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ABSTRACT

The forming of typical contoured airframe skins by Shear Forming or
Floturning normally requires a preformed blank, The press forming of HK3lA
Magnesium Alloy must be done on heated dies.

A fabrication procedure combining template controlled power spinning
and Floturning would make it possible to start with a flat blank thereby
eliminating the problems encountered with heated press dies,

The various‘operation configurations and thicknesses are calculated
using standard Floturn methods combined with new methods of calculating
material displacement so as to provide uniform ratios of reduction.

Two test lots oif material were processed through the first three of
four operations. After the first lot, bthe blank thickness was increased
and the thickness of all operations re-calculated to compensate for cver-
thinning encountered due to material ductiiity,

The feasibility of forming contoured airframe skins of HK31A Magnesium
Alloy is proven, provided the temperature of the tooling and workpiece is
maintained at 700°F. The last operation was not completed due to problems
of tooling distortion encountered at operating temperature.
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1.

FABRICATION OF AN HK31A MAGNESIUM ALLOY AIRFRAME SKIN
PROJECT TN2-8106
CONTRACT NUMBER: DA-33-008-0RD-208L
PART 1.

Objecbg

The object of this program was to fabricate Ogival contoured airframe
skins of HK31A Magnesium Alloy utilizing the roll forming technique,

Summary:

The configuration of typical contoured airframe skins generally requires
that a drawn preform is necessary to satisfy the basic theory of axial displace-
ment of material by strict adherence tc standard shear forming procedures,

Since the forming of HK321A Magnesium Alloy by conventicnal press methods
requires heated dies, a fabricaticn proccedure that would eliminate the require-
ment for prefcrmed blanks would permit more effective utilizatior. of the advan-
tages of the shear forming process.

The forming of HK31A Magnesium Allcy by a combination of shear forming and
spirning had been successfully accomplished through the first thrae of the four
forming cperations. Due to the tcoling problems encountered with elevated tem-
perature coupled with ths extreme slenderness ratio of the fourth operation arbor,
the fourth forming operaticn was unsuccessful. Accordingly, the required fabriza-
ticn and delivery of six airframe skins were not mads.

Corclusionss

The forming of Ogival Contouwred Airframe Skins of HK31A Magnesium Alloy by
a combination of shear forming and template~controlled power spinning starting
with a flat blank of sheet or plate stock iz enitirely feasible, provided that the
workpiece and tocling are maintained at a suitable temperature,

Recommendationgss

Based upon the results of this problem, the outlined prccedure for fabricat-
ing Ogival Contoured Airframe Skins should be adopted as the standard manufactur-
ing method for all future requirements,

Additional development work would be required to arrive at the best methods
of overceming or compensating for differential expansion between the tooling
material and workpiece material, and to elimirate tocling distortion caused by
ron-uniform heating of the tooling.




PART II

Introduction::

The basic theory of Shear Forming is based upon the axial displacement
of material. This theory, in its simplest form, can be illustrated by the
relation between a flat blank and a straight sided cone made from a flat
blank as shown in Figure 1.

_._..__._.1_

- Q ] The thickness obtained is
determined by the starting
blank thickness and the angle
of the part. Since the blank
thickness remains constant as
well as the angle of the part,
the thickness produced will
be constant throughout the

length of the cone.

If a contoured part were
made from a flat blank by
means of Shear Forming alone,
the results would be as indi-
cated in Figure 2,

Since the side angle of the
part is continuously changing,
the thickness of the part
would taper throughout the
T length of the contoured sec-
tion.

FIGURE 2
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FIGURE 3

In order to produce a contoured part with a uniform wall thickness, by
axial displacement alone, a blank must be provided which has a suitable axial
thickness at any distance from the center line of the part. Figure 3 shows
this requirement and also one possible solution. This approach requires that
a very thick piece of material be used and considerable time be expended to
obtain the desired variation of axial thickness. The desired condition may
be obtained more readily by using a suitably shaped preformed blank as shown
in Figure L.
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FIGURE 4
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In order to overcome the need for Press Forming a blank, it was felt that
a variation of the Shear Forming procedure could be devised whereby the axial
thickness could be increased by gathering material from a larger diameter.
Figure 5 illustrates the basic idea as applied to a simple, one-atep operation,

The contoured part shown in Figure 5 is considered to be composed of a
number of straight sided conical sections all having the same normal thickness
but with the axial thicknesa increasing as the side angle becomes smaller. There-
fore, T/ is greater than T’ . The axial thickness of all incremental conical
sections is greater than the thickness of the flat starting blank although the -
normal thickness of the part is less than the starting thickness. The formirg
of the part would have to be done in such a manner that the volume of material
in each incremental conical section came from a suitable section of the start-

ing blank. Later in the report, this. approach will be further claritied and
applied to multiple opergtions.
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50
APPLICATION OF THEORY TO SPECIFIC PART

A detailed study of Skin; A.K. Section TA-34-=130 shown on Figure 6, indi-
cated that four operations would be required starting with a blank thickness of
»375. In order to obtain the best results in the fourth operation, all plann-
ing was based upon making the first three operations combined Shear Forming and
Spinning, while performing just Shear Forming in the fourth operation.

A comparison of thicknesses required and effective angle throughout the
contour of the part indicated that from the small end to Station 23 Shear Form-
ing only was required and the resulting thickness up to Station 23 would be more
than specified. This excessive thickness would be removed by conventional mach-
ining methods after completion of forming.

In order to avoid confusion; point numbers were substituted for station
numbers as in eartier operations there would be no direct correlation between
the actual length of the part and the station number. Point O was placed at
Station 10 just beyond the offset at the small end so that, in the event it is
desired to relate point numbers to Station numbers, the corresponding station
number may be obtained by adding 10 to the point number.

In order to compensate for the tendency of ductile materials to overthin
because of material being forced up the arbor, all calculations were based upon
the assumption that the starting blank was .3L0 thick instead of .375, thereby
incorporating an allowance of approximately 10%.

All calculations required to establish part configurations in each opera-
tion are presented in Appendix A, and the configurations obtained are shown on
Figures 7 through 10, and are presented in reverse order of forming so as to
correspond to the order of calculations.

OPERATIONAL PROCEDURE

A preliminary lot of fifteen blanks .375 thick were processed through the
first three operations sc as to obtain preliminary information ccvering various
machine settings and procedures.

Following completion of preliminary work, a second lot of fifteen blanks
was processed. A detailed description of the methods used and results obtained
cn this lot of parts is presented in Appendix B.

As indicated in Section 5 of Appendix B, no significant results were ob-
tained in the fourth operation due to distortion of the arbor when heated to
operational temperature. No distortion had been noted when performing the
first three operations. However, the first three arbors are relatively short
compared to the fourth arbor so that the condition was completely unexpected.

When the arbor was first brought to operating temperature and checked for
runout at the small end, it was discovered that runout of the order of .0l0 T.I.R.
existed; however, this was attributed to an error in the machining of the mount-
ing surface at the large end of the arbor. This runout condition at the small

end was corrected by inserting shim stock at suitable points between the arbor
adapter and the spindle nose.




6.

When a condition had been established which provided a maximum runout of
002 T.,I.R. at the small end of the arbor, a short part from the first test lot
of blanks‘was placed on the arbor and Floturned. While no difficulty was en-
countered as far as material fractures were concerned, a pronounced bubble or
raised area appeared in the part. This bubble extended the length of the part
and approximately 90° around the part. This condition was visible while the
machine was still running and interpreted to mean that an excessive runout condi-
tion existed resulting in an unequal gap between the roller and arbor during each
revolution of the arbor.

As soon as the part was removed from the arbor, the runout condition was
checked, and it was found that the small end of the arbor ran out .010 T,I.R.,
while at a point at the middle of the arbor the runout was .020 T.I.R. and only
«.003 at the large end. This runout condition indicated clearly that the arbor
was distorted, but it appeared that this difficulty could be overcome by re-mach-
ining the arbor while it was held at operating temperature. The roller was removed
from the Floturn Machine and replaced with a tool block and a cut taken over the
entire surface of the arbor. The depth of cut was held to the minimum which would
allow for clean-up,

Following re-machining of the arbor, another part from the first test lot of
blanks was placed on the arbor andi Floturned. During the Floturn operation a
series of very pronounced wrinkles developed in a spiral pattern on one side of
the part. These wrinkles were a’; an angle of approximately 60° to centerline and
had a peak to peak length of about one inch, The height of the wrinkles became
greater and greater as the operation progressed until several were so great that
they were caught under the roller and mashed flat, fracturing the part. The re-
sults obtained on this part again indicated that excessive runout of the arbor was
causing a variation of the effective gap between the roller and arbor.

As soon as the part was removed from the arbor, a check was made to determine
the amount of runout existing at the small end. Without tailstock support the
small end of the arbor ran out ,030 T.I.R.

As a result of the development of such an excessive amount of runout during
the running of a part, extensive checks and observations were made of the behavior
of the arbor when heated by the internal rods alone, both when the spindle was sta-
tionary and when rotating continuously. As a starting point, the arbor was allowed
to remain stationary with the high point of the end runout up. In other words, the
small end of the arbor was .0l5 above centerline. Within a period of fifteen min-
utes the end of the arbor dropped to a point .004 below centerline, which resulted
in a runout of ,008 T,I.R. with the high point 180° from the original location.

At first it appeared that the end of the arbor was dropping because it was
heated to a point where the arbor material was approaching a plastic state. Fur-
ther observation of the action of the arbor led to the conclusion that this was not
the case but that with the arbor stationary the internal rods tended to heat ‘the por-
tion of the arbor above centerline more than the portion below centerline. As a re-
sult of this differential heating, the side of the arbor above centerline expanded
more than that below centerline, Further experimentation revealed that the arbor
could be restored to a true running condition most quickly by stopping the spindle
with the high point down and applying additional heat to the underside by means of
a propane torch. The amount of movement of the small end was gaged by means of an
indicator contacting the underside of the arbor very close to the small end.
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STA.(DATUM) [INSIDE OIR. | THICKNESS

10 44621010 0294 t o004
/1 4.853 .030%
l2 5232 0312
) 5.600 032}
14 5958 0230
15 6.304 0339
TECTIVE FINISH: FINISH N® 84 OF l6 b.£40 .0348
s rL-17d 17 6.966 .0357
I THICKNESS FRCM STA 9.75 FORWBRRD /8 728\ 0366
-E_. 027 * 004 19 7.587 .0375
" ALL OVER 20 7.879 .0384
OUTER SURFRCE OF THE PART el 8.163 0393
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2] 10.417 .048%
32 [0.584- .0419¢,
23 10.742 050}
14 lo.890 .0510
T8 |1.026 0519
26 .15z 0528
37 I1.269 .0527
38 11.275 .054¢
39 .47 .0555
40 11.667 X.010| 0564
41 11.636 X.005] .057%
42 i1,70% .05 82
" 43 11.757 0591
'__“\Vé'dgE OFGP“RT 44 11.80] 0600
45 11.825 .0609
40 11.859 0618

47 11.872. ¢ 0627 §

48 [1.876 .005| .0636*.004
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STA. 8.25 REF

RANGE |

THICKNE S

IN THIS

X Y THICKNESS-T-
l.750 44463010 .064
2750 4.853 062
3,750 52132 .060
4.750 5.600 058
5,750 5958 056
6.750 6.304 054
7.750 6.640 052
8.750 £.9606 .050
q.750 7.281 .04 8
10.750 7.587 .04-6
11,750 7.879 .04 4
le. 750 B8.167% .042
13,750 8.436 0402 t o004
i4.750 8.698 041
15.750 8.94-8 .0420
16.750 9.190 0429
17.750 9.420 .04-38
18.750 9.64| 0447
19.750 9.851 04506
20.750 1C.049 04065
21.750 10.237 .0474
22,750 10.417 0483
23750 *10.584 0492
24.750 ]10.74-2, 050/
25.750 10.890 .05)0
26,750 11.02.6 0519
27,780 I.15¢2 0528
28,750 i1.269 .051%7
29.750 11.375 0546
20.750 1471 g 0555

3),750 ]1.5657 t oo 05064
22.750 [1.636 2 0¢5| 0573
33.750 11.70% L0582
34 750 .75 7 .059)
25.750 [1.80) 0600
246.750 (1.825 L0609
27.750 1.8859 068
38.750 11.872 .0627
293.750 [].876 *005 | 0636F 004

THICK N§
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THICKNESS GIVEN IN THIS

RANGE 1S FLOTURNED IN

THIS OPERRTION - FINISHED

THICKNESS MACHINED IN

NEXT OPERATION- SHOWN

ON DWG *2i30005

THICKNESS GIVEN IN THIS

RANGE |S FINISHED

THICKNESS ~ FLOTURNED

IN THIS OPERATION

X Y THICKNESS-T-
l.750 44463010 064
2750 4853 062
3,750 5232 060
4.750 5.600 .058
5750 5958 056
6780 6.304 .054
7.750 6.640 052
8.750 6960 .0850
9.750 7.281 048
10.750 7.587 046
11,750 7.879 044
12,750 8.163 .042
13.750 &.4306 0402 ¥ 004
i14.750 8.678 0411
15.750 5948 .0420
16,750 9.190 0429
}7.750 9.420 .0438
18.750 9.64] 0447
19.750 3.851 .0450
20.750 10.049 0465
21.750 10.237 L0474
22,750 10.417 04-8%
23,750 "10.584 .0492
24.750 10.74-2 050/
25.750 10.890 .05)0
26,750 11.026 0519
27.7580 iti15e 0528
28,750 11.269 0537
27.750 11.375 L0546
20,750 1).47i 0555
4),750 11.55§7 . 010| .05064%
22.750 [).636 + ccs| 0573
33,750 [1.70% L0582,
34 750 11,787 059
25,750 [{.80] L0ED0
246,750 I1.835 .0609
27.750 1859 ,06l8
38.750 11.872 o627

29,750 [].876*005 | 06362004

FOURTH OPERABTION
FIGURE 7
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385 4,463 102
2.030 48532 .098
2.67) 5232 096
3.208 5.600 .094
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4570 6.304 .090
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|4.485 1c.584 .099
)5.011 10.742 joe
16528 10.890 J06
16035 11.02 ¢ 110
16.533 V.15 2 13
)7.022 1).269 17
1 7.499 il 375 .lee
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18.8¢63 11.626 1Z8
19.290 11.70% J45
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20.094 11RO J60
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20.893 11.859 de§5
2).29% 11.872 o7
21.693 N.87¢& 167
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X Y THICKNESS~-T
847 4.443 228
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Once the arbor was restored to a true running condition, it seemed to re-
main fairly true as long as the spindle was kept rotating. In order to avoid
stopping the spindle for more than a few seconds, the procedure for checking
the template setting and corresponding roller gap was modified so that only
three points were checked with feeler gages, and these checks made as rapidly
as possible with the spindle restarted as soon as practical.

Another part from the first test lot of blanks was placed on the arbor and
brought to heat as rapidly as possible and the roller feed started. The roller
had just contacted the part when the part failed due to hot fractures in an area
three inches ahead of the roller. A check of part temperature was made with an
electric pyrometer as soon as the spindle could be brought to a stop. The tem-
perature of the part in the area of the fracture was 840°. This excessive heat
resulted from use of too large a torch flame in an effort to raise the tempera-
ture of the heavy end of the part rapidly.

The arbor was again checked for runout and restored to a true running con-
dition by selective heating and another test part placed on the arbor. The part
was brought to operating temperature and the roller started on its working pass.
As the roller progressed along the part a bubble appeared very similar to that
encountered in the first part run. In addition, as the roller approached a point
approximately twelve inches from the small end, a series of wrinkles started de-
veloping in the part 180° from the bubble. These wrinkles became progressively
worse and extended into the portion of the part ahead of the roller., The roller
folded over and flattened several of the wrinkles and, as a result, fractured
the part.

Due to the failure of all attempts up to this point to maintain a satisfac-
tory runout condition of the arbor when operated at an elevated temperature, it
wag decided to investigate the possibility of performing the operation with the
arbor at room temperature., The arbor was re-machined at room temperature to re-
establish a true running condition and two trials made with parts #lL and #6
from the second lot of blanks. In both cases, the parts fractured in the step
in the nose. The parts could not be heated to a suitable temperature due to the
chilling effect of the cold arbor.

Further thought was given to the problem of distortion of the arbor when
heated to a temperature of 600°., Since the distortion seemed to result from
non-uniform heating of the arbor by the internal rods, which could result from
variations in wall thickness or from variations in the amount of contact between
various rods and the cast surface on the inside of the arbor, it was decided
that a more uniform condition could be obtained if the hollow portion of the
arbor were filled with some conductive material. After considering several pos-
sibilities, steel shot was selected.

The arbor was removed from the spindle, filled with steel shot, and re-
mounted on the spindle. The arbor was brought to temperature by means of the
internal rods and allowed to reach a stable temperature. While a runout condi-
tion did exist as a result of earlier re-machining at non-uniform heat, repeated
checks indicgted that the arbor remained stable without any distortion due to
unequal heating.
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Following the check for stability, plans were made and the set-up
revised to again remachine the arbor at operating temperature in order to
eliminate the existing runout condition. After all preparations were com-
pleted, the arbor was again brought to operating temperature and checked
for stability and machining started. Shortly after the remachining cut was
started, the temperature of the arbor started dropping rapidly, indicating
a loss of power to the internal rods. The cut was allowed to continue to
completion, and then the circuit was checked by the plant electrician who re-
ported that the rods were grounded.

The arbor was removed from the spindle and the shot and rods removed
from the inside of the arbor. All three rods had burnt through on one side
of the arbor at about the middle of their length and some of the steel shot
had fused into a solid mass around the burnt ends of the rods. The cause of
rod failure was not readily apparent, so it was decided to consult the sup-
plier, but in order to avoid any undue delay in the program, the arbor was
refilled with steel shot and work continued with all heating obtained from
propane torches,

Parts #3 and #L were placed on the heated arbor and run. However, Part
#3 fractured in the step in the nose, and part #l4 fractured just beyond the
step.,

The only part remaining that could be used for additional work was one of
the parts from the first test lot of parts. This part was placed on the arbor
and run to full length without fracturing. However, very sharply defined
wrinkles formed throughout the part from approximately point #6 to point #30.
This wrinkled condition resulted from the non-uniform gap between the roller
and arbor.

The problem of rod burn-out was discussed with the supplier, and we were
advised that this failure did not result from the use of steel shot to fill
the inside of the arbor, but was a result of having the rods too firmly re-
strained at the ends so as to prevent the ends of the rods from moving as the
rods reached operating temperature, Since the ends of the rods could not move
as the length increased, the rods bowed in at the center until they touched
and burnt out.

Replacement rods were ordered and plans made to change the manner of
restricting the ends so as to permit movement.

The results obtained through three operations as given in Appendix B
were reviewed to determine the best methods of procedure to be used on another
lot of material. This review and a complete report on further work is given
in Appendix C.
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Following the completion of work as reported in Appendix “C*%, ending
with the failure of a third set of heating rods in the fourth operation in
the arbor, a complete review of the situation was made and the following
determination made:

1. The feasibility of forming HK31lA Magnesium Alloy by a combination
of Floturning and spinning has definitely been proved through the
first three operations as reported in Appendix "C®, provided the work-
piece and tooling are maintained at 700°F., as outlined on Page B-28 of
Appendix "B,

2. All the problems encountered in the fourth operation were a result
of the effect of attempting to maintain a temperature of 700°F. in the

arbor. While similar problems might have been e xpected in the earlier

operations, the extreme slenderness ratio of the fourth operation arbor
compounded the problems.

3. One attempt was made to solve the tooling problems encountered with
elevated temperatures; however, this attempt was unsuccessful.

4. Further work directed toward the solution of elevated temperature
tooling problems is not within the scope of the subject contract.

A

In view of the problems encountered with the fourth operation tooling in
accordance with the foregoing determinations, steps were taken to close out
the contract.
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APPENDIX A
FABRICATION OF AN HK31A MAGNESIUM ALLOY AIRFRAME SKIN
CONTRACT NUMBER: DA-33~008-0RD-208l

The following calculations and dimensions are based on the inside surface of
the part, Therefore the co-ordinates obtained are those for the tooling in
the operation,

The inside configuration of “he fourth operation is that of the finished
part as shown on drawing #TA-34-130.

The same unknowns appear in the calculations for each operation, therefore
the same symbcls are used for these values. A subscript is used with each
symbol to indicate the operation to which that symbol applies. (T}, = thick-
ness in the fourth operation, T3 = thickness in the third operation, etc.)

The first step is to calculate dimensions that will define the jog in the
finished part between station 8.5 and station 10. To locate the intersec-
tion of the 2.000 T.P.I. and .10 T.P.I., see the calculations on page A-3.
Location of the 175 and .202 radii centers are calculated on page A-l.

To allow the finished part to be trimmed at station 8.5, a new inside
bottom, or base for all dimensions parallel to the centerline, will be
established at station 8.25.

In the section from the inside bottom to station 10 or Point O, only Floturn
principles are applied, therefore the diameter at any point on the curve and
the diameters to the center of the two radii do not change, Calculations
for the length of this section for the first, second, and third opérations
are shown on page A-5.

The following calculations are split into two sections. The first section,
from Point O to Point 13 (station 10 to station 23), is based entirely on
Flotum principles holding the axial thickness equal in all operations, The
second section, from Point 13 to Point 38 (station 23 to station L48), is
based on a combination of Floturn and spinning principles, This is required
because the axial thickness of the finished part is greater than the flat
blank thickness in this section.

See page A-6 for an illustration of the Floturn formulas used to calculate
the first section, Columns. 1l through 22, pages A-16 through A-18, show the
chart solutions for this section. Column explanations are given on page A=2
and page A-10. .
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The third operation curve, for the second section, is calculated using

' the Floturn formulas illustrated on page A-6. See page A-7 for an

11lustration of the combination Floturn and spinning formulas used to-
calculate the second operation, first operation, and flat blank of the
second section. We propose to change the axial thickness proportion-
ally through three operations so that the required axial thickness for
each increment is obtained in the third operation. To insure that the

" required amount of material is available for each increment, the volume

of any one increment is equal through all operations, Therefore, as
the axial thickness decreases, the increment of radius increases for
the second and first operations and the flat blank, See page A-8 for
an illustration of one increment from a flat blank to the finished part.
Columns 22 through 6k, pages A-19 through A-2lj, show the chart solution
fo{s this section, ' Column explanations are given on pages A-1l1 through
A=1b, -
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3.438 DIA, —e1.083
3.756 DIA.

3.9/9 DIA.

., 1 [ X

=2
TAN @ =7
~TﬁN°c4=.205' TAN 6 = |.O0O
A+B = .505-.083
A +8B = .422
A = .422 -8B
B TAN«< + A =3.9I9;3.438 — 02757

205 B + A = .21293

2058 t+.422-B = 21293

7958 = .20907
8 = .26298
A =.15902




3.75604 DIA,
.202 RAD.

JT785-RRO.
4.463 DIA, '
h
“4"‘4;6)
o — i — - ~_ Y1 T4
' e f— = 3 Y = J
. ve*
SIN °C4=.20.082
COS =4 =.97965
_TAN,=.20500
i L258 -
STA. 10 STAR B8.742

(POINT =~ 0)

ZCOSgy~.175 SING, +.175SINO +.202 SIN 6 -.202 SIN<+.75/42 =|.258
97963 2 ~.03514+.175 SING® + . 202 SIN® —. 04057+ .75/42 =1.258
V7965 &F = 58229 — 377 SINS

B =.59789 — .38484 SIN @

Z SIN<+ 175 COSocy = . |75 COS © ~,202 COS 6 +.202 COS =<, +.75/42 TAN< =
3 4. 4 =,35348
20082 +.17144~.175 COS ©® —.202COS6 +.,19789 + .15404 =.3534 8

200822 =.377 COS® —./698%
B = 187730 COS® — 84598

59789~ 38484 SING = 1.87730 COS® —. 84598
38484 SIN & = | 44387 — /. 87730 Cos &

SIN® =3.75/187 -4.87813 COS5&

1-COS28 = /4.07653-36.60422C0S® + 23.798/5 cos%e
24.796/5 COS*® ~35.40422c0SO0+ /3.07653 =0
COS*® — |. 47621 CcOs6 +.52736 =0

cos = /,4752/iﬂ;762/‘—465273Q

cos® = ¢.¢zsz¢21.z.s¢u
COS & 7 60605 SIN @ = .79543 &=52°4/" /86"
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BOTTOM OF PART-
UNTRIMMED

(o}
2.770 DIA. (END OF Tool)

3.758 DIA.

4003 DIA.

4.463 DIA, .202 RAD.
175 RAD.
1 ¢« <] l
SINo<z = .29998
| COSx, = .95°378
POINT-0O .300
TANs<, = .3/43.5
CALCULATIONS FOR THIRD OPERRTION
A=.202(29998)= .061 E =.175(.29998) =.053
8=.202(95378) = .193 F=.175(.95398) =.167
=.352 - 8 =.159 G =.230-F = _.063
D=—/%?'=.5—06 H=37§3?—=,200
AX; = .493 +D-A+.300 £ +H =).385 = END_OF T00L To POINT-0

(THIRD oPERATION)

CALCULRTIONS F'OF SECOND OPERAT/ION
SINe<, =.448/2 CoSe«c, =.89397 | TANwxy=.50/27
A=.202(.44812) = .09 E=./75(44812)=.078
B=.202(89397)=.181 A75(.89397)=.156
c = 35,2—5:./7/ =.230~ F =.074
D =575 =-34/ = 3 =./46

]

P G ) S

50127

AX,=.493+D-A+.300-E+ H =1.111 = END OF TOOL TO ROINT-O
(SECOND OPERATION)

CALCULATIONS FOR FIRST OPERATION
A 45° ANGLE WwWILL BE FLOTURNED FROM THE END OF Tool
(2.770 DIR) TO POINT-0O (4.463 DIA.)

ax=44262"2770 = g445= END OF TOOL TO POINT-O(FIRST OPERATION)
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ILLUSTRATION OF THE FLOTURN FORMULARS APPLIED TO ANY
ONE INCREMENT THROUGH ONE FLOTURN OPERATION

STATION-N STATION=-N

STARATION-N+I STATION-Nn +|

-FOURTH OPERATION THIRD OFRPERATION
OR FINISHED PRRT

STATION N : COORDINATES AND WARLL THICKNESS AT EARCH
STATION GIVEN ON FI/NISHED PART DRAWING.

AY, : INCREMENT OR RF?D.IU_‘;' CHRANGE BETWEEN STAT/IONS —
FOURTH OPERATION.

AX,: INCREMENT OR CHANGE |IN LENGTH BETWEEN STATIONS -
FOURTH OPERATION.

Z4=VAY42*AX4:[ P LENGTH OF HYPOTENUSE FOR EACH INCREMENT -
FOURTH OPERATION.

K=¥SiNe, : EQUAL PERCENT OF REDUCTION IN EACH OF FOUR
OPERATIONS =~ FLAT BLANK TO THE FINISHED PART. -
‘CONSTANT IN ALL OPERATIONS FOR ANY ONE INCREMENT.

Z;= KxZ, t LENGTH OF HYPOTENUSE FOR EACH INCREMENT -
THIRD OPERRTION,

AY3=AYy : THE RADIUS AT ANY POINT DOES NOT CHANGE FROM
ONE OPERATION TO ANOTHER.

AX;=V ZZ-AY? : INCREMENT OR CHANGE IN LENGTH BETWEEN
STATIONS —~ TH/RD OPERATION

X,= SUM AX;: THIS DIMENSION ¢ THE CORRESPONDING Y,
DIMENSION GIVES A COMPLETE SET OF COORPDINARTES FOR
THE THIRD OPERATION CURVE,

THESE FORMULAS ARE APPLIED TO EACH INCREMENT THROUGH
THE ENTIRE LENGTH OF THE PART WHERE THE FLOTURN
PRINCIPALS - APPLY. TO GENERATE THE .THIRD OPERATION CURVE
PLOT X; AND CORRESPONDING Y3. THE SAME PROCEDURE IS
REPERTED FOR THE SECOND § FIRST OPERATION CURVES THROUGH

STATION 23,
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ILLUSTRATION OF THE FORMULRS USED IN THE ARER THAT
REQUIRES A COMBEBINATION ©OF FLOTURN AND SPINNING
PRINCIPALSy RPPLIED 70 ONE INCREMENT THROUGH ONF
OPERRTION.

Rs STATION-M
j____f__a_x ) - Rz STATION-N
[ -~ o I
-I! 4y, W‘rni
‘\.rs\ Sa

STATION - N+

THIRD OPERATION SECOND OPERATION

T=FLAT BLANK THICKNESS

ﬁ’r=\’/4-7’7. = RATIO REQUIRED TO CHANGE THE AXIAL THI/ICKNESS
EQURALLY THROUGH THREE OPERRART/IONS FROM THE
ASSUMED FLAT BLANK THICKNESS OF .340 TOo THE
REQUIRED AXIAL THICKNESS Tpe = Taz :

Toz= 282 = AXIAL THICKNESS AT EACH INCREMENT
T, = Ty XSIN o<, = WRLL THICKNESS AT EACH INCREMENT
Ry= RADIUS AT STATION -1 =Y,
S3= RADIUS AT STATION-1+|
= RADIUS AT STATION-N =S, FOR PREVIOUS INCREMENT =Y,

=\/R;+_(s,- ZYR, =RADIUS AT STATION-N+| =R, FOR NEXT
INCREMENT

WL = RAT/O REQUIRED TO GIVE EQUAL PERCENT REDUCTION
THEOUGH THREE FLOTURN OFPERATIONS

. RATIO TO COMPENSRTE For LARGER RADILS AT EACH
SUCCESSIVE STATION DUE TO SPINNING ACTION

Ey= 23 (Rk)g—% = ENGTH ©OF HYPOTENUSE FOR EACH INCREMENT
AX, =V Z}-AY] =INCREMENT OR CHANGE IN LENGTH BETWEEN
STATIONS

Xz = SUM AXy = LENGTH DlMENia‘ION FOR SECOND OPERRARTION
CURVE ' STATION 23 TO STATI?’N 48

T0 GENERATE THE SECOND ¢ FIRST OPERATION CURVES
FROM STRATION 23 TO STAT/ION 48, PLOT X ANDO X, WITH
THEIR CORRESPONDING Y, AND Y, DIMENSIONS

.
\
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ILLUSTRATION OF ONE INCREMENT FROM FLRT BLANK
THEOUG// THE FOURTH ©OPERATION SHOW/ING GRAPHICALLY
LETTER DES/IGNATIONS FOR THE FORMULA BELOw AHAND
THE FOLLOWING CHART SoLUTIOoN FROM POINT-3 T O
POINT- 38

POINT-N POINT=-N POINT-N

R, POINT-N  poinr-N

R

FOURTH
OPERATION " |OPERATION ™~ 4
SECOND
OPERATION ™~ 8
POINT- N+1 POINT-N+! S
: : FIRST >~ S
OPERATION™ _ *
POINT=-N+| A
‘ FLAT
POINT-N+1 . BLANK
POINT-N*t1

THE FORMULA DERIVED BELoW |S USEDL To CALCULATE THE
RADII (R &S) OF ERCH INCREMENT FOR THE SECOND
OPERRATION, FIRST OPERATION ANDO FLAT BLANK FEROM
POINT-13 TO POINT-38,

VOLUME OF ONE INCREMENT THROUGH ALL OPERATIONS IS
EQUAL. THE AXIAL THICKNESS CHANGES FROM THE BLANK TO
THE THIRD OPERRTION. AXIAL THICKNESS IN THE THIRD
AND FOURTH OPERATIONS ARE EQUAL. To4=Tyz Ry=R; 5,=5,

V=0 (5 RE) Thg = (S R) Ths = W(SE=82) Thy = TSRV Gy = W(S=RIT,
&R Tog = (51- R2)Taz |
si-RE = (55-R)F = (54-RS) Rr

S;=rE+(s{-RE )Ry

S} = R (5§-RE) RT

s? = R*+ (sR-R3) RS2
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EXPLANATION OF COLUMN NUMBERS FOR THE FOLLOWING CHART SOLUTIONS
Point Number: Reference number to ease tracing calculations from
one page to another,

Station Number: Given on Drawing #TA-34=130.
' »

X4 t Length dimension from inside bottom of part to each co-ordinate,

2

. Yg= I : Radius at each point.

AX, : Increment of length between points,

Ay, Increment of radius between points,

- /T AV =T

Length of hypotenuse for incremental triangle.

A O,
CETO
Sine of angle of the incremental triangle. Sine of half the included
angle of each conical increment of the part.

K=§SIN =<4 = 4V1C,
Compliment of the percent of reduction for each operation required to
Floturn a flat blank to the finished angle, utilizing four Floturn

‘operations with an equal percent reduction in each operation.

.za-: sz4 =®XC?
I.ength of hypotenuse for incremental triangle.

ax;=VE - aYF = J©-©
Increment of length between points.
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Column No,

Q

®

&)

® ® ®

EXPLANATION OF COLUMN NUMBERS FOR THE FOLLOWING CHART SOLUTIONS

Xy= SUM AXy = SUM QD

Length dimension from inside bottom to each point for third operation
curve. The first value, at point O, is taken from the calculations
on page A-5. To plot curve use X3 and corresponding ).

Z,= kx2,= D~

Length of hypotenuse for incremental triangle.

ax,=vzE-avl = V@ @*

Increment of length between points.

X, = SUM AX, = SUM (@

Length dimension from inside bottom to each point for second operation
curve. The first value, at point 0, is taken from the calculations on
page A-5. To plot curve use X; and corresponding !h.

2= Kx2z,=@x®
Length of hypotenuse for incremental triangle.

ax, =VEI-av: = J@~@*
Increment of length between points.

X,= SUM AX, = SUM @

Length dimension from inside bottom to each point for first operation
curve, The first value, at point 0, is taken from the calculations
on page A-5. To plot curve use Xj and corresponding Y),.

T,= kx.340 = @x.3240
Radial wall thickness for each increment.

Tzz KKT, =®X@
Radial. wall thickness for each increment.

T, = KxT, =(@)x@9
Rridia]. wall t@ckness for each increment,

Taz KxT3=@) @
Radial wall thickness for cach increment.




‘ EXPLANATION OF COI...UHI-}HHBERS FOR THE FOLLOWING CHART SOLUTIONS
Column No,
@ ' Point Number : Same explanation Column @
Station Number: Same explanation Column @

X4 3 OSame explanation Colw @

Y= _I:._z_. : Samé explanation Column (4).
AX 4 ¢ Same explanation Column @

4Y, : Same explanation Column (4).
Z,= Vaxi+avy = + '
Same explanation Column .

sy, @

SIN°C4_=—Z—:-— —_

® ® ® ®© 6 ®

®

Same explanation Golumn

T, ¢ Radial wall thickness (high limit) given on Drawing #TA-3l-130.

T. &

@ ,'7;94 = ’5—,—;—0‘—4‘ = —@— : Axial wall‘ thickness.
Wall thickness for each increment equal for third and fourth operations,
Thickness in increment taken as that at large end of increment.

® K=¥SINe<, =
Compliment of the percent of réduction, for each oneration, required to
Floturn a flat blank to the finished angle, utilizing four Floturn
operations with equal percent reduction in each operation, (Used in
‘the second section to compute the third operation curve only )
#K = ,40000 minimum - holding maximum percent reduction in wall thick-
ness to 60%. :
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Column No,

SNy 4. 8

FXPLANATION OF COLUMN NUMBERS FOR THE FOLLOWING CHART SOLUTIONS

23 = KXEBy = @ x @
Same explanation Column

AXy =VE ~aYE =V @-@

Same explanation Column (/)

Xy = SUMAX, = SUM
Length dimension from inside bottom to each point for third operation
curve, The first value at point 13 is taken from point 13 in Column

2)

Sine of angle of the incremental triangle. Sine of half the included
angle of each conical increment of the part,

T3 T TaaxSINe<; =@ x@ :
Radial wall thickness for each increment, Axial wall thickness in the
fourth operat.on equals the axial wall thickness in the third operation.

. 3/ T 3
Ry =V 7% =V 57¢

Ratio required to change the axial thickness equally through three .
operations from the assumed flat blank thickness of 34O to the required
axial thickness in the third operation,

R2 : Radius at smali end of each increment. (See page A-8 for
i1lustration) Ry = Ih at point 13 for the increment from point 13 to
point 1l. Ry at each successive increment equals Sy from the previous

“increment.

R), ahq S), are taken from Y), (Column @ ). See illustration on page A-8.
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Column No.

EXPLANATION OF COLUMN NUMBERS FOR THE FOLLOWING CHART SOLUTIONS

s, =Rt (- F1)Rr =V B+ B
Radius at large end.of each increment. (See page A-8 for illustration,
and derivation of equation).

Yo, 1 Radius at each point. For example Yp at point 1l equals S, for
increment from point 13 to point 1k.

4Y, : Increment of radius between points.

Re = SIN oe =3T’-\3/—%—

Tas

Ratio to give equal percent reduction in wall thickness for three
operations, and the sine of angle of the incremental triangle.

Av, ®
Z, = 2,"Re* 3 é:"(:?"éii
Length of hypotenuse for incremental triangle.
%g% = : Ratio to compensate for change in radius from third operation
3

to°second operation,

AXz=J2E-ay? = /@3 -4Y
Increment of length between points.

Xz= SUM AX; = SUM®@)

Length dimension from inside bottom to each point for second operation
curve, The first value at point O, is taken from the calculations on
page A-5. To plot curve use X, and corresponding 12.

7y 82

Tﬁ2= T ~ Goy

Axial wall thickness for each increment.

. _ay, _ @

s s R =
Sine of half the included angle.




A-I4

Column No,

EXPLANATiON OF COLUMN NUMBERS FOR THE FOLLOWING CHART SOLUTIONS

T = Tha ® SIN ¢, =@x
Radial wall thickness for each increment.

R) ¢ Radius at small end of each increment. (See page A-8 for
illustration) Ry = Y}, at point 13 for the increment from point 13
to point 1h. R) at each successive increment equals S; from the
previous increment,

= R+ (s4-R )Rr \[@"'@
Radius at large end of each incremcnt. (See page A-8 for illustration,
and derivation of equation).

Y; : Radius at each point, For example Y; at point 14 equals Sp for
increment. from point 13 to point 1.

AY, s Increment of radius between points.

2= ZZ*R, -Aé— @x@*g
Length of hypotenuse for incremental triangle.

-2—;:1— -. t Ratio to compensate for change in radius from second operation
F

to fi.t"st operation.

ax, =V Z-avi = JEF-CF

Increment of length between poimts.

X3 : Length dimension from inside bottom to each point for first
operation curve. The first value at point O, is taken from the
calculations on page A-5. To plot curve use Xj and corresponding Yj.

.Tﬁ,‘: Tnz =@

RN?)

Axial wall thickness for each increment.

T, = Tyr SIN e, =G)x@
Radial wall thickness for each increment.




Column No.

@

EXPLANATION OF COLUMN NUMBERS FOR THE FOLLOWING CHART SOLUTIONS

R : Radius at small end of each increment, (See page A-8 for
illustration). R = Y), at point 13 for the increment from point 13
to point 1. R at each successive increment equals S from the
previous increment.

s=JrR¥+(sE-RORE = JEr @ @)

Radius at large end of each increment. (See page A-8 for illustra-
tion). S for the increment from point 37 to point 38 equals Y at
point 38, This radius (Y) is the large radius of the flat blank
required to Floturn the part to point 38, To allow trim stock at
the large end of the part, a 17" diameter flat blank will be used.
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ORNORNO) ® | ® ® Q) ®
%Q.. \/AX,I* Ay: %Y;‘L Ysine, | Kx2,
Point|Sta, Xy Y4 AXx, ay, 2, SINe, n Zs
No. No.
0 110 ] 1,75 | 2.2315
1 ,1950 | 1,0188] .19139 | 661112 | .67388
11 2,75 | 2,4265
. 1 «1895 | 1.,01780 18619 | .65688 | .66857
2 12 3.75 | 2,6160
1 .1840 | 1,01679 218096 | ,65222 | ,66317
3 113 1 L.75 [ 2.8000
1 .1790 | 1,01589 217620 | 64789 | .65618
S [15 | 6,75 [ 3.1520 )
) . 11 1680 | 1,014,010 216568 | .63800 | .6L69L
6 116 [ 7.75 | 3.3200
1 .1630 | 1,01320 .16088 | .63332 | 61168
1 17 | 8,75 | 3.4830 | -
: 1 <1575 | 1.01233 .15558 | 6280l | .63578
8 18 9475 | 3.6405 :
- 1. .1530 | 1,0116) .1512L | .62362 | .63088
9 119 110.75 | 3.7935
1 #1460 | 1,01060 AUhLT 1 ,61652 | .62306
10| 20 [11,75 | 349395
1 1420 | 1,01003 «1)059 | 61233 | 61847
111 2L (12.75 [ L.0B1S '
1 L1365 { 1,00927 13525 | .606LL | .61206
12 22 [13.75 | L2180
1 «1310 | 1,0085L «12989 | .6003L | .60547
13 23 [1lh.75 | L,3490
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Vat-av} KxZ, | VZ5-8v] Kxz, |JzZ-4Y2
Point .
NO. AX3 X3 ZZ - sz Xz Z, AX, X|
0o | 1,385 1,111 8U7
.6L505 LLli5T72 . L0080 .29481 .22111
1 2,030 : 1,512 1,068
L0115 | - L3917 « 39618 .2884L8 »21751
2 2.67L | ‘ 1,908 1,286
.63713 L13253 | L3914k .28210 | ,21383
3 3.308 - 2.299 : 1.1:99
+63337 112613 38704 .27628 L2105 |
i ‘ 3.92 2,686 1,710
62873 —[Jasm .38163 .2692, | 20630
5 11,570 ' 3,068 1,916
+62475 1275 | L37700 |- 26333 | .20278
6 [ 54195 3.4l5 2,119
.62063 110639 37227 «25737 «19917
.61596 .39930 36693 +250178 «19515
8 6.432 ‘ L.18L 2.513
' .61205 39313 | ".362L6 +24535 .19180
9 7,04k ie5U7 2,705
L60571 | 38113 35530 .23682 .18616
10 7,650 11902 2,892
60195 37871 .35108 .23190 | ,1833)L
«5960l 37118 . 311517 .22510 .17899
12 | B8.8I8 54598 ' : 3,250
459113 «363L49 | 033906 .21822 | L17L53

13
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Kx.340 | KxT, KeT, | kxT,
Point
No. - T, T2 Ts Ta
o T
«225 149 «098 00§5
1 -
n «223 ro]-,-l'.’ «096 .063
0222 2115 09l L0061
3
N +220 «113 092 - 2060
: z .218 .1140 «090 .058
5 .217 .138 .088 «056
. 0215 ‘ 0136 3} .086- .%5
T .
— N 134 " .08l 2053
0212 .132 .082 -wl
9 .
~ «210 «129 .080 OL9 .
10 ;
+208 .127 .078 08
- 206 125 | .076 .06
12 :
<206 «125 .076 0Lk
13 '
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A 2 2
Lo Vaxi+ay; —?—A;;
\Point Sta.
No. No. X4 Y4 AXg | AYy 24 SiNecy
13 23 111,75 Iy 3490
. - 1 | .1250 1,00778 . 1210
].)J» 2’4 15075 Ll- h?’—lo
1 1..1210 1.00729 .12012
15 25 16,75 115950
1 [ ,1150 1,00659 2111125
16 26 17.75 114 7100
1| L1105 1,00609 .10983
17 27 18,75 I1. 8205
. 1 [..1050 1,00550 .10L1L3
18 28 19.75 l. 9255
. 1 | .0990 1,0089 . 09852
19 . 29 20.75 502115 .
1 .09L0 1.00411 .09359
20 30 21.75 5.1185
: 1 | .0900- 1,00L0L .0898];
21 31 22,75 | 5.2085 .
] | «0B35 1,003,8 08321
22 32 . 23.75 542920
. 1 | .0790 1,00312 .07875
23 33 2Ll 75 543710 ,
. - 7. | LO7L0 1.00273 . 07380
2L 34 25415 . 511450
. 1 | L0680 1.00231 . 0678l
25 35 26,75 5.5130
7 | 0630 1,00198 . 06288
26 36 27.75 5.5760 '
i 1 | .0585 1,00171 L. 0580
27 37 28,75 5,6315 '
- . ] ,0530 1, 001L0 .05293
28 38 29.75 56875
. 1. | o480 1,00115 L OL79L
29 39 30,75 547355
T | LOL30 1,00092 01296
30 1,0 31.75 57785 N )
) 1 .0395 1.,00078 . 03947
31 Il 32.75 5,8180 :
- 1 17 [.033% 1,00056 «03348
, 1 | 0270 1,00035 . 00699
33 h3 34,75 5.8785
' 1 | .0220 1,0002] . 02199
3l Ll 35.75 5,9005 .
1 | .OL70 1,0001]; . 0L700
1| .0120 1. 00007 L0I200
36 L6 37.75 549295
' 1 | 0065 1, 00002 . 00650
3 L7 38,75 5,9360
) 1] 0020 -1, 00000 »U0200
38 1,8 39,75 5.9380

AR-19




A-20

5

@ D) @ @ 9 @
| ety Ysiv=, | kxz, |VE-ay, -
Point ]
No. | T4. 7;94 K Zq AX, Xa SIN ecy
13 .0li51 i 555 9.139
. a37085 593 059 -58)-181 20900
1L +0460 |. 10,021, 2
16 .OL78 11.178 205
_P eI 57568 57919 56855 .19078
17 LOhBT . ' . — 10,747
NTh96 56847 57260 +560107 .,1836
LI LT 2% S
. 51259 | ,56025 56299 4550422 »17585
17 1 0505 ‘ 12,863
| : ._+54920 .55310 +5555h 5L753 - +16920
20 <051k . 13,011
5834k .5h717 54938 51196 .16382
L .63935 | .53709 53896 +53245° .15L93
22 0532 |, | . 11,185
~ | 468698 | ,5297L 53139 52548 | | 1B67
23 -0541 ' - 35,010 |
- 2U526 '] 52121 52263 } .51736 L1159
2L 0550 ‘ 15,528 |
' 8210 | 51035 .51153 . 50699 .13293
25 | .0559 i 16,035
,90331 50076 - .50175 19778 12556
26 .0568 16.533 '
| : .98801, 119159 11923 L1889 , .11880
27 .0577 : 17.022
: 1.00712 | LU7965 . ;8039 JArT739 ,1103]
28 . 0586 111499
- 1,24113 16792 . 16846 116599 , .1021i6
29 »0595 , 17,965
: 1,10596 + | .145527 15569 | L5366 09436 |
.30 . 060l A ' 18,019 1. .
. 1.59308 | oLl572 «N114607. Jllil32 o 08855 i
31 | 0623 f 18,863 :
' 1,85783 || 112776 112800 112669 07827 |
2 L0522 , : : T9.80 |
2,33790 140532 405L7 JIOST T . 06659
33 .0631 : ' : 19,69 | :
: 2,910l . 1,0000:¢ LL0010 | .399L9 05199
3] . 06110 T 20,090
3 .061,9 20,493
36 L0658 | .. 20,893
. . 10,2615 . ,0000% . L0001 39996 . .01625
37 . 0667 21,293
- 133,80000 » 10000 - 40000 « 39999 « 00500
38 ,0676 - 21,693
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) @ ® @ ®
Ta(SIN<s)| 32 R (5] RRy
Poant| o, Ry Ry Ry R, | st-mrZ Sz
13 -
: 07751 [ 1,0295 | 1.05987 | 1,0911) | Le3k900 | 1,10288 | L.L776L
iz 07967 | 1,0471 1,09642 |-1,14806 | Llh776L | 1,09735 | L.60L16
& .98 222 | 1,0718 1,14876 | 1,2312L4 | L.60116 | 1.07008 | L.72707
- 208159 | 1,0925 1.19356 | 1,30396 | h.72707 | 1,05312 | L.BL72k
. 08725 | 1,1179 1.2h970 [ 1.3970h | h.BL72k | 1,02333 | L.9638L
-0901L | 1.1468 1,31505 [ 1,50821 | L.9638L | .98505 | 5.07635
z 09292 | 1,1732 1,376L0 | 1,61479 | 5.,07635 | .953hh | 5.18535
o .09558 | 1,1972 1,43329 | 1,71593 | 5.18535 | .929L3 | 5.29155 -
.09905 | 1.23k2 | 1.52325 | 1.88000 | 5.29155 | .B7679 | 5.39283
= .10213‘ 1.26@ 1.598L5 | 7.02092 | 5439263 | 84238 | 5.L9069
2 10552 | 1.2990 1.6871,0 '2.19193 519069 | .80038 | 5.50L57
= 10959 | 1,3435 -] 1.80L99 | 2,42500 | 5.58L57 | L TWSLh | 5.673L9
:z L1132 | 1.3850 }.91823 2465675 | 5.67349 | .69861 | 5.75813
11738 | 1.4270 2.03633 | 2,9058L | 5.75813 | .65581 | 5.83883
L 12216 | 1.L821 2.19662 | 3.25561 | 5.83883 | ,60007 | 591150
e 12717 | 1.5397 2,37068 | 3,6501h | 5491450, | .5L830 | 5,985k
2 213267 [ 1,6050 2457603 | Uo13453 | 59854k | 19510 | 6.051k6
> 213753 | 1.6592 2.7529L | L,56768 | 6.,051L6 | . 15806 | 6,11393
3_1 Alsla | 21,7613 | 3.10218 | 5,16387 | 6,11393 | .39093 | 6.16998
% 5568 | 1.9006 | 3.61608 | 6.8763% | 6.16998 | 31671 | 6.21059
> 1600l | 2,0456 ~T.IBW8 8455977 | 6.21859 .2591]; | 6.26107.
Bh. 216221 | 2,239L B,0LI91 | 11.23039 | 6426107 .20091 | 6,29690
= .16450 | 2,5266 6.38371 [16.12908 | 6,29690 L111216 | 6.32536
* 16675 | 3.113L 5.69326 | 30.17500 6,32536 | 07713 | 6.3LL31
= 16900 | 1L,632L | 21.L5913 | 99,0727 | 6,3LL31 | .02375 | 8.35297

38
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5 .

(Z) @ ® { ® @ é)
Ay,
YT |mR)HE| /2R .71
SIN ec,
13 lse 34900 5,937
. : .1286L | .593LlL 436526 | ,3L186 36022
1L [ L.h776hL 6,219 :
'«12652 +58873 | ,36504 | .3h2l1 . 37288
15 1 L,,60016 6,622
12291 | 58138 [ ,36363 | 34223 1 439035
16 | L,72707 6,96l
12017 | 57568 | ,36261 | .34212 10587 |
17 | Le8h72h R 14306
,11660 56846 L3608l | 34148 1121187
18 | 14,9638 7.6L7
' 11291 156025 235845 | .3h03L 11697
19 | 5,07635 e 7.968
‘ 410900 255310 | ,35631 | 33923 116812
20 5.18535 g4 8,327
2 | 5,29155 _ 8,665
,10128 53708 235209 | ,33617 |- +51803
22 | 5,39283 | . - 9,002
' .09786 252975 23u870 | .33L69 51337
' 09388 52121 34558 | .33258 57372
2h | 5,58457 9.669
] ,08892 .| ,51036 <3139 | .32961 ,61362
25 |'5467349 9.999 .
.08Li60 450075 ‘| 33755 | .32677 ,65221
26 | 5,79813 ] 10,3%
‘ ,08070 | ,L9160 «33394 | 32L0k 69237
27 | 5,83883 - 10,619
~ ,07567 2117963 ,32893 | 32011 - L70h699
28 | 5,91L450 10,969
.0709) L6793 .32398 | .31612 . 80609
29 5,985l , 11,286
- ,06602 ‘| 15526 ,31852 | 31160 ,87599
' 06247 .L572 2314l | . 30817 .9360L
31, | 6,11393 11,905 »
_+05605 112776 230632 | 30115 1,05L81
32 6.,16998 12,206 ~
, 0861 0532 .29589 | ,29187 1,229L]
33 6,21859 o 12,198 '
3l 6,26107 |. ' 12,789
.03583 | 34895 | L29L26 | ,29207 1,70476
. 6429690 13.081
,0281i6 31072 29477 | 29339 2.1702L
36 6432536 | 13,37k
‘ : 01895 +25329 .29538 1 .29LT77 : 3.29593
37 6,3L431 13,669
- - ,00866 .17100 .29620 | 29607 7+2961,3
.38 6.35297 5 13.965




@ | 62 G &9 & & & 63
Ve (R RE ay,
'%‘:‘ [ Taz X SINe<, ’ﬁl*(é‘RJRr Zz("g)f’%‘
13 . k0 34900
.35217 212686 | L.34900 [ 1.1B137 13237 422305
1L L8137
. 31660 «1292l | 418137 11461366 .13229 222471
15 - [,,61366
+33800 21319 | 1161366 L, TL501 .13135 222592
16 e 74501
33111 213451 | L.7L501 4, 87566 .13065 .22695
17 L. 87566
. 32315 .13730:| L.87566 | ©,00509 - .1291,3 222769
18 5.00509
31388 «14029 | 5.,00509 | 5,13288 12779 .22810
30592 14321 [ 5.13288 | 5,25916 .12628 L. 22831
20 5425916
.29938 «14590 | 5.25916 5,.38L32 .12516 22874
21 , 5.38032
. 20815 «14943 | 5,38L32 5450695 .12263 222831
22 5.50695 '
. 28061, 15249 | 5,50695 | 5.62788 12093 .22828
23 ' 5,62708
1 .27166 .15586 | 5,62788 5. 71662 .11874 .227681
2L 5. 711662
: . 26047 15983 | 5,714662 | 5,862L7 .11585 .22700
25 - o 86247
25075 .16350 | 5.862L7 | 5.97567 .11320 . 22606
26 - 5.97567
' 24167 .16733 | 5.97567 6.,08638 | - ,11071 .22522
27 ~ 6.08638
_+2300) L1718l | 6,08638 | 6,19372 .1073) 222379
28 6,19372
.21896 217650 | 6,19372 | 6.29778 .10L,06 . 22239
.20726 .18156 | 6.29718 643982} 1 .10046 22066
30 |- 6,3982]
19867 .18596 | 6,3982L | 6.4960L .09780 221902
31 . il ~6,19600;
.18298 219301 | 6.,4960L | 6.58872 .09268 +21666
16428 420197 | 6.58872. 1 6.67506 .0863) 221302
33 ) 6,67506 .
« 141161 20575 | 6.67506 | 6475580 ] 0807h | L2123
3L 6,75580
12177 .20759 | 6,75580 [ 6,82996 L0716 221253
35 6,82996
.09655 L2095L | 6.82996 | 6.89608 . 06612 21279
36 ' 6.89608
061116 .21147 | 6.89608 | 6.95008 L0500 | .21319
37 ~ 695008 _
] .0292Y 221335 | 6,95008 | 6,98665 03657 2213086
38 6,98665 '
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Z) €9 @ Q) @ @ é
VE-ay? Ta | TyaSIN e, JRY (SR RY
Pﬁift Ax, X, Tas T R s
.17952 . 301990 . 2076, %,3L900 L8522
1y 3,608
18164 . 35611 . 20965 11, 18522 1.62353
15 3,790
18381 ' . 361120 L2107 L,62353 li, 76388
16 1 3.913
.18557 . 37151 . 21387 1, 76388 l}. 90589
17 1159
.18733 . 38006 21605 | 14,90589 o, 0L9L9
18 Li.346 .
18894 .38975 . 21836 5.0L9L9 5.19051
l? ) ’-1-535
1. 19021 . 39901 . 22069 5191151 5, 31,065
L1916 L0707 .22273 5. 34065 518793
21 )Jo 917
.19258 111973 . 22513 5,118793 5.,63611
22 5.109 ' '
.19362 .112978 .22768 5,63611 5.78516
23 5.303 ‘
19412 L6 | .23020 5.78516 5.93485
2L : 5,198
219521 115673 .23310 5.93L85 6,08518
5 . 5.693
.19568 L7091 .23581 6,08518 6.23582
26 5,888
.19613 148519 23852 6,23582 6,38679
27 - 6,085
. .19637 . .50L01 2Tl 6.38679 6,5379L
28 6,281
.1965); .5235) L2198 6,5379) 6.68925
29 6.477
19647 , .5L579 . 2LBL8 6,68925 6,8L055
30 i 6067)-L . .
| .19642 . 56415 . 251145 604055 6,991.81
31 6,870
L1958l .59888 . 25618 6.99181 7.14293
32 7.066.
BTN 61,653 . 26205 7.14293 7.29378
33 7,261 -
19636 .69553 . 26119 7.29378 T.hh29
3l 7157
19917 , .16126 . 26561 7o 1hh29 7.59L32
35 7.656
: . 20226 ,B85896 | .26690 7.591132 7.74381
_ . 2062]; 1,05863 . 2681l 7.74361 7.89267
37 8,005 ] .
, 21071 1,57509 . 26930, 7.89267 8.0L08)
38 8,276
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APPENDIX B
FABRICATION OF AN HK31A MAGNESIUM ALLOY AIRFRAME SKIN
CONTRACT NUMBER DA~33-008-O0RD-208l

PROCESSING STEPS IN FABRICATION OF FIRST SAMPLE PART

Outline

1.

2,

i. General. Set-up and Qperating Procedures
2. First Operation |
3. Second Operation
be Third Operation
5. Fourth Operation
6, Trimming and Inspection

General Set-up and Operating Procedures

The special tooling for each operation in turn was mounted in a
suitable length capacity Lodge & Shipley #L4O Floturn Machine and

required electrical connections made to supply heating power to the

internal heating rods mounted in each arbor,

Additional heat was provided at the larger end of the arbor and to the
workplece itself by means of a hand held propane torch.

Temperature measurement was accomplished by a contact electric pyrometer
whenever it was possible to stop rotation of the arbor or workpiece.
During forming operations when the contact pyrometer could not be used,
temperature measurements were made by means of Tempilstiks.

In order to provide lubrication betwesen roller and workpiece and also
between workpiece and arbor at operating temperature Molykote Type Z
was applied to the arbor and workpiece, The powdered Molykote was
mixed with a solvent so that it could be applied by brush. The flat
blank was coated on both surfaces prior to the first operation,
Additional Molykote was applied to the outside of the parts prior to
each subsequent operation and to the inside as necessary.

First Operation

Arbor #2130011 and template #2130012 were mounted in a #L0 x 2Ly Floturn
Machine. ‘A 12 inch diameter roller with 1/2 inch radius was used, set
so as to provide a 50 clearance between the flat blank and the face of
the roller. Template #2130012 had originally been used to finish
machine the arbor, but since this machining had been done at room tem-
perature the change of arbor contour resulting from expansion at operat-
ing temperature required that some adjustment be made in duplicating
procedures.
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Preliminary adjustment was accomplished by using a stylus with a diameter
of 1% inches instead of 1 inch as would be done under normal circumstances.
Additional adjustment was required and will be explained in the step-by-
step procedure below. A spindle speed of 200 RPM and a feed rate of 2
inches per minute were used in the first operation.

For purposes of checking machine settings and part thickness the following
points were selected from contour charts and calculationa,

, Point No. =~ "x®

0 «8L7

5 1.916
12 : 3.254
18 Le3h6
2 5.198
51 6.870
38 B.27h

The arbor was brought to an operating temperature of 600° F, This temper-
ature was maintained between 580° and 620° as far as possible., Some in-
crease of temperature was encountered during the running of a part due to
the addition of heat to the workpiece itself,

With the arbor at temperature the roller was brought into position at each
of the seven selpcted check points and the gap between the roller and
arbor was checked with feeler gages.

The following were gaps before running part #1 and the thicknesses obtained
in part #1.

Point No, 0] 5 12 18 2l 31 38
Gap .229 .23h 0236 0238 02,40 o2hh .267
Thickness + 215 «2U5 .2h2 .238 X X X

Part #L fractured at a depth of 5% inches and a comparison of the gap
setting and resulting thickness indicated that insufficient allowance had
been made for deflection of machine elements under operating loads,

The template position was adjusted so as to reduce the gap settings, and
part #2 was run, The following were gaps before running part #2 and the
thickness obtained in part #2
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APPENDIX B .
Point No. o 5 - 12 18 2k A 38
G&p 0216 . 0218 0220 222 022’4 0228 02u9
Thickness «231 0232 231 . ,227 0222 X X

Part #2 fraotured at a depth of 6% inches and a comparison of the gap setting
and resulting thickness indicated that insufficient material was available

at point #1.8 and #24., This is particularly apparent at point #2l where the
resulting thickness is less than the gap between the roller and arbor,
Observation of the part during the Flotum operation indicated that better
results could be obtained if the part were over thinned from the small end

"to point #12, Since the original thicknesses presented in the first calcu-

lations were based on theoretical reductions and are thicker than necessary
it was decided to adjust thicknesses up to point #12 so that the displaced °
material would be available at points further along the part. -

The template position was adjusteci_and part #3 run to full lengths The
following were gaps and thicknesses produced in part #3. -

Point No. 0 5 12 . 18 2 3 38
Gap «197 «206 22 28 +223 «231 «251
Thickness . 0218 0223 0228 .229, .22h 0235 .261

A comparison of the gap setting and resulting thickness indicated that
suitable results were obtained through point #18 but that more material must
be made available through the balance of the part., This can be accomplished
by introducing a preliminary spinning operation to the outer portion of the
blank so as to reduce the diameter of the blank without encountering the
thinning that results from forming directly to final shape. This spinning

"was provided for by clamping an auxiliary plate to the template tangent to

the existing contour at point #18 so that the roller would continue along a
straight path into the flat blank at an angle. The roller will perform its
forming and thinning in a normal manner up to point #18 and wil). then spin
the remaining portion of -the blank.

The auxiliary plate is then removed and the roller makes a second pass over
the part from point #18 to the large end. Manual adjustments are made to
the template setting at the start of the second pass so as to provide a
.smooth blend between the portion produced by the first pass up to point #18
and the portion produced by the second pass beyond point #18, Part #L was
run as outlined and the following thicknesses obtained.

Point Nos 0 5 12 18 2l 3l 38
Thickness «217 221 .225 .225 «232 «2L0 263

part #li appeared to be much better as it was apparent that extra material
was gathered in satisfactorily during the spinning portion of the operation,
however, the part was still thin at points #31 and #38. The cause of this
thinness was the variation between arbor contour and template contour re-
sulting from expansion of the arbor at operating temperature,
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As a preliminary adjustment the next four parts were run without change of
setting except that a .005 feeler was inserted between the stylus and teme
plate at a point one-third of the distance from point #2li to point #31.
Thie feeler was replaced by a 010 feeler at a point two=thirds of the
distance from point #24 to point #31 and kept between the stylus and the
template for the balance of the length of each part., This adjustment is
illustrated on Page B-5. The following are the results obtained on the
next four parts with corresponding gaps checked as indicated.

Point No. 0 5 12 18 24 k1l 38
Thickness - .

Part #5 o218 225 .22 .225 G234  .2®h  .275
Gap after

running #5 ,198  .205 .209 ,216 @ .220 .238 .261
Thickness =

" part #7 215 .28 .26 222,230 .8 .270
® Part #8 22  ,Aa5 0 222,222,227 W7 .é68
Gap after

running #8  .189 .197 «203 +208 .213 «232 26k

The temperature of the arbor prior to running the preceding four parts was
in the range of 5800 to 620° with the small end of the arbor being hottest
and the temperature decreasing slowly toward the large end. After running
part #8 the temperature of the arbor was approximately 660° at the small
end and 630° at the large end. This increase of temperature resulted from
the addition of heat from the external torch used to heat the workpieces.
The additional expansion resulting from this increase of temperature re-
duced the gap between the roller and arbor and caused each successive part
to be slightly thinner, This effect of change of arbor temperature points
out the necessity of maintaining consistent gap settings between the roller
and arbor,

The actual temperature of the arbor is not of great importance as the
working temperature of the workpiece is established while the portion of
the material being worked is still off of the surface of the arbor, The
purpose of providing internal heating for the arbor is to avoid the chill-
ing effect of a cold arbor,

Before continuing with the balance of the parts a final adjustment was
made to the template contour at points #31 and #38. This adjustment was
made by applying four layers of ,0025 thick tape to the template with ends
staggered as illustrated on page B-5.

The balance of the fifteen parts was run and the following results obtained.
Notice that the gap between the roller and arbor was checked after rumning
part #11 at points #0 and #38 only and reset.
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. PRELIMINRRY RADJUSTMENT OF

TEMPLATE CONTOUR

010 (4-LAYERS .0025 THICK TAPE)

FINAL ADJUSTMENT OF TEMPLATE CONTOUR

NO SCR\E
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Point No. 0 S 12 18 2 3 38
Gap before _
running #9 J98 206 211 (216,222 .21 L260

Thickneas - Part #9 216,220 ,227 L2271 .233 .253 274
Thickness - Part #10 .18 .222 ,227 .225 .234h .253 .27k
Thickness - Part #11  .213 .217 .221 ,220 229 .2h7 .272
Gap after running #11 ,193 X X X X X «255
Gap reset «197 X X X X X .2
Thickness - Part #12 .23 .215 .221 .224 .231 .252 .275
Thickness - Part #13  .216 .20 225 .226 .233 .35k .27
Thickness ~ Part #lh | $215  .219  .223  .222 .230 .2h9 .27k
Thickness - Part #15  .213 .217 .é17 218 .25 .26 .270

Gap after running #15 .
Jd91. ,200 ,204 -.209 .218 ,238 .257

Part #12 had a small split on the inside surface at about point #2l which
appeared to be the result of an inclusion or lamination in the material. No
further work is planned on this part,

Part #15 had a shallow depression rolled in the outer surface between points
#5 and #12 and was excessively thin at point #12., Both of these discrepancies
were the result of the template bar being accidentally bumped during the
rumning of the part,.

The following is a summary of the thickness obtained on all of the parts in
the first operation,
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POINT NUMBERS
0 S 12 18 2l k)1 38
W25 W24 242,238 X X X
231,232 w231 .227 L222 X X

228  ,223 .28 ,229 .22  .235 .26l
o217 J220 .225  .225  .232 L240  .263
o218 4225  ,229  .225  L,23h  .8h 275
212 W27 «225 $225  L232  .250 W27k
215  .218 .22 ,222 ,230 .28  ,270
212,215 .222 .222 .227  J2WT . 268
216 220 227 | 227 .233  .253 .27
218 .22 L2271 L2285  .23h  .253 .27h
213 217  .221  .220 .229 WohT  .272
»213 215,221 .22 L231  L.252  .275
216,220,225  .226  .233 .25k L2717
215 219 L2223  .222  .,230 .2h9  .27h
23 W27 .27 a8 225 .26 .270

In the interest of maintaining the most uniform conditions for subsequent
work, it was decided to re-arrange the order of the parts for the next

‘operation based upon the thicknesses obtained in the first operation,

This new order was established as follows:

Part #3 #11 #9
#u #6 #13

#15 #1 #10

n #1l #s

The last nine parts in the revised order were trimmed to remove the scrap
flange from the large end and to establish a surface square with centerline
so that a check could be made of the diameter at point #38, The set-up used
to determine this diameter is shown on Page B-8.
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The following is a listing of the measurements obtainod and the

indicated inside diameter at point #38,

5
14.813
14,707

1. 792
11,688

1kL.789
1h.692

14,7682
1L.689

1he79h
14,694

1h.594
«275

. 0lk

The resulting diamneters were somewhat oversize as compared to the

6
1ho769
14,673

1. 750
14,663

14,781

1h.699

1h,751
14.683

14,763
1L.680
14,599
|

27U

1).051

7
1,910
144759

14,910

-1keT5L

1h.906
14,738

1h.911
14,73k

14.910
1. TU6

14.582

.270

1L.042

PART NUMBER
8 9
1,955  1L4e908
14,767  1h761
U941  14.916
1;.755 14,770
14,959  1L4.907
14.770 14,758
11,959 14,875
14,770 14,726
14954 14,902
14,766  1h.754

11,578 14,606

.268 274
14,042 114,058

10
1846
1h071h

14.835
14.706

14.836
14,710

1h,8L8
14,725

14,8l
.71,

1h.584

«27)

1l.0L3

1
1h.80L

1h.692

1h4,792
14.675

14.787
14671

1
1h.811

104695

14798
1k.683

1h.568

«272

1h.024

13
14.770
14,693

1h.76)L..

lho 680

1. 773

1h.695

1h.793
1lh.711

b 77U
1,695

14.616
<277

1k, 062

1

B=9

14,773 .

1’10695

1L, 74k
14,658

14,773
11,682

1774

14.768
1L.680

14,592
«27h

1L.0hL

originally calculated diameter at point #38, however, this condition
should not present any problem as the spinning portion of the second

operati~n will be capable of moving the material in somewhat more

than planned.
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Second Operation

Arbor #2130021 and template #2130022 were mounted in a #40 x 24 Floturn
Machine., A 12 inch diameter roller with 1/2 inch radius was used set so
as to provide an angle of 85° between the face of the roller and center-
line of the machine. A one inch diameter stylus was used. A spindle -

speed of 200 RPM and a feed rate of l} inches per minute were used in the

second operation,

For purposes of checking machine settings and part,thickness the following
points were selected from contour charts and calculations,

Point No, nxn

0 1111

5 3,068
12 54598
T 14647
2l 94669
3 11,905
38 13.965

The arbor was brought to .an operating temperature of 6000 F, This tem-
perature was maintained between 5809 and 6200 as far as possible.

With the arbor at temperature the roller was brought into position at each
of the seven check points and the gap between the roller and arbor was
checked with feeler gages.

In order to provide compensation for the change of arbor contour resulting
from expangion an auxiliary template was made to provide a modified contour
from just beyond point #2li to point #38., This auxiliary template was also
used to perform two spinning opcrations on the outer portion of the part
similar to that done in the first operation., Location of the auxiliary
template for the spinning operations and final forming was obtained by
placing etched Llines on the original template and aligming the awxiliary
template by aye.

The following are the gap settings and thicknesses produced on part #3.

Point No, 0 s 12 18 2l 3 38
Gap before running #3 ,.,122 ,129 ,L138 .1h7 L.150 169 .187 ¢
Thickness = Part #3 .131 0138 al,‘6 -1”.‘9 ol?l .198 0223

Gap after running #3 ,113 120 ,133 .12 Wi .178 .210
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The reduction of gap from point #0 to point #2L resulted from an increase
of arbor temperature during the running of the part while the increase of
gap at points #31 and #38 were due to the lack of positive location of
the auxiliary template.

A new auxiliary template was made which could be positively located by

means of a pivot pin near point #18 and gage blocks against the locating
edge of the template bar, Settings of this new auxiliary template were

determined to provide for two spinning operations anhd the final forming

pass of the roller.

The following are gap settings and thicknesses produced on part #lh.
Point Noe. o 5 12 18 2L 3R 38

Gap before running
#h 0127 0128 .129 -126 .130 .16,1 019,.1

Thickness Pa-rt #h olhl 0138 .137 0135 cl"l’.z .179 .209
Gap after mm#i{l‘g 012’4 0123 . 012’.1 «122 122 0157 0188

Several amall surface fractures appeared on the inside surface in the area
around point #31, The fractures resulted from allowing the outer portion
of -the part to touch the arbor during the spinning passes of the roller,

The template bar was moved out .0l0 to compensate for expansion of the
arbor and the settings of the auxiliary template modified to avoid the
possibility of the part touching the arbor during the spinning passes,

The following are gap settings and thicknesses produced on part #15.

Point No. 0 S 12 18
Thick.ness, Part #15 .lh3 ol’ll olhl 0136
Gap After 134 .133 .13 131
running #15

Part #15 fractured just beyond point #18 due to the lack of material result-
ing from the thin area produced in the first operation.

At this point in the program the problem of determining the best practical
thickness was reviewed and corresponding gap settings were determined. This
review took into consideration the decision to make the parts thinner than
theoretical up to point #12 as discussed in the first operation, As a re-
sult of this review it was decided that the following gaps would provide
satisfactory results,

Point No, 0 5 12 18 2l 31 38

Desired Gap 09 WJQ11 0 LAl L1220 1350 L1650 L195

B-11
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Repeated trials of various template settings and several different stylus
diemeters led to the conclusion that the desired settings could not be

obtained with the existing template and that it would be necessary to make
a new template, .

In order to establish a suitable set of coordinates for making a new template,
the manner of designating points on the arbor and part was revised. The
original system of using ths point numbers and locations fram the theoretioal
caloulations was discarded and a new set of points established. These new

points wers taken at one inch increments from the end of the arbor and were
numbered 1 through 1l

Desired thicknesses were established at each new point by interpolation from
the original calculation as necessary and allowance made for machine deflecs
tion was determined from results obtained on parts #3, #., and #15,

The roller was removed from the Floturn machine and replaced by a hardened
pointer as illustrated on Page B~13. The location of the machine carriage
was found by means of gage blocks so -that accurate ome inch increments of
length could be established, At each point the proper gap was set with
feeler gages and the corresponding dimension from the template bar to the
stylus was determined, The resulting set of coordinates was used to lay out
a nevw template, :

The following data is the information ud to establish a new set of temp-
late coordinates. : '

N - Distance from end of arbor.

e o Ei:pectéd thickness with allowance for modification in first seven
inches due to change in first operation.

"Q" » Desired gap which allows for expected machine donoctioi\.
"Y* . Distance from template locating rail to stylus,
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1,000
2,000
3,000
14,000
5.000
6,000
7.000
8,000
9,000
10,000
11,000
12,000
13.000
14,000

127
«127
127

«128.

129
131
135
12
o149

ar2
186
+200
.25

APPENDIX B

+109
+110
o111
o112
o113
J1h
118
a2l
o130
.138

150
165 |

+180
195

5,988
6,470
6.932
74361
74792
8.185
84554
8,896
9.21L
9.502
94767
9.984
10,158
10,248
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So as to provide actual working coordinates for the laying ous of & -

template, a value of 2,000 was added to "X* and 875 was adied to *Iv,

The following are astual coordinates used,

0,000
2.000
3.000
44,000
54000
6,000
7.000
8,000
9.000/
10.000
11,000
12,000
13,000
144000
15,000
16,000

b 4
5435k
6360
64863
T.3L5
7.807
842h2
8,667
9.060
94429
9.771
10,089
10,377
10,642
10,859
11,033
11,120

et Nt
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Using the new template a set-up was made to Floturn the part to a
depth of eight inches and then perform two spinning passes on the
remaining portion of the part before Floturning to final configura-
tion, The path to be followed during the spinning passes was
selected visually by comparing the shape and location of a small
auxiliary template with the shape of the Floturn template., When
positions had been selected which appeared to be satisfactory, a
record was made by measuring the deviation from the Flotum template
normal to each point, The following are the deviations recorded ,
and the general shape is shown by the sketch at the top of Page B-17

Foint Deviation
No. 1st spin and spin

8 116 --

9 1/32 3/32
10 9/16 17/64
1 19/32 1/h
12 19/32 9/64
13 5/8 3/32
14 23/32 3/32

Following the determination of the spinning paths to be used the

gap between the roller and arbor was checked at each point and then
part #8-was processed &s planhed, An examination of part #8 after
completion showed that there were several small cracks on the inside
durface at point #1,and at point #8 there was a shallow groove
dpproximately 1/l inch wide extending completely around the part on
the inside surface. Due to the presence of these conditiona and the
fact that the part was too thin from point #9 to the large end it
was decided to retain this part as a sample and to perform no further
vork on it
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The following is a listing of the gap before Floturning, the thickness
produced, and the gap after Floturning. ‘

Point Qap Before Thickness Gap After
No. Running Part #8 Running Part #8
1 J1 132
2 110 .128 103
3 113 2131
I 115 132 J11
5 .118 «133
6 118 L3 .18
7 122 135
8 127 .138 «123
9 «127 «133
10 135 .138 o131
n +148 «154
12 165 JATL <164
13 .182 .187
1 J19 .202 2195

Due to the part being thin from point #9 on to the large end it appeared
that the spinning passes did not gather the material sufficiently, and

some modification was required.
The description of the processing and general observations of results

follow for the balance of the parts, Thickness readings are presented
on Page B-21.
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Part #11 was Floturned up to point #8 with the same gap setting as
existed after Flotuming part #8. The roller then was fed parallel to
centerline with the stylus 1.1} inches from the template locating rail,
This corresponded to a roller position of approximately 6,650 from
centerline, A narrow round groove was found on the inside surface at
point #8 similar to that inside of part #8, The thickness was improved
at points #13 and #ll, however, the area from point #8 to point #11
showed no improvement,

Part #6 was Floturned up to point #8, The'roller then was fed parallel
to denterline with the stylus ].‘L} inches from the template locating rail
in the Bsame manner as on part #ll, A straight edged auxiliary template
was then added so that the roller made a spinning path at 220 to center-
line, The auxiliary template was set 3/16 away from the Floturn temp-
late at point #8, Upon completion of this spinning pass the roller
again fed parallel to centerline with the stylus 11 inches from the
template locating rail,

Upon completion of the Floturn operation 1t was found that there were
several small cracks on the inside surface at point #13 which apparently
resulted either from the fact that the third spinning pass caused the
part to touch the arbor or to the fact that insufficient heat was applied
to the part. Once again a narrow round groove was found on the inside
surface at point #8. This groove which had appeared in all parts up to
this point in the second operation was attributed to galling resulting
from the flexing action of the part during the spinning passes, All
subsequent parts will be removed from the arbor after completion of the
spinning passes, and the galled area polished smooth before completing
the Flotum operation. The resulting thickness of part #6 showed some
improvement in the area from point #8 to point #11, however, it was still
somewhat thin, The following is a partial check of the template setting
used when “runiing part #6,

Point No, 1 8 1l
Gap before running part #6 »110 127 +203
Gap after running part #6 .108 «127 #2001

In order to provide more thickness in the area fram point #8 to point #11
it was decided to modify the spinning passes when running part #7. The
first pass was to be made parallel to centerline with the stylus 11% inches
from the locating rail., The second pass was to be made at an angle of 17°
to centerline with the auxiliary template set 3/16 away from the Floturn
template at point #B8. Part #7 was Floturned to point #8 and the first
spinning pass started, however, the part fractured in the area being spun,
and the resulting momentary shocks caused by the fractured area striking
the roller caused a fracture in the Floturned portion between points #5
and #6, The initial fracture in the area being spun resulted from the fact
that insufficient heat was applied to the part,
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Part #1l was then run in the manner outlined for part #7. The second
spinning pass was too close to the arbor and allowed the part to touch
the arbor. One small crack was found on the inside surface at point #11
when the part was removed for inspection after the spinning passes,

This crack was polished out as it was not very deep, During the second,
or angular, spinning pass it was observed that the portion of the part
which had been spun down during the first spinning pass tended to flare
out and assume a conical shape forming an extension of the shape formed
by the second spinning pass, In order to overcoms this condition it was
decided to reverse the order of the spinning pass on the balance of the
parts and perform the angular pass first and the pass parallel to center-
line second. The thickness produced in part #lli showed additional im-
provement, and although it was still thinner than what was expected in
the area fram point #8 to point #11, a decision was made to complete the
lot of parts with the major objective being the making of consistent
parts rather than to continue varying conditions on each part. The
following are the gap settings before runming part #ll. .

Point No. 2 '\ 6 8 10 12 1k
Gap 110 116 Q21 ,130 .137 «169 «199

Part #9 was run with the spinning passes modified as suggested above,
The first spinning pass was modified slightly to 199 to centerline so
that the part would not touch the arbor. The part produced was satis-
factory in that the thiickness was consistent with the previous part, and
no fractures or cracks were visable, An improvement in thickness was
noted in the area from point #l1 to point #ll resulting from the revers-
ing of the order of the spinning passes, The following are the gap
settings before running part #9.

Point No, 2 L 6 8 10 12 1l
Gap 2109 116 119 L1311 133 .166 «198

Parts #13, #10, and #5 were then run consecutively in the same manner as
part #9 with spot checks made of the roller gap. The results obtained
vwere satisfactory except that several small cracks appeared on the inside
surface of part #5 at point #13. No particular cause of this cracking
could be determined.
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The following is a summary of the thickness obtained on all full length
parts in the second operation,

Point No, Part Numbers
3 N 8 n & 14 9 13 10 5

1 128 .10 L1322 a2 .12k .123 125 12 L1200 .16
2 A3l L1399 L1280 W19 aA .19 122 12 L1188 123
3 JA35  L137 W31 122,125 ,123 L1258 124 .123 ,L130
L JAll L1388 132 2k 226 126 126 L1260 G124 W131
5 JAh43 L1368 L1330 L127  L130 L1300 L129  L131 ,128  ,133
6 JAU7 L34 L3 G127 131 L2129 L129 130 L127  L133
7 A8 L129  L135 L1299 L133 L133 L132 G132 129 L13L
8 JA55 G131 .138  ,133  L137  LAké L3 WJ1LS L1W0 L138
9 256 G128 L.133 130 G135 W12 L1k G121k 138
10 JA81 142 L138 G139 LJAWS L150  .153  L1L9 LALT W6
n J183 152  .154  J154  ,158 .16k 167 .16h  .162  .161
12 JA98 176 W71 JA7h 178 L179 L18h  L182  .180  .179
13 ,217  L150 .187  ,193 L1977 .197  .200 ,200 .198 .196

]
&

.223 .207 .202 .208 .m .210 .21h .m .21h .212
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In order to obtain the most consistent conditions for subsequent work, it
was decided to re-arrange the order of parts for the next operation based
upon the thicknesses obtained in the second operation. This new order was
established as followss

Part #6 #1l
#5 #10
#11 #9
#3 #13
#h

The parta were trimmed to remove the scrap flange from the large end and to
establish a surface square with centerline so that a check could be made of
the. diametexr at a point lly inches from the small end. The set-up used to
determine this dimmeter is similar to that shown on Page B-8.

Part Numbers
3 I 11 6. h 9 13 10 5
1 A 13,610 13,221 13,281 13,303 13,330 13.432 13.315 13.l2h 13.423

B 13,588 13.185 13,248 13.27%F 13.304 13,383 13,283 13,370 13,39
A 13,620 13,232 13,246 13,313 13.30h X3.42ly 13,308 13.423 13428

2. B 13,599 13,195 13,215 13,279 13.280 13,376 13,275 13.368 13.402

A 13,633 13.235 13.345 13.250 13.24h 13,421 13,312 13.425 13.L29
3 B 13,602 13,196 13,312 13,223 13.217 13.375 13.279 13.370 13.1Lok
I A 13.617 13,220 13,361 13,232 13.310 13,436 13,320 13.k2hk 13,425

B 13.578 13,179 13.326 13,200 13.284 13.3%4 13.286 13.367 13.LOL

Average A 13,620 134227 13,308 13,275 13.297 13.L428 13,31} . 13.l2h 13,426
erage p 13,592 13,189 13.275 13.246 13.271 13,382 13.281 13.369 13,402

0.D, 13,564 13,151 13,242 13.217 134245 13336 13,248 13,314 13,378

Thke 0223 «207 «208 21 211 214 W14 21l 22
Pt.#LL
I.De 13,118 12,737 12.826 12,795 12,825 12,908 12,820 12,886 12,954

No particular significance could be placed on the variation of the end
diameter other than it was the result of the wide variation of types of
spinnimg passes used and the fact that none of the parts were brought down
to arbor diameter. Subsequent work on another lot of material will permit
additional improvement in this condition.
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o Third Operation

Arbor #2130031 was mounted in a #L40 X 2l Floturn Machine, Before
any work was attempted coordinates were obtained from the arbor
at operating temperature for the purpose of making a new template.
A set-up similar to that shown on Page B-1l3 was used to determine
the coordinates,

The following data is the information used to establiah a new
set of template coordinates for the third operation.

W% . Distance from end of arbor.

wTe . Expected thickness with allowance at the small
end due to changes made in the first and second
operations.

"G® . Desired gap which allows for expected machine
deflection,

wy® . Distance from template locating reil to stylus.
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1.375
2,000

3,000

14,000
54000
6,000
7,000
8,000
9,000
10,000
11,000
12,000
13,000
14,000
15,000
16,000
17,000
1§.b00
19,000
20,000
21,000
22,000
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071
073
0Tk

0Tl

075
079
~08L

090
102
108
118
o131
o151
155
160

5e9U3
6,133
6.421
6.715
6.984
7250
7500
ToThO
7.970
8.186
8,397
8.600
8.78L
8.958
9.122
94266
94396
9515
9.61L
9,704
9.748
94764
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80 as to provide actual working coordinates for the laying out of a
template, a value of 2,000 was added to "X* and 1,875 was added to *Yv,

The follpwing are actual coordinates used.
X
0,000
2,000
3.375
14,000
5.000
6,000
7.000
8.000
9,000
10.000
11.000
12,000
13,000
14,000
15,000
16,000
17,000
18,000
19.000
20,000
21,000
22,000
234000
24,000

Y
6757
7.386
7.818
8.008
84296
8.590
8.859
94125
94375
9.615
94815

10,061

10,272

10.475

10,659

10,833

10,997

1.1

11,271

11.390

11.489

11.579

11.623

11,639
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The description of the processing, observation, and resulis obtained on
each part follow while the detailed listing of the gap settings and
thicknesses are given on Pages B-29 and B-30,

Part #6 was Floturned without any attempt being made to introduce a
spinning pass at the large end. This approach was taken to determine the
best settings for producing the desired thicknessss up to approximately
point #10. A roller with a 1/2 inch radius was used with a feed rate of
2 inches per minute and a spindle speed of 200 RPM, The thicknesses pro-
duced were fairly good up to point #10, however, beyond this point the
part thickness dropped below the desired figure and at point #18 the part
fractured, The fracture carried back to point #13. During the running
of the part it was observed that the portion of the part which had been
Floturned did not conform to the arbor configuration but tended to bulge
out behind the roller and be larger in diameter than the arbor. This
condition is common in a Floturn operation and indicates, usually, that
the feed rate is too slow resulting in a ring rolling condition in which
a given section of the part passes under the roller several times and is
increased in circumference.

Part #5 was Floturned in the same manner as Part #6 except that the feed
rate was increased to 3 inches per minute. The major portion of the
surface of part #5 was covered with a series of small cracks or crazes.
This condition was considered to be possibly due to internal ruptures
produced in the second operation, No usable thickness measurements were
obtained from this part,

Part #11 was Floturned at a feed rate of 3 inches per minute and a condi-
tion similar to that in part #5 developed, however, the small cracks were
confined to one side of the part. Since the same condition developed in
part #5 and part #l1 it appeared possibly that the higher feed rate used
on these two parts was too greate.

Part #3 was run with the feed rate again at 2 inches per minute, and the
gap setting reduced slightly as another approach at making the part con-
form to the arbor configuration. The thicknesses produced were again
falrly good up to point #10 with the thickness then dropping below the
desired figure, and the part fractured at point #18,

In order to establish some condition which would make it possible to pro=-
duce a part to arbor contour with the thickness a secondary consideration,
it was decided to start Floturning a part with a roller gap setting which
was known to be too tight and then adjust the template while the part was
being run. This approach was based upon the fact that suitability of the
gap setting can be judged during the running of a part by observing the
action of the material just ahead of the roller, Before starting the

next part the actual gap settings were checked and then during the running
of the part all adjustments made to the template were measured by means
of indicators located at each end of the template bar. The adjustments
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were recorded, and after completion of the part the template bar was
returned to its original position. Another indicator was placed against
the template and the adjustments repeated so that the actual change of
template position could be determined. The gaps given in the summary
are the actual gaps existing taking into consideration the adjustments
made to the template,

While the order of parts set-up for this operation did not call for it,
part #lL was selected to be run as outlined above. - The part conformed
to the arbor c¢onfiguration during the operation, and the part fractured
at point #20. The part was thin at the small end but the thickness from
point #5 to point #10 was very close to the desired value. Beyond
point #10 the part was thinner than desired and indicated that pre-
spinning was necessary at the big end.

Part # was Floturned to point #10, and then a spinning pass was made
by means of an auxiliary template. The following deviations were re-
corded between the Floturn template and the auxiliary template.

Point No. Deviation Point No., Deviation
10 /L | 15 7/16
1 9/32 16 1/2
12 5/16 by 15/32
13 3/8 18 13/32
1k 13/32 19 5/16

The resulting template set-up was very similar to that shown on page
B-17, Part #l fractured at point #20, and the fracture extended back
to point #18, The thickness produced showed some improvement at the
large end, however, a shallow round groove was present on the inside
at point #10 similar to that found during the second operation.

Part #10 was Floturned with a feed rate of 1% inches per minute and
then spun by a series of passes of the roller parallel to centerline.
The passes were made with the rollers the following distances from
the template locating rail.

Pass Distance from rail Approximate distance from centerline
1 12,070 6,550
2 11.880 6.360
3 11.700 6.180
L 11.600 6,080
5 11,500 5.980
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The outer portion of the part seemed to reduce in diameter satisfactorily
during the spinning passes, however, during the fifth pass the portion
of the part ahead of the roller flared out in the last two inches result-
ing in crazing and cracking of the inner surface. After completing the
Floturn operation it was found that the inner surface was also crazed in
the area from point #10 to point #1l, and there were two small cracks
through the part at point #6. The crazing was attributed to the flexing
of the part about the last point of contact during the spinning passes,
while the two small cracks seemed to be the result of material flaw or
inclusion. :

In order to overcome the problem of crazing on the inner surface it was
planned to run part #9 with the spinning passes performed prior to
Floturning and to use caution to avold the flaring of the end. Since the
part was supported only at the small end it broke in the area of the step
or off-set at the small end during the spinning passes, No further work
could be done on this part. : .

Part #13 was Floturned to point #15 and then spun by three passes of the
roller at the following settings.

Pass Distance from rail Approximate distance from centerline
1l 11.890 6,370
2 11,790 6.270
3 11.690 ' 6.170

During the first and second pass, as the roller approached the end of
the part and the material ahead of the roller started to flare, the
roller was slowly backed away from the arbor .,100 inches to avoid ex-
cessive flare, The third spinning pass was stopped approximately two
inches short of the end of the part, After completion of the spinning
passes the part was Floturned from point #15 to the end, During the
entire time that part #13 was on the arbor it appeared to be the best
part, and the operation seemed to be the most satisfactory of the entire
program except for galling and pitting of the part by the roller from
point #6 to point #8 due to an insufficient coat of Molykote. Upon re-
moving the part from the arbor it was found that there was a series of
craze lines in a diagonal pattern at point #2 and two small cracks on
the inside surface at point #22, The thickness was still less than
desired but showed noticeable improvement over preceding parts.

Since so much difficulty had been encountered in the third operation with
fracturing and cracking of the parts, advice was sought from the material
supplier. A technical representative visited our Facilities and reviewed
our results, We were advised that all of the fractures encountered were
cold fractures, The suggestion was made that this difficulty could be
overcome by working the material at a temperature of 700° to 7500 instead
of 600° to 650° as had been done.
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‘I Point
"Noe
l 1375
2,000
' 3,000
14,000
5.000
| 6,000
74000
| .00
9,000
10,000
11,000
12,000
13.000
14,000
15,000
16,000
174000
168,000
19,000
20,000
21,000
22,000

Gap before
Part #6

«060

064

4068

.wa

153
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072
.068
070
071
075
O7L
075
075
079
077
.078
083

.090
<093

.097

#101
114

Part #11
«053
.09
.08
.09
+05ky

073
') 078

+091
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Part Number
n
Thk. G;pmct:zr G;;:rl:e;:;o ThkeCap after
<056 076
«056 055 070
055 .070
<056 075
060 076
059 .060 077
062 078
.6y 078
067 .081
.06l «066 .079
. 066 .080
069 .080
<073 .081
.080 079 085
087 ~091
.092 <094
097
110 .110
121
Jlll
o116
151

OGap before
Part #3

<052

«055
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Thk.Gap after

<073
.%8
<069

073
071

© L073

«060

075

«106

16

+07L
076
075

Part #3

+0L8

<051

055

075

078

»087
«093
1098
102
J15
127

0N

102
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Poiﬁt
No.

- 1375
24000
3,000
14000
54000
64000
74000
8.000
9,000
10,000
11,000
12,000
13,000
14,000
15,000
16,000
17,000
18,000
194000
20,000
21,000
22,000

Gap before
Part #lh

o0kl
+0L8
+0L9
<052
058
+059
061
<062
<06l
~06l
<061
+063
06l
067
+070

073

. «076

«083

Thk,

,050
<055
.06l
.07
op76
.076
077
.07

080
060
071
T
.00
.08
085
084
094
101
120

Gap before
Part #

+055

+060

+066

079

153

APPENDIX. B
Part Number
b 10
Thk, Gap after | Gap before Thk, | Gap before
Part #4  Part #10 Part #13
071 .065
J069  J0LS 048 062  ,050
«069 ~061
.070 .02
.073 0065
.073  .O0uB 052 «065 <055
073 <066
07k <067
077 . 068
o7k <083 05T 067 L062
075 .068
077 .070
.081 O7h
.086 .069 «070 .080 +076
092 085
098 089
.103 <09l
J16  L100 100 .108  ,108
126 .118
«1h3 136
140
511 «1l2 JA52  .152

13
Thk,

+063

«062
<06l
.069'
<069
071
072
«073
07k
+07h
077
«082
«088
~094
101
«112
A2
129
«139
153
163
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Se -Fourth Operation.

No significant results were obtained from the limited work done on the
fourth operation,

Part #6 and part #ll were trimmed to a lengtl of 13 inches,and part #3
and part #i were trimmed to a length of 17 inches after the third
operation to obtain usable material for the fourth operation, As a
result of the difficulties encountered with tool distortion in the
fourth operation, as explained in the Tenth Monthly Progress Report,

no usable data was obtained, however; it was observed that the increased
operating temperature, suggested at the end of the third operstiotn, made
the material much less susceptible to fracturing and capable of with-
standing quite severe forming.

This completes Appendix B as work on a new lot of material will be
reported in a separate section.




APPENDIX C C=1
FABRICATION OF AN HK31A MAGNESIUM ALLOY AIRFRAME SKIN |
CONTRACT NUMBER: DA-33-008-ORD-208)
PROCESSING STEPS IN FABRICATION OF THIRD LOT OF MATERIAL

Qutline:

1. Review of Previous Results and Determination of New Thicknesses.

2, General Set-up and Operating Procedures,

3. First Operation.

4. Second Operation.

5. Third Operation.

6. Fourth Operation.
Section 1. Review of Previous Results and Determination of New Thicknesses.

The results obtained and reported in Appendix B were reviewed in order to
determine the best set-up procedure to be followed in the fabricating steps on
additional material. In trying to compare results of different operations, it
became apparent that the manner in which control points had been selected for the
various operations made it very difficult to reach any definite conclusions so

that a direct comparison could be made.

A new set of control points was selected so that the points would correspond
in all operations,

The new control points were selected as follows:

Point 1lst Operation 2nd Operation 3rd Operation lth Operation

No. X1 X X3 Xy

1 1.068 1.512 2,030 2.750

5 1.916 3.068 4,570 6.750

9 2,705 L.5u7 7.0LL 10.750
13 3.1428 54937 9.439 14.750
17 4.159 7.306 11,747 18,750
21 L.917 8.665 13.953 22.750
25 5.693 9.999 16,035 26,750
29 6.477 11,286 17.965 30.750
33 74261 12.498 19.694 3L4.750

37 8.065 13.669 21.293 38,750
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In order to correlate the thicknesses obtained to the new control points; the
thicknesses as reported in Appendix B for the various operations were averaged and
interpolated to obtain a fairly good basis for comparison of the results to the de-
sired thickness at the ten newly selected control points. Parts #6 through #lh
were used as the basis for determining typical thicknesses for the first operation.
Results from the second operation on parts 1ll, 9, 13; 10 and 5 were averaged, and
the third operation results for parts 6, 11, 3, 1L, 10 and 13 were averaged to ob-
tain typical results. :

The following comparison was obtained.

Point First Operation Second Operation _Third Operation
No. Desgired Actual Desired Actual Desired Actual
1 . 275 216 .1h9 2122 .098 .069
5 2218  ,218 -140 125 .090  ,073
9 212,222 2132 .128 .082 075
13 2206 ,224 125 130 076  ,077
17 o2l 224 2135 135 .085 078
ral +223 0228 146 o1l +096 .085
5 «233  .236 .160 k9 J10 098
29 <25 .2U5 176 2167 127 .10L
33 026l 257 2202 <190 156 L.135
37 . 268 270 .211 209 167 149

The average thickness values obtained are not meant to represent anything in
the way of an accurate index of results; but they are of considerable value in de-
termining corrective action to be taken in future set-ups. A study of the results
compared to the desired thicknesses reveals that the first operation produced thick.
nesses very close to the desired thicknesses, while the second and third operations
produced thicknesses less than desired with the ratio of desired thickness to actual
thickness being greater in the third operation than in the second operation. Al-
though no results were obtained from the fourth operation it can be assumed that in
practice the ratio for the fourth operation would be even greater.

A review of the calculations made to determine the part configuration and
thickness in each operation reveals both the possible source of the difficulty and
corrective action to be taken. Although in the original calculations, in Appendix 4,
a blank thickness of .340 was used instead of .375 to provide an allowance of 9.,3%
for overthinning, the manner in which this allowance was applied was in error in that
the total allowance was taken up in the first operation with no further allowance in
the subsequent operations.

Since the thicknesses obtained in the first operation were very close to those
desired, it appears that satisfactory results could be obtained if the same basic
allowance was made for each operation. Such an allowance can be made when using a
blank thickness of .500. A working ratio for determining new thicknesses for the
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first three operations was determined as follows:
R = ,340/.500
R4 = .680

R .908

Using this ratio to establish a new set of thicknesses for the first three
operations provides an allowance of 9,2% for overthinning at each operation. The
offect of the application of this ratio can be illustrated by applying it to the
blank thickness. For the first operation the effective blank thickness is
«500 x ,908 = .45hL. Continuing to apply the ratio the following effective thick-
nesses are obtained:

Effective thickness second operation
Effective thickness third operation
Effective thickness fourth operation

ouSL x .908 = L2
olllz X ,908 = 037)4
0371# X -908 - 03,40

While it might seem that all the calculations of Appendix A would have to be
revised to incorporate the additional thinning allowance, the new thiclknesses to
be obtained in the first three operations can be detemined very sasily by apply-
ing the new ratio in the following manner: '

New thickness in first operation = T;/,9083
New thickness in second operation= T2/.9082
New thickness in third operation = T3/.908

By applying the new ratio to the thickness at the newly selected control
poianis, the effect of using a thicker blank can readily be seen.

Fiigg ngﬁa&ign rati %hiﬁd ngﬁg&ign
Point Orig . New Grigiggg ﬁew rig ew

No, Thickness Thickness Thickness Thickness Thickness Thickness

1 .225 301 J1L9 .181 .098 .108

5 .218 292 140 170 090 099

9 212 .283 132 160 .082 .090
13 206 .275 .125 152 076 .08}
17 .21l .286 135 .16} .085 .093
21 .223 .298 146 177 096 106
25 +233 311 4160 J194 .110 d21
29 o245 327 176 .23 2127 140
33 <264 350 .202 +2L5 .156 .172




C"ho .
Section 2, General Set-up and Operating Procedures,

The same set-up and operating procedures were used as outlined in Appendix B.
Section 3« First Operation

The set-up was made a duplicate of that used on the previoua lot of material,
A Bed angle of 14° was used with the roller set to provide a 5° clearance between
the flat blank and the face of the roller. The roller had a 1l2-inch diameter
with a 1/2 inch nose radius, and a l-inch diameter stylus. was used in the Tracer
head. A spindle speed of 200 RPM and a feed rate of 2 inches per minute were used.

Parts No, 1, 2 and 3 were run utilihmg the same basic method except that the
roller gap settings were slightly less than desired on Part #l. - The roller follow-
ed the finish configuration up to Point #17 where a plate was clamped to the tem-
plate to permit the roller to continue out tangent to the contour. Upon completion
of this spinning pass the plate was positioned parallel to center line at Point #37
on the template and the roller fed into the workpiece for a second spinning pass.
These spinning passes are ocutlined on Figure 1-C,

SECOND SPINNING
PASS-PARTS I. THRU 7

/6

SECOND SPINNING
PASS-PARTS 8 THRU 20

FIRST SPINNING PASS
AlLL PARTS

FirsTr OPERATION PROCESSING
Freure /-C
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Following completion of the second ab:l.nning pass, the plate was removed from
the template and the balance of the contour was Floturned from Point #17 to the

end.

The same procedure was followed on Parts Nos. L, 5, 6 and 7, except that
some adjustment was made in the roller gap settings. Starting with Part #8,
the second spinning pass was modified by setting the plate on the template
3/16 farther away from the center line and a final adjustment was made in the

roller gap settings.

A detailed 1list of gap settings and resulting thicknesses obtained for all
parts are given on the followlng pages. The thickness was checked at four points
equally spaced around the part at each of the ten control points, Figure #2-C
shows how these four points were located relative to the serial numbers stamped
on the flat portion of the nose, :

" Following completion of all fabrication in the first operation, the large end
of the parts was trimmed and the end diameters determined by the method outlined

on Pages B-8 and B-9 of Appendix B.

L OCATION OF THICKNESS GAacineg Points
Fieure R-C
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ROLLER SETTING AND THICKNESS RESULTS

FIRST OPERATION

PART #1
ROLLER THICKNESS
POINT GAP SETTING DESIRED ACTUAL AVG, DEVIATION
NO, | DESIRED | ACTUAL 1 2 3 ly
1l .281 .276 «301 .302 §.304 | .303 ] .300 | ,.302 +,001
5 271 269 | 4292 |.289 [.291 | .290 | ,288 | .289 -.003
9 0265 0257 0283 0276 0277 '277 o27h 0276 bad" 007
13 .258 0255 0275 n273 .27h 0272 0271 0272 -'003
17 * 0270 0267 0286 0275 0277 °27h 027h 02?5 -ooll
21 .282 280 | .298 ].295 |.297 | .298 | .295 | .296 -.002
25 +296 287 311 +302 | 4303 | .30L | .303 | .303 -.008
29 0312 0298 0327 0321 0322 0323 0322 0322 -0005
33 336 <334 350 349 | 351 | .352 351 | .351 +.001
37 «3Lk 346 [ 358 | .362 |.363|.36L| .363 |.363 +.005
PART #2
ROLLER THICKNESS
POINT GAP SETTING DESIRED ACTUAL AVG, DEVIATION
NO. | DESIRED [ ACTUAL 1 2 3 L
1 .261 .280 301 2291 |.293 | 292 | .289 |.291 -,010
5 «271 .272 «292 .280 | .282 | ,281 | .279 | ,280 -.012
9 +265 - 265 .283 0270 j.272 | .271 ] +268 | .270 -.013
13 . 258 . 259 o 275 . 266 . 268 ° 267 L] 26)4 . 266 e 009
17 .270 «270 .286 .287 | .289 | .289 | .286 | .288 +.002
21 0282 '283 0298 0288 9290 K 291 0289 0289 "'9009
25 <296 «298 [ o311 |.302 {.303 | .30k [ .30k |.303 -.008
29 <312 .312 »327 0322 }.323 | .324 | .323 |.323 -.004
33 0336 0337 0350 03)4}4 03,46 03)48 03]46 03)46 ‘Oooh
37 344 o347 " ¢358 ¢358 [.359 | 361 | .360 | .359 +.00L
PART #3
ROLLER THICKNESS
POINT GAP SETTING DESIRED ACTUAL AVG. DEVIATION
NO. | DESIRED |ACTUAL 1 2 3 L
1 .281 .283 .301 0292 |.295 | 4292 | 4290 | .292 -.009
5 «271 «273 2292 .281 |.283 {.282 | .280 |.281 -,010
9 o265 5265 .283 0273 0273 0271 0270 0272 -0011
13 ° 258 . 259 e 275 . 267 o 268 . 265 L] 265 L] 266 “e 009
17 .270 «269 | .286 |.280 }.282 |.283|.278 |.281 -.005
21 0282 .283 0298 .281}, 0285 0286 . 28]# 0285 -0013
25 0296 0298 0311 .30)4 0305 03% .3% 03(5 "QO%
29 «312 «313 «327 «319 | 4322 | 4322 ] 4323 | 321 -.006
33 -336 0337 0350 03,-16 -3’-‘6 03h8 03136 -3h6 "nooh
37 03“‘ '3&5 0358 '363 .362 036h 0363 .363 +’(m
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FIRST OPERATION
PART #k
ROLLER THICKNESS
POINT | GAP SETTING [ DESIRED ACTUAL AVG, DEV IATION
NO. | DESIRED | ACTUAL 1 2 3
1 .292 +293 .301 2306 | 4304 | 307 | .309 |.306 +.,005
5 .281 .283 0292 0291 | 4289 | .291 | 2293 | .291 -,001
9 0271-‘» 0273 0283 0281 0280 0281 0282 0281 "0002
13 0266 .265 n275 9273 0270 0272 n272 0272 -0003
17 277 .275 .286 .281 | .281 | ,282 |- ,283 | ,282 -.00}
21 .287 .286 .298 0293 [ 2292 | 2293 | 4293 | .293 -.005
25 .300 2301 | o311 |[.305|.305 .30 |.304 |.304 -.007
29 .315 .312 .327 0321 | .320 | .320 | .319 | .320 -.007
33 <2338 .338 +350 o3Lly | o343 | +343 ] 342 | .3L3 -,007
37 .34k »3L9 .358 2356 | .360 | .360 | .361 | .359 +.001
. PART #5
ROLLER . THICKNESS
POINT GAP SETTING | DESIRED ACTUAL AVG. | DEVIATION
NO. [DESI ACTUAL 1 2 3 L -
1 .292 .293 .301 2303 | 306 | ,309 | .306 | .306 +.005
5 .282 .28 $292 0293 | .294 | .296 | 4293 | .294 +,002
9 .276 .275 .283 .278 | ,280 | .282 | .281 | .280 =,003
13 . 269 . 268 .275 $272 | .27h ) 277 | +273 | 2T ~.00L
17 .281 «279 .286 .285 | ,287 | .286 | .285 | ,286 .000
21 .292 .291 .298 o29h {4295 | 294 | .292 | .294 -.004
25 .306 »307 311 #313 | .315 § .313 ] .312 | ,313 +,002
29 322 .320 |.-.327 0333 | 331 329} .328 | .330 +.003
33 -3]46 03145 0350 035)-‘ 035]-‘ -353 -352" 0353 +.003
31 .353 .354 .358 «370 | .369 | .367 | .367 | .368 +.010
PART #6
ROLLER THICKNESS
POINT GAP SETTING | DESIRED ACTUAL AVG, DEVIATION
NO. |[DESIRED | ACTUAL 1 2 3 L
1 .292 .290 .301 .300| .302 | .302 | .300 | .301 .000
5 .282 .283 .292 .289 | .290 | .290 | .288 | .289 -.003
9 .276 «273 .283 o277 | 278 | 4278 | 4276 | 4277 -.006
13 0269 0267 0275 0272 0273 0273 0272 0272 "0003
17 L] 281 . 277 . 286 L] 282 . 283 . 28h . 28).‘ L) 283 - 003
21 0292 0293 0298 0298 a297 0295 0298 '297 -.Ool
25 .306 .308 31 0311 | 0315 | .315 | .315 | .31, +,003
29 .322- .319 .327 ¢335 | 0333 |.332| .331 |.333 +.006
33 03h6 03]46 0350 0359 0358 0356 0357 0357 4‘.007
37 «353 355 +358 $378 | .376 | 37U | 376 | 376 +.018




ROLLER SETTING AND THICKNESS RESULTS

FIRST OPERATION

PART #7
ROLLER THICKNESS
POINT GAP SETTING DESIRED ACTUAL AVG, DEVIATION
NoO. DESIRED [ ACTUAL 1 2 3
1 .294 .29, | .301 |.304|.302|.299 | .30} .30L .000
5 .28)4 0285 0292 0291 0289 0287 0288 -289 "0003
9 .275 .275 .283 .280 .278 | .276 | .277| .278 -.005
13 .268 <267 275 $271 | 4269 | 4268 | 4269 | 4269 -4 006
17 0279 0278 0286 .282 .282 .278 0278 0280 --o%
21 ¢292 '290 Q298 0292 0292 0291 .289 0291 -.007
25 «305 | ".305 | .311 | 311 .309| .308] .310| <309 -.002
29 319 ¢318 | .327 | .329 .328| .325] .328( .327 .000
33 .34 «3h3 350 «354 | «353) 351 «351 .352 +.002
37 +3L9 «352 358 2369 | .368 | .36L | .368| .367 +.009
PART #8
ROLLER THICKNESS
POINT| GAP SETTING | DESIRED| _ ACTUAL AVG. | DEVIATION |
NO. [ DESIRED| ACTUAL 1 2 | 3 L
1l «299 «299 «301 .308 | ,306| 304 | .305{ .306 +.
5 .289 «290 «292 «296 | 294 | J292 | .293 | 294 +,002
9 .280 .280 .283 .,286| .283| 281 | .283| .283 »000
13 . 273 L) 273 . 275 . 276 . 275 . 273 ‘e 27h . 271‘ - 001
~17 .28L 282 .286 .285 1 .28L4{ .282| 284 .28, -,002
21 297 «295 .298 o304 | «302} ,300] .302| .302 +,004
25 <310 311 311 314} 312 .312] 0313} .313 +,002
29 324 .324 327 «331| +328] .326] .329| .328 +.001
33 <346 «349 350 ¢355{ «35L | .351| .353| 4353 +,003
37 035h .358 0358 0369 0368 l366 C367 0367 4’0009
PART #9
ROLLER THICKNESS
POINT GAP SETTING DESIRED ACTUAL AVG. DEVIATION
NO. DESIRED { ACTUAL 1 2 3 N
1 «299 «299 - 301 .306 {.303 {.30L | .30L4 | .303 +,002
5 .289 .287 .292 0293 ] .291 | 4289 | .292 | 291 -,001
9 .280 .278 .283 .281 | .280 | .278 | .280 | .280 -.003
13 0273 0271 0275 0273 0272 0270 0272 '272 “0003
17 028h .283 '286 .280 0279 c279 .281 c280 —.O%
21 297 «295 | .298 | .296 |.296 | .294 | .295 | .295 -.003
25 310 « 309 311 .312 |.3104 .309 | .311 | .310 -.001
29 - 324 «323 .327 .328 | .325 [ .324 | .325 | .325 -.002
33 ) +3L9 350 «353 | .352 | .350 | .351 | .351 +.001
37 035’4 ~358 0358 . -36h 0362 036h -36'4 4'00%




ROLLER SETTING AND THICKNESS RESULTS

FIRST OPERATION

c-9

PART #10

ROLLER THICKNESS
POINT GAP SETTING | DESIRED ACTUAL AVG, DEVIATION
NO. [ DESIRED | ACTUAL 1 2 3 L
1 «299 .299 .301 .311 |.308 |.306 | .309 | .308 +.007
5 .289 .289 .292 .297 |.294 |.293 | .296 | .295 -« +,003
9 .280 .279 .283 .285 |,283 | .281 | .28} | .283 000
13 .273 .272 .275 277 1,276 12274 | .276 ) 276 " +,001
17 . 28h . 281 . 286 . 285 . 28’4 o 283 o 28h .;28).1 -e 002
21 .297 292 .298 .300 |.298 |.296 | .298 | .298 .000
25 310 2306 | .311 |.315 |.313 {.311 |.312|.313 +,002
29 .324 .322 .327 «329 |.329 {.326 | .328 | .328 +.001
33 . 3h6 . 3h6 . 350 . 35h . 35h . 352 -351‘ . 353 . e 003
37 .354 +356 .358 .368 1.367 | .365 | .369 | .367 +.009
PART #11

ROLLER THICKNESS
POINT GAP SETTING | DESIRED ACTUAL AVG, DEVIATION
NO. |[DESIRED | ACTUAL 1 2 3 L
1 .299 .300 | .301 .306 |.307 |.308 | .306 | .307 +.006
5 .289 .290 .292 2295 1,296 |.297 | .295 | .296 +.004
9 .280 .280 .283 .283 | .28 | .286 | .28) | .284 +,001
13 .273 .27h .275 275 14276 | .277 1 .275 | .276 +.001
17 284 .28L .286 .285 |.285 | .287 | .285 | .285 =001 -
21 .297 +296 .298 «290 [.291 [ .292 [ .290 | .291 -.007
25 .310 .311 .31 2312 |.312 | .31k | .313 | .313 +,002
29 324 .32 <327 «330 1.332 [ .333].332] 4332 +.
33 <346 349 +350 ¢355 (4356 | 357 | +355 | 356 +.006
37 .35k «357 +358 «370 {.371 | .370 | .370 {370 +.,012
PART #12

ROLLER THICKNESS
POINT GAP SETTING | DESIRED ACTUAL AVG, DEV IATION
NO. [ DESIRED | ACTUAL 1 2 3 k4 .
1 . 299 .299 .301 .310 |.312 | .312 | .309 | .311 +.010
5 .289 0288 .292 .295 0297 0298 0295 0296 ’.Om‘
9 .280 «279 .283 .283 | .28 | .286 | .283 | .28) +,001
13 .273 .270 .275 277 | .279 | .279 | .277 | 278 +.003
17 . 284 .281 .286 .285 | .287 | .288 | .285 | .286 .000
21 .297 .29 .298 2294 | 4295 | .296 | .295 | .295 -.003
25 .310 .308 .311 0312 | 314 | 314 | W312 | .313 +,002
29 .32l .321 «327 «329 ].331}.332 | .329 | .330 +.003
33 «3L6 «346 .350 «354 | 4356 | 4355 | 4354 | .355 +.005
37 «354 .356 .358 2366 | 369 | .368 | .369 | .368 +,010
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PART #13

ROLLER SETTING AND THICKNESS RESULTS

FIRST OPERATION

ROLLER THICKNESS
POINT | GAP SETTING | DESIRED ACTUAL AVG. DEVIATION
NO. | DESIRED | ACTUAL 1 2 3
1 .299 2301 | ".301 JJ1h | .315 ] .315 | 313 [ .31L +,013
5 .289 .291 0292 .301 | .302 | .303} .301 | .302 +,010
9 .280 .282 .283 2289 {4291 | .291 | .289 | .290 +,007
13 .273 yin .275 +280 | .282 | .282 | .280 ) ,281 +,006
17 .28L .28) .286 2288 | .289 | »291 | .289 | .289 +,003
21 .297 +295 +298 2300 | .301| .300| .299 | .300 +,002
25 .310 .31 2311 L3015 § 4317 | 317 | o315 | .316 +,005
29 .32 .323 .327 «330|.332] .333| .331 | .331 +,00
33 .36 «349 +350 «363].365| .365 | 363 | .36 +,01L
37 .354 .358 .358 .3791.3811| .3681( .378 | .380 +,022
PART #1l

ROLLER THICKNESS
POINT | GAP SETTING | DESIRED ACTUAL AVG, DEV IATION
NO. [ DESIRED | ACTUAL 1 2 3 L
1 .299 .302 |..30L 0310 [ 311 | o311 | 311 | . 302 +.010
5 .289 .291 .292 .298 | .299 | .300 ] .298 | .299 +.007
9 .280 .281 .283 .285 | .287 | .288 [ 287 | .287 +.00l
13 .273 . 274 .275 £275 | .278 | .279 1 .278 | .277 +,002
17 .28 .282 .286 .286 | .288 | .289 | .287 | .287 +.001
21 <297 .296 .298 2302 | 303 .305 | .303 | .303 +.005
25 310 0309 | 311 | .31h4 ) .316 .316 ) .31 | .315 +.004
29 .32y .323 .327 «331 .333] 4333 «331 | .332 +.,005
33 .36 .3L8 .350 «356 | .358 ] .358 | .355 | .357 +,007
37 .354 «357 .358 0373|4373 .372| 372 | .372 +.01L
PART #15

ROLLER THICKNESS
POINT | GAP SETTING | DESIRED ACTUAL AVG, DEV IATION
NO. | DESIRED | ACTUAL 1 2 3 L
1 «299 «299 .301 2310} .312] .312 ] .310 | ,311 +.010
5 .289 .288 .292 2298 | .298 1 .299 1} .297 | .298 +,006
9 .280 <279 .283 .286 | ,287 | .289 | .286 | .287 +.00L
13 .273 .272 275 277 1.279] 2801 277 | .278 +.003
17 .284 .282 .286 .287 | .288 | .288 | .287 | .287 +.001
21 .297 .293 .298 .298 | ,300| .301 | .300 { .300 +.002
25 310 .309 .311 2314 | .316 1 03171 .315 | .315 +,004
29 .32l .321 .327 .328 | .3291 .331] .331 | .330 +.003
33 03)-&6 -31&8 0350 0356 358 0358 0357 0357 +.007
37 035,4 0356 -358 0371 037)4 0375 -372 0373 00015
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FIRST OPERATION

PART #16

ROLLER . THICKNESS
POINT GAP SETTING | DESIRED ACTUAL AVG, DEV IATION
NO. | DESIRED | ACTUAL , 1 2] 3 L
1 .299 2301 | .300  |.313].31h |.31k].312(.313 +,012
5 .289 =290 .292 «299 | .301 | 301 | ,300 | ,300 +,008
9 280 .281 .283 .288 | .289 |.290 | .289 | 289 +,006
13 273 .273 275 2281 | .281 |.282 | .281 | .281 +,006
17 228 . | .28L .286 2289 | .291 | .291 | .290 | .290 +.00}
21 0297 .296 0298 0310 | 311 | .310 | ,311 | .310 +.012
25 310 2311 2311 o31L | 316 | 316 | 4315 | ,315 +,004
29 324 .323 .327 0330 | 0331 {.333 | .332 | .331 +,00h
33 <346 +350 350 +356 | 2359 [ .360{ .358 | .358 +.008
37 <354 «359 | 358 | .376 |.375 | 376 | .37L | «375 +,017
PART #17

ROLLER THICKNESS
POINT GAP SETTING | DESIRED ACTUAL AVG, DEV IATION
NO. | DESIRED | ACTUAL 1 2 3 b
1 .299 .301 .301 +310 | .311 |.312 | .311 {.311 +,010
5 .289 .291 . 292 «296 | .298 | .299 | .297 | .297 +,005
9 .280 .283 .283 .285 | .287 [ .288 | .286 | .286 +,003
13 2273 «27h . 275 0279 | 279 | 2801} .279 | 279 +,004
17 .28l .285 . 286 .288 | .289 | .291 | .290 | .,289 +,003
21 «297 0297 »298 0299 | 299 | .300| .299 | .299 +.001
25 .310 .312 2311 0316 | +318 | .317 | .31k | 316 +,005
29 .32l «323 «327 033374333 }.332] 331 | .332 +.005
33 «3L46 350 .350 0355 | +357 {357 | «355 | 356 +,006
37 .354 359 .358 <371 | <371 | .370] .370 | .370 +, 012
PART #18

ROLLER THICKNESS
POINT | GAP SETTING | DESIRED ACTUAL AVG, | DEVIATION |
NO. | DESIRED | ACTUAL 1| 2] 3[ L
l 0299 0297 0301 0307 0308 0309 .307 .308 +.007
5 .289 .287 +292 o294 | 4295 | 0296 | 4295 | 4295 +,003
9 .280 .278 .283 .283 | .28 | .285 | .283 | .28L +,001
13 .273 .271 .275 27 | .275 | .277 | 4274 | £275 »000
17 028)4 0280 0286 0283 a28h 028].{ 0283 t283 -.003
21 0297 029h 0298 0298 0297 0296 .297 0297 "0001
25 .310 «309 «311 W312 | 313 ] .312 .312] .312 +.001
29 .324 .322 JI27 2329 | +332| 5330 329 | 4330 +,003
33 316 2348 | o350 | o354 | 354 .353| .352].353 +.003
37 .354 +362 «356 2369 | .368 | .368| 366 | .368 +,012
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ROLLER SETTING AND THICKNESS RESULTS

FIRST OPERATION

PART #19

ROLLER THICKNESS
POINT | GAP SETTING | DESIRED AGTUAL AVG. DEV IATION
NO. | DESIRED | ACTUAL 1 2 3
1 .299 .300 »301 2310 | .312 | .312{ .310 | .311 +,010
5 .289 .289 .292 0297 | 4298 [ 299 | .297 | .298 +,006
9 .280 .279 .283 .28l | 4285 | ,286 | .28L | .285 +,002
13 .273 .272 »275 0277 | «278 | o278 | .277 | .277 +.002
17 .284 .282 .286 0286 | .286 | ,286 | 286 | .286 000
21 +297 .293 »298 6292 [ 0293 | 294 | 293 | .293 -,005
25 .310 .308 .311 .308 | .311 | .308 | .307 | .308 -,003
29 J32u .321 327 .328 | .329 | .327 | 326 | .327 .000
33 .346 .345 .350 «352 | .353].351 ) .351 | .352 +,002
31 035)4 0356 0358 0367 -367 0368 036’-‘ «366 +.008
PART #20

ROLLER THICKNESS
POINT | GAP SETTING [ DESIRED ACTUAL AVG, DEVIATION |
NO. | DESIRED | ACTUAL 1 2 3 N
1 .299 .300 .301 2310 {.313 | .313} .311 | .312 +,011
5 .289 .289 .292 «297 | +299 {4299 | +298 | .298 +,006
9 . 280 . 279 . 283 . 285 ° 286 ° 287 . 28h . 285 +, 002
13 .273 27N 275 2276 1277 | +278 | .276 | .277 +,002
17 .28h 0282 0286 0283 0285 028,.‘. .283 .28h -¢002
21 .297 .294 .298 «297 | «300 | 4300 | 297 | .298 .000
25 .310 .308 311 6312 | 314 | 313 ) 311 | 312 +,001
29 .324 .322 .327 0329 | 4330 | +327 | .326 | .328 +.0001
33 <346 .38 .350 «352|.353.352 ] .351| .352 +.002
37 .354 «357 .358 0369 | .372 | .370| 370} .370 +,012




1.

2.

3.

L.

Average

o. D.

Thickness Pt.37

Radial Thickness

I. D.

1
15.0la
14.832

15.042

14.832

15,034
14.820

15,04k
14.833

15,040
14.829

14.618

363

«369

13.880

DIAMETERS AT POINT #37

FIRST OPERATION

See Appendix B page B-8 for
method of determining diameter.

2
14.968
14.77hL

14.978
14,785

14.97h4
1h.785

14.970
14.787

14.973
14.783

14.593

359

0365

13.863

PART NUMBER

3
14.965
1h.781

1L4.966
14.782

14.968
14.787

1k,966
1L4,786

1L4.966
1k.78L

14,602
.363
-369

13.864

L
1k4.928
1k4.770

14.931
1h4.768

14.926
14,765

14.929
1L4.769

14.928
14,768

14.608

.359

365

13,878

Cc-13

5
14971
14.792

14.970
14.789

14.971
k. 794

14.969
1h4,795

14,970
14,792

14.61L

368

37

13,866
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1.

2.

L.

Average

0.D.

Thickness Pt.37

Radial Thickness

I‘ D.

6
14,956
14,796

14.957
14,797

14.959
14.797

14.955
14.793

14,957
1L.796

14,635
376
.382

13.871

.PART NUMBER.

7 8
14.988 15.039
14.801 1h.841
1h.992 15.037
14.803 14.840
14.993 15.038
14,804 14.837
14.990 15.038
14.801 14.83L
1L4.990 15,038
14.802 14.838
1k.61L 14.638

. 367 367
.373 .373
13.868 13.892

9
15,027
14.827

15,027
14.827

15.026
14,826

15,027
14.826

15.027
1h.827

14.627

.36

.370

13.887

10
15,028

14.837

15.032
14.837

15.032
14.837

ls . 02‘8

14.832

15.030
14.836

1h.642

367

373

13.896




1.

2,

Average

0.D.

Thickness Pt.37

Radial Thickness

LD.

11
15.043

15.0LL
14.847

15.045
14.850

15.046
1L4.850

15.0LL
14.848

14.652

.370

«376

13.900

PART NUMBE
12

15.039

14.838

15,042
1L.8h2

15.043
1L.8la

15.039
1L4.836

15.01

14.637

.368

037)4

13.889

13
15,045
14.849

15,042

15,047
14.853

15.048
1k.853

15.0L5
14,851

14,657

.380

. 386

13,885

14
15.034
14.845

15,037
1L.845

15.031
14.843

15.037
1k.8L46

15.035
1L.845

1L.655

372

.378

13.899

15
15.130
14.896

15,118
11,.885

15.121
14.881

15.123
1L4.882

15.123

1L4.886

1h.6L9

373

379

13.891
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A
1.

B

A.
2‘

B

A
3.

B

A
k.

B

A
Average
ODD.

Thickness Pt.37

Radial Thickness

I. D.

16
1k.980
1k.832

14,976
14.828

1L.978
14.830

14,979
14.827

14,978
14.829

14.680

37

.380

13.920

PART NUMBER

17 18
15.0LL 15.039
14,850 14,837
15,045 15,046
14.851 14.842
15,049 15,047
14.850 1L.842
15,052 15,045
14.850 14.839
15.048 15.04L44
14,850 14.840
14,652 14.636

n370 0368

«376 «37h
13.900 13,888

19
15.01
1h.8L3

15.041
14.8L3

15.0u1
14.842

15,042
1L.842

15.01
15.843

14.6L5

367

373

13.899

20
15,029
14.832

15,024

14.831

15.025

14.831

15.029
14.831

15,027
14,831

1L.635

»370

376

13.883
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Section L. Second Operation

The second operation arbor was mounted ina No. 40 x 244 Floturn Machine. The
bed was set parallel to center line and the new template made as described in
Appendix B was used. A 12-inch diameter roller witha 1/8 inch nose radius and
4S° lead angle was used. The roller swivel block was set 6° counter-clockwise,
resulting in an effective angle of 51° from center line to face of roller., A
gspindle speed of 200 RPM and a feed rate of 2 inches per minute were used.

In order to avoid any problems in maintaining correct machine settings at
the end of the part for the offset section and throughout the entire length of
the part, it was decided to form the offset section in a preliminary operation.
It was felt that it would not be desirable to form the offset section on all of
the parts without completing work on some of them to make sure that the prelimi-
nary operation was done satisfactorily. The first five parts were put through
the preliminary operation, and then attempts were made to form the rest of the
configuration on these five parts,

After setting the noses on the first five parts, initial gap settings were
established for Part #l. The gaps selected for Part #l1 were too small sc that
the part broke at approximately Peint #9 and was thin up to that point.

Before starting on Part #2, the gap settings were modified and a preliminary
method of spinning the outer portion of the part established. The thicknesses
obtained were checked immediately upcen completion of the first eight parts and
adjustments made in the gap settings to cbtain the best results. Pts. #9 thrcough #20
were run with consistent gap settings as indicated on the following sheets.

The method of spinning the outer portion of the part was modified several

times as outlined on Figures 3-C through 8-C, with the final method utilized on
Parts #l1 through #20,

All parts were processed by Floturning to the first point number indicated,
spinning the outer portion of the part, and then Floturning the balance of the
part. The various methods of spinning the outer portion of the part were tried
in order to establish the best method that would gather sufficient material to
maintain thickness and to reduce the diameter of the large portion of the part
to the required diameter. If the spinning passes were made too far from center
line, the parts were not reduced in diameter sufficiently while if the spinning
passes were made too close to center line, the material would be thinned excessively

and tended to develop surface fractures as it was pulled in too rapidly by the
roller.

The final processing seemed to give the best combination of properties. The
diameter was not reduced as much as was desired. However, attempts to make the
part smaller resulted in creation of surface fractures.

The following is a summary of the processing and results on the parts in
the second operation.

Part #2; Processed as indicated in Figure 3-C. An error was made in
making settings for final Floturning of the large end of the part so
that the resulting thickness was excessive.

Part #3: Processed the same as Part #2 with correct settings for Flo-
turning. Part excessively large at big end and pitted on the outside due
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to material building up ahead of roller when Floturning large end,

Part #li: Processed as indicated in Figure L~C. Spinning passes too
heavy resulting in many surface fractures and splitting just short of
the trim line. Large diameter could not be determined,

Part #5: Processed as indicated in Figure 5-C., Part seemed to be
fairly good except for being thin from Point 21 to Point 28,

Part #6: Processed the same as Part #5. Part smaller in diameter than
Part #5 and thinner. Indications were observed that first Spinning pass
was too light and; as a result; the second spinning pass tco heavy. Some
flaking and pitting on outer surface.

Part #7: Processed as indicated in Figure 6~C, 'Part pitted.

Part #8: Processed the same as Part #7 except for modification of gap
settings. Build-up ahead of roiler when Floturning from Point #29 %o
end, Pitted surface from Point #29 to end,

Part #9: Processed the same as Part #8 with additional modification of
gap settings. Results not consistent as the internal heating rods in the
arbor were inadvertently shut off at the start of processing, resulting

in the arbor cooling off during running, thereby causing an increase in gap
settings and excessive thickness.

Part #10: Prccessed as indicated in Figure 7-C. Part split at approxi-
mately Point #35 during final Floturning.

Part #ll‘through Part #20: Processed as indicated in Figure 8-C with
generally consistent results,

The variation in end diameter is attributed to variations in the temperature

of the arbor from one part to another and the resultant variation in effective

size

due to varying amounts of expansion.
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SECOND_SPINNWNG PRSS

\ FIRST SPINN\NG PRSS

SECOND OPERATION PROCESSING
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FIGURE C-3
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FIGURE C-4
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ROLLER SETTING AND THICKNESS RESULTS

SECOND OPERATION

PART #1

ROLLER THICKNESS
POINT GAP SETTING | DESIRED ACTUAL AVG, DEV IATION
NO. [DESIRED | ACTUAL 1 2 3 L
1 .163 .16k .181 o175 | 174 | 173} 173} .17L -.007
5 .153 .157 .170 .166 | ,165 | 164 | 165 | .165 -.005
9 o1lhh 0146 »160 »151 | .150 .150 -.010
13 .137 .138 2152
17 .150 2151 .16l
21 .163 .165 177
25 ,181 .181 <194
29 0200 2200 .213
33 0233 0233 0245
37 2Ll .243 «256
PART #2

ROLLER THICKNESS
POINT | GAP SETTING | DESIRED ACTUAL AVG. DEV IAT ION
NO. [DESIRED | ACTUAL 1 2 3 L
1 0171 0170 .1.81 0180 01.80 0183 01.77 a180 "oool
5 161 o164 | 170 o173 | 174 | o172 | o271 | 2172 +,002
9 2152 .153 .160 J161 | 161 | 161 | ,160 | .161 +,001
13 J1h5 o147 0152 2151 | .151 | .150 | ,150 | .150 -,002
17 .158 .161 .164 .16L | .16k | .266 | +165.] .165 +,001
21 A7 .175 177 .202 | 200 | 200 .199 | .200 +,023
25 ,189 0192 194 2213 | .212 | ,212 | 213 | .212 +.018
29 .208 0212 .213 0230 | .229 | .230| .230 | .230 +.017
33 h 2L «2U5 0263 | 4263 | .26l | +26L | 4263 +.018
37 .252 «255 «256 «276 | 4277 | 276 | 4275 | 4276 +,020
PART #3

ROLLER THICKNESS
POINT GAP SETTING | DESIRED ACTUAL AVG. D ()
NO. | DESIRED | ACTUAL 1 2 3 n
1 171 .170 .181 o176 | .175 | L17h | 2175 | 175 -,006
S 0161 016,-‘ 0170 0170 0169 .168 .168 0168 -.002
9 2152 153 2160 | .158 | 0157 | .156 | .156 | .157 -.003
13 o'lhs olh? ° 152 ° lh9 olh9 ° lhe .1h7 olhe bt ] OOh
17 0156 0161 016]-‘ 0163 0162 9162 0161 0162 -0002
21 .171 .175 177 G173 1,173 L2173 o171 | 4172 -,005
25 .189 .192 .19 ,193 | 192 | .192 | 191 | .192 -.002
29 .208 .211 .213 212 | 212 ,211 | 211 211 -002
33 .21 «242 o2U5 o245 | W2u5 ] 245 | J2U5 | .2U5 .000
37 .252 .25k .256 254 | .25L | 25k | +25L4 ] +25L -,002




S w—

ROLLER SETTING AND THICKNESS RESULTS c-23
SECOND OPERATION

PART #.

ROLLER THICKNESS
POINT GAP SETTING DESIRED ACTUAL VG, DEV LAT ION
NO. | DESIRED | ACTUAL 1 2 3
1 .175 176 .181 .182 | ,182 | ,181 | .181 | .181 .000
5 .161 .168 .170 JA73 | 173 W172 | 2172 | L172 +,002
9 2152 0187 +160 2160 | ,161 | .160 | .159 | ,160 ,000
13 «1U5 A49 .152 .152 | ,152 | ,152 | ,151 | .152 .000
17 0156 nl63 °16h aléh 0163 016,4 9163 0163 e 001.
2a 171 .176 <177 .178 | ,178 | .176 | ,178 | 177 »000
25 .189 .193 <194 2201 | 200 | .202 { J204 | 202 +.008
29 .208 .212 .213 .219 1 .218 7 .217 | .218 | ,218 +.,005
33 int 242 .2L5 L9 | 28 | J2u7 | 247 | 248 +,003
37 .252 .250 .256 0259 ] 4259 | <259 | .259 | .259 +.003
PART #5

. ROLLER THICKNESS

POINT GAP SETTING DESIRED ACTUAL AVG, DEVIATION
NO, [DESIRED | ACTUAL 1 2 3 I
1 .175 .17k .181 .182 | ,182 | ,182 | .181 | 182 +,001
5 161 167 .170 A7l | 6173 | 2173 | 4173 1 .173 +,003
9 .152 .156 .160 W161 | 162 ] ,161 | .161 | .161 +,001
13 . lhs o lh8 [ 15 2 . 151 0150 L) 151 . 150 . 150 -o 002
17 0156 0162 oléh 0161 0161 0161 .161 0161 “o 003
2 171 .175 177 1731173 1.173] .17 ] 172 «+ 005
25 .189 191 .194 ,186 | .285 | ,185 | 186 | ,185 -, 009
29 .208 .210 .213 .209 | .208 { ,207 | .209 | .208 -.005
33 . 2)41 [ ) 2hl ° 2h5 [ 2“.[ . 2“.‘ [ ] 2“* [ 2].].3 L ) 2).‘}.‘ -e 001
37 .252 «253 +256 2257 | 256 | 4256 | 4256 | 256 .000
PART #6

ROLLER THICKNESS ]
POINT QAP SETTING DESIRED ACTUAL Ava, DIW_T_'N_‘IA 10
NO. | DESIRED | ACTUAL 1 2 3 L
1 .170 .170 .181 .182 ] .182 | .181 | ,182 | .182 +,001
5 .160 2162 .170 o171 | .170] 4170 | 4170 | £170 .000
9 .150 .150 .160 .158 | ,157 | +157 | 158 | 157 . =.003
13 olh3 .lhB 0152 olhe .1)47 01h7 .lh? clh? -QOOS
17 2155 0156 .16} 2159 | .159 | .159 | .158 | .159 -.005
21 .168 0169 o177 166 | 167 | J167 | 167 | 167 -.010
25 185 .186 2194 .183 1} .,184 | .182 ! .182 | ,183 -.011
29 .2014 -205 0213 .202 .200 0201 0199 .200 “0013
33 0236 «237 245 | .234 | 4234 | «235] 2331 234 -.011
37 [} 2h7 . 2].].9 3 256 . 2h6 . 2h6 . 2“‘ ] 2h5 . 2h5 - 011
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ROLLER SETTING AND THICKNESS RESULTS

SECOND OPERATION

PART #1

ROLLER THICKNESS
POINT GAP SETTING [ DESIRED ACTUAL AVG. DEVIATION
NO., | DESIRED [ ACTUAL 1 2 3 L
1 175 .175 .181 .186 | ,185 | .18l | .186 | .,185 +,00L
5 +166 .168 .170 ol75 | &17h | 42173 ] 417k | J17L +,00
9 .156 2156 .160 .161 1,161 | .160] 161 | .161 +,001
13 .150 +1L9 .152 152 | 4151 | 150 | .151 | 151 -,001
17 2162 .163 .16L 0163 | J162 | 161 | .163 | .162 -,002
21 176 .176 177 o175 | 170 | .27 ] 2275 a7y, -.003
25 .193 2192 .19 0192 | 2193 | .190 | .192 | .192 -.002
29 2213 2211 .213 2210 | .210] .209 | .210 | .210 -.003
33 . 2).‘5 ° 2m.l . 216 . 2’-‘1 ° 2&3 . 2’-‘2 ° 2]-]»2 . 2h2 ~e mB
37 0257 0257 0256 0255 .2511 0256 0253 025’4 -.002
PART #8

ROLLER THICKNESS
POINT GAP SETTING DESIRED ACTUAL AVG, DEVIATION
NO. [ DESIRED | ACTUAL 1 2 3 | L
l 0171 0171 0181 0177 0176 0175 .175 .176 "'tow
5 162 162 .170 2164 | 16k | .163 | .163 | .163 -.007
9 0156 0156 0160 0158 0158 0158 0158 .158 -.002
13 <148 150 .152 «151 | .150 | 4150 | 4150 | +150 -, 002
17 0162 |16h 016)4 0162 0162 0162 0162 0162 -.002
21 0177 0178 0177 0176 0175 0175 0176 0175 '.002
25 «195 .195 .194 A91 | J192 ] .192 | .193 | 192 -.002
29 .215 .21L «213 210} .210 | ,211 | ,210 | .210 -.003
33 +248 249 245 2u5 | +2u5 | o246 | o2Ll | 42U5 000
37 «260 .260 <256 «258 | .259 | +259 | .258 | ,258 +.002
PART #9

ROLLER THICKNESS
POINT GAP SETTING | DESIRED “ACTUAL VG, )
NO. | DESIRED | ACTUAL 1 2 3 N
1 .178 179 .181 .196 1 .196 | .195 | 195 |.195 +.00h
[ .169 .170 .170 ,183 | .183 | .182 | .183 ].183 +,013
9 .158 .160 «160 .170 | .170 ]} 4170 | 4170 {.170 +,010
13 .150 »153 .152 161 | 162 | J160| L2161 |61 +,009
17 164 .168 .16L 172 ] 172 | J173 | 4473 | 4172 +,008
21 .179 .181 177 2189 | 191 ] ,191 { ,190 | .190 +,013
25 .197 199 <194 .207 | .208 | 208 | ,207 | .207 +,013
29 .217 .218 .213 0222 | J222 | 222 | 222 | 222 +,009
33 «250 «253 245 0255 | 4256 | 4257 | 4256 | 4256 +,011
37 L] 262 [ ] 265 [ ] 256 [ 265 . 267 ) 2“ [ ) 266 [ 266 ’. 010




ROLLER SETTING AND THICKNESS RESULTS 0~25
SECOND OPERATION
PART #10
- ROLLER THICKNESS
POINT GAP SETTING [DESIRED ACTUAL AVG, DEVIATION
NO. |[DESIRED | ACTUAL 1 2 3 '
1 .178 <177 .181 .184 {.184 | .183 |.183 | .183 +,002
5 169 .168 «170 | 4173 |.173 |.172 |.173 |.173 +.,003
9 .158 .158 .160 .160 | .,159 | .159 |.160 | .159 -,001
13 .150 .152 ,152 2151 | .150 | .151 |.151 |.151 -, 001
17 .16l »166 .16l 2165 | .165 | .165 {.165 | .165 +,001
22 179 .180 177 2178 | .178 | .177 [.178 | .178 +,00L
25 2197 .197 .19 2196 | 195 | .196 |.196 | .196 +.002
29 . 217 . 215 3 213 . 212 ° 212 . 213 L3 213 o 212 - 001
33 .250 .250 .2L5 243 | o246 | 246 |.2L6 | L245 «000
37 262 «262 «256
PART #11
ROLLER THICKNESS
POINT | GAP SEITING [DESIRED ACTUAL AVG. DEVIATION
NO. |DESIRED | ACTUAL 1 2 3 L
1 .178 .178 .181 .183 | .18y | .183 |.182 | ,183 +,002
5 169 .169 .170 172 [ .173 [ G172 |.171 | .172 +.002
9 .158 .159 .160 2161 | 161 | .161 |.160 | .161 +,001
13 .150 .152 .152 «152 | ,152 | .152 |.152 | .152 .000
17 164 166 .16l «165 | .166 | ,167 |.165 | 166 +,002
2 W179 .181 L177 «175 [ 4175 | 176 | 175 | J175 -.002
25 2197 «197 .94 2196 | ,195 | .194 [.19% | .19L .000
29 217 .216 .213 2213 | .21 | .212 | 212 | .213 .000
. 33 .250 0251 02)-6 .2)41& .2h3 .2“4 .2).&)4 .2“4 -.001.
37 0262 0262 0256 0253 0252 -253 0252 0252 -owh
PART #12
ROLLER THICKNESS _
POINT GAP SETTING [ DESIRED ACTUAL AVG, DEV IATION
NO. [ DESIRED [ ACTUAL 1 2 3 L
1 .178 177 ,181 .186 | ,188 | ,189 | .188 | .188 +.007
5 0169 168 «170 0176 177 0178 o177 ) 177 +.007
9 .158 .158 .160 <16k | J165 | 166 | 4166 | 4165 +,005
13 .150 olsl 0152 0157 0157 .158 .158 0157 ""aow
17 .16l +165 .164 .169 | 169 | .170 | 169 | 169 +,005
21 .179 179 177 .179 | .180 | .181 |.180| .180 +,003
25 197 2197 194 2197 | .198 [ 4199 |.199 | .198 +,004
29 217 .215 .213 2214 | J21L | .213 | ,215 | L21L +,001
33 «250 «251 .245 W2u7 | J2L9 | +2L8 | 248 | +2U8 +,003
37 . 262 +263 .256 «256 | 4257 | 4257 | .257 | .257 +,001
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" ROLLER SEITING AND- THICKNESS RESULTS

SECOND OPERATION

PART #13
ROLLER THICKNESS
POINT GAP SETTING | DESIRED ACTUAL AVG, | DEVIATION
NO. |DESIRED | ACTUAL 1 2 3 L
1 .178 .180 .181 .187 1.187 |.187 |.187 |.187 +.006
S «169 A7 .170 176 [.176 | 176 | 2176 [.176 +.006
9 ,158 .160 .160 2165 |.165 | .165 |.165 |.165 +,005
13 .150 ,153 2152 2156 |.156 |.157 |.156 | .156 . +,004
17 .16l .167 .16} o167 1.168 | ,167 |.167 | .167 +,003
21 0179 -1.81 017? .178 0178 0179 0178 0178 4’.001
25 .197 .198 194 2195 |.195 |.195 [.196 | .195 +,001
29 .217 .215 .213 2213 | .213 |.212 |.,202 | ,212 -, 001
33 .250 .250 | ..2L5 o247 [o2u8 | .248 | 246 | 4247 +,002
37 .262 .263 +256 0266 | 4267 | 4266 | o266 | 4266 +,010
PART #1L
ROLLER THICKNESS
POINT GAP SETTING | DESIRED ACTUAL AVG. DEVIATION
NO. | DESIRED | ACTUAL 1 2 3 L
1 .178 .179 .181 .187 | .,186 | .186 | ,186 | .186 +,005
5 .169 +169 .170 o175 | o175 | 4175 | 175 [ 4175 +.005
9 .158 .158 .160 163 |.163 | .163 | .163 | .163 +,003
13 .150 .152 2152 .155 | ,156 | .156 | .155 | .155 +,003
17 164 166 .16l .168 | .168 { .168 | .168 | 168 +,00L
a .179 ,180 177 .179 |.179 | .180 | .180 | .179 +,002
| 25 197 «197 .194 «195 1,195 | .195 | .195 | 4195 +,001
29 .27 .216 .213 0212 | o212 | J211 | 213 |..212 -.001L
33 .250 .250 .2L5 2u5 | .245 | L2u6 | .2h6 | 245 .000
37 .262 .262 .256 «255 | .25L | 4256 | .255 | .255 -.001
PART #15
ROLLER THICKNESS
POINT GAP SETTING DESIRED ACTUAL AVG. DEV IATION
NO. | DESIRED | ACTUAL 1 2 3 L
1 178 .178 .181 .186 | ,186 | ,185 | .186 | 186 +.005
5 .169 »169 +170 o175 | &17h | 617 | o17h | &1L +,00L
9 .158 »158 .160 2163 | 162 | 162 | ,162 | .162 +.002
13 .150 .151 .152 2155 | «155 | 415k | «154 | 415k +,002
17 .164 »165 .16 o166 | ,166 | J166 | 4166 | 166 +,002
21 0179 0179 0177 0176 0176 0175 0176 0176 "oool
25 .197 .196 194 o194 | .193 | .193 }.195 | .19L .000
29 217 #2210 .213 W211 | 212 | J212 | .212 ] L2102 -.001
33 «250 .249 .2U5 o245 | o2Lly | o2U5 | #2u5 | o245 .000
37 0262 .260 0256 0251‘ 0253 -253 0253 0253 -0003




ROLLER SETTING AND THICKNESS RESULTS

C=27
SECOND QPERATION

PART #16 -

ROLLER THICKNESS
POINT | GAP SETTING | DESIRED ACTUAL AVG, DEVIATION
NO. [DESIRED |ACTUAL 1 2 3
1 .178 JI78 | .181 |.185|.184 |.184 | .18k | .184 +,003
5 .169 .169 .170 JA73 172 |4172 | L1721 W172 +,002
9 .158 .159 .160 161 | .161 |.160 | .160 | .160 .000
17 164 167 .16l 169 | ,169 | .169 | .168 | .169 +,005
21 179 2181 .1 177 .180 | ,180 | .181 | .180 | .180 +,003
25 .197 .X98 194 «197 1,197 | o197 | £197 | 197 +,003
29 L .27 2217 .213 .213 | .216 | .215 | .216 | .215 +,002
33 .250 «251 245 o247 | o218 | 248 | .248 | 248 +,003
37 .262 «260 +256 0256 | 4256 | .257 | . 256 | +256 .000
PART #17

ROLLER THICKNESS
POINT | GAP SETTING | DESIRED ACTUAL AVG, DEVIATION |
NO. [DESIRED | ACTUAL 1 2 3 L
1 0178 .178 0181 0186 0186 0186 .187 .186 ‘1',005
S .169 .169 .170 17h | 8273 | 173 | 417k | 4173 +,003
9 .158 .158 .160 .161 | .161 |.161 | .1611 161 +,001
13 .150 .151 J152 «153 | 4153 | .154 | .153{ .153 +.001
17 .16} .165 .64 o167 | 4167 | 167 | .167 | 167 +,003
21 179 .180 JA77 177 {4176 | 4176 | 177 | 176 -, 00L
25 197 G197 | W94 | .195 | 194 | .19k | 195 | L1594 000
29 217 .215 .213 0212 | J212 |.212 | 212 | 212 -,001
33 .250 «250 | 245 o2L7 | o2U7 |.2u6 | s2u6 | 2ub +,001
37 . 0262 0262 | 256 | .255 | 4255 | 256 | 4255 | +255 -,001
PART #18

ROLLER THICKNESS _
POINT GAP SETTING | DESIRED ACTUAL AVG. DEV IAT 10N
NO. | DESIRED | ACTUAL 1 2 | 3 L
l .178 .179 0181 .187 .186 .186 .187 0186 '."005
s .169 .169 0170 [ 0176 0176 0176 '176 0176 +QM
9 .158 <159 .160 o165 | .16} | J164 | 4164 | 4164 +,004
13 .150 .150 J152 «155 | ,155 | .156 | .155 | 4155 +.003
17 .16 166 .16l .168 | ,167 | .168 | .168 | .168 +.00L
21 179 .180 177 176 | .176 | 4177 | o176 | 176 -.001
25 197 2197 94 2193 {193 |.194 | .294 ] 193 -.001
29 217 .216 .213 214 | .212 | .215 | L215 | J21h +,001
33 +250 .250 | J245- | .2u6 .25 [.2u6 | .2LS | <2L5 000
37 . 262 .261 +256 0255 | +25L | +25L | 4255 | .25L -,002
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ROLLER SETTING AND THICKNESS RESULTS

SECOND OPERATION

PART #19

ROLLER THICKNESS ]
POINT GAP SETTING | DESIRED ACTUAL AVG. DEV IATION
NO, |DESIRED |ACTUAL 1 2 3 L
1 .178 .178 181 .183 | .181 | .181 | .181 | ,181 .000
5 <169 J169 | 170 | 173 §.171|.171 [.172 }.L172 +.002
9 .158 .159 .160 .160 | ,160 | .159 | +160 | .160 .000
13 .150 .153 2152 «152 | ,152 | ,151 | .152 | .152 .000
17 .16l 167 .16l 167 | J166 | .166 | .166 | 166 +,002
21 +179 «181 177 A78 | 177 ] 176,177 | L1177 000
25 0197 199 «19h ¢195 | +19k | 4194 | 4194 | 4194 .000
29 217 o217 .213 $213 ] .2131.222 | ,2LL | 4213 . 000
33 .250 0252 .245 o2L8 | o2L47 | o2U7 | 4217 | 4247 +.002
37 .262 «263 +256 0258 | +257 | 4257 | .257 | «257 +,001
PART #20

ROLLER THICKNESS
POINT GAP SETTING | DESIRED ACTUAL AVG, DEV IATION |
NO. [DESIRED | ACTUAL | 1 2 3 L
1 .178 .178 .181 .84 | .1831.183 | .183 | .183 +.002
5 .169 169 .170 Ak | 173 | 4173 | 27k | L1173 +.,003
9 .158 .159 .160 .160{ .159 | .160 | .160 | .160 .000
13 0150 0152 0152 0153 0152 0153 .153 0153 *i001
17 Ol6h 0167 oléh 0165 0166 0165 0165 N 5165 +oool
21 <179 .181 77 176 | W175 | 4176 | L1277 | L1 76 -,001
25 J197 .198 LN 294 | .193 | 193] .194 | .193 -.001
29 0217 .217 0213 0211 02]-1 .212 0212 .211 -.002
33 .250 0252 .2)-6 02h7 021‘»7 02h7 021‘7 .2’47 +,002
37 +262 «264 «256 «257 | «256 | «257 |'4258 | 4257 +,001




1.

3.

Average

0.D.

Thickness Pt. 37

Il D.

See Appendix B Page B-8 for
method of determining diameter.

2

13.299
13.268

13.299
13.268

13.297
13.26l

13.297
13,266

13.298
13.266

13.234

276

12,682

DIAMETERS AT POINT #37

SECOND OPERATION

3
13.5h2

13.582
13.554

13.563
13.537

13.501
13.517

13.56L
13.538

13,512
025h

13.004

PART NUMBER
5

13.395

13.345

13.399
13.3LY

13.405
13.355

13.402
13.353

13,400
13.350

13,300

+256

12,788

6
13.3L8
13.300

13.341
13.291

13.346
13.296

13.353
13.308

13.347
13.299

13.251
245

12,761

7
13.253
13.217

13.254
13.218

13.254
13.219

13.253
13.216

13.254
13.218

13,182

«254

12,674
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1.

2.

L.

Average

O‘ D.

Thickness Pt #37.

L.D.

8
13,244
13.203

13.245

13.203 "

13.247
13,208

13.245

13.203

13.245
13,204

13.163

.258

12,647

. PART NUMBER

9 il
13,252 : 13,469
13.211 13.427
13.245 13.460
13,207 13.423
13.254 13,455
13,260 13.460
13,220 13.420
13.253 13.L461
13.213 13.420
13.173 13.381

. 266 .252
12,641 12,877

12
13.480
13.434

13.481
13.433

13.480
13.43L

13.479
13.432

13.480
13.433

13,386

257

12.872




1.

2.

ho

Average

O. D.

Thickness Pt. 37

1.D.

13
13.119
13.365

13.426
13.37h

13.429
13.379

13.422
13.3711

13.42h
13.372

13.320

. 266

12,788

PART NUMBER

1L 15
13.451 13.492
13.413 13.L446
13.h62 13.498
13.425 13.452
13,466 13.489
13,425 13,443
13.457 13.483
13.423 13.436
13.459 13.490
13.421 13.440
13.383 13.398

«255 +253
12.873 12.892

16
13,428
13.386

13.431
13.390

13.433
13,390

LB.h25
13.383

13.429
13.387

13.3L5
256

12,833
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1.

2.

3.

L.

Average

0.D,

Thickness Pt.

LD,

37

17

13.394
13.359

13.393
13.354

13.392
13.356

13.391
13.355

13.392
13.356

- _130 320

+255

12,810

PART NUMBER
18

13.476
13.L40

13.479
13.437

13.479
13.439

13.477
13.435

13.478
13.438

13.398

«254

12,890

19

13,405
13,368

13.403
13.367

13.405
13.369

13.409
13,369

13.405
13,368

13.331

2257

12,817

20

13,373
13.33L

13.376
13.339

13.376
13.337

13.371
13.333

13.37h
13.336

13.298
.257

13,78k
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Section 5 - Third Operation

The third operation arbor was mounted in a No, 4O x 24 Floturn Machine,
The bed was set parallel to centerline and the new template made as described
in Appendix B was used. A l2-inch diameter roller with a 1/8 inch nose radius
and a 45° lead angle was used, The roller swivel block was set 8° clockwiss,
resulting in an effective angle of 37° from centerline to face of roller., A
spindle speed of 200 RPM and a feed rate of 2 inches per minute were used.

Before starting on the third operation, the thickness and diameter results
obtained in the second operation were reviewed, and a revised order of parts
was established which would maintain the best pattern of consistancy with re-
spect to thickness and diameter,

As explained at the start of the second operation, the offset section at
the small end was formed prior to any work on the contoured portion.

Prior to work on any full length parts, Part #l and part #L which had frac-
tured in the second operation were run to aid in establishing the best gap set-
tings between the roller and arbor to allow for deflection under forming load,
The gap settings were modified several times during the running of the parts in
the third operation so as to compensate for variation between parts as produced
in the second operation. The last seven parts were run with gap settings held
as consistant as possible. Thickness results were generally consistant; how-
ever, the thicknesses tended to be slightly heavier than desired, but only of
the order of .004 to .007,.

During the processing of the first six parts, the method of spinning the
outer portion of the part was modified before each part, so as to arrive at a
method that would gather sufficient materiali to maintain thickness, and to re-
duce the diameter of the large end of the part. As had been found in the second
operation, the spinning procedure had to be carefully handied so as to obtain
the best combination of end results without causing surface fractures.

The methods of spinning the ouvter portion of the first six parts are outlined
on Figures 9-C through 14-C.

Following completion of the first six parts, an auxiliary template was made
as shown on Figure 15-C so as to simplify the spinning of the balance of the parts
as well as to produce a more uniform contour in the spun section.

The methods of spinning the outer portion of the balance of the parts are
outlined on Figures 16-C and 17-C. All parts were processed by Floturning to
the first point number indicated, spinning the outer portion of the part, and then
Floturning the balance of the part.

The following is a summary of the processing and results on the parts in the
third operation:

Part #3: Processed as indicated in Figure 9~C. Spinning operation did
not reduce diameter of large portion of part. Part thin in spun vortion,

Part #5: Processed as indicated in Figure 10-C. Diameter reduced some-
what more. Some peeling of surface be tween parts #33 and #37 due to
excessive pull-in in third spinning pass. Part thin in spun portion,

Part #6: Processed as indicated in Figure 11-C. Surface crazing in area
between points #29 and #37. Diameter large and part thin in spun portion.
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Part #2: Processed as indicated in Figure 12-C, Part fractured between
Points #21 and #25. Diameter large.

Part #7: Processed as indicated in Figure 13-C. Thickness good but large -
end still oversize.

Part #8: Processed as indicated in Figure 14~C. Part finished tight on
arbor, After cooling, part was smaller than desired due to differential
expansion of arbor material and workpiece material,

Parts #9, #.3, #10 and #20: Processed as indicated in Figure 16-C. Thick=-
ness of four parts generally consistant. Part #13 fractured just short of
end of part, and part #10 was short before starting on the third operation,
so that large end diameters could not be determined. Diameters of parts
#9 and #20 very consistant and smaller than arbor,

Parts #17 and #19: Processed as indicated in Figure 16-C except that the
first three spinning passes were modified. Spinning passes on Part #17
were as follows:

First Pass .300 out from Point #37

Second Fass «150 out from Point #37

Third Pass .050 inside of Point #37
Spinning passes on Part #19 were as follows:

First Pass .350 out from Point #37

Second Pass 200 out from Point #37

Third Pass Even with Point #37

The large diameters were still smaller than the arbor but larger than
previous parts, and a comparison of Part #19 to Part #17 shows the ef-
fect of the change of the spinning passes.

Parts #16 and #11: Processed as indicated in Figure 17-C. First three
spinning passes were the same as used on Part #19. Fourth spinning pass
modified by adding blocks under stylus when on auxiliary template. Large
diameter of both parts oversize; however, no reason could be determined
for this condition,

Parts #12, #llL, #15 and #18: Processed in same manner as Parts #16 and #11
except that third spinning pass was made .050 inside of point #37 instead
of even with point #37. Thickness and large diameter generally consis-
tant with diameter again smaller than arbor,

Complete data covering thickness and diameters of all parts is given on the
following pages.

The variations encountered in the diameters at point #37 are traceable tc
variations in spinning methods and possible variation in arbor temperature except
for parts #16 and #ll.

After completion of a third operation, sixteen parts were full length; how-
ever, two of these, parts #2 and #18, had small fractures.
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SPECIAL RUXILIARY TEMPLATE
USED FOR FOURTH SPINNING PRSS
ON BRLANCE OF PHRTS

FIGURE 15-C
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ROLLER SETTING AND THICKNESS RESULTS

THIRD OPERATION

PART #1

ROLLER THICKNESS
POINT GAP SETTING DESIRED ACTUAL AVG, DEVIATION
NO. |DESIRED |ACTUAL 1 2 3
1 . 096 .096 .103 »107 | .105 | .103 | .105 |.105 +,002
5 .089 .090 .09 ,101 |.099 | .097 | .099 | .099 +.005
9 .082 .085
13
17
21
25
29
33
37 .183
PART #

ROLLER THICKNESS
POINT GAP SETTING | DESIRED ACTUAL AVG. DEV IATION
NO. |[DESIRED | ACTUAL 1 2 3
1 .101 .102 .108 o11h | o112 | .110 | 112 | .112 +,004
5 .09 097 .099 .103 [ .101 | .099 | .101 |.101 +,002
9 .087 o088 .090 0091 .089 0088 0089 0089 -.;001
13 .082 .085 .08L .087 | .086 | .085 { ,087 | .086 +,002
17 .092 094 | .093
21
25
29
33
37 .188
PART #3

ROLLER THICKNESS
POINT GAP SETTING | DESIRED _ACTUAL AVG, DEV IATION
NO. | DESIRED | ACTUAL 1 2 3 L
1 101 2102 .108 2112 | .110 | .107 | .109 | .109 +.001
5 .09 .098 .099 .101 | .099 | .097 | .200 | .099 .000
9 .087 .088 »090 .088 | .086 | .087 | .089 | .087 -.003
13 .082 .085 .08l .082 | 0811 .082( .082 | .082 -, 002
17 .092 .09% .093 .092 | .090 | .091 | .090 | .091 -.002
21 .106 110 .106 .105 | .105 | .105 | ,106 | 105 -,001
25 .122 124 2121 .115 | 1131 ,116 | .117 { 4115 -,006
29 J1h2 J1hh .140 2133 | <133 | +137 § 136 | 135 -.005
33 175 177 172 2169 | 1701 173,173 { 172 -,001
37 0188 0191 cleh 0175 Q176 0179 0178 .177 -ow'l




ROLLER SETTING AND THICKNESS RESULTS c- 1
THIRD OPERATION

PART #5

ROLLER THICKNESS
POINT GAP SETTING DESIRED ACTUAL AVG, DEV IATION
~ NO. |DESIRED | ACTUAL 1 2 3
1 10 .10L ,108 * | .110 | .111 | 4115 |.113 {,112 +,004
5 .098 .098 | 099 ,100 | ,102 | ,104 | .103 | ,102 +,003
9 .,091 | .088 ,090 .090 | 092 [ .091 |.092 | .091 +,001
13 .086 .085 .08L .086 | ,088 | ,087 {.087 | .087 +,003
17 .096 2094 .093 .090 | ,092 | 091 | .090 | 091 -0 002
21 .110 .109 2106 .103 | .103 | .103 | .102 | .103 -,003
25 .126 .12L .121 L111 | 112 | 115 | .11k | .113 -,008
29 «1U6 o1l «140 o13h } o136 | 4136 | 4136 | 135 -.005
33 0179 0176 0172 0171 .172 0172 0171 0171 -.001
37 .192 2192 +18L .178 | .180 | .182 | .180 | ,180 -.004
PART #6

ROLLER THICKNESS .
POINT GAP_SETTING DESIRED ACTUAL AVG. DEV IATION
NO. [DESIRED | ACTUAL 1 2 3 L
1 .101 .100 '| .108 .107 | ,107 | .,108 | .108 | .107 -.001
5 .098 097 .099 .099 | ,100 | .100 | .099 | .099 »000
9 0091 .089 0090 0088 0089 0088 .088 0088 -.002
13 0086 0085 ewh ow3 ooah 008)4 ow2 0083 -.001
17 .096 .095 .093 .091 | 092 | LO91 | .090 | .O91 -.002
21 .110 .109 .106 2104 | .104 | .104 {.103 | .10L ~e 002
25 .126 .12l .121 o114 | 0126 | .116 | 114 | 4115 -.006
29 olhé .lhh .lho .135 0135 0135 013,4 0135 -oms
33 0179 0177 0172 .168 .169 9170 .168 9169 -.003
37 .192 .191 .183 .179 | .181 | .,181 | .179 | .180 -.00L
PART #2

ROLLER ' THICKNESS ‘
POINT GAP_SETTING | DESIRED ACTUAL AVG. DEV IATION
NO. [DESIRED [ ACTUAL 1 2 3 L
1 .101 101 .108 JA11 | .111 ] .111 | .111 | . 111 +.003
5 .098 .098 .099 .102 | .102 | .104 | +103 | .103 +,004
9 .091 .090 .090 2093 | .093 | .O94 | .093 | .093 +,003
13 .086 .085 .08l ,085 | ,087 | .086 | .085 | .086 4,002
17 .096 .095 .093 2093 | 094 | .09L4 | .093 | .093 .000
21 .110 .110 .106 o112 | »111 ] .109 | +110 | o110 +,004
25 0126 0125 0121 .120 oll7 .117 .119 0118 -.003
29 146 1L46 ALO | J140 | L2137 { 139 | o141 | 4139 -,001
37 «192 <193 .18L 21685 | .183 | .183 | .18L | 184 000




c-k2

ROLLER SETTING AND THICKNESS RESULTS

THIRD OPERATION

PART #7

ROLLER THICKNESS
POINT | GAP SETTING | DESIRED ACTUAL AVG, DEVIATION
NO. | DESIRED [ ACTUAL 1 2 3
1 .101 .100 .108 0113 §.113 | 113 | .111 | .112 +,00U
5 .098 .098 +099 .04 | .104 | .103 | .202 |.103 +,004
9 . 091 [ 088 o 090 ° 089 o 088 ° 088 ° 087 ° 088 -0 002
13 .086 .086 .08l .085 | .08 { ,083 | .085 |.,08Y .000
17 .096 .098 2093 .095 { .09k | .09k | ,095 | .09L +,001
A W11k 2115 .106 .111 | .110 | .110 | .110 | ,110 +.00)
25 2131 2132 .121 0126 | 126 | .12 | .125 | .125 +,004
29 <149 0152 +140 o1l5 | oLlly | o143 | o143 | .14k +,00L
33 A79 .181 2172 «178 | 4179 | 4177 | .178 | .178 +,006
37 J197 .199 .184 »190 | .190 | .189 | .190 | .190 +,006
PART #8

ROLLER THICKNESS
POINT | GAP SETTING | DESIRED ACTUAL AVG. DEV IATION
NO. | DESIRED | ACTUAL 1 2 3 T
1 .095 .095 ,108 ,103 | ,103 | .10k | .,103 | .103 ~,005
5 .09 .09% .099 2100 { 100 | ,101 | 100 | .100 +,00L
9 .090 .091 .090 .092 | .093 | .092 | .092 | ,092 +,002
13 .086 .089 .08L .088 | .088 | ,088 | ,087 | 088 +.004
17 .097 .099 2093 °O9h 0095 009]4 009)4 -09)4 +,001
21 2111 o113 .106 .108 | .108 | .107 | .107 | .107 +,001
25 127 2131 0121 2121 | .121 | .120 | .120 | .120 ~.001
29 JU7 .150 .140 Sl | o1k2 | L2142 | o1l | .1l +,001
33 .180 .183 .72 175 | 21771 4177 | 2173 | o175 +,003
37 0193 0192 .leh 0181 .183 0183 0181 .182 "'0002
PART #9

ROLLER THICKNESS
POINT | GAP SETTING | DESIRED ACTUAL AVG, DEV IATION
NO, | DESIRED | ACTUAL 1 2 3 L
1 +100 .099 .108 2109 | .109 | .108 | .108 |.108 »000
5 .09L .09 .099 «098 | 097 | .097 | .096 |.097 -.002
9 .090 .090 | .090 4091 | .09 | .090 | .090 |.090 .000
13 .086 .086 .08l .087 | .086 1 .085 | .086 |.086 +,002
17 .097 0098 °093 0093 l092 0092 0093 0092 "'.001
21 J111 2113 106 2105 | J104 | .10k | +105 |.104 -.002
25 0127 .130 0121 0122 | 4121 | o122 | 4122 | 4122 +.001
29 o1l47 o149 .10 A1 | J1ko ] o1l | s1k2 | o1l +,001
33 .180 2182 o172 o177 | o176 | 4177 | 4178 §.177 +.005
37 <195 .195 | .184 | .187).185]| .185{.187 |.186 +.002




ROLLER SETTING AND THICKNESS RESULTS c-43
THIRD OPERATION

PART #13

ROLLER THICKNESS
POINT | GAP SETTING DESIRED ACTUAL AVG, DEVIATION
NO. |DESIRED [AGTUAL 1 2 3 L
1 .100 .100 .108 2111 | .111 | .112 | .112 |.111 +,003
5 .09l .095 .099 ,102 | .103 | .103 | .102 |.102 - +,003
9 .090 .091 .090 .09 ) .09 | 095 |.095 |.09L +,004
13 .086 .087 . 084 .089 | .089 | .090 | .090 |.089 +,005
17 . 097 .099 .093 2095 | ,096 | .096 | .095 |.095 " +,002
21 o111 .11h .106 .109 {.110 | ,108 | .108 |.109 +,003
5 .127 2132 0121 0125 §.126 | .12 | .124 |.125 +,004 .
29 L1147 .152 .140 ollly | W1L5 | .1h2 | J1h3 | .143 +,003
33 .180 .186 o172 2179 | 4179 | 4177 | 4178 | .178 +,006
37 .195 .198 .184
PART #10

ROLLER THICKNESS
POINT GAP SEITING DESIRED ACTUAL AVG, DEVIATION
NO. [DESIRED |ACTUAL 1 2 3 N
1 .100 .100 .108 2113 | W11k | o123 | .112 |.123 +,005
5 .095 .096 .099 .105 | .105 | .105 | .104 | .105 +,006
9 .091 .092 .090 .096 | 097 | .095 | .095 | .096 +,006
13 .087 .088 .08l .088 | ,088 | .088 | .088 | .088 +.00L
17 .099 101 .093 ,100 | .098 | .097 | .098 | .098 +.005
21 J1L 116 .106 W14 ] .112 { 1212 | .113 | 113 +,007
25 .132 .133 121 131 ].129].129 | .131 |.130 +,009
29 152 .153 0140 J149 | .148 | 4148 | o149 | .2L8 +.008
.33
37
PART #20

ROLLER THICKNESS |
POINT | __GAP SETTING DESIRED ACTUAL AVG, DEVIATION
NO. | DESIRED | ACTUAL 1 2 3 L
1 .100 .099 .108 .111 | ,110} 110 | ,109 ] .110 +,002
S 009)4 .093 0099 0099 .099 .098 .098 0098 -.001
9 0088 0086 5090 0089 .088 .087 0086 5087 ".003
13 .085 .083 .08 .083 | .082].081 | ,080 | ,0BL -,003
17 .097 0096 .093 5090 .089 0089 0088 0089 -cmh
21 111 111 .106 .101 | .20L | .100 | ,100 | .100 -.006
25 ¢128 0128 0121 0119 0120 0119 0119 ell9 -0002
29 .150 .150 .140 «140 | «140 | 4140 | .139 | 14O .000
33 .181 .182 .172 173 | 4173 171 | L2171 | L172 .000
37 0193 0193 oleh .181 0181 0180 0180 0180 -o.(‘mh




PART #17

ROLLER SETTING AND THICKNESS RESULTS

THIRD OPERATION

ROLLER THICKNESS
POINT | _ GAP SEPTING | DESIRED ACTUAL AVG, DEVIATION
NO. | DESIRED | ACTUAL 1 2 3 L
1 .100 .101 .108 J111 | .111 |.111 | .210 | .111 +,003
5 .09 .09k .099 .100 | .100 | .098 | .099 | .099 000
9 .090 .090 .090 +093 | .092 | .090 | .092 | .092 +,002
13 .087 .087 .08l .090 | .089 | .088 ] .090 | .089 +,005
17 101 .101 .093 2099 | .098 | .098 | .099 | 098 +,005
21 .118 2119 .106 116 | ,115 | .116 | 116 | .116 +,010
25 2130 «133 121 W125 | 12k | .12 | 125 | .12h +,003
29 .150 J153 .140 o105 | 143 | .143 | J1hh | .14k +,00l
33 .181 .184 172 .1801) ,177 | 177/ .178 | .178 +,006
37 .193 +195 .18l .188 | .186 | .187 | .188 { .187 +,003
PART #19

ROLLER . ° THICKNESS
POINT | GAP SETTING [ DESIRED ACTUAL AVG, DEVIATION
NO. [DESIRED | ACTUAL 1 2 3 L
1 .104 .10l .108 o1k | .212 | 0112 ] L1212 | L2112 +,00L
S .097 .097 .099 .101 | .100 { .099 | .100 | .100 +,001
9 .093 .093 .090 .09 | .092 | .092 | .093 | .093 +,003
13 .090 .089 .08l .090 | ,089 | .088 | .090 | .089 +.005
17 .104 .104 .093 2101 | .099 | .099 | 4100 | .100 +,007
21 J121 121 .106 117 1.116 | .116 | 2117 | .116 +,010
25 .133 JA3h | .12 .130 | .128 | ,128 | .130 | .129 +,008
29 153 JAsh | .40 | .1k8 |47 [.148 ) J149 | .148 +,008
33 .18L .185 172 .183 | .1804.180 | .,182 | .181 +.,009
37 .195 «196 .184 2191 | ,190 | .190 | 191 | 190 +.006
PART #16

ROLLER THICKNESS
POINT | GAP SETTING | DESIRED ACTUAL AVG. DEVIATION
NO. | DESIRED | ACTUAL 1 2 3 L
1 .10l .105 .108 2112 | 111 | .111 | .112 | 111 +,003
5 .097 .098 .099 ,100 | .099 | .100 | +100 | +100 +,001
9 .093 .093 .090 .091 | ,090 | .092 | .092 | .091 +.001
13 .090 .089 .08 ,088 | ,087 { ,088 | .088 | .088 +,004
17 .104 .10l .093 .101 | .101 | .102 | 102 | L1001 +,008
21 121 .120 .106 ,117 { .117 | .118 .118 | .17 +.011
25 133 .133 2121 2129 | 129 | L1301 .130 | J129 +.,008
29 .153 .153 .140 A7 | 148 o149 | #2149 | J148 +.,008
33 .18L .184 172 .81 | .181 | .183| .183 | .182 +,010
37 195 | .196 | .18y |.191|.191).193( .292 .192 +,008
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ROLLER SETTING AND THICKNESS RESULTS C-u5
THIRD OPERATION
PART #11
- ROLLER THICKNESS
POINT GAP SETTING |DESIRED ACTUAL AVG. DEVIATION
NO., |DESIRED | ACTUAL 1 2 3 N
1 .10 .dah | .108 2115 |.11h .11k | o1k .11k +,006
5 .097 .097 .099 .102 |.101 |.101 |.101 |.200 +,002
9 .093 .093 .090 .093 |.092 | .092 | .092 | .092 +,002
13 .090 .089 .08l ,086 | .086 | .086 |.086 | . +,002
17 .10 .10k .093 .097 |.096 | .096 |.097 | .096 +,003
21 121 121 .106 Jq12 .11 .12 |13 | .12 +.006
25 133 133 | o121 |.12h f.12h |.123 |.12k .12k +.003
29 .153 2152 140 G142 [ oL | o1k2 | elhly | o142 +,002
33 .18L .18L 172 2176 | o17h | o175 | 178 | L2176 +,00L
37 .195 195 .18L .18L {.183 |.18L |.186 | .18k .000
PART #12
ROLLER THICKNESS -
POINT | GAP SEITING | DESIRED “ACTUAL AVG, DEV IATION
NO. | DESIRED | ACTUAL 1 2 3 L
1 .104 .104 .108 112 |.112 |J112 |.112 | .112 +,004
5 .097 .097 .099 .099 | .100 | .100 | .100 | .100 +,001
9 .093 .092 .090 .089 |.090 | .090 | .089 | .089 -,001
13 .090 .088 .08l .08L {.085 |.085 | .083 | .0BL .000
17 .104 .103 .093 .096 | .098 | .097 | .096 | .097 +.004
21 121 .121 .106 JJa12 | .11k {0113 |.122 | .113 +,007
25, ,133 .133 121 J125 {,126 | .126 | .12l | .125 +.00
29 153 | .153 .140 L1046 | o147 | o146 | o245 | 146 +,006
33 184 ¢ .183 .172 .178 |.179 { .180 | .177 | .178 +,006
37 .195 ,.195 .18L ,187 | .189 | .189 | .186 | .188 +.00L
PART #1L
ROLLER THICKNESS

POINT | GAP SETTING DESIRED ACTUAL AVG. DEV IATION
NO. |DESIRED | ACTUAL I 2 3] b
1 .10h .104 .108 W12 |.111 | .110 {.111 | 111 +.003
5 .097 .097 .099 .103 | .102 | (102 | .201 | (102 +,003
9 .093 .092 .090 o9k | o9k | <09 |.092 | .093 +.003
13 .090 .088 .08l ,087 | 087 | .088 | .086 | .087 +,003
17 .104 .103 2% .097 | 098 | .098 | .096 | 097 +,004
21 J121 12 .106 2113 | J11h | o114 | 4122 113 +,007
25 .133 .133 121 125 | .126 | 125 | .12h | 125 +,00l
29 0153 0152 olho 01h3 olhs .lhh .lh2 alhB + . 003
33 .18L .183 .72 277 | .179 | 179 | 2276 | 2278 +,006
37 195 195 .18l |.186|.188|.188 | .185} .187 +.003




ROLLER SETTING AND THICKNESS RESULTS

THIRD OPERATION

PART #15

ROLLER THICKNESS
POINT | GAP SETTING .| DESIRED ACTUAL AVG, DEVIATION |
NO. [ DESIRED | ACTUAL 1 2 3 L
1 .10k .10l .108 J12 ] .112 ] .111 | .111 {111 +,003
5 .097 .097 .099 .102 | ,101 | .100 | .100 | .101 +,002
9 .093 .093 .090 | .092|.092|.090{.090 |.091 +,001
13 .090 .089 084 .087].086 1) .086 | .086 ] .086 +,002
17 .104 Joh | .093 .099 | .098 | .097 | .098 | .098 +.005
2 J121 122 .106 2115 | W11k | W113 | o213k | G211k +.008
25 2133 J13h 121 2271 .127 ] .125 | .127 | 126 +,005
29 153 .155 .140 A48 1 .2L7 § 1Lk { .1k6 | J1L6 +,006
33 .18l .186 172 .181 | .181}|.179 | .180 | .180 +,008
37 .195 Ja97 | 184 | 190} .190].189 ] .188 | .189 +,005
PART #18

ROLLER THICKNESS
POINT | GAP SETTING | DESIRED _ACTUAL AVG. DEVIATION
NO. | DESIRED | ACTUAL 1 2 3 L
1 .104 .10y .108 Jd12 | 111 (112 | ,123 1 112 +,00l
S .097 .097 .099 101 | .100]0 .102 | 102 ) .101 +.,002
9 .093 .093 .090 .093 ] .093 | .093 | .09 | .093 +,003
13 .090 .089 .08L .087| .087 | .088 | ,088 | ,087 +.003
17: .104 .104 .093 .097 1 .098 | .099 | .099 | .098 +,005
rat Jd21 21 .106 J3] .115 | .116 | .115 | 115 +o
25 «133 J13h J21 126 | 2127} .129 |-.129 | 128 +,007
29 153 .54 140 A6 | .17 | 148 | ..148 | L1447 +,007
33 .184 .18 W72 .1801 .181| .182 | .181 | .181 +,009
31 0195 197 olah 0189 +«190} ,191 ] .190 | .190 +,.%
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Average
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Thickness Pt. 37

LD.

Diameters at Point #37

Third Operation

See Appendix B Page B-8 for
Method of Determining Diameter

3
12.L450

12,438

12,448
12.43L

12.L52

12,436

12.451

12.442

12.450
12.438

12,426

o177

12.072

PART NUMBER
5 6
12.356 12,110
12.325 12.378
12.353 12.1a5
12,323 12,386
12,343 12,407
12,313 12,378
12.3L4 12.396
12.315 12.366
12,349 12,407
12.319 12,377
12,289 12,347

.180 .180
11.929 11.987

12,422

12.393

12.425
12.345

12.L38

12.433
12,404

12.430
12,400

12,370

.18

12,002

C=L7
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A
1.

B

A
2.

B

A
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B

A
L.

B

A
Average

B
0.D.

Thickness Pt 37

L.D.

7
12.383
12,359

12,373
12.350

12,371

12.348

12,384
12,359

12.378
12,354

12.330

«190

11,950

PART NUMBER

8 9
12,257 12.242
12,231 12,216
12.255 12,243
12,231 12,218
12,255 12,233
12,230 12,208
12.257 12,235
12.231 12,209
12,256 12,238
12,231 12.213
12,206 12,188

.182 186
11,842 11,816

20
12,240
12.211

12,235

12,206

12,246

12.212

12,252

12,218

12.2143
12,212

12,181

.180

1.821
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Average

B
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Thickness Pt. 37

1.D.

17
12,245

12.219

12,252

12,228

12,265
12,210

12,258
12.235

12,255
12,231

12,207

.187

11.833

PART NUMBER

19
12,290

12,260

12,297

12,266

12.295

12,265

12,288
12,259

12,293
12,263

12,233

«190

11.853

16
12,373
12,341

12,379
12.348

12,376
12.3L3

12.369
12,335

12,374
12.342

12,310

«192

11.926

11
12,118

12,381

12,416
12,382

12.115
12,382

12.119
12,384

12,1a7
12.382

12,347

.18,4

11.979

C-L$
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A
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B
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B

A
Average

B
0.D.

Thickness Pt. 37

I. D.

12
12,263
12,238

12,265
12.238

12,260

12,233

12,257

12,232

12,261

12,235

12,209

.188

11.833

1L
12.252

12,228

12,248

12,223

12,255

12,229

12,258

12,231

12.253

12,228
12.203
.187

11,829

PART NUMBER
15
12,264
12,235

12,248

12,22

12.257

12,231

12,2717

12,248

12,261

12,234

12,207

.189

11.829

18
12.290

12,260

12,288

12,261

12.279

12,252

12,290

12,255

12,287
12,257

12,227

.190

11.847
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Section #6 - Fourth Operation

Prior to starting work on parts in the fourth operation, it was nec-
essary to install new heating rods in the fourth operation arbor. Following
the reconmendation of the rod manufacturer;, sand was utilized in place of
steel shot to obtain more uniform heating.

After completion of rod installation, the arbor was mounted in the
Floturn machine and heated to operating temperature and a check made for
stability. When suitable stability was indicated, several short sections,
salvaged from parts that had fractured in earlier operations, were run to
determine the best operating conditions. As this work was being performed,
it was noticed that the sand packed inside of the arbor was sifting out
through the adapter into the spindle bore due to insufficient confinement.

The arbor was removed from the machine, repacked with sand, and
additional packing and clamping placed around the rods at the open end of
the arbor. Following these corrective measures, the arbor was once again
mounted in the Floturn mgchine and heated to operating temperature. Two
more short sections were run on the tool and results indicated that, al-
though the arbor was running true enough at each end; the center was not
true due to a warped conditicn introduced by the application of heat.

In order to eliminate the warped condition, it was decided to re-
machine the contoured section of the arbor while the arbor was at operating
temperature. Shortly after the remachining was begun, the heating rods again
failed, so that no further work could be done.

A review of the problems encountered with the fourth operation arbor
pointed up the following difficulties:

1. The alloy iron arbor would not remain stable at operating tempera-
ture unless some conductive material was packed around the rods
inside the arbor,

2. The heating rods fail very quickly if some material is packed in the
arbor,

It was concluded that the only way to by-pass the foregoing diffi-
culties would be to make a new arbor using a tool steel grade of material
which could be hardened and then drawn at about 1000°F. so as to obtain
stability at an operating temperature of 700°F.

Approval was requested and received to procure a new fourth operation
arbor made from high carbon- high chromium air hardening tool steel. The
internal core configuration of the arbor casting presented great difficulty
at the foundry and even after making a second casting, the grooves required
for location of the heating rods and the small end of the core section were




52,

filled with burned sand so that the heating rods could not be inserted to
full depth. The rod mounting was moditied so that although the rods extended
approximately 3" from the original position, they would clear the arbor mount-
ing adapter,

Following installation of the rods, the arbor was heated to check
operation of the rods and to determine the reaction of the arbor. A prelimi-
nary check indicated that there was some distortion of the arbor. On the
following day, the arbor was again brought to operating temperature and a com-
plete check was made of distortion and stability. It was found that the large
and small end of the arbor could be maintained at a stable condition with runout
held to a maximum of .00l TIR. However, at the middle, the runout was .010.

While the observations were being made to determine the general condi-
tion of the arbor at operating temperature, a trace of oil was noticed seeping
out between the arbor adapter and the spindle flange. This condition had never
been observed prior to this time and since the amount of oil was very slight,
no particular sgignificance was attached to this matter,

The runout condition existing in the arbor when at operating temperature
made it imperative that the arbor be re-machined while hot.

After cooling overnight, the arbor was again brought to operating tempera-
ture and the runout established as .00l T.I.R. maximum at the large and small
end, The template was set so that the contoured portion of the arbor could be
machined by adjusting the template parallel to center line toward the headstock,
thereby permitting stock removal throughout the contour by shortening the arbor
slightly without reducing the diameter at the large end.

A problem was encountered in the break down of the carbide turning tool;
however, with frequent indexing of the insert and careful blending of cuts in
various areas, the machining was carried out until the end of the day at which
time approximately one-third of the length of the arbor from the small end had
been cleaned-up and the middle third partially cleaned-up but all of the runout
not removed. Before shutting down, a check was made of the runout condition of
the arbor with the tailstock removed. The large end of the arbor was found to
have the same runout of ,001 T.I.R. as originally established; however, the small
end of the arbor ranout .030 T.I.R. This drastic change was assumed to have re-
sulted from the removal of metal from only a portion of the circumference in the
middle third of the length of the arbor. The removal of metal from only a por-
tion of the surface apparently resulted in a differential expansion in the middle
of the arbor which caused the small end of the arbor to have a greater runout.

Although it would appear that the additional distortion would present a
very serious problem, it was felt that it could be overcome by reversing the
direction of machining and starting the cuts at the large end finishing the
nose last.

b—3
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C-53

On the following morning, heating power was again applied to the
internal heating rods to heat the arbor to operating temperature so that
machining could continue. Following standard procedures, the rods were
kept under close observation through the hole in the small end of the arbor
until it was apparent that they were heating properly. After a period of
approximately one hour, it became apparent that the temperature of the arbor
was not increasing in a normal manner. Also, the seepage of o0il from between
the arbor adapter and spindle flange had increased. A visual check of the
rods showed that only one of the three heating rods was hot, while the other
two showed no sign of being at elevated temperature. A check of electrical
conditions showed that one fuse in the three phase supply was blown and
that an electrical ground existed somewhere inside the arbor.

The arbor was immediately removed from the Floturn Machine; however,
the arbor was too hot to permit removal of the adapter for further examina-
tion of the rods that day.

After cooling over night, the adapter was removed from the arbor and
it was found that the alloy sheath of all three rods was burnt through at
one end approximately three inches from the end terminal, Also, all surfaces
of the arbor, adapter and rods in the cavity at the large end were coated
with a brownish white film that is the characteristic result of vaporized oil.

A study was made of the cause for rod failure, which seemed to be the
result of the oil seeping out of the head stock.

Since the rods were closer to the spindle, a greater heat flow into
the spindle was encountered which caused some distortion of the spindle and
slinger ring, permitting oil to flow out through the bearing knockout holes
into the space between the spindle and the arbor adapter. This oil reached
the terminal ends of the rods and was absorbed by the Magnesium Oxide insu-
lation in the rods until the o0il reached the Nichrome resistor wire, causing
rapid failure of the wire and alloy sheath.

This completes Appendix C as no further work was done on this contract.




