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ABSTRACT

Cavitation - corrosion tests have been conducted in a vibratory
facility (20 kHz, 2 mil double amplitude) upon cast and weld deposited
corrosion resisting steels at a water temperature of 120°F and a pressure
of 1 atm to provide damage rates for the different materials provided by
Birdsboro in terms of MDPR and incubation period. Correlations of loss
rates with mechanical properties are also shown with correlation coeffi-

cient and factorial standard error.
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I. INTRODUCTION

The objective of this project was to provide cavitation

damage test data for various stainless-steel type materials (sup-
plied by Birdsboro Corporation) of interest for use in applications
where intense cavitation exists. Our modified cavitation damage
vibratory system, using a baffle-plate around the vibrating speci-
men was used to obtain more uniformity in damage and greater
repeatability of damage rate. It was found in preliminary tests(l)
that increased repeatability was in fact achieved with this method
as compared to the conventional vibratory test arrangement. The
tests were run at 120°F rather than at room-temperature since
damage rates are considerably greater at that temperature and
hence test time is minimized.

The properties of the materials tested are listed in
Table I along with damage rates and MDPR*. The modified cavi-
tation damage vibratory system provides 2 mil double amplitude

at 20 kHz. The test conditions and test procedure used are speci-

fied in Table II.

II. EXPERIMENTS AND RESULTS

A. Experimental Facilities

The modified experimental facility(l) differs from

(2,3,e.8.) only in that

that used in the conventional vibratory test
the specimen is positioned within and concentric with a circular
hole in a baffle-plate. The radial clearance with the baffle plate
must be a minimum (3 mils was used in the present test). The
arrangement is shown in Fig. 1. The horn, transducer assembly,
.and flange are unchanged from the conventional arrangement, but

the baffle-plate is mounted firmly to the flange to maintain the

required parallelism and flushness with the specimen face, the

b3
MDPR = Mean Depth of Penetration Rate = Vol. Loss Rate/Spec. Ar.



desired distance from the flange, and the concentricity with the
horn and specimen axis. It was found fhat optimum uniformity of
damage occurs in the flush condition (measured when horn is not operat-
ting). Water level in the test vessel is maintained 1-1/2 in. above
the top surface of the baffle-plate.

The specific vibratory facility, to which the baffle-
plate arrangement was later added, was designed for high-tempera-

(3)

ture tests with various fluids and hence includes a sealed flange
which also supports the horn. Hence, tests at higher than atmos-
pheric temperature and pressure are not inconvenient if this were
desired for future work.

Horn amplitude is monitored by a power meter pro-
vided in the driver unit. This unit in turn is calibrated for each
specimen with a Fotonic Sensor (MTI Inc., Latham, New York)
accurate to about 5% of the desired amplitude. Frequent measure-
ments indicate that frequency remains constant to the order of 0.1%
of the desired value. Temperature is automatically controlled
by the heater power control to the water bath surrounding the ves-
sel. Air content of the test water (distilled) was maintained at an
approximately constant value,somewhat less than saturation at
STP)«by using a 30-minute pre-run with a dummy specimen to
achieve an equilibrium air content somewhat less than saturated.
Experience has shown that an air content so obtained remains
relatively constant throughout a test. For each weighing of speci-
mens, a wash and dry procedure is used as explained in Table II,

where other facility procedures and parameters are listed.

B. Experimental Results

The raw data for all 99 specimens are tabulated in the
Appendix, and have been plotted in terms of weight loss vs. time

of exposure. Fig 2 through 31 comprise a separate curve sheet






for each material, with separate curvesfor each specimen.
The materials have been stamped from A-1, 2, 3, to
Z-1,2,3 and A'-1,2,3 to C'-1,2,3. The corresponding material
name and number can be found in Table I where all other pertin-
ent information is included. Ofthe materials tested, A'-1,2,3, AM355
stainless steelwas found to be most resistanttocavitationand G-1, 2, 3,
25CN carbon steelwas found to be least resistant. The factor between
these extremes is about x5 interms of maximum MDPR. The mater-
ials are rearranged accordingly to resistance ranking in Table III.
The materials have been numbered 1 through 30 according to in-
creasing order of maximum MDPR, i.e., volume loss rate. The
most resistant is No. 1 (AM 355 Stainless steel)*‘etc. “This num-
bering system has been used throughout all the Tables and Figures.
The raw data has been plotted on each of the individual
material curve sheets (Fig. 2-31) as weight loss vs. time of ex-
posure. For each specimen, the test has been continued until the
maximum weight loss rate had been reached, as determined by
subsequent reduction in rate. Normally, seven hours sufficed
for all the materials. Hourly measurements of weight loss were
made. The maximum weight loss rate and MDPR are taken from
these averaged curves. Individual incubation periods are found
for each specimen by extrapolating the maximum damage ra;te
portion of the curve to zero loss. The reciprocal of the average
maximum MDPR (or weight loss rate) considering all specimens
tested is taken as the unit of merit for each material on which the
individual listing of the material from 1 to 30 is based. The per-
tinent individual specimen values and averaged values are listed
in Tables I and III.
As is well known, the damage rate usually follows a
characteristic S-type curve for tests of this sort, characterized
by an initial period of small or zero measurable weight loss fol-

lowed by a period of relatively constant weight loss rate, and then
sk
It is interesting to note that there is a factor of more than 3 in

MDPR between the various types of stainless steel themselves
(excluding carbon steel).
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a period of decreasing weight loss rate. Eventual fluctuations of the weight
loss rate may occur, or the rate may continue to decrease with additional
exposure. It is our belief, generally shared by most investigators at the
present time, that the maximum volume loss rate is the most significant
parameter for comparison of specimens. The incubation period may also
be of prime importance in applications where it is more desirable that
little or no cavitation damage be incurred than that an eventual minimum
damage rate exist. Hence, incubation period has also been tabulated. The
most and least resistent materials are the same according either to MDPR
or Incubation Period. Some of the relative rankings are quite similar as
#6 ;and 8, #21, 22, 23, and 25 for example, and perhaps others. Others,
however, are very different. The reasons for these differences at the pre-
sent time are unknown, but perhaps later more detailed study of the photo-
micrographs and test results may shed some light (Tables I and II).

Fig 32 to 37 are photographs of typical specimens of each
material at or near the conclusion of the test. The MDP value and time of
exposure at the time of the photograph are shown in the figure legends.
Some differences in uniformity and pitting and damage patterns are evident
from an examination of these photos, though a direct comparis_on is not
possible, since the accumulated volume loss is less for the more resistant
materials. Fig. 38 through 61 are photomicrographs of the grain structure
for each material supplied by Birdsboro.

One classical goal of cavitation damage research is to find
a usable correlation between cavitation damage resistance (I/ MDPR) and
easily measurable mechanical properties of the material. This goal appears
elusive, perhaps because cavitation attack is on a micro-scale and involves
very high rates of loading (duration is order or one microsecond) whereas the
conventional mechanical properties involve macro-failures of the materials,
and the loading is relatively very gradual compared to cavitation attack.

Due to the apparent lack of a good correlation with standard mechanical pro-
perties, it appears that a more detailed consideration of the surface reaction

to cavitation must be made if an ability to predict cavitation resistance is to
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be attained, or the capability of designing materials specifically for this
purpose. A more detailed study of the grain structures (Fig. 38--61) may
be useful for this purpose. Of course it may well be more feasible to simply
test the cavitation resistance directly as was done in the present instance.

C. Data Correlations

Computer correlations have been made wherein the present
materials, as well as a group of tool steels and another of miscellaneous
metallic alloys which we had previously tested are included. The results
are shown in Table IV (A. B.C.) and in Fig. 62--63. Table IV-A is for the
Birdsboro materials alone, IV-B for all materials (including Birdsboro)
and ‘IV-C for all materials excepting Birdsboro.

The best correlation of damage resistance for the Birdsboro
materials alone is with Brinell hardness (BHN). This parameter has often
been used in the past for predicting purposes and has the strong advantage of
simplicity. Recent tests have often shown that ultimate resilience (UR) or
a combination between (UR) and strain energy (SE) or BHN) was the most
successful (4,e.g.). It is noted (Table IV-C) that this is still the case for
the materials we have tested excluding the Birdsboro materials, i.e. a set
of predominently stainless steels. It is also interesting to note that while the
correlation coefficients for the Birdsboro materials are not particularly
impressive, the scatter is very small (factorial standard error of estimate =
1.26), compared with the other data sets, i.e. the total material set and that
excluding the Birdsboro materials (Tables IV-B, C).

Finally, it should be mentioned that Strain Energy (SE)*, which
has often been suggested in the past as a correlating parameter, is considerably
worse in all regards than the other possibilities which are included in these

tébles.

%k . .
Area under conventional stress-strain curve



III. CONCLUSIONS

The minimum cavitation volume loss rate (MDPR) was found for
material AM 355 Stainless Steel and the maximum for material 25 CM
Carbon Steel. The factor in MDPR between these materials is about 5.

The same relative ranking for these two end materials is maintained for
incubation period, and the factor is about 6. The relative rankings for some
of the materials with either of these two merit parameters is quite similar,
and for others it is quite different (Table III).

Although the mechanical properties of these materials cover
only a relatively small range, the reciprocal volume loss rates can be quite
accurately correlated in terms of Brinell Hardness., Ultimate resilience,
which had been quite successful for other material sets, is much less so
for the present set which is composed predominently of stainless steels.
The reason for this difference is not known but may be disclosed by further
study of the results along with the photomicrographs. This may allow the
development of an even more useful grading parameter for these materials,

perhaps involving grain size as well as hardness.
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TABLE II

TEST PROCEDURE

Baffle-plate installed with axial clearances so that baffle-
plate and specimen surface are flush with power off.

4.1/2" distilled water depth, fresh each day with a 30

minute deareation run (with dummy specimen) before

start of actual tests to achieve equilibrium air content
conditions for actual tests.

120°F + 3°F water temperature attained.
1. 69 psig (16. 69 psia) air pressure in vessel.

Run at power settings to attain 2 mil double amplitude at
20 kHz.

Run in 1 hour. increments to a cumulative time of 7 hours,
or at least until maximum damage rate is attained.

Wash in acetone, then in methanol, then dry 5 minutes in
vacuum at ambient temperature.

Torque applied to specimen is 90 in.lb., to achieve uniform
and snug fit.
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TABLE III
NUMBERING SYSTEM

Relative Ranking Material Name MDPR* WLR>:< Incubation *
MDPR Incubation and No. (mils/hr) (mg/hr) Period
Period ~ (hrs)
1 1 A'l,2,3 0.253 7.66 1. 625
2 18 Zl-1,2,3 0.337 10.40 0.500
3 15 D-1,2,3 0.3435 10. 05 0.65
4 27 K-1,2,3 0.3891 11. 37 0.625
5 19 H-1,2,3 0.4221 12. 71 0. 715
6 28 c'-1,2,3 0.437 13.00 0.750
7 29 J-1,2,3 0.4751 15.22 0.700
8 6 T-1,2,3 0.4903 14 .41 0.750
9 8 c-1,2,3 0.4997 15.35 0.632
10 13 U-1,2,3 0.5230 15.42 0.550
11 5 S-1,2,3 0.5306 15. 79 0.673
12 7 N-1,2,3 0.5370 16. 31 0.400
13 24 w-1,2,3 0.5439 16.50 0.746
14 26 R-1,2,3 0.5514 16.41 0.625
15 11 L-1,2,3 0.5526 16.44 1.070
16 3 0-1,2,3 0.5564 16. 29 0.616
17 P-1,2,3 0.5800 17. 60 0.500
18 4 X1,2,3 0.5850 18. 25 1.130
19 14 B'-1,2,3 0.5860 16. 66 0.950
20 16 ZZ-1,2,3 0.5930 17.50 0.460
21 23 Y-1,2,3 0.6010 18.50 0.600
22 21 v-1,2,3 0. 6136 18. 20 0.550
23 25 M-1,2,3 0.6160 19.00 0.613
24 10 I-1,2,3 0.6374 18.36 0.683
25 22 0Q-1,2,3 0.6657 20. 20 0.600
26 2 CAl5 0.6962 20.35 0.675
27 17 A-1-10 0.7250 21. 60 1.000
28 20 E-1,2,3 0.7950 23.70 0.950
29 12 F-1,2,3 0.8907 26.511 0.825
30 30 G-1,2,3 1. 264 38.21 0.250

*
Average Values of several Specimens
12
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BRANSON
250 WATT
POWER SUPPLY

- ULTRASONIC DRIVER

/ HORN STABILIZER

FLANGE SUPPORT

Pl |

BAFFLE SUPPORT PLAT
EXPONENTIAL HORN

——CONTAINMENT VESSEL
BAFFLE PLATE
TEST SPECIMEN

WATER BATH

/l' EST FLUID LEVEL

2691 Figure 1.

Schematic of Baffled Test Configuration

14



CUMULATIVE WEIGHT LOSS (mg)

Weight Loss Rate (mg/hw

Incubation Period 1 hour for all specimens

A-1 17.50 mg/hr (A-1to A-10)
L A-2 19.00 mg/hr
160 A-2 23.50 mg/hr P
~  A-4 19.50 mg/hr <27
140k 4.5 19,00 mg/br Grade CF8, Heat E-4012 >
A-6 22.25 mg/hr -
~  A-3 21.75 mg/hr 2z%
120  A-9 23.50 mg/hr Al-.
| A-10 22.75 mg/hr
100
80
60
40 -
20 )
B 7
O 2z | 1 | | L
I 3 4q 5 6 7
TIME (Hours)
Figure 2. Weight Loss vs. Exposure Time

3265
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100 —
CAT™ STAINLESS
Weight Loss Rate (mg/hr) Incubation Period (hr)
90l [] <c-114.347 mg/hr 0.9 /
® C-215.642 mg/hr 0. 65
A C-316.071 mg/hr 0.35
80— : y
/
£\ /
70 }—
4 4
_ 4
5 / &
= 4 a
2  60f— y /
3 A
" 4 7
® 7 7/
5 7 4
s sof 2/
4 Y/ 3
L
3 /4 4
40| / 4
0
o
30
/4
/ Figure 3. Weight Loss vs. Exposure Time
A
/,
20 |- /
/[ B
/[ A
/,
0 7
XN 4
Y/
[+
/
, 4 | ] | | |
0 1 2 3 4 5 6

3266 Time (hrs)
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200 — CAl5 .
Weight Loss Rate (mg/hr) Incubation Period (hr)
(m] CA-15 #1 19.90 mg/hr 0.70
180 ’
— O CA-15#2 20.80 mg/hr 0.65
160
140 -

120 |-

100 [~

Cumulative Weight Loss (mg)

80 |-
60 I~
40
20 |-
Figure 4. Weight Loss vs. Exposure Time
0 | ! L | 4
0 1 2 3 4 5 6

3267 Time (hrs.)
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Cumulative Weight Loss (mg)
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CA6NM STAINLESS

18

Weight Loss Rate (mg/hr) Incubation Period {hr.

B p-1 12.666 mg/hr

® D-2 8.783 mg/hr

A D-3 8.712 mg/hr

0.35

0.90

Figure 5. Weight Loss vs. Exposure Time
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Time (hrs)




Cumulative Weight Loss (mg)
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200 [~

180 |-

160

140 |-

120 ~

100 -

- 80—

60}

40

20 |-
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CF8 STAINLESS

Weight Loss Rate (mg/hr)

O E-122.0 mg/hr 0.70
O E-2 29.6 mg/hr 1. 25
A E-319.5 mg/hr 1. 00

Incubation Period (hr.)

()
L]
A
/ a
4 A
40
-
4
A
()
/
oF g
I
/
e / Figure 6. Weight Loss vs. Exposure Time
7
/7 | | I ! 1
1 2 3 6

Time
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Cumulative Weight Loss (mg)

200~

180 I~

160 |

140 -

120

100 -

80 .

60 -

40

20 |-

20
CF8 STAINLESS
Weight Loss Rate (mg/hr)

O F-1 22.70 mg/hr

O F-2 30.32 mg/hr

Figure 7.

Incubation Period (hr)

0.75

Weight Loss vs. Exposure Time

4
Time (hrs)
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200

Cumulative Weight Loss (mg)

3271

180

160 —

140

120 -

100

80

60

40

20

25

a

CM CARBON STEEL

Weight Loss Rate (mg/hr)

G-1 42.62 mg/hr
G-2 34.60 mg/hr

G-3 37.42 mg/hr

Figure 8.
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Weight Loss vs. Exposure Time

| 1 ] I

3

4 5 6
Time (hrs)




22

100 ~ 45 A7 CARBON _
Weight Loss Rate (mg/hr) Incubation Period (hr)
H-1 10.40 mg/hr 1. 00
90 I~
O H-2 15.02 mg/hr 1. 35
O H-3 11,00 mg/hr 0.80
80 L
70 |
)
g
@ 60 [~
(o}
]
=}
<
1))
ot
(0]
50 |-
(7]
i
0
3
g
=]
O 40+
30 |-
20
10 L
Figure 9. Weight Loss vs. Exposure Time
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Cumulative Weight Loss (mg)
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CAl5

o
a

Weight Loss Rate (mg/hr)

23

I-1 18.00 mg/hr

I-2 19.40 mg/hr

I-3 20.50 mg/hr

.

Figure 10.

Incubation Period (hr)
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0.55
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Weight Loss vs. Exposure Time
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100

—
CAl5
Weight Loss Rate (mg/hr) Incubation Period (hr) /
0O J-1 14.90 mg/hr 0.65 / y/
90 ¢
QO J-2 12.68 mg/hr
80 F A J-3 14.09 mg/hr
70 t—
60 |_
)
g
()]
n
o
-
w 50 |-
<
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% 40 -
g
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Figure 11. Weight Loss ve. Exposure Time
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100 r
CAIl5
Weight Loss Rate (mg/hr) Incubation Period (hr)
O K-1 12.10 mg/hr 0.875
920
O K-2 11.33 mg/hr 0.95
DN K-? 10.70 mg/hr 0.5
S
70 -
[
£ 60
.|
1]
o
=)
-
<
&
v 5
= O
o
2
3
5 —
5 40
30 |-
20
10 (—
Figure 12. Weight Loss vs. Exposure Time
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200
B CF8 STAINLESS
Weight Loss Rate (mg/hr) Incubation Period (hr)
i L-1 15.74 mg/hr 0.85
180 |
o L-2 15.20 mg/hr 1. 25
A  L-3 18.40 mg/hr 0.95
160 |-
|
140 |_
- i
o0 !
£ ;
. i
? 120 =
.8 i
- H
e |
) i
o
V] :
B :
g 100
8 !
o i
FE
g !
6]
80 |-
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Figure 13. Weight Loss vs. Exposure Time
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Cumulative Weight Loss (mg)
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CF8

Weight Loss Rate (mg/hr)

27

Incubation Period (hr)

0 M-1 18.46 mg/hr 0.5
® M-2 17.32 mg/hr 0. 65
A M-3 19,01 mg/ﬁr 0.70
Figure 14. Weight Loss vs. Exposure Time
£
| | | 1 1
1 2 3 4 5 6

Time (hrs)




ARCOS STAINLEND 28

200 r Weight Loss Rate (mg/hr) Incubation Period (hr)
0 N-1 14.72 mg/hr 0.30

180 - O N-2 16.36 mg/hr 0.5
O N-3 16.30 mg/hr 0.00

160 [~

140 —

120

Cumulative Weight Loss (mg)
p—t
=)
o
|

80

60 |-

40

20 |-

Figure 15. Weight Loss vs. Exposure Time

Nj
o
K]

. 4
2278 Time (hrs)



Cumulative Weight Loss (mg)
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200 — ARCOS STAINLEND
Weight Loss Rate (mg/hr) Incubation Period (hr)
O 0-1 18.24 mg/hr 0.5
180
8 O 0-2 16.38 mg/hr 0.75
O 0-3 14,26 mg/hr 0.60
160}
140

120 |-

100 |-

80

60|

20 |~

Figure 16. Weight Loss vs. Exposure Time
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100 &~ 30
304 - 1. SOLUTICN

Weight Loss Rate (mg/hr) Incubation Period (hr)
90L. O P-1 17.60 mg/hr 0.40
O P-2 17.50 mg/hr 0.00
A P-3 17.70 mg/hr 0.60
80 |-
70 [~

60 |- //

50 -

40 |-

Cumulative Weight Loss (mg)

30

20 |-

10 |~

Figure 17. Weight Loss vs. Exposure Time
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20

304 - L. SENSITIZED
Weight Loss Rate (mg/hr)

O

Q-1

Q-2

20.20

20. 20

20.20

31

Incubation Period (hr)

0.25

Figure 18. Weight Loss vs. Exposure Time
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Cumulative Weight Loss (mg)
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80
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CF8 M SCLUTICN QUENCHED

Weight Loss Rate (mg/hr) Incubation Period(hr)
O R-1 16.00 mg/hr 0.70
O R-2 17.00 mg/hr 0.55
A R-3 16.25 mg/hr 0.75 /

32

Figure 19. Weight Loss vs. Exposure Time
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CF8 M
50 Weight Loss Rate (mg/hr) Incubation Period (hr)
O S-1 16.10 mg/hr 0. 80
O S-2 16.10 mg/hr 0.625
[~ D S-3 15.75 mg/hr 0.625
40 [~
)
g
o L
@ 30
-
-~
<~
=
0
=
a) p—
>
A
2
=
g
=]
O
20 -
10 I©
Figure 20. Weight Loss vs. Exposure Time
0 ] l 1 L

|
2283 1/2 1 1-1/2 Time 2 (hrs) 2-V/2 3 3-1/2



Cumulative Weight Loss (mg)
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34
CE 30 WATER QUENCHED

Weight Loss Rate (mg/hr) Incubation Period (hr)
T-1 14,80 mg/hr 0.75
O T-2 14.80 mg/hr 0.75
T-3 13,65 mg/hr 0.75
)—
’—-
Figure 21. Weight Loss vs. Exposure Time
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Cumulative Weight Loss (mg)
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CE 30 AS CAST 35

r
Weight Loss Rate (mg/hr) Incubation Period (hr)

O U-1 15.15 mg/hr 0. 60

I~ O U-2 15.70 mg/hr 0.50

r

i

1
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Figure 22. Weight Loss vs. Exposure Time
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308 - L WATER QUENCHED

Weight Loss Rate (mg/hr) Incubation Period (hr)
o V-2 17.00 mg/hr 0.51
O  v.1 20.00 mg/hr 0.00
A v_.3 20.00 mg/hr 0.60
/

Figure 23.

Weight Loss vs Exposure Time
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308 - L. AS WELDED
Weight Loss Rate (mg/hr)

W-1 16.5 mg/hr

O W-2 16.5 mg/hr

A

W-3 16.5 mg/hr

Incubation Period (hr)

0.49

1.00

Figure 24. Weight Loss vs Exposure Time
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308 WIRE AS WELDED

38

Weight Loss Rate (mg/hr) Incubation Period (hr)

O x-1 17.50
O X-2 19,00

0.75

1.51

Figure 25. Weight Loss vs. Exposure Time
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Weight Loss Rate (mg/hr)
A Y-1 18.50 mg/hr

O Y-2 18.50 mg/hr

®) Y-3 18.50 mg/hr

39
Incubation Period (hr)
0. 60
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308 WIRE SOLUTION QUENCHED

Figure 26.
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E 410 STAINLESS AS WELDED

200 Weight Loss Rate (mg/hr) Incubation Period (hr)
O Z,-1 10.00 mg/hr 0.75
@) Z,-2 10.50 mg/hr 0.50
180 - y
A Z,-3 10.70 mg/hr 0.60
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Figure 27. Weight Loss vs. Exposure Time
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E 410 STRESS RELIEVED

a
O Z
A z

41

Weight Loss Rate (mg/hr)

2

2

Z,-1 20.0 mg/hr

-2 19.0 mg/hr

-3

13.5 mg/hr

Figure 28.
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AM 355 STAINLESS
Weight Loss Rate (mg/hr)

O A'-1 7.5 mg/hr
/A A'-2 6.0 mg/hr

O A'-3 9,5 mg/hr

42

Incubation Period (hr)

1. 00
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vFigure 29. Weight Loss vs. Exposure
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CF 8 C SOLUTICN QUENCHED

200 — Weight Loss Rate (mg/hr) Incubation Period (hr)
O B'-1 18.00 mg/hr 0. 90
180 . O B2 16.00 mg/hr 1. 00
/A  B':3 15,50 mg/hr 1.10
160 |~
140 |-
)
g
(2]
7]
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Figure 30. Weight Loss vs. Exposure Time
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CF 8 C AS CAST

200 Weight Loss Rate (mg/hr) Incubation Period (hr!

0 C'-1 13.00 mg/hr 0.75

180 A C'-2 13.00 mg/hr 0.75

(o] C'-3 13.00 mg/hr 0.75

160 |-

140

120 |~

100

Cumulative Weight Loss (mg)

80}_

60

40 [*

20
Figure 31. Weight Loss vs. Exposure Time
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A-2 Grad CF 8 A-4 Grad CF 8
WLR 23.00 mg/hr WLR 19.50 mg/hr
7 hr. exposure 7 hr. exposure

A-10 Grad CF 8 C-2 CATM Stainless
WLR 22.75 mg/hr WLR 15. 642 mg/hr
7 hr. exposure 7 hr. exposure

Figure 32. Photographs of Damaged Specimens A-C

3319
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CA 15 #1
WLR 19. 90 mg/hr.
7 hr. exposure

D-1 CA6NM Stainless E-1 CF 8 Stainless
WLR 12.666 mg/hr. WLR 22.00 mg/hr
7 hr exposure 7 hr. exposure

F-1 CF 8 Stainless G-2 25 CN Carbon Steel
WLR 22.70 mg/hr WLR 34.60 mg/hr
7 hr exposure 7 hr. exposure

Figure 33. Photographs of Damaged Specimens CA-G
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H-2 45 A7 Carbon I-3 CA 15
WLR 15.02 mg/hr WLR 18.50 mg/hr
7 hr. exposure 7 hr. exposure

T

J-3 CA15 K-3 CA15
WLR 14.09 mg/hr WLR 10.70 mg/hr
7 hr. exposure 7 hr. exposure

1,-2 CF 8 Stainless M-2 CF 8
WLR 15.20 mg/hr WLR 17.32 mg/hr
7 hr. exposure 7 hr. exposure

Figure 34. Photographs of Damaged Specimens H-M
47
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N-2 Arcos Stainlend Q-2 Arcos Stainlend

WLR 16.36 mg/hr WLR 1638 mg/hr
7 hr. exposure 7 hr. exposure

P-3 304-L Sol. -2 304-1 Sensitized
WLR 17.70 mg/hr WLR 20.20 mg/hr
7 hr. exposure 7 hr. exposure

R-3 CF 8 M Sol. quenched S-2 CFaM
WLR 16.25 mg/hr W1 it it mg/hr
7 hr. exposure 7 cwposure

Figure 35. Photographs of Damaged Specimens ~N-5
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T-2 CE 30 Water quenched U-1 CE 30 Ag cast
WLR 14.80 mg/hr WLR 15.15 mig/hr
7 hr. exposure 7hr. ¢

V-2 308-1L Water quenched W-2 :208.1 Ac welded
WLR 20.00 mg/hr WL o0 mg/hr
7 hr. exposure Ty cwoosure

X-1 208 Wire as welded
WLR 17.50 mg/hr
7 hr. exposure Dovo S EuT

Figure 36. Photographs of Damaged

3323 49
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-3 E 410 Stainless as welded Z_-3 E 410 Stress relieved
WLR 10.70 mg/hr WLR 13.50 mg/hr
7 hr. exposure 7 hr. exposure

A'-1 AM 355 Stainless B'-2 CF 8 C Sol. quenched
WLR 7.50 mg/hr WLR 16.00 mg/hr
7 hr. exposure 7 hr. exposure

C'-2 CF 8 C As cast
WLR 13.00 mg/hr
7 hr. exposure

Figure 37. Photographs of Damaged Specimens Z - C!

50



Cc-1 CN7M - Stainless Heat #0C—808
C-2 Solution Cuenched - 2000 F
C-3 X100 Electrolytic Etch

CA6NM (12 Cr 4 Ni) Heat #E4967

D-1
D-2 Normalized and Tempered
D-3 X 500 Ferric Chloride Etch

Figure 38. Photomicrograph of material C-1,2,3, and D-1,2,3

3295
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F-1 CF8 Stainless (Vacuum Meltgd)
F-2 Solution quenched from 2000 F
F-3 X100 Electrolytic Etch

E-1 CF8 Stainless (Air Melted) o
E-2 Solution quenched from 2000 F
E-3 X100 Electrolytic Etch

Figure 39. Photomicrograph of material F-1,2,3 and E-1,2,3
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G-1 25CN (Carbon Steel) Normalized
G-2 and Tempered X100 2% Nital Etc
G-3

U of M No. H-1 45A7 (Carbon Chrome Moly Steel)
H-2 Normalized and Tempered
H-3 X500 2% Nital Etch

Figure 40. Photomicrograph of material G-I,2,3 and H-1,2,3
3297 53



I-1 CA-15 High Cr, High Si, structure con-
I-2 taining Ferrite. Normal propertie
I-3 X500 Ferric Chloride Etch.

J-1 CAl5 - Low Cr, Low Si, structure
J-2 containing no Ferrite. Normal pro-
J-3 perties X500 Ferric Chloride Etch
Figure 41. Photomicrograph of material I-.1,2,3 and J-1, 2, 3
54



K-1 CAl5 - L.ow Cr, Low Si Structure con
K-2 containing no Ferrite. Heat treated
K-3 to 248 - 302 BHN. (A. C. and BLH
Impeéllers) X500 Ferric Chloride.

Figure 42. Photomicrograph of Material K-1,2,3
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U of M No. L-1 CF 8 Stainless - High Ferrite
L-2 (17%) As Cast X100 Electrolytic
L-3 Etch

-

U of M No. L- CF8 Stainless - High Ferrite
L-2 (17%) As Cast X500 Electrolytic
L-3 Etch

Figure 43. Photomicrograph of Material L-1,2,3
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M-1 CF8 Stainless - High Ferrite
M-2 (17%) Sol. Quenched X100
M-3 Electrolytic Etch

CF8 Stainless - High Ferrite

M-1
M-2 (17%) Sol. Quenched X500
M-3 Electrolytic Etch

~Figure 44. Photomicrograph of Material M-1,2, 3
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Arcos Stainlend 134 Ni As welded
Deposit X100 Fe Cl Etch

Arcos Stainlend 134 Ni Deposit
As welded X500 Fe Cl Etch

3302 Figure 45. Photomicrograph of Material N-1,2,3.
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0-1 Stainlend 134 Ni Welg Deposit
0-2 Stress Relieved 1175 F A, C,
0-3 X100 FeCl Etch

O-1 Stainlend 134 Ni Welg Deposit
0-2 Stress Relieved 1175 F A. C.
0-3 X500 FeCl Etch

Figure 46. Photomicrograph of Material O-1,2,3
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U of M No. P-1 Type 304-1L Stagnless Solution
P.2 Quenched 2050 F X100
P-3

~ Electrolytic Etch

U ot M No. P-1 Type 304-L Sta%nless Solution
P-2 Quenched 2050 F X500
P-3 Electrolytic Etch

Figure 47. Photomicrograph of Material P-1,2,3
60
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U of M No. Q-1 304-34 Stainless Sensitized
Q-2 1250 F 25 Hours X100
Q-3

Electrolytic Etch

Q-1 364 —g., Stainless Sensitized
Q-2 1250 F 25 Hours X500
Q-3

Electrolytic Etch

U of M No.

Figure 48. Photomicrograph of Material Q-1,2,3
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R-1 CF8M Staicl;lless Solution Quenche
R-2 from 2050 F X100 Electrolytic
R-3 Etch

CF8M Stainless Solution Quenched

R-1
R-2 ~ from 2050°F X500 Electrolytic
R-3 Etch

Figure 49. Photomicrograph of Material R-1,2,3
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S-1 CF8M Stainless As Cast X100
S-2 Electrolytic Etch
S-3

U of M No. S-1 CF8M Stainless As Cast X500
S-2 Electrolytic Etch
S-3
3307 Figure 50. Photomicrograph of Material S-1,2.3

63



T-1 CE3%Stain1ess - Sol. Quenched
T-2 2000 F X100 Electrolytic Etch
T-3

U of M No. T-1 CE3(()) Stainless - Sol. Quenched
T-2 2000 F X500 Electrolytic Etch
T-3
3308 Figure 51. Photomicrograph of Material T-1,2,3
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U-1 CE20 Stainless - As Cast X100
U-2 Electrolytic Etch
U-3

U-1 CE30 Stainless - As Cast X500
U-2 Electrolytic Etch
U-3

Figure 52. Photomicrograph of Material U-1,2,3
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U of M No. V-1 Weld Deposit 3(98 Stainless Solution
V-2 Quenched 2000 'F X100 Electrolytic
V-3 Etch

U of M No. V-1 Weld Deposit 3(98 Stainless Solution
V-2 Quenched 2000 F X500 Electrolytic
V-3 Etch

3310 Figure 53. Photomicrograph of Material V-1,2,3
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w-1 Weld Deposit 308-1L Stainless
w-2 As Welded X100 Electrolytic Etch
Ww-3

WA LB A |
U of M No. W-1 Weld Deposit 308-1, Stainless
Ww-2 As Welded X500 Electrolytic Etch
Ww-3

Figure 54, Photomicrograph of Material W-1,2,3
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X-1 Weld Deposit Type 308 Stainless
X-2 As Welded X100 Electrolytic Etch
X-3

1 Weld Deposit Type 308 Stainless
-2 As Welded X500 Electrolytic Etch
3

Figure 55. Photomicrograph of Material X-1,2,3
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Y-1 Weld Deposit 308-L Stagnless
Y-2 Solution Cuenched 2000 F X100
Y-3 Electrolytic Etch

U of M No. Y-1 Weld Deposit 308-L Stainless
Y-2 Solution Quenched 2000°F X500
Y-:3 Electrolytic Etch
3313 Figure 56. Photomicrograph of Material Y-1,2,3
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U of M No. Arcos 410-15 Weld Deposit As Welded

z. -1
zZ_ -2 X100 FeCl Etch
Z. -3

U of M No. Zl-l Arcos 410-15 Weld Deposit As Welded
Z -2 X500 FeCl Etch
1
Zl'3

Figure 57. Photomicrograph of Material Z
70
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U of M No. Z -1 Arcos 410-15 Weld Deposit Stress
-2 Relieved 1300°F A.C. X100 Fell

Z -3 Etch

NNN

U of M No. Zz-l Arcos 410-15 Weld Deposit Stress
ZZ-Z Relieved 1300°F A.C. X500 FeCl
ZZ-3 Etch

58. Photomicrograph of Material Zz—l, 2,3

3315 Figure
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U of M No. A'-1 AM-355 Stainless X100 Ferric Chloride
A'-2 Etch Sample by Carpenter
A'-3 Technology Corp., Reading, Penna.

. A s AR &
U of M No. A'-1 Am-355 Stainless X500 Ferric Chloride
A'-2 Etch Sample by Carpenter
A'-3 Technology Corp., Reading, Penna.
3316 Figure 59. Photomicrograph of Material A'-1,2,3
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U of M No. B'-1 CF8C Cast Sta(i)nless Steel Sol.
B'-2 Quenched 2050 "F X100
B'-3 Electrolytic Etch

U of M No. B'-1 CF8C Cast Staigless Steel Sol.
B'-2 Quenched 2050 F X500
B'-3 Electrolytic Etch
3317 Figure 60. Photomicrograph of Material B'-1,2,3
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U of M No. C'-1 CF8C Cast Stainless Steel As Cast
Cc'-2 X100 Electrolytic Etch
C'-3

U of M No. C'-1 CF8C Cast Stainless Steel As Cast
Cc'-2 X500 Electrolytic Etch
Cc'-3

Figure 61. Photomicrograph of Material C'-1,2,3
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BIRDSBORO SPECIMENS ONLY

1/MDPR (hr/mils)

I I l I I I N
100 200 300 400 500 600 700

C (BHN)" (BRINELL HARDNESS)

62. Best Fit Correlation and Standard Deviation for 98 Samples
75 '
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ALL MATERIALS
@® Common Points
Birdsboro Materials

Tool Steels /

opbo

U of M Materials I

1/MDPR (hr/mils)

l l I | I

(0] | 2 3 4 5
C (BHN)BRINELL HARDNESS)

B 63. Best Fit Correlation and Standard Deviation for 198 Samples
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APPENDIX

MATERIAL

DAMAGE SHEET

£ _

{ = CTA-IS =L, AsTm A-29¢ , GK CA¢
RUNNING ( __ ITIONS
_aorn SS - -npergture (“Z. G”

7. Power 6l-¢Z Pressure (-7 psc
Approx, Pate 1z( (s Torque 80-90
Prerum (s I’—'ké“* e

Surface Preparation NE TEL CaS(CAaC

BASIS FOR CALCULATIONS

Density 7. 6/2 ?g;t"g ok RIS %? Aree
1iDP Factor
. BAFTFLE
Comment s 779 -25. 7 SIS o paem o rz/ )
S STRe T ge TR .
,f{ O‘
DATA
Time 'Cumukat fve | Wt Cumslative MDP Cumulative
Interval Time Loss We. Loss MDP
30 23 .67 1.C7 L0517 L0571
3G 60 §.0Z 7.49 206 L2 b
sa 96 9. L1 |i1.30 229 ,é%]_
20 (zo 5.9 £5.69 28 7 878
6O (50 jz9y (4743 | ,]] BO L L2
_¢o 243 (.07 €€ 7G| . b6 2 2.28
b0 =04 200 _lB88co|.,749 3,03
be 300 |1457 Jlos.071],.498 3.5 &
\




MATERIAL

DAAGE SHEET

aterial B“g 058 g Stenmias  Crezme

R CA (Y %2, ASTm_AZ2 , GR CAIYV
3 _ RUNNING ¢ ITLONS
‘orn SS .-.nperature |26~
% Power G 9 Pressure .¢9
‘~pprox. Dete ’/ 69 Torque O 76
Lrerum F = “_ “zc
Surface Preparation PLETRL  w QCATAC
BASIS FOR CALCULATIONS
Density Areas
DP Factor
_ p;_)r:';x (“le s
Conment s “»92. 5 ~-L‘l:ﬁ ) 79.Q - S g‘o MQ/M{'{
297 - 102 [ 39
" DATA
Time Cumulative | We. Cunwlative MDP Cunulative
Interval Time Loss . We, Loss MDP
3¢ 206 .50 20 0958 .Oi 5@_
2o GO 7.5 /1O.38 S ge) .355
3¢ 26 S, |7 /(8.551.27 o%34-
3¢ (2o J0.5¢ j29.(0}).36] 195
66 lga 12(.710 |so0s0] .]42 1. 14
6G 24¢ 20,45 17125 ,(99 2.44
6O 200 Z3.89 9¢.141 .8 17 3,25
¢o %0 lusi |u+-¢é5| by 3,
(
N




MATERIAL

Haterial

~Number L L
o RUNNING CONMLTIONS
Horn 7 c ..aparature l120° £
% Pover “40 2, Pressure /rG Y b ig
Approx. Date H=-l1e ~ 70 Toxque A RSN =L
Prerum
Surface Preparation
BASIS FOR CALCULATIONS
Density Area
1DP Factor
Comment.s
DATA
Time Cumnlative | ko Cumnlative HDP Cumslative
Interval LJ‘ Time . P Logs Weo Loss * NOP
b [ 2.952 2.5621 ., 253 253
1 2 17541 ®conl . 589 92
I g os.d) | zo.471_ BS54 [. 9
! % 22.32 1722201 180 2.44
\ S V22:.42 V202061 5_?_5 3,%%
] 3 16 49 4102044 q 3.
7 2 929 | 1900x] <769 4.37




MATERUAY. DAMAGE SBETT

DSetesal i R St /o " cATr e e o) T T e A sl Sy e 3N »5
[ Number 9 Ao, ,ocboro i
RUNNING CONDITIONS
o AR e
Hora 't : Temperature L8
o power 7.5 %. Pressure A6G Fsiz
Approx. Date 2-/7 - 3./6 70 Torque SRR
Brevrun
Surface Preparation /- 4o/
BASIS FOR CALCULATIONS
S cn 3
Denaity | Area 0.236 m%
MDP Factor
Comnnents
, , DATA
Tirne Cumulative | Weight Cumulative MDP Cuimnulative
Interval Time Loss Weight Loss MIG B
{4, 7 5 .76 g76m | & 28 _.____qu.l&._..--u
2 /9.// 2838¢ 42 970
p— 3 23. 90 5206 . 803 1. 272
— Z 2544 7820 855 :
— - 5 36./0 11430 I, | 2.80
— — 6 27.80 /40 80 i 4 47232
P 7775 /57, 96 576 15.3]




MATFRIAYL DAMAGE SPERT

| Meleriel
Number £ = Lo e’ Siosd
RUNNING CONDITIONS
Horn R Temperature A2 .
% Power L0 7 Pressure 1.7 AL
Approx, Date -7/ - 5 -9 .80 Torque L st
Prerun
Surface Preparation / <'- e’
‘ BASIS FOR CALCULATIONS
Density | Area
MDP Factor
Comments:
——
DATA
Time Cumulative | Weight Cumulative MDP Cumulative
Interval Time Loss Weight Loss MDP
:‘j 1’/ (‘q“,;q\:ﬂ LC,’ = . 2 q_é .&!Q’q é,
/ <z lo. 0/ S 033 @ '
7 3 /9.99 28. 50 v 12 L. 30 ¢
/ 5 2f T8 [SeReXe e 7 3 | 2 03
/ 5 2075 R L97 .13
. / ‘v\‘ / 2. 5:) h\;} 00 , 5 c’ ’ 3 R L ‘
/ 7 /8 65 /74D ' b A3 3.94
/ g /712 25 50 1. 5174 152
a



MATFERIAL DAMAGE SHEERT
Hulerinl
Number 2 -/
RUNNING CONDITIONS
Horn vl Temperature /200
% Power ., 7. Pressure S e SO
Approx. Date -0 - 2. ) Torque R CTOR ¥ SO S
Prerun
/‘ ’

Surface Preparation - g S )

BASIS FOR CALCULATIONS

[ T I s D RN S AR U SR

Density | Area
MDP Factor
Comments:
DATA
Time Cumulative | Weight Cumulative MDP Curmulative
Interval Time Loss Weight Loss MDP
4 / & 6o 8 a0 ,9. 89 \ 2__%‘(
7 =2 2% 30 S50 90 249 L. 04
7 E RN W I L I WX
/ r PG N .29 % 2, ?3
/ Bl e 48 /02, 6 18 2.9 2.
/ & 00 .7/ 124.58 i 76 9.1 %
/ 7 /B.0F E €4 ' b 077 4,
/ S /8 .6 767 70 o A0 s 4|
/ g /2.2 /B8040 s (p 9B 6.06




MATERUIAY, DAMAGE SHEYT

i
o

RIS |

Number o
- RUNNING CONDITIONS
Hora 77 Temperature Sl T
% Power 48 Pressure JoS
Approx. Date 2. 2/~ 2 0. J0 Torque e o

Prerun

Sarfase Pereparation 7 .

’
NS

BASIS FOR CALCULATIONS

Density ﬁ Area
MDP Factor - -
Commaents:
v D
P, Q) R
‘_I) . (_C’ (7 ?:) Z
DATA “.]
Time Cumaulative | Waight | Cumulative MDP Cueinulative
Iuterval Time Loss Weight Loss ML
Al 7 Ar M s . 3 8 q 28 q —
/ 20 56 34./5 Wi §8 .18
PN 757 .02 2, Ig
7 > .0 £ 25 B33 2.00
/ 5 2545 (2050 11,29 4,29
/ & 335/ A5 1. ,3 5. 4 2_ -
/ 7 20.4:2 184 .62 L85 16l
;
R
e e o et 1o e ot o n et s o 2t 2o et e e e nomi s \




MATERIAYL, DAMAGE SHEYT

Sicleried ,
Number &-/
—— RUNNING CONDITIONS

Horn 77 Temperature ’20° F _

Y% Powey 487 : Pressure 7ED RS

Approx. Date 2,05 — 2, 26.70 Torque 8 o - Lo

,..f'"’ run
' Surface Preparation /> o 7ube :.:'T
‘ "HBASIS FOR CALCULATIONS

Density ﬂ Area

MDOP ¥Factar

Comments:

. DATA

Tims Cumqlatﬁve Weight Cumglafive MDP Cumulative

Interval Time Loss Weight Loss M

1 her A b 29,5/ P ,148 .14 S
/ 2 46.90 9.4/ ), S5 .29
/ 3 79,87 77934 LL5S .
% 4 37.16 /56. 50 ], 2 518
7 5 32.93 /59.43 ) % 6. 27 |
/ G 29.63 2/8.96 9717 2. A5
/2




MATERIAL DAMAGE SHEXT

Meleriel
Number &G -2
RUNNING CONDITIONS
Horn 7/ Temperature 4705
% Power e Pressure 12 P32
Approx. Date 3.2~ 2.70Q, o Torque F T el
Prerun
| Surface Preparation
. - BA§IS FOR CALCULATIONS
Density | Area
MDP Factor
Comments:
PRI
DATA ]
Time Cumulative | Weight Cumulative MDP Cumulative
Interval Time Loss Weight Loss MDP
VE / D24 ATEID , 857 , 8 5-T
7 =z 45 4 = .44 2 .35
/ 5 e 404 60 1.2 4 2,59
7 " 20,0 /39, L0 L. 0| 4. bl
/ i 2.2 /72,032 09 5.70
/ B Ve, 5 /T ! 93 59
7 7 2/.3, e 2 205 7.30
/ S Z0 (7 270, 70 o8 2.97
/ T /9. 2% P20.64 bl O R, b3
7 /0 /5. ¢ VP& G 725




MATERIAYL, DAMAGE SHEYT

| aiverial

Namber & -3

‘ RUNNING CONDITIONS
Horn a : Temperature /<0°
| % Power 00 % ' Pressure VAR
Approx Date 4/5 70 - Torque Sd Jb-cor
| Prevun

Surface Preparation 7000 Zedrl 2oy

BASIS FOR CALCULATIONS

Denwity | Area

MDP Factor

Compnents:

DATA
Time Camulative | Weight Curmulative MDP Curnulative
Interval Time ' Loss » Weight Loss Miw

7 / 0./ IRV A oGl
7 p 2779 41 90 . 3R 2.05 |
7 3 7 Vs T9 &5 L. (f 3.30 |
7 7 2607 | /35 Vo L 4.4
7 Gi T 4200 ERS .22 588
; 2318 | oo 977 C.bb
7 7 Az 992.92 1 53 7.3 1




MATFRUAYL DEMAGE SBEEYT

L gt
Nurnber A/-/
RUNNING CONDITIONS
Hora 7 ¢ Temperature /G F
% Power 43 2 Pressgure (63T PS/eG
Approx. Date Torque S5 /e 14
Prerun
Surface Preparation >/ 0l
BASIS FOR CALCULATIONS
Lensity { Area
MDP Factor
Comments:
-0
313
!
<
DATA
Timne Cumulative | Weight Cumulative MDP Cuinulative
Interval Time Loss Weight Loss MDP
A hr /A, 2.57 2.5V
/ 2 9. o0 l1ET
/ 3 8. g0 20.47
! 4 4033 30.80
/ 5 7700 S50
/ 6 10.70 $2. 50
/ 7 /7 &/ a4




MATERIAL DAMAGE SPEXRT

Werleriel
Number //- o
RUNNING CONDITIONS

Horn 7 Temperature £

¥ Power .7 Pressure

Approx. Date - T~ —- Torque

Prerun

Surface Preparation 7 = '~

BASIS FOR CALCULATIONS

Density I Area

MDP Factor

Comments:

DATA ‘
Time Cumulative | Weight Cumulative MDP Cumulative
Interval Time Loss Weight Loss MDP
y T 0619 0619
7 Z G 10 55 c29] 352
7 7 4. 20 24 95 413 226
7 Z 1612 L0.03 500 .33
! 2 /620 5627 503 | 83
7 5 /4 6 ¢9.53 485 2.3
/4.22 B4 13 411 278




MATERIAL DIMAGE SHERT

Gatesinl
Number Ao
RUNNING CONDITIONS
Horn 7/ Temperature /20°"
% _Power 47% Pressure PRINENY
Approx, Date £-7 -70 — £/3/70° Torque EE Lhoe o

Prerun

Surface Preparation

» _— ks 4
Fougyer oo 8

BAEIS FOR CALCULATIONS

Density | Area
MDP Factor
Comments:
DATA ,
Time Cumulative | Weight Cumulative MDP Cumulative
Interval Time Loss Weight Loss MULP
7 7 377 Fg 125 NEY _
7 2 /040 /549 2177 503
7 Z /-85 27 0% 392 895
/ 4 165./9 32.23 503 .07
/ g 7. 5 39 7o 248 L.2]
7 3 /395 5368 462 L78
7 v /3.00 $6.68 .430 2.2]




MATERUAYL DAMAGE SHEYT

e leaiel

Nugnber 7~/ Airo'claro

RUNNING CONDITIONS

Horn 7 ~ Temperature lrg°. F
% Power .3 ¥ Pressure G PSe&G
Appros. Date 3.2 - 3.4.70 Torque 8. gl
FPrerun
Surisce Preparation o //slhody
) BASIS FOR CALCULATIONS
Density ? Area
MDP Faxtor
Comments:
DATA
Time Cumqlative Weight Cumulative | MDP Cumulative
Intervel Time Loss Weight Loss MOP
{hr / hr 75 L&
/ 4 176/ 25,/
! 3 /8.5 43.7°0
/ 7 /9 90 63.50
/ o /6./0 79 70
1/ 6 /7. 88 g9/ 5.
/ 7 /4. 78 ' /06.30




MATEFRIAL DAMAGE SHEYT
Trterind
Number /-2
RUNNING CONDITIONS
Horn 77 Temperature /2T
o Power L0 % v Pressure SN
Approx. Date He/C -~ %. /508 Torque KE 1 -
Prerun
Surface Preparation /'« 9w S
__BASIS FOR CALCULATIONS
Density | Area
MDP Factor
Comments:
DATA
Time Cumulative | Weight Cumulative MDP Cumulative
Interval Time Loss Weight Loss MDP

yZya L hr &, 859 &, 59

/ Z /8, 8% HP2IE

/ 3 /9,72 456 4

A 4 256,30 74,9 4

z 0 IR IR 89, 85

/ G /12, 43 102,28 _

1 7 16, 46 1/ 24

B 4




MATERIAL

Hazevial

- =

Number

RUNNING CONMTIONS

anvan

Horn r Q\

. -aparature

L 2&°(~

7 Pouer

2{ O %o

Pres

/,(gq ‘pc}[fﬁ

Approxe. Date

2 T 20-26

Torque

75 o~ Al

Prerum

Surface VYreparation

. UWQM/QJJ

BASIS FOR CAL

CULATIONS

Lensity

Area

14DP Factor

Comment o
DATA
Ti?icerval Cuw.;i‘;aﬁive Wit ) C:x’r:.ulat‘i:ve DR Cur\fislatave
J /V’, rr%/: Loss ma. | Wee Loss MDP
Lo 2 1 Jg. 221 22720
) < L2 S | Yt
[ & 1923 | LdRS
! 5 19132 | & 260
i A 2L 35 ) 10808
{ 2 o220 | /04157
/ / & 94 j 24




MATERIAYL DAMAGE SHEET

WMeieriel

Number 7-7/ Lirolsl i

RUNNING CONDITIONS

Horn 1 Temperature /20 °

o, Power 3.7, - L2 Pressure 7S G

Approx. Date 2-/3 - 3./3 70 Torque

Prerun

Surfasce Preparation ' Sd o

BASIS FOR CALCULATIONS

MDP Factor

Comments:

DATA )

Time Cumulative | Weight Cumulative MDP Cumulativg
Interval Time Loss Weight Loss MDP
14hr Adyp 54/ N

{ V4 13 89 [9 3
/ 3 )7 00 3¢.30

! i /9.80 5240
/ ] (4. 53 £ 6923
/ G /3.82 Ho. 2
J v /4 - 25 95 00
{ 8 20.20C 1/15.20
{ S 14.80 {30.0¢
/[ {0 /3. 28 /43 75
i /1 12.90 /%%. 75




MATFRIAYL DAMAGE SHEET

Wipteyinl

Number (/-2

RUNNING CONDITIONS

Horn T/ Temperature /. Z oo
% Power /" l% . Pressure A AR TS
Approx., Date 2 /& . ~ 2 20 7O Torque - SR N
Prerun
Surface Preparation .- 2//H &
BASIS FOR CALCULATIONS
Density | Area
MDP Factor
Comments:
DATA 4
Time Cumulative | Weight Cumulative MDP Curnulative
Interval Time Lossa Weight Loss MDP
A b A1 AR5 5 &
/ 2 1152 /17.38
/ Es 15,07 3247
4/ 4 EX 46.98
/ 4] /4. 30 6l . 4L
7 6 4O 12 /1.4 0
{ 7 /3. 72 g5.72




MATERIAY,

DAMAGY SHEYT

Meleriel

Namber /-2
—— RUNNING CONXDITIONS
Hora /! Temperature 72¢
% Power 50 7o Pressure /2 PIIG
Approx. Dite Torque 2 e AL B
Frarun
Surface Preparstion

IIS.ASIS FOR CALCULATIONS
Density E Area
MDP Factor
Comments:
DATA
Time Cumulative | Weight Cumulstive MDP Cumulative
Interval Time Losa Weight Loss MOy
/ 7/ 1605 =R
/ 2 /657 EERS
/ 3 254 46 56
4 a Y46 ALY
/- O /05D so.0f
/ G /6.0/ 88.07
7 7 7 20 07 ..¢
T, - — e e+




MATERIAL DAMAGE SHEFET

Meteriel

Number £ -/.

RUNNING CONDITIONS
Ww
Horn ‘7’ Temperature /2O
% Power 4O % Pressure SL5.9 Pore
Approx. Date 220 - 2.2/ 470 Torque B8 Pocl . I

Prerun

Surface Preparation - o7 o8/

BASIS FOR CALCULATIONS

Density | Area
MDP Factor
Commentas:
RN
DATA ‘
Time Cumulative | Weight Cumulative MDP Cumulative
Interval Time Loss Weight Loss . MDP
A/ / 2.54 2.64 |
y; 2 A4 /368
/ ] /0.9 “5.&0
/ 4 /262 5729
/ 5 ’2.90 49.4F
[ & /2.03 &1 52
A 7 41799 72 64




MATFRIAYL DAMAGE SHERT

Mrteriel
Number -2
. RUNNING CONDITIONS
Horn 7. | Temperature /2°
% Power 40 7, Pressure 17 PG
Approx. Date /7. 2 - t5.3.70 Torque BE rnch - L
Prerun '
Surface Preparation Lol piin sy
BASIS FOR CALCULATIONS
Density ' | Area
MDP Factor
Comsnents:
DATA
Time Cumulative | Weight Cumulative MDP Cumulative
Interval Time Loss Weight L.oss MDP
/r,/‘;;' / 4/* 2- 7// J) /-?
7/ 2 9.450 72324

v 4 /4.2 24 78

/ 5 77.57 5659

/ & 4/ . 20 57.79

/ 7 AR A 68.99




MATERIAY, DEMAGE SPETT
DL e n
i_ Number K2 ]
RUNNWING CONDITIONS
i Horn 7 Temperature 720°
% power (Y Preasure LT B
Approx. Date 4.5 - £ 2 Jn Torque EE e i
Prerun
Surface FPreparation
BASIS FOR CALCULATIONS
Pengity | Area
MDP Factor -
Comanents;
DATA -
Time Cumulative | Weight Cwinulative MDP Cugnulative
interval Time Loss Weight Loss MDP
4 { S .22
/ 2 1 0c /e 08
7 2 10752 96 50
/ 4 A/ B
7 C /0 57 58.6
/ v /. 0F 72,52 —
SIS AN S SRS S | SO P———




MATFRUAY, DeEMANQE SEEYT
D nteril)l CFR
Namber </ B/rold oro

RUNNING CONDITIONS

Hern 7 Temperature 778 ° &~ i
Yi Power 48 7, Pressure 1 EY PSIG
Approx. Date 3.¢ - 2.92.70 Torque 8 5 /6 - 150
P}}’rar‘m —
Serface Preparatiom /-0 ooy
BASIS FOR CALCULATIONS
Denwivy | Area
MDY Factor
Comnpnients:
DATA
Time Cumulative | Weight Cumulative MO Cusnulative
Interval Tisne Loss Weight Loss ' MGP
7%, 750 G-se 643 AL 21 b
A/ 2 12/ /8.6 408 A KSR
/ 2 (e G 34./8 g 23 L.0O5
/ d 1724 +85.22 S5 7% l. G2
7 i /8-83 &67.08 L 33 2.25
/ o /.76
G 4.7/ 3776 494 2. 15
7 7 /6.94 98.70 S5 69 3.32




MATFRIAL DAMAGE SHEET

Muterinl -
Number /-2 <

Horn 7’ ’ Temperature 720°

% Power 4O% _ Pressure 1 7P/
Approx. Date 4/5/70 - 4/3/70 " Torque B - 1re

Prerun

|_Surface Preparation '/DO/’ koo

f Det Area
MDP Factor
Comments:
| DATA ]
Time Cumulative | Weight Cumulative MDP Cumulative
Interval Time Loss Weight Loaa MDP
7 / & £ 198 . 198
/ 2 77 /3 /7,08 , 577 L5 74
7 3 10./6 27.2 w341 a15
/ 5 /546 42.40 509 L 42
/ 3 1543 37 83 518 L94 |
7 < 72.30 70./3 413 2.35
7 7 D087 97 00 201 3.0 |




MATERIAL DAMAGE SHEFT

Winterinl
Number /£ -3 Q/roliboro
RUNNING CONDITIONS

Horn 7 Temperature //8¢°

% Power 40 % Pressure /750G

Approx, Date 2. /0 - 32/270 Torque BE ekl

Prerun

Surface Preparation /-2, ./ ecy

| BA§_LS_LI‘OR CALCULATIONS

Density | Area

MDP Factor

Commnents:

o DATA
Time Cumulative | Weight | Cumulative MDP Cumulative
Interval Time Loss Weight Loss MDP

/4y /4y G .57 6. 57 .22 1 .22
/ 2 /.77 /8. 54 395 AR
/ E] /9. 0/ 3735 , 39 L
/ 4 /8. /6 55.5¢ A i) .86
/ b /6.63 72. 14 559 2.42
/ 6 /9.06 91.20 £40 .06
7 7 /6. 79 107.99 L4 263




MATERIAYL DAMAGE SHEYT

Yipltevivl

Number /7y

RUNNING CONDITIONS
Horn 7/ Temperature /20 °
% Power G0 % Pressure L7 P
Approx. Date ./7 - ¥ 48 o Torque & e i
Prerun

Surface Preparation /7. o2

— BASIS FOR CALCULATIONS
Density l Area
MDP Factor
Cormments:
DATA ,
Time Cumuletive | Weight Curmulative MDP Cumulative
Interval Time Loss Weight Loss MDP
2 b /b B.CT L0 29 | , 29 |
7 Z '8.70 | 2 2.37 L2ARA 919
/ 2 18 4C 4377 Lol 8 .54
4 A 19. 8¢ 5558, YA Q_(g 20
/ 4973 17530 953], 2. 87
A G /1663 94.9 40094 ] , 2,42
{ I 1578 107724207 | B 30 2.95




MATERIAL DAMAGE SPEXRT

Wuleyizl

Number »r7-2

RUNNING CONDITIONS
Horn 7 Temperiturg PR
o Power 4O 7 Pressure 17 P
Approx. Date S-9 -~ 2 /0.0 Torque L5 n
Prerun v
Surface Preparation /-’ oY
BASIS FOR CALCULATIONS
Density rArea
MDP Factor
Comments:
DATA
Time Cumulative | Weight Cumulative MDP Cutnulative
Interval Time Loss Weight Loss MDP
7" e 740 o 255 255
/ 2 /685 24,15 .556 811
/ 3 R 47990 5956 L4
/ Z 20,65 o0 55 G614 2,10
7 5 /2 .60 75 15 9423 2 Fg
/ G 18.00 g2 /8 LO 3. 13
{ 7 /3.30 ! 06. 45 4 47 2 5/




MATERIAL DAMAGE SHERT

Mnterizl
Number A
_— RUNNING CONDITIONS
Horn i Temperature /2o &
%, Power -/ )% Pressure L TP
Approx. Date |z 7 Torque S et s
Prerun
Surface Preparvation 7. -~
‘ . BASIS FOR CALCULATIONS

Density I Area

MDP Factor

Comsnents:

, DATA ,

Time Cumulative Weigbt Cumulative MDP Cumulativa
Intarval Time Losas Weight Loss MDP
7 / 5o 224 224

/ 7 /9.09 MR ‘ﬁ%} .S C 8
el 2L L 54
7 4 S e . ég 2./18
/ ol 1872 F532.72 .G , 2.8
./ B /8. 08 /02 0/ L4 2. 43
/ 7 /223 4/9.2% 5717 4. 01




MATERIAL DAMAGE QHEI‘"‘

SRR R S AR

DO ST SRS e 7 ALt

- . .o = 3 ]
| Wnterind b

Number /-4 _ B {

ore ’ " s A s B Lm0t e B 0 SRR 8 0 220 U

I T T R T A T T S R

Horn ~“
u_% Power

sl T b NG
Teny peratur
| Press

B £SIS

cee e wmse e R L on zoes e

.
e b SR A . 5 RS . e b AT 1 AR RN 3 y ottt Ao b
o na o o
LOtitinnen.gs
R T T PR S N T A N s S\ T ST
R n = - P

Time | Curaulative| Weight
Intexval @ Time Loss

Tk anwr s b s

R o

&
2,

/
/

20 R TR AR

v
L S

R e e e e - s A o AN B A P




MATERIAYL DAMAGE SHERT

Suterigd
Namber -2
- ) RUNNLNG CONDITIONS
Hora 7y Temperature 20
% power & o Pressure 29 PG
Approx. Date ,{,a,/;ﬁ:;’,V«"« - 4//:5/{;3 Torque & ¢ b trae

Prerun

‘

T
Surface Preparation /@c"ﬂi o S

A

BASIS FOR CALCULATIONS

Density [ Area
MDP Factor
Comments:
DAT A
Time Cumnulative | Weight Cumulative MDP Cumulative
interval Time Loss Weight Loss MODP

/ 7 9/0 7./ 2] 311

7 2 1645 26 &5 S62 874

/ 3 /5 .80 44.35 1540 . 4]

/ Z /270 58.45 xRS .00

‘ 5 7308 75 50 . A.58 |

7 3 /5.60 9/ 35 S42 3.12

1 7 2 %0 /0465 | 462 3.58
i,_.._A -




Y

e
-

JAL

*3
IS
3

liasarial

N=3

Jumber
- RUBNING CONMTIONS
Hora T ..mperature V242
7% Pouer o Dy Pressure L] ps ., g
——
Approx. Date Ll <) ~72a Torque I 2
Prerum
Surface Preparation
BASIS FOR CALCULATICNS
Lensity Axes
14DP Factor
Comments
DATA
Timz Curnletive | Ve, Cunuiative MDP Curmzlative
Interval Tiwe Loss We, Loss ’ MDP
o { (202 | 10:¢2 363 . 363
‘ 2 /5.0 Vo524 .517 880
[ 3 R O o ] A, - 1.5%
' 49 (700 | o221 587 .13
( 7 15390 22671 BAS 2. 66
/ P SRR I




MATFRIAYL DEMAGE SHERT

{yFL e rted m*‘:
Numbe r N ;
- RUNNING CONDITIONS X
Horn s Temperature Z0° o
% Power L7, Pressure rY S '
Approx. Date - <o -~ 2.2/ 070 Torque ]
Frerun
Surface Preparation Sl e
BASIS FOR CALCULATIONS
Density | Arvea
MDP Factor
Comments:
DATA N
Tione Cumulative | Weight Cumulative MDE Curnulative
Iaterval Time Loss Weight Loses o My
y; / 8./7 8.17 27119 279
N 7 Z /9.94 28. / LLRA 961
/ 32 799/ 480/ L8 A
7 7 77~ 7 7% 55 | 9,36
! I 18. 6€ 8522 L38 1 2,93
/ £ (013 96. 95 .346 328 |
/ v




MATERIAL

DeMAGE SPERT

Sutestel

Number O

2

RUNNING CONDITIONS
e S e s o

Horn i Temperature 720 >
Y power 4& 7o Pressure 270G
Approx. Date 5/5/ 20 = 4/5/70 Torque 8¢ that~ %
Prerun T M : _
Surface Freparation /-’f;'c'f>r”f'-l”«“§'3£>
BASIS FOR CALCULATICNS
Deanoity ? Area
MDP Facstor
Comments,
DATA
Time Cumulative | Weight Cumul'avtive MDP Cumulative ‘
Interval Time Loss Weight L.oss MDD
7 7 Sz e a1 210
/ 2 /6 2C 22 62 559 270
7 B N 2787 387 /.15
7 4 /6. /5 49 98 .55 .71
/ 5 18 99 £8.9* L49 2.36
7 6 /6.9 8s 32 . 580 21._274
/ 7 17209 Gy 6 O .54
/ 8 /€. 49 222 =z L4 4.1 o

o




MATERIAL DAMAGE SHEET

Mpteyiel
Number (-2

e ————CE =R UNNING _CONDITIONS ;
Horn 7/ Temperature 7200
% Power 4 % Pressure DRI G
Approx. Date <4,/ 2/70 - &/70/70 Torque B A4/ »e
Prerun

4 #
Surface Preparation 50" {ies

MDP Factor
Comments:
DATA _
Time Cumulative| Weight Gurhulative MDP Cumulative
interval Time Loss Weight Loss MDP
7 7 3 ¢ 5 o7 202 L O
2 1874 G104 518 J1ao

! B /16561 3652 B34 L
/ 4 IORS 2253 Ly L.79
/ 5 /621 22 X 554 2.35
7 c N2 B/ 45 437 _2.78
/ y /665 92.72 536 3.32




Hatevial
_Number . £l
o RUMNING CONMLTIONS
Horn T ..aparature R HE T
- < s, ' '
7 Pouwer ) Pressure lg 2 RS o
Approx. Date Lm0 Toxque K A e o )
Prerum '
Surface Yreparation
~ Jo) :x ;‘fu‘ /
BASLIS FOR CALCULATIONS
Bensity Area
14D2 Factor
Comment s
DATA
Time Curniative | Wg, Cumunlative HMDP Cumulative
Interval Tive Loss Weo Loss ' NDP
: A 195 s .393 . 393
4 gg T/71/€/ Aﬂ? QA rﬂgéq- aq57
/ g 19,02 a1 L b b .58
/ 4 945 g2 201 183 1,73

c—




MATERIAL D&JAGE SUEET
Fagevial
Nunbey f 2 : v
. RUMNING CONMTIONS
Horn wark ..aparature ) 20°
% Pouer 2 00 Pressure Zrbd Ps,) o
T 4 J
Approie. Date L - D - 7 0O Toxqua F 4 e A
P_rez‘ufn
Surface Praparation
A . ) BASIS FOR CALCULATIONS
Density Area
14D2 Factor
Comment s S josi. U
DATA
Time Cunnlative | Wk. Cunulative MOP Cumslative
Interval . Ting Loss Wt Loss ‘ MDP
M, A waq, me: i
J - - ¢

3¢ / 2,54 1 le. .49 258 S 42

30 [ 1 2.33 |los.20 307 849

1.5 449 130:1) 14 8L




VATERIAL

iaterial

_Nunber P.3

o ’ RUMNING CONM.TIONS

Horn T, \ .-sperature  / Q o’

7% Pouwer 2 H Zo Pressure /i o VW 5
Approxe Date & 7-9 - 270 Torque N DA 1

Prerum

Surface Preparation

?QQJLJ;Q14F

BASIS FOR CALCULATIONS

Bensity Area
14DP Factor
Comment.s
0327
v DATA
Time Cumnlative | Wko Cunarlative HDP Cumslative
Interval Time Loss We. Loss ’ NDP
5Q.. 30wl Jl7 4 [-17 | 0385 0385
30 Lt b ¢ 63 1 280 218 287
30 | el 9:.32 112:12 208 NCTACY
30 2 10,635 | 27 80 350 al1s
30 2 hi: 30w 9. 1 & S o e .SQJ 1'3 /
36 Sk 1 3.50 luciyal 280 .40
30 1 2ht Vod 775 1 5457 .30 [, 69




MATERIAL DAMAGE SHEERT

Muteritl 7 e oL — L »Sf‘j
Number e —] 7 i
— RUNNING CONDITIONS
. ————
Horn Temperature
% Power Pressure
Approx. Date Torque

Prerun

Surface Preparation

BASIS FOR CALCULATIONS

Density r Area
MDP Factor
Commenta:
DATA
Time Cumulative | Weight Cumulative MDP Cumulative
Interval Timg Loss Weight Loss MDP
7 7 Z54 77
/ 2 (898 | 23579
/ 32 2245 | S561
/{ 4 20606 76 /&
/ i 2 140 97. 5%
/ ¢ 2138 /894
( 7 {977 (Y38-74




MATERIAL DAAGE SUEET
tiatovial
_XNumber Q-2
L RUHNING CONNLTIONS
Horn T .-mperature [ DO ° -
% Pouer 3¢ % Pressure /) G psy. =
Approxe Date & - | -7 0 Torque z5 .20

Prerum

Surface Preparation

BASLS FGR CALCULATIONS

Ceusitcy Ares
14DP Factor
Comment s
. DATA
Time Curnlgtive | Wko Cunalative HoP Cumslative
Interval S Time Loss Wi Loss NDP
i . Yok “
L&D 2 0,57 12258 1 0179 0179
3e 45 Ze 42 7:07 231 249
3o . (15 L5y LB b 326 N
R0 [ teeo | 20.001 358 J34
320 2. 15 £.83 3205 1 AT3 1.2
20 1 2a /o7 | 5a.220 . 3]4 .52
20 132.75 |74-5% |ez26l 449 197




MATERIAL

Mageyial

Number gQ 3
L RUMNING CONDLTIONS

orn T] ..aparature /2009

% Pouer Zg % Pressure L (0 O s (o,

4
Appiost. Dake 5 4 45 Z 0O Torque DB e ﬂ“
Prorum
Surface Proparation
¥ /( . i /
0?17!,(,,\. TR
BASIS FOR CALCULATLLONS

Density Axea

DP Factor

Comment s

O

5-}01’1‘—“/‘M MM/U vvgkh { g I/Vb(-.\ Jéf ‘/Mvz} A Clae

DATA
Tima Cownlative | ke Cunmlative HOP Cumslative
lutervaiﬂ’ Time Loss Weo Loss ' MDP
. VAT
- Sav J’QMA-.. [ Q5 /. G.8 00334— '0‘334




DASAGE SHEET

Matowvial
Namber K [
L RUBNING CONDLTIONS
sen .- mperature 1.20° 1
% Pover Pressure /w9 psis
~>
Approx. Dagte - 20 Torque N U,
Prerum
Surface Yreparation.
Jo.g XA ,;J--'L'ﬂ
! BASIS FOR CALCULATIONS
Lensity Axee
1“DP Factor
Comment. s
Time Curnlative | Wko foumatative | HDP Cumslative
Interval . Loss Loss ’ NDP
YuR, we, g
30 oy 0329 0329
Zo 2.69 d24 A
30 7'3/ 131&._-_1_2 4é I4 2-
3o 2.99 00241 ., 268 L8280
Z_o" ;: OL 3‘6v1@5’ Lg?l 1-23
Zo Z26 | 44851 217 .51




MATERIAL

Matevial

Numbex R X
L RUBNING CONMTIONS
Horn T cC omperature ) Do ©
% Pouwex O G?O Pressure L ©eF #5.=
’ g
Approx. Date G~ ©~20 Torque L s . Y/
Prorum
Suxface Preparation . .
oo ‘& ‘ﬁj
Vi AL
N BASIS FOR CALCULATIONS
bensity Area
19DP Factor
Comment: s
- DATA
Time Curnlative | Wg, Cumslative HOP Cumzlative
Interval . Time L Loss Wi, Loss ' NDP
S . -0 4.
. 3o, o 202 /12 1.03%k 0376
30 1 €8 1 7z:20 1 ,25] 259
30 Vo | g5 |sss5] ,29¢ 532
20 2 231 laate| ,279 812
2 0 2 Vzes | 32.221.289 L.1O
. 3 saa l 41re21,299 /.49
! . .
i 3 7 2:.823 | a.501.263 éé

e




MATERYAL

tazerial
Nurthber R 3
o RUNNING CONDITIONS
Hora ( ..mperature 209
% Power A7 Pressur c 69 b
Q essure / ) LS. ;_
Approx. Date lo [ 2 -70 Torque S5 LT o S

Prerum

Surface Preparation

e {(Lj\:o A
F

BASIS FOR Cal

31

CULATIONS

Density Ayxea
iDP Factor
tompments:
DATA
'tme Curnlative | ti%, Cunulative HDP Cumnslative
1 ) T s Weo Los ' i
nterval Limeé/T Los"smq, Loss DP
22 2 | 7.0¢ {12¢ | .04 23 0423
36 1 5 &gy 6. 70 A8 3 225
30 L% ¢ez5s 1345 1.227 .+ 52
30 2 755 1 91.001.25% 704
20 2 2 7.3 | #7463 1,250 L2
2.9 z. 7-22 | 37451 309 L. 27
Fo 2 /2 | 7,05 | 26.92],304 .57




atevial

_Number S
. RUBNING CONDLTIONS

\
larn l C

.-aparature

1. R0° I

N

7 Pouex Pressure

Zrlo9 ps\a
f =

APPIORo Date 9 2P )0 Torque

g &8 oo

Prorum

Sur{ace Praeparation

z’;,‘r" o \4 “)
! BASIS FOR CALCULATIONS
Centsiiy Aree
142 Factor
Comment s
DATA
Time Cumnlative | Wi. Cumaniative HOP Cumlative
Interval , Tiwe | Loss Weo Loss’ ’ NDP
ht-’/h l’v-l.).. :
20 . Vo r 548 5 0185 Y
z.9 g ls. 20 ¢.25 191 )
3ol 1h |28 |194:531 ,29368 |, ﬁ:&é
2.0 2 vea lwos]l 256 f??‘l-
Z0 o/ /Jf | R OO ' &5 O ' 9 -
22 2 v 73 1 39:531 12 bt .26
A L 2% 15 || 286 .55




MATERIAL DAFIAGE SHEET

ESAT SN

YE'lntm'ig_;

Number S 2
. , RUNNING CONMTLONS

Horn Y .aparature o) c
%_Pouer A R 2, ] Pressure Jo G Lo ] o
Approx. Date @ -2 - 20 Toxqua & e i

Prerum

Surface Preparation

/)5,'“6/;/&1\)‘& /
4 BASIS FOR CALCULATIONS
Density Axes
1DP Factor
Comments
DATA
Time Cumnlative | Weo Cumanlative HDP Cumzlative -
Interval e Tine Loss W, Loss ’ MDP
o s A%, )
0. Vo oo cgs5 ic. <5 | 0286 0286
2 0 |l £15 | 6.oeo 13 2 O 2.
2o L % Z.08 | s4.08 | 27| 4723
32 2 Z12 | 2225 274 '7%5
20 232 V486 |9,/ 1,830 ' 2}
= 7.5 376 | 1A B L. hé
- [ )
' :

20
22 lz7% 7.96 47651 + 334




VATERIAL DAMAGE SHEET
tiaterial
Nunber >
- RUNNING CONMTLONS
Horn T ..aparature 120 °
% Pouer L& 70 Pressure /r 61 2} s, &
AL
Approx. Date L& =~ 20 Toxque K e -zdr
Prerum ‘
Surface Yreparation
i BASIS FOR CALCULATIONS
ansity Area
1iDP Factor
Coviment s
DATA
Time cunnlative | vit. Cumulative MDP Cumilative
Interval Tine L, Loss | Wso Loss ' MDP
3o b (A 1 [34a 4433 2433
Zo0 J i2s | 7591 ,2)0 Lﬁi
PE ( h ~
30 1% 769 | 15.23 ., 288 | .86
30 2 7.89 | 235,077 1521 .77.5
20D 2 YV 2.4995 | Ro-52 2 [oO&
2 0 z o 2.2% | 3g.7a] a2 /.20
; :
30 Sho 17,29 [ 48.02] .31 1. 61




VATERIAL DAMAGE SHEET
“agevial
Nunber T
. RUBNING CONMLTIONS
lorn T ..aperature /D 0 [
% Pover I Pregsure 7' C Y Lo ) a.
. : *v.w/
Appiox. Date v 2 D Torque S 8T ., Al
Prerum .
Surface VYreparation
BASIS FOR CALCULATIONS
Dansity Area
12DP Factor
Comment s
DATA
Time Cumnlative | Ve, Cunalative MDP Cum:lative
Interval . Tive . L,,, Loss Woo Loss ’ MDP
Wlﬂl e
Se M le.s3 { pexza i 0179 .o179
=X / 2.2¢6 | 437 | ,13| «l49.
Z0 ) -7t | sL20 2 27 B2
Ede 2 >ras ly/z.55 | 252 629
3@ CQ V}' 7'2 2 d Qfs‘&_‘____“_a 4'5 -875
2o s >. 53 133,251 255 L13
J
Zo SYz |89 (29:241 200 1,33

po—




MATERIAL DAPIAGE SHEET
Hatevtal
_Nunbex T2
L RUBNING CONMTIONS
dorn T, ..mparature (20 4
% Pouer 3 2 i’;’eos we A S -
' 2 70 85 ‘/ L4 pSig
Approxe Dage 20 v 720 Torque g *j” e toe A
Prerum ‘ '
Surface Preparation
BASLS FOR CALCULATIONS
Bansity Area
14DP Factor
' Comments
_ ‘ DATA
Time Cuwnletive | Wk Cumulgtive MDP Cumslative
Inteyrval . Tine . Loss Wt, Loss h NDP
. b e
20 . o ¥pleo .8 | .0A7) | 07|
X z.a Ly deis | .35 1 JB] el 28
20 L2 laceas | /0(6] Qon 278
) ) 2 623 lig.0a) 235 613
70 oY V2232 |we.2r 1.279% 892,
20 2 zrop | 23.37) .239 J 12
3‘0 5/2 7'”3 ‘“{0‘5(7 2 /038

e




MATERIAL DAMAGE SHEET
Magevial
Nunmber T2
. RUBNING CONMTIONS
orn s . .nparature / R2° /<
% Pover vos e Pressure rr e y.) 5) a
: e
Appioxe Dete 7 - & T P O Torqus L5 e ’_,é/,-//F'
Prerum ‘ '
Surface Preparation
vy ‘“{L -r:':/ ¢ / .
MR BASIS FOR CALCULATIONS
Dansity Area
14DP Factor
Comment s
DATA
Time Curulative | tt, Cumnlative HOP Curmulative
", N W, . ‘ Mi
Interval me, Time ',L/" Loss e Weo Loss . DP
2.0 2 -9 { @59 | 0200 L0200
22 .' S5 | en3 |, B8 L 208
2o | o 422 | 1045 | .| 46 354
.30 2 .94 | (7239 | 235 589
| 29 92 | ¢ty | peoyl QA5 815
[ zo z g6 | 3904 ,274 [ 09

!




MATERIAL

DAMAGE SHEET

Fagevial

_Number /S :
L RUBNING C@NMTIONS
orn T ¢! =

. .aparature ) e O [
e

~

% Power i K, Pressure /-9 S’g;
Approxe Date o 1F-2Z 0 Torque HS AL
Prerum ‘ ' '
Surf{ace Preparation
!ah"éba ZCX.L:/
/ BASIS FOR CALCULATIONS
Cansity Area
14DP Factor
Comments
, DATA
Time Cumulative | Wke Cunulative HDP Cumslative
Interval TlrreM _Loss WS, Loss ' MDP
20 i 05 | /05 L0356 035k
30 J £.19 | 6.29 .7 6 el
39 LYa | 20 | jqual 277 189
20 2 eoaq | @149 | 237 T2 b
z 672 | 7.39 | 2230l 250 Qb

T LY T S




e

MATERYAL

Fagerial

_Nomber . A &*

RUNNING CONMTIONS

lorn -, ..amparature _ (228
% Pouer LY (. D, Pressure - L7 Lshg

’ A
Appirox. Date b -2 & 70 Torque K < 74471)# ol

Prerum

Surface Preparation

PO .
Y oo bl »

v

BASIS FOR CALCULATIONS

Density Area
1iDP Factor
Conznenlﬁs
| DATA
Time Curnilative | vt Cumnlative MDP Curmslative
Interval ’V\}v;p.f Time 4},‘ Losswq ' Wso Loss . MDP
B0 . - Il Jess 4 /-4y | 0491 0491
20 1 £:21 1 2.6 193 22‘11-;5
30 1 2% | 232 lrzq.531 250 492
.30 2 g:29 | g2l 281 J73
[ 20 o | 2.5 | 30:3721 25k .02
[ 2q 3 gos | 3swal 273 .30
20 | a' lz84 A .57

Y66




MATERIAL

e

DAMAGE SHEET

HMatevial 308 -4 W Q
Namber . \/~4

—moon

Horn

RUBNING CONMLTIONS

. -aparature

% Pouer Pressure
Approx. Date Torqua

Prorum

Surface Yreparation

BASIS FOR CALCULATIONS

Uensity Axea
14DP Factor
Comment: s
DATA
Time Curniative [ ti. Cumalat ive HoP Curslative
Intexrval - Time Loss W&o Loss ' NDP
4 . / . 1895 /1896
{ 2 /6052500
{ 2 | Jetslslgs
{ 4 1290317208
{ 4 V4847 19019
/ ¢ 9.89_Yono g

L




MATERIAL

Matevial

ppatl 208 L. WOR
_Number N -2, -
L RUMNING (:O'Nlrlnons
Hotrn .-mpereture_
% Power Pressure
Approxe Dage Torque

Prerum

Surface Yreparation

BASI5 FGR

ALCULATIONS

Density Arxes
14DP Factor
Cuﬁmenna
‘ DATA
Time Curnlative | Wk, Cunaalative MDP Cum:ilative
Interval Tiwe . Loss Wso Loss ! NDP
i { 96 | R IB
/ 2 (6RL |Z£80
/ 4 /1905 lg200
{ 5 49.00 |81 002
{ @ /929 |/o0. 20"
L v “ /(‘)..7(j 4o 90




VATERYAL DAAGE SHEET

Magerial . 2O 8- <Z W QP :

Number . \/‘ffg

RUBNING CONMLTIONS

Horn . .amparature
% Pouer Pressure
Approxe Date Torque

Prerum

Suxface Preparation

BASIS FOR CALCULATIONS

Density Avres
1iD2 Factor
Ccn‘mém;s
C
, DATA
Tima Cumnlative | it, Cumnlative MDP Cumslative
Interval Time . Loss Wi, Loss ' MDP
0.VE£8 | 7e8

! /b /012783

16.2Y 24./0

1c76 147 85

(961 127451

(967 |§ 7.4 0

N

NG SN 2T N

(740 iy 40




MATERIAL DAMAGE SHEET
Material SO&8 - L AS
Number W =L
L RUNNING CONMLTIONS
Horn . aparature
7 Pouer Pressure
Approxe Dafe Torqua

Prerum

Surface Yreparation

BASIS FOR CALCULATIONS

Censity Arxea
14D? Factor
Lompnents
DATA
Time - Curniative [ tite Cunulative MDP Cuimilative
lnterval Tine Loss W&, Loss ' MDP
. { 563 | & 53
[6.94 |2547

1801

/7.7 ©

1625

2%
5403

14839 |

49737

3 1 K703

@237

1526

s 3 *

(0 743




MATERIAL

‘ DAMAGE SHEET
Hagzevial 20O =4 -WXR - /
_Number W '& —
o : RUNNING CONMTIONS
Homm . .npargture
7. Pouer Pressure
Approx. Date Torque
" Prevum

Surface Preparation

BASIS FOR CALCULATIONS

‘Densiay'

1DP Factor

JE 03

¢B8.64

Coﬁmenus
. DATA
Tima Curnletive | Wi, Cumnlative HOP Cumslative
Interval Tiwe Loss Weo Loss NOP
1 1/ 0706 | 708
/1 Z (324 |20p.29
/ 3 (441 |34.7 0
/ 4 /684 |51.54
/ o /700
/ <
/ )7

8 4.6/

00,9 7

e




MATERIAL DAMAGE SHEET

HMagevsal 308 -L - I‘S "\UM ‘ ) : -

Noamber . \N-32 _

o RUNNING CONMTIONS
Horn | . .apa2rature
7 Pouer | Pressure
Approx. Date . B Torqua
Prerum .

Surface Preparation

BASLS FOR CALCULATIONS

Density Area
14DP Factor
Conment s
DATA
Time Cumnlative | Wk. Cumalative MDP Cumlative.
Interval Time . Loss Ws. Loss ’ NDP
1 o6 .6/

-3

1457 | 2220

/6.00 | 28.20

/

/ 182/ |87 90

~—

4
{
/
/
7

|

/
Z
-
VN> 3 &9
S___| 1689 %;6‘9
2
7

/172 gg ®o

-




ATERIAL DAPIAGE SHUET

L1 A L £ AL T IR P5 n0 S

697\ g

- S e
,
RUNNING CONMTICHS
R Azt S— N b s
sin cempREatute
e S bt .
% Pousy Presoure
SOpRON. Date Toygue
Prarum
uriace Yroparvation
. BASTS FOR CALCHLATIONS -
Dansity Ayeg
o o vy e Gesara A v "k § Stk e it
“DP Yactor —— o
Comimant s
DATA
Yime Curnlative | Wi, Cunlative MR [ Cumelative B
e i .-
Interval Tive Loss Weo Loss ' NP

(527 b220 |

/5,88 15300

/6895

el

/ ,

G T S AL “““

BT IYE BT
A 7 /740 14/84 | .
] | [ _‘
! l ! )

o ! e




MATERIAL DAMAGE SHEET
Viagovial Q0% ~Wive -
. Nuuber X =2
L RUNNING CONMTIONS
tHorn . .mpergture
7. Pouey Pregsure
ApPproRe Daa.e | Toxque
Prorum
Surface Praeparation
BASIS FOR CALCULATIONS
 Dansity | Area
_ 14DP Factor
|
-Comment.s
_ DATA
Time Comnlative | W, Cumulative lv*DP. Cumslative
Interval Time | Loss Weo Loss ' MDP
. /% /30 [ [ 20
4 2 217173 47
4 3 /36812717
1 4 2079 47 q4
{ g (966 6760
z 2 1740 185.0 0
1 7 115 196/ 5y




HATERIAL DAMAGE SHEET

Vateviat  [31€0s Bokd

Number . 3/ -1/
L RUNNING CONI;ITIONS
torn » . .aperature
% Power ‘ _| Pressure
Approx. LDate . . ' forque
Prorym . '

Surface Preparation

BASIS FGR CALCULATIONS

Uansity , Aresg

¥DP Yactor

Comment.s
DATA
Tima ‘ Cumnlative | Wk. Cumnlative HOP Cum:lative
Interval Tine Loss Wi, Loss ' NDP
. - / 62 { 2649
/ £ 07 | 26.67
J 3 I8 | 563
. 1 V2 L7265 43,28




MATFERIAL DAMAGE SHEYFT

Weteritl SO WITe WA

Number V-2
RUNNING CONDITIONS
| Horn ’ : Temperature
% Power Presgsure
Approx. Date Torque
Prerun

| Surface Preparstion

BASIS FOR CALCULATIONS

Density | Area
MDP Factor
Comments:
DATA
Time Cumulative Weight Cumulative MDP Cumulative
Intervel Time Loss Weight Loss MDP
/ / 769 767
/ 2 /1638 74.07
/ Z /9.8 1f35P
7 7 (567 16277
; 5 8 !? g 0,7 ,;
R G 2 o,Q/ | 0.7
! / 1 7./0 Yp7. 89




MATFERIAL DAMAGE SHEERT

veril 208 W Ire WS-

Number v —.%.

‘ 4 RUNNING CONDITIONS
Horn Temperature
% Power Pressure
Approx. Date Torque

Prerun

Surface Preparation

BASIS FOR CAIfULATIONS

Dengity ! Area
MDP Factor.
Comnents:
. DATA ,
Time Cumulative | Weight Cumulative MDP Cumulative
Interval Time Loss Weight Loss MDP
/ / 706 V.66
Z/| =z [12.7% | 2¢.50
£/ 1 Z (905 145875
£ 71 Z (397 |c452
WA /838 18380
¢ /1 £ /]38 r/'oo.55
[ /71 7 (6§85 Yi7.38




MATFRIAL DAMAGY SHEFT

Vel By E 20 —S72E SO

Number _Z-2 —7

| RUNNING CONDITIONS
Horn Temperature
% Power Pressure
Approx. Date Torque

Prerun

Surface Preparation

_BASIS FOR CALCELATIONS

MDP Factor
Comments:
DATA ,
Time Cumulative | Weight Cumulative - MDP Curnulative

Interval Time Loss Weight L.oss MDP

/ / /292 )2 72
/ Z " 9/.65 A 3435
( 3 | 28797 | 67.05
/ 4 /376 7/ 00
/ 5 2036 9 /. 3¢
/ 2 /882 /9 4K
{ 7/ /1556 {125.74




MATFERIAYL DAMAGE SHEET

vtertl £ — 270 o

Nuomber =) -2 /
) )
RUNNING CONDITIONS

HoJ:n , Temperature
% Powezr ' Pregsure
Approx. Date Torque
Prerun

Surface Preparation

BASIS FOR CALCULATIONS

Denaity | Area
MDP Factor
Comments:
DATA
Time Cumulative | Weight Cumulative MDP Cumulative
interval Time lLoss Weight Loss B MDP
/ =i 469 5.6
7 Z 1044 | 7273~
7/ Z 7077 25
{ 4 9.1/6 3¢ 0°
{ H 9.92 48592
¥ ¢ /0600 Y 65462
] 7 EAVANIIE




MATFRIAL DAMAGE SHEYT

Muteriel Z L£/6

Number _Z,-35

RUNNING CONDITIONS
Horn Temperature
% Power Pressure
Approx. Date ' Torque

Prerun
Surface Preparation

BASIS F?R CALCULATIONS

PR N L T AR A O TN
Density | Area

MDP Factor

Comments:

DATA A
Time Cumulative| Weight : Cumulative MDP Cumulative
Interval Time ~ Loss Weight Loss MDP
/ / 4.95 | 4.-96
4 Z 982 |/4.77
/ 3 7.¢3 |74.30
/ 7 {055 |34.86
/ 5 94 8 4433 i
A & (2.2 156 .26
B 7 /3 #7169 52




MATERIAL

,,,,,, _,_._ﬁl RP3IBALY
 Number . -
e RUMNING (:o‘Nl;luo:es
orn ..aparature
% _Pouer Pressure
Approx. Dete Torque

Prorvua

Surface Preparation

BASIS FOR CALCULATIONS

Lensity Area
1P Factor
[
Covments
DATA
Time Curnlative | Vit. Cumnlative HDP Cumulative
Interval Time . Loss Wi, Loss ’ NDP

3.25

245

10.19

/354 |

9.80

2324 i

J3.30

~ N (5\<§J:U YN

] 940 | ¥290 1 ._
T £.90 | _451.%0 _
o 2.70 | 4050 /




MATERIAL DAMAGE SHEET
Hatevial ZQLQOSQQ'QQ
Numbexr . _ g 2 -2
L RUNNING CONMTIONS
Horn | ..nperature
7 Pouer Pressure
Approx. Dake Torqua
Prerum
Surface Preparation
BASIS FOR CALCULATIONS
‘ Déusity Area -
14DP Factor -
Comment s
I
DATA
- Time Cumnlative | Wk Cunulative MDP Cutslative
~ Interval Tite Loss We. Loss ’ MDP
! | 1057 | /097
! <. (897 | 29.7%
I 3 2307 | 5305
1 Y /%38 | .45
] 5 L6722 8834
i A W4 L2 | [ 02/ 20
1 7 [2%" | [22.45"




MATERIAL

¥azevial Lieosbaro

Number . < 2 -3 »
L RUNNING CONDLTIONS
Horn . .apavature
% deér’ Pressure .
Approx. Dste Torque

Prorum

Surface VYreparation

BASIS FOR CALCULATIONS

Censity Axea
19D? Faetor
Comments
DATA
Time Cunnlative | WE, Cumulative MDP Cumulative
Interval Time . Loss Weo lLoss ’ NDP
. 9.5/ 75l
I R 18006 | 2751/
rd
| 3 10.05 375%
1 A 42 | 5l77
S S 10272 | GY47 L
l G 612 |75/
'J_ 7 R4S 1 9206

L




MATERIAL

RUMNING CONMNLTIONS

tiora . -mparature
% Pousr Pressure
Approxe. Date Torque'

Prerum

Surface Preparation

BASIS FOR CALCULATIONS

Censity Area
13DP? Faetor
Comment.s
DATA
Time Curulative | Wi, Cumulative MDP Cunzlative
Interval Tine . Loss Ws. Loss ’ MDP
) ! 190X 4 0044
) 2 1.7/ 219
I 3 720 937
) ya L8O | /117
) 4 g | [0y
/ 6 < & 0.84
] 7 417 | 2503




MATERIAL

hagevial _.@1 D3 36D

Number A-2 _

L RUBNING CONMLTIONS
torn . -aparature
% Pouer Pressure
APPHEORoe Dat_e Torque

Prerum

Surface Yreparation

BASIS FOR CALCULATIONS

Bensity Area
1ADP Factor
Comment. s
DATA
Tima Cunnletive | Wto Cunalative MDP Cumsiative
Interval Time Loss We, Loss ’ MDP
A . 0.32 032
/ 2 3.6l 3.23
- / : 3 «of 792
l 0% 2 b 0,55

L




MATERIAL

DAJIAGE SHEET

Vagevial b NLOSEOZD

Nuber . A'—3

L RUNNING CGN[;ITIONS
Hotn . .aparature
7 Pouer Pressure
Appiox. Date Torque

Prerum

Surface Yreparation

BASIS FOR CALCULATIONS

Density Area
1sDP Factor
Comment. s
DATA
Time comulative | Wk, Cumnlative MDP Cumslative
Interval Tine . Loss Wo loss | ! MDP
1. / Q.5 0.5
1 =2 LU LA
] 3 v.20 ;O
] pa S0 | /125
I A W7 19.8%
{ é /) 4 | o25:30 i
! 7 L /0 | 3660




VATERIAL DAMIAGE . SHEET

Magerial 61 Lpssbed

Numbexr . 63"”/

RUBNING CONNLTIONS

- ron

Horn L .aparature
7 Pouerx Pressure
Approxe. Date : - { Torque
Prerum

Surface PYreparvation

BASIS FOR CALCULAYIONS

Density : Area

MD2 Factor

Cemments
DATA
Tima C%mulaéive Weo Cumulative HOP Cumilative
Interval Tine Loss Weo Loss ' MDP
1o / L3 | __L.63
/ 2 1220 | /823
! 3 A37 | 7460
A g 1239 | 5495
/] g (& 2010
[ A ot | .24 /
| 4 7 /801 104,00 /




MATERIAL

DAMAGE SHEET

L RUNKING CO\NI;ITIONS
Horn . aparature :
% Power Pressure
ADPEORe Dage Tofqua

" Prerum

Surface Preparation

BASIS FOR CALCULATIONS

Censity Area
1DP Factor
| Comment s
, DATA
Time Curnietive [ Wt, Cumunlative HOP Curslative
Interval Time . Loss Wi, Loss ’ NDP
- / G2 |\ (6.7
! 2 (552 | 2267
/ 3 b2 | 353
A 4 (4502 | SV
Y. 3 5 |\ 7620
l ¢ 2632 | £722
/ 7 1633 _[[03.53
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MATY
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Fosoevial Bl €N BILH.

4 o
_Number [3 -3
o RUNNING CONNTIONS
Horn

. -apargture

% Pouer

Pressure

Approxe Date

angue

Prarum

Surface Preparation

BASIS FOR CALCULATICNS

Densicy Area
1DP Factor
(iommeu(: 8
DATA
Tima Cumnlstive | tito Cunaalative MDP Cutrmilative
Interval Time Loss Weo Loss ' NDP
oo / 3.2¢ J24
/ 2 2416 | 2240
RS / \3 }1/30 c%.70
J ' 1520 | 5120
/ s 1630 | (x.20
L é. LbR2D | YYD
/ 7 loSo_| /0070 '
- |




MATERIAL

Haterial Bu(o_ss'oaec)

__Number (),/" Vi »

L ' RUBNING CO‘Nl;ITIONS
Horn ..aparaturte
7 éd&er' Pressure
ApproXe Dage Toxqua

' Prerum

“Surface Preparation

BASIS FOR CALCULATIONS

Density Area
1DP Factor
Commem:é
DATA
Timé cunnlative | ko Cumulative MDP Cumulative
Interval Tiue . Loss Wto Loss MDP
[ 2 Y L2 | /855
] 3 [¥77 1.3330
} %4 sl | 8L
/| CE /X v AR WA, AL
] A (250 | 7878 \ 7[
L 7 | 23/ | 9/.07
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MATERIAL DAMAGE SHEET

<

‘I«iaz:c:rial. B/(D-S Bb‘j)

Namber . (0 /-&

RUNNING CONMTIONS

Horn : . .aperature
% Pousr Pzessure
ApproR. Date - § Toxque
Proyum

Surface Preparation

BASIS FOR CALCULATIONS

Density ’ Area

14DP Factor

Cowment. s
DATA
Time - Cumnlative | Wt Cunulative HOP Cumslative.
Interval Time . Loss We, Loss . MDP
Lo, / S24. 5.2
! 2 (3200 1 /8.2
) 3 VEARIEX S
| Y sz | .38
/1 5 522 | LLéd
T 7 AR 27 /
. g | Je2s | 997 ;
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MATERIAL

Namber (/-3 '

. RUNNING CONDLTIONS
Hotn . -aparature
% Pouer Pressure
Approxe Dage Torque

Prerum

Surface PYreparation

BASLIS FOR CALCULATIONS

Censity Ares
14DP Factor
Comments
DATA
Time Cumnlative | Wi, Cumniative HOP Cummslative
Interval Tine . Loss Wto Loss ’ MDP
. / Y2 y o)
/ 2 pa'A e 299%
/ A 3 la2 | T
1 oA 2430 | #5900
| SV 4506 | Gk
1 o 542 ! T9LE
/ 7 4502 | §¥.20
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