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April 18, 1943

The Honorable kon C. Wallgren, Chairman
Senate Subcommittee on Aviation
United States Senate

¥y dear Senator Wallgren:

In accordance with the procedure agreed upon in the
conference with you, Senator Kilgore and Senator Ferguson on

April 5, regarding the conditions at W‘-
ration phnt. Cincinnati, I appointed a Board of investigation

at once and it met first on April 8 in Cincinnati and has been
continuously at work since that date on variocus phases of the
investigation.

Its work is far from complete since it became apparent,
as facts were developed and testimony taken, that the problem
led into Paterson, New Jersey, and elsewhere. It has been
necessary to trace out former inspectors and employees and get
their stories and the Board his had to get records and reports
from operating units, depots, ete. I am advised that it will be
some time before all the material for the final report will be
complete., T have, however, requested and received a preliminary
report which I enclose so that you may be kept as fully informed
as possible. I invite your attention to the Chairman's comment
in the first paragraph pointing out that this is merely an interim
report and that the investigation is still in progress.

There is attached to the interim report an appendix,
marked "A", which gives certain general engineering comments on
which dcta:l.l.d studies are being prepared for submission with the
final report, They are really "notes" in explsnation and ampli-
fication of technical matters in the testimony requiring special
engineering follow-up and investigation and are not conclusions.
They are sent along in lnupi.ng with my agreement with your
Committee,
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Corporation and were good enough to give me clearance to send a
trained crew of engineers into the plant te check up on it, I
undertock two personal obligations %o you. First, te make sure
that the Air Force Committee was absolutely first class inability
and completely independent. As te their sbility, the names and
records of the members 1 believe speak for themselves; as to inde~
pendence and impartiality, the interim report and the corrective
action recommended by them to date is an indication which my ownm
observation of them confirms. DJecondly, I agreed as scon as
possible to tell you in complete frankness my non-itechmical con~
clusions from a personal inspection and from gquestioning and
listening to a number of government and coumpany employees in the
Pllﬂ‘o

For what they may be worth I give you these views based
on evidence to date. KNaturally they may be subject to some modi-
fieation or change in emphagis in the light of the final reports

1. MEU

(a) The general situation at the lockland plant with
respect to managesent control and inspection
procedure was decldedly unsatisfactory.

(b) The conclusions of the Senate Subcommittee relating

to unsatisfactory inspection proecedure are supported
by our own investigation in the majority of cases.

(e) The Company has stressed production at the cost of
proper inspection.

(d) The Army Air Forees must share some portion of the
responsibility for not discovering the situation
and for permitting the company to get into present
shape, over the last three months.

(e) The resident representative as to plant housekeeping
and control, and the Chief of Inspection Service as
te supsrvisory work in saintaining high standards in

government inspection and shop practice, have not
done their jobs in a satisfactory manner,

(f) The morale of government inspectors has recently
been brought to a low level by laek of proper support
from their superiore snd by the over-riding of their
decisions by others, (The activity of ¥r. Fond from
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(g)

(h)
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(k)

(1)

(m)
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Paterson, New Jersey, is being investigated further.
At present it looks as though much of the trouble
comes from his cutting behind the Chief Army Inspector
in the Lockland plant.)

Instances of sub-standard material passed by company
inspection were found, The Board has not yet been
able to uncover evidence as to whether this was delib-
erate. They are still working on it.

It seems significant that much of the testimony
indicates that present unsatisfactory conditions began
about ten weeks ago,

¥right Aeronautieal Corporation has tried to run
engineering procedure in the Lockland plant from
Faterson, New Jersey.

The contractor's guality control manager at Lockland
is not up to the job and spends over half his time on
the road checking subcontractors. _

The unsatisfactory performance reports and records of
service difficulties of both Aruy and Navy so far
examined do not as yet show the consequences orewould
normally expect from poor inspection. This may be
because the unsatisfactory conditions did not become
serious until the recent past, or because engines have

not yet got into planes. Or, it is possible that

airframe contractors in their inspection, engine run-in
and the slow time flying required may have corrected
any unsatisfactory condition, replaced parts, etc.

This porticn of the report has not been completed and
I, therefore, do not express any conclusion but merely
point out the development to date,

The plant, or at least some departments, in its
present expanded size is not entitled to a Class A

inspection rating.
Lanagement has been slack.

Corrective Steps 5o Far Taken.

In the light of the facts disclosed by the Senate

Subconmittee and the Army Air Forees Board of Investigation
the following corrective measures have so far been put into
effects
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The Air Forece officer serving as Resident Repre-
sentative was relieved from duty. le is being re-
placed by an experienced offiecer.

The Chief of the Inspection Section at Wright Field
is being replaced by a more experienced and energetic
officer,

Army inspectors are imwediately being increased to
125, exclusive of administrative and clerieal employees,
by the addition of experienced personnel.

Rejeet stamps were supplied Armmy Air Force personnel on

Emery wheels have already been placed in two salvage
eribs for instant mutilation of rejected parts by Army
Air Force inspectors.

On April 10, the so-called "kitty" of parts from green
run were yu; under lock and key and available only to
inspeetors.

Salvage criba are closed to all but inspectors and
contractor has been directed to put a supervisor in
each crid and supply necessary tools and gumages to
pernit inspectors to check parts under Army Air Force
supervision.

Redliner is availsble to Army Air Foree inspectors
when needed.

iir Force District Supervisor has instructed contractor
to restore original run~in time, thus doubling the
present total of green and final run. This step is
considered one of the surest ways to maintain quality
performance. The step will probably have to be taken
in two stages of 50 percent each in view of the limiting
factor of water supply for cooling and extreme shortage
of 100 octane gas. (Reduetion in run-in time was
previously made in accordance with governmental policy
to conserve 100 octane gasoline.)

Steps have been initiated to reduce company to Class B
inspection rating.

Corrective measures in menagement are still the subject
of study and await the result of cheeck up being made of
some personnel at Paterson, New Jersey, plant. So far
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it is obvious that the quality control manager at

the Lockland plant is not competent for that job but
we are also concerned about other officials. Decision
is deferred until the final report is complete,

(12) Ve are now starting out on the big job of traeing,
inspecting and checking all the engines produced at
Lockland in the past three months., The majority are
in eirframe manufacturer's hands, modification centers,
warshouses, and depots. These can be readily checked.
Spares will be checked at depots, A quantity of
engines have already been ordered to be disassembled,
inspected and test run.

Copies of the final report and of statements relating to
this subject taken by Colonel C'Dwyer will be forwarded to your
Committee as soon as received.

Word from our men in the plant received Saturday indicates
that government inspectors and company inspectors as well as workmen
have come to them to tell them that "things are a hundred percent
better this week." The beneficial effects in inspection are, of
course, very obvious,

This whole situation has been a most tonic one for the Air
Forces. It is their first eiperience of this kind since the war,
I feel that we owe your Commitlee a great deal, not only for your
helpful and generous attitude in making the facts available to us in
the early stages of their eollection, but also in lettiing us get
started promptly on corrective measures that have saved much valuable
time. It is probable that in no other way than through a Committee
such as yours could we get some types of information, since the fear
of retaliation or loss of job so frequently makes men reluctant to go
through channels with complaints against their employers or superiors.

Very sincerely yours,

(Pigned) BouSEE A, MVIOT?

ROBERT A. LOVETT -
Assistant Secretary of War for Air

Copy to:
Senator Kilgore
Senator Ferguson

lalal
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April 17, 1943 §

MEMORANDUM FOR: Mr. Robert A. Lovett,
Assistant Secretary of War for Air,

An investigation of conditions at the iright Aeronautical Corporation
plant in Lockland, Ohio, was begun on April 8, 1343, by a board of which the
undersigned is chariman. The investigation is still in progress. The follow-
ing is an interim report.

1. Management

a. It is the established policy of the wright Aercnautical Corporation
to run the Lockland plant from the Faterson, New Jersey, headquarters, particu-
larly in matters such as engineering and finance., However, there is a great
deal of latitude given to the resident manager in carrying out the company's
policy. It is believed that the manager in an undertaking of this size should
be funished with competent personnel so that more of his work could ‘be dele-
gated. The charge that there does not appear to be competent management in
the lower echelon is apparently true, especially in the department of inspection.
Under the present arrangerent the quality control manager spends 605 or more of
his time on the road which may in part explain the apparent laxity of contrel in
this department.

b. The problem of engine production, together with the related problem
of quality control, has been doubly difficult in this factory, since the manu-
facturing operatlon is in the process of expansion from the orizinal planned pro-
duction rate of 1,000 engines per month to a maximum peak .production in 1944 of
4,000 engines per month. There appears to have been no company executive in
direct charge of the expansion phases of this production facility. It is consi-
dered of the utmost 1mportauue that the manager of so large a plant be furnished
with high-grade assistants for the supervision of, first, the preparation of the
facility for production; second, the supervision of production; and, third, the
supervision of quality control.

¢. Unsafe material has been discovered in completed engines ready for
snipment." Whether this is deliberate or causec by a lack of knowledge has not
vet been determined by this investigation. There is no testimony to the effect
that the management has encouraged production of unsafe material. There is
ample testimony that the company stresses quantity production. ;

d., The morale of Government employees stationed at this plant is
extremely low although their loyalty is not only unquestionable but has been
demonstrated to be of a high order. The morale of the company employces appeared
to ve satisfactory. There are several instances of ccmpany employees calling
for more rigia inspection by company inspectors.

2. Defective Material and Faulty Inspection. - The following unSabis’aﬂtorj
conditiens wers found to exist at the plant:
2., The contractor, on a Class A inspection rating, has been losing
control ol recognized inspection procedures during the past ten weeks.
; o, The need for production has been emphasized te the point of weaken-

ing company inspection.
CONH JENTIAL
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c. The control and segregation of salvaged material has been lax,
making it possible for this material to be placed pback in production.

d. Routing of parts has not been nandled according to good shop
practice.

e. Plant housekeeping was far from satisfactory.

f. The Alr Force Resident Representative is unqualified for this posi-
tion both by lack of proper technical experience and DY lack of administrative
ability.

3. Engineering comments on statements made by personnel of the plant
relative to defective engine components, as well as manufacturing and inspection
methods, are contained in Appendix "A" attached. Exhibits to this report are
being prepared for submission with the final report.

4. Under the direction of experienced Air Force inspection personnel, &
thorough- survey is being made of salvage and inspection procedures. The proce-
dures are being analyzed, and where necessary, corrective action is being taken.
The complete repert of the findings and corrective action teken by this group
will be incorporated in the final report of this board.

The following remedial action has already been taken:
a. On April 8, 1943, the AAF perscnnel was furnished with reject stamps.

b. On Aﬁril 10, 1943, the Army Air Force Resident Representative was
replaced.

c. On April 10, 1943, the so-called "kitty" from which parts, having
unaergone a green run, are removed by the assembly personnel to be installed in
engines for final run was put under lock and key to be available only to inspec-
tion personnel.

d. On April 15, 1943, arrangements were made to bring the personnel of
Army inspectors at this plant up to 125, exclusive of administrative and clerical
employees.

€. Emery wheels have been placed in two salvage cribs for instant
mutilation of rejected parts by AAF inspectors.

L. Directions have been issued that no one will be allowed tc enter
salvage cribs except Wright Aeronautical Corporation and AAF inspectors.

. The contractor has been directed to assign a supervisor to each
inspection crib end furnish each crib with the necessary tqols and gauges to

CONFIDENT!:




enable inspectors to preoperly inspect paris under the supervision of an AAF
inspector

h. AAF personnel have obeen instructed to have Red Liner inspection
tests made when necessary.

i. Reductions were made in engine run-in time in an endeavor to limit
to the minimum the 1u0 octane gasoline required. Instructions have been
issued by the Air Furces'!' uUlstrict Supervisor to this factory to return to

tie original run-in schedule., In this connection the run-in schedule will be
so establLsned as -to make the increases in those horse-power brackets where 91
octane gasoline may pe ntilized.

AILLIAM 5. KNUDSEN,
i

Lieut. General, U.S5.A.
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APPENDIX man

The following engineering coumente ure mede relative to statements
by personnel of the Wright Aeronzuticel Corporution plant at Locklind,
Ohio, concerning defective engine components, «& well as menufacturing &nd
inspection methods. Note: Exhibits referred to herein ure being preptred for
submission with the finul report.

1. LE&KY FNGINES.

a. Intuke Manifold -

Stetement of witnesseg. - Virious witnesses, including Arny
and plant inspectors, stuted thut :fter green end finel run & concicercble
number of engines were found heving cylinders which lewked gesoline et the
inteke port slecve. These witnesses stated that the leuks were detected by
the presence of the blue dye which ¢ pcrently hud seeped out urounc the threcds
between the sleeve wnd cylinder heud proper. This seepage or leckcge wes con-
fined to the reer cylinders of the engine., The witnesses further steted thet
they believed this leskage is of sufficient nugnitude to be dengerous on test
stends, but thelr mein point of issue indiceted thet this lerkege would de-
velop in the service engine to such & point as to result in & serious fire
hazerd in the sirplene. Further, there seemed to be conslderable confusion
end dissgreement between government cnd plient inspectors relctive to the
degree of leukage which could be tolersated. In other words, there wes no
clezr conception as to the inspection stundurd on this perticulsr item.

Comments. — The Materiel Commsnd personnel and the engineering
staff of Wright Aeronsuticisl Corporution hive been awure of the difficulty
being experienced with occusionul gesoline leckage between the cylinder he:c
custing end the inteke port sleeve on the reur cylinders. Tihds problen hus
been given considerzble und intensive engineeriung study by both the liateriel
Commund &nd the Wright Aeronautical Corporztion end it is expected thut sn
engineering solution to this problem will be sarrived «t in the very near
future. For complete discussion of this problem by the Wright Aeronsutical
Corporation, see Exhibit A.

It is pointed out thut only occeslonal cylinders are found to
be leaking, However, the inspectors sre correct in stating thet even the
occasionsl leukage should be remedied., It 1s elso pointed out thet it ie the
reer row of cylinders which are the offenders in this matter. From ¢ strictly
engineering point of view the amount of leukage experienced by these engines
at this specific point (at the rear intske sleeve location) is extremely
slight in comparison with the guantity of eir thst pesses this point. Service
experience hns indicated thet this type of leekege, «lthough undesirable, is
not & fire hazard and there heas been no imown case of fire which could be
attributed to « leakage of this nature.

All fuels that contain lead are colored with & dye for icenti-
ficution purposes, The presence of & dye stein generally indicutes & point of

»
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Pege 2 of Appendix "A"

fuel leskeage. However, it is pointed out thet the presence of the dye,
¢1though resulting from & slow leak, might meen to the laymen that &
severe leckege existe.

In view of this situation &nd until the final engineering fix
is incorporsted &ll intuke sleeves which hove been shrunk into the cylinder
hezd should be rolled with the expending roller to further secl &nd eliminate
fuel leskage &t this point. Thie corrective meusure will simplify the
inspector!'s problem. Fewer cylinders should be found sfter green or final
run th:t would indicate leckage.

The point was mude by verious inspectors, that in view of the
fect thut they found leaky inteuke port sleeves on engines during green and
finel run end that often & cylinder which aid not lee: on green run would
develop & leak during the finsl run, thet this trouble would possibly de-
velop in service. From zn engineering point of view, there is e possibility
thet this trouble mey develop in service with the type of intezke port sleeve
now being used on production. Immedicte vetion should be tuken by the manu-
facturer to issue : service bulletin contuining the necessery instructions
for repuir of eny of these cylinders which muy devélop a leak in service.

b. Resr Hous.ng Studs and Guskelt Letiige. —

Stetement of witnesses., - Witnecses stauted that a considersable
number of engines were found after both green end finel run with fuel lesk-
ege between the blower section and the reer section flange, and at the stud
loestions. The witnesses further steted that the cures now being epplied,
such es Permatex No. 3 on the gusket and further tightening of the stud nut
after the washer huad been replucea, were notl setisfactory remedies. The
witnesses further stoted that consideruble judgment W&s being exercised end
thet no clewr-cut standard of inspection wus set down on which to bese
scceptence of the engine with respect to this lenkage. Further the witnesses
were of the opinion that this leckege would develop further in service, re-
sulting in &« serious fire hazard.

Comments. - The seriousness of the fuel leukuge problen has been
discussed et coneiderable length in the previouc peragraph end consequently
no further discussion onethis point will be included under this heading.
Leekage around the studs in the reer housing.is fully discussed by the engineer-
ing steff of the Wright Aeronsutical Corporation in Exhibit B. It hes been
further suggested that & simple methoa of eliminating the possibility of leak-
gge would be to drill a hole through the entire length of the stud, thus re-
lieving «ir pressure or hydraulic pressure of eny fluid which mey be cetught in
the tupped hole in the housing. At the present time the method employed to
relieve this pressure is the use of & eme1l hole drilled through the housing
into the superchurger diffuser. Fxperience hus shown that unless s hole is
provided failure often results ot the time & stud is inserted in the housing,
the nature of the failure being the breaking loose of & smell perticle of metal
into the diffuser proper. While the use of & hole through the stud would
effectively cure this difficulty, it is a difficult procedure for production
use. Another method which is suggested 1s & relief of the stud threuds by an
axial cut. This method is currently used in other types of mechines. There
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is & possibility thit [ relief nude in the threads ray heve sone injurisus
ef'ect on the housing. However, this mutter cun be investip:ted by the

E ¥ (=] v
Wright Aeronsutiecel Corporution.

Leclkage of fuel pust tiie reer housing gesket occurred cond
attéapls to eliminete this leaksge by the use of Pertctex Ho. 3 were un-
successful. Two types of gaskets were furnished the Wright Compsny by its
vendors, one gasket being slightly herder thun that previously furnished;
however, both gaskets are within specific: tlon recuirecents on the gasket
drewing. The use of Perm: tex on gaskete to prevent leckage of gesoline is
not  recommendea practice end therefore shoule nst be sermitted hy govern-
ment inspectors.

The inspectors are correct in stating thet there is & possibility,
in view of the trouble being experienced during production testing, that this
trouble could develop in service. It should be pointed ocut thet reports fron
service indicate thut leakege at this point is not & serious problen and that
norrnel corrective meszcures already issued in the form of service instructiosns
cen be applied to overcome this difficulty.

<. GEAR INSPECTION.

&. Hardness Test. -

taterent of witnesses. - Witnesses stated that consideruble
luxity exists in verious gewr inspection depsriments reletive to “he rethod
of crecking and the lisits imposed during the lordne:s testing of geirs.
Stuteuents were mude that ¢ considersble nuuber of ge:rs were being oossed
which were known to le outside of the drawing linits, This ineorrec:i record-
ing wes directed by the witnesses! superiors., :

Coiucnts. - Prior to the scle of un engine to the government
agency the geirs 1o be used in this engine heve undergone extensive develop-
ment tests which have established certeain specifications for esch and every
gear in the engine. The detail blueprint of the gecr always specifies these
specificutions &nd the lirdts which are known to be within the scfe operating
renge. During the inspeciion of these gesrs by the menufzcturer it is men-
datory thet sufficlent insrection equipment and quwlified personnel arée wvail-
able to definitely establish that the production ge:r is within the blueprint
specificetions and limits. Whenever geusrs ure founa by the inspection methods
to be out of the bluecprint specificutions tnd linits this geer should be sub-
mitted to salvage and the salv:ige comuiitee shoula pass judguent gg to the
serviceability of the gecr in cusstion. In no cuse should the clief inspector
in the gear department ussume responsibility or cireei his suborcdin:tes to
exercige the function of the selvage comnittee. The harcness of geers is very
criticel und greut cere should be exercised in agcerteining that the hardness
of geurs fulls within blueprint specifications.

b. Profile ingection. -

Stateisent of witnesses. ~ One of the witnesses, u government
inspector, stuted that he was prohibited frou inspecting geurs by wesns of
profile tests.

COMNHULIR {6
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‘Comments. - Ceers in general ure received from e vendor in
the form of forging blanks. These forging blenks are then normulized by
the manufacturer and are given & hardness check to esteblish control of the
normalizing heet trestment. The forging blank 1s then rough mechined to
such & point that it cen be machined further on the gesr cutting mechine.
After the gear teeth have been cut on the gear cutting mechine en inspection
should be made of this gear to determine whether or not the correct profile
‘hes been genercted by the machine., This profile is checked on whet is known
£s &n involute messuring machine. This consists essenticlly of an indieating
head which follows the tooth profile. The motion of the indicator is trens-
ferred to & recording oscillograph by means of an integrating electrical cir-
cuit. This ecircuit converts the involute profile to that of & straight line
which is recorded by the oseillogreph. The magnificétion on the oscillograph
is such that devistions from the correct profile form can be quickly end
accurately measured to within & few tenths of & thousandth of en inch. For
& complete description of the involute measuring machine see Exhibit C. This
measuring instrument is not now used ts inspection equipment in this plant but
is used only in meintaining menufacturing control end should not be rvailable
for use by the inspectors who &re concerned with the inspection of the finel
product. It.is pointed out here that by opersting this involute measuring
mechine by hand at various speeds factors enter into the recording mechsnlsm
which will result in erromeous profile readings. However, in no case cen this
involute measuring mechine be operated in such fushion thet the record of
the tooth profile will be sny better than the sctuul profile of the tooth be-
ing inspected., This involute measuring mechine is used to check & sufficient
number of teeth around the circumference of the gear to sssure that the gear’
in question is being properly menufactured on the geecr cuiting machine. After
the geer teeth huve been cut the gears are hardened by eny one of the hardening
processes. After hardening, the finel operation on the gear is performed
end the gecr is submiited to an inspector for finul inspection. This finsl
inspection is performed on & machine known as the Red Liner constructed by
the Fellows Gesr Shaper Company. The machine checks the entire gear. This
mechine sutomatically records such errors &s eccentricity, tooth spoeing and
tooth shape in combinstion, but in such & way that these errors can be identi-~
fied and the amount of each definitely determinedt The detalls of the opers-
tion and function of this machine are described in Exhibit D.

€. Qther Inspection Methodg. -

Statenent of witnesses. - There was considerable tonfusion emong
certein inspectors in regerc to the type of inspection equipnent which should
be used in inspecting geers. Mr. Christiansen asked for & profilometer or &
brush rachine for gear inspection, which wss refused by the compeny.

Another point raieed by the inspectors which should be carefully
checked on geers wes the guestion of concentrieity of certuln pump gears. The
witnese stated that a number of these parts were found to be out of concen-
tricity. He was ordered to pess theu as this point was not checked in final
inspection and consequently if he passed them there was no further inspection.

In addition to the question of concentricity, eanother inspector
tegtified that e lerge number of gears had been psssed over his objection with
the axiel hole out of round.

= .
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Couments. - Other inspection equipment which wus suggested
by lir. Christiansen were the use of either the profilometer or Brush Sur-
face Analyzer for geer inspection. These instruments -sre sensitive labore-
tory devices for meusuring surface finich to within & few millionths of an
inch end are not menufactured with the intent of being used us production
inspection equipment.

Relative to the cuestion of the eccentricity of the puip gecrs,
either fuel pump or oil pump, it is ressontble to presune thet the memu-
f:oturer hes not set up the Red Linmer es sn inspection procedure for these
gesrs in view of the faet thut these geers ure not highly loaded and thet
defects in these gears will be readily shown up efter the green run snc can
be rejecteéd upon visuel inspection at thot time, However, should these getrs
be consistently found to be defective after green run, the Inspection Depert-
ment should teke the necessary sction to esteblish suiteble inspection nmethods;
for exemple, the Red Liner in thie depertment until the defect is elinminsted.

Equipment recormended by the engineering depertment of ¥right
Aeronwuticel Corporation for inspection of geers both during menufucturing
end finel perts insgpection is attached ee Exhibit E. A brief description of
the procedure which hes been developed for the control of gewr production at
the Wright heronauticel Corporction - Cincinnati plant since engine production
sterted is included in Exhibit F.

3. MASTER ROD BEARING INSPECTION.

Stetement of witnesses. - Various governient inspectors objected
to the methods used in the inspection of master rod beurings. One governaent
inspector stated that he was prohibited from using pocket knife blaces or a
pencil ersser to remove indium plating frou the surfuce of mester rod besr-
ings for the purpose of inspecting the nzster rod bvearing. Further, when
these prectices were prohibited, the Army failed to furnish the lnepectors
with clternative methods of inspection.

Comments. — The muster rod beuring problem in R-X60C engines
has beern & source of considersble trouble since the inception of the engine.
This is not only true of this engine but considersble engineering effort has
been expended on the mester rod &nc meln bearing problems in «l1l high powered
aircraft engines. There is considerable pest history on the development of
netericls that cen be used and recently the wost promising development seems
to be the soft silver bearing meterizl. This bearing metericl is presently
being used in other manufacturers' engines and as soon as sources of supuly
can be developed it will be used in the E-2600 engine to aseist in overcoming
the inherent beering difficulty. Every kmown precsution is being upplied to
assure the use of satisfactory bearings in production engines. For a complete
discussion of the bearing problem, =s experienced by the engineering staff
of the Wright Aeronsuticel Corporation, your attentlon is invited to Fxhibit
G. :

It is further pointed out thet along with the beuring neteriel
development basic bearing design hes also had & history of developuent end it
is known that the Wright Aeronauticel Corporztion has complete knowledge of
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the latest design methods &s brought out in Appendix T.

The main point of issue among the inspectors seeus to be in
the application of the inspection methods. From ell of the testimony sub-
mitted on this problem, it is quite evident thet there is no dissatisfection
with the methods used prior to the instulletion of the bearing in the engine
for green run. After green run some beerings are found to have been com-
pletely destroyed end others sre found which are of cuestionable cheracter.
The inspection technique of the questionsble bearings ic not too well esteb-
lished. Inspectors ere prone to use methods for the inspection of this bear-
ing which heve proved satisfuctory in the inspection of older type besrings.
The question of scraping or removing the indium plate with & rubber ercser
for inspection serves no useful purpose and is likely to destroy an otherwise
setisfactory beering. The indium plating would be marred further end evidence
of possible beering fuilure would be destroyed by use of the scraping or -
erasing tecMnique. Slight superficisl mers or scretches on the besring sur-
face may be removed by cereful burnishing.

In view of the fact th:ut considerable difficuliy is being
experienced with master rod beerings on green and finsl runs &nd thut this
difficulty cen eucily be carried over into the service, it is mandstory thet
beurings which sre suspected or which show indications of irregulurities
in the basic copper-lead plate und lead plute be subjected to block light
inspection. In no case should this bearing be touched with & loose sbrusive
in the form of pumice, crocus cloth or &ny other sbresive or wire brush of any
kind .

Records of service engines msnufuctured et the Cincinnati plent
indicete that there have been only eix mester rod becring frilures on the
R-2600-B series engines, One failure was the result of cefective materisl,
one due to lack of o0il and the cause for the four remeining fuilures ure
unknown &t the present time.

4+ NITRIDED CYLINDER BARRELS.

: Steterent of witnesses. - kr. R. W. Clurk stated thet one of the
difficulties with the Wright engine weg the fact thet they cre using nitrided
cylinder barrels and thet the Wright Company is the only company using this
barrel meterial. The use of the nitrided cylinder barrel was alleged to cause
engine failures through excessive ring weer. In the opinion of kr. Clerk
excessive ring weer will not be overcome until this type of barrel is elimineted.
No other inspectors compleined ‘of this material. Severel inspectors, however,
reported red and smoky cylinders which chowed up in the green run.

Ur. Hoff, one of the government inspectors, stited in his originel
testimony thet cylinder wells ere inspected after the green run merely by
ingerting & small light through the sperk plug hole and thet it is impossible
to see more thun & small portion of the cylinder in this type of inspection,

Commentss - The nitrided cylinder barrel s used in this engine
is not responsible in itself for the high ring weur &s charged in the complaint,
The present piston ring combinetion us used in this engine is ungteble, perti-
cularly &t high power outputs end under conditions of dusty operation. The
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long periods of satisfactory operation heretofore obtuined with an exaetly
similar piston ring setup &s used in & similur type engine in sirline opera-
tion consist of relatively short periods of high power operation znd long
periods of operation power &t 60 per ceni. Also the conditions of dust and
dirt usually experienced in military operutions sre not encountered in normal
airline operation. However, this engine with the sume ring setup hus been
proven by military service experience to be entirely unsatisfectory unless
extreme precautions are teaken to insure operction within the preseribed opersa-
ting limits snd particulcr care is exerclsed in the maintenence of air cleaner
equipment instelled in the airplane.

The specific difficulty with the piston ring essembly is thet
the lubricating oil control is partly meintsined by the teper on the com-
pression rings. This design is inherently unstable. As wear proceeds, the
severity of the oil control decresses with the result theut the oll consumption
with this type of engine rapidly increases under the conditions of militery
service, This is interpreted ss pert of the objection ruised by the complaint
of rapid wear of the piston rings.

Another objection raised by the Government inspectors wis the
frequent occurrence of smoky cylinders during green run. This condition of
smoke in the exhsust is due to excessive lubricating oil coneumption which
indicates unsatisfactory ring conditions, s described in the previous psrsa-

grhph.

Another reason for smoke in the exhsust may be & slightly rich
mixture for the particuler cylinder in question. This condition 1s inherent
with the mixture distribution charucteristics of this engine und is not con-
sidered serious from the engineering stendpoint.

Further reference was made by the inspectore to cylinders emitting
a red exhaust fleme. This condition is slso attributed to either mixture
distribution or lubricating oil consumption. The cylinders showing a suspi-
cious exhaust in the green run should be noted by the inspector and if an
unsatisfactory ring condition is found in these particuler cylinders et tecr-
down after the green run, the rings should be replaced and & penalty run given
the engine,

The statement by Mr. Hoff thit cylinders are inspected cfter
the green run only by looking through the spark plug hole is entirely in-
correct a8 the engine is completely disassembled for inspection after the green
run. During the penalty run the cylinders which were equipped with new piston
rings should be carefully observed for the condition of the exhaust flame, If
the inspector is not satisfied with the exhaust from the replaced cylinders,
& further inspection of the piston rings should be made.

5. USE OF PARTS FROM GREEN RUN_ENGINES.

Statement of witnesses. - Mr. Hoff, & government inspector, stated
thet the practice of using perts removed from an engine following green run to
replace failed purte on another engine without further penelty running is bad
prectice because of & number of master rod bearing failures and five sun gesar
failures in one engine. This practice is currently termed the use of "Kitty"

purts. Apyr, .
LU{L e
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Mr., Hollingsworth stated that master rod assemblies from the
"Kitty" are used and pessed without further tlest.

Comments. - The purpose of the initial (green) run of eircraft
engines is to prove the setisfuactory assembly of the engine end the compati-
bility of all surfaces subjected to weur. Therefore the use of psrts removed
from en engine following green run to repluace failed parts from another engine
is not considered entirely satisfuctory. However, there ure certain other
parts which may be considered satisfactorily proven and run-in if they ere
operated with their complement parts.

Such items as ere known to be critical from & service standpoint,
i.e., master rod beerings, piston ring eylinder ssserblies, superchurger drive
gears, reduction pinion geurs and other highly loasded parts which cennot be
easily inspected after the penslty run-in, should not be interchanged at ren-
don after an engine hes gone through the green run. Should it be necessary
due to the failure of any one of the speciiic items &g mentioned zbove to
replece the part, the engine in cuestion should be given & penalty run-in to
definitely prove thuat the repluced part will operate satisfuctorily.

The varts used or trensferred from ons engine to another engine
during the period of September through bHurch are listed in dete included as
Exhibit H.

To properly bring the unsatisfactory performsnce of these parts
to the sttention of inspection and manufucturing depsrtiment personnel, it is
recomnended that these departments be properly bulletinized with informction
of this type.

6. SCHOOL ENGINES.

Stetement of witnesses. - Testimony wes submitted to the effect
that school engines built of selveged parts were operating more satisfactorily
then standerd production engines. Further testimony submitted by lir. R.W.
Clerk indicated that fourteen school engines were produced out of the salvage
of two years of operaution.

Couments. — It is understandable from an engineering point of,
view that school engines which are built up of salvagezble parte end hand
fitted during assembly mey perform equelly as well s, or in some instences may
perform nmore setisfectorily then, the standsrd production engines. Sulvage-
able parts thet are hand fitted to build up the school engines are those parts
which are out of tolerances and which would affeet interchengesbility with the
stendard engines. The time and effort spent to assemble by hend fitting the
perts could not conceivably be introduced into the production line.

It is pointed out that the perts used in 2z school engine heve
not been rejected from the production &ssembly line due to megnaflux indica-
tione, defective meterial or non-complience with meterial and herdness speci-
ficatione.. School engines ure for ground use only in training mechanics..

7. SUPEHCHARGFR CLUTCH.
Statement of witnesses. - Mr., Rey Clurk stated that the Wright

e SERTE TR T
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type clutch falls even if in perfect tolerance becsuse 1t is ¢ very poor
design und thet it has sometimee opersted better when outside of tolercnce
limits.

Comments. - The liateriel Commend snd the Wright jeronsuticsl
Corporation are swere of the fact thet the clutch assembly in this engine is
not entirely sstisfectory. Considerable engineering effort is being expended
by both the menufacturer snd the heteriel Comnand to effect en engineering
golution to thig problem. However, it is nandatory thet the tolerances set
up for the menufucturer of this esseubly be strictly wahered to until zn
engincering chenge of design is inetituted to correct the problem s & whole.

8. PENALTY RUNS AND ACCEPTANCE TESTS.

Statement of witnesses. - Mr. Ruy Clerk stuted that & model test
should be run on ever so meny engines tsken off the production line &nd thet
such & procedure hue been suggested.

Comments. - Relative to the merit of performing & model test on
an engine fron the production line after a quentity of these engines h&ve been
produced is unquestioncbly desirsble fron & further production znd insypection
control point of view.. It is pointed out thet in the basic contract for the
engines & provision is mude whereby the Government can recuest one of the
engines, selected at random from the production line, be submitted to & model
test. This prerogative is exercised wherever service reports or penelty runs
at & menufscturer's plant indicucte that the quality of the production line
engine is not up to standard.

9. RECORDS ON SERVICE DIFFICULTIES. - Sunmeries of records or reports

from the service on R-<600-B series engines tre stteched us follows:

Army Air Porces - Exhibit I.
Navy Buresu of Aeronautics - Exhibit J.
Tiright Aeronsutical Corporetion - Exhibit K.

10 COMMENTS ON FNGINE DIFFICULTIES. - The couments of the Aruy Alr Forces
on unsatisfactory reports received relustive to the R-2600 series engines ure
included in Exhibit L. Comments by the Wright ieronuutical Corporation on
service difficulties experienced with these engines ure included in Exhibit M.
Both menufacturing and service difficulties on these engines are d.scussed in
detsil by the Wright Aeronautical Cor.orction - Cincinneti, in Exhibit N.
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