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Abstract

The formation of pristine silica fiber sections in an ultra high vacuum en­
vironment requires the critical control of production parameters. Glass tem­
perature and fiber draw force must be precisely controlled to produce favorable 
results. Process control is achieved by automating the operation of a high power 
C02 laser and the acquisition of data with a dedicated microprocessor. This com­
bination, with the integration of ocular control through the application of digital 
image processing techniques, has subsequently led to a consistent and reproduc­
ible means of forming high quality pristine glass fiber test sections on the order 
of 25 fira to 50 jam in diameter. Fibers formed is this manner are tested to failure 
(in situ) by applying loads at various rates in controlled environments. This 
report presents the techniques and devices used to develop this automated 
fabrication and testing system.

This work was performed at Sandia National Laboratories and supported by the Department of 
Energy under contract number DE-AC04-76DP00789.
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Introduction

Silica based optical fibers are 
rapidly assuming a pivotal role in ad­
vanced* energy and defense related 
technologies. In many cases, the relia­
bility of the fiber optic system is con­
trolled by the mechanical properties 
of the silica glass fiber. As part of an 
effort to understand the mechanical 
properties of high purity glass fibers, it 
is necessary to examine the strength of 
pristine fibers that have not been ex­
posed to abrasive or chemically reac­
tive agents. Studies of silica glass fi­
bers in the pristine condition allow us 
to assess the potential of the optical 
fibers and provide the opportunity to 
examine, in a controlled fashion, the 
role of chemical species in degrading 
the fiber strength.

In order to form contamina­
tion-free surfaces, we use an ultra high 
vacuum chamber as a means of ex­
cluding particulate and chemical spe­
cies during the fabrication procedure. 
The silica glass is heated within the 
vacuum chamber by means of a C02 
laser to facilitate fiber drawing. After 
formation, samples can be tested to 
failure in controlled environmental 
conditions. Since fiber drawing and 
testing are conducted in situ, the han­
dling and fixturing problems associ­
ated with delicate fiber sections are 
eliminated.

Although this fabrication and 
testing procedure offers many advan­
tages for the production and examina­
tion of pristine glass fibers, it is difficult

to accurately control the heat treat­
ment conditions and fiber draw para­
meters in a vacuum environment. This 
paper shows how microprocessor 
control of the critical processing para­
meters can be used to establish a pro­
cedure for fabricating reproducible 
pristine fiber test sections.

Materials & Geometry

Samples (Figure 1) are pre­
pared from sections of 1-mm O.D. 
Amersil T08-WG Commercial quartz 
rod. A 10-mm length of flame cut rod 
is fused at each end to larger (2-mm 
O.D.) sections of generic fused silica 
(GFS)rod. The GFS sections are then 
formed into small radius hooks for 
connection to the drawing apparatus. 
After cleaning, the 1-mm O.D. section 
of silica is lightly fire polished to re-

2-mm

1-mm
T08-WG

2-mm
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Automated Glass Fiber Drawing

move any surface imperfections or 
scratches which might adversely effect 
the ultimate strength of the fiber.

Samples are then positioned in 
the vacuum chamber in a vertical 
alignment with the base hook attached 
to an internal load cell, and the upper 
hook attached to a length of stainless 
steel beaded chain. This configuration 
provides multiple free pivot points 
when the sample is positioned for fiber 
formation. The elimination of lateral 
fixturing forces is essential to the lin­
ear draw of the fiber.

In order to form the fiber, the 
load chain is fixed to a rotary manipu­
lator which is externally driven with a 
mechanical advantage of 3:1. Draw 
force is provided by a 100 gram exter­
nal dead weight. After the fiber is 
formed, the manipulator drive is trans­
ferred to a linear stepper stage for the 
application of controlled loads.

Apparatus

The environmental chamber 
(Photo 1) is constructed of 7-cm stain­
less steel sections oriented in an elon­
gated vertical configuration. Pumping 
is provided by a SO 1/s turbomolecular 
pump which achieves a base system 
pressure of 1 x 10" torr. The system is 
equipped with a residual gas analyzer, 
a capacitance barometer, thermo­
couple gauges, and an ion gauge. All 
instrumentation is linked to the con­
trol computer via the IEEE-488 data 
interface (Figure 2).

The stainless steel beaded 
chain is suspended from a rotary 
manipulator which is fixed to the top of 
the chamber. A 22-kg capacity load 
cell is attached (in vacuum) to the base 
of the chamber. The total separation 
of 46-cm creates a long draw path for 
fiber formation. The entire vacuum

Ion Gauge

Digital Volt 
Meter

Quadnipole
Spectrometer

Scanner

Load
Transducer

Temperature
Scanner

Laser Shutter 
Control

Laser Power 
Control

80286/8 MHz 
Microprocessor

Vacuum System

Draw Fixture

Array Processor

Image Analysis

IEEE-488 Data Bus

Analog Digital

Figure 2 Block Schematic of Logical Information Flow

Page 5



Automated Glass Fiber Drawing

system is suspended from a hard fix­
ture which provides x-y-z manipula­
tion for sample positioning. With this 
arrangement, the sample can be accu­
rately positioned in the C02beam path 
which enters and exits the vacuum 
chamber through two potassium bro­
mide (KBr) windows (2-cm O.D. x 6- 
mm thick).

Digital Image Processing

User written control and analy­
sis routines control all aspects of fiber 
formation and measurement. Rou­
tines written in the C programming 
language (Listing 1) combine library 
functions containing image process­
ing, IEEE-488 interface control, and 
numerical analysis routines.

The sample is imaged through 
a 31X microscope using a pixel array 
CCD camera. Video information 
from the camera is transfered via RS- 
170 interface to a real time image 
processor at a rate of 30 frames per 
second. The analog input signal of 0 to 
7.14 mV is digitized at the image proc­
essor by a flash A/D converter at a 10 
MHz rate. This 8-bit digitization pro­
duces an image with 256 discrete grey 
scale levels which are treated as inte­
ger values when accessed by the com­
puter. The resulting image is stored in 
a 512x480 frame memory array and si­
multaneously displayed on a high reso­
lution color monitor.

Fiber Formation

Due to the high softening point 
(> 1700° C.) of fused quartz, an intense 
heat source is required to draw fibers. 
As shown in Figure 3, the carbon diox­
ide laser produces radiation at a nomi­
nal wavelength of 10.6 fim. Since the 
optical transmission of fused quartz is 
essentially zero above 4.0 fim\ this la­
ser light proves to be an excellent heat 
source for this application.

The laser used in this system is 
capable of producing 25 watts of 
power with an exit beam diameter of 
3.6-mm. Since the power density of 
this beam is not sufficient for fiber 
formation, the original laser beam is 
directed through a zinc selenide focus­
ing singlet. This lens system produces 
a well defined focal waist of 1.2-mm 
diameter with no pre-expansion of the

Figures High AbKxptkm of CO* Later line by Fused
Quartz

laser beam. With the laser operating 
at a power setting of 16 watts, the nec­
essary temperatures are achieved.
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Prior to placing the sample in 
the vacuum chamber, the diameter of 
the T08-WG section is accurately 
measured to a resolution of l.O-yxm 
using a digital micrometer. This meas­
urement is used as a calibration of the 
optical system once the sample has 
been mounted. Lighting is adjusted so 
that the sample section is defined as a 
dark bar on a light background (Figure 
4). A line of pixels is scanned and 
stored as a single dimension integer 
array. Since undesirable reflections 
contained within the bar are difficult 
to identify and exclude, the array is 
first evaluated from left to right to 
identify the left edge of the sample. 
The array is then indexed and read 
from right to left to define the right 
edge of the sample. With this tech­
nique, the reflections and specular 
defects encountered within the body 
of the dark bar have no effect either on 
edge detection or the resulting calcu­
lation of sample width.

Figure 4 is a representation of

Video Frame

512 Ptek Wide

Figure 4 Scanned Line thru a Typical Video Frame

the 1-mm silica section. Figure 5 is an 
example of a scanned line which corre­
sponds to the filar line on Figure 4. In 
this cross section the edges and the re­
flected portion in the center of the bar 
are easily differentiated. The silica 
section of a 512 pixel scanned line typi­
cally occupies 360pixels with a magni­
fication of 31X.

Proper alignment of the 
sample is critical to the performance 
of the drawing process. To facilitate 
this, a low power helium-neon (HeNe) 
laser is co-aligned with the high power 
C02 laser. During the setup phase, the 
operator interposes a turning mirror 
in the C02 beam path to provide a 
visual HeNe indication of the pro­
jected beam line. The sample is trans­
lated into the beam through the ma­
nipulation of the linear manipulators 
which support the vacuum system. 
This alignment is accurately con­
firmed on a projected image at the exit 
side of the vacuum chamber.

After initial path alignment

o w>-

e 100-

Figure 5 Line Scan of a 1 -mm Silica Section
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using the HeNe laser, the turning mir­
ror is removed and a test exposure is 
made with the COz laser. This proce­
dure confirms the vertical positioning 
of the beam path with relation to the 
scan position of the image processor. 
Simulated filars on the display screen 
are aligned to the center of a heated 
area on the sample as the operator 
manually pulses die laser. This proc­
ess serves a secondary purpose by 
bringing the section into line with the 
vertical pull of the system. Any slight 
alignment irregularities are elimi­
nated as fhe’silica is slightly softened 
by the laser heat.

Once the 1-mm sample section 
has been accurately aligned and meas­
ured, the drawing process is entirely 
controlled by the microprocessor. In 
this procedure, all artificial lighting is 
removed and the fiber is drawn in a 
darkened room. When the shutter is 
opened from the control program, the 
heating of the silica produces an in­
creasingly intense white light. The 
control program continuously loops in 
a recursive routine which acquires a 
video frame, analyzes a line of pixels, 
and compares the results with a previ­
ously entered target intensity con­
stant As the silica heats, the program 
is triggered to a second routine when 
the intensity (typically-grey level 220) 
indicates that the sample has reached 
a softening point (>1700° C). At this 
point the program repeatedly scans a 
predetermined line and measures the 
decreasing sample width in real time 
(30/sec). When the measured width is

equal to or less than a target width 
value, the shutter is closed and the 
draw is complete.

At this point the fiber section is 
illuminated and imaged. The mini­
mum diameter of the drawn section is 
located by translating the measure­
ment microscope along the length of 
the fiber. Repeated measurements 
are taken and averaged to determine 
the resulting minimum fiber diameter 
and the total length ('2-mm) of the 
drawn section. All system and fiber 
data are recorded to a file and the 
system is reconfigured for fiber test­
ing.

Strength Testing

Fibers produced in vacuum 
can be tested to failure under con­
trolled environmental conditions. The 
vacuum system is configured with an 
auxiliary gas manifold to provide dos­
ing materials during the testing proc­
ess. Gas pressures arexontrolled by 
monitoring the output of a high resolu­
tion capacitance barometer. Once the 
environment has been stabilized, the 
linear stage can be driven to load fibers 
at ratesof 0.5 to SO.Ogramspersecond. 
Rate, load, and chamber information 
are transmitted to the control com­
puter for data file storage.

A base line of strength data for 
a particular material is determined by 
forming and breaking a series of fibers 
in a high vacuum of <5 x 10* torr. 
Silica fibers formed in this manner 
have been tested2 to stresses in excess
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of 10.3 GPa in the pristine state.

Summary

This communication describes 
a novel method for the entire forma­
tion and mechanical testing cycle of 
pristine silica glass fibers. After initial 
sample insertion and alignment, the 
experiment is completely micropro­
cessor controlled and proceeds with a 
minimum of operator interaction. 
Critical parameters for fiber forma­
tion are controlled and recorded by a 
dedicated microprocessor and stored 
to disk for further analysis. Fibers 
drawn in this manner are pristine in 
nature and consistently uniform. To 
date, this system has been employed to

gather preliminary base line data in 
preparation for a complete study on 
the environmental effects on silica 
materials.
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Listing 1

/* PROGRAM: LASERVCZ.C

Dncriptioo: LASERVC2.C ■ l dtvtkifaml pmgrtni ttal ■ UMd to
oootfol dM Bh«r dr»»^lgop«r«doo. TboiMr 
i«pilrli1thmmtnfa«pro|n»wtlfa popniy 
coonms Ihtt mt te *cfenoail*M kafcn 
eoociouil)*. Tbii wil in«in tbe aater ol opar- 
«m»iiijih«iiiw—eftfwBMrdrpwng 
opntioa AfUrMvnlacrmipnnpci,th<

laMBMOiaaataXc*. When dxuryic width 
it d«M*dL d» umt it praopud Cor final in­
put Md it lanainattd.

Environment: Vacuum

Contrac White on Black.

Control:

7

Later control it accomplithcd through HP power tuppHet.
modek: 6632A foe tbe bier power, & 59S01B 
for the baer shutter. Itnaget of aatnpiet are 
acquired by way of an image procetaor furo- 
iahed by Imafing Technoiofy model: FG-100- 
AT and controlled wkh ITEX IDOprognm- 
mingroutinat. Tbeaedevicea areaoceaaad 
through a GcneralPurpoee Interface Boa 
(GPIB) and controted wkhMicroaort C 
Programming Language Routines.

/••••• Header Oca required for function definitions. •••••/

# include “itexlOOih’' 
findude “atdtyp-b" 
dindude <atdioJi> 
dinduda <grapb.b> 
dindude <ded.b> 
dindude <ctype-h> 
dindude <tinie.h>

/••••• Variable definition and dedaration......... /

BYTE bdatUS 121: cfaarrdl[S12ird4si2|.n[12):

char fname(] ■■ "coiorLhfT’meaat] ■ "measure", ref| ]» "reference”; 
int a,lwujXfi>>paApa7uivmLdvui2qm-0; 
int lpLipl<cnta(4),cntb(4],widthLwidth2;
int Ml-<LM2-0,M3-0,M4-ai;
ints-2S4ty-2S«: 
intxl>2Sdyl>2S<t 
int X2>y2uooRn(10),d; 
int v,hj,vLhLrLcnt*l>,

/•*••• MAIN program begins •••••/

tnainO
{
FILE*^>;
cbarrd{7);
Boat tim.min.ntic.ina.wa;
int tett.mdtb.tot'aO; 
tiflM > ■dmdR ^emfc lda^ma

/••••• Inkhimtion of devices •••••/

pedmUindTPSO;
pe7»ibfind(“PST*);
dvmltaMndC’DVMrO:
dvm2-ibfindCDVM2");
ionS>UindrK)Nr);
ibwrt(pe<t"VSET OlOtT.P); 
ibwtt(pe7,"100ir,4); 
ibait(dvmL"R7RSW«',6); 
ibavrt(dvin2,"R7R5W6".6);

/•*••• Initialiiation of Image Procetaor. ••••7

deetacraanOGCLEARSCREEN); 
aethda(0K30(MlgtA0(l0a,PSEUDO COLOR,!); 
aetdim(512412,12);
initregtO;
inilhnO;
initMaaO;
aetpmaakftfcOOFF);
adaarfO);
aatpmmkfttdW);
i^ntmirJutaO;
aetpmaarfODFF);
adeat<255,WArr);

r*’** Calodata initial width of tbe nanpie. '***7

anapfl);
bitdfae(R3Sa5Rlidatl);bc^Os
for(i-iy<5l2y^+)

»f(bd»tl(i|<140){
*+-l;
cntaial-i:
fot(i»ta<513a++)

if(hdatl[tj>140){
b+-l;
cnth(b)-i;
if(b>-2)break;
daegotobegO;

)
>

widthl«cntb{b]-cnta{l];
i*0,a*0,b«d;
gr»fi(0);
ibwrt(ion8."R02\r\n”,3);
fotfi-0;i<-n000;i++)(
k-k+1;
)
ibrd (ionRrd,7); 
i“ft

/••••• User pcompta Pbaae 1 thru Ptaaae & ••••7 
pbl:
dearacreenf GCLEARSCREEN); 

printCrFfBER DRAWING CONTROL PROGRAM:”); 
printfnn\n\nPbaae 1: Poaition lample in chamber and adjuat optics-”); 
primf("\d\n\n\n\nPreaB RETURN to continue-”); 
c-getcbO; 
putchar (c); 
twitch (c)(

caaeV:

goto pbl; 
break;
)

ph2:
_deatacreen(_GCLEARSCREEN);
printfCViPbaae 2: Enaure that power aupphea have been ON for”); 
printf(“\n\n at leaat 30 minulea before QOtuinuiftg-");
ptuufPninWrtnPwaa RETURN to enminue, ");
c-getebO;
putebar (c); 
twitch (c){ 

caaeV:

gotopb2;
break;
>

pb3:
_dearacreeo(_GCLEARSCREEN);
printfnnPbaae 3: Ensure that al operatora have eye protection) 
\n\n and that area it secure from entry-\
\n\n\n\n\nPreat RETURN to continue—”);
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c-getchO; 
putchar (c);
«riuh(c)<

hnak;

■uaph3t
break:)

pM:
_daancnen(_OCLEARSCREEN);
pciatf(M^iPtiaaa4: Turn ON cootrchcr wkb key aaitch and \n\ 

prat ttMt buttioiiwM)t
prtadrVAhWaWoViAaVAiiUMa •••• CAUTION ••••\o\D\h\ 
UhaBadhu^r anaun that laaar abutter ia doasdn 
WrtbWaWaWhPraaa RETURN tupeaier up haar-"); 
c-*«UbO;
putchar (eX
»«hch(e){

caaeV:hooa
break;
■leT—
goto pb4; 
break;}

pb4a:
_deancraan(_CCLEARSCREEN);
printf(**\nPbaae 4a; Intarpoae power head in beam path and adjuat"); 
printf(“\n\n laaer power-."):
prb>tfrV>\nWn\nPrata RETURN to continue..."); 
csgetcbO;
putchar (c);
**itcfa(c)(

break;
default:
■otophda;
break;
>

pb4b;
_deancreen(_OCLEARSCREEN);
printfQnPheae 4b: Input laaer power aettkig (watte)—");
acanf("%r,*wa);

phS:
.deacecteenC.OCLEARSCREEN);
pontfPnPhaae 5: Input current actung (DC mA)... “);
acanfp4U",Aina);

phSa:
.deancreenC.CXXEARSCREEN);
printiniiPhaaeSa: Remove power bead from beam path- ");
pontfOn\n\n\n\nPrcaa RETURN to continue.-");
c»*etcbO;
putchar (c);
ewkefa (c)(

break;
e-r—n.
potophSa;
break;>

pbdc
.demeereanCjGCLEARSCREEN); 
printfnaPhaae 6: Enter aample width (mm):"); 
acaofC^br^tmm); 
mkw((mm’ Mdaoywidthl);

pbT:
.damMCOCLEARSCREEN); 
priotfnnPtiwr 7: Enter target width m phrlr **);

pbft:
deanereenCjOCLBARSCREEN):

printfCW);
printf(**\nPhwr 6: Ready for fiber drawing opemion_\n\n\

Prescot Maple width « %t piiieis.\n\

Target width set at %i paeb.\n*’,wkkhl,teM); 
printfin0\n\n\n\n\n'n>n OFF Ugbt aource and room ligbtiagv~\ 
\n\n\n\n\nte\n\n\n\n^iPraM RETURN to open abutter and beat 
aample-.’'); 
c-petebO; 
putchar (cX 
•witch (c)( 

caaeV:
■hooO;
break;

gucophR
break;

)
/••••• Detect trigger point. •••••/
ieadkn((hameX
ddta.miO;
trig;

prinriCVfrriggor—"X 
■■POX
bridkmNUSikSIZbMX
ine(R3SX}U351.GRm« OVERLAY* <*);
for(i-<ki<512u++){
tf(bdatl(i)>qm)qm«bdatl{t];
if(bdatl{i]<qm)<|m«qin;
tf(bdatl[i] >220)jp>t0 hut;
>

fototrig;

/***** Calculate width of aample and compare to targeL ••••*/
iniu
i*0;
Ip:
«o»p(i);
brhlioe(<U3S.3Rhdatl); 
line((USA512JSARED_OVERLAY< < 8); 
for(i-i;i<512;i++) 

if(bdatl(i]>54)
(
Ipl-i;
break;
)

rp:
fbr(i—Sllu>—0;i-) 
if(bdetl[i]>54)
(
rpl*i;
break;)

width:
width2*rpl-lpl; 
tf(widlh2< ■teat)goto end; 
else goto ink; 

end:

r**** Reaet devicea to default aettinga *****/
timvdeha.maO;
time(&nmsfa);
aboffO;
hoOO;
ptuniniwr);
priotfnnTARGET DETECTED!");
printf(**\n\nFiber drawiog ccqucncc tennioatcd.\n\n");
ibwn(pa41"VSET ROtP.P);
ibwrt(pe7."100ir,4);
ibwrt(dvml,"R7RSW«-.6);
town(dvm2,"R7R5W<‘,<X
Moc(dvmlX
ibloc(dvm2);
ibioc(pe6);

pM:
printfOn\n\n\n\n\n\n\n\n\h\a)n\n\n\a\n\iiPhaaeh Turn laaer off \ 
with kiqr ewitch-\n\nPreae RETURN to focue image-"); 
c-getcbO; 
putchar (c); 
cwilcfa(c){ 

caee V:
hnwnt--orauKf
default:
gotopb0;
break;

Page 12



Automated Glass Fiber Drawing

>

pblO:
_daancmn(_GCLEARSCREEN);
WtWiMO: ____
MlpMMk(€H00PP);
•ctam
MCpaMk^OkPOO);
d)maiiiicjuc>0;
Mq»Mk((W)FF>:

piodPaPhaM Mt Cmniwiw GRAB mode-V 
WataMaWaPraa RETURN u> aMMun Gbar-*); 
cajatcbO; 
puutarW;

bnak;

fotopblO;

/••••• Routine to oewure fiber. •••••/ 
ana pm:
_deeracreen(_GCLEARSCREEN);
printfnnAuto-Meaaure-.’n”);
e-Rb-Rtoc-0;
i-Ot
for(k-l;k<-S;k++){
•nap(l);
btMine((lL2SSJlZhdetl): 
hlctar((UMk512JtED OVERLAY<<8); 
teO(«na41.0.1.R£D OVERLAY* <8,meea); 
hiciear(0t3J1412.GREEN OVERLAY* <8); 
ten(40(U3«t41.GREEN OVERLAY* <&ref): 
i-R
bepol:
for (i«ki*S12;4>+i) 
if(bdatljil<*5){ 
e+»l; 
cMa(aj<ai; 
if(i>«512) e»t(); 
ebe goto begin;

begin:
for(i«ip*513;i++)
if(bdatl(i|>8S){
b+-l;
cntb{b]>i;
if(i>«5U)*»il()-,
ebegotobeginl;>

)
width«cntb(b)-cnta(l]; /* Output data. */
printf(“\n widtb%i - %d pixeia.’',k,widtb); 
tot “width+tot;
)
printfftata average width “ %i"toty5);

/••••* Mouee Meal tire routine. ****/

START:
MOUSECMM(AM 1.AMLAM3,AMt). r Initialize Mouae V
M1“U; /* Zero Motion Counter*/
MOUSECMM(AMl,AM2.AM3,AM4);
MOUSECK(M(AMLAM2,AM3,AM4);
priotf pWtJAouae Mreeure_\n\n~);
printfr CXck left button to lead pbaei poaition.’*);
priotf On Cfickrigbt button to eontinue.ta*);
printf On X Y Z");
a-ipMCw):

LOOP; /* DiaoierCuraor*/
hlciearfx-3j.10.RED OVERLAY* *8); 
vMaarfxj-S.lRRED OVERLAY* *8);
M1«A r Get Right Button Rdeax */
M2-1;
MOUSECMM(AMLAM2,AM3.AM4); 
if(M2>0) goto ENDIT;
Ml“6; r Get Left Button Release •/
M2-0;
MOUSECMM(AMLAM2.AM3,AM4);

tfl-xl;
jr2»yl;
if (M2>0) goto RECORD.
M1«U; /* Check for X-Movement*/
MOUS&CMM(AMl.AM2,AM3,4tM4);
xl*xl+M3;
yl“yl+M4;
if (x““xl) goto COM2;
goto MOVE;

COM2: r Check for Y-Movaneot*/
if (smwyl) goto LOOP;

MOVE: /* Updau X A Y - Start Again */
X“X+M3;
y*Tr+M4;
MdearOajjZlRKED OVERLAY* *0); 
vtcieer(x2,y2.S,«kRED_OVERLAY* *0); 
e-tpbMfxj); 
td-S
yi-r
goto LOOP;

RECORD:
cnt“cnt+l;
printfpn %3t %3i *3i"jtyj); 
n[CTW)-«;
blciear(^-3.yZl(lLRED OVERLAY* *0); 
viciear(x2,y2-5, IRREDJGVERLA Y < *0); 
if(cnt»»2)
{
da>n[l]-n[2];
printfOtVt width “ %3i",aba(d));
cnt“0;
goto LOOP,
}
cite
goto LOOP;

ENDIT:
h)ctear(x2-S,y2,10.RED OVERLAY* *0); 
vldear(x2,y2.5,lRRED'OVERLAY* *0); 
hleiear(<H25A512,RED‘OVERLAY* *8); 
bldearftUSLSUGREEN.OVERLAY* *8);

phll:
primf(“\n\n'n\nDo you aram to repeat oieasiirenient (y or n)? “);
c-gcuhO; 
putchar (c); 
twitch (c){ 

caaey: 
goto snapm; 
break; 
caae ‘n’: 
break; 
default: 
goto phll; 
break;)

_deancrecn(_GCLEARSCREEN); 
printf(“'nEnter actual fiber width: “); 
acanf(‘‘%t”,Aha);

/•••" Output program paraoaeten. •*•••/ 
deancreeo(_GCLEARSCREEN); 

printfOnPROGRAM PARAMETERS: ~); 
printfOnVoLcft point - «i.’dpl); 
printfOnRightpoint -
printfnn\nStartingwidth “ %d ptaela “ %5.2f microtia.\n\
Ending width - «d piaeia - %SJfniicroaa’'A 
v>idtfaL(mic*widdll),widdl2,(aac*widtfa2)); 
printfrWiTargetwidth “ %i pcmia « %7.2f 
microcia.’,,teeL(aiie*tem»;
printfpnActual fiber width • «i piah - *S^f tnk<t»a.'>,(inic*fw));
printinnl aarr power aelting • %]^fwatta.,'.wa);
paintfnnLaacr curnait actting • 383l2f aaA^aa^
printf(‘ViVacajum reading ■
printfHnlnPrograaa triggered at a value of %i."^pn);
printffVlEiapaed time “ %12f aecooda.~,tim/100a;0);
ack:
printfpn'n\n\nDo you want pcopam perametert written to file (y or n)7
");
c-getchO;
putcfaarfc);
nvitch(c){

caae^*:
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break;
printfCNtaEour naoc of dau Gl* witb'.dat'csenaioo:"); 
aeaa<p*a-JI):
Q>«lbpao(8,’V+”);
riwa(dUri^);
4xi«<(fe’%a”.a);tlpriom^VtoWa’^BaClllina));
CponlK^-Wirjpl);

*SJfo«d
%Sjr.vidti>L(Bic*>iidd>l),*<dtb2,(!llic*'nd(il2));
Cprind)((^’Vl%i *t2rdaal>(aric*tan));

»i2r/ar^B»c*tW));

tptWWHUJnm'fitpaawpr*m>rjtetiffMitp.'WrjvmXffnattlfp,,^a%i3rjmnOOO.O).

•mo a*;

)
printf("\n\n\D\n\nLASER CONTROL PROGRAM TERMINATED!**); 
(doaa(fj>);)

/••••• MAIN program ands. •••••/

/••••• DaSnilioa of FUNCTION Mitaoutinai. ••••/ 
r Function laon •/

laooO{
feattfpafc’VSET UMr.Wy, 
ibrdfdvmLrdLld);)

r Functioa laaff •/
laoOO{
tbam(pa*"VSEr a00r,»); 
ibrdfdvmLrdLld);>

r Function abon */
•bonO<
ib««t(pt7,"2713V4);
ibnKdMB2.rd2.1«);)

r Function thoff*/
•boffO{
awn(p.7,”100(r,4);
ibcti{dvtn2.rd2,16);
)
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Distribution

1110 S. T. Picraux
1111 B.L. Doyle
1112 S. M. Myers 
1114 T. A. Michalske 
1114 W. L. Smith (20) 
1823 D. R. Tallant 
1840 R.E.Loehman 
1842 B.C Bunker 
3141 G Ward (8) 
3151 W. I. Klein (3) 
8524 J. A. Wackerly
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