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Macroscopic Bxaminations

The entire gtrul agsembly is shown in Plgure L.
It consists of an S.A.E. X4130 steel streamlined tube,
0.049 x 0,709 x L.708 in., a8 deplcted in Flgurs 2.
A U«terminal 0.090H inch thick is welded at each end of
the tube snd forms an anchorage for a bolt. One of these
U=terminals, describod aa attached tc the front starbeard
Vmainplame spar Litting, was broken at the weld, as ashown
in Figure &, (lose smaminatlion of this part revealed a
crack approximately & inch long extending from the side
of the terminal inte the intermediaste sone; 1.9., the zZone

adjacent to the weld seam (see locatlion on Figurse 4, magni-

ey

fication X5

o

Hardness Teslbs:

Hardness tests were made abt verious points along
the weld. The Vickers method with a 10-kilogram load waas
used. (The Vickers hardness numbers in thig range of
hardness are approximately equivalent to the Brinell nuwbers.)

ToH Mo
Strubt tuve -

Tnwelded metal - 270
Intermediate aone - 204
Along weld - 200-R22.

U=tosrminal -

Tnwalded zone e 256
Near crack (inter-

mediate zone) - 281.-2856
On weld - 18L
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Magnallux Teatss

hagnallux tests were made by Mr. 3. Govivsmang
of this Departmant, on the weld that did not lfall.
Longitudinal and slvcular magunebtizations dAid not reveal

any defeat.

Chemleal Analysis:

A sample milled from the atrub tubs analyaed

as follows:

Carbon = V.34 per cent
Hanganess = 0,61 "
Chromium - Q.92 i
Molybdenum - D8 "

A sample was also teken from the U-terminal

and it gave the following results uvpon analysiss

Carhon = 0,54 per cent
Mangane ge - 0.49 H
Chromlim - 0.89 i
Holybdenum - QL. i

Mierogcopic OBxamination:

Specimens cut from the U-tsrminal which falled
and also from the strut tube were given a meballographic
polish and ezamined under the microscops. fxamination in
the uwnetched condition showed the waterisl [rom both bthe
tube and the terminal Lo be made of clean steel. The
specimens were etched in & 2 per cent solutlon of wniterlc
aelid in alcohol. Plgure 4 (magnification XB) shows a
section of the welded parte taken <4 inch fvom the sids,
the thicker porition baant near bthe weld (which appears
lighter in shade) heing the U-terminal. & very irregular
crack e ecleerly visible {even abt this low magnification)
and exbends across the entire thicknsss in the intermediats

zona of the weld adjacent to the weld sesm which is in dark
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contrast with the rest of the base materlial. The minimumnm
thickness of the material at the weld measgures approxie-
mately 0.03 inch. A large bright spot snd several small
ones are visible on the weld of the U-terminal and seom
to form s chain extending up to the point where the weld
has feiled. Theose spots are blowholes, as ls evidencsd
in Flgure & (magnification, X40) and Figurve 6 (magnifica-
bion, X100}, which give enlarged pictures of these bhlow-
holesg.

Bigure 7, magnification X100, shows Ehe erack
at the bagse of the weld, in the intewmnedlate zone, whills
Figure 8, magnification X100, shows a portion of the same
crack at higher magniilication. As 18 sesn in this lagth
photomicrograph, the crack follows the grain boundaries
and is therefore very irregular in appesrance. The grain
structure appears coarvser at bthis intermediate zone of
the U-terminal and the pearlite sppearsg to bs finer in

gure ¢ (magnification X250) was taken from

gome areas. Mg
the U-terminal at the zone where the weld and bage metal
are in contact., The white constituent present in much
larger smount in the‘wsld portion is ferrite and the darvker
constituent 1s pearlite, the subtectoid of iron and iron
garbide. PFigure 10 (magnification X85Q) also shows

the zone of fusion between the weld and base metal on a
gectlon of the weid on the strut tube. The itwo large

dark arsag are blowholag,
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Discussion of Resultas

Macroscoplce exawmination indicates that a
crack was starting in the int@rmédiate zone adjacent toO
the weld seam of the U-terminal. Such a condition is often
observed in the metal adjacent to a weld and is rscognized
as very harmfful; since 1t is sufficient to determine a
Ffatigue failure under high vibratory stress. However, in
the present case, fallure actually took place in the weld and
not in the intermediate zone.

According to some reaults published by Whittemore
and Brueggeman {(Technical Publication 348; pp. 323=3559,
1950 U. 8. Nat. Advisory Committee for Aeronautica), the
hardness nuaber on wolded S.A.H. X4130 tubing averaged
240 for the unwelded material tested, 275 for the zone
adjacent to the weld seam, and 175 for the weld metal.

. Hardness resulis observed here are conforming with these

averages .

The S.A.E. speeclfications call for the following
chemlcal compositlon for K4130 steel:

Per_cent

TrvraAT ot e

GCarbon - 0.25-0,35
Hanganese = 0.40-0,60
Chromiwm w 0.80-1,10
Molybdenum - 0:1.5=0.25

The straight S.A.E. 4130 steel differs from the
SeAolle X4130 in that it has a higher manganese conbent.

’ The analyses of sauwples milled from the gstrut tube and from
the U-terminal conform respectively to the requirements of
specifications of the S.A.H. X4130 and 4130 steels,

Fuagion 1s Fairly good betwoen the weld and the

base material (Figures © and 10). The weld metal contains
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loss carbon than the base metal, as can be seen by
the lower amount of pearlite (grey coustituent) present
in the weld. (Migures ¢ and 10).

Such blowholes as shown in RPigures b and & are
sufflcilent to considerably reduce the endurance 1limit of
the weld and to contribults in bringlng fatigue fallure
under high repeated atress. The lack of homogenelty in
the welded materisl may come from some of the following:
vnauitable fluxing, molsture on the weld, or Iimpropex
welding technlgue aueh as hesitating before brosking the
arc, backlng up over the previously deposited metal, etc.

These {laws can bhe detacted by Xeray szamination.

Summary:
Examiaation of a welded strul assembly which
falled in gervice showed thatb:
1. The steel used 1n the strut tuba'&md U=-terminal
La of good quality and conforms with the
specification requirements.
@. A Pfatigve failure oﬁaurfud in the woeld.

3. The fatigue {racture progresssed from some blowholes
in the weld and under repeated high stress finished
by sudden tearing.

4. A4 detectable crack was slowly progressing in the
internsdiats zone and would have been sufficient to
determine a fatigue fallure if the weld had

a

raesisted longer.



Conclusion and Recommendations:

In the present cass, the intermnal stregse
concentration due to blowholes in the weld hag contrle
buted to the faillure of the parts under examinatione.

The following are recommended:

] . s (@)
1, Welding with & erateor eliminstor.

2. ZFeray examlnation of the weld seamn,
to detect flaws after weldlng.

& Poriodic magnafluxing of the welded
areas to detect fabtigue cracks,

QOOOGCOOQOO00
Q000000
QOO0

RPsPES.

(¢} The crator eliminator slowly extingulshes the
are (by decrsasing gradually the current) in ordex
to allow the gasg includsed in the weld to escape
before zolidificetion of the metal. (See %Are

Welding S.A.T. X4130,¥ STEEL, Nov. B, 1941.}).












