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Bowing characteristics were examined for IG-11 and H451 gréphite
sleeve specimens to which temperature gradients were given in the
circunferential direction using a specially prepared rig. Measurements
were also carried out on load or bending moment which was caused in the
sleeve specimens under constraint as a result of temperéture gradients,
Experimental data were well analyzed on the basis of the elastic theory
on the deflection of beams. Bending tests of the sleeve specimens
indicated that the bending moment generéted in the sleeve specimens under
constraint was less than one-third of that at fracture even when the

maximum temperature difference along the circumferential direction was

more than 200°C.

Keywords : HIGR, Graphite, Graphite Sleeve, Fracture, Strength

Bending Test, Temperature Cradients
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1, INTRODUCTION

It is believed that the fuel sleeve of the experimental VHIR (VHIRex),
which is now at the research and deﬁelopment stage at Japan Atomic Energy
Research Institute (JAERI), would possibly have a temperature difference
in its circumferential direction, because of the eccentricity of fuel
rod, inhomogeneity of heat generation or heat flow, etc. A calculation
indicated that during operation of the reactor this temperature difference
could be more than 200 degrees at its maximum. 1) It is very probable that
the thermal strain caused by the temperatufe difference, together with the
dimensional changes of graphite due to neutron-irradiation, would lead to
the bowing of sleeve, In fact, the bowing of fuel element or reflector
graphite has been reported and analyzed in the Dragon Project.z)

The ultimate purpose of the bowing test of sleeve is to establish a
method for the precise estimation of its bowing behavior, based on a model
demonstrated experimentally, which is to be applicable to the design and
safety analysis of VHIRex.

Purpose of this report is firstly, as the first step to the ultimate,
to obtain out—of-pile experimental data on the bowing of sleeve specimen as
a function of temperature difference in its circumferential direction
and to evaluate them by comparing with calculation.

Secondly, this report gives the data on thermal stresses generated in
sleeve specimen when it is subjected to a circumferential tempereture dif-
ference under constraint, i.e., the specimen is forced to keep its original
shape. Moreover, the résult of bending tests of sleeve specimens 1s summa—
rized here to evaluate the integrity of graphite sleeve under thermal
stresses. Ring compressive tests have also been carried out to analyze the

data on the fracture of sleeve specimens.
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2., EXPERIMENTAL

2.1 Specimens

Graphites used in the present experiment were Grades IG-11 and H45I.
The latter is an extruded graphite manufactured by Great Lakes Carbon
Corp., and the former, an isotropic nuclear graphite manufactured by Toyo
Tanso Co., Ltd. Some properties of these graphites are listed in Table 1.
Three types of specimens were machined from blocks of each graphite :(I)
specimens with 50mm outer diameter(OD) x 4Omm inner diameter(ID) x 555mm
length, (I1)46mm OD x 36.3mmID x 600mm length without ribs, and (III)spec-—
imens with almost the same size as that of the second type, but, with ribs,
Detailed dimensions of Type I specimen are shown in Fig. 1, and those for
Types II and III, in Figs. 2 and 3, respectively. Fig. &4 shows the dimen—
sions of bending specimen with ribs.

The outer and imner diameters of specimens were changed to the smaller
ones corresponding to a change in the design of VHIRex. However, all types
of specimens are believed to simulate well enough the actual fuel sleeve of
VHTRex. in terms of the evaluation of the bowing caused by temperature

differences and the bending fracture of graphite sleeves.

2.2 Rig for the measurement of bowing

A schematic of the main part of the rig used in the heat-up experi-
ment is shown in Fig. 5. As is seen in the figure, the rig is equipped
with two actuators located near the upper and middle regions of a sleeve
specimen, respectiﬁely. At the lower position, it has a micrometer by
which the displacement of the bottom region of sleeve specimen was measured.,
The displacement of the upper and middle positions of sleeve specimen was

measured by transmitting it to two actuators in use of graphite rods l5mm
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in diameter. Not only the displacement but also the load which is caused
by the temperature difference in the circumferential directlon can be
measured using these actuators when they are controlled under constant
displacement conditions, 1.e., specimens under constraint.

The eccentric heating was done using a graphite heater which was so
placed as to heat up only one side of a sleeve specimen along the whole
longitudinal axis, The experiment was carried ou£ mainly in vacuo,although
the rig can be used either in vacuo or in any inert atmospheres.

The temperature distribution within a sleeve specimen was measured
using chromel- alumel thermocouples which were glued to the specimen with
carbon cement. They were placed at five or six points along the Tongitudi-
nal axis, with four or eight thermocouples at each longitudinal point so
that they form the right angle or 45 degrees from the neighboring themo-
couples., The total number of thermocouples was 24 at the maximum. Fig. 6
shows an overview of the heating experiment, The interior of the rig is
shown in Fig. 7.

Electromotive force of the thermocouples and the outputs of the two
actuators which indicated both displacements and loads of sleeve specimen
through the graphite rods were transmitted to a Hewlett Packard scanner,
Model 3495A and then to a digital voltmeter, Model 3455A, Data were
processed using a Hewlett Packard microcomputer, Model 9835A, The program

for this process is shown in Appendix. A 9876A printer and 9883M flexible

disk drive were also used.

2.3 Bending test of sleeve specimens

Bending tests were carried out using an Instron—type test machine on
the three types of specimens mentioned above after the heat-up experiments.
Some of the bending specimens were simple hollow tubes with or without ribs,

as is shown in Figs. 2 and 4 for the specimens witn ribs and without ribs,

VB_
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respectiﬁely.

Fig. 8 shows the set-up of the bending test. To measure the deflection
near the center edge which was comnected to the cross—head of the test
machine, an electrical dial gage was used. Strains were measured during
bending tests using 5 strain gages for one specimen, three of which were
glued to the tensile side of specimen, and the other two on the compressiﬁe
side.

Spans between the edges for bénding tests were 400mm and 458mm for
specimens without ribs and those with ribs, respectively. Cross—head speed

was 0, 5mmn/min,

2.4 Ring compressive tests

Ring compressive test specimens were machined from the end parts of
sleeve specimens for bending tests, to which no bending load was applied.
They measured 46mm 0,D. x 36.3mm I.D. x 18mm length. Ring compressiﬁe tests
were carried out at a cross—head speed of 0.5mm/min. Strain gages were
glued to each of the lateral outer surfaces, one of the lateral inmer sur-
faces, and the upper and lower imner surfaces, as is shown in Fig. 9. The

numbers in the figure indicated the locations of these strain gages.

3. RESULTS AND DISCUSSTON

3.1 Heat-up experiment

Some examples of the results of the heat-up experiment are shown in
Figs. 10(a) to (d) for IG-11 graphite Type 1 specimens. Figs. 11(a) and
(b) show examples of the resuits obtained for IG-11 graphite Types II and
TII specimens, respectively. In these figures, the right-hand abscissa

represents the temperatures of various points of specimen. The displacement

._4"7
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respectively,

Fig. 8 shows the set-up of the bending test. To meésure the deflection
near the center edge which was connected to the cross~head of the test
machine, an electrical dial gage was used. Strains were measured during
bending tests using 5 strain gages for one specimen, three of which were
glued to the tensile side of specimen, and the other two on the compressiﬁe
side.

Spans between the edges for bénding tests were 400mm and 458m for
specimens without ribs and those with ribs, respectively, Cross~head speed

was (.5mm/min.

2.4 Ring compressive tests

Ring compressive test specimens were machined from the end parts of
sleeve specimens for bending tests, to which no bending load was applied.
They measured 46mm 0.D. x 36.3mm I.D. x 18mm length. Ring compressive tests
were carried out at a cross—head speed of 0.5mm/min. Strain gages were
glued to each of the lateral outer surfaces, one of the lateral inner sur-—
faces, and the upper and lower imner surfaces, as is showm in Fig. 9. The

numbers in the figure indicated the locations of these strain gages.

3. RESULTS AND DISCUSSTON

3.1 Heat-up experiment

Some examples of the results of the heat-up experiment are shown in
Figs. 10(a) to (d) for IG-11 graphite Type I specimens. Figs. 11(a) and
(b) show examples of the results obtained for IG-11 graphite Types II and
TI1 specimens, respectively. In these figures, the right-hand abscissa

represents the temperatures of various points of specimen. The displacement

_4i
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obserﬁed at the upper and middle portions of sleeve specimen are plotted on
the left-hand abscissa. In most cases, negligible amounts of displacements
were observed at the 1owést position. The ordinate of the figures repre—
sents the location of the thermocouples and actuators along the longitudi-
nal axis. The rectangle at the center of each figure is drawn to give an
approximate idea regarding the size of sleeve specimen.

The displacement observed at the upper portion versus the temperature
difference generated in the circumferential direction is plotted in
Fig. 12 for various types of sleeve specimens. Here,the difference was
taken as the mean value of the temperatute differences obtained along the
longitudinal axis, since, as was shown in Figs. 10 and 11, the temperature
and 1ts difference irn the circumferential direction differed from one
point to another along the longitudinal axis,

It is apparent, from the results shown in Fig, 12, that ribs have
almost no influence on the amount of bowing caused by the temperature dif-
ferences in the circumferential direction of sleeve specimens.

It is also seen that there is almost no difference in the amount between
IG-11 and H45] graphites. In the hedtwup experiment the bowing is believed
to result from the difference in the thermal expansion due to the temper—
ature difference, Since the thermal expansion coefficient is about 4 x 10_6
/°C for both IG-11 and H451 graphites,B) it is reasonable that the amount

of bowing does not differ much from each other in the cases of these

graphites,

3.2 Analysis of the amount of bowing
Fig. 13 shows a model expressing the relationship between the amount
of bowing, i.e., the displacement at the upper portion of sleeve specimen,

x , and the radius of cﬁrvature, R. From this model, we obtain

x,=R+r2—4(R+r2)2—12. (1)

454—
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Here, r, and 1 are the outer radius of specimen and the distance between
the fixed end of specimen and the position of the upper actuator,
let the 1ongitudina1‘stress and strain generated by the temperature

difference be-O;% and Eéz. The schematic of the cross—section of sleeve
specimen is shown in Fig; 14 with appropriate cordinates to be chosen.
Let the following characters represent as:

E : Young's modulus

M : Bending moment

A : Cross—sectional area

I : Moment of inertia of area

o\ : Coefficient of thermal expansion

T : Mean temperature difference in the

circumferential direction.

We obtain, i
= 2
0, “EEy =f;_ Y (2)
_EC 2 =L | 3
MEL%ZydA—RSAydA £y (3)

w2 el
M = 25 jZ 05, T cos@r dédr

o . '
=2 Eﬁ%ﬂ;Z 6. rzcose dr (4)
& 1
2 ” dé r2 o~ 2 cosb ar
il 1
K, 4 _ 4 6
I= A ( Ty, =T ) (6)
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with the consideration of the temperature distribution in the
circumferential direction, an example of which is shown in Fig, 15, Ggémay be

approximated in the equation,

=L
9. =5 EX AT cos@. (7)

Substitution of Eq.(7) into Eq.(8) giﬁes the bending moment as

R
M =LEd AT ( vy -7 ) (8)

From Egs.(5),(6) and (8), we obtain

h_ 4
. 3% 7T ©)
2 o AT (rg - r‘%)

Eliminating R in Eq.(l) using Eq.(9), we can calculate the displacement, X.
The solid line in Fig. 12 was obtained from the calculation, which
indicates that the bowing-of sleeve specimens observed in the present heat-

up experiment is well expressed by Egs.(l) and (9).

3.3 Heat-up of sleeve specimens under constraint

Fig. 16 shows the load generated during the heat-up experiment at the
upper portion of sleeve spenimen under constraint as a function of tempera-
ture difference in the circumferential direction. These data were
obtained for the specimens without ribs. It is found that the load gener-
ated in the H451 graphite specimens 1is 1érger than that in IG-11 graphite
specimens. Since the Young's modulus of H451 graphite is 10—15% larger
than that of IG-11 graphite and, as was shown in Eq.(9), the amount of bow-
ing depends only on thermal expansion coefficient, which is almost the same
for both graphites, it is reasonable that the generated load or bending

moment is larger for H451 graphite than for IG-11 graphite.
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3.4 Bending test of sleeve specimens

Figs. 17(a), (b), (c) and (d) show the results of bending tests of
1G~11 graphite sleeve specimens without ribs. In the upper half of each
figure, the strains at fracture measﬁred at three positions on the tensile
side are shown, whereas the applied load-deflection at beam center curve is
shown in the lower half. The locations of the strain gages used in the
tests are schematically shown in Fig. 17(a). The right ordinate of each of
the lower figures represents the beﬁding moment.

Figs. 18(a) and (b) show similar results obtained for IG-11 graphite
sleeve specimens with ribs. Similar results of bending tests are shown in
Figs. 19(a),(b), and 20 for H451 graphite sleeve specimens,

It is found, from the results shown in these figures, that there is no
pronounced difference in load or strain between the specimens with ribs and
without ribs. In the case of IG-11 graphite the load is at most 10% larger
for the specimens with ribs than for those without ribs. It is to be noted

that the strain at fracture measured at the center is almost equal to the
fracture strain in the uniaxial tensile test3) This indicates that the
flexural fracture of sleeve specimen is to occur when the maximum strain on

the tensile side reaches the tensile fracture strain.

3.5 Ring compressive tests

Ring compressive tests were carried out for both IG-11 and H451 gra-
phite specimens. The method as well as the locations of strain gages glued
to a specimen is schematically shown in Fig. 9. As was the case for the
bending tests, the fracture strains on the tensile sides,i.e,, those
indicated by the gages #3 and #4 are almost equal to the mean fracture
strain observed during uniaxial tensile tests. The results of these tests
are summarized in Table 2,

Results of several types of bending tests including ring compressive

_8._



JAERI—M 84 —130

tests are summarized in Table 3. No clear difference in strength was ob~
served between the three-point bending strength and that of small rods,
which suggests that the volume effect on strength did not appear in the
present case, This is probably because sleeve specimens flattened at the
center region when the load was relatiﬁely high, 1In fact,as is shown in
the table, the ring compressive tests where specimens fracture as they

flatten gaﬁe the larger values of strength with any results of bending

tests.,

3.6 Comparison of the results of the heat—up experiment with the bending
test data |
To evaluate the possibility of the fracture of graphite sleeve caused
by the thermal stress,which is generated from the temperature difference
in the circumferential direction, it is believed that the data on sleeve
specimens under constraint can be compared with the results of bending test.
In Fig. 15, we see that the bending moment acting on sleeve specimen is
about 60 N-m and 100 N-m  for IG-11 and H451 graphites, respectively,
provided that the temperature difference is 200 degrees. These values are
much lower than the bending moment at fracture for both graphites, as is
shown in Figs. 16 to 19, This indicates that the fracture of sleeve due to
the thermal stress is ﬁery unlikely for these graphites, It is to be noted

that the margin is larger for IG-11 than for H451 graphite.

4. SUMMARY

The heat—up experiment and bending tests have been carried out for
IG-11 and H451 graphite sleeve specimens with or without ribs. Conclusions

derived from the results of these experiment and tests are :

_94-
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tests are summarized in Table 3, No clear difference in strength was ob=
served between the three-point bending strength and ﬁhat of small rods,
which suggests that the volume effect on strength did not appear in the
present case, This is probably because sleeve specimens flattened at the
center region when the load was relatiVely high. In fact,as is shown in
the table, the ring compressive tests where specimens fracture as they

flatten gaﬁe the larger values of strength with any results of bending

tests,

3.6 Comparison of the results of the heat-up experiment with the bending
test data
To evaluate the possibility of the fracture of graphite sleeve caused
by the thermal stress,which is generated from the temperature difference
in the circumferential direction, it is believed that the data on sleeve
specimens under constraint can be compared with the results of bending test.
In Fig. 15, we see that the bending moment acting on sleeve specimen is
about 60 N-m and 100 N-m for IG-11 and H4531 graphites,.respectively,
provided that the temperature difference is 200 degrees., These values are
much lower than the bending moment at fracture for both graphites, as is
shown in Figs. 16 to 19, This indicates that the fracture of sleeve due to
the thermal stress is very unlikely for these graphites, It is to be noted

that the margin is larger for 1G-11 than for H451 graphite.

4. SUMMARY

The heat—-up experiment and bending tests have been carried out for
IG-11 and H451 graphite sleeve specimens with or without ribs, Conclusions

derived from the results of these experiment and tests are :

_94.
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1) The amount of bowing measured as the displacemenf at the upper portion
of sleeve specimen is approximately expressed as a func£ion of outer and
inner specimen radii, thermal expansion coefficient, and the temperature
difference in the cicumferential direction, giving rise to a value of

about 2mm, for example, when the difference is 200 degrees.

2) The bending moment generated in the JG-11 or H451 graphite which is
heated up under constraint is much lower than that at fracture obtained
during bending tests. This indicates that the fuel sleeve used for JAERI's
VHTR is most unlikely to fracture, even if it is constrained with a temper-

ature difference of 200 degrees under some circumstances.
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Table 1 Some properties of IG-11 and H451 graphites parallel
to the longitudinal axis of each graphite block

Apparent CTE Young's Tensile Bending Compressive

density modulus  strength  strength strength

(g/em> ) (1076/°C) * (GPa) (Pa)  (MPa) (MPa)
16-11 1.75 3.6 9.4 24.9 34.7 13.4
H451 1.74 3.3 10.6 14.2 24.0 46,2
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Table 2 Results of ring compressive tests of IG-11 and H451

graphite specimens

[6-11 Mo, 1

P AL@ B2 3@ KD F5W
B o9s oo 003 018 005 -0.05
0 196 0.0% 0,05 0.3 024 -0.124
0 200 00 0048 037 0372 -0.202
350343 0077 06 QASL Q. -0.2u
W 392 008 0207 053 0532 0.8
w5436 038 0238 067 063 0,35

{G-11 No. 2
kP N #1 ) #2 ) #3) 4@ #5G)
]f 147 0,004 0.0e8 0.147 0,Jag 0.0
5 245 0.4 0,13 0.266 0.265 -0.,167
3% 343 0,170 0.184 0,359 0.400  -0.248
40 392 0,200 0,216 0.468 0,472  -0.291
45 441 0.230 0,250  0.542 0,548  -0.336
47.9 469 0.250 0.270 0.58 0.568  -0.349

16-11 No. 3
kg N A1) B2 H#3M H4@ KSR
100 98 0.1 0.033 0093 0.0 -0.08l
0 196 0.087 0,08 027 026 0,15
3 254 004l 04 0338 0.3% 0074
35 343 0068 0172 0435 040 026
4y 392 0,199 0202 0515 0478 -0.283

2.8 419 0.26 0,220 0,562 052 0331
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Table 2 Results of ring compressive tests of IG-11 and H451

graphite specimens (continued)

H 451 No. 1 |
p #1 #2 #3 £y #5
(2) (7) () (2) ()
kg N "
10

98 0.055 0.2 0,058 ° 0,118 -0.081
15 147 0,08 008 QL6 Gl1%  -0I5
20 196 0,120 016 0181 0277 -0
s 25 01% 0150 02X 033 0,256
30 294 019 0190  0.3W 0477  -0.,282
34,1334 0,24 0.24 0S54 058 -0.331

H 451 No. 2
P #1 #2 #3 # i %5
kg N (% (%) (%) (%) (%)
10 98 0.1 008 Q.13 0,166 -0.067
5 w7 008 006 018 0.6 -0.115
20 196 0104 0,165 0.4 0253 -0.159
5 245 0,150 0140 0.353 0,342 -0.212
30 294 0,190 0179 0452 0447 -0.266
38,9381 0,25 022 055 0.533  -0.303

H 451 No. 3
P #1 #2 B3 #4 #5
kg N (%) (%) (%) (%) (%)

10 9 0051 0081  0.103 00% -0.072
20 196 0,114 0.114 0,220 026 -0.165
2 250150 050 Q.36 0,303 -0.215
50 2940183 0189 0389 038 -0,268
5 343 0,231 0.231 0480 0482 -037
33.9 381 0.269 0,269 0.5 0516 -0.376
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Table 3 Summary of the results of bending tests of various types

of specimens and ring compressive tests

7T Gradé— — LG=TT H=451 Ncte
_ Sleeve B 39.8 1.2 No Rib
_____3=-paint bending 40.7 B 30.0
. strength/_MPa.. 39.8 _
e 40.1 + 0.5 30.1 + 0.1 Mean
L 33.8 30.1 Wi-th-Rib—
39.1 -
Small rod (6% x 60) . .
_. 3-point bending w0.ss2n | me.is | SO
strength/ MPa (25) (12)
Small rod (6P x 60) _ o
_ 4'—péint bending | . __37.1 .+ 2.6 . 24.90. 1+ 4.4 — =
| irenctns pe (25) (56)
Ring compressive ) 44.2 33.3 o
strength/ MPa 45.5 37.5 - B
,,,,;,(,‘26;,36,,-,3)¢\X-J.8_ - 41,8 32.3
_ . 43.8 1.5 34.4_+ 2.3 _ _Mean ___.




*quswyaadxe dn-jesy oyl ioj uswyoeds 1 adLl Jo suorsuswrg T *2T4

I
od7

JAERI-M 84—130




‘1891 SuTpueq ioj uswroads aqni moTToy 9yl pue uswioads T1 2dLL JO SUCTSUSWE( ¢ *811

uswroads Burpueg

) Co% >
o - X
o

9 g - . .
I W

o

"]

3

.I - e o e B

JAERI—M 84—130

usurroads assals
R B e
1 1
||||||||||||||||||||||||||||||||||||||||| =
b
9 1 ~
% ko ' ! ! iy
O EE . . : - - .m £ Lo
w | @RI . (n N
by il ale
i
- e e T o N i e e A L&
< hr
% ! - I e o b fhm(lt_
@ \
' of oy
IR
— i \

009 | . . \g\@



JAERI—M 84 —130

‘uowpoads [IT °dAJ7, Jo suorswdwrq ¢ °3TF

V~U @ 4F

Less

1 "\ l.fﬂllll R
................ 0 N I ) S ———— 1
== | UH_.HHA_ ] ~
5 . . . . * =
N | w2
ou [ : - - - 3
. 8 F(w
s | e & Bla |3
..w Ly 31«
v
- 3 b o T T ]
73— . L. - R Pl el o g ﬂ_ ——
€8 =8l B R N S i
UAm B
_ g V4B
B St ton] - jolT oF eif]  __ [XeroE al o7 ek \
ot T &7 (52)  &lT (05) “TRLT (3 . T 7K
> £Ze 572 rok:) 3T :




JAERI—M 84130

ssqTx yaTm uswivods Julpusq 94l Jo suorsusurg ¥ 'ST4

v~ v EL4F

- |2 !
g [ - - (Il
NE'W :
] H
23 7F =
cic.sn)
Bl 7 T <
57 ¢or Yo7 OF D) G o el
ot 57 3z gLt ¢ 1o5) bL! (635} oF
5% [ %44 : 154 2%
g5y



JAERI—M 84 —130

Specimen
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50% x 40® x 555 \
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/////////;-U«w"""i
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Fig. 5 Schematic of the main part cof the rig used in the
heat-up experiment.
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Fig. 7 Interior of the rig for the heat-up experiment.
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Fig. 8 Overview of the bending test of sleeve specimen.

WIDTH 18 mm

3bmm

4 mm

Fig. 9 Ring compressive test specimen and the
locations of strain gages glued to it.
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Fig. 10 Examples of the results of the heat~up experiment on IG-11
graphite Type I specimens.
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Fig. 10 Examples of the results of the heat-up experiment on IG-11
graphite Type I specimens. (continued)
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Fig. 11 Examples of the results of the heat~up experiment on IG-11
graphite Type II(a) and III(b) specimens.
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Fig. 12 Displacement of the upper portion of sleeve specimens
as a function of the temperature difference along the

circumferential direction.

’L T R+rz

Fig. 13 Model feor the calculation of the amount of bowing
from the radius of curvature.
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Hightemp y Low temp

Fig. 14 Schematic of the cross—section of
a sleeve specimen,
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Flg. 15 An example of the temperature distributicn along the

circumferential direction of IG-11l graphite specimen,
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Fig. 16 Load generated at the upper porticn of sleeve
specimens as a function of temperature difference.
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Fig. 20 An example of the result of the bending test of H451
graphite specimen with ribs.
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Appendix

Program for the processing of experimental data

using a Hewlett Packard microcomputer,rModel 9835A

-3
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368 DISP "I1F READY PRESS COHTIHUE KEY I
37a BEEP ' ‘

384 PRUSE

390 }

488 Rep_:GOSUB Key_in

4i@ ! _

428 auer_flow=@ -

430 GOSUE Disk_creats

440 IF Dver_flow THEH Rep_
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4:06 BISE * HOW SUBPROUTIME LIMKIHG., WAIT JUsT MOMEWT 1 "
474 IF Job_no=1 THEH LINE PEAMP-1 " Mauzpd,Link
4806 IF lob_no=2z THEH LIHK "SAMP-Z"EMzuzpF, Link
499 GOSUE Sampling
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GUTFUT Crt;tHRi(J*)&"&aLquP“:“ L LLg.cm_)’(uolt‘
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DUTPUT CrtjCHR$CZ7)6 6212000 s Renarks3 L1, 501
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GUTFUT CrtjCHRECET IS Ealdrdl  jRETEC" -, a0}
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IHPUT "STANNING RATE = 7 1 I ssc 1",S8can_rate

IF Scan_rated=8 THEN Inl
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QUTPUT CrtjCHR$(Z fi%"&;ﬁrquﬁ“-" [ s&c ]"
t

INFUT "SCAMHIHG TIME LEHGTH = 7t [ mie 17,5 _tine

IF 5 time<=@ THEHW In2
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GUTFUT Clt'CHR!LJTll”ﬁauruui";" [ mimutes 1"
|
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IHNFUT "OISPLACEMEMT PHTIﬂ = ¢ o [ ovmmdeogolt)

b .
OUTFUT Crt:CHR$E2}
IHFUT "REMARRESZ =
UUTRUT Srt 3 CHRE$CE

Tal2rac"; Remark _1[1 =25

DUTFUT Itf'LHFIu-er'oalur@F":"m:rk 351,188]

}

DISP RFT#07", LBOES

IMPUT "CHAHGE FRRAMETER 7 (v H:", Q%
IF (R$<P"9" ) AMD (<> "RU) THEH Cheok
! _
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!

GURallFRCTGRETHLON-N, 1708 RERARK
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!
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QUTRFUT Crt USTHG "#, B, A 327, "H, 27, "
Lats CAT #Fript DIY 100,Feint MOD 1063 Mzusdé
|
In3: : EEEFP
1268 IHFUT "DATA FILE CODE HAME = % [HAHHEK] ¢ - "k "t
mefll, &) ' : ’
1378 IF TRIMECFile nams$or="" THEN In3
1ze@ ! - ,
1398 OQUTPUT Crt USIHG "#, B, R $27"H 27, "n"
1483 DUTFUT CrtiCHR$Y e alBrdEEY  CHREC2TIRYK ;File _naned
1418 QUTPUT Crt 3 CHRECZTIG " nalBr@l "t CHRECIT IS TS
1425 I :
14328 DISP " HOW DATH FILE CREATIHG . WAIT JUST MOMENT pre
1448 Rec_no=File_size DIY 258+ cFile_size MOD 23&< 500
145@ CREATE File_rame¥bl,61%Msusd¥,Rec_ho
1468 UFF ERFEOR
14783 !
1488 REEP
1490 ODIsF "CREATE EMWD tM
_iSae : WRIT 1GG6@
1518 GOTO D_c_ret -
1528 !
1536 Creats_errov:!
1540 OFF ERROR
1550 BEEP .
1560 IF fEREH=S3Y OR CERRH=64> OF (ERRH=ZG13 THEH Duer_Flaw
1570 DlSF ERRM$3" :: RERDY PRES3S  CONT ! "
1588 FRUSE
1598 'GOTO Dizk_create
1608 !
1618 Duer flow:!
1629 DISP RPTHC"", 0BG
1630 DISF " OVER FLOM & Ho. of SCAHRINGS js LARGER 1! FPREYS G
T EII .
1648 FRAUSE
1658 - Ower_flows=l
ie6n !

1678 D_c_rett RETURN



