspond to a high less than the high that can be for
the ball in the extraction pump cage in real condition.
In the second part of the research , using the inductive
transducer in the extraction pump cage in the
experimental stand, as we can see in Figure 4, there
were done a lot of successive registering of the
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voltage variation in the secondary wrapping of the
inductive transducer on a limited period of time
(one minute).

The high frequency of scanning (150 scan/sec)
done by the acquisition board type Spider 8 had as
a result more than 9000 registered value on one
minute for each parameter.

Using the equation (1), based on the interpretation
of the values registered in the moment of the
characteristic curve drawing for the inductive
transducer, it was realized the conversion of the
curves that describe the voltage variation in time in
curves that define the high of the raising ball
variation in time for the three types of fluid used:
drinking water with oil with emulsifying power
(AU), water oil-field (90%) with crude oil (10%)
(AzT) and mixture crude-oil (99.8%) with water
oil-field (0.2%) (TAz).

The resulted curves are presented in Figure 3 and
separate for each fluid type pumped with the
extraction pump fixed on the experimental stand.

In Figure 6 is presented the high of the raising ball
variation in time in one pumping cycle for the three
types of fluids and in Figure 7 the variation of the
same parameter for more pumping cycles.

Fig. 4. Successive registering of the voltage
variation
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Fig. 6. The high of the raising ball variation in time
in one pumping cycle for the three types of fluids
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Fig. 7. The variation of the same parameter for more
pumping cycles

From these diagrams results the following:

a. For the mixture AU

- The physical properties for the fluid: density
p=999 Kg/m?; dynamic viscosity p=1.004 *1073
Pa*s; working temperature in stand t=23°C

- The parameter establishment using the graphic
interpretation:

- Time for a double throw of the pump piston
tcd=1.287 s;

- The high peak for the raising ball in cage at the
stroke upward hl=17.420 mm,;

- Opening ball time td = 0.340 s;

- Lag time for the valve opening tdd = 0.633 s;
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Ball closing time at the stroke downward
ti=0.120 s;

The impact number of the ball on the
valve seat nc =3;

The high of the raising ball from the seat
after the first impact, h2=2.946 mm;

The high of the raising ball from the seat
after the second impact, h3=2.467 mm;
Lag time for the valve closing tdi=0.194 s;
The ball vibrating swing when the valve is
opened at the stroke upward (influenced
by the dynamic viscosity of the pumped
fluid), hamp=2.897 mm;

For the mixture AzT

The physical properties for the fluid:
density of water oil-field paz=1064
Kg/m?; density of crude-oil pt=914 Kg/m?,
emulsion density p=1049 Kg/m?; dynamic
viscosity for water oil-field paz=84.323
*107® Pa*s; dynamic viscosity for crude-
oil ut=90.09 * 107 Pa*s; the dynamic
viscosity for emulsion p=84.9 * 107 Pa*s;
The parameter establishment using the
graphic interpretation:

Time for a double throw of the pump
piston tcd=1.287 s;

he high peak for the raising ball in cage at
the stroke upward hl=13.280 mm;
Opening ball time td=0.280 s;

Lag time for the valve opening tdd =0.621
s

Ball closing time at the stroke downward
ti=0.160 s;

The impact number of the ball on the
valve seat nc=2;

The high of the raising ball from the seat
after the first impact, h2=2.5 mm;

Lag time for the valve closing tdi=0.226 s;
The ball vibrating swing when the valve is
opened at the stroke upward (influenced
by the dynamic viscosity of the pumped
fluid), hamp=2.40 mm

For the mixture TAz

The physical properties for the fluid:
density of crude-oil pt=914 Kg/m?
density of water oil-field paz=1064
Kg/m?; mixture density p=914 Kg/m?;
dynamic viscosity for crude-oil ut=90.09 *
1073 Pa*s; dynamic viscosity for water oil-
field paz=84.323 *107 Pa*s; the dynamic
viscosity for the mixture n=90.08 * 107
Pa*s; working temperature in stand
t=23°C;

The parameter establishment using the
graphic interpretation:

Time for a double throw of the pump piston
tcd=1.287 s;

The high peak for the raising ball in cage at the
stroke upward hl=11.174 mm,;

Opening ball time td = 0.353 s;

Lag time for the valve opening tdd = 0.561 s;
Ball closing time at the stroke downward
ti=0.160 s;

The impact number of the ball on the valve seat nc =1;
Lag time for the valve closing tdi=0.213 s;

The ball vibrating swing when the valve is
opened at the stroke upward (influenced by the
dynamic viscosity of the pumped fluid),
hamp=1.247 mm

4. THE RESULTS AND

MEASUREMENT INTERPRETATION

The curves registered at the experimental stand

for seat-ball valves for the three fluid types, show the
following:

the high of raising ball from the valve seat is
under the peak high admitted by the cage
construction that is 20 mm

the moment of valve opening and closing is
preceded by a lag time, greater at opening and
smaller at closing; in this period of time, at
closing, from the moment when the balls is
moving from the peak high (from the valve seat)
up to the contact between ball and seat is
realized, is leaking a bigger volume of liquid for
fluids with high viscosity and a smaller volume
for fluids with a lower viscosity;

because of the jerk phenomena in the closing
valve period, between ball and seat one , two or
three elastic impact take place with raising high
lower and lower ; according to these impacts
some leaks take place both at raising and coming
down movement of the ball, proportionally with
the number of impacts.;

in the open position, the ball of the valve
registered a succession of vibration with uniform
amplitude, determined by the installation work
and by the viscosity of the pumped fluid.

The big number of registering for the ball vibration
is due to the data acquisition board (Spider 8 type)
sensibility, which is set for a frequency of 150
scanning / sec. The vibration amplitude is higher for
fluids with lower viscosity and lower for fluids with
higher viscosity.

5. CONCLUSIONS

The research regarding the high of the raising

valve ball had the following conclusions:

- for drinking water with emulsified oil , to
reduce the stand corrosion, the peak high of
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the ball is at 17.420 mm comparing with
20 mm of the cage high;

the raising and coming down of the ball to
seat take place in the same time, the
fluctuation from the maintaining period in
high position being determined by the
vibrations that take place in the system
(the registering of these vibrations was
possible due to the sensibility of the data
acquisition board type Spider-8 which was
set for 150 scanning/sec.);

at the coming down of the ball, for water,
3 impacts on the valve seat take place;

in the period of time when the ball is
coming down and is close to seat and the
moment of the first impact we can see a
delay because the it acts the pressure
created in the centrifugal pump that feed
the pumps ensemble, similar to the
pressure created by the dynamic level of
the liquid column from the ring space of
the derrick;

the peak high for the raising ball is lower
than the peak high created by the cage;

on the period of time when the ball is
raised from seat , its position is not
constant because of the flow variation due
to piston, the gas compressibility from the
pump cylinder and the system vibration ;
for the mixture water-oil field 90% and
crude oil 10% as working fluid we
observe a lower high for the raising ball
than the one for the mixture water with
emulsified oil as working fluid, because of
the viscosity difference ;

for the mixture crude oil 99.8% and water-
oil field 0.2% we observe a lower high for
the raising ball and a lower amplitude for
the ball vibration inside the cage.
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Quick Info

Immersed lube-oil pump with higher
power

Allweiler AG has
expanded the performance
range of its ALLUB RUV
vertically immersed screw
pump. Maximum capacity
has been boosted to 1300
I/min. or more than 30 per

cent higher than before.
The pump/motor
I assembly is delivered

complete with covering
plate and pipework, making it ready for installation in an
oil reservoir. Immersion depth can be adjusted to the
height of the reservoir. This pump is specifically designed
for supplying lubrication and hydraulic oil in all areas of
industry. The pump is designed to stay in service without
maintenance for an extraordinarily long time.

The ALLUB RUV is suitable for use in any segment
of industry where mineral-based and synthetic lube
oil, hydraulic oil, and other similar media must be
moved efficiently. This three-screw, self-priming
pump is designed for vertical installation in the oil
container.

Depending on the size of the pump and motor,
immersion depth in the tank is between 325 and 1600
mm. The series' capacity range now covers 30 to 1300
I/min with maximum pressure of 16 bar; maximum
viscosity of the liquid is 760 mm?2/s.

The pump is designed to incur the lowest possible
operating and maintenance costs, giving the owner a
low total cost of ownership (TCO). The pump has no
shaft seal, the bearing is liquid-lubricated, and
hydraulically balanced spindles relieve the spindles,
casing, and antifriction bearings. These characteristics
make the pump/motor assembly maintenance-free and
extremely durable.

Fieldbus Standards

(http://www.tenncom.de/)
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Rotary vane vacuum pumps are Atex-
approved

Edwards is launching a new range of Atex-
compliant rotary vane vacuum pumps for use in
potentially explosive environments.

The reliable and compact EM range, which gives a
high ultimate vacuum down to 10-3mbar, has been
developed in response to customer demand and
enables operators in the chemical industry to
comply with the European Atex Directive.

Suitable for pumping gases in the gas group IIB,
the pumps are available in four sizes with pumping
speeds from 40-275m3/h, in two-stage designs.

The smaller E2M40 and E2M80 pumps have an
internal and external temperature classification of
T4, so they can operate safely in environments
where the gas has an auto-ignition temperature
greater than 135°C. The larger E2M175 and
E2M275 are rated to T160 (160°C) and an internal
rating of T3 (200°C).

There are many safety features on the pumps,
including a surface temperature thermal snap
switch that is fitted to the body of the larger
E2M175 and E2M275 pumps.

When this is connected to an intrinsically safe
circuit suitable for the hazardous zone, if the
temperature should rise, the snap switch activates
and the pump shuts down. Plugs have also been
fitted to prevent flammable atmospheres
accidentally entering the pump.

The new Atex-compliant EM range has been
specially designed for wuse in hazardous
environments and is a simple, easy-to-fit pump.”

The pumps are compact with minimal vibration and
low noise levels. They offer excellent operator
protection, feature a finger-proof fan and coupling
housings, and a totally enclosed fan-cooled motor.
They also require minimal maintenance.

The advanced lubrication system enables the EM
pumps to work with wide oil level tolerances,
which reduces the need to top-up the oil and
ensures reliable operation even at high gas loads.

Larger pumps are designed so that all key components
are easily accessible — the exhaust valve seals and oil
distributor seals are exposed after the top cover is
removed, and the shaft seal can be replaced quickly
without stripping down the pump.

Edwards offers an extensive range of vacuum
systems and accessories for the analytical
instruments, chemical, pharmaceutical,
metallurgical, environmental and power industries.

It also provides chemical, vacuum and exhaust
management solutions for the silicon semiconductor,
compound semiconductor and flat panel display industries.

EDWARDS - U.K. ( www.edwardsvacuum.com)

Miniature pumps deliver pulse-less flows
A new range of miniature,
ultra-low-flow, positive
1 displacement, micro annular
‘ gear pumps is now available
from Michael Smith Engineers.
‘ These new pumps are capable

- <

of dispensing a wide range of
liquids with precise, smooth,
pulse-less flows.

The ultra-compact HNP pumps deliver liquids with a
precision of CV < 1 per cent across a range of flow
rates from as little as 0.25 ul/min up to 1152 ml/min,
so they are suitable for OEM, analytical,
biotechnology and other similar applications. The
range comprises four series of pumps with the dosage
volumes covering the sub-micro-litre to the litre range
for both non-lubricating and highly viscous liquids.

HNP micro annular gear pumps feature an externally
toothed internal rotor and an annular toothed external
rotor, which are slightly eccentric to each other.
During rotation of the rotors around their offset axis,
the pumping chambers simultaneously increase on the
suction side and decrease on the delivery side of the
pump, resulting in a homogeneous flow rate being
generated between the kidney-shaped inlet and outlet.
This design principle, combined with careful material
selection and high manufacturing precision, facilitates
the transfer of very low volumes with precise,
smooth, pulse-less flows.

Other features and benefits include high differential
pressures up to 150 bar for some models, achievable
even for low viscosity liquids, and long-service life
thanks to the use of materials such as wear-resistant
tungsten carbide and ceramics.

The pumps are available in a choice of wetted
materials and with various drive options; this,
together with their compact size and small footprint,
ensures they can be easily incorporated into the
designs of many systems.

Typical applications include micro-process and micro-
reaction systems, analytical instrumentation, sampling,
robotics, fuel cells, particle and DNA analysis,
biological cell handling, ink jet printing, minimum
quantity lubrication systems, aromatizing, flavouring,
PCB cooling and process intensification systems.

Michael Smith Engineers Ltd.
(http://www.michael-smith-engineers.co.uk)
(http://www.engineerlive.com)
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REZUMAT

Tehnologia de fabricatie a membranelor arc disc pentru ambreiaje auto prin
tratamente termomecanice controlate pe linii tehnologice automatizate de calire
cambratd isi propune obtinerea calitatii corespunzdtoare a produselor finite in
conditii de eficientd economica si respectind cerintele directivelor europene de
mediu. Calitatea membranelor este determinata de structura obftinutd in urma
prelucrarilor termomecanice. Principalii parametri tehnologici care influenteaza
calitatea membranelor ambreiajelor auto sunt: temperatura de calire, timpul de
mentinere la calire, temperatura de revenire, timpul de mentinere la revenire, viteza
de racire, gradul de deformare prin cambrare. Structura troostita de revenire este o
structura corespunzatoare ambreiajelor auto, oferindu-le tenacitatea si elasticitatea
solicitatd de conditiile de exploatare.

ABSTRACT

The technology of manufacture of the spring-disk diaphragms for automobile’s
clutch pedals by controlled thermo-mechanical treatments on automatic
technological lines of bended quenching has as purpose to obtain the proper quality
of the finished products in conditions of economic efficiency and observing the
requirements of the European environment directives. The quality of the diaphragms
is determined by the structure obtained after the thermo-mechanical processing. The
main technological parameters which influence the quality of the diaphragms of the
automobile’s clutch pedals are: quenching temperature, maintaining time at
quenching, tempering temperature, maintaining time at tempering, cooling speed,
degree of deformation by bending. The structure of tempering troostite is a structure
corresponding to the automobile’s clutch pedals, offering them the tenacity and
elasticity requested by the exploitation conditions.

CUVINTE CHEIE: membrane, ambreiaje auto, structura

KEYWORDS: diaphragms, clutch pedals, structure

1. INTRODUCERE

ansamblu  de  proprietati  fizico-mecanice

si

Scopul cercetarilor este realizarea §i
implementarea tehnologiei de obtinere a membranelor
arc-disc pentru ambreiaje auto prin tratamente
termomecanice controlate pe linii tehnologice
automatizate de cdlire cambratd, conducand la
obtinerea calitatii corespunzatoare a produselor finite.

Complexitatea tehnologiei consta in faptul ca
se cauta o solutie tehnicd care sd conducd la un

caracteristici de uzurd, favorabile unei asociatii
optime duritate-elasticitate-eficientd, in conditiile
depisirii constrangerilor tehnologice. In sprijinul
specificului complex al tehnologiei se remarca
caracterul multidisciplinar ~ prin diversitatea
activitatilor de cercetare (analizd  structurala
cantitativa si calitativa, incercari fizice, chimice,
mecanice, incercari de uzurd la obosealda mecano-
termicd), a tehnicilor si metodelor de analizd si
control abordate.
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Tabelul 1 Intervale de variatie a principalilor
parametri de lucru

2. FLUXUL TEHNOLOGIC

EXPERIMENTAL

F 6.2 — Deformare plastica prin cambrare —
grad de deformare 10%

F 7 — Revenire medie cu obtinerea structurii
duro-elastice troostitice

F 8 — Incerciri tehnologice de educare prin
gimnasticare (cicluri de deformare + revenire
elastica=min. 50 cicluri/min fara aparitia
fenomenului de incetinire de raspuns)

F 9 - Control caracteristici mecanice si
structurale-produs finit

F 9.1 — Control duritate

F 9.2 — Control structura

F 9.3 — Control rezistentd mecanica

F 10 — Montaj produs finit in ansamblu
general (ambreiaj)

F 11 — Control tehnic final

F 11.1 — Incerciri la incovoiere

F 11.2 — Incerciri la oboseald, socuri

F 11.3 — Incerciri la forfecare

F 12 — Verificari si probe in exploatare

F 12.1 - Analiza comportarii in exploatare in
conditiile productiei de serie a ambreiajelor
F 12.1.1 — Uzura curenta

F 12.1.2 — Uzura curentd cumulata

F 12.1.3 — Uzura procentuala

F 12.1.4 — Uzura procentuald cumulata

F 12.2 — Analiza durabilitatii

F 13 — Automatizare tehnologie

F 14 — Implementare.

3. PRINCIPALELE CARACTERISTICI

SI PARAMETRI DE LUCRU

Principalii parametri de lucru si intervalele

de variatie ai acestora sunt prezentati in tabelul 1.

Nr.| Denumire parametri| Simbol | Unitate [ValoarealValoarea|
. o crt. de lucru parame-| de minimi | maxima
Fluxul tehnologic de fabricatie al membranelor tru | misuri

arc disc pentru ambreiaje auto prin tratamente Semifabricat de baza| P 1.1 | [mm] ) 4
termomecanice controlate de célire cambrata este 1 P12 | %C 0,40 | 0,55
format din urmatoarele faze tehnologice principale: Temperatura de

F 1 — Alegerea si stabilirea semifabricatului 2 |lucru la planare P2 [°C] 650 700

de pornire: banda de otel slab aliat (gr.=2 mm) Temperatura de

F 1.1 — Control compozitie chimica 3 leilire cambrati P3 [°C] 850 900

F 1.2 — Control structura Timp mentinere la

F 1.3 — Control duritate 4 lcalire ’ P4 [h] 0.1 0.7

F 1.4 — Control incercari mecanice Viteza de racire la : :

F2 - Stanare bandd 5 lcalire P5 | [°cis] | 200 | 300

F 3 — Crestare semifabricat Grad de deformare

F'4 —Raionare semlfabrlca.t . . 6 plasticd la cambrare | P 6 % 8 15

F 5 — Planare la cald a semifabricatului Temperatura de

IF: g; B {j};ﬁi‘f la 680°C 7 Irevenire P7 | [°C] | 250 | 400

’ - s < Timp de mentinere
F 6 — Prelucrare termomecanica complexa 3 . Ps h | By
F 6.1 — Calire cambrata revemre [h]

Principalele caracteristici tehnice ale membranelor arc

disc pentru ambreiaje auto sunt prezentate in tabelul 2.

Tabelul 2 Intervale de variatie a caracteristicilor tehnice

Nr., Denumire Simbol Unitate de |Valoare| Valoare
crt.caracteristicalcaracteristicd masurd |minima| maxima
Structura constituienti,
membrana indvic.e de 80% | 100%
1 arc-disc Cl1 marime  \roostita troostita
griunte,
punctaj
incluziuni
nemetalice
Randament
2 |instalatie de Cc2 buc/h 10 25
calire
cambratd
Cicluri =
deformare +
3 revenire C3 cicluri/min | 50 80
elastica de
educare prin
gimnasticare
Duritate
4 medie c4 unitati 40 50
suprafatd HRC
membrand
5 | Rezistenta Cs N/mm* | 1200 | 1600
mecanica la
tractiune
Rezilienta -
6 |rezistenta la C6 Jem? 40 110
socuri
h’
7 |Durabilitate c7 functionare | 1500 | 2000
in sarcina
intermitentd
34
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4. STUDIUL ANALIZELOR
MICROSCOPICE SI STRUCTURALE

Din membranele arc-disc experimentate s-au
prelevat probe care au fost supuse studiului
metalografic. in functie de principalii parametri
tehnologici (temperatura de calire, timpul de
mentinere la clire, temperatura de revenire, timpul de
mentinere la revenire, viteza de racire, gradul de
deformare prin cambrare) s-au obtinut urmatoarele
tipuri de structuri:

1 — Troostitd de revenire preponderent peste 80% -
structura  corespunzatoare ambreiajelor auto
oferindu-le elasticitate si tenacitate.

2 — Sorbitda de revenire — structurd cu comportare
medie — elasticitate modesta + tenacitate.

3 — Martensitd cubicd + Austenitd reziduald —
structura necorespunzatoare — elasticitate slaba +
tenacitate.

4 — Structurda predominant perliticd P=80-90% -
structura necorespunzatoare — elasticitate slaba.
a — duritate corespunzitoare, HRC > 40 —
elasticitate + tenacitate
b — duritate necorepunzatoare, HRC< 40 —
elasticitate necorespunzatoare
¢ - gimnasticare corespunzatoare, nr. cicl.>80
cicl/min.— elasticitate  corespunzitoare a
membranei
d - gimnasticare necorespunzatoare, nr. cicl.<80
cicl/min.— elasticitate necorespunzatoare a
membranei.
Principalele structuri obtinute in urma analizei
rezultatelor experimentale sunt prezentate in tabelul 3.

Tabelul 3. Studiul analizelor microsopice
si structurale — rezultate experimentale

Determinari | Structura: atac
experimentale 2% nital
- rezultate x 150

Nr.
Crt|

Parametri
tehnologici

T calire=845 °C
testire =20 min.

T revenire=355 °C
t'revenire:45 min.
Vracire=205°C/min
Grd. def=10 %

Duritate=28 HR
C
Gimnasticare=

erlitica P=80-
90%, structura
ecorespunzatoare
, elasticitate slaba
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Nr.
Crt|

Determinari
experimentale
- rezultate

Parametri
tehnologici

Structura: atac
2% nital

x 150
3 =

T calire=850 °C
tcé[ire =25 min.

T revenire=370 °C
t'revenire:SO min.
\Vracire=205°C/min
Grd. def=11 %

C
Gimnasticare=

Duritate=30HR ‘ _

55[nr.cicl./min. ]| =

[predominant
Perlitica P=80-
90%, structura
necorespunzatoare
, elasticitate slaba

T calire=870 °C
teatire =30 min.

T revenire=390 °C
t1'eve11ire:65 min.
|Vracire=215°C/min
Grd. def=14 %

Duritate=38HR
C
Gimnasticare=
65[nr.cicl./min.]

v Ly

]

M+ Arez 5%
Structura
necorespunzatoare
, elasticitate slaba
+ tenacitate

T calire=870 °C
Iteatire =35 min.

T revenire=395 °C
trevenir&::65 min.
IVracire=220°C/min
Grd. def=14 %

C
Gimnasticare=

Duritate=38HR §

65[nr.cicl./min. ]

e ey _"';
Mcubica + Arez
5%

Structura
Inecorespunzatoare
, elasticitate slaba
+

T calire=885 °C
tcé[ire =35 min.

T revenire=420 °C
t'revenire:75 min.
\Vracire=230°C/min
Grd. def=15 %

Duritate=42HR
C
Gimnasticare=

75[nr.cicl./min.]|

e
Sorbita de
revenire, structura
cu comportare
imedie, elasticitate
imodesta +
tenacitate

35



Parametri
tehnologici

Determinari
experimentale
- rezultate

Structura: atac

2% nital

T célire=890 °C
Iteatire =35 min.

T revenire=420 °C
trevem're:80 min.
IVracire=235°C/min
Grd. def=15 %

C
Gimnasticare=
80[nr.cicl./min.]

IDuritate=42HR |

.
Sorbita de

cu comportare
imedie, elasticitate
imodesta +
tenacitate

X3

*

revenire, structura

>

®,
o’

T calire=900 °C
tcél"re =40 min.

T revenire=440 °C
trevenire:85 min'
Vracire=245°C/min
Grd. def=17 %

C
Gimnasticare=
85[nr.cicl./min.]

Duritate=45HR

Troostita de
revenire
preponderent
peste 80%,
strcutura
corespunzatoare
lambreiajelor auto,
oferindu-le
elasticitate si
tenacitate

T calire=905 °C
tcélire :40 min.

T revenire=440 °C
trevenire=90 min.
\Vracire=245°C/min
Grd. def=17 %

IDuritate=45HR
C
Gimnasticare=

90[nr.cicl./min.]

Troostita de
revenire
preponderent
peste 80%,
strcutura
corespunzatoare
ambreiajelor auto,
oferindu-le
elasticitate si
tenacitate

*,

5. CONCLUZII

structura corespunzatoare ambreiajelor auto
este troostita de revenire preponderent peste
80%, structura corespunzatoare care confera

membranelor  arc-disc  elasticitate  si
tenacitate;
structura  troostiticdi  s-a  obtinut 1n

urmatoarele conditii tehnologice
experimentale: temperatura de calire 895-910
°C; timp de mentinere la cdlire 40 minute;
temperatura de revenire 430-450 °C; timp de
mentinere la revenire 85-90 minute; viteza de
ricire 240-250 °C/min; gradul de deformare
prin gimnasticare 16-17%;

duritatea medie la suprafata membranelor
arc-disc in cazul celor cu structurd troostitica
a fost de 45 HRC, iar numarul de cicluri la
verificarea prin  gimnasticare pana la
incetinirea reactiei de raspuns a fost de peste
85 de cile/min — valoare care confera
garantia unei comportdri corespunzatoare in
exploatare.
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Rezumat

Componentele auto ugoare (lagdre, cuzineti, axe, bucse) din semifabricate bimetalice obfinute din
faza lichida se realizeaza prin aplicarea procedeului de turnare centrifuga orizontald. Tehnologia
poate fi realizatd pe o linie automatizatd, reugind urmdrirea strictd in timpul procesului a
principalilor parametri tehnologici si a caracteristicilor produsului finit. Obiectivul principal este
cresterea fiablitatii si a performangelor componentelor auto usoare printr-o optimizare a structurii
si proprietatilor. Calitatea componentelor auto bimetalice este determinatd de structura imbindrii
care este puternic influentatd de temperatura si timpul de imbinare.

Abstract

The light component parts of the automobiles (bearings, supports, axles, bushes) of bi-metallic
half-products obtained from the liquid phase are achieved by the application of the horizontal spin
casting procedure. The technology can be applied on an automatic line, succeeding the strict
survey during the process of the main technological parameters and of the finished product. The
main objective is the increase of the reliability and of the performances of the light component
parts of the automobiles by an optimization of the structure and properties. The quality of the
bimetallic component parts of the automobiles is determined by the structure of the joint that is

ANALIZA STRUCTURALA A STRATURILOR BIMETALICE

strongly influenced by the temperature and the joining time.

Cuvinte cheie: componente auto bimetalice, faza lichida

Keywords: bimetallic component parts for automobiles, liquid phase

1. INTRODUCERE

O metoda eficientd de reducere a consumului
de aliaje pe bazd de cupru este realizarea pieselor
bimetalice otel-bronz. Ca material de baza se
utilizeaza un otel cu un continut de pana la 0,3% C,
deoarece utilizarea unor oteluri cu un continut mai
ridicat nu asigura difuzia si aderenta corespunzatoare
intre suportul de otel si aliajul antifrictiune,
producéandu-se calirea excesiva a suportului la racirea
in apa. Componentele auto bimetalice otel-aliaj
neferos permit sa se obtind o reducere importanta a
consumului de aliaje neferoase, precum si o
imbunatdtire a caracteristicilor de exploatare.

Acoperirea suportilor de otel cu aliaje
neferoase se poate realiza prin mai multe procedee
dintre care metoda centrifugarii materialului depus
topit este foarte utilizatd. Pe plan mondial cuzinetii i
bucsele auto bimetalice din otel-bronz se obtin prin
centrifugare orizontald. Realizarea componentelor si
pieselor bimetalice prin procedeul de depunere prin
centrifugare din fazd lichida impune necesitatea

asigurdrii §i pastrarii centrdrii coaxiale a piesei auto in
timpul rotirii §i respectdrii metodologiei de lucru
elaborata.

2. PROCEDEUL TEHNOLOGIC
EXPERIMENTAL

in figura 1 este prezentatd instalatia de
obtinere a componentelor auto usoare bimetalice
prin turnare centrifuga orizontala.

I 2 6 7 s

Figural. Instalatia de obtinere a componentelor auto
usoare prin turnare centrifugd orizontald
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alimentator cu bronz topit;
materialul suport din otel slab aliat;
motor antrenare;

curea de transmisie;

roti de curea;

ax antrenare;

lagér;

teava racire apa;

strat depus de bronz

VXA N R LD~

Principalele faze tehnologice sunt urmatoarele:
1. Elaborarea aliajului de bronz;

2. Pregatirea suportului de otel in vederea
turnarii (curatire, preincalzire);

Montarea capacului;

inchiderea aparitorii de protectie;

Insuflare pulbere fina de Ni;

Pozitionarea alimentatorului;

Turnarea bronzului concomitent cu inceperea

miscarii de rotatie;

8. Solidificarea bronzului pe suport sub
influenta fortei centrifuge;

. Oprirea miscarii de rotatie;

10. Extragerea componentului auto bimetalic cu
ajutorul impingatorului actionat de cilindrul
pneumatic;

11. Récirea pana la temperatura ambianta.

Noankw

3. FLUXUL TEHNOLOGIC
EXPERIMENTAL

in fig. 2 este prezentat fluxul tehnologic experimental
de obtinere a componentelor auto bimetalice prin
turnare centrifuga orizontala direct din faza lichida.

& mm L

Figura 2. Fluxul tehnologic experimental

F1 — Alegerea si stabilirea materialelor de baza.

F 1.1 — Control compozitie chimica.

F 1.2 —Incerciri mecanice.

F2  — Alegerea si stabilirea materialului depus.

F2.1 - Control compozitie chimica.

F2.2 —Incerciri mecanice.

F3 — Alegerea si stabilirea materialului intermediar.

F 3.1 — Control compozitie chimica.

F 3.2 — Control granulometric.

F4  —Elaborarea materialului depus.

F 4.1 — Control compozitie materii prime.

F 4.2 — Control compozitie chimica.

F 4.3 — Control temperatura.

F 4.4 — Control timp elaborare.

F5  —Pregatire instalatie de turnare centrifuga.

F 5.1 — Verificare cochila.

F 5.2 — Verificare dimensiuni.

F 5.3 — Verificare configuratie geometrica.

F 5.4 — Verificarea gamei de turatie.

F 5.5 — Verificare functionare instalatie electrica si
de comanda.

F6  —Turnare centrifuga.

F 6.1 — Depunere strat intermediar de legatura.

F 6.2 — Control turatie.

F 6.3 — Control temperatura de turnare.

F 6.4 — Control timp de turnare.

F 6.5 — Control viteza de turnare.

F 6.6 — Verificare cantitate de metal lichid turnat.

F 6.7 — Depunere strat intermediar.

F7  —Solidificare strat depus.

F 7.1 — Verificare timp solidificare.

F 7.2 — Verificare turatie de regim.

F 7.3 — Verificare temperatura.

F 7.4 — Protectie antioxidanta.

F8  — Tratament termic de detensionare.

F 8.1 — Verificare temperatura tratament.

F 8.2 — Verificare timp mentinere.

F 8.3 — Verificare viteza de racire.

F 8.4 — Verificare zona de imbinare.

F9  —Prelucrari mecanice.

F9.1 —Control dimensiuni.

F 9.2 — Control porozitate.

F.9.3 - Control rugozitate.

F 10 — Incercari mecanice si tehnologice.

F 10.1 — Microduritate.

F 10.2 — Densitate.

F 10.3 — Tractiune.

F 10.4 — Aderenta specifica.

F 10.5 — Incercare la indoire (desprindere).

F 11 — Control caracteristici mecanice si structurale.

F 11.1 — Analiza fazica.

F 11.2 — Diftractie raze X.

F 11.3 — Microscopie optica-structura-constituienti.

F 11.4 — Aspect macroscopic.

F 12 — Verificari si probe in exploatare.

F 12.1 — Rezistenta la uzura abraziva.

F 12.2 — Uzura curenta.

F 12.3 — Uzura cumulata.

F 12.4 — Uzura procentuala.

F 12.5 — Uzura procentuala cumulata.
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4. STUDIUL ST ANALIZA
STRUCTURALA A STRATURILOR
BIMETALICE EXPERIMENTATE

in cadrul experimentirilor s-au realizat
componente bimetalice OLT45- CuSn10 si OLT45-
CuAl9T.
Principalii parametri tehnologici au variat
intre urmatoarele limite:
e temperatura de imbinare T= 1000-1190°C;
e timpul de imbinare t= 58-165 s;
e viteza de rotatie v= 300 — 750 rot/min.

Probele metalografice au fost debitate din
componentele si piesele bimetalice experimentate
fiind prelucrate si  pregitite in  laboratorul
metalografic.

Micrografiile probelor metalografice au pus
in evidentd fazele comune de tranzitie otel-bronz,
materialul de baza si stratul depus din vecinatatea
zonei de imbinare precum si interfata MB-SD (zond
de imbinare - ZI).

Probele metalografice au fost atacate cu
persulfat de amoniu (NH4),S,05 10 g + apa distilata
100 cm’, fiind analizate la o méarime de 200:1.

Analiza si studiul structurii imbinarilor
bimetalice in functie de valorile parametrilor
tehnologici sunt prezentate in figurile 3-6.

Figura 3. Structura bimetalului OLT45-CuSn10

(Timp-=1000°C;

timb=00s;

aderenta specificd ¢=50 N/mm’
—1imbinare moale necorespunzatoare).

SD — s.s.a +compus intermetalic acicular CusSn;

MB- ferita grosoland-+perlita;

ZI- portiuni unde are loc contopirea partiala si aparitia
nodurilor de imbinare, oxizii se mentin in locuri
singulare intre straturi.

SD ZI MB

Figura 4. Structura bimetalului OLT45-CuSn10

(Timp-=1050°C;

timp=83s;

aderenta specifici g=100 N/mm®
—1imbinare medie).

SD —s.s.a;

MB-structur ferito-perlitica;

ZI- noduri de imbinare pe portiuni intinse; oxizi
prezenti in locuri  singulare intre straturi- in
apropierea yonei de imbinare apar concentratii de
defecte.

SD ZI MB

Figura 5. Structura bimetalului OLT45-CuSnl10

(Timp-=1100°C;

Hmb= 1 208,

aderenta specifici ¢=200 N/mm?®
—1imbinare tare corespunzatoare).

SD — s.s.a poliedrica,;

MB-structura ferito-perlitica;

ZI- zona de trecere — oxizii sunt dizolvati — compusi
chimici.
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Figura 6. Structura bimetalului OLT45-CuSn10

(Timp-=1110°C;

Hmb™ 125 S,

aderenta specificd =220 N/mm?
—1imbinare tare corespunzitoare).

SD —s.s.a;

MB-structura ferito-perlitica;

ZI- portiuni Intinse cu zone de trecere —
neuniformitati chimice si structurale in aproprierea
zonei de imbinare — difuzia C si Fe in bronz cu
formare de legaturi chimice.

5. CONCLUZII

Temperatura §i timpul de imbinare influenteaza
structura Imbinarii bimetalice sub urmatoarele aspecte:

e Typ<1100°C -  portiuni unde are loc
contopirea partiald a aliajelor si aparitia
nodurilor de Tmbinare; portiuni unde oxizii se
mentin in locuri singulare intre straturi si
portiuni unde sunt dezagregati
transformandu-se in particule singulare
sferice; concentratii de defecte in apropierea
limitei de Imbinare; portiuni alternante de
noduri de imbinare si punti de coeziune;

o 1100°C<T;p,<1190°C — zond de trecere pe
toata suprafata; oxizii sunt compet dizolvati;
legaturi chimice formate de atomii de carbon
si fier care au difuzat in bronz;

e Ty >1190°C — portiuni alternante cu punti
de legaturd si zone de trecere la interfata,
oxizii sferici izolati; cuprul difuzeaza in otel
iar carbonul si fierul In bronz; neuniformitati
chimice si structurale in aproprierea zonei de
imbinare.

La temperaturi de Imbinare foarte ridicate, peste
limita optima, imbinarea nu mai este puternicd,
rezistenta imbindrii se micgoreazd  deoarece:
accelerarea difuziei carbonului in bronz; cresterea
adancimii de patrundere a carbonului in bronz;
decarburarea puternica a otelului de baza; carburarea
puternica a suprafetei bronzului cu aparitia coroziunii
intercristaline; in cazul bronzului cu aluminiu apar
compusi intermetalici duri si fragili.
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REZUMAT

Tratamentul de borocarbovanadizare are drept scop imbogdtirea straturilor
superficiale ale sculelor de deformare plastica si organelor de masini cu
urmatoarele elemente: carbon, bor, vanadiu. Prin borocarbovanadizare se produc
pe ldnga modificarile structurale si modificari ale compozitiei chimice in structurile
superficiale tratate. Intre materialul de bazd al pieselor si stratul superficial
borocarbovanadizat se creeazda o diferentd netd de structurd §i caracteristici
mecanice. Diferentierea strat superficial-miez poate fi accentuata prin aplicarea
unor tratamente fatd de care cele doud zone se comportda complet diferit. Structura
influenteaza caracteristicile straturilor superficiale borocarbovanadizate.

ABSTRACT

The boron-carbon-vanadium treatment has as purpose the enrichment of the
superficial layers of the tools of plastic deformation and machines parts with the
following elements: carbon, boron, vanadium. By the boron-carbon-vanadium
treatment, beside the structural modifications, also modifications of the chemical
composition take place in the superficial treated structures. Between the base
material of the parts and the superficial layer treated with boron-carbon-vanadium a
net difference of structure and mechanical characteristics is created. The difference
between the superficial layer and the core can be accentuated by the application of
certain treatments by respect to which the two zones have a different behavior. The
structure influences the characteristics of the superficial layers treated with boron-

carbon-vanadium.

Cuvinte cheie: borocarbovanadizare, organe de masini, scule

Keywords: boron-carbon-vanadium treatment, machines parts, tools

1. INTRODUCERE

Originalitatea procedeului de borocarbovanadizare

consta in urmétoarele aspecte:

e 1n prima faza se realizeazd alierea straturilor
superficiale cu paste depuse pe suprafata
zonelor active ale sculelor de deformare
plasticd la rece si organe de masini;
imbogatite in elemente de aliere B, V, iar
continutul de carbon creste pana la 0,6%;

e in partea a doua a procedeului se realizeaza
prelucrarea termochimica rapidd controlata
electrotermic BOVACONTROL avéand loc
simultan 2 fenomene:

o calirea martensitica ( transformare
structurald de faza) obtinandu-se
structurd martensitica dura;

o formarea compusilor chimici duri in
stratul superficial : carburi dure de
B, V, (transformari chimice).

Complexitatea rezultd din corelatia rezultatelor
obtinute in concordantd cu datele de intrare ale
procesului (compozitie chimicd a materialului de
bazd, compozitia chimica mediului granular, a pastei
de aliere borocarbovanadizantd;, temperatura de
incalzire proces termochimic, temperatura de
austenitizare, timpi de Incélzire i mentinere, medii de
racire si datele de iesire ale procesului (caracteristicile
mecanice §i structurale obtinute de piesa metalica in
urma procesului de fabricatie, comportarea la
incercarile tehnologice).
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2. FLUXUL TEHNOLOGIC
LA NIVEL INDUSTRIAL

Procedeul de borocarbovanadizare rapida
controlatd electrotermic In mediu granular al
organelor de magini si al sculelor de deformare
plasticd are caracter de noutate pe plan national.
Fluxul tehnologic preliminar cuprinde urmatoarele
faze si operatii tehnologice:

Fl— Alegerea variantelor tipodimensionale i
calitative ale marcii 21MoMnCr12

F2— Analiza chimica 21MoMnCr12
F3— Prelucrare mecanica- finisarea
sculelor si pieselor

F4— Control aspect, dimensiuni, forma geometrica
scule de deformare plastica

F5— Curatire chimicd-degresare suprafatd activa
sculd de deformare plastica

F6— Preparare pasta borocarbovanadizare tip Il a
F7—Tratament termic preliminar
anteborocarbovanadizare — recoacere de inmuiere TP
F8— Depunerea pastei pe suprafata sculelor din
21MoMnCr12 — mod de depune re Il a

F9— Uscarea pastei de borocarbovanadizare

F10— Preparare amestec carburizator granular AG1
F11— Pregatirea incintei de tratament termochimic
F11.1— Pregatire

F11.2— Curitire

F11.3— Verificare volum AG1

F12— Impachetarea pieselor si sculelor in amestec
granular

F13— Borocarbovanadizare electrotermicd in mediu
granular TTCH1

F14— Control parametri electrici, timp, temperatura
F14.1— Control tensiune

F14.2— Control intensitate

F14.3— Control temperatura

F14.4— Control viteza incalzire

F14.5— Control duratd mentinere

F15— Racirea pieselor si sculelor
borocarbovanadizate in cuptor pana la 300°C

F16— Racirea in aer: 300—20°C

F17— Despachetarea si curatirea organelor de masini
si sculelor borocarbovanadizate

F18— Control tehnic calitate strat borocarbovanadizat
F18.1— Control chimic

F18.2— Control macroscopic

F18.3— Control duritate

F18.4— Control adancime strat

F18.5— Control aderenta

F19— Tratament termic secundar

F20— Tratament termic final TF2

F20.1 — Control temperatura

F20.2 — Control viteza incélzire

F20.3 — Control duratd mentinere

F21— Control aspect, dimensiuni, caracteristici
mecanice

suprafetei

F21.1— Control macroscopic
F21.2— Control metalografic
F21.3— Control duritate

F21.4— Control adancime strat
F21.5— Control compozitie chimica

3. REZULTATE PRELIMINARE

Analiza rezultatelor preliminare a condus la
abordarea continudrii  cercetdrilor in vederea
fundamentarii procedeului BOVACONTROL prin
studierea aprofundata a urmatoarelor variante:

e oftel slab aliat 21MoMnCrl2;

e 0 variantd compozitionald de amestec granular
pentru tratarea probelor din otel AG1;

e 0 variantd de pastd pentru borocarbovanadizare
superficiald tip II pentru probele din
21MoMnCrl12;

e regim de Incdlzire riguros controlat din punct de
vedere al parametrilor termofizici (tensiune
electrica, intensitate de curent, temperatura de
incaélzire);

e 0 variantd de tratament termochimic bovacontrol
pentru marca de otel experimentata industrial:

> TTCHI1 pentru 21MoMnCr12

e 0 varianta de tratament termic final TF2.

S-au prelevat probe din otelul experimental
21MoMnCr12 analizat chimic controlat aspectual —
dimensional si ca forma geometrica fara defecte
majore de suprafatd si microovalitati

Compozitia chimicd a otelului 21MoMnCr12
experimentat determinat prin analizd spectrald si
analizd chimicad cantitativd este in conformitate cu
precizarile standardelor in vigoare.

in cazul otelului slab aliat 21MoMnCrl2
standardul in vigoare prevede recoacere de inmuiere
antetratament termochimic. conform tabelului 1
(anteborocarbovanadizare).

Tabelul 1 Tratament termic preliminar
anteborocarbovanadizare —faza F7

Parametrii de
tratament
Duritatea obtinuta

Varianta de
tratament termic
preliminar —»
faza F7

Marca de otel

TP — Recoacere|21MoMnCr12|680°C/ mentinere
de inmuiere cca. 1,0 min/ mm
grosime/ racire in
cuptor

Duritate HB=210

+215dan/mm?

Se wurmareste obtinerea structurilor de
echilibru cu grad ridicat de dispersie uniform
repartizata in sectiunea piesei.
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Faza F6 - Preparare pasta de aliere si durificare
tip II borocarbovanadizare

Prepararea pastei de aliere §i durificare se
executd manual la o temperatura de preparare de
20+25°C utilizand componenti sortati granulometric
pentru probe din otel 21MoMnCrl2. Varianta de
pasta contine substanta purtatoare de carbon activ,
activatorul carbonat, liantul organic si elementul de
dispersie addugate in cantititile necesare pana la
obtinerea consistentei de pastd. Rezultatele obtinute in
cadrul experimentarilor indica in principal utilizarea
unei variante de paste pentru borocarbovanadizarea
pieselor din otel experimental ales 21MoMnCr12.
Partile compozitionale ale pastei de borocarbovana-
dizare tip II sunt urmatoarele:

Grafit 47,00 %

Fe-V 4,00 %

Fe-B, C,B 4,00 %

BaCos 4,00 %

Rasina sintetica (novolac) 10,00 %

Element dispersie (alcool tehnic) 25,00 %

FeNi 3,00 %

FeCr 3,00 %.
Faza F10 - Prepararea amestec carburizator
granular AG1

La impachetarea sculei de deformare

plastica se utilizeazd un amestec granular AGl pe

baza de grafit din electrozi si activatori.
Componenta amestecului

carburizator AG1 este urmatoarea:

. grafit electrozi: 87,00 %:

° accelerator BaCOs: max 8,00 % (nu trebuie
sd depageasca aceastd valoare pentru a se
evita supracarburarea);

. apa: 5%

Grafitul din electrozi s-a obtinut prin sfardmare si
cernere, sortdndu-se granulometric la dimensiuni de
0,1 — 0,4 mm ce asigura urmatoarele proprietati:

o permeabilitate buna la trecerea gazelor;

o suprafata de reactie suficient de mare;

o rezistivitate adecvata;

dupd fiecare incalzire a incarcaturii,
amestecul  granular  solid ars  se
reilmprospateaza cu 20-40%.

Carburizatorul nu trebuie sd producd
supracarburdri in piesele tratate, microtopituri sau
aparitia porilor.

granular

YV VVYVYY

Faza F13 - Borocarbovanadizare electrotermica
in mediu granular

Procesul de borocarbovanadizare al pieselor
si sculelor din 21MoMnCrl2 se desfasoara conform
diagramei din figura 1.

T[]

EUON S ﬁ ___________________ \ T
Acy i
i \aer fortat

tm=an t[h]

t=1h

Figura 1. Diagrama de tratament de
borocarbovanadizare in mediu granular electrotermic
al sculele de deformare plastica experimentate la
nivel industrial TTCH1

Faza F20 - Tratamentul termic final TF

in scopul studierii comportarii otelului slab
aliat 21MoMnCrl2 la imbogitirea straturilor
superficiale in elemente carburigene la limita
eutectoida (0,7%C), s-au aplicat variante procedurale
de tratament final TF2.

Tratamentele termice finale TF2
experimentale au avut ca scop Imbunatatirea
fiabilitatii, a productivitatii si scaderea consumurilor

energetice.

Tabelul 2 Tratamentul termic final TF2

Regim — Tratament termic final TF2
Material de baza: 21MoMnCrl2
Calire I: T=850 — 900°C;
Récire ulei preincalzit la
60...80°C;
Cilire II: T=760 — 820°C
Raécire in CMC;
Revenire joasa: T=180 - 210°C;

4. CERCETAREA METALOGRAFICA
A PIESELOR
BOROCARBOVANADIZATE

Cercetarea metalografica a presupus analiza
microscopicd a probelor prelevate din sculele si
piesele durificate prin procedeul de
borocarbovanadizare BOVACONTROL.

in micrografiile probelor au fost puse in
evidentd stratul superficial aliat si durificat, zona de
tranzitie strat - miez si matricea de bazd din marca
21MoMnCr12.

TEHNOLOGIA INOVATIVA — Revista ,, Constructia de masini” nr. 1 —2 /2008 43



Figura 2. Microstructurad strat superficial
—P1 (x100, atac nital 2%)

1-strat superficial: M+carburi complexe+Ce

aciculara;
2-zona tranzitie: P de tranzitie +urme de ferita;

3-metal de bazi: Fe+P

Figura 3. Microstructurd strat superficial
— P2 (x100, atac nital 2%)

1-strat superficial: M+carburi complexe;
2-zona tranzitie: predominant P de tranzitie;

3-metal de baza: Fe+P

Figura 4. Microstructurad strat superficial
— P3 (x100, atac nital 2%)

1-strat superficial: M+carburi complexe+Ce

aciculara;
2-zona tranzitie: P de tranzitie +urme de ferita;

3-metal de bazi: Fe+P
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Figura 5. Microstructura strat superficial
— P4 (x100, atac nital 2%)

1-strat superficial: M+carburi complexe;
2-zona tranzitie: predominant P de tranzitie;
3-metal de bazi: Fe+P

Figura 6. Microstructurd strat superficial
— PS5 (x100, atac nital 2%)

1-strat superficial: M+carburi complexe;
2-zona tranzitie: structurd perlitica;

3-metal de baza: Fe+P;

4-amprentd microduritate Vickers HV=670

Figura 7. Microstructurd strat superficial
— P6 (x100, atac nital 2%)

1-strat superficial: M+carburi complexe +Ce;
2-zona tranzitie: structurd predominant perlitica,
3-metal de baza: Fe+P dispersa.
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5. CONCLUzZII

e in urma experimentarilor la nivel industrial s-a
constatat ca la baza procesului termic stau
fenomene de transfer de masd prin difuzia
carbonului si elementelor de aliere la zona
interfazica metal — pasta de aliere tip Ila.
Mecanismul procesului de borocarbovanadizare se
desfasoara pe 3 stadii distincte :Stadiul I: disocierea
pastei de aliere si durificare tip Ila in atomi activi ;
Stadiul II: absorbtia ( modificarea ) pozitiei
atomilor activi pe distante foarte mari; Stadiul III:
deplasarea atomilor absorbanti prin vacantele sau
interstitiile retelei cristaline.

e Fenomenul fizico-matalurgic: trecerea curentului
electric prin mediul granular in straturile caruia se
gaseste impachetata scula sau piesa vopsita cu pasta
II, provoaca la suprafata de contact a particulelor cu
piesa metalica microdescarcari electrice
(microarcuri) in apropierea cédrora se dezvolta o
temperaturd ridicatd, sub actiunea careia se
formeaza carbon activ atomic. Treptat are loc
absorbtia elementului atomic carbon catre
suprafetele piesei metalice §i formarea zonei de
difuzie din faza gazoasa in exces;

e Continutul de carbon nu influenteazd duritatea
superficiald a stratului dar influenteaza adancimea
de borurare (stratul borurat posedd o mare
stabilitate la temperaturi ridicate);

e Transportul de material in cazul
borocarbovanadizarii cuprinde etapizat absorbtie +
difuzie + saturare pana la limita solubilitatii, urmata
de racire rapida. Consecinta acestui fenomen este
obtinerea unei solutii suprasaturate, dure in afara de
echilibru.

e Compozitia chimica a straturilor superficiale ale
probelor prelevate din piesele borocarbovanadizate
in cadrul experimentdrilor la nivel industrial au
oscilat intre urmatoarele valori: C = 0,58- 0,62; V
= 0,80- 1,00; B=0,19- 0,25; Ni= 0,83- 1,10; Cr=
0,75- 1,10; Variatia C 1n stratul superficial are loc
pe o adancime de 3 mm iar variatia V, B, Ni si Cr
are loc pe o adancime de 2 mm— variatie a
compozitiei chimice in conformitate cu compozitia
pastei tip II.
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Quick Info

New membranes design will improve
carbon dioxide capture

Approximately one third of the total carbon
dioxide (CO2) emissions in the world come from
energy production. CO2 free gas-powered plants are
based on carbon dioxide being removed from the
waste gases and deposited in the ground.

However, before CO2 can be stored, it must
be separated from the waste gases. The current
methods used for this type of filtration are expensive
and require the use of chemicals. A new membrane
technology is going to change that.

This new type of membrane has been
internationally patented by researchers at The
Norwegian University of Science and Technology
(NTNU) in Trondheim. The membrane is made from
a plastic material that has been structured by means of
nano technology. It catches CO2 while other waste
gases pass freely.

Eco-friendly technology

According to the scientists, the technology is
effective, inexpensive and eco-friendly, and can be
used for practically all types of CO2 removal from
other gases. Its effectiveness increases proportionally
to the concentration of CO2 in the gas.

This method, known as facilitated transport,
is comparable to the way human lungs get rid of CO2
when we breathe: it is both a complex and an effective
mechanism.
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“The novelty is that instead of using a filter
that separates directly between CO2 and other
molecules, we use a so-called agent. It is a fixed
carrier in the membrane that helps to convert the gas
we want to remove,” says NTNU professor May-Britt
Hégg. She is head of the research group Memfo that
works on the new membrane technology.

The agent helps so that the CO2 molecules in
combination with moisture form the chemical
bicarbonate, which is then quickly transported through
the membrane. In this manner, the CO2 is released while
the other gases are retained by the membrane.

Various materials are used to make
membranes, including plastic, carbon and/or
ceramics. Membrane separation of gases is a highly
complex process. The materials must be tailored in an
advanced way to be adapted to separate specific
gases. They must be long-lasting and stable.

Nanotechnology

The new membrane is made of plastic,
structured by means of nanotechnology to function
according to the intention. Membranes based on nano-
structured materials are eco-friendly and will reduce
the costs of CO2 capture.

“With this method, we can remove more
CO2 and obtain a cleaner product for smaller plants.
Thus, it becomes less expensive,” Hiagg says.

“We also have membranes today that are
used to separate CO2 and have been used for a couple
of decades, but these membranes are used for natural
gases at high pressures, and are not suited for CO2
from flue gas. If the membrane separated poorly, very
large amounts of the material is needed, and that
makes this separation expensive,” Higg explains.

Membrane details

To begin with, either single polyvinylamine (PVAm),
or a blend of PVAm and additional polymer
component solution is cast on a suitable support such
as polysulfone (PSf). This composite membrane then
undergoes drying and post-treatment, a process that
promotes cross-linking.

A number of important variables determine the final
structure of the membrane. These include:

0 The molecular weight of the PVAm.

o The porosity of support.

o Temperature and time for drying and post-
treatment.

o Concentration of casting solution.

o the type of cross-linking agent used.

These variables can be modified depending
on the feed gas composition and the place where the
membrane will be used.

The membranes rely on facilitated or carrier
mediated transport for their function. This in turn
involves a reversible chemical reaction in
combination with a diffusion process.

Reversible reaction

The Memfo facilitated transport membrane
uses amine groups as fixed-site-carriers (FSC) for
CO2 transportation. A reversible reaction occurs at
these amine fixed-site-carriers forming bicarbonates
from CO2 and water molecules. The bicarbonates
move to the other side of the membrane (permeate
side) and release CO2. The amine fixed-site-carriers
together with water molecules give fast reversible
reaction and high mobility of CO2 in the form of
bicarbonate comparable to that of the mobile carrier
membranes  (liquid membranes) solving the
degradation problem common to the liquid
membranes at the same time.

The cross-linking agent ammonium fluoride
makes water molecules more basic which will have an
increased affinity for CO2. This leads to both
increased concentration of bicarbonate in the
membrane and increased transport of CO2. The
transportation (diffusion) of non-polar gases such as
methane and nitrogen is hindered due to the increased
polarity of the membrane caused by fluoride ions.
This should then lead to much enhanced CO2
permeance and high selectivity in favour of CO2
when this membrane is applied for natural gas
sweetening or CO2 separation from flue gas.

The commercial view

Membranes have a major potential to become an
inexpensive and eco-friendly alternative in the future. An
international patent has been taken out for the new type.

Memfo recently joined a consortium of 26
European businesses and institutions within a project named
Nanostructured Membranes against Global Warming.

Currently, five different types of

nanomembranes are simultaneously being designed in
the framework of the project: polymer membranes;
diffusion transport membranes, block copolymers;
fixed-site carrier-type membranes, cellulose acetate or
polyamides; ionomeric high voltage membranes,
electrically modified materials; and carbon
membranes — carbon molecular sieve membranes; and
ceramic membranes.
According to Higg, the new technology ought to be
very interesting for coal-powered plants. “Within a
five-year period, the plan is to test the membrane
technology in four large power plants in Europe. We
believe this will result in an international
breakthrough for energy-efficient CO2 membranes,”
she says.

For more information on the Norwegian University of
Science and Technology, ,visit www.ntnu.no.

(http://engineerlive.com)
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REZUMAT

Borocarbovanadizarea presupune introducerea sculelor si organelor de magini acoperite
cu pasta de durificare, in incinta de lucru a cuptorului in care se afla amestecul
carburizator ce serveste ca sursd de atomi activi. Incdlzirea acestui ansamblu se
realizeazd pdnd la temperatura optima 900-950°C si mentinere un timp determinat de
adancimea de penetrare a atomilor. Tratamentul de borocarbovanadizare presupune
urmdtoarele etape: Etapa I: disocierea — descompunerea moleculelor in atomi activi de
C, B si V; Etapa Il: absorbtia — fenomenul de accelerare la suprafata pieselor a atomilor
activi de C, B, V si interactiunea acestora cu atomii metalului de baza 21MoMnCri2;
Etapa III: difuzia — migrarea atomilor absorbiti pe suprafata piesei tratate catre interior.
Straturile borocarbovanadizate prezinta o microduritate ridicatd, corespunzdnd din
punct de vedere calitativ.

ABSTRACT

The boron-carbon-vanadium treatment supposes the introduction of the tools and
machines parts, covered with hardening paste, in the work precincts of the furnace in
which the carburizing mixture exits. This carburizing mixture serves as source of active
atoms. The heating of this assembly is achieved up to the optimum temperature 900-
950°C and the maintaining during a time determined by the depth of penetration of the
atoms. The boron-carbon-vanadium treatment supposes the following steps: Step I:
dissociation — decomposition of the molecules in active atoms of C, B and V; Step II:
absorption — the phenomenon of acceleration at the parts surface of the active atoms of
C, B, V and the interaction of these ones with the atoms of the base metal 21 MoMnCr12;
Step III: diffusion — migration of the atoms absorbed by the surface of the treated part
towards the interior. The layers treated with boron-carbon-vanadium present a high
micro-hardness, suitable from the quality point of view.

Cuvinte cheie: tratament, borocarbovanadizare, microduritate

Keywords: treatment, boron-carbon-vanadium treatment, micro-hardness

1. INTRODUCERE

Tehnologia consta in depunerea unei paste de
carburare pe suprafata sculelor din otel, impachetarea
acestora intr-un amestec granular electroconductiv, in
incinta paralelipipedicd experimentalda si legarea
sistemului la un circuit electric debitat de un
transformator cu tensiune secundara reglabila intre 50-
150 V si intensitatea curentului cuprinsa intre 250-
1000 A, conform figurii 1.

Figura 1. Schema instalatiei de tratament termic a

pieselor din otel in mediu granular
BOVACONTROL
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2. FLUXUL TEHNOLOGIC

Fluxul tehnologic al procedeului de
borocarbovanadizare rapida controlata
electrotermic este prezentat in figura 2.
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Figura 2. Fluxul tehnologic de borocarbovanadizare
3. PARAMETRI TEHNOLOGICI

Modul de depunere al pastei de borocarbovanadizare tip II:

» se aplica in doua straturi de grosime 4 — 4,5 mm
prin imersie; aplicare si uscare naturald in aer a
stratului 1 timp de 0,5 ore; aplicare strat 2 cu uscare
prin calcinare timp de 2 ore deasupra cuptorului
preincalzit §i pentru uscarea amestecului granular
AG]. depunerea pastei pe probele experimentale nu
va depasi 5 mm grosime;

> metoda uscarii naturale, prin calcinare la 100°C
cat si uscarea deasupra cuptorului preincélzit de
reguld nu conduce la aparitia de defecte sub
forma de exfolieri a stratului de pasta.

Tabelul 1 Prepararea compozitiei de pasta tip 11
INr.crt OPERATIA TEHNOLOGICA

1 [Se mojareaza separat, manual sau prin macinare
in mori uscate cu bile, fiecare din substantele
granulare pind la fractii de maxim 0,15 mm.
2 [intr-un maloxor de 500-1000 turatii / minut de
capacitate adecvata se introduc in ordine:
grafitul si ferovanadiul, Fe-B(C,B).
3 |Dupa o mixare timp de 5 — 10 minute se
introduc in proportii activatorul si rigina
sintetica dupa care se lasa la omogenizare timp
de 10 — 15 minute.

Nr.crt OPERATIA TEHNOLOGICA

4 |Peste compozitia din malaxor se adauga
fractionat cantitati mici de alcool tehnic si se
amesteca pana la epuizarea cantitatii

restabilite

5 [intreaga compozitie de pasti se amesteca timp
de 20 — 25 minute pana la obtinerea unei
densitati optime de 1,5 g/cm’

in cadrul experimentirilor la nivel industrial

s-a  utilizat grosimi de 2,2 mm  pastd

borocarbovanadizare depusa pe suprafata sculelor

intre doud straturi de pasti depusd se utilizeazi
uscarea pe cale naturald sau cu ajutorul cuptorului
preincalzit.

Componenta amestecului granular carburizator

AG] este urmatoarea:

e grafit electrozi: 87,00 %:

e accelerator BaCO;: max 8,00 % (nu trebuie si
depaseasca aceasta valoare pentru a se evita
supracarburarea);

e apid:5%.

in cazul marcii de otel 21MoMnCrl2
tensiunea electrica se va adopta 50-70 V, intensitate
150+700A temperatura amestecului 1000-1100°C, iar
temperatura piesei 900° C cu o durata de tratament de
240 min.

Urmarirea variatiei parametrilor U si I este
necesard pentru calculul bilantului electric al
cuptorului de tratament termochimic.

Tabelul 2 Tratamentul termochimic de
borocarbovanadizare TTCH 1
Regim — Tratament termochimic de
borocarbovanadizare TTCH1
Material: 21MoMnCr12
- Temperatura de carburare T=900°
- Durata de incalzire t;= 1 ora
- Durata de mentinere la temp.de regim|
t,= 4 ore
- Racire aer fortat

Tabelul 3 Tratamentul termic final TF2

Regim — Tratament termic final TF2

Material de baza: 21MoMnCrl12

Calire I: T=850 — 900°C;

Récire ulei preincalzit la
60...80°C;
Calire II: T=760 — 820°C

Racire in CMC;
Revenire joasa: T=180 - 210°C;
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4. ANALIZA DETERMINARILOR
DE MICRODURITATE
ALE STRATURILOR SUPERFICIALE
BOROCARBOVANADIZATE

Determinarile de duritate Vickers cu sarcini
mici si foarte mici s-au efectuat pe probele prelevate
din sculele si piesele borocarbovanadizate in cadrul
experimentdrilor la  nivel industrial. Media
determinarilor de duritate HV30 realizate in cadrul
experimentdrilor la nivel industrial sunt prezentate in
tabelul 4.

Tabelul 4 Media determinarilor de duritate HV30

INr |Prob[Materi Duritate HV30 la 20°C, daN/mm?

ertj@ al HV la HVla 1l mm[HYV la2 mm|HV la
suprafata | adincime | adincime |3 mm

stratului strat strat dénci
superficial me

strat

1 |P1 21Mo 670 470 335 280
2 [P2 MnCr 675 465 320 275
3 [P3 |12 670 460 325 265
4 P4 660 475 325 280
5 |P5 650 480 340 265
6 |P6 645 445 340 280
7 |P7 650 455 335 280
8 P8 640 475 330 275
9 P9 640 480 320 265
10|P10 645 475 320 275
11 P11 670 470 325 290
12 P12 675 465 330 290
P13 670 450 340 285

14 P14 665 465 350 280
15P15 655 455 345 275
16 P16 685 465 335 270
17|P17 700 455 340 265
18|P18 645 480 335 260
19|P19 650 475 320 270
20[P20 670 475 325 275

in conformitate cu datele prezentate in
tabelul 4 caderile de duritate pe adancimea stratului
superficial durificat sunt prezentate in figurile
urmatoare:

BOO
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—@- P2

600 ’\ P3

_q
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S
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\ —x—:;

g
4
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300 : hﬂ‘!

200

100

0 1 @ [mm]
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Figura 3 Variatia microduritdfii pe addncimea stratului durificat
BOVACONTROL pentru probele P1-P3 prelevate din sculele tratate din
2iMoMnCri2
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Figura 4 Variafia microduritdfii pe addncimea stratului durificat
BOVACONTROL peniru probele P6-P10 prelevate din sculele tratate din
2IMoMnCri2
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Figura 5 Variatia microduritdfii pe addncimea stratului durificar
BOVACONTROL pentru probele PI1-P13 prelevaite din sculele tratate din

2IMoMnCri2
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Figura 6 Variafia microduritdtii pe addncimea stratului durificat
BOVACONTROL pentru probele P16-P20 prelevate din sculele tratate

din 2IMoMnCri2

Din analiza caderilor de duritate rezulta
faptul ca piesele borocarbovanadizate in cadrul
experimentdrilor la nivel industrial corespund din
punct de vedere al microduritatii, stratul superficial
borocarbovanadizat prezentand valori cuprinse intre
640-700 HV.
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5. CONCLUZII

Durificarea prin borocarbovanadizare in medii
granulare se realizeaza prin metoda de incalzire
electrica directd care prezintd timp redus de
incalzire, randament electric si termic ridicat si
consum de energie relativ redus;

Pasta de aliere si durificare poate contine
elemente carburante — grafit, mangal, cocs,
elemente de activare — carburd de sodiu,
elemente de dispersie — alcooli. Anumite
categorii de elemente mentionate adaugate in
proportii bine determinate, au permis retetei
optime de paste de carburare tip II;

Pentru un procent de 0,1% carbon adaugat in
compozitia otelurilor, rezistenta la rupere creste
cu 90N/mm?, iar limita de curgere cu 40-50N/
mm?®. Carbonul dizolvat in matrice durifici
fierul pand la formarea solutiilor solide, iar
legat sub forma de cementita, durificd solutiile
solide de feritd sau austenita cu care formeaza
amestecuri mecanice eutectice. Diferentele de
concentratie in carbon la nivelul stratului
superficial carburat fatd de miezul sculei si
piesei  influenteazd  caracteristicile  de
comportare la tratamentul termochimic;
Straturile superficiale se Imbogatesc In V pana
la 1,00% in stratul superficial cu efect asupra
stabilizarii  feritei, cresterii  duritatii  si
rezistentei la rupere si oboseala,

Straturile superficiale se imbogatesc in B pana
la 0,25 % in stratul superficial cu efecte asupra
structurii, cresterii duritdtii §i rezistentei
mecanice datorita formaérii carburilor de bor;
Prezenta Ni pana la 1,10 % 1in stratul
superficial stabilizeazd austenita, finiseaza
structura, mareste rezistenta mecanica, creste
substantial calibilitatea, favorizand astfel
difuzia prin borocarbovanadizare;

Prezenta Cr pand la 1,10 % in stratul
superficial are un efect pozitiv asupra finisarii
structurii, stabilizarii feritei, cresterii rezistentei
mecanice;

La presiuni relativ mici, (1-3N/mm?) sculele
durificate prin borocarbovanadizare controlata
au prezentat o rezistentd la uzare in regim de
frecare  uscatd  buna, o  comportare
corespunzatoare obtindndu-se i la presiuni de
peste 4 N/mm?; astfel putem considera ca
procedeul de borocarbovanadizare poate
inlocui intr-un mod eficient variantele clasice
monobloc de fabricatie a sculelor de deformare
plastica si organelor de masini.
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COMPLETE CHEMICAL SOLUTIONS WITH CHRYSAN INDUSTRIES
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ABSTRACT

Chrysan Industries, Inc. is a manufacturer of metalworking fluids and lubricants,
which is committed to provide customers with the highest quality, innovative
products and highest levels of technical, prompt and professional support.

Keywords: metalworking fluids, lubricants, cleaners, industrial chemicals

1. ABOUT CHRYSAN INDUSTRIES

Chrysan  Industries, Inc., an established
manufacturer of metalworking fluids and lubricants, is
committed to providing customers with the highest
quality, innovative products and highest levels of
technical, prompt and professional support.

Quality leadership is vital to the long term
success of Chrysan in an increasingly competitive and
demanding marketplace. Building quality in
workplaces, products and services is essential to a
successful future for customers, employees, suppliers
and communities.

Some words about Chrysan beginning must be
said. Established in 1977 with the drawing compound
for metal stamping operations, Chrysan has
successfully developed and marketed cutting and
grinding fluids, such as well known C-225, soluble oil
and C-150, synthetic coolant in automotive and
aerospace industries.

In 1990, Chrysan expanded its operation to a new
30,000 sq. ft. facility in Plymouth, Michigan,
including 5,000 sq. ft. of research and development
laboratory. Product lines now range from industrial
lubricants, metalworking fluids, functional fluids,
industrial cleaners, and tumbling compounds to
automotive chemicals such as engine coolants, brake
fluid and washer fluid.

Chrysan Industries has a good experience in the
field, laboratory professionals are all college
graduates, with bachelors and masters degrees in
biology, chemistry, and chemical engineering.

Field engineers may be located on site to assist
customers with any questions or concerns they may
have. Product sampling analysis is accommodated
upon request. All samples are tested according to
ASTM methods or documented procedures.

Chrysan Industries quality testing equipment is
verified/calibrated with accuracy traceable to NIST or
appropriate national standards.

At the same time, Chrysan Industries provides 48
hours turnaround with the exception of certain tests,
which are time dependent (i.e., microbial or elastomer
degradation studies).

Chrysan Industries provides complete analysis
and service on all metalworking fluids manufactured
and distributed through Chrysan Industries.

Chrysan Chemical Management has as
certification:

- TS 16949, ISO 14001 and Ford Q-1 certified for
production fluid,;

- Manufacturer of metalworking fluids, lubricants,
cleaners, and industrial chemicals;

- Tier one and Tier two supplier to Chrysler, Ford

Motor Company and General Motors;

- Certified Minority Business Enterprise;
- Michigan Minority Business Council Supplier of

the Year, 1995 and 2001.

2. THE CHRYSAN CHEMICAL
MANAGEMENT SYSTEM

The Chrysan Chemical Management System
(CCMS) is a database solution developed specifically
for Chrysan's Chemical Management Programs in
order to reduce chemical usage and to reduce
chemical costs.

The CCMS accomplishes this by effectively
tracking and recording chemical usage, statistically
analyzing chemical usage data, and generating
chemical usage reports.
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