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ABSTRACT 

Second-stage Minuteman chambers fabricated of Ladish D-6ac steel 

were subjected to hydrostatic tests to investigate the structural soundness 

of the cases. The test series was conducted in four phases in accordance 

with Aerojet-General Test Plans  398.   406,   and 458. 

Test data obtained at pressures ranging from 0 to 600 psig indicated 

that chambers fabricated of this material meet specifications pertaining to 
structural integrity. 
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I. INTRODUCTION 

Detailed data were obtained during hydrostatic tests of second-stage 

Minuteman chambers fabricated of Ladish D-6ac steel.     Test data obtained 

consist of stress,   strain,   and deflection measurements plotted for pressures 

ranging from 0 to 600 psig.    In addition,   failure stresses are shown for a 
chamber tested at 3400F. 

The purpose of this program was to obtain stress,   strain,   and deflec- 

tion data for a typical second-stage Minuteman chamber.     The data obtained, 

together with measurements of thickness and radii of curvature,   substantiated 

the structural integrity of the  second-stage Minuteman engine cases. 

II. TECHNICAL DISCUSSION 

The components that were tested,   and test plans and sequences,   are 
shown in Table  1. 

A. PHASE I:   AFT CLOSURE STRAIN 

Strain gages were used to determine the magnitude of the  stresses 

in the aft closure at design load and ambient temperature.     Phase I data,   shown 

in Appendix A,   provide experimental strain and calculated stress values plotted 

against loading pressure.     The test equipment,   loads,   and instrumentation used 

are shown in Test Plan No.   398.    Rosette and biaxial gages were used inside 

and outside the aft closure,   as  shown in Figure  1.    Strains at the closure joint 

were measured with five pairs of gages 1   cated internally and externally at 
five different positions (Figure 2). 

Vidigage measurements are  shown in Figures   1 and 2.     The data 

were obtained from points on the closure where strain gages were located. 

Figure 3 shows stress values at each gage location at a chamber pressure of 
600 psi. 

Page   1 
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II,   Technical Discussion (cont. ) 

B. PHASE II:    STRESSCOAT DATA 

Stresscoat tests were made in accordance with Magnaflux Corp. 

specifications.     Under ambient conditions of temperature and humidity,   the 

coating was expected to withstand a threshold strain between 700 and 900 

microin. /in.    An undercoat and a coating of stresscoat were applied and cured 
at 85 + 50F for  18 hr. 

The Stresscoat-cracking pressure at a threshold strain of 700 

microin. /in.   was predicted with calculations of chamber and closure thick- 

nesses.    .Prior to the test,   a calibration bar was tested and the threshold 

strain was determined.     The predicted cracking pressure was corrected rela- 

tive to the calibration bar threshold strain.     The specimen was pressurized 

in increments of 10.   20.   30,   orSOpsi.     Duration of the pressurization periods 

was measured so that corrections for threshold strain creep could be made. 

Correlation strain gages  (Figure 4) located at points 52 through 60 
w ere used to obtain measured strain dat a. 

Strains and stresses were calculated from Stresscoat and strain 

gage data.     By the use of threshold strain and cracking pressure,   strains and 

stresses were extrapolated to  600 psi.     Depending on the pressure increments, 

each zone had a  range of stress  values varying from  10 to 25%.     The only area 

where  strain and stress  cculd be calculated directly was on the isoentatic lines 

between cracking zones where the lowest pressure  recorded was the actual 

cracking pressure.     Correlation between strain gage and Stresscoat data 

within 25%.     The data are tabulated in Appendix B. 
was 

Page 2 
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II,   Technical Discussion (cont. ) 

C- B^SS? SBS^^ON^^
0
"^ 

AND ENSIGN AND 

The purpose of the  Phase III tests was to determine the deflec- 

ts and rotation of the blast tube axis  relative to the chamber longitudinal 

ax1S.   and the longitudinal and radial expansion of the  chamber.     The test  set 
up and methods are described in Test Plan No.   398. 

Data obtained for blast tube  rotation were inconclusive.     Deflection 
measurements of blast tube  rotation were of small magnitude and caused in- 
consistencies in data analysis. 

were Chamber deflections  resulting from internal pressurization . 

measured with deflection beams.     Chamber deflections were also of small 

magnitude,   causing a  10% error in data reduction.     Deflection data are shown 
in Figure  5 and in Appendix C. 

D. 
^T^ND^ IN ^ CAMBER 

The purpose of the Phase IV tests was to determine the magnitude 
of stresses at limit load and ambient temperature by the use of strain gages 

m the forward and aft chamber joints and in the forward head.    The test speci 

mens,   test setup,   and gage locations are as described in Test Plan No.   398. 

Figures 4,   6.   7,   and 8 show the measured thickness of the test 

specimens at gage locations and at the forward head.     Figures 9 and  1 0 show 

stress values at 600 psi.    Appendix D shows experimental strain and calculated 
stress values plotted against loading pressure. 

Page 3 
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II,   Technical Discussion (cont.) 

E. PHASE V:   BURST TEST 

A second-stage Minuteman chamber was tested to failure at a 

temperature of 340oF in accordance with Test Plan No.   406.    The deflection 

beam,   high-temperature strain-gage location,   and thicknesses at each lo- 
cation are  shown in Figure  1 1. 

Appendix E shows  strain and deflection measurements obtained 
at elevated temperature plotted against loading pressure. 

F. INTERPRETATION OF TEST DATA 

Accuracy of reduced data depends on the magnitude of the  recorded 

strain.     Low strain values  (up to  1000 microin. /in. ) have an accuracy of only 

5%,   but relatively high strain values (4000 microin. /in.   and above) can be re- 

duced with an accuracy of +  1%.    The overall accuracy of the strain gages, 

lead wires,   and recording instruments is +  1. 5%.     Data obtained at ambient 

temperature can be expected to have an accuracy of + 2. 5 to + 6. 5%,   depend- 

ing on the magnitude of the measured strain.     Data taken at elevated tempera- 

tures is  15% low,   due to the gage factor shift at elevated temperature and 
must be increased by this amount. 

Test data are in the form of strain- and stress-vs-pressure curves, 

deflection-vs-pressure curves, and stress vs location at 600 psig. In addition, 

the results of a posttest dimensional survey are presented. Radii of curvature 

variation in the aft closure are  shown in Figures   12 and  13. 

Figures   14 through 36 provide supplementary data and show the test 

setup,   strain gage layout and installation,   the  ruptured engine case.   Stress- 

coat crack patterns,   and the test cell hydraulic  system.     Further data are pre- 
sented in the appendixes. 

Page 4 
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TABLE 1 

TEST ARTICLES AND SEQUENCE 

Engine Case S/N 51956U 
Aft Closure SA S2223U 

Test Plan 

Reference Test 
Plan No. 398 

Phase I Test 
Phase II Test 
Phase III Test 

Cycles 

2 
8 
1 

Pressure |,psi 

600 

600 

Reference Test 
Plan No. U06 

Hot Burst Test 
Phase V 750 

Engine Case S/N 519576 
Aft Closure S/N 5222UU 

Test Plan 

Phase IV Test 

Cycles 

1 

Pressure ,psi 

Reference Test 
Plan No, 398 

600 

Reference Test 
Plan No. U58 

Aft Closure 
Stiffness U 600 

Phase II - Test cycles were to 60,80,100,120, 
175,270,370, and 600 psig 

Table 1 
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STRESS 

Chamber Gage Locations and Stress Values at 600 psi 

Figure 9 
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