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SUMMARY

A program was conducted to prepare & demonstration 0S0-I type
baseplate of a low thermal-expansion materf{ul--Owens~-Illinols Cer-Vit
C-126--and to evaluate its dimensional stability after exposure to
thermal cycling and mechanical vibration. The results indicate that
Cer-Vit C~126 baseplates of relatively simple design can be successfully
cast and machined, although the demonstration article produced in this
program deviated somewhat from design specifications. TFurthermore, it
is likely that baseplates of more sophisticated designs and improved
structurai efficiency can be prepared from Cer-Vit C-126.

Some uncertainty exists relative to the dimensional stability
of the baseplate. Thermal cycling 3N times from -46 to +38 C (-50 to
+100 F) caused an apparent uniform growth of about 5 to 8 x 10-6
inch/inch. Exposure to mechanical vibration was not attempted due to
deviations of the plate from design tolevances and to the fact that the
plate was not designed to withstand a typical vibration spectrum for
launch into earth orbit. Instead, the baseplate was subjected to five-
vacuum thermal cycles from -100 to +100 € (-150 to +210 F). The effect
of this latter treatment on dimensional stability is uncertain because
of possible detrimental effects of ths treatment on the measuring

instrumentation.,
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FABRICATION AND EVALUATION
OF AN 0S0O-I TYPE BASEPLATE

by

€. W, Marschall

INTRODUCTION

Spectrometers in an orbiting solar observatory (0S0) require
a dimensionglly stable baseplate in order to function properly. Thus,
the material from which the baseplate is made (1) must not distort
permanently under its own weight and the weight of instruments over
long periods of time prior to launch, (2) must neither distort permanently,
nor fracture, under the relatively high, short-duration stresses and the
mechanical vibrations encountered during launch, (3) once in orbit, must
not undergo excessive reversible dimensional changes associated with
thermal expansion and temperature variations, and (4) must not distort
permanently over long periods of time under the influence of temperature
cycling associated with light/dark cveles of the observatory.

In 1970, at the time that NASA-Goddard Space Flight Center
issued RFP No. 17251-103 for fabrication and evaluation of an 0S0-I
type baseplate, three main candidate materials were considered: beryllium,
TZM molybdenum, and a glass-ceramic material, Owens-Illinois Cer-Vit C-126,
Several properties of importance in dimensiovnally stabl~ design are com-
pared for these three materials in Table 1. Although beryllium has the
lowest density and highest modulus anyg TZM has the highest microyield
strength, NASA selected Cer-Vit C-126 as the laseplate material on the

basis of its near-zero thermal expansivity and its relatively low density,
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TABLE 1.

COMPARISON OF PROPERTIES OF CANDIDATE

MATERTALS FOR 0S80 BASEPLATE

e — e ——

Thermal Microyield
Density, Young's Modulus  Expansivity, Strength
Material ks/m3 lb/in3 GPa psi 10-6/'K MPa ksi
§-200 Beryllium 1855 0.067 293 42.5 x 106 11,5 nlh A2
TZM Molybdenum, 10240 0,37 295 42.8 x 106 5.4 360 52
Stress relieved
at 2200 F
Owens-Illinocis 2510 0.091 B85 12.3 x 106 -0.35 >83 >12

Cer~-Vic C~126

Accordingly, early in 1971 NASA issued a contract to Battelle's

Columbus Laboratories for preparation and evaluation of an 050-I type

baseplate. The plate was to be fabricated from Cer~Vit C-126 under a

subcontract to Owens-Illinois, Incorporated, at their Development Center

in Toledo, Ohio.



- T AT

PROGRAM OBJECTIVES

The program had two primary objectives:

(1) rFabrication of a Cer-Vit C-126 baseplate having nominal

outside dimensions of 54 x 13.5 x 2 inches.

(2) Evaluation of the dimenq&pnal getability of the baseplate

after thermal cycling 30 times between -46 and +38 C (-50
and +100 F) and after mechanical vibration.

The vibration was to be accomplished at NASA-Goddard and was
originaily intended to simulate a typical launch spectrum. However, during
the plate design stage of the program, it was agreed that the vibration
severity would be lessensd because the baseplate was to be a demonstration
unit of unsophisticated dezign. Late in the program, NASA personnel decided
against vibrating the baseplate and elected instead to expose it to thermal

7

vacuum testing (5 cycles, +100 to -100, 10" mm Hg).

MATERIAL

Cer-Vit C~-126 is a structural grade of low-expansion glass
ceramic developed by Owens-Illinois, lncorporated. Although its compo-
sition is proprietary, it consists of various oxides -- Lizo, A1203,
5102, for exemple —-- und nucleating agents. It is originally cast as a
glassy product that exhibits positive thermal expansivity. The glass is
subsequently heat treated to cause partial crystallization. As crvstal-
lization proceeds, the thermal expansion coefficient gradually declines,
reaching zero or even slightly negative values, The mixed microstructure

of ceramlic crystals in 2 glass matrix gives rise to the name glass-ceramic.

E i o
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Because uf thelr potential ugefulness in high-precision optical
systems, Cer-Vit C-126 and other glass and glass-ceramic msterials have
come under careful scrutiny from the standpoint of micromechaniczal
behavior and dimensional stability. Each of these materizls can be
classified as brittle and, hence, incapable of supporting lerge stresses
in tension without fracturing. The us.ial maximum design stress fur
brittle materials is 10 to 15 percent of the modulus of rupture of
abraded bend specimens. This means that the maximum design stress for
Cer-vit C-126 is likely to be about 14 to 20 MPa (2 to 3 ksi). For this
reason, most studies of micromechanical behavior have been limited to
relatively low stresses.

Evidence currently available indicates that Cer-vit C-126
experiences little or nu permanent plastic strain when exposed to short-
duration external loading and, hence, has a microyield strength that

(1)

equals or exceeds the fracture strength. Its behavior 1s not per-
fectly elastic, however; anelastic effects are often observed. Upon
removal of an applied stress of sufficiont magnitude, some residual
strain will be present but this will gradually disappear with time. The
greater the applied stress, the larger will be this anelastic strain.

Paquin and Goggin,(z)

who tested mirror disks with a centrally applied
load and uniform edge support at a reported strain sensitivity of

b x 10"8, found that at an applied stress of 20MPa (3 ksi), the anelastic
strain was 0.9 x 10-6. Approximately 5 hours were required for this
strain to disappear.

These anelastic effects are undoubtedly responsible for the

reported reduction in apparent modulus with increasing stress for



(1)

Cer-Vit C-126. As shown in Table 2, Young's modulus measured over a
stress range of 0 to 70 MPa (0 to 10 ksi) is approximately 2 percent

less than that measured over a stress range of 0 to 14 MPa (0 te ! ksi).

TABLE 2. YOUNG'S MODULUS VALUES OBTAINED IN
COMPRESSION TLSTS ON CER~VIT C-126. (1)

Young's Modulus (106_psi) for Indicated Stress Range

0 to 2 ksi 0 to 4 ksl 0 to 6 kst 0 to 10 ksi
12.19 12.17 12.08 11,98
12.16 12.04 11.98 11.90
12.16 12.08 12.02 11.92
Average 12.17 12.10 12.03 11.93

Exposure to stress over long periods of time produces little
microcreep if the stresses are maintained at a relatively low level.

Paquin and Goggin,(z)

employing centrally loaded edge-supported mirror
disks, reported that the permanent strain is no greater than about

0.1 x ].0"6 when the maximum fiber stress does not exceed 35 MPa (5 ksi)
and when sufficient time has elapsed after removal of the load to allow
recovery of anelastic strains to occur. At higher stresses, significantly
greater amounts of microcreep have been reported. TFor example, in com-
pression tests at 70 MPa (lU ksi), Cer-Vit C-126 exhibiierd creep strains
of nearly 20 x 10_6.(1) These measurements were made while the specimens

were undar load. After the load was removed, the creep strain was observed

to recover gradually with time.

B



In view of the sbuve cbservations, it appesrs that stress-
induced dimensional instabilities in Cer-Vit C-126 are extremely small,
80 long as the rtresses are kept at low levals. Assuming design stresses
no greater than about 20 MPa (3 ksi) to avoid brittle fracture, this
material may be assumed to exhibit nearly ldeal elasticity.

Somewhat less is known about the dimensional stability of
Cer-Vit C-126 in the absence of external loading. A mirror sample
subjected to 100 thermal cycles between -46 and +38 C (~50 to +100 F)
exhibited a figure change of only 1/25 (0.08 x 10_6 strain), where A

(2)

is the wavelength of the light employed in the test. These cbserva-
tions do not precludc the possibility that dimensional changr - may have
accompanied thermal cycling. If small dimensional changes did occur and
if they occurred uniformly in all directions, they would not produce a
shape change. Other types of tests would be required to reveal small
dimensional changes.

Beged on tke available experimental evidence, low expansion
Cer-Vit C-126 appears to possess attractive pruperties for ugse as a base-

plate in an orbiting solar vbservatory. This program was undertaken to

further assess the potential of this material.

BASEPLATE TABRICATION

Fabrication of the Cer-Vit C-126 baseplate was subcontracted
to Owsens-Illinois, Incorporated, under Battelle Puvrchase Order C-9905,
dated 1 April, 1971. At that time, the exact configuration of the base-
plate had not been finalized. The contrac stated that the baseplate

configuration would be nominally the same as a typical 050-1 experimental



optical bench employed with a 1000 mm Ebert Spectr -eter, with ocutside
dimensions of approx*mately 54 x 13.5 x 2 inches. Drawing ER47R216224
for en $-200 beryllium baseplate was to be used as a guide after revi-
sion to the abuve dimensions. The desired weight was 55 pounds or lass.

In attempting to design a Cer-Vit C-126 buseplate within the
above framework, Owens-Illinois personnel became concerned with the
conditions that such a baseplate would experience during a launch into
earth-orbit, Thelr analyeis, based on information supplied by NASA-
Goddard, indicated that the vibration and acceleration envelope might
induce dangarously high tensile stresses in certain regions of the
baseplate. Accordingly, they took the pusition that optimum perfurmancs
could be obteined only by designing an integrated system including the
basaplate, dust cover, support structure, and the method for attaching
instruments to the baseplate. A major design effuct of this nature was
not possible within the cost framework of the program. Thus, compro-
mi- 's were reached, based on the understanding that the Cer-Vit C-126
buseplate was to be a demonstration article that would not be launched
into orbit and that would be tested only within the limitations recom-
mended by Owens-Illinuis.,

The final design submitted by Owens-Illinois and approved by
the NASA Project Officer was a simple flat plate meusuring 54 x 13.5 x 1
inch (Owens-Illinois wrawing Nu. E-340-15-6). As shown in Figure 1, the
design specified 42 through-the-thickness holes for mounting instruments.
In uwddition, 53 holes were to be drilled through the plate in the width
directiun at mid-thickness to reduce the overall weight of the plate to

less than 55 pounds.
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A Cer-Vit C-126 buseplute blank was cast at Owens-Illinois and
subsequently given a proprietary h-.at treatment to develop the degree of
crystellization necessary to aclideve near-zero thermal expansivity.
Machining of the confipuration shown in Figure ] was then carried out and
the baseplate wus delivered to Battelle, Figure 2 is & photograph of the
finished plate. A copy of the inspection report furnigshed by Owens-
Illinois is included u«s Appendix A of this report.

Examination of the inspection report reveals that design toler~
ances were met in most, but not all, cases. Where delvations cccurred,
they were generally small. Howaever, two devi.tions of a somewhat more
serious nature ere not evident from the inspection report. First, dt: to
improper positioning of & hole-drilling template, the 42 through-the-
thickness holes were impreperly located relative to the long edges of the
plate. This deviation was of the order of 0.5 inch and is evident in
Figure 2. Second, muny of the machined holes, which were to have had a
1/64-inch radius where they met the plate surface, were chipped. The
templatn wag returned to Owens-I.linois for further inspection and reworking
of these chipped areas, The Owens-Tllinoi: inspection report of chipped
holes is included as Appendix B, It shows that most of the holes contained
chipped edg->s, many of them severe. The hole edges were subsequently hand-
chamfered at Owens-Illinols to minimize the likelihood that cracks would
l« present in these regions. The reworked plate was then returned to
vuttelle. A photograph of several hand-chamfered holes is shown in
Figure 3. 1Inasmuch as neither of the above-described defects appears to
jeopardize the subsequent evaluation of the baseplate, the NASA Project
Officer recommended Battelle's acceptance of the reworked baseplate from

Owens-Illinois.
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BASEPLATE EVALUATION

A precision strain-gage technique was selected for monitoring the
dimensional stability of the Cer-Vit C-~126 baseplate. Previous experience
on low-thermal-expansion materials had indicated that similar strain-gage
techniques for monitoring dimensional stabillity are reliable within about
+2 x .lO-6 for observation times of up to ten months.

Iwenty-four (24) electrical resistance foil strain gages (12 per
side) were cemented to the plate in the locations shown in Figure 4. This
arrangement of pages was designed to indicate changes in length, changes

in width, and changes in flatness of the plate.

Procedures for Applying Strain Guges to Baséplate

Procedures for employing strain gages to measure dimensional
stability were developed through consultation with speclalists nt
Micromeasurements, Incorporated, in Romulus, Michigan. These procedures
were used to minimize errors arising from instrument drift, gradual changes
in gage resistance, gradual changes in lead-wire resistance, change in
contact resistance, and moisture effects,

Materials developed in gaging and wiring were obtained from
Micromeasurements. They included:

WK-00-250BG~350 strain gages with option B-100

Terminal strips--Type CTF-50C

M Bond AE-10 Epoxy (room temperature setting)

Neutralizer (water, detergent and ammonia)

Conditicner (a weak acid solution)

Cauze pads

Cellophane tape (old fashioned)

Rosin solvent
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Svlder--Type 360-20R
Wire--Type 429-DFV (flat, vinyl, four conductor cable)
GT-14 Pressure Pads (3/32" x 1" by 1/2" f£1licone Cum

aud 1/8" x 1" x 1/2" Aluminum)
Cagekote No. 2 (W. T, Bean)

GCagekote No. 5 (W. T. Bean).

The location for each strain guge was thoroughly degreased and
cleaned using conditioner and neutralizer. The gages and terminal strips
were positioned with cellophane tape. AE-10 cement was applied to the
plate surface as well as to the back of both gages and terminal strips.
The gage assemblies were pressed into place with thumb pressure and a
small silicone pad and aluminum plate were placed over each gage. These
were then weighted to apply the necessary 10-15 psi pressure overnight,

Each of the four wires frum the gage was soldered onto a
terminel strip with a slight strain-relief loop left in the wire. A
length of four-conductor flat cable was then soldered to the terminal
strips. This configuration provided two leads from each side of the
strain gage. The need for this is explained later. The cable was then
tacked down with a drop of Duco cement about two inches from the gage, to
prevent movement of the wire.

Each gage was then encapsulated with Gagelote No. 5 over a
precoat of Gagekote No, 2.

Readings were taken with a BLH €-120 strain indicator factory
modified to read to 0.2-~microinches per inch. The fourth wire from each
gage allowed switching of the leads so that two different quarter-bridge
readings could be taken. The average of these two readings produced a

value not affected by contact resistance.
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Effect of Thermal Cycling and Vacuum Thermal Cycling on
Plate Dimensions

Initial strain gage readings were'taken in a room controlled
at 20 + 0.15 C (68 + 1/4 F), with the baseplate laying flat upuvn a
l-inch felt pad. The baseplate was then placed in an insulated chamber
and thermal cycled in air thirty (30) times from -46 to +38 C (-50 to
+100 F). Both heating and cooling were done at relatively low rates to
avoid thermal shock. Each complete cycle was accomplished in about 6
hours. Cycling of the plate was done only during normal working hours.
The total elapsed time to complete thirty cycles of heating and cooling
was about 40 days.

Following thermal cycling, the baseplate was returned to the
20 € room fer additional strain gage readings. Changes in individual
gage readings are shown in Table 3. The data indicate that thermal
eycling caused the baseplate to expand by approximately 5 to 8 x 10-6
in/in in both the width and length dimensions. The fact that growth
indications were gimilar on both sides of the plate suggests that little
bending or warpage occurred as a result of thermal cycling.

Following the thermal cycling tests, the baseplate was care-
fully packaged and sent to NASA-Goddard for exposure to mechanical
vibrations. However, for various reaons, the Project Officer decided
against subjecting the baseplate to mechanical vibrations. Instead, the
plate was subjected to five cycles of thermal-vacuum testing.

In the thermal vacuum tests, the plate was instrumented with

-7
12 thermocouples and placed in a vacuum chamber. A vacuum of about 10 "mm
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TABLE 3. CHANGES IN STRAIN GAGE READINGS
FOLLOWING THERMAL CYCLING AND VACIIM
THERMAL CYCLING OF CLR-VIT C-126
BASEPLATE
Change in Gage Reading (.I.O'-6 in/in)
Following Treatment Indicated
0 Cycles From 5 Thermal Vacuum Cycles
Gage Gage (a) ~46 to +38 C from =100 to +100 C
Position Orientation (-50 to +100 F) (-150 to +210 F)
Top-side 1 L (v) (b)
2 T +5.8 +29.1
3 L +5.4 (b)
4 T +8.4 +30.9
5 T +6.3 +21.5
6 L ~1,2 +40.8
7 L +7.2 +33.8
8 T +9.1 +22.0
9 T +7.8 +32.6
10 L +7.0 +25.5
11 T +8.4 +16.0
12 L +6.6 (b)
Average change (L-orient.) +5.0 +33.4
Average change (T-orient.) +7.6 +25.4
Bottom-side 1 L +7.2 +129.6
2 T +9.0 +71,5
3 L +5.8 +46,3
4 T +4.6 +59.9
5 T +3.5 +43.6
6 L +9.9 +48.5
7 L +12.9 +31.6
8 T +5.0 +45.2
9 T (b) (b)
10 L +4.6 +34,1
11 T +15.6 +49 .8
12 L _+6.0 _+23.5
Average change (L-orient.) +7.7 +52.3
Average change (T-urient.) +7.5 +54,0

(a)
(b)
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of mercury was drawn in the chamber and the plate was gradually heated
to about 100 € (210 F) and then gradually covled to room temperature.
This half-cycle of testing required an entife working day (about 8
hours) for completion. On the next working day, the plate was gradually
cooled to about -100 € (~150 F) under vacuum and then gradually warmed
*0 room temperature. Again, this half-cycle of testing was accomplished
in about 8 hours., A total of 12 days was required to cumplete five
complete cycles from +100 to ~100 C (+210 to -150 F).

Following the thermal vacuum tests, the plate was again
carefully packaged and returncd .. Battelle for additional strain-gage
readings. In a letter accompanying the baseplate, NASA personnel
pointed out that the protective coatings over several strain gages had
cracked as a result of the thermal-vacuum cycling. In addition, inspec-
tion at Battelle revealed that many of the electrical coraectors at the
ends of the strain-gage lead wires were loose and required retfch™tening.

Strain-gage readings were again taken in a 20 C room with the
baseplate resting flat upon a l-inch felt pad. Changes in gage readings
relative to the original readings are shown in Table 3. The data indi-
cate that the plate underwent additional growth in both the length and
width directions and that the bottom side of the plate hud grown somewhat
more than the top side. The latter observation implies that the flatness

of the plate had changed, assuming a slightly concave-~up shape.
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DISCUSSION AND CONCLUSIONS

One of the program objectives wae to determine whether a base-
plate could be successfully cast and machined from Cer-Vit C-126.
This objective was realized only in part. A plate was prepared at
Owens-Illinois, Incorporated, that had the desired vutside dimensions
of 54 x 13.5 x 1 inch and a weight less than 55 pounds. However, the
plate deviated from design tolerances in several ways: (1) the 42
through-the-thickness holes were improperly located relative to the long
edges of the plate, and (2) many of the machined holes were seriously
chipped where they intersected the plate surface., Discussions with
Owen~Illinois personnel indicated that these shortcomings could be
easily overcome in manufacture of additional Cer-Vit C-126 articles.

Evaluation of the dimensional stabllity of the plate was also
only partially successful. The deviations from design tuvlerances des-
cribed above, along with the fact that the baseplate was not designed as
part of an integrated system, led NASA personnel to eliminate mechanical
vibration expusure and to substitute vacuum thermal exposure. This, in
turn, gave rise to uncertainties in the dimensional stability measure-
nents, as described in subrequent paragraphs.

As noted in an earlier section of this report, work at Perkin-
Elmer Corporation has shown that Cer-Vit C-126 mirror blanks undergo
virtually no figure change after 100 thermual cycles between -46 and +38 C
(=50 to +100 F). It was alsv noted that this obgervation did not preclude
the possibility of dimensiounal changes, if such changes occurred uniformly

in all directions.

e ™
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The current investigation on a Cer-Vit C-126 baseplate indi-
cated that 30 thermal cycles over the same temperature runge as employed
at Perkin-Elmer did, in fact, cause ne material to grow uniformly by
about 5 to B x 10-6 inch/inch. B- .ause these observations are based on
strain-gage measurements with nu independently verifiable standard for
comparisen, they are subject tv questivn., However, based on Battelle's
experience in an earlier program in which identical gage installations
were employed with a verifisble standurd to measure the dimensional
changes in low-thermal-expansion materials, it appears that gages can be
read with a confidence of about + 2 x 10~6 over & period of at least 10
months, Since the time interval between initial readings on the base-
plate and those tuken after 30 thermal cycles was only sbout 1-1/2
months, the measured growth of § to & x 10-6 would appeuar to be real,

Considerably greater doubt must be raised about the gsage
readings obtained after the vacuum thermal cycling at NASA-Goddard,

Both the total elapscd time-~sbout 18 months between initial and final
readings--and the fact that vacuum thermal cycling caused visible damage
to the coatings protecting the gages act to decreuse confidence in the
results. On the other hand, with unly a few exceptions, the gage
readings are reasonably uniform on a particular side of the plate and
do not show a great deal of scatter.
The following conclusions may be drawn from this investigationt
(1) Cer-vit C-126 baseplates of relatively simple
design can be successfully cast and machined.
It is likely that mure sophisticated designs

can be prepared, employing conventicnal

P



(2)
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diamond-muchining techniques, that will permit
improved structural efficiency.

Thermal cycling 30 times frum -46 to +38 C

(=50 to +100 F) caused an apparent uniform growth
of sbout 5 to 8 x 10-6 inch/inch, Vacuum thermal
cycling 5 times from ~100 to +100 C (-150 to

+210 T) appeared to cause additional growth as
well as warpage. lHowever, this latter cbserva-
tion is subject to questiun because of possible
damage to the measuring instrumentation associated

with the vacuum thermal cycling.
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(1) Marschall, C. W., "Micromechanical Propertiss and Dimensional

(2)

Stubility of Materials for Use in Orbiting Observutories", Battelle-

Columbus Luborutories, Final Report, Contract No. NAS5S-11351,
June 16, 1972,

Paquin, R. A. and Goggin, W. R., "Micromechanical and Environmental
Tests of Mirror Materials'", Perkin-Flmer Corporation, Final Report,
Contract No. NAS5-11327, 1971.

" b e



B e

e TR

APPENDIX A

OWENS-TLLINOLS INSPECTION REPORT
ON CER-VIT C-126 BASEPLATE



B UNT e T el
BATTELLE MEVIORIAL INSTITUTE
54 » }3.5 x 1 DASEPLATE
P/N E-340-51-6
7/1 7/72»
nroTNG OR CONIRACT ACTUAL READING TYPE OP COMMENTS INSP,
oL e oy INSP, STAMD
[«
. SY. onr” C /\,'
54.000+0,015 54, 010" —r
T
Width 3. 502" ”’/\.,
13.50040,015 73. 503" N~
»
T
Thicknegsom PYPE § ot
1.000 0. 000 '
1-Slotted Hole Sae (\))\.."/..

See Attached

Attachment #3

10 Holes See ﬂ“/\\}
.560/.570 Dia. Attachment #3 N
Thru,

30 loles Sce CM
.255/.260 Dia. Attachment #2 o,
Thru,

53 Holes Drill See (v‘?\,s
Thru, Attachment #1 N~
.500/,520 pia.

G/N #1 A1l Sur= (,«. N
f be & o
iniens dhers | /25 oF BerreR -
wise Noted

G/N #2 Total (LAYS
Weight After

Finish Machining J3.50 LAs.

Approx, 50 lbs.

M N
Side to be parallel READING Rve L (P&A‘)
to C Datum within 2. 24 o
.005 (long side) 2.236
Side to be 2237 .

2.875 £ ,005 1-23", -}~ eos
2.7 [3-] .0!3
From C Datum 2 766

B e L

™ POOR QUALITY

ORIGINAL PAGE 18

i g

sl



. . Page _2_of _3
BATTELLE MBEMORIAL INSTYTUTE
54 x 13.5 x 1 BASEIIATE
P/N E-340~51-6
7/19/71
'DRAWING OR CONTRACT ACTUAL READING TYPE OF COMMENTS INSP,
RBQUIRE#{EN‘I‘ INSP, S8TAM?
g J_‘o’-""
FEADING P L :
'/ Edge to be Parallel 2.00% & e \3»
to B Datum within .,_"‘mq
(005 (short side) | 3 .ooe ~ll-.ces
Edge to be 2.000 2.0 /s ,00%
* ,005 from B Datum 2.007
' ,; K
/  Surface A to be “s \ D
. Flat within .002 o044 s ~
o
125 Finish on a)
Surface A DETT ER THAN 125 NS
7 Center L.ine of & 2.000 : LoME oTHER ”"""(;’;7 )
53 Hole to be 2.002 ARe. owvr oFf sAcl\| ‘.
Parallel to B %ﬁp‘f“” -/
Datum w/.012 ~|l- .00 ST
- . - /_l;
v/ Center Line of CENTER. LINE See ATTACH. o/ o’;
53 lloles to be beviaTe s A DAGE 2. oh
Parallel to Sur~- AIA% 1) M oF
face A w/.012 . » £34
- -
v pr¥
Surface to be . (‘7
Plat W/.OOZ ¢ 004_{' . ah
] 125 Finish on
1 Surface BeTTER THAN /25
—- /;::_;I s
! Surface to be ' K or/
Parallel to Do H’
A w/.005
Surface A to be » 7 \
Flat w/.002 ! g
B 7
! o
3/8" Radius on \ 7‘)
: Corner 4 Places & M b
e
| 1/8" Radius on { °—}
| Edges 8 Places ok N2
\
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BATTELLE MEMORIAL INSTITUTE

54 x 13.5 x 1 BASEPLATE
P/N E-340-51-6

DRAWING OR CONTRACT
REQUIREMENT

ACTUAL READING

TYPE OF
INSP,

COMMENTS

1/64" Radius Top
and Bottom
All lioles

a A

SIME  CHIPPING

Marking

Along Edge &
§ide Indicating
Datum Hole
India Ink QOver-
coated with
Shellac

ORIGINAL -PAGR
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BATTILLE MEMORYAL TWSTYITUTE

54 x 13.5 » 1 DASEPLATE
P/N E-34U~51-6

.500" DIA, HOLES THIRU SIDE OF
PLATE, TOLERANGE * 0.005

Lt + Rl

7/ G x>
Toe | piM, | ACluaL HOLE | DIM. ACTUAL HOLE | DIM. | .ACTUAL
NO, A NO. | AT NO, | "A"
y .75) o2st—y
2 2.063 2. 004 21 19,750 14.74% 40 40,2505 70 257
LI _ R L IAERS o942
3 2.813 2:¥07 22 21,125 22y 41 40,938 %
T.8552 22,717, 41 L3
& 3,563 3 sey 23 21.875 22974 42 41,625 4101
4.313 23,37 §2.T
5 4,313 G304 24 23.375 23.315 43 42,313 742.313
LT 11 2¢4.12 % 43,631
6 5,063 S ot 25 (| 24,125 24419 44 43,625 4302l
&.92F 24,}"/ W
7 6,938 Inz/i 26 24.875 U2 45 44,438 ofid, Yed
1.0%0 Zhie 9525
8 7.688 7.LT7 27 27.125 21120 46 45,250 Ay e8]
r.y2Y 1575 W
0 *8.438 437 28 28,750 7150 47 46,063 e 0t of
915E 9.8 02 46, TEL
10 9.188 7./87 29 29.500 $4.500 45 46,875 % ~F0. g7/
4931 30,1571 ) 41,69/
11 9.938 9. 935 30 30,250 20.248 49 47,688 4745/
W’/ Love g 5503
12 10.688 ¥4 31 31.000 30,7497 50 48, 500 HE. Sor
eI 2nI150"% ‘.“?'31(-,/
13 11,438 11,476 32 31,750 3114} 51 49,313 9.317
: 12./7 9 350~y soite
14 12.188 i2. 08y 33 32,500 32,488 52 50,125 YRArXi
o3y [@.asi 500
15 14,438 7Y.435 34 33,250 Iy.14%5 53 52,000 & L.000
1508 34751~
16 15.188 15,185 35 34,750 24174044
1874 1c, se
17 16,750 70,750 36 35.500 2543
17,501 W
18 17.500 77.580 37 36.250 X029y
15,25 37.09¢
19 18.250 TE.15) 38 37.688 7.0%2
{1000 39.570
20 19,000 {9.000 39 39,563 39, 567

ouT o~Ffr ToL

S

DIMENSION .



hd
! |

SEBRE & VL &
T T
e PIN £-340-51-6 e
HOLE NO, 1 1.000 * .005 DLMENSION @
. ACIUAL (003" ~"1.009" 7/76/75
. JIOLE HoLE ACTUAL DII:}."‘.‘KOM HOLE HOLE ACTUAL DIE;.E‘ROM
RO, SIZE AEAL A FAl NO, SIZE nen R A FAR
1. |0 tlll e e | 204 ng. |%ee e T LT, ‘sTs T
2. « 5,9 (1 $3) 29, N Yis ‘500 €L
3. + &IF ' yys 519 3u, ki 145 52
4, s LY S 31, ik AT 5277
5. T A%4s | 51 32, SIT 4507 Lfres
6, i s 49 8248 33, A 9%y S
7. ' 517 4T 523 34, XA oo e 5257
8, 517 99y 52T s, N 77 (1968 £2f
9, 579 14y +522 36, 15/ . 500 TS
10, 19 1194 1823 37. S 1A + 500 g I
11, 15/9 447 15228 38, 174 . 517 X
12, .£/8 (a0 ) §215 39, 78 185335 F220
13. NF-74 4 458 82y 40, 1k 5345 S A
14, i 1558 Sy 41, 56 1 £33 182
I 15. ¥ 19y +52%5% 42, %77 , TIES PR
16. 1315 FoL Sry 43, 1 S1G R i
17, s 1§00 'S20 4th, 576 e 520
18, Y ykd +$032 sS1ls 45, 5/ £385 S235 7
19, ST 494€ (5278 46, SH 22114 (E2 -
20. Tk <03 529 L7, ¢ ¥/l ‘53 g
21. ' 557 1497 (SIES 48, L 517 S2¢ 8 -
22, L7 44¢ F2e€ 49, =8 S5 L3 s
23, YT £03 5285 50, - 517 5228 (ST
24. P E1T sa3 5295 51, W 510 /.52 X154 (522
25, 157k + §ol +$27C 52. 9I< 8515/ .52/ SRLE) P F249Y
26. 870 + Joo » 5278 53. rLi T2 ‘Slo
27, SIY 146 525
¥ # VNDERCUT .ooa* APPRox. Ya” DEEP.
¥ ¥ 273 SMALLER DIMensSrion HowL IS THROUGH  EXCeDPT THE
FIvAal 17" whHiew TAPeRS 70 THE LARGER orefsire
DIMENS 10N .
NOTE : INDICATOR TyP twn V8" Frorl EILLE OF HOLES.
HOLE PARALLISAI /2 SURFACE A" AcCROSS 13" DIMENS 10/

ORIGINAL PA
" POOR QUALITY

——————. ¥

y

U

-

DEVIATES
GE IS

A A X s 1A

oF

032"



MO E  PACALLISA T0  SuncAce A7 ff“ﬂ"ﬂﬂf‘ﬂf # /
ACROSS 1 R"  DIAICKSIEN, P '7/5" p2A o 20T
le9/rz2 ;7/
LiAENS IOV £R20A1  tA” Bimension  FRon1 ‘a*

WLE Iyrae ane | car sise ~1l= ZERRoOR (WLE | MAR SINE | FAR Si0€ [-)|- gRECR
! 9T IS S2o05 |t | paa 29 41 G 288 |+ o3 ys
2 1 2 g2 |t ey 29  So0 28 | Y 02vVS
3| sq908 | 519 v Lords | 30 ] yew 28 ",036
4 Hadf S218 | Lews | 3y 49 % ;5278 | Loz9s
S 4GS 8519 “ o148 | 3L 968 S20LS | 030
6 Lzl 15245 | o285 | 32 4995 &2 “Lozgs
7 TG \3723 "L, 037 7Y . 500 ' S§280 | Lpasy
b Gy s S22 =T 3% 2 S I G688 ' $1F - ¥ Xy
? 4GS 1522 L0027 36 500 iT28E " i027TS
/o G ;5273 "L.029 37 500 1630 "L,e2o0
! TE §228 " Lozss | 37 $37 €288 = o118
12 4G 7 /5238 |t cozes | 19 §37 § 15238 | 018
/3 1 HGT 52 " Lo2é 4o 5343 827 “ Jp0bS

|4 AR Y Oy Ly "0 295 | ¢ 53] 1329 Yo,o04

Iy MG S258 (", 02785 4y .5I¥5 S295 1 o1

]G S0 28 (" .o23 43 P S32 '§265 [~ 0055

J7 +1500 S20 "ozt Yy 536 S206 " ,e10
157,503 526 Y Le2 3 45 535 (T28S | Lo09s

1 g 4GS S29% |* 033 A 537Y 1Sy Y- YKy

20 )Y 032 527 T -y ¥ 7 ‘537 '§255 | ocosy

2/ 4G WSS |0 o315 | 4% (2GS Ay 10018

i TR ' 8268 (" Lot F5 | 49 .533 s25 " ,o00¥

23 503 S225 |Y o024 5| 50 5339 TLIS |7 Lot w

2y 50 SLEY | 0265 | &y S35 .523Y | .er3

25 ey, A S I B g B .$32§ Y245 |v Loov

26 » 500 $29€C | 02FS | 53 1S3 'S 10 a Lol

27 Y9q 1529 ‘0320

MAXIVM:J Plvs ecloR— Hele £ 5  ,o039*
MAtiand — HolE # 39 ,o18"

MiNvs ERRR




Page

L of

I ————
; .255/.260 DIA,
HOLE LOCATION, S1zt anp _L
! 30 _ HOLES
p — 7/t 9/ 72
!’ [y
|| vmore ACTUAL{ LOCATION FROM B LOCATION FROM C 10 A [COMMENTS | I
% o NO, DRAWING ACTUAL DRAWING ACTUAL |[.005 PR
. 1 Da tum N/A Datum N/A R
2 ‘260 5.000+,005 s.o000 1.750£.005] 1 74% | .003 e
3 . 15.0002,005 | /4996 1,750,005 /747 | - AL
| 4 " 19.500+, 005 19,495 1.750+.005(  /.742 “ 1=~
l . ” - -
5 “ 21.500:.005 | 2/, 49% 1.7502.005 | % 1. 744 " N
! 6 . 127.000+.005 | 2749 1.750£.005] L7s2 | PR
i : 7o
; 7 " 33.000+,005 32.499 ¢ 1.750£.005| [,745 | | “|:
" et
, 8 ¥ 5.0002.005 5. 003 0.000x, 005 “ — 7
v "L =TT
E 9 (X 15.000:.005 ,4- ?99 0.0001’-005 i \ 3\ . —
: 10 " 21.500+,005 21, 4% 0.000+.005 " 1~
- g
| 11 “ 42.000:,005 | ‘42,002 0.000%.005 " \ K) X
- 12 ‘" 50,000,005 £0.000 0.000%.005 “ R /
/s .
13 by 27.000%.,005 29 00/ 2.000£.005] 1, 9494 % e
| 14 “ 33,000+, 005 32,4999 2.000£.005| 2.000 ‘" T =
15 v 0.000+.005 3.875:.005| .88 t L 1’
| 16 ' 36.0004.005 3¢.00% 3.875+.005| 3977 | « ] .
17 .“ 27,000,005 27007 5,750:.005| £.745 " 1’
<=
‘ 18 * 33-000:‘.’0005 ‘321‘{93 5-7502.005 5;743 i \
- ——
: 19 “ 0,000,005 7.750+.005| 7,750 " y O
A >
20 “ 5.0002,005 S.002 7.750£.005| 7,753 “ >
A
A= “ 15.000%.005 /4.99% 7.7504£.005) 7.75) . L= N
| 22 " 21.500+,005 21,502 7.7502.005| 7.753 v k\ ~
23 2 42.000%.005 42,006 | 7.750%.005| 2,355 | N
! CX -
24 ' 50,000+.005 50.003 | 7.7502.005 % 7,94, " T R
[ — <
W, .
* = DimensitonN oVT oF SPecC. N

. et e

ORIGINAL PAGE I8
AF POOR QUALITY



£ . Page 2 _of 2
bl
i .255/.260 DIA,
(0 HOLE LOCATION, SIZE AND L.
30 1IOLES

“\ —_ /1 5/7 2
h : L
R HOLE|. ACTUAL | LOCATION FROM B LOCATYON ¥ROM C TO A| COMMENTS | 1
; NO. DIA. | DRAVING ACTUAL DRAWING ACTUAL | .005 s..
Ty
> 25 | .z«o 5.000+,005| F:“G¢6 9.500+.005| 9.5e0l |.co3 Ll I"‘;
Y ¥ “'“f.l ~
[ 26 ' 15.000+.005| 15,0006 9,500+,005] 9.500 " o2
=
27 ' 19,500+,005| [9.564 9,500+,005] 9.503 N o l.'
il - e .
| 28 ' 21,500+.,005] 21.503 9.500+.005| 9503 " ‘ o
i; o ¥ , f >{‘-_.,
{ 29 ' 27,0002.005] 27,006 9,500£.005] 9496 | \oll s
3 30 a 33.0002.005 | 33.000 9.5002.005] 9498 | ! f
<

¥ : - DIMENSION ouT of SPecC.

= e am m — — v e et i ———— . -
T 3 - - —_—— il — ————e et e .



.560/.570 DIA,

Attachment No.
Page _1_of _1

.

HOLE LOCATION, SIZE AND
.y ' 10 HOLES
* —— 7/76/72
LOCATION FROY B LOCATION FROM C
HOLE | ACTUAL | “TRGAWINC ACTORT DITWITG ACURL ™ COVMENTS| 143
NO, DTA. €
1 569 0,000+,005 1.750+£.005 {74 ’
2 ] 12,312%,005 2315 1,750%.005 14 .
000+, 00 1.750+.005 .
3 " 25. 0002 3 28,000 .95 ’}:___
- 4 37.687+,005 1,750,005 ~ <
[ B 37-634 ’ljsz_ .
i 5 50,000+, 005 1,750,005 ce
" 50, 003 1L.750 '\ FREpR
6 0.000%+,005 9,500+,005 "
" qr Soo
B 12,312+,005 |¥ 9,500%,005 SETE
7 " K l?-aBOCJ ?ISD? N‘ e .
- ,000+,00 9.500+.005 “
8 \ 23.0 > 25.003 9.497
9 37.667%.005 $,500%,005 S
" 37«‘.?0 ’K q" G}C"a' \\ <‘. o
) 10 50,000%.005 9,500%,005 |3 T
. 50.003 £ qury A\
# 1 HOLE L) 565/- 570 \ GL’
1 SLOTTED HOLE ( aﬁ-/)
1 |piaseam | 37.687£.005 | 37..5% 3.875%.005 3.97% (™
- -
. '-.quSJ'-——yl A e
T —ty l(-—-.osg
'-l-@» L 5T
l R. .29
X = | DiMeMsioN OUT 0F sPecC.

ot
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.255/.260 DIA,

HOLE LOCATION, S1z AND L
30 HOLES

Attachmnent No, 2

,p/‘/..' pPage 1 of 2

——,

“HOLE | ACYUAL| _LOCATION FROM B LOCATION FROM C 167 {commnrs N5
NO, ("." \ DIAWLRG ACTUAL DRAWING ACTUAL |.005 574
oot e :
1 4 D/? N/A Da tum N/A
2 o (%04..005 1.2,50£.005
3 | & 1y
4 13 1.75
5 22 | 21.500" }05 1,750, 00,
G 2% |27.0" f.oos 1,750, 063t/
7 32 |33.:002,005 1,750%,005
B 4T
8 T o.m{ +, 005
\§
9 15 0.5220_:.005
10 2| [21.507 .}105 0. 003{-?_\905
: i -
11 3% |42.0 f‘:/.gos 0.000% }05
if 3,‘(
12 41 50" :00x.005 0.000:2005
13 27 2.05(}5_».005
14 3 z.oog\_\qos
15 3 0.000 _gos 3.875-.»._.";}5
16 33 |36.07,£.005 3.875555@5
7
17 206 27.900+,.005 5,753,005 ,
18 30 3§§$oo:.oos s.ﬁﬂﬁg.oos
19 7 0.0007™005 7.75)‘}005
20 7 5,007 ;.ﬁs 7.7:¢%,005
vd )
21 {4 {15/ 60s.005 78604, 005
22 20 |21.50M.005 7.73\.005
; _
23 37 |42.004.005 7.7:«’=£.005
. ! i T
24 40 50.00&15,005 7.79({:.005
. Bl wf e
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