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PRODUCTION OF A LARGE, ROLLED RING FORGING
OF "200" GRADE MARAGING STEEL

by
T. J. Lillle

ABSTRACT

A seamless, thin-walled, high-face-height cylinder of
maraging steel was produced by the roll-formlng process.
The manufacturing process included hot-forging (by
seamless ring-rolling) a 28,510-pound, vacuum-melted
ingot into a 260-inch-dlameter ring blank and then

doubling the length of the ring blank by roll-forming
at ambilent temperature.
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I. SUMMARY

Beginning with the procurement of a 28,510-pound vacuum-induction-
melted plus consumable electrode vacuum-arc-remelted ingot, Ladish
Co. hot-forged a seamless rolled ring 260 inches in dlameter by
42-inch face height and then converted the 42-inch-high ring into
a T9-inch face height cylinder by roll-forming at ambient tempera-
ture. The resultant cylinder was parted into flve rings, three

of which were sectioned for testing, while the other two were held
for a future welding program,

The seamless ring-rolled blank of a modified "200" grade 18 per
cent nickel maraging steel was hot-forged, sized, annealed, and
machined without unusual incidents 1n a manner closely paralleling -
that successfully used in previously producing 260-inch-diameter
SL Motor Case hardware. Roll-forming was accomplished at room
temperature with no intermediate annealing cycles in four passes
with a total wall reduction of 51 per cent. The final face
he%gﬁt of the cylinder was 79 lnches with a wall thickness of
0.614 1inch.

During the first roll-forming pass a mis-match of the roll-forming
rollers occurred and several related actions were observed:

1. An unusual and uneven dlametral growth occurred which
precluded cold-sizing the cylinder in its entirety.

2. Known and unknown discontinuous ultrasonic indications
were 1Intensifled to the point of causing internal
ruptures.

3. Unequal residual stresses were introduced 1nto the
final product.

The scope of the program to produce a cylinder of 72-inch-minimum
face height by the roll-forming technlque was achleved. The
abllity to cold-size a roll-formed product was demonstrated by
cold-sizing one of the welding rings to match the dimensions of
the other ring within the permissible tolerance.

Ultrasonic indications were 1lnvestigated and related to a material
defect which was aggravated by the roller mis-match. Mechanilcal
properties produced by various combinations of thermal/mechanical
processing were determined and are reported herein for reference
purposes,



II. BACKGROUND AND INTRODUCTION

In 1957, the metalworking Ilndustry was challenged to produce thin-
walled, ultrahigh-strength pressure vessels for rocket motor case
application. The state-of-the-art at that time was conventlonal
pressure vessel manufacture; that 1s, rolled and welded plate for
the cylindrical sectlons and press-formed plate for closures with
relatively heavy walls and low strength levels belng - the norm.
Ladish Co., which had many years of experience in the manufacture
and production of this type of pressure vessel, plpe, and filttings
for relatively hilgh~-temperature, high-pressure plplng appllcations,
had a thorough knowledge of the behavior of metals under these
conditions. However, the thin-walled, high-strength vessel was
altogether different in 1ts characteristics.

Iadish Co. felt that a sound englneering approach coupled with a
research and development program was a prerequlsite to determine
the parameters of the problem and to develop the manufacturing
technology that would assure a highly rellable rocket motor case,
Through the research effort it was found that conventlonal rolled
and welded pressure vessels were extremely unpredictable and un-
reliable. The longitudinal welds and the closure outlet welds
were vulnerable to welding and processing varlables which could
lead to premature and other disastrous fallures.

As a result, a technology by which 1t was possible to produce
improved, more reliable pressure vessels was introduced. This
simple, but extremely effective, concept consisted of using seam-
less rolled rings for the cylindrical sectlons and die forgings
having integral outlets for the closures. This technology has

now produced hundreds of reliable solid-fueled rocket motor. cases.

In a continuing effort to lmprove materlal utilization and to reduce
the number of welds In rocket motor cases, the Ladish Co. roll-
forming machine was desligned and constructed. This process elon-
gates the previously-avallable seamless cylinders, by cold-worklng
between rolls, thereby reducing the number of girth welds required
for a given length of motor case,

The principle of roll-forming had been successfully applied in
sizes ranging from 40 to 156 inches in dilameter to 'a variety of
materials including 18 per cent nickel maraging steel, Ladish Dbac,
INCO-718, 2014 alumlnum alloy, commercially-pure beryllium, and
6A1-4V titanium alloy. Simultaneous with thls perlod of develop-
ment, the growth of the thlin-walled, high-strength rocket motor
case cylinders progressed to 260 inches in dlameter. Successful
demonstration cases were made using the combination of seamless
rolled Y-ring forgings and rolled-and-welded plate for body cylin-
der materlal., The advancement of the state-of-the-art for produc-
tion of seamless roll-formed 260-inch-diameter cylinders in order
to eliminate longitudinal welds and upgrade rellabllity became the
departure point for this Contract.



The manufacturing sequence for the Contract was determined and
the welght requirement of the forging stock necessary to yleld
the final product was established at 26,000 pounds. This would
be the minimum welght of cropped-and-condltlioned ingot. However,
to yileld the greatest possible face height of roll-formed product,
the heaviest avallable ingot would be procured.

The blank for roll-forming would be produced by the seamless ring-
rolling process, which would involve:

1, Upset-forging the as-received ingot from 1ts 1nitial
height to the approximate final helght of the roll-
forming blank. v

2, Punching a 2l-inch-diameter hole 1n the center of the
as-upset-forged ingot (referred to as a "pancake" prior
to being punched and as a "donut" after being punched).

3. Saddle-rolling the donut to approximately 100 inches
inner dlameter and flattening.

4, Seamless ring-rolling to final dlameter in two passes.

5. Hot-sizing and annealing.

This was the same basic hot-workling sequence successfully used
on the 260-inch-diameter SL Motor Case Y-rings and routinely used
at Ladish Co. in the dally production of seamless rings weighing
up to 170,000 pounds. All the necessary facllitles to accomplish
the planned work were in existence:
1. A 23,000-ton hydraullc press with flat-die capacity of
132-1nch dlameter.
. A ring-rolling machine with capacilty for rolling rings of
170,000 pounds and 280 inches in diameter,
A sizing press capable of hot-sizing at 260-inch diameter.
Forging and heat treating furnaces with hearths measuring
25 feet square.
. Machining capaclty including a 28-foot vertical boring
unit.

Ul FWw P

One tooling modification would be necessary to complete the hot-
working sequence. The existing 260-inch-diameter hot-sizing
segments measured 28 inches in face height, and would have to be
adapted to achleve a height of 42 inches in order to size the roll-
form blank ring forging. Thils modificatlon would be accomplished
by machlining elght 25-inch-high ring segments from a seamless
rolled ring to be produced in the same basic hot-working sequence
ag the roll-forming blank. These segments would be positioned
underneath the existing 28-inch-high segments and would result in
a helght capacity for hot-slzing of approximately 53 inches.

The forged-and-heat-treated blank would be machined prior to roll-
forming on an exlsting 28-foot vertical boring mill in a routine
production manner and no special toollng or process requirements
were needed. Based upon data generated by Ladish Co. from tests
of previously-produced maraging steel roll-formed cylinders, a
wall reduction of approximately 50 per cent would result 1n the
deslred optimum combination of toughness and strength, and, as



such, was programmed for the 260-inch-diameter roll-formed cylin~
der, Since finished wall thickness after roll-forming was to be
0.610 inch, a wall thickness of 1.260 inches would be required

in the machlined blank, Extrapolation of previous roll-forming
data indicated that a dilametral growth of 0.800 inch could be
expected durlng roll-forming. The dlameter of the machined blank
was, therefore, made 1.500 inches smaller (0.800 inch as projected
and 0.700 inch as a safety factor 1in case diametral expanslion was
not as projected) than the final required diameter. The length

of the roll-forming blank was to be machlned to the maximum possible
in order to obtain a maximum-height cylinder after roll-forming.

All dimensional aspects of the 260-inch-diameter roll-forming
blank and cylinder would be established utlilizing experlence
gained on the 260-inch-diameter SL cases. As before, Ladish Co.
has not yet been able to obtaln certified measuring devices for
cylinders of this size. 1In order to confldently establish large
diameters during the previous 260-inch-diameter SL Motor Case
Program, the following technique had been devised and would again
be put to use 1n this Contract:

1. The as-forged-and-heat-treated ring was set on the 28-
foot vertical boring mill table.

2. A certifiable center plug, measuring 24 inches in diameter,
was positioned at the center of the mill table. Verifilca-
tion of center was made by setting a dilal indicator off
the outer diameter of the plug and rotating the table.

3. A certifiable bar, measuring 118 inches long, was placed
with one end at the cilrcumference of the center plug to
establish a 130-inch radilus.

4, The as-forged ring was machined to dimensions required
by referencing to the established 130-inch radius. After
machining, and while restrained on the mill table in the
as-machined position, the full dimenslonal inspection
could then be performed,

5. The machined ring, in the restrained position, was then

‘used as a standard to obtain two or more Pi-tape readings
that would be in agreement so that the P1 tapes could be
"certified" for use in subsequent inspections where the
center-plug-and~bar method could not be used,.

In these 1nspections, sufficient Pl tape readings would be taken
inh order to establish a confidence level as to the variation in
measurements that could be reasonably expected.

After machining and completing the ultrasonlc, liquld-penetrant,
and dimensional inspections, the machined blank would be ready for
roll-forming. The roll-forming process ls a forming process devel-
oped by Ladish Co. and certain deslgn and process detalls are con-
sldered proprietary. The baslc process, however, involves deforma-
tlon of a seamless cylinder by extruding and flowing metal between
rolls located at both the outer and inner surfaces. This arrange-
ment 18 beneflclial in several ways. Since the material 1s being
worked uniformly from both sides, the work penetration 1s 1mparted



uniformly and the resultant stress 1s neutral. Additionally,
integral internal and external stiffeners can be positioned cir-
cumferentlially at any point along the face of the cylinder, This
is possible because there is no internal mandrel (as in conven-
tional shear-forming), or an external ring dile (as in roll-
extrusion), to interfere.

Upon~completion of roll-forming, liquid-penetrant, ultrasonic,

and dimensional inspectlons would again be performed. The scope

of work also provided that, should any ultrasonic indications be

found, they would be radiographed. The methods and technlques

of ultrasonic Ilnspection were selected to attaln maximum flexi-.

bility in the event that techniques other than the previously-

used methods would have to be used., Ladish Co. Procedure 9-Q-17,
utilized for ultrasonic inspection of the 260- 1nch-diameter SL

- forgings, would be used as a gulde,

The roll-formed, dimensionally-inspected, and non-destructively-
tested cylinder would then be cold-sized to final required dimen-
sions. As previously polnted out, slight diametral growth is
expected in roll-forming and cold-sizing has been incorporated

as part of the process to posltlvely compensate for any diametral
variances encountered in the cylinder. The amount of planned
cold-sizing was approximately one inch on diameter, which, at

260 inches, is 0.4 per cent.

In order to machine the roll-formed and cold-sized cylinder (for
purposes of demonstrating the ability to machine to a dimension
and to maintain a tolerance at that dimension), an existing mach-
Ining fixture would be adapted to accommodate the requlred diameter.
An internal expanding splder fixture would be modified for use.
This fixture would allow positioning of the high-face-height,
thin-walled cylinder into a true round condition from the inside
of the cylinder, Through a slight collapsing of the fixture, the
cylinder could be simply raised or lowered and repositioned to
obtaln maximum rigidity for machining weld bevels or parting in
any particular spot along the cylindrical length. Machining
operations after cold-sizing were to include machining of the
ends, parting of the cylinder into five rings, and machining weld
bevels on the two rings to be welded,

The entlre schedule as planned 1s shown in Figure 1. The right-
hand column lists the sequences as they would occur according to
the pre-planning. The left-hand portion shows the four major
supporting activities that had to be carried out concurrently in
order to meet the schedule commitment. Flgure 2 1llustrates how
the conversion of ingot to roll-formed cylinder was to be accom-
plished and 1s proportioned accordingly. In the sections that
follow, the actual events that occurred, and the data generated,
are presented and discussed.
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III. MANUFACTURING DETAILS

A. MATERIAL PROCUREMENT AND ACCEPTANCE

The use of vacuum-arc-remelted 18 per cent nickel maraging steel,
"200" grade, was proven in the 260-inch-diameter SL Motor Case
effort and this basic materlial was selected by the National Aero-
nautics and Space Administration for roll-forming. Test materlal
from a 156-inch-diameter experimental roll-formed cylinder pre-
viously produced by Ladish Co. had been glven to NASA for study.

The results of this study suggested that a lower strength level
should produce a better balance desired by NASA between fracture
toughness and strength in the 260-inch-dlameter roll-formed cylinder.

- Rather than project the program into the unknown of a new materilal,
the "200" grade 18 per cent nickel composition was modified by
reducing the titanium and molybdenum contents in an attempt to
achieve lower strength levels. Procurement Specification 2-F-4,
Table I, was 1ssued by Ladlsh Co. and producers were inquiried

for a vacuum-arc-remelted, cropped-and-conditioned ingot of 26,000
pounds minimum weight on a basis other than product-of-best-effort.

Three suppliers responded and the source chosen was selected on
the basls of the following factors:

1. Guaranteed delivered weight would be 28,000 pounds
minimum, This factor was lmportant, as the Statement
of Work called for the highest possible cylinder.

2. The ingot would be vacuum-induction-melted, followed by
consumable electrode vacuum-arc-remelting, thereby yleld-
ing a material of greatest microcleanliness.

3. The ingot dlameter was the largest, which would enhance
the initial upset-forging ratio.

The incomlng ingot was subjected to visual, dye-penetrant, and
ultrasonlc Inspections. Routline minor surface discontinuities
were removed and no abnormallities were recorded. At the gilven
diameter, ultrasonic Inspection can only suggest the presence of
gross plping and none was seen,

Several metallurgical tests were performed on a slice of test mater-
ial removed from the bottom of the ingot. These tests and results
are reported in detail in Section V, Part A, Mechanical properties
from these tests 1ndlcated the material had a yleld strength of
about 183 to 190 Ksi, which was lower than the normal "200" grade,
but perhaps not as low as 1nitially desired. The chemistry check
was satlisfactory, and the ingot was released for manufacturing.

B. HOT-WORKING AND ANNEALING

Hot-working of the 260-inch-diameter roll-forming blank was com-
pleted as planned and without major changes in the approach. A



'”";';'16/67 METALLURGICAL DEPARTMENT
REVISED: QUALITY ASSURANCE PROCEDURE| 2,4

LADISH CO., CUDAHY, WIS.

Tittes MATERIAL PROCUREMENT SPECIFICATION FOR 18% NICKEL SPECIAL
CHEMISTRY VACUUM ARC REMELTED MARAGING STEEL

SCOPE:

This specification covers procurement of 18% Nickel Special
Chemistry vacuum arc remelted steel for Contract #NAS3+7966,

MATERTAL:

Maraging Steel, Consumable Electrode Vacuum Arc remelted to
following chemistry:

Nickel 17.0-19.0 Carbon 0.03 max,
Molybdenum 3,8-4.,0 Manganese 0.10 max,
Cobalt 7.0-8.0 Phosphorous 0,010 max.
Titanium 0.08-0.10 Sulphur 0.0l max,
Aluminum - 0.,05-0.15 Silicon 0.10 max,
Iron Balance

Additives:  Boron 0.003; Zirconium 0,02; Calcium 0,06

Check limits of AMS 2248 applicable except that Molybdenum shall
be 0,10 over maximum and 0.10 under minimum,

THERMAL,_CONDITION:

Ingot or billet stock may be supplied in the as-cast, as-forged

or 1650°F + 25°F solution annealed condition. If solution annealed
at 1650°F, time at temperature should not exceed 6 hours, Mill
analysis certification must indicate thermal condition of as-shipped
stock.

MECHANICAL PROPERTY CAPABILITY:

After forging to a 3" x 3" cross section test bar, solution
annealing at 1650°F + 25°F, (air cooling), aging* at 900°F + 25°F,
(air cooling) material shall have following minimum mechanical
properties using Federal Test Method 151 0.252" diameter R-3 test
specimens cut from the 3" x 3" test bar.

Longitudinal Transverse
Fty (0.2% offset) 170.0-190.0 ksi 170.0-190.0 ksi
Ftu 180.0-200.0 ksi 180,0-200,0 ksi
% Elong. 12 10
% Red. of Area 60 L0

*Aging of entire test bar or individual test specimens after
cutting from test bar at suppliers option.

ﬁ/;/ Leee e
s Jo LILLIE C. A. FURGASON
WRIFTEN BY Project Engineex’ PPROVED  y4ce-President Research & ﬁ:gﬁif\'u?gy

LCO 2445
TABLE I

MATERIAL PROCUREMENT SPECIFICATION
9



"’:‘;1' /67 METALLURGICAL DEPARTMENT
REVISED: LADISH MATERIAL SPECIFICATION 2F4
LADISH CO.. CUDAHY, WIS.
TITLE:
MICROCLEANLINESS:

Metallographic specimen cut from mid-radius position of materisl
representing top and bottom of ingot shall be examined in the
1650°F solution annealed condition on the longitudinal axis in

- accordance with Jernkontoret Chart in ASTM E-45-51. Ratings
not to exceed:

A B c D E*
T 1.5 1.5 1.0 1.5 2.5
H 1.0 1.0 1.0 1.0 1.5

*Titanium compounds to be listed as "E" series.
ULTRASONIC INSPECTION CAPABILITY:

Seamless rolled ring products produced from material ordered to
this specification shall be capable of meeting the Class II
Quality Assurance Level of Ladish Co., Quality Assurance Procedure
9Q17 dated 11/15/63. (5/64" and 8/64" FBH Reference Standards).

MECHANICAL CONDITION:

Stock supplied for forging must be conditioned all over with ends
flat and parallel for upset forging. Stock will be dye penetrant
inspected to insure that cropping and conditioning by steel

supplier has removed all defects traceable to piping and porosity,

PAGE 20F 2

TABLE I (Continued)
MATERIAL PROCUREMENT SPECIFICATION
10




summary of the forging history is shown in Table II. It consisted
of pancaking, plugging, and punching to convert the ingot into a
donut, saddle-rolling to expand the dlameter, ring-rolling to
slzing dimenslons, sizing, and annealing. Annealing was completed
in accordance wlth Ladish Co. Heat Treatment Procedure 13-F-308,
shown in Table III.

The results of dimensional inspections conducted on the as-annealed
ring prlor to any machining are recorded in Appendix I, Part B.
Inspection at this point insured that the forged ring would, after
machining, yleld the required blank for roll-forming.

C. MACHINING AND INSPECTING THE ROLL-FORMING BLANK

Machining of the blank was accomplished at ILadish Co. on a 28-foot
vertical boring mill, Operations lncluded turning the outer dia-
meter, boring the Inner diameter, machining both faces, and mach-
ining a holding groove,

The dimenslonal inspection after machining the blank is shown in
Appendix I, Parts C-1 and C-2. This inspection was performed with
the machined blank in both restralned and unrestrained states. The
design dimensions were achleved.

All surface areas of the machined blank were subjected to a dye-
penetrant lnspection in accordance with Ladish Co. Quality Assurance
Procedure No, 9-Q-108 and no defects were observed. The results
of this inspection and the procedure are reported in Appendix II.

Ultrasonic inspection of the machined blank was completed using
longlitudinal-wave inspection procedure. Standards for this
inspection were 3/64- and 5/64-inch flat-bottomed-holes in
separately-forged reference blocks. The inspection located four
areas of indications and all indications in each area were well
within previously-established 5/64- and 8/6U4-inch flat-bottomed-
hole standards for the 260-inch-diameter SL Motor Case Program,
Section IV contains all pertinent discussions of this ultrasonic
inspectlion. Since the indications were small and discontinuous
in nature, no significance was attached to them at this time. The
machined blank, shown in Figure 3, was released for roll-forming.

D, ROLL~-FORMING AND INSPECTIONS SUBSEQUENT TO ROLL~-FORMING

A 5l-per-cent total wall reduction from 1,260 inches to 0.610 inch
was accomplished by roll-forming, with a simultaneous lengthening
of the face height from 42 to 79 inches. The roll-forming pro-
cess was conducted at room temperature without intermediate
annealing cycles., Figures 4 and 5 show the 79-inch-high cylinder
after roll-forming. %In the Ladish Co. process, one end of the
blank 1s held to the roll-forming machine. This end is referred
to as the "clamping end;" the opposite end is referred to as the
"free end.")

11
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T0ED: , METALLURGICAL DEPARTMENT
9/29/67 13 F 308
REVISED: QUALITY ASSURANCE PROCEDURE
10/5/67 LADISH CO., CUDAHY, WIS.
HEAT TREATMENT ;
[ALTERNATE DESIGNATIONS: SPECIFICATION
MARAGING STEEL, 18% NI MODIFIED "200" GRADE Ladish Co.
NASA 260" DIAMETER ROLL FORM RING 2FL,
NOMINAL CHEMISTRY
CARBON U.U3 MaXsoroN == coBAaLT /.U=35.U COPPER - _'1'
MANGANESE « 10 maxiron Balance TUNGSTEN =e COLUMBIUM ==
"I pHospHoRrus. 01 Omedtmicker. 17.0-19,.0 TITANIUM ,08-,10 TANTALUM ==
suLPHur 0.0l maxXcuromtuw == VANADIUM ==
siticon  0.10 maduoryspenum 3¢8=4.0  |aLuminum .05-.15

After sizing,
reload into
furnace, hold
3 hours at
temp., remove
from hearth
and air cool.,

1675°F
+ 25°F

OPERATION TEMPERATURE INSTRUCTIONS

Sizing:

Heat for 3 1825°F Load & position on hearth., Ring is

hours at +0° thin walled, high face and large

temperature, =30° or less| diameter. Use 8 thermocouples;

Remove from on top, 4 on bottom per sketch,

"hearth and Pg. 2). Bury couples in 3" blocks;

size, connect one couple to round face
recorder, balance to multipoint
chart,

Solution

reat:

Load on hearth. Connect one
thermocouple to round face recorder.

SPECTAL TRSTRUCTIONS

.

Forward round face recorder charts to Metallurgy with Part No.,
Control No., Code & Serial No.

m TEF ME R VAL
'rff LILLIE [W. DAVIS R. BL .
TABLE III

HEAT TREATMENT PROCEDURE
13
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ROLL-FORM BLANK AFTER MACHINING
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The total wall reduction was accomplished in the planned four
passes. At the end of the flrst roll-forming pass, a diametral
growth of 0.857 inch was observed, Since this growth was well

in excess of that anticipated, the roll-forming machined was
immedlately inspected for improper adjustments and/br malfunctlons.
The inspectlon revealed that a bearing retalner lock washer had
sheared, 1nitlating a chaln reaction which ultimately resulted

in a 3/@—1nch misalignment of the rollers at the end of the first
pass. A positive repalr was made at this point and 1n subsequent
passes the dlametral growth was basically as antlcipated.

The roll-forming pass in which the 3/8-inch misalignment occurred
orlginated at the clamping end. There 1s no question that the mls-~
allgnment 1nduced a very high and varying degree of residual ‘
stress iIn the forging. Subsequent observations during cutting

of the three test rings, coupled with metallurgical test data,

lend support to the belief that the misallgnment was progressive.
Whenever previously-produced roll-formed cylinders have been
sectioned longitudinally for testlng, the observed circumferentlal
movement was less than 1/2 inch, with no twisting. When Serial

No. 1, from the free end of the 260-inch-dlameter cylinder, was
parted longitudinally, it catastrophically opened about 13 feet,.

Serial No, 3, from the mid-height of the roll-formed cylinder,
expanded about nine feet catastrophlcally when parted. However,
Serial No. 5, from the clamping end, expanded less than 1/2 inch
when parted, and thils 1s the normally-expected action. These
observatlions support the theory of progressive mls-match.

The second roll-forming pass was completed without incident, Visual
Inspection of the cylinder after the thilrd roll-forming pass dis-
closed 1indentations at one location on both the inner and outer
diameter surfaces of the cylinder, These indentatlons were circum-
ferential in orientation, only 0.009 inch deep, approximately 25
inches long, and the width was less than the wldth of the imparting-
work-surface of the rolls, Durlng the third pass, an unexpected
momentary varlation in the machine's hydraulic pressure was observed
and, at thils point in time, the indentatlons were attributed to

this unexplalined pressure variation. Furthermore, since the inden-
tatlons were only 0,009 inch deep, and since the next roll-forming
pass would reduce each surface of the cylinder 0.050 inch, 1t was
felt the indentations would be blended out as part of the next pass,

Inspectlon of the cylinder surfaces after the fourth and final roll-
forming pass disclosed the 1ndentatlons to be both present and un-
altered, These lndentation areas were dye-penetrant inspected and

no surface defects were observed. When subsequent ultrasonic, radio-
graphic, and sectloning investigatlons proved that a material rup-
ture did exist beneath the surface, 1t was concluded that the ob-
served hydraullc pressure variatlion was, 1in fact, an lnstantaneous
indicatlion of the material fallure, rather than a cause of the
indentatlons.

17



After roll-forming, the cylinder was subjected to dimensional,
dye~penetrant, ultrasonic, and radlographic inspections. The
dimensional inspectlion results are tabulated in Appendix I,
Parts D-1 and D-2,

Ultrasonic 1lnspection of the roll-formed cylinder, thilis time using
shear-wave to a three-per-cent notch standard, disclosed four
areas of highly significant ultrasonic indicatlons. Three of the
four areas could be related to areas found prior to roll-forming;
the remalning area could not be so related. However, thls area,
designated as Area No., 3, was located beneath the 0.009-inch-deep
iIndentations observed after the third roll-forming pass.

To confirm the indicatlions, radlographlc lnspection was employed.
Two of the four areas detected by ulfrasonic inspection as having
defects were confirmed by the X-ray inspection. However, the
X~-ray operation was performed on the cylinder in an open shop
area with some adaptations in technique to accommodate the large
size and lack of shilelding. Section IV contlnues with the discus-
sions on ultrasonic indications and linvestigative work completed
by Ladish Co.

Dye~-penetrant inspections were completed on all surfaces with
emphasis upon those areag where ultrasonlec indicatlons were detect-
ed, No surface defects were detected, and the report is in
Appendix II.

E. COLD-SIZING

The Statement of Work required that the roll-formed cylinder be
cold-sized, have the non-roll-formed ends machined to specified
dimenslions, and then be parted into five separate rings as follows:
1. The top, middle, and bottom (Serials 1, 3, and 5) for
sectloning and testing purposes.
2., The middle two rings %Serials 2 and 4) for a future
girth-welding work program under the direction of NASA.

Because of the detected ultrasonic indicatlons, the necessity
arose to deviate from the pre-planning. The following sequence
was employed:

1, With the roll-formed cylinder in the unrestrained state,
parting lines were marked and the top and bottom diameters
of the rings were measured and recorded as shown in Figure
6. At this time, Serial No. 3, which would be the test
ring representing the mid-helght of the cylinder, was
poslitioned wlthin the roll-formed cylinder so as to con-
taln all four areas of ultrasonlc indicatlons when parted.

2. The cylinder was positioned in the 28-foot vertical boring

mlll with the clamping end down and the top ring (Serial
No. 1, representing the free end) was parted., The bottom

18



Dimensions
Free End unrestrained
and prlor to

A 1 W any maihining
13.5 1@
} IR, 261.568
; A ‘ 261,524
S
18 (@)
: 261.528
f—— s Q o
5 @
I
> , 261.411
\ \ 261.382
h\\
79 \\\\\
) &)
20.5 \\\\\‘
I \
vy I~

Clamping End

# A11 dimensions in inches (diameters P1 tape).
FIGURE 6

LOCATIONS OF PARTING LINES AND RECORDED OUTER DIAMETERS
PRIOR TO ANY MACHINING
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diameter of Serial No. 1 was measured in the free ghatc
and recorded. The top diameter of Serial No, 2 was
measured while i1t was positioned in the mill and integral
wlth the balance of the cylinder,

Serial No., 2 was then parted and the top and bottom dla-
meters were measured in the free state and the dimensions
recorded. The top dlameter of Serial No. 3 was obtained
whille 1t was positioned in the mill and integral with the
balance of the cylinder.

Serial 3 was parted and the top and bottom diameters were
measured and recorded. The top diameter of Serilal No.

L, was obtained while 1t was positioned in the mill and
integral with Serial No. 5, Composite Serial 4-5 was
then removed from the boring mill and re-measured in the
unrestrained state. All diameters obtained in Steps 2,
3, and 4 are presented in Figure 7 in the sequence obtained.

Serial 2 and Serial 4-5 (the composite) were ultrasonically
Inspected from the end faces using a 3/64-inch flat-
bottomed~hole reference standard and no defects were
observed.

Since the "as-buillt" dimensions of Serial 2 were oversize
(261.520 inches at the top and 261.606 inches at the
bottom versus the 261.220-inch maximum as planned)y Com-~
posite Serial 4-5 was cold-sized so that its top end would
match with one of the as-bullt ends of Serial 2., Sizing
was accomplished by placing the composite serial around
the cold-sizlng segments and expanding them hydraulically,
allowing the ring to set, releasing the segments, re-meas-
uring, and repeating the cycle until the deslred match
dimension was obtained. Thlis match was within the maximum
allowable tolerance of #0,060 inch. The dimensions are
recorded in Figure 8, wherein it is seen that the top of
Serial 4-5, at 261.573 inches, is within 0.060 inch of
elther end of Serial 2.

Aiter cold-sizing, the Composite Serial 4-5 was subjected
to ultrasonic and dye-penetrant lnspections. Ultrasonic
inspection used the shear-wave technique to a three-per-
cent notch standard. No defects were found by eilther
inspection method.

MACHINING OF THE NON-ROLL~FORMED CLAMPING MATERIAL

1.

The requirement to machine the non-roll-formed clamping end of
the cylinder to an inner diameter of 260,000 * 0.030 inches was
accomplished as follows:

Composite Serial 4-5 was positioned in the 28-foot mill
with the clamping end up.

20
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2, This end was machlned 1n a free state to dimenslons rang-
ing from 259.973 to 259.979 inches inner diameter,

3. Serlal 5 was then parted from the composite serial, leav-
ing Serial 4 in a finished state. It was removed from
the mill and dimensionally inspected. The results are
shown in Figure 9.

This completed the forging, roll-forming, and machining operations
and complied with the intent of the program by providing two 18-
inch-hligh roll-formed rings for the girth-welding program, and
three rings (representing the top, middle, and bottom of the 79-
inch-high roll-formed cylinder) for sectioning, testing, and
metallurglical evaluation.

G. EVENTS SUBSEQUENT TO FINAL MACHINING

The two rings for welding were placed in shlpping frames to awalt
future work while sectloning commenced on the three deslgnated
test rings. When the three test rings were cut apart, two of

the three sprang open as previously reported. Metallurgical test-
ing was completed on these rings, and 1s reported 1n detall in
Section V.,

Additional ultrasonic investigative work completed on the sectioned
test rings suggested that the two rings 1n storage be ultrasonically
inspected from the outer diameter surfaces using a longitudinal-
wave technique. The rings were removed from storage, dimensionally
re-checked, and subjected to the additional ultrasonic inspectlon.

The dimensions after storage are shown in Figure 10. The ultra-
sonlc Inspection revealed indlcatlions heretofore undiscovered 1in
both Serials 2 and 4, These indications exceed the settings from
5/64- and 8/64-1inch flat-bottomed-hole reference standards, and
are discussed in Section IV.
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SECTION IV, ULTRASONIC AND RADIOGRAPHIC INSPECTIONS
AND INVESTIGATIONS

The ultrasonlc inspection techniques and standards planned at
program initlation were based upon prior experlence galned

through work done on the 260-inch-diameter SL Program using
Aerojet-General Corporation Specification AGC-32115 as a gulde.

In order to provide the maximum flexlibility required for develop-
mental programs such as this, the methods of ultrasonlc lnspection
were kept flexible to permit added technlques and/or tightening

of calibration and evaluation standards. The basic methods to be
used consisted of a longitudinal-wave inspection of the as-annealed-
and-machined roll-formirig blank and shear-wave Iinspectlion of the
full-length roll-formed cylinder. The methods and the technlques
‘that were used are summarized in Table IV, and are set out 1n the
individual ultrasonlc test reports for each inspection performed.

A, INGOT

The first inspection was performed on the raw material in ingot
form., Inspections performed on material of this nature and size
(36-inch diameter weighing 28,510 pounds as-cast) do not lend
themselves to the high resolution or good penetration that can be
achleved when inspecting a fully-wrought structure., A raw mater-
ial inspection of this kind will be crude by comparison, and, at
best, will only detect ingot defects such as gross piping. The
results of this inspection once agalin confirmed past inspection
results. However, experience with double-vacuum-melted mill pro-
ducts has shown that complete absence of gross defects indicates
that the mill product can safely be released for manufacturing.

B. MACHINED BLANK

It was only after the cast 1ngot had been transformed to a wrought

seamless ring by the refinement galned through the hot-working and

annealing cycle that a metallurgical structure suitable for ultra-

sonic lnspection was available. In order to complete the requilre-

ments for the 1nspectlion process, a surface that provides for good

coupling and ultrasound transmission i1s necessary. For thls par-

ticular configuration and critical application, completely machined
_ (250 RMS) surfaces were necessary.

When the as-forged-and-heat-treated ring was machined to the re-
quired dimensions and surface finish, a longltudinal-wave inspec-
tion was performed., At a test frequency of 5.0 MHZ, good pene-
tration and resolution were obtained from the outer-dlameter surface.
All Indications observed were evaluated by callbrating the inspection
equipment through use of 3/64- and 5/64-inch-diameter flat-bottomed-
hole (or FBH) calibration standards. Only one indication was equal
to the response from the 5/64-inch FBH standard, and, in total, all
Indications were well within previously-used acceptance standards.

An attempt was made to perform a longitudinal-wave inspection from
the end face 1n the axlal direction. No confirmatlon of the known
indlcations could be observed. The comblnatlion of a relatively

thin wall, long axial length, plus indlcatlon orientation were con-
sidered factors which would prohlbit detection of small indications.
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For these reasong, the ring was released for further manufacture,
The Ladish Co. ultrasonlic testing report 1s shown in Appendix III,
Part B, ’

C. ROLL-FORMED CYLINDER

Upon completion of roll-forming, shear-wave lnspection was performed
as had been planned. Thls inspection was made on a grid pattern
from the outer diameter of the cylinder 1n one axlal and one cilr-
cumferential direction. A notch, representing three per cent of
the wall thickness, was used to establish test sensitivity. Using
this technique, four indlcation areas were found., The observed
indication areas were circumferentlally orlented and varled in
length from 8-1/2 to 46-1/2 inches. The indications in each area
were then evaluated by comparison to both the three-per-cent notch
for shear-wave and an 8/64-inch FBH reference standard for longi-
tudinal-wave and were found to be 1in excess of the reference stand-
ards. Based upon previously-used standards and Aerojet-General
Corporation Specification AGC-32115, the observed indications would
be adequate cause for rejection of the cylinder. The ultrasonic
inspectlion reports are shown 1n Appendix III, Parts C and D.

Three of the four indication areas were correlated to the location
of the minor Iindications detected in the plece prior to roll-forming.
The fourth indication area appeared in a locatlon previously con-~
sidered sound, but was definitely assoclated with the surface inden-
tation observed during the third roll-forming pass. A plot of all
encountered indications and their relationship prior to and after
roll-forming is shown in Figure 11. An analysis of this figure
reveals that the ultrasonic techniques used up to thils point did

not relocate indications numbered 3 and 4 observed in the machined

blank,

For purposes of clarity in explanatlion, this discussion has drawn

a distinctlon between the observed indications by referring to

those detected prior to roll-forming as "indications," and those
detected after roll-forming as "indication areas," or simply "areas."
Table V 1s presented to summarize the ultrasonic test results

through this point in time, and to tabulate (for reference) the
investigations to be dilscussed. The three left-hand columns iden-
tify the indications prior to roll-forming and their identification
as areas after roll-forming, while the right-hand side continues
with the added investigations.

The program scope of work antlicipated the occurrence of ultrasonic
indications and required that observations be verified by radio-
graphy. Radlographlc equipment was taken 1into the shop where the
cylinder was located, as 1ts size precluded taking the cylinder to
the Radiographlc Laboratory, All four areas were radiographed
perpendicularly, This initial inspection confirmed the presence

of volds 1n Areas 1 and 3, but not in Areas 2 and 4. A portion of
the defect in Area 3 as revealed in the X-ray film is reproduced

in Figure 12. Since Areas 1 and 3 were confirmed by perpendicular-
beam lnspectlon, they were not re-radiographed at an angle as were
Areas 2 and 4, This second inspection also falled to confirm Areas
2 and 4, The radiographic procedures employed are shown in Appendlx
ITI, Part E.
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FIGURE 12
FILM CONFIRMATION

REPRODUCTION OF RADIOGRAPHIC
ULTRASONIC INDICATION AREA NO. 3
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In summary, to thils point the roll-formed cylinder had been 1n-
spected by shear-wave technique 1n one axial and one cilrcumferen-
tial direction, Areas of indlcations had been detected and their
locations marked on the cylinder, MaJjor work still to be done
included parting of the cylinder into five rings (three for test-
ing and two for welding), and cold-slzing of one or both of the
welding rings. Parting of the cylinder into filve rings was de--
signed so that all the observed and ldentified indication areas
would be contalined within one of the rings scheduled for testing.
In this manner, work in three areas continued concurrently:
1. ILaboratory investligation of the observed indicatlon
areas.,
2. Longitudinal-wave ultrasonlc inspectlon from end faces
after parting of the cylinder into five rings.
3. Final manufacturing operations including cold-sizing
and shear-wave 1nspections in directions opposite to
those already completed,

D, INITIAL INSPECTION AFTER SECTIONING

After the cylinder had been parted into test rings and the test
rings cut into sectlions, test panels contalning the ultrasonic
Indication Areas 2 and & were re-radiographed under laboratory
conditions. Thls inspection confirmed the presence of the ultra-
sonic indication in Area 4 by both perpendicular and angle tech-
niques, but still falled to confirm the indication in Area 2.

The parameters of this Iinspection are contained in Appendix III,
Part F.

Test panels containing ultrasonic indication areas were then sec-
tloned for metallographic investigation. Thils examination was
coordinated with the NASA ProJect Manager and resulted in a shift
of emphasis from a relatively routine metallographic review to a
comprehensive evaluation to determine the cause of fallure. As

a result, the four areas of indications were sectioned 1n a manner
that would reveal initlation and propagation of the indications.
The results of these lnvestligations have shown that the areas
detected were caused by nonmetallic incluslons composed princi-
pally of sllicates, The photomicrograph in Figure 13 1is typlcal
of silicates observed in ultrasonic indication Area 3. Three of
the four ultrasonic indication areas exhlibited quantities of in-
clusions along which cracks 1initilated, propagated, and ultimately
terminated.

Each of the indlcation areas had varying degrees of incluslons
and ruptures as shown in Figures 14 and 15, The left photomicro-
graph 1n Figure 14 shows the progression of the resulting rupture
in Area 1, while the photomlcrograph on the right shows only a
slight hint of inclusions in Area 2., In Figure 15, a photomilcro-
graph of an ag-polished surface from Area 3, different than that
of Figure 13, 1s shown. This photomicrograph 1s near one end of
the rupture and shows the distrlbution and slze of Incluslons and
volds found.

Although the metallurglcal structure in the ultrasonic indication
areas 1s generally that of the cold-worked and deformed grains,
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significance must be placed upon the finding of equiaxed grains
in some areas, as shown in Figure 16. In this photomicrograph
from Area U4, equiaxed grains of hot-working can be seen next to
the rupture and confirms the ultrasonic inspection finding that
some of these 1ndications exlisted prior to roll-forming.

The following concluslons were drawn as a result of 1lnvestlgating
the ultrasonic indications:

1. The raw material, although melted by a double-vacuum
process, - contained impurities not typical of the material
or representative of the meltling process. Thilrteen
ultrasonlc indications contalning these lmpurities were
detected in the machined blank prior to roll-forming.

All were within specificatlion requlrements, however, and
the ring would have been acceptable as a hot-worked
forging product.

2. The 1mpurities were present in varying concentrations
and distributions, Although some were detectable by
ultrasonic inspection, others were not. After roll-
forming, 1ndications were located and confirmed in Area
3, which, iIn the machined blank state, was elther free
of indications or had indications undetectable by the
inspection technique employed.

3. Roll-forming did increase the magnlitude and scope of the
known indications, and, in the case of Area 3, served as
an inspection device to locate a previously-undetected
area,

4, Since the first roll-forming pass was accomplished with
the rolls mis-matched, stresses not normal to the process
were introduced Into the material. The tolerance level
for deformation of these inclusion areas by roll-forming
is still to be determined.

While the above-described investigation was in progress, work

on Ring Serials 2 and 4-5 continued. As soon as they were parted
from the cylinder, these two rings were glven a longitudinal-wave
Inspection from the end faces. No defects were observed and the
processing continued. The ultrasonic test report is shown in
Appendix III, Part Q.

After roll-forming, shear-wave inspection in one axial and one
clrcumferentlial direction had not detected any indications and
Ring Serial 4-5 was released for a cold-sizing operation. This
composlite was cold-sized to provide a matching end for welding

to Serlal 2, Then Serial 4 was parted and subjected to the

- planned shear-wave 1nspection in directions opposite to those
already -completed. No indications were observed, The inspection
report 1is shown in Appendix III, Part H, The second shear-wave
inspection of Serlal 2 was not undertaken at this time, and both
-Serials 2 and 4 were placed 1n storage pending future work,

36



‘S1ond

(°6.66=p °ON NAWIDHISOMOIW) °SNIVYD QEXVINDI
ANV JEIVONOTE HIOE 40 HUNLOAYLIS JIXIW HNIMOHS
% VEMY NOILVOIGNI OINOSVMITIN 40 NOILOES SSOMD 9T HuAHId

‘0% ‘Tw OGT pue
w8 T ‘CONH ‘TWw G2 ‘TOH ‘TW 0G 3JUBYDIS fXEQ UOTFBOTITUSEN

37



While the parting and cold-sizing efforts were belng accomplished,
the previously-unanswered question of why indications numbered 3
and in the machined blank were not relocated in the roll-formed
cylinder was gilven conslderation, Test panels from the area where
these indications should have appeared In the cylinder were brought
into the Ultrasonlic Testlng Laboratory and re-inspected,

Another shear-wave inspection also did not reveal any indications.
However, by using a twin 5 MHZ crystal and conducting a longiltudinal-
wave lnspection from the outer-diameter surface, three stringer-

type indications 1-1/2 to two inches in length were located and

- are reported in Appendix III, Part I. The locations of these fthree
stringer indlcations were marked on the test panels and then the
panels were cut open for metallographlc examination. No ruptures
could be seen in any of the exposed sections. Each surface was

then repeatedly polished and examined metallographically. At best,
only a very slight trace of small inclusions could be found.

E. RE-INSPECTION AFTER SECTIONING

Although the intended ultrasonic inspectlons were now completed
except for a final shear-wave inspection of Serial 2, and the two
welding rings apparently were free of ultrasonlc indications, the
experience gained with indications numbered 3 and 4 could not be
overlooked, If these two Indications, detected in the machined
blank prior to roll-forming, could not be detected by conventional
shear-wave 1nspection, but could be found by longitudinal-wave
inspection with a twin crystal operating at 5 MHZ, 1t would seem
to be a logical requirement to re-inspect the already acceptable
(by shear-wave inspection) Serials 2 and 4 using the longitudinal-
wave technique.

Both rings were removed from storage and the flnal shear-wave
inspection of Serial 2 was completed. No defects were seen, The
report 1s in Appendix III, Part J. The longltudinal-wave inspec-
tions were conducted on both Serials 2 and 4 and additional indica-
tions were found. The initial search was conducted with a 3/64-
inch FBH reference standard and evaluation of located defects was
made versus 5/64- and 8/64-inch FBH standards. All the located
‘indications exceed the setting from these standards and, therefore,
would be consldered adequate cause for rejectlon. This evaluation
confirmed the earliler conclusion that all of the raw material impur-
itlies were not detectable in the machlined blank. The reports of
this final longitudinal-wave inspectlon are in Appendix III, Part K.

As delineated in the Introduction to this report, the intention of
the program was to demonstrate the abllity to manufacture a 72-lnch-
minimum face height cylinder of 260.000 inches inner diameter. The
ultrasonic difficultles encountered on thils 1nitial cylinder have
provided both Informatlion to advance the state-of-the-art as well

as ldentifilcation of additional areas for technical exploration,.
Specifically, the state-of-the-art was advanced by demonstrating
that longltudinal-wave ultrasonic inspectlon from the outer-diameter
gsurface of a cylinder should be conducted durlng or after the cold-
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working operation, and that additional technical effort 18 neces-
sary to determine whether or not lndications so detected are
detrimental,
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V. METALLURGICAL TEST DATA

The metallurglcal testing requlrements for thils Contract were
divided into sectlions as outllined below.

A, Acceptance Testling of Forging Stock

This would be accomplished by Ladlsh Co. as an option and be
contingent upon avallablllity of material.

"B, Testing of the As-Roll-Formed Cylinder for Uniformity

Test rings representing the top, middle, and bottom of the roll-
formed cylinder would be sectloned for circumferential and axial
tensile testing at each of three locatlons. Thils testing would
be done on specimens in the as-roll-formed condition (solution
treated at 1675°F prior to roll-forming, plus 51 per cent reduc-
tion cold-working). Grain structure analysis, microcleanliness,
chemical composition, and hardness would also be checked at this
stage. ’

C. Heat Treatment Response

The response to varying maraging cycles would be determined from

a test panel at the mid-height location, Tensile specimens

would be aged at 850, 900, 915, and 950°F for four, eight, and

16 hours. In addition, other specimens would be re-annealed at
temperatures ranging from 1500 to 1750°F and then aged as above,
(It 1s not likely that a process for producing thin-walled cylin-
ders by cold-working would require subjection of the final product
to a high-temperature annealing cycle. However, background data
was sought in the event thils possibility ever becomes a reality.)

D. Final Aging

After the heat treatment response had been evaluated, one treat-
ment would be selected and material from all three test rings
would be heat treated by thls method and then tested.

A. ACCEPTANCE TESTING OF FORGING STOCK

Ordering data for the 28,000-pound (minimum), 36-inch-diameter,
consumable electrode vacuum-arc-remelted ingot lncluded a re-
quested two-inch-thick slice off the ingot bottom for testing
and acceptance, This slice, 1f obtalned, would be used for two
primary purposes:

1, Chemistry check, and

2. Macroetch review;
and one subsidlary check:

3. Tenslle propertlies from a forged test bar,
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When the yleld of a meltlng process 1s pushed to the maximum, the
two-inch slice from the ingot bottom can include remnants of the
consumable electrode starting material, and may or may not be
truly representative of the electrode itself., Sampllings for
chemistry are normally taken lmmedlately adjacent to the surface
exposed by cutting the slice and re-forging test coupons are cut
from the slice and macroetched for homogeneity. Either the slice,
or the actual ingot bottom, may be macroetched. The problems in
handling a 28,510-pound ingot, however, direct that the slice be
etched, !

The chemlstry check analysis by Ladlish Co. was acceptable and 1s
shown 1n Table VI, along with the specificatlon chemlstry and mill
certification of chemigsty. A photograph of the macroetch is shown
in Figure 17. No unusual characteristlcs were observed.

Four test bars to determine mechanlcal property capablllitles were
forged with the followlng flinal forging temperatures:

. Above 2100°F

. 1950 to 2100°F

. 1850 to 1950°F

. Below 1850°F

WO

Each test bar was reduced from 2-1/2 inches to one inch in thick-
ness 1n the specified temperature range. All bars were given a
1650°F, one-hour annealing cycle and then were sectioned for aging
at times of three or six hours. Longltudinal and transverse ten-
slle and pre-cracked Charpy V-notch impact tests were conducted

at room temperature for information purposes. The results of
these tests showed the range of properties to be:

TABLE VII

SUMMARY OF ROOM-TEMPERATURE MECHANICAL PROPERTIES FROM FORGED
ACCEPTANCE TEST BARS

0.2%
TEST Ft F ELONG R.A. P.C.I. (W/A)
y tu . .
PIRECTION H (xs1) | (ks1) (2) (%) (IN-LBS. /IN.2)
Longitudinal 184 - 196.5 - 13 - 60 - 2100 -
190 201.0 14 62 2740
Transverse 183 - 194.5 - 12 - 43 - 1160 -
190 201.0 14 52 1790

Since the chemistry of thlis material had been altered to reduce
the strength levels, the results, as expected, were below the
normal "200" grade 18 per cent nickel maraging steel mechanical
property levels. The materlial was released for forglng.
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Magnification 1X (reduced for printing); etchant HC1-HNO3.

FIGURE 17

MACROETCH PHOTOGRAPH OF 28,510-POUND MARAGING STEEL
VACUUM-MELTED INGOT
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B, TESTING OF THE AS-ROLL-FORMED CYLINDER FOR UNIFORMITY

After roll-forming, the full-length cylinder was sectloned to
yleld three test rings and two rings for welding as described
in previous sectlions of this report. Table VIII shows the
schedule of testing for uniformity. The entire sectloning
diagram for all tests, as related to the completed cylinder,
is shown in Figure 18.

TABLE VIII

SCHEDULE OF TESTING THE AS~ROLL-FORMED CYLINDER
FOR UNIFORMITY

CHEMICAL COMPOSITION One analysls was made on each
test ring.
HARDNESS (Brinell and
Rockwell "C") Each ring was tested at three
locations at 120-degree inter-
GRAIN SIZE vals. Locatlions in the mid-
: height ring were rotated 40
MICROCLEANLINESS degrees from locations 1in the
top ring; locations 1n the
TENSILE TESTS bottom ring were rotated 80
(Circumferential degrees from locatlions 1in the
and Axial) top ring.

The results of chemlcal analysls checks are shown in Table IX,
which is an extenslon of previously-presented Table VI. It is
noted that the results for carbon content varied wilthin the specl-
fication requilrements, but no other variations in chemical compo-
sition were observed,

Tabulations of microcleanlliness, graln size, and hardness values
from the as-roll-formed cyllnder are shown 1in Table X, 1In view

of the ultrasonic difficulties, the microcleanlliness specimens
were carefully reviewed for additlonal evidence of inclusion
concentrations, but no unusual quantities or distributlion patterns
were seen In the selected speclmens. The grain structure was
cold-worked and the actual graln size was difficult to determine.
Representative photomlcrographs of each test ring are shown 1in
Figure 19.

Tensile tests were conducted 1in both the clrcumferential and axial
directions at three different locations 1n each as-roll-formed
test ring (refer to Figure 18). These test results are shown in
Table XI and reflect two very lmportant polnts:

Ly
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SERIAL 5

i

SERIAL 3

SERIAL 1

«<——Clrcumferential Direction———Sm

Magnification 100X; etchant 50 ml., HC1l, 25 ml.
HNO3, 1 gm., CuClg, and 150 ml, HQO.

FIGURE 19

PHOTOMICROGRAPHS SHOWING REPRESENTATIVE MICROSTRUCTURES
FROM THE AS-ROLL~-FORMED CYLINDER
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1, The roll-forming process does impart uniform work
penetration,

2. The previous observation of non-uniform residual
stress due to roller mls-match was confirmed.

That the roll-forming process ilmparts uniform work to the plece
is confirmed by lookling at the flgures of Table XI for any one
particular ring. Examining the test results in elther direction
for the three locations 1n the mid-height ring, Serial 3, there
was less than four Ksi maximum variation in either the yleld or
ultimate strength from location to locatilon.

Confirmation of the non-uniform residual stress is shown more
dramatically in Table XII, which summarizes the data of Table XI

- by presenting the average of the six tests per test ring per test
direction. In progressing from the clamping end to the free end
of the cylinder, the yleld strength, for either test direction,
increases. Since thls increase in yleld strength ls not accompan-
ied by a corresponding Increase in ultimate tenslle strength, the
spread between yleld and ultimate strength, therefore, decreases.

C. HEAT TREATMENT RESPONSE

Test specimens from one panel were utillized to conduct a heat
treatment response evaluation. The total scope of the testing

is shown in Table XIII and the numerous results are listed in
Appendix IV, The anticipated processing of a cold-worked product
such as this roll-formed c¢ylinder would normally include develop-
ment of properties through cold-working or by subsequent relatively
low-temperature thermal treatment. Mechanlcal propertles response
to direct aging of the cold-worked material was, therefore, deter-
mined by aging for three different periods of time (four, eight,
and 1? hours) at four different temperatures (850, 900, 915, and
950°F

Material was also re-solutlion annealed at temperatures of 1500
to 1750°F and then subjected to the aging treatment described
above, This was done 1n order to provide reference data should
the processing approach warrant serious consideration at some
time in the future,

The volume of generated tenslle test data can be evaluated end-
lessly for any specific criterion or potential parameter of
application. In total, however, it 1s best examined by consider-
ing, for example, one particular aging temperature and studylng
its effect upon the yleld strength and reduction in area, This
was done in Figure 20 wherein the data resulting from the 900°F
aging treatment 1s shown graphlcally.

The test reSults show that when the roll-formed product was aged

directly at 900°F a yleld strength level of approximately 210 Ksi
~would be obtained, along with a 45 per cent reduction in area.
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Circumferential Axlal
Tests & Tests

Direct Age —>

1500°F Re-solution —>
Anneal and Age

7
R:;Si%%i‘éﬁﬁi’?f%ié - /////%

Re-solution Anneal

e s 1~ N

Direct Age —>

| | |

4 8 16
TIME (HOURS)

FIGURE 20

SUMMARY OF YIELD STRENGTH AND REDUCTION IN AREA FOR 900°F
AGING TEMPERATURE AT VARIOUS TIMES WITH AND WITHOUT

RE-SOLUTION ANNEALING CYCLES
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When the product 1s re-solution annealed prior to subsequent
aging at 900°F, the reduction 1n area increases to approximately
55 per cent and the yleld strength will be at the 190 to 200 Ksi
level, With reference to yleld strength, 1t was observed that
with a 1500°F re-solution anneallng cycle, the resultant proper-
tles were definitely two or three Ksi above, and separate from,
all the other values, which were generally mixed, The test re-
sults are presented graphlcally without further dlscussion for
Individual analyses as described in Flgures 21 through 27.

D. FINAL AGING

The flnal testing requirement specified that fracture toughness
and tenslile tests be conducted on material from each test ring
after 1t was subjected to a selected heat treatment (900°F for
elght hours). Direct aging of the test material at 900°F for
elght hours was completed, and the test results, along with data
from the previously-produced 156-inch-diameter roll-formed cylin-
der, are shown in Tables XIV through XVI,

The tensile test results 1in Table XIV reflect two noteworthy
points:

1. PFor either test direction, a uniformity in mechanical
property response exists after aging and non-uniformity
reflected 1n Table XII has been eliminated.

2, The yield strength levels of both test directlons are
considerably lower than test results obtained by Ladish
Co. for a 156-inch-diameter roll-formed cylinder of the
"200" grade 18 per cent nickel maraging steel, This
comparlison conflirms the successful reduction of mechanical
property levels by alteration of the chemlcal compositlon,

The pre-cracked Charpy V-notch impact test results in Table XV

are reported as reference data, as are the fracture toughness
values 1in Table XVI,
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VI. CONCLUSIONS

A 260-inch~-diameter maraging steel cylinder was produced by
forging and seamless ring-rolling a starting blank and then
roll-forming the blank at ambilent temperature to 1ts filnal
0.610-inch wall thickness and 79-1inch face height.

Mechanical property determinations showed the final product
was capable of being aged in the cold-worked condition at
900°F for elght hours with resultant yield strength of 205
to 214 Ksi.

The final length (or height) of a 260-inch-diameter roll-
formed cylinder 1s limited only by the avallable input
welght of the raw material.

All dimensions measured were compared to a Ladish Co. stand-
ard devised by bullding up a seriles of tradlitionally certified
smaller standards. Repetitlive dimensional comparlsons made
throughout the manufacturing process to the devised standard
are within *0.001 inch.

The roll-forming process was demonstrated to be a successful
manufacturing technlque for increasing the length (or height)
capablility of large-dlameter, hot-forged, seamless rolled
ring forgings. Under this program, the length was doubled.

Small, but acceptable, ultrasonlic Indications were detected
in the blank prior to roll-forming. During the first roll-
forming pass, a mis-match of the rollers occurred, which
introduced abnormal stresses 1nto the cylinder. The areas
of inclusions, in some cases, were transformed into internal
ruptures as a result of the introduced stresses.

No conclusion about the possible tolerance level and response
of 1Incluslons to roll-forming under design conditlions can be
drawn because the roller mis-match and abnormal stresses
resulted 1in the roll-forming operation actlng as a super-
critical metal inspection device.

The maraging steel materlal can readily be roll-formed at

room temperature., Thls was demonstrated by the three success-
ful roll-forming passes (subsequent to the mis-match pass)
which were completed under design conditions without thermal
or mechanlcal stress rellef of the materlial, and wilthout the
material exhibiting any external fallures,

Ultrasonic inspection proved to be more rellable than radlo-
graphle inspection., The ultrasonic test technlque was modi-
fied to include longltudinal-wave lnspection from the outer
dilameter surface with a 5 MHZ twin crystal., Thils inspection
disclosed defects whlch escaped detection by the conventional
gshear-wave technlque,
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VII. RECOMMENDATION

A second 260-inch-diameter roll-formed cylinder should be pro-
duced in order to fully demonstrate this manufacturing concept
in advance of fabricating future 260-inch-diameter motor cases
by alternate methods. Production of the second cylinder should
shift emphasis from the manufacturing and processing to the
development of the standards and procedures requlred for ultra-
sonic and/br radliographic inspection,
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APPENDIX T
A. DISCUSSION OF DIMENSIONAL ACCURACY

This type of project presents a speclal problem in measuring tech-
nique, It 1s speclal because the tolerances requlired for parts

of thls size are almost one order of magnltude tighter than the
extremes of finish close-machining work. Furthermore, tightening
the tolerances by one order of magnitude, in turn, imposes re-
strictions of measuring variatilons that introduce some unknowns.,

To 1llustrate the problem, a portlon of the Ladish Co. publication,
"Value Analysis Study of Tolerances" is reproduced in Figure IA,
This chart shows that tolerances have a characteristic curve when
the tolerances requlred are expressed as a percentage of the dim-
enslon to be measured. By starting at the left portlion of the X-
axls, where the given dimension 1s small, and referring to the Y-
axls, where the tolerance 1s expressed as a percentage of a gilven
dimension, it can readily be seen that, as the dimenslons increase,
the effect of the unlt of measurement decreases to a point where
its significance 1is nil compared to the tolerance which has become
a fixed percentage. Also written Into the curves are the usual
units of measurement and the larger unlits that are required as

the dimension to be measured increases., As can be seen, the
surface finish must also improve 1f the refinement of tolerance

1s to increase,

The program required a weld preparation mis-match not exceedlng
0.06 inch, This translates to 0.03 inch for each of two pleces
being mated, which, in turn, 1s *0,015 inch on a dlameter of 260
inches. In this case, the *0,015 1nch tolerance, expressed as a
percentage of the dlameter, is +0,0058 per cent, which cannot be
plotted on the chart in Figure IA,

In addition, the traditional measuring varilation that can be
accepted without severe losgs in tolerance for successful manufac-
ture 1s 1/10 of the part tolerance. Since the part tolerance 1s
+0,015 inch, the measuring variation would then Be 1/10 of 0.015,
which, as a percentage of 260 inches, 1s 5.8x107" per cent. The
abllity to calibrate and read instruments to these variations 1s
not possible within the traditional framework of metrology.

The adaptatlons made to traditional metrology, however, are sound
and practical, and, 1f understood, can produce the desired tech-
nical information., First, to arrive at the 260-inch diameter,
parts that could be measured by conventional means were assembled
and clamped to the table of a large boring mill. Using this
derived callbration, there 1s assurance that the pleces being
compared are within +0,001 inch of each other, This method con-
stituted the master callbration for all measurements taken by
Ladlsnh Co,



Using this approach to master callbration, the machlned blank,
while still on the boring mill, was then used to calibrate P1
tapes and to explore the accuracy of the tapes when used by
inspection personnel, Past experlence 1in measuring large-
diameter (plus 200 inches), as-forged rings has shown that a
team of two top-grade inspectors with a P1 tape willl match
readings and/br repeat 90 per cent of the readings to 0,04
per cent or less. The mode of the dlspersion curves for these
readings 1s at +0.02 per cent. Surface roughness affects the
pull resistance of the tapes which lntroduces an appreclable
amount of the variation,

For more refined measurements on machined rings, with speclal
attention to surface cleanliness and lubricity, the 1nspection
will improve to the polnt that 90 per cent of the readings will
be +0,006 per cent or less with the mode at 0,003 per cent.
Since the tolerance for this program is +0,0058 per cent, 1t
18 concluded that measuring variables will represent about one-
half of the allowable tolerance. This conclusilon 1s tempered
by the following two intangilbles:
1, Previous parts lnspected by this method were reported
as "fitting-up" very well,
2. The natural and human interest in this program by all
personnel on the project no doubt resulted in extra
effort and care belng exercised.

RECOMMENDATION

Since no standards are available for diameters of this size, it
is recommended that a master ring approximately 260 inches be
forged and machined by Ladish Co. The ring would be calibrated
by using the methods described 1n thils report, and would then be
parted into several rings of shorter face helghts. The parted
rings would become standards that could be distributed to loca-
tions where an agreement on fitting of parts would be required.
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TABLE IC-2

MEASURED DIMENSIONS OF MACHINED ROLL-~FORMING BLANK, FREE STATE,
USING PI TAPE FOR DIAMETERS

(Outer Diameter dimensions in inches.)

STATION* DIMENSION

260,395
260,415

260,415

260,410

260.410

260.415

260.420

260.415

Viol~wloalulslw]v] =

260.415

-
(@

260,415

* Station 1 is at the free end of the cylinder; Station
10 18 at the clamping end.
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TABLE ID-1

MEASURED DIMENSIONS OF ROLL-FORMED CYLINDER RESTRAINED ON THE
ROLL-FORMING MACHINE USING PI TAPE FOR DIAMETERS

(Outer Diameter dimensions in inches.)

STATION* DIMENSION

1 261,527
261,557
261.440
261.495

261,509

261.475

261.382

261.263

Wil i j+&=Jwi]mMN

261,018

=
o

260.700

* Station 1 1s at the free end of the cylinder;
Station 10 18 at the clamping end.
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TABLE ID-2

MEASURED DIMENSIONS OF ROLL-FORMED CYLINDER USING
PTI TAPE FOR DIAMETERS

(Outer Diameter dimensions in inches,)

STATION* DIMENSION

261,530

261,540

261.430
261.482
261.495

261.450

261.350

261,225

260.975
260,660

Ol ioyju | &= jw 0§+~

=
o

* Station 1 is at the free end of the cylinder;
Station 10 is at the clamplng end.
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APPENDIX II

LIQUID-PENETRANT INSPECTION PROCEDURE
AND REPORTS

QUALITY ASSURANCE PROCEDURE NO. 9-Q-108
FOR LIQUID-PENETRANT INSPECTION

INSPECTION OF MACHINED BLANK DATED
10/24/67

INSPECTION OF ROLL-FORMED CYLINDER
DATED 11/7/67

INSPECTION OF ROLL-FORMED CYLINDER
DATED 11/14/67

INSPECTION OF COMPOSITE SERIAL 4-5
DATED 11/27/67

II-1

PAGE

II-2
II-6
II-7
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1l.1

1.2

1.3

2.1
2.2
2.3

"‘”"’“ﬁ _— METALLURGICAL DEPARTMENY ‘

<wvise— ——— QUALITY ASSURANCE PROCEDURE| 9 q 108
LADISH CO., CUDAHY, WIS.

TITLE& LIQUID DY& PENSTHANT INSPECTION PROCEDURE FOR NON-NUCLEAR,

1. SCOPE:

2. APPLICABLE DOCUMENTS:

3. GENERAL REQUIAEMANTS:

NON-FERRCUS WAOUGHT PAODUCTS.

This procedure establishes the methods and techniques for

liquid dye penetrant inspection of non-ferrous wrought prod-
ucts for the detection of surface discontinuities detrimental t¢
the function of the part.

Quality assurance limits applicable shall be made part of and
included in the instructions. Any modifications or changes
thereof shall be in the form of amendments to the instructions.

This procedure covers only the use of the solvent removal pro-
cess and materials.

Military Standard - MIL-STD-410A.
Military Specification - MIL-I-6866B(ASG), Type II, Method C.

Customer specifications as shown in the instructions.

3.1

3.2

3.3
3.k

k.1

3.4.1

4, SUPPLIES:

CONCUARED: ﬁ/f /
WRITTEN IYQS APPROVED 4%3 1‘” v PAGE1OF L4

Inspection personnel shall be individually qualified in accord-
ance with requirements of MIL-STD-410A.

Equipment shall be constructed and arranged to conform with
safety regulations. Adequate lighting and ventilation shall be
provided.

Materials used shall conform to the requirements of MIL-I-25135

Liquid materials used shall be kept in separately identified
closed contaliners.,

Materials listed in Table I shall not be intermixed with thosq
listed in Table II when performing the penetrant inspection
process, Unless instructed otherwise, only. Table I materials
shall be used.

Méterials used shall be the non-water washable solvent removabls
type as listed in Tables I and II.

£CQ 2448
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DATE: METALLURGICAL DEPARTMENT

12-22-6+ | QUALITY ASSURANCE PROCEDURE| 9 q 108
LADISH CO., CUDARY, WIS.

4,1 (Continued)

TABLE 1
MAGNAFLUX CORP.  TYPE "8 ( FLAMMABLE)
Dye Penetrant SKL-S Lad. No. 3-855004
Cleaner SKC-8 Lad, No. 3-855005
Developer SKD-8 Lad. No. 3-855003
(non-aqueous) ;
TABLE II
MAGNAFLUX COgP, TYPE »Npw (NON-FLAMMABLE)
Dye Penetrant, SKL-HF Lad. No. 3-855022
Cleaner SKC-NF Lad. No. 3-855023
Developer SKD-NF Lad. No. 3-855024%
(non-aqueous)

4.2 Materials other than those listed in Tables I and II may be
used provided they meet the requirements of MIL-I-25135, Group
I. v

5. - SURFACE REQUIREMENTS:

5.1 Surfaces of parts to be inspected shall be free from scale,
sharp burrs, paint, grease, oil, or other extraneous matter
that would interfere with proper execution of the test.

6., Pdi-CLEANING:

6.1 Prior to application of penetrants, surfdaces of materials or
specific areas shall be cleaned free of dirt, grease, lint,
paint, machine coolants and coatings, vapor degreasing, commer-
cial solvents, chemical etchants or abrasive-cleaning methods
are permitted.

Use of chemical etchants shall be followed by thorough water
rinse and drying. Abrasive blasting may be used only if the
surface metal 1s not peened during the process or if surface

" defects are not sealed or contaminated with abrasive material.

7. PENETAANT APPLICATION:

7.1 Penetrant shall be applied by dipping, spraying, brushing or
any other method which assures coverage of the area or material
to be inspected. PAGE 2 OF Lt

LCO 24454
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DATE:

12-

METALLURGICAL DEPARTMENT
22-6l QUALITY ASSURANCE PROCEDURE
LADISH C0., CUDAHY, WIS.

9 Q 108

7»2

7.3

8.2
8.3

8.4

9.2
9.3

10.1

10.2

8. PENETRANT ABMOVAL:

9. DEVELOPER:

10, INSPECTION:

The penetration time shall be 15-20 minutes min. and max., dur-
ing which period the surface shall be kept thoroughly wetted.

Drying of the penetrant during the penetration time shall
requipe recleaning and repeating the test.

Temperature of the penetrant or the part, prior to application
of the penetrant, shall not be less than 50°F. or greater than
100° F,

Excess penetrant shall be removed by wiping the surface with dr;
cloths or paper towels.

The rémaining penetrant shall be removed with lint-free cloths
or paper towels moistened with the specified cleaner. Flushing
the surface with cleaner is prohibited.

Drying after removal of excess penetrant shall be through normal
evaporation, or by blotting with absorbant paper or .lint-free
cloths.

Time required for removal of excess penetrant shall be a maximuT
of 20 minutes or less. ‘ ’

The developer shall be applied no later than 20 minutes after
the surfaces have been cleaned of excess penetrant.

Prior to application the developer shall be thoroughly agitated,

The developer shall be uniformly applied by spraying the test
surface with a thin coating., Care shall be taken to avoid
heavy deposits of developer in corners, fillets, etc.

Inspection for indications per applicable standards shall be
made after a 7 minute minimum or 30 minute maximum developing
period. A preliminary inspection may be performed immediately
after the developer has dried in order to observe the develop-
ment of major defects which may become obscured by excessive
bleed out.

Indications will appear as red lines or discolorations on the
developer coating as the penetrant is drawn from a defect.

PAGE3 oF 4

LCO 244354
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DATE: METALLURGICAL DEPARTMENT

12-22-6+ | QUALITY ASSURANCE PROCEDURE| 9 q 108
LADISH CO., CUDAHY, WIS.

11l. FINAL CLEANING:

11.1 On completion of inspection, or prior to release, the part shall
be cleaned to remove all traces of residual penetrant or
developer; approved cleaners are listed in Tables I and II.

12. ACCEPTANCE STANDARDS:

12.1 Matefial containing indications representing cracks, laps
porosity, seams, or welding defects, etc. shall be subJecé to
rejection, '

12.2 Material containing discontinuities as described in 12.1 may be
salvageable by careful conditioning. Conditioned material shal]
be acceptable provided the conditioned area or defect does not
extend into the final part profile. '

12.2.1 Depressions, resulting from removal of defects, whose size
infringe on print tolerances shall be submitted for possible
weld repair, subject to quality review approvals,

12.3 1Indications caused by surface irregularities such as nicks,
scuffs, scratches, pits, grinding marks, machining marks, or
similar imperfections visually identified as such, shall be
considered acceptable. ,

12.3.1 When indications, not identifiable per 12.3 and believed to bq
irrelevant are present, 10/ of each type indication may be
explored, with suitable probing tools, by removing the condi-
tion believed to be causing the indications and re-inspecting
the conditioned area. The absence of indications on re-
inspection shall be considered proof that similar indications
are not relevant to actual defects. Indications which re-
gpgear on re-inspection shall be interpreted as legitimate
efects,

13. MABKING:

13.1 Parts that have satisfactorily met the penetrant inspection re-
quirements, as stated in the instructions, shall be marked with
the symbol "P" by impression stamping, etching, electro-pencil-
ing or rubber stamping, as applicable per specifications on the
part adjacent to the part number.

PAGE 4 oF L

LCO 248
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LIQUID PENETRANT INSPECTION - VERIFICATION FORM

CUSTOMER _NASA PART NO. NZ-001
PART DESCRIPTION Machined Blank PURCHASE ORDER No. . NAS 3-7966
MANUP, RELEASE NO, 03-119-04 SERIAL NO/S. INSPECTED AA - #1-5
SPECIFICATION ACCEPTANCE
(METHOD) NO. 99-108 STANDARDS PER 99-108

PROCESSES ( Ohaqk 2

DEYELOPERS
A
: PROCESS ,

PENETRANTS D WET DRY SPRAY
FLUORESCENT  (WATER WASHABLE)
FLUORESCENT  (POST EMULSIFICATION)
COLOR=CONTRAST (WATER WASHABLE) X X
COLOR-CONTRAST (SOLVENT REMOVABLE

OTHER = (EXPLAIN)s . -
( . 360" Outer and Inner Dlameters except for two lnches from

AREA INSPECTED bottom face and two inches from top face not liguid penetrant
Inspected.

REMARK S

YERIFICATION

THE ABOVE PART/S HAS/HAVE BEEN LIQUID PENETRANT INSPECTED AND ACCEPTED I ACCORDANCE
WITH THE APPLICABLE SPECIFICATIONS.

INSPECTOR . ID-10275 CERT. STAMP NO. P36 oate 20/24/67

THE ABOVE INSPECTION PERSOHNNEL ARE CURRENTLY CERTIFIED IN ACCORDANCE WITH THE
APPLICABLE SPECIFICATIONS. RECORDS OF THESE CERTIFICATIONS ARE OM FILE IX OUR QUALITY
CONTROL DIVISION.

LADISH Q0.

LCO 3092 n2 pc
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LiQuip PENETRANT INSPECTION - VERIFICATION FORM

CUSTOMER NASA _ PART NO. NZ-001
PART DESCRIPTION Roll-Formed Cylinder PURCHASE ORDER N0, . NAS_3-7966
MANUF, RELEASE NO. 03-119-04 SERIAL NO/S. INSPECTED AA -#1-5
SPECIFICATION ACCEPTANCE
(METHOD) NO. 9Q-108 STANDARDS PER 9Q-108
PROCESSES (Check)
DEVELOPERS
PENETRANTS PROCESS WET DRY SPRAY
USED
PLUORESCENT  (WATER WASHABLE)
FLUORESCENT  (POST EMULSIFICATION)
COLOR-CONTRAST (WATER WASHABLE)
COLOR-CONTRAST (SOLVENT REMOVABLE)—| X X

OTHER = (EXPLAINY

Outer and Inner Diameters of four marked areas (areas with
AREA INSPECTED ultrasonic indications),

REMARKS: No indications encountered,

YERIEICATION

THE ABOVE PART/S HAS/HAVE BEEN LIQUID PENETRANT INSPECTED AND ACCEPTED IN ACCORDANCE
WITH THE APPLICABLE SPECIFICATIONS.

INSPECTOR ID-1385 CERT. STAMP NO. P 13 pate 11/7/67

THE ABOVE INSPECTION PERSONNEL ARE CURRENTLY CERTIFIED IN ACCORDANCE WITH THE
APPLICABLE SPECIFICATIONS. RECORDS OF THESE CERTIPICATIONS ARE OH PILE N OUR QUALITY
CONTROL DIVISION.

LAD{SH CO.

6L.CO 2002 3 pC
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LIQUID PENETRANT INSPECTION - VERIFICATION FORM

NZ-001

CUSTOMER NASA PART MO,

Roll-PFormed Cylinder

PART DESCRIPTION PURCHASE ORDER NO, VA3 3-7966

MANUP. RELEASE NO, 03-119-04 SERIAL NO/S. INSPECTED AR - #1-5
SPECIPICATION ACCEPTANCE ‘
(METHOD) NO. 99-108 STANDARDS PER 99-108
PROCESSES {Oheqkz
DEVELOPERS
' PROCESS
PENETRANTS USED . WET DRY SPRAY
~ PLUORESCENT  (VATER WASHABLE)
FLUORESCENY  (POST EMULSIFICATION)
COLOR=CONTRAST (WATER WASHABLE) X X
COLOR-CONTRAST (SOLVENT REMOVABLE

- {EXP .
OTHER = (EXPLAINN Outer and Inner Dlameters 100% except two inches from top
AREA INSPECTED face and two inches from bottom face,
REMARK S No indicatlons encountered.
VERIFICATION.

THE ABOVE PART/S HAS/HAVE BEEN LIQUID PENETRANT INSPECTED AND ACCEPTED iN ACCORDANCE
WITH THE APPLICABLE SPECIFICATIONS.

INSPECTOR ID-10275 CERT. STAMP NO. [P3s pate 11/14/67

THE ABOVE INSPECTION PERSONNEL ARE CURRENTLY CERTIFIED IN ACCORDANCE WITH THE
APPLICAGLE SPECIPICATIONS. RECORDS OF THESE CERTIFICATIONS ARE ON FILE IN OUR QUALITY
CONTROL DIVISION.

LADISH CO.
L.Co. 3002 02 pe
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LIQUID PENETRANT INSPECTION - VERIFICATION FORM

CUSTOMER __NASA PART NO. NZ-001

PART pEscriPTioN _Roll-Forme nder PURCHASE ORDER NO. _NAS 3-7966

MANUF, RELEASE NO, 03-119-04 SERIAL NO/S. INSPECTED AA - Serial 4-5
SPECIFICATION ACCEPTANCE '

(METHOD) NO. 99-108 STANDARDS PER 9Q-108

PROCESSES (Cheok)

) DEVELOPERS

PENETRANTS | ol WET DRY SPRAY
FLUORESCENT  (WATER WASHABLE)
FLUORESCENT  (POST EMULSIFICATION)
COLOR=CONTRAST (WATER WASHABLE) X X
COLOR-CONTRAST (SOLVENT REMOVABLE
OTHER = (EXPLAIN)K
AREA INSPECTED 100%.
REMARKS: No indications encountered.

YERIFICATION

THE ABOVE PART/S HAS/MAVE BEEN LIQUID PENETRANY INSPECTED AND ACCEPTED IN ACCORDANCE
WITH THE APPLICABLE SPECIFICATIONS.

INSPECTOR ID-10275 CERT. STAMP NO. P 36 pave 11/27/67

R e ]
THE ABOVE INSPECTION PERSONNEL ARE CURRENTLY CERTIPIED IN ACCORDANCE 'Im T™HE

APPLICABLE SPECIFICATIONS. RECORDS OF THESE CERTIFICATIONS ARE ON FILE IN CUR QUALITY
CONTROL DIVISION.

LADISH CO.
LCO 2092 v2 pC

I1-9



APPENDIX IIT

ULTRASONIC AND RADIOGRAPHIC INSPECTION
PROCEDURES AND REPORTS

QUALITY ASSURANCE PROCEDURE NO, 9-Q-17
FOR ULTRASONIC INSPECTION

INSPECTION OF MACHINED RING BLANK DATED
10/24 /67

INSPECTION OF ROLL-FORMED CYLINDER
DATED 10/30/67

INSPECTION OF ROLL-FORMED CYLINDER
DATED 11/1/67

TABLE ITI-E: RADIOGRAPHIC PROCEDURE AND
DETAILS FOR 260-INCH-DIAMETER ROLL-
FORMED CYLINDER

TABLE III-F: RADIOGRAPHIC PROCEDURE AND
DETAILS FOR RE-INSPECTION OF THE TEST
PANELS

INSPECTION OF RING SERIALS 2 AND 4-5
'DATED 11/22 /67

INSPECTION OF RING SERIAL 4 DATED 12/14/67

INSPECTION OF TEST PANELS "D" AND "E"
FROM RING SERIAL 5 DATED 12/20/67

SHEAR-WAVE INSPECTION OF RING SERTAL 2
DATED 2/24/68

LONGITUDINAL-WAVE RE-INSPECTIONS OF RING
SERTIALS 2 AND 4 DATED 2/24/68

III-1

PAGE

ITI-2
III-6
I11-8

IIT-11
ITT-12
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1SSUED: METALLURGICAL DEPARTLENT
11-15-63

REVISED: QUALITY ASSURANCE PROCEDURE| 9917
LADISH €0., CUDAWY, VIS, |

TTLEs  ULTRASONIC INSPECTION PROCEDURE FOR MISSILE PARTS PRODUCED
FROM MARAGING STEEL

1., §8COP :

1.1 This procedure establishes the methods and techniques utilized
in the inspection of rolled rings or forgings for missile
applications produced from maraging steels,

2. REFERENCE DOCUMENTS:

2.1 AGC-32115 forms a part of this procedure to the extent refer-
enced herein,

3. BEQUIREMENTS:

3.1 Equipment - Immersion Inspection. ,

3.1.1 Curtiss-Wright Immerscope h24a, L24D, or équivélent.

3.1:2 Immersion Type Crystals - 5 me, 10 mc and 15 mc frequencies,
Lithium Sulfate, Barium Titanate or "Z" types permissible;
Crystal size 3/8", 3/4" or 1" dlemeters.

3.1.3 Tank equipped with rotating device and positioner, containing

water with a suitable wetting agent and rust inhibitor as an
immersion medium, _

3.1.4 Rotating device equipped with "water coupled" squirter type
crystal positioner and holder. (Immersion type inspection.)

3.2 Equipment ~ Contact Inspection.

3.2.1 Sperry Reflectoscope, UR or UM,

3.2,2 Contact Type Crystals; 2,25 mc, 5 mc and 10 mc frequencles,
Quartz, Barium Titanate or "Z" types permissible. Crystal
size 3/4" or 1" diameters,

3.2.3 Medium weight o1l as a contact couplant,

3.2.4 Surface finish shall be 250 RMS or finer.

3.3 Inspection Methods.,

3.3.1 Forgings and rolled rings will be inspected'by the immersion

' method when sllowable by tank capacity. Large items, beyond
tank capacity, will be Inspected by the "water coupled"

squirter method as soon as rotating device and equipment 1is
available; in the interim the contact method will be used.

WRITTEN BY / p W{lzﬁk'ﬁ/nnoveo d%zw . PAGE 1 OFl

LCO 2445
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DATE:

11-15-63 | QUALITY ASSURANCE PROCEDURE| 19 q 17

METALLURGICAL DEPARTMENT

LADISH CO., CUDAHY, WIS.

3.4,1

30502

3.5.3

3.601

306.2

3.4 Calibration,

3.5 Inspection Technique,

3.5.1 Inspection will be performed at the 5 mc frequency on mater-

3.6 Inspectfon Sequence,

Instrument calibration shall be accomplished by use of refer-
ence standards of similar material., Reference standards will
be at least 2" in diameter with lengths of 1-1/u%, 2", 3-1/hq
L-1/2" and 5-3/4" respectively and will contain 15/6&", 8/64"
5/64" and 3/6LY" flat bottom holes drilled axially to & depth
of 3/4" (,750")., This will provide face to hole distances of|
172n, 1-1/4n, 2-1/2v, 3-3/4" and 5" respectively. Instrument
will be adjusted to portray a 504 indication (compared to
full screen height being 100%) from the smallest test hole
required in the applicable class of inspection and which
most closely approximates 3/4 of the thickness of the area
being inspected, When calibration on the larger test holes
is required, the same level will be used. Calibration shall
be confirmed every hour during inspection,

fal 1" or over. On thicknesses less than 1", the 10 me¢ or
15 mc frequencies shall be used depending on the ability to
detect the reference hole, ability to penetrate the materisl
and test method used,

Scanning will be performed from the applicable surfaces as
required. Indexing of the search probe shall be such that
the scanning paths overlap by at least 104 of the crystal
diameter,

Scanning speed shall not exceed 6" per second,

Rolled rings - longitudinal wsve inspection will be performed
in overlapping scans from the OD, The crystal will be posi-
tioned and indexed by a positioner, inspection will be
perpendicular to the surface being scanned.

When the wall thickness is adequate and configuration permits
rings will be inspected from the faces on an information
basls using either the contasct or immersion methods depending
on the axisl length.

Forgings ~ longitudinal wave inspection will be performed in
overlapping scans from the outer surfaces, to the degree
allowable by the configuration of the forging. The crystal
will be positioned and indexed by a pasitioner, inspection
will be perpendicular to the surface being scanned,

PAGE 2 OF 4

LCO 2445A

ITI-3



DATE: METALLURGICAL DEPARTMENT

11-15-63 | QUALITY ASSURANCE PROCEDURE| 5 ¢ 17
LADISH CO., CUDAHY, WIS.

‘3.7 Evaluation of Flaws,

3.7.1 Flaw evaluation shall be by comparison of the amplitude of an
indication of a discontinuity vs. the amplitude produced by
the applicable test hole for the acceptance level and which
most closely approximates the flsw depth.

3.7.24 Angular manipulstion of the crystal shall be used to obtain
the maximum response from individual discontinuities when
using the immersion method.

4, QUALITY ASSURANCE:

4,1 The quality level criteris shall be in accordance with that
spegi{ied in the contrsdct or purchase order and be classified
as follows:

4,1,2 Class I -

4.1.2.1 Pieces showing a single indication greater than the
response from a 5/64" diameter flat bottom hole at the
estimated discontinuity depth shall be reported.

b,1.2,2 Pleces showing Indications greater than the response from
a 3/6L4" diameter flat bottom hole at the estimated dis-
continuity depth, whose indicated centers are less than
one inch apart, shall be reported.

k,1.2,3 Pieces showing indications greater than the response from
a 3/64" diameter flat bottom hole which have a length
greater than one inch shall be reported.

k,1.2,4 Concentrations of indications which cause a 504 or greater
indication of the back reflection, provided loss is not
caused by non-parallel or irregular surfaces, shall be
reported.

4,1.3 Class II -

k,1.3.1 Pleces showing a single indication greater than the
response from a 8/64" diameter flat bottom hole at the
estimated discontinuity depth shall be reported,

k,1.3.2 Pleces showing indications greater than the response from
a 5/64" diameter flat bottom hole at the estimated dis-
continuity depth, whose indicated centers are less than
one inch apart, shall be reported.

k,1.,3.3 Pleces showing indications greater than the response from
8 5/64" diameter flat bottom hole which have a length
greater than one inch shall be reported,

PAGE 3 OF |,

LCO 2443
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DATE: METALLURGICAL DEPARTMENT

11-15-63 | QUALITY ASSURANCE PROCEDURE| 9 q 17
LADISHI CO., CUDAHY, WIS.

4,1.3.4 Concentrations of indications which cause a 50% or greater
reduction of the back reflection, provided loss is not
caused by non-parallel or irrepular surfaces, shall be
reported,

k,1.b Class IIT -

4,1.4,1 Pleces showing a single indication greater than the
response from a 12/64" diameter flat bottom hole at the
estimated discontinuity depth shall be reported.

4,1.4,2 Pleces showing indications preater than the response from
a 8/6L4" diameter flat bottom hole at the estimated dis-
continuity depth, whose indicated centers are less than
one inch apart, shall be .reported.

4.,1.4,3 Pieces showing indications greater than the response from
a 8/64" diameter flat bottom hole which have a length
greater than one inch shall be reported.

k,1.,4.4 Concentrations of indications which cause a 50% or greater
indication of the back reflection, provided loss is not
caused by non-parallel or irregular surfaces, shall be
reported,

4,2 Review,

4,2,1 Pileces which contain indications in excess of that specified
by the apglicable class of inspection shall be considered on
a review basis, Suitable reports and drawings shall be
sggTitted for material review action, approval and/or dispo-
gition,

4,2,2 Pleces which contain indications in excess of the specified
by the applicable class of Ilnspection which are present in
sreas that will be removed in subsequent machining shall be
reported but be considered acceptable, '

9. BEPORTS:

5.1 Certified test reports of the results of the ultrasonic inspec-
tion shall be provided to the customer upon completion of testg.

pace L or U4

LCO 2445A
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LADISH CO.

METALLURGICAL DEPT.
ULTRASONIC INSPECTION REPORT

[oATE
10/24 /67
CuUsSTOMER PART NAMK P. 0.
N,A.S.A, Machined Ring NZ-001 NAS 3-7966
MATERIAL SPEC, ULTRASONIC SPEC. Lso
2F4; 18% N1 180 Grade Maraging Class II Stds. of Ladish 9Q17 |wo 03-119-04

METHOD OF FORMING

X ronrsxo [ =xTrubeo ] ronmzo [C] noLL & werLD
EQUIPMENT METHOD .
{0 Jabgtcroscors wonrr AHua [ ornan X convacy £ mmznsion ] AparTEns
WAVE PORM I COUPLANT WATER PATH
X vonciTuDINAL ] suran ] surrace 011 ouwTance
CRYSTAL TYPR & 812K CRYSTAL FREQUENCY (MC)
Kelvin-Hughes Twin 5.0 MHZ CJes [te (Jass  [Keo [Jreo [Dise  [Jumeo

BENBITIVITY
Set to produce an 80% indication vs. 3/64" and 5/64" FBHs in appropriate height
reference standards.

SENBITIVITY SEYTINGS

TESY PROCEDURE
Inspected in overlapping scans from 0.D. surface.

INSPECTOR
Schittone, Lehman, Jamrog
MATERIAL INSPECTED
SERIAL, cont IIE DISPOSITION EIT )3
1-5 AA 260,38 OD x 257.88 ID x 42 H Acceptable 250
COMMENTS

Good penetration noted throughout tests; several indications noted and evaluated.

See attached drawings for information.

Plece is considered acceptable for further processing,

R. P, Mierzwa

LCO 20%¢ A2
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Machined Ring for N,A.S.A. (NZ-001) 10/24 /67
NOTE: All flgures gilven are in inches,

"0" Index
‘( Stamped
®@ O
, @ ®
Distance Distance
Indication Depth from Clockwise
No. Size from QD Bottom from "0"
1 +3/64; -5/64 1/2 18-1/4 0
2 /% /" 1§é 18-1/4 5-1/U
, 3 " " 3/4 5 76-—1/14-
4 n " 3/)4_ 5 100
"oo" Index
¥ Stamped
® ©eODOBOE®
4
Distance
Distance Counter-
Indication Depth from Clockwise
No. Size from OD Bottom from "00"
5 =5 /6l 1/2 21-5 0
6 +3/64; -5/64 1 - {LI/B 24-152 33-3/4
" " 1-1-1/8 24-3/8 36
" " 1-1-1/8 24-1/4 38-1/8
9 " " 1-1-1/8 24-1/2 42-3/4
10 " " 1-1-1/8 24-1/2 45
11 " " 1-1-1/8 25 46-3/4
12 " " 1 - 1-1/8 25 51-1/2
13 " " 1 - 1-1/8 2l-5/8 53

A1l indications spot type; area from No, 6 to No, 13 showed some
very small scattered indications 1in between recordable indications,

III-7



LADISH CO.

METALLURGICAL DEPT.
ULTRASONIC INSPECTION REPORY

oATE
10[30/67
cusTOMER PART NAME P.0.
N.A.S.A. Roll-formed Cylinder NZ-001 | NAS 3-7966
MATERIAL SPEC. ULTRABOHIC SPEC. L0
2F4; 18% N1 180 Grade Maraging Shear Wave 3% Notch wo 03-119-04
METHOD OF FORMING and Holl-
: B rorszo Formed D EXTRUDED 3 rormeo C_;_) AOLL & WELD
QU METHOD
[x ""i“lgmys D M"'“" ] ovuar K3 conracr ] wsnrsion ) apasraEns
WAVE FORM COUPLANT Wnu PATH
0] voncituomaL (X suzam [ surrace 011 BlsTANCE
CRYSYAL TYPE & SI2E CRYSTAL PREQUENCY (MC)
1/2" x 1" - 45° Angle Lithium-Sulfate [Ces (o [haas  [Jee  [Jroe [Jise  [TJasee

SENSITIVITY
Set to produce a 3/4" aweep to peak indication from the 3% axially-oriented
notch in the 0.D, of plece being inspected,

SENSITIVITY SETTINGS

THSY PROCEDURE
Inspected on the basis of 12" grid lines; in the clockwise direction circumferen-
tially and in the upward directlon axially from the 0,D, surface,

msrector Haldwin, Toth,
Golner and Meador
MATERIAL INSPECTED
ll!lkk S_D_D! . SIZE Dltloll‘ﬂon 2T mus
1-5 AA 261,220 x 260.000 x 72" Min, RejJectable 250
COMMENTS

Calibration made on basis of 12" grid lines,

Inspection performed on same basis with use of osclllating motion of transducer
to insure complete coverage of area being inspected.

Four areas of indications noted while scanning in the axlal direction; these
plotted and evaluated, See attached drawings for information,

Areas of indications are cause for rejectlon and are to be evaluated using
longitudinal wave.

R, P, Mierzwa

L.CO 208 R2
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Roll-Formed Cylinder (NZ-00l1) for N.A.S.A 10/30/67

NOTE: All figures are
in inches., / "o" Irdex

A

- 45-3/8

1A‘{14"1/2 P’
‘/ » 32 -{

el

AREA #1
Stamped S 18._»)1 Stamped
~<— "00" Arrow \J‘ A & Arrow
| !
< 33-1/2
—| 6 [«15-1/24|
AREA #2

III-9



Roll-Formed Cylinder (NA-001) for N,A.S.A. 10/30/67
NOTE: All filgures are in inches.

- 106 to "O0"——oro

| Stamped
\ ' A
49
> d .
pe 7 —e——— 31 ———>]
( _ \
AREA #3
\
38-1/4

3-1/2-4~T:§:] +

AREA #4

ITI-10



LADISH CO.

METALLURGICAL DEPT.
ULTRASONIC INSPECTION REPORT

DATE
11/1/67
GUBYT CMENR PART NAMEZ : ».0.
N.A.S.A. ) Roll-Formed Cylinder NZ-001 NAS 3—7956
WAYERIAL 8PRC. ULTRASONIC BPEC, L850
2FY H 182 N1 180 Grade Maraging Class II Stds. of lLadish 9Q1l7 o 03-119-04
METKOD OF FORMING an Oll~
[_n roneep Formed [ sxvauoso ) rormsp ] roLL & wELD
EQUIPMENY METHOD —
[ feogicToscor rreritiggi oo /T ™ Rl coNTACT ] immemnsion [7] Aoastans
T WAVE FORM . o COUPLANY WATER PATH '
X wonoiTuDmAL [C] swzan ] sumpace 011 DIsTANCE
CRYSTAL TYPE & 8128 CRYSTAL PREQUENCY (MC) .
Kelvin-Hughes Twin 5.0 MHZ Cles (e [Caas  Klso [Clree (ise  [Jse

SEASITIVITY .
Set to produce a 50% S/P indication over 8/64" FBH in appropriate height
reference standard.

SENSITIVITY SETTINGS

TEST PROCEDURE
Inspected areas detected by shear wave inspection from outer diameter surface.

INSPECTOR
Baldwin
MATERIAL INSPECTED
SHR lli s__l' 8128 Dll”ll?lo! EAT RS
1-5 AA 261,220 x 260,000 x 72" Min, Rejectable 250
COMMENTS

All four areas of indications show amplitudes in excess of callbration settings.

Piece remains rejectable., Disposition: Radiograph all four areas.

R, P. Mierzwa

LCO 209 B3
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LADISH CO.

METALLURGICAL DEPT.
ULTRASORIC INSPECTION REPORT

DATE

11/22/67

CUSTOMER

N.A,S.A,

PARTY NAME

Roll-Formed Cylinder NZ-001

NAS 3-7966

MATERIAL SPEC.

2F4; 184 N1 180 Grade Maraging

ULTRASONIC SPEC,

Class I Standards of Ladish

80

wo 03-119-04

METHOD OF FORMING and Roll- Q1Y

) x ronego Formed [ exrruneo [} rormxo ] noLL 8 waLD
EQUIPMENT n METHOD T

ag;t:‘sms [ Memnscors ] ornan (X1 conracr ] wamznsion ] avarrans
WAYE FORM N T COUPLANT WATER FATH

(3 LowacivudINaL

3 svzan {3 surracs 011

DIsSTANCE

CRYSTAL TYPR & 82X

CRYSTAL FREQUENCY (MC)

1" Diameter Branson "ZR" CJos  {se [Meas e [Jeee [Tjise  [[Jas.0
ENeITIVITY -

Set to produce a 1/2" S/P indication from a 3/64" FBH in an 11" face-to-hole

reference standard (UTB-138),
SENSITIVITY BETTINGS

TEST PROCEDURE

Inspected in the downward axlal direction from one end face,

INSPECTOR
Baldwin
MATERIAL INSPECTED =
SERIAL CO!)I.L NI DISPQBITION 23T RMS
#2 AA 261,220 x 260,000 x 18"
Acceptable 250
#4-5 AA 261,220 x 260.000 x 27-1/2"

COMMENTS

No indicatlons detected.

R, P, Mierzwa

+C0 0% R2
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LADISH CO.

METALLURGICAL DEPT.
ULTRASONIC INSPECTION REPORY

[oATE
_ 12/14/67
GusTOMER rartnane  Serial No. 4 Roll-Formede.o.
N,A,S,A, Ring Segment NZ-001 NAS 3-7966
MATERIAL SPRC, ULTRASONIC SPRC, 180
2F4; 18% Ni 180 Grade Maraging Shear Wave 3% Notch wo 03-119-04
METHOD OF FORMING and Roll- -
- @ ronazo Formed [ sxvruozo 7] rormen ] movL & waLD
EQUIPKENT METHOD o
%&E‘é&'ﬁgﬂ; (I ::3'.':“" O orunan [X] contacy T naeznsion ] aoarrvens
WAVE FORM COMPLANY WATER PATH
] wongiTuDmNAL 3 suzan 1 surrace 011 DIsTANCE
CRYSTAL TYPE & 1X8 CRYSTAL FREQUENCY (4C)
1/2" x 1" - 45° Angle Lithium-Sulfate Dlos e fJras e [Jieo  Tees  [J2se

SENSITIVITY .
Set to produce a 3/4" sweep to peak indication vs, a 3% axially-oriented. notch.

————
SENBITIVITY SETYINGS

YRSY PROCEDURR
Inspected on the basis of 12" grid lines in the counter-clockwise direction cir-
cumferentially and in the downward direction axially from the OD surface,

INSPRCTOR
Baldwin
MATERIAL INSPECTED
gllllk C_gel lll_l DISPOSITION ESY RS
#4 AA 261,220 x 260,000 x 18" Acceptable 250
COMMENTS

No indications detected,

R. P. Mierzwa

LCO 209 N2
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LADISH CO.

METALLURGICAL DEPT.

ULTRASONIC INSPECTION REPORTY

ATR
12 /20/67

CUSTOMER PART NAME P. 0,

N.A.S.A, Test Panels D and E NZ-001 NAS 3-7966
MATERIAL SPEC, UVLTRASONIC SPEC. L80
2F4 ; 18% Ni 180 Grade Maraging Class II Stds., of Ladish 9Q17 o 03-119-04

WETHOD OF FORMING and Roll-

X1 roroze Formed (CJ exvauoeo ] roamen 3 noiL s wELD
EQUIPMENT MET HOD —
O ReoELcTorcore (<7 :_:‘.;.":cffél“g 3 ornan X convacr [ eension ) aparrEns
WAVE FORM COUBLANY WATER PATH
X] wonaiTuDINAL ] suzan (] surrace 011 oisTaNCE
CRYSTAL TYPE & 812K CRYSTAL FREQUENCY (MC)
Kelvin-Hughes Twin 5.0 MHZ CJos [0 (Jaas (e oo [Jrse  [CJase

SENEITIVITY

Set to produce a 50% S/P indication over 5/64 and 8/64" FBHs in appropriate

helght reference standards,

SEROITIVITY SETTINGS

TEST PROCEDURE

Inspected sectioned Test Panels "D" and "E" from OD surface searching for
previously-located indicatlons #3 and #4,

INSPRCTOR

Hoover
MATERIAL INSPECTED
SERIAL ng! size DISPOSITION ST RMS
#5 AA Test Panels sectloned from For additional 250
Roll~Formed Cylinder metallurgical
Panels D investigation
and E

COMMENTS

ghﬁee stringer-type indications observed at approxihately mid-wall in Test Panel
D",

All indications show amplitudes in excess of calibration setting.

R, P, Mierzwa
LCO 2004 R2

- |
**3‘6‘1. ! -.F{H "0" Ref'erence
g: I
7 %
1 | 6"‘%6 l
4 2

PANEI, D

Note: All figures are inches,

II1-16

VT PANEL E




LADISH CO.

METALLURGICAL DEPT.

ULTRASONIC INSPECTION REPORT

ATE
2/214 /68

CUITOMER Pant namE  OETIA1 #2 RolI-Formed ».0.

N,A,S.A Ring Segment NZ-001 NAS 3-7966
HATERIAL SPRC, ) ULTRASONIC SPEC. 50
2F4; 1824 N1 180 Grade Maraging Shear Wave 3% Notch wo 03-119-04

METHOD OF FORMING and Roll-

Q] ronszo Formed (] zxvauoxo {7} rormzo ] motr & wELD
ZQUIPMENT MET HOD
& RSREEC BRI 0 ﬁ?‘_’“" [ otHan [X) contacr () g nsion ] ApapTERS
WAVE FORM COUPLANT ;:‘.Tvl‘&;:?ﬂ
) vonaiTubmNAL X] snzan [ surrace 011
CRYSTAL YYPE & 3128 CRYBTAL FREQUENCY (MC)
1/2" x 1" - 45° Angle Lithium Sulfate CJos  ([Jte  [Feas [Jeo [Otoe  [J1se  [ase

SENSITIVITY

Set to produce a 3/4" sweep to peak indication vs, a 3% axially-oriented notch.

SENBITIVITY 8B TTINGS

TRIT PROCEDURE

Inspected on the basis of 12" grid lines 1in the counter-clockwise direction

circumferentially and in the downward direction axiall

r from the OD surface,

INSPECTYOR

Jamrog, Hoover

MATERIAL INSPECTED

COOR

drmaracqsats

SERIAL

size

DISPOSITION

ST RMS

#2 AA

261,220 x 260,000 x 18"

Acceptable

250

No indications detected.

R. P. Mlerzwa

LCo 20% n2

COMMENTS
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LADISH CO.

METALLURGICAL DEPT.

_ULTRASONIC INSPECTION REPORT

ATE
2/24 /68

Serilal No.

CUSTOMER PART NAME 2 Roll-~-Formed] e.o.

N.A.S.A. Ring Segment NZ-001 NAS 3-7966
MATERIAL SPEC., ULTRASONIC SPEC, 80
2F4; 18% N1 180 Grade Maraging Class I Stds, of Ladish 9Q17 wo 03-119-04

and Roll-

METHOD OF FORMING

X1 romago Formed (] extruoeo [T} rormen 2] rovLt » wELD
EQUIPMENT METHOD
[ .".55&:‘“{}@”' O m‘,":“’" 7] ornen (X conTacT ] mmension [ apaerzss
WAVE FORM COUPLANT WATER PATH
LONGITUDINAL ] snean [ surrace O‘il DisTANCE
CRYSTAL TYPE & Si28 - CRYSTAL FREQUENCY (MC)
Kelvin-Hughes Twin 5,0 MHZ Ces [te [Deas  (Fse ([Jroe [Dise  [TJaso

- SENSITIVITY
Set to produce a 50% S/P indication over
reference standards,

3/64" FBH in appropriate height

BENBITIVITY SETTINOGS

Evaluation Setting:
helght reference standards,

50% S/P indication over 5/64" and 8/64" FBH in appropriate

TESYT PROCEDURE
Inspected from OD surface,

MATERIAL INSPECTED

INSPECTOR

Jamrog, Hoover

SERIAL cong 2128
-~

DISPOSITION EST RS

#e AA

261,220 x 260,000 x 18"

Re jectable 250

COMMENTS

Three stringer-type indlcatlons observed

at approximately mid-wall, All indica-

t%ons exceed limits consldered to be acceptable,

¥

l 14 —-i

‘ o —— 53—t |

3.

U SN

i k%
TH
3% 2%,

2%

l-]%

I

R. P. Mierzwa
LCO 2096 B2

I11-18
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LADISH CO.

METALLURGICAL DEPT.
ULTRASONIC INSPECTION REPORT

[oaTE
. 2/24 /68
cusTomER eary name Serial No. 4 Roll-Formedj r.o.
N.A.S,A, Ring Segment NZ-001 NAS 3-7966
MATERIAL SPEC, ULTRASONIC SPKC, L%0
2F4; 182 N4 180 Qr.agg H@,ﬁgzng Class I Stds. of Ladish 9917 wo 03-119-04
METHOD OF FORMING an Qll=~
[X] rorcgo Formed (3] sxrauoeo ] rormzo ] mout & weLD
EGUIPMENTY . METHOD -
B RenLacropgors 1 onscors T oTnen K] convact 3 aension ] aoarrins
WAVE FORM - COUPLANT WATER PATH
{Z] LonaiTuDINAL [ suran 7] sumrace 011 OIsTANCE
CRYSTAL TYPE & S12K CRYSTAL PREQUENCY (MC)
Kelvin-Hughes Twin 5.0 MHZ Coes  [Jre (Jaas  [Xlso [Jree ([Jse [TJ2s.0
BENSITIVITY

Set to produce a 50% S/P indication over 3/64" FBH in appropriate height
reference standards

SENBITIVITY SKTTINGS

Evaluation Setting: 50% S/P indlcation over 5/64" and 8/64" FBH in appropriate
helght reference standards,

TESY PROCEDURE

Inspected from OD surface,

INSPECTOR
Hoover
MATERIAL INSPECTED
SERIAL con . {1 & 1 DISPOSITION KT RMS
#4 AA 261,220 x 260,000 x 18" Rejectable 250

COMMENTS

Two stringer-type lndications observed at approximately 2/3 wall., All indications
exceed limits considered to be acceptable.

| "o" REFERENCE .
e— |
84 "“"ﬂ :7’?‘1-,’,;
" 394 —>
|
Panven D PanNeL E

Rlafﬁuﬂéerzwa

ITI-19



APPENDIX IV

ROOM~-TEMPERATURE MECHANICAL PROPERTIES DATA

FROM THE HEAT TREATMENT RESPONSE STUDY

TABLE IV-A: AGED AT 850°F FOR FOUR, EIGHT,
AND 16 HOURS

TABLE IV-B: AGED AT 900°F FOR FOUR, EIGHT,
AND 16 HOURS

TABLE IV-C: AGED AT 915°F FOR FOUR, EIGHT,
AND 16 HOURS

TABLE IV-D: AGED AT 950°F FOR FOUR, EIGHT,
AND 16 HOURS

Iv-1

Iv-3

Iv-4

IV-5
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