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ABSTRACT

In die casting process, flash is a common problem caused by the impact pressure
spike of the molten metal inside the die cavity. This can be attributed to the quick
deceleration of the plunger when the cavity is full. Considerable waste of raw material,
higher maintenance cost, low efficiency, high post processing cost are some of the
adverse consequences of this phenomenon. The problem can be viewed from a design
perspective, for instance, in SoftShot® technology the size of the overflows are designed
to limit the pressure spike. In this research, this idea has been studied, using a hydraulic
bench test and a mathematical optimization approach. The hydraulic bench test is set up
to emulate the phenomenon of pressure spike caused by fluid flow. The pressure and the
deceleration values are recorded for fluid flow through orifices of different size. In the
second approach, a mathematical model for estimation of peak cavity pressure is
optimized using Differential Evolution Algorithm and Nelder Mead Revised Simplex
Search methods. Both of these methods indicate that the impact pressure can be

minimized by implementing proper design of overflows.
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Chapter 1

INTRODUCTION

Die casting is a metal casting process in which molten metal is injected into a
mold cavity with high velocity, maintaining high pressure inside the cavity. In the cold
chamber die casting process, the molten metal is ladled into the shot sleeve, which is then
pushed forward into the cavity with the help of a plunger. The plunger is driven by
hydraulic power. The hydraulic system typically consists of an accumulator, an inlet
throttle valve and an outlet throttle valve. The valves are used to control the speed of the
plunger.

In High Pressure Die Casting (HPDC), flash is a common phenomenon.
According to NADCA Glossary about die casting, flash is “A thin web or fin of metal on
a casting which occurs at die partings, vents and around movable cores. This excess is
due to working and operating clearances in a die”. In a cycle of die casting process, metal
pressure in the runner system is negligible until it reaches the main gate. Due to the
restriction at the gate and high plunger velocity, pressure starts building up once the
metal reaches the gate. When the cavity fills and metal starts flowing into the overflows,
at that moment the pressure rises suddenly as the fast moving plunger comes to a halt.

This pressure spike is often high enough to exceed the clamping force that holds die



halves together, followed by the occurrence of flash. Flash causes a number of problems
in the process of HPDC. For instance it limits the speed of casting cycle (Milroy et al
1998) and results in wastage of material. Occurrence of flash requires the dies to be
cleaned frequently, which in turn impedes the overall production process. Due to severe
vibration at each shot, the tool life reduces significantly and frequent maintenance is
required. Several techniques have been developed to prevent flashing, such as cryogenic
trimming (freeze barreling) for castings without thin portions, component tumbling and
short blast methods (Chives A.R.L, Zinc Die Casting). Machining processes are also used
to remove flash (Milroy et al 1998). Since all of these require additional cost and
secondary operations, producing flash-free castings would make the entire process much
more efficient and cost effective.

The quality of the casting depends significantly on the pressure inside the cavity.
The plunger velocity cannot be reduced under a certain point, and the intensification
pressure has to be maintained in order to ensure the quality of the casting and satisfactory
surface finish (Mickowski and Teufert 1993). After the completion of shot, the plunger
applies pressure to the molten metal, known as ‘intensification pressure’ to minimize
shrinkage porosity. The molten metal cools off and solidifies inside the cavity and
eventually the die is open to eject the casting.

The cavity pressure depends on a number of factors. For instance, shot velocity,
area of the gate, density of the molten metal, filling time, solidification of metal, volume

of the cavity all affect the pressure inside the cavity after the shot is complete.



1.1 Flash-free Die Casting from a Design Perspective

In order to minimize the impact pressure spike, various techniques have been
adopted and practiced, discussed in more detail in the next chapter. One idea is to modify
the size of the overflows to contain the peak pressure at the time of the impact. This
technique was named SoftShot®, which was proposed and patented by P. Olmsted.
Overflows in die casting have been used traditionally for various reasons. For instance,
overflows receive the molten metal entering first into the cavity, mixed with impurities
and oxides. They act as a source of heat inside cavity, and help maintain steady
temperature. Often they house the ejector pins, saving the part from having ejector pin
marks. Air and gases are pushed to the overflows by the molten metal, and this ensures
quality of casting. Hence the idea of designing overflows in order to reduce pressure
spike is novel. To understand this method, a tour to the Port City Group, Muskegon, MI
proved to be very helpful. Port City at first creates a MagmaSoft model to simulate the
filling of the cavity to aid the overflow designs suggested by SoftShot®. Besides the
reduction of impact pressure, adoption of this method has also resulted in downsizing
shot cylinders and reducing injection velocity within the limits of required filling times.
The procedure also facilitates cutting down the amount of die steel, greater tooling design
options and increased dimensional control. Moreover, the vibration on the die casting
machine is reduced significantly, tooling requires less maintenance and tool life has
increased considerably.

Looking at the benefits of this approach, the idea of addressing the problem of

flash from a design point of view seemed to be a potential research area in the field of die



casting. In this research, two different approaches were used to analyze and expand this
idea of limiting the impact pressure by designing the overflows. The first approach was to
conduct a hydraulic bench test in order to verify the idea if the size of the overflow could
have an influence on the pressure spike at a small scale. Orifices of different size were
used to perform a series of shots, and the peak pressure values are recorded. The bench
test is described in Chapter 3, along with the results and observations.

The second approach was to optimize a mathematical model, used for estimation
of the dynamic cavity and runner pressures and the plunger velocity. The model was built
using the equations given in the SoftShot® patent document. Two different algorithms
were used, viz. Differential Evolution Algorithm and Nelder-Mead Revised Simplex
Search method in order to minimize the peak pressure. The results of the two algorithms
are shown and compared in Chapter 4 of this document. The findings indicate that
numerical optimization techniques can be used to design the overflows in order to

minimize the peak impact pressure, thereby removing flash from die casting process.



Chapter 2

LITERATURE REVIEW

With the advancement of simulation technology, die designs are simulated to
reduce the time and cost of actually building several dies in a trial and error fashion.
Various techniques have been adapted to model fluid flow, heat transfer and
solidification of molten metal. Minaie, Stelson and Voller (1991) used volume of fluid
(VOF) method to model the fluid flow and an enthalpy technique on a fixed grid to model
solidification. Cleary and Ha (1999, 2003, 2006) used a Lagrangian methodology known
as Smoothed Particle Hydrodynamics (SPH) to model HPDC. Some researchers have
implemented numerical analysis of gating systems in die casting. Sulaiman and Keen
(1997) proposed a model to show variation in pressure with different branch angles for
the overflows. Hu et al. (1999) used numerical simulation technique to design and
optimize runner and gating systems for a magnesium telecommunication part. Esparza et
al. (2005) used a gradient-search optimization technique to design an optimal gating
system for gravity processes to produce aluminum parts. Palekar et al. (2008) proposed a
coupled- motion numerical model for the plunger and liquid metal. Wu, Fuh and Lee

(2007) presented a parametric system for designing the gating system for die casting.



Some research has been done to model the pressure inside the die cavity and to
reduce flashing by controlling the impact pressure. Mickowski and Teufert (1993) put
forward the technique of rapidly decelerating the plunger just before the impact in order
to reduce the impact pressure using a closed loop control system with the hydraulic
cylinder of the die casting machine. Xue et al (2011) developed a lumped parameter
model for the cavity pressure spike. The SoftShot® process was explained by Branden,
Olmsted and Kuhn (2002). Branden and Brown (2005) reported considerable process
improvement after evaluating a tool design for an automotive transfer case using
SoftShot®.The SoftShot® patent (Olmsted 2007) elaborates a mathematical model for
the shot system in a die casting machine beginning at a hypothetical position when the
cavity is full and molten metal is about to flow into the overflows. The model evaluates
velocity of the shot system, pressure in the runner system, pressure in the cavity and
position of the shot system (Branden and Brown 2005). The model is suitable for
evaluating tooling and overflow designs. SoftShot® is also capable of calculating the
volumes and cross sectional areas of orifices for a series of deceleration overflows, given
the allowable maximum pressure. An iterative procedure was used to calculate the
optimal dimensions of the overflows.

Attempts have been made to measure in-cavity pressure and temperature in die
casting process. Hatamura et al. (1989) developed a pressure sensor and a heat
flux/temperature sensor in order to measure these quantities inside die cavity and reported
their findings on molten metal flow and solidification. Venkatasamy (1996) used Kistler
pressure sensors to measure in-cavity pressure and thermocouple probes to measure

temperature in view of development of a process control system. Tong et al. (2002) used
6



in-cavity pressure measurement for casting of a hand phone component to ensure product
quality and also reported the relation between process variables and gate freezing time.
Dargusch et al. (2005) measured molten metal pressure for casting of radio frequency
filter box housing to investigate the relation among machine parameters, cavity pressure
and casting quality. But there is no evidence of research based on in-cavity pressure
measurement with dies of different designs of overflows, in order to observe the change
in impact pressure. The hydraulic bench test described in chapter 3 is an attempt to
emulate the pressure spike situation in the die casting machine to observe the change in
impact pressure by varying the fluid flow through orifices of different size.

In chapter 4, the modeling technique of SoftShot® is used for calculating the peak
pressure in the cavity for various overflow designs. Two mathematical optimization
methods are implemented in order to minimize the peak pressure inside the cavity. The
first method is a heuristic approach to minimize non-linear and non-differentiable
functions, known as Differential Evolution algorithm (Storn, Price 1997). The second one
is a variant of the direct search method called Nelder-Mead Simplex Search (Nelder and
Mead 1965), known as Nelder Mead Revised Simplex Search (Humphrey and Wilson
2000) procedure. The outputs of these two procedures will be compared with the

overflow dimensions suggested by SoftShot®.



Chapter 3

HYDRAULIC BENCH TEST

3.1 Motivation

A hydraulic bench was set up in order to analyze the nature of pressure spike
during the flow of pressurized fluid through orifices. Till date, no research has been done
on variation of in-cavity pressure spike with the change of design of overflows. Since die
casting machines are complicated systems involving a large number of variables, a small
scale emulation of the process involving fewer sources of variability seemed to be
appropriate. The hydraulic bench test satisfied that requirement. The hydraulic fluid HF-
28 was made to flow through orifices of different size. The fluid was pressurized by the
hydraulic cylinder piston, moving at high velocity comparable to that of plunger velocity
in high pressure die casting machines. Both molten metal and hydraulic fluid are
incompressible, but there is no issue of solidification which might influence the
magnitude of pressure spike. Hence the bench test can be looked upon as an instrument to
effectively study the idea of reducing pressure spike by designing the overflows in the die

cavity.



3.2 Bench Test Setup

The arrangement is shown in the schematic diagram figure 3.1. A hydraulic
cylinder (9) (Parker 02.50 H2HL2S19 6.000) was pressurized at the head end with the
help of an accumulator (4) (Tobul TBR-30-1-N) at 1000 psi. One of the ports at the rod
end of the cylinder was connected to an arrangement of cross fittings (14). The cross
fittings were analogous to the main cavity in the die casting setting. The free ends of the
crosses were fitted with an orifice, equivalent to the overflow in a die. Through the other
port, a pressure sensor (10) (Omega PX303 5KGS5) was inserted to monitor the pressure
of the hydraulic fluid. In order to create sufficient thrust at the piston end, two Hydac
solenoid control valves (5 and 5a) were connected in between the head end ports of the
cylinder and the accumulator. The accumulator was pressurized by a SPX (PA6M-1,
10000 psi) hydraulic foot pump (2). A vacuum pump (Welch 1400) (16) was connected
to the cavity end cross fittings of the setup, in order to release the entrapped air in the
system. A flip switch was used to actuate the solenoid valves 5 and 5a, upon triggering,
the hydraulic pressure under accumulator would be applied to the head end of the piston.
The piston would move, and the hydraulic fluid on the rod side of the piston would flow
to the cross fittings, emulating the process of molten metal flow in die casting machine.
The pressure sensor (10) would measure the pressure of the fluid, an accelerometer
(Sparkfun SEN09332, type ADXL 193) (11) mounted on top of the piston would measure
the acceleration and deceleration of the piston. Acceleration and pressure signals were
acquired with the help of an NI 6009 USB data acquisition device (12). Pressure gauges

(6) and (13) were used to monitor pressure at the accumulator and at the rod end of the

9



hydraulic cylinder respectively. At the end of the shot, the ball valve (7) was opened to
let the hydraulic fluid go back to the reservoir. The specification sheets for the main

components are provided in Appendix B. The bench test arrangement pictures are shown

in figure 3.2-3.6.
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Figure 3.1Schematic diagram of hydraulic bench-test
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Solenoid Valve
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Pressure Sensor

Figure 3.3 Sensors
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Hydraulic Cylinder
Vacuum Pump

Foot pump

Orifice

Figure 3.5 Orifice setup
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Figure 3.6 Orifices used in bench test

3.3 Results

3.3.1 Phase 1

The bench test was conducted in 2 phases. In the first phase, orifices of six
different diameters were used, ranging from 0.015 inch to 0.094 inch, and also the
configuration without any orifice. Three replications were performed with each of the
seven configurations. The run order was randomized in order to reduce the effect of
uncontrollable factors. For all the runs, the accumulator precharge pressure was
maintained at 550psi, and the accumulator was charged at 1000psi. The pressure and the
acceleration data were collected at the rate of 20000 scans per second. A vacuum of -9
psi was created at the orifice side before each run. Before every shot, 6 cu.in (100ml) of
hydraulic fluid was poured on the rod end of the cylinder. The cylinder was drained after
completion of each shot, to minimize variability in mass of fluid. Table 3.1 shows the
observed peak pressure, maximum deceleration and observed pressure spike for each
shot. An estimate of pressure spike is also given in table 3.1, using the moving mass
(approximately 5.54 Ibs, with an upper limit of 9 Ibs and lower limit of 5.351bs, including

the mass of hydraulic fluid at the rod end, head end and inside accumulator, mass of

13



piston). The observed pressure spikes were calculated from the difference between
maximum pressure observed at each run and the steady state pressure attained at the end
of the shot. The estimate for the pressure spike was calculated using the equation given
below

(Maximum Deceleration) x (Moving Mass)

P Spike =
ressure opiee = rea of the bore of the cylinder — Area of piston rod

Figures 3.7 and 3.8 are the plots of pressure and acceleration data collected during
the bench test, for run 3 (using orifice of diameter 0.094 inches) and run 6 (with no
orifice). The pressure spikes are quite conspicuous at the time of impact, showing an

abrupt movement on the acceleration plot as well at the same time.
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Figure 3.7 Recorded pressure and acceleration plot for orifice diameter 0.094 in.

Figure 3.8 Recorded pressure and acceleration plot for no orifice

15



Run Orifice Peak Spike Calculated  Max. Deceleration

Diameter Pressure Observed Spike (psi) (inch/sz)
(in) (psi) (psi)

1 0.031 1013.02 187.144 151.7806 44603.85
2 0.062 1015.57 146.83 133.3621 39423.94
3 0.094 944.06 117.72 136.3168 40286.93
4 0.047 992.58 168.31 109.8388 32640.49
5 0.031 1007.91 179.45 167.4574 48958.17
6 0 997.69 164.07 128.4002 37611.74
7 0.062 987.48 156.33 131.9777 38721.58
8 0.078 961.94 131.569 160.0719 46786.52
9 0.062 936.64 129.72 149.8005 43826.68
10 0.015 982.37 159.21 189.1543 55247.92
11 0 967.04 146.52 188.9696 55247.92
12 0.047 928.73 125.98 201.3789 58947.91
13 0.047 954.27 114.74 165.852 48443.6
14 0 995.14 171.22 101.879 29748.37
15 0.031 972.15 157.1 172.2966 50320.37
16 0.015 969.6 144.39 225.2271 65797.11
17 0.015 946.61 134.63 225.5951 65886.88
18 0.078 887.87 76.7 179.3586 52395.56
19 0.094 938.95 129.39 182.5856 53334.15
20 0.078 880.21 65.38 177.9298 51977.46
21 0.094 936.4 121.1 119.6344 34957.8

Table 3.1 Observed and Calculated pressure spikes in hydraulic bench test phase-1

The scatter plot of the observed pressure spikes with respect to the orifice size is
given in figure 3.9. The average values of observed pressure spike for each orifice size
are plotted in figure 3.10. Apparently, there is a decreasing trend until the minimum
spike occurs at the orifice of diameter 0.078 inch, after that the pressure spike increases.
To have more insight on the variation of spike with the size of the orifices, and to observe

more of the trend, phase 2 was planned, where orifices of larger diameter were used.
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Figure 3.9 Scatter plot of observed pressure spike w.r.t. orifice size
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Figure 3.10 Plot of average pressure spike w.r.t. orifice size

3.3.2 Phase2

In phase 2, orifices of 7 different diameters were used, together with the
configuration without orifice. The orifice diameters ranged from 0.015 inch to 0.2 inch,
as shown in Table 3.2. 4 orifices had diameter (0.11 inch, 0.14 inch, 0.17 inch and 0.2

inch) larger than the maximum diameter used in phase 1. Each configuration was
17



replicated 3 times, resulting in 24 runs altogether, keeping all the other conditions same

as that of phase 1.

Run Orifice Peak Spike Calculated Acceleration

Diameter Pressure Observed Spike (psi) (inch/sz)
(in) (psi) (psi)

1 0.2 992.58 169.25 164.85 48026.42
2 0.14 1069.21 253.21 201.59 58728.68
3 0.078 936.4 120.77 192.72 56145.5
4 0.047 892.98 102.84 161.69 47104.76
5 0.14 972.15 170.37 177.54 51721.73
6 0.11 949.17 147.28 204.82 59669.59
7 0.17 961.94 160.16 183.12 53347.51
8 0 931.29 120.56 167.11 48683.02
9 0.047 910.86 117.34 137.36 40016.13
10 0.11 951.72 142 188.70 54973.68
11 0.14 1025.79 211.63 194.71 56724.73
12 0.015 944.06 131.69 130.99 38161.41
13 0.2 1000.25 179.22 177.23 51631.02
14 0.015 946.61 130.2 140.69 40986.88
15 0 954.27 144.19 154.59 45036.01
16 0.17 1135.61 314.03 187.95 54756.52
17 0.2 987.48 154.1 154.77 45089.03
18 0.015 954.27 125.47 164.05 47792.77
19 0.047 928.73 124.88 179.53 52300.96
20 0 967.04 157.89 155.57 45320.72
21 0.078 903.49 98.7 150.71 43905.04
22 0.078 913.41 93.14 192.24 56003.73
23 0.17 974.71 157.46 167.26 48726.61
24 0.11 961.94 138.24 161.24 46973.2

Table 3.2 Observed and calculated pressure spikes in hydraulic bench test phase-2

The scatter plot of observed pressure spike with respect to orifice diameter is

shown in figure 3.11.
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Figure 3.11 Phase 2 scatter plot of observed spike w.r.t. orifice size

The scatter plot in figure 3.11 supports the observation in phase 1, that the
minimum spike occurred for orifice with diameter 0.078 inch, and then the spike
increased for larger orifices. However, the deviations in observed spikes at orifices 0.14
inch and 0.17 inch were much greater than the rest. In fact, the point circled with red is
possibly an outlier at 0.17 inch. Due to the higher uncertainty at these two points, 2 more
replications with each of these 2 orifices were conducted, and runs 25-28 are shown in
Table 3.3. Figure 3.12 shows the new scatter plot, and figure 3.13 shows the plot with
average spike at each orifice. The outlier at orifice with diameter 0.17 inch was omitted

in the calculation of average pressure spike for the plot in figure 3.13.
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Run Orifice Peak Spike Calculated Acceleration

Diameter Pressure Observed Spike (psi) (inch/sz)
(in) (psi) (psi)
1 0.14 1064.1 247.54 148.28 43197.00
2 0.17 995.14 169.97 243.58 70960.89
3 0.14 1051.33 227.96 99.48 28981.26
4 0.17 984.92 170.67 129.40 37699.2

Table 3.3 Added runs in phase-2
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Figure 3.12 Phase 2 plot of observed pressure spike w.r.t. orifice size with added

runs
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Figure 3.13 Phase 2 plot of average pressure spike w.r.t. orifice size

Figure 3.13 clearly shows, that the minimum pressure spike occurred with the
orifice having diameter of 0.078 inch. Figure 3.14 shows the plot of observed values and
calculated values for pressure spike for phase 2. The estimated values were much closer
to the observed values for no orifice configuration, but were different for the other cases,

since the orifice size has not been taken into consideration for the estimates.
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Figure 3.14 Observed and calculated pressure spike with respect to orifice area

3.4 Bench Test Observations

From phase 1 and phase 2 of the bench test, evidently, the orifice size
considerably influenced the impact pressure spike. In the above tests, the pressure spike
was minimum for the orifice with diameter 0.078 inch and increased for larger orifices.
This finding suggests that the pressure spike inside the cavity of the die casting machine
can be minimized by appropriately designing the overflows. In the next chapter, a
mathematical model is furnished and two different optimization algorithms are used in
order to achieve the optimal design of overflows with the objective of minimizing the

pressure spike.
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Chapter 4
MATHEMATICAL MODELING OF DIE CASTING

PROCESS AND OPTIMIZATION

4.1 Overview of Soft SHOT®

The SoftSHOT technology is an innovative idea which suggests that by designing
the overflows, it is possible to control the deceleration of the plunger and thereby
reducing flash significantly in the process of die casting (Branden and Brown 2005). The
mathematical model associated with this method can calculate the cross-sectional area
and the volume of a series of overflows which would contribute to absorb the kinetic
energy imparted by the plunger. (Branden and Brown 2005) compared the design of
these overflows with inefficient valves which cause high pressure drops at a given
flowrate.

To demonstrate the effectiveness of this method, an example was given in the
SoftSHOT® patent document. A ‘prior art’ design for overflows was considered in
example 1, and the pressure inside the cavity, runner pressure, velocity and position of
the plunger were calculated using the model. The overflow dimensions are given under

‘Example 1’ in Table 4.1. The machine parameters and initial conditions are given below:
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Weight of the piston, plunger and tip (W) = 367 lbs
Plunger velocity at impact (Vo) = 130 in/sec
Diameter of piston (D) = 7.00 in

Diameter of piston rod (D;) =4.00 in

Diameter of the plunger tip (Dyp) =4.50 in

Pressure of the accumulator (P,..) = 980 psi

Pressure of the cold chamber at impact (P;) = 709 psi
Weight of the trimmed casting (W¢ay) =1.15 lbs
Number of cavities in the mold (Nc,y) =2

Weight of the runner system (Wyy,) = 3.26 lbs

The value of mold expansion to molten metal compression (R,c) = 2.0
(Rac=1 is used in MATLAB® model)

Casting metal = Magnesium

The overflow areas and volumes for examples 1 and 3 are given in table 4.1.

Example 1 (prior art) Example 3
( SoftSHOT®
recommended)
Overflows Area (sq.in) Volume(cu.in) Area (sq. in) Volume(cu.in)

1 1.136 0.050 0.220 0.055
2 1.136 0.060 0.348 0.042
3 0.947 0.050 0.441 0.034
4 1.136 0.050 0.519 0.029
5 1.136 0.050 0.598 0.026
6 1.136 0.061 0.477 0.017
7 - - 0.393 0.012

Table 4.1 Overflow dimensions for example 1 and 3 given in SoftShot® patent
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Figure 4.1 shows the pressure and velocity profiles for example 1. The lines A5
and B5 represent cavity pressure and runner pressure respectively, as percentages of
their corresponding maximum values. C5 represents the plunger velocity and D5 shows
the distance travelled by the plunger. The peak pressure obtained is 13763 psi, which is
considerably higher than the desired Pn.x value, and hence the clamping force.
Moreover, the negative velocity suggests that the plunger would bounce back and forth
before coming to a stop. This may have adverse consequences on machine life and
tooling. All of these indicate the shortcomings of the design and suggest against
implementation of such a design.

To mitigate the excessive impact pressure spike, SoftShot® determined through
an iterative process the volumes and areas of the overflows, which would limit the peak
pressure to 3498 psi, within the specified P, value. The dimensions are shown under
‘Example 3’ of table 4.1. The pressure and velocity profiles are shown in figure 4.2. A7
and B7 represent the cavity and runner pressure values respectively, and C7 represent
the plunger velocity. It is interesting to note that the velocity gets attenuated steadily and
never goes negative, suggesting less severe vibration in the die casting machine, thereby

lowering maintenance and longer tool life.
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Figure 4.2 Example 3 pressure and velocity profiles using SoftShot®

4.2 Issues with SoftShot® approach

In the SoftShot® method, the user cannot specify a preferred number of
overflows, or suggest a reasonable upper bound and lower bound on the size of the

overflows. The dimensions solicited by this method may not be feasible to implement in
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cases where number of overflows is too many to accommodate in the design. If the
recommended dimensions are too small, then machining these overflows may seem to be
physically impossible. Hence a method which will enable the users to apply this novel
idea, with the additional capability of specifying the number of overflows and mentioning
reasonable limits on dimensions appeared to be a natural extension in this field of

research.

4.3 Developing Mathematical Model in MATLAB®

In the SoftShot® patent (Olmsted 2007), the equations required to estimate the
dynamic pressure inside the cavity and runner and the velocity of the plunger are given.
These equations are stated below.

At time T=0, the plunger is travelling at fast shot speed and cavity pressure is zero
with all the overflow chambers being empty.

The net force applied by the piston at time T is given by

2 2
Fpist = (Apist * Pacc) * (1 B (Vlo) > + Pro * Atip * (Vlo) (1)

Where V is the plunger velocity at time T, Py, 1s the initial runner pressure, Apig
is the cross-sectional area of the piston and Ay, 1s the cross-sectional area of the plunger
tip. Based on the value of the force imparted by the piston, the incremental velocity of the
piston is given by,

dv = g * (Fpist — Poyn * Atip) *dT /W ()
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dT is the time step in seconds (0.0005 milliseconds), g is the acceleration due to
gravity (386 inch per second) .
The initial flow rate through main gate is Qo = Vj * Ay, (cubic inch per second).

At any instant T, the flow rate is Q, calculated in the following way,

Q=0Q* \/(Prun = Peav)/Pmo when Py, = Pgy

Q = _QO * \/(Pcav - Prun)/Pmo when Prun < Pcav (3)
Where Py, is the pressure in the runner system and P.,, is the pressure in cavity.

The flow rate through overflow gate is given by

QOV (i) = Fepeps * OTf(0) * /2 % g * Py /Denc when Vol (i) > Fill(i)

QOV(i) =0 when Vol(i) < Fill(i) 4)

Orf(i) is the cross-sectional area of i"™ overflow gate, Denc is the density of the
molten metal and F.fr is the flow coefficient, with the value 0.78. Vol(i) is the volume
and Fill(i) is the volume of molten metal accumulated in the i overflow gate. The rate of
filling for the i™ overflow is given by QOV (i) * dT. The incremental change in runner
pressure is calculated as follows

dPryn = (V * Aip — Negy * Q) * RunRate * dT (5)

The RunRate is the spring rate of the runner system, derived as

Denc

RunRate = E * W s (1+Ro0) (5.1)

E is the modulus of elasticity of the molten metal.
The incremental change in cavity pressure in time dT is given by

APeqy = Q — X121 QOV (i) * CavRate * dT (6)
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Where n is the number of overflows, and CavRate is calculated in the following

way

Denc

CavRate = E ¥ ——— (6.1)

Weav*(1+Rgc)

These equations are combined in a step by step integration process to develop the
MATLAB® model. The motivation to build this model is to find an optimal arrangement
of overflows to minimize peak cavity pressure using numerical optimization methods.
The following changes and assumptions are made in the model:

1. Change in equation(4) in the above set of equations, to calculate the flow rate

inside the overflow, the following relation is used in the MATLAB® model:

QOV (i) = Feoeps * OTf (i) * /2 * g * (Poy—Prun) /Denc
when Vol (i) > Fill(i)
Qov(i)=0 when Vol(i) < Fill(i).

2. The value of R, (ratio of mold expansion to molten metal compression) is
considered to be 1 instead of 2.

3. Modulus of Elasticity of Magnesium is considered to be 6.5*10%psi, and the
liquid density to be 0.0572 1b/in3. These values were not mentioned in the
patent document.

To ensure the MATLAB® model behaves closely to the Soft SHOT® model, both

example 1 and 3 are evaluated. Figure 4.3 and 4.4 are the plots generated from these two
examples respectively. The peak pressure recorded was 13990.59 psi for example 1,

whereas the SoftShot® generated value was 13763psi. The plot, though it looks similar to
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that of the one generated by the SoftShot®, has a few noticeable differences. For
instance, in the original SoftShot® plot in figure 4.1, the peak occurs at around 8.5

milliseconds, whereas, the same occurs at around Smilliseconds in the plot generated by

the MATLAB® prototype.
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Figure 4.3 Example 1 pressure and velocity profiles using MATLAB® prototype

Figure 4.4 is the plot generated by the prototype using the example 3 overflow
areas and volumes. The peak pressure recorded was 3537.51 psi, whereas the SoftShot®

generated value was 3498psi. Comparing with figure 4.2, they appear to be reasonably

close.
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Figure 4.4 Example 1 pressure and velocity profiles using MATLAB® prototype
Based on the evidences above, the model is used for optimization using the
Differential Evolution algorithm and Nelder Mead Revised Simplex. The algorithms and

the outcomes are elaborated below.

4.4 Constraints for Overflow Design

For designing the overflows, several aspects have to be taken into consideration.
The dimensions of the overflows typically depend on the shape and size of the cavity
they are attached to, hence vary significantly from one die to another. However, a
designer should adhere to some constraints while designing the overflows. For instance,
since each overflow act as an extra heat source to the cavity (Thukkaram, 1972), having
too many of them might add to the cycle time and require more cooling lines.
Traditionally, trapezoidal or semi-circular cross-sections are used for overflows, and the

thickness should be less than that of the main runner to ensure solidification before the
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main gate. The overflows should be small enough for easy ejection, and multiple small
overflows are preferred to one big overflow. The gate or feed of the overflows should be
thin enough to facilitate easy trimming, but they should be strong enough to withstand
ejection force as well. All of these have to be considered, and additionally there could be
more constraints based on particular design requirements. Keeping in mind these criteria,
the designer can decide upon the number of overflows and the upper and lower bounds

on the size of the overflows.

4.5 Differential Evolution Algorithm

Differential Evolution (DE) is a heuristic approach to find global optimal
solutions for non-linear functions (Storn, Price 1997). The advantages of DE include 1)
it’s capability of handling non-differentiable and multimodal functions, 2) it’s
parallelizability by using vector populations so that the stochastic perturbation of the
population vectors can be done independently, 3) it has an efficient self-organizing
scheme which is claimed to be superior than other evolution strategy algorithms and 4)
good convergence properties. The DE algorithm consists of four steps, namely

Initialization: A population of size NP of D-dimensional vectors is created by
randomly generated values with uniform distribution. This is done in order to cover the
entire parameter space. If there is an initial solution available, the population can be
created using deviations generated by normally distributed random values. The

population vector in generation G is defined as
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X;c wherei =1to NP
Mutation: New parameter vectors are generated by combining difference of two
vectors with a certain weight (F) and adding it to a third vector. This process is called
mutation. This is represented as follows
Vig+1 = Xr16 T F(xrz,(; — xr3,6) where i = 1to NP
rl, 12 and 13 € {1,2.. NP} are mutually different random numbers, which are also

different from the index i and Fe (0,2).

Crossover: A trial vector u is formed
U1 = (UiG+1r - UDiG+1)
Where

_ Vjig+1 Lf rand(j) < CR or j = rndint(1...D)
i1 = Xji if rand(j) > CR and j # rndint(1...D)) wherej=1..D

CR is the crossover constant in the range [0,1], rand(j) is a uniformly distributed
random value € [0,1], generated at the ™ time, and rndint is a randomly chosen index
between 1 to D.

Selection: The cost function using the trial vector u; 4 1s evaluated and if it
renders a smaller value than the cost function using the target vector x; s, then x; s41 =
u; ¢, otherwise the old value of x; ;is retained for the next generation.

These steps are repeated G times, and parameter vector in the G" generation with

the minimum cost function value is regarded as the solution.

33



4.6 Differential Evaluation for optimization of Peak pressure

DE algorithm is used to minimize the peak cavity pressure value, varying the
cross-sectional areas and the volumes of the overflows. First 1 overflow gate is
considered with the dimensions given in example 1, i.e. the prior art design as the initial
values. Applying DE with 100 generations each of population size 200, the minimum
peak pressure value found was 9354.2 psi. Then the number of overflows is incremented
to 8, and the optimal peak pressure value came out to be 2258.3 psi. Table 4.2 shows the
optimal solutions using number of overflows from 1 to 8, along with the time required to
run the algorithm. The DE parameters used in this case were F=1.5 and CR=0.7. Figure
4.5 shows the plot of pressure and velocity profile, using 8 overflows. The initial values
of 0.05sq.in. for diameter and 1.5 cu. in are used for orifices for each of this cases. The

upper bound and the lower bound on the volumes are 2 cu. in and 0.2 cu.in. respectively.
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Number
Peak pressure Time Required
of Volume (cu. in) Orifice Area (sq. in)

si) (seconds)
Overflows @

6120.5 2.00, 2.00 0.0804, 0.1500 1345.63

3586.1 2.00, 2.00, 2.00 2.00 0.0358, 0.1412, 0.0642, 0.0100 1667.75

6 2.00, 2.00, 2.00, 2.00, 2.00, 0.0100, 0.0346, 0.1148, 0.0579, 0.0177,
2349.0 1987.41
2.00 0.0100
8 2.00, 2.00, 2.00, 2.00, 2.00, 0.0100, 0.0100, 0.0153, 0.0100, 0.0100,
2258.3 2258.3
2.00, 2.00, 2.00 0.0435, 0.1165, 0.0278

Table 4.2 Optimal solutions using DE

- |——Pcav
| ——Prun
Vel

Figure 4.5 Pressure and velocity profiles using 8 overflow gates with DE
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4.7 Nelder Mead Revised Simplex Search

The Nelder Mead is a direct search method for function minimization (Nelder,
Mead 1960). This is a simplex procedure applied on a function of n variables, in which
the function values are compared at (n+1) vertices, among which the vertex with the
highest value is replaced by another point. There are three operations, viz. reflection,
expansion and contraction that are performed to modify the simplex and to arrive at the
optimal solution. In the Revised Simplex Search (RSS) method (Humphrey and Wilson,
2000), the optimization is performed in three phases, and within each phase new
simplexes are generated using reflection, expansion and contraction. RSS claims to
adhere the desirable properties of the original Nelder Mead method, in addition, it is less
affected by the choice of starting values, less prone to terminate at local optima and more
robust in terms of handling noisy responses and computational efficiency.

The RSS procedure is described here in brief. Let 8(x;) be the function value at
x; where i= 1,2,...d+1 and x; € R% 0,4y Omin and 0, denote the maximum,
minimum and next-to-worst values of the function at each stage q with Xmax , Xmin and Xpew
being the vertices respectively. Within phase ¢, at each stage q (where q= 1,2,...) the

centroid X, of all vertices are calculated, excluding the Xax.
Xcen = %{( ;'1=+11 Xi) — xmax} (1)
In original RSS, the phase ¢ terminates when A meets the termination criterion.
However, in order to ensure reasonable execution time, the execution of phase ¢ is ended

if the number of stages q reaches 150 or the termination criterion is satisfied. The steps

of the algorithm are described below:
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a) Initialization: The phase counter ¢ is set to 1 and the stage counter q is set to 0.
The d+1 vertices are calculated as below

Xiyv1 = X1 + V1€; fOT‘i = 1,2 d (11)

Where v, = {max{r|x1,j|:j =1,2...d}if %, # 0g
1 otherwise

x, is the initial vertex and e;is a vector with the i™ element as 1 and rest being 0.

b) Reflection: The reflected point X, is obtained in this step by reflecting Xax
across Xeen or the centroid of the vertices excluding Xpax.

Xrefl = Xcen + A(Xcen = Xmax) (iii)

where « is the reflection coefficient and the value is taken to be 1, as considered
in Nelder and Mead (1965). If 8,,;, < 6., 1S 04w then Xmax is replaced by X,en and the
termination criterion (e) is checked. Otherwise step (c) is attempted.

¢) Expansion: If ére 1S §min then the search is extended towards the direction of
(Xref1 — Xcen) and the expansion point is obtained by
Xexp = Xcen TV (Xrefi — Xcen) (iv)
where the expansion coefficient y = 2.0, as given in Nelder and Mead (1965). If
@exp < 0,,;, then the expansion is accepted and Xy is replaced by Xexp- Otherwise the
expansion is rejected and Xp.x 1S replaced by x.n. The termination condition (e) is
checked followed by this. If 8, f1> O.min, then the contraction step (d) is attempted.

d) Contraction: If 9Teﬂ > 0,4y, then the size of the current simplex is reduced. If
@Teﬂ < 0,405, then X and 6, 71 Treplace Xmax and Omax Tespectively. The
contraction point is computed by

Xcont = Xcen T B (Xmax — Xcen) )
where the contraction coefficient § = 0.5, as given in Nelder and Mead

(1965). If Ooone < Binax, then Xmay is replaced by Xcon.. Otherwise
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(f Bont > Omax), the lengths of all the edges of the current simplex are
reduced to produce a new simplex. The vertices are given by

Xi = Xmin T+ 6(p (Xl' - xmin) for i= 1,d+1 (VI)
8, is a shrinkage factor. The termination condition (e) is checked.

Termination criterion at each stage: After each of the above steps, the
following termination criterion is checked.

max“xi_xminll S{nlllxminllyi];]“xminll iofOTlSlSd‘Fl (vii)
2

Where 1, and 1, are user specified tolerances. If the condition (vii) is not
satisfied, the stage counter q is incremented by 1, and the steps are repeated from

reflection again.

Final termination: The termination point of current phase is recorded x*(¢) =

Xmin and the phase counter is incremented ¢ = ¢ + 1. When ¢ > 3, the final
optimal solution is given by
x* = argmin{ (x*(¢)) where ¢ = 1,2,3}

If ¢ < 3 then the next phase is set up by setting the counter q=0. The
initial values and the parameters v and &, are updated in the following way
x1=x"(p—1)
Uy = 0.5v,_4

6([’ = 6([)_1 + 0.2
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4.8 Implementation of Nelder Mead RSS with SoftShot®

The NMRSS optimization procedure is implemented in order to minimize
the peak pressure inside the cavity with the volumes and the cross sectional areas
of the overflow gates as the decision variables. The optimization is done over 1 to
8 gates. The upper bound and the lower bound on the volumes are 2 cu. in and 0.2
cu.in respectively. For the cross-sectional areas, these values are 0.15 sq. in. and
0.01 sq.in. The initial value for volumes is 1.5 cu. in. and for areas is 0.05 sq. in.
Table 4.3 shows the peak pressure values and the corresponding overflow gate
dimensions when the modulus of elasticity E is considered to be 6.5%10° psi, and
density of molten metal is 0.0572 Ib/cu.in. The right-most column gives the time
required by the Nelder Mead algorithm to find the optimal solution for each

number of overflows.
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Number
Time Required
of Peak pressure (psi) Volume (cu. in) Orifice Area (sq. in)
(seconds)
Overflows

2 4014 1.99,1.88 0.0632, 0.1500 133.89

4 3193.6 2.00, 1.88, 0.7, 2.00 0.0374, 0.0182, 0.0910, 0.0745 564.08

1.95,1.66, 0.21,1.25, 0.0213, 0.1154, 0.1430, 0.0496,

6 2364.8 1.96, 1.97 0.0176, 0.0392 1784

1.03, 193, 0.70, 0.0134,0.0169, 0.0921, 0.0652,
8 2188.9 155, 196, 1.85,2.00, 0.0162,0.0354,0.0173,0.0158 1723.02
2.00

Table 4.3 Optimal solutions for peak pressure using NMRSS
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Figure 4.6 Pressure and velocity profiles 8 overflow gates with NMRSS
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In the SoftShot® patent examples, the maximum pressure allowed was 3500 psi,
and the best solution achieved was 3498 psi using the 7 overflows with sizes described
example 3, compared to that, both DE and Nelder Mead had obtained peak pressure
values of much smaller magnitude. With 8 overflows, the peak cavity pressure estimated

was 2188.9 psi using Nelder Mead and 2258.3 psi using DE.

4.9 Comparison of two algorithms

From the results shown above, Nelder Mead provides marginally better solutions
for almost all the cases, and also Nelder Mead takes less time. The time required by DE
changes with the number of generations and the population size. The number of function
evaluation for DE was 200000 for all the cases presented here. From the above approach,
it is evident that a mathematical optimization technique can be used to determine the
optimal design of overflows to minimize the peak pressure inside the cavity. Moreover,
with this approach, the user has the choice to specify the number of overflows and also
the upper and lower bounds on the size of the overflows. If the outcome for a particular
number of overflows is not satisfactory, the user can vary the number and observe the

solutions in order to make a final decision on the design of the cavity.
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Chapter 5

DISCUSSIONS AND CONCLUSION

The goal of the present research is to approach the problem of flash from a design
perspective, and study the idea of achieving flash-free die casting by designing the
overflows. Two different approaches are described here to analyze the effect of changing
overflow sizes in order to control the pressure spike at the end of the travel of the
plunger. The first approach was to observe the pressure spike values obtained from a
hydraulic bench test using orifices of different size. The second approach was
optimization of a mathematical model, based on the equations provided in the SoftShot®
patent using two different algorithms, viz, Differential Evolution and Nelder Mead
Revised Simplex Search. The hydraulic bench test indicated that for a specific orifice
size, the pressure spike attains the minimum. The modeling and optimization approach
furnished the optimal design of overflows to minimize the pressure spike inside cavity for
a particular die design and given machine parameters. Both of these approaches
indicated that design of the overflows can have considerable effect on the impact
pressure of the die casting process and proper design can ensure elimination of flash from

the system.
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Some measurement errors might have influenced the data collected from the
bench test. The accelerometer used had a sensitivity of 8mv/g. The acceleration data
collected by the accelerometer might include the effect of vibration of the entire bench as
a result of the quick movement of the cylinder and coming to a sudden stop. Since the
shots were replicated for each run and the setup was the same for all the shots, those
effects should not be significant on the relative differences among the pressure spikes
from shot to shot. The randomization of the run order also helped suppressing the effects
of other factors such as difference in volumes of fluid discharged from the accumulator
from shot to shot or loss of precharge pressure of the accumulator from influencing the
outcome in general. If more replications were taken for each orifice size, the pressure
spikes could be found to be converging towards particular values.

The performance of the DE algorithm could be changed by varying the
parameters F and CR. Also, by increasing the number of generations and the population
size might help towards reaching a better solution. But more often, the improvement is
marginal compared to the rise in computational cost. Still it would be interesting to
observe if the optimal solutions change significantly for a much higher number of
generations and population size.

There are multiple research avenues that can be pursued from here onwards. The
optimal solutions found using the algorithms can actually be implemented on a die
similar to that described in the patent example. The pressure inside the cavity can be
measured using a pressure sensor, and it will be interesting to see how much reduction in
pressure spike can be achieved using the overflows suggested by the algorithms. It might

be difficult to manufacture such overflows in the first place, since the sizes are not
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standard for most of the time. Also, the model does not provide the location of the
overflows, so that have to be determined separately. Using a simulation software to

estimate where the molten metal will reach last might be one way to resolve this issue.
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APPENDIX A: PLOTS FROM HYDRAULIC BENCH TEST

PHASE-2
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Figure A. 1 Pressure and Acceleration for Phase-2 Shot 1
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Figure A. 2 Pressure and Acceleration for Phase-2 Shot 2
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Figure A. 3 Pressure and Acceleration for Phase-2 Shot 3

pressure I

Figure A. 4 Pressure and Acceleration for Phase-2 Shot 4
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Figure A. 5 Pressure and Acceleration for Phase-2 Shot 5

Figure A. 6 Pressure and Acceleration for Phase-2 Shot 6
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Figure A. 7 Pressure and Acceleration for Phase-2 Shot 7
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Figure A. 8 Pressure and Acceleration for Phase-2 Shot 8
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Figure A. 9 Pressure and Acceleration for Phase-2 Shot 9
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Figure A. 10 Pressure and Acceleration for Phase-2 Shot 10
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Figure A. 11 Pressure and Acceleration for Phase-2 Shot 11

pressure I

Figure A. 12 Pressure and Acceleration for Phase-2 Shot 12
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Figure A. 13 Pressure and Acceleration for Phase-2 Shot 13
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Figure A. 14 Pressure and Acceleration for Phase-2 Shot 14
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Figure A. 15 Pressure and Acceleration for Phase-2 Shot 15

Figure A. 16 Pressure and Acceleration for Phase-2 Shot 16
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Figure A. 17 Pressure and Acceleration for Phase-2 Shot 17
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Figure A. 18 Pressure and Acceleration for Phase-2 Shot 18
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Figure A. 19 Pressure and Acceleration for Phase-2 Shot 19

Figure A. 20 Pressure and Acceleration for Phase-2 Shot 20
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Figure A. 21 Pressure and Acceleration for Phase-2 Shot 21

pressure I

Figure A. 22 Pressure and Acceleration for Phase-2 Shot 22
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Figure A. 23 Pressure and Acceleration for Phase-2 Shot 23
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Figure A. 24 Pressure and Acceleration for Phase-2 Shot 24

59



Figure A. 25 Pressure and Acceleration for Phase-2 Shot 25

pressure I

Figure A. 26 Pressure and Acceleration for Phase-2 Shot 26
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Figure A. 27 Pressure and Acceleration for Phase-2 Shot 27

pressure I

Figure A. 28 Pressure and Acceleration for Phase-2 Shot 28
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APPENDIX B: SPECIFICATION SHEETS

TBR30 Bladder Accumulators soesicorey ) TODUI

1 Gallon (4 Litres)
DIMENSION
MODEL GAS CAPACITY |FLUID CAPACITY| DRY WEIGHT r D E
NUMBER T 3
In. Cm.” | Gallons | Liters | Lbs. | Kg. In. | mm.| In. | mm.
TBR30-1* 235 | 3,851 1 4 34 15 |3-1/2| 89 |2-3/8 | 60 |SAE -20 or 1-1/4" NPT

available as standard.
To specify 1-1/4" NPT
- add "P" o end of
Accumulator Model
Number

*=BLADDER MATERIAL SUFFIX N=BUNA-N B=BUTYL H=EPR E=VITON

17
(432mm) ﬁ
—=— 6-3/4" (171mm) =
GENERAL DESIGN DATA
MAXIMUM WORKING PRESSURE - 3,000 PSI (207 Bar)
MAXIMUM PROOF PRESSURE. ..ovcvcs s smsmisssssssssssssssmsssssss ssssssssssssssssssssssssses 4,500 PSI (310 Bar)
MINIMUM BURST PRESSURE............. . . 12,000 PSI (827 Bar)
OPERATING TEMPERATURE (Buna/Nitrile) " TO +200° F (-28° 10 93° C)

BLADDER FOR PETROLEUM BASE OIL
INTERCHANGEABLE WITH MOST OTHER BRANDS

TBR30-1GAL ROP1 0308

Phone: 803-245-5111  Fax: 803-245-2636 Tobul Accumulator, Inc. Bamberg, $C USA  www.Tobul.com

Specification for Tobul accumulator
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Tabds 1. NI USB-6008 aad NI USB-6008 Companisns

Fewmiure NI LSH-GiHsE LS i
Al resolion 12 bt differeniial. 14 biis ddfferenial,
11 hita sngke-erded 13 = single-ended
Pellasasdiim Al samphe eale, NiF LSS 4R kS
single chaanel”
Manmmum Al samphe rate. I ks AE kS
minkgde channels {a2pregaie)’
B conflipuration Ohpen ol lector ! Faich chamnel indivichaslly

progranmeiblie as epen collec e
Aw aidive deive’

- ﬁ?ulmwﬂ.

+Thie documeen) s MI-THADRN saming coention, Operedrin s calksd oper calbstor snd michi-pall i calkad

BT Ve,

Specification for NI 6009 USB DAQ Device
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[/]

150 I/min
350 bar

1l

FUNCTION

.
7

NNl

W

When the solenoid coil is not energized,
the valve is closed from port 2 to port 1.
Flow is permitted from port 1 to port 2.

When energized, there is free flow

through the valve from port 2 to port 1.
Return flow from port 1 to 2 is prevented.

INTERNATIONAL

2/2 Solenoid Directional Valve
Poppet Type, Pilot-Operated
Normally Closed

SAE-16 Cartridge - 350 bar
WS162-01

FEATURES
® External surfaces zinc-plated and corrosion-proof

® Hardened and ground internal valve components to ensure minimal wear and
extended service life

® Coil seals protect the solenoid system
® Wide variety of connectors available

® Excellent switching performance by high power HYDAC solenoid
@ Low pressure drop due to CFD optimized flow path

SPECIFICATIONS
Operating pressure: 350 bar
Mominal flow: max. 150 Iimin up to 280 bar

max. 100 I'min from 280 to 350 bar

Intermal leakage:

Leakage-free
(max. 5 drops = 0,25 cm®min at 350 bar)

Media operating temperature range:

min. -20 *C to max. +100 "C

Ambient temperature range:

min. -20 °C fo max. +60 °C

Qperating fluid:

Hydraulic oil to DIN 51524 Part 1 and 2

Viscosity range:

7.4 to 420 mm?/s

Filtration: Class 21/19/16 according to 1SO 4406 or
cleaner
MTTF: 150 years (see "Conditions and
instructions for valves" in brochure 5.300)
Installation: Mo orientation restrictions
Material: Valve body: steel
Poppet: hardened and
ground steel
Seals: NBR (standard)
FEM (optional, media
temperature range
-20 °C to 120 °C)
Coil: Steel/Polyamide
Cavity: FC16-2
Weight: Valve complete:  0.62 kg
Coil only: 0.19 kg
Electrical data
Response time: Energized: approx. 50 ms

De-energized: approx. 35 ms

Type of voltage:

DC solenoid, AC voltage is rectified
using a bridge rectifier built into the coil

Current draw at 20 °C:

1.5Aat12VDC
D.8Aat24vDC

Voltage tolerance:

+ 156 % of nominal voltage

Coil duty rating:

Continuous up to max. 115%
of nominal voltage at
max. 60° C ambient temperature

Coil type:

Coil...-40-1836
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DIMENSIONS

9.3 mo.
VT RRRT
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rutymet 10 chricsl modfcations
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(e T o Ta] 1 S/0E-13uM-28 [
= - R s 91,1385y
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Form tools & ):;;
Tool Part No.
Countersink FG16-2 176218
Reamer FC16-2 176219 mamaeonn) .

MODEL CODE

%ﬂ- M-C-N-24 DG
Basic model

Directional poppet vahve, UNF
pe

01 = standard

Manual override

Mo details = without manual override

M = manual overide

Body and Ports*

C = Cartridge only

SB8 = G1 ports, steel body

ABB = G1 ports, aluminium body

Seals
N =NBR (standard)
WV =FKM

Coil voltage
DC voltages

12 =12V DC

24 =24VDC

AC voltages (bridge rectifier built into the coil)
115 =115V AC

230 =230 VAC

Other voltages on request

Doil conrlectors (type 40-1836)
DIN connector to EN 175301-803

DK = KOSTAL threaded connection M27x1
DL = 2 flying leads, 457 mm long, 0.75 mm?
DN = Deutsch connector, 2-pole, axial
DT = AMP Junior Timer, 2-pole, radial

AC: AG = DIN connector to EN 175301-803

Other connectors on requast

Standard models

Model code Part No.
WS16Z-01-C-N-12DG 3048464
WS16Z-01-C-N-24DG 3048480
WE16Z-01-C-N-Z30AG 3049517
Qther models on request
*Standard in-line bodies
Code Part No.  Material Ports Pressure
FH162-588 3032436 Sheal, zinc-plated G1 420 bar
FH162-488 3037152 Aluminium, anodized G1 250 bar
Other models on request
Seal kits
Code Material Part No.
FH162-M HER 3052427
FS162-V FEM 051758
Measured at v= 34 mmds, T, =46 °C
psl bar
12 | |
wm b o = 2 . 1 enoigized +#
——— 1 2donorgiond -~
A
g Ll L7
o W[ ~7
-~
g e
o1 |-
i -
£ of ' P
-~
= =L /
Fr—
oF o
? an a 120 VD Lties
I"} 10 n 30 40 US gom
Flow rate
NOTE HYDAC Fluidtechnik GmbH

The information in this brochure relates to the
operating conditions and applications described.
For apphcalions or operaling conditions not
described, please contact the relevant
technical depariment.

Subjact to technical modifications.

Specification for Hydac solenoid valve
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ADXL193

SPECIFICATIONS'

ALTa = =40°C to +105°C, 5.0 V dec + 5%, acceleration = 0 g unless otherwise noted.

Table 1.
Model No. AD22282 Model No. AD22283
Parameter Conditions Min Typ Max Min Typ  Max Unit
SENSOR
Output Full-Scale Range lour = £100 pA 120 250 9
Monlinearity 0.2 2 0.2 2 %
Package Alignment Error 1 1 Degree
Cross-Axis Sensitivity -5 +5 -5 +5 L)
Resonant Frequency 24 24 kHz
Sensitivity, Ratiometric Voo=5V, 100 Hz 171 18 189 76 8 8.4 mv/g
(Over Temperature)
OFFSET
Zero-g Output Voltage Vour — Voo'2, Voo =5V -125 +125 —100 +100 my
[Over Temperature)?
NOISE
Molise Density 10 Hz = 400 Hz, 5V 3 10 5 15 mg/yHz
Clock Naise 5 5 my p-p
FREQUEMCY RESPOMSE Two-pole Bessel
—3 dB Frequency 360 400 440 360 400 440 Hz
—3 dB Frequency Drift 25°C to Tuwn of Tinx 2 2 Hz
SELF-TEST
Output Change Voo=5V 400 500 600 200 250 300 my
[Cube vs. Voo)*
Logic Input High Veo=5V 35 35 "
Logic Input Low Voeo=5V 1 1 W
Input Resistance Pull-down resistar to GND 30 30 30 50 ki
OUTPUT AMPLIFIER
Output Voltage Swing lour = £400 pA 0.25 Voo - 0.25 0.25 Voo-025 |V
Capacitive Load Drive 1000 1000 pF
PREFILTER HEADROOM 800 1400 q
CF5R @ 400 kHz 2 1.5 MV
POWER SUPPLY (Voo) 4.75 525 4.75 5.25 W
Functional Range 3.5 6 3.5 6 W
Quiescent Supply Current Voo =5V 1.5 2 15 2 mA
TEMPERATURE RANGE —40 +125 —40 +125 “C

' All minimum and maximum specifications are guaranteed. Typical specifications are not guaranteed.

* Zero g output is ratiometric,

* Self-test output at Voo = [Self-Test Output at 5 W Woed5 V).
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GENERAL PURPOSE 5 OR 10 Vdc OUTPUT

PRESSURE SENSORS

15 to 10,000 psi
1 fo 690 bar

PX303/PX313 Series

i€

» Welded Stainless Steel
Consiruction

+» NEMA 4 (IP65) Enclosure
+» Reverse Polarity
Protected

= Integral Strain Relief
Cable or DIN Connector

» 0.26% Full Scale
Accuracy

SPECIFICATIONS

5V Output (10V Output)
Excitation: 9 to 30 Vdc

(14 to 30 Vidc) unregulsted
Quisscent Current: 15 mA max
Ouput: 0.5 to 5.5 (1 to 11) Vide
Accuracy: 0.25% F5 (linearity,
hynterr;{ repaatability)

Zero Balance: 2% F5

Span Tolerance: +1% F5
Long-Term Stability: +0.5% F5
Typical Life: 100 million cycles

ing Temperatu
35".'.:?1 (010 160°F)

GDI?BI'IIMT re:
-1to M"C (30101

Total Thermal Effects: 1% F& max

Y

SHIINOSNYHL 3HNSS3Hd
1nd LNO 39YLT0A

Dimenslons: mm {Inch)

Shock: 50 g @ 11 m=
Vibration: 15 g 10 to 2000 Hz
Wetted Parts: 17-4 PH and 300 Senes
stainless stesl

B-o8

Pressure Port: 4 NPT male

Pressure Cavity: 0.075 in”

Electrical Connection:
PX303: 1 m (3) 4-conductor, 22 AWG,
PVC j shialded cable

PX343: mini DIN connector (included)

Weight: 224 B oz) to 1000 psi
281 g8 Boz Igmi palangml'lgi'lar

Specification for Omega pressure sensor
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Catalog HY08-1114-4/NA Heavy Duty Hydraulic Cylinders
2H Model Code / How To Order Series 2H

2H Model Code

|5-rul I<|=I |T| Il|=I Il|=I |T|BI I2|H| IC|=| LT
Bore Dia. Cushion Double Mounting Mounting Combination Series Piston Seal Paorts
Head Rod End Style Maodification Mounts* Designator
Cylinder
Specify Use 'C" Use "K” anly P =Use only if Any practical 2H
bore dia. | |onlyif head ||if a double Thrust Key mounting ZHD
ininches | | end cushion | | rod end required. style listed.
1.50 is required. | | cylinder |1s (Style CorF.) C = Ring Packed Piston
2,00 required. M = Use only for .
250 Manifold Port L = Lip Seal Piston
3.25 O-Ring Seal. K = Hi Load Piston
4'00 T = Basic, No Mount Applies to C F = Low Friction®
' TE = Tie Rods Ext. Head Mount only. S = Spring Loaded
5.00 TC = Tie Rods Ext, Cap PTFE piston seals®
6.00 TD = Tie Rods Ext. Both Ends M= Polypak
J = Head Rectangular Flange 3= Ma_grl1etic Pisllon.
JB = Head Sguare Flange stainless steel
4 . cylinder body, single
JJ = Head Rectangular bi-directional piston
H = Cap Rectangular Flange seal
HB = Cap Square Flange 7 = Magnetic Piston,
HH = Cap Rectangular carbon steel body,
C = Side Lug® single bi-directional
F = Side Tapped® piston seal
= Fi levi
BDB - 5:2 | :Z:S;:s T = SAE Straight Thread O-Ring (Std.)
DB : Cap Trunnian U = NPTF Ports (Dry Seal Pipe Thread)
DD : Int pFixed Trunnion® R = BSP Ports (Parallel Thread 150 228)
T ) P = SAE 4-Bolt Flange Ports (3,000 psi)
DE = Heavy Duty Intermediate
Fixed Trunnion® B = BSPT Ports (Taper Thread)
SB = Spherical Bearing G = Metric Thread Ports
¥ = Metric Thread Ports per ISO 6149
Shaded boxes identlfy required model number fields. M= Used only for Manifold Port O-ring
Seal. M option must be specified
' Awailable mounting styles for K Type cylinders are located at the end of Section A_ (Mounting Modification), applies to
When ordering a double rod end cylinder, the piston rod number and pisten rod end Mounting Style C only.
threads are to be specified for both rod ends.

The model number should be created as viewing the primary rod end on the left
hand side.

Example; K Type Cylinder:

4.00CKTD2ZHLT14A28AC10.000

Mounting Styles C and F should have a minimum stroke length equal to or greater than
their bore size.
Specify XI dimension.
In general, the model numbers as read left to right corresponding 1o the cylinder as
viewed from left to right with the primary end at the left. The second or subsequeant
mountings are mountings called out as they appear in the assambly moving away from
the rod end, Except when tie rod extension mountings are part of a combination, all
combinations should have a "5 (Special) in the model code and a note in the body of the
order claritying the mounting arrangement. The "F*, as used to define a thrust key is not
considered to be a mounting. However it is located at the primary end.
Low friction rod seals are also supplied when this cption is selected.
Spring loaded PTFE piston seals are not available in 1.50, 2.00 and 2.50 bores with
code 2 rod.

8 Parker Hannifin Corporation
Industrial Cylinder Division
www.parker.com/cylinder Des Plaines, llinals USA
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Catalog HY08-1114-4/NA

Heavy Duty Hydraulic Cylinders

2H Model Code / How To Order Series 2H
2H Model Code
@ I1|| I4|| |2|I [A] I<|=I [16.000]
Common Special Piston Rod Piston Rod  Piston Rod  Piston Rod ~ Cushion Cap Stroke™
Modification” Modification MNumber™ End Alternate Threads
Thread'*
Use only if special 1 Use only for Used only Specify
modifications are 2 male thread two if cushian ininches
required: 3 times longer required
Oversize Poris 4 than standard.
Port Position Change
Special Seals
Stop Tube'
Stroke Adjusters
Tie Rod Supports
Other
J = High Water Content Fluid Style 4 Small Male A = UNF Standard

W = Fluorocarbon Seals
‘W = Water Service

Style 7 Female Thread for
Spherical Rod Eye for

X = EPR Seals Piston Rod Codes Larger

2 = Class 2 Seals than Code #1 (Style SB only)

4 = Class 4 Seals Style 8 Intermediate Male

E = Fluorocarbon Seals — Style 9 Short Female™®
Piston Rod only Styla 55 Rod End for Flange

H = Class 8 Seals® Coupling

N = High Temperature Style 3 Special (Specify)'?

Rod Gland®
Shaded boxes identify required model number fields.

7 Sea common modifications Section D for additional options.
® Class B piston seals will be cast iron rings (Piston Code C) in 1.50, 2.00 & 2.50 inch
bores with code 2 rod. Spring loaded PTFE piston seals are not available in these
bore and rod combinations. In all other bore and rod combinations, Piston Code S
should be specified.
¥ Energized PTFE rod seals & wiperseal. All other cylinder seals are flucrocarbon.
" 5 = Stop Tube. Specily: stop tube length, net stroke and gross strake.,
Gross stroke = stop tube length + net siroke, Gross stroke to be placed in the
madel number fiald.
Exampla:
2.000 inches long stop tube
+14.000 inches net stroke
16.000 inches gross stroke
 Rafar to Rod buckling chart in Saction E to assura rod number salectad
will not buckle under load.
2 Style & stroke restrictions may apply. See Style 9 Minimum Siroke
Table for details.
™ Provide dimensions for KK, A, W or WF, If otherwise special,
furnish dimensicned sketch,
* Awailable only in combination with Styla 4 or Style 8,
* See Section D for detalled information regarding standard metric rod end
thread sizes.
™ Must be specified for Piston Red End Style 55,

M = Metric'®

N = Mo Thread *®

Style 9 Minimum Stroke Table

Baore Rod | Minimum
a [s] Stroke
1.50 - 4.00 All MNone
5.00 2.000 MNone
2.500 1.000
3.000 1.375
3.500 1.625
6.00 2.500 Mone
3.000 1.375
3.500 1.375
4.000 2.000

9
www.parker.com/cylinder

Parker Hannifin Corporation
Industrial Cylinder Division
Des Plaines, llinols USA

Specification for Parker hydraulic cylinder
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