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ABSTRACT

A simple, cost-effective centrifuge for use in an enhanced gravity laser materials

processing system was developed. This system is capable of producing an

acceleration normal to the sample surface ranging from to lOgg. Design

constraints include a maximum resultant acceleration of lOg^ and a beam delivery

system which is capable of using either a COj or Nd:YAG laser system as the

energy source. The available process diagnostics include photodiodes,

thermocouples, a CCD camera, and accelerometers in three axes.

An experiment was run to test the system and determine the effect of gravity on

the weld pool shape by performing spot welds in Inconel 718 at effective g levels

ranging from 2g^ to lOg^ at 2gg intervals. Post-process metallurgical analysis was

performed to determine the shape of the weldment.

The results of the experimental data indicate that gravity seems to play a slight

role in the size and shape of partial penetration welds; however, differences between

results for cw data and ccw data also indicate the possibility of a coriolis effect.
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Chapter 1: Introduction

With the advent of the space age, great interest has arisen concerning the

effect of gravity on materials processing. In particular, the welding or joining of

materials in a microgravity environment has received interest in recent years because

of its importance to long-term habitation of space (i.e., space station construction and

repair). In view of this importance, several microgravity welding experiments have

been conducted to determine if welds produced in microgravity differ from those

produced under earth normal (one ge or 9.81 m/s^) conditions.

The effect of gravity on welding is not only of interest for space development,

however. It is also significant in earth normal conditions. This becomes especially

apparent in applications such as pipe welding where the orientation of the laser weld

changes with respect to gravity during processing.

In earth normal conditions, separating the effects of gravity from other forces

such as surface tension and vapor pressure is difficult. The traditional approach is to

minimize the gravitational force by performing experiments in microgravity conditions

such as those found in drop towers, NASA's KC 135, and experiments aboard

spacecraft. All of these methods allow the experimenter to create scenarios in which

the dominant influences (e.g., surface tension and viscosity) are independent of

gravity. Unfortunately, experimental testing in microgravity conditions is expensive

and the necessary equipment is only available from a few sources.



Enhanced gravity* studies provide a viable alternative for researching

gravitational effects and improving commercial opportunities in materials processing.

These studies provide the researcher with a virtually limitless variability of the

gravitational acceleration in an environment which is relatively easy to reproduce. As

a result, numerous tests can be performed in which the g-level is altered (^ Ige) while

all other conditions are held constant. This provides data concerning the effects of

gravity on various processes which can be useful for validating computational models.

These models, if accurate, enable researchers working in microgravity conditions to

better anticipate their results when planning their experiments and use the available

flight time and space more efficiently.

Centrifuges are an effective method for conducting enhanced gravity

experiments since they can provide a number of gravitational ranges and orientations.

In addition, centrifuges can be built to hold different amounts of material in various

configurations from tiny centrifuges carrying fixed samples to larger models with the

ability for sample motion. More importantly, perhaps, most researchers and

manufacturers can afford to build and maintain at least a small one as they can often

be modified from existing systems for work in materials processing.

Centrifuge studies of enhanced gravity materials processing are complimented

by using lasers as the heat source. Lasers provide a high energy density, non-contact

* Since work in environments with greater than Igj has generally been carried out
in one of two regimes (^ 50ge or ̂  10,000ge) in which the phenomenon involved appear
to be entirely different [1], 50ge or less will be referred to as enhanced gravity while the
term high gravity will be reserved for environments with greater than SOg^.



heat source, and, since the laser beam is simply concentrated coherent light, the laser

itself can remain stationary while its energy is brought to the workpiece through the

use of moving optics. This makes even compact centrifuges useful for experiments

since the centrifuge does not need to be large enough to accommodate the heat

source.

Thus, a cost effective centrifuge for enhanced gravity research will make it

possible to simplify and expand research opportunities and spread technological or

commercial advances to a larger portion of the population. Industry, too, can gain

access to centrifuges and take advantage of any benefits of enhanced gravity

manufacturing techniques. Enhanced gravity laser materials processing will have a

great impact on the knowledge and resources of both the scientific and business

communities.



Chapter 2: Background

Some of the first attempts to understand the effects of gravity on welding

involved microgravity welding studies performed by the United States in NASA's

Skylab M551 metals melting experiment. In this study, electron beam welding was

performed on variable thickness disks of 2219-T87 aluminum alloy, 304L stainless

steel, and commercially pure Tantalum [2-5]. Each disk was rotated under the beam

to produce a linear speed of approximately 1.61 cm/s. The beam was then defocused

and allowed to dwell on a thick section of each disk to create a large molten pool.

This study showed that microgravity welding was possible. In addition, a comparison

of the microstructures of the earth based (Ige) and Skylab (jig^ samples revealed

several interesting differences. The microgravity sample contained a fme grained

equiaxed zone near the base material which transitioned to a columnar zone of

elongated grains and, finally, to large equiaxed grains in the middle. The earth based

sample, in contrast, lacks the central equiaxed zone, being comprised of a fine

grained equiaxed zone near the base material which transitions to a columnar zone.

The columnar zone curves to follow the heat flow as the centerline is approached.

Differences were also noted in the weld size and shape, segregation, and the dwell

penetration between the flight and ground samples. However, interpretation of the

data was inconclusive as neither electron beam power nor disk traverse speed were

well known or controlled for the Skylab samples.



The Soviets also performed studies of low gravity welding in space. One of

their major investigations involved the "Vulkan" electron beam welding setup [6, 7].

The experiments included materials such as stainless steel, aluminum, and titanium

between 1.5mm and 3mm thick. An analysis of the results indicated that weightlessness

did not strongly influence the process weld seam formation or the depth of melting.

However, much greater porosity (up to 40 times) was noted in the microgravity welds.

Similar results were obtained in electron beam experiments flown onboard the Soviet

TY-104 flying laboratory.

Although several experiments regarding the effect of microgravity on welding

have been performed in space (ie. Skylab), the majority of the research has been

conducted onboard aircraft. Some of these aircraft include NASA's KC-135, the

Japanese MU-300*, and the Soviet TY-104 flying laboratory. The aircraft are flown in

a parabolic trajectory to produce between 20 and 30 seconds of microgravity (gravity

levels from less than O.Olg. to around 0. Ige are typical) during each parabola. This

trajectory also permits the study of enhanced gravity on welding as periods of higher

gravity are produced on either side of the parabola (Figure 2-1).

>l9 >19ow

Figure 2-1. Parabolic Flight Path

* Owned and operated by Mitsubishi Heavy Industries.
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One of the experiments performed onboard the KC-135 was Kaukler and

Workman's study of laser welding of thin foil (0.127mm) 304 stainless steel [8, 9].

This study used an 18W Nd;YAG laser. A simulated space environment was

provided by a small vacuum chamber and the microgravity (O.Olgg) portion of the

flight path. For comparative purposes, welding was also done during the enhanced

gravity (1.8ge) segment of the flight. To insure that the gravity level was the only

variable between the microgravity and enhanced gravity sections of a given sample,

the welds were conducted such that the transition between enhanced gravity and

microgravity occurred within the weld. Comparisons between the two sections of the

welds exposed differences in both the structure and microstructure. First, the

enhanced gravity section showed a suppression of the weld surface ripples when

compared to the microgravity welds. The enhanced gravity sections also showed a

randomly oriented equiaxed dendritic structure while the microgravity sections had a

radially emphasized columnar structure. This contradicts the earlier Skylab studies in

which the microgravity welds produced a central equiaxed dendritic structure.

Differences in overall weld shape were also noted. Although not every sample

showed changes in weld bead structure in sympathy with g-level changes, the partial

penetration welds, in general, had an increase in weld penetration and a decrease in

weld bead width in microgravity. Analysis was also made of the weld and heat

affected zone (HAZ) hardness and (for those samples which showed no width

variations) the change in tensile strength. The conclusions reached by this study were



that a reduction in convective flow in microgravity produced harder, stronger, deeper

penetration welds with more surface rippling than Igj welds.

Researchers Tandon and Wang also participated in researching the effects of

gravity on laser welding onboard the KC-135 [10]. They were involved in welding

1.0mm thick 316 stainless steel using a 120W CW CO2 laser at a power of 70W and

a speed of 0.01 cm/sec. Like Workman and Kaukler, Tandon and Wang found that

the depth of penetration of the weld increased in microgravity. They also noted an

increase in 'burning' or smoking during the microgravity experiment. This was

attributed to an increase in the coupling coefficient at the sample during microgravity.

The distribution of elements within the weld was also found to change as the gravity

level increased from low to high causing an increase in the iron concentration and a

decrease in the concentration of nickel.

Laser keyhole welding of plastics under various g levels has also been

researched onboard the KC-135. Mueller [11] investigated penetration welding of

optically clear polypropylene and polyethylene to prove the viability of keyhole

welding in a low gj environment and to observe changes in weld keyhole morphology

with gravity. The investigation included both bead on plate and lap welding. The

purpose of the bead on plate welding was to smdy the effects of changing the gravity

level on keyhole shape and weld penetration while the lap welding allowed the effects

on weld strength to be tested. This study found that the keyhole became narrower

under low ge while weld depletion (loss of material from the weld pool) was reduced.

However, weld penetration in low g^ was similar to that obtained in one and higher



gg. This lead to the conclusion that while gravity can substantially change keyhole

shape, it plays a relatively small role in the determination of weld penetration.

Additional findings of this study were that keyhole welding in low & is viable and

stable and weld strength was not effected by the changes in gravity level.

In addition to the research performed on the KC-135 flights, microgravity

studies have been conducted on Japan's MU-3(X). Masubuchi and Nayama [12]

investigated gas tungsten arc welding of 2mm thick aluminum and 2219 aluminum

alloy in an argon atmosphere under low gravity conditions. Although the arc plasma

was wider than the plasma normally produced, Masubuchi and Nayama did not

believe that the difference was significant enough to have affected the weld. The

results of their research indicated that the weld bead made in low gravity contained

none of the ripple lines which normally exist in Ig^ welds, a finding which contradicts

Workman and Kaukler who stated that microgravity welds have more ripple lines than

Ige welds. Masubuchi and Nayama also found that low gravity welds tend to contain

a larger number of smaller pores spread uniformly over the weld. This is in comparison

to Ige welds in which a small number of large pores tend to segregate near the bottom of

the weld pool. However, they believed that some of the differences in pore size, number,

and location could have been due to the change in the gas delivery systems between the

ground and microgravity apparati from a flow system (IgJ to a static inert atmosphere

(/ige) which may have created impurities near the arc. The impurities could have caused

additional pores to form.

In addition to the studies which indicated fliat changes in gravity level affect the

weld formation, welding experiments conducted by Foley and Banas [13] have shown that
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the gravitational orientation, or attitude of the workpiece (horizontal, vertical, or upside

down), also affects the weld by influencing such phenomena as fluid flow, molten pool

stability, and weld bead support. These factors, in turn, influence the size and shape of

the weld itself. For example, the study has shown that the maximum supportable weld

bead width is a direct function of the magnitude of the gravitational force applied to the

weld. An equation was given by Foley and Banas relating the maximum supportable

weld pool area to the surface tension of the supporting meniscus. (It should be noted that

in the normal, flat welding position, only the column directly above the root bead needs

to be supported [Figure 2-2].)

^rH K Supporting
Meniscus

Figure 2-2. Weld Pool Support Geometry

The equation was then solved for the theoretical maximum width of the root bead.

The resultant equation.

ghp

where a is the surface tension of the material, p is the material density, g is the

resultant gravity, Wr is the width of the root bead, and h is the material thickness,

shows that the maximum supportable beadwidth decreases as the effective magnitude

of gravity increases.



Another aspect of out-of-position welding which may be applicable to

enhanced gravity research is the effect on weld width and depth of fluid flow out of

the keyhole cavity. In cases where such flow was inhibited, e.g. with vertical-down

welds (Figure 2-3), the keyhole width increased and penetration depth decreased.

However, if fluid flow out of the weld zone is promoted as in vertical-up welding, the

weld tends to have a deeper penetration and narrower bead width. Overhead and flat

welds did not show much variation since gravity did not interfere with the normal

flow of material out of the keyhole for those positions.

Sample

V

Beam

Sample

l\ Beam

Beam

Sample —jf-

(») (b) (c)

Figure 2-3. Welding Orientations: (a) Vertical Up, (b) Vertical Down, (c) Flat

The effect of gravitational orientation on weld penetration was also

investigated by Mueller [11]. This investigation showed that flat welds had the least

amount of penetration, sample up (same as Foley's vertical down) welding showed

better penetration and sample down (vertical up) welding showed the most

penetration. These results agreed with those of Foley and Banas.

Mueller also investigated the effect of different gravity levels on the various

orientations. He found that for welds performed on samples moving across or up

(weld pool beside or above the keyhole), the keyhole depth decreased with an increase

10



in g-level. For welds performed on samples moving down (weld pool below the

keyhole), the keyhole depth increased slightly with an increase in g-level. The change

in depth in these cases was not linear. It showed a greater change from low ge to one

ge than from one g^ to higher g^ (1.6 to 1.8ge).

What effect does enhanced gravity have on solidification? According to Dr.

L. Regel [14], enhanced gravity should "intensify convection and sedimentation and

their influence on solidification." Increasing convection can affect the cooling rate

and concentration profiles in the sample which, in turn, affects the dendritic structure

as well as the overall grain structure. Specifically, solidification experiments have

shown that the dendrite structure coarsens and the overall composition becomes more

homogeneous until a critical gravity level is reached. After the critical level is

reached, the dendritic structure becomes fmer and the composition becomes less

homogeneous. The grain size is also affected, becoming more coarse until the critical

g-level at which point it usually becomes finer than the structure found at Ig^ [14,

15]. One possible explanation for these results is that unsteady convection is

stabilized by increasing the gravity level above a critical value. However, it has been

found by Weber et al. [16] that at least some of the effects observed in enhanced

gravity solidification of crystals were most likely caused by the effect of the coriolis

force" on convection and this force is produced by centrifiigation rather than by the

increase in gravity.

" The coriolis force is an inertial force present only in a rotating system which
appears to deflect a moving particle at right angles to its direction of motion.
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Chapter 3: Enhanced Gravity Laser Materials Processing System

System Description

The goal of the enhanced gravity laser materials processing (EGLMP) system

(Figure 3-1) is to provide an environment in which laser welding can be performed

under enhanced gravity conditions while being monitored with standard process

diagnostics. The system centrifuge needs to be useable with high power lasers (up to

3kW), produce both bead-on-plate and spot welds, and provide gravity levels between

2 and lOgj. The diagnostics should monitor both the sample and the system.

■J * »t»-
1 -

$ t

1 f VI  i
*« i f
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I  ̂
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Figure 3-1. Enhanced Gravity Laser Materials Processing System



Design Specifications and Constraints

The following specifications are necessary for meeting the design goal:

1) process power source: CO2 (10.6 micron) or Nd:YAG (1.06 micron) laser

2) a system of rotating optics to deliver the laser beam to the process module

3) rotation rates between 25 and 150 rpm

4) g level: 2ge to lOg^ capable of being fixed normal to the sample surface

5) radius to the sample: 0.508m (20") from the centrifuge axis of rotation

6) process gas (e.g. Ar, He): delivered to the sample, rate adjustable

7) sample size: 10mm X 10mm (0.39" X 0.39") minimum to

25mm X 50mm (0.98" X 1.96") maximum

8) sample linear motion: 25mm/s (0.98 inch/s)

9) sample travel: up to 25mm (0.98")

10) sample diagnostics:

a. thermocouples for measuring the surface temperature of the sample,

b. photodiodes for measuring the plasma intensity both from the side (plasma

signal isolated) and from the top (surface and plasma signals combined), and

c. a CCD camera for observing the size and location of the plasma.

11) system diagnostics:

a. accelerometers for measuring the resultant gravity vector at the sample.

12) data acquisition and storage: compact, battery operated system able to

withstand up to 10 g^ of gravitational loading and download the acquired data

to a host computer. Minimum sampling rates: photodiodes - 1 kHz,

13



thermocouples and accelerometers - 200 Hz. Storage capacity: sufficient to

contain the data acquisition programs and five seconds of data.

In addition to the design specifications, several design constraints were identified.

The most important design constraint was safety. Additional constraints include

1) a radius less than 0.711m (28") to fit within the existing laser work area,

2) a modular design for maximum versatility,

3) a minimal number of optical elements to reduce the loss of laser power due to

absorption,

4) low system vibrations/wobble,

5) easy adjustment for different gravity levels,

6) transportable design for removal from workstation when not in use, and

7) currently available or 'off the shelf parts (where possible) to reduce cost and

facilitate future maintenance and repair.

System Description

The EGLMP system is divided into seven major sections, or modules*. These

are shown schematically in Figure 3-2. The modular approach simplifies design and

construction and increases the versatility since a single module can be replaced or altered

without changing the entire system. The modules consist of the centrifuge motion

package module; the process module; the diagnostics module; the data acquisition and

storage module; the power supply module; the system control module; and the safety

enclosure. They are discussed individually in the following sections.

'More detailed design specifications are available in Appendix 2.
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System Control

G. Safety Enclosure

A.

Centrifuge
Motion Package

1

D.

Data Acquisition

and Storage

E.

Power Supply

B.

Process Module

C.

Diagnostics

Figure 3-2. Block Diagram of Modules (The dark arrowed lines indicate data or power

flow while the dark non-arrowed lines indicate physical coimection.)
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A: Centrifuge Motion Package Module

The centrifuge motion package provides resultant gravity levels between two

and ten g^ at a radial distance of 50.8cm (20") from the axis of rotation of the

centrifuge. This module consists of the flywheel support flange, the rotation motor,

the gas delivery inlet and support system and the support block. Figure 3-3 shows the

location of these components.

Ull*

i: «

I S-i

as? ■jj^ t iP.ar^* i "

_  1

Figure 3-3. Centrifuge Motion Package



A.l Flywheel Support Flange

The flywheel support flange is a 20.3cm (8") diameter disk with a raised

central disk (Figure 3-4) which fits into the centrifuge flywheel. The flange can be

bolted securely to the centrifuge flywheel with four 3/8" bolts. A 1/8" tapped hole

through the top of the flywheel support flange provides access to the process gas.

The central bore cut in the bottom of the support flange allows it to be press-fit to the

centrifuge shaft.

O

O oo

o

a. Top View b. Cross Section

Figure 3-4. Flywheel Support Flange

A.l Rotation Motor

A 3/4 HP variable speed motor with an electronic controller was combined

with a right angle 10:1 speed reducer to provide centrifuge rotation rates ranging

from 50 to 150 rpm. This rpm range provides a resultant acceleration from two to
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ten ge at a radial distance of 50.8cm (20") from the axis of rotation of the centrifuge.

The configuration allows both clockwise and counterclockwise rotation of the

centrifuge within the specified rpm range via the controller.

A.3 Centrifuge Gas Delivery Inlet and Support System

This system includes a shaft, shaft support bearing and gas delivery inlet

(Figure 3-5). The shaft connects the motor to the centrifuge flywheel, provides gas

delivery to the centrifiige through the gas delivery inlet and stabilizes the flywheel

support flange with the shaft support bearing.

Shaft Support
Bearing

Lip Seal

OO

o j  ̂
Gas Delivery

Inlet

Gas Inlet Block

o Shaft

Figure 3-5. Centrifuge Gas Delivery Inlet and Support System.

The shaft is composed of a 3.8cm (1.5") diameter steel bar which has been

bored out on each end (Figure 3-6). The bottom bore is sized to allow the two shafts

to be coupled together. A second hole is drilled through both shafts for securing

18



them with a shear pin. This pin will shear if the centrifuge arm impacts a solid object

with more than approximately 12 pounds of force.

Gas Delivery
Inlet Hole

A

Shear Pin

Hole

Process Gas

Delivery Bore
/

Gearbox

Shaft Bore

Figure 3-6. Cross-section of Shaft.

The top bore of the shaft intersects with the gas delivery inlet hole 10.8cm

(4.25") from the top of the shaft. This provides a method for bringing the process

gas from a stationary outside location onto the rotating centrifuge. The gas delivery

hole is enclosed by the gas inlet block which is bolted securely to the centrifuge

support block. A right angle, male to 1/4" hose connector is threaded into a 1/4"

hole and connects the process gas delivery hose to the gas inlet. A lip seal was

provided on each end of the gas inlet block to prevent gas leakage while allowing free

rotation of the shaft.
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The shaft support bearing provides free rotation of the shaft while holding the

shaft in the proper orientation and preventing side to side motion or wobble. A

Browning prelubricated precision ball bearing pillow block with a 3.81cm (1.5") inner

diameter is used for this purpose. It is connected to the support block by two bolts

and set to the correct distance from the support block with a 0.4cm (0.16") spacer.

A.4 Support Block

The centrifuge support block (Figure 3-7) provides a secure mount for the

motor, gear box, shaft support bearing and the gas inlet block. It also acts as a

counterbalance for the motor and gear box that will inhibit any inherent system

vibrations.

<2>

0

0  Oo  o o o

Figure 3-7. Centrifuge Support Block
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The support block has overall dimensions of 35.6cm x 39.4cm x 33.7cm (14"

X 15.5" X 13.25") and is composed of five plates of 19mm (3/4") thick aluminum

joined by 1/4" countersunk bolts. The bottom plate has six mounting holes which

match the hole pattern on the available laser workstation. The back plate has

additional bolt holes for mounting the gas inlet block, shaft support bearing, motor,

and right angle gearbox.

B: Process Module

The process module is responsible for delivering the focused laser beam

normal to the sample surface while keeping the sample surface normal to the resultant

gravity vector. To keep the sample surface normal to the resultant gravity vector, it

is important to know both the magnitude and direction of the vector.

The resultant gravity level at the sample (gr) is produced by a combination of

the earth's gravity (ge) and the radial acceleration of the centrifuge (a,) (Figure 3-8).

a

Figure 3-8. Resultant Gravity Vector
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The resultant gravity vector has magnitude g, and direction 6 given by

and

6 = tan"' — ,

where gj is the magnitude of the earth's gravity vector (9.81 m/s^ or 32.2 fl/s^), a, is

the magnitude of the centrifuge's radial acceleration vector, g, is the magnitude of the

resultant gravity vector, and B is the angle of the resultant gravity vector from the

horizontal. Table 3-1 contains the centrifuge height and angle settings for resultant

gravity levels between 2ge and lOgj at Ige intervals.

Table 3-1. Centrifuge Parameters for Selected Resultant Gravity Levels

Resultant

Gravity Level
Angle of Process Module
(in degrees from horizontal)

Central Mirror

Height (cm)
Centrifuge
RPM

2ge 30.0 36.95 55.2

3ge 19.5 25.61 70.6

4ge 14.5 20.76 82.6

5ge 11.5 17.96 92.9

6ge 9.6 16.21 102.1

7ge 8.2 14.94 110.5

8gc 7.2 14.04 118.3

9ge 6.4 13.32 125.5

lOge 5.7 12.69 132.4
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The process module consists of the centrifuge flywheel, the central turning

mirror assembly, the process module adjustment block, the centrifuge arm, the

processing box and the counterweight (Figure 3-9).
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Figure 3-9. Process Module

B.l Centrifuge Flywheel

The centrifuge flywheel provides a surface for connecting other modules as

well as the remaining components of the process module. It also provides a large,

balanced mass to counteract the tendency of incorrectly placed modules to unbalance

the system and cause wobble or vibration. The centrifuge flywheel is a 61cm (24")

diameter, 1.9cm (3/4") thick disk of aluminum with a central hole 6.35cm (2 1/2") in



diameter and has four 3/8" holes for connecting the flywheel to the flywheel support

flange.

B.2 Central Turning Mirror Assembly

The central turning mirror assembly (Figure 3-10) directs the centrally located,

stationary beam from the processing laser to the moving process module and keeps

the beam stationary with respect to it. The primary components of the central turning

mirror assembly are the mirror, the mirror holder and the mirror support rods.

Mirror Holder

Mirror Support Rods

Figure 3-10. Central Turning Mirror Assembly



B.2.1 Mirror. The mirror is a 76.2mm (3") diameter gold plated copper

mirror. This type of mirror was chosen because it is reflective for both CO2 and

Nd:YAG wavelengths.

B.2.2 Mirror Holder. The mirror holder (Figure 3-11) holds the mirror at

orientations from vertical to nearly horizontal with both side to side and up/down fine

tilt adjustments.
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Figure 3-11. Mirror Holder (Rear View)



B.2.3 Mirror Support Rods. The mirror support rods provide a steady mount

for the central mirror and mirror holder at heights up to 38.1cm (15") above the

centrifuge flywheel.

B.3 Centrifuge Arm

The centrifuge arm (Figure 3-12) is designed to place the processing box at the

correct horizontal distance from the flywheel center. The arm is 30.5cm (12") long

by 7.6cm (3") high. Holes in the base of one end enable it to bolt to the flywheel

while holes in the sides of the other end hold the processing box. In addition, a 45'

mirror is attached near the processing box for use with the process diagnostics

(camcorder).
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Figure 3-12. Centrifuge Arm



B.4 Process Module Adjustment Block

The block (Figure 3-12) is a 15.3cm (6") x 5.1cm (2") x 3.2cm (1.25") thick

piece of aluminum which is used to align the optical centerline of the processing box

with that of the central mirror.

B.5 Processing Box

The processing box (Figure 3-13) consists of the housing in which the welding

is accomplished, the beam focusing lens, the sample holder and positioning system,

and the sample motor.
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Figure 3-13. Processing Box



B.5.1 Housing. The housing provides an enclosed environment in which the

laser beam is focussed onto the sample. It can be tilted to keep the sample surface

normal to the resultant gravity vector. Since the focussing lens is contained within

the housing, the laser beam stays normal to the sample surface regardless of the angle

of the housing and prevents the focussed beam from hitting anything outside of the

housing even if the beam becomes misaligned. The housing also holds the diagnostics

(except for the CCD camera), the amplification circuits and the gas delivery nozzle.

R.5.2 Beam Focussing Lens. The focusing lens is a 38mm (1.5") diameter,

127mm (5") focal length ZnSe lens. It was chosen to match the focal length of the

existing CO2 laser welding system. The lens can be replaced with a suitable one

without any further modification of the process box if other wavelengths are used for

processing. Since the lens holder (Figure 3-14) screws into the housing, the focal

position of the beam on the sample can be easily altered.

Figure 3-14. Lens Holder



R 5.:^ Sample Holder and Positioning System. The sample holder (Figure 3-

15) holds samples ranging in size from 20 mm by 20 mm (0.79" x 0.79") to 25mm X

50nim (0.98" x 1.96"). It is positioned such that the pivot point of the housing falls

along the front face of the sample to maintain a uniform radial distance to the sample

regardless of the angle of the housing. The sample holder is mounted on a precision

miniature stage positioning system of the type used for positioning microscope optics.

This provides smooth sample translation in a small package. A spacer was added

under the stage to align the sample holder with the optical centerline of the focusing

iSi

I Sample Holder]

[ Positioning System I

Figure 3-15. Sample Holder



B.5.4 Sample Motor. The sample motor is battery operated and provides

linear movement of the sample by moving the miniature stage positioning system.

The sample movement rate is set to 25 mm/s (0.9 inch/s) and can be varied slightly

by adjusting the current flowing through the sample motor control board (see

Appendix 2).

B.6 Counterweight

The counterweight to the process module is mounted opposite the process

module on the centrifuge. It consists of an arm, a block, and a box which are nearly

identical to the centrifuge arm, the process module adjustment block and the

processing box housing, differing only in the hole pattern of the housing. Since the

counterweight box contains the power supply, it has bolt holes for securing the power

supply and accessing the power switch and fuse but no hole for the focusing lens.

There is sufficient space remaining in the counterweight box to store extra weights

inside if necessary.

C: Diagnostics Module

The diagnostics are similar to the type currently used by the UTSI Center for

Laser Applications (CLA) laser materials processing group. Monitoring of the

system's resultant gravity vector near the sample is also provided. The diagnostic

tools include thermocouples, photodiodes, a CCD camera, and accelerometers.
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C.l Thermocouples

The system uses type K or chromel(Ni-Cr)/alumel(Ni-Al) thermocouples.

These thermocouples have a wide useful range (-2(X)°C to 1250°C). They also have

a low standard error (±2.2°C) and good corrosion resistance [Stanford Research

Systems 1992-1993 Catalog]. Since there was not enough room for ice point

compensators, a 0°C to 1(X)°C temperature sensor was installed at the thermocouple

to copper wire junction to allow manual temperature compensation to be made.

C.2 Photodiodes

There are two general purpose photodiodes used for this system. One

monitors the sample surface to note the onset of surface heating while the second

monitors the weld plasma above the sample. Neutral density filters in the form of

exposed photographic film can be used to prevent photodiode saturation. Ring type

filter holders are provided for this purpose. Figure 3-16 shows the location of the

photodiodes within the process module.

Laser

PhD

Figure 3-16. Photodiode (PhD) Locations and General Field of View
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C.3 CCD Camera

The CCD camera (Figure 3-17) is an 8mm, 1.6 lb G.E. camcorder with 8x

telephoto zoom lens and lock on recording. It has an internal monitor which can be

rotated up by 90 degrees for easier viewing while mounted on the centrifuge and

video in/out so that the picture can be viewed on a full size color television or

transferred to another tape. The power supply for the camcorder is supplied by the

manufacturer in the form of a rechargable battery that can power the unit for

approximately one hour. A two hour battery is also available. The camcorder

provides an all-in-one unit for filming the weld plasma in a compact, easy-to-operate

form.
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Figure 3-17. CCD Camera



C.4 Accelerometers

Three accelerometers are used to determine the resultant gravity vector in the

process module by measuring the component of the vector that falls along each

accelerometer's axis. The accelerometers are placed along orthogonal axes so that the

vector components can easily be added using vector algebra to obtain the magnitude

and direction of the resultant gravity vector with respect to the process module.

Unfortunately, it was not possible to place the accelerometers on the sample surface

so the value recorded, while close, is not exactly the same as that felt at the sample

surface.

IC Sensors model #3145 accelerometers are used for this purpose. This model

has internal voltage regulation, amplification, signal conditioning, temperature

compensation from -20°C to 85°C and overrange protection. In addition, these

accelerometers are damped at around IkHz. A ±10ge accelerometer measures radial

acceleration at the sample surface while ±5ge models measure jitter along the

tangential and z axes. The axes are shown in Figure 3-18.
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B. Top View

Figure 3-18. Process Module Acceleration Axes
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When the accelerometers are combined with the data acquisition and storage

module, radial accelerations as small as 0.0024ge can be measured while the

tangential and radial axes are capable of measuring g jitter as small as 0.0012ge. All

three accelerometers are sampled at a frequency of 3.5kH.

D: Data Acauisition and Storage Module

The data acquisition and storage module provides a self-contained system

which can be mounted on the centrifuge during processing. It obtains and stores data

from ten different channels for a five second period at a 56 kHz total sampling

frequency. To meet these requirements an Ampro Coremodule 286, a DM 406 data

acquisition board, a ten channel multiplexer and signal conditioning/amplification

circuits were combined. The Coremodule 286, DM406, and multiplexer are

contained within the PC/104 enclosure mounted on the centrifuge flywheel while the

signal conditioning/amplification circuits are contained on a board within the

processing box and protected from splatter or laser backscatter by a brass shield

[made of 0.5mm (0.002") brass shimstock].

D.l Signal Conditioning/Amplification (Circuits)

The signal conditioning/amplification circuits are contained within the process

module. They are designed to filter out signals with frequencies higher than those

detectable at the given sampling rate. They also provided sufficient amplification to
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bring the signals from the diagnostics into the -5V to +5V range. Circuit diagrams

are given for each type of diagnostic in Appendix 2.

E: Power Supply Module

Except for the self-power camcorder, the power supply (Figure 3-19) provides

all power needed onboard the centrifuge. It consists of a 12V rechargeable battery

and voltage regulators. The voltage regulators include ±12V and -I-5V regulators for

supplying power to the data acquisition and storage circuitry and a -t- 12V regulator

for supplying power to the sample motor.

On/Off
Fuse

Switch

12V

Rechargeable

Battery

± 12V

Voltage
Regulator

- 5V

Voltage
Regulator

- 12V
Voltage

Regulator

To Data

Acquisition

and Storage

To

Sample Motor

Figure 3-19. Block Diagram of Power Supply Circuit.
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F: System Control Module

There are five controls that must be operated in the EGLMP system; the

laser/CNC controller, the motor speed controller, the gas flow regulator, the Ampro

motherboard on the centrifuge, and the switches on the camcorder.

The laser/CNC controller triggers the start of the sampling phase of the

onboard data acquisition program, turns on the cover gas and turns the laser on and

off. It triggers the onboard program by activating an IR photodiode with a digital

signal accessed from the rear panel of the laser cabinet. The cover gas and laser

parameters are regulated via a CNC program. An example program is included in

appendix 1.

The motor speed controller (which should be set up near the laser controller

for safety reasons) is used to set the proper centrifuge rpm for the desired effective

gravity. The theoretical rpm values are listed in Table 3-1. An optical encoder is

used to measure the centrifuge rpm.

The gas flow regulator is used in conjunction with the CNC program to

regulate the gas flow out to the centrifuge arm. The regulator controls the pressure

and flow rate of the gas before it reaches the centrifuge.

The Ampro motherboard on the centrifuge controls all data acquisition and

storage during the experimental run as well as starting the sample motor. It also

uploads the data acquisition programs and downloads the data through the board's

serial port. It is reset at the beginning of each experimental run. It activates each

control phase as needed during the run automatically.
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The switches on the camcorder are used for starting and stopping the record

mode on the camcorder. There are additional buttons for focusing the camcorder and

viewing the previous runs as well as jacks for sending the video signal out to another

site.

G: Safety Enclosure

In addition to the enclosed process module, shear pin and emergency stop

mentioned earlier, a safety enclosure has been built to further safeguard the operator

and other observers during operation.

The safety enclosure (Figure 3-20) is designed to contain the laser beam and

any flying debris long enough for the operator to shut down the system in the event of

a mechanical failure. It has the additional benefit of providing eye protection from

laser beam scatter for the operator and any visitors during normal operation. The

safety enclosure is made out of 6.4mm (1/4") Lexan sheet joined with pre-slotted

angle and mounted on four lockable wheels. Lexan was chosen because it has a high

impact resistance and is opaque to 10.6/xm radiation. At the same time, it is

transparent for visible wavelengths which allows observation of the centrifuge. The

wheels were added to make the enclosure easier to move.

37



m

\//' t

X"S^£S3^
•«*

Figure 3-20. Safety Enclosure



Chapter 4: Experiment

Spot welding was selected for the first set of experiments. The objectives of

the experiment were: to show the viability of the enhanced gravity LMP system and

test the associated hardware and software and to determine the effect of gravity on the

final shape of the weld pool.

Experimental Parameters

The set of experimental parameters is given in Table 4-1. The variables were

the magnitude of the resultant gravity vector (g-level) and the direction of rotation of

the centrifuge. The rotation direction was varied to provide clockwise and

counterclockwise samples for each of the acceleration levels to help isolate the

influence of the coriolis effect on the final shape of the weld pool.

Table 4-1. Experimental Parameters

Sample Material Inconel 718

Size 20mm X 20mm x 3mm

(0.79" X 0.79" X 0.12")

Laser Wavelength 10.6/xm

Power Delivered 1200W average
2400W peak

Duration 0.1 s

Focus At sample surface

Cover Gas Type Helium

Flow rate side jet, 30 units (8 1/min)

Centrifuge Rotation cw, ccw

g-levels produced 2ge, 4g., 6ge, 8g„ lOge
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Overview

Experiment. Before setting up the experimental apparatus, the joule stick

calorimeter used for in-situ power calibrations was calibrated to a Scientec water

cooled calorimeter. This helped to ensure the accuracy of later power calibrations.

The enhanced gravity laser materials processing (EGLMP) system was then

installed on the existing laser workstation. Care was taken to ensure that the optical

axis of the Rofm-Sinar RS3000 laser, which provides the laser beam, was properly

aligned with the rotational axis of the centrifuge. Once the optics were properly

installed and aligned, the joule stick was used to calibrate the indicated laser power to

the power delivered at the sample surface.

After initial setup and calibration were complete, the EGLMP system was

configured for an experimental run in the following manner. The mirror and process

module were set to the proper location for the selected process parameters and the

laser power was calibrated with the use of the joule stick calorimeter. Next, the

sample was installed and all onboard cables and coimections were secured. After the

computer initialization protocol was completed, the camcorder was aligned, focused,

and placed in record mode. The safety enclosure was then secured. At this point, the

laser was activated to begin its warmup and the centrifuge was spun up and stabilized

to the appropriate rpm. Once the laser had stabilized at the correct power level, the

CNC laser control program was activated and the weld was performed.

After completion of the weld, the centrifuge was gradually brought to a halt,

the safety enclosure was opened, the data was downloaded to the host computer, and
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the computer was reset. The sample was then removed for labelling and further

analysis.

Two experimental runs for each combination of rotation direction and

acceleration level were plaimed. This allowed the samples to be compared for

repeatability.

Diagnostics. In order to determine the true magnitude and direction of the

acceleration affecting the sample, readings from accelerometers aligned along the r, t,

and z axes (Figure 3-18) were taken during the welding. These readings provided a

record of the acceleration along each axis which could be examined later for evidence

of disturbances. A resolution of 0.0024ge (r axis) and 0.0012ge (t and z axes) was

obtained with a 286 fis delay between readings.

In order to obtain information for correlating plasma characteristics with

acceleration level, the weld plasma was monitored with two different types of

diagnostics: photodiodes and a camcorder. The photodiodes were positioned in the

process module such that one monitored the surface during heating and, later, the

combined signal from the surface and the plasma while the other monitored signals

originating above the sample surface. The surface monitoring photodiode also

provided a method for determining the approximate time the laser impacted the sample

surface within the diagnostic record. A 71 /iS resolution was obtained for these

readings.

While the photodiodes monitored the intensity of the plasma, the camcorder

provided a method for monitoring the location. This was important since the size or
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location of the plasma might change but not the overall intensity monitored by the

photodiodes.

Experiment Procedure

Power Calibration (Calorimetry)

1) Calibrate joule stick calorimeter to Scientec 390 water cooled calorimeter.

2) Calibrate CO2 indicated power to delivered power between the turning mirror and

the focusing lens (to protect the lens) with the joule stick calorimeter before

starting runs for each new set of conditions.

Centrifuge Setup

1) Align HeNe alignment beam with CO2 beam.

2) Place centrifuge on workstation table with washer centered under centrifuge block

for axis alignment. Bolt loosely in place.

3) Remove central mirror and gas delivery hose from centrifuge flywheel (to remove

obstructions along rotational axis of centrifuge).

4) Center HeNe on centrifuge using worktable adjustments (gas outlet hole is center

of flywheel). Place lens tissue over gas outlet hole to improve visibility of HeNe

and facilitate the centering of the beam.
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5) Align central axis of centrifuge with HeNe laser.

a. Set a flat piece of glass on center of centrifuge flywheel.

b. Tighten comer bolts until centrifuge is secured and HeNe reflection is aligned

with its primary beam.

6) Check HeNe alignment with centrifuge. Repeat steps 4 and 5 until beam stays

centered on centrifuge and axes are aligned. Test with CO2.

7) Replace central mirror in holder.

8) Check that camcorder is positioned correctly - sample is centered in viewfmder.

9) Mount triggering IR LED above the path of central mirror support tubes.

10) Put safety enclosure in place, lock wheels.

11) Connect trigger lines from control panel to box in rear of laser cabinet.

12) Connect all appropriate apparati to outlet power.

13) Connect optical encoder to oscilloscope and circuit board.

14) Turn on power for oscilloscope.

15) Turn on power for the optical encoder's amplification circuit.

16) Adjust oscilloscope tilt, ground, and trigger to proper levels.

Note: See oscilloscope manual for further information.

17) Connect sample motor if desired.

18) Install camcorder and photodiode filters if desired.

19) Check gas flow level. Adjust if necessary.
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Welding Protocol

Preweld Activities:

Initial setup for each new set of conditions:

1) Set central mirror height and process module angle to theoretical values for run

(see Table 3-1).

2) Align central mirror with process module.

a. Place crossed wire optical target on process module (around lock nut on the

focusing lens holder).

b. Adjust central mirror up/down (adjustment bolt) and left/right (set screws) until

HeNe is properly located (centered) on target wires.

3) Check optical alignment.

a. Note location of HeNe.

b. Rotate centrifuge 360 degrees. Check that HeNe does not move significantly

with respect to the sample.

4) Test alignment with COj beam.

5) Calibrate power reading with joule stick calorimeter.

5) Bring up operations directory from host computer, (type cd/CENTRIFU. GE)

6) Install fresh battery in centrifuge power supply.

Note: Battery is good for approximately six (6) runs.

10) Turn on onboard power supply. Make sure the power LED on the onboard

computer lights.
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Before each run:

1) Begin computer startup protocol;

a. Connect null modem cable from serial port (COMl) of host computer to serial

port of centrifuge data acquisition and control computer.

b. Reset onboard computer.

Note: The computer will give 1 short beep, pause, then one short beep to

indicate successful bootup and an 'ok' beep to indicate readiness to receive

files.

c. Transfer all necessary programs to the onboard computer by starting the

"filesend.exe" program on the host computer, (type filesend)

Note: The computer will 'ok' beep 3 times to indicate successful file transfer

(host computer will display successful transfer as well).

Note: The onboard computer will 'ok' beep to indicate that it is waiting for the

external trigger.

d. Disconnect null modem cable from data acquisition and storage computer.

2) Clean focusing lens.

3) Clamp sample in sample carrier.

4) Hook up thermocouples if desired.

5) Move sample with respect to HeNe to proper location for experiment.

6) Make sure camcorder power is on. (set power switch to camera position)

7) Check that camcorder is displaying the correct time and date and that the shutter

speed is correct.

45



8) Put camcorder in manual focus mode and focus camcorder to weld location.

9) Close processing box and secure lid.

10) Start camcorder record by pressing the 'record' button on the camcorder

viewfmder.

11) Close safety enclosure and secure door.

12) Activate laser for warm-up period.

13) Make safety check of perimeter.

14) Begin centrifuge spinup.

a. Turn the power on.

b. Set the direction switch to the proper rotation direction (cw or ccw).

c. Slowly increase power to required setting by rotating knob clockwise.

15) Check "CENTRIFUGE.PP" program on CNC for readiness.

16) Check the centrifuge rpm with the oscilloscope. Make sure it is correct.

17) When laser indicates correct peak power, reduce laser power to desired level and

switch laser and shutter control to the CNC.

Processing:

1) Activate CNC laser control program "CENTRIFUGE.PP".

Note: The computer should trigger (short single beep). Watch trigger LED.

Note: The onboard computer will give an 'ok' beep to indicate that the data

acquisition is complete
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Postweld activities:

1) Switch laser and shutter control to manual.

2) Gradually bring centrifuge to a stop.

a. Decrease power to zero.

b. Turn the power switch to 'off.

3) Open the safety enclosure.

4) Stop the camcorder.

a. Press the 'record' switch a second time to end the record sequence.

b. Turn camcorder off. (set the power switch to the off position)

5) Attach serial cable from host computer to onboard computer.

6) Transfer data to host computer by starting the "filerec.exe" program on the host

computer, (type filerec)

7) Toggle momentary switch to download data.

Note: The onboard computer will give an 'ok' beep twice to indicate the beginning

of the download sequence.

Note: The host computer will give an error to end the download after 577 packets

(tries to read past end of file).

8) Remove sample from sample carrier.

9) Label sample with run information (#,g-level,cw/ccw,etc).

10) Change the name of data file for storage, (type rename test.str [new namej.sfr)

Note: For further runs, return to "preweld activities: Before each run:".
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Final Shut Down:

1) Shut down laser.

2) Disconnect null modem cable from onboard computer.

3) Turn off onboard power supply.

4) Turn off power to oscilloscope and the optical encoder's amplification circuit.

5) Disconnect optical encoder from oscilloscope.

6) Transfer camcorder data from 8mm tape to VHS tape and label.

Note: See camcorder manual for instructions.
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Chapter 5: Results

Centrifuge Performance

Each module will be critiqued individually for design and performance.

Centrifuge Motion Package

The centrifuge motion package bolted securely to the existing workstation while

still enabling the user with the ability to adjust the rotational axis of the centrifuge so

that it would coincide with the laser beam axis. It also provided sufficient angular

velocity to produce g-levels between 2 and lOgj at a radial distance of 20 inches. The

produced acceleration remained stable within ±0.1ge. Additionally, the motion

package successfully delivered the process gas to the rotating process module and

provided stability for the rest of the system.

Process Module

The process module was able to safely redirect the laser beam into the

processing box while keeping the angle of the beam normal to the sample surface by

adjusting the height and angle of the central mirror. At the same time, the angle of the

processing box could be set such that the resultant gravity vector was also normal to

the sample surface. Process gas delivery to the sample also functioned well.

The process gas was successfully transferred from the motion package to the

processing box where it was directed onto the sample by the gas delivery nozzle. This

49



system was able to provide sufficient cover gas to protect the sample from oxidation

during welding.

Unfortunately, the design of the lens holder was slightly flawed. While it

allowed the user to adjust the focal point of the lens with respect to the sample, it did

not provide for protection from weld spatter. Since the cross flow from the process

gas was not sufficient to blow the spatter away from the lens, the spatter impacted the

lens during the runs. This spatter could not be removed and has damaged the lens. It

is recommended that a nozzle be installed to help protect the lens from further spatter.

The sample holder and positioning system was able to hold the sample firmly in

place during the runs. Unfortunately, the sample motion package did not function

properly. While the sample motor and motor control unit performed satisfactorily on

the test rack, they failed to work when placed into the process box. It was determined

that this was due to the motor being designed as a case ground system in which the

motor chassis was electrically connected to the motor shaft. While it was possible to

electrically isolate the case of the motor, it was not possible to isolate the shaft. This

led to a system in which the sample motor was shorted to the centrifuge and, thus,

would not work. It is suggested that the motor be exchanged for a dual wire motor

with an electrically isolated case such as the 12V DC reversible motor from the H&R

company (#TM92MTR2131).
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Diagnostics

The diagnostics chosen performed well under the stresses experienced onboard

the centrifuge. However, there were a few problems with the camcorder and the

photodiodes.

The accelerometers were able to record the g-level present in all three axes

(Figure 5-1). However, the slight sensitivity of the accelerometers along then-

secondary axes did show up in the records, especially for the tangential axis.

Accelerometer Data
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Figure 5-1. Typical Accelerometer Data

The camcorder was able to record properly under the stresses; however, the

focus and shutter speed had to be set manually and would only remain set as long as

the camcorder was either paused or actively recording. Since the camcorder would
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only remain paused for five minutes, it had to run during the laser warmup. This

resulted in approximately ten minutes of tape being wasted at the beginning of each

run. It was also determined that the weld was too bright for the camcorder to record

useful data under even the fastest shutter speed (1/lOOOs). The use of an appropriately

selected neutral density filter will bring the light intensity within the usefiil limit of the

camcorder.

The photodiodes saturated during the runs. This was determined to be caused

by two factors: the intensity of the plasma and the electrical noise created by the

plasma. The second problem was solved through the addition of shielding on the

photodiode wiring and the first was helped with the addition of neutral density filters

(exposed film). Once these problems were solved, the photodiode data fell within the

useful voltage range (Figure 5-2).

Photodiode Data
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Figure 5-2. Typical Photodiode Data
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Data Acquisition and Storage

The data acquisition and storage module was able to record data from each of

the ten channels at the correct sampling frequencies for a total sampling frequency of

56kHz. The amplification circuits were able to bring these signals into the recording

range of the data acquisition board. For the accelerometers, this resulted in a ratio of

0.4V/ge in the r-axis and O.SbV/gj in the t- and z-axes. The brass shield covering the

amplification circuits adequately protected them from damage caused by both the laser

beam and the weld spatter.

However, a few problems were encountered. First, the original data

acquisition program called for the computer to turn on the sample motor two seconds

into the data acquisition. This caused the system to periodically lose a sample as it

checked clock time. The problem was solved temporarily by removing the motor

trigger from the program. A more permanent solution calls for the motor to be

triggered from the second clock available from the DM406 board.

A second problem encountered during the testing of the data acquisition system

was that the voltage levels recorded by the computer did not always agree with the

values seen at the checkpoint prior to the multiplexer. This was determined to be

caused by the use of the 1458N chip in the buffer circuit. The chip was too slow to

enable the voltages at the output to change and stabilize before being read. The

problem was solved by exchanging the 1458N chip for a 353N chip which is a pin for

pin replacement but much faster.
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Another problem dealt with the usefulness of the data after downloading. It

was difficult to identify the order in which the signals were recorded. This was

solved by tying one channel to a known value (groimd). Since the temperature sensor

was not currently being used, it was removed and that chaimel was groimded. A

thermocouple channel can be used in the future since there are four thermocouple

channels available.

As previously mentioned, noise appeared on the chaimels during the weld.

The noise was determined to be caused by the electromagnetic field created by the

plasma. The photodiodes were affected because of their proximity and the fact that

the leads were not shielded. The noise added enough voltage to the signal to saturate

the photodiodes which in turn caused noise on the other channels. This was solved by

shielding the leads with grounded aluminum tape and adding filters to prevent any

samration of the photodiodes caused by excessive light levels.

Power Supply

The power supply was able to power the computer and diagnostics for

approximately six runs, then the battery voltage dropped below the minimum supply

voltage for the voltage regulators. This cuts power to both the computer and the

diagnostics. To prevent this, the battery should be swapped out before the sixth run.

The design of the power supply (and the counterweight box in which it is stored) will

allow the battery to be exchanged quickly and easily.
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System Control

The system control module controlled the EGLMP system with few problems.

The laser/CNC controller regulated the process gas and laser as well as triggered the

data acquisition system. The camcorder switches were readily accessible and easy to

use. The motherboard also performed its tasks. There were, however, occasional

glitches which occurred during the downloading of the data file. This is not unusual

for data transfers of this kind. If an error occurs during the download, the user

should simply plug a keyboard into the onboard computer's chassis and type

sendfile.exe. This will repeat the downloading of the data file.

Some problems were encountered with the control of the centrifuge rpm which

was read with the help of the optical encoder. There was some variation in the

spacing of the stripes utilized by the optical encoder which made it difficult to conduct

correct measurement of the rpm value. This resulted in up to a 10% error in the g-

level. To reduce these problems, the stripes should be remarked more uniformly.

This is best done by someone with precision angle measurement equipment such as a

machine shop.

Safety

The safety enclosure worked as expected. The experimenters were able to

observe the centrifuge during the run while being protected from the laser beam.

Access to the centrifuge was possible through the front sliding door between runs.
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Experimental Results

Sample Analysis

The first step in the sample analysis was to plot and review the accelerometer

data. This was important for determining the actual g-level obtained during each run.

Once the actual g-level for the samples was determined, overview photographs

(Figure 5-3) were taken for each weld surface. These photographs were used to

measure the maximum and minimum diameter for each weld by measuring these

distances with a set of calipers. The measurements were converted to true values

with the use of a photograph of a scale taken under the same magnification. The next

step in the sample analysis was to measure the overhead height from the surface.

Measurements of the overhead height were taken under an optical microscope at four

locations around the weld and averaged to determine the weld overhead height.

These measurements were taken hy focusing on the uppermost point of the overhead

(disregarding spatter) within a quadrant and recording the value on the vertical scale

then focusing on the original surface within the same quadrant and, again, recording

the value on the vertical scale. The overhead height was determined from the

difference between the two values.
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Figure 5-3. Example of the Weld Surface Overview

Once these measurements were completed, a set of runs for both the clockwise

and counterclockwise directions was randomly chosen. These welds were carefully

polished to the weld centerline and photographs were taken of each cross section

(Figure 5-4). Each cross section was traced onto graph paper from the photograph

negative for use in determining the weld cross section area. Next, measurements

(Figure 5-5) were made for the weld depth, pore depth, leading and trailing edge

nailhead depth, weld width at half depth, and the overhead height (averaged from

values for both sides of the weld). The values for the weld measurements were

plotted as a function of gravity level. Finally, the weld depth to width ratio was

calculated and plotted.



.4®;

'■■ if'•■'-•i? "•''- V'■■ I

m

I  •*'?■•'• - •"OTss

.r-= .■•-.■

:t^ ': -

jr:
'h' -V. •'

•*• 4y " ifcV ' *- ,t .,V •••; ■ •/■•;* • • 3

■;'i>-^-yV- ;, • ^::v ^
' •..'V. • -: : •

n

;» i A ■/•; 'i

i" '■ r ,
■.. f—.jt. nr'

:ir . *- .'"-'i
^i'A-~

S;. r ><■ ■!-
-L*yr\

*% ■'*: '-A: t\^'".

Figure 5-4. Example of the Weld Cross Section

Figure 5-5. Schematic of Weld Measurements



Results

Wffld Diameter (Figure 5-6^. Although there was a fair amount of scatter in

both the weld diameters and roundness (seen from the size of the bar), no trend was

seen in the data for either the clockwise (cw) or counterclockwise (ccw) welds which

could be attributed to a gravity effect.

Weld Diameter vs. G-level
cw max/min
ccw max/min

2.9

2.8

? 2.7

s
2.6

V

6
2.5
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a 2.4

2.3

2.2

5  6

G-level

9  10

Figure 5-6. Max/Min Weld Diameter vs. G-level

Weld Depth (Figure 5-71. The cw samples showed a slight drop off in weld

depth that increased after bg^. The ccw samples also showed a drop off in weld depth

with the exception of the 2gg sample. Overall, both the cw and the ccw welds show a

total decrease in weld depth of approximately 10% as the g-level increases to lOge.
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Weld Depth vs. G-level
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Figure 5-7. Weld Depth vs. G-level

Pore Depth (Figure 5-8). The location of porosity was determined when pores

were visible in the cross-section. All of the welds sectioned did not have pores

visible in this location probably due either to the pores not being located in the plane

of the cross section or to the absence of pores of significant size. Due to the small

number of pores available for measurement, it is difficult to determine the correlation

between gravity level and pore location. However, the cw samples showed an

inclination for the pore to get closer to the sample surface as the gravity level

increases while there was insufficient porosity visible in the ccw samples to determine

a pattern in pore location.
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Figure 5-8. Pore Depth vs. G-level

Overhead Height (Figure 5-9). Although there was some variation present in

the weld overhead height, none of the measured data showed any consistent

relationship between the overhead height and the g-level.

Nailhead Depth (Figures 5-10 and 5-11). Neither the cw nor ccw samples

showed any clear relationship between the leading edge nailhead depth and the g-

level. The trailing edge nailhead depth, however, showed some interesting effects. In

the cw samples, the nailhead depth shows the possibility of a decrease above bg^.
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Nailhead Depth vs. G-
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Figure 5-11. Nailhead Depth vs. G-level (Trailing Edge)

Width at Half Denth (Figure 5-12). The weld width measurements were taken

at half the full depth of the weld to avoid the influences of both the nailhead and the

weld root on the width measured. Again, there is a possible effect seen above 6g.

with the exception of the ccw 8ge sample. This sample had a weld width greater than

any other ccw sample.

Depth/Width Ratio (Figure 5-131. The weld depth to width ratio showed a

large variation (about 28%) with a slight trend with respect to g-level evident for

above 6ge.
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Width at Half Depth vs. G-level
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Figure 5-12. Width at Half Depth vs. G-level
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Area of Melt Cross Section (Figure 5-14). The melt areas were measured

from the weld outlines drawn on graph paper. They included only the part of the

weld below the original sample surface. Although there was a relatively high

variation in the area of the melt cross sections (about 20%), there was no strong

relationship between this variation and the g-level for either the cw or ccw cases.

However, the ccw samples showed a tendency to decrease in area as the g-level was

increased.

Area of Melt Cross Section vs. G-level
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Figure 5-14. Area of Melt Cross Section vs. G-level
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Summary

The EGLMP system satisfactorily accomplished the design goal. It can

currently be used to produce spot welds with a 3kW CO2 laser at g-levels between 2

and lOge with a ±0.1ge stability. The system provides the capability to monitor the

experiment with photodiodes, thermocouples, accelerometers.and a CCD camera.

With the use of a different focusing lens, the system is also useable for work with

Nd:YAG lasers.

Although a statistically significant number of data points was not obtained in

the limited preliminary experiments, a few interesting trends were noted. For the ccw

runs, the weld depth and the width at half depth showed a general tendency to

decrease with higher g-levels, in particular above 6ge. This resulted in a decrease in

the area of the melt for these runs. For the cw runs, the weld depth decreased

significantly after 6ge and the pores tended to be closer to the weld surface at higher

g-levels.
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Chapter 6: Conclusions and Reconunendations

Conclusions

The EGLMP system was able to meet the design goal of providing an

enhanced gravity welding environment with standard diagnostics. Although the

system is not presently capable of producing bead-on-plate welds, it can produce and

monitor spot welds. This capability is sufficient for answering many of the questions

concerning the effect of gravity on the final size and shape of a weld. As a result,

the EGLMP system will provide a tool for researchers to use in conducting further

investigations of weld behavior in enhanced gravity conditions.

While the preliminary experiment conducted to test the EGLMP system did not

provide enough samples to conduct a definitive statistical analysis of the results, it

could be seen that for g-levels between 2 and lOge, increasing the gravitational force

caused relatively minor changes in the shape and size of a partial penetration weld.

The experiment indicated a possible overall reduction in weld depth with increasing

gravity and a tendency for large pores to solidify closer to the surface. These

changes could be caused by a change in convection patterns due to the increased role

of buoyancy driven convection at higher g-levels. There were also differences

between the cw and ccw data which indicates that the coriolis acceleration may be

effecting the results. The most interesting experimental result is the possible

occurrence of a "magic" gravity level similar to those observed by other centrifuge

investigators. While there were minimal (if any) effects seen on spot weld
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dimensions when the g-level changed from 2ge to 6ge, there did seem to be a

noticeable dependance on gravity above 6ge.

Recommendations

It is recommended that the corrective procedures specified in the evaluation of

the centrifuge performance in chapter 5 be completed to bring the centrifuge

performance to its full potential. This will provide a system which can produce both

bead-on-plate and spot welds while monitoring the welds with thermocouples,

photodiodes and a CCD camera. The addition of a 10 to 1 knob on the motor speed

controller will also enhance the user's ability to fme tune the centrifuge rpm and,

hence, the resultant acceleration at the sample.

It is also recommended that further experiments be conducted concerning the

roles of the gravitational force and the coriolis acceleration on spot welds. In

addition, research should be conducted with bead-on-plate welds so that transient

effects can be avoided. Preliminary studies of full penetration welds imder enhanced

gravity have shown a some relationship between weld size and shape and g-level. It

is recommended that a full experiment be conducted in this area to further understand

these effects.
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Appendix 1: Program Source Code

CENTRIFUGE.?? 74

BINTOTXT.BAS 76

DMASTRMR.C 79

FILESEND.C 86

SENDFILE.C 93

FILEREC.C 100

RECFILE.C 108
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CENTRIFUGE.PP

Parts program for the CNC laser controller. Controls the laser and gas flow

(on/off). This program also provides a trigger source for the data acquisition

program dmastrmr.exe on the onboard computer with the 'shutter open' command.
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BINTOTXT.BAS

Stored on the host computer in executable form as bintotxt.exe. Converts the

binary data from the onboard computer to ASCII files which can be read by other

programs for analysis. Each file contains data from an accelerometer or photodiode

channel. The data from the thermocouple channels are not stored as ASCII files since

the data is not presently being used. The user must indicate the order in which the

data is taken (e.g. the fust photodiode and accelerometer data is specified while

running the program).

Compiled with Microsoft (Juick Basic.
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DMASTRMR.C

Send to the onboard computer in executable form as dmastrmr.exe. Transfers

acquired data to memory by direct memory access (DMA). Once one page of

memory is full, the data is stored on a second page while the first page of data is

written to the disk (RAM drive). This continues until data acquisition is complete.

Compiled with Borland Turbo C.
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in
te
rr
up
ts
 f
ro

m 
I
R
Q
 3
 bi

t 3
 m
us
t 
be

 c
le
ar
e.
 
Re
me
mb
er
 d
ia

t 
bi
ts
 a
re

n
u
m
b
e
r
e
d
 0
.
 .
7
.

vo
id
 O
ea

rB
it

ln
lM

Rf
un

si
gn

ed
 c
ha
r 
Bi

t)

un
si

gn
ed

 c
ha

r 
O
l
d
l
M
R
,
 I
M
R
;

O
l
d
l
M
R
 -
 i
np
on
b(
0x
21
);
 

/•
 R
ea
d 
in

 c
ur

re
nt

 I
M
R
 •
/

I
M
R
 -
 O
l
d
l
M
R
 A
 (
2
5
5
 -
 T
wo

s[
Bi

t]
);

 
/*
 C
le
ar
 d
es
ir
ed
 b
it
 •
/

ou
tp

or
tb

(0
x2

1,
IM

R)
; 

/•
 cp

ri
nt

f o
ut

 n
e
w
 I
M
R
 •
/

}

S
e
t
B
l
t
l
n
l
M
R

Th
is
 f
un
ct
io
n 
se
ts
 a
 b
it

 i
n 
th
e 
8
2
5
9
 I
nt
er
ru
pt
 c
on

tr
ol

le
r 
th

at
 w
il

l
ma
sk
 o
ut

 i
nt
er
ru
pt
s o

n 
th

e 
ap
pr
op
ri
at
e 
I
R
Q
 l
in

e.
 
Fo
r 
ex
am
pl
e 
to
 d
is

ab
le

in
te
rr
up
ts
 f
ro

m 
I
R
Q
 3
 b
it
 3
 m
us
t 
be
 s
et

. 
Re

me
mb

er
 t
ha
t 
bi
ts
 a
re

n
u
m
b
e
r
e
d
 0
.
.
7
.

»
/

vo
id

 S
et
Bi
tl
nl
MR
fu
ns
ig
ne
d 
ch
ar
 B
it
)

{
un

si
gn

ed
 c
ha
r 
O
l
d
l
M
R
,
 I
M
R
;

O
l
d
l
M
R
 »
 i
np
or
tb
(0
x2
1)
;

I
M
R
 =
 O
l
d
l
M
R
 i

 T
wo
sl
Bi
t]
;

ou
tp

or
tb

(0
x2

1,
 I
M
R
)
;

I

/
*
 R
e
a
d
 i
n 
c
u
r
r
e
n
t
 I
M
R
 *
/

/
•
 S
e
t
 d
es
ir
ed
 b
it

 •
/

/♦
 cp

ri
nt

f o
ut
 n
e
w
 I
M
R
 *
/

Ve
ct

or
ln

te
rr

up
t

T
h
e
 V
ec
to
rl
nt
er
ru
pt
 fu

nc
ti

on
 i
s 
us
ed
 t
o 
as
si
gn
 a
 n
e
w
 v
ec
to
r 
fo

r 
th
e

de
si
gn
at
ed
 i
nt
er
ru
pt
.

•
/

vo
id
 V
ec
to
rl
nt
er
ru
pt
fi
nt
 In

te
rr
up
tN
um
be
r,
 vo
id
 i
nt

er
ru

pt
 (*
IS

R)
 0
)

{ di
sa

bl
eO

; 
I*
 D
on

't
 w
ai
u 
in
t 
ca
ll
ed
 d
ur

in
g 
re

ve
ct

or
 *
/

se
tv

ec
tf

ln
te

rr
up

tN
um

be
r,

 IS
R)

; 
/*

 S
et

 t
he

 v
ec

to
r 
•/

en
ab
le
O;
 

/*
 R
ee

na
bl

e 
in

te
rr

up
ts

 *
/

I

N
e
w
l
S
R

Th
e 
N
e
w
l
S
R
 i
s 
th

e 
in
te
rr
up
t s

er
vi
ce
 r
ou
ti

ne
 ca

ll
ed
 w
he

n 
th
e 
D
M
A
 d
on

e
in
te
rr
up
t o

cc
ur
a.
 T
he

 I
SR
 s
et

s 
th
e 
D
M
A
D
o
n
e
 fl

ag
 s
o 
th
at
 t
he
 f
or
^r
ou
nd

ro
ut
in
es
 k
n
o
w
 t
ha
t 
a 
bu
ff
er
 m
us
t 
be
 d
um

pe
d 
to
 d
is
k.
 S

am
pl

in
g 
is
 r
es

um
ed

on
 t
he

 D
M
4
0
6
 (i
t 
is
 t
em

po
ra

ri
ly

 h
al

te
d 
wh
il
e 
th

e 
D
M
A
 d
on

e 
fl
ag
 i
n 
th

e
st
at
us
 b
yt
e 
is
 s
et

).
 T

he
 s
ta

tu
s 
by
te
 o
f 
th
e 
cu
rr
en
t 
bu

ff
er

 is
 s
et

 t
o

in
di

ca
te

 it
 m
us
t 
be
 d
um

pe
d 
to
 d
is
k.
 
A
 n
e
w
 a
ct
iv
e 
bu

ff
er

 is
 s
wa
pp
ed
 i
nt
o

us
e 
wi
th
 a
 c
he
ck
 b
ei
ng
 m
a
d
e
 t
o 
se
e 
th
at
 d
ie

 n
e
w
 b
uf

fe
r 
ha
s 
ti
ee
n 
co

mp
le

te
ly

sa
ve

d 
to
 d
is
k.
 
If

 t
he

 n
e
w
 b
uf

fe
r 
st

il
l 
ha

s 
un
sa
ve
d 
da
ta
 i
n 
it

, 
th

e 
ov

er
fl

ow
by
te
 i
s 
se

t.
 
Fi

na
ll

y,
 th

e 
D
M
A
 c
on
tr
ol
le
r 
is
 i
nf
or
me
d 
of

 th
e 
n
e
w
 b
uf

fe
r

an
d 
th
e 
En

d 
of

 I
nt

er
ru

pt
 c
o
m
m
a
n
d
 i
s 
se
nt
 t
o 
th
e 
in

te
rr

up
t c

on
tr
ol
le
r.



0
0
K
)

vo
id
 i
nt
er
ru
pt
 N
ew
lS
R(
vo
id
)

{ D
M
A
D
o
n
e
 =
 1
;

ou
tp
or
tb
<D
M4
0t
iC
le
ar
DM
AD
on
e,
0)
;

D
B
[
Ac

ti
ve

Bu
ff

er
].

St
at

us
 =
 1
;

if
 (A

ct
iv

eB
uf

fe
r 
=
 =
 0
)

Ac
ti

ve
Bu

ff
er

 =
 1
;

el
se Ac
ti
ve
Bu
ff
er
 "
 0
;

if
 (D

B[
Ac

ti
ve

Bu
ff

er
].

St
at

us
 =
 =
 I
)

Bu
ff
et
Ov
er
fl
ow
 =
 1
;

/*
 S
et

 D
M
A
D
o
n
e
 b
yt
e 
*/

/•
 B
uf

fe
r 
is

 f
ul
l,
 m
us
t 
be
 d
u
m
p
e
d
 *
/

/•
 S
w
a
p
 b
uf

fe
rs

 *
/

DM
AS
ta
rt
fA
ct
hr
eB
uf
fe
r)
;

ou
tp

or
tb

(0
x2

0.
0x

20
);

I
*
 I
n
f
o
r
m
 D
M
A
 c
on

tr
ol

le
r 
o
f
 n
e
w
 b
uf
fe
r 

¤
/

/*
 E
n
d
 o
f 
in

te
rr

up
t c
o
m
m
a
n
d
 t
o 
co

nt
ro

ll
er

 *
/

} /
• D
M
A
S
e
t
u
p

Th
e 
D
M
A
S
e
t
u
p
 f
un

ct
io

n 
se
t 
va
ri
ou
s 
pa

ra
mt

er
s 
on

 t
he

 D
M
A
 c
on

tr
ol

le
r.

vo
id
 D
MA
Se
tu
p(
vo
id
)

{ ou
tp
or
tb
fO
xO
A.
DM
AC
ha
im
el
 
|
 

0x
04

);
 I
* 
Di
sa
bl
e 
D
M
A
 o
n 
ch
ai
ui
el
 *
/

ou
tp
or
tb
fO
xO
B,
 DM

AC
ha

iu
ie

l |
 

0x
44

);
 /
* 
si

ng
le

, 
in
cr
em
en
t,
 no

in
it
, c

pr
in

tf
 *
/

ou
tp

or
tb

(0
x0

C,
0)

; 
/*
 C
le
ar
 b
yt

e 
po
in
te
r 
fl

ip
 f
lo

p 
*/

}

D
M
A
S
t
a
i
t

T
h
e
 D
M
A
S
t
a
i
t
 ft
mc
ti
on
 s
et
s 
up
 t
he
 D
M
A
 c
on

tr
ol

le
r t

o 
pl
ac
e 
da
ta
 i
n 
th
e

bu
ff

er
 w
ho

se
 i
nd

ex
 i
s 
pa

ss
ed

 a
s 
pa
ra
me
te
r 
i.
 
Af

te
r 
se
tt
in
g 
th
e 
ad

dr
es

s
an

d 
nu
mb
er
 o
f 
by
te
s 
to
 t
ia
ns
fe
r,
 th

e 
D
M
A
 c
on
tr
ol
le
r i

s 
en

ab
le

d.
 A

ft
er

th
is

 f
un
ct
io
n 
is

 c
om

pl
et

ed
 t
he

 D
M
A
 c
on
tr
ol
le
r 
wi

ll
 a
ut

om
at

ic
al

ly
 p
la
ce

ai
ry

 d
at
a 
fr

om
 t
he

 A
-
D
 c
on

ve
rt

er
 in

to
 m
em
or
y.
 M
a
k
e
 c
er

ta
in

 t
ha
t 
al

l 
is

re
ad

y 
to
 g
o 
be

fo
re

 c
al

li
ng

 t
hi
s 
fu
nc
ti
on
.

•
/

vo
id
 D
MA
St
ar
t(
ch
ar
 i
)

{ ou
tp

or
tb

fO
xO

A,
 DM

AD
is
ab
le
);
 

I*
 D
is

ab
le

 D
M
A
 o
n 
ch

ai
ui

el
 *
/

ou
tp
or
tb
fD
MA
Pa
ge
Re
g,
 DB
[i
].
DM
AP
ag
e)
;

ou
tp

or
tb

fD
MA

Of
fs

et
Re

g,
 DB
[i

].
Pa

ge
Of

fs
et

LS
B)

; 
/•
 L
S
B
 o
f 
of

fs
et

 i
nt

o 
pa
ge
 *
1

ou
tp

or
tb

fD
MA

Of
fs

et
Re

g,
 DB
[i
].
Pa
ge
Of
fs
et
MS
B)
; 

/•
 M
S
B
 o
f 
of

fs
et

 i
nt

o 
pa
ge
 •
/

ou
tp
or
tb
{D
MA
Nu
mb
er
Of
By
te
sR
eg
is
te
r,
Nu
mB
yt
es
LS
B)
; 
/*
 L
S
B
 o
f 
#
 o
f 
by
te
s 
to
 t
ra
ns
fe
r •

/
ou
tp
or
tb
(D
MA
Nu
mb
ei
Of
By
te
sR
eg
is
te
r,
Nu
mB
yt
es
MS
B)
; 
/•
 M
S
B
 o
f 0
 o
f 
by

te
s 
to
 t
ra

ns
fe

r 
*1

ou
tp
or
tb
fO
xO
A,
 D
M
A
E
n
a
b
l
e
)
;
 

/*
 E
na
bl
e 
D
M
A
 *
/

)

D
M
A
S
h
u
t
D
o
w
n

T
h
e
 D
M
A
S
h
u
t
D
o
w
n
 f
un

ct
io

n 
di

sa
bl

es
 f
ur
th
er
 t
ra

ns
fe

rs
 b
y
 t
he
 D
M
A
 c
on

tr
ol

le
r.

Y
o
u
 s
ho
ul
d 
ca

ll
 t
hi

s 
fu

nc
ti

on
 w
h
e
n
 y
ou
 t
er

mi
na

te
 y
ou
r 
pr

og
ra

m.

vo
id

 D
M
A
S
h
u
t
D
o
w
n
f
v
o
i
d
)

{ ou
tp

or
tb

(O
xO

A,
 D
M
A
C
h
a
n
n
e
l
 
|
 

0x
04

);
 

/*
 D
is

ab
le

 D
M
A
 o
n 
ch
an
ne
l 
*/

)

In
it

ia
li

ze
Bu

ff
er

Th
e 
In
it
ia
li
ze
Bu
ff
er
 fu

nc
ti

on
 ca

lc
ul

at
es

 t
he
 p
ag
e 
nu
mb
er
 a
nd

 o
ff

se
t 
in
to

th
at
 p
ag
e 
of

 t
he
 s
pe

ci
fi

ed
 b
uf
fe
r.
 T

hi
s 
is
 r
eq
ui
re
d 
by
 t
he

 D
M
A
 c
on
tr
ol
le
r

wh
ic
h 
us

es
 a
 P
ag

e/
Of

fs
et

 s
ch

em
e 
in
st
ea
d 
of

 th
e 
mo
re
 h
un
il
ia
r 
Se
gm
en
t/
Of
f^

sc
he
me
. 
A
 c
he
ck
 i
s 
tn

ad
e 
to

 s
ee

 w
he
th
er
 t
he

 b
uf

fe
r 
st
ra
dd
le
s 
a 
pa
ge
 b
ou
nd
ar
y.

If
 s
o,
 t
he
 p
ro
gr
am
 t
er

mi
na

te
s.

*
1

vo
id

 I
ni

ti
al

iz
eB

uf
fe

rf
DM

AB
uf

fe
r 
*
B
)

{ lo
ng
 L
in
ea
rA
dd
r;



0
0
u
>

un
si
gn
ed
 c
ha

r 
Pa

gc
Nu

mb
er

;
un
si
gn
ed
 O
ff

se
t;

Li
ne
ar
Ad
dr
 =
 F
P
_
S
E
G
(
B
-
>
 B

uf
fe
r)
;

Li
ne

ar
Ad

dr
 =
 L
in
ea
rA
dd
r 

¤ 
16

+
FP
_O
FF
(B
 -
>
 B

uf
fe

r)
;

P
a
g
e
N
u
m
b
e
r
 =
 (
Li

ne
ar

Ad
dr

 /
 6
55
36
);

Of
fs

et
 =
 (
Li
ne
ar
Ad
dr
 %
 6
55
36
);

if
 ((

lo
ng

) (
Of

fs
et

 +
 B
U
F
F
E
R
 S
I
Z
E
)
 >
 6
55
35
)

{
#
i
f
 D
E
B
U
G

cp
ri

nt
fC

DM
A 
bu
ff
er
 s
tr
ad
dl
es
 a
 P
A
G
E
 b
ou

nd
ar

y.
")

;
l
e
n
d
i
f

be
ep
(2
00
,5
00
);

be
ep

(1
50

,4
00

);
ex
it
(0
);

} B
 -
 >
 D
M
A
P
a
g
e
 -
 P
ag

eN
in

nb
er

;
B
 -
>
 P
ag

eO
ff

se
tM

SB
 =
 O
ff

se
t /

 2
56
;

B
 -
>
 P
ag

eO
ff

se
tL

SB
 -
 O
ff
se
t 
%
 2
56
;

B
 -
 >
 S
ta

tu
s 
=
 0
;

)

S
e
t
P
o
r
t
A
d
d
r
e
s
s
e
s

T
h
e
 S
et

Po
rt

Ad
dr

es
se

s 
fu

nc
ti

on
 c
al
cu
la
te
s 
th
e 
ad
dr
es
se
s 
o
f
 d
if
fe
re
nt
 I
/
O

po
rt
s 
us
ed
 i
n 
th
e 
pr
og
ra
m.
 F

ur
th

er
, 
it

 p
re
-c
al
cu
la
te
s t

he
 v
ah

ie
s 
of

se
ve
ra
l 
c
o
m
m
a
n
d
s
 th

at
 m
u
s
t
 b
e
 s
e
m
 t
o 
th

e 
D
M
A
 c
on

tr
ol

le
r.

 T
hi
s 
he
lp
s

sp
ee
d 
up
 r
ep
ro
gr
am
mi
ng
 th

e 
D
M
A
 c
on
tr
ol
le
r d

ur
in
g 
th
e 
D
M
A
 d
on

e 
in
te
rr
up
t.

•
•
•
•
•
*
«
*
•
•
/

vo
id

 S
et
Po
it
Ad
dr
es
se
s(
vo
id
)

{ DM
40
6S
ta
tu
sB
yt
e 
—
 B
as

eA
dd

re
ss

 +
 S
T
A
T
U
S
_
B
Y
T
E
;

DM
40

6S
ta

rt
Co

nv
eT

Si
on

 -
 B
as

eA
dd

re
ss

 +
 S
T
A
R
T
_
C
O
N
V
E
R
S
I
O
N
;

D
M
4
0
6
C
l
e
a
r
D
M
A
D
o
n
e
>
 B
as

eA
dd

re
ss

 +
 C
L
E
A
R
_
B
O
A
R
D
;

sw
it

cl
i(

DM
AC

ha
mi

el
)

{ ca
se
 1
 :
 D
M
A
P
a
g
e
R
e
g
 -
 0
x8

3;
 br

ea
k;

ca
se
 3
 :
 D
M
A
P
a
g
e
R
e
g
 -
 0
x8

2;
 br

ea
k;

)

D
M
A
O
f
f
s
e
t
R
e
g
 =
 D
M
A
C
h
a
r
m
e
l
 *
 2
;

DM
AN
um
be
rO
fB
yt
es
Re
gi
st
er
 =
 D
M
A
C
h
a
n
n
e
l
 *
 2
 +
 1
;

N
u
m
B
y
t
e
s
M
S
B
 =
 (
Nu

mO
fB

yt
es

To
Tr

an
sf

er
- 
1)
 /
 2
56

;
Nu

mB
yt

es
LS

B 
=
 (
Nu

mO
fB

yt
es

To
Tr

an
sf

er
- 
1)
 %
 2
56
;

D
M
A
E
n
a
h
l
e
 =
 D
M
A
C
h
a
n
n
e
l
 1

 0
;

D
M
A
D
i
s
a
h
l
e
 =
 D
M
A
C
h
a
n
n
e
l
 
|
 

4
;

In
te
rr
up
tS
hu
tD
ow
n

Th
e 
In
te
rr
up
tS
hu
tD
ow
n f

un
ct

io
n 
di

sa
bl

es
 i
nt
er
ru
pt
s o

n 
th
e 
I
R
Q
,
 re

st
or
es

th
e 
or
ig
in
al
 i
nt

er
ru

pt
 v
ec
to
r,
 a
nd
 t
he
n 
re

st
or

es
 t
he
 s
ta
rt
up
 I
nt

er
ru

pt
ma
sk
 r
eg

is
te

r.
 B
e
 s
ur

e 
to
 c
al
l 
th

is
 f
un
ct
io
n 
be
fo
re
 e
xi

ti
ng

 t
he
 p
ro
gr
am
,

fa
il
in
g 
to
 d
o 
so

 w
il

l 
al

mo
st

 c
er
ta
in
ly
 c
au
se
 a
 s
ys

te
m 
ha
ng
. 
(E
rr
or
 h
an

dl
er

s
sh

ou
ld

 c
al
l 
th
is
 f
un

ct
io

n 
if
 t
he
y 
ca
us
e 
ea
rl
y 
pr

og
ra

m 
te

rm
in

at
io

n)
.

vo
id

 I
nt

er
ru

pt
Sh

ut
Do

wn
fv

oi
d)

{ S
e
t
B
i
t
l
n
l
M
R
O
R
Q
)
;

se
tv
ec
tf
lR
Q 
+
 8
,
 O
ld

lS
R)

;
ou
tp
or
tb
(0
x2
l,
 Ol

dl
MR
);

I

/*
 D
is

ab
le

 i
nt

er
ru

pt
s 
o
n
 I
R
Q
 *
1

I*
 R
es

to
re

 o
ri

gi
na

l 
ve
ct
or
 •
/

/*
 R
es

to
re

 o
ri

gi
na

l 
I
M
R
 *
/

o > c/
a

H h
/
» T
r
a
n
s
f
e
r
T
o
D
i
s
k

T
h
e
 T
ra

ns
fe

rT
oD

is
k 
fu
nc
ti
on
 i
s 
us
ed
 t
o 
tr

an
sf

er
 a
 d
at

a 
bu

ff
er

 t
ha
t 
h
a
s

be
en

 f
il
le
d 
by

 t
he

 i
nt
er
ru
pt
 s
er
vi
ce
 r
ou

ti
ne

 t
o 
di
sk
. 
T
h
e
 n
um
be
r 
of

by
te

s 
ac
tu
al
ly
 w
ri

tt
en

 t
o 
di
sk
 i
s 
co
mp
ar
ed
 w
it

h 
th

e 
re
qu
es
te
d 
nu
mb
er
 a
nd

if
 t
he

re
 i
s 
an
y 
di
sc
re
pa
nc
y 
th
e 
pr
og
ra
m 
ha

lt
s.

 (
Th
is
 i
s 
a 
ve

ry
 c
ru
de
 c
he

ck
fo
r 
di
sk
 o
r 
di
re
ct
or
y 
fu

ll
 e
rr
or
).
 F

ur
th
er
, a

 c
he
ck
 i
s 
ma

de
 o
f 
th
e

Bu
ff
er
Ov
er
Fl
ow
 b
yt

e,
 a
nd
 i
f 
it

 i
s 
se

t 
th
e 
pr
og
ra
m 
ha

lt
s.

•
/

vo
id
 T
ra
ns
fe
rT
oD
is
k(
vo
id
)

{ ct
uu
- 
Er

ro
rM

sg
[2

0]
;

un
si

gn
ed

 B
yt
es
Wr
it
te
n;

if
 (D

B[
0]

.S
ta

tu
s 
=
=
1
)



2

{ By
te
sW
ri
tt
en
 =
 f
wr

it
e(

DB
[0

).
Bu

ff
er

, 1
. 
Nu

mO
fB

yt
es

To
Tr

an
sf

er
, S

tr
ea

mi
ng

Fi
le

);
DB

[0
].

St
at

us
 =
 0
;

Tr
an
sf
er
Co
un
t+
 +
;
 

/•
 I
nc
re
me
nt
 n
um
be
r 
of
 b
uf

fe
rs

 d
u
m
p
e
d
 *
/

} if
 (D

B[
l]
.S
la
tu
s 
=
=
1
)

{ By
te

sW
ri

tt
en

 =
 f
wr
it
e(
DB
[l
].
Bu
ff
er
, 1
, 
Nu
mO
fB
yt
es
To
Tr
an
sf
er
, S

tr
ea
mi
ng
Fi
le
);

DB
[l

].
St

at
us

 =
 0
;

Tr
an
sf
ei
Co
un
t+
 +
;
 

I*
 I
nc
re
me
nt
 n
um
be
r 
of
 b
uf
fe
rs
 d
u
m
p
e
d
 *
/

) D
M
A
D
o
n
e
 "
 0
;
 

/*
 R
es

et
 D
M
A
 D
o
n
e
 b
yt
e 
•
/

/*
 
C
h
e
c
k
 f
or

 e
rr
or
 c
on
di
ti
on
s.
 I

f 
an
y,
 sh

ut
 d
o
w
n
 a
nd

 e
xi
t.
 *
/

if
 ({

Bu
ff
et
Ov
er
fl
ow
 "
 =
 1
) 

11
 (
By
te
sW
ri
tt
en
! =
 N
um

Of
By

te
sT

oT
ra

ns
fe

r)
)

{ fc
lo
se
(S
ti
ea
mi
ng
Fi
Ie
);

D
M
A
S
h
u
t
D
o
w
n
O
;

In
te
rr
up
tS
hu
tD
ow
nO
;

if
 (B

uf
fe

tO
ve

rf
lo

w 
=
 "
 1
)

st
rc
py
(E
rr
or
Ms
g,
 "O

ve
rf
lo
w"
);

e
l
s
e

st
rc
py
(E
rr
or
Ms
g,
 "D

is
k 
cp

ri
nt

T)
;

#
i
f
 D
r
a
U
G

cI
rs

ci
O;

cp
ri
nt
f(
"%
s 
er

ro
r,

 p
ro
gr
am
 h
al

te
d.

",
 E
rr
or
Ms
g)
;

#
e
n
d
i
f

be
ep

(2
00

,S
00

);
be

ep
(l

S0
,4

00
);

ex
it

(0
);

}
)

Op
en

St
re

am
in

gH
Ie

Th
e 
Op

en
St

re
am

in
gH

Ie
 si

mp
ly
 o
pe
ns
 a
 d
is
k 
fi
le
 w
he
re
 t
he
 a
cq
ui
re
d 
da

ta
 w
il

l
be
 s
tr

eu
ne

d.
 I

f 
th

er
e 
is
 a
n 
er
ro
r 
di
e 
pr

og
ra

m 
ha

lt
s.

vo
id
 O
pe
nS
tr
en
ni
ng
HI
e(
cl
ia
rS
[8
0]
)

{ if
 (
 (S
tr
ea
mi
ng
HI
e 
=
 f
op

en
(S

, "
wb
")
) 

•
N
U
L
L
)

{
#i

f 
D
E
B
U
G

cp
ri

nt
f(

"C
an

no
t o

pe
n 
%
s
.
 P
ro
gr
am
 h
al

te
d"

, 
S)
;

#
e
n
d
i
f

be
ep

(2
00

,5
00

);
be

ep
(I

50
,4

00
);

ex
it
(0
);

}
} /
•
 ■

*
/

be
ep
(f
re
qu
en
cy
, d
ur
at
io
n)

/*
 a
 f
un

ct
io

n 
to
 p
ro
du
ce
 a
 s
ou

nd
 f
ro
m 
a 
P
C
 s
pe

ak
er

 *
/

1
/*
 u
ns
ig
ne
d 
in

t 
fr

eq
ue

nc
y,

 du
ra

ti
on

; 
(H
er
tz
, 
ms

ec
)*

/
so

un
d(

fr
eq

ue
nc

y)
;

de
la

y(
du

ra
ti

on
);

n
o
s
o
u
n
d
O
;

/*
 u
sa
ge
: 
be
ep
(f
re
qu
en
cy
, d

ur
at
io
n)
; *

/

} vo
id
 m
ai
n(
vo
id
)

{ fl
oa
t 
T
O
,
 D
el

ta
T;

un
si
gn
ed
 c
ha
r 
mo
to
r 

=■
 0

;
lu

is
ig

ne
d 

ch
ar

 D
in

 =
= 

0;

o > t/
i

H SO n

#
if
 D

E
B

U
G

cl
rs

cr
O

;
If

e
n

d
if

CL
OC

KS
_P

ER
_S

EC
 =

 C
LK

_T
CK

; 
/•

 1
8.

20
; •

/

IR
Q

 =
 5

; 
/'S

e
t t

he
 IR

Q
 •

/
In

itia
Iiz

eB
oa

rd
Se

tti
ng

s(
76

8,
 lO

.O
); 

/*
 S

et
 b

as
e 

ad
dr

es
s 

an
d 

vo
lt 

ra
ng

e*
/

Re
se

tB
oa

rd
O

; 
/*

 R
es

et
 th

e 
bo

ar
d 

*/
C

on
fig

ur
eI

O
Po

rts
(IN

PU
T,

 O
U

TP
U

T)
;

N
um

O
fB

yt
es

To
Tr

an
sf

er
 =

 1
63

84
;

In
iti

aI
iz

eB
uf

fe
r(

&
D

B
[0

]);
 

/*
 I

ni
tia

liz
e 

D
at

a 
B

uf
fe

rs
 *

/
In

iti
al

iz
eB

uf
fe

r(
&

D
B

[ I
 ])

;
D

M
A

C
ha

iu
ie

l =
 1

; 
/*

 D
M

A
 c

ha
nn

el
 to

 b
e 

us
ed

. 
Se

t t
hi

s
BE

FO
R

E 
ca

lli
ng

 S
et

Po
rtA

dd
re

ss
es

 *
/

Se
tP

or
tA

dd
re

ss
es

Q
;



Op
en

St
re

ai
ni

ng
Fi

le
("

TE
ST

.S
TR

")
;

0
0

O
M
i
M
R
 =
 i
np
or
tb
(0
x2
1)
;

Se
tB
it
ln
lM
Rd
RQ
);

/¤
 S
av
e 
st

ar
tu

p 
I
M
R
 *
/

/*
 T
em
po
ra
ri
ly
 m
as

k 
in
te
rr
up
ts
 o
n 
I
R
Q

if
 n
ot
 a
lr
ea
dy
 m
as
ke
d 
*/

Pa
ce

rC
lo

ck
Ra

te
 =
 5
60

00
.0

0;
 

/¤
 S
tr
ea
m 
at
 5
6
 K
H
z
 *
/

Sq
Se
tP
ac
er
Cl
oc
k(
Pa
ce
iC
Io
ck
Ra
te
);
 

/*
 S
et
 t
he

 p
ac
er
 c
lo
ck
 t
o 
sa
mp
li
ng
 r
at
e 
*/

S
e
d
R
Q
S
t
a
t
u
s
(
E
N
A
B
L
E
D
)
;

/*
 I
nt
er
ru
pt
 o
n
 D
M
A
 d
on

e 
•/

Ol
dl
SR
 =
 g
et

ve
ct

fl
RQ

 +
 8
);

 
/•
 S
av
e 
st

ar
tu

p 
ve

ct
or

 ¤
/

Vc
ct
or

ln
te

rr
up

tf
lR

Q 
+
 8
, 
Ne
wI
SR
);
 /
• 
Ve
ct
or
 n
ew

 i
nt

er
ru

pt
 •/

C
l
e
a
r
B
i
d
n
l
M
R
d
R
Q
)
;

Se
tC

ha
nn

eI
(0

);

Ac
ti

ve
Bu

ff
er

 =
 0
;

Tr
an
sf
er
Co
im
t 
=
 0
;

D
M
A
D
o
n
e
 =
 0
;

D
M
A
S
e
t
u
p
O
;

/
•
 E
na
bl
e 
in

te
rr

up
ts

 o
n
 I
R
Q
 •
/

/*
 S
am
pl
e 
fr
om
 c
ha

nn
el

 0
 *
/

/
•
 S
ta
rt
 u
si
ng
 B
uf

fe
r[

0]
 *
/

/
*
 I
ni

ti
al

iz
e 
T
r
a
n
s
f
e
r
 c
o
u
n
t
 *
/

/*
 I
ni

ti
al

iz
e 
D
M
A
 d
o
n
e
 b
yt
e 
*/

/•
 S
et

up
 D
M
A
 c
on
tr
ol
le
r 
*/

Wr
it

eD
ig

it
al

IO
(2

, T
wo

st
I]

);
 

/•
 e
na
bl
e 
ex

te
rn

al
 t
ri

gg
er

 r
ec
ei
ve
r •

/

#
i
f
 D
E
B
U
G

cp
ri
nt
f(
"R
ea
dy
.\
n"
):

le
ti
di
f

be
ep

(5
00

.3
50

);
be

ep
(8

00
.3

S0
);

wh
il
ef
tD
in
)

I
Di

n 
-
 R
ea

dD
ig

it
aI

IO
(0

)&
 T
wo

sf
T]

;
#
i
f
 D
E
B
U
G

go
to
xy
(I
0,
10
);

cp
ri

nt
f(

'%
u 
%
u
"
.
 D
in
, 
Tw
os
(7
])
;

#
e
n
d
i
f

} «i
f 
D
E
B
U
G

cp
ri
nt
fC
Xn
 S
am

pl
in

g.
..

 \n
')
;

#
e
n
d
i
f

be
ep

(5
00

.2
00

);

T
O
 -
 c
lo
ck
O;

Wr
it

eD
ig

tt
aI

I0
(2

, T
wt

>s
(0

])
; 
/•
 p
or
t 2
 (
C
)
 bi
t 0
 to

 c
le

ar
 m
u
x
 •
/

DM
AS
ta
tt
CA
ct
iv
eB
uf
re
r)
; 

/•
 E
na

bl
e 
D
M
A
 c
on
tr
ol
le
r 
*/

Se
tE
xt
em
al
Tr
ig
ge
rf
EN
AB
LE
D)
; 

/•
 T
ri

gg
er

 f
ro

m 
th
e 
pa
ce
r 
cl
oc
k 
*/

wh
il

e (
 Tr

an
sf
er
Co
un
t 
<
 =
 3
5
 )
 

/*
 R
u
n
 f
or

 5
 s
ec

on
ds

 •
/

I
wh
il
e (
D
M
A
D
o
n
e
 =
 =
 0
)
 

/*
 W
ai
t 
un
ti
l 
D
M
A
 D
o
n
e
 ¤

/
} Tr
an

sf
er

To
Di

sk
O;

 
/*

 T
ra

ns
fe

r 
bu

ff
er

 t
o 
di
sk
 •
/

#
i
f
 D
E
B
U
G

cp
ri
nt
fC
 %
i"
, 
Tr

an
sf

er
Co

un
t)

;
#
e
n
d
i
f

} Wr
it

eD
ig

it
al

IO
(2

,0
);

 
/«

 c
le
ar
 p
or
t 
2
 (
C
)
 •/

#
i
f
 D
E
B
U
G

cp
ri

nt
f(

"D
on

e.
 E
la
ps
ed
 t
im

e:
 %
7.
3f
 se

co
nd
s.
\n
\r
",
 De

lt
aT

);
g
e
n
d
i
f

be
ep

<5
00

,3
50

);
be

ep
(8

00
,3

50
);

iT
if
 D
E
B
U
G

cp
ri
nt
f(
"P
re
ss
 a
ny
 k
ey
 t
o 
co

nt
in

ue
.\

n\
r"

);
wh

il
ef

kb
hi

tO
 =
 =
 0
)

{ } ge
tc
hO
;

cl
rs
cr
O;

#
e
n
d
i
f

o > C/
3
H

Se
tE

xt
em

al
Tr

ig
ge

r(
DI

SA
BL

ED
);

 
/*
 D
is

ab
le

 e
xt
er
na
l 
tr

ig
ge

r 
*!

Se
tI
RQ
St
at
us
(D
IS
AB
LE
D)
; 

/•
 R
es
et
 I
nt

er
ru

pt
 so

ur
ce

 b
it

 •
/

D
M
A
S
h
u
t
D
o
w
n
O
;
 

/*
 D
is

ab
le

 f
ur

th
er

 D
M
A
 •
/

In
te
rr
up
tS
hu
tD
ow
nO
; 

/*
 D
is

ab
le

 i
nt

er
ru

pt
s o

n 
I
R
Q
 ¤

/
Co

nf
ig

ur
el

OP
or

ts
dN

PU
T,

 I
N
P
U
T
)
;

h

fc
Io

se
fS

tr
ea

mi
ng

Pi
le

);
/
»
 C
l
o
s
e
 D
M
A
 f
il

e 
•
/

D
i
n
 =
 0
;

wh
iI

e(
!D

in
)

{
Di

n 
=
 R
ea
dD
ig
it
al
IO
(0
)&
 T
wo
s{
6]
;

If
if
 D
E
B
U
G

go
to
xy
(1
0,
I0
);

cp
ri
nt
fC
 %
u
 

Di
n,
 T
wo

s[
6]

);
#
e
n
d
i
f

) be
ep
<5
00
.3
50
);

be
ep

(8
00

,3
50

);

)
*»

♦»
 

E
N

D
 O

F
 P

R
O

G
R

A
M

 L
IS

T
IN

G
 

»
••

•



FILESEND.C

Stored on host computer in executable form as filesend.exe. Used in

conjunction with recfile.exe (on the onboard computer) to send the programs

sendfile.exe and dmastrmr.exe to the onboard computer via the serial communications

ports.

Compiled with Borland Turbo C.

Link the following during compilation:

d: \tc\lib\conun\filesend. c

d: \tc\lib\comm\pcl4c_s. lib

86



/
»

0
0

—
 
fi

le
se

nd
.c

 —

E
X
A
M
P
L
E
 C
O
D
E
:
 Fi

le
 s
en
de
r.
 C
a
n
 t
ra

ns
fe

r 
fi
le
s 
us
in
g

X
M
O
D
E
M
,
 Y
M
O
D
E
M
,
 a
nd

 Y
M
O
D
E
M
-
G
 p
ro

to
co

ls
.

S
a
m
e
 a
s 
S
E
N
D
F
I
L
E
.
C
;
 s
en

ds
 D
M
A
S
T
R
M
R
.
E
X
E
 a
nd

 S
E
N
D
F
I
L
E
.
E
X
E
 d
o
w
n
 t
o

da
ta
 l
og
ge
r.

S
e
e
 T
E
R
M
.
H
 f
or

 c
on

fi
gu

ra
ti

on
 p
ar
am
et
er
s.

D
o
 N
O
T
 s
el

ec
t 
Y
M
O
D
E
M
-
G
 w
h
e
n
 u
si
ng
 a
 n
ul
l 
m
o
d
e
m
 c
ab
le
 u
nl
es
s 
y
o
u
 a
re

ce
rt
ai
n 
th
at
 R
T
S
 A
. 
C
T
S
 a
re
 r
ev
er
se
d (

th
is

 i
s 
us
ua
ll
y 
no

t 
tr
ue
 )
.

Mo
di
fi
ed
 b
y 
R.
 M
ue

ll
er

, 
12

 M
ar

ch
 1
99
3

if
in

cl
ud

e 
<
s
t
d
i
o
.
h
>

ifi
nc
lu
de
 <
st
ri
ng
.h
>

#
i
n
c
h
i
d
e
 <
f
c
n
t
l
.
h
>

#i
nc
lu
de
 <
sy
s\
ty
pe
s.
h>

#i
nc
lu
de
 <
sy
s\
st
at
.h
>

If
in

cl
ud

e 
<
d
o
s
.
h
>

#i
nc
hi
de
 '
pc
Mc
.h
*

#
i
n
c
l
u
d
e
 '
as
ci
i.
h'

#
i
n
c
h
i
d
e
 '
t
e
i
m
.
h
"

M
e
f
i
n
e
 F
A
L
S
E
 0

f
d
e
f
i
n
e
 T
R
U
E
 I
F
A
L
S
E

M
e
f
i
n
e
 D
E
B
U
G
 -
1

M
e
f
i
n
e
 D
D
^
U
G
 0

#
d
e
f
i
n
e
 M
A
X
T
R
Y
 S

M
e
f
i
n
e
 U
M
I
T
 2
0

M
e
f
i
n
e
 P
O
L
Y
 0
x
1
0
2
1

vo
id
 M
yS

ta
rt

O:
vo

id
 M
y
E
x
i
t
O
;

vo
id

 E
rr
or
Ch
ec
kO
:

vo
id
 I
ni
tC
RC
O;

/
•
•
•
 G
l
o
b
a
l
 v
ar
ia
bl
es
 ¤

••
/

in
t 
Po

rt
;

ch
ar
 F
il

en
am

e(
15

]
ch
ar
 B
uf
fe
r[
10
24
]

ch
ar
 R
xB

uf
[2

04
8]

/
*
c
u
r
T
e
m
C
O
M
p
o
r
t
[
0
.
.
3
]
 *1

I
*
 f
il

e 
n
a
m
e
 b
uf
fe
r 
*
/

I
*
 b
l
o
c
k
 b
uf
fe
r 
*
/

/
*
 r
ec
ei
ve
 b
uf
fe
r 
•
/

ch
ar
 »
Ba

ud
Ra

te
[1

0]
 =
 
{"
30
0-
,"
60
0"
,"
12
00
",
"2
40
0"
,-
48
00
",
"9
60
0"
,

"
 19
20
0"
, "
38

40
0"

, "
57

60
0"

,"
 11
52
00
")
:

in
t 
B
a
u
d
C
o
d
e
;
 

/
•
 b
au
d 

ra
te

 c
od
e (
i
n
d
e
x
 i
nt

o 
Ba

ud
Ra

te
G 
)
 */

ch
ar
 N
C
G
c
h
a
r
 
=
 N
A
K
;

in
t 
On
eK
fl
ag
 
=
 F
A
L
S
E
;

in
t 
Ba
tc
hF
la
g 
=
 F
A
L
S
E
;

c
h
a
r
 P
ro

to
co

l 
=
 '
X
'
;

st
at
ic
 u
ns
ig
ne
d 
sh
or
t 
CR
Ct
ab
le
[2
56
];

/¤
¤•

 m
ai
n 
pr
og
ra
m 
*•

•/

m
a
i
n
O

{ in
t 
De
lt
a;

in
t 
St
am
s;

/*
 d
el

ta
 p
or

t 
st
at
us
 *
/

/*
 p
or

t 
st
at
us
 •
/

I*
 g
et
 p
or
t 
n
u
m
b
e
r
 *
/

Po
rt
 =
 0
;
 
I*

 C
O
M
l
 •
/

/*
 s
et

 b
au

d 
ra
te
, 
re
fe
r 
to

 *
Ba
ud
ia
te
G 
*/

B
a
u
d
C
o
d
e
 =
 7
;

/¤
 se

tu
p 
re
ce
iv
e 
bu
ff
er
 *
/

Er
ro
tC
he
ck
( 
Si
oR
xB
uf
(P
oT
t,
Rx
Bu
f,
Si
ze
2K
))
;

/*
 s
et

 p
ar

ms
 A
 r
es
et
 (i

ni
ti
al
iz
e)
 C
O
M
 p
or
t 
•/

Er
ro

rC
he

ck
(S

io
Pa

rm
s(

Po
rt

,N
oP

ar
it

y,
On

eS
to

pB
it

,W
or

dL
en

gt
h8

®;
My
St
at
t(
Po
rt
, B
au

dC
od

e)
;

/
•
 s
et
 D
T
R
 a
n
d
 R
T
S
 »
/

Si
oD
TR
(P
or
t,
'S
')
;

Si
oR

TS
(P

or
t,

'S
')

;
/
•
 i
ni

t 
C
R
C
 t
ab
le
 •
/

In
it
CR
CO
;

If
if
 R
T
S
_
C
T
S
_
C
O
N
T
R
O
L

Si
oF

lo
w(

Po
rt

,7
»O

NE
_S

EC
ON

D)
;

/•
 p
ri

nt
f(

"B
ow

 C
on
tr
ol
 e
na
bl
ed
. C
T
S
 =
 "
);

 *
1

iR
Si

oC
TS

CP
or

t)
) p
ut

s(
"O

N"
);

el
se
 p
ut
s(
"O
FF
")
;

if
en
di
f

/
•
 S
e
t
 H
F
C
 l
ev

el
 •
/

if
( S

io
Fl

FO
(P

or
t,

LE
VE

L_
14

))
 pu

ts
("
IN
S1
65
50
de
te
ct
ed
")
;

/
*
 c
le

ar
 P
C
L
4
C
 r
ec

ei
ve

 b
uf
fe
r 

¤
/

Er
ro
rC
he
ck
( 
Si

oR
xF

lu
sh

(P
or

t)
);

•
n

l
-
H § w z o h

Si
oR
xF
lu
sh
(P
or
t)
;

Pr
ot
oc
ol
 =
 '
Y
'
;

On
eK

fl
ag

 =
 T
R
U
E
;

Ba
tc
hF
la
g 
=
 T
R
U
E
;

N
C
G
c
h
a
r
 =
 '
C
;



0
0
G
O

/¤
 Y
M
O
D
E
M
 s
e
n
d
 •
/

st
rq

>y
(&

Fi
le

na
me

[0
],

 "
D
M
 A
S
T
R
M
R
.
 EX
E\
0"
);

T]
(y

Mo
de

m(
Po

rt
, F
il

en
am

e,
Bu

ff
er

,O
ne

Kf
la

g.
Ba

tc
hF

Ia
g)

;
Si
oD
el
ay
(S
);

st
rc

py
(&

Fi
le

na
me

(0
],

"S
EN

DH
LE

.E
XE

\0
")

;
Ta
yM
od
em
(P
oi
t,
Fi
le
na
me
,B
uf
fe
r,
On
eK
fI
ag
,B
at
ch
Fl
ag
);

Si
oD

el
ay

(3
);

/*
 s
en

d 
em

pt
y 
fi

le
na

me
 *
/

Fi
le
na
me
[0
] 
=
 '
\0
';

Tx
yM
od
em
(P
or
t,
Fi
le
na
me
,B
uf
fe
r,
On
eK
fl
ag
,B
at
ch
FI
ag
);

/¤
 w
a
s
 b
r
e
a
k
 d
et
ec
te
d 
?
 •
/

if
( 
Si

oB
rk

Si
g(

Po
rt

,'
D'

))

{
«i
f 
D
E
B
U
G

pr
in

tf
(*

BR
EA

K 
de

te
ct

ed
 "
);

#e
iK
li
f

be
ep
(2
00
,3
00
);

be
ep

(l
S0

,4
00

);

) /•
 a
ny

 i
nc
om
in
g 
ov
er
 s
er
ia
l 
po
rt
 ?
 •
/

Ge
tC
li
ar
(P
or
t,
0)
;

/*
 a
ny
 c
ha

ng
e 
in
 D
C
D
 o
r 
D
S
R
 ?
 *
/

D
e
h
a
 =
 S
io
Mo
de
m(
Po
tt
,D
el
ta
DC
D 

I D
el

ta
DS

R)
;

if
fD

el
ta

)

{
/*

 d
is
pl
ay
 n
e
w
 s
ta
tu
s 
*/

St
at
us
 "
 Si
oM

od
em

(P
oT

t,
(c

ha
rX

DC
D 

I D
SR
))
;

if
fl
St
at
us
&D
el
ta
DC
D)
 M
y
Ex

it
(0

, "
Dr
op
pe
d 
D
S
D
"
)
;

if
(!

Sl
at

us
&D

el
ta

DS
R)

 My
Ex

it
fO

, "
Dr

op
pe

d 
D
S
R
"
)
;

) My
Ex

it
(0

,"
\0

")
;

) /*
**

 m
ak

e 
mu

lt
ip

le
 a
tt

em
pt

s 
to
 r
es

et
 p
ot

t 
**
*/

vo
id
 M
yS

ta
rt

(P
or

t,
Ba

ud
Co

de
)

in
t 
Po

rt
;

in
t 
B
a
u
d
C
o
d
e
;

{i
nt

 i,
 r
c;

/*
 t
ry

 u
p 
to
 3
 t
im

es
 t
o 
re

se
t 
C
O
M
 p
or

t 
*/

f
b
r
(
i
=
0
;
i
<
3
;
i
+
+
)

{

#i
f 
D
E
B
U
G

pr
in

tf
("

Re
se

tt
in

gC
OM

%d
 a
t 
%
s
 b
au

d\
n"

,P
or

t+
l,

Ba
ud

Ra
te

[B
au

dC
od

e)
);

#
e
n
d
i
f if
( (
rc
 =
 S
io
Re
se
t(
Po
rt
,B
au
dC
od
e)
)=
=0
)r
et
um
;

if
(r

c<
0)

 M
yE

xi
t(

rc
,"

Er
ro

r 
re

se
tt

in
g 
po

rt
")

;
Si

oD
on

e(
Po

rt
);

/•
 d
is
pl
ay
 e
rr

or
s 
*/

if
(r
c&
Qv
er
ru
nE
rr
or
) p
ut
s(
"O
ve
rr
un
 E
rr

or
")

;
if
(r
c&
Pa
ri
ty
Er
ro
r)
 p
ut

s(
"P

ar
it

y 
Er

ro
r"

);
if
(r
c&
Fr
am
in
gE
rr
or
) p
ut

s(
"F

ra
mi

ng
 E
rr
or
")
;

if
(r

c&
Br

ea
kD

et
ec

t)
 p
ut
s(
"B
re
ak
 D
et

ec
t"

);

}
ex
it
(l
);

} /*
* 
ex

it
 p
ro

gr
am

 •
•
*
/

vo
id
 M
yE
xi
t(
co
de
,m
sg
)

in
t 
c
o
d
e
;

ch
ar
 *
m
s
g
;

(i
nt
 r
c;

i
f
(
c
o
d
e
<
0
)
 Si
oE

rr
or

fc
od

e)
;

/
•
 A
ss

er
t 
U
A
R
T
 b
re

ak
 &
 s
ig
n 
of
f 
•
/

Si
oB

rk
Si

g(
Po

rt
,'

A'
);

#i
f 
D
E
B
U
G

pr
in
tf
("
\n
TE
RM
IN
An
NG
: 
%s

\n
",

ms
g)

;
If
en
di
f

Si
oD

el
ay

(O
NE

_S
EC

ON
D/

2)
;

Si
oD
on
ef
Po
rt
);

ex
it
(0
);

} /•
•¤

 c
h
e
c
k
 f
o
r
 e
rr
or
 •
*
•
/

vo
id
 E
rr

or
Ch

ec
k(

Co
de

)
in

t 
C
o
d
e
;

{/
• 
tr

ap
 P
C
L
 e
rr

or
 c
od

es
 ¤

/
i
f
(
C
o
d
e
<
0
)

(S
io

Er
ro

r(
Co

de
);

Si
oD

on
e(

Po
rt

);
ex
it
(l
);

)
J 
/•
 e
nd
 E
rr
or
Ch
ec
k 
*1

/•
•»

 o
ut

pu
t 
ch

ar
ac

te
r 
to

 s
er
ia
l 
po
tt

in
t 
Pu
tC
ha
r(
Po
rt
,d
i)

in
t 
Po

rt
;

•
n W o h



0
0

s
o

ch
ar
 c
h;

{i
nt

 r
e;

/
*
 t
ra

ns
mi

t 
ch
ar
ac
te
r 
*
/

rc
 =
 S
io
Pu
tc
(P
or
t,
ch
);

if
(r
c<
0)

{
#
i
f
 D
E
B
U
G

pr
in
tf
("
Si
oP
ut
c 
Er

ro
r:

 C
O
M
%
d
:
 ",

1+
Po

rt
):

il
'e
nd
if Si
oE
rr
or
(r
c)
;

Si
oD
on
e(
Po
rt
);

ex
it
(l
);

}
re
tu
nK
rc
);

I !
*
*
*
 r
ec
ei
ve
 c
ha
ra
ct
er
 f
ro
m 

se
ri

al
 p
or

t

in
t 
Ge

tC
ha

r(
Po

rt
,T

im
eo

ut
)

in
t 
Po

tt
;

in
t 
Ti

me
ou

t;

(i
nt

 r
c;

rc
 -
 S
io
Ge
tc
(P
oT
t,
Ti
me
ou
t)
;

if
(r

c<
-l

)

{
#
i
f
 D
E
B
U
G

pr
in
tf
CS
io
Ge
tc
 E
rr
or
: C
O
M
%
d
:
 ",

1+
Po

rt
);

f
e
n
d
i
f Si
oE
no
i(
rc
);

ex
it
(l
);

}
re
tu
m(
rc
);

} /•
•*

 d
is

pl
ay

 t
he

 e
rr
or
 t
ex
t •

•*
/

vo
id
 S
ay
Er
To
r(
Po
rt
,p
tr
)

in
t 
Po

rt
;

ch
ar

 *
pt

r;
(c

ha
r 
le
mp
(8
1]
;

sp
ri
nt
f(
te
mp
,'
ER
RO
R!
 C
O
M
%
d
 :
 %
s'

,l
+P

or
t,

pt
r)

;
«i
f 
D
E
B
U
G

pr
in

tf
("

\n
**

* 
%s

\n
*,

te
mp

);
l
e
n
d
i
f

be
ep

(2
00

.5
00

);
be

ep
(l

S0
.4

00
);

/
*
 c
a
n
c
e
l
 r
e
m
o
t
e
 *
/

Pn
tC

ha
i<

Po
tt

,C
AN

);

Pu
tC
ha
r(
Po
rt
,C
AN
);

Pu
tC
ha
r(
Po
rt
,C
AN
);

)
 /•
 e
nd
 S
ay
Er
ro
r 
*/

/¤
 i
ni

ti
al

iz
e 
C
R
C
 t
ab
le
 ¤

/

vo
id
 I
n
i
t
C
R
C
O

(i
nt

 i
;

un
si

gn
ed

 s
ho

rt
 C
al

cT
ah

le
O;

fo
r(
i=
0;
i<
25
6;
i+
+)
CR
Ct
ab
!e
[i
l 
=
 C
al
cT
ab
le
(i
,P
OL
Y,
0)
;

) /*
 c
al
cu
la
te
 C
R
C
 t
ab
le
 e
nt
ry
 *
/

un
si
gn
ed
 s
ho

rt
 C
al
cT
ab
le
(d
at
a,
ge
np
ol
y,
ac
cu
m)

un
si
gn
ed
 s
ho

rt
 d
at

a;
un
si
gn
ed
 s
ho

rt
 g
en

po
ly

;
un
si
gn
ed
 s
ho

rt
 a
cc
um
;

(s
ta
ti
c 
in

t 
i;

da
ta
 <
 <
 =
 8
;

fo
r(

i=
8;

i>
0;

i-
)

{ if
((
da
ta
^a
cc
ii
m)
 &
 0
x8
00
0)
 ac
cu
m "
 (a
cc

um
 <
 <
 1
) ̂
 g
en

po
ly

;
el

se
 a
c
c
u
m
 <
 <
 =
 1
;

da
ta

 <
 <
 =
 1
;

)
re

tu
rn

(a
cc

um
);

) /*
 c
om

pu
te

 u
pd
at
ed
 C
R
C
 *
/

un
si
gn
ed
 s
ho
rt
 U
pd

at
eC

RC
(c

rc
,b

yt
e)

un
si
gn
ed
 s
ho

rt
 c
rc

;
un
si
gn
ed
 c
ha
r 

by
te
;

{ re
tu
m(
 (c
rc
 <
 <
 8
)
 "
 C
R
C
u
b
l
e
[
 (c
rc

 >
 >
 8
)
 *
 b
yt

e ]
 );

} in
t 
Tx

yM
od

em
(P

ot
t,

Fi
le

na
me

,B
uf

fe
r,

On
eK

fl
ag

,B
at

ch
Fl

ag
)

*T
i

I
—
(

C
O

m o h

in
t 
Po
rt
;

ch
ar
 F
il
en
am
eG
;

ch
ar
 B
uf

fe
rQ

;
in

t 
On
eK
fl
ag
;

in
t 
Ba

tc
hF

la
g;

(i
nt
 i,

 k
;

in
t 
C
o
d
e
;

in
t 
Ha
nd
le
;

ch
ar
 c
;

in
t 
p;

ch
ar

 P
ac
ke
tT
yp
e;

ch
ar
 P
ac
ke
tN
br
;

/»
 C
O
M
 p
or
t [

0.
.3

] •
/

/¤
 f
i
l
e
n
a
m
e
 b
uf
fe
r 
•
/

/*
 1
02
4 
by

te
 d
at
a 
bu
ff
er
 •
/

/*
 i
f 
T
R
U
E
,
 u
se

 I
K
 b
Ic

Kk
s 
w
h
e
n
 p
os
si
bl
e 
*/

/*
 i
f 
T
R
U
E
,
 s
en
d 
fi

le
na

me
 i
n 
pa

ck
et

 0
 *
/

/
•
 f
il

e 
H
a
n
d
l
e
 •
/



i
m
 
Pa

ck
el

Si
ze

;

in
t 

Fi
rs
tP
ac
ke
t;

un
si
gn
ed
 s
ho
rt
 C
h
e
c
k
s
u
m
;

lo
ng
 f
il
el
en
gt
hO
;

in
t 
Ni
un
be
rl
K 
=
 0
;
 

/•
 to

ta
l 
H 
I
K
 p
ac
ke
ts
 *
/

in
t 
Nt

un
be

rl
28

 =
 0
;
 

I*
 t
ot
al
 H
 1
2
8
 b
yt
e 
pa
ck
et
s 
*/

ch
ar
 N
C
G
c
h
a
r
 =
 N
A
K
;

lo
ng
 F
il

eS
iz

e;
ch
ar
 t
em
p[
8l
];

in
t 
Em

pt
yF

la
g 
=
 F
A
L
S
E
;

/
•
 b
eg
in
 •
/

if
CB

at
ch

Fl
ag

) i
f(
Fi
le
na
me
[0
) =
 =
 '\
0'

) E
mp

ty
Fl

ag
 =
 T
R
U
E
;

if
(!
Em
pt
yF
la
g)

{/
• 
Fi
le
na
me
 i
s 
no
t 
em
pt
y 
•/

Em
pt
yF
la
g 
«
 F
A
L
S
E
;

Ha
nd

le
 -
 o
pe

n(
Fi

le
na

me
,0

_R
DO

NL
Y|

0_
BI

NA
RY

.S
_I

RE
AD

);
if
(H
an
dl
e<
0)

{s
tr

cp
y(

te
mp

,'
Ca

im
ot

op
en

 ')
;

st
tc

at
(t

em
p,

Fi
le

na
me

);
r
e
t
u
m
(
F
A
L
S
E
)
;

}
J

0
i
f
 D
E
B
U
G

pr
in

tf
("

XY
MO

DE
M 
se

nd
: 
wa
it
in
g 
fo
r 
Re
ce
iv
er
 \
n"
);

#
e
n
d
i
f

be
ep

(S
00

.3
S0

);
be

ep
(8

00
.3

SO
);

wh
il
e(
Si
oK
ey
Pt
es
sO
) S
io

Ke
yR

ea
dQ

;
/•
 c
om
pu
te
 #
 b
lo
ck
s 
*/

if
(!
Em
pt
yF
la
g)

{F
il
eS
iz
e 
=
 f
il
el

en
gt

hf
Ha

nd
le

);
if

fO
ne

Kf
la

g)
 N
u
m
b
e
r
I
K
 

(i
nt
) (
Fi
le
Si
ze
 /
 1
02
4L
);

Ni
nn

be
rl

28
- 
1 
+
 (i

nt
)(
(F
il
eS
iz
e-
10
24
L*
(l
on
g)
Nt
nn
be
rl
K-
lL
) /
 1
28
L)
;

sp
ri
nt
f(
te
mp
,*
%d
 1
02
4 
&
 %
d
 1
28

 b
yt
e 
pa

ck
et

s 
\n

',
Nu

mb
er

lK
,N

um
be

rl
28

);
#
i
f
 D
E
B
U
G

pr
in

tf
(t

em
p)

;
l
e
n
d
i
f

}
el
se

{/
• 
em

pt
y 

fi
le

 •
/

N
u
m
b
e
r
l
2
8
 

0
;

N
u
m
b
e
r
I
K
 -
 0
;

)
/*
 c
le

ar
 c
o
m
m
 p
or

t (
 th
er

e 
m
a
y
 b
e 
se
ve
ra
l 
N
A
K
s
 q
ue
ue
d 
up
 )
 */

Si
oR
xF
lu
sl
i(
Po
it
);

/•
 g
et
 r
ec

ei
ve

rs
 st

ar
t 
up
 N
A
K
,
 '
C
,
 or

 '
G
'
 */

if
(!

Ta
St

ar
tu

p(
Po

rt
,A

NC
Gc

ha
r)

)r
et

um
(F

AL
SE

);
/*
 l
oo

p 
ov
er
 a
ll

 p
ac

ke
ts

 *
/

if
(B
at
ch
Fl
ag
) 
Fi
rs
tP
ac
ke
t 
=
 0
;

el
se
 F
ir
st
Pa
ck
et
 =
 I
;

fo
r(

p=
Fi

rs
tP

ac
ke

t;
p<

 =
N
u
m
b
e
r
l
K
+
N
u
m
b
e
r
l
2
8
;
p
+
 +
)

{/
• 
us

er
 a
bo
rt
s 
?
 •
/

if
iS
io
Ke
yP
re
ss
O)
 if
((
ch
ar
)S
io
Ke
yR
ea
dO
==
CA
N)

{T
xC
AN
(P
or
t)
;

If
if
 D
E
B
U
G

pr
in
tf
i"
**
* 
Ca

nc
el

ed
 b
y 
U
S
E
R
 •
•*

\n
")

;
if
en
di
f

r
e
t
u
m
(
F
A
L
S
E
)
;

)
/*
 i
ss

ue
 m
es
sa
ge
 •
/

sp
ri
nt
f(
te
mp
,"
Pa
ck
et
 %
d
 
",

p)
;

#
i
f
 D
E
B
U
G

pr
in
tf
(t
em
p)
;

if
en

di
f

/»
 l
oa

d 
u
p
 B
uf

fe
r 
*/

if
(p

 
0
)

{ /*
 F
il
en
am
e 
pa
ck
et
! 
•
/

Pa
ck
et
Si
ze
 =
 1
2
8
;

k
 =
 0
;

fo
r(

i=
0;

i<
st

rl
en

(F
il

en
am

e)
;i

++
)B

uf
fe

rt
k+

+]
 ■=

 F
ile

na
m

e[
i];

B
uf

fe
r[

k+
+

) 
=

 •
\0

';
sp

rin
tf(

te
m

p,
 * %

 Id
" .

Fi
le

Si
ze

);
fo

K
i=

0;
i<

st
rle

n(
te

m
p)

;i+
+)

B
uf

fe
r[k

++
] 

= 
te

m
p[

i];
w

hi
le

(k
<

l2
8)

B
uf

fe
r[

k+
+

) 
=

 '
\0

';
}

els
e 

/♦
 p

 >
 0

 •
/

{/♦
 D

AT
A 

Pa
ck

et:
 u

se
 I

K
 o

r 1
28

 b
yte

 b
lo

ck
 ? 

•/
if(

p<
 =

 N
um

be
rIK

)P
ac

ke
tS

ize
 -
 1

02
4;

el
se

 P
ac

ke
tS

ize
 =

 1
28

;
/*

 r
ea

d 
ne

xt
 b

lo
ck

 f
ro

m
 d

is
k 

*/
Co

de
 =

 r
ea

d(
H

an
dl

e,
Bu

ffe
r,P

ac
ke

tS
iz

e)
;

if(
C

od
e<

 =
0)

(S
ay

Er
ro

rfP
or

t, 
"E

rro
r o

n 
di

sk
 re

ad
");

re
tu

m
(F

A
LS

E
);

)
fo

r(
i=

C
od

e;
i<

P
ac

ke
tS

iz
e;

i+
+)

B
uf

fe
r[i

] 
= 

O
xla

;
)

/*
 s

en
d 

th
is

 p
ac

ke
t *

/
if(

!T
xP

ac
ke

t(P
or

t,p
,P

ac
ke

tS
ize

,B
uf

fe
r,N

CG
ch

ar
))r

et
un

i(F
AL

SE
);

Si
oD

el
ay

(5
);

/*
 m

us
t '

re
st

ar
t' 

af
te

r n
on

 n
ul

l p
ac

ke
t 0

 *
/

if(
!E

m
pt

yF
la

g&
&(

p=
 =

0)
)T

xS
ta

rtu
p(

Po
rt,

ftN
C

G
ch

ar
);

} 
/•

 e
nd

 -
 fo

r(p
) •

/
/*

 d
on

e 
if 

em
pt

y 
pa

ck
et

 0
 •

/
if(

E
m

pt
yF

la
g)

I—
I

w •z o h



#i
f 
D
E
B
U
G

V
O

pr
in
tf
("
\n
Ba
tc
h 
tr

an
sf

er
 c
om

pl
et

e\
n"

);
If
en
di
f

be
ep
(5
00
,3
50
);

be
ep

<8
00

,3
S0

);
r
e
t
u
m
f
T
R
U
E
)
;

}
/•
 al

l 
do

ne
, 
se

nd
 E
O
T
 u
p 
to

 1
0
 t
im
es
 *
/

cl
os
e(
Ha
nd
le
);

if
(!
Ta
EO
T(
Po
rt
))

(S
ay

Er
ro

i(
Po

tt
,"

EO
T 
no

t 
ac
kn
ow
le
dg
ed
*)
;

r
e
m
m
(
F
A
L
S
E
)
;

)
#i
f 
D
E
B
U
G

pr
in

tf
("

\n
Tr

an
sf

er
 C
om

pl
et

e\
n"

);
#
e
n
d
i
f

be
ep

(S
00

,3
S0

);
be

ep
(8

Q0
.3

50
);

r
e
t
u
m
(
T
R
U
E
)
;

)
 /•
 e
nd
 -
 T
x
y
M
o
d
e
m
 •
/

i
m
 T
x
C
A
N
(
P
o
r
t
)

bi
t 
Po

tt
;

{i
nt

 i
;

fo
r(
i=
0;
i <
6
;
i
+
 +
)
 Pu
tC
ha
tf
Po
rt
.C
AN
);

re
tu

m(
0)

;

) in
t T

*P
ac
ke
t(
Po
tt
,P
ac
ke
tN
br
,P
ac
ke
tS
ix
e,
Bu
ff
er
,N
CG
ch
ar
)

in
t 
Po
rt
; 

/•
 C
O
M
 p
or
t (

0.
.3

] 
»/

in
t 
Pa

ck
et

Nb
r;

 
/
•
 P
ac
ke
t 
#
 t
o 
se
nd
 •
/

in
t 
Pa
ck
et
Si
ze
; 

/•
 P
ac
ke
t 
si

ze
 (
 mu

st
 b
e 
12

8 
or
 1
02
4 )
 •/

ch
ar
 B
uf

fe
rG

; 
/
•
 D
at

a 
bu
ff
er
 *
!

ch
ar
 N
C
G
c
h
a
r
;
 

/
•
 N
A
K
,
 '
C
,
 or

 '
G
'
 •/

{i
nt

 i
;

in
t 
C
o
d
e
;

im
si
gn
ed
 s
ho
rt
 C
he

ck
Su

m;
i
m
 A
tt
em
pt
;

i
m
 P
ac
ke
tT
yp
e;

ch
ar
 t
em
p[
81
];

/•
 b
eg

in
 *
/

#
i
f
D
D
r
a
U
G

pr
in
tf
("
[T
xP
: C
O
M
%
d
 P
»c

ke
tN

br
= %
d
 P
ac

ke
tS

iz
e=

 %
d
 N
CG
ch
ar
=%
cl
"

1 -
l-

Po
rt

,P
ac

ke
tN

br
,P

ac
ke

tS
iz

e,
NC

Gc
ha

r)
;

#
e
n
d
i
f

/*
 b
et

te
r 
be
 1
28
 o
r 
10
24
 p
ac

ke
t 
le

ng
th

 *
/

if
(P

ac
ke

tS
iz

e-
-1

02
4)

 Pa
ck
et
Ty
pe
 =
 S
T
X
;

el
se
 P
ac

ke
tT

yp
e 
=
 S
O
H
;

Pa
ck

et
Nb

r 
&
=
 O
xO

Of
f;

/*
 m
ak

e 
up
 t
o 
M
A
X
T
R
Y
 a
tt
em
pt
s 
to
 s
en
d 

th
is
 p
ac

ke
t 
*/

fo
r(

At
te

mp
t=

 1 ;
At
te
mp
t <
 =
 M
A
X
T
R
Y
;
 At
te
mp
t+
 +
)

{/
* 
se

nd
 S
O
H
/
S
T
X
 •

/
C
o
d
e
 =
 P
ut
Ch
ar
(P
or
t,
Pa
ck
et
Ty
pe
);

/
•
 s
en
d 
pa
ck
et
 #
 •
/

C
o
d
e
 =
 P
ut
Ch
ar
(P
or
t,
Pa
ck
et
Nb
r)
;

/•
 s
en

d 
I'
s 
co
mp
le
me
nt
 o
f 
pa

ck
et

 •
/

C
o
d
e
 =
 P
ut

Ch
ar

(P
or

t,
25

5-
Pa

ck
et

Nb
r)

;
/
*
 s
e
n
d
 d
a
t
a
 •
/

C
h
e
c
k
s
u
m
 =
 0
;

fo
Ki
=0
;i
 <
 Pa
ck

et
Si

ze
;i

++
)

(C
od

e 
=
 P
ut

Ch
ar

(P
or

t,
Bu

ff
er

[i
])

;
i
f
(
N
C
G
c
h
a
r
=
=
N
A
K
)
 C
h
e
c
k
s
u
m
 +
=
 B
uf

Te
r(

i]
;

el
se
 C
he
ck
su
m 
=
 U
pd

at
eC

RC
(C

he
ck

Su
m,

 Bu
ff
er
[i
])
;

}
/
•
 s
e
n
d
 c
h
e
c
k
s
u
m
 •
/

i
f
(
N
C
G
c
h
a
r
=
=
N
A
K
)

(C
od

e 
=
 P
ut

Ch
ar

(P
or

t,
Ch

ec
kS

um
& 
Ox
OO
ff
);

)
e
l
s
e {C

od
e 
=
 P
ut
Ch
ar
fP
or
t,
 (
C
h
e
c
k
s
u
m
>
 >
8
)
&
 O
xO
Of
f)
;

C
o
d
e
 =
 P
ut
Ch
ai
fP
or
t,
 C
h
e
c
k
s
u
m
 &
. 
Ox

(X
)f

f)
;

}
/
•
 n
o
 A
C
K
 t
o 
wa
it
 f
or

 i
f '
G
'
 •
/

i
f
(
N
C
G
c
h
a
r
=
=
G
'
)

{i
f(

Pa
ck

et
Nb

r=
 =
0
)
 Si
oD
el
ay
(S
HO
RT
_W
Al
T»
ON
E_
SE
CO
ND
/2
);

r
m
u
m
(
T
R
U
E
)
;

}
/
*
 w
a
i
t
 f
o
r
 r
ec
ei
ve
rs
 A
C
K
 •
/

Co
de
 =
 G
et

Ch
ar

(P
or

t,
LO

NG
_W

AI
T»

ON
E_

SE
CO

ND
);

if
((
ch
ar
)C
od
e=
 =
C
A
N
)

{
iT
if
 D
E
B
U
G

pr
in

tf
("

**
* C

an
ce
le
d 
by

 R
E
M
O
T
E
 *
**

\n
")

;
If

en
di

f

re
tu

m(
FA

LS
E)

;

}
if
((
ch
ar
)C
od
e=
 =
 A
C
K
)
 re
tu
m(
TR
UE
);

if
((

ch
ar

)C
od

e!
 =
N
A
K
)

{P
ac

ke
tE

rr
or

(P
or

t,
Pa

ck
et

Nb
r,

 At
te

mp
t,

 "O
ut

of
 sy

nc
")
;

re
tu

m(
FA

LS
E)

;

}
/*

 A
tt

em
pt

 a
ga
in
 *
/

)/¤
 en

d 
~
 f
or

(A
tt

em
pt

) •
/

/*
 c
an
't
 s
en

d 
pa

ck
et

! 
*/

Sa
yE
rr
or
(P
or
t,
*p
ac
ke
tt
im
eo
ut
(3
 N
AK

s)
")

;

►
Tl

t-
H § § D h



V
O
K
)

re
ni
ni
(F
AL
SE
);

)
 /»
 e
nd
 -
 T
uP
ac
ke
t •

/

Pa
ck
et
Er
ro
KP
or
t,
Pa
ck
et
, A
tt
em
pt
,M
sg
Pt
r)

in
t 
Po

rt
;

in
t 
Pa

ck
et

;

in
t 
At
te
mp
t;

ch
ar
 *
Ms
gP
tr
;

{c
ha

r 
te
mp
[8
1]
;

sp
ri
nt
f(
te
mp
,'
Pa
ck
et
 %
d
 :
 A
tt
em
pt
 %
d
 :
 %
s'
,P
ac
ke
t,
At
te
mp
t,
Ms
gP
tr
);

S
a
yE

rr
or

(P
or

t,
te

mp
);

} in
t 
Tx
St
ar
ti
ip
(P
or
t,
NC
Gc
ha
rP
tr
)

in
t 
Po

rt
;

ch
ar
 *
N
C
C
c
h
a
r
P
t
r
;

{i
nt

 i;
in
t 
C
o
d
e
;

#
i
f
 D
D
E
B
U
G

pr
in
tf
("
##
# 
Ta

St
ar

tu
p"

);
#
e
n
d
i
f

/
*
 c
le

ar
 R
x
 b
u
f
f
e
r
 •
/

Si
oR
xF
hi
sh
(P
or
t)
;

/•
 w
ai
t 
fo

r 
re
ce
iv
er
s 
st

ar
t 
up
 N
A
K
,
 '
C
,
 or

 '
G
'
 •
/

fo
r(
i=
I;
i<
LI
Mr
T;
i+
 +
)

{i
f(

Si
oK

ey
Pr

es
sO

)
{S

ay
Er

ro
r(

Po
rt

,"
Ab
or
te
d 
by
 u
se
r"
);

re
tu

m(
FA

LS
E)

;

J
Co
de
 -
 G
et

Ch
ar

(P
or

t,
SH

OR
T_

WA
IT

*O
NE

_S
EC

ON
D)

;
i
f
(
C
o
d
e
=
=
-
1
)
 co
nt
in
ue
;

I*
 r
ec
ei
ve
d 
a
 b
yt
e 
•
/

i
f
(
(
c
h
a
r
)
C
o
d
e
=
=
N
A
K
)

{♦
NC

G
ch

ar
Pt

r -
 N

AK
;

#
if
 D

D
E

B
U

G
pr

in
tfC

"(C
S)

 O
K

\n
")

;
#
e
n
d
if

re
tu

m
fT

R
U

E
);

}
if(

(c
ha

r)
C

od
e-

 -
 "C

")
{•N

C
G

ch
ar

Pt
r -

 '
C

;
ri
f 

D
D

E
B

U
G

pr
in

tf(
"(C

R
C

) O
K\

n"
);

If
e

n
d

if
re

tu
m

(T
R

U
E

);
}

if(
(d

ia
r)

C
od

e>
' >

• 'G
')

{•N
C

G
ch

ar
Pt

r -
 '

G
';

»
\f

 D
D

E
B

U
G

pr
in

tf(
"(

G
) O

K
\n

")
;

ife
n

d
if

re
tu

m
fT

R
U

E
);

)
} 

/•
 e

nd
 —

 fo
rfi

) 
•/

/•
 n

o 
re

sp
on

se
 •

/
Sa

yE
rro

rfP
or

t, 
"N

o 
re

sp
on

se
 fr

om
 r

ec
ei

ve
r")

;
re

m
m

fF
A

LS
E

);
) 

/•
 e

nd
 —

 T
xS

ta
rtu

p 
•/

in
t T

xE
O

Tf
P

or
t)

in
t 

P
or

t;
{in

t i
;

in
t 

C
od

e;
fo

r(
i=

0
;i<

 1
0;

i+
 +

)
{C

od
e 

= 
Pu

tC
ha

r(P
or

t,E
O

T)
;

/•
 a

w
ai

t r
es

po
ns

e 
•/

Co
de

 =
 G

et
Ch

ar
(P

or
t,S

HO
RT

_W
AI

T^
O

NE
_S

EC
O

ND
);

if(
(c

ha
r)

C
od

e=
 =

 A
C

K
) r

et
um

fT
R

U
E

);
} 
/•

 e
nd

 -
 fo

rfi
) 

•/
re

tu
m

fF
A

LS
E

);
} 

/♦
 e

nd
 -
 T

xE
O

T 
•/

be
ep

f fr
eq

ue
nc

y,
 d

ur
at

io
n)

/•
 a

 fu
nc

tio
n 

to
 p

ro
du

ce
 a

 s
ou

nd
 fr

om
 a

 P
C 

sp
ea

ke
r •

/
{ /•

 u
ns

ig
ne

d 
in

t f
re

qu
en

cy
, d

ur
at

io
n;

 •
/

so
un

df
fre

qu
en

cy
);

de
la

yf
 du

ra
tio

n)
;

no
so

un
dO

;
/•

 u
sa

ge
: b

ee
pf

 fre
qu

en
cy

, d
ur

at
io

n)
; •

/
}

••
••

 
E

N
D

 O
F

 P
R

O
G

R
A

M
 L

IS
T

IN
G

 
••

••

w o h



SENDFILE.C

Sent to onboard computer in executable form as sendfile.exe. Used in

conjunction y/ith filerec.exe (on the host computer) to send the data file test.str (data

file created during the experiment run) to the host computer via the serial

communications ports.

Compiled with Borland Trubo C.

Link the following during compilation:

d: \tc\lib\conim\sendfile. c

d: \tc\lib\comm\pcl4c_s. lib

93



—
 
se

nd
fi

le
.c

 —

E
X
A
M
P
L
E
 C
O
D
E
;
 Fi

le
 s
en
de
r.
 C
a
n
 t
ra
ns
fe
r 
fi

le
s 
us

in
g

X
M
O
D
E
M
,
 Y
M
O
D
E
M
,
 an

d 
Y
M
O
D
E
M
-
G
 p
ro

to
co

ls
.

Se
e 
T
E
R
M
.
H
 f
or

 c
on

fi
gu

ra
ti

on
 p
ar
am
et
er
s.

D
o
 N
O
T
 s
el

ec
t 
Y
M
O
D
E
M
-
G
 w
h
e
n
 u
si

ng
 a
 n
ul
l 
m
o
d
e
m
 c
ab
le
 u
nl
es
s 
yo
u 
ar
e

ce
rt

ai
n 
th

at
 R
T
S
 &
 C
T
S
 a
re
 r
ev
er
se
d (

th
is
 i
s 
us

ua
ll

y 
no

t 
tr

ue
).

Mo
di

fi
ed

 b
y
 R
.
 M
ue

ll
er

, 
1
2
 M
a
r
c
h
 1
99
3

•
/

#
i
n
c
l
u
d
e
 <
s
t
d
i
o
.
h
>

if
in
cl
ud
e 
<s

tr
in

g.
h>

#
i
n
c
l
u
d
e
 <
f
c
n
t
l
.
h
>

#i
nc
hi
de
 <
 sy

s\
ty

pe
s.

h >
#i
nc
lu
de
 <
sy

s\
st

at
.h

>
if

in
cl

ud
e 
<
d
o
s
.
h
>

#i
nc
lu
de
 'p

cl
4c

.h
'

if
in

cl
ud

e 
'a

sc
ii

.h
'

#
i
n
c
l
u
d
e
 '
t
e
r
m
.
h
'

M
e
f
i
n
e
 F
A
L
S
E
 0

#
d
e
r
i
n
e
T
R
U
E
 I
F
A
L
S
E

#
d
e
f
i
n
e
 D
E
B
U
G
 0

M
e
f
i
n
e
 D
D
E
B
U
G
 0

M
e
f
i
n
e
 M
A
X
T
R
Y
 3

M
e
f
i
n
e
 L
I
M
I
T
 2
0

M
e
f
i
n
e
 P
O
L
Y
 0
x
1
0
2
1

vo
id

 M
yS

ta
it

O;

vo
id

 M
y
E
x
i
t
O
;

vo
id

 E
rr

oi
Ch

ec
kO

;
vo
id
 I
ni

tC
RC

O;

/
»
•
•
 G
l
o
b
a
l
 v
ar

ia
bl

es
 •
•
•
/

in
t 
Po
rt
; 

/•
 c
ur

re
nt

 C
O
M
 p
or
t [

0.
 .3
] •
/

ch
ar
 F
il
en
ai
ne
(1
5]
; 

/*
 f
il
e 
n
a
m
e
 b
uf

fe
r 
*/

ch
ar
 B
uf

fe
r[

10
24

];
 

/
•
 b
lo
ck
 b
uf
fe
r 
*/

ch
ar
 R
xB
uf
[2
04
8]
; 

/*
 r
ec
ei
ve
 b
uf

fe
r 
*/

ch
ar

 •
Ba
ud
Ra
te
dO
] -
 {

"3
00

'.
"6

00
*.

"1
20

0"
,"

24
00

",
"4

80
0"

,"
96

00
",

'1
92

00
",■

38
40

0-
."5

76
00

","
11

52
00

"};
in

t B
au

dC
od

e;
 

/*
 b

au
d 

ra
te

 c
od

e 
( 

in
de

x 
in

to
 B

au
dR

at
eD

 )
 *

/

ch
ar

 N
C

G
ch

ar
 

=
 N

A
K

;
in

t O
ne

Kf
la

g 
= 

FA
LS

E;
in

t B
at

ch
Fl

ag
 =

 F
AL

SE
;

ch
ar

 P
ro

to
co

l 
=

 '
X

';
st

at
ic 

un
si

gn
ed

 s
ho

rt 
C

R
C

ta
bl

e[
2S

6]
;

/♦
•*

 m
ai

n 
pr

og
ra

m
 •

**
/

m
ai

nO
{ in

t 
D

el
ta

;
in

t S
ta

tu
s;

/*
 d

el
ta

 p
or

t s
ta

tu
s 

*/
/*

 p
ot

t s
ta

tu
s 

•/

/•
 g

et
 p

or
t n

um
be

r ♦
/

P
or

t 
=

 0
; 

/»
 C

O
M

 I 
•/

/*
 s

et
 b

au
d 

ra
te

, 
re

fe
r t

o 
'B

au
dt

at
eO

 *
/

Ba
ud

C
od

e 
=

 7
;

/•
 s

et
up

 r
ec

ei
ve

 b
uf

fe
r 

*/
E

iro
rC

he
ck

f S
io

R
xB

uf
(P

or
t,R

xB
uf

,S
iz

e2
K

))
;

/*
 s

et
 p

ar
m

s 
St,

 r
es

et
 (i

ni
tia

liz
e)

 C
O

M
 p

oi
t 

*/
Er

ro
rC

he
ck

f S
io

Pa
rm

s(
Po

rt,
N

oP
ar

ity
,O

ne
St

op
Bi

t,W
or

dL
en

gf
li8

8;
M

yS
ta

rt(
Po

rt,
Ba

ud
C

od
e)

;
I*

 s
et

 D
T

R
 a

nd
 R

TS
 •

/

S
io

D
TR

(P
or

t,"
S

');
S

io
R

TS
(P

or
t,'

S
');

/•
 i

n
it 

C
R

C
 t

ab
le

 ♦
/

In
itC

R
C

Q
;

#i
f R

TS
_C

TS
_C

O
NT

RO
L

Si
oF

lo
w(

Po
rt,

7»
O

NE
_S

EC
O

ND
);

/*
 p

rin
tfC

no
w

 C
on

tro
l e

na
bl

ed
. C

TS
 =

 "
); 

*/
if(

S
io

C
TS

(P
or

t»
 p

ut
s(

"O
N

")
;

el
se

 p
ut

s(
"O

FF
")

;
#

e
n

d
if

/•
 S

et
 F

IF
O

 l
ev

el
 •

/
if(

 S
io

H
FO

(P
or

t,L
EV

EL
_1

4)
) p

ut
s(

"IN
S1

65
50

de
te

ct
ed

");
/♦

 c
le

ar
 P

C
L
4
C

 r
ec

ei
ve

 b
u
ff
e
r 

V

Er
ro

tC
he

ck
C

 S
io

R
xF

lu
sh

(P
or

t))
;

C
/5 W 25 O •n H
H G n

S
io

R
xF

lu
sh

fP
or

t);
P

ro
to

co
l 

=
 '

Y
';

O
ne

Kf
la

g 
= 

TR
U

E;
Ba

tc
hF

la
g 

=
 T

R
U

E
;

N
C

G
ch

ar
 =

 '
C

;

st
rc

py
{&

Fi
le

tia
m

eI
O

],"
TE

S
T.

S
TR

\0
")

;
/•

 Y
M

O
D

E
M

 s
en

d 
•/



V
O
U
l

Tx
yM
od
en
i(
Po
n,
 Fi
le

na
me

,B
uf

fe
r.

On
cK

fl
ag

.B
at

ch
Fl

ag
);

/*
 s
en

d 
em

pt
y 
fi

le
na

me
 *
/

Fi
le

na
me

[0
] 
=
 '
\0
':

Si
oD
el
ay
(S
);

Tx
yM

od
em

(P
or

t,
Fi

le
na

me
.B

uf
fe

r.
On

eK
fl

ag
,B

at
ch

Fl
ag

);

/
•
 w
a
s
 b
r
e
a
k
 d
et

ec
te

d 
?
 •
/

if
( 
Si
oB
rk
Si
g(
Po
rt
,'
D'
))

{
#
i
f
 D
E
B
U
G

pr
in
tf
CB
RE
AK
 d
et

ec
te

d 
')
;

#
e
n
d
i
f

be
ep

(2
0O

.S
0O

);
be

ep
<1

50
.4

00
);

}
/*

 a
ny
 i
nc
om
in
g 
ov
er
 s
er
ia
l 
po
rt
 ?
 *
/

Ge
tC
ha
r(
Po
rt
,0
):

/•
 a
ny

 c
ha
ng
e 
in

 D
C
D
 o
r 
D
S
R
 ?
 *
/

De
lt

a 
=«

 S
io
M(
xl
em
(P
ot
t,
De
lt
aD
CD
|D
el
ta
DS
R)
;

if
(D

el
ta

)

(
/*

 d
is
pl
ay
 n
e
w
 s
ta
tu
s 
*/

St
at
us
 -
 S
io

Mo
de

m(
Po

rt
,(

ch
ar

XD
CD

 I D
SR

))
;

if
(!
St
at
us
&D
el
ta
DC
D)
 My
Ex
it
(0
, '
Dr

op
pe

d 
DS
D*
);

if
(!

St
at

us
&D

el
ta

DS
R)

 My
Ex

it
(0

, '
Dr
op
pe
d 
DS
R'
);

) My
Bx
it
(0
.'
\0
')
;

} /¤
••

 m
ak

e 
mu

lt
ip

le
 a
tt

em
pt

s 
to
 r
es

et
 p
or

t 
**
*!

vo
id
 M
yS

ta
rt

(P
oT

t,
Ba

ud
Co

de
)

ii
M 
Po

rt
;

in
t 
B
a
u
d
C
o
d
e
;

{i
nt

 i,
 r
c;

/•
 tr

y 
up
 t
o 
3
 t
im

es
 t
o 
re

se
t 
C
O
M
 p
or

t 
•/

f
o
r
(
i
=
0
;
i
<
3
;
i
+
+
)

{
#
i
f
 D
E
B
U
G

pr
in
tf
("
Re
se
tt
in
gC
OM
%d
 a
t 
X
s
 b
au

d\
n'

,P
or

t-
f l

,B
au
dR
at
e[
Ba
ud
Co
de
])
;

#
e
n
d
i
f if
( (
rc

 —
 S
io
Re
3e
t(
Po
Tt
,B
au
dC
od
e)
)=
-:
0)
re
tu
m;

if
(t

c<
0)

 M
y
Ex
it
(r
c,
 "E
rr

or
 le

se
tt

ii
ig

 p
ot
t'
);

Si
oD

on
e(

Po
rt

);
/*

 d
is

pl
ay

 e
rr
or
s 
*/

if
(r

c&
Ov

et
Tu

nE
rr

or
) p
ut

s(
*O

ve
rn

m 
Er

ro
r'

);

if
(r
c&
Pa
ri
ty
Er
ro
r)
 p
ut

s(
'P

ar
it

y 
Er

ro
r'

);

if
Cr
c&
Fr
am
in
gE
rr
or
) p
ut
s(
' F
ra
mi
ng
 E
rr
or
')
;

if
(r
c&
Br
ea
kD
et
ec
t)
 p
ut

sC
Br

ea
k 
De

te
ct

')
;

)
ex
it
(l
);

} /•
¤

 ex
it

 p
ro
gr
am
 *
*
*
!

vo
id
 M
yE
xi
t(
co
de
,m
sg
)

in
t 
co

de
;

ch
ar
 *
m
s
g
;

{i
nt

 r
c;

if
(c

od
e<

0)
 Si

oE
iT

or
(c

od
e)

;
/¤

 A
ss
er
t 
U
A
R
T
 b
re
ak
 &
 s
ig
n 
of
f 
•
/

S
 io
Br

kS
 ig
fP

or
t,

 * A
')

;
#
i
f
 D
E
B
U
G

pr
in

tf
("

\n
TE

RM
IN

AT
IN

G:
 %
s\

n"
,m

sg
);

#
c
n
d
i
f

Si
oD

el
ay

(O
NE

_S
EC

ON
D/

2)
;

Si
oD

on
c(

Po
it

);
ex

it
(0

);

) /
•
*
•
 c
h
e
c
k
 f
o
r
 e
rr
or
 *
*
•
/

vo
id
 E
r
r
O
T
C
h
e
c
k
(
C
o
d
e
)

in
t 
C
o
d
e
;

{/
• 
tr

ap
 P
C
L
 e
rr

or
 c
od

es
 •
/

i
f
(
C
o
d
e
<
0
)

{S
io
Er
ro
r(
Co
de
);

Si
oD

on
ef

Po
rt

);

ex
it
(l
);

)
}
 /
• 
en
d 
Er

ro
rC

he
ck

 *
/

C
/
3

§ s HH 5

/•
••

 ou
tp
ut
 c
ha
ra
ct
er
 t
o 
se
ri
al
 p
or

t •
••
/

in
t 
Pu
tC
ha
r(
Po
rt
,c
h)

in
t 
Po

rt
;

c
h
a
r
 c
h
;

{i
nt
 r
c;

/
•
 t
ra

ns
mi

t 
ch

ar
ac

te
r 
•
/

rc
 =
 S
io

Pu
tc

(P
ot

t,
ch

);
if

(r
c<

0)

{
*
i
f
 D
E
B
U
G

pr
in
tf
('
Si
oP
ut
c E

rr
or
; 
C
O
M
X
d
:
 ",

1+
Po

rt
);



V
O

O
N

#
e
n
d
i
f Si
oE
rr
oK
rc
);

Si
oD

on
e(

Po
it

);

ex
it
(l
);

)
re
tu
m(
rc
);

) !
*
*
*
 r
ec
ei
ve
 c
ha
ra
ct
er
 f
ro

m 
se

ri
al

 p
or

t 
**

♦/

in
t G

et
C

ha
r(

P
or

t,T
im

eo
ut

)
in

t P
or

t;
in

t T
im

eo
ut

;
{in

t r
c;

rc
 =

 S
io

G
et

cf
Po

it.
Tn

ne
ou

t);
ili

(r
c<

-l
)

{
#
if
 D

E
B

U
G

pr
in

tf(
"S

io
G

et
c 

Er
ro

r: 
C

O
M

^d
: 

".1
 +

Po
rt)

;
#
e
n
d
if S
io

E
rr

or
fr

c)
;

e
xi

td
);

}
re

tu
m

fic
);

} /•
»♦

 d
is

pl
ay

 th
e 

er
ro

r t
ex

t *
•*

/

vo
id

 S
ay

E
rr

or
(P

oi
t.p

tr)
in

t P
ot

t;
ch

ar
 *

pt
r;

(c
ha

r t
en

ip
[8

1]
;

sp
rin

tff
te

m
p.

'E
RR

O
RI

 C
O

M
%

d 
; 

%
s'

,l+
P

or
t,p

tr)
;

#
if
 D

E
B

U
G

pr
in

tf(
"\

n*
**

 *
s\

n"
,te

in
p)

;
#
e
n
d
if

be
ep

(2
00

,S
00

);
be

ep
(1

50
.4

00
);

/*
 c

an
ce

l r
em

ot
e 

*/
P

ut
C

ha
r(

P
or

t,C
A

N
);

P
ut

C
ha

i(P
or

t,C
A

N
):

P
iit

C
ha

i(P
or

t.C
A

N
)

} 
/•

 e
nd

 S
ay

Er
ro

r »
/

/*
 i

ni
tia

liz
e 

C
R

C
 t

ab
le

 *
/

vo
id

 In
itC

R
C

O
{in

t i
;

un
sig

ne
d 

sh
oi

t C
al

cT
ab

le
O

;

fo
r(

i=
0;

i<
25

6;
i+

+
)C

R
C

ta
bl

e{
i] 

= 
C

al
cT

ab
le

(i.
P

O
LY

,0
);

} /»
 c

al
cu

la
te

 C
RC

 ta
bl

e 
en

try
 •

/
un

sig
ne

d 
sh

or
t C

al
cT

ab
le

fd
at

a.
ge

np
ol

y.
ac

cu
m

)
un

si
gn

ed
 s

ho
rt 

da
ta

;
un

si
gn

ed
 s

ho
rt 

ge
np

ol
y;

un
si

gn
ed

 s
ho

rt 
ac

cu
m

;
{s

ta
tic

 in
t i

;
da

ta
 <

 <
 =

 8
;

fo
r(

i=
8;

i>
0;

i—
)

{ if(
(d

at
a^

ac
cu

m
) &

 0
x8

00
0)

 a
cc

um
 =

 (
ac

cu
m

 <
 <

 1
) '

el
se

 a
cc

um
 <

 <
 —

 
1;

da
ta

 <
 <

 =
 1

;

}
re

tu
m

fa
cc

um
);

} /*
 c

om
pu

te
 u

pd
at

ed
 C

R
C

 *
!

un
si

gn
ed

 s
ho

rt 
U

pd
at

eC
R

C
(c

rc
,b

yt
e)

un
si

gn
ed

 s
ho

rt 
cr

c;
un

si
gn

ed
 c

ha
r 

by
te

;
{ re

tu
m

( (
cr

c 
< 

<
 8

) 
' 

CR
Ct

ab
le

( (
cr

c 
>

 >
 8

) 
'

)

ge
np

ol
y;

by
te

 ]
);

(/
J

W o •n H
H

in
t T

xy
M

od
em

(P
or

t,F
ile

na
m

e,
Bu

ffe
r,O

ne
Kf

la
g,

Ba
tc

hF
la

g)
I*

 C
O

M
 p

or
t {

0.
.3

] 
•/

/•
 f

ile
na

m
e 

b
u

ff
e

r 
•/

/•
 1

02
4 

by
te

 d
at

a 
bu

ffe
r •

/
/*

 i
f T

R
U

E
, 

us
e 

IK
 b

lo
ck

s 
w

he
n 

po
ss

ib
le

 *
/

/*
 i
f T

R
U

E
, 

se
nd

 fi
le

na
m

e 
in

 p
ac

ke
t 0

 V

in
t P

or
t;

ch
ar

 F
ile

na
m

eQ
;

ch
ar

 B
uf

fe
rQ

;
in

t O
ne

Kf
la

g;
in

t B
at

ch
Fl

ag
;

{in
t i

, 
k;

in
t C

od
e;

fai
t H

an
dl

e;
 

/*
 f

ile
 H

an
dl

e 
*/

ch
ar

 c
;

in
t p

;
ch

ar
 P

ac
ke

flV
pe

;
ch

ar
 P

ac
ke

tN
br

;
in

t 
Pa

ck
et

Si
ze

;
in

t 
Fi

rs
tP

ac
ke

t;
im

sig
ne

d 
sh

or
t C

he
ck

su
m

;
lo

ng
 fi

le
le

ng
th

O
:

in
t N

iu
nb

er
lK

 =
 0

; 
/*

 to
ta

l 0
 I

K
 p

ac
ke

ts
 *

/
in

t N
um

be
rl2

8 
=

 0
; 

/*
 to

ta
l #

 1
28

 b
yt

e 
pa

ck
et

s 
*/

ch
ar

 N
C

(jc
ha

r 
=

 N
A

K
;

lo
ng

 F
ile

Si
ze

;



V
O

ch
ar
 t
an
p(
81
];

in
t 
Em
pt
yF
la
g 
=
 F
A
L
S
E
;

/*
 b
eg
in
 •
/

if
(B
at
ch
Fl
ag
)i
f(
Fi
le
na
me
[0
] =
 =
 '\
0'
) E
mp

ty
Fl

ag
 =
 T
R
U
E
;

if
(!

Em
pt

yF
bg

)
{/

¤
 F
il
en
am
e 
is
 n
ot

 e
mp
ty
 *
!

Em
pt
yF
la
g 
=
 F
A
L
S
E
;

Ha
nd

le
 =
 o
pe
n(
Fi
le
na
me
.O
_R
DO
NL
Y|
0 
B
I
N
A
R
Y
,
S
J
R
E
A
D
)
;

if
(H
an
dl
e<
0)

{s
tr

cp
y(

te
mp

,'
Ca

nn
ot

 o
pe

n 
")

;
st
rc
at
(t
em
p,
Fi
le
na
me
);

re
tu
ni
(F
AL
SE
);

}
}

#
i
f
 D
E
B
U
G

pr
in
tf
('
XY
MO
DE
M 
se

nd
; 
wa

it
in

g 
fo
r 
Re
ce
iv
er
 \
n"
);

#
e
n
d
i
f

be
ep

(S
00

,3
S0

);
be
ep
(8
00
,3
S0
);

wh
il
e(
Si
oK
ey
Pr
es
sO
) S
io
Ke
yR
ea
dO
;

/*
 c
om
pu
te
 #
 b
lo
ck
s 
*/

IR
lE
mp
ty
Fl
ag
)

{F
il
eS
iz
e 

■== 
ril

el
en

gt
h(

Ha
nd

le
);

if(
O

ne
Kn

ag
) N

um
be

rlK
 -
 (

fa
it)

 (F
ile

Si
ze

 / 
I0

24
L)

;
N

um
be

rl2
8 

=
 1

 +
 (

in
t)(

(F
ile

S
iz

e-
10

24
L*

(lo
ng

)N
um

be
rIK

-lL
) 

/ 
12

8L
);

sp
rin

tf(
te

m
p,

*%
d 

10
24

 &
 %

d 
12

8 
by

te
 p

ac
ke

ts 
\n

",N
um

be
rlK

,N
tim

be
rl2

8)
;

#
if
 D

E
B

U
G

pr
in

tR
te

m
p)

;
#
e
n
d
if }

el
se

{/
• 

em
pt

y 
fil

e 
•/

N
um

be
rl2

8 
-
 0

;
N

um
be

rlK
 =

 0
;

}
/*

 c
le

ar
 c

om
m

 p
or

t (
 th

er
e 

m
ay

 b
e 

se
ve

ra
l N

AK
s 

qu
eu

ed
 u

p 
) 

*/
Si

oR
xR

us
h(

Po
rt)

;
/•

 g
et

 re
ce

ive
rs

 s
ta

rt 
tq>

 N
AK

, 
'C

, 
or

 'G
' •

/
if(

IT
xS

ta
rtu

p(
Po

rt,
4N

C
G

ch
ar

»r
et

ur
a(

FA
LS

E)
;

/*
 lo

op
 o

ve
r a

ll 
pa

ck
et

s 
*/

if(
Ba

tc
hF

la
g)

 F
irs

tP
ac

ke
t »

 0
;

el
se

 F
irs

tP
ac

ke
t 
-
 1

;
fo

r(p
"F

irs
tP

ac
ke

t;p
< 

-N
um

be
rlK

+N
um

be
rl2

8;
p+

+)
{/

• 
us

er
 a

bo
rts

 7
 ♦

/
ifi(

Si
oK

ey
Pr

es
sO

) i
f((

ch
ar

)S
io

Ke
yR

ea
dO

= 
- 

C
AN

)
{T

xC
AN

(P
or

t);
#
if
 D

E
B

U
G

pr
in

tf(
"»

»»
 C

an
ce

led
 b

y 
US

ER
 ♦

•*
\n

")
;

ife
n

d
if

re
tu

m
(F

A
LS

E
);

1
/♦

 is
su

e 
m

es
sa

ge
 *

/
sp

rin
tf(

te
m

p,
"P

ac
ke

t %
d 

",p
);

#
if
 D

E
B

U
G

pr
in

tf(
te

m
p)

;
If

e
n

d
if

/♦
 lo

ad
 u

p 
B

uf
fe

r 
♦/

if(
p 

0)
{ /*

 F
ile

na
m

e 
pa

ck
et

! 
*/

P
ac

ke
tS

iz
e 

=
 1

28
;

k 
=

 0
;

fo
r(

i=
0;

i<
st

rle
n(

F
ile

na
m

e)
;i+

+
)B

uf
fe

r[
k+

+
] 

=
 F

ile
na

m
e[

i];
B

uf
fe

r[
k+

+
] 

= 
'\0

';
sp

rin
tf(

te
m

p*
ld

" .
Fi

le
Si

ze
);

fo
r(

i=
0;

i<
st

rle
n(

te
m

p)
;i+

+)
B

uf
fe

r[k
++

] 
- 

te
m

p[
i];

w
hi

le
(k

<
12

8)
B

uf
fe

r[
k+

+
] 

= 
•\

0'
;

}
el

se
 /

• 
p 

>
 0

 •
/

{/♦
 D

A
TA

 P
ac

ke
t: 

us
e 

IK
 o

r 
12

8 
by

te
 b

lo
ck

 ?
 •

/
if(

p<
 =

N
um

be
rlK

)P
ac

ke
tS

iz
e 

"= 
10

24
;

el
se

 P
ac

ke
tS

iz
e 

=
 1

28
;

/•
 r

ea
d 

ne
xt

 b
lo

ck
 f

ro
m

 d
is

k 
•/

C
od

e 
=

 r
ea

d(
H

an
dl

e,
Bu

fre
r,P

ac
ke

tS
iz

e)
;

if(
C

od
e<

=0
)

{S
ay

E
rr

or
(P

or
t,"

E
rr

or
on

di
sk

 r
ea

d"
);

re
tu

m
(F

A
LS

E
);

}
fo

r(
i=

C
od

e;
i<

P
ac

ke
tS

iz
e;

i+
+)

B
uf

fe
rli

] 
=

 O
xl

a;
}

/*
 s

en
d 

th
is

 p
ac

ke
t *

/
if(

!T
xP

ac
ke

t(P
or

t,p
,P

ac
ke

tS
ize

,B
uf

fe
r,N

CG
ch

ar
))r

em
ni

(F
AL

SE
);

Si
oD

el
ay

(S
);

/*
 m

us
t '

re
st

ar
t' 

af
te

r n
on

 n
ul

l p
ac

ke
t 0

 *
/

if(
!E

m
pt

yF
la

g&
&

(p
- =

0)
)T

xS
ta

rtu
p(

Po
rt,

&N
C

G
ch

ar
);

} 
/•

 e
nd

 -
 fo

r(p
) *

/
/*

 d
on

e 
if 

em
pt

y 
pa

ck
et

 0
 *

/
if(

E
m

pt
yF

la
g) {

#
if
 D

E
B

U
G

pr
in

tf(
"\n

Ba
tc

h 
tra

ns
fe

r c
om

pl
et

e\
n"

);
#

e
n

d
if

be
ep

(5
00

,3
50

);
be

ep
(8

00
,3

50
);

re
tu

m
C

TR
U

E)
;

C
/3 m z o •n H
H 5 h



V
O

0
0

/*
 a
ll

 d
on
e,
 s
en
d 
E
O
T
 u
p 
to
 1
0
 t
im
es
 *
/

cl
os

e(
Ha

nd
le

);

if
(!
Tx
EO
T(
Po
rt
))

{S
ay

Er
ro

r(
Po

rt
,"

EO
T 
no
t 
ac

lc
no

wl
ed

ge
d'

);
re

tu
nK

FA
LS

E)
;

}
#i
f 
D
E
B
U
G

pr
in

tf
("
\n

Tr
an

sf
er

 C
om

p!
et

e\
n"

);
#
e
n
d
i
f

be
ep
(5
00
,3
50
);

be
ep

(8
00

,3
50

);
re
tu

rn
fT

RU
E)

;
}
 /
• 
en
d 
—
 T
x
y
M
o
d
e
m
 ¤

/

in
t 
T
x
C
A
N
(
P
o
r
t
)

in
t 
Po

rt
;

{i
nt

 i;
fo
r(
i—
0;
i <
 6
;
i
+
+
)
 Pu
tC

ha
r(

Po
rt

,C
AN

):
re

tu
ri

KO
);

} in
t 
Tx

Pa
ck

et
(P

or
t,

Pa
ck

et
Nb

r.
Pa

ck
et

Si
xe

.B
uf

fe
r,

NC
Gc

ha
r)

/
•
 C
O
M
 p
or
t (

0.
.3

] •
/

/
*
 P
a
c
k
e
t
 #
 t
o 
s
e
n
d
 *
/

/
•
 P
ac
ke
t 
si

ze
 (
 m
us
t 
b
e
 1
28
 o
r 
1
0
2
4
)
 •
/

/
•
 D
a
t
a
 b
uf
fe
r 

¤
/

/•
 N
A
K
,
 '
C
,
 o
r 
'
G
'
 *
!

in
t 
Po

rt
;

i
m
 P
ac
ke
tN
br
;

i
m
 P
ac
ke
tS
iz
e;

ch
ar
 B
uf

fe
rQ

;
c
h
a
r
 N
C
G
c
h
a
r
;

{i
nt

 i
;

in
t 
C
o
d
e
;

lu
is

ig
ne

d 
sh
or
t 
C
h
e
c
k
S
u
m
;

in
t 
At
te
mp
t;

in
t 
Pa
ck
et
iy
pe
;

ch
ar
 t
em
p[
81
];

/*
 b
eg
in
 *
/

M
f
D
D
E
B
U
G

pr
in

tf
('

[T
xP

: C
O
M
%
d
 P
ac
ke
tN
br
- 
X
d
 P
ac
ke
tS
iz
e-
 X
d
 N
C
G
c
h
a
r
'

1 
+P
or
t,
Pa
ck
et
Nb
r,
Pa
ck
et
Si
ze
,N
CG
ch
ar
);

#
e
n
d
i
f

/*
 b
et

te
r 
be
 1
28

 o
r 
10
24
 p
ac
ke
t 
le

ng
th

 *
/

if
(P
ac
ke
tS
iz
e-
«1
02
4)
Pa
ck
et
'I
Vp
e 
-
 S
T
X
;

el
se
 P
ac

ke
ti

yp
e 
-
 S
O
N
;

P
a
c
k
e
t
N
b
r
&
-
 O
xO
Of
f;

/*
 m
ak

e 
up
 t
o 
M
A
X
T
R
Y
 a
tt

em
pt

s 
to
 s
en
d 

th
is
 p
ac

ke
t 
*/

fo
r(

At
te

mp
t-

l;
At

te
ni

pt
< 
-
M
A
X
T
R
Y
;
A
t
t
e
n
i
p
t
+
+
)

{/
* 
se
nd
 S
O
H
/
S
T
X
 •
/

C
o
d
e
 -
 P
ut
Cl
ia
r(
Po
rt
,P
ac
ke
t'
iy
pe
);

/*
 s
en
d 
pa

ck
et

#*
/

C
o
d
e
 -
 P
ut
Ch
ar
(P
or
t,
Pa
ck
et
Nb
r)
;

X
c
]
"

/¤
 se

nd
 I
's
 c
om

pl
em

en
t 
of

 p
ac

ke
t 
•/

C
o
d
e
 =
 P
ut

Ch
ar

(P
or

t,
25

5-
Pa

ck
et

Nb
r)

;

/
*
 s
e
n
d
 d
a
t
a
 *
/

C
h
e
c
k
s
u
m
 =
 0
;

fo
r(

i=
0;

i<
Pa

ck
et

Si
ze

;i
++

)

{
C
o
d
e
 =
 P
ut

Ch
ar

(P
or

t,
Bu

ff
er

[i
])

;
if

(N
CG

ch
ar

 
N
A
K
)
 C
h
e
c
k
S
u
m
 +
-
 B
uf
re
r[
i]
;

el
se
 C
h
e
c
k
s
u
m
 =
 U
p
d
a
t
e
C
R
C
(
C
h
e
c
k
S
u
m
,
 Bu
ff

er
[i

])
;

)
/
*
 s
e
n
d
 c
h
e
c
k
s
u
m
 •
/

i
f
(
N
C
G
c
h
a
r
=
 -
N
A
K
)

{C
od
e 
-
 P
ut
Ch
ar
fP
or
t.
Ch
ec
kS
um
A 
Ox
OO
ff
);

)
el

se

{
C
o
d
e
 =
 P
ut

Ch
aK

Po
rt

, (
Ch
ec
kS
iu
n>
 >
8
)
A
 O
xO
Of
f)
;

C
o
d
e
 -
 P
ut

Ch
ar

fP
or

t,
 C
h
e
c
k
S
u
m
 A
 O
xO
Of
f)
;

}
/
•
 t
io

 A
C
K
 t
o 
w
a
i
t
 f
o
r
 i
f 
'
G
'
 *
/

i
f
(
N
C
G
c
h
a
r
—
'
G
'
)

{i
ff
Pa
ck
et
Nb
r-
 =
0
)
 S
i
o
D
e
U
y
(
S
H
O
R
T
_
W
A
l
T
*
O
N
E
_
S
E
C
O
N
D
/
2
)
;

r
e
m
m
(
T
R
U
E
)
;

J
/
•
 w
a
i
t
 f
o
r
 l
e
c
e
i
v
e
r
s
 A
C
K
 •
/

Co
de
 -
 G
et

Ch
ar

(P
or

t.
LO

NG
_W

Al
T*

ON
E_

SE
CO

ND
);

i
f
(
(
c
h
a
r
)
C
o
d
e
—
C
A
N
)

{
#i
f 
D
E
B
U
G

pr
in
tR
"*
**
 C
an
ce
le
d 
by

 R
E
M
O
T
E
 •

•♦
\n

")
;

#
e

n
d

if

re
tu

m
(F

A
LS

E
);

}
if(

(c
ha

r)
C

od
e=

 —
 A

C
K

) r
et

um
(T

R
U

E
);

if(
(c

ha
r)

C
od

e!
=N

A
K

)
{P

ac
ke

tE
rro

rfP
or

t,P
ac

ke
tN

br
,A

tte
m

pt
, "

O
ut

of
 s

yn
c"

);
re

tu
m

(F
A

LS
E

);
)

/*
 A

tte
m

pt
 a

ga
in

 •
/

)/
• 

en
d 

~ 
fo

KA
tte

m
pt

) *
/

/*
 c

an
't 

se
nd

 p
ac

ke
t! 

*/
Sa

yE
rro

rfP
or

t, "
pa

ck
et

tim
eo

ut
 (3

 N
AK

s)
");

re
tu

m
(F

A
LS

E
);

) 
/»

 e
nd

 -
 T

xP
ac

ke
t *

/

Pa
ck

et
Er

ro
rfP

or
t, P

ac
ke

t, A
tte

m
pt

,M
sg

Pt
r)

in
t P

or
t;

in
t P

ac
ke

t;
in

t A
tte

m
pt

;
ch

ar
 'M

sg
P

tr;

c/
a S § 5 h



V
O

V
O

(c
ha

r 
le

in
p[

81
];

sp
ri

nt
f(

te
mp

,'
Pa

ck
et

 %
d
 :

Sa
yE
rr
oK
Po
rt
.t
em
p)
;

)

A
n
e
m
p
t
 %
i
 :
 %
s"
,P
ac
ke
t,
At
te
mp
t,
Ms
gP
tr
);

i
m
 T
*S

ta
it

up
{P

or
t,

NC
Gc

ha
rP

tr
)

in
t 
Po

rt
;

ch
ar
 *
N
C
G
c
h
a
r
P
t
r
;

{i
m 

i;
i
m
 C
o
d
e
;

»i
f 
D
D
E
B
U
G

pr
in

tf
C"

##
# T

xS
ta
rt
up
')
;

#e
ii
di
f

/
•
 c
le

ar
 R
x
 b
uf
fe
r 

¤
/

Si
oR
*R
us
h(
Po
rt
);

/
•
 w
ai
t 
fo

r 
re

ce
iv

er
s 
st

ar
t 
u
p
 N
A
K
,
 '
C
,
 or

 '
G
'
 •
/

fo
r(
i=
1 ;

i <
 L
I
M
I
T;
i
+
+
)

(i
ft

Si
oK

ey
Pr

es
sO

)
{S
ay
Er
ro
t(
Po
rt
,"
Ab
or
te
db
y 
us
er
")
;

re
tu
ni
(F
AL
SE
);

}
C
o
d
e
 -
 G
e
t
C
h
a
r
(
P
o
r
t
,
S
H
O
R
T
_
W
A
I
T
*
O
N
E
_
S
E
C
O
N
D
)
;

if
(C
od
e=
 ~
-
l
)
 co
nt
im
ie
;

/¤
 r
ec

ei
ve

d 
a
 b
yt
e 
•/

i
f
(
(
c
h
a
r
)
C
o
d
e
-
=
N
A
1
0

{•
NC

Gc
ha

rP
tr

 -
 N
A
K
;

#
i
f
 D
D
E
B
U
G

pr
in
tf
("
(C
S)
OK
\n
")
;

#
e
n
d
i
f

r
e
t
u
m
f
T
R
U
E
)
;

)
if

((
cI

ia
r)

Co
de

=-
'C

')
{•

NC
Gc

ha
rP

tr
 -
 '
C
;

#
i
f
 D
D
E
B
U
G

pr
im
f(
"{
CR
C)
OK
\n
")
;

#
e
n
d
i
f

r
e
t
u
m
(
T
R
U
E
)
;

)
if
((
ch
ar
)C
od
e=
 =
 '
G
'
)

{•
NC

Gc
ha

rP
tr

 -
 '
G'

;
#
i
f
 D
D
E
B
U
G

pr
ii
it
f(
"(
G)
OK
\n
")
;

#
e
o
d
i
f

re
tu
ni
(T
RU
E)
;

}
}
 /
• 
en
d 
-
 fo

r(
i)

 •/
/
•
 n
o
 r
es

po
ns

e 
•
/

Sa
yE
rr
or
(P
or
t,
"N
o r

es
po

ns
e 
fn

mi
 r
ec
ei
ve
r"
);

re
tu

m(
FA

LS
E)

;

}
 /
• 
en

d 
—
 T
xS
ta
rt
up
 •
/

in
t 
T
x
E
O
T
(
P
o
r
t
)

i
m
 P
or

t;

{i
m 

i;
i
m
 C
o
d
e
;

fo
r(

i=
0;

i<
10

;i
 +
 +
)

{C
od
e 
=
 P
ut
Ch
ar
(P
or
t,
EO
T)
;

/
•
 a
wa
it
 r
es

po
ns

e 
•
/

Co
de
 =
 G
et
Ch
ar
(P
or
t,
SH
OR
T_
WA
I-
PO
NE
_S
EC
ON
D)
;

i
f
(
(
c
h
a
r
)
C
o
d
e
=
=
A
C
K
)
 r
e
t
u
m
f
T
R
U
E
)
;

)
 /•
 er

td
 —
 f
or

fi
) •
/

re
tu
ra
(F
AL
SE
);

)
 /•
 e
nd

 -
 T
x
E
O
T
 •
/

be
ep
ff
re
qu
en
cy
, d
ur
at
io
n)

/•
 a
 f
un

ct
io

n 
to
 p
ro
du
ce
 a
 s
ou

nd
 f
ro
m 
a
 P
C
 ̂
je
ak
er
 •
/

{
/
•
 u
ns
ig
ne
d 
in

t 
fr
eq
ue
nc
y,
 du

ra
ti

on
; •
/

so
un

d(
fr

eq
ue

nc
y)

;
de
la
yf
du
ra
ti
on
);

n
o
s
o
u
n
d
O
;

/•
 u
sa

ge
: 
be

ep
ff

re
qu

en
cy

, d
ur
at
io
n)
; •
/

)
•
•
•
•
 
E
N
D
 O
F
 P
R
O
G
R
A
M
 L
I
S
T
I
N
G
 
•
•
•
•

C
/
3

§ H
H & h



FILEREC.C

Stored on the host computer in executable form as filerec.exe. Used in

conjunction with sendfile.exe (on the onboard computer) to receive the downloaded

binary data file test.str via the serial communications ports. The program also

reminds the user to change the name of the data file after downloading.
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—
 
re
ce
iv
ef
il
e.
c 
—

E
X
A
M
P
L
E
 C
O
D
E
:
 F
il
e 
re

ce
iv

er
. 
C
a
n
 r
ec

ei
ve

 f
il
es
 u
si

ng
X
M
O
D
E
M
,
 Y
M
O
D
E
M
,
 an

d 
Y
M
O
D
E
M
-
G
 p
ro

to
co

ls
.

Se
e 
T
E
R
M
.
H
 f
or

 c
on
fi
gu
ra
ti
on
 p
ar
am
et
er
s.

D
o
 N
O
T
 s
el

ec
t 
Y
M
O
D
E
M
-
G
 w
h
e
n
 u
si

ng
 a
 n
ul

l 
m
o
d
e
m
 c
ab
le
 u
nl
es
s 
yo
u 
ar
e

ce
rt
ai
n 
th
at
 R
T
S
 &
 C
T
S
 a
re
 r
ev

er
se

d (
th
is
 i
s 
us

ua
ll

y 
no

t 
tr
ue
 )
.

f
i
i
K
h
i
d
e
 <
s
t
d
i
o
.
h
>

fi
nc
hi
de
 <
st
ri
ng
.h
>

#
i
n
c
l
u
d
e
 <
f
c
n
t
l
.
h
>

#i
nc
lu
de
 <
sy
s\
ty
pe
s.
h>

#i
nc
lu
de
 <
sy
s\
st
at
.h
>

f
i
n
c
h
i
d
e
 <
d
o
s
.
h
>

in
ii

cl
ud

e 
"p
cl
dc
.h
'

#
i
n
c
l
u
d
e
 *
as

ci
i.

h'

#
i
n
c
l
u
d
e
 '
t
e
r
m
.
h
*

I
d
e
f
m
e
 F
A
L
S
E
 0

#
d
e
f
i
n
e
T
R
U
E
 I
F
A
L
S
E

#
d
e
r
i
n
e
 D
E
B
U
G
 -
1

#
d
e
f
i
n
e
D
D
E
B
U
G
O

#
d
e
f
i
n
e
 M
A
X
T
R
Y
 S

M
e
f
i
n
e
 L
I
M
I
T
 2
0

M
e
f
i
n
e
 P
O
L
Y
 0
x
1
0
2
1

vo
id
 M
yS

ta
rt

O;
vo

id
 M
y
E
x
i
t
O
;

vo
id

 E
rr
oi
Ch
ec
kO
;

vo
id

 I
ni
tC
RC
Q;

/
•
•
•
 G
l
o
b
a
l
 v
ar
ia
bl
es
 •
•
*
/

in
tP
or
t;
 

/*
 c
ur
re
nt
 C
O
M
 p
ot

t [
0.

.3
] *

/
ch

ar
 F
Ue
na
me
Cl
S]
; 

/*
 f
il
e 
n
a
m
e
 b
uf
fe
r 
*1

ch
ar

 B
uf
re
r(
10
24
];
 

/»
 b
lo
ck
 b
uf
fe
r 
»/

ch
ar

 R
xB

uf
(2

04
8]

; 
/*

 r
ec
ei
ve
 b
uf

fe
r 
*/

ch
ar

 *
Ba

ud
Ra

te
[1

0]
 -
 {

"3
00

",
"6

00
",

"1
20

0"
,"

24
00

".
"4

80
0"

,"
96

00
",

"1
92

00
",

"3
84

00
",

"5
76

00
",

"1
15

20
0"

};
in

t 
B
a
u
d
C
o
d
e
;
 

/*
 b
au
d 
ra

te
 c
od
e (
 in
de

x 
in

to
 B
au
dR
at
eQ
 )
 */

c
h
a
r
 N
C
G
c
b
a
r
 
=
 N
A
K
;

in
t 
On
eK
fl
ag
 
=
 F
A
L
S
E
;

in
t 
Ba
tc
bF
la
g 
=
 F
A
L
S
E
;

ch
ar
 P
ro

to
co

l 
=
 '
X'
;

st
at

ic
 u
ns
ig
ne
d 
sh

or
t 
CR

Ct
ab

le
[2

S6
];

/¤
••

 m
ai
n 
pr

og
ra

m

m
a
i
n
O

in
t 
De

lt
a;

in
t 
St
am
s;

/*
 d
el

ta
 p
or

t 
st

at
us

 *
/

/*
 p
ot

t 
st
at
us
 *
/

/*
 g
et

 p
or
t 
n
u
m
b
e
r
 *
/

Po
rt
 =
 0
;
 
/
•
 C
O
M
l
 *
/

/
*
 s
et
 b
a
u
d
 r
at

e 
*
/

B
a
u
d
C
o
d
e
 =
 7
;

/
•
 s
et

up
 r
ec
ei
ve
 b
uf

fe
r 
•
/

Er
ro

rC
be

ck
f 
Si
oR
xB
uf
(P
or
t,
Rx
Bu
f,
Si
ze
2K
))
;

/*
 s
et

 p
ar

ms
 &
 r
es
et
 (i

ni
ti

al
iz

e)
 C
O
M
 p
or
t 
*/

Er
ro

rC
he

ck
f 
Si

oP
an

ns
(P

ot
t,

No
Pa

ri
ty

,O
ne

St
op

Bi
t,

Wo
rd

Le
ng

th
8]

$;
My
St
ar
tf
Po
rt
,B
au
dC
od
e)
;

/
»
 s
et
 D
T
R
 a
n
d
 R
T
S
 •
/

Si
oD
TR
(P
or
t,
'S
')
;

Si
oR

TS
(P

or
t,

'S
')

;
/
•
 i
ni

t 
C
R
C
 t
ab
le
 »
/

I
n
i
t
C
R
C
O
;

#i
f 
R
T
S
_
C
T
S
_
C
O
N
T
R
O
L

S
i
o
R
o
w
(
P
o
r
L
7
*
O
N
E
_
S
E
C
O
N
D
)
;

/•
 p
ri

nt
f(

"F
lo

w 
Co
nt
ro
l 
en

ab
le

d.
 C
T
S
 =
 '
);
 *
/

if
(S

io
CT

S(
Po

rt
))

pu
ts

("
ON

-)
;

el
se

 p
ut

s(
"O

FF
")

;
if
en
di
f

/
»
 S
e
t
 F
I
F
O
 l
ev

el
 •
/

if
( S

io
Fl
FO
(P
or
t,
LE
VE
L_
14
))
 pu

ts
("
lN
S1
65
50
de
te
ct
ed
')
:

/
•
 c
le

ar
 P
C
L
4
C
 r
ec

ei
ve

 b
uf

fe
r 
•
/

Er
ro

rC
be

ck
f 
Si

oR
xF

lu
sb

(P
or

t)
 );

Si
oR
xF
lu
sb
(P
or
t)
;

Pr
ot
oc
ol
 =
 '
Y'
;

On
eK

fl
ag

 "
 T
R
U
E
;

Ba
tc
bF
la
g 
=
 T
R
U
E
;

N
C
G
c
b
a
r
 -
 '
C
;

st
tc
py
(&
Fi
le
na
me
[0
],
"T
ES
T.
ST
R\
0"
);

/
•
 X
M
O
D
E
M
/
Y
M
O
D
E
M
 r
ec
ei
ve
 •
/

wb
il

e(
 s
tr
cm
pf
Fi
le
na
me
, 
*\

0*
) )

n h



o

{
Rx

yM
od

ei
n(

Po
rt

,F
iI

en
an

ie
,B

uf
fe

r,
On

eK
fI

ag
,B

at
ch

FI
ag

);
/
•

if
 (k
bh
it
O)

{
ge
tc
hO
;

br
ea

k;

)
•
/ ) /
*
 w
a
s
 b
r
e
a
k
 d
et

ec
te

d 
?
 *
/

if
( 
Si
oB
rk
Si
g(
Po
rt
,'
D'
))

{
m
 D
E
B
U
G

pr
in
tf
CB
RE
AK
 d
et

ec
te

d 
*)

;
if

en
di

f

be
ep

(2
00

,S
00

);
be

ep
(1

50
.4

00
);

}
/*
 a
ny
 i
nc
om
in
g 
ov
er
 s
er
ia
l 
po

rt
 ?
 *
/

Ge
tC

ha
r(

Po
rt

,0
);

/*
 a
ny
 c
ha
ng
e 
in

 D
C
D
 o
r 
D
S
R
 ?
 *
/

De
lt

a 
-
 S
io
Mo
de
m(
Po
rt
,D
el
ta
DC
D 

I D
el
ta
DS
R)
;

if
(D

e!
u)

{
/*

 d
i^

la
y 
n
e
w
 s
ta
tu
s 
*/

St
at
us
 —
 S
io

Mo
de

m(
Po

rt
,(

ch
ar

XD
CD

 I D
SR
))
;

if
fl
St
at
us
&D
el
ta
DC
D)
 My

Ex
it

(0
,'

Dr
op

pe
d 
DS

D'
);

if
(!

Sl
at

us
&D

el
ta

DS
R)

 My
Ex

it
(0

,'
Dr

op
pe

d 
DS

R'
);

My
Ex
it
(0
,'
\0
')
;

} /•
»•
 m
ak

e 
mu

lt
ip

le
 a
tt

em
pt

s 
to
 r
es

et
 p
or

t ¤
••

/

vo
id

 M
yS

ta
rt

(P
or

t,
Ba

ud
Co

de
)

in
t 
Po

rt
;

in
t 
B
a
u
d
C
o
d
e
;

{i
nt

 i,
 r
c;

/*
 t
ry

 u
p 
to
 3
 t
im

es
 t
o 
re

se
t 
C
O
M
 p
ot
t 
*1

fo
r(

i-
0;

i<
3;

i+
+)

{
#i
f 
D
E
B
U
G

pr
in
tf
CR
es
et
dn
g 
C
O
M
%
d
 a
t 
X
s
 b
au
d\
n'
,P
or
t+
1 ,
Ba
ud
Ra
te
{B
au
dC
od
e]
);

^
e
n
d
i
f if
( (
rc
 =
 S
io
Re
se
t(
Po
rt
,B
au
dC
od
e)
)=
=0
)r
et
um
;

if
(r
c<
0)
 M
yE
xi
t(
rc
,'
Er
ro
r 
re

se
tt

in
g 
po
rt
")
;

Si
oD
on
e(
Po
rt
);

/*
 d
is
pl
ay
 e
rr
or
s 

¤
/

if
(r
cA
Ov
er
ru
nE
rr
or
) p
ut
s(
 'O
ve

rr
un

 E
rr

or
')

;
if
(r
c&
Pa
ri
ty
Er
ro
r)
 p
ut
s(
'P
ar
it
y 
Er

ro
r'

);
if
(r
c&
Fr
am
in
gE
rr
or
) p
ut

s(
'F

ra
mi

ng
 E
rr

or
')

;
if
(r
c&
Br
ea
kD
et
ec
t)
 p
ut

s(
'B

re
ak

 D
et
ec
t'
);

1
ex
it
(l
);

) /
•
•
•
 e
xi
t 
pr
og
ra
m 

*♦
*/

vo
id

 M
yE

xi
t(c

od
e,

m
sg

)
in

t 
co

de
;

ch
ar

 *
m

sg
;

{in
t r

c;
if(

co
de

<0
) S

io
Er

ro
r(c

od
e)

;
/•

 A
ss

er
t U

A
R

T 
br

ea
k 

&
 s

ig
n 

o
ff

 •
/

S
io

B
rk

S
ig

(P
or

t,'
A

');
#
if
 D

E
B

U
G

pr
in

tfC
Xn

TE
R

M
IN

AT
IN

G
: %

s\
n'

,m
sg

);
pr

in
tf(

'\n
 D

at
a 

Tr
an

sf
er

 C
om

pl
et

e.
Vn

');
pr

in
tf{

'\n
\n

 •
••

* 
Ch

an
ge

 th
e 

na
m

e 
of

 y
ou

r n
ew

 d
at

a 
fil

e 
N

O
W

! 
\n

\n
');

#
e
n
d
if

Si
oD

el
ay

(O
NE

_S
EC

O
ND

/2
);

Si
oD

on
ef

Po
rt)

;
ex

itf
O

);
}

►
Tl

H
H i n n

/*
•♦

 c
he

ck
 f

o
r 

er
ro

r 
**

*/

vo
id

 E
rr

or
C

he
ck

fC
od

e)
in

t C
od

e;
{/

• 
tra

p 
PC

L 
er

ro
r c

od
es

 *
/

if(
C

od
e<

0)
{S

io
Er

ro
tfC

od
e)

;
S

io
D

on
ef

P
or

t);
ex

itf
l);

)
) 
/•

 e
nd

 E
rro

iC
he

ck
 ♦

/

/•
••

 o
ut

pu
t c

ha
ra

cte
r t

o 
se

ria
l p

or
t *

*•
/

in
t 

P
ut

C
ha

rfP
or

t.c
h)

in
t P

or
t;



o

c
h
a
r
 c
h
;

{i
nt

 r
c;

/
*
 t
r
a
n
s
m
i
t
 c
h
a
r
a
c
t
e
r
 *
/

rc
 =
 S
io
Pu
tc
(P
or
t,
ch
);

if
(r
c<
0)

(
If
if
 D
E
B
U
G

pr
in
tf
("
Si
oP
ut
cE
rr
or
; 
C
O
M
%
d
:
 "
,1
+P
or
t)
;

#
e
n
d
i
f Si
oE
rr
or
(r
c)
;

Si
oD
on
e(
Po
rt
);

ex
it
(l
);

)
re
tu
m(
rc
);

} /•
••
 r
ec
ei
ve
 c
ha
ra
ct
er
 f
ro
m 

se
ri
al
 p
or
t 
••

•/

in
t 
Ge
tC
ha
rf
Po
rt
.T
im
eo
ut
)

in
t 
Po

rt
;

in
t 
Ti

me
oi

tt
;

{i
nt

 r
c;

rc
 «
 S
io
Ge
tc
(P
or
t,
Ti
me
ou
t)
;

if
(r
c<
-l
)

{
#
i
f
 D
E
B
U
G

pr
in
tf
(*
Si
oG
et
c 
Er

ro
r:

 C
O
M
%
d
:
 ",

1 
+P

or
t)

;
#
e
n
d
i
f Si
oE
rr
ot
(r
c)
;

ex
it
(l
);

}
re
lu
nK
rc
);

) /•
••
 di

sp
la

y 
th

e 
er
ro
r 
te
xt
 *
**

/

vo
id

 S
ay
Er
ro
it
Po
it
.p
tr
)

in
t 
Po

rt
;

ch
ar
 *
pt
r;

(c
ha

r 
le
mp
[8
1]
;

sp
ri

ii
tf

(t
em

p,
'E

RR
OR

! C
O
M
%
d
 :
 %
s'
,l
-l
-P
or
t,
pt
r)
;

#
i
f
 D
E
B
U
G

pr
ii

it
f(

"\
n*

*^
 %
s\

n*
,t

an
p)

;
#
e
n
d
i
f

be
ep

(2
0O

.S
OO

);
be
ep
(l
S0
.4
00
);

/
•
 c
a
n
c
e
l
 r
e
m
o
t
e
 •
/

Pu
tC
ha
r(
Po
rt
,C
AN
);

Pu
tC

ha
r(

Po
rt

,C
AN

);
Pu

tC
ha

r(
Po

rt
,C

AN
);

)
 I*
 e
nd
 S
ay
Er
ro
r 
*/

/
•
 i
ni
ti
al
iz
e 
C
R
C
 t
ab
le
 •
/

vo
id
 I
n
i
t
C
R
C
O

(i
nt
 i;

un
si
gn
ed
 s
ho
rt
 C
al
cT
ab
le
Q;

fo
r(

i=
0;

i<
25

6;
i+

+)
CR

Cu
bl

e[
i]

 =
 C
al
cT
ab
le
(i
,P
OL
Y,
0)
;

) /¤
 ca

lc
ub
te
 C
R
C
 t
ab

le
 e
nt
ry
 ¤

/
un

si
gn

ed
 s
ho
rt
 C
al
cT
ab
Ie
(d
at
a,
ge
np
ol
y,
ac
cu
m)

un
si
gn
ed
 s
ho
rt
 d
at
a;

un
si
gn
ed
 s
ho
rt
 g
en
po
ly
;

un
si
gn
ed
 s
ho
rt
 a
c
c
u
m
;

{s
ta
ti
c 
in
t 
i;

da
ta
 <
 <
 =
 8
;

fo
r(
i=
8;
i>
0;
i—
)

{ if
{(
da
ta
'a
cc
um
) &
 0
x8

00
0)

 ac
cu
m 
=
 (
ac

cu
m 
<
 <
 1
) "
 ge
np

ol
y;

el
se

 a
c
c
u
m
 <
 <
 =
 I
;

da
ta
 <
 <
 =
 1
;

}
re
tu
m(
ac
ci
nn
);

} I*
 c
om
pu
te
 u
pd

at
ed

 C
R
C
 •
/

un
si
gn
ed
 s
ho
rt
 U
pd
at
eC
RC
(c
rc
,b
yt
e)

un
si
gn
ed
 s
ho
rt
 c
rc

;
un
si
gn
ed
 c
ha

r 
by
te
;

{ re
mr
rK
 (c

rc
 <
 <
 8
)
 *
 C
RC

ta
bl

e(
 (c
rc
 >
 >
 8
)
 *
 b
yt
e ]

);

} i
m
 R
xy

Mo
de

m(
Po

Tt
,F

il
en

am
e,

Bu
ff

n'
,N

CG
ch

ar
,B

at
ch

FI
ag

)

T
l

l
-
H g s n h

in
t 
Po

rt
;

ch
ar
 F
il

en
am

eG
;

ch
ar
 B
uf

fe
rO

;

ch
ar
 N
C
G
c
h
a
r
;

in
t 
Ba

tc
hF

la
g;

{i
nt
 i;

in
t 
Ha
nd
le
;

in
t 
p;

in
t 
C
o
d
e
;

in
t 
Fi
rs
tP
ac
ke
t;

ch
ar
 P
ac

ke
tN

br
;

in
t 
Pa

ck
et

Si
ze

;

/•
 C
O
M
 p
or
t [

0.
.3

] •
/

/
*
 f
i
l
e
n
a
m
e
 b
uf
fe
r 
*
/

/
•
 1
0
2
4
 b
yt
e 
da

ta
 b
uf

fe
r 
*/

/
•
 N
A
K
,
 '
C
,
 or

 '
G
'
 •
/

/•
 if

 T
R
U
E
,
 ge

t 
fi
le
na
me
 fr
o
m
 p
ac

ke
t 0
 *
/

/
*
 f
il
e 
H
a
n
d
l
e
 *
/

/
*
 p
ac
ke
t 
in

de
x 
*/

/
•
 r
et

ur
n 
c
o
d
e
 •
/

/
•
 1
2
8
 o
r
 1
0
2
4
 V



lo
ng
 a
lo
lQ
;

lo
ng
 F
il

eS
iz

e;
ch
ar
 t
em
p[
81
];

in
t 
EO

Tf
la

g 
=
 F
A
L
S
E
;

/¤
 b
eg
in
 *
/

E
O
T
H
a
g
 =
 F
A
L
S
E
;

iT
if
 D
E
B
U
G

p
r
i
n
t
f
(
"
X
Y
M
O
D
E
M
 R
ec
ei
ve
: 
Wa

it
in

g 
fo

r 
Se

nd
er

 "
);

^f
en

di
f

be
ep

(5
00

,3
50

);
be

ep
(8

00
.3

50
);

wh
il
e(
Si
oK
ey
Pr
es
sO
) S
io

Ke
yR

ea
dQ

;
/*
 c
le
ar
 c
om
in
 p
or

t 
*/

Si
oR

xF
lu

sh
(P

or
t)

;

/
•
 S
en
d 
N
A
K
s
,
 'C

's
, 
or
 '
G'
s 
•
/

if
(!
Rx
Sl
ar
tu
p(
Po
rt
,f
tN
CG
ch
ar
))
re
tu
m(
FA
LS
E)
;

/*
 o
pe

n 
fi

le
 u
nl

es
s 
Ba

tc
hF

la
g 
is
 o
n
 *
/

if
(B
a(
ch
Fl
ag
) 
Fi
rs
tP
ac
ke
t 
=
 0
;

el
se

{/
* 
st
ar
t 
wi

th
 p
ac

ke
t 
1 
*/

Fi
rs

tP
ac

ke
t 
=
 1
;

/*
 o
pe
n 

fi
le

 p
as

se
d 
in
 F
il

en
am

cQ
 f
or

 w
ri

te
 *
/

Ha
nd

l«
«)

pe
n(

Fi
le

na
me

,0
_C

RE
AT

| 0
_
T
R
U
N
C
 1
0
_
W
R
0
N
L
Y
 1
0_
BI
NA
RY
.S
_I
WR
IT
E)
;

i
f
(
H
a
n
d
l
e
<
0
)

{s
tr

cp
yf

te
mp

/C
an

no
lo

pe
n 
*)

;
st
rc
at
Ct
em
p.
Fi
le
na
me
);

#
i
f
 D
E
B
U
G

pr
in
tf
('
%s
\n
',
te
in
p)
;

#
e
n
d
i
f

r
e
l
u
m
(
F
A
L
S
E
)
;

)
)

/*
 g
et
 e
ac

h 
pa
ck
et
 in

 t
ur

n 
*/

fo
r(
p=
Fi
rs
tP
ac
ke
t;
 ;
p
+
 +
)

{/
• 
us

er
 a
bo

rt
s 7
 •
/

if
fS
io
Ke
yP
re
ss
O)
 if
((

ch
ar

)S
io

Ke
yR

ea
dO

= =
C
A
N
)

{T
xC
AN
{P
or
t)
;

r
e
t
u
n
K
F
A
L
S
E
)
;

) /*
 i
ss
ue
 m
es

sa
ge

 *
/

sp
ti

nt
ff

te
mp

.'
Pa

ck
et

 %
d'
,p
);

i
K
f
 D
E
B
U
G

pr
in

tf
CX

s 
'.

te
mp

);
#
e
n
d
i
f /*
 g
et
 n
ex

t 
pa
ck
et
 *
/

if
(!
Rx
Pa
ck
et
(P
or
t,
p,
&P
ac
ke
tS
iz
e,
Bu
ff
er
,N
CG
ch
aT
,f
tE
OT
fl
ag
)>
et
um
(F
AL
SE
);

i
f
(
p
—
0
)

{/
• 
co

py
 F
il

en
am

e 
•/

st
rc
py
fF
il
en
am
e,
Bu
ff
er
);

/*
 d
o
n
e
 i
f 
nu

ll
 p
ac
ke
t 0
 *
/

if
(F

il
en

am
e[

0]
 =
 =
 '\
0'

)

(

)

pr
In

tf
CB

at
ch

 T
ra

ns
fe

r 
Co

mp
le

te
\n

")
;

be
ep

(5
00

.3
50

);
be

ep
(8

00
,3

50
);

r
e
t
u
m
(
T
R
U
E
)
;

n
\
{
 D
E
B
U
G

If
en
di
f }

/¤
 a
ll
 d
o
n
e
 i
f 
E
O
T
 w
a
s
 r
ec
ei
ve
d 
*
/

if
(E

OT
fl

ag
)

{c
lo

se
(H

an
dl

e)
;

m
 D
E
B
U
G

pr
in

tf
(*

Tr
an

sf
er

 C
om
pl
et
e\
n*
);

#
e
n
d
i
f

r
e
t
u
m
(
T
R
U
E
)
;

}
/
•
 p
ro
ce
ss
 p
ac

ke
t 

¤
/

i
f
(
p
-
=
0
)

{/
* 
op
en
 f
il

e 
us

in
g 
fi

le
na

me
 i
n 
pa

ck
et

 0
 *
!
H

a
n

d
l

e

op
en
(F
il
en
am
e,
0_
CR
EA
T 1
0
 T
R
U
N
C
1
0
_
W
R
0
N
L
Y
 
|
 

O
 B
IN

AR
Y,

S_
IW

RI
TE

);
i
f
(
H
a
n
d
l
e
<
0
)

{s
tr
ca
tf
Bu
ff
er
,"
 ~
 o
pe
n 

hi
il
ed
')
;

#
i
f
 D
E
B
U
G

pr
in

tf
("

%s
\n

" .
Bu
ff
er
);

#
e
n
d
i
f

r
e
t
u
m
{
F
A
L
S
E
)
;

)
/•
 g
et
 f
il
e 
le
ng
di
 •
/

Fi
le

Si
ze

 —
 a
to
l(
&B
uf
fe
r[
l 
-l

-s
tr

le
n(

Bu
ff

er
)]

);
I*
 m
u
s
t
 'r

es
ta

rt
' 
af

te
r 
pa
ck
et
 0
 *
/

Rx
St
ar
tu
p(
Po
rt
,&
NC
Gc
ha
r)
;

}
el

se
 /
* 
D
A
T
A
 p
ac

ke
t 
*
!

{/
• 
wr
it
e 
Bu
ff
er
 •
/

if
fB

at
ch

Fl
ag

)
{i
f(
Fi
le
Si
ze
<(
lo
ng
)P
ac
ke
tS
iz
e)
i 
-
 (
im
) 
Fi

le
Si

ze
;

el
se

 i
 =
 P
ac

ke
tS

iz
e;

i 
=
 w
ri
te
(H
an
dl
e,
Bu
ff
er
,i
);

Fi
le

Si
ze

 -
=
 (
lo
ng
)i
;

}
el

se
 w
ri
te
(H
an
dl
e,
Bu
ff
er
,P
ac
ke
tS
iz
e)
;

}
 /
* 
en

d 
—
 e
ls
e 
•/

)
 /¤

 e
nd
 -
 fo

r(
p)

 •/

•
n
H
H

n h



o

)
 /*
 e
nd
 -
 R
x
y
M
o
d
e
m
 ¤

/

in
t 
T
x
C
A
N
(
P
o
r
t
)

in
t 
Po

rt
;

{i
nt

 i;
fo
r(
i=
0;
i <
 6
;
i
+
+
)
 Pu
tC
ha
r(
Po
rt
,C
AN
);

re
tu

m(
0)

;

) in
t 
Rx
Pa
ck
et
(P
oi
t,
Pa
ck
et
Nb
r,
Pa
ck
et
Si
ze
Pt
r,
Bu
ff
er
,N
CG
ch
ar
,E
OT
pt
r)

in
t 
Po

rt
; 

/
•
 C
O
M
 p
or

t [
0.
 .3
] •

/

in
t 
Pa
ck
et
Nb
r;
 

/*
 P
ac
ke
t 
9
 e
xp
ec
te
d 
*/

in
t 
•P
ac
ke
tS
iz
eP
tr
; 

/¤
 Po

in
te

r 
to

 P
ac
ke
tS
iz
e 
re
ce
iv
ed
 (
 1
2
8
 o
r 
1
0
2
4
)
 •
/

ch
ar
 B
uf

fe
rQ

; 
/*
 1
0
2
4
 b
yt
e 
da
ta
 b
uf
fe
r 
*/

ch
ar
 N
C
G
c
h
a
r
;
 

/
•
 N
A
K
,
 C
,
 o
r 
G
 V

in
t •

EO
Tp

tr
; 

/•
 P
oi

nt
er

 t
o 
E
O
T
 f
la

g 
¤/

{i
nt

 i;
in
t 
C
o
d
e
;

in
t 
At
te
mp
t;

in
t 
Rx
Pa
ck
et
Nb
r;

in
t 
R
x
P
a
c
k
e
t
N
b
r
C
o
m
p
;

un
si
gn
ed
 s
ho
rt
 C
h
e
c
k
s
u
m
;

un
si
gn
ed
 s
ho

rt
 R
xC
he
ck
Si
un
;

un
si
gn
ed
 s
ho
rt
 R
x
C
h
c
c
k
S
u
m
l
,
 R
xC

he
ck

Su
ni

2;
/•
ch
ar
 P
ac

ke
tT

yp
e;

*/
ch
ar
 t
em
p[
81
];

/
•
 b
eg
in
 •
/

#
i
f
 D
D
E
B
U
G

pr
in
tf
("
[R
xP
: C
O
M
«
d
 P
ac
ke
tN
br
- *
d
 N
C
G
c
h
a
r
-
 *
c
 E
OT
fl
ag
- *

d]
",

1 
+P

oi
t,P

ac
ke

tN
br

,N
C

G
ch

ar
,♦

E
O

Tp
tr)

;
#
e
n
d
if

P
ac

ke
tN

br
 A

- 
O

xO
O

ff;
fo

r(
A

tte
m

pt
-l;

A
tte

m
pt

< 
=M

A
X

TR
Y

;A
tte

m
pt

++
)

{/
• 

wa
it 

fo
r S

OH
 / 

ST
X 

•/
Co

de
 -
 G
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RECFILE.C

Same program as filerec.c. Stored on the onboard computer's EEPROM in

executable form as recfile.exe. Used in conjunction with filesend.exe (on the host

computer) to receive the downloaded programs sendfile.exe and dmastrmr.exe via the

serial communications ports. Initiated during bootup sequence of onboard computer.
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Appendix 2: Centrifuge Part Description

A: Centrifuge Motion Package Module 110

A. 1 Flywheel Support Flange 110
A.2 Rotation Motor 110

A.3 Centrifuge Gas Delivery Inlet and Support System Ill
A.4 Support Block 112
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B.4 Process Module Adjustment Block 115
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C.4 Accelerometers 120

D: Data Acquisition and Storage Module 121

D.l Signal Conditioning/Amplification (Circuits) 124

E: Power Supply Module 128

F: System Control Module 129

G: Safety Enclosure 130
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A; Centrifuge Motion Package Module

A.l Flywheel Support Flange

Manufactured by the UTSI Machine Shop (aluminum)

Top View

to\ ShaftPress Fit

O

l/?

Side View

DriU and Tap 1/8" NPTfor hose ̂ nnector

Four clearance holes drilled for 3/8" bolts
equally spaced on a 6 1/2" p.c.d. (Match
with holes in the centrifuge flywheel.)

Hose Connector:

Brass, right angle, 1/8" male to 1/4" hose
(Swagelok model # B-400-2-2)

A.2 Rotation Motor

Dayton 3/4 HP permanent magnet T.E.F.C. motor with N.E.M.A. 56C
mounting face and electronic speed controller
(Grainger catalog # 2Z846)

Dayton right angle c-face speed reducer with a 10:1 speed ratio
(Grainger catalog # 4Z006)
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A.3 Centrifuge Gas Delivery Inlet and Support System

- Shaft:

Manufactured by the UTSI Machine Shop (steel)

Top View Side View

Gas Delivery Inlet \

Shear Pin
Holes rn

I  I

0^8"
_l—

Main shaft should be press
(it into the flywheel
support flange.

1/8" Hole for Shear Pin

Shaft Support Bearing:
Browning prelubricated precision machined ball bearing pillow block
(Grainger catalog it 5X695)

Gas Delivery Inlet:

- Block:

Manufactured by the UTSI Machine Shop (aluminum)

Top View Side View

8i37w
ad Us
3/r w

OrtU aad Up tor l/r

sa.
'̂1 1 T/r

« i/r

> la/ic

1 ii/i«"

Ptms (It Up Mdls iaU top «ad betUu o(
pM dsUvery tatot U smI areiiad the Aalt

Hose Connector:

Brass, right angle, 1/4" male to 1/4" hose
(Swagelok model tt B-400-2-4)

Lip seal (2X):
Shelbyville Bearing and Supply Co, Inc
(catalog tt CRS14876)
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A.4 Support Block

Manufactured by the UTSI Machine Shop (3/4" aluminum)
five (5) plates connected with 1/4-20 bolts
overall dimensions: 35cm X 39.4cm X 33.7cm (14" X 15.5" X 13.25")
note: Circles indicate clearance holes for 1/4-20 bolts unless otherwise indicated.

Dashed lines indicate holes drilled and tapped for 1/4-20 bolts.

- Base (Bottom) Plate
r-g-

-t-

-1

i  i

-t-

r i

i
i-.

I

i
r

i
+-■

i
—^

Side Plate (2X)

-i-

45.00(r

r-0 1/2"
0 3/0"

Back Plate Center Plate

♦-

-f ,
I  I
j  t

45.000'

11 3/4'
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B: Process Module

B.l Centrifuge Flywheel

Manufactured by the UTSI Machine Shop (aluminum)

Top View

r keta ArllUd aatf tapped for S/IT b
aquaJlp apaood on a 6 \/f p^d.

tAWtiwMi iwlaa to ba driOad and tapped for tha
nlaeaoM&t of the oantral tumlna axtaror aaaemblr,
the eaDirtfope arm, ibe onboard ooopuiar. and tte
oameorder. Thaa* bolaa aboald ba pUoad durtnp
aaacmblf of the firooaaa ooodule to be aure that
tba pioooa are property allcoad wlU) raapaoi to
each other.

B.2 Central Turning Mirror Assembly

- Mirror:

12.7mm (1/2") thick, 76.2nim (3") diameter gold plated copper mirror

- Mirror Holder:

Manufactured by the UTSI Machine Shop (aluminum)

Mirror Base Mirror Clamp

Cnt-Awny VWo
(AA)

V " 0.500":» o

ttfla of Mope la ao dofraaa trooi 1

Mirror Assembly

Top View

Cut-away
View
(U)



- Mirror Support Rods:

- Pipe
1.5" diameter steel pipe cut to 15" long

- Pipe Clamps
(NRG Model 345)

- Base

Manufactured by UTSI Machine Shop (steel)

Top View

Clearance holes for
countersunk 1/4-20
shoulder bolts drilled
on a 3 3/8" p.c.d.

Side View

1.50",

lEC D
3.87"

Press fit tubes into center
hole then weld in place

B.3 Centrifuge Arm

Manufacmred by the UTSI Machine Shop (steel)

Support bouu (x8):
o-STr Tiocx AunaNUM anclk
r TALL X ar vide x lar long

Mount orm to oontrlfuc* (Ijwbort ouoh Umt
thort If 8(r from tbo oontrlfugo roUtioa
nxte to th« ofBtor of tbo box plooi hoU.

nght SIdo

10 1/4"

Uft SMo

10 1/4*

■■."I,
riyirtiool so.ocr

I ̂
h

Top Vlov

r-<r
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B.4 Process Module Adjustment Block

Manufactured by the UTSI Machine Shop (aluminum)

Top View Side View

o o o o
oo

Circles indicate clearance holes
drilled for 3/8" bolts.

Align with clearance holes in arm
and tapped holes in flywheel.

B.5 Processing Box

- Box: Manufactured by the UTSI Machine Shop (aluminum)
overall dimensions: 9" X 5" X 3 3/8" with lid
five (5) plates welded together plus a lid (held with screws)

U8e 3/16" aluminum plate welded together to form bottom and sides.
Top secured to body with six (6) 4/40 screws.

x2 - 8" X 5" plates (top and tmttom panels) z2 - B 5/8" X 3" plates (side panels)

sonoM

x2 - 6* X ST plates (front and rear panels)

TiPPSD LBS HOU

BOE

a
6.000

625

Box Pivot

(Q) gLII Ij il lffd
®T To3

om Hm l/4-» bolM jOTx-OT % I
•vwlf MOM wmmi Um b»o toM mm plfvk to wrmmij «

MiaoUt i^^tooloo MIM mA ooatod la Mo

2nd pivot Is section of 5/8 o.d. pipe.
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- Beam Focussing Lens:

- Lens:

38mm (1.5") diameter, 127mm (5") focal length ZnSe lens
(Laser Power Optics catalog # LPZ 1.5-5.0-1331)

Lens Holder;

Manufactured in the UTSI Machine Shop (aluminum)
Thread Pitch: 32 threads/inch

Top View

Unt

i.sii):

AA

S  boy wall

^Lock Ring
"[j^WMher [P

r  A

l£NS HOLDER has a fine'-pitched thread on the outside to allow It
to be screwed into place In the process box.

WASHER - 0.06" wide z 0.06" high with a 0.04' wide bjr 0.03" high
notch cut from the outer bottom edge for the Indium wire.

- Sample Holder and Positioning System:

- Sample Holder:
Manufactured in the UTSI Machine Shop (copper)

Sample Holder copper walls Smm (0.12") thick
base 3.4min (0.134") thick

View AA

p

isl
Front

Top

*1 Beiee l«r 9-38

Back

Tapped boMe fcr
nt

i-T '
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- Stage;
Precision miniature stage positioning system
(Edmund Scientific catalog # A36,347)

- Spacer:
Manufactured in the UTSI Machine Shop (aluminum)

Spacer is .35" (9mm) thick

2.36"

Holes align with mounting holes in stage.

Sample Motor:
- Motor:

Gearhead motor (one gear removed to increase output rpm)
(H & R Co. catalog # TM92MTR2023)

- Tie Down Strap:
Manufactured by the UTSI Machine Shop (aluminum)

Aluminum strap is 0.12" (3mm) thick.

0.39

Side View

1.34" 0.39'

'hs
Top View

lO

Clearance holes for 4-40 screws.

Limit Switch Mounting Blocks (for motor control)

Mounting Blocks

(1) 0.9" X 0.9" X 0.5" (high)
(1) 0.9" X 0.9" X 0.945 (high)

CO

d

0.73

Circles indicate holes
drilled and tapped for
4-40 screws. Additional
tapped holes are to be
added for mounting the
limit switches.
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Motor Control Circuit:

- Parts list:

(1) Opto isolator type 4N35
(2) lOQ power resistors
(1) double pole, double throw switch
(2) mini limit switches with rollers
(1) diode
(1) TIP41C power transistor
(1) Ikfi Potentiometer

IN from

+ 12V

pin K34 (PC2)
■3»

¥
Ik

4N35

10
y

limit
switch

limit
switch

cow

nP4ic

+ 12V

B.6 Counterweight

Manufacmred by the UTSI Machine Shop (aluminum)

(Identical to the processing box, arm, and adjustment block except the front of
the box has no lens hole. The front has holes for the fuse holder and power
switch instead.)
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C: Diagnostics Module

C.l Thermocouples

- Thermocouples:
Type K (Chromel/Alumel), fine wire (0.003 "diameter)
(Omega catalog # CHAL-003)

- Temperature Sensor:
0° - 100°C Temperature sensor
(Digi-Key part # LM35DZ)

C.2 Photodiodes

- Photodiode:

PIN silicon photocell
(type SI223)

- Holder:

Manufactured by the UTSI Machine Shop

made of non-conductive material (plastic)

Side

PhD itAn£l«
O.lTThlek

1  19®

2. 25

normal to front

holes drilled

on 0.6"p.c.d.
and tapped for
2-66 eerewa.

(normal to
back)

.12" thick

clearance

holes drilled

for 2-66 screwi

match boles in

mount Q Filter Holder

all units in Inches

119



C.3 CCD Camera

8mm, 1.6 lb G.E. 4 lux camcorder with 8X telephoto zoom lens
(model # CG805)

- Turning Mirror

- Mirror

WalMart Compact Mirror

- Mount

Manufactured by the UTSI Machine Shop

Side View Top View

Mirror - gluM
In puoo

BmI oi 46

ClMmnco hotoo
tor 1/4-aO

b

C.4 Accelerometers

- R axis:

IC Sensors ± lOg^ accelerometer
(model # 3145-010)

- Z, T axes:
IC Sensors ± 5g^ accelerometers
(model # 3145-005)
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D: Data Acquisition and Storage Module

Enclosure:

Halfcube PC/104 Enclosure

(Enclosure Technologies, Inc.)

Computer:
Ampro Coremodule 286
- CM286 Development Kit (16 MHz, 2M RAM)
(Ampro catalog # CMX-286-K-54)

- Development Chassis
(Ampro catalog # EXP-CHS-K-03)

- SSD Software

(Ampro catalog # SWR-SSD-K-51)
- Dallas 32 pin Flash EEPROM 1024k (128k X 8)
(Newark catalog # DS1245Y100)

Data Acquisition Board:
Real Time Devices DM406

Multiplexer Board:
Board Layout

SM7414II Slf74U161AM

J

Ioo oooooooooooooooooooooofljO
IO 0 oooo ooooooooooooo oooooo

A. 20 Pin Header Strip: Analog Data Transmission
B. 4 Pin Header Strip: Data Acquisition Trigger
C. 10 Pin Header Strip: Process Box Power
D. 2 Pin Header Strip: Download Trigger
E. Quad 2-Input AND Gate (i5'SN74LS08N): IR Detector Circuit
F. 8 Channel Multiplexer (#MUX08): Multiplexer Circuit
G. 8 Channel Multiplexer (#MUX08): Multiplexer Circuit
H. Hex Inverter (ji'SN7414N): Multiplexer Circuit
I. Ripple Counter (#DM74LS161AN): Multiplexer Circuit
J. Dual Op Amp (#LM1458N): Buffer Circuit
K. Right Angle 50 Pin Header Strip: I/O Coimector to DM406
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Header Strip Pinout:

- A. 20 Pin (Analog Data Transmission)
1. Photodiode 1 (front) 2. Ground

3. Accelerometer 1 (r) 4. Ground

5. Thermocouple 1 6. Ground

7. Accelerometer 2 (z) 8. Ground

9. Thermocouple 2 10. Ground

11. Accelerometer 3 (t) 12. Ground

13. Thermocouple 3 14. Ground

15. Temperarnre Sensor 16. Ground

17. Thermocouple 4 18. Ground

19. Photodiode 2 (side) 20. Ground

- B. 4 Pin (Data Acquisition Trigger)
1. +5V 2. Signal

3. Ground 4. NONE

- C. 10 Pin (Process Box Power)
1. +12V 2. -12V

3. Motor Trigger (from K.34) 4. NONE

5. Motor +12V 6. Motor Ground

7. Motor + 12V 8. Motor Ground

9. Motor + 12V 10. Motor Ground

n D. 2 Pin (Download Trigger)
1. +5V 2. Ground

- K. 50 Pin (I/O Connector to DM406)
1. Analog IN 1 (AINl) 2. AIN9

3. AIN2 4. AINIO

5. AIN3 6. AINU

7. AIN4 8. AIN12

9. AIN5 10. AIN13

11. AIN6 12. AIN14

13. AIN7 14. AIN15

15. AIN8 16. AIN16

17. Analog Out 1 (AOUT 1) 18. Analog Ground
19. AOUT 2 20. Analog Ground

21. Analog Ground 22. Analog Ground

23. PA7 (Start Data Acquisition) 24. PC7

25. PA6 (Start Download) 26. PC6

27. PA5 28. PC5

29. PA4 30. PC4

31. PA3 32. PC3

33. PA2 34. PC2 (Turn On Sample Motor)

35. PAl 36. PCI (Set Data Acquisition Trigger -
37. PAO 38. PCO (Reset Counter)

39. Trigger In 40. Digital Ground
41. External Gate 1 42. T/C Out 1

43. Trigger Out 44. T/C Out 2

45. External Clock 46. External Gate 2

47. +12V 48. -f5V

49. -12V 50. Digital Ground
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Multiplexer Circuit:
Manufactured at UTSI

Parts list;

(2) 8 Channel Analog Multiplexer (Part if LF13508)
(1) Hex Inverter (Part it SN7414N)
(1) Synchronous 4-bit Binary Counter (Part # DM74LS161AN)
(4) 16 pin DIP Socket

T*i
&.CND

-r-T-T
il A2 Q<D W S9 S6 $7 $8

^  HUX08 F
W Eft -V St S8 S3 $4 D

T

A1 M GND ♦V SS S6 S7 S8

^  Huxoe G
AO Efi -V SI se $3 $4 0

.  _ H
W RCO OA 08 OC 00 CnT LO

^  DM74LS16iAN I
gj CU If>i InC top DiPGNE

Outoul:
t4 iuftor
A/D

OqiMr*
VP «ai
oo rtolaf vdM.
WrompiiL tt.

«««• 8«lM tomla.

T/Coutll

•4i« «f I
(Tram pla M. PGO)

OUUl
«P

Buffer Circuit:
Manufactured at UTSI
Parts list:
(1) Harris Dual Op Amp (# LM1458N)
(2) lOkO resistors

IN-^ i
from

Multiplexer «1

20k
•nMAA-

-^OUT
to AINl

(K.1)

Download Trigger:
Manufactured at UTSI
Parts list:
(1) Momentary switch
(1) 4.7kO resistor

Momentary
Switch

-AAAAAr-
4.7k

To PA6
(K.25)

+5V
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Data Acquisition Trigger;
Manufactured at UTSI

Parts list:

(1) Quad 2-Input AND Gate ECG 7408)
(5) IR Schmitt Trigger Detectors (# TM910PT1813)
(5) Signal diodes
(1) 2kQ resistor
(1) Ikfi resistor
(1) lOOQ resistor
(1) 15/iF capacitor
(1) Transistor (# NPC 3904)
(1) Diode

T]L L+5V
m

detect
IR

detect
IR

detect

IR
detectdetect

VA^ 11

•n:

I

Enable IN

PCI (K.36)

Trigger Out

PA7 (K.23)'

D.l Signal Conditioning/Amplification (Circuits)

- Shield:

Manufactured at UTSI (brass shim stock)

1  1/2

3/0

1 5/6

Clearance for
adjusting the
lens holder.

Circles are 4-40
clearance holes.
Ahgn with holes in
amp board and box.
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Amplification Board:

Board Layout

£S_ _EJ_
1^14681^ 1^14681^ 1^14881^ |^i4wj

C3 D2 C2 D1 C1

^1468|4 ^14881^

'i? ^ ̂ =

nan

S]
I 10*1

i io»i

(S
ngfci

(S
noifci

> lettl

F1

F2

ra

r4

G2

G1

HI

H2

H3

A. Temperature Sensor Circuit (Dual Op Amp # LM1458N)
B1-B4. Thermocouple Circuits (Dual Op Amp # LM1458N)
C1-C3. Accelerometer Circuits (Dual Amp # LM1458N)
D1-D2. Photodiode Circuits (Dual Op Amp # LM1458N)
E. lOOkQ trimpot for Temperature Sensor Circuit
F1-F4. lOOkfi trimpots for Thermocouple Circuits
G1-G3. l(X)kQ trimpots for Accelerometer Circuits
H1-H2. l(X)kQ trimpots for Photodiode Circuits
11-13. Connectors for Accelerometer Cables

J1-J2. Connectors for Photodiode Cables

Card Edge Pinout

1. UNUSED 2. Thermocouple 1
3. Thermocouple 2 4. Thermocouple 3
5. Thermocouple 4 6. Temperature Compensation
7. Ground 8. Ground

9. Ground 10. -12V

11. -I-12V 12. Ground

13. Ground 14. Ground

15. Ground 16. Photodiode 2

17. Accelerometer 3 18. Accelerometer 2

19. Accelerometer 1 20. Photodiode 1

21. Ground 22. UNUSED
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Thermocouples
Manufactured at UTSI

Parts list;

(1) Harris Dual Op Amp (# LM1458N)
(1) 25 turn, lOOkfi trimpot
(7) lOOkQ resistors
(2) 0.0022/iF capacitors

.£tE

Si|{nal (rom*
Tbermocouple

tiBi—

~~o3f to
HuiUplazar

Temperature Sensor
Manufactured at UTSI

Parts list:

(1) Harris Dual Op Amp (# LM1458N)
(1) 25 turn, lOOkO trimpot
(1) IMO resistor
(1) 1000 resistor
(3) lOOkO resistors

+12V

-18V

Signal from
Temp. Sensor

100

* lOOk

OUT to
Multiplexer

Photodiodes

Manufactured at UTSI

Parts list:

(1) Harris Dual Op Amp (# LM1458N)
(1) 25 turn, lOOkO trimpot
(5) lOOkO resistors
(2) 270pF capacitors

Reference from
Photodiode *-

Signal from ̂
Photodiode

-18V +12V

oiS to
MtUUplezer
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Accelerometers

Manufactured at UTSI

Parts list:

(1) Harris Dual Op Amp (# LM1458N)
(1) 25 turn, lOOkO trimpot
(8) lOOkO resistors
(1) IMQ resistor
(2) 0.0022/iF capacitors

Reference from
Accelerometer

tsar

Signal from
Accelerometer

+i*v

nsst-

o3r to
Multiplexer
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E: Power SuddIv Module

Battery:
- Dewalt 12V rechargeable battery
(model # DW9050)

- Dewalt Universal Battery Charger
(model # DW9104)

Voltage Regulators:
- Computer Power Supply

- ±12V, low High Density DC/DC Converter
(Computer Products model it NFC10-12D12)

- +5V, 1.5A Voltage Regulator
(Trendsetter model tt 78SR05H)

- Sample Motor Power Supply
- +12V, low High Density DC/DC Converter
(Computer Products model tt NFC10-12S12)

Fuse Holder:

Plastic Fuse Holder, holds one fuse: 20A 250V max

Fuse:

2A 250V (BUSSAGC2)

Switch:

Double Pole, double throw switch
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F: System Control Module

Laser/CNC Controller:

-  IR Trigger:
Manufactured at UTSI

Parts list:

(1) Two line cable with a set of banana plugs on each end
(1) Coaxial cable with a BNC connector on one end
(1) 9V battery
(1) Green LED
(1) IR LED (Part # imi)
(1) Diode
(1) BNC jacks
(2) Jacks for banana plugs

D— X63.9

XM.10

BNC C«niMolor

Motor Speed Controller: see motor manual

Gas Flow Regulator:
Cole Parmer (1 unit = 3.75 1/min)

Ampro Motherboard:

- Signal from the IR Detector: see Module 4 (Multiplexer Board)
- Signal from the Download Trigger: see Module 4 (Multiplexer Board)

Camcorder Switches: see camcorder manual
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G: Safety Enclosure

Safety Enclosure:
Manufactured at UTSI

overall dimensions: 51 1/2" deep, 60 3/8" wide, 73" tall
(bolted together with 1/4-28 bolts and nuts)

- frame: slotted angle (ez angle)
(4) legs: wide 1 5/8" X 2 3/8" X 70.5" long
(4) side rails: narrow 1 1/2" X 1 1/2" X 51" long
(4) side rails: narrow 1 1/2" X 1 1/2" X 60" long

windows/door:

- (3) 8' X 4' sheets of lexan

3X4
Front Door t

5X4

Back

{cul into tvo pieces for
jeuier piecemeal ereund

lever workstaUoa.

3 X

1
1
1
1

4  1 5X4
Front Doorj Top

1 Cut hole in center
for laser beam to

1 Pass through.

4X4 4X4

Uft Side Right Side

Drill and tap 1/4-26 holes is lexan for bolls.
Align holes with pre-existing holes in frame.

door track:

5' long rails for 1/4" thick display case windows

handle:

4 5/16" Wire Pull Handle

(Lowe's part # BPW355-18)

wheels:

(4) Lowe's 2" Swivel Caster with Brake
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