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TECHNICAL NOTE KRC. 343.

ITENTIFICATION CF AIRCRAFT TUEZIZG EY RCCKUZLL TEST.

By Horace C. Knerr.*

Sear less steel tubing is to-day the principal material of
construction for aircraft., The commeércizl grade oi tubing con-
taining about 0.10 to 0.20% carbon at first used is being super-
geded by two grades which are approved by the army and navy, and
which are also becoming standard for commercial airplanes, whose

compositicn is given below:

Steel #1035 Steel ¥4130X
straight carbon chrome molybderum
ca:bon oooooooooooo . 020”.30 carbon .oaoo-.o.ooooc .35".35
ua—qgmese o e e weoesoceons .50-.80 Hmanese e @ wo o ess e 040—060
Phosphorus naxe .... +C45 Phosphorus mex. .... .04
Sulpiur maXe ...... . 03 Sulphur maxe ....... .045
Chromi‘m ® o a ¢ ow oo L [ 80“1.10
lOled.en'.lm ® e o0 c0 20 @ .15"'0 25
(A 3%% nickel steel was formerly ezployed in aircraft con- % §
struction, where nigh strength was reguired, but this is being o
puss——— |
atandoned in favor of chrome molybdenum steel tecau.se of the '
superior characteristics cf the iatter.) POV
) - 2odes
The piysical properties of the two standard steels, in the Jor |
norralized condiiion, are as follows: get | sprcial
f‘
LT

*President, Metallurgicel Laboratories, Inc.; Consulting Metallur-
gical Engineer, Summerili Tucing Company.
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Steel #1025 Steel #4130X
gstraight cardbon chrome molybdenum
Yield pcint (min.) ... 36,000 Yield point (min.)..... 60,000

Tensile strength teses 55 0CO Tensile strength ...... 95,000
Elongation in 3% ..... 22% [Elongation in 23" ...... 12%

The avove properties are minimum velues and are ordinarily
considerably excceded. Steel #4130X can, by heal treatment con-
sisting of quenching in oil from about 1600°F., followed by
suitakle tempering, ve given extremely good physical properties
such as are shown in following tatle:

Physicel properties -~ Pounds per square inch

Tensile strength 125,000 150,000 175,000 206,000
Yield point 110,000 130,000 140,000 150,000
Elongation in 23° 11% 9% 7% 5%

Axles, landing gears, wing beams, and other parts requiring
high strength are made of chrome molybdenum eteel heat-ireated
after assembly. The major part of both types of steel 1s used
in the construction of sirplane fuselages assembled by weldirg
As 1t is ordinarily impracticable to heat-treat an assembied
fuv _clage, design factore are based on the strength of the tubing
in the rormalized condition. Most aircraft btuilders prefer to
have the mild carbon steel in a slightly harder state than re-
sults from normalizing, and it is moderately tempersd by the
tube mill after cold drawing, so that it has a tensile strength
in the neightorhood of 60,0C0 to 65,000 pounds pexr square inch.
The chrome molybdenwa tude is, however, ncrralized by the tubi

manufacturer. 7This treatment consists in heating it to 1600°F.
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and allowing it to cool with fres circulaticn of
In spite of the greatest cere, there is danger that en oc-

casional tube of #1035 steecl may become rmixed with a quentity

of #4130 steel, in the tube mill, or iz the aircraft manufactur-

er's plant. If such a tube entered into construction where de-

sign called for chrcme molybdenum tube, either normalized or

heat-treated, there would be serious risk &ue to its inferior

(Y

af
strengtk. It is therefore important to guard against such ad~-
mixture.

In the tude mill, the problem is a difficult one. It Te-
quires the testing daily of thousands of pleces of tube, vary-
ing iz length fro= 10 to 30 feet, but averaging about 12 to 15
feet; varying in diareter from 1/4 to 4 inches; varying in wall
thickness froz .0015 to 3/8 inch, ané verying in shape from

rouné to streamline, elliptical, equare, and otker speclal forms.

It is of course impracticzble to make a tensile test on each

ig avall-

piece. No chemical test, even & Qualitztive nature,
able for the ready and rapid identification of chrome molytdenum
steel. One o- two tests which have bcen developed zre not pos-
itive under all circumstances and require to5 much time znd atten-
tion to be practicadle in the inspectlon depaxtment of a tubpe
mill, Magnetic teste have possitilities, btut require relative-
1y costly equiprment, and are subject to certain limitations.

A hardness %esi sppears t0 be the most desirable from the stand-

point of simplicity, spced, and dependaoility. ¥elther Brinell
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tests nor Scleroscope hardness tests can be applied to thin-
valled tuting. The Rockwell hardness test seemed to offer prom-
ise and was accordingly investigated,

4 large rumber of tests were macde on tubes of #1025 and
#4130X steel, in various diameters and wall thkickresses, end
after diverse heat treatments. Tie Rockwell B scale was €ppleye
as being best suited to the ranges of hardness encountered. It
was found that the Rockwell hardnesc did not bear any direct
relation to the tensile strength of the tubing, and it was zis0
found that the hardnesa ranges of the two types of tubing in
the "as drawn" condition, overlapped. However, after norraliz-
ing, there was found to be a distinct gap between the Rockwell
B hardness of #1035 steel and that of #4130X steel, While cach
varied in hardness within fairly wicde limits, no carbon otezl
showed a rardness in excess of 80-F and no chrome meolyodernux

g

steel siowed a nardress less than 90.3

’
a few pleces. The latter, under the test, were laid aside as
doubtiul. Oﬁly satisfactory chrome molybienum tubes were found
to srzow & hardniess in excess of SO-E after normalizing, The
nmetrod therefore provided the cesired means of identification
of chrome molybdenum steel. It is a qualitative test only.

Tae conditions of satisfactory test are as Icllows:

2) The tubing must be normalizéd as above described.

b) It rust be clean inside and out at the point where the

teet is to be made, to insure the removal of Cirt




.
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arnd scale, and presenv a smMoOtL bright suriace.

c) Trhe tube must be held in correct elignment with the
penetrator and rust not move during the test. (A
permanent moverient of C.0001 inck affects the read-
ing. )

d) For tkin-walled tuves, the anvil rust exiend within

the tube so as to support the wall.

It was found that, on tudbes Laving a wall thickness less
than .035 inch, it was necessary to apnly a correction factor
to the reading, owing to the effect of tize anvil. This, Low-
ever, in nc way interferes with taec distinction detween the
two grades of steel, Certain anvils zlso require tkhe use of a
correction factoer such as the additio= of atout 2 points to
the reading, vecause cf the indertation made by anvils of small
diareter on tre inner wall of smgll tubes,

Because of the great difficulty in holding tubes of leng
and varying lengths in correct alignment with the Rockwell pen-
etrator, it was at first necessary to cut oif a short length
frcw the end of each tuve, to rnumber the tude and the end there-
of, correspondingly, anc tc take readings on these small rings,
Both the tube and the ring were givern the same normalizing
treatment. This entailed a large amount of lazbor in the catting
cff and numcering of the tubes, the latter teing done by nmtans
of eteel stencils. In order to eliminate this excess labor and

speed up the inspection of large quantities of tucing, a machine
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was designed* to handle the various sizes of tubing and hold
vhem in correct alignment. (Figures 1, 2, 3). The machine was
provided witz a cleaning apparatus tc prepare the ends of ths

tubes for the Rockwell test. This apparatus consisted of

5

ezery belt for cleaning the outer surface over a suitatble small
arc and at the same time, cleaning the inmer surface over &
corresronding arc. The inner surface is cleaned by means of a
rotating file while the emery belt cleans the outer surface
(Figure 4). This part of the worx 1s dore by one operatdor, wio
then loads the tubes on a set of conveyor chains by which they
are transferred across the machine to the other operator who
takes Rockwell readings. The two operators readily keep pace
with each otker, but if there is a difference in their speed of
operation, or if it is desired to conduct the test with only

a single operator when the quantitly 6f work is not great, a

batch of tubes can first e cleaned znd placed ¢

8 |
(3 4
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chains, whereupon the operator takes his position et the other
side of the machine, and makes the Rockwell readings, moving the
prepered tubes toward him by mzans of g hand lever which oper-
ates the conveyor chains. To provide for testing tubes of
variocus diameters the machine was designed so as to align the
tubes with the Rockwell penstratcr by means of 2 guide et their
upper surface. In other words, the tubes are pressed upward
against the lower surfece of z straight cdge which is correctly

aligned witl the penetrator. Provision is made for accuratle

*Designed by Andrew King, Consulting Mechanical Zngirneer, and
the writer.,
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adjustment tetween the peretrator and the straight-edge guide.
Special'anvils were cesigned naving a cylindrical menmter hori-
zontally rounted and extending into the tube axially about 1/4
to 1/2 inch, therety giving a line support for tne inside sur-
face beneath the penetrater. It is necessary that the axis cf
the éylindrical support be accurately parellel with the axis
of the tube. Ap adjustable gulée rod extending frorm the anvil
into a vertical slot atteched to the machires takes care of
this. It was found necessery, because c¢f very slight devia
tions in straightness anc other irregularities to clamp the ends
of the tubes tightly against the supporting cylinder in order
that the tute and cylinder te s0lidly in contact before taking
a reacing. The anvil is trerefore provided with a clamping de-
vice operzted by & small hand lever as shcwn in Figures 5 and 6.

Anvils of two sizes were focund to be adequate to taxe care
of a wide veriation of diareters and thicknesgges of tubes, OCn
of these has 2 supporting cylinder 1/8 inch in diareter and
3/8 inck long, and the other 1/2 inch in diameter and 5/8 incax
long. The anvils are irnterchengeable with the regular anvils
of the Rockwell machine,

The first operator brings the tube o proper position be-

tween the telt and the roteting file by hang, then orings the

o
ngs
telt down upon the tube by means of a2 foot pedal. Ordinary

round files arc used for cleaning tze inside surface, a half-

inch file being used for large tubes, and cne-eigath inch file
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for very small tubes. The files are broken intc short lengths
of about 2 inches and the pieces are held iz a drill chuck,
vhich is rotated by the same motor which drives the emery belt.
Files and velts ere renewea from time to time. A hood and &xi~
haust remove the dust and filings.

The secornd operator, whc tzkes the hardness readings, moves
the tubes toward himself as required, by means of & zand lever
and rachet which operates the conveyor chains. The tude 1s al-
lowed to fall upon a series of fingers, whereupon it rolls un-
der the stTaight edge and is then brought up sgainst the latter
by means of a foot pedal.{Figures 1 and 2). After taking the |
reading, a further movement of the foot pedal discharges the
tube upon a walting truck.

This method and spparatus have been in operaticn Ior ap-
proxirately two years at one marufacturer's plant, and many
hundreds o ttousands of feet of tubing have been itested, In no
case has a mild carbon steel tube been allcwed to pass €xcept
in a very few instances which were traceable direcily to the
carelessness of the operatocr. To take care of the increased

production, a second machine has been constructed, similar to
the first one, and has been in use for about six months.

¥ay, 1930.
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