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1. INTRODUCTION
A. tBaCkérouhdilhformeticn~'

'Th1s~expef1mental investigation -was -undertaken to. determine a realis-
stic 1imit.of -the.chloride ‘ion e ) tn unsymmetrical d1methy1hydraz1ne {UDMH)
“forthe :purpose- of -establishing.a spec1f1cat1on limit (references 1 and 2).

‘The -‘contaminant -can be -introduced 1n‘the(prope11ant during pha;es of produc-
‘tion :and/or -hand1ing-as :a.salt  (e.g. :sodium chloride, NaCl) or asan acid:(e.g.
hydrochloric ;acid, HC1). ‘Hence, it:is also:necessary to .determine if ‘the “form
of ‘the.chloride ion is:.a: ‘factor. '

Three different .types :of materials .of construction: were utilized to .pro-
‘vide a. framework for: understand1ng ‘the “interrelationship between the chlor1de
‘ion (C] ). effect :and stress: :corrosion. crack growth propert1es ‘The -alloys are:

“Aluminum (A1), .2014-T6
- “iCorrosion ‘Resistant Steel (CRES), type.304L
:fT1tan1um (Ti), K-8V,

These al1oys are representat1ve 0f weight sensitive, highly stressed
structural -materials -used -for critical :feed system components in spacecraft or
similar . liquid:chemical ‘propulsion.systems 'of .operatioral Air Force vehicles.

“The-:experimental testing-involved-the .use :of either:a thin or:'thick gage
.eenSiTe"type;specﬁmen;wjthra;singie,.eehtn€1ﬂy7located,:sem14e11iptﬁca1*sur-
face ‘flaw,.Figures 1:and'2. “These :specimens were ‘subjected to sustained load
‘testing -with the:flaws. exposed to:different variations of UDMH propellant
" Tisted  ¥n Table:l. “Fach specimen cross-section was examined after test using
‘the' Scanning “Electron Microscope (SEM)-method 'to evaluate the effects of
testing. ! '

EBJ %Pndgnamznhjectjve- . _
‘The obJect1ve*of this :experimental . program was to determine the-form
3of t ‘ch]oride Fon (€I Y content “in UDMH -propellant -which can be

and 11m“

rto1erated by typ1ca1 propu1s1on system materials.

"C. Scope-of ‘Program

. The scope 0f work- was.based. upon': wtilization of standard stress.corro-
‘snon crack test procedures to prov1de the necessary data. “The test--program for

.
f:-_

I



prope]]ant and material combinations was comprehens1ve and 1nc1uded the
- following maJor categor1es
\ )l.Prope11ant assays ‘ D ';;};,Aiwﬂ o .
) .Material property determ1nat1ons S ~.71;
L. Speciner SRR Ris
)

A.Spec1men pretest process1ng T

Conducting twenty- four (24) and one thousand (Tnﬁcjthdur B
"duration tests ' ' ' St

'(5) Performing post test evaluations

'D. Method of Qualification. ... .. R &4 ;g;qg‘??b sy T

2 The emergence: of ‘the fracture mechanics approach a8’ £ v1ab1e d1agnos-‘
tic method for generating réliable information is discussed in Apnend1x A,
JPL has applied this procedure successfully to develop and qualify flight hard-
ware for Mariner-class spacecraft for unmanned planetary missions. These pre- _
viously developed analytical and operational procedures; test equipment, and
facilities were used w1thout mod1f1cat1on in accomp11sh1ng the work for the

P E Aay

AFRPL program o , : — ”; .

RRA%

. The. fo110w1ng sections present-pertinent deta11s of this. work

1. .P'ROPE_LLANT _AND MATERIALS
" A, Propellant Procurement: c LT e e {ﬁn;:,@gﬁe ;

R B AT Ta e Sl
IR H (PN

The prope11ants shown "in Table 1 were furn1shed by AFR Lv

B.“Prope11ant Characterizatidn

Pure unsymmetrical dimethylhydrazine (UDMH) is a colorless, hygro-
scopic liquid which freezes at -58°C and boils at 64°C. Its density at 25°C
is 0.782 g/cm3 o

Ly SR ey vt
i AT L -1_

The 'UDMH used for the base11ne data in these tests was prepared from. .,
material of MIL-P- 25604D quality which was d1st111ed in vacuo The spec1_’$:::
fications for MIL-P-25604D quality UDMH and the analysis of the distilled UDMH'
are shown in Table 2.

Chloride addition was accomp11shed 1n two ways. Chloride ion Was intro-
duced to the UDMH in a neutra] salt, 1. e ; anhydrous 11th1um ch10r1de 0r1g1-A
na11y it was planned to use sodium ‘chloride, but the lithium sa]t is more o

~\\
2



soluble in UDMH. Two levels of chloride ion concentration were tested ~ 36 ppm
and 105.ppm. . Ana]yses are shown in Table 2. :

To determine if the form of the.ion is a factor,.an acid chloride--UDMH
hydrochloride--was used as the source of chloride ion.. Anhydrous UDMH hydro-
chloride, usually recrystallized from absolute ethanol; can be more conve-
niently and accurately measured than can gaseous HC1. Two levels of chloride
ion concentration were prepared: 30 ppm and 108 ppm. These analyses are
listed in Table 2.

C. Material Procurement

The materials shown in Table 1 were obtained from existing stock and
used in'the “as received" condition. Certifications were provided indicating
comp11ance with appropr1ate spec1f1cat1on requ1rements The- sources for the
SubJeCt materials are listed below: '

" (1) Titanium 6A1-4V, Sheet‘(MIL-T-9046)'supplied by AFRPL in-the
* -heat treated cond1t1on

A{2)" T1tan1um .6A1-4V, Forging (MIL T 9047) supp11ed by JPL in the
heat treatgd cond1t1on

(3) Aluminum, 2014-T6, Plate (QQ-A-250/3) supplied by NASA-Marshall
-+ 7.Space Flight Center (MSFC) in the heat treated condition.

(4) Corrosion Resistant Steel, type 304L, Plate (MIL-S-4043) supplied
. 'by NASA- MSFC .in the annealed cond1t1on

D. ‘Materié1 Chéhacterization '
. 1. Composition and Mechanical Properties

All:.test samples for this program were fabricated from the above
stock. Specific units were -subjected to chemical composition.analyses and
mechanical properties -tests. These results, indicated in Tables 3 and 4, meet
the applicable épecificatﬁon requirements without exception (see references
4 and 5). In three cases, the material used for the composition analysis was
sect1oned from a specimen which had already been sub1ected to a 1000 hour dur-
ation test (see Tab1e 3, note b) Th1s ver1f1ed that the prOper mater1a1 was
utilized in, those critical tests. -



2. Microstructure Examinations

Microstructure examinations were performeéd  on cross-sections
taken from each of the four types of materials. These cross-sections were
approximately 1.27 cm from the surface flaw of specimens 18T, 68T, 48A,- and
58S. The microstructure results are shown.in Figures 3, 4, 5 and 6, and these
microstructures are typical for the subject materials.

III. TEST PROGRAM
A. Discussion
1. Approach

Fracture mechanics test procedures were chosen to determine any
detrimental effects of chloride .in UDMH because such effects. are magnified by
the presence of a sharp crack. Also, a fracture mechanics apprqach'permitted
a quantitative determination of the maximum desigq stress for service in UDMH.

The part-through cracked (PTC) or surface cracked specimen loaded in uni-
axial tension was used because this specimen represents rea1.cfacks in real
structure, In addition, the PTC specimen is the only fracture mechanics spec-
imen that can be used to test the thin mater1als speC1f1ed for th1s program

Three (3) spec1mens of the same a]loy were tested s1mu1taneous1y in tan-
dem while exposed to the specific propellant (Figures 1 and 13 ‘and Table 1),
Different initially applied stress intensity levels, KIi’ were obiained in
each of the three specimens by varying the width of the specimens while the
crack size was held constant. Basic configurations are illustrated in Fig-
ures 7, 8, 9, and 10,

Scanning electron microscopy (SEM) was used to examine the crack surfaces
for evidence of crack growth caused by the UDMH. Because of the depth of
field and the magnifications obtainable by SEM, growth which:occurs during
application of the load can be distinguished from growth caused by the UDMH.

The cr1t1ca1 stress 1ntens1ty for a stead11y 1ncrea51ng 1oad 1n an inert
environment, KQ, was measured for each spec1men except for the corros1on resis-"
tant steel specimens. This parameter 'was measured because a’ plot of K /KC
reduces the scatter in the data as compared tc plotting KI alope ; onse-
quently, the tests were targeted to be loaded at var- us percantagec f K,



based on previous work with other propellants such as nitrogen tetroxide and

hydrazine.

Annea]ed'corrosion resistant steel is too crack tolerant to permit measure-
ment of KQ in these thin :gages. When a steadily increasing load is applied to
pre-cracked CRES specimens, the entire spectrum yields without crack growth
occurr1ng. For these specimens, an initial crack depth of approxwmate]y
0.076 cm (0.030 inch) was selected for the sustained load.tests. This-crack
size was chosen because any cracks larger than this would be detectable in
these gages by nondestructive inspection methods.

" 2. Test Matrix

The overall test plan is indicated in Table 1. The test matrix
. covering the program implementation is indicated in Table 5, The procedure
followed was the_same for all materials. Twehty-four (24) hour tests were
conducted initially and results evaluated., Based upon these resu]ts,'the most
critical effect was determined. Using these conditions the one thousand (1000)
hour tests were conducted. ' '

B. ~Specimen Preparation
0 Pretest

' The spec1men configurations used are defined in F1gures 7, 8, 9
and 10, These specimens were designed to comply with the guidelines of ASTM
Committee E-24 for the surface-cracked specimen, References 6, 7, and- 13,
except for the thickness. None of the specified materials were thick enough .
to provide complete plane strain conditions at the tip of the crack. There-
fore, th1ck t1tan1um spec1mens were prepared from forging mater1a1 so that the
full p]ane stra1n cond1t1on cou1d be tested (see Figure 8).

Test samples were machined to the configurations shown and a notch (see
detail A of Figures 7, 8, 9 and 10) was put in the center of each specimen
using electrical discharge machining (EDM), From this notch, an initial crack
was started by cyc]icé11y stressihg‘the notch in bending. This initial fatigue
zone is clearly distinguishable by SEM. The design of the notch and the ini-
tial crack and the techniques for forming the initial crack were all in accor-
dance with the guidelines of References 6, 7, and 13.

N



The specimens were degreased -with isopropyl alcohol (IPA) after notching
and before pre-cracking. Pre-cracking was done in air. No contaminant was
allowed to get into the crack, Before testing, the completed initial crack
was cleaned and dried to the requirements of the JPL cleaning épecification
for monopropellant hydrazine propu]sion.systéms, Reference 8. It is noted
that only IPA was used as a cleaning agent. Specimens were never exposed to
any halogenated cleaning solvent (for example, Freon type) during,processing,
hand1{ng, or testing. '

2. Post Test

Immediately after the Spec%mens were removed from the test
machine, the surfaces and cracks were decontaminated of UDMH using the proce-
dures described in Abpendix C. The cracks were then cyclicaTJy loaded by
bending in air again to produce a post test "fatigue mark".> Any crack growth
which occurred during the test can be seen between the initia1 fatigue pre-
crack and the fatigue mark because the two fatigue zones have a unique fracto-
graphic appearance when viewed in the SEM. o

After marking, the titanium specimens were fractured in 1iquid nitrogen.

at the liquid nitrogen temperature of -196°C (-320°F) was then calculated
from the final "marked" crack size and the failure load. Liquid nitrogen was
used to measure K. because the yield stress for titanium is much higher at
-196°C (-320°F) than at ambient temperature. Therefore fracture occurred below
the yield stress. Kq at -196°C is about 80% of Kq at 21°C (70°F) for this
alloy. This technique was required because the thickness of the titanium’
specimen limited the depth of flaw that could be tested. ’

The aluminum specimens were fréctured at ambient temperature for measure-
ment of KQ because the yield strength of aluminum a11oys‘does not increase
significantly at cryogenic temperatures. Also the aluminum specimens were
twice as thick as the titanium specimens and deeper flaws were-used,

~ The corrosion resistant steel specimens were merely broken apart at
ambient tehperature after marking so that the fracture surface could be ana-
lyzed. :AT1 the CRES steel specimens necked down in genéral yielding before
fracture occurred, ' '



C. Test Setup

, The approach descr1bed be1ow was used for test1ng the specimens dur-
ing the program.. '

1. Fixtures

Each susta1ned 1oad test Spec1men was tested with a fixture
arrangement shown in Figure 11. UDMH propellant pressur1zed to 207.0 N/cm
(300 psig) was applied at all times to both sides of the test item to pro-
duce uniform load conditions. The seals were ultra-pure type Teflon, TFE, to
eliminate the possibility of introducing any contamination. This TFE material
‘Wa's procured from. the Fluorocarbon Corp, 'and is identified as FC-95.

A typical test specimen-fixture assembly arrangement is shown in Figure
32 The'propeTlant cups (made of CRES type 321) are clamped onto each
‘specimen using two 0. 95 cm (0 375 1nch) diameter high strength steel bolts
:Jw1th belleville spr1ngs to maintain a constant preload, Corrosion resistant
stee1 11nes 0.32 cm (0.125 inch) d1ameter were used to interconnect each pro-
pe11ant conta1ner and the s1ng1e source of UDMH.

.2, Test Equ1pment and Fac111t1es

~ The complete test setup with three specimens mounted in series
"js shown in Figures 13 and 14, The sustained load test specimens were loaded
in either a 45.0 kN (10,000 1b) or 90.0 kN (20,000 1b) calibrated dead load
creep machine. The room temperature was controlled at 49°C (120°F). All
sustained load tests were conducted at the JPL-ETS facility.

The specimen fatigue marking and tensile fracture tests were performed ..
in the Materials and Processes Laboratory located at JPL-Pasadena. Baldwin
~universal test machines .were used:for this phase. -

"Iy, RESULTS
A. Summary

The resu]ts of a11 the tests are summar1zed 1n Tab1es 6-8. The com-

"\'f“p1ete data are reported in Append1x B.

None of the samples of UDMH caused any crack growth in any of the three
~alloys tested. _For the titanium alloy, samples containing 100 ppm of chloride
were loaded as high as 105 percent of KQ at -196°C (-320°F) for 1000 hours



with no resultant crack growth (see 69-T of Table 6). The aluminum alloy was
tested in UDMH of 108 ppm of chloride at 90 percent of K, at 21°C (70°F) for
24 hours and 69 percent of KQ at 21°C (70°F)if6r 1000 hours with no crack
growth occurring (see 35-A and 48-A of Table 7). The corrosion resistant
steel alloy was loaded to its yield stress in UDMH of 104 ppm of chloride for
1000 hours with no growth occurring in a crack of 0.078 cm (0.031 inch) depth
(see 58-S of Table 8). These results indicate that UDMH of 100 ppm of
chioride content is essentially inert to the materials tested.

B. Dimpling 4

Upon .application of. the load during the sustained load tests,”readi1y'
visible back-face d1mp11ng occurred in most of the h1gher stressed titanium
and aluminum specimens. Back face d1mp11ng is seen in th1n materials when the
p1ast1c zone at the tip of the crack 1ntersects the back-face free surface.
The rema1n1ng e]ast1c 11gament is too thin to prov1de elastic constraint around
the plastic zone. As a resu]t this th1n 11qament is deformed inward w1thout
rupturing to produce a depress1on in the back side of ‘the specimen of about
0.33 cm (0.125 inch) diameter (see F1gure 15). The depth of this dimple can
be as much as 0.076 cm (0.030) inch or more.  Such d1mp11ng is current]y being
used as an. inspection criterion at JPL :for. titanium tanks containing hydra-
zine propellant. ' F

- C.” Scanning Electron Microscopy

Scanning electron micrographs (SEMj of some of the more highly Tloaded
specimens of the three alloys are shown in Figures 16-22. None of ‘the SEM :
fractographs show any crack growth -between.the initial fatigue precrack.and
the final fatigue mark. The borders between the initial fatique.zone and the _
final fatigue zone are visible and marked in each of the figures.

D. Comparison of UDMH with Other Environments

Figure 23 o]ots the data for UDMH and the titanium alloy from this
program as K /KQ verSus exposure time wh1ch is the most commonly used graph-
ical presentat1on method. Orly the highest stress ntens1Ly ratic testec for
each of the environment- mater1a1 combinations: 15 p’Htted because t ne of he
specimens tested shqweq any’growth The thy esho1r Jrves  ‘nare’



ratios from no-growth ratios for the UDMH samples cannot be drawn because no
growth was produced in any of the specimens.

" As a means of comparison, data from environments which have produced
growth (for example, reference 15) in the same titanium alloy in the same test
equipment are superimposed on the graph and the threshold curves for two of
these environment-material combinations are shown. Refined hydrazine is es-
sent1a11y jnert to aged titanium forgings (upper curve) yet causes extensive’
growth in welds made from the same forgings but tested in ‘the "as-welded' or-
unaged condition (lower curve of Figure 23). Also, isopropyl alcohol per
Federal Specification TT-I1-735 causes considerable growth in the aged forgings
at a stress intensity ratio'of approximately 0.5 (see Figuré‘23). In Figures
24 and 25 the growth which occurred in the sustained load exposure test is'
readily seen between the two fatigue zones.

V.  CONCLUSIONS

The effect of different forms and levels of the chloride ion (C17) con-
tent in unsymmetrical dimethylhydrazine (UDMH) on typical propulsion system
materials has been investigated (see Table 5). Based upon these experimental .
results, the two conclusions are: EEUIER 2

A. An allowable chloride ion (C17) content in UDMH of thirty (30) partsf
per million (ppm) or less from either a neutral or acidic salt should be com-
patible with typical propulsion feed system materials of construction. Selec¢
tion of this chloride ion level is consistent with the fact that the ch1oride
jon levels of the UDMH samples tested did not affect the sustained 1oadﬂstres
corrosion crack growth properties of these three typical propulsion System
alloys. To add emphasis to the above conclusion, the titanium alloy . téétéd“
is known to be so susceptible to cracking by free chloride.ions that one’ (.
ppm is usually the maximum allowable free chloride ion level for any:" f1u1d

contacting titanium. Yet one hundred (100) ppm of C1” in UDMH had no adverse
effect whatever on the sustained load crack growth properties of the t1tan1um

alloy.




B. Therefore, based upon the above, a corollary coﬁc]usion may be
drawn. This conclusion is that other alloys in existing systems should not
be affected within the margin of safety provided by a th1rty (30) ppm C1°
]1m1t ’

VI. RECOMMENDATIONS

A limit of thirty (30) ppm chloride ion (C17) content in'soecification_
grade UDMH propellant is recommended. 'However before any new systems using
UDMH are des1gned to minimum weight, fracture mechanics design data shou1d be
obtained in UDMH of th1rty (30) ppm C1° ‘content for each alloy, material form,
and heat treat 1eve1 p]anned for use in the new system. Both sustained 1oad
data and cycl1c 1oad data in the specific UDMH to be used should be obtained
for the base metal, welds and weld heat- -affected zones of each alloy used.

If alloy thicknesses are used which are too thin to achieve a plane strain
stress field at the tip of a crack,Athen each different thin gage thickness
should be tested also. A ) '

10
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Figure 4. Microstructure (500X) - Titanium
Forging-Specimen 68T After 1000 Hour Test
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Figure 5. Microstructure (200X) Aluminum
Plate-Specimen 48A After 1000 Hour Test
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Figure 6. Microstructure (100X) Corrosion Resistant
Steel-Specimen 58S After 1000 Hour Test
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Figure 11. Test Spec1men-F1xture Arrangement

Figure 12. Test Specimen-Fixture Assembly (Titanium Specimen)
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Figure 16.
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Figurel7. Scanning Electron Micrograph Titanium Specimen 18T After
1000 Hour Exvosure to UDMH:HC1
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Figurel8. Scanning Electron Micrograph Titanium Specimen 23T After
1000 Hour Exposure to Specification‘Grade UDMH 2
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Figure19. Scanning Electron Micrograph Aluminum Specimen 43A After
Exposure to Distilled UDMH '
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Figure20. Scanning Electron Micrograph Aluminum Specimen 48A After
1000 Hour Exposure to UDMH:HCI
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Figure 23. Sustained Load Flaw Growth Data Comparison UDMH with

Hydrazine-Titanium 6AL-4V Material
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ﬁgure'24. Scanning Electron Micrograph Titanium Forging Unaged Weld After
Exposure to Hydrazine Showing Growth Region
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Figure 25. Scanning Electron Micrograph Titanium Forging After Exposure to
Isopropyl Alcohol Showing Growth Region
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.. APPENDIX A

The material in this appendix presents a discussion of "fracture .
mechanics as applied to environmental effects on metals".

4



Fracture mechanics is that sub-discipline of mechanics which treats the
macroscopic,'continuum'behaviof of a sharp crack as it interacts with any
stress field. Fracture mechanics began with the solution of the stress field
surrounding cracks in thin- plates by Inglis in.1913, reference 10, fo]]owed by
application of these solutions to fracture of glass by Griffith in 1920,
reference 11. The next major step in the application of fracture mechanics to
structural problems occurred in 1962 when Irwin, reference 12, applied the con-
. cepts to real cracks in metals. Tiffany and Masters, references 6, 9, and 14
then app11ed Irwin's solution to interactions between sharp cracks under -
stress and chemical environments.

Practical application of fracture mechanfcs increased when it became
obvious that the smallest crack that was detectable by the best nondestructive
inspection technigues was larger than that crack which would cause fracture
below the yield stress of most high strength alloys. The status of this
application was very adequately described by Tiffany in a NASA Space Vehicle
Design Criteria document, reference 3. This document described in detail both
~the fracture mechanics theory and its application to environmental effects on
metals, therefore these subjects will not be discussed herein (See references 7
and 13 also). The remainder of this appendix will consist of a discussion of
those portions of (reference 3) which are necessary to reproduce the calcula-
tions of KI' and KQ shown in Appendix B and Tables B1 - BS5.

The equation which describes the relationship between a part- through
surface crack and the applied remote gross stress is

= 1.1 \/n(a/Q).MK o : | (1)

The flaw shape parameter,:Q is obtained from Figure Al. The magnificetion
factor, MK’ is obtained from Figure A2. For calculation of the applied. _
initial sustained load stress lntensity for a g1ven environment, Equation (1)

-

becomes

Ky = 1.1 \'/'n(a/'Q-)"i' Mes o o (@
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Calculation of Kd is done by substituting the critical conditions into
Equation (1) i.e. '

kg = 1-1 n(a/Q)c M. o, (3)

[

The parameter K“/KQ is calculated for each specimen because the
material property for environmental effects appears to be this ratio rather
than the absolute value of Ki? Since KQ shows the same magnitude of scatter
from specimen to specimen as other material properties such.as the yield
strength, it js importaht to measure KQ on each specimen. The dimensionless
plot of KIi/KQ versus exposurg time minimizes the scatter in the data and
allows a clear crack growth threshold to be seen.
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ast 3
o

S IR

. Temperatures are defined as follows:

APPENDIX B

B The material presented in this appendix covers the detail results

for the three subject materials tested with UDMH propellant.

1. sustained Load Tests conducted at 43°C (120°F).
+2. Ambient or Room Temperature (R.T.) 21°C (70°F).
‘3. Liquid Nitroggﬂ -196°C (-320°F).
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APPENDIX C

The material presented in this appendix covers the test procedure
used by JPL in conducting the UDMH fracture mechanics tests at

the JPL-Edwards Test Station. This procedure is internal document.
number 384E-75-1221-TLN, titled, "E-75 Room 3 Fracture Mechanics
Test Check List," and dated February 1975.
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ETS SECTION 384 PROCEDURE
TITLE SHEET

- Reference: 384E-75-1221-TLN

Date: Feb. 5, 1975

Revised: PCOR 1012 3-24-75

TITLE: "E-75" ROOM 3 FRACTURE MECHANICS
TEST CHECK LIST '

-~
) / - P N
COGNIZANT TEST ENGINEER: T. L. Nie]sem“"ffzjﬁéZ;Lé;/-——'

APPROVALS:
2/29/75

Liquid Operaiions Supervisor

f T o7

Cognizant Engineer - JPL
Pasadena
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384E-75-1221-TLN
February 5, 1975

Page: 1

PRELIMINARY INSTRUCTIONS

Normally all sections .of this procédure, unless stated, are‘to'
be run consecutively for each test. Deletions (NR) or changes
of order to this procedure known in advance will be listed on
"'the “Tech” column of this Test Procedure Checklist and initialed
by the Cognizant Test Engineer.

Any deviations or changes during the performance of this procedure
require the Cognizant Engineer's initialed approval and date on

a PCDR form priof to the deviation or change. Any PCDR changes
will be approved by the L.P.0.S. prior to the next usage of this
procedure.

A1l stand operations such as operating hand-valves will be per-
formed by the Stand Mechanic and verified by a second person.

Al steps in this procedure will be initialed as accomplished by -
the Stand Mechanic and second person. Each step will be dated
and the time of accomplishment noted, except where a section or
page is completed in a short time, then the beginning and end of
the section or page will be dated and time noted.

Care should be taken to assure that contamination or moiﬁture

does not enter fhe system after cleaning, during, and in between
tests, by maintaining a positive nitrogen pressure within the
system. o

It is the'intent,of-thﬁc_procedure *o alw>ys have a prsitive flow
of GN2 from ahy disconracted iine o cup -eparation a fter t 2 firs:
test, to exclude the pc:sibi’ ty of fore’ 1 mat rial ™~ e erin
the propellant. system.

Aluminum 370 conical seals will be used to seal tube flare fittings
unless excepted.
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384E-75-1221-TLN
March 24, 1975

Page: 2
DATE & TIME
TECH.

"I. FLUID SYSTEM PRE-CLEANING

1.

For new system plumbing, and new cups, clean as follows:

a. De-grease in M-17.‘ - _
b. Soak in nitric acid solution for one-half (1/2) hour.
c. Rinse with distilled water.

d.  Soak in hot detergent water for two (2) hours.

e. Rinse with distilled filtered water.

f. Rinse with filtered iso-propyl alcohol.

g. Vacuum dry at 160°F‘for one (1) hpur minimum;

After new system is fnséal]ed and leak checked, passivate,
flush, and dry as fo]]ows. Also perform prior to any basic

fluid change.

a. Confirm the new fluid is compatible with the prior
history of the system, if not, do not proceed.

b.  Passivate per Section III and IV of this procedure using

simulated specimens with a 10 1b. weight (200 1b. load)
and soak for a duration of three (3) hours.

. After the final iso-propyl alcohol flush of this

passivation procedure, a fifteen (15) minute GN, purge
followed by vacuum.drying. the system to 100 micgon,for
one (1) hour is required.

d. Upon completion of this initial system preparation a
positive pressure, or positive purge, of the system
will be practiced.

II. MACHINE AND ROOM PRE-TEST CHECKS

1.

‘Mach. 1 Mach. 2 Mach. 3

-Install the load cell and confirm(the machine arm is balanced
‘with one clevis below load cell.

Mach. 1 Mach. 2 Mach. 3

Connect clevis train with solid rod and Tower weights until
they swing free and check once with SR -4 Box.

DATE & TIME
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DATE & TIME

TECH.

Adjust weights until the SR-4 Box is nulled indicating the reqUested
load. Check counterbalance weights to confirm a ratio of 20.

Mach. 1_ Mach. 2 Mach. -3

Lift weights an- disconnect train at center and confirm zero.

Remove 1oad cell and replace with rod which has the same we1ght as the
the Toad cell used for the above steps.

Mach. 1 Mach. 2 Mach. 3

DATE & TIME
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DATE & TIME

TECH.

III.  INSTALLATION AND LEAK TEST OF SPECIMENS

A.

Machine No. 1

1.

10.

11.

12.

13.

14,

Install the specimens for Machine No. 1 per
the test record. For specimens with 5/8" holes
install shims and bushings. :

‘Verify weights for Machine No. 1 are per

test record.

Lower weight-platform on Machine No. 1 until
there is a 1/2" + 3/8" gap.

Confirm the testing machine arm is level,
if not estimate amount long arm is from
level inches.

Lift weights, make adjustment. of train
bottom nut to make bar level. 1/2 turn of
nut equals approximately 1" of height
change of long arm.

Lower weights to preload spec1mens to
approximately 100 + 50 1bs.

Open isolation valve VN6]8.

Adjust flex line purge inside cell to
20 + 10 psi on Gauge GN623.

Open purge valve VN626.

Open purge Valve VN627 and connect purge 11ne to
Valves VF217 and VF218 on Machine No. 1.

Adjust hand loader RN609 to. 20 + 10 psi on Gauge.
GN614 and -open Valves VN610 and VF213 to read
pressure on Gauge GF214,

Weigh Propellant Cylinder No. on the
scale in E-8 shop 1bs.

Inste?l prop 1lant cylinde: in Mac ine No. 1
confirm the 0 + 10 psi at oth en s to
exclude any ir fror systen .

Install cups over tue tesi spe. . .5 one wet

at a time. The 20 + 10 psi purge will be
flowing on both halves.

DATE & TIME
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B.

15.

16.
7.
8.

19.
20.

21.

22.

384E-75-1221-TLN
February 5, 1975

Page: 5
DATE & TIME

TECH.

Center the cups over crack and torque the
cup bolts to 40 + 5 in-1bs. maintaining the
gap between the two cups the same at both
bolt locations. Use drill rod as go-no go
gages to check this gap.

Increase Hand Loader RN609 to 325 + 25 psi
on Gauge GF212.

Increase Hand Loader RN622 to 325 + 25 psi -
on Gauge GN623.

Soap leak check the fittings on Machine No. 1
and confirm no. leaks.

Close Valves 'VF217 and VF218.

Reduce Hand Loader RN622 to 20 + 10 psi on
Gauge GN623.

Reduce Hand Loader RN609 to 20 1.10 psi on Gauge
GN610.

Disconnect and cap flex line at VF217 and VF218.

Machine No., 2

1.

Install the specimens for Machine No.'Z:per the
test record. For specimens with 5/8" holes
install shims and bushing.

Verify weights for Machine No. 2 are per
test record.

Lower weight-platform on Machine No. 2 until
there is.a 1/2" + 3/8" gap.

Confirm the testing machine arm is level, if

not estimate amount long arm is from level
inches. :

Lift weights, make adjustment of train bottom

nut to make bar level. 1/2 turn of nut equals

approximately 1" of height change of long arm.

Lower weights to preload specimens to
approximately 100 + 50 1bs.

DATE & TIME
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10.

11.

12,

13.

14.

5.

16.
17.
18.

19,
20,

21.

22.

pressure on Gauge GF224.

384E-75-1221-TLN
March 24, 1975

Page: 6

DATE & TIME

TECH.
Open isolation vaIve VN618

Adjust flex line purge 1ns1de cell to 20 + 10 psi
on Gauge GN 623

Open purge Va]ve VN 626

Open Purge Valve VN 627 and then connect purge line
to Valves VF227 and VF228 on Machine No. 2.

Adjust hand Toader RN609 to 20 + 10 psi on Gauge
GN614 and open Valves VN620 and VF223 to read

Weigh Propellant Cylinder No. L oﬁ
the'sca1e in E-8 shop.

Install propellant cy11nder in Machine No. 2.
Confirm the 20 + 10 psi at both ends to exc1ude
any air from system.

Install cups over the test specimens one set at a
time. The 20 + 10 psi purge will be flowing on
both halves.

Center the cups over crack and torque the cup bolts
to 40 + 5 in-Tbs. maintaining the gap between the
two cups the same at both bolt locations. Use drill
rod as go-no go gages to check this gap.

Increase Hand Loader RN609 to 325 + 25 psi on
Gauge GF222,

Increase Hand Loader RN622 to 325 + 25 psi on

.Gauge GN623.

Soap leak check the fittings on Machine No. 2
and confirm no leaks.

Close Valves VF227 and VF228.

Reduce Hand Loader RN622 to 20 10 psi on
Gauge GN623. :

Reduce Hand Loader RN609 to 20 + 10 psi. on
Gauge GN610.

Disconnect and cap flex line at VF227 and VF228. S~

DATE & TIME
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DATE & TIME

Machine No. 3

1.

10.

1.

12.

13.

14.

Install the specimens for Machine No. 3 per
the test record. For specimens with 5/8" holes
install shims and bushings.

Verify weights for Machine No. 3 are per.

test record.

Lower weight-platform on Machine No. 3 until -
there is a 1/2" + 3/8" gap. , .

Confirm the testing machine arm is level, if
not estimate amount Tong arm is from level
inches. .

Lift weights, make adjustment of train bottom
nut to make bar level. 1/2 turn of nut equals
approximately 1" of height change of long arm.

Lower weights to preload specimens to approximately
100 + 50 1bs.

Open isolation Valve VN618.

Adjust flex line purge 1ns1de cell to 20 + 10 psi
on Gauge GN623.

. Open Purge Valve VN626.

Open Purge Valve VN627 and then connect purge
line to Valves VF237 and VF238, Machine No. 3.

Adjust purge to 20 * 10 psi on Gauge GN614, and
open Valves VN630 and VF233 to read pressure on
Gauge GF234.

Weigh Propellant Cylinder No. on the
scale in E-8 shop Tbs.

Install propellant cylinder in Machine No. 3.
Confirm the 20 + 10 psi at both ends to exclude
any air from system.

Install cups over the test specimens one set at a

" time. The 20 + 10 psi purge will be flowing on

both halves.

DATE & TIME

TECH.
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15.

16.
17.
18.
19.
20.
21.

22.

384E-122

March 24,

Page:

1-TLN
1975

8

DATE & TIME

Center the cups over crack and torque the cup
boits to 40 +5/-0 in-1bs. maintaining the gap
between the two cups the same at both bolt
locations. Use drill rod as go-no gages to
check this gap.

Increase hand loader RN609 to 325 + 25 psi on

gauge GF232.

Increase hand loader RN622 to 325 + 25 psi on
gauge GN623.

Soap 1eaw'check the fittings on machine No. 3
and confirm no leaks.

Close valves VF237 and VF238.

Reduce hand loader RN622 to 20 + 10 psi on
gauge GN623.

Reduce hand Joader RN609 to'zo + 10 psi
on gauge GN614.

Disconnect and cap flex line at valve VF237
and VF238.

DATE & TIME

TECH.
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384E-1221-TLN

March 24,
Page:

DATE & TIME

1975

PROPELLANT PRIME OF SPECIMENS'

A. Machine No. 1

1.

*7.
*8.

*9,

*10.

*Face sh1e1ds, wh1tes1des and gloves sha11 be worn for.

Wrap the specimens in machine No. 1 with plastic
to eliminate sp]atter in event of a leak.

Set a ‘catch pan with water beneath machine No. 1
to catch and di]ute any.1eaks of propellant.

Confirm gauge GN614 s 20 + 10 psi and valves °
VN610 and VF213 are open.

Connect the propellant pr1me drain line to valve
VF218 and terminate it in a breaker outside of

“test ce11

Open VF218 oné ha]f turn off seat.

Open top cylinder valve on machine 1. (VF215).
Open bottom cylinder on machine 1. (VF216).

When propellant is flowing without gas at the
prime drain line close VF218 & VF216.

Carefully disconnect the propellant line from

, valve VF218.

Cap lines.

minimum protection by both personnel.

B. Machine No. 2

1.

Wrap the specimens in machine No. 2_with,p1a$tic
to eliminate splatter in event of a leak.

"Set a catch pan with water beneath machine No. 2

to, catch and-dilute any 1eaks of prope]]ant

Confiym gauge 'GN614 is 20 + 10 psi and va]ves
VN620 and VF223 are open.

DATE & TIME

TECH.
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4, Connect the propellant prime drain line to
valve VF228 and terminate it in a beaker outside
"~ of test cell.
5. Open VF228 one half turn off seat.
6. Open top cylinder valve on machine 2. (VF225).
*7.  Open bottom cylinder on machine 2. (VF226).

*8. When.prope11ant is f10wing without gas at the
prime drain line close VF228 & VF226.

*9. Carefully disconnect the prope11ant 1ine from
valve VF228.

*10. Cap Tines.

*Face shields, whitesides and gloves shall be worn for
a minimum protection by both personnel.

Machine No. 3

1. Wrap the specimens in machine No. 3 with plastic
to eliminate splatter in event of a leak.

2. Set a catc¢h pan with water beneath machine No. 3
to catch and dilute any leaks of propellant.

3. Confirm gauge GN614 is 20 + 10 psi and valves VN630
and VF233 are open.

. 4. - Connect the propellant prime drain line to
- valve VF238 and’ term1nate 1t 1n a beaker outside
of test cell.
5. Open VF238 one half turn off seat.
6. Open top cylinder valve on machine 3. (VF235).
*7,  Open bottom cy1inde§ on machine 3. .(VF236).

*8, When propellant is flowing without gas at the
prime drain line close VF238 & VF236.

*9, Carefully disconnect the propellant line from
- valve VF238.

DATE & TIME

TECH.
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*10.  Cap lines.

TECH.

*Face shields, whitesides and gloves shall be worn

for minimum protection by both personnel.

DATE & TIME
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TECH.
V. TEST

*]. Lower weights on machine No. 3 until there is a
1/2 + 1/4" gap under weight platform.

a. Load cell machine No;'3.

b. Record time and date

*2. Lower weights on machine No. 2 until there is a
1/2 + 1/4" gap under weight platform.

a. Read load cell machine No. 2

b. Record time and date

*3. Lower weights on machine No. 1 until there is a
1/2 + 1/4" gap under weight platform.

a. Read load cell machine no. 1

'b. Record time and date.

4. Close door.
5. Confirm temperature is proper.

*White sides, face shield, and gloves required for
both personnel.

6. Increase regulator RN609 to test pressure of
300 + 10 psig on gauge GN614 and confirm same
pressure on gauges GF212, GF222 and GF232.

7. Close valves VN610, VN620 and VN630 each test
cylinder.

8. Periodically check the specimen and record the
following information:

ROOM
GAUGE PRESSURE (PSIG) PLATFORM GAP INCHES TEMPERATURE
DATE TIME F-212 F-227 F-232 . 2 3 (°F)
]** 2** 3**
**Machine number
DATE & TIME
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VI. TEST CONCLUSION

1.

10.

DATE & TIME

384E-1221-TLN
March 24, 1975

Page: 13

Reduce handloader RN609 to 20 + 10 ps1 on

gauge GN614

Reduce machine
by opening and

Reduce machine
by opening and

Reduce machine

by opening and

‘Enter.-room and

No. 1 pressure 20 *.10 psi
closing valve VF211.

No. 2 pressure to 20 + 10 psi

closing valve VF221.

TECH.

No. 3 pressure to 20 +.10 psi

c]os1ng valve VF231.

close VF215 and VF216 cy11nder
valves on machine No. 1. . )

Close VF225 and VF226 cy11nder valves on

mach1ne No. 2.

Close VF235 and VF236 cylinder valves on

mach1ne No 3.

Lift
time and date
Lift
time and- date
Lift

time and. date-

we1ghts on mach1ne No.

1 and fecord

we1ghts on mach1ne No. 2 and record

weights on machine No. 3 and record

DATE & TIME
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384E-1221-TLN
March 24, 1975

Page:

DATE & TIME

14

VII. DECONTAMINATION AND SECURING

A.

Machine No. 1

1.
2.

10.

11.

12.
13.

Connect the propellant drain line to valve VF 217.

Connect the purge 1ine and an isopropyl alcohol
flush container to:valve VF 218.

Open valve VF 217 and VF 218 and purge the liquid
out the drain line while flooding the drain
exhaust with tap water. Continue to flow until
effluent appears dry. - - C o

Alternate slug the specimen cups with iso-

- propyl alcohol and then purge dry until 6 cycles

have been accomplished to fully decontaminate
the specimens. .

Disconnect the isopropyl a]cbho] flush.container
and drain line and connect the purge into

valve VF210., ©~ -

Remove the prope]lént cylinder and cap lines.

Install the cylinder for the following test
If it is available at this time.

Remove the specimens one at a time while
purging at both cups.

If new seals are required, install if new .
specimens are being installed.

If specimens are not being installed, clamp

the cup valves together to 40 *+ 5 in-1bs. to seal.

Wrap the specimens individually in micro wipes
without touching the surface, and insert them in
plastic bags.

Log all pertinent information on the test record.

Weigh the propellant cylinder with metal éaps
on fittings.

DATE ‘& TIME

TECH.
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3 b‘

14.

15,

B.

Al

Page:

384E-1221-TLN
March 24,

1975
15

DATE & TIME

Ship the propellant cylinders as reqqested.

Ship the specimens to JPL.

Machine No. 2

1.

10.

1.

12.
13.

Connect the propellant dra1n 1ine to va]ve
VF227. '

Connect the purge line and an iso-propyl alcohol
flush container to Valve VF228.

Open valve VF227 and ‘VF228 and purge the -1iquid

out the drain line while flooding the drain exhaust
with tap water. Continue to flow until effluent
appears dry. '

1A1térnate1y slug the specimen cups with iso- '

propyl alcohol and then purge dry until 6 cyc1e$
have been accomplished to fully decontam1nate
the specimens.

Disconnect the iso- prdpy] alcohol flush container
and drain line and connect the purge into valve
VF228. ‘

Remove the propellant cy]inder and cap 1ines.

Install the cylinder for the following test if it
is available at this time.

Remove the specimens one at a t1me while purging
at both cups.

If new seals are required, install if new
specimens are being installed.

If specimens are not being installed, clamp the cup
valves together to 40 + 5 in-1bs. to seal.

Wrap the specimens individually in micro wipes -
without touching the surface, and 1nsert them

in plastic bags.

Log all pertinent information on the test record.

Weigh the propellant cylinder with metal caps
on fittings.

DATE & TIME

TECH.
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14.
15.

3B4E-1221-TLN

March 24,

' Page:
DATE & TIME

1975
16

Ship the propellant cylinder as requested.
Ship the specimens to JPL.

C. Machine No. 3

1.
2.

10.

1.

12,

13.°

Connect the propellant drain line to valve VF237.

Connect the purge line and an iso-propyl alcohol
flush container to Valve VF238.

Open valve VF237 and VF238 and purge the liquid out
the drain 1ine while flooding the drain exhaust with
tap water. Continue to flow until effluent appears

- dry.

A]ternately slug the specimen cups with 1so-propy1
alcohol and then purge dry until 6 cycles have
been accomplished to fully decontaminate the
specimens. . .

Disconnect the iso-propyl alcohol flush container
and drain line and connect the purge into

valve VF238. A

Remove the propellant cylinder ahd:tap 1fnes.

Install the cylinder for the following test 1f it
{s available at this time.

Remove the specimens one at a time while purging
at both cups.

If new seals are required, install if new speci-
mens are being installed.

If specimens are not being installed, clamp the
cup valves together to 40 + 5 in-1bs. to seal.

Wrap the specimens individually in micro w1pes
without touching the surface. and insert them

in plastic bags.

Log all pertirant information on thr test record.

Weigh the propellant cylinder wit®  -al .
on fittings.

DATE & TIME

TECH.
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DATE & TIME

384E-1221-TLN
February 5, 1975

Page: 17

14. Ship the propellant cylinder as reqdested.
15. Ship the specimens to JPL. »

DATE & TIME

TECH.
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Term or'Symbol

2¢
c1°
HC]1

I

GLOSSARY

Definition or Identification

semiminor axis of the ellipse x2/c? + yz/a2 = 1 or crack
depth of the semielliptical surface flaw, cm (1 cm =
0.394 in.)

crack length of the semielliptical flaw, cm (in.)
chloride ion

hydroch1or1c acid

" plane-strain stress-intensity factor,

m;. VAT (KSI yim.),

m

[1 099 M =1 ks \/"_m.]

p]anefstrein stress-intensity factor at initial conditions,

M_g VI (KST VAT
m

critical experimental stress-intensity factor or fracture
toughness for a specified thickness of a given material,

(KSI vin.)

MN
m2 v

stress-intensity magnification factor for deep surface
flaws based upon Kobayashi's solution
flaw-shape parameter

= 4% - 0.212 (s/s, )2

thickness of plate or specimen, cm (in.)

74



o -uniform gross stress applied remote from crack and
' perpendicular to plane of crack, ‘

W xksn),
2

[6.895 MN/me = 1 st]

o1t ©F Fi ultimate strength of the material,
u

B (ks

m
oy or Ft : uniaxial tensile yield strength of the material,

s y

MN

= (kSI)

m2 :
¢ complete elliptical integral of the second kind having

modulus k defined as
> 2 1/2
k= (1 - a%/c)

Subscripts
cr at critical conditions
i ~ at initial condition
Abbreviation
AFRPL ' _Air Force Rocket Propulsion Laboratory (United States)
ASTM - . American Society for Testing and Materials
Al ‘ aluminum
CRES corrosion resistant steel
EDM electrical ‘discharge machining
ETS Edwards Test Station (JPL)
hr hour - ' -
Hz _ hydrazine
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IPA
JPL

NASA-MSFC
or
MSFC

ppm
PTC
SEM
TFE
Ti
UDMH

isopropyl alcohol

Jet Propulsion Laboratofy (Ca]ifprnia Institute
of Technology)

National Aeronautics and Space Administration,
Marshall Space Flight Center

parts per.ﬁi]]ion

pért-through crack

scanning electron microscope
tetrafluoroethylene

titanium

unsymmetrical dimethylhydrazine or uns-dimethylhydrazine
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