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This contract with Grumman Aircraft Engineering Corporation, Bethpage, 
New York, was Initiated under Manufacturing Methods Project No. 9-770, 

Optimum Forming Processes and Equipment Necessary to Produce High Quality 
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the technical direction of Mr. Max A. Guenther and Capt. G. F. Hollobaugh 
of the Advanced Fabrication Techniques Branch (MATT), Manufacturing Tech¬ 
nology Division, Air Force Materials Laboratory, Wright-Patterson Air Force 
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timely basis, manufacturing processes, techniques and equipment for use in 
economical production of USAF materials and components. 
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ABSTRACT 

Âí « «r^îsTSi« rî‘ 0fkGrU“" "««ft Engineering 
1 June 1966 to 30 to" 1968. I3(61S)'S083 dur1"« th' «"»-«»r period fro. 

ÄdpSoi0.Ä “? e5tibli»h »P“*“ foneing 
titaniu. alloy parts of varied î f a;*1' quallt^ tolerance 

parts are typical „, varied configuratlonT^iciT^“,^^, 

and .070" materiarfor^ach^rthe^h^^^f1 thickncsses» Gnnmaan used .025" 
and two-step forming methods was madejo handu í*^6***1' Toolin8 for the one-step 
parts produced by the one-step fo^g pro" ¿ZrT?*! thickknesses- 
forming parameters for each, were withiS ♦ OOs'r^f d«te™inmg the optimized 
angular tolerance*. Similar dimension ?„T°5 confoT,,lty to contour and ♦ 1/4* 
two-step proceso, how,«“ ,l5° «‘ttTth. 
as other areas of sharp changing contours. " ln jo“led *«“ “ “«H 

to0",«;»1,“^^;:^^“ sain* p«»« «« •*.«- 

WJ feat ures^o^these1 two £ 
quality, reduced f,» 

achievements inttnaniii°foÍl¡Í„gf This^StiMlT^f 5h^*d P,rt5 “)or 
in detail in Section IX. Grumoaí also devMOTed ÍT formint operation is described 
that makes it possible to form curved "hat" Jíd « horizontal draw forming technique 
heights. This technique eliminates costlv nreform fect:ons with deep chordal 
stretching, drop hairing. anTiber Joi", ” 0per*tion* “ Erdte foxing, 

Based on generally lower tool fabrication costs time savin.« ^ 
for greater latitude in the design of aircraft na^f í ^'u®"0 0PP0rtunities 
one-step forming process is prefSable for îlî ïiTî;rtsrUB>l“in believes th,t the ' 

This Final Report also documents* n tk- __ i. 
alloys-8 Al-lMo-lV. 6Al-6V.Mn. ' J “»« "> *»1 three 
the t i me-tenpe rature parameters and miné J , Grumman s method of determinine 
tested; and 3) The feasibility of íiüÍÍÜÍÍoírí ïf11 Vtlues of the three alloyí 
fro. solution-treated 6A1-4V alloy usiig short-t^üílíj^u,* °f productit" P*«> 

,oven,ir:r1íi1rí.«0n^,tebTad,CO“í!aiSd «o foreign 

^‘ï'rL-rü^nin;Mr F"“ 
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SECTION I 

INTRODUCTION 

OBJECTIVES 

a. Prime Objective 

The prime objective of this project was to develop and establish optimum 

forming processes and equipment for the production of high quality, close 

deteîïïn! ÎJf3"111” alloy Parts of varied complex configurations. To 
determine this, six parts truly representative of present and future 

structural titanium requirements were selected for study (Figure 1-1) 

TTiese six parts were also typical of the varied configurations that 

i*>ose the most serious forming problems. Since forming difficulties 

thickness* two different thicknesses of material 
(.025 and .070 ) were used for each of the three alloys selected. 

Tooling for the one-step and two-step forming methods for the selected 
parts was made to handle these two material thicknesses. 

Ttxe target tolerances for all part« were: angular ♦ 1/4°; conformity 
to contour ^.005". — * v'UUiU™ity 

b. Ultimate Objective 

(*jectiv* of this project was to evaluate the developed one- 
formin* "fth°d (which provides greater design latitude in the 

iguration cf titanium details) with an optimized two-step process 
of preforming and hot sizing. r p v. « 

The Grumman-developed hot draw forming and sizing presses were used to 
evaluate both the one-step hot forming method and the cold form hot 

sizing method to determine the advantages and disadvantages of each 
approach. 

Table 1-1 indicates the parts evaluated, the forming 
material, and forming sequence utilized. 

method, tooling 

Some of the parts completed on this 

high caged area (approximately 15' x 

part and tool storage and inspection 

shows a close-up of the actual parts 
Figure 1-1 for comparison purposes. 

project are shown in the 8-foot- 

15') set up near the presses for 

purposes (Figure 1-2). Figure 1-3 

arranged in the same order as in 

1 



p«rt 3 - Annular Ring 

Part 6 - Channel 

Figure 1-1 Part Configurations Evaluated 
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2. PHASES 

a. Phase I 

Phase I was devoted to the study and investigation of process variables 

to determine design criteria for optimized tooling systems for the one- 

and two-step forming process, perform lubricant and cleaning studies, 

and to study time-temperature and pressure variables. This phase was 

initially described and illustrated in Interim Reports I and II. 

b. Phase II 

Phase II included the design and fabrication of tools incorporating the 

information acquired during the earlier phase. Equipment modifications 

necessary to optimize the forming operations were also accomplished during 

this period. Interim Reports III and IV initially recorded the achieve¬ 
ments of this phase. 

c. Phase III 

Phase III was the time allocated for testing of tools, forming of parts, 

testing of parts, economic analysis of tooling concepts, and evaluation 

of the entire forming systems. These results are included in this Final 

Report along with all pertinent information from all previous Interim 
Engineering Progress Reports. 

3. STUDY AREAS 

Studies were made to improve and optimize the following conditions in con¬ 

junction with the development of new forming processes: 

• Forming cycle time 

• Part removal time 

• Tool handling and wear 

• Closer tolerance control of complex parts 

4. TECHNICAL APPROACH 

a. The Problem 

At present, the most widely used technique of forming titanium sheet 

is an operation consisting of two steps--cold (or warm) preformingand 
hot-sizing. This method is not wholly satisfactory because it is 

characterized by formability limitations and by excessive floor-to- 
floor (cycle) time. 

Formability limitations stem from preforming: 

• At temperatures considerably below optimum 

• In a hydraulic or impact type press with insufficient rubber 
pressures 

• With inadequate metal restraint to effect a balance between draw 

and stretch movement on more complex shapes 

* 
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Excessive cycle time stems from: 

e 

IimMlity to satisfactorily prsfonr coplea parts in a single press- 

Manual retraction of side and top die conponents 

either h“ V «“h' °f 

ZZ în^r;,pr'foraini in ■si”^ ^«b,cLprifnp"tbecr II I 10 ,ppli: hMt ^ th‘ and the die 
occurs are invariably lower than * Slnc*.the temperatures at which forming 
that wou e Si^d i . mit°Z for*in* temperatures 
tiens in rubber pris pifiríü sÜ ihi h'ÜC ^ ,re ‘’««"‘t' »«11.- 
needed to preform copier sh.pe?'.™îîyif£ “pi!! f00 PSi) 

areas of the bl^ ^ °f the PeriPh^al 
use of peripheral beads as a restrain^ SvicrirSul 
permit the forming of deep contours in l single strokíP Í' d°eS n0t 
usually formed by filling the die cavity wiíh íubblr^ **5 C°ntours are 
sively removing the pads a few at a time athc^ïïîn Pads.and then Progrès- 

Si- -“• 
âS^£ÂSeVÏ—-.^tour 

«tissrÄ -- 
impossible a, the' iL pr.iÍi„í°tií.mÍ:,fOTÍn* °f bend ri,dii is 

tion can benefit significantly from autoaîtiî*» Jurther» the entire opera¬ 
tion devices. One-st#>n frvrtmsvs 4 * 1C retraction and pavt ejec- 
types of titanium parts that would a Pan*cea""there are undoubtedly some 
in two steps. *' b«V°™d 

ITllZ™1* nn" tM W application a^thT^c“ 

l'îifiiti: ’"r d““ds «.*.««0. 

- <»d-“--“ - ^fÄa,rÄv".Ä;r 
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5. SELECTION OF MATERIALS 

The three titanium alloys which were selected for use in this program were: 

ALLOY 

TÍ-6A1-4V 

Ti-SAl-lMo-lV 

Ti-6Al-6V-2Sn 

MATERIAL CONDITION DENSITY (Ib/cu.in.) 

Annealed and Solution Treated .160 

Duplex Annealed .158 

Annealed . 164 

The selection of these materials was based on the expressed purpose of this 

contract, that is, to establish optimum processes and equipment for the 

production of cloèe tolerance sheet metal parts made from the titanium 

alloys which are most likely to be used by designers. Two thicknesses of 

each alloy, .025" and .070", were also used for this investigation. The use 

of test specimens of different thicknesses allowed a more complete evalua¬ 

tion of the effectiveness of each of the two approaches involved in the form¬ 

ing of selected shapes. The forming of light gauge materials presents 

different problems from those encountered in heavier gauge materials. 

Generally, forming difficulties increase as thickness decreases. 

a. TÍ-6A1-4V Alloy 

The 6-4 alloy has been extensively used in the design of aerospace 

structures for the past several years. The alloy has numerous character¬ 

istics which make it desirable for varied applications. They are: 

• Excellent fatigue properties--with no degradation of these 
properties in salt water 

• High usable strength at temperatures up through 600°F--even 

in the presence of hot salts 

• Excellent corrosion resistance at high temperatures 

In general, the 6-4 alloy is an excellent structural material for use 

in or near sea water where high strength, toughness, light weight and 
low maintenance are required. 

b. Ti-SAl-lMo-lV Alloy 

The 8-1-1 alloy has many qualities which have made it attractive to 
the design engineer. Some of these properties are: 

• Excellent creep resistance 

• Superior higji tensile strength at temperatures ranginc from 
750°F to 950°F 

• Good welding capabilities 

* 
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• Relative weight advantage (.158 Ib/cu.in.) 

C. Ti-6Al-6V-2Sn Alloy 

the annealt'1 condition has mechanical properties 
considerably higher than those exhibited by other titanium alloys in 
the same material state. These properties are: 

• High strength without the manufacturing difficulties associated 
with heat treating 

• Greater strength/weigbt ratio 

iî expected find ““y applications in future aircraft sine 
SSO-r^r^vrrV Structure win b6 ®*P°sed to temperatures below 550 F. and above the temperature range of available aluminum alloys. 

Its application within normal temperature ranges of aluminum alloys is 
The^8rOUS ïhen hí Z*1 î0adin8 requires the use of thick aluminum parts 
ÄTnÄÄ”“- anoy permits 

PRELIMINARY STUDIES 

íondoríhPD,ent 0f ^ °?tÍmized fonnin8 Process necessitates the investiga- 
techniques* Síd^nLíT 165 ï° determine the tooling concepts, fabrication 
sh«' d f0rmng Parameters to guide the manufacture of titanium 

manufacturing^aspects?der COntraCt- th'ref°”’ the following 

* ulT. rjPÍÍ"“,t00lín8 5ïs,e" for th' «<> approaches as applies 
minimi • the SiX selected shapes, enphasis being placed on minimizing floor-to-floor time 

* Selection of tooling materials to be used for each approach taking 
into consideration tool life, cost, and pressures to be applied 8 

* S°í^onf 1UbriCantSJand coatings to minimize or eliminate oxidation of titanium parts and to extend tool life °*iaation 

* Evaluation of cleaning and descaling processes 

* labcratory tests of titanium alloys (8-1-1, 6-6-2 and 
eleiat^bt”8*1^ t0 properties at room temperatures and 
elevated temperature to establish optimum forming parkmeteüH 

* ti?lÜîrâÏÏoy0r"in‘ “d heat treatl"8 '^-»»rdening) of th. 6-4 

* Preheating and handling of tools 
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7. ACHIEVEMENTS 

As a result of the work performed under this contract, the following 

significant accomplishments have been effected: 

• An optimized forming press capable of either hot draw forming or 

improved hot sizing has been developed and is now being utilized 

on a production basis to produce titanium details for the F-lll 

» Development of a unique feature within the press - Horizontal draw 

forming and associated tooling, capable of making curved hat or 

channel sections of deep chordal dimensions in one operation ' 

• Development of a simultaneous age-forming technique for the 6A1-4V 
alloy 

• Optimization of one-step hot forming tooling and techniques 

• Production of more intricately shaped details in one piece 
(heretofore considered impossible in titanium) 

• Produced parts repeatedly within the following targeted tolerances, 

conformity to contour ^.005 and angular conformity ♦_ 1/4° 
> 

• Reduced the floor-to-floor time for production of titanium details 
40 to 50 percent 

• Established optimum lubrication and cleaning procedures A 

• Established optimum time-temperature farming parameters 

In addition, the above accomplishments will result in the following: 

• Lower manufacturing costs to produce titanium details and assemblies 

• A better quality product, lighter in weight, but with increased 

structural integrity by the elimination of splice plates and fasteners 

8. PART QUALITY OF ONE-STEP FORMED DETAILS 

It has been established as part of this program that the quality of these 

details are superior to those formed by the multi-step operations. One of 

the areas of concern was the effect, if any, on material thin-out. 

A cetailed check of the thickness variation of each part blank was made 

prior to forming tests. This check showed variations up to .002". An 

additional detailed check of each one-step formed part ( where draw form¬ 

ing was utilized) was also made. This check indicated no thin-out problems. 
that is, the variation in the wall thickness or flange thickness did not— * 

vary more than that of the thickness of the original blank. This, in 

addition to the capability of producing parts within +.005" conformity 

to contour and 1/4° angular conformity, is indicative of the quality 
which can be attained. * 
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SECTION II 

US I PRESSES 

EQUIPMENT 

VW™ •"<« Sizing presses from U. S. Indus- 

(F^rif 2ÎÎ ^ 2 2) l" P1“t 2> Beth|>“«e- l, Y '1” 

These presses were used to evaluate the new one-step hot form method and 
the two-step cold preform/hot sizing method. The advantages and dis- 

ÎÎTdiîi™^ )oth weye studied and analyzed and the preferred process 
was determined for a given set of conditions. F 

ftâ?ui"sC™ÎÏÏ,C,ir Wlth V‘ri0US t0Oli"8 COnCeptS- th' P"55'1' “"‘'i'“ 

• Lower manufacturing costs 

• Better quality 

• Reduced flow time 

• Production of more intricately shaped parts 

PRESS PROBLEMS 

Acceptance tests indicated that certain modifications were necessary if the 

sr“LrniÄi::the pr°‘r“ p-» 

• Shifting of heated platens - After a few repeated heatings of 

innir ^S,t0 “P t0 1650°F., a shifting of both the 
rK? and lower Platens on both presses was observed. To solve 
this problem, the platen area was re-machined. Four keyways were 
machined in the platens and new keys installed. 

• CeramiC Pr!ssure pins • As a result of the shifting °!r'h* P * so“e.°f the cer“io pins were broken. These pins 
were replaced by stainless steel pins topped by ceramic. The^ 
ceramic-topped pins proved to be unsatisfactory,necessitating 
their replacement with solid RA330 stainless steel pins. Thfse 
pins have been trouble-free since their installation. 

• Excessive heat at heater terminals - During the high temperature 

í££rU e™ÍtSi SOfte?Ín! °f the SOldered connections a^the 
heater terminals resulted. Fans were installed and appropriate 
openings »de to circúlete eir through th. upper terÆo^rtments. 



-- 
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o C 

1—Vte ==t— ===^ 
1 

Schematic Showing Cushion Concept and Basic Movements 

Figure 2-1 Schematic of Hot Forming Presses 
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• Booster pumps - The original booster pumps were Racine 5:1 ratio 

boosters, a pulsating type. When operating at the special slow 

speeds, an intermittent jogging was detected which could have 

hindered draw forming operations. These pumps have been replaced 
by Dennison fixed volume hydraulic motors, which now provide a 

very smooth forming stroke when operated at slow speeds. A ser¬ 

vice representative of U.S. Industries worked with Grumman mechan¬ 
ics to complete this replacement. 

• Calibration of controllers - Recalibration of all controllers 

(18 for each press) still indicates need for improvement. A re¬ 

vised system of 18 individually controlled potentiometers as 

well as a new single unit control for all 18 zones is currently 
being investigated. 

• Electrical harnesses - The electrical harnesses on each press 

were relocated to prevent them from being scorched. 

• Temperature indicator - A damaged temperature indicator was re¬ 
paired. 

• Hydraulic system - The entire hydraulic system was purged after the 

oil resevoir was found to contain many metal chips from drilling 

operations performed prior to shipping and assembly of the presses. 

• Gibs - Gibs under tables were replaced. 

• Drifting - Downward drifting of the ram was corrected. 

Many other minor problems were also corrected. 

No Air Force fuñas were expended in the repair or installation of these 

presses. However, considerable time was spent in proving out press functions 
to -jeet Air Force contract commitments. 

3. IMPROVED PLATEN POSITIONING SYSTEM 

The original design for maintaining position of thi platens on the presses 

incorporated three positioners and two keys for each platen. Each of the 

positioners was embedded in the ceramic insulating block as seen in Figure 

2-3. Two floating keys (.006 clearance) set into the anti-rotational keyed 

positioners engaged milled slots in the platens for positioning (Section A-A). 

It was evident upon examination of the positioning components that: 

• The key and mating slots were of insufficient area to prevent 
a brinelling effect. 

• The castable ceramic in which the positioners were embedded was 

not of sufficient strength to prevent them from shifting. 

>4 
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Castable Ceramic 

Insulating Block 

Anti-Rotational 

Keyed Positioners (2) 

Bedded in Castable 

Ceramic Insulating 

Block 

Steel Retainer 

(Press Structure) 

Fixed Platen 

Positioner Bedded 

in Castable Cer¬ 

amic Insulating 

Block 

Figure 2-3 Original Platen Positioning Design 

Shown with Platen Removed 



• An improved system of positioning was necessary 

The improved platen positioning system consisted of the following modifica¬ 
tions: 

• Complete elimination of original positioning components 
(Figure 2-4) 

• Four slots cut into the steel retainer to accept four keys 
welded in place 

• Four coordinated slots milled into the platen (all slots 
and keys on L-R and F-B CL) 

These changes were incorporated and proved satisfactory. The two presses 
were modified to include both the upper and lower platens of each press. 

4. DESIGN FEATURES 

The following hot forming press features contributed towards optimizing 
forming procedures: 

• Titanium parts can be drawn in one step from sheet stock 
with dies, die pins, material, and press platens at 
temperatures up to 1600°F. 

• Cushion pressure holds the flange through the draw cycle, 
preventing wrinkles in formed parts. 

• Upper and lower cushions offer the option of drawing 
against one of the cushions, using the other as a third 
action pressing force at any desired time, or as an 
automatic ejector. 

• All heat is generated in the platens, hence no intricately 
heated sections in the die are required. 

• The unit is a "C" frame, vertical, down-acting press incor¬ 
porating upper and lower cushions. 

• The unit has a 75-ton horizontal clamping arrangement in¬ 
cluding an interchangeable 75-ton horizontal forming action 
with a side cushion. 

• Adjoining presses may be interlocked through electrical, hy¬ 
draulic and mechanical systems controlled from one station. 

• The structures are made of welded steel, fully stress-relieved. 
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Platen 
4 Locating Slots 
in Platen 

4 Keys Wolded to 

Steel Retainer 

Castable Ceramic 

Insulating Block 

Steel 

Retainer 

Figure 2-4 Improved Plateo Positioning System 
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• The platens (Figure 2-5) are one piece RA330 2 1/2" 

thick, gun-drilled through the 60" length. They are 

secured by spring-loaded, high-tençerature steel 

bolts. Each platen has eighty 5/8" tapped holes for 

tool mounting and eighty cushion-pin holes. 

• The shuttle table is hydraulically operated. It will 

register accurately when traversed from the "out" position 

(Figure 2-6) to the "in" position (Figure 2-7) and will 

repeat the "in" position within .004". 

• Manually operated Trabón System lubricates all ways 

simultaneously (Figure 2-8). 

a. Heating Elements 

The upper and lower platens are each heated with twenty-seven 60" long 

slip-in electric heating elements. All elements are readily removable 
and replaceable while the platens remain at operating temperature. 
Removal of elements is easily accomplished through the incorporation 

A 

Figure 2-5 Lower Heated Platen 

of the following features: 1) Loose fit of heating elements into 

holes in the platens (heating element diameter .687", hole diameter 

.750"); 2) Quick disconnect plugs at terminal ends of heating elements 
(Figure 2-9). 

Each heating element is zoned into three separate and controllable 

cells and is rated at 3000 watts operating at 480 volts when heater I 
zones are connected in series wye. 

All heating elements are sheathed in Inconel X material. Insulation 

material is magnesium oxide. 
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Figure 2-8 Trabón Manual Grease System 

A 

The terminal ends of the heaters are air-cooled by a fan mounted on 

the terminal box. The inside of the terminal box is baffled to 

assure cooling of all heater terminal ends and connectors. 

Service life of the heating elements is of a very satisfactory degree. 

Average heater life is better than one year with presses operating 

intermittently at approximately 65% of maximum time available. The 

heating elements are manufactured by Arc-O-Vec, Inc., of Stanton, 
California. 

Eighteen controllers provide independent control for nine zones in 
each platen (Figure 2-10). 

b. Cushion Die Pins for Upper, Lower, and Side Cushions 

The cushion pins are designed to be 2 3/8" below the face of heated 

upper and lower platens and 1/2" below the face of the resistance 

head for the side cushion (Figure 2-11). Sufficient length permits 

a 6" draw stroke with the pin fully guided. Upper cushion pins are 

shouldered to be a permanent part of the upper assembly. There are * 

eighty pins in the upper cushion, eighty pins in the lower cushion, 
and ten pins in the side cushion (Figure 2-12). 

20 



* 

rigure 2-9 Slip-out, Plug-in Heater Tubes 

c • Insulation 

5. 

high-compressivetl^ads at^lívated^í^ ^^ Capable of withstanding 
contained within a steeî encWe ItT a"™'. lnsul^on is fully 
points are eliminated. ^signed so that all "heat sink" 

d* Guiding 

™eth«Susedlon ¿ètíífcM^rí.nrthréu’’^'’? 'h18“” 2'U) ‘«‘•»"«l 
clearance of .003" is held through 8!¡0Ut the lndustry- A running 
The depth of the guide permits off cent adJus^raents in the bronze ways. 
Mocks. „ater C08Ung Äsn;f^^r«Äus:hom s'»ps « ^ 

PRESS TONNAGE 

tained as a lm “^eÏÎi °f mOVÍng partS is main- 
adjusted from absolute zero to maximum r..eh* 1 1 formin8 tonnage may be 
with a maximum theoretical bed or Se ÍS alS° adj«tkble 
pms are used. slide cushion tonnage of 60 tons, if all 
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High Temperature Alarm Homs 

Defective Heater 

Detection System 
—'•i 

a* 

Oil 

Pressure 
*o 

Oil 

Temperature 

Temperature 

Recorder 
Upper Platen V r * 
Temperature 

Zone Control I 
Local/Remote Tandem 

Operation Switch 

Lower Platen 

Temperature 

Zone Control 

Figure 2-10 Temperature Control Console 



Figure 2-12 Special Test Device - Cushion Check in Ram and Bed 

23 



Vertical force 

Cushion capacity (top § lower) 

Horizontal clamping § force (total) 

Individual force on each clamp 

Horizontal forming force (total) 

Horizontal cushion capacity 

Adjustable theoretical side cushion 
tons for each press if all pins are 

0 to 75 tons (adj.) 

3/4 ton per pin 

75 tons 

18 3/4 ton (adj. down to 

2 ton) 

75 tons (total ) 

3/4 ton per pin 

tonnage is maximized at 7 1/2 
used. 

6. WORK SPACE CAPACITY 

A press has the following work space capacity: 

Vertical forming stroke 

Vertical daylight(between platens) 

Cushion stroke (upper 6 lower) 

Platen area 

18" 

20" max - 2" min 

6" 

48" F to B - 60" L to R 

( 
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Horizontal forming stroke 

Horizontal clamping stroke 

Quantity of side clamps 

Distance between horizontal clamps 

Vertical adjustment of side clamp 

Shuttle capacity (tooling) 

Top ram tooling capacity 

Forming speed per minute is as follows: 

Vertical closing (rapid traverse) 

Vertical pressing 

Vertical opening 

Horizontal clamping 

Lower platen positioning (shuttle 

mechanism) 

7. VERTICAL FORMING 

Rigid bolster - 4" cushion 

(front) 

8" total (4" front-4" rear) 

4 front - 4 rear 

40" max - 32" min 

4" 

3,000 lb 

3,000 lb 

135" 

0" - 12" 

125" 

0" - 14" 

100" out - 100" in 

The following sequence is that of a typical cycle in vertical forming with 
this press : 

• Lower action cushion is pressurized and top action is vented 
(by selector switch) 

• Sheet stock is placed on die pressure pad 

• Main slide is brought down at rapid advance speed 

• Slide presses at present pressing speed, forming the part with 
cushion pressure holding the flanges 

• With the dies closed, the lower cushion is depressurized at any 

desired time in the dwell; the upper cushion can be pressurized, 
providing a third action pressing force 

• After the proper dwell period, the main slide is returned at rapid 
speed 

• Pressurization of the lower action actuates the die pressure pad, 
ejecting the part 
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• Press is ready to receive sheet stock fnr 'oniing the next part. 

Operation can be reversed, pressurizing i- >per action as a cushion 
and using lower action as a third action force. 

8. SIDE FORMING 

Side forming is accomplished through the following steps: 

• Sheet stock is placed in die against pressui'e pad 

• Main slide (top) is lowered, providing heat fcr tooling but main¬ 

taining minimum clearance to permit horizontal forming action 

• Rear slide advances, forming part against cushion pressure. After 

desired dwell, slide returns. Cushion can be actuated as an ejector. 

Die cushion is located at front of press (Figure 2-14). Forming action is 

from rear. The cushion and forming action are interchangeable with multiple 

horizontal clamps permitting conventional sizing operations (Figure 2-15). 

9. PART EJECTION 

a. Dual Process Evaluation 

Part ejection was determined for both the one-step and the two-step 

process. The removal or ejection of formed parts at elevated tempera¬ 

tures presents problems, particularly in time consumption and the possi¬ 
bility of damage to the part. An optimized tooling system will reduce 

the number of actions in the sequence, and thus reduce costs. 

b. One-Step Method 

Utilization of the hydraulic pressure pins resulted in a one-step formed 
part ejection sequence as follows: 

• Pressurize hydraulic pressure pins for clamping during the 
forming stroke. 

• At the bottom of the stroke (closed die position) depressurize 
pressure pins during the dwell cycle. 

• After the proper dwell period, return press to open. 

• Pressurization of pressure pins will actuate die pressure pad 
from which the part will be ejected. 

c. Two-Step Method 
f 

The two-step formed part ejection process may be tried with varying 
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Height-Adjustable 

Adjusting Horizontal Clamping 
Force Gauges & Valves 

Fipure 2-14 Front View, Horizontal Hydraulic Cushion 

Figure 2-15 Horizontal Hydraulic Cushion, Horizontal Clamp 

Table Out 

Auxiliary Thermocouple Jacks 

Cushion 

Clamp 
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procedures. The current process uses the pressure pins of the press 
as follows: 

• Depressurize the hydraulic pressure pins of the press to permit 

the die stripping pins to drop in flush with the top face of the 

male form die (Figure 2-16). 

• Load workpiece on die 

• Complete forming and dwell cycles 

• Open press and eject formed part by pressurizing pressure pins 

10. TOOLING ACCESSORIES 

Since new techniques often create new problems to be overcome, the develop¬ 

ment of the optimized tooling system requires the development of new co¬ 

ordinated accessories. During the program, several new tooling accessories 
were designed and fabricated (Figure 2-17). 

a. Tool Positioners and Keys 

The upper and lower hydraulic die cushions on the new hot-forming 

presses incorporate independently acting pistons. Tool locations on 

the presses was a major consideration. A fixed center locatiòn position¬ 

er and key have been designed which should be used as a removable central 

pivot point locator on the press. Two steps are required: 

• Rotate tool about the locator until correct orientation is 
obtained. 

• Insert locating key into coordinated slots on the tool and 

the press. 

The two-point positioning eliminates any movement of the tool during 

the forming operations (Figure 2-18), 

b. Tool Holding Clamps 

The dogging clamps secured to the high temperature platens must be 

manufactured of materials with high strength and resistance to oxida¬ 

tion at elevated temperatures. For this purpose, RA330 was used. 

Slotted clamps permitted compensatory adjustments for the various tool 

shapes and sizes. 

c. Tool Mounting Bolts 

Bolts for securing tools to the heated platens must withstand high 
heat effects. Investigation and physical testing for a qualified bolt 

material led to the selection of RA330 with NC-2A threads. The 

tapped holes in the platens have been made .015" oversize to provide 
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Part Ejected 

Die Base Plate Side Forming Blocks 

Actuated By Press 

Horizontal Clamps 

Heating 
Elements 

\ 
Heated Platen 

Stainless Steel Transfer Pin 
Hydraulic Piston in 

Retracted Position 

Figure 2-16 Part Ejection (Two-Step Forming) 

Figure 2-17 Hot Forming Tooling Accessories 
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Die Base Plate 

Locating Key 

Heated Press Platen 

Die Base Plate 

Locating Plug 

Heated Press Platen Theoretical 

Figure 2-18 Die Alignment System (Common to Upper and Lower Press Platens) 
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for easy insertion and removal v 

heat-resistant lubricants and automati^wrench51"8 th6 m0re viscous 

d. Automatic Wrench 

íhirpcí:^r-xr“',d„rhoLa\t^ítit„?“d"¿^suas 

* M*henh«th„“use ZTr TsZlTr ZltïZ fr0m the 

floor-to-floor tíme0011"*' eVe" 31 elevate<l «»iperatures, reduced 

• Jolts can be removed while the platens and tools are hot 

11. TOOL HANDLING 

Tool location on the Dresses i« a »»«• 

developed center pi,»?™“? the Grumman- 
Tooiing Accessories) required much flexidie positioning (see 
eent. Uadin, of tools by use if a iort f,y °f th' t001 "‘“““''i «quip! 
limited maneuverability in attemntin «■ llft n,eant much lost time due to 
the presses. ty 10 attemPtin8 to accurately position the tooïs on 

positioning has bee^inMÍjoríted^1^^^!^^©?6!1'0'1 0f.t001 loading and 
nstallation of an overhead three-ton brido* 31 op!lmization project, 

been completed and fully utilized for all toolT16/1^ electric hoist has 
The infinitely variable control of the híic? 1 loadln8 and Positioning, 
of tooling over the tool locators as ieîî L precise P^itioning 
-or ease of alignment. Benefit derived fr ïu** th* Pressure pin holes 
head crane versus the fork lift for th® availability of the over- 
of better than 60%. lft f°r loadln* doling has been a time saving 

ricated^f^astelloy'^Csee'Figurc^^O) Sp*Cial hooks have been fab- PÎÂ £ ? .»“Í sa, 
p ctures one hook engaged in 'síSasSSí.írífShíMí001^*- Fi'*u°e° 
be seen at the opposite end of the base niat»f t001* A second hole can 
axe required for lifting; in some cases Phnw!' Normall>r fo“r holes per die 
depending upon tool size and configurât^ ' tW° °r three may b® ua®d, 

s piMn'd to » 

presses.’ thSSírí^fShríSdy11”1 ÍÍSdSn'í' 
°f «« vlthih a given press. íimiaSS S.ÍS . *' Í°adlnS' “d unloading 

has been determined through these simul.tSSSSís.íShMSilh' t0 
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Figure 2-20 Special Hastelloy X Lifting Hooks Showing One Inserted in 

Base Plrte of RDM 1500 (Tail Cone Frame) 

Figure 2-19 Automatic Air Wrench 



«nd the tooling accessories1 «¿scribe“"/^“ ¡ ^1' ‘i/tin« rfhook5• 
tit loading of heated tooling iTÎeaX feS J,*' ^ ,"8 ““ 
type tooling as well as hot siting toolin“ ' wllM t0 cushl°" 



SECTION III 

TOOLING MATERIALS 

1. MATERIAL STUDY AND SE. ECTION 

Twenty-one alloys were originally considered for use as tooling materials. 
After comparing twelve characteristics of each of the materials, cost and 
chemistry were guiding factors. (See Table 3-1.) During the initial 
phase, Incoloy 802, Meehanite HSV, and Hastelloy X appeared to offer the 
most desirable qualities. However, Hastelloy X was subsequently eliminated 
because of uncertain availability and was replaced by Nicrosil. 

The advantages of Nicrosil were made known through a previously established 
agreement to exchange non-proprietary information with Boeing Manufacturing 
Research and Development personnel. Nicrosil is a hot form die material 
newly developed for Boeing after a recently completed study by the Illinois 
Institute of Technology Research Institute in Chicago. It is believed to 
have superior characteristics to many other hot form die materials. 

NOMINAL CHEMICAL COMPOSITION NT. % 

Nicrosil 

Incoloy 802 

Meehanite HSV 

C Mn Si Cr Ni Co Mo N Fe Ti A1 

2.8 .5 5.0 5.0 20.0 --- 62.0 - 

.35 - .55 20.5 32.0 --- 46.0 0.4 0.4 

"Cast" - a high silicon nodular iron with molybdenum or 
tungsten and vanadium. 

a. Nicrosil 

Nicrosil is a readily costable high nickel cast iron alloy. It has 
been recommended for cast-to-shape dies. Surface finishes of 
125 RMS in the "as cast" condition are attainable when cast by the 
Shaw process. The shrinkage factor for cast-to-shape tooling is 
quite predictable, thereby reducing subsequent machining require¬ 
ments to a minimum. Nicrosil is readily machinable. 
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table 3-1 basic comparison of steels for high-temperature forming 

Matarial 

Manufacturer 
or 

Supplier 

Thermal 
Cond. 
B.T.U. 

@1500°F. 

Tensile Yield 
Maximum Strength Strength 

Maximum Oxidation PSI psi 
Operating Resist. @1500°F. 015OO°F. 

Temp. Temp, @2000°F. 02OOO°F.’ 

Inconel 625 International 
Nickel, Inc. 

I Inconel 718 International 
Nickel, Inc. 

I Inconel X750 International 
Nickel, Inc. 

I Inconel 800 International 
Nickel, Inc 

Rolled Alloys 

Rolled Alloys 

|Rene ' R4i Haynes 

Haynes 

Special Metals 

Incoloy 802 International 
__ Nickel, Inc. 

Meehanite 

Allegheny 

Allegheny 

Allegheny 

Allegheny 

162 

175 

2150°F. 2150°F. 

1300oF, 1800°F, 

52,000 
10,000 

52,000 
10,000 

2050 F. 2050°F. 24,800 14,200 

1600°F, 2100°F, 30,000 16,600 
_®»500 5,000 

2100°F. 2100°F. 38,000 30,50o" 
9.000 7,000 

1800°F. 1800°F. 126,000 118,000 

2000°f. 2200°F. 43,000 24.000 

1600 F. 1800°F. 110,000 90,000 

2100°F. ¡6.000 ¡^ooo' 

1700°F. 1800°F. 10,000 7t000 

J000°F. 2000°F. 48¡000 45,000 

1200°F. 

1300oF, 1000°F, 

109,000 

31,750 

Hoy 713C Haynes 

promet 860 Carpenter 

*Î*M.4 “ F"' «•'»M.Abi. st..i (IÎIII7 
Condition Annealed 200 BHN 1.00 

1500°F- 1500°F. 50,000 

2000°F, 2000°F, 

40,000 

63,000 40,000 
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« 

TABLE 3-1 BASIC COMPARISON OF STEELS FOR HIGH-TEMPERATURE FORMING (CONT'D) 

Thermal Average Coat 

Expan. X of Llated Index 

ei500°F. Elong. Machinabllity Coat H-13 Key 

92000 F, 91500°F Index* $/lb. 9.70/lb. Element Material 

9,05:1046X *23 $1*48 2.1 Nickel Inconel 600 
9.5x10 Chromium 

8.65xl0"6 84Z .09 $3.00 4.3 Nickel Inconel 625 

Chromium 

9.3xl0“6 45X .12 $3,37 4.3 Nickel Inconel 718 

10.0x10 Chromium 

9.05x10 6 10X .09 $2.60 3.7 Nickel Inconel X750 

Chromium 

10.1x10 91X ,23 $0,95 1.4 Nickel Inconel 800 

lO.OxlOlS — .18 $1,25 1.8 Nickel RA330 
10.3x10 __ Iron 

9.5xl°"4 - .12 $2.26 3.2 Nickel RA333 
10.1x10“” 

8.45xl0-6 5X .09 $7.00 10.0 Nickel Rene' R41 

8.9xl0“6 34X .23 $2.80 4.1 Nickel Alloy X 

8.25xl0"6 10X .09 $3.85 5.5 Nickel M 252 

9.95xl0-6 13Z .23 $1.50 1.7 Nickel Incoloy 802 

7.45x10-6 HZ .5 $0,40 0.6 Pearllte H.S. 1ZV 

8.83xl0_t) 22Z .12 $8.00 11.4 Cobalt S816 B 

7.9xl0“6 — .49 $0.70 1.0 Chromium AISI H13 

- 23Z .40 $1.80 1.1 Tungaten AISI H24 

- , $1,80 1.1 Nickel Aimer 18 

Cobalt 

9.08xl0~6 24Z .12 $5.30 7.5 Cobalt Alloy 25 

9.2x1o"0 15Z .06 - - Cobalt Alloy 31 

- - - Cobalt Alloy 150 

8.2xl0"6 6X .12 $6,80 9.7 Nickel Alloy 713C 

- 16X .09 $2.75 3.9 Nickel Pyromet 860 

(Sheet 2 of 2) 
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b. Incoloy 802 

Incoloy 802 is a nickel base alloy with a stable austenitic 
structure. The asteria! remains ductile and does not form a 
brittle sigaa phase even after extended use in the critical 
temperature range of 1200*F to 1600*F. Tbe iron content re¬ 
sists sulphur attack and "green rot" (internal oxidation). 
Dispersion hardening gives this alloy superior mechanical 
properties at elevated temperature over the former Incoloy 800. 
It is judged as slightly difficult to machine when compared 
with H-13 steel. It is not castable. 

c. Meehanite HSV 

Mechanite HSV alloy is a pearlite base material. The self- 
lubricating properties in Meehanite dies are significant. 
The application of surface pressure on dies releases a surface 
smear of finely dispersed graphite which prevents searing and 
sizing. Meehanite accentuates the effect of various lubricants, 
thus enabling dies made of it to develop a high polish and a 
mirror-smooth wearing surface. Consistent uniformity of metal 
structure throughout variable thicknesses of cast sections 
insures dependability and freedom from structural failures. 

The easy castabllity of Meehanite HSV permits economical casting 
of complex single-unit die components. Machining is reduced and 
in some cases mry be completely eliminated»necessitating only 
mild hand grinding. 7 

2. MATERIAL DIFFICULTIES 

During a study project such as this, the most interesting and gainful 
knowledge is sometimes obtained when meeting the challenges of completel 
unexpected problems. This has been particularly true when working with 
the tooling materials. * 

a. Nicrosil 

Of the three tooling materials used on this program, Nicrosil 
presented the least difficulty. Slight distortions were present 
in the as-cast condition of these tools. However, minimal time 
was expended on final fitting of the dies. 

b. Incoloy 802 

Machinability data on Incoloy 802 is minimal because of the 
relatively brief history of the material. Unexpected problems 
caused undue delays; efficient machining almost became a supple¬ 
mental development program. 
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Incoloy 802 is an austenitic iron-nickel-chroaium alloy that 
is supplied in an annealed hot-rolled condition. It becomes 
gunny and work hardened during machining. Heat and pressures 
develop between the workpiece and tool when heavy feeds and 
carbide tools are used. Thus, further machining is hindered 
by the presence of a deformed stressed surface layer. 

Assistance was requested from the International Nickel Company, 
the manufacturer of Incoloy 802. Machining continued with their 
recommendations incorporated. However, the rate was slower than 
originally anticipated. 

3. MEEHANITE TESTS 

a. Study 

While nachining Meehanite, the Tool Shop encountered numerous large, 
hard, metallic inclusions that delayed grinding, sawing, and planing. 
Experts from the Meehanite Metal Corporation, New Rochelle, N. Y., . 
and the Barnett Foundry and Machine Company, Irvington, N. J., were 
invited to inspect and advise on the composition of the metal. Mean¬ 
while, Grumman initiated its own metallurgical investigation. 

Observations and conclusions from the separate investigations are 
summarized in the following paragraphs. 

Macroscopic examination at low magnification (to 10X) revealed that 
irregularly shaped and sized particles were randomly dispersed over 
the bottom of the cast plate (Figure 3-1). A hardness survey taken 
on the matrix yielded a BHN3000 217. Meehanite HSV that did not 
exhibit this condition had an average Brinell hardness of 218. The 
Rockwell hardness of the metallic particles ranged from 40 to 50 Rc. 

The reported spectrographic analyses of the above samples were: 

ELEMENTS, % 

Specimen Si fa V Cr Mo Ni Fe+C 

Known HSV 7.0 0.57 0.99 <0.2 <0.2 <0.2 Bal 

Subject Casting 7.0 0.46 0.73 <0.2 <0.2 <0.2 Bal 

Particle 1.0 0.30 >20.0 - <0.2 - Bal i 

38 



Metallographie samplss were prepared from an acceptable sample of 
cast Meehanite HSV and from the top and bottom surfaces of the re¬ 
jected subject cast plates. 

As polished (Figures 3-2 and 3-3) the two castings showed strikingly 
dissimilar structures. Hie Meehanite HSV contained a blend of nodular 
graphite and carbides; the cast plate was composed of a heterogeneous 
mixture of flake and nodular graphite plus carbide. When etched 
(Figures 3-4, 3-5, and 3-6) further differences were revealed. The 
Meehanite showed carbide clusters within the grain boundaries 
(Figure 3-7). This chain-like carbide structure in the grain bounda¬ 
ries is missing in the subject die material; instead, common lamellar 
pearlite is evident (Figure 3-8). 

When viewed under the microscope, the particles appear as large masses 
whose edges are gradually breaking away and being dissolved (Figures 
3-9 and 3-10). The particles are not a precipitate from the melt; 
they are ferro-vanadium additives (introduced as pellets at the 

* foundry) which sank to the bottom instead of dissolving. This is 
evident from the spectrographic analysis and the fact that vanadium, 
in addition to being a grain refiner and improving high temperature 
properties, is a very strong carbide former. Dissolved vanadium formed 

. carbides of the type found in Figure 3-7; it was the lack of dissolved 
vanadium that resulted in the low number of carbides in the die 
material. 

b. Conclusions 

The hard metallic particles found in the cast plates were the ferro- 
vanadium pellets added to the ladle by the foundry to increase the 
vanadium content of the melt. Common foundry grade ferro-vanadium 
melts at 3700#F, but in this instance the ladle temperature never ex¬ 
ceeded 270U*F. Time and temperature were inadequate to permit the 
particles to be completely dissolved; as a result, they settled to the 
bottom of the casting. 

c. Recommendations 

It is reconunended that the following conditions be carefully main¬ 
tained when casting in Meehanite HSV: 

(1) Use a vanadium alloy, such as Union Carbide's Carvan, to ensure 
t complete solubility prior to nodulariration, 

(2) Mix adequately to ensure an homogeneous blend during nodulariza- 
tion and solidification. 

(3) Slag off all excessive vanadium additives. 
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Figure 3-1 Ground Section of Subject Cast Plate 

Showing Particles on Bottom Surface 

% 
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Magnification: 100X Etchant: 2% Ni tal 

Photomicrograph Courtesy 
Meehanite Metal Corporation 

Figure 3-6 Section Away Fron, an Inclusion Show- 

2dUÍarand SeBi-Nodular Graphit« 
in a Predominantly Ferritic Matrix 
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Magnification: 7S0X Etchant: 21 Nital 

Figure 3-7 Grain boundary Carbides as Found in 

Meehanite HSV 
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Magnification : 760X Etchant: 2% Mitai 

Figure 3-8 Laaellar Pearlite at the Grain 
Boundaries of the Subject Cast Material 
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Magnification: lOOX As-Poliehed 

Figure 3-9 Interface of Particle and Cast Matrix Ma¬ 
terial. Note Edge of Particle (Arrow) 
Being Slowly Dissolved 



Magnification: 100t Etchant: Zt Hital 

Photomicrograph Courtesy 
Meehanite Metal Corporation 

Figure 3-10 An Inclusion is Shown as the White 

Area at the Top of the Photograph. 

The Diffusion Zone is Between the In¬ 
clusion and the Base Metai (Bottom). 

Partial Solution is Noted with Vanadium 

Carbides Forming and Coming Away from 
the Ferro Vanadium Inclusion 
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SECTION IV 

TOOL FABRICATION TECHNIQUES 

1. TECHNIQUE DETERMINATION 

aEd1!üithinfth!Íhnn!üSt bC aíCOmrlÍShed With a savin8 of time and money 
tooK í Í boundaries of economical production. The machining of 
tools is a phase of fabrication that must be constantly reviewed g 
Various methods must be compared and evaluated. 

2. ELECTRICAL DISCHARGE MACHINING PROCESS 

rEH^Lfh1001 fabyica;ion by the electrical discharge machining process 
) bas been completed. This study is based upon the manufacture of a 

Suee/^íhe^r USîd °ne-steP fo™ die ^ to produce part 
all thi' 025” ?Un. - (?achrned conventi°nally) is used to foim, 
the 070" thick material. The second punch is required to form 

from Meehaníte^HSVtaniUm* PUnC CS in b°th instances rough cast 

Comparative costs of machining are: 

TABLE 4-1 TOOL MACHINING - COST COMPARISONS 

Conventional Machining Electrical Discharge Machining 

Operation Hours Operation Hours 

Hydrotel 

Hand Fit (Die Spotting) 

62 

24 

Machine Electrode #1 

Machine Electrode #2 

EDM Surface #1 

EDM Surface #2 

Die Spotting 

100 

50 

150 

50 

24 

Total 86 Total 374 

When totaling the EDM cost, a charge of $1,300 
materials should be included. 

for additional electrode 

Because the EDM method cost is so much greater 
method, additional studies were not made. 

thar the conventional 

* 

i» 

* 
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ELECTROCHEMICAL machining process 

ventionaieIachining,ltechniques^provedSto b'e” ^ “h- con- 

* —««-c.,,, 

the two-inch-thick'lncolov'so^dfe bead-sh»pe<l clearance hole in 

CUtters t0 Prbdu" frired eieht »oui 
chemical machining to produce thP r- • thCn decided to use electro- 
Accordingly> the ?ath05er°td^ s^wnr^ining four holes in this p ate 

1020 cold rolled steel. Test cuts w^8^! 4'1} WaS fabricatedPfr^‘ 
scrap Incoloy 802 with a c ^ made K1thout difficultv in 

0.020 to 0.065-“„2ch per Jnte™ Te^ Ät« of 
chemically machine the actual incoioy 802^^^^ W&S made t0 electro- 
tncal shorting occurred a limei j- dle Plate, however, elec- 
3/8-inch-diameter H WaS found ^hat the 
of each clearance hole to facilitât*» 6,1 pre"driHed opposite ends 
rupted the flow of electrode c'an10nal machining, inteî 
these holes, causing material to flake of^in^ f°rmed around 
machining was taking place in advance of th^V™56 areas where stray 
to correct this condition by vary?! the nrn tal gap- Att*»Pts 
closing the holes with drill rod an5 sttiiï parameters and by 

ÏatenthCCeS!fUl- Becai,se the plugs were beiT PlUgS pr0Ved to 
rate than the Incoloy 802 die material tÍ! ? machlned at a faster 

d - -- -tgied 

ímiíd^hoíaTar^td^fVb^.íh":01,^8?2 th« had pro- 
maHCtr°1Kte instead of Sodium chloride elert° ?,using sodium nitrate 
made without difficulty. When an atíemnt 1,16 cuts were 
machine the actual Incoloy 802 Tie lllZ h"5 t0 ele^rochemically 
electrical shorting again occurred ft hTVer’ shutdowns due to 
holes in the test piece were centén i 85 f°Und that the Pre-drilled 
were off-center. Apparent!^ ac urati While those in the 
in a more balanced electrolyte flow the h°leS resul^s 
to distribute the electrolyte more evJÎ C h0d! t001 Was modified 
tC.°pPer plat« was also added to îïïs tooî ^ theKworkin8 face. A 
the bead-shaped clearance holes were elect U ^n£.the modified tool, 
the Incoloy 802 die pressure pad 1th 1 J0ChemiCally 'rachined into 
without difficulty Machinino 8 sodlum nitrate electrolyte 

«y 
Incoloy ^ 
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conventionally machine the first hole. Considering the 16 hours 
required to fabricate the tool, electrochemical machining of the 
remaining four clearance holes saved 29 hours and many cutters. 

Use of the ECM process to produce intricate internal shapes in 
difficult-to-machine materials such as Incoloy 802 is highly 
recommended as a time and cutting tool saving process. 

4. NIXIERICAL CONTROL SYSTEM OF FABRICATION 

An in-house study of tool fabrication by the numerical control (NC) sys¬ 
tem has been completed. Results of this study proved to be unfavorable 
or application to any of the tooling required for this project. 

5. "CAST-TO-SHAPE" TOOLING 

With the shortage of available machine time becoming more critical, newer 
echniques may present alternate means of producing dies with less need 

for heavy tracer-type machines. Production of dies by the "cast-to- 
shape method is one of the recent developments indicating potential 
application to high-rate tooling programs. 

program for the "cast-to-size" dies was sponsored by 
Boeing The specific objectives of this program were: 1) to select a 
ui e cast alloy for use as a high-temperature ironing die for titanium 

oy sheet shapes; 2) to evaluate the dimensional precision and surface 
niaiís-65^^"?5 "cast-t0:sh«Pe" dies using different casting tech- 
Asqa r^«:n^d * «.Î? combine material and processes to optimize economy. 

i °f hlS Pr°8ram» a modified Shaw Process molding technique 
resu^t^ai° CaÜ taS\dieS t0 net dimensions- Additional foundry test 
results also showed that a variety of part shapes could be successfully 
formed to net dimensions on the cast dies. X 

a. MODIFIED SHAW PROCESS 

on/o6 SIpaW iroces?’ 30 alcohol-based binder medium, a gelling agent 
d a refractory mixture are mixed to produce a refractory slurry When 

the bindl7 15 P°ured ov®r the Pattem to form the 1/4-inch faci^ shell, 
the binder medium and the gelling agent undergo a chemical reaction and 
tM« ¿¡£7 harf'ins afîer Passing through a rubbery stage. While stiU^n 
is burned Sf T’ ÍS withdrawn fTOm the ™°ld and the alcohol 

fw BVfing/ff the alcoho1 i" the mixture causes a micro- 
This 4 ^ra° surfac® which is characteristic of the Shaw Process. 

th®.ventl"8 of gases during casting and increases the resis¬ 
tance of the mold to thermal shock. 

traCeS °f free alcoho1 have been removed, the mold is fired at 
a high temperature to complete the dehydration of the gel. This is 
followed by a curing process at elevated temperature (about 1000°F.). 
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In view of the success which Boeing has achieved, and since the success 
of this technique could play an important role in the reduction of time- 
consuming machining of dies, it was decided to utilize this process as 
part of this contract. A visit was made to Boeing, where tooling samples 
produced by this process were viewed and additional data obtained which 
permitted Grumman to take advantage of Boeing's achievement. 

b. DIE SELECTION 

Two dies were selected to be manufactured by the "cast-to-shape" method. 
The dies are RDM 15iO and RDM 1516. It should De noted that these dies 
were to be the largest cast by this process, and the results would com¬ 
plement those of Boeing. (Grumman made an agreement with Avnet Shaw, 
similar to the one Avnet has with Boeing.) 

In order to produce both male and female die members, models (male and 
female) were made from the checking fixtures originally used to make draw 
die RDM 1435. Models for RDM 1510 were made to dimensional layouts. In 
both instances the models were made without allowance for shrinkage. The 
models were shipped to Waukesha Foundry, Waukesha, Wisconsin (which also 
did work for Boeing) for casting. The material used in all the castings 
was Nicrosil. 

Upon receipt of the castings from Waukesha Foundry, they were checked for 
fit and contour (both male and female). Figure 4-2 shows the male and 
female castings for RDM 1516 assembled in the spotting press. Note the 
warped condition as evidenced by the varying gap between male and female 
contoured die faces. Maximum gap measured at center is .125-inch (as 
received from the foundry). 

c. AGING PROCESS 

An aging process was recomnended by the foundry to stress-relieve the 
castings. Furnace temperature requirements suggested were 1575 - 25°F. 
for six hours, followed by slow cooling. In an effort to improve match¬ 
ing of the die contours, it was decided to perform the áging in the USI 
hot-forming press. In this way, two benefits could result: 1) stress- 
relieving of the castings; 2) improvement of the fit between the male 
and female die members. 

Figure 4-3 shows the same castings set together in the press. The cast¬ 
ings were heated to 1575°F. and a vertical 60-ton load applied to the 
castings for six hours. The castings were left in the press to cool 
slowly while still under a load. As soon as the castings could he handled, 
the load was removed and the gap rechecked. At this point the maximum 
gap had been reduced to .010-inch, as seen in Figure 4-4. 

* 
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Figure 4-2 
-- e and Female Castings for RDM 

píess*5Serabled Ín the SPotting 

Figure 4-3 

the p“!,CaSÍíngs Set Together in 
i. ,ess* T^e Castings were 

öiAon lt0 h5J5°F and 3 Vertical 
Ton Load Applied for Six Hours 

S3 





d. FINAL FITTING 

Fiffure-t "i f*r] r'?1"8 °f the male “O Í««Í« ~tl„j s^êÍ * 
pofïn^s co^leted die in the opened and closed 

S: “«Tai^c^dmo.151™,5 in Fi8ure 4-7- «• 1. Shown in 

ir: SS v'"- írr "ä Är^ 
inprove the fit by heat^g^derfload,““ »«'done^lth^dirS* 1516 
Final fitting is being completed by hand. Aging “ these clîtfïin ^ 
performed during the first preheating prior ?o ‘fo^ed ^rt pr^tii, 

h«ttï'senîin8LôéI^rPhr0dUÎed by f ldentical ««‘"S technique (top 

fÆïiSÂÎH:£r3* Sí.rr - 
warpage of the female casting due to the fact that this was too risered 

°! the castin* shrinkage which this would tend tü cause * 
combined with the relatively thin section (about two inches) at the * 
center of the ^ would be expected to cieatft 

í!en i mo"!^ t!b!eS!Í gatÍn? rÍSÍng —""ende^by imî* migtt^av, 

factor in this case. Styrofoam riser pads" would !îso haïe helped 

The assistance and cooperation of Mr. Stewart Paterson Jr of the 

aSle^r and Mr’ l!en""h ,rln*"e*d of Avnet Sha“'» hereby 

The state of the art indicates that further development of castino terh. 
niques are still required to produce better quality "cast-to-shape" dies 

ÖS LheÄsdilÄdiSÄvanitdü ag!31,(1 ^rove match of ^ 
aid in production of dies by the "cast-to-shape"'ted^iqu??""'1”1 “ ^ 

6. INSULATION 

* Illinois Institute of Technology, Research Institute 
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Figure 4-5 Completed Die in the Open Position 

Figure 4-6 Completed Die in the Closed Position 

56 



Figure 4-7 
wicrosil Die RDM 1510; Maximum 

Contour Deviation .025-inch at 
the Center of the Die 
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Casting after Cooling 

s 

Figure 4-8 Nicrosil Dies (RDM 1516) Showing 1/8" Gap 

between Male and Female Castings 
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minimize normal heat losses: 

• The zoned (9 zones upper and lower) platens automatically 
sense and supply added heat to the tooling in specific areas 
calling for heat. 

• Heat shielding of the platen-die work area (on all sides) 
creates a furnace-type atmosphere, thereby accelerating 
recovery of any heat losseso 

• Automatic part ejection through use of the cushion system 
considerably speeds up the time the press must be open for 
conventional part removal, thereby minimizing heat losses. 



SECTION V 

LUBRICANT COATING AND CLEANING 

1. APPROACH 

This study has been divided into two separate activities, as follows: 

a. Lubricants 

The objective is to find a substance that will provide the lowest 
coefficient of friction, while also serving to minimize oxidation. 

b. Cleaning 

The objective is to compare various cleaning methods for ability to 
remove various forming lubricants and scales with a minimal effect 
on the base material. 

2. LUBRICANT EVALUATION . 

This phase of the study entailed the selection of candidate lubricants for 
use on titanium and the evaluation of each under simulated hot forming 
conditions. The objective was to determine the ease with which each 
lubricant system cleaned. 

a. Test Facilities 

Several laboratories were visited to observe facilities and equipment 
and to select an organization to conduct completed lubricant tests. 
These were: 

• Mechanical Technology Incorporated 

• General Electric Company 

• International Nickel Corporation 

• Titanium Metals Corporation of America 

• Grumman Aircraft Engineering Corporation 

Mechanical Technology Incorporated was selected as most qualified 
because of their: 

k 
• Specialization in metal processing 

• Proprietary test equipment 

• Ability to simulate related hot sizing and draw forming conditions. 
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MATERIAL 

i Lubricant Materials 

The fifteen lubricant and coating materials can be categorized 

as: 

• Molybdenum disulfide and graphite compounds 

• Metallic and glass compounds 

• Oxide conversion coatings 

A complete description of all fifteen lubricants can be found 

in Table 5-1. 

ii Tooling Materials 

The detailed description of the three tool materials selected 

can be found ir Section III. The materials are: 

• Hastelloy X 

• Incoloy Ó02 

• Meehanite HSV 

Testing of the Lubricants 

i Test Specimens 

Test specimens consisted of a Hastelloy X anvil « which is non¬ 

functional, a 5/8-inch diameter by .080-inch thick titanium 

disk, and a flat piece of tooling material (Figure 5-1). 

Figure 5-1 Schematic Diagram of Test Specimens 
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TABLE 5-1 LUBRICANT CHARACTERISTICS 

Approxliiiate 
Lubricant Temp. Physical 

or Coating Source Limit Characteristics Pemarks 

Form Kote T-50 Everlube Corp., 1400°F. MOS, + Rraphite Apply to Ti & 

N. Hollywood, ¿ dÏ, 

California 

Everlube-1120-8 Everlube Corp., 1800°F. MOS, dispersed For moving die 

N, Hollywood, , in binder with and press 

California solvent carrier components 

Da* #41 Acheson Colloids 1200°F. Colloidal graphite Currently used 

Co,, Port Huron, in lacquer at Grumman 
Michigan 

•ED2453C Acheson Colloids 1200°F.+ Graphite & glass New product - 

Co., Port Huron, dispersed in no data 

Michigan Isopropyl alcohol 

Fel-Pro C-300 Felt Products 2400°F.+ MOS dispersed in 

Mfg, Co., Skokie a high temperature 

Illinois binder with a 

solvent carrier 

Lubri-cooJ Lord Laboratories 20o0°F. Powder Can be used as 

Detroit, Michigan additive to 

other lubricants 

or coatings 

Electro Film Electro Film, Inc. 1400°F. MOS, + Graphite 

N. Hollywood, 

California 

Boron Nitride Carborundum 2500°F. White Powder Dust on oarts 

Electronics Div. 4 
of Latrobe, 

Latrobe, Pa. 

Titanium Oxide Grumman Aircraft _ t<o „ ^ ^ 

(TiO.) Engineering Corp. ^ ^.T1 0 1000 ? 
2 Bethpage, N.Y, f°r “ "-“-.cool 

A «pply lubricant 

Conversion Gr-mman Aircraft 1400°F. Potassium Bath dip 

Coating Engineering Corp. Phosphate 3 minutes 
Bethpage, N.Y. 

Tungsten Bemol, Inc. 1400°F. Collqdial Spray and let 

Disulfide Powder Newton, Mass. suspension in dry 

<ws2> water 

Calcium Floride Mets-Therm, 2000°F. CaF . 8t part8 

^2 N«Y*. N«w York 2 & die 

#318WW Ceramic Color & 2000°F. Glass-water base New product 
Chemical Mfg. Co., 

New Brighton, Pa. 

Cranadraw-L-785 Amchem Corp., 1700°F. Oxide conversirn Used by TOCA 
+T50 Ambler, Pa, coating 

Covington Kolene Corp., J600°F. Proprietary New product 

Detroit, Michigan coating developed 

by TOCA 
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ii Test Conditions 

The following conditions and materials remained constant 

throughout the test period to permit precise evaluations: 

• Sliding material 

• Temperature 

• Pressure 

• Velocity 

• Sliding distance 

• Tool materials 

• Anvil material 

iii Test Equipment 

Ti 6A1-4V 

1400°F 

1000 psi 

54 inches/minute 

5 inches 

Hastelloy X, Incoloy 802, 
Meehanite HSV 

Hastelloy X 

as8followf:ShOWS ^ ^ apParatus- equipment operates 

* A rod with a hemispherical end slides back and forth 
against a flat plate 

* The lower plate is held stationary while the upper rod, 
mounted on an arm, is driven back and forth 

* One end of the moving arm is supported by ball bearing 

and can move in either a horizontal or vertical directioi 

* andaforth1Índer ^ 0pposite end of the ann 

* Mnn®pdfe îîaterS raounted in the Plate holders supply 
1400 F to the upper and lower specimens 

* iiTeCtly above ,he sp'ci"ens w11“ th‘ 

iv Test Procedure 

To perform the 45 tests, the following steps were taken: 

* í“!ÍtaniUB dïSks and alloy flats* except those previous 
coated, were cleaned in reagent grade alcohol. 
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• Specimens and flats were air dried 

• Lubricant was applied to both the disks and flats 

• Test rig temperature was raised to 1400°F 

• with'^thermocoupl^touching^ot^specimens " ^ rÍg* 

• p«essUTwraastu:;Pãa:draised to 14oo"f and 1000 

• The titanium specimen traveled five inches with • 

"hila ftictioí force ¡¡as 

‘ temperature"5 mi all“'ed “> «<>1 to room 

• S'.fíoaâéh“„Âr^eeir1' 1UbrÍCant “aS temoved 
damage g ^ Specimens were examined for 

d. Test Results 

results5õf the°^stf'17ThenÍesniÍhe photo*raPhic ^ annotated 
and Table 5-2. Note that the^.h *** alS° lndicated in Figure 5-18 
therefore, th¿se r^orts peîîaiÎ left ?" the SPeci“ena 
the titanium material. hricant film rather than 

The deposited coatings used with th(» T çn i..k • 
coefficient of friction but did níí lubricant reduced the 
material. The 22-T lubricant produced^n^^6 SCratches on the tool 
materials. This lubricant fjd no damf8e on any of the tool 
and Hastelloy X but appeared not ^.1^00 F with Incoloy 802 
Apparently the oxide film on íhí u í* WUh th® Meehanite HSV. 

in the lubricant iithoi imSaiÍinfthe^Í^ ^ abS°rbed the “^d 22-T. impairing the lubricating properties of the 

Incoloy 802 showed no damage when usino r çn c i n 
conversion coat and T-50, Ld Am Che^ C"300* 22_T' GAEC 
which had a much thicker oxide film than h"7?5!!’50’ 1716 Meehanite HSV 
showed damage with all th»•«»<» « Hastell°y X and Incoloy 802, 
with 22-T o fé ¡Pré"-]So íí!^5° but did "ot lamlge 
«1» similar to IncÜlÜy 602 ^ X- had a thl" »»de “ Y » owed evidence of damage using T-50. 

The 318-WW lubricant was liquid at 1400°? a* 
glass-like coating remained which was »ery MUcTh * 
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Coefficient-, of Friction 

Start .12 End .12 

Remarks: Lub Turned White 

Flat - No Damage 

Ti - No Damage 

Coefficient of Friction 
Start .06 End .03 

Remarks: Lub Still Black 

Flat - Light Scratches 

Ti - No Damage 

Coefficient of Friction 

Start .1 End .1 

Remarks: Lub Turned White 

Flat - No Damage 

Ti - No Damage 

Hastelloy X 

Neehanite HSV 

Incoloy 802 

Figure 5-3 Test Lubricant - GAEC Coat ♦ T50 



Coefficient of Friction 
Start .14 End .14 

Remark«: Lub-Wet at 1400°F 
Flat — No Damage 

“ llsht Scratches 

Meehanite HSV 

Coefficient of Friction 
Start .14 End .14 

Remarks: Lub-Dry at 1400°F 
Flat — No Damage 

Ti — No Damage 

Coefficient of Friction 
St«rt .12 End .14 

Remarks: Lub-Wet at 1400°F 
Fl«t — No Damage 

li — No Damage 

Figure 5-4 Test Lubricant - Electrofilm 22-T 
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Coefficient of Friction 

Start .09 End .09 

Renarks: Lub Turned White 

Flat - No Damage 

Ti - No Damage 
Incoloy 802 

Meehanite HSV 

Coefficient of Friction 

Start .08 End .08 

Remarks: Lub Still Dark 

Flat - Light Scratches 

Ti - No Damage 

# 

Coefficient of Friction 

Start .2 End .15 

Remarks : Lub White 

Flat - Light Scratches & 

Pull Outs 
Hastelloy X 

% 

Figure 5-5 Test Lubricant - Am. Chem. GD-L^SS § T50 
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Coefficient of Friction 
Stert .2 End .2 

Remarks: 

Flat ~ No Damage 

Ti - Light Scratches 

Incoloy 802 

Meehanite HSV 

Coefficient of Friction 

Start .14 End .13 

Remarks : 

Flat - Damaged Lightly 

Tl - No Damage 

Coefficient of Friction 

Start .16 End .15 

Remarks : 

Flat ~ No Damage 

Ti - No Damage 

Hastelloy X 

Figure 5-6 Test Lubricant - Form Kote ISO 
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Coefficient of Friction 
Start .12 End .12 

Remarks: Lub Turns Yellow 
Flat ~ No Damage 

Ti - No Damage 

Incoloy 802 

Meehanite HSV 

Coefficient of Friction 

Start .22 End. 23 

Remarks; Lub Turns Yellow 

Flat - No Damage 

Ti - No Damage 

Coefficient of Friction 
Start .14 End .14 

Remarks: Lub Turns Yellow 
Flat - No Damage 

Ti - No Damage 

Figure 5-7 Test Lubricant - Fel-Pro C-300 



Coefficient of Friction 
Start .38 End .29 

Remarks: Liquid at 1400°F 

Lub Does Not Come 

Off the Flat Readily 
Flat - No Damage 

T1 - No Damage 

Incoloy 802 

Meehanlte HSV 

Coefficient of Friction 

Start .28 End .28 

Remarks: Lab Liquid at 1400°F 

Flat - Surfaces Heavily 

Scratched & Pitted 
Ti - No Damage 

Coefficient of Friction 

Start .19 End .19 

Remarks: Lub Liquid at 1400°F 

Lub Can Not Be Taken 

Off the Surface Easily 
Flat - Light Scratches 

Tl - No Damage 

Hastelloy X 

Figure 5-8 Test Lubricant - CC6C 318-WW 
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Coefficient of Friction 

Start .24 End .27 

Remarks: 

Flat - One Heavy Scratch 

Ti - No Damage 

Incoloy 802 

Coefficient of Friction 

Start .31 End .36 

Remarks: Stick Slip Action 

Flat - Damaged 

Ti - No Damage 
Meehanite HSV 

Coefficient of Friction 

Start .4 End .42 

Remarks : 

Flat - No Damage 

Ti - No Damage 

Figure 5-9 Test Lubricant - Everlube 1120B 



Coefficient of Friction 

Stert .33 End .39 

Renarks: 

Flat — No Damage 

Ti - No Damage 

Incoloy 802 

' 

« 

/ 

Heehanite HSV 

Coefficient of Friction 

Star: .34 End .4 

Remarks: 

“ Light Scratches 
Tl — No Damage 

Coefficient of Friction 

Start .33 End .43 

Remarks: 

“ Light Scratches 

Ti - Light Scratches 

Hastelloy X 

Figure 5-i0 Test Lubricant - Carborundum HTP-32S 
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Coefficient of Friction 

Start .15 End .21 

Reaarita: Lub Turned Yellow 

Flat - Light Scratches 

Ti - Light Scratches 

Meehanite HSV 

Coefficient of Friction 

Start .4 End .45 

Remarks: Lub Turned Orange-Yellow 

Flat - Light Scratches 

Surface Pitted 

Ti - Light Scratches 

coefficient of Friction 

Start .25 End .28 

Remarks: Lub Turned Yellow 

Flat - No Damage 

Ti - No Damage 

Hastelloy X 

Figure 5-11 Test Lubricant - Bemol Tung Spray 
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Coefficient of Friction 
Start .24 End .24 

Remarks : 

Flat - Light Damage 

Ti - Light Scratches 

Incoloy 802 

Meehanite HSV 

Coefficient of Friction 
Start .55 End .55 

Remarks : 

Flat - Scratched and Pitted 

Ti - Light Scratches 

Coefficient of Friction 
Start .42 End .42 

Remarks : 

Flat — No Damage 

^ ” Light Scratches 

Hastelloy X 

Figure 5-12 Test Lubricant - #EC2453C 
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Coefficient of Friction 

Start .6 End .6 

Remarks: Stick Slip Action 

Lub Cannot Be Burnished Easily 
Flat - Interupted Pull Outs 
Ti - No Damage 

Incoloy 802 

Coefficient of Friction 
Start .46 End .46 

Remarks: Stick Slip Action 

Flat - No Damage 

Ti - No Damage 

Hastelloy X 

Test Lubricant - CaF2 Bemol Figure 5-13 



Coefficient of Friction 
Start .62 End .62 

Remarks: 

Flat - Heavy Scratches 

Ti - Heavy Scratches 

Incoloy 802 

Meehanite HSV 

Coefficient of Friction 

Start .36 End .36 

Remarks : 

Flat - Heavy Scratches 
Ti - No Damage 

Coefficient of Frictiou 
Start .6 End .6 

Remarks : 

Flat - Heavy Scratches 

- Light Scratches 

Hastelloy X 

Figure 5-14 Test Lubricant - Acheson Dag 41 
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Coefficient of Friction 

Start .85 End .85 

Remarks: Specimens Seized 
Flat - Surfaces Scratched & 

Large Pull Outs 
Ti - No Damage 

Meehanite HSV 

Coefficient of Friction 

Start .6 End .62 

Remarks: Lub Melted 

Flat - Surface Heavily Scratched 

Ti - Heavy Scratches 

Coefficient of Friction 
Start .8 End .8 

Remarks: Lub Melted - Specimens 

Siezed 

Flat - Surface Lightly Pitted 

Ti - Heavy Scratches 

Hastelloy X 

Figure 5-15 Test Lubricant - Kolene Kov-Kote 
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Coefficient of Friction 
Start .8 End .8 

Remarks s Specimens Cemented Together 
Flat - No Damage 

Incoloy 802 

Coefficient of Friction 

Start .8 End .8 

Remarks: Specimens Cemented Together 
Flat ~ Surface Damaged 

Ti - No Scratches 
Meehanite HSV 

Coefficient of Friction 
Start .8 End ,8 

Remarks:Specimens Cemented Together 
Flat - No Damage 

Ti - Heavy Scratches 

Hastelloy X 

Figure 5-16 Test Lubricant - Lords Lab Lubri. Cool 
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Coefficient of Friction 

Start .8 End .85 

Remarks : 

Flat - Light Scratches Throughout 

the Running Track 
Ti - Light Scratches 

Coefficient of Friction 

Start .8 End .8 

Remarks : 

Flat - Heavily Scratched 

Ti - Light Scratches 

Coefficient of Friction 

Start .8 End .8 

Remarks : 

Flat - Light Scratches Throughout 

the Running Track 

Ti - Heavy Scratches 

Hastelloy X 

Figure 5-17 Test Lubricant - Titanium Oxide 
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Flat Material Incoloy 802 Meehanite HSV Nicrosil 

Lubricant f i /f Result /i y*f Result /i A Result 

GAEC Coat +T50 .12 .12 No Damage 
Light 

.06 .08 Scratches .07 .06 ?ry.L;8ht 
Scratches 

Electrofilm 22-T .14 .14 No Damage .14 .14 No Damage 09 15 Light 
•uv .13 Scratches 

Amchem GD-L-685 +T50 .09 . 09 No Damage 08 08 Light .08 .08 scratches • 11 .11 No Damage 

T50 .20 .20 No Damage n Light 
Scratches 

_ Light 
.20 .20 Scratches 

Fel-Pro C-300 .12 .12 No Damage .22 .23 No Damage .15 .12 No Damage 

Figure 5-19 Coefficient of Friction - Lubrication Te¿t 



Lub - GAEC Coat +50 

Coefficient of Friction 
Start .07 End .06 

Remarks : 

Flat - No Damage 

Ti - Very Light Scratches 

Lub - Electro-film 22-T 

Coefficient of Friction 

Start .09 End .15 

Remarks: Lub-Liquid at 1400#F. 
Flat - Light Scratches 

Ti - Light Scratches 

Lub - Amchem GD-L-685+T50 

Coefficient of Friction 
Start .11 End .11 

Remarks : 

Flat - No Damage 

Ti - No Damage 

Lub - T-50 

Coefficient of Friction 

Start .20 End .20 

Remarks: Lub-Pink in Color 

Flat - No Damage 

Ti - Light Scratches 

Lub - Fe1-Pro C-300 

Coefficient of Friction 
Start .15 End .12 

Remarks : Lub-Yellow; Peels Off 
Flat - No Damage 

Ti - No Damage 

Figure 5-20 Lubricant Tests with Nicrosil 
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STIDY OF CLEANING SYSTEMS 

«re tested for teoor.l of the lob riots sod scle. 

Hie processes »eîH “ ** SpeclBens u"d for th' Wiriot study. 

ft« Solution Parameters 

i Grunman Process (presently used) 

* ?rLo&)in * ,,0,F hydroxide 

SP^nitrif^ari^H miüUcnS Ín * rature solution of 5 % nitric acid and 50 graas/liter of Actane #70 

ii Turco 4316 Process 

(8^ounds/gallon)nUteS ^ 3 280#F Solution of ^ 

SO^nitric1^^ ^ü^n5 In * roo®-te®perature solution of 
0» nitric acid and 50 grams/liter of Actane #70 

iii Kolene Process 

• Soak up to 30 minutes in a 425*F solution of Alko-N 

SO^nitri c^hS "^cn5 ** * roo,n‘ten,rerature solution of 
50» nitnc acid and 50 grams/liter of Actane #70 

b. Test Results 

1 Results of the deening end desceling of test specimens .re: 

• Grunman Process 

T-50 - adequate, with moderate difficulty 

•dequ*tÄ» with »oderate difficulty and some 
resulting surface roughouts 

Remaining specimens - not adequate 

• Turco 4316 Process 

SmXrl'C001, 22'T- "d S1" - «ith moderate 

i*”1!10" CoM- T»* Spt.y, Amchem Com version 

«tïïrriicî^r*' 



Remaining specimens - not adequate 

• Kolene Process 

T-50, Lubri-Cool, 22-T, 318W, Tung Spray, and Kov-Kote - 
excellent 

Remaining specimens - excellent results with some remaining 
rough spots 

ii In addition, 2" X 2" samples of Ti-SAl-Mo-lV with coatings of the 

five most effective lubricants were furnace-heated for 20 minutes 
at 1400°F. The following conditions were noted: 

• Turco Process 

T-50 - excellent cleaning and no roughness due to preferential 
etching 

C-300 - tough black scale formed. Only 80% cleaned with much 
surface roughness 

22-T - cleaned well with no surface roughness 

GAEC Conversion Coat with T-50 - one side clean and the other 

side 80% clean with some roughness on both sides on th«s GAEC 
Conversion Coat 

Amchem Conversion Coat with T-50 - very rough both sides but 
clean on one side and 50% clean on the other 

• Kolene Process 

T-50 - excellent cleaning and descaling with no roughness 

C-300 - light scale remaining but surface finish still below 
60 RMS 

22-T - cleaned well with slight roughness in spots 

Amchem Conversion Coat with T-50 - complete scale removed 
with sporadic roughness 

iii In addition, trim area from production parts processed by Kolene 

showed excellent cleaning capability and surface finish. Samples of 

Ti-6-4, Ti-6-6-2 and Ti-8-1-1, with representative forming scales 

(oven heat) were easily cleaned after processing through the follow¬ 
ing cycles: 

• Alko-N at 425 #F for 1 to 5 minutes 

• Rinse with cold water 
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• Dip in nitric-actane solution for 1 to 10 minutes 

• Rinse with cold water 

c. Pilot Line Study 

The final phase of this study was the evaluation of three methods of 

descaling from an economic and ease-of-processing viewpoint on a 

pilot production basis. Twelve door channel parts, four of each alloy 

(Ti-6-6-2, Ti-6-4 and Ti-8-1-1) fabricated on RDM 1502 were Turco-coated 
2.3 mils, T-50 coated, hot formed and descaled with each process. 

The exact processing time and procedures required for complete scale 

removal are given in Tables 5-3 through 5-5. The results from hydro¬ 

gen pick-up analysis, hardness, and surface finishes are listed in 
Table 5-6. 

CONCLUSIONS 

On the basis of this laboratory work, the following conclusions are made: 

• Cycling of scaled parts between the Alko-N and subsequent acid 

solutions is the most effective scale removal procedure. It produces 

the most desirable finish in the shortest time with the least amount 
of handling. 

• The cleaning of formed titanium parts is greatly eased by the use of 

protective coatings and/or lubricants during heat operations. The 

use of these coatings should be considered mandatory. 

• Make-up control and replenishment of the Alko-N bath is quite simple 

due to the use of a eutectically combined single crystal salt. Bath 

life is indefinite at temperatures below 500°F. The Alko-N cycling, 

however, must be kept under close control to prevent preferential 
etching during pickling. 

• The successful results of the lubrication cleaning and descaling tests 

appear to obviate the necessity for the more costly forming in an 
inert atmosphere. 

• As can be seen from Tables 5-5 and 5-6, the Alko-N process reduced the 

descaling time considerably and eliminated any hanc rubbing on hot 

formed parts. This offers definite advantages when considering high 

production runs and/or large surface area parts. The effect of all 
of these methods on the base metal in each case is minimal. 

• 25 t^ie lubr*cants tested, five had coefficients of friction below 0.2. 
They are: Everlube T-50, Fel-Pro 300, Amchem GD-L-685 ♦ T-50, GAEC 
Conversion Coating ♦ T-50, and Electrcfilm 22-T. 

• It should be noted that the Everlube T-50 lubricant not only provided 

a low coefficient of friction and minimum tool wear, but also provided 

an excellent surface for the various methods of chemical descaling. 
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TABLE 5-3 

GRUMMAN PROCESS 

STEPS ELAPSED TIME MINUTES(per par ) MAN MINUTES 

LABOR 
Titanium 

6-6-2 

Titanium 

6-4 

Titanium 

8-1-1 

1. Alkaline Bath 

(Sodium Hydroxide) 20 20 20 1 

2. Cold Water Rinse 2 2 2 1 

3. Hand Rub S/S Wool 3 ea 3 ea 3 ea 3 ea 

4. Nitric Actane #70 5 5 6 1 

5. Cold Water Rj.nse 2 2 2 1 

6. Hand Rub S/S Wool 3 3 3 3 ea 

7. Nitric Actane #70 1 1 1 1 

8. Cold Water Rinse 3 3 3 1 

9. Air Dry 2 

39 39 40 14 

NOTE: Grumman descaling performed using current production equipment. 
Plant 2. 

* 
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TABLE 5-4 

TURCO PROCESS 

STEPS 
EUPSED TIME MINUTES (per part) MAN MINUTES 

Titanium 
6-6-2 

Titanium 
6-4 

Titanium 
8-1-1 LABOR 

1. #1 Cleaner 
(as listed in 
McDonnell spec) 

5 5 5 1 

2. Alkaline Clean 10 10 10 1 

3. Cold Water Rinse 2 2 2 1 

4. 4316 Tank 250°F 20 20 20 1 

5. Cold Water Rinse 3 3 3 1 

6. 4316 Tank 250°F 15 15 15 1 

7. Cold Water Rinse 3 3 3 1 

8. Nitric Hydro¬ 
fluoric Bath R.T. 

5 5 5 1 

9. Cold Water Rinse 3 3 3 

10. Hand Scrub 3 3 3 3 

11. Cold Water Rinse 3 3 3 1 

12. Air Dry 

72 72 72 14 

NOTE: Turco descaling performed at Spectrum Finishing Co., Farmingdale, 
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TABLE 5-5 

ALKO-N - KOLENE PROCESS 

STEPS ELAPSED TIME - MINI ITES(per part ) MAN MINUTES 

LABOR 
Titanium 
6-6-2 

Titanium 
6-4 

Titanium 
8-1-1 

1. Alko-N Salt 
Bath 400°F 
♦ 25* 
- o 

1 1 ! 1 

2. Cold Water Rinse 2 2 2 ! 1 

3. Nitric Actane 
#70 Bath 

4 4 

ï: 

T 

j 1 

4. Cold Water 
Rinse 

3 3 
T- 

. 3 1 

5. Air Dry 2 

10 10 23 6 

NOTE: The Alko-N Kolene descaling process was performed using pilot 
line set up in Plant 12A at Grumman. 





SECTION VI 

FORMING PART 1, TAIL CONE FRAME 

1. ONE-STEP FORMING, .025" MATERIAL 

RDM 1500 is a one-step forming die made of Incoloy 802 alloy (Figures 6-1 

and 6-2). The sequence for operating this die is similar to that of RDM 

1435 (part 4, zee - see sequential operations depicted in section IX). 

During tool try-out of RDM 1500 (one-step tail cone die) using .025" thick 

material, extreme difficulty was encountered. After trying a variety of 

techniques: varying pressures, time, flat patterns, etc., the best effort 

can be seen in Figure 6-3. Note the fold-over areas and wrinkles which 

could not be eliminated. After exhausting all possible approaches to the 

problem, it was concluded that acceptable parts from the .025" thickness 

could not be successfully produced on this tool. However, the consensus 

was that a complete modification of the die would produce good parts. Be¬ 

cause of the short time remaining in the program, this modification could 
not be completed in time. 

As a substitution an actual production tool which was made for a tail cone 

frame was used to replace the tool described above for the .025" thickness 

only (Figure 6-4). The cross-section of this part was changed from the 

original zee to a channel, at the suggestion of the Manufacturing Engi¬ 

neering Department. Therefore, the die for this part was used in place 
of the original die to form .025" thick material. 

All parts produced on this die were checked and found to be totally accept¬ 

able and within the target tolerances of this program. 

2. TWO-STEP FORMING, .025" AND .070" MATERIAL 

The two-step method of forming this part actually consists of two cold 

preforming dies (Figures 6-5 and 6-6) followed by a final hot sizing opera¬ 

tion. The inner flange was pre-formed first (Figure 6-7, left side). 

Although the flange formed well and without cracks, it was difficult to 

remove the part from the first stage preform block (Figure 6-8, right 

side). Once removed (note twist on left side of Figure 6-7), the part was 

placed in a second stage block and formed under high pressure rubber. This 

was not successful (see wrinkles and broken areas, right side of Figure 6-7). 

This was tried several times with and without dams, as shown in Figure 6-8, 

left side. It was then decided to preform the inner flange and form the 

outer flange hot (Figure 6-9, right side). This also proved unsuccessful. 

One can readily see the sharp folds, some of which have fractured. 

The preforming techniques could not be made to produce acceptable parts 

using .025" and .070" thick materials. 
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3. ONE-STEP FORMING, .070" MATERIAL 

In try out and running of the .070" gauge one-step foraing, three problems 
were encountered: tightness of the punch for the thicker gauge naterials, 
ejection of the part, and galling of die material (Incoloy 802). The die 
was reworked and additional clearance added, but it still galled at 
various spots. The knockout plate (shown in center of Figure 6-10) did 
not cover the part completely, and consequently trouble developed in 
®j®cting the part. This was due to a tendency of the outer flange to 
"hang up." 

Consideration was given to better lubrication of part material and the die 
to aid in ejecting the part. After many try-outs and experiments, a 
mixture of boron nitride and other ingredients was tried. The die problem 
areas and the parts were iprayed with this mixture. After a run of three 
parts, a decided improvement was noticed, galling was minimized, and part 
ejection was operating well. It is interesting to note from the dimension¬ 
al check chart (Table A-10)that the parts checked-back to the cold die 
were within target tolerances. (Note parts 62 through 72.) 

Figure 6-11 shows a side view of the .070" gauge part 1 tail cone frame. 
In Figure 6-12 the left side shows a flat pattem and the right side a 
formed part, .070" gauge. In Figure 6-13 the background shows a female 
section of the die on the left side and a male forming punch on the right 
side with a pressure pad. In the foreground at right is a flat pattern 
.070" gauge; in the center, a formed part; at left, a descaled part. 

Although unsuccessful in forming the .025" gauge "zee" in the one-step 
die, the .070" gauge worked out well. The redesigned one-step production 
part (Figure 6-4) channel section is suggested for the lighter gauges. 

4. CONCLUSION 

The Part 1 speed bump frame produced by the one-step forming technique 
clearly indicates a greater part design latitude, i.e., part geometry 
considerations may now include design of single unit type parts versus 
the generally accepted design of multipart assemblies. This greater 
design latitude reduces or eliminates many detail part and assembly tools 
as well as the attendant time required to produce a multi-part assembly. 

Tool fabrication costs are considerably less for one-step forming. Only 
one draw-die is required. Because of this part's geometry, the two-step 
technique did not produce satisfactory results. Though difficult to 
machine, Incoloy 802 is an excellent die material. 
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COST COMPARISON 

One-Step Two-Step* Time Saved 
Preferred 

Technique 

Tool Mfg. Time 

Average Part 

Forming Time 

325 hr 

12 min 

545 hr 220 hr 1-Step 

* Not suitable to produce acceptable parts of this configuration; however, 
tool manufacturing time shown here is for the two preform blocks and 
the hot sizing die used for this program. 
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ONE-STEP FORMING TWO-STEP FORMING 

/ Typical Section of Form-Die 

RDM 1500 in Open Position 

Inner Flange Formed on 1st Operation 

Preform Block RDM 1512 by Drop 

Hammer/Rubber 

Fofm Die in Closed Position 

(Part Formed) Using Cover Plate and Dam Blocks, Form 

Ou'.er Flange on 2nd Operation 

Preform Block by Drop Hammer/Rubber 

Male Die RDM 1500 Preformed Part 

Figure 6-2 Forming Tools for Test Part #1 - Tail Cone Frame 
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Figure 6-3 Part 1, Tail Cone Frame, .025" Gauge 

Material; Note Fold-over Areas and 

Wrinkles Later Corrected (see Figure 6-12) 

Figure 6-4 Left - Production Tail Cone Frame 

Right - Flat Pattern for Seme 
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Figure 6-7 Part 1, Tail Cone Frame, .025" Gauge 
Material (Left), Showing Preformed Inner 
Flange Accomplished in Two-Step Verson 
Block. At Right, View Showing Second 
Operation, formed Outer Flange Cold,. Part 
not Feasible 

Figure 6-8 Part 1, Tail Cone Frame, Preform Blocks. . 
Right: First Operation Block for Forming 
Inner Flange; Left: Second Operation 
Block for Forming Outer Flange 
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Figure 6-11 Part 1, Tail Cone Frame, Showing 

Finished Formed Part (One-Step), 

.070" Gauge Material 

Figure 6-12 Flat Pattern for Tail Cone Frame 

(.070" Gauge Material), is Shown 

at Left. Formed Part, One-Step 
Method, is Shown at Right 
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è A 

i fí-1, lail C0ne Fraine- Note Special 
ií ! and Female Section of Die 
of m«k-r0cud’ at Left- Male Section of Die is Shown at Right. In Fore- 

FJat Pattem is Shown at Right- 
Finished Part (One-Step Method) is ft ’ 
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SECTION VII 

FORMING PART 2, DOOR CHANNEL 

. RDM 1502, ONE-STEP FORMING 

7^n 5?L1S a °î?'steP f0^min8 di« made of HSV Meehanite (Figures 7-1 and 
The î iî? P’;°ce<?ure is similar to that of RDM 1498 (frame). 

Se ^90» and tîî th Î t0 simultaneously form the two outer flanges, 
one at 90 and the other at varying angles from 90° to 5° open- also 
included is a joggle in one leg of the channel. P 

hF£re f°ye8^nd shows a view of the flat pattern. Note the center 

Of h?¿e 15 USed t0 locate the Part on a pin in the male section 
of the die. The two elongated holes in the part on both ends are also 
picked up by locating pins in the die. As the part "soaks" (heats un to 
te^erature of the die), the slots allow the pa?t ío e^nd Üd îîiïï ° 

< llS îenîral l°c'tion on the die. A completely formed part is 
shown in the background. Figure 7-4 shows descaled parts. 

^°mP?et® succ”* was attained in forming all of the .025" and .070" gauge 
in the three different alloys (6Al-6V-2Sn, 6A1-4V, and 8AI-IM0-IV) for f 
0 a run of seventy-two pieces. The only problem encountered with this 

dl. w»s heatin,. Because of its site, the base plate and female Section 
extended to the extreme ends of the hot platen of the US1 press This 
problem was overcome by providing additional insulation ^minimize £eat 

RDM 1509, TWO-STEP FORMING 

RDM 1509 is a two-step hot sizing die for Part 2, 
niade of HSV Meehanite. The male members were used 
hot sizing. (See Figures 7-5 and 7-2.) 

door channel and is also 
for both preforming and 

FaïîiCaî10n uf partS is as follows- Th« "»ale punch is set up in the tranned 
bîîra|dî0p hanuner press and the flat Patt«™ is located on it. Heat isPP 

applied by means of portable quartz lamps. When the part reaches 1000°F 
the ijunjis ere removed and the drop hammer press actuated. A preformed ’ 
part can be seen in the foreground of Figure 7-6. 

The preform operation is followed by hot sitin, to refine the part shape 

diriíê”?hê ñrff' ÍS momlt?d on ‘Í6 Press utilizing the same male punch^ised 
during the preform operation. After the die has reached the desired term 

“ toiT^r Prart 15 IOC,ted °n the “£e U ií ílüwed ^’ 
soak . Upon reaching temperature, the front and rear rams are actuated 

moving the two female halves of the die inward, conforming the part to the 



3. 

■aie. Tonnage is applied to the press rams and the part is held in the 
closed die for the desired tine. 

The first part did not fully conform at the bend radii. A clampina 
plate was then added on top of the part for the second try-outT The 

hCi^ n‘?:Le ^SUreí fU!?eSS in the web of the Part while 
îhi d?!. dithe outstandin* le*s of th« part. To remove the part from 
hÎlvM ÔuÎ ^ n* were/ctua5ed t0 the out Position, moving the female 
halves outward and away from the male. Bed cushion pressure was then 

f0Ur Pressure Pins Atting flush with the top of the 
male, lifting the part off the male. v 

îhïr«ï!r/nC?Unt!red With this part 8eometry «»s that after preforming, 
t^rtt ^?P1 * l : <ThiS caused SOme difficulty in locating the 

®ale for hot sizing, at the expense of additional time. After 

feLle blLki* PííCe3í the di* de)[el0Ped 4 craclc in one of the moving 
emale blocks. The die was reworked and compensations were made in the 
¿ °V;rcomc ?n uneve" damping problem of the press. After a total 

diLníi!níÍZeí! píec5s’ the die a*ain cracked. As can be seen from the 

ÎhïrkÜ nùî h??k ?îîft(Taüle A_12)’ those parts that were hot ai*®«! checked out well within target tolerances. Parts 13 through 36 (.025" 
gauge) and parts 37 through 72 (.070" gauge)wore the only preformed parts. 

CONCLUSION 

When comparing the one-step and two-step forming techniques for Part 2 door 

i?? ?art beí0W)' t001 fabrication cosfs are higher for tîe one 
SÍ!P,í!Í ? ’ ïf* * substantial savings can be realized in part forming time. 
One-step formed parts are wrinkle-free and are produced in one operation 

o/this coíf?1"8 Ífndl}ng^tÍn,e; reconimended tooling method for parts 
of this configuration is dependent upon production quantity requirements. 

COST COMPARISON 

One-Step Two-Step Time Saved 
Preferred 
Technique 

Tool Mfg. Time 

Average Part 
Forming Time 

* For lower nrnd 

548 hrs 

10 min 

360 hrs 

18 min 

188 min 

8 min 

Two-Step* 
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ONE-STEP FORMING 
TWO-STEP FORMING 

Preform Blank by 

Drop Hammer/Rubber 

Using Male Punch of 

Two-Step Die RDM 1509 

Preformed Part Hot-Sized 

Die RDM 1509 

Form Die in Closed Position 
(Part Formed) 

Figure 7-2 Forming Tools for Test Part #2 - Door Channel 



Figure 7-3 Foreground - A View of the Flat Pattern 
Background - Finished Formed Part in One 

Operation 

Figure 7-4 Part 2, Door Channel, One-Step 
Formed Part, .070" Gauge Material 
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SECTION VIII 

FORMING PART 3, ANNULAR RING 

1. RDM 1497, ONE-STEP FORMING DIE 

RDM 1497 is a one-step hot forming draw die for forming Part 3, an annular 
ring (Figures 8-1 and 8-2). The die was cast out of HSV Meehanite, using 
approximately 3/8" oversized patterns. It was designed at Grumman and 
fabricated by Ideal Engineering Company, Indianapolis, Indiana. 

Development of a flat pattern and establishing proper cushion pressures > , 
produced a two-inch depth of draw for the .025" gauge or. all the titanium 
alloys designed for this program. This is one inch deeper than originally ' 
planned. Continued development with the die also produced a four-inch, 
wrinkle-free depth of draw using the pure titanium alloy (Figure 8-3).’This 

sufPfssed the Air Force Contract requirements. ' Operation of RDM 
1497 is similar to that of RDM 1498 (frame die). 

ÍSk '°°i Lr0Vi"8 ^ die ,r),-out at «levated temperatures, the seising 
kï'.f'îk ^r5 “Ííh th' Eart ia th' position occurred8 

An examination of the die members (after they were removed from the press 

üüiü;P£* )./ndlC*l?1 that t001 ''ft ‘’J’ the iutoing operation had 
Aíter grinding and polishing out the tool marks, the 

die was tried again and operated satisfactorily. 

Another problem which occurred with this die was faulty part ejection utili- 

6 pressure Pad or lockout. After a complete check was lado 
o e cold die, it was found that the pressure pins were not to tool design 
dimensions. To solve this problem, new pins were installed and satisfactory 
part ejection was achieved. 7 

Although scaling was not a major problem, some was visible on the HSV die 
material. To remove the scale, the draw die was dry-honed with 120 aluminum 
oxide grit. Figures 8-5 and 8-6 show the forming surface after dry-honing.' 
This operation proved highly successful and saved much time, as compared 

°í deacalin*- U is recommended that tools periodically be 
lightly dry-honed and coated with T-50 lubricant to prevent a build-up 
of scale. This procedure also seems to retard further scaling to some degree. 
This practice, used on HSV Meehanite, makes this lower cost tooling 
material highly desirable for production usage. 

WÍ!h ?eP”jeCt' tWelve pieces each of 6Al-6V-2Sn, 6A1-4V, and 
8A1-1MO-1V out of .025" gauge, for a total of thirty-six pieces, were 
successfully formed. Initial checking of these .025" thick parts indicates 
that a sli«hJ chfn8e in shape had gradually taken place over a period of days 

ose of the 6Al-6V-2Sn alloy. This change was in the form of a "dishing" c 
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the web. In view of this unexpected change, a cetailed analysis was made 
to study and relate the specific forming criteria (time, temperature, pressure, 
rate of deformation, etc.) with the mechanical properties for each heat, for 
each individual part. It was concluded that the cause of;this charge in 
shape was due to insufficient time at temperature with the die in the closed 
position. This resulted in residual stresses in the inner flange in partic¬ 
ular, and caused the "dishing." 

It should be noted that while forming at the higher temperatures in 8AI-IM0-IV 
alloy, there was a noted differential in temperature between the male and 
female die segments. The female segment is substantially more massive than 
the male segment and does not absorb the heat as readily. Solutions to this 
condition could be as follows: 

• Provide better insulation around the platens (to give more of a 
furnace effect) 

• Make the draw ring more massive (act as a heat sink) 

• Operate upper and lower platens at different temperatures so that 
forming surfaces of the tool are uniform 

• 

Upon completion of the .025" parts .the die was converted for the heavier 
material and forming tests proceeded with the .070" gauge titanium 
(twelve pieces each of three alloys). A dimensional check of all formed 
.070" thick parts back to the cold male section of the die (see Figure 8-7 
and Table A-13) showed the parts to be within or better than target 
tolerances. 

CONCLUSION 

The forming of annular titanium rings is virtually impossible by any other 
method. A heated draw die can be used very successfully for any thickness of 
material. Good die making practices should be adhered to. Tool marks in 
a die of this configuration cannot be tolerated. Die surfaces must be 
thoroughly polished, as in any draw die. Higher cushion pressures offer 
definite advantages for the control of wrinkle formation, particularly 
when forming the heavier gauge materials and when deeper draws are desired. 
Figure 8-4 shows the results of insufficient pressure when attempting to 
make deeper draws in the heavier materials. 

COST COMPARISON 

Only the one-step tool was programmed for this part since it could not be 
made by the preforming/hot sizing techniquef therefore, a cost comparison 
cannot be made. Total tool fabrication cost for this die was 224 hours. 
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One-Step Forming Only 

Blank in Place on Female Half 

Die in Open Position 

Typical Section of Die 

Partially Formed Part in Die 

Figure 8-2 Forming Tool for Test Part #3 - Annular Ring 
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Figure 8-4 .070" Gauge Part Made From 24" Diameter Blank, 
Showing the Need for Additional Cushion Pressure 
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Figure 8-8 Checking Part Back to Cold Male, Note 
"Dishing" Effect Caused By Insufficient 
Time and Temperature 
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SECTION IX 

FORMING PART 4, ZEE 

1. RMD 1435, ONE-STEP FORMING 

The design for the RDM 1435, a one-step hot form die for part 4, zee, is 
shown in Figure 9-1. The forming tools for oart 4 are shown in Figure 9-2. 

This one-step form die was cast from HSV Meehanite to oversized Grumman 
patterns by Parnett Foundry of New Jersey. The balance of the die fabrica¬ 
tion was accomplished at Grumman. 

From the first try-out and tool proving, all went well and no serious pro¬ 
blems were encountered. Parts were formed from all three alloys: 6Al-6V-2Sn, 
6A1-4V, 8AI-IM0-IV. In addition, this die was also used to produce solution 
treated and aged parts by age forming 6A1-4V ST material in the .025" thick¬ 
ness. After all work was completed with the lighter gauge alloys, the die 
was converted for use for forming parts from the .070" gauge. This was 
accomplished by the use of a second punch which provided the additional re¬ 
quired clearance. A total of seventy-two pieces were produced, twelve of 
each alloy. There was no cracking, wrinkling, or tearing of any of these 
parts. 

The die was used for approximately 300 hours at temperatures up to 1600°F. 
No significant deterioration or distortion occurred, although a slight 
indentation of the draw ring and the female was now visible; however, this 
did not have any effect on the formed parts. It should be noted that the 
HSV Meehanite die material held up very well, and is well suited for pro¬ 
duction use. 

2. VERTICAL DRAW FORMING OPERATION 

The one-step hot forming of this complex-compound zee part on these unique 
presses marks a major break-through in titanium forming. The sequence of 
forming operations is described below. 

Figure 9-3 shows the draw die in the open position. Note that the die mount¬ 
ing clamps are bolted directly into the heated platens. The flat blank was 
then placed on the heated die. Orientation of the part blank was accomplish¬ 
ed by locating pins mounted on the male punch (Figure 9-4). At this point 
the upper and lower cushions were energized, raising the lower female draw 
ring (Figure 9-5). The upper die assembly was then brought down to make 
contact with the part blank between the upper and lower die assemblies (Fig¬ 
ure 9-6). There was a soak period of one to two minutes in this position to 
allow the blank to pick up the heat from the die. A slow draw was effected 
by activating the "slow down" control on the press. During this "slow down" 
cycle the part blank was draw formed to its final configuration. The die was 
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held in the closed position at the desired pressure for u dwell period of 
three to five minutes (Figure 9-7). Upon completion of the forming cycle, 

the press was opened, automatically ejecting the formed pirt for easy re¬ 

moval by the operator (Figure 9-8). (Note: Automatic ejection was accom¬ 

plished by re-energizing the draw ring upon opening the press.) If at any 

time the blank remained in the upper portion of the die, energizing of the 

upper cushion would actuate the knockout and provide automatic part eject- 

The progression from flat blank to formed part and finally to separation 
of left-and right-hand details is shown from left to right in Figure 9-9, 

Figure 9-10 shows the separated left- and right-hand parts being checked on 

the 2700-pound Meehanite HSV draw die. Parts are formed free of wrinkles 
spring'oack, and galling. ’ 

Grumman believes that the one-step hot draw forming uf a complex-compound 

contoured part of this configuration cannot be duplicated by any other 
forming method. 

RDM 1516, TWO-STEP FORMING 

The design for RDM 1516 is shown in Figure 9-11. RDM 1516 is a horizontal 

hoi sizing die cast from Nicrosil steel. This is the two-step die used to 

make one zee member at a time. The forming tools for Part 4, zee are 
shown in Figure 9-2. 

Fabrication of parts was as follows. One-half of RDM 1516 was utilized at 

dnn hammer/rubber (Figure 9-12). Here the die can be seen set up in the 

drop hammer press. The part was pre-heated on a portable platen and then 

placed on the die and heated to 1000*F by quartz lamps. Heat-resistant 

rubber was used; the part was "hit" once to obtain a preform configuration. 
Figure 9-13 shows the preformed part and flat pattern. 

For hot sizing, the die was mounted horizontally (Figure 4-5) and four clamps 

were tied into the front and rear of the press. The preformed part was 

then located by means of a locating pin. The die was closed until iv touched 

the part for the "soak" period. After the part was at temperature, the clamps 
were actuated and the die moved slowly to the closed positiorv "dwelling" 

in this position for the required amount of time to eliminate all springback. 

The clamps were then actuated, the die moved to the open position, and the 

completed hot-sized part was then removed. Figure 9-14, background, shows 

the preformed part; center, hot-sized part; foreground, a descaled and 
trimmed piece, all done on RDM 1516. 

The 025" material formed very well, except in the sharp transition areas where 

a slight waviness appeared. Difficulty, however, was encountered in forming 

the .070" material. The die had a tendency to "over-ride" or lift: during 
the closing cycle. This condition was corrected by adjusting the front 

clamps so that half the die remained stationary. Shims were then placed 

on this half of the die and the ram brought down on it. To close the die 



the rear set of clamps were engaged and successfully corrected the "over¬ 

ride" condition. This operation of the .070" material did not produce 

satisfactory results. The severe contours of this part are beyond the 

limitations of the preform hot sizing operation. 

4. CONCLUSION 

After comparing the one-step die (RDM 1435) with the two-step die (RDM 1516), 

it may be said that the one-step die can produce two pieces for the price 

of one. It can be seen that much more time is required to produce the same 

parts by the two-step method (even if the latter produced acceptable results). 

Extra material is also needed for the forming of tht two-step drop haiuner 

operation, whereas a developed flat pattern with very little scrap area is 

used for the one-step draw. 

One of the major factors to take into consideration is the handling time of ' 

the two-step method. Parts have to be pre-heated and the die must be set 

up in the drop hammer press. After preforming, the die has to be cooled 

down and moved to the hot sizing area for the second operation. Besides 

finish trimming, an additional trimming operation is required at this stage 

to remove excess material required by the drop hammer operation. Here set¬ 

up and more heat-up time is involved. It should also be noted that pre¬ 

formed parts are only partially formed and are difficult to nest, locate, 

or position ir. the hot sizing die. Extreme caution must also be used to 

ensure that the preformed mold lines are not "off" in the hot sizing opera¬ 
tion. 

Here again one-step formed parts are wrinkle-free and are produced in less 

time. For parts of this complexity, hot draw forming is the preferred 
method. 

COST COMPARISON 

One-Step Two-Step 

Time 

Saved 

Preferred 

Technique 

Tool Manufacturing 

Time 

520 hr 580 hr** 60 hrs One-Step 

Average Part Forming 

Time 
9 min/2 parts 

or 4.5 min/1 part 

16 min 

1 part 

13.5 min/ 

part* 

* Includes an additional 2 min for the added trimming operation. 

** Includes tooling for hot sizing dies and drop hammer dies 
friT left-6 right-hand details. 
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One-Step Forming Two-Step Forming 

Utilizing Male Half 

of Hot Sizing Die RDM 1516 

Preform Blank by Drop 

Hammer/Rubber 

Typical Section of RDM 1435 
in Open Position 

Die in Closed Position 

Part Formed 

Hot Size Part in 

RDM 1516 

Typical Section of RDM 1516. 

Die in Closed Position (Part Sized) 

Figure 9-2 Forming Tools for Test Part #4 - Zee 
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Figure 9-4 Flat 
Also 

Biank Being Placed on Heated Draw Die. Blank Could 
be Placed on Die After the Draw Ring is Raised. 
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Figure 9-6 Upper Portion of Die is Brought Into Contact with Draw Ring 

Figure 9-5 Position of Blank Before Press is Closed 



Figure 9-7 The Die is Held in the Closed Position for a Three-to-Five- 
Minute Dwell Period 

« 

Figure 9-8 The Formed Part is Raised off the Punch by the Draw Ring 
and is Easily Removed 
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Center - Formed Part (One-Step Method)j Right - Left- and 
Right-hand Details After Trimming 

Figure 9-10 Left - and Right-Hand Parts Being 

Checked on the Draw Die 
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Figure 9-12 Half-Die (Nicrosil) Set Up for Preforming Operation; Die 

at 700/800°F; Part Being Heated to 1000*F by Quartz Lamps 

(Upper Portion Not Shown) 

Figure 9-13 Flat Pattern in Foreground, Preformed Part in Background; 
Material .025" 6A1-4V 
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SECTION X 

FORMING PART 5, FRAME 

RDM 1498 ONE-STEP FORMING DIE 

RDM 1498 is a one-step forming die made of Incoloy 802 steel, utilizing a 

combination pressure pad and knockout fabricated into the female cavity. 

The designs are shown in Figures 10-1 and 10-2. The forming tools for 
Part 5, frame, are shown in Figure 10-3. 

Figure 10-4 is the male assembly for forming .025" material; Figure 10-5 
is the male assembly for forming .070" gauge material. 

The pressure pad of the female assembly is shown in the "home" position in 

Figure 10-6. This would be the closed position of the die; the lightening 

hole flanges and beads would be completely formed at this stage. 

Figure 10-7 and 10-8 are views of the male assembly mounted on the platen 

of the USI press. Figure 10-8 shows the male assembly mounted in the press 

with bed cushion pressure on the male pressure pad in the up position. 

It is in this starting position that the flat pattern is placed on the 

locating pins (see three pins in Figure 10-8). The female assembly is then 

brought down until it touches the part and held in this position until 
the part reaches the temperature of the die. 

With bed cushion pressure on, the slow down action of the ram (slide) is 

actuated. The part is now sandwiched between the female and male pressure 

pad and is slowly drawn over the male in e downward action. The outer 
flanges of the part are now formed. As the bottom of the stroke is 

approached, the beads and flanged lightening holes are formed. After bottom- 

ing, the die dwells in the closed position for the time required to elimi¬ 

nate springback. The ram is then returned to the up or open position. The 
part is now "locked" in the female cavity. To remove the part the slide 

cushion is actuated, which, in turn, moves the female pressure pad or 
knockout, and automatically ejects the part. 

Twelve pieces of each alloy (6-6-2, 6-4, and 8-1-1) and of each gauge 

(.025" and .070") were produced for a total of seventy-two pieces. The only 

trouble encountered was galling of the die; this was eliminated by using a 
special Grumman-developed lubricant - JGAW #1. 

After checking the formed parts, they were all found to be consistent 

and well within the target tolerances (Table A-16). 



2. TWO-STEP OPERATION 

After attempting to fc nn parts by the preform/hot size method in the 070" 

thickness, and getting unsatisfactory results, it was decided not to 

attempt to form the remaining details. Figure 10-9, lower right-hand comer 

shows a tight comer radius. This 1 1/2" comer radius was successfully 

formed as shown by the one-step operation. (See enlarged views. Figure 10-10,) 

It is impossible, however, to accomplish this in a two-step operation. In 

order to preform this part, a cut-out must be added to prevent fracture of 

the flange. Parts with a cut-out in this area were successfully preformed. 

3. CONCLUSION 

It should be noted that a splice plate would have to be fastened to parts 

in the cut-out area in order to have the same structural integrity as 

the continuous flange produced by the one-step method. This, therefore 

pemits greater design latitude, potential weight savings, and lower 
assembly costs. 

COST COMPARISON 

One-Step Two-Step Time Saved 
Preferred 

Technique 

Tool Mfg. Time 560 hr 420 hr 140 hr One-Step 

Average Part 

Forming Time 
10 min 15 min 

(with cut-out 

in comer 

flange only) 

5 min 
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One-Step Forming Two-Step Forming 

Drop Hammer/Rubber 

Die in Closed Position 

Part Formed 

Figure 10-3 Forming Die for Test Part #5 - Frame 
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igure 10-4 RDM 1498 Forming Die, Made of Incoloy 802, is 

Used to Form Part 5, Frame. Photo Shows Male 

Die (for Forming .025" Gauge) and Pressure Pads 

Figure 10-5 RDM 1496, Male Die for Forming .070" Gauge 
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Figure 10-6 RDM 1498, Showing Female and Pressure 

Pad in Position 

Figure 10-7 RDM 1498, Showing Male Section of Die 

with Pressure Pads in Position on Hot 

Platen of USI Press 
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Figure iO-9 Part 5, Frame, One-Step Forming; Foreground, 

Descaled Part; Center, Formed Part (.025 Gauge); 
Background, Flat Pattem 





SECTION XI 

FORMING PART 6, CHANNEL 

1. RDM 1496, ONE-STEP FORMING 

RDM 1496, is a one-step hot forming die which uses a side cushion to form 

Part 6, channel. The design is shown in Figure 11-1; the forming tools for 

the test part are shown in Figure 11-2. 

Development of a horizontal draw forming technique makes it possible to form 

curved "hat" and channel sections with deep chordal heights. Parts of this 

type normally require costly pre-form operations such as brake forming, 

stretching, drop hammering, and rubber forming. By utilizing the horizon¬ 

tal draw forming technique, a single operation can usually eliminate all 

pre-form requirements. 

The horizontal draw die used to produce a curved "hat" section is described 

below. For illustration purposes, the tool pictured produces a shallow 

, contoured part. However, the forming sequence is identical for a part hav¬ 

ing a more severe contour. 

Figure 11-3 shows the heated die mounted in the press. The die is secured 

with stainless steel (RA330) bolts to the horizontal die cushion assembly, 

p which can be seen at the right side of the picture. The part blank can be 

seen loaded in the die, positioned between the draw ring (heavy section) 

and the female die (channeled section). The female die is then moved in by 

actuating the rear horizontal pushers (at left) to contact the part blank. 

The die is held in this position for one to two minutes to heat the part. 

To complete the forming cycle, the part is clamped between the female die 

and the draw ring and the rear pushers actuated to draw form the part 

(Figure 11-4). 

After a three-to-five-minute "soak" period, the pushers retract the female 

die, permitting removal of the formed part by the operator (Figure 11-5). 

The finished formed part can be seen in Figure 11-6. In Figure 11-7 the 

part is being checked on the cold die. 

Figure 11-8 shows the horizontal forming die for the channel member 

(RDM 1496, one-step). The left side utilizes bed cushion pressure and 

the right side uses clamp pressure. Both pressures are adjustable on the 

USI press. This photograph was taken after completion of seventy-two 

pieces. 

» Figure 11-9 shows the flat pattern in the foreground and the finished formed 

channel in the background. (See Table A-17J 
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2. RDM 1510, TWO-STEP FORMING 

RDM 1510 is a hot siting die for Part 6, channel. (See design. Figure 11-10.) 
Twelve pieces of each alloy and thickness (a total of seventy-two pieces) 
were preheated to 1000*F and preformed by the drop hammer/rubber technique 
utilizing RDM 1510. In the preforming operation, the flat patterns were 
pre-heated to 1000*F on a portable heated platen. This operation was 
followed by hot sizing the seventy-two pieces and all checked «it within 
the target tolerances (Table A-18). 

3. CONCLUSION 

For this part tool fabrication costs for the two-step method are substantially 
higher and savings can be realized in the part-forming time required by 
using the one-step method. (See chart below.) In contrast to the one-step 
method, the two-step method requires a drop hammer set-up, part heat-up 
time, and additional time to set up the die for hot sizing. Although in 
this case both methods work well, the one-step die produces a better 
quality part at a lower cost; therefore, the one step method is tne pre¬ 

ferred technique. 

COST COMPARISON 

One-Step Two-Step Time Saved 
Preferred 
Technique 

Tool Mfg. Time 260 hr 310 hr* 50 hr One-Step 

Average Part 
Firming Time 

12 min 17 min 5 min 

* Includes cost of a drop hammer die. 
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ONE-STEP FORMING TWO-STEP FORMING 

Foro Die in Closed Position 

(Part Foroed) 

Typical Section of Fora Die 

in Open Position (Mat'l in Place) 

Form Part in One Step Form 

Die RDM 1496 (Only Tool Req' 

Hot Sice Part Using Same 

Tool with Pushers 

Figure 11-2 Forming Tools for Test Part #6 - Channel 
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Figure 11-3 ITíe Horizontal Draw Die Mounted in the Press 

Figure 11-4 The Rear Pushers are Actuated to Draw Form the Part 
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Figure 11-7 The Finished Formed Part is Checked on the Cold Die 

Side Utilizes Bed Cushion Pressure, Right Side Utilizes Clamp Pressure 
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SECTION XII 

SIMULTANEOUS FORMING AND AGING 

1. 6A1-4V TITANIUM ALLOY 

Ulis particular 6A1-4V test program has been completed. It shows the 

feasibility of simultaneous forming and aging of production parts from 

solution-treated 6A1-4V titanium alloys using short-time aging cycles 

The problem was to develop an optimum time-temperature cycle within which 

detail parts could be age-formed in a single operation while evidencing 

satisfactory aged mechanical properties. Another consideration was to 

keep springback to a minimum, while using a short aging time so as to be 
within economic press operating time. 

a. Short Time Aging of Ti 6A1-4V 

The initial series of laboratory tests on short time aging cycles 

applied to .025" thick solution-treated Ti 6A1-4V using the aging 

temperature range of 800°F through 1100°F. The specimens were lubricated 

before heating and then heated by inserting them between hot steel 

plates; they were subsequently descaled to closely simulate actual 

hot forming and cleaning parameters. Aging times of five through forty 

minutes were checked to keep within an economical time for use in a 

forming press. The complete data is shown in Table 12-1 and graphically 
illustrated in Figure 12-1. 

The tabular and graphical data clearly show the 1000°F aging temperature 

to result in the highest yield while only being exceeded in ultimate 
by 900° and 9508 aging. This table also shows the 1000°F aging to 

result in elongation values equal to the lower strength 1050°F and 1100°F 

aged material while exceeding those resulting from the lower temperature 
aging. 

More tests were then run on .040" thick material in the laboratory, using 

various aging times at the chosen 1000°F temperature (Figure 12-2 and 

Table 12-2.1. Data taken from tensile tests of laboratory-aged material 

in .025 and .040" thickness established that more than adequate mechanical 

properties could be obtained by using a time/temperature aging cycle of 

forty minutes at 1000°F. Forming tests were then conducted in the 

Williams White hot press using various times and temperatures to deter¬ 

mine springback characteristics. Constant springback values between 

1 1/2 to 28 were obtained at the 40 min/1000°F cycle. It was also found 

that the same springback values could be obtained in twenty minutes at 
1050°F. (See Table 12-3) 
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Several existing production hot forming dies were.chosen and utilized to 

form a number of production type F-lll details (ten each) at 1000*F - 

for 40 minutes on the Williams White hot press. These parts were small 

angular bracket shapes with joggles. The details all formed satisfactor¬ 

ily, with the exception of a 2° springback (Figure 12-3). 

Typical detail parts with annular ring and zee configurations were 

form-aged from .025" and .070" solution-treated Ti 6A1-4V alloy 

sheet in the USI not presses (six pieces each) using two short-time 

aging cycles of forty minutes at 1000°F and twenty minutes at 1050°F. 
Although the .025" ring parts were not perfectly formed, several rings 

were considered acceptable parts when cut within the trim line ( Figure 

12-4). Improvements can be made by changes in technique and die. The 

.070" formed rings were good in shape and flatness, and with 1/2° 

angularity on the flange legs. The zee configured parts had some spring- 

back, but could be made to conform to the die contours with light finger 

pressure. Se'eral parts of each configuration were then subjected to a 

stress relief operation in an oven at 1000°F for two hours to check for 

possible distortions. The small angles and zee parts showed no appre¬ 

ciable changes, but the ring parts tended to distort slightly. A fix¬ 

ture may be necessary if stress relief is mandatory. A minimum of two 

tensile specimens were taken from several of the annular ring and "zee" 

members in both .025" and .070" thickness material and tensile tested. 

The results indicated that the simultaneously formed and aged details 

could meet the minimum mechanical property specifications (160,000 psi 
UTS - 145,000 psi yield and 5% elongation). 

Thermal stability tests were conducted on various short time/tempera¬ 

ture aged specimens which indicated that the creep stability charac¬ 

teristics of short-time formed and aged solu ion-treated 6A1-4V titanium 
alloy are not adversely affected. 

2. CONCLUSIONS 

• Maximum tensile properties of 6A1-4V Ti alloys can be developed in 
20 to 40 minutes aging times at 1000°F. 

• Simultaneous forming and aging of solution-treated 6A1-4V titanium alloy 

is feasible and practical by production hot press work using the optimum 

short-time temperature of forty minutes at 1000#F, providing for spring- 
back in the dies. 
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TABLE 12-1 SHORT TIME AGING OF SOLUTION TREATED Ti 6A1-4V- 

STATIC TENSILE PROPERTIES 

Time Aged at 80( )*F Aged at 901 )*F Aged at 950°F 
at 

Temp. 

(Bin) 

F 

tu 

(ksi) 
ty 

(ksi) 

% El. 

(in 2”) 

F 

tu 

(ksi) 

F 

ty 
(ksi) 

% El. 

(in 2") 

F 

tu 

(ksi) 

F 

ty 
(ksi) 

% El. 

(in 2") 

5 

10 

20 

30 

40 

164.0 

167.0 

172.0 

173.0 

148.5 

152.0 

154.8 

155.5 

6.0 

6.5 

5.0 

6.0 

171.0 

169.5 

173.5 

172.7 

154.0 

150.0 

151.0 

156.5 

7.0 

6.0 

5.0 

5.0 

168.5 

173.0 

175.5 

174.0 

176.5 

151.0 

155.5 

157.0 

155.5 

157.5 

5.0 ‘ 

6.0 

7.0 

5.5 

5.5 

Time Aged at 10G 0®F Aged at 1050°F Aged at 1100°F 
at 

Temp. 

(min) 

F 

tu 
(ksi) 

f; 

ty 
(ksi) 

% El. 

(in 2") 

F 

tu 
(ksi) 

F 

ty 
(ksi) 

% El. 

(in 2") 

F 

tu 
(ksi) 

F 

ty 
(ksi) 

% El. 

(in 2") 

5 

10 

20 

30 

40 

170.3 

171.0 

171.2 

170.0 

172.9 

155.5* 

157.4* 

158.5 

157.5 

161.0 

7.0 

7.0 

8.0 

5.5 

7.5 

168.0 

169.5 

168.0 

169.0 

155.5* 

157.6* 

158.0* 

160.0 

7.5 

7.8 

6.0 

6.0 

165.8 

168.7 

164.5 

165.0 

152.8* 

156.5* 

155.3* 

155.9 

7.5 

7.8 

8.8 

7.5 

•Average of two values. All other points are individual tests. 

Solution treated properties) 150.5 ksi ultimate strength, 130.8 ksi 

of the 0.025'' sheet / yield strength, 11.0% elongation in 2" 
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SECTION XIII 

METALLURGICAL TESTING 

Ti 8AI-IM0-IV 

ofmsÍ^nítí0t of duplex annealed Ti 8-1-1 indicated no degradation 
rano* füítíí5r>pertíes when sP*cimens were exposed in the 1300°F to 1500°F 
range for fifteen minutes and air-cooled. These results (average of 

Tabl! °bt“ined fr?m • 090-inch sheet, Heat No. D4535, are shown in 

an àîl ñatarCÍ " MP'Ct'd beC,U5e Ti ls «»nti.Hy 

at a 5lan-S USed iTl the tests alone were cleaned and lubricated to 
Thíhíanví Íng Proc*^ures before exposure to the hot forming range, 
in Figure lsT dCSCaled and final-“«chined to the configuration shown 

îïîic11?1!31 f"ne®lin« cycle* added to the mill annealed cycle of Ti 8-1-1 
falls into the hot forming range utilized in the evaluation of the duplex 
annea ed material.(See Table 13-2.) It was considered possible that min 
annealed material might be purchased at a savings over duplex annealed 

“r*1“ '° d“?lex nnnealed material duringPthe hot forming 
/ h hi consideration, mill annealed Ti 8-1-1 material was sub¬ 

jected to a range of temperatures encompassing the hot forming cycle The 

c:“Lr,rti*s ,r*t,buuted in T*bie i?-3 and ÄÄ s 

dïcrénë ¡ith 8th !>roP'rti's (nlf inate and yield strengths) 
esSñíilní Íhí « ?g exposure temperature. While the values plotted are 

Î five-minute exposure data, inspection of Table 13-3 reveals 
that the thirty-minute exposure data varies by less than 1% from the five 

S-F r.TT dT- Both curVM u"d'r*° •» i»fl«tî" « approximately” 
rthî a (*ntering îbe annealing range) and tend to level out after 1450^ 
(the duplex armeaung cycle). This data tends to indicate that if material 
stock identification were not a problem, mill annealed material’(cheaper 

rî^iîed andahotaíed) mÍght !¡e-USed Where dupleX annealed properties Sre required and hot forming techniques are to be utilized. 

Ti 6Al-6V-2Sn 

n%;"'ï:2inf :i!S*Ll.hruifÄS:s thÄrtl*'of 

de^LafJí Î thirtX minutes, followed by air cooli.ig, resulted in a 
degradation in strength properties. The loss in strength increased wit 

iíSe”Í2 ¡ST D243QratUre ^ 135°,F- heat °f material, .055- 
for t?!!! nf îî N exposed t0 temperatures from 1000#F to 1300°F 
ía /iVe fifteen ninutes* also showed increased strength losses 
as exposure temperature was increased. These results for both heats of 
material are shown in Tables 13-4 and 13-5 and Figure lS-3 U anS bJ 
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The strength loss which occurs with high temperature exposure has been 
attributed to heating into the alpha plus beta range, where a partial 
solution treating effect is obtained with the relatively fast air cool 
from the alpha plus beta field. This reasoning is supported by data 
generated in another Grumman program wherein subsequent aging at 950#F 
for two hours resulted in a noticeable restoration of strength. Also 
in this program, Knoop hardness readings on material exposed at 1350°F 
and air-cooled were noticeably lower than those of either the as-mill 
annealed material or material exposed at 1350#F and subsequently 
aged at 950°F for two hours.(See Table 13-6.) This is indicative of a 
phase change occurring during the thermal cycling. 

The details of this other Grumman-sponsored program are discussed in the 
following paragraphs. The program was performed by Grumman to further in¬ 
vestigate the effect of simulated hot forming cycles on the properties of 
annealed Ti 6Al-6V-2Sn sheet materials. Exposure to temperatures in the 
range of 1050°F to 1350°F for time periods of five, fifteen, and thirty 
minutes were conducted on fully-machined tensile specimens (Figure 13-1) 
which were alkaline cleaned and coated with Form Kote T-50 prior to the 
elevated temperature exposure. The specimens were cut from sheet thick¬ 
nesses ranging from .025 to .125 inch to determine if the resultant 
properties were a function of material, '.hickness. Approximately one-half 
of the specimens were subsequently aged at 950#F for two hours prior to 
testing; the remainder were tested without having undergone the aging 
cycle. In all cases, the specimens were air-oooled.following exposure to 
temperature. Testing was performed using a Riehle FH-60 tensile tester at 
a constant strain rate of .005 inch/inch/minute. 

Tables 13-7 through 13-11 summarize the results of tensile tests on specimens 
subjected to a variety of thermal cycles. The results shown represent the 
average of duplicate tests except where otherwise noted. Referring tc the 
tables, it is noted that the temperature attained during the heating cycles 
was the controlling factor on the resultant mechanical properties. Increasing 
the time at temperature had an insignificant effect. 

Figures 13-4 through 13-7 illustrate the effect of strength versus simulated 
forming temperature for the various sheet thicknesses tested. The curves 
represent the averaged strength values of specimens held at temperature for 
five, fifteen, and thirty minutes. The loss in strength with increasing 
temperature is readily apparent. Superimposed on these curves are the re¬ 
sultant strengths obtained after subsequent aging at 950#F for two hours for 
the respective sheet thicknesses. The restoration in strength as a result 
of the aging cycle is apparent. 

It was noted that in all cases, specimens exposed to 1350°F and subsequently 
aged at 950#F for two hours demonstrated strengths greater than that of the 
original as-mill annealed material. As a result, further consideration 
should be given to an evaluation of forming temperatures above 1350°F 
(say 1400°F to 1500#F) followed by aging at 950*F for two hours. Such a 
forming cycle may result in significantly increased strength in the final 
formed parts over that of as-mill annealed Ti-6Al-6V-2Sn sheet. Strength 
levels approaching that of the solution treated and aged condition are 
possible. In fact, this reasoning was verified (as part of the AF program) 



?ÜJÏn zee-member P®rt which was formed from annealed Ti 6-6-2 .025- 

at 1400 F f0r three ^ subsequently aged two hours 

«¡MnllÆi the z" meBber "lnutM « HOO'F, the pert wee 
examned and tensile specimens «ere removed from several areas of 
the part to check its material properties (Figure 13-8). Yield strength 

whatdIôuííChlly 5educed while the ulti®ate strength was reduced only £ 
cuîî.r ÎhÏÎH T exP??ted by extrapolation of the simulated forming 
curves. Additional tensile specimens were then removed from several areas 
of the part (Figure 13-8) and aged two hours at 950°F in an attempt to 
restore mechanical properties. The resultant aged properties shoSed an 

fo™!SSVn J!fte and yield strengths. These -as formed" and "as 
formed plus aged' tensile results are shown in Table 13-12. 

Mní??í¡¡r0gÍap?SiÍn f18!11* 13-9 show the microstructures of the original 
“J!*1®? "“îî Î* the h0t f0rmed material. «d the hot formed plus aged 
material. The microstructure (Figure 13-9c) of the hot formed plus aged 
materia! appeersiike that of solution-treated and aged material. The 
tensile data of Table 13-12 and the microstructures in Figure 13-9 sub¬ 
stantiate the reasoning that intimate tool contact and the thin gauge 

the°ÍIteriaÍ.all0Wed ^ 14°0#F ^ qU*nCh t0 Partia11' solution^treat 

F age Wa? n0t i,ntended to be an optimum age nor was the 1400°F in- 
solution treating temperature. The results, however 

indicate that high strength Ti 6Al-6V-2Sn parts might be obtained by 
orming in the 1500-1600 F range and aging in the S50-1100*F range/ The 

«fannlng stock c°uld be annealed material, which would generally*average 
$1.00 per pound less than the solution-treated material required if simul¬ 
taneous forming and aging were considered. r*q 

™\^ríL0f.r£HÒv":h0t f0™ln‘ 0f “nMled T1 ««-‘V-2S„ sheet cen 

e Thermal exposure to temperatures above 900°F for times of five to 
thirty minutes, followed by air cooling, results in a degradation 
of strength properties from the as-mill annealed conditiSn. 

* IÍ?>/0SS in1?t5en8th increas«s with increasing exposure temperature 
1350°Fery Sllght l0SSei at 900 F t0 approximately 9-10% losses at 

* ’î7'® ^55 l" stfength is dependent on the exposure temperature. In- 

e The loss in strength associated with high temperature exposure is 
independent of material thickness in the range of 0.025 to 0.125 
inch. Further consideration should be given to the effect of elevat- 

inch?mPer#tUre eXp05“" °n "iUr1*1 ««.«r tt« 0 12S 
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• Aging at 950*F for two hours subsequent to exposure results in a 
restoration of strength. The higher the exposure température 
(higher in the alpha plus beta field), the greater was the 
response to the aging cycle. 

3. Ti 6A1-4V 

a. Ti 6A1-4V, Annealed 

Tests were performed on annealed Ti 6A1-4V, 0.080-inch (Heat No. 301174) 
to determine the effects of simulated hot forming temperatures on the 
resultant properties, as were done for Ti 8-1-1 and Ti 6-6-*2.. The 
ultimate «txength of the Ti 6-4 material showed a slight decrease in 
strength over the range 900*F to 1300#F; while the yifeld strength was 
only very slightly affected until exposure temperatures exceeded 
1100*F. Exposure to the highest temperature investigated (1300 F) 
caused only slight reductions in subsequent tensile properties, i.e., 
5% reduction in ultimate strength and 3% reduction in yield strength. 
The results are shown in Table 13-13 and Figure 13-10. 

Since the alpha-beta m&ke-up of this material may result in some 
^l-tion treatment occurring when air cooling from the higher forming 
temperatures, both slow-cooled and faster air-cooled specimens were 
tested. If partial solution treatment had occurred at the high expo¬ 
sure temperatures, a strength loss could be expected for the air-cool¬ 
ed and slow-cooled specimens. The drop-off in strength would be more 
noticeable for the air-cooled specimens. The resulting properties 
(Table 13-13), however, showed no significant differences between air¬ 
cooled and slow-cooled specimens and (as stated above) only slight 
strength reductions for either at the highest exposure temperatures. 
Therefore, these tests indicate that any effects due to partial solution 
treatment were not retained at room temperature after exposure to these 
temperatures. 

Exposure testing was accomplished on fully-machined tensile specimens 
that had been cleaned in an alkaline bath and coated with T50 moly- 
disulphide lubricant. Lubricated specimens were placed on a stainless 
steel hearth plate (1/4-inch thick) in an air oven. For the air-cool¬ 
ed tests, only the specimens were removed from the furnace. For the 
slow-cooled tests, the hearth plate was removed with the specimens 
and allowed to cool in still air. The specimens were chemically 
cleaned in a nitric-actane bath prior to mechanical testing. 

Additional data has been generated on the effect of simulated hot 
forming temperatures on the room temperature strength of annealed 
Ti 6A1-4V. This was part of another Grumman-sponsored program. This 
data was generated on .125-inch annealed sheet and extended tempera¬ 
tures of simulated hot forming to- 1500#F. 

Duplicate tensile specimens (Figure 13-1) were tested following eight- 
minute exposure at 1200,1300,1400, and 1S00*F. Temperature exposure 
was accomplished on fully machined tensile specimens that had been 
cleaned and coated with Fel-Pro C-300 lubricant. The specimens were 

160 



air-cooled following the short time exposure at temperature and then 
de-scaled in a nitric-actane bath prior to testing. 

The ultimate tensile strength of the .125-inch Ti 6-4 material was 
generally unaffected at all temperatures, while the yield strength 
experienced a slight decrease above 1300°F, i.e., 3.2% at 1400°F and 
4.7% at 1500°F. The results are tabulated in Table 13-14. (These 
tests on .125-inch material indicate, as did the tests on .080-inch 
material, that any effects due to partial solution treatment were not 
retained at room temperature after exposure to these temperatures.) 

Ti 6A1-4V, STA 

An initial series of short time aging cycles on solution-treated 
Ti 6A1-4V, .025-inch sheet material, investigated the aging temp¬ 
erature range of 800#F through 1100°F. The specimens were lubri¬ 
cated before heating and then heated by inserting them between hot 
steel plates. They were subsequently descaled to simulate actual hot 
forming and cleaning procedures. Aging times of five to forty minutes 
were checked to keep within an economic time for use in a forming 
press. The data is shown in Table 13-15 and plotted in Figure 13-11. 

The tabular and graphical data indicate that the highest yield strengths 
result when aging at 1000°F and 1050°F, whereas the highest ultimate 
strengths result at 950°F. Elongation values are highest for the 
higher aging temperatures, 1000#F, 1050#F, and 1100°F. 

A second heat of solution-treated Ti 6A1-4V, .040-inch sheet, was 
subsequently aged at 1000°F and 1050*F for various time cycles. This 
work concentrated mainly on 1000°F aging where cycles were performed 
which included up to the standard fouxwhour aging cycle. In addition, 
thermal stability checks were performed on -specimens aged at 1000°F 
to determine if differences existed between standard solution treated- 
and-aged material and the short-time aged material. The results of 
these tests are shown in Table 13-16. 

Short-time aging at 1000*F showed higher strengths than at 1050°F, 
however, elongation was slightly better at 10S0°F. Aging two hours 
at 1000*F subsequent to short-time aging at 1050*F showed a slight in¬ 
crease in tenstte strength (compared to Short-time aging at 1050°F). 

Thermal stability checks for material aged at 1000°F showed less than 
1% loss in tensile strength for any short-time age cycle and approxi¬ 
mately 4% yield strength losses for most cycles including the standard 
aging cycle (four hours at 1000°F). There was no degradation of 
elongation for any specimens, in fact, values were higher by signifi¬ 
cant amounts. Initial strength values were higher for short-time 
aged material as compared to the standard four-hour aged material. 
Therefore, with respect to thermal stability, there were no detri¬ 
mental effects of short-time aging cycles on Ti 6A1-4V as compared to 
the standard four-hour aging cycle. 



Using the data generated above on the short-ti*e aging of solution- 
treated Ti 6A1-4V, actual parts Here hot formed and aged. These 
parts were simultaneously formed and aged from .025-inch and .070- 
inch solution-treated sheet material into annular rings and zee members. 
Tensile specimens were removed from the outer edges of the rings and 
the upper surfaces of the zees and tested. Specimens were also 
tested that were removed from the same heats of sheet material and sub¬ 
jected to simulated framing and aging cycles (no actual forming 
performed) similar to those cycles performed on the parts. The re¬ 
sults of the above tests are tabulated in Table 13-17. A typical 
annular ring, before and after forming, is shown in Figure 13-12 and 
a typical zee member in Figure 13-13. . 

These tests on solution-treated material, although limited in number, 
indicate that parts can successfully be simultaneously formed and 
aged from solution-treated Ti 6A1-4V using short-time aging cycles. 
Further testing is recommended, however, before any definite conclusions 
are made. 



TABLE 13-1 

EFFECTS OF SIMULATED HOT FORMING CYCLES ON DUPLEX ANNEALED 
TITANIUM ALLOY Ti 8AI-IM0-IV .090" SHEET, HEAT No. D453S 

Thermal Cycle 
Ultímale** 

Stress (ksi) 
.2% Yield** \ 
Stress (ksi) 

Elongation 
(in 2") 

Vendor Certificate 

1300°F (15 min) AC 

1350°F (15 min) AC 

1400°F (15 min) AC 

1450°F (15 min) AC 

1500°F (15 min) AC 

143.7 

145.3 

141.8 

143.8 

144.0 

144.7 

135.0 

135.3 

132.1 

133.0 

133.5 

133.L 

14.5 

14.2 

14.2 

14.2 

14.2 

14.2 

** 

NOTE : *Specimens were exposed at temperature for 15 minutes and then air cooled. 

**Each value represents the average of three tests performed. 
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TABLE 13-2 

ANNEALING TREATMENTS OF Ti 8AI-IM0-IV (SHEET) 

Anneal Treatment 

Single Anneal 1425#F - 2S°F for 8-10 hours, 
Cool S0°F/hour max. to 800°F max.. 
Air Cool 

Duplex Anneal 1450#F i 25°F for 8-10 hours. 
Cool 50#F/hour max. to 800#F max., 
Air Cool 

♦ 1425#F t 25°F for 1/2-1 hour, Air Cool 
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TABLE 13-3 

EFFECTS OF SIMULATED HOT FORMING CYCLES ON MILL ANNEALED 
TITANIIM ALLOY Ti 8AI-IM0-IV 0.080 SHEET (HEAT 30S13) 

Thermal Cycle 
Ultimate 
(k*i) 

Yield* 
(ksi) 

Elongation 
(% in 2") 

Mill Annealed 161.7 1S4.8 13.5 

1100°F ( 5 min) AC 
1100°F (30 min) AC 

158.3 
157.0 

155.7 
154.4 

15.0 
15.3 

1200°F ( 5 min) AC 
1200°F (30 min) AC 

157.2 153.7 
157.4 154.1 

14.0 
14.0 

1250°F ( 5 min) AC 
1250°F (30 min) AC 

156.2 
156.3 

152.9 
152.5 

13.7 
14.2 

1300°F ( 5 min) AC 
1300*F (30 min) AC 

155.8 
155.5 

151.2 
ISO.5 

14.1 
14.0 ’ 

1350°F ( 5 min) AC 
1350#F (30 min) AC 

153.8 
151.6 

147 .’6 
145.9 

12.5 
15.2 

1400°F ( 5 min) AC 
1400“F (30 min) AC 

152.3 145.2 
152.1 145.0 

14.0 
14.2 

1450°F ( 5 min) AC 
1450°F (30 min) AC 

151.2 
151.3 

143.2 
143.8 

14.2 
13.8 

1500#F ( 5 min) AC 
1500#F (30 min) AC 

150.5 
148.7 

141.8 
140.0 

12.2 

15.3 

1550°F ( 5 min) 
1S50°F (30 min) 

AC 
AC 

150.8 
149.2 

141.9 
139.9 

14.8 
15.5 

*0.2% Offset Yield 

All values are the average of three (3) tests. 

165 







TABLE 13-5 

EFFECTS OF SIMULATED HOT FORMING CYCLES ON ANNEALED 
TITANIUM ALLOY Ti 6A1-6V-2S i 0.055 SHEET (HEAT D5869) 

Ultimate 
Thermal Cycle (ksi) 

.2% Yield- 
(ksi) 

Elongation 
(% in 2") 

Mill Annealed 171.0 164.7 15.3 

1000°F ( 5 min) AC 166.8 
1000#F (15 min) AC 167.1 

161.9 14.7 
162.2 . 13.7 

1100°F ( 5 min) AC 164.0 
1100°F (15 min) AC 161.7 

158.9 
155.3 

15.0 
13.0 

1150°F ( 5 min) AC 162.7 
1150°F (15 min) AC 159.3 

157.7 
154.0 

13.0 
13.7 

1200°F ( 5 min) AC 157.8 
1200®F (15 min) AC 156.7 

154.8 
151.7 

12.2 
13.0 

1250°F ( 5 min) AC 155.8* 
1250°F (15 min).AC 155.7 

149.0* 
150.3 

13.5* 
11.1 

13008F ( 5 min) AC 
1300°F (15 min) AC 

150.6 
149.0* 

145.5 
145.0* 

1Á.Ô 

12.5* 

♦These values are the average of three (3) tests, except 
two (2) tests where asterisked in table. 
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TABLE 13-6 - KNOOP HARDNESS DATA 

Material 
Spec No. Thickness - in. Thermal Cycle 

BS1 
BIO 
B12 
B45 
B47 

.125 

.125 

.125 

.125 

.125 

As-Mlll Annealed 
1050#F (30 min) AC 
1050#F (30 min) AC + 950°F 
1350°P (30 min) AC 
1350°F (30 min) AC ♦ 950°F 

(2 hrs) 

(2 hrs) 

Knoop m 
Hardness 

AC 

AC 

333 
338 
335 
307 
336 

C52 
CIO 
Cll 
C46 
C47 

.050 

.050 

.050 

.050 

.050 

As-Mill Annealed 
1050°F (30 min) AC 
1050°F (30 min) AC ♦ 9S0#F (2 hrs) AC 
1350#F (30 min) AC 
1350°F (30 min) AC ♦ 9508F (2 hrs) AC 

302 
304 
301 
291 
316 

D50 
D9 
Dll 
D46 
D48 

.025 

.025 

.025 

.025 

.025 

As Mill Annealed 
1050°F (30 min) AC 
1050°F (30 min) AC ♦ 950°F (2 hrs) AC 
13S0tfF (30 min) AC 
1350*F (30 min) AC ♦ 950°F (2 hrs) AC 

278 
279 
273 
263 
293 

(1) Knoop hardness values are the average of at least 4 readings 

« 
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TABLE 13-7 

EFFECT OF SIMULATED HOT FORMING CYCLES ON 

THE TENSILE PROPERTIES OF Ti-6Al-6V-2Sn (1) 

Thermal Cycle 
Ultimate 

(ksi) 

.2% Yield 

(ksi) 

% Elong. 
(in 2") 

As-Mi11 Annealed(2) 156.8 151.0 11.0 

1050#F ( 5 min) AC 

" (15 min) AC 

" (30 min) AC 

" ( 5 min) AC ♦ 950#F 
" (15 min) AC ♦ 950°F 
" (30 min) AC ♦ 950®F 

(2 hrs) AC 

(2 hrs) AC 

(2 hrs)«AC 

143.2 

144.5 

150.0 

148.5 

155.5 

154.5 

138.5 

140.0 

145.5 

144.0 

150.5 

149.2 

10.5 

10.5 

11.0 
10.0 
10.5 

11.0 

1150°F ( 5 min) AC 

" (15 min) AC 

" (30 min) AC 

" ( 5 min) AC ♦ 950°F 
" (15 min) AC ♦ 950°F 
" (30 min) AC ♦ 950°F 

(2 hrs) AC 

(2 hrs) AC 

(2 hrs) AC 

150.0 

151.5 

149.5 

153.5 

153.0 

153.5 

141.2 

145.0 

144.0 

148.0 

147.5 

147.5 

11.0 
11.5 

10.0 
12.0 
11.5 

10.5 

1250°F ( 5 min) AC 

" (15 min) AC 

" (30 min) AC 

" ( 5 min) AC ♦ 950°F 
" (15 min) AC ♦ 950#F 
" (30 min) AC ♦ 950°F 

(2 hrs) AC 
(2 hrs) AC 

(2 hrs) AC 

145.5 

146.5 

146.0 

152.5 

154.0 

154.0 

139.7 

140.5 

140.0 

146.3 

147.5 

147.0 

10.5 

10.5 

11.5 

12.0 
11.0 
11.0 

1350#F ( 5 min) AC 

" (15 min) AC 

" (30 min) AC 

" ( 5 min) AC ♦ 950#F 
" (15 min) AC ♦ 950°F 
" ('0 min) AC ♦ 950#F 

(2 
(2 
(2 

hrs) AC 
hrs) AC 

hrs) AC 

143.0 

145.0 

142.7 

167.2 
165.0 

165.0 

139.0 

141.3 

139.0 

159.8 
158.0 

158.0 

9.0 

7.5 

7.0 

8.0 
9.0 

7.5 

(1) Test values are the average of duplicate tests 

(2) Guaranteed minimum properties of annealed Ti-6-6-2 sheet are F*.. ■ 155 
Fty « 145, e - 10% tu 



TABLE 13-8 - EFFECT OF SIMULATED HOT FORMING CYCLES 
ON THE TENSILE PROPERTIES OF Ti-6Al-6V-2Sn (1) 

(.032" GAUGE) 

Thermal Cycle 
Ultimate 

(ksi). 
.2% Yield 

(ksi) 
% Elong. 
(in 2V) 

As-Mill Annealed 
9« 

91 

99 

163.8 
163.2 
161.5 
163.2 

160.7 
160.0 
159.2 
160.0 

11.5 
11.3 
14.0 
13.0 

1250*F 
99 

99 

99 

(15 min) AC 
(30 min) AC 
(15 min) AC ♦ 950*F (2 hrs) AC 
(30 min) AC ♦ 9S0#F (2 hrs) AC 

152.2 
152.0 
164.5 
158.3 

148.6 
148.8 
160.6 
155.5 

11.0 
11.0 
11.0 
11.5 

1350#F (IS min) AC 
" (30 min) AC 
" (15 min) AC ♦ 950#F (2 hrs) AC 
" (30 min) AC ♦ 950#F (2 hrs) AC 

146.4 
142.8 
169.9 
166.9 

145.7 
141.5 
166.7 
164.5 

9.5 
10.0 
9.0 
9.0 

(1) Recorded values are the average of 4 tests except for the as-mill annealed 

data. 
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TABLE 13-9 - EFFECT OF SIMULATED HOT FORMING CYCLES 
ON THE TENSILE PROPERTIES OF Ti-6Al-6V-2Sn ^ 

(.050" GAUGE) 



TABLE 13-10 - EFFECT OF SIMULATED HOT FORMING CYCLES 
ON THE TENSILE PROPERTIES OF Ti-6Al-6V-2Sn(1J 

(.100" GAUGE) 

Thermal Cycle 
Ultimate .2% Yield 

(ksi) (k*i) 
% Elong. 
(in 2") 

As-Mill Annealed (2) 170.5 161.0 15.0 

1150#F ( 5 min) 
" (15 min) 
» (30 min) 
" ( 5 min) 
" (15 min) 
" (30 min) 

AC 
AC 
AC 
AC ♦ 
AC ♦ 
AC ♦ 

950°F (2 hrs) 
950°F (2 hrs) 
950°F (2 hrs) 

AC 
AC 
AC 

166.0 
166.5 
165.0 
170.0 
168.0 
168.0 

158.0 
158.5 
157.5 
162.0 
161.5 
159.5 

13.5 
14.5 
14.0 
14.5 
13.5 
15.0 

125C°F ( 5 min) AC 
" (IS min) AC 
» (30 min) AC 
" ( 5 min) AC ♦ 950#F 
" (15 min) AC ♦ 950°F 
" (30 min) AC ♦ 950°F 

(2 hrs) AC 
(2 hrs) AC 
(2 hrs) AC 

162.0 
160.0 
160.0 
168.0 
168.0 
168.0 

153.0 
153-0 
152.5 
158.5 
159.5 
158.0 

13.5 
12-0 ' 

15.5 
14.5 
13.5 
14.0 

1350#F ( 5 min) AC 
" (15 min) AC 
" (30 min) AC 
" ( 5 min) AC ♦ 950°F 
" (15 min) AC ♦ 950°F 
" (30 min) AC + 950°F 

(2 hrs) AC 
(2 hrs) AC 
(2 hrs) AC 

158.5 
144.0 
144.0 
179.0 
167.0 
167.5 

152.5 
138.0 
138.0 
170.1 
158.5 
160.5 

11.0 
10.5 
10.0 
12.5 
8.5 

10.5 

(1) Test values are the average of duplicate tests 

(2) Guaranteed minimum properties of annealed Ti-6-6-2 sheet are F ■ 155, 
Pty ■ 145, e - 10% tu 
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TABLE 13-11 - EFFECT OF SIMULATED HOT FORMING.CYCLES 
ON THE TENSILE PROPERTIES OF Ti-6Al-6V-2Sn 

(.125" GAUGE) 

(1) Test values are the average of duplicate tests 

(2) Test values are the average of 4 tests 

(3) Guaranteed minimum properties of annealed Ti-6-6-2 sheet are F -155, 
Fty - 145, e - 10% tu 
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Figure 33-4 Room Temperature Strength after Simulated Hot Forming Cycles, 
Titanium 6Al-6V-2Sn Annealed Sheet .025" Thick 

Figure 13-5 Room Temperature Strength after Simulated Hot Forming Cycles, 
Titanium 6Al-6V-2Sn Annealed Sheet .050" Thick 
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figure 13-6 ^ TemPerature Strength after Simulated Hot Forming Cycles 

Titanium 6Al-6V-2Sn Annealed Sheet .100" Thick ^ ' 

Age 

Figure 13-7 Room Temperature Strength after Simulated Hot Forming Cycles 

Titanium 6Al-6V-2Sn Annealed Sheet .125" Thick ’ 
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Figure 13-8 Sketch of Zee Members Made on Die RDM 1435 at 1400°F, Showing 
Location of Specimens Tested to Show the "As Formed" and "As 
Formed Plus Aged" Properties 



TABLE 13-]2 TENSILE PROPERTIES OF HOT FORMED PART OF Ti 6Al-6V-2Sn (.025") 
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Figure 13-9 Ti 6Al-6V-2Sn Material Showing the Effects of Hot Forming at 
1400°F (500X magnification). Etch: 10 HF, 20 HNOj, 100 Lactic 
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TABLE 13-13 

EFFECTS OF SIMULATED HOT FORMING CYCLES ON ANNEALED TITANIUM ALLOY 

Ti 6A1-4V 0.080 SHEET (HEAT 301174) 

Thermal Exposure 

9006F. 

900°F. 
5 min. 

30 min. 

1000°F. 5 min. 

1000°F. 30 min. 

1000°F. 5 min.* 

1000°F. 30 min.* 

1050°F. 5 min. 

1050°F. 30 min. 

1100°F. 

1100°F. 
5 min. 

30 min. 

1100 F. 5 min.* 

1100°F. 30 min.* 

1150oF. 5 min. 

1150oF. 30 min. 

1200°F. 5 min. 

1200°F. 30 min. 

5 min.* 1200°F 

1200 F. 30 min.* 

1250°F. 5 min. 

1250°F. 30 min. 

1300°F. 5 min. 

1300°F. 30 min. 

1300°F. 5 min.* 

Ultimate 

(ksi) 

142.3 

142.2 

142.1 

139.5 

139.2 

140.1 

139.5 

139.9 

139.6 

139.6 

140.3 

139.7 

139.2 

138.2 

137.0 

138.5 

139.1 

137.3 

136.8 

137.3 

136.1 

136.5 

137.6 

0.2% Yield 

(ksi) 

138.2 

136.3 

136.7 

135.1 

135.3 

135.9 

136.0 

136.9 

135.7 

135.5 

137.1 

136.8 

135.1 

135.0 

133.7 

135.2 

135.7 

134.3 

133.7 

133.4 

132.2 

132.5 

132.6 

Elongation 

(% in 2") 

9.3 

11.0 

10.7 

11.2 
11.2 
11.9 

10.2 
11.0 

10.7 

10.5 

11.2 
11.5 
• 

11.0 
10.7 

11.7 

11.0 
11.3 
10.8 

11.0 
11.3 

10.7 

10.0 
10.2 

All values are the average of three tests. 

*Slow cooled to below 900#F 
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TABLE 13-14 

EFFECT OF SIMULATED HOT FORMING TEMPERATURES ON 
THE ROOM TEMPERATURE STRENGTH OF ANNEALED 

TÍ-6A1-4V SHEET (.125") 

Thermal Exposure 

As Received 

1200°F (8 minutes) AC 
12008F (8 minutes) AC 

AVER. 

1300°F (8 minutes) AC 
1300°F (8 minutes) AC 

(8 minutes) AC 
1400°F (8 minutes) AC 

AVER. 

15008F (8 minutes) AC 
1500UF (8 minutes) AC 

AVER. 

Ultimate 
Ocsi) 

141.1 

143.9 
141.5 

142.7 

142.9 
139.9 

142.0 
137.6 

139.8 

142.8 
140.0 

141.4 

.2% Yield 
(ksi) 

136.3 

141.4 
137.2 

139.3 

140.6 
133.7 

137.2 

134.6 
129.3 

131.9 

132.4 
127.0 

129.7 

\ Elongation 
(in 2") 

14.5 

12.0 
12.0 

120 

12.0 
14.0 

13.0 

14,0 
13.0 

13.5 

12.0 
14.0 

13.0 



TABLE 13-15 ' SHORT TIME AGING OF SOLUTION TREATED Ti 6A1-4V- 

STATIC TENSILE PROPERTIES (.025" SHEET) 

Time Aged at 800*F Aged at 90 D#F Aged at 950*F 
at 

Temp. 

(min) 

F 

tu 

(ksi) 

r 

ty 
(ksi) 

\ El. 

(in 2") 

F 

tu 

(ksi) 

F 

ty 
(ksi) 

\ El. 

(in 2") 

F 

tu 

(ksi) 

F 

ty 
(ksi) 

% El. 

(in 2") 

5 

10 

20 

30 

40 

164.0 

167.0 

172.0 

173.0 

148.5 

152.0 

154.8 

155.5 

6.0 

6.5 

5.0 

6.0 

171.0 

169.5 

173.5 

172.7 

154.0 

150.0 

151.0 

156.5 

7.0 

6.0 

5.0 

SO 

168.5 

173.0 

175.5 

174.0 

176.5 

151.0 

155.5 

157.0 

155.5 

157.5 

5.0 

6.0 

7.0 

5.5 
• 

5.5 

Time Age d at ICO 0*F Aged at 1050#F Aged at r/‘ 0°F 
at 

Temp. 

(minj 

F 

tu 
(ksi) 

F 

ty 
(ksi) 

El. 

(in 2") 

F 

tu 
(ksi) 

F 

ty 
(ksi) 

\ El. 

(in 2") 

F 

tu 
(ksi) 

F 

ty 
(ksi) 

\ El. 

(in 2") 

5 

10 

20 

30 

40 

170.3 

171.0 

171.2 

170.0 

172.9 

155.5* 

157.4* 

158.5 

157.5 

161.0 

7.0 

7.0 

8.0 

5.5 

7.5 

168.0 

169.5 

168.0 

169.0 

155.5* 

157.6* 

158.0* 

160.0 

7.5 

7.8 

6.0 • 

6.0 

165.8 

168.7 

164.5 

165.0 

152.8* 

156.5* 

155.3* 

155.9 

7.5 

7.8 

8.8 

7.5 

‘Average of two values. All other points are individual tests. 

Solution treated properties) 150.5 ksi ultimate strength, 130.8 ksi 

of the 0.025" sheet ( yield strength, 11.O'* elongation in 2" 
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TABLE 13-16 

TENSILE AND ELEVATED CREEP STABILITY DATA OF SOLUTION 
TREATED AND AGED T1-6A1-4V (.040-INCH SHEET, TRANSVERSE GRAIN DIRECTION) 

Thermal Cycle Room Temperature 
Tensile Properties 

Strength at Room Temperature 
After 150 Hours Sustained 
Stress at 45ksi at 800*F** 

(kÍ¥) '(î> 
% Elong. 
(in 2") (¾ 

.2% Fty 
(ksi) 

% Elong. 
(in 1") 

Solution Treated 

1000*F (15 min) AC 
1000°F (40 min) AC 
1000*F (60 min) AC 
lOOO’F (90 min) AC 

*1000°F ( 4 hrs) AC 

149.3 

165.8 
165.5 
165.0 
165.0 
162.6 

124.0 

153.8 
153.8 
153.0 
154.8 
153.5 

10.5 

7.5 
6.5 
6.5 
6.3 
7.5 

166.3 
164.0 
164.5 
163.6 
161.8 

147.8 
146.5 
153.0 
149.0 
147.5 

14.0 
10.0 
14.0 
9.0 
15.0 

1050#F (10 min) AC 
1050#F (20 min) AC 
1050#F (30 min) AC 

163.2 
163.0 
161.5 

153.0 
152.7 
154.0 

7.3 
8.5 
7.0 

1050*F (20 min) AC 
♦ 1000°F (2 hrs) AC 

164.0 152.5 7.5 

* 

NOTE: Test values are the average of duplicate tests. 

* 4 Hours • 1000#F is the standard aging cycle for solution-treated TÍ-6A1-4V. 

** No creep was noted on any specimens. 
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TABLE 13-17 

TENSILE PROPERTIES OF HOT FORMED AND AGED PARTS OF 

SOLUTION TREATED TÍ-6A1-4V** 

Specimen Tensile Specimen 

Removed From 

Hot Form Temperature 

And Aging Cycle* 

Tensile Properties 

Ftu .2% Fty % Elong. 

(ksi) (ksi)7 (in 2") 

25-1 

25-2 

AVG. 

.025" Sheet* 

.025" Sheet* 

1000°F - 40 Min. 

1000°F - 40 Min. 

162.5 152.0 8.5 

159.3 145.2 7.5 

160.9 148.6 8.0 

25-3 

25-4 

_AVG. 

.025" Sheet* 

.025" Sheet* 

1050*F - 20 Min. 

1050#F - 20 Min. 

161.5 151.1 8.5 

157.8 148.8 7.0 

159.7 150.0 7.8 

35-1 

35-2 

AVG. 

.025" Zee Members 

.025" Zee Members 

1000°F - 40 Min. 

lOOO’F - 40 Min. 

170.5 158.3 6.0 

168.5 158.5 7.0 

169.5 158.4 6.5 

36-1 

36-2 

AVG. 

.025" Zee Members 

.025" Zee Members 

1100°F - 40 Min. 

1100°F - 40 Min. 

ISO T5S73 571- 

168.1 159.4 8.0 

167.1 157.7 7.3 

_Z4_ .025" Annular Ring 

1000"F - 40 Min. (Formed) 

♦1000°F - 2 Hrs.(Stress Relieved) 161.0 148.2 7.5 

7Ó-1 

70-2 

AVG. 

.070" Sheet* 

.070" Sheet* 

lOOO'F - 40 Min. 

1000°F - 40 Min. 

159.3 148.3 8.0 

160.4 144.4 9.0 

159.9 146.4 8.5 

70-3 

70-4 

AVG. 

.070" Sheet* 

.070" Sheet* 

1050’F - 20 Min. 

1050#F - 20 Min. 

■rero—no—o— 
157.5 146.6 10.0 

158.2 147.1 9.0 

80-1 

80-2 

82-1 

82-2 

84-1 

84-2 

AVG. 

.070" Annu 

• 
ilar Ring 1000’F - 40 Min 165.0 150.0 7.5 

166.3 152.0 7.5 

165.5 147.7 8.0 

163.9 146.7 8.0 

171.0 155.1 8.5 

167.0 151.8 7.5 

166.5 150.6 7.8 

85-1 

85-2 

AVG. 

.070" Annular Ring 

.070" Annular Ring 

1050 F - 20 Min. 

1050#F - 20 Min. 

170 150 O- 

164.0 150.5 7.5 

167.3 152.7 7.8 

* Sheet material controls 

** .025-inch material - Heat No. G 3720 

.070-inch material - Heat No. G 3716 



Figure 13-12 Typical Annular Ring Formed 
From 6A1-4V Titanium 

Figure 13-13 Flat Blank, Formed Zee Part 
Left-and Right-Hand Details 
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SECTION XIV 

TIME-TEMPERATURE PARAMETERS TO DETEPXINE 
SPRINGBACK AND MINIMUM BEND RADII 

1. TEST PROGRAM 

The following laboratory test program was designed to detonnine the eleva¬ 
ted temperature dwell and soak time needed to produce zero springback in 
the shortest time at the lowest temperature while least affecting tht 
mechaiical properties of the selected titanium alloys. The information 
obtained from these tests will be used as a guide in establishing forming 
criteria such as minimum bend radii, heat-up time periods, and hot forming 
time cycle parameters. 

a. Equipment 

• USI press and Williams White press. 

• RDM-1440 minimum bend radii (Hastelloy X die with six different 
radii - .020, .040, .060, .080, .100, and .120-inch). (See 
Figures 14-1, 14-2 and 14-3.) 

• Honeywell single-point recorder (Model 15361, OPS-24-20). 

b. Variable 

• Material alloy - Titanium 6Al-6V-2Sn annealed and titanium 
6A1-4V annealed. 

Material thickness - .016 to .125-inch, a minimum of five 
different thicknesses to be tested per alloy. 

• Dwell time-(X) minutes, time required to heat a part to the 
forming temperature, will be determined by thermocouples attached 
to the bend specimens at the bend line for each thickness. 

• Temperature - 1000°F, a minimum of four temperature levels to be 
tested per alloy. 

• Minimum bend radii - radius/thickness ratio determined by examina¬ 
tion under 50 X magnification. 

c. Notes 

• The number of material thicknesses to be tested are limited due to 
availability. 

• The Engineering Metallurgy Group will conduct the nect sary metallurg¬ 
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icai tests to document the time and temperature cycles that will 

least affect the mechanical properties of the titanium alloys. 

• Additional Test Conditions - All specimens will be subjected to the 
following: 

(1) Before forming: 

Peburred 

Degreased 

Coated with Everlube Form Kote T-50 lubricant 
Air-dried 

t 

(2) After forming: 

» 

Air-cooled 

Cleaned per production procedure 
Measure springback angle 

2. TEST PROCEDURE FOR DWELL TIME 

ÍñA1Uineí î*r?°C0UpleS were attached t0 11/2x3 1/2-inch bend speci- 
r A ° ve,\C\0f he ma5erial Sicknesses of titanium 6Al-6V-2Sn and titani- 

ni îaLWere t0 be tested- The thermocouples were attached at the 
0f he sPe^mans °y spotwelding with a commercially pure titanium 

filled uhtüaS spotwelded over the hot junction (Figure 14-4). The cap was 
rilled with a ceramic cement to add strength. * 

The RDM 1440 minimum bend radii die was mounted on the USI press with thermo 

couples in the lower and upper halves registering tenperatuL Õ„ tíe p„™ 

leveled “ ‘ï'.11"” flat'"s reached ,he set temperature and 
The ff’ y üere balanced by adjusting the individual zone controls. 
Lm d I T5 all^ed.t0 reach the set temperature before the tests were be- 

thaAKHOüeyWel! sin8ie-Point recorder was connected to the terminal end 
and th» fPecim®n thermocouple. The recorder ranged from 0°F to 2000°F 
and the chart moved at a rate of 1/64 of an inch eacS 3 1/2 seconds, there¬ 
by recording the time to temperatures (Figure 14-5 and 14-6). 

fhCh íí5íVÍdüalvte^ sPecimen with the thermocouple attached w*s placed in 

die üs? touíh«5etíie* The UPPTr preSS Platen was lowered until ^he uPP®r die just touched the specimen. Two spacer blocks were used on the die to 

of assurini dlî- tght UPPer platCn dUring the test run’ a means 
îhic 8 Í f a r sPecimen contact by slightly deforming it (Figure 14-7) 
This was performed for each of the material thicknesses at each of the 

h Ter?tUr!S: Tíme't0 -temperature values were calculated from the 
graphs develop-d by thj single-point recorder. This was done by drawing a 

- "‘r 1° the grapn aS U leveled off and then measuring horizontally 
the distance from tangent point to the starting point. Distaîce was then 
converted into time and graphically depicted (Figure 14-8 and M-9). 
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Results : From the data generated, it was determined on a practical basis 
that dwell time (X) for titanium 6Al-6V-2Sn and titanium 6A1-4V 
material thickness of .020 to .060-inch would require a two-minute 
dwell time and that material thicknesses of .061 to .125-inch 
would require a three-minute dwell time for hot forming. 

. TEST PROCEDURE FOR SOAK Tliffi 

Based on the above information, several sets of titanium 6Al-6V-2Sn bend 
specimens of different thicknesses were fully bent and held in the closed 
die for time periods of one, three and five minutes at temperatures of 
900 F, 1000 F, x050'F and 1100°F. The objective was to form a 90-degree 
angle with zero springback. The time and temperature combinations that were 
low enough to produce positive springback would be indications of the 
minimum hot forming parameters. It was observed, however, that the bend 
specimens showed no positive springback. It was believed that a definite 
coining action was taking place above 900°F and that springback values from 
a pure bending action could not be obtained from this particular set-up. 

The negative springback values that were obtained above 900“? indicated that 
the USI press was applying pressure even though the pressure gauge read 
zero. This undetermined force was compressing the inside fibers of the bend 
specimens into the material, thereby creating tension rather than compression 
on the inside fibers. Upon releasing the specimens from the die, the inside 
fibers tend to close up rather than open up the bend angle. A Webster Force 
Gauge (from 0 to 10,000 pounds) was placed on the lower platen to determine 
the natu.re of the undetermined force. A steel column was placed over the 
force gauge diaphragm so as to completely fill the distance between the upper 
and lower platens. The upward ram force was then turned off and the ram set 
in the stop position. The force gauge indicator started to accelerate up 
the scale, thereby indicating a downward force of the ram while its pressure 
gauge still read zero. 

It was determined by a representative of USI that a backup pressure was build- 
ng up in the top cavity of the ram cylinder and that the addition of a 

action1" iïeV£ebstS«re2oiredrt0 thÍS ?TOblem‘ To verify this connectiv« 
oneiaîid V £ S®“8® was set UP in the Press a8ain with a hand- 
operated hydraulic jack and a steel column while the ram was activated in the 
upward direct on (Figure 14.10). By pre-loading the hydraulic ja^ ïo MOO 
pounds, any slight deviation of the ram's force could be detected. The ram 
was set in the stop position and no deviation was detected by the force gauge 

To eliminate the sizing effect of any possible future slippage of the down¬ 
ward acting ram, .100-inch thick 321 stainless steel shims were used on 
both ends of the minimum bend radii die (RDM 1440). This prevented the die 
from closing all the way and allowed the specimens to be formed to a three- 
point 80-degree pure bend. By using the .100-inch thick shim (plus an 
additional shim equal to the test specimen thickness), a .100-inch gap could 
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be naintained between the die and the specimen, regardless of the specimen 

thickness. This, in turn, will allow the specimen to freely bow according 

to the stresses developed during the bending action and to spring open in 

response tc those developed stresses. The greater the stress, the greater 

the springback. But, the higher the time-temperature combination, the 

greater the degree of stress relieving, which leads us to our objective of 

locating time-temperature forming parameters for zero springback. 

The photograph (Figure 14-11) of two .025-inch thick titanium 6Al-6V-2Sn 

bend specimens formed at 1100°F for one-minute soak (one specimen with 

the shim technique and the other matched die forming) illustrates the 

difference between the two test procedures. The data for the shim technique 
w?', compiled so that the different thicknesses were grouped individually 

for each alloy.(Table 14-1 and 14-2) Each thickness was graphically depic¬ 

ted in a three-dimensional graph, the X-axis representing temperature, the 

Y-axis representing time, and the z-axis representing the average spring- 

back values for an 80 degree pure bend. Where the individual temperature 

graphs cross the X-Y plane, the time value is considered to be the experi¬ 

mental values needed to obtain zero springback. These values were then 

graphically depicted on a time-temperature curve from which time-temperature 

parameters for zero springback can be selected, for titanium 6Al-6V-2Sn 

and titanium 6A1-4V (Figures 14-12 and 14-13) It should be noted that these 
parameters are dependent on the amount of stress build-up during the hot 

forming operation. , 

Results : From the data generated, it was determined on a practical basis 

that the minimum hct forming time-temperature parameter for 

titanium 6Al-6V-2Sn was four minutes soak time at 1125°F, while 

titanium 6A1-4V was four minutes soak time at 1200°F. 

4. TEST PROCEDURE FOR MINIMUM BEND RADII 

Test temperatures of R.T.(room temperature) and 1200°F. were selected for 

both titanium alloys so as to provide a basis of comparison between them. 
To determine minimum bend radii values, the lowest acceptable radius-to- 

thickne.es ratio, six bend specimens of the same thickness were formed at 

the same time at both test temperature levels. Each position on the die 

represents a different punch radius from .020 to .120-inch in .020-inch 

increments. For each material thickness, the test was repeated four times 

so as to allow for possible metallurgical deviations which can affect the 

materials' minimum bend radii value. All specimens were bent in the trans¬ 

verse direction, cleaned by standard production processes, and then examined 

for microcracks under 50X magnification. 

An '.cceptable bend specimen would be considered to be free of all micro¬ 

cracks ard excessive "orange peelings" (grain separation) along the deformed 

surface. For each thickness of material, the lowest radius with all four 

bend specimens passing inspection divided by the material thickness would 

be considered the experimental value for minimum bend radii for that * 

particular thickness (Tables 14-3 and 14-4). The highest experimental R.T. 
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value of all the thicknesses, plus an additional IT safety factor, then 

becomes the acceptable minimum bend radii value for production applica¬ 
tion. 

Results: The acceptable minimum bend radii value for titanium 6Al-6V-2Sn 

is 4.0T at R.T. and 1.5T at 1200°F, while titanium 6A1-4V is 

4.OT at R.T. (Room Temperature), 2.25T at 1200°F, and 1.32T at 
1350°F (Figure 14-14). 

Figure 14-1 RDM 1440 Minimum Bend Radii Die 
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Figure 14-3 Die with Six Specimens in Position 

Figure 14-4 Thermocouple Attached to the 

Bend Line of a Specimen by Spot Welding 
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Figure 14-5 USI Press Control Panel and Single-Point 
Pen Recorder 

Bend Specimen 

Time 

Bend p 

Line TL 

Temperature 

Figure 14-6 Time-to-Temperature Recording Technique 



F
i
g
u
r
e
 
1
4
-
7
 

D
i
e
 
S
e
t
-
u
p
 
f
o
r
 
T
i
m
e
-
t
o
-
T
e
m
p
e
r
a
t
u
r
e
 
T
e
s
t
 



U 
•H 

197 

a> 

3 
rt 
(h 

U. 
O 
O 

s 
»—< 

• 
U 
■ 
M 

LO LO O LO LO 
• • • • • 

vO 00 (N (N vO 
^ «"H rH 

U. 
O 
O 
O 
(NI 

6
3
.
0
 
s
e
c
.
 

1
0
1
.
5
 

1
3
3
.
0
 

1
4
0
.
0
 

1
6
1
.
0
 

g 0> 
H 
♦J 
tf) 

H 

d
o
O
O
I
I
 

m 

u 
« 
M 

O LO LO LO LO 
• • • • • 

yo rt \0 \0 rt 
LO (Tl IO fO O 

rH rH rH 

J,0
001 

• 
U 1 
M 

O O LO LO LO 
• • • • • 

Ol «-H O 
Tf Ci i/> tn ts» 

^ 

M
a
t
e
r
i
a
l
 

T
h
i
c
k
n
e
s
s
 

O O O O LO 
(NI LO 00 O (N 
O O O rH rH 

ë 
•H 

00 
I 

« 
U 

tu 







80° Angle 

Pure Bend 

90° Angle 

Matched Die Bend 

Figure 14-11 Outside Bend Specimen Hot Formed 1100*F 

2-Minute Soak and 1-Minute Dwell, 80* 
Angle Pure Bend 

Inside Bend Specimen, Same Conditions, 90* 

Angle Matched Die Bend 
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TABLE 14-1 

SUWARY OF DATA FOR ZERO SPRIJJGBACK (Ti 6A1-6V-Sn) 

spring*}ack Test for Soak Time Ti 6Al-6V-2Sn 

.100 Shim, 80° Pure Bend, Temperature - 20°F. 

*> 
0) V) 
c V 

u -6 
•H C 

£ 

.025 

.080 

100 

125 

.-¾ 
c o 

•H tfl 

T ^ 
pH 

0) ^ 
fc. 0) 

2/1 
2/3 
2/5 
2/7 
2/27 

3/1 
3/3 
3/5 
3/7 

3/1 
3/3 
3/5 
5/7 

3/1 
3/3 
3/5 
3/7 
3/14 

1000°F 

Average 
Range Springback 

5 
4 
2 
3 
0 

4 
3 
3 
3 

3 
3 
3 
3 

4 
3 
2 
2 

13.5 
12.5 
11.0 
8.7 
2.0 

4.5 
0.5 
0.3 

-1.5 

6.3 
2.2 
1.3 
1.0 

2.5 
1.2 
0.5 

-0.3 

1050°F 

Average 
Range Springback 

3 
2 
I 
1 

2 
2 
2 

3 
2 
2 

2 
2 
3 
3 

7.8 
8.5 
5.8 

■3.5 

-0.5 
-0.8 
-3.3 

0.5 
-1.2 
■1.5 

-1.5 
-2.2 
-2.5 
-4.0 

1100°F 

Average 
Range Springback 

4 
2 
1 
1 

3 
3 
1 
2 

4 
3 
3 
2 

3 
2 
2 
3 

10.2 
-0.5 
-0.8 
-2.3 

0.2 
-3.8 
-5.2 
-6.3 

1.5 
-3.0 
-3.6 
-3.3 

1.8 
•1.5 
■3.2 
•3.3 

1200°F 

Average 
Range Spfingback 

2.0 

-5.0 

-4.2 

-2.8 

NOTE: Average^springback „alues were obtained by averaging the deviation 
from 80 for each of the six different forming radii (.020-.120R). 

201 



TABLE 14-2 

SUMMARY OF DATA FOR ZERO SPRINGBACK (Ti 6A1-4V) 

Springback Test for Soak Time Ti 6A1-4V 

.100 Shim, 80° Pure Bend, Temperature Í 20°F. 

(/) 
0) </) 
c a> 
•S-5 
•H C 
45 -H 

.020 

.032 

.080 

.090 

125 

.-¾ 
c o 

•H V) 
T ^ 

eH 
«-H 

B 0) 

2/0.5 
2/5 
2/10 
2/15 

2/0.5 
2/5 
2/10 
2/15 

3/0.5 
3/5 
3/10 
3/15 

3/0.5 
3/5 
3/10 
3/15 

3/0.5 
3/5 
3/10 
3/15 

_L 

1000°F 

Average 
Range Springback 

4 
2 
4 
1 

2 

3 

3 
2 
3 
3 

4 
3 
4 
3 

2 
3 
2 
2 

25.0 
16.0 
12.0 
8.5 

20.0 

8.5 

6.5 
3.0 
2.5 
0.5 

7.0 
4.5 
3.0 
1.5 

6.0 
3.5 
2.0 
1.0 

110P°F 

Average 
Range Springback 

1 
2 
1 
1 

1 
1 
3 
3 

3 
4 
2 
3 

2 
1 
2 
2 

2 
3 
2 
3 

21.5 
15.5 
0.5 

-1.5 

16.5 
3.5 

-0.5 
-1.5 

6.5 
0.5 

-2.0 
-2.5 

6.0 
1.5 
0.0 

-1.0 

4.0 
O.f 

-1.0 
-1.5 

1170®F 

Average 
Rangé Springback 

3 
1 
1 

3 
3 
3 

4 
3 
2 

3 
2 
2 

1 
4 
3 

11.5 
-2.5 
-6.5 

10.5 
-1.5 
-4.5 

3.0 
■3.5 
■4.0 

3.5 
■2.0 
-3.0 

1.5 
■2.0 
-3.5 

1300°F 

Average 
Range Springback 

0 
4 
0 

1 
2 
2 

2 
3 
3 

3 
3 
4 

2 
2 
1 

-2.0 
-7.5 

-11.0 

-0.5 
-7.0 
-8.0 

■2.0 
■4.5 
-5.5 

-0.5 
■3.5 
-5.0 

-1.0 
-3.0 
-3.5 

NOTE: Average springback values were obtained by averaging the deviation 
from 80°for each of the two extreme forming radii (.020 and .120R), 
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SECTION XV 

t 

« 

MATERIAL RECEIPT.AND INSPECTION 

1. DELIVERY 

Approximately 90% of the material ordered for this project was received 
at Bethpage by 31 January, 1967. The balance was received shortly 
afteiwards. • 

2. CONTROL DATA 

In order to deteniine and derive the optimum utilization of material, 
control data was catalogued at the time of delivery. The Certificate 
of Test Data (Table 15-1) incorporated the primary data required, such 

• Material type 

• Material dimensions 

• Heat number 

• Yield strength 

• Tensile strength 

• Bend test 

• Elongation 

• Hydrogen content 

• Oxygen content 

• Titanium alloy 

» 

« 

The supplier submitted the certified data to Grumman in accordance 
with contractual agreements. 

3. • INSPECTION 

The quality inspection of materials was made just prior to submission 
for tests. At this time the precise properties and characteristics 
were noted and recorded to verify the Certificate of Test Data. No 
significant variations were detected. 
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4. MATERIAL HISTORY 

By referring to the data shown in Table 15-1, it was possible to deter- 
■ine the exact status and condition of any aaterial fron origin to dis¬ 
position after forming. The three critical stages that required close 
examination were: 

• Properties at the shipping-receiving phase 

• Properties prior to test 

• Properties subsequent to test 
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APPENDIX 

OPERATION AND DATA, SHEETS 

CONVERSION CHART 

Gauge Reading 
in psi 

Tons Per Pin 

1120 
1000 

87S 
750 
500 
375 
210 
125 

.98 

.88 

.77 

.66 

.44 

.33 

.19 

.11 

To find total cushion pressure, multiply number of pins by tons 
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TABLE A-l 

PART 1, TAIL CONE FRAME 

ONE-STEP FORMING, RDM 1500 

(Sheet 1 of 3) 

NOTES: 
* I. See page A-l for conversion of psl to tonnage 

TITANIUM Tl-6Al-6V-2Sn 

PART IDENT NO. 37 38 39 40 41 42 43 44 45 46 
1 

47 48 

SHEET NO. 11 11 1-1 12 12 12 12 13 13 13 13 1 

VENDOR 
RMI; TIMET = T T T 

HT G2423 G2423 G3614 G2443 nQiñT G3107 G3024 

TEST F9902 F9902 J1053 F9902 F9900 F 9900 F9856 

GAUGE .070 . 070 

TEMPERATURE 
RECORDER AT 1250* 1250* 1300' 1300' 1300* 1300* 1300' 1300* 1300* 1300* 1300* 1300* 

UPPER INDICATOR 
READING AT 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 

LOWER INDICATOR 
READING AT 1250* 1250* 1250* 1250* 1250* 1250* 1250' 1250* 1250* 1250* 1250* 1250* 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 3 3 3 3 3 3 3 3 3 3 3 3 

DWELL IN 
CLOSED POSITION 12 12 12 12 12 12 12 15 15 15 15 15 

TONS 65 65 65 65 65 65 65 65 65 65 65 65 

NO. OF CLAMPS 
AT 16 TONS PEP 

^ BED 
CUSHION (psl) 800 800 800 800 800 800 800 800 800 800 800 800 

AIR COOLED 
IMMED. ✓ ✓ / ✓ ✓ ✓ ✓ ✓ / / ✓ / 

DESCALED AS 
PER GAEC SPEC. / ✓ / ✓ ✓ / ✓ ✓ / / ✓ / 

ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO O.K. 
✓ 

* SLIDE 
CUSHION (psl) 800 800 800 800 800 800 800 800 800 800 800 800 

A-2 





TABLE A-l 

PART 1, TAIL CONE FR/AfE 

ONE-STEP FORMING, RDM 1500 

(Sheet 3 of 3) 

NOTES: 
* 1. See page A-l for conversion of psi to tonnage 

TITANIUM Ti-SAl-lMo-lV 

PART IDENT NO. 61 26 63 64 65 66 67 68 69 70 71 72 

SHEET NO. RM1 RM1 RM1 RM1 2 2 2 2 1 1 1 1 
VENDOR 
RMI; TIMET = T RM1 RM1 RM1 RM1 T T T T T T T T 

HT 292865 G3292 G3292 

TEST J1220 J1220 

GAUGE .070 .070 

TEMPERATURE 
RECORDER AT 1520 1520 1520 1520 1520 1520 1520 1520 1520 1520 1520 1520 
UPPER INDICATOR 
READING AT 1450 1450 1450 1450 1450 1450 1450 1450 1450 1450 1450 1450 
LOWER INDICATOR 
READING AT 1450 1450 1450 1450 1450 1450 1450 1450 1450 1450 1450 1450 

LUBE JGAW 
#1 

JGAW 
#1 

SOAK - NO. 
OF MINS. 2 2 2 2 2 2 2 2 2 2 2 2 
DWELL IN 
CLOSED POSITION 10 3 3 3 3 3 3 3 3 3 10 10 
TONS 65 65 65 65 65 65 65 65 65 65 65 65 

NO. OF CLAMPS 
AT 16 TONS PER 

* BED 
CUSHION (pal) 800 800 800 800 800 800 800 800 800 800 800 800 
AIR COOLED 
IMMED. ✓ / ✓ / 1 ✓ ✓ ✓ / / ✓ i ✓ 
DESCALED AS 
PER GAEC SPEC. ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
ALKO-N- 
PROCESS / / 
TURCO 
PROCESS 

ZYGLO O.K. 
/ 

O. K. 
/ 

* SLIDE 
CUSHION (pal) 800 800 800 800 800 800 800 800 800 800 800 800 
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TABLE A-2 

PART 2, DOOR CHANNEL 

ONE-STEP FORMING, RDM 1502 

(Sheet 1 of 6) 

NOTE: 
•See page A-l for conversion of pal to tonnage 

TITANIUM Tl-6Al-6V-2Sn 

PART IDENT NO. i 2 3 4 5 6 7 8 9 10 U 12 

SHEET NO. 1-1 1-1 1-1 1-1 1 1 1 1 3 3 3 3 

VENDOR 
RMI; TIMET = T T T 

HT G881 G 881 G881 G88] G881 G881 G881 G881 G153 7 G1537 G1537 G1537 

TEST J1C5S J1055 J1055 J1055 J1055 J1055 J1055 J1055 J1216 J1216 J1216 J1216 

GAUGE .025 .025 

TEMPERATURE 
RECORDER AT 1250’ 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 
UPPER INDICATOR 
READING AT 1200* 1200* 1200* 1200* 1200* 1200* 1200* 1200* 1200* 1200* 1200* 1200* 
LOWER INDICATOR 
READING AT 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 3 3 3 3 3 3 3 3 3 3 3 8 
DWELL IN¬ 
CLOSED POSITION 12 12 7 5 5 5 5 5 5 5 5 5 

TONS 65 65 65 65 65 65 65 65 65 65 65 65 

NO. OF CLAMPS 
AT 16 TONS PER 

• BED 
CUSHION {pal) 800 800 800 800 800 800 800 800 800 800 800 800 
AIR COOLED 
DIMED. ✓ / ✓ / / ✓ ✓ / ✓ ✓ ✓ / 
DESCALED AS 
PER GAEC SPEC. / ✓ ✓ / ✓ / ✓ ✓ ✓ / •. ✓ / 
ALKO-N- 
PROC ESS 

TURCO 
PROCESS 

ZYGLO 

* SLIDE 
CUSHION (pal) 800 800 800 800 800 800 800 800 800 800 800 800 

A-S 
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TABLE A-2 

PART 2, DOOR CHANNEL 

ONE-STEP FORMING, RDM 1502 

(Sheet 2 of 6) 

NOTE: 
•See page A-l for conversion of psi to tonnage 

TITANIUM TI-6A1-4V 

PART IDENT NO. 13 14 15 16 17 18 19 20 21 22 23 24 

SHEET NO. 1-1 1-1 1-1 1-1 4-1 4-1 4-1 4-1 4 4 4 4 
VENDOR 
RMI; TIMET * T T T 

HT G2S66 G2566 

TEST F9940 F 9940 F 994 2 F9942 F9940 F9940 

GAUGE .025 .025 

TEMPERATURE 
RECORDER AT 1350* 1350* 1340* 1350* 1350* 1350* 1350* 1350* 1350* 1350* 1350* 1350* 
UPPER INDICATOR 
READING AT 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 
LOWER INDICATOR 
READING AT 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 3 3 3 3 3 3 3 3 3 3 3 3 
DWELL IN 
CLOSED POSITION 12 12 5 5 5 5 5 5 5 5 5 5 
TONS 65 65 65 65 65 65 65 65 65 65 65 65 

NO. OF CLAMPS 
AT 16 TONS PER 

• BED 
CUSHION (pal) 800 800 800 800 800 bOO 800 800 800 800 800 800 
AIRCOOLED 
IMMED. / ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
DESCALED AS 
PER GAEC SPEC. ✓ ✓ / ✓ ✓ ✓ ✓ ✓ / / ✓ / 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYOLO O.K. 
/ 

O.K. 
/ 

O.K. 
✓ 

• SLIDE 
CUSHION (pal) 800 800 800 800 800 800 800 800 800 800 800 800 

• 

» 

A-6 
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TABLE A-2 

PART 2, DOOR CHANNEL 

ONE-STEP FORMING, RDM 1502 

(Sheet S oí 6) 

NOTE: 
•See pege A-l for con ve relou of pel to tonnage 

TITANIUM Tl-SAI IMo-lV 

PART IDENT NO; 25 26 27 28 29 30 31 32 33 34 35 36 

SHEET NO. 1-1 1-1 1-1 1-1 1 1 1 1 4-1 4-1 4-1 4-1 

VENDOR 
RMI; TIMET - T T T 

HT D7696 

TEST J0817 J0817 

GAUGE .025 .025 

TEMPERATURE 
RECORDER AT 1450* 1450* 1450* 1450* 1450* 1450* 1450* 1450* 1450* 1450* 1450* 1450* 
UPPER INDICATOR 
READING AT 1420* 1420« 1420* 1420* 1420* 1420* 1420' 1420* 1420* 1420* 1420* 1420* 

LOWER INDICATOR 
READING AT 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 1 1 1 1 1 1 1 1 1 1 1 1 

DWELL IN 
CLOSED POSITION 8 8 8 6 6 S 5 5 5 5 5 5 

TONS 65 65 65 65 65 65 65 65 65 65 65 65 

NO. OF CLAMPS 
AT 16 TONS PER 

• BED 
CUSHION (pel) 800 800 800 800 800 800 800 800 800 800 800 800 

AIR COOLED 
IMMED. ✓ ✓ ✓ / ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

DESCALED AS 
PER GAEC SPEC. / / ✓ ✓ / ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

ALKO-N- 
P ROC ESS 

TURCO 
PROCESS 

ZYGLO 

• SLIDE 
CUSHION (P*l) 800 800 800 600 800 800 800 800 800 800 800 800 

A-7 



NOTE: 
♦See page A-l for conversion of pel to tonnage 

TITANIUM Tt-6Al-6V-2Sn 

PART IDENT NO. 37 38 3» 40 41 42 43 44 45 46 47 48 

SHEET NO. i 1 1 1 1 1 1 1 2 2 2 2 
VENDOR 
RMI; TIMET = T T T 

HT G3614 G3614 

TEST J1053 J1053 

GAUGE .070 .070 

TEMPERATURE 
RECORDER AT 1260* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 
UPPER INDICATOR 
READING AT 1250* 
LOWER INDICATOR 
READING AT 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1200* 1200* 1200* 1200* 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 3 3 3 3 3 3 3 3 3 3 3 3 
DWELL IN 
CLOSED POSITION 12 12 12 12 10 10 7 7 7 5 5 5 
TONS 65 65 65 65 65 65 65 65 65 65 65 65 
NO. OF CLAMPS 
AT 16 TONS PER 

* BED 
CUSHION (pal) 800 800 800 800 800 800 800 800 800 800 800 800 
AIR COOLED 
IMMED. ✓ ✓ ✓ / ✓ ✓ ✓ ✓ / ✓ / / 
DESCALED AS 
PER OAEC SPEC. / ✓ / ✓ 
ALKO-N- 
PROCESS / ✓ ✓ / 
PRE-COAT TURCO 
T50 PROCESS ✓ / ✓ / ✓ ✓ ✓ ✓ / ✓ / ✓ 

TURCO DE-SCALING 
PROCESS ✓ ✓ ✓ / 

• SLIDE 
CUSHION (pal) 800 800 800 800 800 800 800 800 800 800 800 

ZYGLO 
—I 
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TABLE A-2 

PART 2, DOOR CHANNEL 

ONE-STEP FORMING, RDM 1502 

(Sheet 5 of 6) 

NOT«: 
‘'See pege A-1 for conTermion of pet to tonnage 

TITANIUM TMIA1-4V 

PART IDENT NO. 4» 5C 51 52 53 54 55 56 57 58 59 60 

SHEET NO. 

VENDOR 
RM1; TIMET * T RM1 RM1 

HT 30217 30217 

TEST 

GAUGE .070 .070 

TEMPERATURE 
RECORDER AT 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1380* 
UPPER INDICATOR 
READING AT 1300* 1300* 1300* 1280* 1280* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 
LOWER INDICATOR 
READING AT 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 3 3 3 3 3 3 3 3 3 3 3 3 
DWELL IN 
CLOSED POSITION 7 5 5 5 5 5 5 5 5 5 5 5 

TONS 65 65 65 65 65 65 65 65 65 65 65 65 

NO. OF CLAMPS 
AT 16 TONS PER 

• RED 
CUSHION (pat) 800 800 800 800 800 800 800 800 800 800 800 800 

AIRCOOLED 
DIMED. ✓ / ✓ ✓ / ✓ / / / ✓ / ✓ 
DESCALED AS 
PER GAEC SPEC. ✓ ✓ ✓ ✓ 

ALKO-N- 
PROCESS ✓ ✓ ✓ / 
PRE-COAT TURCO 
PROCESS TSO / ✓ / / ✓ ✓ / ✓ / / / ✓ 
TURCO DE-SC AUNG 
PROCESS / 4 ✓ ✓ 

• SLIDE 
CUSHION ft»t) 800 800 800 800 800 800 800 800 800 800 800 800 

ZYGLO 

A-9 



TABLE A-2 

PARTI, DOOR CHANNEL 

ONE-STEP FORMING, RDM 1502 

(Sheet 6 of 6) 

NOTE: 
i poge A-l for coevar*ien of pal to tonnage 

A-10 



TABLE A-S 

PARTS, DOOR CHANNEL 

TWO-STEP FORMING, RDM 1509 

(Sheet Í of S) 

TITANIUM T1-6A1-6V-2SB 

PART IDENT NO. 1 2 2 4 5 6 7 8 • 10 11 

SHEET NO. t 2 2 2 I 3 3 3 2-1 2-1 3-1 

VENDOR 
KMI; TIMET - T T T 

HT G881 G881 

TEST J105S J1055 

GAUGE .025 .025 

TEMPERATURE 
RECORDER AT 1200* 1300* 1200’ 1300* 1300’ 1300* 1330* 1300* 1300* 1300* 
UPPER INDICATOR 
READING AT 
LOWER INDICATOR 
READING AT 1200* 1200* 1200* 1200* 1200* 1200* 1200* 1200* 1200* 1200* 

LUBE T50 T50 

SOAK - NO. 
OF MINS. . ? S 2 2 2 2 J 2 2 2 ' 2 
DWELL IN 
CLOSED POSITION 15 12 15 10 10 10 10 10 10 10 

TONS 

_j_ 

NO. OF CLAMPS 
AT 16 TONS PER 5 r ï 

- T -- - , S 5 5 5 5 5 5 5 5 
BED 
CUSHION (P«i) j_ J_ _1 
AIRCOOLED 
DIMED. ✓ & 

_q_ 
& 
n 

/ ✓ ✓ ✓ ✓ ✓ / 

-! 

✓ ✓ 
DESCALED AS 
PER GAEC SPEC. 

w 

ALKO-N- 
PROCESS 1 -- i 
TURCO 
PROCESS 

N H 

ZYGLO 
a à 

SLIDE 
CUSHION ft»*) 

» .HI 1 II 

A-il 



PART 2, DOOR CHANNEL 

TWO-STEP FORMING, RDM 1509 

(Sheet 2 of 3) 

TITANIUM TI-6A1-4V 

PART IDENT NO. 13 14 15 16 17 18 19 20 21 22 23 24 

SHEET NO. 1 

VENDOR 
RMI; TIMET = T T 

HT G2566 

TEST F9940 

GAUGE .025 

TEMPERATURE 
RECORDER AT 1400a 
UPPER INDICATOR 
READING AT PARTS 

IIAOT 

1 THRC 
Q rtrxi d 

)UGH 13 
DrrrtDi jtm rtr »STD UA1 AAjriTD /r 

LOWER INDICATOR 
READING AT 1340* 

HOT AT 1000° F AND HOT SIZED IN RDM 1509 
DIE AS PER CHART. 
PARTS 14 THROUGH 72 HAVE BEEN PREFORMED 
ONLY. 

LUBE T50 

SOAK - NO. 
OF MINS. 2 
DWELL IN 
CLOSED POSITION 8 

TONS 

NO. OF CLAMPS 
AT 16 TONS PER 5 
BED 
CUSHION (p«i) 

AIR COOLED 
IMMED. / 
DESCALED AS 
PER GAEC SPEC. 

ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO 

SLIDE 
CUSHION (P»l) 

A-12 



PART 2, DOOR CHANNEL 

TWO-STEP FORMING, RDM 1509 

(Sheet 3 of 3) 

TITANIUM 8A1-1MO-1V 

PART IDENT NO. 25 26 27 28 29 30 31 32 33 34 35 36 

SHEET NO. 

VENDOR 
RMI; TIMET ■= T 

HT 

TEST 

GAUGE 

TEMPERATURE 
RECORDER AT 

UPPER INDICATOR 
READING AT 

PARTÍ 
HAVE 

3 1 THR 
BEEN I 

OUGH 13 
•REEOn urn m orvn o a /i 

LOWER INDICATOR 
READING AT 

HOT AT IODO* F AND HOT SIZED IN R] 
DIE AS PER CHART. 

DM 1509 

LUBE PARTS 14 THROUGH 72 HAVE BEEN PREFORMED 
ONLY. 

SOAK - NO. 
OF MINS. 

DWELL IN 
CLOSED POSITION 

TONS 

NO. OF CLAMPS 
AT 16 TONS PER 

BED 
CUSHION (pal) 

AIR COOUED 
IMMED. 

DESCALED AS 
PER GAEC SPEC. 

ALKO-N- 
PROCESS 

TURCO 
PROCESS 

ZYGLO 

SLIDE 
CUSHION (pal) 
a 

A-13 



TABLE A-4 

PART 3, ANNULAR RING 

ONE-STEP FORMUNG, RDM 1497 

(Sheet 1 of 8) 

NOTES 
* 1. See page A-l for conversion of psi to tonnage 

TITANIUM Ti-6Al-8V-2Sn 

PART IDENT NO. 1 2 3 4 5 6 7 8 9 10 11 12 

SHEET NO. 
2 

(2-1) 
2 

(2-1) 
ï- 

(4-1) 
—1- 
(4-1) 

6-1 
(6) 

8^1 
(«) 

VENDOR 
RMI; TIMET - T T T 

HT G393 G393 

TEST F9227 F9227 

GAUGE .025 .025 

TEMPERATURE 
RECORDER AT 1200* 1200* 1200* 1200* 1200* 1200* 1200* 1300* 1300* 1300* 1300* 1300* 
UPPER INDICATOR 
READING AT 1160* 1200* 1¿00* 1200* 1200* 1200* 1200* 1300* 1300* 1250* 1250* 1250* 
LOWER INDICATOR 
READING AT 1220* 1200* 1200* 1200* 1200* 1200* 1200* 1300* 1300* 1300* 1350* 1300* 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 2 3 3 3 3 3 2 2 2 2 2 2 
DWELL IN 
CLOSED POSITION 10 10 10 10 10 10 6 5 5 5 5 5 

TONS 60 60 60 0 0 60 0 60 60 0 60 60 
NO. OF CLAMPS 
AT 16 TONS PER 

• BED 
CUSHION (pai) 300 200 300 300 300 1000 1200 1100 1100 1100 1100 1100 
AIR COOLED 
IMMED. ✓ 7 / ✓ / / ✓ ✓ ✓ ✓ ✓ ✓ 
DESCALED AS 
PER GAEC SPEC. ✓ / ✓ / ✓ / ✓ ✓ / / ✓ / 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO 

* SUDE 
CUSHION (P«i) 300 0 300 300 300 1000 0 900 900 900 

i 

900 900 
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TABLE A-4 

PART 3, ANNULAR RING 

ONE-STEP FORMING, RDM 1497 

(Sheet 2 of 8) 

NOTES 
* 1. See page A-l (or convertían of pel to tonnage 

TITANIUM T1-6AI-4V 

PART IDENT NO. 13 14 15 16 17 18 1» 20 21 22 23 24 

SHEET NO. 6 6 6 • 18 18 18 18 1 1 1 1 

VENDOR 
RMI; TIMET * T T T 

HT G2480 G2480 G2793 G2793 

TEST F9084 F9084 F9734 F9734 

OAUOE .025 .025 

TEMPERATURE 
RECORDER AT 1300’ 1340* 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1400* 1300* 1300* 
UPPER INDICATOR 
READING AT 1275* 1280* 1280* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 
LOWER INDICATOR 
READING AT 1300* 1320* 1340* 1340* 1340* 1340* 1360* 1360* 1380* 1360* 1300* 1300* 

LUBE T50 
DAG 

41 
DAG 

41 
DAG 
41 

DAC 
41 T50 T50 

SOAK - NO. 
OF MINS. 2 2 2 2 2 2 2 2 2 2 2 2 
DWELL IN 
CLOSED POSITION 10 8 8 3 3 3 3 3 3 3 3 3 

TONS 60 60 60 60 60 60 60 60 (,0 60 68 68 

NO. OF CLAMPS 
AT 16 TONS PER 

e BED 
CUSHION (pal) 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100 

AIR COOLED 
IMMED. ✓ ✓ ✓ / ✓ ✓ ✓ ✓ ✓ / / / 
DESCALED AS 
PER GAEC SPEC. ✓ ✓ / ✓ / ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO O.K. 
✓ 

O.K. 
✓ 

O.K. 
/ 

• SLIDE 
CUSHION (pal) »00 »00 900 »00 »00 »00 »00 »00 »00 900 1100 1100 

A-IS 



TABLE A-4 

PART 3, ANNULAR RING 

ONE-STEP FORMING, RDM 1497 

(Sneet 3 of 8) 

NOTES 
* 1. Se«' page A-l for conversion of pel to tonnage 

TITANIUM Ti-SAl-l-Mo-lV 

PART IDENT NO. 25 26 27 28 29 30 31 32 33 34 35 36 

SHEET NO. 3 3 3 3 1 1 1 1 2 2 2 2 
VENDOR 
RMI; TIMET « T T T 

HT G3292 G3292 

TEST J1218 <11218 

GAUGE .025 .025 
TEMPERATURE 
RECORDER AT 1440* 1440* 1500* 1400* 1400* 1400* 1400* 1400* 1400* 1400’ 1400* 1400* 
UPPER INDICATOR 
READING VT 1400* 1400* 1500* 1400* 1380* 1400* 1400* 1400* 1400* 1400* 1400* 1400* 
LOWER INDICATOR 
READING AT 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 1 1 1 1 2 1 1 1 1 1 1 1 
DWELL IN 
CLOSED POSITION 12 12 12 8 8 8 8 8 8 8 8 8 
TONS 68 68 68 0 0 0 0 0 0 0 0 0 
NO. OF CLAMPS 
AT 16 TONS PER 

* BED 
CUSHION (psi) 1100 1100 1100 800 800 800 

800 
120( 

800 
1200 

800 
120( 

800 
1200 

800 
1200 

100 
1200 

AIR COOLED 
IMMED. / ✓ ✓ / / / ✓ ✓ ✓ / ✓ ✓ 
DESCALED AS 
PER GAEC SPEC. ✓ / ✓ ✓ / ✓ / ✓ ✓ ✓ ✓ / 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO 

* SLIDE 
CUSHION (P«l) 800 800 800 0 0 700 800 

800 
0 800 800 800 800 
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TABLE A-4 

PART 3, ANNULAR RING 

ONE-STEP FORMING, RDM 1497 

(Sheet 4 of 8) 

NOTES 
* 1. See pege A-l for conversion pel to tonnage 

TITANIUM Ti-6AI-6V-2Sn 

PART IDENT NO. 37 38 39 40 41 42 43 44 45 46 47 48 

SHEET NO. 4 4 4 4 2 2 2 2 3 3 3 3 

VENDOR 
RML; TIMET « T T T 

HT G3614 G3614 

TEST J1054 J1054 

GAUGE .070 .070 

TEMPERATURE 
RECORDER AT 1300* 1300* 1300* 1300* 1320* 1320* 1320* 1320* 1320* 1320* 1320* 1320* 
UPPER INDICATOR 
READING AT 1340* 1250* 1220* 1220* 1220* 1220* 1220* 1220* 1220* 1220* 1220* 1220* 
LOWER INDICATOR 
READING AT 1280* 1250* 1240* 1240* 1240* 1240* 1240* 1240* 1240* 1240* 1240* 1240* 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 3 3 3 3 3 3 3 3 3 3 3 3 
DWELL IN 
CLOSED POSITION 10 10 10 10 15 15 15 15 20 20 20 20 

TONS 0 70 70 70 70 70 70 70 70 70 70 70 

NO. OF CLAMPS 
AT 16 TONS PER 

• BED 
CUSHION (pai) 800 600 800 800 800 800 800 800 800 800 800 800 
AIR COOLED 
IMMED. / / ✓ ✓ ✓ / / ✓ / / / ✓ 
DESCALEL AS 
PER GAEC SPEC. / / ✓ / / ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO O.K. 
/ 

O.K. 
/ 

O.K. 
/ 

* SLIDE 
CUSHION (P«*) 800 800 800 800 800 800 800 800 800 800 800 800 
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TABLE A-4 

PART 3, ANNULAR RING 

ONE-STEP FORMING, RDM 1497 

(Sheet 5 of 8) 

NOTES 
* 1. See page A-l for conversion of pel to tonnage 

TITANIUM T1-6A1-4V 

PART IDENT NO. 49 50 51 52 53 54 55 56 57 58 59 60 

SHEET NO. 3 3 3 3 2 2 4 4 4 4 
VENDOR 
RMI; TIMET - T T T 

HT G3609 G3609 

TEST J102Ó J1028 

GAUGE .070 .070 
TEMPERATURE 
RECORDER AT 1350* 1350* 1340* 1380* I860* 1380* 1380* 1450* 14f0* 1450' 
UPPER INDICATOR 
READING AT 1320* 1320* 1260* 1280* 1300* 1300* 1300* 1350* 1350* 1350* 
LOWER INDICATOR 
READING AT 1340* 1320* 1300* 1320* 1320* 1320* 1320* 1360* 1350* 1350* 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 2 3 3 3 3 3 3 2 2 2 
DWELL IN 
CLOSED POSITION 3 6 5 5 12 12 12 8 8 8 
TONS 70 70 70 70 70 70 a 70 0 0 0 
NO. OF CLAMPS 
AT 16 TONS PER 

H 
5 É 

• BED 
CUSHION (pal) 800 800 800 800 

à 

fl 950 950 i 950 800 800 800 
AIRCOOLED 
IMMED. / / ✓ ✓ ✓ ✓ Ë 

H ✓ / ✓ ✓ 
DESCALED AS 
PER GAEC SPEC. ✓ / ✓ / a ✓ ✓ w 

!*! ✓ ✓ / ✓ 
ALKO-N- 
PROCESS 

M— 
Q 

TURCO 
PROCESS 

ZYOLO 

* SLIDE 
CUSHION (P«I) 800 800 800 800 950 960 950 800 800 800 
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TABLE A-4 

PART S, ANNULAR RING 

ONE-STEP FORMING, RDM 1497 

(Sheet 7 oí 8) 

NOTES 
* 1. See pege A-l for oonrereian of psi to toem »ge 

TITANIUM T1-6A1-4V-STA 

PART IDENT NO. 74 75 76 77 78 79 80 81 82 83 84 

SHEET NO. 1 
3 

1 
3 

1 
_2_ 

1 
3 

1 
3 

8 8 8 8 7 7 

VENDOR 
RMI; TIMET - T T T 

HT G3720 G3720 G3716 G3716 G3715 G3715 

TEST <11187 J1187 J1249 J1249 

GAUGE .025 025 025 .025 .025 .070 .070 .070 .070 .070 .070 

TEMPERATURE 
-RECORDER AT_ 1000* 1000* 1000* 1050* 1050* 1000* 1000* 1100* 1100* 1100* 1080* 

UPPER INDICATOR 
READING AT 1000* 1000* 1000* 1050* 1050' 1000* 1000* 1000* 1050* 1040* 1050 
LOWER INDICATOR 
READING AT 1000* 1000* 1000* 1050* 1050* 1000’ 1000* 1000* 1050* 1100* 1050* 

LUBE T50 T50 

SOAK • NO. 
OF MINS. 2 2 2 2 2 3 4 4 4 4 4 
DWELL IN 
CLOSED POSITION 40 40 40 30 40 20 40 40 20 20 40 

TONS 0 0 0 0 0 65 65 65 65 65 65 

NO. OF CLAMPS 
AT 16 TONS PER 

• bed 
CUSHION (pal) 1200 1200 1200 1200 1200 800 800 600 800 300 800 
AIRCOOLED 
IMMED. ✓ ✓ ✓ ✓ ✓ ✓ / ✓ ✓ / ✓ 
DESCALED AS 
PER GAEC SPEC. ✓ / / / ✓ ✓ ✓ / ✓ / ✓ 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYOLO 

» SLIDE 
CUSHION (pal) 1200 1200 1200 1200 1200 800 800 100 800 0 800 
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TABLE A-4 

PART S, ANNULAR RING 

ONE-STEP FORMING, RDM 1497 

(Sheet 8 of 8) 

NOTES 
* 1. See pece A-l for converti«! of pel to tonnage 

TITANIUM TÏ-6A1-4V-STA 

PART IDENT NO. 85 86 

SHEET NO. 7 7 

VENDOR 
RMI; TIMET - T T T 

HT G3715 G3715 

TEST J1249 J1249 

GAUGE .070 .070 

TEMPERATURE 
RECORDER AT 1080* 1080* 

UPPER INDICATOR 
READING AT 1060* 1040* 
LOWER INDICATOR 
READING AT 1070* 1060’ 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 4 4 

DWELL IN 
CLOSED POSITION 20 20 

TONS 65 65 

NO. OF CLAMPS 
AT 1« TONS PER 

• BED 
CUSHION (pel) 

AIR COOLED 
IMMED. ✓ ✓ 
DESCALED AS 
PER GAEC SPEC. / ✓ 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYOLO 

• SLIDE 
CUSHION (pel) 
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NOTES: 

A-l for converiioo of p>ltoto""»gif 

TITANIUM T1-6A1-6V-2SB --- 
T1-6A1-4V 

PART IDENT NO. 1 2 3 4 5 8 9 10 11 12 

SHEET NO. 2-1 50-1 50 50 47-1 18 18 18 18 
VENDOR 
RMI; TIMET « T T T 

HT G1095 G1539 G1539 G1539 G1539 9798 G2860 G 2 860 G2860 G2860 

TEST F8360 F.H15 F8415 F8415 F8415 J0273 J0273 J0273 J0273 

GAUGE .025 .025 
TEMPERATURE 
RECORDER AT 1400° 1450° 1400° 1400° 1450° 1500° 1400° 1400° 1450° 1500° 
UPPER INDICATOR 
READING AT 1340° 1425° 1340° 1340° 1425° 1425° 1340° 1365° 1380° 1440°' 
LOWER INDICATOR 
READING AT 1340° 1425° 1340° 1340° 1425° 1425° 1340e 
LUBE T50 T50 T50 T50 

— 
T50 T50 T50 T50 T50 T50 

SOAK - NO. 
OF MINS. 1 1 I i 1 1 2 1 1/2 0 1 
DWELL IN 
CLOSED PGSniON 3 3 1 1/2 2 2 2 10 5 7 2 
TONS 50 65 50 50 65 50 50 65 65 65 
NO. OF CLAMPS 
AT 16 TONS PER 

• BED 
r USHIQN (pei) 600 900 600 600 900 600 600 600 600 700 
AIRCOOLED 
IMMED. ✓ ✓ ✓ ✓ / ✓ ✓ ✓ / / 
DESCALED AS 
PER OAEC SPEC. ✓ ✓ ✓ / ✓ ✓ ✓ ✓ / / 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO 
ö:k. 
/ 

TTT- 
/ 

'g. K. 
/ 

• SUDE 
CUSHION (pal) 640 900 640 650 900 650 650 600 600 600 

_1 
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TABLE A-S 

FART 4, ZEE MEMBER 

ONE-STEP FORMING, RDM 1435 

(Sheet 2 at ’T) 

NOTES: 
* L See page A-l for coevereioe of pel to tonnage. 

A-2J 



TABLE A-5 

PART 4, ZEE MEMBER 

ONE-STEP FORMING, RDM 1435 

(Sheet 3 of 7) 

NOTES: 
* 1. See page A-l for conversion of pai to tonnage. 

TITANIUM T.'-SAl-lMo-lV T1-6A1-4V-STA 

PART IDENT NO. 25 26 27 28 29 30 31 32 33 34 35 36 

SHEET NO. 2 2 2 2 8 8 8 8 1-1 1-1 1-1 1-1 
VENDOR 
RMI; TIMET - T T T T T T T 

HT G3290 G3290 G3290 G3290 D84 23 D8423 D8423 D84 23 G1914 G1914 G1914 G1914 

TEST J1219 J1219 J1219 J1219 J0177 J0177 J0177 J0177 F865 8 F8658 F8658 F8658 

GAUGE .025 .025 .025 .025 .025 .025 

TEMPERATURE 
RECORDER AT 1600° 1500° 1500° 1500° 1500° 1500° 1600° 1600° 1000° 1000° 1000° 1000° 
UPPER INDICATOR 
READING AT 1480° 1450° 1450° 1450° 1450° 1450° 1540° 1540° 1000° 1000° 1000° 1000° 
LOWER INDICATOR 
READING AT 1000° 1000° 1000° 1000c 
LUBE T50 T50 T50 T50 T50 T50 T50 Tr,0 T50 T50 T50 T50 
SOAK — NO, 
OF MINS. 1 1/2 1 2 1 1 1 1 2/4 

2 
1 1/2 

2 
1/2 

2 
1 1/2 

DWELL IN 
CLOSED POSITION 2 2 2 5 2 2 2 2 40 40 40 40 
TONS 60 60 60 60 60 60 60 60 65 65 65 65 
NO. OF CLAMPS 
AT 16 TONS PER 

rJiUSHION (pai) 600 600 600 600 600 600 600 600 350 900 900 ioor 
T /JR COOLED 

IMMED. ✓ ✓ ✓ / ✓ ✓ ✓ / / ✓ / ✓ 

PER GAEC SPW\ ✓ / ✓ ✓ ✓ ✓ ✓ / / / / / 
A.LKO-N- 
PROCESS 
TURCO 
PROCESS ) 

ZYGLO 

* SUDE 
CUSHION (pel) 600 600 6000 600 600 600 600 eoo 580 900 900 1000 

-i 
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TABLE A-5 

PART 4, ZEE MEMBER 

ONE-STEP FORMING, RDM 1435 

(Sheet 4 oí 7) 

NOTES: 
♦ 1. See page A-l for converalon of pal to tonnage. 

A-25 

TITANIUM Ti-6Al-6V-2Sn 

PART IDENT NO. 37 38 39 40 41 42 43 44 45 
T- 

46 47 48 

SHEET NO. 47 47 47 47 11 11 11 11 10 10 10 10 
VENDOR 
RMI; TIMET - T T T T T T T T T T T T T 
HT G1133 G1133 G1133 G1133 G168 G168 G168 G168 G168 G168 G168 G168 
TEST F7249 F7249 F7249 F7249 

GAUGE .070 
.070 

TEMPERATURE 
RECORDER AT 1160* 1200* 1260’ 1260* 1260’ 1300* 1300’ 1300’ 1280* 1280’ 1280’ 
UPPER INDICATOR 
READING AT 1150* 1180* 1200’ 1200’ 1180’ 1200’ 1200’ 1180* 1180’ 1180’ 1180’ 1180* LOWER INDICATOR 
READING AT 1150* 1180’ 1150’ 1150’ 1150’ 1150’ 1150’ 1150’ 1150’ 
LUBE T50 T50 T5( T50 T50 T50 T50 T50 T50 T50 T50 T50 
SOAK - NO. 
OF MINS. 3 3 2 2 2 2 2 2 2 2 2 2 
DWELL IN 
CLOSED POSITION 12 12 5 3 5 5 5 5 5 5 5 
TONS 60 60 60 60 60 60 60 60 60 60 60 60 
NO. OF CLAMPS 
AT 16 TONS PER 

• BED 
CUSHION (pal) 900 700 850 850 825 900 850 850 850 850 850 850 

IMMED. / ✓ ✓ ✓ / / ✓ / / / / / 
DESCALED AS 
PER OAEC SPEC. ✓ ✓ ✓ / ✓ ✓ / ✓ ✓ ✓ ✓ / 

PROCESS 
TURCO 
PROCESS 

ZYGLO 
O.K. 
✓ 

O.K. 
/ 

O.K. 
/ 

* SLIDE 
CUSHION (P«») 900 700 8'>0 850 825 900 850 850 850 850 850 850 

_1 



TABLE A-5 

PART 4, ZEE MEMBER 

ONE-STEP FORMING, RbM 1435 

(Sheet 5 of 7) 

NOTES: 
* 1. See page A-l for conversion of psi to tonnage. 

TITANIUM Ti-SAl-lMo-lV 

PART IDENT NO. 49 50 51 52 53 54 55 56 57 58 59 60 
SHEET NO. 14-1 14-1 14-1 14-1 14 14 14 14 
VENDOR 
RMI; TIMET = T T T T T T T T T RMI RMI RMI RMI 
HT D9947 D9947 D9947 D9947 D9947 D9947 D9947 D9947 292865 292865 292865 292865 
TEST F4610 F4610 F4610 F4610 F4610 F4610 F4610 F4610 

GAUGE .070 .070 .070 .070 .070 .070 .070 .070 .070 .070 .070 .070 
TEMPERATURE 
RECORDER AT 1400* 1450* 1450* 1450* 1450* 1460* 1460* 1460* 1440* ;460* :460* 1460* UPPER INDICATOR 
READING AT 1420* 1420* 1420* 1400* 1420* 1420* 1420* LOWER INDICATOR 
READING AT 1420* 1420* 1420* 1400* 1420* 1420* 1420* 
LUBE T50 T50 T50 T50 T50 T50 T50 T50 T50 T50 T50 T50 
SOAK - NO. 
OF MINS. 3 3 3 4 3 2 2 2 2 3 3 3 
DWELL IN 
CLOSED POSITION 12 12 10 10 10 10 5 8 10 10 12 12 
TONS 65 65 65 65 65 65 65 65 65 65 65 65 
NO. OF CLAMPS 
AT 16 TONS PER 

* BED 
CUSHION (P»l) 900 900 900 900 900 900 900 900 900 900 900 900 

IMMED. ✓ / ✓ ✓ / ✓ / / / / ✓ / 
DESCALED AS 
PER OAEC SPEC. ✓ / / / / / / / / / / / 

PROCESS 
TURCO 
PROCESS__ 

ZYGLO 

• SUDE 
CUSHION (P»l) 900 900 900 900 900 900 900 900 900 900 900 900 
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TABLE A-S 

PART 4, ZEE MEMBER 

ONE-STEP FORMING, RDM 1435 

(Sheet 6 of 7) 

NOTES: 
* 1. See page A-l for conversion of psi to tonnage. 
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TABLE A-5 

PART 4, ZEE MEMBER 

ONE-STEP FORMING, RDM 1435 

(Sheet 7 oí 7) 

NOTES: 
* 1. See page A-l for conversion of psi to tonnage. 

TITANIUM TI-8A1-4V-STA 

PART EDENT NO. 73 74 75 76 

SHEET NO. 1-1 1-1 1-1 1-1 

VENDOR 
RMI; TIMET - T T T T T 

HT G3720 G3720 G3720 G3720 

TEST J1248 J1248 J1248 J1248 

GAUGE .070 .070 .070 .070 

TEMPERATURE 
RECORDER AT 1000° 1000° 1150° 1080° 
UPPER INDICATOR 
READING AT 1000° 10002 1050° 1050° 

LOWER INDICATOR 
READING AT 1000° 1000° 1050° 1050° 

LUBE T50 T50 T50 T50 

SOAK - NO. 
OF MINS. 2 2 3 3 

DWELL IN 
CLOSED POSITION 40 40 35 35 

TONS 85 65 65 65 

NO. OF CLAMPS 
AT 18 TONS PER 

* nj?n 
CUSHION (pai) 900 900 900 900 

AIR COOLED 
IMMED. ✓ / ✓ / 
DESCALED AS 
PER GAEC SPEC. / ✓ / / 

ALXO-N- 
PROCESS 
TURCO 
PROCESS 

ZYOLO 

* SLIDE 
CUSHION (P«l) 900 900 900 900 
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TABLE A-6 

PART 4, ZEE MEMBER 

TWO-STEP FORMING, RDM 1510 

(Sheet 1 of 3) 

NOTES: 
* 1. See page A-l for oonvenlon of p«i to toonege. 

** 2. Have been pre-form ed only, drop hammer rubber/hot. 

TITANIUM Tl-6Al-6V-2Sn 

PART IDENT NO. 1 2 3 4 S 6 7 8 9 10 11 12 

SHEET NO. 5 6 5 5 6 6 6 6 6 6 6 6 

VENDOR 
RMI; TIMET - T T T 

HT G1S37 G1537 

TEST F9228 F9228 

GAUGE .026 .025 

TEMPERATURE 
RECORDER AT ma'i ** 1300* 1300* *» t* 1300* • t 1300* 1360* 
UPPER INDICATOR 
READING AT 1260* 1220* 1250* 1300* 1250* 
LOWER INDICATOR 
READING AT 1250* 1250* 

LUBE JGAW 
»1 

JGAW 
#1 

SOAK - NO. 
OF MINS. 3 2 3 3 3 3 
DWELL IN 
CLOSED POSITION 12 10 12 12 10 12 

TONS 

NO. OF CLAMPS 
AT 16 TONS PER 4 4 4 4 4 4 

• BED 
CUSHION (pal) 
AIR COOLED 
IMMED. / i / ✓ ✓ / 
DESCALED AS 
PER GAEC SPEC. / / ✓ / / ✓ 
ALKO-N- 
PROCE«8 
TURCO 
PROCESS 

ZYGLO O.K. 
/ 

* SLIDE 
CUSHION (pal) 
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TABLE A-6 

PART 4, ZEE MEMBER 

TWO-STEP FORMING, RDM 1518 

(Sheet 2 of 3) 

NOTES: 
* 1. See page A-l for oonveralon of pet to tonnage 

TITANIUM TI-8AI-4V 

PART IDENT NO. 13 14 15 16 17 18 19 20 21 22 23 24 

SHEET NO. 30 2» 30 29 29 29 SO 30 29 29 30 30 

VENDOR 
RMI; TIMET - T T T 

HT G2480 G2480 

TEST F90 84 F9084 

GAUGE .025 .025 

TEMPERATURE 
RECORDER AT 1300* 1300* .iâfifil 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1350* 1400* 
UPPER INDICATOR 
READING AT 1300* 1300* 1300* 1300* 1280* 1300* 1300* 1300* 1300* 1300* 1350* 1350* 
LOWER INDICATOR 
READING AT 

LUBE 
JCAW 

#1 
“JGXW 

#1 

SOAK - NO. 
OF MINS. 3 3 3 3 3 3 3 3 3 3 3 3 
DWELL IN 
CLOSED POSITION 12 12 12 12 12 12 12 12 15 12 12 12 

TONS 

NO. OF CLAMPS 
AT IS TONS PER 4 4 4 4 4 4 4 4 4 4 4 4 

• BED 
CUSHION (pal) 

AIK COOLED 
IMMED. ✓ / ✓ ✓ ✓ ✓ / / ✓ / / ✓ 
DESCALED AS 
PER GAEC SPEC. ✓ ✓ / / / / ✓ / / ✓ / / 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYOLO 

• SLIDE 
CUSHION (P«0 



TABLE A-6 

PART 4, ZEE MEMBER 

TWO-STEP FORMING, RDM 1516 

(Sheet 3 of 3) 

NOTES: 
* 1. See page A-l for conversion of psi to tonnage. 

** 2. Have been pre-formed only, drop hammer nibber/hot. 

TITANIUM Ti-8Al-lMo-lV Ti-6Al-6V-2Sb Tt-Al-lMo-lV 

PART IDENT NO. 25 THRU 30 31 THRU 36 37 38 39 40 41 42 

SHEET NO. 14 14 14 14-1 14-1 14-1 12 12 12 1 1 1 

VENDOR 
RMI; TIMET - T T T 

HT G3290 -► 03290 G168 G168 G168 G3298 G3298 G3290 

TEST .mon -g- J0559 J0559 

GAUGE .025 —.- —--— .025 .070 .070 .070 .070 .070 .070 

TEMPERATURE 
RECORDER AT 1500* ** ** 0* t* ** 1300* 1300* 1300* 1300* ** ** 
UPPER INDICATOR 
READING AT 1450* 1250* 1250* 1250’ 1250’ 
LOWER INDICATOR 
READING AT 

LUBE T50 T50 T50 T50 T50 

SOAK - NO. 
OF MINS. 2 3 3 3 5 
DWELL IN 
CLOSED POSITION 10 12 15 15 25 

TONS 65 65 

NO. OF CLAMPS 
AT 16 TONS PER 4 4 4 4 4 

• BED 
CUSHION (pal) 

AIR COOLED 
IMMED. ✓ / ✓ / ✓ 
DESCALED AS 
PER GAEC SPEC. / ✓ ✓ / / 

ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO 

• SUDE 
CUSHION (psM 
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TABLE À-7 

PART S, FRAME 

ONE-STEP FORMING, RDM 1488 

(Sheet 1 of 6) 

HOTE: 
* 1. Se« PH* A-l for oonrtralon of pel to tonnig«. 

TITANIUM 
Tl-6Al-6V-2Sn 

PART IDEÑT NO. 1 2 3 4 5 6 7 8 9 10 11 12 

SHEET NO. 6 6 6 3 3 3 4 4 4 5 5 5 

VENDOR 
RMI; TIMET - T T T 

HT G3106 G3106 

TEST J1169 J1169 

OAUOE .026 .025 

TEMPERATURE 
RECORDER AT 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300' 1300* 1300* 

UPPER INDICATOR 
READING AT 1240* 1200* 1250* 1250* 1220* 1260* 1260* 1260* 1260* 1250° 1250° 1260° 

1250* 
LOWER INDICATOR 
READING AT 1320* 1340* 1320* 1320* 1260* 1260* 1260* 1260* 1260* 1250* 1250* 

LUBE T60 T60 T50 T60 JGAW 
»1 

JGAW 
«1 

SOAK - NO. 
OF MINS. 3 3 3 3 3 3 3 3 3 3 2 2 

DWELL IN 
CLOSED POSITION 10 10 12 12 10 7 3 5 5 5 3 3 

TONS 65 «5 65 65 65 65 65 65 66 65 65 65 

NO. OF CLAMPS 
AT 1« TONS PER 800 800 800 800 800 800 800 800 800 800 800 800 

« BED 
CUSHION (pel) / ✓ / / / ✓ / ✓ ✓ ✓ / ✓ 

AIRCOOLED 
IMMED. ✓ / ✓ / / ✓ ✓ / ✓ ✓ ✓ ✓ 
DESCALED AS 
PER GAEC SPEC. 

ALKO-N- 
PROCE88 
TURCO 
PROCESS 

ZYOLO 

« SLIDE 
CUSHION (P«l) 800 800 800 800 800 800 800 800 800 800 800 800 
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TABLE A-7 

PART 5, FRAME 

ONE-STEP FORMING, RDM 1498 

(Sheet 2 of 6) 

NOTE: 
* L See pege A-l tor oonversion of pel to tonnage. 

. 



TABLE A-? 

parts, frame 

ONE-STEP FORAONG, RDM 1408 

(Sheet 3 of 6) 

NOTE: 
• 1. See page A-l for ooo vera loo of psi to tonnage. 
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TABLE A-7 

PART 5, FRAME 

ONE-STEP FORMING, RDM 1498 

(Sheet 4 of 6) 

NOTE: 
* 1. See pege A-l for coo ve rs Ion of pel to tonnage. 

TITANIUM Tt-6Al-6V-2Sn 

PART IDENT NO. 37 38 39 40 41 42 43 44 45 46 47 48 

SHEET NO. 2 2 2 3 3 3 4 4 4 6 5 5 
VENDOR 
RMI; TIMET ■ T T T 
HT G3614 G3614 

TEST J1167 J1167 

GAUGE .070 
.070 

TEMPERATURE 
RECORDER AT 1300- -iaML. law iaw 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 
UPPER INDICATOR 
READING AT 1260' 1280* 1280* 1280* 1280* 1260* 1280* 1280* 1280* 1280* 1280* 1280* 
LOWER INDICATOR 
READING AT 1260* 1280* 1280* 1280* I960* 1260* 1280* 1280* 1280* 1280* 1280* 1280* 
LUBE JGAW 

*1 JGAW 
*1 

SOAK - NO. 
OF MINS. 3 3 _2_ 3 3 3 3 3 3 a 
DWELL IN 
CLOSED POSITION 10 10 12 12 12 12 12 12 12 12 12 12 
TONS 65 65 65 65 66 65 65 65 65 65 65 65 
NO. OF CLAMPS 
AT 16 TONS PER 

• BED 
CUSHION (pel) 800 800 800 800 800 800 800 800 800 800 300 800 
AIR COOLED 
IMMED. ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ / ✓ / ✓ 
DESCALED AS 
PER GAEC SPEC. ✓ ✓ / £_ ✓ ✓ ✓ / / / ✓ ✓ 
ALKO-N- 
P ROC ESS 

TURCO 
PROCESS 

ZYQLO O.K. 
/ 

O.K. O.K. 

* SLIDE 
CUSHION frei) 800 800 m ..m 800 800 800 800 800 800 800 800 
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TABLE A-7 

PART 5, FRAME 

ONE-STEP FORMING, RDM 1498 

(Sheet 5 of 6) 

f 

NOTE: 
*Bee page A-l for conversion of psi to tonnage 

TITANIUM T1-6A1-4V 

PART IDENT NO. 49 50 51 52 53 54 55 56 57 58 59 60 

SHEET NO. 2 2 2 

VENDOR 
RMI; TIMET = T T T T RM1 RM1 RM1. RM1 RM1 RM1 RM1 RM1 RM1 

HT G3794 G3794 292671 292671 302017 302017 

TEST J0926 J0926 

GAUGE 070 070 

TEMPERATURE 
RECORDER AT 1400* 1400* 1400’ 1400' 1400* 14Qfi! 1400* 1400° 1400° 1400° 1400° 1400° 
UPPER INDICATOR 
READING AT 1340’ 1340* 1340’ 1340* 1340* 1340* 1340* 1340* 1340* 1340* 1340* 1340* 
LOWER INDICATOR 
READING AT 1340* 1340* 1340* 1340* 1340* 134Q*_ 1340* 1340* 1340* 1340* 1340* 1340* 
LUBE JGaW 

#1 JGAW 
#1 

SOAK - NO. 
OF MINS. 2 2 2 2 2 2 -2 2 2 2 2 2 
DWELL IN 
CLOSED POSITION 10 10 10 8 8 8 8 8 8 8 8 
TONS 65 65 66 65 65 65 66 65 65 65 65 65 
NO. OF CLAMPS 
AT 16 TONS PER 

* BED 
CUSHION (pal) 800 800 800 800 800 800 800 800 800 800 800 800 
AIR COOLED 
IMMED. ✓ / / / / / { / / / / ✓ 
DESCALED AS 
PER GAEC SPEC. ✓ ✓ / / ✓ ✓ / / ✓ / / / 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZFGLO 

* SLIDE 
CUSHION (P«i) 800 800 800 800 800 800 800 800 800 800 800 a on 
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TABLE A-7 

PART 5, FRAME 

ONE-STEP FORMING, RDM 1498 

(Sheet 6 of 6) 

NOTE: 
* 1. See Page A-l for conversion of psi to tonnage. 

TITANIUM Ti-SAl-lMo-lV 

PART IDENT NO. 61 62 63 64 65 66 67 68 69 70 71 72 

SHEET NO. 11 11 11 11 

VENDOR 
RMI; ITM ET = T RM1 RM1 RM1 RM1 RM1 RM1 RM1 RM1 RM1 T T T 

HT 301177 301177 D9947 D9947 

TEST F4610 F4610 F4610 

GAUGE .070 .070 

TEMPERATURE 
RECORDER AT 1500* 1500* 1501»* 1500* 1500* 1500* 1500* 1500* 1500* 1500* 1500° 
UPPER INDICATOR 
READING AT 1600* 1500* 1500* 1500* 1500* 1500* 1500* 1500* 1500* 1500* 1500* 
LOWER INDICATOR 
READING AT 1500* 1500° 1500* 1500* 1500* 1500* 1500* 1500* 1500* 1500* 1500* 

LUBE JGAW 
#1 

JGAW 
#1 

SOAK - NO. 
OF MINS. 2 2 2 2 2 2 2 2 2 2 2 
DWELL IN 
CLOSED POSITION 8 8 10 10 10 10 10 10 10 10 10 

TONS 65 65 65 65 65 65 65 65 65 65 65 

NO. OF CLAMPS 
AT 16 TONS PER 

• BED 
CUSHION (psi) 800 800 800 800 800 800 800 800 

H 
? 800 800 800 

AIR COOLED 
IMMED. / / / ✓ J / / ✓ 

A 
Q ✓ ✓ ✓ 

DESCALED AS 
PER GAEC SPEC. ✓ ✓ ✓ ✓ / / ✓ / 

O 
✓ / / 

ALKO-N- 
PROCESS Î 
TURCO 
PROCESS 

ZYGLO 

• SUDE 
CUSHION (psi) 800 800 800 800 800 800 800 800 800 800 800 
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TABLE A-8 

PART 6, CHANNEL 

ONE-STEP FORMING, RDM 1496 

(Sheet 1 oí 6) 

NOTES: 
* 1. See page A-l for converaion of psi to tonnage 

TITANIUM Tt-6Al-6V-aSn 

PART IDENT NO. 1 2 3 4 5 6 1 8 9 10 11 12 

SHEET NO. 3 3 

VENDOR 
RMI; TIMET » T T T 

HT D2429 D2429 

TEST J 1164 J1164 

GAUGE 025 025 

TEMPERATURE 
RECORDER AT 1240* 1240* 1240° 1300* 1300* 1300* 1300° 1300° 1300° 1300° 1300° 1300° 
UPPER INDICATOR 
READING AT 
LOWER INDICATOR 
READING AT 1240* 1240* 1240* 1250* 1250° 1240° 1260° 1260° 1260° 1260* 1260° 1260° 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 3 3 3 3 8 3 3 3 3 3 3 3 
DWELL IN 
CLOSED POSITION 10 10 15 20 12 17 17 10 10 15 15 8 

TONS 

NO. OF CLAMPS 
AT 16 TONS PER 2 2 2 2 2 2 2 2 2 2 2 2 

* BED 
CUSHION (pel) 400 500 600 600 600 800 800 800 800 800 800 800 

AIR COOLED 
IMMED. / / / / ✓ / / / / ✓ / / 

DESCALED AS 
PER GAEC SPEC. ✓ / ✓ / ✓ / / ✓ / / ✓ / 

ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO O.K. 
/ 

O.K. 
/ 

* SLIDE 
CUSHION (P«i) 
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TABLE A-8 

PART CHANNEL 

ONE-STEP FORMING, RDM 1496 

(Sheet 2 of 6) 

NOTES: 
* 1. See page A-l for conversion of psi to tonhage 

TITANIUM TI-6A1-4V 

PARI IDENT NO. 13 14 15 16 17 18 19 2. 2i 22 25 24 

SHEET NO. 1 1 1 1 1 1 1 1 1 1 1 1 

VENDOR 
RMI; TIMET = T T T 

HT G2731 G2731 

TEST J0042 J0042 

GAUGE .025 .025 

TEMPERATURE 
RECORDER AT 1300' 1400' 1400' 1400' 1400* 1400* 1400* 1400' 1400' 1400' 1400' 1400’ 
UPPER INDICATOR 
READING AT 
LOWER INDICATOR 
READING AT 1260' 1320* 1320' 1320* 1320' 1320’ 1320' 1320' 1320' 1320' 1320' 1320' 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 2 2 2 2 2 2 2 2 2 2 2 2 

DWELL IN 
CLOSED POSITION 5 3 5 7 10 10 10 10 10 10 10 10 

TONS 

NO. OF CLAMPS 
AT 16 TONS PER 2 2 2 2 2 2 2 2 2 2 2 2 

* BED 
CUSHION (pel) 800 800 800 800 800 800 800 800 800 800 800 800 
AIR COOLED 
IMMED. / ✓ ✓ / ✓ ✓ ✓ / ✓ ✓ ✓ / 
DESCALED AS 
PER GAEC SPEC. / / J f / J i ✓ / / / ✓ ✓ ✓ 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO O.K. 
/ 

* SUDE 
CUSHION (pel) 
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TABLE A-8 

PART 6, CHANNEL 

ONE-STEP FORMING,RDM 1496 

(Sheet 3 oí 3) 

NOTES: 
* 1. See page A-l for conversion of psi to tonnage 

TITANIUM Tl-SAl-lMo-lV 

PART IDENT NO. 25 26 27 '¡8 29 30 31 32 33 34 35 36 

SHEET NO. 3 3 3 3 • 3 3 3 3 3 3 3 3 
VENDOR 
RMI; TIMET = T T T 

HT D8423 D8423 

TEST J0177 J0177 

GAUGE .025 . 025 

TEMPERATURE 
RECORDER AT 1400* 1400* 1400* 1440* 1500* 1500* 1500* 1500* 1500* 1500* 1500* 1500* 
UPPER INDICATOR 
READING AT 
LOWER INDICATOR 
READING AT 1400* 1400* 1400* 1400* 1475* 1475* 1475* 1475* 1475* 1475* 1475* 1475* 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 1 3 3 3 2 2 2 2 2 2 2 2 
DWELL IN 
CLOSED POSITION 8 12 12 12 8 5 5 3 5 5 5 5 

TONS 

NO. OF CLAMPS 
AT 16 TONS PER 2 2 2 2 2 2 2 2 2 2 2 2 

* BED 
CUSHION (psi) 800 500 500 500 500 500 500 j00 500 500 500 500 
AIR COOLED 
IMMED. ✓ ✓ / ✓ ✓ / / / / ✓ ✓ ✓ 
DESCALED AS 
PER GAEC SPEC. / / ✓ ✓ / / / / / / ✓ 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO 

• SUDE 
CUSHION (P«i) 

— 



TABLE A-8 

PART 6, CHANNEL 

ONE-STEP FORMING, RDM 1496 

(Sheet 4 of 6) 

NOTE: 
♦See page A-l for conversion of psi to tonnage 

TITANIUM Ti-6Al-8V-2Sn 

PART IDENT NO. 37 38 39 40 41 42 43 44 45 46 47 48 

SHEET NO. 1 
1 

VENDOR 
RMI; TIMET « T T 

HT G2443 
G2443 

TEST F9541’ 
F9543 

GAUGE .071 
. 071 

TEMPERATURE 
RECORDER AT 1240* 1260* 1280* 1280' 1280* 1280* 1260* 1280* 1280* 1300* 1300* J3ni)* UPPER INDICATOR 
READING AT 
JLUW JLPIUltsA 1 VJft 
READING AT 1220* 1250* 1250* 1250* 1250* 1250' 1220’ 12?0* 1220* 1220* 1220’ 1220* 
LUBE T50 

T50 
SOAK - NO, 
OF MINS. 3 3 3 3 3 3 3 3 3 3 3 3 DWELL IN 
CLOSED POSITION 12 12 12 10 7 7 7 7 7 7 7 7 
TONS 

NO. OF CLAMPS 
AT 16 TONS PER 2 2 2 2 2 2 2 2 2 2 2 2 • BED 
CUSHION (pat) 800 800 800 800 800 800 800 800 800 800 800 800 AIR COOLED 
IMMED._ ✓ ✓ / ✓ / ✓ ✓ ✓ / ✓ / / DESCALED AS 
PER GAEC SPEC. ✓ ✓ ✓_ / / / ✓ ✓ ✓ ✓ / / 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYOLO O.K. 
/ 

O.K. 
/ 

O.K. 
✓ 

« 

* SUDE 
CUSHION (P«l) 
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TABLE A-8 

PART 6, CHANNEL 

ONE-STEP FORMING, RDM 1496 

(Sheet 5 of 6) 

NOTE: 

TITANIUM TÍ-GA1-4V 

PART IDENT NO. 1 49 SO 51 52 53 54 55 56 57 58 59 60 

SHEET NO. 4 4 4 4 4 4 4 4 4 4 4 4 

VENDOR 
RMI; TIME T * T 

T J 
T 

HT G3256 
G3256 

TEST 
J0229 I 

GAUGE 
.070 ! 

.070 

TEMPERATURE 
RECORDER AT 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1380* 

UPPER INDICATOR I 
READING AT 
LOWER INDICATOR 
READING AT 1350* 1350* 1350* 1300* 1300* 1300* 1350* 1350* 1350* 1350* 1350* 1350* J 

LUBE T50 
T50 

SOAK - NO. 
OF MINS. 3 3 2 2 3 2 2 2 2 2 2 2 ! 

DWELL IN 
CLOSED POSITION 12 12 10 6 12 6 8 8 6 6 6 6 

TONS 

NO. OF CLAMPS 
AT 16 TONS PER 2 2 2 2 2 2 2 2 2 2 2 2 

• BED 
CUSHION (pel) 1 800 800 800 800 800 800 800 800 800 800 800 800 

AIR COOLED 
IMMED. ! / ✓ ✓ / / / ✓ ✓ ✓ ✓ ✓ ✓ 

DESCALED AS 
PER GAEC SPEC. ; / / / ✓ / ✓ / ✓ ✓ / ✓ ✓ 

ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO 

• SLIDE 
CUSHION (P*!) 

• 
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TABLE A-8 

PART 6, CHANNEL 

CNE-STEP FORMING, RDM 1498 

(Sheet 6 oí 6) 

NOTE: 
*8ee pege A-l for conversion of psi to tonnage. 

TITANIUM Ti-SAl-lMo-lV 

PART IDENT NO. 61 62 63 64 65 66 67 68 69 70 71 72 

SHEET NO. 1 1 1 1 1 1 1 1 1 1 1 1 

VENDOR 
RMI; TIMET « T T T 

HT G1651 G1651 

TEST J0125 «1U1Z5 

OAUOE .070 . 070 

TEMPERATURE 
RECORDER AT 1640* 1540* 1540* 1540* 1540* 1525* 1500* 1500* 1550* 1525* 1525* 1525* 

UPPER INDICATOR 
READING AT 
LOWER INDICATOR 
READING AT 1500* 1500* 1500* 1500* 1500* 1475* 1460* 1460* 1500* 1475* 1475* 1475* 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 2 2 2 2 2 2 2 2 2 2 2 2 

DWELL IN 
CLOSED POSinON 10 10 10 8 8 8 5 8 8 8 8 8 

TONS 

NO. OF CLAMPS 
AT 16 TONS PER 2 2 2 2 2 2 2 2 2 2 2 2 

* BED 
CUSHION (pal) 800 800 800 800 800 800 800 800 800 800 800 800 

AIR COOLED 
IMMED. / / ✓ / / / ✓ / 

• ✓ / / / 

DESCALED AS 
PER G AEG SPEC. / / / ✓ ✓ / / ✓ ✓ ✓ / ✓ 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO 

♦ SLIDE 
CUSHION (pel) 
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TABLE A-9 

PART 6, CHANNEL 

TWO-STEP FORMING, RDM 1510 

(Sheet 1 oí 6) 

NOTE: 
*8ee page A-l for conversion of pel to tannage 

TITANIUM Ti-6Al-6V-2Sn 

PART IDENT NO. 1 2 3 4 5 6 7 8 9 10 11 12 

SHEET NO. 1 1 
VENDOR 
RM I; TIMET « T T T 

HT G3106 G3106 

TEST J1169 J1169 

GAUGE .025 .025 

TEMPERATURE 
RECORDER AT 1350* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300° 
UPPER INDICATOR 
READING AT 1250* 1200* 1250* 1250' 1250* 1250* 1250* 1250* 1250* 1250“ 1250* 1250* 
LOWER INDICATOR 
READING AT 1250* 1200* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 
LUBE JGAW 

#1 
JGAW 

«1 T50 T50 

SOAK - NO. 
OF MINS. 3 3 3 3 3 3 3 3 3 ■3 3 3 
DWELL IN 
CLOSED POSITION 12 12 10 10 10 10 10 10 10 10 10 10 

TONS 65 65 65 65 65 65 65 65 65 65 65 65 

NO. OF CLAMPS 
AT 1« TONS PER 

• BED 
CUSHION (P«i) 

AIR COOLED 
FAMED. ✓ ✓ / ✓ ✓ / ✓ ✓ ✓ / ✓ ✓ 
DESCALED AS 
PER GAEC SPEC. ✓ ✓ / ✓ ✓ / ✓ ✓ ✓ ✓ / ✓ 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO 

* SLIDE 
CUSHION (P*t) 
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TABLE A-9 

PART 8, CHANNEL 

TWO-STEP FORMING, RDM 1510 

(Sheet 2 of 6) 

NOTE: 
*Sae page A-l for coeveraion of pal to tonnage 

TITANIUM T1-6A1-4V 

PART IDENT NO. 13 14 15 16 nr 18 19 20' 21 22 23 24 

SHEET NO. 6 6 
VENDOR 
RMI; TIMET « T T T 
HT G3687 G3687 

TEST J0896 J0896 

GA'QE .025 .025 
TEMPI RATURE 
RECORi'ER AT 1350* 135(f 1350* 1350" 1350" 1350" 1350* 1350° 1350° 1350° 1350° 1350° 
UPPER INDICATOR 
READING AT 1300* 1300" 1300° 1300" 1300" 1300° 1300° 1300* 1300° 1300° 1300° 1300° 
LOWER INDICATOR 
READING AT T 1300* 1300" 1300" 1300" 1300* 1300° 1300° '300° 1300° 1300° 1300° 1300* 
LUBE T50 T50 

SOAK - NO. 
OF MINS. 3 3 3 3 3 3 3 2 2 2 3 3 
DWELL IN 
CLOSED POSITION 10 10 10 10 10 10 10 8 8 8 10 10 
TONS 65 65 65 65 65 65 65 65 65 65 65 65 
NO. OF CLAMPS 
AT 16 TONS PER 

* BED 
CUSHION (pnl) 
AIR COOLED 
IMMED. ✓ ✓ / / ✓ ✓ / ✓ ✓ ✓ / ✓ 
DESCALED AS 
PER GAEC SPEC. ✓ ✓ / ✓ ✓ ✓ / / ✓ ✓ / ✓ 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO 

* SLIDE 
CUSHION (P«I) 
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TABLE A-9 

PART 6, CHANNEL 

ONE-Sr EP FORMING, RDM 1510 

(Sheet 3 of 6) 

NOTE: 
♦See page A-l for converaio. of pal to tonnage 

TITANIUM Ti-SAl-lMo-IV 

PART EDENT NO. 25 26 27 • 28 29 30 31 32 33 34 35 36 

SHEET NO. 6 6 

VENDOR 
RMI; TIMET = T T T 

HT G3290 

TEST J0339 J0339 

GAUGE .025 .025 

TEMPERATURE 
RECORDER AT 1540* 1540* 1540* 1540* 1540* 1540* 1540* 1540* 1540* 1540* 1540* 1540' 
UPPER INDICATOR 
READING AT 1450* 1450* 1450* 1450* 1450* 1450* 1450" 1450* 1450* 1450* 1450* 1450* 
LOWER INDICATOR 
READING AT 1450* 1450* 1450* 1450* 1450* 1450* 1450* 1450* 1450* 1450* 1450* 1450* 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 2 2 2 2 2 2 2 2 2 2 2 2 

DWELL IN 
CLOSED POSITION 10 10 10 10 10 10 10 10 10 10 10 10 

to:;¿ 65 65 65 65 65 65 65 65 65 65 65 65 

NO. OF CLAMPS 
AT 16 TONS PER 

• BED 
CUSHION 
AIR COOLED 
IMMED. ✓ / / / / / ✓ ✓ ✓ J ✓ ✓ 
DESCALED AS 
PER GAEC SPEC. ✓ ✓ / / ✓ ✓ ✓ / ✓ ✓ ✓ / 

ALXO-N- 
PPOCESS 
TURCO 
PROCESS 

ZYOLO 
O.K. 
✓ 

O.K. 
✓ 

O.K. 
/ 

* SLIDE 
CUSHION (P«i) 
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TABLE A-9 

PART 8, CHAN NE 1. ' 

ONE-STEP FORMING, RDM . 510 

(Sheet 4 of 6) 

NOTE: 
*See page A-I for conversion of psi to tonnage 

TITANIUM Ti-6Al-6V-2Sn 

PART IDENT NO. 37 38 39 40 41 42 43 44 45 46 47 48 

SHEET NO. 1 1 
VENDOR 
RMI; TIMET = T T T 

HT G3614 G3614 

TEST U167 , 
J1167 

GAUGE .070 .070 

TEMPERATURE 
RECORDER AT 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1380* 1380' 1380° 1380° 
UPPER INDICATOR 
READING AT 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250* 1250° 1250* 1250° 
LOWER INDICATOR 
READING AT 1250* 1250* 1250* 1250* 1250* 

LUBE T50 T50 

SOAK - NO. 
OF MINS. 3 3 3 3 3 3 3 3 3 3 3 3 
DWELL IN 
CLOSED POSITION 10 10 10 10 10 10 10 10 10 10 10 10 
TONS 65 65 65 6* 65 65 65 65 65 65 65 65 

NO. OF CLAMPS 
AT 16 TONS PER 

* BED 
CUSHION (psi) 

AIR COOLED 
IMMED. / ✓ ✓ / ✓ ✓ ✓ ✓ / / / / 
DESCALED AS 
PER GAEC SPEC. / / ✓ / / / / ✓ ✓ ✓ / ✓ 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO 

* SUDE 
CUSHION (J»i) 
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TABLE A-9 

PART 6, CHANNEL 

ONE-STEP FORMING, RDM 1510 

(Sheet 5 of 6) 

NOTE: 
•See pege A-l for conversion of pel to tonnage 

TITANIUM TÍ-6A1-4V 

PART IDENT NO. 49 50 51 52 53 54 55 56 57 58 59 60 

SHEET NO. 14 14 14 14 14 14 RMI RMI RMI RMI RMI RMI 
VENDOR 
RMI; TIMET - T T T RMI RMI 

HT G3498 G3498 302017 302017 

TEST J0811 J0811 

GAUGE .070 .070 

TEMPERATURE 
_ RECORDER AT 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 

UPPER INDICATOR 
READING AT 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 1300* 
LOWER INDICATOR 
READING AT 

LUBE T60 T50 

SOAK - NO. 
OF MINS. 2 2 2 2 2 2 2 2 2 2 2 2 
DWELL IN 
CLOSED POSITION 10 10 10 10 10 10 10 10 10 10 10 10 
TONS 65 65 65 65 65 65 65 65 65 65 65 65 
NO. OF CLAMPS 
AT 16 TONS PER 

• BED 
CUSHION (pel) 

AIRCOOLED 
IMMED. ✓ ✓ ✓ ✓ / ✓ ✓ / ✓ ✓ ✓ / 
DESCALED AS 
PER GAEC SPEJ. / ✓ ✓ / / ✓ / ✓ ✓ ✓ ✓ 
ALKO-N- 
PROC ESS 
TURCO 
PROCESS 

ZYGLO 

• SLIDE 
CUSHION (P*) 
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TABLE A-9 

PART 6, CHANNEL 

ONE-STEP FORMING, RDM 1510 

(Sheet 6 of 6) 

NOTE: 
♦See page A-l for conversion of psi to tonnage 

TITANIUM Ti-SAl-lMo-lV 

PART IDENT NO. 61 62 63 64 66 67 68 69 70 71 72 

SHEET NO. 8 8 

VENDOR 
RMI; TIMET = T T T 

HT C758 G758 

TEST F60C2 F6068 

GAUGE .(TO .070 : 

TEMPERATURE 
RECORDER AT 1500* 15O0T 1500* 1500* 1500f isoor 1500* 1500* 150Cf 1500' 15O0f 150Ö* 

UPPER INDICATOR 
READING AT 1450T 1450* 1450T -450* 145Ö* 1450T 14501 1450f 1450* 145(f 1450* 1450T 

LOWER INDICATOR 
READING AT 

LUBE T50 T50 

SOAK - NO. 
OF MINS. O 2 2 2 2 2 2 2 2 2 2 2 

DWELL IN 
CLOSED POSITION 10 10 10 10 10 10 10 10 10 10 10 10 

TONS 65 65 65 65 65 65 65 65 65 65 65 65 

NO. OF CLAMPS 
AT 16 TONS PER 

* BED 
CUSHION (pel) 

AIR COOLED 
IMMED. / / / ✓ / / ✓ ✓ / ✓ ✓ / 

DESCALED AS 
PER GAEC SPEC. / / / ✓ / / / / / ✓ ✓ ✓ 
ALKO-N- 
PROCESS 
TURCO 
PROCESS 

ZYGLO 

♦ SUDE 
CUSHION (pel) 
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TABLE A-IC 

PART 1, TAIL CONE FRAME 

ONE-STEP FORMING, RDM 1500 

NOTES: 
1. This is a dimensional check of parts back to template. 
2. V = 90° 
3. * Bent part caused by trouble ejecting part from die. 

PART IDENT. NO. 

ZONE 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 

A1 .030 .030 .035 .030 .030 .035 .030 .030 .030 .030 .030 .030 .030 .030 * .030 .025 .010 
A2 .030 .030 .030 .030 .030 .030 .035 .030 .030 .030 • 035 .025 .030 .030 .030 .025 .030 
A3 .030 .060 .035 .035 .035 .035 .035 .030 .035 .035 .135 .060 .035 .030 .035 .030 .030 
A4 .020 .030 025 .020 .020 .030 .025 .015 .020 .020 .015 .030 .020 .025 .025 .010 .020 
A5 .025 .050 .025 .040 .030 .035 .030 .030 .030 .030 .035 .050 .03( . 04C .030 .040 .050 
A6 .030 .025 .025 .030 .030 .03( .020 .030 .030 .025 .000 .030 .030 .030 .030 .030 .020 
A7 .030 .005 .015 .025 .030 - 030 . 035 .015 .020 .020 .030 .015 .020 .015 .030 .005 .0 
A8 .030 .005 .030 .025 .030 .030 .035 .030 .030 .025 .035 .00( .030 .025 .030 .005 .005 
A& .025 .005 .020 .030 .030 .030 .020 .025 .025 .020 .030 .005 .030 .025 .030 .005 .005 
A10 .030 .020 .025 .050 .035 .030 .030 .040 .030 .030 .035 .040 .045 .050 .035 .060 .025 

J31 _ V _y. _Y.1_ V V Y V V V V Y V V V V 91° 92° 

BZ_ V V V V V V V V V V V V V V V V 92 a 
B3 V V V V V V V V V V V 91* V V V V 92° 
B4 -Y, . -Y V V V V V V V 92.5a Y V V V V V V 

B5 V V V V V V V 91° 91* 92.5a V 91a V V V V V 

B6 V V V V V V V V V 92.5° V V V V V V 92° 
B7 V V V V V V V V V V Y Y V V V V 92 a 

B8 _y.. V V V V -Y V V V V V V V V V V 91a 
R9 V V _K_ _ -ï_ V Y 92a 92a 9,2.5’ V V V V V y V 

— B1Q V V Y 91 .S’ V V Y 92a 92* 92.5a V 9.1a 91a 91 ff V V 91a 
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.030 NOMINAL TEMPLATE 

TYP CROSS 
SECT OF PART 
GAUGE .070 

PART IDENT. NO. 

ZONE 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 

Al .010 .030 . 05C .030 .030 .030 

D
am

ag
ed

 i
n
 T

o
o

l 
P

ro
v

in
g

. 

.035 .030 .030 .030 .030 .030 .030 . 03U .030 :030 .030 

A2 .005 .030 . 03C .030 .030 .030 .030 .030 .030 .030 .030 .030 . 030 .035 .030 .030 .030 

A3 .015 .030 .040 .030 .030 .040 .035 .030 .035 .030 .030 .035 .030 »040 .030 .030 .030 

A4 .015 .035 .020 .025 .030 .030 .030 .030 .030 .025 .030 .030 .030 .030 .030 .030 .020 

A3 .015 .020 .025 .030 .045 .030 .030 .030 .030 .030 .030 .030 .030 .035 .035 .035 .030 

A6 .0 .030 .010 .025 .030 .020 .035 .035 .030 .030 . 025 .030 .035 .035 .035 .035 .035 
A7 .0 .030 .Olí .030 .020 .015 .035 .035 .035 .025 .030 .035 .030 .030 .030 .030 .030 

A8 .015 .030 . 02i .035 .020 .020 .035 .035 .035 .030 .030 .035 .035 .035 .035 .035 .035 

A9 .015 .020 . 02Í .030 .010 .010 .030 .030 .030 .030 .025 .020 .030 .030 .030 .030 .030 

A10 * .020 . 03Í .040 .040 .050 .035 .035 .035 .035 .030 .030 .035 .035 .035 .035 .035 

B1 * 94° 94 e V 93° 93° V V V V V V V V V V V 

B2 * 98ü 93 e V V 92 6 V V V V V V V V V V V 

B3 92° 98° 91' V V V V V V V V V V V V V V 

B4 92° 98° 92¿ V V y V V V V V V V V V V V 

35 92° 98° 93.5° V 93° 93° V V V V V V V V V V V 

B6 92° 98° 93.5' V 93° 93° V V V V V V V V V V V 

B7 V 98° V V V V V V V V .V V V V V V V 

B8 V 98° 92' V 92' V V V V V V V V V V V V 

B9 V 94' V 92° 93° V V V V V V V V V V V 

BIO * 935° 94' 92° 92e 93° V V V 91° V V V V V V V 

* « * 
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TABLE A-ll 

PART 2, DOOR CHANNEL 

ONE-STEP FORMING, RDM 1502 

NOTE: 
1. This chart is a dimensional check of parts back to the cold die. 
2. y * Little or no finger pressure lays "dead" to male die. 

PART IDENT. NO. 

ZONE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 IS 17 18 

1A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

2A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

3A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

4A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

5A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

IB .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

2B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

3B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

4B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

5B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

<4 1C V V V V V V V V V V V V V V V y V V 

2C V V V V V V V V V V V V V V V V V V 

-413C V V V V V V V V V V V V V V V V V V 

-£4C V V V V V V V V V V V V V V V V V V 

5C V / V V V V V V V V V V V V V V V V 

id V V V V V V V V V V V V V V V V V V 

-4: 2D V V V V V V V V V V V V V V V V V V 

-£3D V V V V V V V V V V V V V V V V V V 

4D V V V V V V V V V V V V V V V V V V 

50 V V V V V V V V V V V V V V V V V V 
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PART IDENT. NO. 

ZONE 19 20 21 22 23 24 25 26 Ï7 28 29 30 31 32 33 34 35 36 

1A .0 . 00E .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
2A .0 .005 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
3A .0 .005 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
4A .0 .005 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
5A .0 .005 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
IB .0 .005 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
2B .0 .005 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
3B .0 .005 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
4B .0 .005 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
5B .0 .005 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

^LlC V V V V V V V V V V V V V V V V V V 
-42c V V V V V V V V V V V V V V V V V V 
-43c V V V V V V V V V V V V V V V V V V 
,44c V V V V V V V V V V V V V V V V V V 
*^JC5C V V V V V V V V V V V V V V V V V V 

V V V V V V V V V V V V V V V V V V 
^l2D V V V V V V V V V V V V V V V V V V 
43D V V V V V V V V V V V V V V V V V V 
44 D V V V V V V V V V V V V V V V V V V 
^5D V V V V V V V V V V V V V V V V V V 

_l 
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TABLE A-ll 

PART 2, DOOR CHANNEL 

ONE-STEP FORMING, RDM 1502 

NOTES: 
1. This chart is a dimensional check of parts back to the cold die. 
2. y = O.K. 
3. * Part used for tool proving. 

PART IDENT. NO. 

ZONE 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 

1A .005 .005 .005 .005 .005 .005 .005 .005 .005 * *. * .005 .005 .005 .005 .005 .005 

2A .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 ,005 

3A .005 .005 . 0C5 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

4A .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

5A .005 .005 .005 .005 .005 .005 .005 .005 . 005 .005 .005 .005 .005 .005 .005 

IB .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

2B .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

3B .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

4B .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

5B .005 005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

.¿IC V V V V V V V V V V V V V V V 

412c V V V V V V V V V V V V V V V 

2(.3C V V V V V V V V V V V V V V V 

-£4C V V V V V V V V V V V V V V V 

£50 V V V V V V V V V V V V V V V 

4110 V V V V V V V V V V V V V V V 

£2D V V V V V V V V V V V V V V V 

4l3D V V V V V V V V V V V V V V V 

^:4D V V V V V V V V V V V V V V V 

£5D V V V V V V V V V V V V V V V 
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-cfc»C" 

PART IDENT. NO. 

ZONE 55 56 57 58 58 60 61 62 63 64 65 66 67 68 69 70 71 72 

LA .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

2A .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

3A .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

4A .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

5A .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 ,005 .005 

IB .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

2B .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

SB .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

4B .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

5B .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

1C V V V V V V V V V V V V V V V V V V 

2c V V V V V 1 V V V V V V V V V V V V V 

sc V V V V V V V V V V V V V V V V V V 

4c V V V V V V V V V V V V V V V V V V 

5C V V V V V V V V V V V V V V V V V V 

ID V V V V V V V V V V V V V V V V V V 

^ 2D V V V V V V V V V V V V V V V V V V 

3D V V V V V V V V V V V V V V V V V V 

4D V V V V V V V V V V V V V V V V V V 

5D V V V V V V V V V V V V V V V V V V 
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TABLE A-12 

PART 2, DOOR CHANNEL 

TWO-STEP FORMING, RDM 1509 

NOTES: 
1. This chart is a dimensional check of parts back to *he cold die. 
2. V = O.K. 
3. * Part used for tool proving. 

A 

PART IDENT. NO. 

ZONE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1A 

D
am

ag
ed

 i
n 

T
oo

l 
P

ro
v
in

g
. 

.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 Nos. 13 thru 36 and Nos. 
37 thru 72 (.070 gauge) 
have been pre-formed 
only at drop hammer 
rubker/hot. 

4 

V 
» 

2A .0 .0 .° .0 .0 .0 .0 .0 .0 .0 

3A .0 .0 
•° 

.0 .0 .0 .0 : 0 .0 .0 

4A .0 .0 .° .o ! .0 .0 .0 .0 .0 .0 

5A .0 .0 .0 • 0 i .0 .0 .0 .0 .0 .0 

IB .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

2B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

3B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

4B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

5B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
V V V V V I V V V V V j 

¿12C V V V V V 1 V V V V V 

¿JC3C V V V V V V V V V V 

^4C V V V V V V V V V V 

415C V V V V V V V V V V 

^ID V V V V V V V V V V 

^20 V V V V V V V V V V 

¿j[3D V V V V V V V V V V 

^4D V V V V V V V V V V 

45D V V V V V V V V V V 
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PART IDENT. NO. 

ZONE J 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

1A 

2A 

3A 

4A 

5A 

IB 

2B 

3B 

4B 

5B 

^41C 

.42C 

.43c 

44c 

45c 

4 ID 

42D 

43D 

44D 

45D 

Nos. 13 thru 36 and Nos. 37 thru 72 (.070 gauge) 
have been pre-formed only at drop hammer rubber/ 
hot. 
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TABLE A-13 RDM - 1497 PART #3 - ANNULAR RING - DIMENSIONAL CHECK OF 
FORMED PARTS BACK TO COLD DIE 

Part 
Ident. No. Titanium 

Zone _ Draw 
Flange Remarks — 1 2 3 4 

1 
.025 

6Al-6V-2Sn 
A .016 .016 .016 .016 None 
B .0 .0 .0 .0 
C 0° Constant 

2 
.025 

6A1 -6V-2Sn 
A .0 .0 .0 .0 

None B .0 .0 .0 .0 
C 0° To 4° 

3 
.025 

6AI—6V-2Sn 
A .0 To .0 To 

None B .0 _l0_ .0 .0 
C 0° To 1° 

4 
.025 

8AI -6V-2Sn 
A .0 .0 .0 .0 

Yes B .0 .0 .0 .0 
C 0° Constant 

5 
.025 

6A1 -6V-2Sn 
A .0 .0 .0 .0 

Yes B ^0_ .0 .0 _t0_ 
C 0° To 1° 

6 
.025 

6AI -6V-2Sn 
A .0 .0 .0 \ .0 

None B .0 _ _J)_ 
C 0° To 1° 

7 
.025 

6A1 -6V-2Sn 
A .015 .015 .015 .015 

Yes B .0 .0 .0 .0 
C 0° To 1.5° 

8 6Al-6V-2Sn 
A .0 .0 .0 .0 

None 
Cycle Time 
Too Short B .0 .0 .0 .0 

C 5° To 7° 

9 
.025 

6Al-6V-2Sn 
A .0 .0 .0 .0 

None 
Cycle Time 
Too Short B .0 .0 .0 .0 

C 5° To 6° 

10 

.025 
6Al-6V-2Sn 

A .0 .0 .0 .0 
None 

Cycle Time 
Too Short B _,0_ -lQ_ _^o_ J)_ 

c 4° To 7° 
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TABLE A-13 (Cont'd) 

Part 
Ident. No. Titanium 

Zone Draw 
Flange Remarks 1 2 3 4 

11 
.025 A .0 .0 .0 .0 

None 
Cycle Time 
Too Short 6Al-6V-2Sn P .0 .0 _^0_ _^0_ 

C 6e Constant 

12 
.025 A .0 .0 .0 .0 

None 
Cycle Time 
Too Short 6Al-6V-2Sn B ^0_ _ _J)_ _ 

C 6° Constan t 

13 
.025 A .0 .0 .0 .0 

None 6A1-4V B .0 .0 .0 .0 
C 2° Constant 

14 
.025 

6A1-4V 
A .0 .0 .0 .0 

None B .0 .0 .0 .0 
C 2° Constant 

15 
.025 A .0 .0 .0 .0 

None 6A1-4V * R .0 .0_ Ji_ _^o_ 
C 0° To 2° 

16 
.025 

6A1-4V 
A .0 .0 .0 .0 

None P .0 .0 _ __l0_ 
C 2 o Constan t 

17 
.025 

6A1-4V 
A .0 .0 .0 .0 

None B .0 .0 .0 .0 
C 3° To 4o 

18 
.025 

6A1-4V 
À .0 .0 .0 .0 

None B .0 .0 .0 .0 
C 5° Constant 

19 
.025 

6A1-4V 
A .0 .0 .0 .0 

None B T0. .0 .0 .0 
C 2o ro 4 

20 
.025 

6A1-4V 
A .0 .0 .0 .0 

None B .0 .0 .0 .0 
C 0o Constan t 

21 
.025 

6A1-4V 
A .0 .0 .0 .0 

None B .0 .0 .0 .0 
C 0o Constant 

22 
.025 

6A1-4V 
A .0 .0 .0 

None B .0 .0 .0 .0 
C 0° Constan! 

23 
.025 

6A1-4V 
A .0 .0 .0 .0 

None B .0 .0 .0 .0 
C 2o Constan 

24 
.025 

6A1-4V 
A .0 .0 .0 .0 

None B .0 .0 .0 .0 
C 2o Constan t 

25 
.025 

8A1-1MO-1V 
A Part shrunk will not go 

>Id die None B on cc 
C 1° To 2° 

26 
.025 

SAi-lMo-lV 
A .0 .0 .0 .0 
B .0 .0 .0 .0 None 

o 4_ 
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TABLE A-13 Cont'd) 

Part 
Ident. No. Titanium 

Zone Draw 
Flange Remarks 1 2 3 4 

27 
.025 

8A1-1MO-1V 
A Damaged part 

Ejecting same None Trouble with Die 
Rwk. Same 

B 
C 

28 
.025 

8AI-1MO-1V 
A .0 ^0 70 TO 

None B .0 _^Q_ .0 .0 
C 0° Constant 

29 
.025 

8AI-IM0-IV 
A .020 .020 .020 .020 

Yes B .0 .0 .0 .0 
C 0° Constant 

30 
.025 

8AI-IM0-IV 
A .020 .005 .020 .005 

Yes _n_ThiB Condition 
Exists 

B .0 .0 .0 .0 
C See Remarks 

31 
.025 

8AI-IM0-IV 
A .0 .0 .0 .0 

Yes Cracked Part in 
One Area 

B .0 .0 ,0 .0 
C 0° Constant 

32 
.025 

8AI-IM0-IV 
A .0 .0 .0 .0 

Yes B .0 .0 .0 .0 
C 0° Constant 

33 
.025 

8AI-IM0-IV 
A .0 .0 .0 .0 

Yes B .0 _ .0 .0 .0 
C 0° Constant 

34 
.025 

8AI-IM0-IV 
A .0 .0 .0 .0 

Yes B .0 .0 0 .0 
C 0° Constant 

35 
.025 

8AI-IM0-IV 
A .0 .0 .0 .0 

Yes Cracked Part B .0 .0 .0 .0 
C 0° Constant 

36 
.025 

8AI-IM0-IV 
A .020 .020 .020 .020 

Yes Cracked Part B .0 .0 .0 .0 
C 0° Constant 
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DRAW FLANGE 
.070 
GAUGE 

NOTE1 TYP, CROSS SECT. 

CL = CLOSED 

”*“*"* ™ ' “ÜÂS.-Â"ÆSÆ{~'“<* » 
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TABLE A-13 (Cont'd) 

Part 
Ident. No. Titanium 

Zone Draw 
Flange Remarks 1 2 3 4 

47 
.070 

6Al-6V-2Sn 
A .0 .0 .0 .0 

None B .0 ,0 .0 0 
C 90 6 90° 90° 90° 

49 
.070 

6Al-6V-2Sn 
A .0 .0 .0 .0 

None B ,0 ,0 .0 . 0 
C 90° 90° 90 0 

O
 O

 
0
5

 I 

49 
.070 

6A1-4V 
A .0 .0 .0 .0 

None B .0 .0 .0 "TTT- 
C 90° 90° 90 6 90° 

50 
.070 

6A1-4V 
A .0 .0 .0 .0 

None B ,0 .0 .0 .0 
C 90° 90° 90° 90° 

51 
.070 

6A1-4V 
A .0 .0 .0 .0 

None B .0 .0 .0 “Tü- 
C 90° 

O
 O

 
0¾ 90° 90° 

52 
.070 

6A1-4V 
A .0 .0 .0 .0 

None B .0 .0 .0 .0 
C 90° 90° 90 0 90° 

53 
.070 

6A1-4V 
A 

Flat Pattern Dam¬ 
aged. Did Not Run 

B 
C 

54 
.070 

6A1-4V 
A .0 .0 .0 Tü- 

None B .0 .0 .0 .0 
C 90 6 C

D
 

0
 0
 

90° 90° 

55 
.070 

6A1-4V 
A .0 .0 .0 .0 

None B .0 . 0 .0 .0 
c 90° 90° 90° 90° 

56 
.070 

6A1-4V 
A Material Received 

Too Short For 
Flat Pattern 

B 
C 

57 
.070 

6A1-4V 
A .0 .0 .0 .0 

None B .0 .0 .0 .0 
C «

 
0

 O
 

90° 90° 

O
 O

 
0

5
 

58 
.070 

6A1-4V 
A .0 .0 .0 .0 

None B .0 .0 .0 .0 
C 90® 90° 90° 90° 

59 
.070 

6AI-4V 
A .0 .0 .0 .0 

None B .0 .0 .o_ 

C 90° 90° 90° 90° 

60 
.070 

6A1-4V 
A .0 .0 .0 .0 

None B .0 .0 .0 “TÜ- 
C 90° 90° 90 6 90° 

61 
.070 

SAl-lMo-lV 
A .0 .0 .0 .0 

None B ,0 .0 .0 ~JT 
C 90° 5°CL 90° 90° 

62 
.070 

8AI-IM0-IV 
A .0 .0 .0 “75- 

None B ,0 .0 .0 .0 
C 90° 90° 90° 90° 
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TABLE A-13 (Cont'd) 

CL = CLOSED 
OP = OPEN 

Part 
Ident No. Titanium 

Zone Draw 
Remarks 1 2 Flange 

63 
.070 

8AI-IM0-IV 
A .0 .0 .0 .0 
B r0 .0 .0 .0 None 
Ç 90° 90° 90° 90° 

64 
.070 

8AI-IM0-IV 
A . J .0 .0 .0 

None B .0 .0 .0 
_c_ T^cl léCL 1°CL 1°CL 

65 
.070 

8AI-IM0-IV 
A .0 .0 .0 .0 

None B .0 .0 .0 
Ç 90° 90° 90° 90° 

66 
.070 

8AI-IM0-IV 
A .0 .0 .0 .0 

None B t °, .0 .o_ .0 
C 90° 90° 90° 

67 
.070 

8AI-IM0-IV 
A .0 .0 .0 .0 

None B .0 .0 .0 .0 
C 90° 90° 90° 90° 

68 
.070 

8AI-IM0-IV 
A .0 .0 .0 .0 

None B •2 -4- ¡7ô~ 
C l6CL 1*CL 1 °CL 1*CL 

69 
.070 

8AI-IM0-IV 
A .0 .0 .0 .0 

None B ■ 0 -TT ^0 Tü- 
C 90° 90° C£> O 0 

C
O

 
0

 O 

70 
.070 

8AI-IM0-IV 
A .0 .0 .0 .0 

None B .0 .0^ .0 
C 90° 90° 306 90 0 

71 
.070 

8AI-IM0-IV 
À .0 .0 .0 TTT" 

None B .0 .0 .0 

C 90° 90° 90 6 

72 
.070 A .0 .0 .0 .0 

None 8AI-IM0-IV _.Q .0 .0 .0 
C 90° 90° 90° 
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TABLE A-14 PART #4, ZEE MEMBER RDM 1435 DIMENSIONAL CHECK OF PARTS 

BACK TO COLD DIE 

Part 

Identification 

Number 

Zone 

1 2 3 4 5 6 7 8 

1 

.025 

6Al-6V-2Sn 

A 

B 

C 

D 

E 

X 

.020 

X 

.005 

.005 

.005 

.015 

X 

.005 

.005 

X 

.020 

X 

.005 

.005 

X 

.020 

X 

.005 

.005 

X 

.015 

X 

.005 

.005 

.005 

.020 

X 

.005 

.005 

.005 

.015 

X 

.005 

.005 

X 

.020 

X 

.005 

.005 
2 

.025 

6Al-6V-2Sn 

A 

B 

C 

D 

E 

.015 

.004 

X 

X 

X 

.004 

X 

X 

X 

X 

.004 

.003 

X 

X 

X 

X 

.004 

X 

X 

X 

X 

.004 

X 

X 

X 

X 

.005 

X 

X 

X 

X 

.004 

X 

X 

X 

X 

.005 

X 

X 

X 
5 

.025 

6Al-6V-2Sn 

A 

B 

C 

D 

E 

X 

.005 

X 

X 

X 

X 

.005 

X 

X 

X 

X 

.002 

X 

X 

X 

X 

.002 

X 

X 

X 

X 

.005 

X 

X 

X 

.008 

.005 

X 

X 

X 

.003 

.002 

X 

X 

X 

X 

X 

X 

X 

X 
8 

.025 

6Al-6V-2Sn 

A 

B 

C 
D 

E 

.005 

.020 

X 

.005 

.005 

X 

.015 

X 

.005 

.005 

X 

.020 

X 

.005 

.005 

X 

.020 

X 

.005 

.005 

X 

.015 

X 

.005 

.005 

.005 

.020 

X 

.005 

.005 

.005 

.015 

X 

.005 

.005 

X 

.020 

X 

.005 

.005 
9 

.025 

6A1-4V Ann 

A 

B 

C 
D 

E 

.005 

.020 

X 

X 

X 

X 

.020 

X 

X 

X 

X 

.020 

X 

X 

X 

X 

.018 

X 

X 

X 

.005 

.018 

X 

X 

X 

.010 

.020 

X 

X 

X 

.004 

.010 

X 

X 

X 

X 

.015 

X 

X 

X 
10 

.025 

6A1-4V Ann 

A 

B 

C 

D 

E 

X 

.015 

X 

X 

X 

X 

.010 

X 

X 

X 

X 

.010 

X 

X 

X 

X 

.015 

X 

X 

X 

X 

.020 

X 

X 

X 

.008 

.025 

X 

X 

X 

.010 

.015 

X 

X 

X 

.015 

.020 

X 

X 

X 

LEGEND: X means part lays dead to punch surface with little or no finger pressure 

(Sheet 1 of 8) 
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TABLE A-14 (Cont'd) 

Part 
Identification 

Number 

Zone 

1 2 3 4 5 6 7 8 
11 
.025 

6A1-4V Ann 

A 
B 
C 
D 
E 

.010 

.020 
X 
X 
X 

.003 

.015 
X 
X 
X 

.002 

.020 
X 
X 
X 

X 
.020 
X 
X 
X 

X 
.020 
X 
X 
X 

.005 

.020 
X 
X 
X 

.004 

.015 
X 
X 
X 

X 
.020 

X 
X 
X 

12 
.025 

6A1-4V Ann 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

.010 

.010 
X 
X 
X 

.015 

.010 
X 
X 
X 

.015 

.010 
X 
X 
X 

.020 

.010 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

13 
.025 

6A1-4V Ann 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

.010 
X 
X 
X 
X 

.020 
.008 

X 
X 
X 

.020 

.015 
X 
X 
X 

.025 

.010 
X 
X 
X 

.025 

.008 
X 
X 
X 

.005 
X 
X 
X 
X 

X 
X 
X 
X • 
X 

14 
.025 

6A1-4V Ann 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
.005 
X 
X 
X 

X 
.005 

X 

X, 
X 

X 
.005 
X 
X 
X 

.005 

.005 
X 
X 

. X 

.005 

.004 
X 
X 
X 

X 
.003 

X 
X 
X 

X 
X 
X 
X 
X 

15 
.025 

6A1-4V Ann 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
.005 

X 
X 
X 

X 
.005 
X 
X 
X 

X 
.008 

X 
X 
X 

X 
.006 
X 
X 
X 

X 
.005 

X 
X 
X 

X 
.005 
X 
X 
X 

16 
.025 

6A1-4V Ann 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
.010 
X 
X 
X 

X 
.010 

X 
X 
X 

X 
.010 

X 
X 
X 

X 
.006 
X 
X 
X 

X 
.004 

X 
X 
X 

X 
X 
X 
X 
X 

17 
.025 

6A1-4V Ann 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
.008 

X 
X 
X 

.010 

.008 
X 
X 
X 

.010 

.008 
X 
X 
X 

.015 

.004 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

18 
.025 

6A1-4V Ann 

A 
B 
C 
D 
E 

X 
.005 

X 
X 
X 

X 
.008 

X 
X 
X 

X 
.020 

X 
X 
X 

X 
.025 

X 
X 
X 

X 
.020 

X 
X 
X 

X 
.018 

X 
X 
X 

X 
.005 
X 
X 

• X 

X 
X 
X 
X 
X 

21 
.025 

8A1-1MO-1V 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
.002 

X 
X 
X 

X 
.005 
X 
X 
X 

X 
.005 

X 
X 
X 

X 
.004 
X 
X 
X 

X 
.005 

X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

22 
.025 

8A1-1MO-1V 

jn. y ï 

A 
B 
C 
D 
E 

.005 
X 
X 
X 
X 

X 
.005 

X 
X 
X 

.003 

.015 
X 
X ’ 
X 

.015 

.015 
X 
X 
X 

TÕTT' 
.015 
X 
X 
X 

.Ôi5 

.008 
X 
X 
X 

~J— 
X 
X 
X 
X 

“1— 
X 
X 
X 
X 

A-65 
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TABLE A-14 (Cont'd) 

Part Zone 
Identification - 

Number 1 2 3 4 5 6 __2— 8 _ 

23 
.025 

8A1-1MO-1V 

A 
B 
C 
D 
E 

xT 
X 
X 
X 
X 

.005 

.005 
X 
X 
X 

X 
.018 
X 
X 
X 

X 
.020 
X 
X 
X 

X 
.025 
X 
X 
X 

X 
.015 
X 
X 
X 

X 
.005 

X 
X 
X 

X 
X 
X 
X 
X 

24 
. .025 
SAl-lMo-lV 

A 
B 
C 
D 
E 

X‘ 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
.012 
X 
X 
X 

X 
.015 
X 
X 
X 

X 
.015 

X 
X 
X 

X 
.010 
X 
X 
X 

X 
X 
X 
X 
X 

X 
.005 
X 
X 
X 

25 
.025 

SAl-lMo-lV 

A 
B 
C 
D 
F, 

X 
X 
X 
X 
X 

X 
.010 

X 
X 
X 

X 
.030 
X 
X 
X 

X 
.035 
X 
X 
X 

.007 

.030 
X 
X 
X 

.010 

.015 
X 
X 
X 

.005 
X 
X 
X 
X 

.003 
X 
X 
X 
X’ 

26 
.025 

SAl-lMo-lV 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
.005 

X 
X 
X 

X 
.005 
X 
X 
X 

X 
.005 
X 
X 

. X 

X 
.005 

X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

27 
.025 

SAl-lMo-lV 

• 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X . 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

28 
.025 

SAl-lMo-lV 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

29 
.025 

SAl-lMo-lV 

A 
B 
C 
D 
E 

X 
.005 

X 
X 
X 

X 
.005 
X 
X 
X 

X 
X 
X 
X 
X 

.005 
X 
X 
X 
X 

.015 
X 
X 
X 
X 

.020 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

30 
.025 

SAl-lMo-lV 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

31 
.025 

SAl-lMo-lV 

“ A 
B 
C 
D 
E 

■ X 
X 
X 
X 
X 

■ X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X . 
X 

Part numbers not indicated were damaged in tool proving. 
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TABLE A-14 (Cont'd) 

Part 
identification 

Number 

Zone 

1 • 2 
-r 
. 3 4 5 6 7 8 

43 
. 070-6Al-6V-2Sn 

A 
' B 

C 
D 
E 

X 
X * 

.005 

.003 

.003 

X 
X 

.005 

.005 
.005 
.005 

.005 

.005 
.005 
.005 

X 
X 

X 
X 
X 

.005 

.005 

44 
. 070-6A1- 6V-2Sn 

A 
B 
C 
D 
E 

X 
X 

.008 

.003 

.003 

X 
X 

.005 

.005 
.005 
.005 

.005 

.005 
.005 
.009 

X 
X 

X 
X 

.005 
X 
X 

45 
. 070-6Al-6V-2Sn 

A 
B 
C 
D 
E 

X 
X 

.005 
X 
X 

X 
X 

.005 

.005 
.003 
.005 

.005 

.005 
.008 
.008 

' X 
X 

X 
X 
X 

.005 
X 

46 
. 070-6Al-6V-2Sn 

A 
B 
C 
D 
E 

X 
X 

.008 
X 
X 

X 
X 

.005 

.003 
.005 
.005 

.005 

.005 
.008 
.006 

X 
X 

X 
X 
X 

.003 

.003 

' 47 
. 070-6Al-6V-2Sn 

A 
B 
C 
D 
E 

X 
X 

.005 

.005 

.005 

X 
X 

.005 

.005 
.005 
.005 

.005 

.005 
.006 
.006 

X 
X 

X 
X 
X 

.005 

.005 

48 
. 070-6Al-6V-2Sn 

A 
B 
C 
D 
E 

X 
X 

.005 
X 
X 

X 
X 

.005 

.005 
.005 
.005 

.005 

.005 
.008 
.008 

X 
X 

X 
X 
X 

.005 

.005 

49 
. 070-SAl-lMo-lV 

A 
B 
C 
D 
E 

X 
X 

.010 
X 

.005 

X 
X 

X 
.005 

.005 

.005 
.005 
.005 

.008 

.010 
X 
X 

X 
X 
X 
X 

.005 

50 
. 070-SAl-lMo-l V 

À 
B 
C 
D 
E 

X 
X 

.005 

.005 

.005 

X 
X 

X 
X 

X 
.005 

T“ 
.005 

.005 

.005 
X 
X 

X 
X 
X 
X 

.005 

51 
.070-8A1-1MO-1V 

A 
B 
C 
D 
E 

X 
X 

.005 

.005 

.005 

X 
X 

X 
.005 . 

X 
.005 ' 

.005 

.005 
.005 
.005 

X 
X 

X 
X 

.005 
X 

.005 
yfFf»KNn- "X" mean« part lays dead to punch surface with little no finger pressure. 
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1 2 3 4 5 6 7 8 

TABLE A-14 (Cont'd) 

Part 
Identification 

Number 
- 

Zone 

1 2 3 . 4 5 6 7 8 

52 
.070-8AÍ-1MO-1V 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
Y 

53 
• Û70-8A1-1MO-1V 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 

54 
• 070-8A1-1MO-1V 

A 
B 
C 
D 
F 

X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 

55 
. 070-8A1-1MO-1V 

B 
C 
D 
E 

X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 

56 
. 070-8A1-1MO-1V 

A ' 
B 
C 
D 
E 

~ir~ 
X 

.005 
X 
X 

X 
X 

X 
.005 

X 
.005 

X 
.005 

X 
.005 

X 
X 

X 
X 
X 

.005 
X 

57 
.070-8A1-1MO-1V 

A 
B 
C 
D 
E 

X 
X 

.003 • 
X 
X 

X 
X 

X 
X . 

X 
.003 

.002 

.003 
.002 
.002 

X 
X 

—A— 
X 
X 
X 
X 
X 

A aieana part uya dead to punch aüïficëwïthlïttlëorno finaer ore asure. 
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TABLE A-14(Cont,d) 

Part 
Identification 

Number 

Zone 

1 2 . 3 • 4 5 6 7 8 

58 
.070-8A1-1MO-1V 

A 
B 
C 
D 
E 

X 
X ' 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X X 

X 
X 
X 

59 
.070-8A1-1MO IV 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 

60 
. 070-SAl-lMo-lV 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X X 

X 
X 
X 

61 
. 070-6A1-4V 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 

62 
. 07Õ-6AI-4V 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 

.005 

63 
. 070-6A1-4V 

A 
B 
C 
D 
E 

X 
X 

.005 
X 
X 

X 
X 

X 
.005 

X 
.005 

X 
.005 

X 
.012 

X 
X 

X 
X 
X 

.005 

.005 

64 
. 070-6A1-4V 

A 
B 
C 
D 
E 

X 
X 
X 

.005 
X 

X 
X 

.005 

.005 
.005 
.005 

.005 

.005 
.010 
.015 

.007 

.008 
X 
X 

.010 

65 
. 070-6A1-4V 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 

66 
. 070-6A1-4V 

A 
B 
C 
D 
E 

V 
Ik 

X 
X 
X 

.005 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 

A-70 (Sheet 7 of 8) 



TABLE A-14(Cont'd) 

Part 
Identification 

Number 

Zone 

1 2 3 4 5 6 7 8 

67 
. 070-6A1-4V 

A 
B 
C 
D 
E 

X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 

68 
. 070-6A1-4V 

A 
B 
C 
D 
E 

X 
X 

.005 
X 

.005 

X 
X 

X 
X 

X 
X 

X . 
.005 

X 
X 

X 
X 

X 
X 
X 
X 

.005 

69 
. 070-6A1-4V 

A 
B 
C 
D 
E 

X 
X 
X 
X 

.005 

X 
X 

X 
.005 

X 
.005 

P. 005 
.005 

.005 

.005 
X 
X 

X 
X 
X 
X 

.005 

70 
. 070-6AI-4V 

A 
B 
C 
D 
E 

X 
X 
X 
X 

.005 

X 
X 

“7003 
.005 

.003 

.005 
.003 
.005 

.005 

.005 
X 
X 

X 
X 
X 
X 

.005 

71 
. 070-6A1-4V 

A 
B 
C 
D 
E 

X 
X 

.005 
X 
X 

X 
X 

.003 

.005 
.003 
.005 

.005 

.005 
r .005 

.008 
X 
X 

X 
X 
X 
X 
X 

72 
. 070-6A1-4V 

T.FfMTKn. HY'i mon 

A 
B 
C 
D 
E 

X 
X 

.005 . 
X 
X 

X 
X 

.003 

.005 
.003 
.005 

.005 

.005 
.005 
.008 

X 
X 

X ' 
X 
X 
X 

-jOOS 
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TABLE A-i5 

PART 4, ZEE 

TWO-STEP FORMING, RDM 1516 

NOTES: 

1. This chart is a dimensional check of parts back to the cold die. 
2. V = Lays dead to die surface with little or no finger pressure. 
3. X = Wrinkled area 

PART IDENT. NO. 

ZONE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1A V V V V V V V V V V V V 

IB V V V V V V V V V V V V 

1C V V V V V V V V V V V V 

2A V V V 
• 

V V V V V V V V V 

2B y V V V V V V V V V V V 

2C V V V V V V V V V V V V 

3A V V V V V V V V V V V V 

3B V V V V V V V V V V V V 

3C V V V V V V # V V V V V V 

4A V V V V V V V V V V V V 

4B V V V V V V V V V V V V 

LJC V V V V V V V V V V V V 

Area 5 V V X V V X X X V X X ■ X 

Area 6 X X X X X X X X X X X X 

, 

• 



PART IDENT, NO. 

ZONE 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

1A V V V 

U
se

d
 F

o
r 

T
o

o
l 

P
ro

v
in

g
. 

V V V 

U
se

d
 F

o
r 

T
o

o
l 

P
ro

v
in

g
. 

V V 

IB V V V V V V V V 

1C V V V V V V V V 

2A V V V V V V V V 

2B V V V V V V V V 

2C V V V V V V V V 

3A V V V V V V V V 

3B V V V V V V V V 

3C V V V V V V V V 

4A V V V V V V V V 

4B V V V V V V V V 

4C V V V V V V V V 

Area 5 X V X V X V X X 

Area 6 X X X X X X X X 
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TABLE A-16 

PART 5, FRAME 

ONE-STEP FORMING, RDM 1498 

NOTES: 
1. This chart is a dimensional check of parts to the checking fixture. 
2. y = 90° 

PART IDENT. NO, 

ZONE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Al .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 

A2 .105 .100 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 

A3 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 

A4 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 

A5 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 

A6 .105 .105 .100 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 
A7 .105 .105 .100 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 

A8 .105 .105 .090 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 

A9 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 

A10 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 

B1 V V V V V V V V V V V V V V V V V V 

B2 V V V V V V V V V V V V V V V V V V 

B3 V V V V V V V V V V V V V V V V V V 

B4 V V V V V V V V V V V V V V V V V V 

B5 V V V V V V V V V V V V V V V V V V 

B6 V V 93° V V V V V V V V V V V V V V V 

B7 V V 93° V V V V V V V V V V V V V V V 

B8 V V 93° V V V V V V V V V V V V V V V 

B9 V V V V V V V V V V V V V V V V V V 

BIO V V V V V V V V V V V V V V V V V V 
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PART IDENT. NO. 

ZONE 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

A1 .105 .105 .105 .105 .105 .105 .105 105 .105 .105 .100 .105 .105 .105 .100 .105 .105 .105 
A2 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .100 .105 .105 .105 .100 .105 105 .105 
A3 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .100 .105 .105 .105 .100 .105 105 .105 
A4 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .100 .105 .105 .105 .100 .105 105 .105 
A5 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .100 .105 .105 .105 .100 .105 105 .105 
A6 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .100 .105 .105 .105 .100 .105 105 .105 
A7 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .100 .105 .105 .105 .100 .105 105 .105 
AS .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .100 .105 .105 .105 .100 .105 105 ,105 
A9 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .100 .105 .105 .105 .100 .105 105 .105 
A10 .105 .105 .105 .105 .105 .105 .105 .105 .105 .105 .100 .105 .105 .105 .100 .105 105 .105 
R] V V V V V V V V V V V V V V V V V V 

B2 V V V V V V V V V V V V V V V V V V 

B3 V V V V V V V V V V V V V V V V V V 

B4 V V V V V V V V V V V V V V V V V V 

B5 V V V V V V V V V V V V V V V V V V 

B6 V V V V V V V V V V V V V V V V V V 

B7 V V V V V V V V V V V V V V V V V V 

B8 V V V V V V V V V V V V V V V V V V 

B9 V V V V V V V V V V V V V V V V V V 

BIO V V V V V V V V V V V V V V V V V V 
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TABLE A-16 

PART 5, FRAME 

ONE-STEP FORMING, RDM 1498 

NOTES: 
1. This chart is a dimensional check of parts to the checking fixture. 
2. y = 90* 

PART IDENT. NO. 

ZONE 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 

A1 070 .060 .060 .060 .060 .060 .055 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 

A2 070 .060 .060 .060 .060 .060 .055 060 ,060 .060 .060 ,060 ,060 .060 .060 .060 ,060 060 

A3 ,070 .060 .060 .060 .060 .060 .055 ,060 ,060 .060 ,060 060 ,060 .060 .060 .060 ,060 .060 

A4 ,070 .060 .060 .060 .060 .060 .055 ,060 .060 .060 .060 t060 ,060 .060 .060 .060 ,060 .060 

A5 ,070 .060 .060 .060 .060 .060 .055 060 .060 ,060 .060 ,060 060 .060 .060 .060 ,060 .060 

A6 ,070 .060 .060 .060 .060 .060 .055 ,060 .060 .060 . 060 ,060 ,060 .060 .060 .060 ,060 .060 

A7 ,070 .060 .060 .060 .060 .060 .055 ,060 .060 .060 .060 ,060 ,060 .060 .060 .060 ,060 ,060 

A8 ,070 .060 .060 .060 .060 .060 .055 ,060 .060 .060 .060 .060 ,060 .060 .060 .060 .060 ,060 

A9 ,070 .060 .060 .060 .060 .060 .055 ,060 .060 .060 .060 .060 ,060 .060 .060 .060 .060 060 

A10 ,070 .060 .060 .060 .060 .060 .055 ,060 .060 .060 .060 ,060 .060 .060 .060 .060 .060 .060 

B1 V V V V V V V V V V V V V V V V V V 

B2 V V V V V V V V V V V V V V V V V V 

B3 V V V V V V V V V V V V V V V V V V 

B4 v V V V V V V V V V V V V V V V V V 

B5 V V V V V V V V V V V V V V V V V V 

B6 V V V V V V V V V V V V V V V V V V 

B7 V V V V V V V V V V V V V V V V V V 

B8 V V V V V V V V V V V V V V V V V V 

B9 V V V V V V V V V V V V V V V V V V 

BIO V V V V V V V V V V V V V V V V V V 
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PART ©ENT. NO. 

ZONE 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 

A1 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .000 .060 ,060 .060 .060 .060 .060 .060 

A2 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 ,060 

A3 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 ,060 

A4 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 ,060 

A5 .060 .060 .060 .060 .060 .080 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 ,060 

A6 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 ,060 

A7 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 

A8 .060 .060 .060 .060 .060 .060 .060 .060 . 06C .060 .060 .060 .060 .060 .060 .060 .060 .060 

A9 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 .060 

A10 .060 .060 .060 .060 .060 .060 .060 .060 ,060 .060 .060 .060 .060 .060 .060 .060 .060 ,060 

B1 V V V V V y V V V V V V V V V V V V 

B2 V V V V V V V V V V V V V V V V V V 

B3 V V V V V V V V V V V V V V V V V V 

B4 V V V V V V V V V V V V V V V V V V 

B5 V V V V V V V V V V V V V V V V V V 

B6 V V V V V V V V V V V V V V V V V V 

B7 V V V V V V V V V V V V V V V V V V 

B8 V V V V V V V V V V V V V V V V V V 

B9 V V V V V V V V V V V V V V V V V V 

BIO V V V V V V V V V V V V V V V V V V 
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TABLE A-17 

PART 6, CHANNEL 

ONE-STEP FORMING, RDM 1496 

NOTES: 
1. This chart is a dimensional check of parts bade to the cold die. 
2. V = 90° 
3. »Part used for tool proving. 
4. **Cracked area. 

PART IDENT. NO. 

ZONE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1A .005 .0 .005 .003 .003 .003 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
2A .005 -0 .005 .003 .003 .003 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
3A .005 .0 .005 .003 .003 .003 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
4A .005 .0 .005 .003 .003 .003 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
5A .005 .0 .005 .003 .003 .003 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
IB .005 .005 .005 .003 .003 .003 .005 .005 .0 .0 .0 .005 .0 .0 .0 .0 .0 .0 
2B .005 .005 .005 .003 .003 .003 .005 .005 .0 .0 .0 .005 .0 .0 0 .0 .0 .0 
3B .005 .005 .005 .003 .003 .003 .005 .005 .0 .0 .0 .005 .0 .0 .0 .0 .0 .0 
4B .005 .005 .005 .003 .003 .003 . 005 .005 .0 .0 .0 .005 .0 To .0 .0 .0 .0“ 
5B .005 .005 .005 .003 .003 .003 .005 .005 .0 .0 .0 .005 .0 .0 .0 .0 .0 .0 
ic V V V V V V V V V V V V V V V V V V 

2C V V V V V V V V V V V V V V V V V V 

3C V V V V V V V V V V V V V V V V V V 

4C V V V V V V V V V V V V V V \ V V V 

,½ 5C V V V V V V V V V V V V V V V V V V 



PART IDENT. SO. 

ZONE 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

1A .0 .0 .0 .0 .0 .0 * ** .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

2A .0 .0 .0 .0 .0 .0 ** .0 >0 .0 .0 .0 .0 .0 .0 .0 .0 

3A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
4A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
5A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
IB .0 .0 .0 .0 .0 .0 ** .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
2B .0 .0 .0 .0 .0 .0 ** .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
3B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
4B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
SB .0 .0 .0 .0 .0 .0 .0 .0 .0 •° .0 .0 .0 .0 .0 .0 .0 

-4 ic V V V V V V V V V V j V V V V V V V 

-4 2C V V V V V V V V V V V V V V V V V 

-4 3C V V V V V V V V V V V V V V V V V 

-4 4C V V V V V V V V V V V V V V V V V 

-4 5C V V V V V V V V V V V V V V V V V 
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TABLE À-17 

PART 6, CHANNEL 

ONE-STEP FORMING, RDM 1496 

NOTES: 
1. This chart is a dimensional check of parts back to the cold die. 
2. y * 90* 

PART IDENT. NO. 

ZONE 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 

1A .0 .0 .0 .0 .0 .C .0 .0 .U .0 .0 .0 .0 .0 .0 .0 .0 .0 
2A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
3A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
4A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .6 .0 
5A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
IB .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
2B .0 .° .° .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
3B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
4B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
5B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

-41C V V V V V V V V V V V V V v V 
v 1 v 1 V 

-42C 
vl 

V V V V V V V V V V V V V V V V V 

^13C V V V V V V V V V V V V V V V v 1 v V 

«44C V V V V V V V V V V V V V V V V V V 

-Í5C 
v! 

V V V V V V V V V V V V V V V V V 

_t 
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PART IDENT. NO. 

ZONE 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 

1A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
2A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .01 .0 .0 .0 
SA .0 .0 .0 .0 .0 .0 .0 -0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
4A .0 .0 -0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
5A .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
IB .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
2B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
3B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
4B .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 
5B .0 .0 .0 .0 .0 .0 .0 .0 .0 0 .0 .0 .0 .0 .0 .0 .0 .0 

-4^c V V V vl V V V 
v v V V V V V 

v] V 1 V V 

-42C V V v V V V V V V V V V V V V V 1 V V 

-4.3C 7 V V V V V V V V V V V V V V V V V 

-44 C V V V V V V V V V V V V V V v 1 V V V 

-45C V V V V V V V V V V V V V V V V V V 

A-81 (Sheet 4 of 4) 



TABLE A-18 

PART 6, CHANNEL 

TWO-STEP FORMING, RDM 1510 

NOTES: 
1. This chart is a dimensional check of parts back to the cold die. 
2. X ■ Little or no finger pressure; lays "dead” to die surface. 
3. y * 90° 

PART IDENT. NO. 

ZONE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1A .X .X .X .X .X .X .X .X .X .X .X .X • X .X .X .X .X .X 
2A .X .X .X .X • X .X .X .X .X .X .X • X .X .X .X .X .X .X 
3A • X .X • X .X .X .X .X .X • X .X .X .X .X .X .X .X .X .X 
4A .X • X • X .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X 
5A .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X 
IB .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X • X .X .X 
2B .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X • X .X 
3B .X .X .X .X • X .X .X .X .X .X • X .X .X .X .X .X .X .X 
4B .X .X .X .X .X .X .X • X .X .X .X .X .X .X .X .X .X .X 

5B .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X 
1C V V V V V V V V V V V V V V V V V V 

2C V V V V V V V V V V V V V V V V V V 

^3C V V \ V V V V V V V V V V V V V V V 

4C V V V V V V V V V V V V V V V V V V 

5C V V V V V V V V V V V V V V V V V V 
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PART IDENT. NO. 

ZONE 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

1A .X .X .X .X .X .X .X .X .X .X .X .X .X .X • X .X .X .X 

2A .X .X .X .X .X .X .X .X .X .X .X .X .X .X • X .X .X .X 

3A .X .X .X .X .X .X .X .X .X X .X .X .X .X .X .X • X • X 

4A .X .X .X .X .X • X .X .X .X .X • X .X .X .X .X .X • X .X 

5A .X .X .X .X .X • X .X .X .X .X .X .X .X .X .X .X .X .X 

IB .X .X .X .X .X • X • X .X .X .X .X .X .X .X .X .X .X .X 

2B .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X • X .X .X 

3B • X .X • X .X .X .X .X .X .X .X .X • X .X .X .X .X .X .X 

4B .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X .X • X 

SB .X .X .X .X .X .X .X .X • X .X .X .X .X .X .X .X .X .X 

.cjCIC V V V V V V V V V V V V V V V V V V 

^X2C V V V V V V V V V y V V V V V V V V 

^30 V V V V V V V V V V V V V V V V V V 

^40 V V V V V V V V V V V V V V V V V V 

^j[5C V V V V V V V V V V V V V V V V V 
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TABLE A-18 

PART 6, CHANNEL 

TWO-STEP FORMING, RDM 1510 

NOTES: 
1. This chart is a dimensional check of parts back to the cold die. 
2. V = 90* 

PART IDENT. NO. 

ZONE 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 

1A .005 .005 .005 .005 .005 .005 .005 .005 .005 005 .005 .005 .005 .005 .005 .005 005 005 

2A .005 .005 .005 .005 .005 .005 .005 .005 .005 005 .005 .005 .005 .005 .005 .005 .005 005 

3A .005 .005 .005 .005 .005 .005 .005 .005 .005 005 .005 .005 .005 .005 .005 .005 .005 .005 

4A .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

5A .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

IB .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 005 

2B .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 r 005 ,005 

3B .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

4B .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 ,005 

5B .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 ,005 

^JIC V V V V V V V V V V V V V V V V V V 

^2C V V V V V V V V V V V V V V V V V V 

-43C V V V V V V V V V V V V V V V V V V 

^4 C V V V V V V V V V V V V V V V V V V 

^5C V V V V V V V V V V V V V V V V V V 
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PART IDENT. NO. 

ZONE 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 

1A .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 . 005 .005 .005 

2A .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

3A .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

4A .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

5A .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

IB .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

2B .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

3B .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

4B .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

SB .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

^CIC V V V V V V V V V V V V V V V V V V 

^C2C V V V V V V V V V V V V V V V V V V 

•413C V V V V V V V V V V V V V V V V V V 

<4:40 V V V V V V V V V V V V V V V V V V 

45C V V V V V V V V V V V V V V V V V V 
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EMPIRICAL TIME AND TEMPERATURE CHARTS 

These charts represent the time-tenperature variables utilized during the 
testing of each die which resulted in the forming of acceptable parts. As 
can be readily seen, there are wide variations of time-tençerature conditions. 

Since only twelve details were formed for each alloy, additional time-tempera¬ 
ture variations were tried for each part. The optimum empirical time-tempera¬ 
ture combinations were found to be largely dependent upon part geometry and the 
type of forming operation. The higher the temperature, the lower the cycle 
time; however, in the case of 6Al-6V-2Sn, it should be noted that the degrad¬ 
ation of the resulting properties increases in direct relationship to the 
increase in temperature. 

Draw forming and pressure pad forming take approximately one-half the forming 
time as compared to hot sizing (after preforming) operations for any given 
temperature. 

To utilize the information presented in these charts, along with the other 
information in sections VI - XI, and to apply it to other parts, the following 
steps should be followed: 

• Match the new part geometry as closely as possible to one of the 
six shapes depicted in this report. 

e Select the lowest time-temperature combination for the particular 
alloy to be used. 

e Select the type of tool to be used (draw form, pressure pad, or 
hot sizing) based on the geometric complexity of the part and the 
ability of the tool to provide conplete forming. 
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DOCUMENT CONTROL DATA - RftD 

(CONT'D) 

Grumman's one-step hot forming of the complex-compound shaped parts were 
major achievements in titanium forming. This vertical draw forming oneration 
is described in detail in Section IX. Grumman also developed a horizontal 
draw forming technique that makes it possible to form curved "hat" and 
channel sections with deep chordal heights. This technique eliminates costly 
preform operations such as brake forming, stretching, drop hammering, and 
rubber forming. 
Based on generally lower tool fabrication costs, time-savings, and opportun¬ 
ities for greater latitude in the design of aircraft parts, Grumman believes 
that the one-step forming process is preferable for all six parts. 
This final report also documents: 1) The metallurgical tests performed on 
all three alloys—8 Al-lMo-lV, 6Al-6V-2Sn, and ÓA1-4V; 2) Grumman's method 
of determining the time-temperature parameters and minimum bend radii values 
of the three alloys tested; and 3) The feasibility of simultaneous forming 
and aging of production parts from solution-treated 6A1-4V alloy using short- 
time aging cycles. 
This document is subject to special export controls and each transmittal to 
foreign governments or foreign nationals may be made only with prior approval 
of the Manufacturing Technology Division, Air Force Materials Laboratory, 
MATF, Wright-Patterson Air Force Base, Ohio 45433. 
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