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ABSTRACT

This report covers the (‘I tort conducted under M M & T  Project Number 5736550
titlc (h “Engi~ cering En Support of Artillery Metal Parts Modernization Program . It This
projec t ~~~ aecoml)lishell ~s Part of the US Army manufacturing technology program .
11w pr im ary  objec t i ve  of this program is to develop , on a timely basis , manufacturing
processes . techniques , and eq u i pment for use in production of Army material. The
protect had as its purpose a study to identify the present state of the manufacturing art
in our existing facilities and having identified such , su~~ esting areas where improve-
ments can be mad e either directly or , when necessary , through the implementation of
Manufacturing Methods and Techno1o~~’ (MM&T) programs. The purpose of the suggested
MM&T programs would he to resolve or alleviate particular manufacturing problems
identified during the study and improve an existing operation by reducing the cost of
that operation thru reduction of scrap , direct labor , energy requirements , raw materials ,
etc.

3’he following investigations were undertaken to assist in the determination of what
pro~~ss modifications , changes , and studies are necessary for artillery metal parts
plai1t modernization:

(1) Literature Survey

A survey of the existing technical literature both within the Frankford Arsenal
Libraries and the Industry as a whole was conducted to establish a base for future
activities under this program. This survey included evaluation of recent studies
conducted under other MM&T programs and prior in-house engineering activities such
as warm forming. Based on the literature available , some of these prior activities
such as warm forming were extended into this program .

This survey included a review of the existing methods of manufacture such as the
conventional hot forge-heat treatment , hot cup-cold draw , cold extrusion , warm form-
ing , etc.

(2)  State-of—the-Art Studies

Studies were undertaken to determine the latest state of manufacturing art used in
private industry , and its applicability to artillery metal parts production. This was
accomplished through a contract with the Budd Company which surveyed the Automotive
Industry and supplied reports of their findings.

(3) Plant Surveys

Surveys of nine metal parts manufacturing p lants were undertaken to determine what
areas of manufacture could he improved for plant modernization. The plants surveyed
were:
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I. l ierw ick IL S. Steel — 8 Inch M106

11. Burlington Army Ammo Plant — 81MM M374

III.  Gateway Army Ammo Plant - 175MM M437

IV . Louisiana Army Ammo Plant — 155MM M107

V. National Presto - 105MM Ml

VI. Riverbank Army Am mo Plant - SiMM M374

VII. St. Louis Army Ammo Plant - 105MM Ml

VIII . Scranton Army Ammo Plant - 155MM M107

D(. Twi n Cities Army Ammo Plant - 155MM M107

(4) Specific Additional Studies were also undertaken as follows:

(4. 1) “Warm Form Study ”

Based on available literature at Frankford Arsenal . a study was undertaken
to determine if the spheroidizing cycle necessary for the machining of HF-i Steel
projectiles could be eliminatc( 1.

(4. 2) “Ceramic Tool Study ”

A Stud y was performed to determine if the claimed higher speeds and feeds of
these tools could he used to advantage in metal parts machining.

(4. 3) “Solid State Switching Study ”

A study was conducted to determine what advantages and problems would be 
-
‘

encountered by the utilization of solid state switching in lieu of the conventional
mechanical relays used widely in our existing facilities.

(4. 4) “Chip Transport Study”

A study was undertaken to determine if a proven and reliable chip transport
system existed in industry and its applicability to projectile MPTS manufacture.

(4. 5) “Development of a Math Mod el for Forming”

A study was conducted at Frankford Arsenal and in part under contract with
l3attehle Columbus Laboratories to determine if conventional forming operations
involved in manufacture of artillery projectiles lend themselves to mathematical
modeling. A particular operation , the draw operation , was selected as the vehicle
for evaluation.

5 
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- (-I . 6) “Feasibility of h eat Treatment by Induction ”

The literature survey revealed that induction heat treatment , although now
being considered in industry , had never been considered for use in artillery am-
munit ion metal parts. Consequently , a feasibility study developed thru discussion
with induction heat treatment equipment manufacturers . A contract was placed
with TOCC() Corp. to provide the necessary evaluation to determine feasibility of
this process. The 155MM M107 projectile was selected for evaluation because of
the availability of projectiles and the large amount of data available at Frankford
Arsenal on other methods of heat treating this projectile.

‘rhe findings of the above mentioned surveys and studies are contained in the body
of this report under the appropriate section such as billet parting , form ing , heat
treating. etc.

6
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INTRODUCTION

When F’ranklord Arsenal became in volved  in the modernization program , it appeared
that mans’ of the GOC() faci l i t i es  were impl ementing programs without fully considering an
integrated approach to mo (lernization. Further . it was found that dUe to the pressure of

on-going busine ss - i . e .  . meeting production schedules , resources , return on invest-
ment . etc. . th e company operated plants could not provide the engineering know how to
evaluat e  other pro (luction method s and develop a truly integrated modernization program .

f” ranklo r d  Arsenal recommended an init ial  study be conducted to determine the
status of the  f )r(’se nt s t a t e — o f — t h e — a r t  of manufacture  and how it might he incorporated
into our ex is t ing  production hicilitics . Franktord Arsenal , of course , would have the
advantages of vis i t ing all the facilities involved and dedicating the required engineering
talent specifically to the task under consideration.

The study prepared by Frank ford Arsenal was titled “Engineering in Support of
Artillery Metal Parts Modernization I~rogram. ” This study had as its main purpose
the identification of the present state of the man u facturing art in our existing facilities ,
the establishment of areas where improvement could be made to alleviate particular
manufacturing problems that might exist or reduce the cost of the produced item
that might exist or reduce the cost of the produced item thru some form of modernized
manufacturing techniques.

The study consisted of several areas of investigation as outlined below :

(I) I , it era t ure  Survey

(2) State of the Ar t  Survey under Contract with Private Industry

(3) Ammuni t ion  Plant Surveys by Frank ford Arsenal Personnel

(4) Specific Additional Studies

(4. 1) Warm Forming

(4. 2) Ceramic Tooling

(4. 3) Solid State Switching

(4. 4) Chip Transport System

(4. 5) Mathematical Modeling for Forming

(4. 6) Feasibility of Induction Heat Treating
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‘t h e  I ~ody of this report is d iv ide ( I  into several sections based on operations as
l i St ( ’d I ) ( ’ IO W:

(1) I ~i11t’t Separation

(2 ) h”orm ing

( I )  1’letal Removal

(1) Heating and Beat Treatment

(~) ~.Ia te r ia l  h andling Including Chip ‘h’ransport System

(~) Inspect iOu

(7)  Equi pment

(5) Energy

(9) ~ -~ mary of Conclusions

(It ) ) Summary of Recoin mendat ions

Based on the recommendations contained in this report specifi c MM&T projects
were prepared. It is believed that implementation of the proposed MM&T effort will
lead to an integrated engineering program and provide the basic knowledge for modern—
i v,ed production facilities. Further , upon completion of these MM&T projects, a
“Manufacturing Technical l)ata 1> ac h age ” should he available I)ased on modernized
concepts of manufacture. This technical data package would include the following:

(1) Appropriate metal parts technica l (lata package

(2 )  I)escription of process and production method

(3) Plant Layout

(4) Description arid list of manufacturing and inspection equipment.

(5) Description and drawings of material handling and chip transport system.

(6) Tool designs if not considcrc(I proprietary

(7) Layaway manual for equipment and plant

(8) Maintenance manuals and equipment drawings

(9) Energy and other utility requirements

(10) Pollutant output or load

The technical data package will serve as the foundation for all future modernization
programs for each specifi c plant and will provide necessary information for evaluation
of production capabilities unoler mobilization conditions or change over to produce similar
artillery items. This technical data package will he under the control of the cognizant
technical agency .
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SI ’C’I’ ION ONE

Ufl~I.1’~’h’ SEI ’ARA TION

A. I N 1 I tO t )U C ’I’IO N

l~iIlc )  separ at ion consists ol part in g specifi c units called multiples or ‘‘mults ’’
f rom billets as r( ’c ’( i t o  t r on r  the steel mill. ‘I’hese billets vary in length hut generally
are about twenty )eet long. ‘t hey are usually shipj)ed by rail but can be shipped by
truck. ‘l’he billets arc’ usually stored outside and adjacent to the billet separation area
where the billets are broken into mu l t s .

B. PRO,JEC’FI1~F: MANU I”AC’l’URING I’ItACTICE

Billet separation is accomplished in a variety of ways. One plant employing the
hot cup—cold draw process saws round cornered square billets into thirty pound mults.
‘hlie steel by nature of the process is low carbon , specifically , in this case AISI 1018
steel. ‘J’h e cutting is accomplished in automated Do—All continuous blade type saws.
Cutting t ime is approximately fi fty seconds b r  cutting thru a little over 12 square
inches of metal. ‘I’Ii o ’ cuttings arc referred to as Kcrf and represent lost material in
this operation plus the end of the bar which is not suff ic ient  in length for use as a mult .
Cutting of lower carbon steel is generally more easily accomplished than the higher
carbon steels which have a higher hardness unless given a special heat trea1~nent.

Three plants all using the hot cup-cold draw process used cold shearing for billet
separation. One of these plants manufactured the Eight Inch MiO G Projectile and
cold sheared seven and three-eighths inches (7 3/8 inch RCS) round cornered square
bar. This plant also used flame cutting for a backup and for separating the last mult
on the billet.

Two plants manufacturing the 81MM M374 projectile cold sheared AJSI 1340 steel.
One plant processed two and one half (2 1/2) inch round billet and the other processed
three (3) inch round billets.

Four plants where the conventional hot forge heat treatment was employed accom-
plished billet separation by the Nick and Break method. Nicking is accomplished
usually by an oxyacetylene torch. Nicking is usually done by a gang of these torches
set at pred etermined distances apart and the gang of torches sweep across the width
of the billet.

This operation causes a change in microstructure where untempered martensite
occurs immediately below the nicked area. In all cases the steel used is medium
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car I) on or higher .  ‘I’Iw usual carbon range being from AISI 1045 to AISI 1001. This
carbon content causes a r a t h e r  hard untempered martensite to occur under the nick
and acts as a notch for the ensuing operation — Break . The nicked billet is fed into a
pi’ess where t h e  side of the billet opposite the nicked portion is located over a pivot
point .  ‘I’ll’ pi’ess applies a forc e to t h e  nicked sJ(le of the billet causing a bending move-
ment and event u ally failure or fracture in th i s  case. The multiple is then transported
to the next operation .

One plant using carbon steel in the sixty ~60) carbon range used flame cutting as the
primary method of billet separation. ‘I’his plant was not in operation during the survey .

C. CRITIQUE

Several factors must be considered in evaluating billet separation techniques ,
namely:

1. Weight control and variation

2. Condition of parted surface

3. Strai ghtness of I)arted surface

-1. Material lost due to par ting.

This evaluation will consider the factors directly affecting billet separation as
outlined above.

1. Weight Control and Var iation

Sawing offers excellent weight control and easily meets production process require-
ments that mig ht be imposed. For instance , Cold Extrusion and h o t  Cup-Cold Draw
normally require , or can take advantage of , close mult weight control. Sawing is used
in these cases with very good success.

Cold shearing offers satisfactory weight control and it too was used for the hot Cup—
cold draw process. Cold shearing as employed was used only on hot cup-cold draw
process where multiple weight control is not quite as severe as required for cold cx-
trusion. It is doubtfu l that the cold shearing operation as employed at present could be
adapted to a pure cold extrusion process but , as will be explained later , recent tech-
nology indicates cold shearing with modern equi pment can bring about excellent weight
control.

“Nick and Break” appears to offer the worst weight control of all the methods
examined . Typical weight variation is in the order of ~ 2 1/2 percent of the total
weight. Many techniques have been tried to improve this condition such as closer

10
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attention to S~~ W1~~~ the nickin g torches , nick i ng just  one corner of the billet , nicking
only the center of the blat , positive location in the breaking press , etc. All of these
tend to improve or affect the operation but not sign ificantly . It appears that the rela-
tive random loeation of the metallurgical nick or stress consideration of the untempered
martensite will always result in poor weight control of the mult.

Flame cutting used as a primary method in one plant could not he fully evaluated
since that plant was not in operation . Flame cutting, however , is used as a supple-
mental operation to separate the last mult from the billet where the Nick and Break is
used. Flame cutt ing does give a little better weight control than Nick and Break because
of the irregular and/or broken surface associated with nicked and broken mults. Con-
trol of kerf width in flam e cutting is not as good as in sawing with resulting poorer weight
control for flam e cutting. Some waviness occurs on (he face of cold sheared mults so
that weight control of flame cut and cold sheared mults could he expected to he approxi-
mately equal .

2. Condition of Parted Surface

Sawing as a mean s of billet separation provides an excellent parted surface. In
some instances where circular saws are used , a scoring or scribbing condition can he
seen on the cut surface. This can easily be controlled and with existing processes ,
o ffers no problem. Sawing does , however , preclude the possibility of visually exam-
ining the mult parted surface for secondary pipes , cracks , holes , and spongy centers
that might exist due to defective incoming steel. This can require , in som e cases where
there is a severe application , that m icro etch of the ends of bar he accomplished to
find defective incoming steel. Other techniques , such as ultrasonic inspection should
provide a means of screening defective steel before billet separation ever takes place.

Cold shearing offers a satisfactory surface for hot cup-cold draw. Observation
of sheared surfaces reveal that they are not usually truly flat but contain a leaf along
the sheared surface. This leaf varies in magnitude usually not causing a production
problem but the magnitude of the leaf can be controlled to some extent by good tool
design and rugged shear press design. One plant improved their shearing operation
consistently thru the purchase of a shear press specifically designed for their opera-
tion . Like the sawing operation , shearing precludes visual inspection of the parted
surface for defective material .

Nick and Break offers the roughest and most irregular surface of all the billet
separation techniques. This rough surface is reflected in the cavity of the forging .
This irregularity oftentimes can lead to rejects clue to cavity defects. Many attempts
have been tried in the past to improve this surace. It has been found that surface con-
dition is sensitive to undefined parameters of incoming steel. Steel conversion tech-
niqucs such as casting, rolling , cooling . etc. are among sonic of the factors that arc
suspected of affecting broken surface quality . In the past when the broken surface is
considered excessive by the buyer of the steel , the steel company is contacted and

11
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usually adjustments are made at the mill such as controlling grain size , etc. , until
the problem is alleviated. It has been found in some instances that ambient tempera-
ture affects the quality of the broken surface. Nick and Break does offer the oppor-
tunity to visually inspect each fracture surface for defective incoming steel.

Flame cutting offers a satisfactory surface for hot forge and heat treatment. The
surface is usually relatively smooth with some scoring possible from the torch itself.
Like sawing and cold shear ing , visual examination of the surface cannot be used to
detect defective incoming material.

3. Straightness of Parted Surface

Sawing offers a relatively straight parted surface varying in order of plus or minus
one degree from the normal. Straightness is a desirable feature for several reasons.
If a mult is suitably straight , it can be pushed thru and induction heated with mults
lined up end to end . A straight surface can enhance the ensuing forming operation pro-
viding less misalignm ent force to the first forming punch thereby resulting in better
concentricity which in turn leads to less metal removal and lower multiple starting
we ight .

Cold shearing provides a relatively straight surface usually not quite as good as
sawing. The straightness is reported by the BUDI) Co. sttzdy to vary within plus or
minus two degrees (-1 2°). Observation where sheared mults were being fed end to
end in induction.heaters revealed occasionally a mult would tend to ride up because
of its angular surface causing some scoring of the ceramic liner surrounding the in-
duction coils. ‘I’his was not considered a major production problem but does indicate
that the process of shearing must be controlled when induction heating is employed. As
in any form ing process, the straighter the surface of the mult is to the norm the better
the forming operation should be , given all other factors are equal .

Nick and Break offers the most uneven and most oblique surface of any part ing
method. Induction heating of nicked and broken mults was not observed and it is doubt-
ful , from the observed condition of the broken surfaces, that induction heating could
be used in (lie case where the broken surfaces are aligned end to end . If induction
heating were to be employed , the mults would be aligned along their length or mill side.
This obliquity contributes to greater weight variation and to some extent uneveness in
length of the finish drawn forging. This, in turn, requires that additional material be
added to the mult to assure that even the shortest drawn forging meets minimum length
requirements.

Flame cutting provid es a relatively straight surface as compared to Nick and Break.
It is not as straight as sawing but with soni c control compares to cold shearing. It was
observed that flam e cutting was used in conjunction with Induction h eaters with the flame
cut surfaces adjacent to each other while being pushed thru the coils.

12
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I . \ la te r i : t l  l ost I )u e to P ar t ing

Sa w i n g ,  of ’ eourse . results in a 1i rect material  loss due to the J<er i which is a
I( i ( i ( ’ tj o f l  of the  eu l t  j ug blade wid t h  and set of thu c u t t i n g  t ( ’eh I i  on the blade . Iii t h e  case
oh the ’ t hi I c e  am I one—hal f  inch round col’ncre(l square bar a m i n i m  iini of two tenths of a
pound (0. 2 Ib) is lost to kerf in each cut.

Cold shearing results in virtually no kerf or weight loss due to the nature of the
process.

Nick and Break results in some metal loss , although very l i t t le , (hue to the n ick ing
operation itself . Normally no metal is lost in the breaking operation.

Flam e cut t ing results in a kcrf one quarter inch or more.

In all cases , the last sect ion of tho ’ b i l le t  that (hoes not meet minimum niult Icugi Ii
intis t ho’ ( f isc ar (h ed.

In summary . evaluating the four techniques without cori sio leration to other cost
factors the following chart is presented , where 1 is cons idered the most acceptahie
and 4 is considered the least acceptable.

Weight Control Surface Strai ght-  Mat erial
Variation Condition ness

Sawing I I I :~
Cold Shearing 2 2 2
Nic k & Break -l 1 ‘1
Flame Cut t ing  3 :t 1

It s h )ul( l lie noteol th at  the above elm rt considers only I ho’ material  lost in th l i i i  ho ’ I
sej)arat ion mo ’I hul and does not cons i(k ’r other factors that in ight i•cq u ire h ig h( ’r m u l l
weights such as obl iquity , etc. When these are considered , the Nick anol Break method
appears to be the worst. Aolditiona l factors such as direct operating costs, floor space
requirements . equ ipment costs , etc. , should be taken into consideration in order to
evaluate the cost effectiveness of the various methods of billet separation for specific
applications.

I) . STUDIES

Two programs have been conducted on billet separation by Frank ford Arsenal .
One study completed in 1971 evaluates a particular sawing technique using a
Goellncr Saw and the other is an on-going MM&T Program 5736358 titled . “Investi-
gation of h o t  Parting Approach to Billet Separation. ”

1:1
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I. (;oellner Metal Cut XII Saw Study

‘h’hm e ( ;o(’lln(’r Mo’tal Cutt XII  Saw has I>ee n (est(’(I at t hm o ’ Scranton AA P under the
t echnica l  supervision of ’ l” rankford Arsenal . The results of this study may 1)0’ l () LIIl d in
the report t itled . “Phase II Production Evaluation of New Sawing Concept” dated 2-I
August 1971.

Results of the test indicated that separation with this type of saw is competitive with
nick and break. A total of 50 , 636 cuts were made on two grades of steel , 1061 6” RCS
and 1046 5 1/4” RCS. These steels were used in the fabrication of the 175MM M437 ,
and the 155MM M107 respectively .

Two types of installations were considered in determ in ing the cost of billet
separation by the Goellner Saw vs. Nick and Break . They were:

(1) A line dependent system which would feed each projectile line directly .

(2) A central system which would locate all saws or breakers in a centralized
location from which billets would be fed to each manufacturing line as needeol.

The cost comparison is as follows :

(1) Line Dependent System

Nick & Break Goellner Saw

175MM 155MM 175MM 155MM

Total Cost per Billet — $. 2110 $. 1829 $. 2172 $. 1639

(2) Central System

Nick & Break Goeliner Saw

175MM 155MM 175MM 155MM

Total Cost per Billet — ~~~. 1270 S. 1270 $. 1399 $. 1043

1’1



i~dd i tio~ ul I ) Cfl e f i  ts W( - I L  :il so r ej )or t e(I:

(1) The general quality of the forgi n gs  from saw( -( I  bi l l ets  is superior to that of
forgings fabricated from I)rokcu billets . Rejection rat es b r  inspected forgings may
be reducibl e by 10 to - i ( ; J  . l-~ mi ip Ii :n ~ is is placed on the surface finishes; particularly
in the forging cavity .

(2) Compared w i t hi  t i e  hroh~en b i ll ets - I he sawed billets with thei r  clean , square
end cause less wear in I lie Ii i tg i  - t ool j u g.  A lso , th e sawed hi 11 ts are easier and more
econoni lea! to h and l e  du l u - a l  mu g .

( 3 )  Sawing Iac i l i t : th - s  t - los i - i ’  eoii t m’ ol of the b il let  l engt h and consequently , closer
control ol the I) ill(’l W ( - J~!l1t t h a n  in the  ii ick and break method. Accuracy of biD et weight
is + 1 2  pound when c u t t i n g  t; i nel i  RCS sh - ‘ ‘I bar. Var ia t ions  in c ross sections of bars
negato ’s (‘los(’r control. A n o t h e r  i i  - su l  t is reduced t r i m  scrap at I l i e center and cutoff
machin ing stat ion.

Ro ’comm ( f l  al iofls c’oiilaifle I in t h e  stw lv ind ica te  t h a t  I l i e (2011 )f)letC exploration of
t he Goellner Saw has not I L L - I  -

~ i ic u k -  vL ( l and tu  rI liei ’ evaluations of the parting capul>ilities
of the saw should h o conduct ed u t  di /~ing o ther  grades of St( ’( ’l .

2. Inves t iga t ion  (L I I lot P a r t i n g  h I ,  1 I ’ t  Sef) arat ion

Investigation of hot billet I ) : L r t i n ~ is currentl y being COfl (hU Cted by Frankford
Arsenal und er a P EM l ’ m ’o~u - - t N u n u l o - r  7~~4~3 T s . A comparison of cold parting vs. hot
par t ing  is s hown below:

Cold I’ar t i n g  h o t  Par t ing

1. (‘onv ey h illo ’ts to pa r t ing  o’qu i pm emit 1. Coflv(’y billets to fu rnace  (automatic
- , loading)

1~~ Part hi llets into mu its
2. f loat b illet

3. ( onvt ’y mu lts  to furnace
:3. Hot part mul ts

-I. Heat mul ts
-1 . Convey hot mults to torge

5. Convey hot mults  to forge

‘l’hie ben efi ts  to 1)0 ( l e i ’ i v o ( h  f rom a hot parting system relate to impro ’.-c’d manu-
facturing methods , savings from process s impl i f i ca t ion , reduced material  handling
by integrating the system . improved weig ht control , improved ( lua l  i ty of parted surface .
reduction in direct labor , etc. ‘h’}a’ manufac tur ing  method can he improved from
several viewpoints. 1”or one , the  system proposed is an in tegra ted system where the
cold billet is placed on an unscrambl ing tahle and is processed automatically (bri m the
heater and shear press to the forging press system.  Once the bi l le t ,  is unscrambled .
it is automatically fecf to a wei ghing pla t form . ‘I ’hc billet is weig hed at two points along
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its leng th .  ‘l’ he ab solute values of t h e  wei ght are fed into a sim ple computer. ‘I’hc
computer assumes the cross section of the billet is unifo rm . The computer calculates
the length of the billet - the numb er of mults to be sheared , the unit weight per unit
l eng t h  an ml IC ( ’(Is the output of this  to the hot shear press adjustment device. This

• ol evic e corrects lor the optimum mult  length within each billet. Two approaches can
be taken here. One is to average the extra length of the billet over the mults and the
other is to shear the extra length of the mult prior to processing the rest of the billet
thru the shear. It is believed the hr- -st approach is to average the extra billet length
ove r the ‘‘M ’ ’ number of mu lts obtained from the billet. ‘h’his procedure eliminates
one shearing operation per b illct an(l will  probably , based on statistical analysis using
a normal distr ibution for excess billet , permit us to program the computer to “aim ”
at a lower mean mult weight.

It is anticipated that since a clear parted surface is introduced to the forging ~~~CSS

the forging tools will last longer (hue to the absence of sealing which tends to wear punch
tips out. This in turn will increase the availability of our forge press system and should
reduce down time lor replacing punch ti ps. ‘l’he shear press replacing saws or con—
vent :oiial nick and break operations is a process simplification in itself requiring less
floor space and (h irect labor. Process simplification in the hot shear system will occur
from the viewpoint that when the forge press is down for a routine adjustment such as
chan ging punch tips , knockouts , etc. , a signal will 1)0 fed back either man u ally or
electronically to the ino luction heat—she ar press system which will go into an automatic
‘‘hold’’ operation. ‘[h e I i lle’t wil l  l)e moved back and fort h i to iiia i ni ai n temperature and
can he held this way for fi fteen m inute s . in he event the’ Iorg ’e IS o lown tt iicxpectcdly
for more than l i f t een minutes  - the billet is automatically l)ackedl out of the induct ion
heater anol olroppe (I in a cra(lle for r eheat ing later on. All of these features discussed
above ai’o’ if eXi stenc( ’ today and are being used commercia l ly .  A further advantage
of I Ii is syst o ’iim is that  h it ’ I he rn ia l  ( f l i t ’  i emle y oF t irhtiol ion hue :tting lucre is in the orol( ’r
of l i t t y  I ) er ( ’( l i t  (~r O ~ ) .  Moi’e will lu I ’ ( ’h io I ’ I e u I  o i l  l h i ~ Ttl M&’I  fu’ogI’aImi t inder  its own
J) t’Oj (‘(‘I r( ’pr r t .

F. CO NCLUS IONS

Careful examination of the present methools of billet separation in the projectile
~1 P’l’S plants vi site(I , clearly indicate that s i gn i f i c a n t  improvements can be made.

-~utom at ie nick and break on mechanical presses is fast and i nexpensive , but wil l
not o f f er  clost- weight control with  square ends and Produces cavity defects. Cold
shearing, f lame cutting and sawing are alternat i ves , but each has I ir i t i tations as
m ent i one ( I  above.

Ita seol on (lie study to olate . hot shearing appears to J ) e the best known method of
I ‘‘ct parting and is gradually 1)0mg introduced to th ( ’ (lomestic forging industries .

16
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F. R ECOM Ml ;  Nl ) \ ‘l I( tNS

Baser-I on the pre l iminary  f ind i ngs ou f F’rank ford Arsenal’ s investigation of hot
parting . hot shearing is i ’et ’oi iiiiit ’nrht ’d for future modernization of artillery metal
par ts man ufa ctu r ing  p lants for  I he h u f l o w i n .~, major end items: l0~ MM Ml , 105MM
XM7 1O , 155MM M 11)7 - 15~ ,\ lM M l ~ 3 and 5 Inch XM7 I I .

l-’urt hi o ’r  ex an t in a t  ion ( I F  t h e  Goellner metal c u t  saw is ree omiiit ’n < leoi for possible
application as a hack —u p operati on for  hot shear ing or as a mm ’ans of cuttin g the last

• I ) i llC t off the  l iar .

G. R E M A R K S

Current plan ning  ill ( l  ieates tha t  l m i g la- r carbon am i d aDo steels will  bc u t i l i zed  for

P L’O(luct ion of lu tu re  pro; ect ile meta l  u ui rt s. I ~eeau se of h w I ) ro ( iule t  ion rates , Su rface
haro len ing - and possib le c rack ing  , it appears that neil her sawing nor flame cut t ing  wi l l
be applicable to futuro’ production.
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SEC ‘l’ION ‘IWO

I”ORMINC

A. IN ’l ’ R( )l)UC’l’ION

Form ing is tho ’ process where the m u l t  previously separated from the billet is
converted into  a bottle shaped forging or extrusion. Form ing may be accomplished at
ambien t  temper ature  or Ut elevated temperatures.

B. PROJECTILE M ANU FAC TURING PRAC’I’IC F

All of the plants surveyed used hot forging as a basic process. Three of the plants
us ing the hot cup-cold draw process use a cold draw or forward extrusion at ambient
temperature to obtain a final  length. The following is a list of the ii inc plants visited
anol their  forming processes:

I . Bur l ington AA P — Ilot cup—cold draw — 8 1MM rvl 374 — (A ISI 1340 Steel —
2 1 2 ’  RB)

2.  Gateway A A P — Hot Foi’ge—heat treat — 175MM M137 — (A ISI 10(12 Steel —
I; LtC S)

3 . I ~ou isian a AA I~ — I lot Forge—h eat treat — 155MM M 1 07 — (i\ISI loGo Steel —
s 1 / I ”  RCS)

I. National Presto — If ot  cup-cold draw - 105MM Ml - (AISI 1018 Steel -

3 I ‘2” RCS)

5. Riverbank ~\AI ’  — Hot cup—cold draw — 81MM M374 — (AISI 13-10 Steel —
:r’ 1W)

6. St. Louis A A P  — Ilot forge—heat treat — 105MM Ml — (AISI 1045 Steel —
r ’ RCS)

7. Scranton ~-\AI ’ — Hot forge—heat treat — 155MM M107 — (AISI 1060 Steel —
5 1 I” RCS)

8 . Twin Cities A A P  — Hot forge—heat treat — 155MM M 107 — (AISI 1060 Steel —
(;“ RCS)

9. U .S .  Steel Rerwick — Hot cup-cold draw - 8 Inch MiO G - (AI SI 1018 Steel-
7 3/8” RCS)

It was observed early in the survey that a very strong forming-equipment prefer-
(‘fcC existed in the projectile manufacturing plants. Observation , for instance , revealed
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t hat iiiost of the p lants  used h d r a u h i c  press( ’s iii I i ( J U o f  mechanical  j ) N -sses. It was
a iscu 01)50 m ’\ - ( ’ ( l  t ha t  witho u t ( ‘X ( ’( ’pt ~n , ~l1 ~1l’ t W  operations whether  perFormed hot or
c’old , emp loyed hydr aul  id  presses. II w it s  d iFFicu l t  to de t e rmin e  how the commitment
to lmydratm lie pro ss(-s O(’(’UI’m(’(h in the past , h u n t  the reason g iv en  t or the hydraul ic

~ i’ t~ss s used for  the  ( I m ’~t v~ ~~~ 
i t  th  mn was t i e  long stroke req u i red fo r  a draw operation.

Wi th I’ (’ga r (I I c c  t he  iom’g i tug operat ion , lix t lS ( ’  of med ian iciti p rus s cs cx isted in at
least one pla n t ~v h t u  re an :tuu t  mu t t  ic t h r e e  s ta t ion  press was hwi ng useo l to m a n u f a c t u r e
the forging for t he  10W~1 \l M 1 Pro~ - - t m i t ’ . ‘ I h i s  i~r~’ss was b served to operate at ten
s t X ~()k(’s per m i n u t e  pr ’m ’ l o rnu  J u g 1) 10( 1, . ( i i I ) I t ~~t 4 (’ an ( h  1) 1 ( ‘ I ’ ( ’u  w i t h  a m i n i m u m  numbe r  of
personnel requ ir o ’ ( h I ru t ’  ts c m -  r a t  11) 11. 0 m m t h e  o ther  hand , so ’~st r a te  h y d r a u l i c  presses ,
one lo r c:tl)l cage , ole for Ph ‘er- c and nn ( - fo r  d raw were ohse rvo d be ing  used to m anu —

f a c t u r e  the  155 ~l M M 107 pp ’ oje o ’t i le f o r g i n g  at the  m ~m \ i n c i i m  r~tto ’ o f t h r ee  strokes a
m i n u t e  w i t  hi it m iuLx  i l iu m i l l  n u n u l u e r  cc l  f ) ( ’ I ’sOmuIi ( l tup er i t t in g  , 1 ( 0 ( 1 1  ng . aI1 ( I movi ng project iles
to the ’  nex t ope r at ion .

V i r tua l l y , all of the  pl a n t s  v i s i t e d  u t i l i z e  an o i l—grap h i t e  ni P’~tur o ,  for forge lubrica-
tion . The r esu l ta n t smoke and o i l  vapors con t r ibu te  to 1) 0th Fi i’e haza rds anol poo r
housekeep i ng con ( l i t  ions w i t h i n  the plants and arc a source oct a i r  pol lut ion when ex-
hausted into the  atmosp he re.

One n i an u l a ct u  i’d ’ has suec -ss lu  ll~ u t i l i z e d  a grap lut e su spo-ndc d in water lubricant
fo r his cabhago’ and ext rude operat ions wi th  a si gni f ir -~ami t r educl iomi in eff luents .  How-
eve r , an oi l—grap h i t e  l u h r i c a m i t  w s  required at the ( ( > 1  ii opera)  ion due to an inabil i ty
of lubr ica t ing  the hot p ie rced part w i t  Ii a wi t t e r— gr a~) hc i te To i xtu re. \ second manufacturer
has reported S i l (t ’ ( S5 i l l  l ub r i c a t i n g  h i s  ca bbage and draw tool log wi th  water—base lub-
r icant .  W a t e r — b a s e  lubr ican t  was also used success Fully on the ~ iei ’cc ’ punch.  h owever.
attc’mpts to use it on the die pot m e t  wit  Ii f a i l u r e .  ‘I’he m ann lad tLm rr - r has projected that
water—based lub r i c an ts  wi l l  he used on all future product ion.

C. CR I ’I ’I QUE

Discussion with persomin o ’l cs to how these dif ferences  in operatimig forging lines
came about led to various ideas but n o th ing  conclusive.  1, it c r~t turo Sum r\ -eys clearl y
revealed that considerable i n f o r m u a t  ion already (‘Nist ( (I on formiuing , forming tonnage—
displacement curves , etc. - but practically none of this  i n f o r m a t i o n  was being applied.
One contractor is now success fully operating a mechanical  forge press that performs
cabbage and pierce operations in t ano lem wi th  a hydraul ic  draw prc ss. The mechanical
forge press cycles at six strokes a ni m u t t ’  V ie l ( I  ing thr (’o’ forg imigs a iii m ute since it
performs t’wo operations , ci thhage and p io ’rce. ‘I’ he pierc’ed Forg ing is at i to rna t ica i ly
fed from the forge press to I he hydra u mi ic draw pr o’ ss wh ich  can accept a n(l process
automatically three forg i ngs per m i nut e. ‘l’hi 5 sys tern l’cprese r u t s  a si g n i f i c a n t
advancement in forging compared to any  othe r s s t  1 111 ob serv ( ’th  i ll  I) ro }ect lie nieta l
parts P la m it S.
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‘l’he’ Budo l Co. Study reports that in addition to faster cycle rates , mechanical
presses offe r other dist inct  advantages over hydraulic presses :

I . I ,ower ini t ia l  cost :111(1 loss  comp lex maintenance

2. Less tool wear bx ’cause of less contact time with the part

:~ . Shut—dow n and start—up is relatively simple

lt became apparent du r ing  the course of the plant surveys t im at the advantages of
mechanical presses in lieu of hydraulic were only heg i mining to be recognized and could
be fur ther  exploited . As a result , the mo( lcrniz at ion of the hot forging process for the
105MM Ml  pro~ecti le originally intemio led for St. Louis AA P  , hut  to be directed to Lone
Star wi l l  u t i l i z e  a t r ans fe r  press capable of accompl ish ing  the size , cabb age , p ierce
and dr’aw oF the fo rg in g  operat ion in omw I)r (~~S. l I m e miew design press is a four stage
2000 tom u m i x - c h a n i c a l  press wi th  the u m n i q u c  f eatu re  of fr a y i n g  a 2 1 inch hydraulic extender
incorporated in the slide to give the a (ldmtioflal strok,e necessary to d raw time project ile .
‘l’he press is designed with  suf f ic ien t  capacity and stroke to forge b oth the conventio nal
105MM Ml projectile and projectile’s upt to f ive  inches longer.

l’hc’ p1,1 rc ’hasc of t h is press represents a sign Ifir - tnt reuluct ion u n  equipment  cost.
‘I ke fu nct ional  spec if icat ion to) which the press equipment was purchased would normally
r u M l u i r e  f ive three station mechanical presses to l)erfo )’n) tile SIZC , cabbag e , and pierce
operation arm(l ten hydraulic prcsSes to) perform (he draw to meet (lie (leo igmiated pro—
duct ion output.

l”ive mechanical presses combining the olraw would accomplish the sante production

output with the e l iminat ion  of the ini t ia l  cost of ten hyd i-aulic’ l~~ -sScs (1. ~SM , F’Y72$)

with a slight increase in cost in the mechanical presses (1. $8~\ 1 . FY72$).

In addition to the cost avoidance attributah lc ’ to the purch ase  of less - ‘ tuip men t ,
direct labor and floor space are s ignif icantl y reduced when the mw~\ for g ing  concept is
adop ted; howevo’r , because of the production rates a o l  the t m m u i q m c ’  conc ept , some risk
is involved.

Several comments relative to forming were offered by f e  Hu cId Co. it s regards
possible alternatives to both the present methools of lorm i ng and the -‘~ t ipmcnt used:

‘J’he Budd Co. Study reports Ih at (he Mul t i l ink * ~~~CSS F C - u u t l y  marketed by E . W.
Bliss , offers a mechanical operation with a press motion curve having many of the
desirable characteristics of a hydraulic press. The advartages claimed for this press
are: reoluction in press size , reduced noise levels , extc nolcd tool life and higher ~rou—
(luct ion rates relative to conventional mechanical presses.

~Also known as “4 bar l i nkage” or “power bar”
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l w  such I ma ’sses hma ~ c- recently been ins t  :dled i i i  t f ) rO I e Ct i l ( ’  mi me t a l pa ris p lam u t
l h u e  I u m ’ -sS -s wo re lls ( ’ ( t  to miose the s 1 M M  M % 7 i  . A pprox i m u u a t e l v  tw i c e  the pi’odt icl io n
r a t e  oF t i n -  p r e v i o u s ly  used hy d raul i c  presses was real ized.

\s regards powder metal forgings , the Budd Co. survey indicates  that the a c t i v i t y
in hot forging powder metal prelorm s is increasing. ‘l’hie advantages claimed arc’ :

1. t’ 1) to O°,, reduct ion in the amount of material used.

2
• ‘l’he obtainment  of excellent detail and d imens iona l  control thus ci im m a t  ~ rig

machining operations .

3. ‘l’he development of more uniform mechanical properties t hroug hout a part .

1. l,ower forging temperatures (1100 0 1 to I M00~’ I”) vs. 2200’~1” for normal hot
fo rging.

In forging lubr ica t ion  practices - it  was reported that graphi te  particles susp enoh -th
ifl  oil is the most common lubr icat ion For hot f o r g i n g  sto’eI . I l c c w t ’v t l’ - an a l l — o m m t  ( ‘I fort
to develop alt ( ’rnat  ive lu hr i c ’ :mnt s  . sti o’ hi it s gr :t~) h ) i tu  stisi~ -ri( lo- t l  i n n  w:u t  r is u in l eew ay

1:tss suspcn(Ie( I in a b c  dm1 and other ye hi cIt ’s is  he i ng enup loyo - I in i ndus t ry  to arm i i i  —

creasing level as a lubr icant .  Ceramic coatings are also used to soflie extent but liii ’
cost was cons idererl too high for use in ordinary steel forg ing  operations. The Budd
Co. reported that lubricat ion for  forg ing is s t i l l  an art and fur ther  evaluation of
lubricat ion systo’ms is necessary .

An addit ional  alternative to the forming methods uSd ’(l in pro iecii lc ma num h ac tu re
W :LS suggested hv Frankford Arsenal engineers. ‘l’he Process suggo ’sted is squme e7e
casting. This  process consists of metering a known vo lume of mol t en  metal  m nt ou  a
bo ttom ( l ie  cav i ty , allowing it to cool I)elow I lie l i qu idus  t h e r m  app ly 1 m g  pressu ma- I
means of a top pun ch and allowing the so l id i f i ca t ion  to go to comp let i o m l under  hi gh
pressu re. ‘J’his is a process i ntermediate between casting and forg i ng. It is c ’i ainu o ’d
that  squ~’~’ ze casting can be used for making parts of greal( ’ r c oni imlm ’x ity tha t  t rg I
and of bet icr (lU a l ity tha n castings.

The rest of this  section wil l  discuss the inFo rmati on ava i l : tb le  I c c  t i a l e  , wh ( - h  is
comusiderable . and attempt to demonstrate how it can t ) e SUC( ’( ’ss fU1l ~ app lied to  the
manufacture of future lorging s with modern equi pment. Further , recent ad~’aui c’u-me mit s
in technology such as mathematical modeling will permit the achievement of opt imu nu
equipment—tool design requirements . The application of these t echniques wil l i’& ’sal t
procurement of eff ic ient  x~uipment g iv ing  hig h rel iabil i ty , low ope rating (‘( 5 1  - low
maim it o ’nanc e and layaway cost and large reduction in flual ipower c’ t ’qtu i r en u en t s  e’:u I’ wh~m 1
is I)re sent ly being used.
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1). s’I’U l)IES

Perhaps the  most important observation in this investigation was that much im—
l)rovemd’nt could f) e matte in the area of forming through the application of currently
avai lable techniques.  ,-\s an example of what is involved , the following areas will be
covo’i~o ’tl i mu t ime r e n ma i  nm ( Ier  of th i s  section.

I. Mat iu enu a i ica l  Mo( iel ing of the Draw Operation

‘J’ hi s sect i on discusses time app licat ion of new techniques to the design and optim i z a—
ti omu ( i f  a part  icr - i bar  fo r u m hug operation — t ime l)raw.

II .  So lid State ’ S w i t c h i n g

‘l’Iic discussion here revolves around recent improvements in solid state circuitry
and considers time specific application in projectile forming plants.

III . Warni Forming Study

This discussion considers fu tur e problems that can be expected as alloy steels are
introduced into the projectile plants which is expected in the late seventies or early
eight ies .  An at tempt is made to consider the application ru cei ’I ;t in observations made
in time l”rarmk ford A rsc’nal l”orge Shop and Mac lii ni rig areas.

I\ ’ . Nosing Stud ies

A ol( ’ t a iled application of c~ ist ing inform -nat ion is m’ eviewcd wh ich  demonstrates the
r - mmu ique applicat ion to forming — equipment relationship. Alread y , this technique is
being used for ’ equipment  specifications.  Ext ensio n of these techni ques for fu ture
famil ies  of au mum uni t iom i  are discussed amid improvements and ref i  nd ’ments in this
t cchru ique ari~ recomnien(le(I .

V. Mechanical Press Stud ies

The application of mechanical presses requires significantly better understanding
of the forming—press relationship than when hy draulic presses are used. A hydraulic
press can exert its rated tonnage for time lull length of its stroke whereas a mechanical
press exerts its tonnage at only one h alf inch from the botto m of its stroke. Uncertain-
itics regarding the capabilities of mechanical presses in long work stroke applications
may have been the single , most influential reason that hydraulic presses were purchased
to such an extent in the past. This section discusses the application of mechanical
presses to existing forming operatio ns and clearly indicates that sufficient technology
exists at this time to purchase mechanical presses in lieu of hydraulic presses wlmen the
specific forming requirements are known .
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VI . l In t ‘i’e m m sior i  ‘Festing of Steels

t h i s  s ( ’c t i tc i i  p r o vi ( Ic -s  the  im i l o r m a tj on  needed 1( 1 accimr at ely predic t  limo ’ lu ot t en n sio m i
I r a  -ng l  h of e~t rIcomm and :uIlo ~’ stee ls. Al though  oth er l i t e ra tu re  exis ts  tb mat suggests

tor g  mu g s l r o ’n gt lus of v a r i o u s  sta - c ’ ls  at elev :tt o ’d t e ’mp er ittu r - s  - t ime d~r-ta containe d b n r-
is c ’onms idr ’r e cl  t h e  m i m o s t  rd m u l e  for fo rg ing  anmd is cons i ( I ( - r ( ( l  un iqu e  to this program.
This i n f o m ’ r m t a t i c  cli p r - ’ rmm lm I s  reasonabl y aeeu m ai t ( ’  pr e d ir -’ t iomi s of load—displacement
r equ i r e n m e m m t s  lor I or u iu in g  , thereby perniitting the purchase of nicchanical presses
where (k ’si r e ( I .

\ 11. - Fool I )es ign

l Ime tool desi gn observc (l in various plants is si gn i f ican t ly  di f f e r en t .  Rack i l l  I 9-13 -

l ’ m ’i nks suggested time application (ci contour too l ing .  In 1957 - three forge plants in th is
country u ii ak ing the I 5.~M M project i le  were successlully us ing  eotmtou r tooling . Tim ey
were Ruclisill Foundry . Etig lanuder and [theem M fg. Co. Because of the’ proprietary
aspects of the  tool inig . t he  ( leta ils we’re never p111)11 ely m’ ( ‘ve:m led . )rle ph ant in (cJ ) (  ‘ I~~) —

lion t od ay is successfully applying similar t echni ques.

Since the cost of raw material  con t r ibu tes  I i )  over twenty—five percent dl th - cos t

in a inn it item . h it ’ fleer I to reduce steel requirem ents  in the n iu lt  can never be un der—
stated. ‘l’his s( ’ction attempts to d iscuss what is technically possible at t h i s  t i iu ie .  It
should be pointed out that it is even more feasible today wi th  modern fo rg i n g  cciii i l ) n m e n t
th an it was in 1957.

I . Mathemat ica l  Modeling of the Draw Operation

Iii all mi ietho ds of artillery manin factuu ’e - the  cold or hot drawing l)t’ )e’c ss 1’~ -~~1’ ( ’ S ( 1 i I  S
he mu t os t  important step of the’ forging opcrati on. in the  (Irawi ng process , the \\ i l l

th ickness  of the projectile is reduced while the internal diameter is kept almost
constant. A very significant aspect of the process is tha t the mandrel and the ( Ir uwn
proj ectile have the same speech at the ex it from the die. T i mi s prevents disengagement
of the punch from the base of the cavity and allows p osi t ive  control ol’ she ll d a t u m
geonietry .

Mathematical modeling of the draw operation was conducted r - m mnk ’ r  t h i s  l)i’oR’( ’I
through th e joint  efforts of Framm k for d Arsenal and l3altehl e Coi n ‘ PIc l IS  1 ~t h n r i i ~~c i ’ i - s
under Contract No. DAAA25—7 4—C0557. The overall obje ct ive  of t he  program -n ~va~ to
develop a sound and reliable ni athem atical moclo’l and COflh l )U tel’ ~ c Fr g rams (‘iI~ i iI uli ’ cc F
opt imizing the drawing process for artillery metal par t s .

The mathematical model was based on the analysis of de fo rmat ion  u i iechanic s
and includes : (a) properties of projectile , (lie anol punch m m i a l e r i a l s  - 0 )  p1’~~ ’ess
variables such as draw i ng speed] , shell temperature and lt ib i ’ ic at i on - ~um (l ( ‘  die
configurations - including conical arni curved ( l i e ’s. T u e  ui io(I( l Was conui j iu t  eu c c l  ~ c

_______________________________



th at it  is now possible to: (a) i)rC(l ict f)otc flt ial material failure (such as punch
th rough) and (b) optiu ii izo ’ (l ie  c on h i gu rations to obtain m i n i m u m  (Iraw force and
st resses.

‘I ’Im e ( lelaile ( l  met imods of ana lys i s  and the complete result,s of th i s  study may he
l’mu um (l in time reports t i t l e ( l :  ‘‘l)evelopment of a Matheniat ical  Model and Compute r
Programs Capable of ()ptiui l  iz im i g the I)rawing Process for Actual Artillery Shell and
(‘ar tri dge Cases ’’ and ‘‘Mathematical I~loolelin g of Artillery Shell Drawing. “ These
ro’po n ’ts a ro ’ f in nm r I um i hei’ se’pa rate cover attac lied to this report.

2 . Solid State Switching Studies

An investigati o n to determ ine if solid state switching could he used to advantage
in projectile ’ metal parts manufacture was conducted under this project. Thi s study
was undertaken to assure that the machine tools and presses being purchased for the
modernizat ion of our artillery metal parts uti l ized the most reliable switching controls
available to d ate. All of the switching components in use in all our plants today are of
t u e  classic mech anical relay type. Due to the environment in which they are placed , a
great deal of maintenance is requ ired to keep them in working order (for example ,
at LAAI ’ . time switching panels , even though they are enclosed in hermetically scaled
cabinets , have to be cleaned onice a week to keef) the contact points clean of the air
born scale and oil pro duce d by the forge operations).

‘i’he solid state electronics ino lustry WUS comitacted in order to determine if solid
state switch ing devices had reacheo l the s ta te—of—the—art  wh ere they could he used in
lieu of ’ conventional relay panels. The indu str ies  contacted were: General Electric ,
Westinghouse and Allen—Bradley , all of which had oieveloped industrial  type solid
state switching d evices.

As a result of conversations held with the solid state switching industries ,
Frankford Arsenal engineers recommended that solid state swit eluing be pr ocured
with the Erie Forge presses to he use(I in t h e  manu facture of the 105MM M107
projectile.

At Louisiana AAP , the GE Logitrol System was procured with the presses. Try-
out for the first press system incorporating logitrol was accomplisimed in the latter
part of 1975.

The ad vantages expected to be gained from the use of ’ soliol state’ switc lming are:

a. Less d owntime for the press electronics with decreased t ime to repair. When
electrical failure occurs , tile normal mo ’thod of trouble shooting conventional relay
panels for a press is time consuming.
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Solid state switching devices are capable of displaying the status of their control
~‘ircu its. ‘l’his allows a shop electrician to quickly spot a malfunctioning component.
Once the component is iden t i f i ed , it can be quickly repaired by simply replacing the
plug in m odule containing - time iai leoi part.

b . Added product ion capability can be bui l t  i nto a press system . Normally ,
whe n ei the r the cabbage or p ierce press is not functioning; the forge line is down.
ilo wc’ver - the cabbage’ ami d pierce presses being purchased for LAAI ’ arc capa ble of
cabbage and pierce on the sam e press us ing shuttle punches and a common die . Thus
i f a i) i(~rec press failed , tjuo’ cabbage press will  be capable of perlorniing both the
cabbage a nd pierce ’ operations. Ii ’ conventiona l umiechanical  relays were used to control
t h e  press; a tinie consuming rewiring would he~ r equ ir c(i  to change from a cabbage’ to a
cabbage ano l pierce operation. ‘l’he programuitable solid state switching un i t  purc imas ed
f o r  timesc presses is capable of quickly changing to a cabbage anol pierce mode ’ by re-
programming t he swi tch ing  logic thro ugh e i the r  a portable key board ocr telep hon e limit
to a master cot-nputer. This flexibi l i ty allows the forge systems to be rapidly in o d if i coi ;
assuring a minimum loss of production effort .

c. Less Iloor space is needed when solid state circuitry is used in lieu of ~‘on-ventional relays. A good example of th is is time floor space required by t h e  mec iuanic al
relay panels for the four station I3liss press recently purchased for St. Louis. 1-’orty
linear feet of relay panels are required. If solid state swi tching  is u seol , only l iv e
linear feet of floor space wou lol be’ needed.

el . Preventive maintenance is reduced. Solid state c i rcu i t ry  ima s no moving
parts or exposed contact points as are’ found in mechanical relay panels which are
subject to corrosion and deterioration requiring weekly cleaning.

e. The total installed and operating cost ol solid state controlled m ami ul :mct e ‘ n g
equipment may ho ’ lower titan that of conventional relay contro lled o ’quipni ent . Con-
versations with Erie Press personnel indicat e t imat  wiu il e ’ the in i t ia l  har d ware cost of
solid state devices is higher than mechanical devices , th e installat ion and try— out
costs arc significantly lower. This may result in a lower total  ( ‘( 1st 1( 1 t in-  Ic u yo ’r .

Some unkn own factors and disadvantages do exist  w i t  iu solio l ~d I t ’ r - ~ it  ‘v

a. Lay away and storage life is u nknown. The integrated circuitry in sec ! in solid
state switching was not in existence un t i l  a few years ago . and m md c equ i p m n e m i l 115 d i l ~ ’ (h ( ’s( ’
switches has been laid away . 9’ bus no data u ’elat i ye to st oua tge  Ii  he is a\ ’:t ii able.

b. The availability of future  replacement parts is u nkn own.  l imo ’ solid s ta te
electronics t ( ’( ’hnolOgy is changing SO rapio ily tfm a t any sys t em - nm purchased today may he
outfllo(le(I in a few years afl(l the  replacement parts which  m m l i i i  i.e au ocut uimool ecl techimol—
ogy may not he available.
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It nuu st  be noted that the al)ove uncertainit ies arc unique to artillery metal parts
production in t imat commercial produce rs who purchase soli(f state controlled equip—
merit put it to immediate use anol will probably wear out the equipment before the
swi te lming circuitry becomes oI)sole’t(’; Imowemvcr , the Government may purchase equ ip—

- - nient and not use it for five or tent years.

3. Warm Forming Study

When processing a high fragmentation steel designated HF-I steel into artillery
p rojectiles , a sph e ’roi ol izo ’ operation ) is required after time hot form ing operations in
order to facil i tate time rough machining  operation. This study was initiated to deter-
mine ii ’ the spheroidize operation coul(i he eliminated. Sphe’roidizing requires furnace
equipment  that  is large and costly and adds to the production cost of a projectile
because of tile ’ heating cycle required.

‘lime basis for th is study ( ‘vol\ - c ’( l  dur ing the J)roo huct i on engineering of the 105MM
M 5 I  s rocket assisted warhead from i i  F— I steel conolucted at F’rankford Arsenal. Due
to time location i of the equipment , it  Was nc( ’CSsary to deviate f rom the normal li1~’il’ f’
pl’oce~s (m u that alter time pi ( ’r c( ’ operation - tile ’ lorging was cooled and reheated to a
lower than normal temperature for  t h e  draw ope’ratiomm). It was observed that some
lo rgings rough niachined satisfactori ly without a spheroidize anneal. Metallurgical
examinat ion of these forg ings indicate ’ei that there were no massive carb ides in the
mnicro structuro ’  as in the instance of the non—spher oidh ized forgings in 105MM lvii pro—
jectiles made at AMMRC prior to the M5 -l S encounter. At these lower temperatures ,
carbides tiormally precipitate at aust en i t i c ’  grain boundaries to) form a continuous net
work. However , if deformation of the austeni t ic  grains occurs at time same time a
cont inuous  miet work cannot grow and the cari) i(k ’s are mo re (iisperscd.

‘ho v cr i I~’ th is  th eory - an exper i mi mun t  was constructed by I”rankior(l Arsenal an(i
performed at National I’resto Industr ies unoler this proJect to determine if a relation-
shi p existed between warm drawing am i d machining of H F—i steel. 105MM Ml forgings
mamiufactur cdl from HF— i “ teel were warm olrawn by varying the oiraw temperatures
from 1:;25’l” to 1525°F. ‘Flue sequence of operations was :

1. Saw Bar

2. h eat Billet to 2000”!”

3. Si ze

-I .  Cabbage

5. Pi erce

6. Cool to Specified Temperature under Study (1325°l” to 1525°F)

7. Draw
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S . Coo l to Itoonu ‘J emperuture

9. Rough Machine

Machinab i l i ty  tests w(’re run and it was l’ound that tool l i fe  was significantly
im proveoi . ‘I’ he opt im mi urn warm temperature for draw i ng III ” — 1 steel was found to be
1425°F ~See Figure 1).

In order to extend the information gained in time above study , 1000 15MM M 107
projectiles wo’r e ni an u factured at Louisiana AAP . ‘I’he forg ing s were drawn at i~i25 ”F
and successfully rough turned without benefi t of a sphero idiz e anneal.

In order to validate the results of this study , it is necessary t(c apply the warm
drawing technique to a larger number of projectiles. In order to achieve this , a pro-
gram has been subniitt ech to manufacture thirty t h ousand (30 , 000) 155MM M107 pro-
jectiles from I i I ” -l Steel using warm form i ng techniques . ‘I’he proposed sequ ence of
operation is:

1. Nick lIar

2. Break Ba r

3. Heat Bil let  to a temperature to be (letermimleci

-I. Cabbage’

5. Pierce

6. 1)raw at 1-125°F

7. Rough Machine

‘I’he mult  will he heated to a lower temperature in order that tim e pierced for ging
will reach the draw (lie at 1425°F.

li the program is successful , it will be confirm o d  tha t  a sp iuem ’ oidi  ic op e r at ion  is
not requireof to roug h machine projectiles manu lacture (i fronu Iii ”— I Steel. ‘I’his won h I
result in s igni l’icant cost savings in equipment , floor space , direct  and indire ct  i :iho r .
fuel and energy .

4. Nosing Studies

Nosing of conven tional artillery projectiles is pre senti accompl ii-iim ed ill  : c l 1 \ o i m ’ a l m i  a
press in one hi t  at approximately 1600°F. Very littl e practical mi for uma tion is ava i lab le
regarding the capacities of presses used for the forming cc l  shell loses .

The objective of this study was to develop the means to: ( 1) i ) c t e rn m ine  the  t om ’ cc.’
required , at any given stroke position , to nose a particular proj ecti l e des i gm u . and
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(2) Ih ’ t ernum imm e the buckling strength of a projectile (lu ring nosing in order to fon’c:msl
the nu iu mb er of hits required .

‘l’wo projectile geometries were used as vehicles for this study: the 155MM M10 7
and the 155MM XM 7 O S . These projectiles were selected in order to supp ort the
nmod erni za tion effort at Scranton AAP and Twin Cities AAP , where presses capable of
nosing the 155MM M1 07 with the added capability of nosing the 155MM XM7 08 were
required . A load vs stroke curve was needed for each projectile design In order to
illustrate to the press manufacturer , the tonnage s required along the work strok e.
l”urth cr mor c the buckli ng strength of the project iles during nosing was required to
(let e~rn min e th e nume hr of hits requi red .

A li terature search revealed that a mathematical meth od of determini ng nosing
forces had been developed and published under the title “Plastic States of Stress in
Curved Shells: The Forces Require s for Forgi ng of the Nose of h igh Explosive Shells ”
by A.  Na dai , Dcc. 31, 1943. The methods described in this report were utilized to)
do ’te ’rminc the tonnages required to nose the M107 and XM708 Projectiles. The follow-
ing demonstrates the methods used:

a. Force required to nose the 155MM M 107 and XM7 08 Projectiles .

The following function is found in the Nadai Report:

f tan f
~~~~~ ~ 

- 
6.28 Rhs (cos 2f-e cos 3fj

- - 2000

where P Force in Tons

H - R adius of the mean meridian circle of the shell nose

h wall thickness

s compression yield stress

f friction angle

Applying the above equation to the 155MM M107 nosing configurations yields:

(2) P 
(~6.2M ) (65 .1551) h (75 , 000) (eQs 2f —e 1’ tan f cos 3f~

2000

where h an (l f can be expressed as functions of the press stroke .
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A pp ly i n g  tIme values of Im and f for various stroke positio n yielols:

Press Stroke h f P P (30% Safety )
In . abo ve U . l) . (’ . -~ Inches Degrees Tons Tons

l0 , m ; l  .559 .433 .858 1.12
l0 . 0() . Sm ; 7  1.62 4 .26 5.54
9 .00 .Ss I l . 9s 16.2 21.0

. a99 2 .93 21.4 27.9
7 .00 .6li ;  3.~~8 10 52.1

• 00 . ;:~2 -1 . 83 76 99 .5
5.00 .6- 19 5.77 119 154
-1 .00 .665 6.72 1~~; 215
~ , 0t) .6-s i 7.65 237 308
2. 00 ,698  8 .58 341 443

- no .71-I 9.53 466 607
.5 .72 1  10.0 521 678

When applied to the 155l’vh I\l XM7 O8 equation (1) becomes

,
~ 

(6 .28) (114. 8135) 11 ( 120 , 000 (cos 2f—e~ 
tan 

~cos 31)(~) 2000

which yields:

Press Stroke Ii f P P (30% Safety)
In. above B.D.C. Inches I)egrees Tons Tons

14 .22 .371 .350 1.12 1.4(;
14.00 . 374 . 466 1.94 2 .53
13.00 . 382 1 . 00 7.7( 1 10 .10
12.00 . 389 1 .53 18 . -I 23. 9
11.00 . 397 2.05 33.1 43.1
10.0() .10-1 2.58 53.6 69.7
9 .00 .412 3.10 78.5 102
8 .00 .419 3.63 110 143
7. 00 .427 4. 15 146 190
(3 . 00 .431 -1 .66 188 245
5 .00 .442 5. 20 238 309
1 .00 .449 5.72 293 381
3.00 .456 6 .23 355 461
2 .00 .464 (3 .75 -124 551
1.00 .471 7. 28 502 653
.500 .473 7.53 540 701

~l1 .l).C. — Bottom Dead Center
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‘I’he above results established the tonnage required at various stroke positions to
nose the 155MM M107 and XM708 projectiles. An examination of the load-stroke curve
shown in Figure 2 reveals that the load required for nosing the M107 is consistently
lower than that of the XM708 for all stroke positions. Thus a press capable of nosing
the XM70 8 would also be capable of nosing the M 107 providi ng that buckling does not
occur.

In order to determine if buckli ng would occur (luri ng nosing , the load values ob-
ta ineol above wer e compared with the theoretical buckli ng stre ngth of the projectiles at
all stroke positions . The theoretical buckling stre ngth was determined by the
“Tinioshenk o” nmethool in the following manner:

I ) .  Buckling strength in nosing the 155MM M107 and XM70 8 P rojectiles:

The following formula is contain eol in “Theory of Elastic Stability ” by S.
Timoshenko , 1~i36:

(1) S 
Eli

R ~~ 3(1_r~ )

where:

S Stress necessary to cause buckling

E Modulus of elasticity

II Wall thickness

U Radius of shell

r Poisson ’s Ratio

When app licol to the 155MM M1 07 , equation (1) becomes:

(2) S 
(30 X 106 ) 11

(65.15 8) ~
‘

3 (1~~.3~ )

By inserting the values of it utilized in equation (2) of paragraph a , the buckling
strength vs stroke can l)e obtained:

Press Stroke 11 S Safety Factor
In. Above B .D. C . Inches Tons/In 2 S/Load

10.61 .559 77.9 983
10 . 00 .567 79.0 201
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Press Stroke It S Safety Factor
In. Above B.D.C. Inches Tons/In2 S/Load

9 . 00 • 58-j 81 . 3 54 . 8
s .00 .599 83.6 42 .7
7. 00 .6 16 85. 8 23.6
( 3 . 00 .632 88.1 12.7
5.00 .649 90. 3 8.46
4 .00 .665 92.6 6.24
3.00 .681 94 .9 4.49
2 .00 .698 97.2 3.21
1 .00 .714 99.4 2 .41

.50 . 724 101. 0 2. 19

‘I’he safety factors listed above are obtained by dividing the buckling stresses by
the nosing pressures obtained from equation (2) of paragraph a.

A safety factor greater than one (I . 00) indicates that buckling will not occu r during
nosing.

Applying equation ( 1) to the 155MM XM 7 OS yields:

(3) • (30 X 106 ) 11

114 . 8135 ~I~3 (1_ .3
2
)

Inserting the values of It  used in equation (3) of paragraph a yields:

Press Stroke 11 S Safety Factor
In . Above B . D . C .  Inches Tons/In 2 S/Load

14.22 .371 29 .3 245
14.00 .37-1 29.6 143
13 .00 . 382 30 .2 36. 8
12.00 .389 30 . 8 1 5. 9
11.00 .39 7 30 .6 8. 82
10.00 .404 32.0 5.73
9 .00 .412 32 .6 4.00
8 .00 . 419 33.1  2 .92
7.00 .427 33.8 2. 25
6.0 0 . 434 34.3 1.79
5.00 .442 34.9 1 .45
- 1 .00 . 449 35.5 1 .20

• 3 . 00 . 456 36 .1  1 . 0 1  
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Press Stroke II S Safety Factor
In. Above B . 1J . C . Inches Tons/In2 S/Load

2 0 0  . 161 36.7 . 867

1 . 00 . 171 37 .3 .747
. 50 . 173 37 .4 .699

The above results indicate that buckling may occu r at press stroke positions below
three inches above fl . l) .C . This may necessitate the utilization of two hits to nose the
155MM XM7O$ . Thus unless means are found to reoluce the pressures required for
nosing the X 1~-I 7O$ . consideration should be given to the fact that although it is possible
to pu rcli:tse presses with suff icient  1O~l ( l— stro k e capability of nosing both the 1V1107 and
XM 70$ , it nm av 1)0 necessary to purchase adoli t iona l  presses to avoid buckling of the
X M 7O S . Another possibility exists in that time same press may be used to nose the
projectile in two hits with shuttling nosing dies . This woulol olivide into two hits the
total load needeol and increase the projectile ’s resistance to buckling .

Additional studies arc required to establish a more accurate means of predicting
nosing forces and 1)uckling. Means of determining the effects of such variables as
ram speeds , heat gradiants , coefficients of friction , strain rates , and nosing t emp—
eratu res mu st be unole rtaken .

It is essential for equipment pu rchase , plant layouts , and the manufacture of future
projectiles to ~stablish an accurate mathematical determination on the fo rming of shell
noses . Basically, nosing is accomplished to a great degree by t rial anol erro r coupled
with manu facturing experience . This could he eliminated if one could predict with
reasonable accuracy the force needed to nose a projectile, the optimum tonnage press
and the m in inmu i mm number of hits necessary to prevent buckling . The new family of
155MM and 8 Inch Projectiles with long ogi ves and thin walls coulol pose a problem in
manu facture , especially in nosing. ‘l’hc forces needed to nose these projectiles must
be investigated in order to determine their compatibility with the current state—of—
the—art of m anufacturing techniques .

5. Mechaqical Press Studies

In order to analyze mechanical press designs p roposed fo)r nosing the 155MM
M107 and XM708 it was necessary to develop a method of deternmining load—stroke
curves for various crank and slider press designs . Through a comparison of the
load stroke curves (levelopeci in the nosing stuolies , it could be determined if a par uc-
ular press had sufficient force at all working stroke positions to nose a particular
projectile geometry .

The following method was developed to predict the disp lacement , velocity , accel-
eration , and available force at variable crank angles for mechanical presses .
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a. Displacement , Velocity and Acceleration of Mechanical Presses (Crank and
Slider):

Figure 3 illustrates the crank and linkage geometr y of a mechanica l press where: —

L Link Length

R ‘- Crank Throw

X - Slide Disp lacement

‘l’he slide displacement can be wr itten as:

(1) x It + L — R cos ~ 
— L cos ‘1’

where U and L are constants

Utilizing the law of sines and the identity : Cos ~ ~~ 1-Sin~~ , allows equation
(1) to be written as:

(2) x R(1-cos 0) + L {1_(1_ ~~~ Sin 2 
0)

1/
2]

Differentiation of equation (2) with respect to time (t) yields the velocity of the
slide (V s)

(3) V - RW 

[ 
Sin 9 + (n1 )  - 

R
2

. 2 1/2
(1— 

2 
sin 6)

L

where w RPM of Press multip lied by 2ir

Differentiating equation (3) with respect to time yields the acceler ation of the
slide (A ):

dV 
2 

cos 0 + 
~~~‘L ~~~g 2 8 + 

(R
/ 

~ 
sin4 e

(4) A —  —~— = R w  2
B . 2 3/2( 1 — —-~~sin 9)
L
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Equations (2) ,  (3) and ( -I ) yield the olispi acement , velocity anol acceleration of the

slide at any point in time press cycle by utilizing the following parameters:

I Throw of the C rank

II Link Length

lii RPM of the Press

h . Forces l)evelopcd by a Mechanical Press (Crank and Slider)

Figure 3 is a diag ram of the forces generated by a mechanical press (luring the

work portion of its stroke. The forces are defined as follows:

Force Perpendicular to Crank Throw

Force Along Link

= Force Along Slide

Inspection of Figure 3 reveals:

(1) FT 
- F1 Cos ~

(2) F
L Cos cy

- 

l~’~ Cos

~~~~~ ~~ Cos -~~

In oroler to express F,1. as a function of the crank angle 9, Cos and Cos ~ must

be expre ssed as funct ions of 9 .

From Figu re 3:

P ~
- x R -1 L

0

P R + L — x
8

x - It -I- L — P
0
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From the law of sines:

J)
6 L It R +L —x

Sin (90 + a) Sin ~ 
Sin P Sin (90 + a)

Substituting the relation: Sin (90 - - c~) Cos a; y ields:

R + 1~ L It
cos a Sin e Sin (/)

(It + L — x) Sin 8:, (4) Cos a~~

From Figure 3

Cos~~ L

Cos 9~~~~fr

P — R Cos 9
(5) Cos P ~- __________

L

Substituting Equations (4) anol (5) into (3) yields:

- 

(P
9
-R Cos9) 

( L
F,1, - 1R ( L ) (R+L-x) Sin 9)

- 
Or:

F 1 B Cos 9
It lt+L—x

— (6) F T 
- 

Sin 8

Substituting Equation (4) into (2) yiC l(lS :

FR L
(7) - 

(R+L—x) Sin O

By utilizing equations (6) and (7) the force in the slider and link can be calculated
at any point of crank angle provided the link length, crank throw and crank force of the
press are known .
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FI m e I m R  lo ’ngt im an ( l crank tim row ( ‘an he ohtai 1I (’( I f r o m th e j ress (lesign . ‘[‘he crank
force can ke calculated in the manner shown in th e following example. Example:
Find the disp lacement , velocity , a( -ce lerat ion , Io j t - in link , and force in slider at 30’
from l~ . 1) . C.  of the press cycle for a press rated at 2 () 0 0 tons 1/2 above B . I) . C.
crank throw of 2-1’’ , link I engt lm of i i  ; ‘  ant I an U l>M of 10 strokes/minute .

1)i splacenm ent:

1 ’ -’X R( l-( ’os 6) + L 1- (1- — Sin ~ 0)

r
I ‘~-r 1/”X 2-I (1 — .86603) + 11(3 1 1— (1 — X . 25)

L 11(3

X 3. 8382 inches from ILD .C .

\‘eloc ’ily :

V5 UW S i n 8 + ( ~ 
S i n 2 f

(1 — 

2 

Sin 8)

V
~ 

(24) ( 2 ~~ ) ( 10) . 5 - F  ( 2- 1 X . 86603

2 X i i i ;  ( 1 —  2 
2 ~

I 1( ~

VS 
889 . 81 inches/minute or 1-1.83 in( ’iles se ( ’on ( I

Acceleration:

2 
(Cos 9 -F --

~~~~ Cos 2 8 + (. 3 Sin
1 

6)
As RW 

(1 ~3,32 
Sin

2 
)

3/2

2! - 2 1  ~
-,  . 86603 I - ——— — N . I- (—) ‘  ~~~~~~~~~~

A8 (2 - 1) (-Ic) (100) - - -----  

(1 — X . 
—
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As 93 , 403 . 85 Inches /Minute 2 or 1, 556 . 73 inches/second 2

In order to evaluate the slide and link forces , it is necessary to determine the
crank force (F

R
).  This can be accomp lished by consideri ng F

R constant throughout

the press cycle and by utilizing the press rati ng supplied by the manufacturer (i.e.
2000 ton s at 1/2 inch above B .D . C . ) .  Equation (7) of paragraph b can th en be
written

F
FR 

= ( R + L — x ) Sin 9

From the Law of Cosines 
-

os~~ - 

2 R P

Where P = R + L — x
6

- 
-1 R 2 

+ ( R + L — x ) 2 — L 2
. 8  - Cos 2R (R -I-- L — x)

At 1/2 inch above B . D . C . :

- c -1 242 (24 + 116 — 1/2) 2 — 1162
8 — Os — 

2 X 24 (24 + 116 — 1/2)

0 r 9 = 1 0 °  40’

The crank force can then be determined:

F11 
= (24 + 116 — 0.5)  .18509

FR 
445.17 Tons

Slide Force:

F ( i R Cos O

F R ~‘ R + L — x
T Sin 9

40 

- - - - —~~~~ - - —~~~~~~~~~----~~~~ —- _ - —- -~~~~~~~~-— -  _ _  _ _



115 . 17 (i  — 
(21 ) (5 )~ :~o~~~~

I, - — - 
\ 2 1  116 — 3 . ’~3-~2

Si n 30

754 . -12 ‘Eons

Link I”o r ee:

1-’ L
U

F (11 I~ — X )  Sin O

F 
( 1 - 15. 17) ( 1 16)  

______

L (24 1 1(3  — 3. -~3S2) Sin ~

I” 756 , 01 Eo ns

-J i)(~ above ( x;iiiipl (‘5 il lii si rates tin - na- th u t  I of I d e  ru in  I tu g the di sp l:io em eimt
velocity,  a(TCl(’ !~Utiofl , sli ( l ( ’  Io r ( - ( - , a m !  l i nk  1() t e e  I t  any IO(~ t t iflhl 1m m th e pr( ’ss cycle

The equations (levelope(t above han he p ~t)g~~ m nied into a eonmp ut ( ’r  to generate
a loaol vs. stroke curve for the entire cycle of a pa r t i cu l a r  iu eeh:unica l  p ress . Tim rou gh
a comparison of U) e gencratc I curve with  the I nad vs . st roko- eu rv ( ’ requ i 1-e( I Io r a
specifi c fo rming operati on , it can now be (k -t t ’r m ine ( l  i f  a pa r t icular  mechanical ~ ro’ss
has sufficient tonnage along its stroke to per form a specific forming op eration . Fin -
criteria for the comparison is that the tonn ages generate d h~— the p~~~ s must  equal or
cxcceol the tonnage required at all working stroke positions for a p art icu la  ~ fç~j~m ini ~
opc ration .

The results of this study allow the option of u t i l i z ing  mechanica l  p r es sl -s  in l i e n
hy draulic presses in future  rm mo ( le rni za t nn m an( 1 equ ipn (n t  I’o ’l) l ) I ( ’ ( ’ I l l (  ‘nI ~ m’ u~ i’~u ui s

6. h ot ‘l’cnsion Testing of Steels

It ot tension tests we re per lornmed on cer t a in  carbon , a] Jo~ and tool ~t t -e l~ t o  i

(latu about the tensile p roperties in ordc r to ev a lu ; i t o ’  the fu r~ i I n i t  ( i f  the n i l - u f lu I

The testing was performed in 1970 in con~un ct ion with th e  lk ’thleh c -n m Steel (5 ni~~ cv
[o help evaluate the forgi hul ity of the ni ate ci al 5 , Iwo (2) facto i-s were in ve st i g u t  i - I :

( 1)  The ductility of l ime steels at ~‘arioUs temp t  I~ u tLt  fl’s till t h e  I ~a~~i s of i’( ’duUt ion i i i

area of the hot tensile specimo’ns .
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(2) The ultimate hot strengths of the materials tested on the basis of the tonnage
require d to fracture the tensile specimens at various temperatures.

The follow ing steels which are used in the forging of artillery projectiles were
selected for hot tension testing:

AISI 52100

HF— i

= AISI 10-15

AISI 1095

PR-2

AIS I 1012

AISI 06 ‘rool Steel

AISI 1340

The testing procedure was as follows:

(1) Two (2) specimens from each of the steels tested were pulled to fracture at
100° increments starting at 1300°F to 1800°F.

(2) Two (2) specimens from each of the steels tested were pulled to fracture at
50° incremen ts starting at 1850°F to 2400°F .

(3) The broken tensile specimens were examined under an optical comparator to
determine the new diameter of the tensile specimen.

(4) The load vs temperature and the percent reduction in area was tabulated (See
Table 1—8)

(5) The load was plotted against the temperature as a measure of the energy to
cause fracture and the percent reduction in area was plotted against temperature as a
measure of ductility (See Figures 4—11).

Based on the results of this study , the specification of a safe heating temperature
for maximum ductility of the steels tested was established (See Table 9). Heating
above the specified temperature results in a loss of ductibility and forgibility attributed
to damage of the steel (burning or incipient melting).

Foaming at the temperature of maximum ductility may result in the following
benefits:

(1) Smaller and therefore less expensive presses may be utilized for a
particular foaming operation.

Text co ntinu eg on page 56 42 
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TABLE 1

HOT TENS IL E TESTING RESULTS FOR AISI 52100

Temperature Average Load Average Percent
(°F) (LBS) 

- 

Reduction in Area

1300 4023 66.5
1400 2502 93. 0
1500 2081 96.9
1600 1681 98. 3
1700 1260 99.2
1800 1070 93. 4
1900 952 99.7
2000 879 99.7
2100 820 95.9
2150 784 95.7
2200 744 82.2
2225 762 65. 5
2250 667 54.6
2275 733 51.7
2300 496 22.2

TABLE 2

HOT TENSILE TESTING RESULTS FOR HF-i

Temperature Average Load Average Percent
(°F) (LBS) Reduction in Area

1300 3647 81.5
1400 2336 93. 4
1500 2021 95.7
1600 1629 97. 3
1700 1304 98. 2
1800 1158 98.7
1900 1055 96. 4
1950 930 99. 5
2000 886 98.3
2050 827 99. 6
2100 820 99. 1
2125 806 98.9
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‘fable 2. Ilot Tensile Testing Results for HF-i (cont)

Temperature Average Load Aver age Percent
(0F) (LBS) Reduction in Area

2150 776 88. 0
2175 762 93. 3
2200 498 17. 9

TABLE 3

HOT TENSILE TESTING RES UL’I’S FOR AISI 1045

Temperature Average Load Average Percent
(°F) (LBS) Reduction in Area

1300 2000 94.2
1400 1790 96.0
1500 1260 98.0
1600 1230 98.0
1700 1030 99. 0
1850 890 99. 0
1900 750 99. 5
2000 710 99. 5
2150 660 98.5
2250 620 99.25
2300 590 94. 0
2325 590 77. 0
2350 580 86.8
2375 660 86.8
2400 590 40.0
2425 500 22.5
2450 290 45.2
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TABLE 4

HOT TENSIL E TESTING RESULTS FOR AISI 1095

Temperature Averag e Load Average Percent
(°F) (LBS) Reduction in Area

1300 2082 87.6
1400 1952 90.3
1500 1888 95.0
1600 1659 97.4
1700 1209 97.3
1800 1143 99. 4
1900 1004 99.5
2000 849 99.8
2100 762 83. 8
2150 733 89.5
2200 616 37.3
2225 708 56. 3
2250 535 18.2

TABLE 5

HOT TENSILE TESTING RESULTS FOR PR- lI

Temperature Avei-age Load Average Percent
(°F) (LBS) Reduction in Area

‘
1600 1780 90. 5
1800 1355 97.5
2000 

- 

996 99.7
2100 894 99. 7
2200 806 98.5
2250 747 93.0
2275 746 90.7
2300 733 6-1.6
2375 454 17. 6
2400 483 

— 

17.6
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TABLE 6

HO ’I’ TENSILE ‘l’ESTING RESULTS FOR AISI 1012

Temperature Average Load Average Percent
(°F) (LBS) Reduction in Area

1300 1607 93. 7
1400 1363 97. 5
1500 1327 96.4
1600 1282 98.0
1700 1157 98.2
1800 1026 98.6
1850 974 98.9
1900 908 96.4
1950 879 99. 3
2000 777 99.4
2025 767 98.2
2050 769 99.5
2100 733 99.8
2150 689 96.2
2200 667 99.8
2250 674 99. 4
2300 630 93. 5
2350 615 89. 6
2400 615 94.0
2500 601 81.2
2600 454 13.1

TABLE 7

HOT TENSILE TESTING RESULTS FOR AISI 06

Temper ature Average Load Average Percent
(°F) (LBS) Reduction in Area

1300 3049 71. 16
1400 2587 79. 3
1500 2154 81.9
1600 1814 

- 

81. 1
1700 J4~i6 84. 8
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Table 7. Hot Tensile Testing Results for AISI 06 (cont)

Temperature Average Load Average Percent
(°F) (LBS) Reduction in Area

1800 1172 84.6
1850 1121 86.4
1900 982 90.4
1950 952 90. 1
2000 849 81.4
2025 879 77.0
2050 835 72.0
2075 842 26.2
2100 674 _______—_ 11. 5

1’ABLE 8

HOT TENSILE TESTING RESULTS FOR AIS I 1340

Temperature Averag e Load Average Percent
(°F) (LBS) Reduction ~n Area

1300 2375 84. 8
1500 1730 93. 9
1700 1297 96.8
1900 908 98 . 7
2100 726 99. 6
2200 718 99.4
2250 674 95.7
2300 659 96.6
2350 652 98. -I
2400 645 87. 9
2450 454 20.- I

Forming at the temperature of maximum ductility may result in the followin g
= benefits:

(1) Smaller and therefore less expensive presses may be utilized for a particular
forming operation.
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‘FABLE 9

MAXIMUM SA FE 11 EATING ‘I’EM PERA TURE

MATERIA L 
— 

‘I ’EMPERATURE (°F~

AISI 52100 2000
HF-i 2050
AISI 1045 2000
AISI 1095 2000
PR- il 2100
AISI 1012 2250
AISI 06 Tool Steel 1900
AISI 1340 2100

(2) Increased forgibi lity should result in fewer rejects for metal separation or
incomplete die fill.

(3) Decreased tonnages at the top of press working strokes should result. Th is
would allow the option of using mechanical in lieu of hydraulic presses for some
forming applications.

A direct benefit resulting from this study is the ability to estimate the percent
increase or decrease in the tonnages required for forging similar shapes from the
tested steels. As an example: Figure 6 and 8 reveal that the fracture strengths of
the AISI 1045 and HF-i specimens at 2000°F were approximately 700 and 900 pounds
respectively . The approximate increase in load to forge a shape from HF-i steel

compared to AISI 1045 would then be: 
90~~~ 00 or 29%. This method of estimating

the differences in tonnages required for forming should prove to be highly useful in
the determination of required press char acteristic 3 for forming similar shaped pro-
jectiles from alternate materials.

- 7. Tool Design Study

Tool design practices of the plants visited by Frankford Arsenal Engineers were
examined to determine if any modifications or changes could be made to decrease the
cost of projectile man ufacture through a reduction of the starting billet we ight.

A review of the technical literature available at Fra nk ford Arsenal coupled with
engineeri ng assessments indicated that significant cost savings could be realized
through the use of contour tooling , reduced d raw ring diameter , and base thickness
control at the pierce operation.
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Refe rence is made to the “Supplementary Report on Shell Forging” by the
American Society of Mechanical Engineers dated 1 December 1945. The following
is an excerpt from that report: “Forging with a contoured cavity saves 12 percent of
steel in the 240MM shell , 9 1/2 percent of steel in the 8 Inch M106 shell and 5 1/2
percent in the 155MM Shell. ”

A typical billet weight for the 155MM Projectile is 118 pounds. Based on the above
data , contou r tooling would permit a reduction of approx im ately 6. 5 pound s in the
starting billet weight and result in a cost savings per projectile of approximately $. 81
based on a December 1975 steel price of $. 125 per pound .

Contour tooling is presently being used by one manufacturer in the production of
the 155MM M107 with a significant reduction in billet weight realized. The probable
reason that contour tooling is not utilized by other manufacturers is that the tooling is
considered proprietary by the manufacturer utilizing it and because of the thinner
forging wall produced by contour tooling. The thinner forging walls lose heat at a more
rapid rate then conventional forging and means must be provided to rapidly transfer
the forged part to the next operation. Furthermore , improved concentricity is
required in the forge and draw operations to assure that the part will clean up in sub-
sequent machining operations. The new presses currently being purchased and in-
stalled in manu facturing plants such as Louisiana AAP are capable of achieving the
concentricities required for contour tooling.

The improved concentricities of the presses purchased for projectile manufactur-
ing plants may also affect cost savings in the draw operation. Figure 12 is a graphic
illustration of billet weight vs. the diameter of the draw ring use for drawing a 155MM
projectile. This graph was derived from the Fr ankford Arsenal Phase I survey report
of hot forge plants dated February 1956. An examination of the graph indicates that a
billet weight decrease of approximately 8 pounds can be achieved for each 0. 10 inch
reduction of draw ring d iameter. At current stell prices , this would represent a
savings of approximately $1. 00 for each 0. 10 inch reduction.

Additional savings may be obtained through tightened control of base thickness in
the pierce operation. Current forging tolerance through the base of a 155MM projectile
is as great as 1/2 inch. Through tighter control of the forge tooling it is anticipated
that the tolerance can be reduced to 1/8 inch. Thi s would result in an approximate
savings of 2 pound s or $. 25 per projectile.

The results of th is analysis indicate that reduced weight of billet is perhaps the
most important element for consideration in decreasing the cost of projectile manu-
facture. Contour tooling , improved concentricity and controlled base thickness are
important factors which significantly contr ibute to reductions in starting billet weight.
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E. CONCLUSIONS

Forming is perhaps the area of manufacture which has the greatest potential for
cost savings in projectile metal parts fabrication. Through the use of contour tooling ,
tightened draw rings and improved control of forming operations , less steel may he
required for projectile manufacture .

The utilization of multiple linkage presses in lieu of hydraulic presses may result
in higher production rates per press and reduced power requirements. This would
lead to savings in capital equipment , floor space , manpower , and fuel costs.

Expanded usage of transfer presses incorporating a draw operation when feasible ,
should also result in reduced costs for equipment floor space , manpower , and energy.

Alternate forming processes such as squeeze casting and powder metal preforming
may be applicable to projectile fabrication , and if implemented improved fragmentation
and reduced material cost may result.

Savings may be obtained through the use of warm forming techniques. The elimin-
ation of the currently required spheroiding operation and its associated equipment
coupled with a reduction of fo rging temperatures should result in lower equipment ,
energy and manpower costs plus a reduction in floor space. Furtherinore , warm
forming may permit the use of a non-polluting lubricant which would eliminate the
need for costly pollution control equipment.

Math ematical modeling of forming operations could assure the optimization of
equipment , tooling , and process for a particular forming operation and reduce lead
time to production by eliminating the trial and error method currently used to a great
extent in production setup.

F. RECOMMENDATIONS

In order to obtain the information necessary to evaluate and implement the above
conclusions , it is recommended that the following studies be conducted:

1. Reduced Steel Requirements Through Modification of Forging Tooling

This study would attempt to reduce the starting weight of a projectile and , as a
consequence , decrease its manufacturi ng cost. This would be accomplished through
the design and implementation of contour tooling in production of the 155MM M107 at
artillery metal parts plants . In addition to contou r tooling , the feasibility and cost
effects of reduced draw ring diameters and controlled base thickness of the forgings
would also be examined.
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2. Multiple Linkage Press Study

This study wo uld be directed at a theoretical determination of the economic and
technical feasibility of utilizing multiple linkage presses , such as the Bliss power bar ,
in lieu of hydraulic presses for all forming operations now limited to hydraulic presses
because of long work stroke requirements . If successfu l , this project would provide
the engineering data necessary to implement multiple linkage presses into artillery
metal parts production.

3. Transfer Press Study

This study would determine the feasibility and cost effectiveness of utilizing trans-
fer presses for artillery and mortar metal parts manufacture. Those artillery and
mortar manufacturing plants utilizing single function presses would he visited and a
determination made as to the feasib ility of combining various forming operations , flOW

performed on multiple presses , into a single transfer type press. In order to assist
in the determination , the press manufacturing industry would be contacted for recom-
mendations and suggestions.

-I . Squeeze Casting Study

This study would evaluate the Squeeze Casting Process and obtain estimates relative
to parameters of the process so that an economic comparison of Squeeze Casting vs.
conventional methods of manufacture can be macic. If the economic compa rison proves
favorable , additional efforts would be directed at conducting process studies toward

‘finalizing the process parameters required to manufacture selected munitions com-
ponents on a high volume production basis. The end product of this project would be
specific knowledge concerning fabrication of munitions shapes by Squeeze Casting
along with recommendations for implementation into production.

5. Warm Forming Study

This stu dy would evaluate the feasibility of warm forming projectile metal parts
in lieu of hot forging on a mass production basis. The objective of the study wou ld be
In reduce the cost of manufacturing artillery and mortar manufacture by: reducing the
energy required to heat the mult , eliminating the spheroidizing operation required for
machining HF-i , reducing eccentricities in forming, and increas ing tool life . The
characteristics of var ious lubricants would also be examine d to determine if such
benefits as reduced tonnagcs , increased formability and the reduction or elimination
of pollution can be achieved. Upon completion of this study , the optimal warm forming
temperature would be known and the resultant cost savings and process improvement
available. The in formation derived from the study would be made available to all
metal parts manufacturers for implementation.
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6. Mathema tical Models for Forming

This study would provide a predictive , computerized diag nostic tool for the design
and optimization of each metal forming operation in the manufacture of projectile
metal parts. Specifically , this study would address the following areas of projectile
forming : lubrication , blocking, cabbaging and piercing , nosing , and shearing. The
end result of this study would be a computerized model capable of predicting the
following for both current and future projectile designs and materials :

a. Optimum forming temperatures

I). R th-n Speed effects

c. Load vs. stroke requirements

d. Buckling strengths

e. Optimum punch and die contours

f. Stress — strain rates

g. Permissible wall variations

h. Optimum rough turn configurations

i. Maximum permissible reductions in area

Among the benefits to be obtained from this study are:

a. Energy savings in forming

h. Improved tooling life

c. A rationale for predicting suitabili ty of present equipment for future
projectile

d. Elimination of a time consuming trial and error method of process and tool
development

e. A rationale for predicting effects on present equipment to changes in rates ,
temperature , lubricants , product material , etc.

f. Development of a tool library of NC tapes which could be used by any plant
for the manufacture of tooling and which could significantly reduce plant
start—up time.

The end result of this study would be a computerized model capable of designating
the optimum combination of process variables and tooling for forming projectile
metal parts.
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An invest i al ion into the use ol J)OWdCr metal preforms for fragmenting type
mun i t ions  is currently being conducted by Frank ford Arsenal under Project No. 5746211 .
A small quan t i t y  of 60MM l I E  M -l9 A:~ projectiles has been successfully formed from
cylindrical shai cd prelorms. In i t ia l  indications are that the process is competitive
with the wrought process an(I fragmentation is similar. Attempts to fabricate the 60MM
HE XM7 20 utilizing powder preforms arc currently being undertaken.
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SECTION Th REE

META L REMOVA L

A. INTRO1)UCTION

Machining is defined here as those metal removal operaiJons required to convert
the forgi ng or extrusion into the final dimensional requirements .

B . PROJECTILE MANUFACTU RING PRACTICE

Me tal removal operations , in most. of the plants visited , were similar  in nature .
In general , the use of disposabl e carbide inserts are used throughout the industry .
h owever , at one plant , ceramic cutting tools arc being used for the finishing operations.

Single point tooling is being used for turning, boring, facing and threading . Gang
tooling is generally used in rough turn and finish turn operations to obtain higher pro —
duet ion rates . Form tools arc used to cut the hand scat with dovetail , obturating
grooves and turn the hand itself.

With the exception of recent equipment purchased , it was observed that most of the
machining equipment was purchased in the early fifties with some equipment of still an
older vintage . Generally this equipment was manually loaded and unloaded and equipped
with only adequate horsepower .

I
C . CRITIQUE

Observation of the cutting procedures themselves revealed that floo r to floo r t ime
could be significa ntly reduced in several ways . It was observed , for ins tance , that in
some cases where turning and facing is being accomp lished , that first turning is per-
formed , then a dwell t ime occurs , then facing is performed . Recent machine tools
purchased perform these operations simultaneously where possible , thereby , reducing
the quantity of equipment , cu tting time , direct labor , etc . These findi ngs have already
been reflec ted in Frankford Arsenal specifications for machining equipment . As a
result of the existing practice , Frankford Arsenal specifics the machining requirements
attempting to combine operations , where possible , to reduce cutting time and floor to
floor time. The Frank ford Arsenal specifications also require higher horsepower ,
power trains , greater spindle speeds (capable of adopting to ceramic tools if devel-
opeci ) and higher torques at the spindles along with automatic load and unload features
complete with two way automatic chip transport systems. Equipm ent has already been
purchased to these specifications meeting all functional requirements. Higher speeds ,
combined metal cutting operations , automatic load and unload , automatic chip
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tr an sI)ort ation , a ll con lhine(l to i’cducc the number  of pieces of machining equipment
required in a l ine , fl oo r space , direct labor , indirect l abo r , maintenance , etc . Fur-
ther , the new flhiI ( ’h ine tools wi l l  be able to produce s imilar  size future projectile de-
signs in an efficient manner which is not possible with today ’s equi pment. For example ,
a comparison of the 1~~iMi\l M 107 machining l ine at Twin Cities AAP by the old process
vs. the new process advocated I)y Fr ankford Arsenal under which the new equipment
was purchased indicates that by combining operations and utilizing automatic load and
unload features , 30 machines and 10 operators can replace 74 machines and 74
operators .

OLI) PROCESS

NO . 01” NO. OF
OPE RATION MACI lINES OPERATING PERSONN EL

I . Center & Cutoff 9 9
2. Rough ‘[‘urn & Base Face 16 16
3. Bore , Face & Chamfe r 8 8
-1 . Finish Turn (Not Including 14 14

Boatta il)
5. Saw off Boss 1 1
6. Machine l3oattail & Face Base 8 8
7. Thread 4 4
8. Machine Band Seat 6 6
9. Machine Band 5 5

74 74

NEW PROCESS

1. Center 2 (I)ual Station) 1
2. Rough Turn , Face Base & 11 3

Cutoff
3. llor c , Face & Chamf er 4 1
4. Finish Turn (Incl . Boattail) 7 2
5. Mill Base & Tap 2 (Dual Station) 1
6. Machine Band Seat 2 1
7. Machine Band 2 1

30 10

Another observation made during the survey was that dimensional control within
the process itself was poor. This situation led to added operations. For instance,
several plants still use a final face base operation to bring the overall weight of the
projectile into tolerance . By controlling base thickness from the start of the process ,
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this correcting operation is no longer required . This action not only eliminates a
machin ing  operation but alsa reduces the weight of the forging itself which has signifi-
cant economic impact on the production unit  cost.

It was also observed in another plant that the contractor was producing projectiles
on three dif ferent  machining lines because of three different types of equipment being
ut il ize ( l  for the same machining operation . Although it was possible to successfully
produce projectiles under this condition , added costs in forging weight and handling has
resulted in a partly inefficient operation. Based on the experience of this producer , it
is clear that for each step of the process such as rough turn , finish turn , etc., the
equipment in that operation should be the same within the line and for each line .

In many cases it was observed that the equipment on hand at the producers plant ,
in esscence , dictated the machini ng process that was employed . There was usually
only so much equipment available and this equipment had particular limitations . Once
any equipment is purchased it must be purchased with a particular metal removal
operation in min(l . Some addled flexibility can be obtained by purchasing more power-
ful equipment and equipment basic in design. Where possible , equipment purchased
should attempt to use standard commercial products that have been adapted to our par-
ticular need . This type of equipment can , in many instances , be adapted to other
needs in the future. Most machin e tool builders attempt to build a basic machine tool
that they can adapt to thei r customer ’s pa rticular need . By taking advantage of this
concept we also achieve the versatility inherent in these machines . Special equipment ,
tailor—made to a particular operation should be avoide(l , where possible , if we are to
maintain the flexibility we desire in future production lines .

Discussion with machine tool builders and cutting tool producers reveals signifi-
cant changes in metal removal are starting to occur . Such things as solid state con-
trols and variable speed motion to maintain constant cutting speeds are starting to be
introduced into production setups to reduce floor to floor time and direct labor costs.
Further the costs of these improvements are continu ing to decrease~ allowing competi-
tion with fixed control systems.

Equipment with higher speed capabilities and more rigid frames is starting to
bring abou t signi ficant improvements in cutting tools . Where su rface speeds for
cut ting operations were previously in the range of 300—350 S FPM they are now in the
ra nge of 400—450 S FPM for the same operation with speeds of 650—700 SFPM now
bei ng reported for some operations .

Ce ramic cutting tool speeds , of cou rse , are much higher bu t application has been
limi ted to date. It appears , therefore , tha t cutting speeds will increase in an incre-
ment at a t ime rather than at one larg e step as we might obtain in moving from today ’s
carbides to tomorrow ’s ceramics .
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Since machining contr ibutes to a larg e portion of the unit cost , it is essential to
stay abreast of the s ta te—of—the—art  to realize any improvement that could result in re-
ducing unit  cost . With the purchase of new equi pment , this becomes more important
than ever . As better cutting tools become available , the new equipment should be able
to take immediate  advantage of this chang e or improvement .

A special type of form grinding , ‘ Crushtrue” abrasive machining has recently
been marketed by Bendix Corporation. The method uses wheel speeds up to 20 , 000
r .p .m .  and a high pressure water jet to keep the wheel clean.

The Budd Company recommends possible alternatives for cutting tools to be used
in ordnance manufacture . The following are the alternatives:

(1) Ce r a m ics

(2) Coated Carhides

(3) h i gh Speed Tool Steel

(4) UCON

(5) Close grain carbides

Machining not only involves metal removal but deals intimately with the philosophy
of dimension . lIow you chuck a part , how you locate , how to machine and to what
tolerance all play a part  in the machining process. Each machining process prepares
the part for the next machining operation . Dimensional control is the ultimate objec-
tive in machining . For example , by holding base thickness to a reasonable machining
tolerance , excessive weight variation and the need for weight correction can be
avoidledl .

Cutting fluid is an important factor in the efficient machining of metals . It acts as
a coolant and lubricant , reducing friction , and temperature at the tool workpiece inter-
face. This results in longer tool l ife , improved surface finishes and increased feeds
and speeds , where possible.

I) . STUDIES

Ceramic Tool Study

A study was undertaken to determine if ceramic tooling was feasible in the
machining operations for manufacturing art i l lery shells.

l’his study was initiated as a result of the Budd Company ’s recommendations to
investigate various cutting tools and the alleged use of ceramic tooling by Norri s Indus-
tr ies on the pro file tu rn operation for the 81MM l IE  M374 projectile. This allegation
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was investigated; and it has been confirmed that ceramic tooling is being used by
Norr is .

Th e  Buddi study indicated that ceramic tooling was being used by the automotive
industry for the boring of engine blocks and also for the finish turning of brake drums.

The study indicated the following advantages of ceramic tooling:

Lower Cost Thru :

I . Faster speeds

2 . Longer tool life

3. I)ecreased cycle t ime

-1 . Increased production rate

5 . Fewer machine tools required for an operation

6. Less floor space

7. Decreased equipment cost

8 . No coolant required

h owever , two severe limiting factors on the use of ceramic tooling were found
to be:

1. Limitations of our existing machine tools in power , speed and rigidity .

2 . The inheren t brittleness of the ceramic tool itself which dloes not permit
interrupted cuts .

The National Science Foundation has funded several research groups to increase
the transverse rupture strength of ceramic tooling . In the last two years , however ,
success has been very limited .

Because of these limitations in ceramic tooling , fine grai n carbide cutting tools
such as the Baxt ron were examined. Threading of H F— I steel , a cri tical cutting opera-
tion , now accomplished only by tool steels was successfully accomplished by the flax -
tron at approximately 2 times the speed . The estimated cost per piece using the
Bax t ron is 25,~ and the estimatedl cost per piece using an M43 tool steel is I6~ . If the
cost of the Bax t ron can be reduced to $40.00 per head , the cost per piece will be the
same as the M4 3 , and since the speed of the Ilaxtron is almost double that of the M4 3 ,
less machine tools will be required for the threading operation reflecting a savings in
equipment cost. Ilowever , Dupont , the only licensee for Baxtron has d ropped out of
this line of business . Other carbide companies are now beginning to produce fine gra in
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carbide cutt ing tools. ‘l’hese tools offe r approximately a 50% increase in cutting speed ,
with resultant increase in pro d uctivity from our new machine tools , if adaptable.

E.  CONCLUSIONS

Investigation of the present method s of machining in the projectile metal parts
plants visited , clearl y i ndlicate that significant improvements can he made . These
improvements can he realized by:

1. Combining individual m achining operations where possible.

2. Utilizing new cutting tools , if feasible.

3. Close process control throughout .

4. Purchasing st andard commercial  l athes of sufficient r igidi ty and horsepower
to accom modate future design projecti les.

5 . Utilizing an opt imum cutting fluid to reduce friction , thereby increasing the
feeds and speeds of the equipment .

The above improvements wil l  reflect in reduced unit cost of an item by reducing
the quantity of equipment needed , direct labor , cutting time , etc.

F’. HE COMMEN I)A ’I ’JO NS

1. Alternate  Methods of “Metal  Remov aP ’

A cost study of forni grinding vs.  machining shells is re-commended . The metal
removal rates , capital investment cost and tooling cost for grinding should 1)0 based
on the ‘‘C rushtru e’’ p rocess. ( )nc m a j o r  (h iSadva flt age of form grinding is apparen t at
this t ime .  ‘[‘here is no scrap value I~ r the inct :il renioved (luring the grinding
operation(s). Using the 155MM as produced at LAAP as an example/ the unp rocessed
chips generated by the turning operations have a value of approximately $20/ton .
Approximately 37 pounds of chips per projectile are produced during processing . This
results in a chip pay back of approximatel y $.  37/shell which would be lost if form
grinding were utilized .

2. New Cutting Tools

Engineering studies are recommended in the area of new cutting tools. Feeds ,
speeds and depth of cut needed in a specified turning operation should be better (lefinc(l
and a study made as to applicability of the new cutting tools to machining as known in
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ar t i l lery  manufac ture . Coated carhides , high speed tool steel , UCON , etc . along with
a continuing study on ceramics should be investigated . Manufacturing data should be
compiled on the ’ type of tool , cutting speeds , feeds and type of material machined in
artillery manufacture over the last few years to provide a background for comparing
the effectivity of different cutting tools.

3. l’a rt M cthodi :~ation

A basic study on process control should be initiated . This study would first ~]en—
ti fy ,  thru modeling and experimental  tests , the sou rce of dimensional variations and
dimensional control . Metal removal and equipment interface could I)e better (Iefincd
and improved functional specifications for metal removal equipment shoul d evolve.

4 . Cutting Fluids

A study should be initiated to evaluate the cutting fluids available and their poten-
tial use in artillery manufacture. In addition , because of high volume production
operations , recycling of cutting fluids should be also investigated from both an eco-
nomic and pollution control standpoint .
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SECTION FOUR

II EA ’l ’hN G ANI )  II EAT ‘l ’REATMEN ’F

I N I ’  I~ )1 ) L I( ’’I’li )N

h ea t i n g  referred to in th is  section concerns the heating - of the mu l t  for fo rging or
the heating of a portion of the fo rging prior to nosing .

Heat Trea tment  refe r red to in this section concerns the conventional heat treat—
ment of the forging, that is , aust ent i ze , quench an(I temper . Stress Relieving is a
form of heat t r eat ing used to reduce ’ internal  residual stresses generally imparted in

• the work piece ~~~~ a cold working operation . It consists of heating a workpiece to a
suitable temperatu re and holding for a p roper length of t ime .

B . PROJ ECTI I .E M A N U  l’Ac’I’u RING PRAC ’I’IC F

Mu lt  heating is accomp lished in most of the plants surveyed by large gas fired
rotary hea rth furnaces . One’ plant had used salt pot type furnaces for heating , but
only on a tempoi ’a ry b asis .  The other method used for mu lt  heating was induction heat-
ing . induction heating has been successfully employed on smal l  mults  used for conver-
sion into eighty-one mil l imeter  mortars with a n iult cross section as small as two and
one half  inches , and large mults  used for eight inch projectiles with a mult cross sec-
tion of seven and th i  ~‘e eight inches.

Ileating for nosing has been accomplished in gas fired furnaces of both in—line
tunnel and rotary design . Induction heaters have also been used . In all systems , only
the ogive portion of the part is heated .

h eat treatment in all cases is accomp lished at present in either oil or gas fired
air furnaces . The use of electric furnaces for heat t reatment  was not observed .

Various types of heat t r eatment  a i r  furnaces were observed . Soni c fu rnaces are
of the walking beam type where the pa rts are la id on th eir  sidle ’ in t andum;  other fu r-
naces use baskets where the par ts  are tr ansported through the furnace in a vertical
position , and other plants  employed rotary type furnaces where the part stands in the
vertical position .

In all eases , the oil que’neh was accomplished with the part in a vertical position
placed over a spud that  quenched the cav ity of the ’ part while agitated oil surrounded
the outsi~k’ of the pa rt .
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Stress re l ieving for those plants employing the hot cup-cold draw process was
accomp lished in gas fired furnaces while one plant stress relieved in an electrically
heated salt pot .

Observation of those plants using gas or oil fired heating fu rnaces revealed con-
siderable scale buildup unless atmosphere control was being used as compared to the
induction heater which produced relativel y little scale . The t ime for heating ‘‘ mults ’’

in the gas or oil bred furnaces was considerably longer than that  for induction heating .
The survey revealed however , the most pressing prob lem in bil let  heating at p rc’-ent
is the avai labi l i ty  of an energy source , in most instances , furnaces can h~- pu r ch a~- (
that will operate efficientl y in either gas or oil . In one case , a fu rnace manu facturer
is involved ! in furnace design that  can use gas , oil or electricity . Most plants sur ve v ( ’( I
that use gas for mult heating are under severe restrictions and cannot expect gas to be
available during certain hi gh demand periods — the win te r  months — since they hav e a
lower priority than residential  heating . As a result of this situation , many of these
plants converted , or are converting , to a dual capability of operating on gas or oil .
This necessitates the construction of a storage site for oil , which in some cases , has
already been accomplished . Oil itself , offers special problems in regard to pollution ,
and therefore , low sulfur oil must  be used . The continued avai labi l i ty  of this oil and
the future cost pictu re of low sulphur oil looks uncertain at present and more pressure
is mounting to convert to electric heating . Those plants already using electric induc-
tion heating appear optimistic as to future availabil i ty of electricity ; however , if all of
industry begins to convert to electric heating, the increased demand can be expected
to cause problems .

A s imilar  situation exists for furnaces used for heat t rea tment . Gas f i red  k i t ’—
naces are used for stress relieving in those plants where the hot e ’up— cold draw process
is used except for one plant that stress relieves in an electrically heated salt  pot .

C. CR ITIQUE

Clearly , the most immediate problem to be confronted in the area of heating and
heat treatment has to do with taking the proper steps to assure a continuous opera t ion
in the future . The use of alternate energy sources for heating and heat t rea tment  is
apparent as a desirable move to make . H owever , steps can be taken to al levi at e t h e
present condition . The thermal efficiency defined here as the heat. required to I)r in g a
mult up to forging temperature (h vided by the heat input into the system can lie signif i-
cantly improved. Literature revealed that gas or oil fired rotary hearth fu i ’n:n-t ’s can
have an operating efficiency as low as fifteen percent . Induction heaters are pr esently
operating in the range of fi fty percent thermal efficiency . A table of these resu lt s  are
tabulated in a later portion of this section . Discussion with furnace equipment m ann -
facturer s reveal that no real attempt has been made in the p lant to control t he rm a l
efficiency since gas and oil were inexpensive . This does not mean that something can
not he clone at present . As a matter of fact , considerable effo rt is now being made to
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improve thermal  efficiency and design changes can be expected in furnaces in the not.
too distant future .

Induction heating for niults and for nosing is also being investigated and , in fact ,
due to the pa rticular advantages of induction heating for nosing , specifications have
alread y been written indicating this is the preferred method of heating for nosing . The
use of induction heating for billet and for heat treatment arc discussed later in this
section .

The application of lubricant to the ogive , particularl y the long , thin ogives , has
been reported! as critical by some of the projectile manufacturers . They suggest , and
it is apparent , that the projectile should be preheated and lubricant sprayed on with
an evaporative carrier , thus dry ing before or in the main heating coils . This proce-
dure , it was observed , results in an almost painted surface finish for the lubricant
and nosing proceeds smoothly and easily . This procedure has been used to some ex-
tent at Frankford with good success and the concept. is already being p rocured for one
of the operating contractors plants and is presently being incorporated into existing
equipment specifications prepared by I”rankford Arsenal . The idea is not. new since it
has been accomplished piecemeal in at least one of the successful operating contrac-
tors , but it is the first  t ime a system app roach to optimize nosing is being made for
heating equipment.

The use of alte rnative quenchants in place of oil are also being studied . Oil pre-
sents problems associated with fire hazards anel pollution abatement . Alternative
quenchants are ai med at alleviating or eliminating these problems .

As discussed in the section on billet separation , certain billet separation tech-
niques often result in irregularly parted surfaces with loose , partiall y severed metal
which in subsequent fo rging operations , causes critical defects in the p rojectile

• cavity . Scaling of the parted surface during heating for fo rging is another cause of
cavity defects . In the induction heat—hot shear system , the whole billet is heated to
fo rging temperature . The billet. is fed an increment at a time to a hot shear press
which separates the mull fro m the billet. The hot parte d mull has a new clean surface
immediately prior to forging which tend s to eliminate scale. Further , the transport
of a billet thru a series of induction coils is considerably less troub1esoni e then push—
ing separate mults  th ru a similar system. In addition , the thermal efficiency is
slightly higher for heating a long billet as opposed to heating a series or column of
mults .

As discussed previously , several techniques exist for heating the nose of the pro-
jectile. However , discussion with the various operating contractors indicate signi fi-
cant advantages exist in the induction heating techniques when approached as a system.
It can be anticipated that based on review of future designs that ogives will continue to
he greater in length and thinner in cross section . An examination of the buckling
formula presented in the forming portion of this report clearl y indicates these long
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thin ogives will  he more diff icul t  to Form whil e  avoid ing  u~)s ( ’t t ing . hn fart , it ap~n ; t  i - s

that. two nosing operations may be required where only one operation is requi red f U r
our more conventional projectile designs . Since induction heating is much faster than

• heating by gas or oil , the heat transfe r to the adjacent areas is much less. This means
the real strength of these areas is higher than the strength of the area to he fl(~5e(l thus
reducing or perhaps eliminating the projected p roblem of buckling . ‘l’his , in turn ,
may permit long , thin ogives to at least be more successfully nosed in one operation ,
thus maintaining our productivity of our existing nosing presses .

It appears that in the event a particular ogi ve design indicates the nosing cannot
be accomplished in one operation , the division of these forming operations into two
steps without reheating and on one press may still be possible thus mainta ining the
productivity of our existing press system .

I) . STUI)IES

1. Induction Heat Treatment

Frankford Arsenal initiated feasibility studies in induction heal. tr eating ( C f StO fl (h —
ard lIE—type projectiles and 1CM—type projectile bodies. The study to investigate the
feasibility of induction heat treating standard lIE—typ e projectile bodies was init iated
as a subp roject under MM&TE Project #5736550 , and was conduete(l at TOCC() Indus-
tries , Cleveland , Ohio. The study to investigate the feasibility of ind uction heat tr eat-
ing 1CM—type projectile bodies was initiated under MM&TE Project #573~ 5~’O a nd was
conducted at AJAX M agnethormic Corp., Cleveland , Ohio .

Under the 6550 p rogram , the basic work effort was the design and fabr i cat io i i  c f  a
single shot , static—type induction coil with related fixturing to lie adaptable for use on
TOCCO’s existing 300 KW , 3000 Hertz Laboratory power supply and to develop t I~~
optimum operation parameters to heat treat semi—machined in-process-type’ I ,~~ \~ c l
M107 projectile bodies to meet the minimum mechanical property requir ements of
165 , 000 psi minimum yield strength with a 15% minimum elongation .

The 155MM M107 projectile body has a nosed—typ e fo rward body shape with  an aft
boattail closed—base configu ration. Under this program , l’( )CCO ut i l ized  a “ single
shot” method of heating the M107 projectile body to both the austen i l iz ing ( l a c f c  I’) and
tempering (1200° F) temperatures . In this method the entire project i le  was ( n l ’ lSe ( I  by
an encircling multi—turn , multi—diameter coil—type inductor , p o s i t i o ned c c l  I ’. i l l ’,
with the nose end (open end) of the projectile body in the “down ” posi tion . I i a ~ coi l
was designed with variations in gap spacing between the turns and with var iat ions in
turn diameters to compensate for the variation of space between the ’ coil and the
projectile pro file.
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lii t ls’ heat I real oiw ration , t h ’  M l  07 Projectile issiy was manually loaded and
posit iofl ( (l onto I lie f ix tu r ing  ni the machine . ‘i’lie nose portj on of the projectile body
rested on a circular “doughnut—type ” location ring and the boss which extended from
h a ’  base was used to support the base—end of the projectile body. The mechanism on
th e machine automatically positioned the projectile body within the coil for austcnitiz—
i ng. ‘Fhe ent i re  projectile body was heated in a “single shot” to the austenitizing
temperature. After the austenitiz ing temperature of 1600°F was obtained , the projec-
t ile body was lowered into a quench tan k and submerged over a spud and quenches both
internally and externally by an agitated synthetic quench bath. After quenching , the
projectile bo dy was raised from the quench tank and returned to the original position
within  the encircling coil—type induction for a “single shot” temper at 1200°F. The
projectile body was manually unloaded from the induction unit.

Thirty—two projectile bodies were provided to TOCCO for this study. Twelve
• were earmarked for development of the heat treat process parameters and the balance

of the twenty for heat treatment evaluation . Initial test results indicated difficulty in
obtaining an acceptable temperature profile. ‘I’lic temperature distribution was too
non—uniform , the center portion of the projectile body being the hottest wit h both
ends substantially cooler. Respacing the coil turns improved the temperature profil e
of the nose end , but the base end still remained substantially cool. To improve the
tem perature profile primarily in the base end of the projectile body , TOCCO decreased
the diameter of the coil turns to increase the inductance , three capacitor contacts were
adided to the circuit to increase the power level , and a two turn pancake-type coil
attachment was placed over the base of the projectile body at the top open end of the
coil to help induce heat into the base area of the workpiece. The doughiiut-shapcd stain-
less steel locator ring which had a tendency to overheat was also changed to a water
cooled income tube arrangement.

Additional test results indicated that difficulty was still obtained in getting su fficient
heat into the base area of the projectile body . TOCCO replaced the two turn pan cake
coil attachment with a Ferrocon ring flux concentrator to help induce flux into the base
portion of the workpiece.

‘I’OCCO also experimented with the synthetic quench media. Concentrations of
UCON (synthetic quench) varied from 6% to 25%. Austenitized projectile bodies

• quenched in the lower concentration range produced non-uniform hardness readings
varying from Rc38 to Rc57 at the surface of the wall to Rc19 in the base area. A 25%
UCON which simulated a quenching speed closer to that of oil was eventually utilized .

The following operating parameters were established by TOCCO utilizing the best
effort obtainable from their 300 NW . 3000 h ertz powered laboratory machine to
achieve the end item heat treat requirements. One coil was employed for both
austen iti xi ng and tempering operations .
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I” inai Au st en i t i z in g  Cycle : ‘l’he 4 minut e austenitizing cycle csLablishe(t to heat
the projectile body under continuous power to I 600°F was the following:

PoWer NW % Power of 30() KW Heating Time ~ ec)

300 100 O to SO
150 50 80 to 95
120 40 95 to 135
90 30 135 to 150
60 20 150 to 240

Power OFF at 240 Sec

Fi nal Quenching Cycle: The quench media was composed of 25% of UCON which
simulated a quench rate equal to oil. The quench bath temperature was maintained
between 90 to 120°F. The projectile body was submerged in an agitated quench media
and subjected to both an internal (spud) and external quench. The quenc h cycle of 9
minutes was the following:

Quench Time — 8 Mm

*D(~lay Time — 1 Mm

*Delay time included the total index time from austenitizc to quench and from quench
to temper.

Final Temper Cycle: The 6 minute tempering cycle established to temper the
projectile body at 1200°F utilizing pulsed—type power was the following:

Temper Time Utilizing 156 NW of Power

Power Cycle Power ON Power Cycle Power OF1”
ON (see) (see) OFF (see) (see)

0-20 20 20-60 40
60— 72 12 72— 100 28

100-120 20 120-220 100
220—250 30 250—350 100
350—358 8 358 OFF

Total Heat Treat Cycle Time per Projectile Body

Austeniti zc 4 Mm
Que nch & Delay 9 Mm
Temper 6 M m
Load & Unload 1 Mm
Total Cycle Time 20 Mm
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‘I ’he heat tr ( ’atc ’( l p ro jec t i le  bodies were evaluated at I”rankf ord Arsenal for
n ieehar i i ca l  p roperties h ardness patt ern , micros tructure , dcearhur ization and heat
I real ( ‘racks. ‘l’hc following data was ob tain ed from project i le  l)od ies heat treat by

I (  )( ‘C( ) ui der the alor t ’m& ’n t inned F inal operating paranieters.

\ l ( ( ’ l n ica l  P roperl tes ‘l est

‘I ’lie b llowi ug nic ch an i cal prope rt ies  \Ve Fe ol)ta med from three projectile bodies.
l w )  l ong i tud ina l  Ictis ile test specinn ’ns 0” and 1 ~0° apart were removed from the areas

of I he ~ ro ji r t u t  inS( ’ , I he I ian I seat , I he boat tail and ofl( ’ t r a ì sv e r~~; tensile test
speei th en was i’enioved f rom (h i ’ area of the base. ‘l’hc in echanical properties require—
ica ’nt s throug hout all areas of th e p l ’o j  ( e l  ile body are (iS , (100 psi m i n i m u m  yiel(l
s t reng th  at . 1’ o f f s e t  wi th  a 1 5 -  m i n i m u m  e longat ion.  ‘l he mechanical properties
were compared to those obtain iii from a proj ectile heat treat by the conventional heat
tr eat ihiet l iOd.

Problems were encountered in being able to meet th e m inimum mechanical
property requirements in the base area of the induct ion  heat treated projectile bodies.
The hardness pattei ’n through the center of the base c ross—section of these projectile
bodies ranged from Rockwell “ C ’  ~ to 12 as compared to a Rockwell “C” 16 for the
conventional heat treated f) roj cc t i lc  h otly. Microstructure analysis of the induction
heat treated pro jec t i l e  btxl it ’s in dicat ed that  l i t t le  through h eat ing of the mater ia l  in the
:mr ( -a of I he base was c i l i ( a i n e t l  d u r i n g  I he au stt ’n i t i z i n g  and t emper in g  cycle.

[) ( ‘~~ tI ~f ) c t  ri zal t on was wi t  hi  a . (105 of au inch on the metallurgical sections examined.
‘I ’l e pro j ec t i le  l)o(Ii ( ’s were ’ niagnc tic particl e ’ inspected anti  lou 11(1 In lx ’ free of h eat
t i’eat cracks.

Ae ’ccpt alile induct  ion heat I rcatetl projecti le bodies were not ol)ta u ied und er this
study . however , the .~ tudy ( l id  demonstrate that the actual heat treat cycle time is
longer than  originally est imated making induction heat t reat ing no longer economically
cost ( ‘fk~et iv c  wi th  csrnv cntiona l heat t reat  methods. it is recommended that conven—
tior ial heat treat systems be used to heat t reat l IE—type projectile lash es. If a tech-
nology base need exists to prove technical leasibili ty of induction heat treating the
155MM Ml07 projectile body for a t ime when gas and oil arc not available , it is
recommended that a competi t ive contract be placed to design and fabricate a prototype
production machine that can l)e set—up an(l evaluated un der  a production operating
condition. It is also recommended that a 1000 hertz or less power supply frequency
be used to a chu i  eve greater heat penetration in the base area For the ’ worlcpiece andl that
two in—line  induct ion  coils (one for austenitizing and one for tempering) be ut i l iz ed For
l)Ptt ( ’r heating control and that the coils he positioned horizontally to provide a illOi’C
expedient indexing approach for a production operation.

‘ l I e  results of the feasibi l i ty  study on in duction heat t r ea t ing  l( ’ NI —t y pe p r oject i le
bodies un (I er  Project II 5736580 will  lie covered under  a separat ( ’ report.
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‘ . .~ l t e r i ; i I  e Qu cr ic l i an i s

I i i l ~ \‘~ eot al t i ’h ’d by l” ran k lord A r senal wider M M& ’l ’ Proje ct Numb er
1.7:: I I I  I I n  d e l t ’ m t  ~i i t  i i  qu e i u ’h a n t s  o the r  I han ti n cur r en t ly  used o i l  m ed iums could
l i t -  i~~- i t i  i i  I hI ( ’  li t ’~t I I rea l n e i l  of large caliber Proj ecti le Metal I’a rts .  ‘l’hc objective

I lit s lu t  ly was (4)  (‘ Ii h i  m ali’ the smoke , flame and fire hazards associated wi th  oil
i f  iii lit’ I all

I (‘St was t onduel -i i  a t  (‘ h a m b e r l a i m i  ( 
~(irfa) ra t ion ’s New I ~ed1ord I)ivision and

Scrant on \ , \  I ‘ s in g  t h e  I ~,5 MM l I E  M 107 as a vehicle . A total Oh 6,000 metal parts
were hea l t t ( ’ :II ( ’ ( h us 1mg 1 loughi ton 251 Aqua Quench as the qu each medium.

l i e  resu l t s  of the lest indicate that I he usc of i houghton 25 1 Aqua  Quench in con—
cent  rat lot s of 18 to 2 1, antI  (f l ien Cli bath t cmijs r at ml res of 10( 1—1 65 1” , is feasib le for
h e a t  t r e a t  i t ’nt  i F  IIs ~ 155MM M 107 proj ectile and reduced smoke , I l ame  and lire ’
ha,~a rds t a t  l ) ( ’ ;u ’li ic vet I. I however , s t r i c t  control procedu rex to main ta in  solution
conc ( ’ntr al  i o n  a s h  temperature wi th in  the speci Ii  e (h liii its arc essential for  successfu l
app l leaf inn of aqua quench in heat t reatment  of proj ecti les (~~1 U product iofl basis.

Recoin nien dal in i l s  contained in the  study slate I hat Aqua Quench  heat trcatn- 1( ’nt of
I SSM M NI 107 proje ctiles should be imp lemented on a trial produ ct ion basis for a period
of inni ’ months  to  f irmly estab lish the process on a production basis prior to full
inh I ) l e n l e n t u t  ion .

I ;. (~( ) N ( ’ l , f S l ( ) N S

I )  fla t I i i )  oh l i i ’ l)r cs( ’flt metho(ls ( I I  heat ng ai1 (h heat t reat ing in the projectile
N I h )‘~~5 p U t i i t  5 V i s  it ( ’( l  . I -learly nd icates that s ign i f ican t i mpr.  iv en i er i t s  can be made .
‘I he use of i n d u t ’ l i o u  type heating anti heat t r eatment has many  an t i c i p a t e d  advantages
as unc oi l ioiit ’tl in t h i s  section of the report. 1”ur th cr mno r e  , in li g ht. ( i f  the gas and oil
cu r t a i lmen t - s  being aflticipatc (l , inducti on h eating is a Viai ) lC so lu t ion .

F’. RECOMMENDATI ONS

Further  stu(Iies should be continued to verif y under pr o dtmct ion conditions , the
f ind ings  the ini t ia l  studies surfaced. ‘I’he systems to l)C fur ther  investigated arc:

in duct itm l)eat/  Hot Shear Prior to Forging

~~. In d uction I heat ‘i’ reat incnt

3. Aqua Quench for Heat ‘l’rcatment

7.8
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AI~I’ROX 1MATE THERMAL
EFFICIENCY OF VARIOUS -

HEATING METHODS

THERMAL EFFICIENCY
II EA ’I ’I NC M ETI lOt ) PER C EN’I ’

OIL — l”IIIEE ) FI IRNAC E 15 — 30
O J L — l ’I I LEI ) FURA NC E (RE CIJP ERA TI VE ) 20 — 40
GAS— F1REI) FIJRANC E 15 — 30
GAS—FIRED FURNACE (RECUPERA TIVE) 20 — 40
I NDL J C T J O N—J JE A TI N G UNJ ’I ’ BILLET 45 — 50
IN D ( IC’ I ’ION— IIEATI N C NOS E (10 — 70
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SECTION FIVE

MATERIAL h ANDLING

A. lN ’I’RODUC ’l’ION

Material h andling in this report considers those transport systems required to
move material from one operation to the next operation including the trans fer stations
at the interface points and all other transfers that may be required. An example
would be the movement of a projectile forging from a Cente r and Cutoff Operation to a
Rough ‘I’urn Operation. The material handling system would include the equipment
required to remove the forging from the ex it conveyor of the Center and Cutoff mach ine ,
place the forging on a transport conveyor to t h e  Rough Turn Operation and transfe r the
forging to the automat ic loading or feed conveyor that is an integral par t of the Rou gh
‘Turn Machine.

Chip transport systems are also included under material handling and provide for
removal of th~ chips generated at a particular turn ing operation to a processing area
for the chips and finally moving the processed chips to a rail car or other means of
transport.

Material handling also includes the material hand ling system within a Particular
piece of equipment such as a lathe or furnace.

B. PROJECTILE MA NU FAC TURING PRACTIC E

Of the several plants visited during the plant survey , various degrees of material
handling were noted.

A plant using tile h o t  Cup-Cold Draw Process in the manufacture of the 81MM
Mortar Projectile used overhead convcyors which were manually loaded and unloaded.
.\ hI lir(’ss and nhachine operations were manually loaded and unloaded . Tote boxes
i c  r~ ‘ i ~~t - . i  at several stations and were moved by forklift trucks.

4 ’  t I t 1  I J)IUflt I t s  ing th e  Ilot Cup—Cold Draw process in the manufacture of the
h i  , ~t ~l ~t I .r ’ .~~-. i i i ,  - used overhead convcyors that were manually loaded and unloaded

- , in~ 
-
‘ r I it l o l i s  pi r t i cu l : t r ly  at elevation being automatic. All press.c ... * i -i Ii I I .  , i i l  ‘ .n i , i t  it ’ load and unload. A large amount of manual transfer

- , - i sli. - m t i  i i f l l f l~, . . f H r.4t  i i ’ns due to a lack of automatic trans fer equip—
- - 1 V •V  14 11 I ’ l l  I t ~~ 4 i f  imt’iil I ~ t i t  I t l)t ’r atC (l in an automatic or sem i —
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Another plant producing the 105MM Ml projectile by the Hot Forge—Heat Treat-
ment Process was observed. Of the existing transfers between machines and conveyor
or from conveyor to conveyor , approximately half were mechanized while the remainder
were performed manually . Overhe ad conveyors were usually loaded and unloaded
manually although loading of the overhead conveyor was accomplished automatically at
the exit end of the heat treatment furnaces. All press equipment was loaded , operated
and unloaded manually. The knurling , welding , threading, bandi ng, grinding and
stamping operations were automatically transferred to the respective machine tool
equipment , through it and away from the machine tools.

The 155MM M107 projectile was observed in three different plants which used the
Hot Forge-Heat Treatment process as the basic process of manufacture.

In one plant the forge line was being replaced during the survey with automatic
load and unload presses which are capable of transferring the forging to the next
press operation. This plant uses three hydraulic presses for Cabbage , Pierce and
Draw and will operate in a completely automatic mode. The rest of the equipment in

the plant is manually loaded and unloaded and manually operated. Transport is by
floor mounted roller conveyors with very little power conveyor usage. Most projectiles
were removed by pushing the projectiles on conveyors.

Another 155MM M107 producer using the h o t  Forge-Heat Treatment process is
also in the midst of modernization. Automatic press systems are being pu rchased
that automatically load the billet into a mechanical Cabbage & Pierce Press and then
transfers the forging autom atically to a Ilydraulic Draw Press. This system appears
to work well and resulted in a significant reduction in direct operating labor in the
forge shop. Overhead conveyors that are manually loaded and unloaded are used in
this plant along with manually powered floor -mounted roller conveyors. As a part of
the modernization program in this plan t , machining lines are being purchased with an
integrated material handling system that provides the correct flow rate to and from
each machine.

/

Another producer of the 155MM M107 using the Hot Forge-Heat Treatment process
is operating a line assembled prior to 1950. All press and machine operations are
manually loaded and unloaded. Floor mounted power roller conveyor systems arc used
to a great extent in this plant. This particular plant has worked with Frank ford Arsenal
in the procurem ent of automatic machine tools for both the Twin C ities Army Ammuni-
tion Plan t and St. Louis Army Ammunition Plant. This equipment is being stored
on-site at these two plants pending notice of disposition. The modern equipment ~~~
chased is fully automatic in the sense it can take a part from a conveyor , machine the
part and return it to anothe r conveyor. Material handling systems tying the equipment
together has not ’yet been procured.

One plant that produced the 175MM M437 using the h o t  Forge—Heat Treatment
process was also surveyed . Thi s plant was built in the late 1960’s amid represents a

- 81 . - -
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It1o (h( ’ I ’ I l i / ( ( i  (‘oi lCef)t  of that t ime. All ~)resses afl(I machine tool of)crations are fully
automatic with automatic load , unload and transfer capabilities. ‘I’he material handling
system is integrated with the production and inspection equipment. During production ,
however , problems were encountered with this system due to the complex ity of des ign
of the system and represents the need for considerable planning prior to designing and
installing ~ automatic system.

Another plant visited used the 1-lot Cup—Cold Draw process for manit facture of the
8 Inch MiO G Projectile. The forge and machine lines are fully automated with auto-
matic load and unload capabilities. The design of this line based on performance is
considered highly successful and represents in our survey the most successful use of
automation to date . This plan t was constructed in 1952.

The manufacturing process and the material transfer between operations at tile
nine plants visited are shown in tables one throug h nine which appear at the end of
this section.

Chip transport systems in most of the above l)lafltS cons iste(h primarily ci tote
boxes adjacent to the machine tools. Centralized chip transport systems had been
tried in the past but were unsuccessful in operation because of jamming and excessive
wear. ‘l’hc net result of these experiences lcd to simply placing tile chip tote boxes
adjacent to the machine tool and then moving the tote boxes by fork l i f t  truck to a
central chip disposal area. Chips are not crushed or din ed in any of the plants
surveyed. Chips in this condition have a lower market value then crushed and dried
chips.

C. CRITIQUE

The most s ignifican t finding in the survey was that even though modernization is
going on in some plants , many plants are not giving sufficient thought to material
han dh ling whether it he the projectile metal parts or the chip transport system or some
particular transfer station. It was observed that several of the plants now involved in
final purchasing of equipment are beginni ng to realize the significance of the material
flow thru tile plant and , in particular , from operation to operation. Installation and
testing of automatic machine tools and presses points out the need for automatic
material  handling systems andi the benefits to be derived are becoming more obvious.

In one plan t producing the 155MM M107 the advantage ol an integrated automatic
forge press line illustrates the point. l’reviously thi s line required three presses with
operations ~LS shown below.
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Operator

Relief Man Part Time

In the old system four transfer men , three operators and one relief man were
required to operate the presses. This line produced 125 un i ts per hour requiring
eight men full time not counting tool setup men , etc. The new system requires one
man plus a relief man as required , approximately half-time. This line produces 180
units per hour requiring 1 1/2 men not counting tool setup men , etc. Thus in com-
parison we have:

Old System

8 Man hours/hr man hours0.0640125 units/hr unit

New System

1. 5 Man hours/h r - 0 00833 
man hours

180 Units 
— unit

At an estimated cost of $12 man hour we have :

Old System: 0.0640 man hours X $12 man hour ~~ $0. 768
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Ne w Syste m: 0.00833 man hours x $12 man hour . $0.0999uni t

Here we see that the direct labor cost with overhead estimated to total $12/hour
would cost ~~~. 77/uni t  for the old system versus $. 10/unit for the new system. If one
CI100 SCS to debate the validity of a total cost of $12/hour , the reduction in direct labor
is shown as 0.0640 man hour/unit by the old system as compared to 0.00833 man
hours/unit  or a ratio of 7 .68 and a reduction of 0. 0566 man power required for the
new system versus the old system . A similar redluction was projected for press
equipment required to forge the 105MM Ml projectile planned for replacement at
SLAAP .

SI A A P  used 20 Pierce Forge Presses and 10 Draw Benches for their forg ing
ope rat ion.  ‘l hese presses were arranged as follows requiring the personnel as
in (licaled .

- Picr~~ ] x
x _______ X ‘Fransfc r Man Load & Unload

X 
______ Press Operator

- Pie rce]
x

SYSTEM A

Ten of the above setups were required to produce 800 , 000 units  per month. Eight
personnel were requiredi per system for a total of eighty not counting tool setup men
or relief men.

Under modernization with an integrated setup, five forge presses and five draw
benches would be required with personnel as shown :

Block

~~ 
Draw OPERA TOR

SYSTEM 13

Five of these systems would produce 1, 000 , 000 per month (500 hour month).

However , based on the use of load displacement curves it became apparent that
the draw operation migh t be poss ible on a Mechanical press representing a reduction
in overall investment cost and direct labor. One press company bid this way and the
following system was pur chased:
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Block
______ 

Cabbage . 0 OperatorPierce
Draw0

SYSTEM C

Here one needs: One operator for each of the five presses producing one million
per month (500 hour month). The manpower per unit  is shown below.

SYSTEM A

800 , 000 Units/Month
(500 l!rs/Month) (Eighty Men) 

- 
~~~~ Units/m anhour

SYSTEM B

1 000 , 000 Units /Month 200 Umts/manhour
(500 Hrs/Month) (Ten Men)

SYSTEM C

1, 000 , 000 Units/Month
= 400 Units/m anhour(500 Hrs/Month) (Five Men)

Here we see that the units per manhour for System C is twenty times greater then
for System A. This advantage is due to the increased production rate of the press
itself and the elimination of direct labor in transferring the part manually .

Similar situations exist for machine tools. In most of our older fac ili ties we have
one operator per machine tool. Und er modernization with automatic equipment one
operator should be above to monitor at least two production machines and based on
trials of equipment purchased to date , one operator should be able to monitor four
machines . This requ ires , by the way , the implementation of automatic Inspection
which by itself replaces the old manual inspection for process and final inspection
resulting in significant reductions in manpower requirements.

It has been argued by some that automatic equipment costs more and therefore is
not jus tified for modernization. If , however , we look at the payback ratio by reducing
personnel we obtain the follow ing.

In a large plant that uses the Hot Cup Cold Draw Process 411 personnel are dedi-
cated to Material Handling . A fte r “modernization ” the number of Material Handlers is
projected to be 339.

- 
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This “modernization ” does not provide for an integrated material handling system.
Using an integrate(i handling system for a similar plant manufacturing the same pro-
(luction rate and the same size projectile but using the Hot Forge Heat Treatment
method , contractor estimates total material handlers at 57 per shift or 171 for
three shifts versus 339. Using this information , the following payback ratio is
obtained.

Present Alternative — Continue Manual Transfer 339 Personnel

Proposed Alternative — Integrated Material Handl ing 171 Personnel

Economic Life 10 Year Basis

Discoun t
Program Present Proposed Differential Differential

Year Alternat ive Alternative Cost Discount Cost

1 8. 461 , 440 -1 , 268 , 120 4 , 193 , 320 . 954 4 , 000 , 427
2 8 , 461 , 440 4 , 268 , 120 4 . 193 , 320 . 867 3 , 635 , 608
3 8 , 46 1, 440 4 , 268 , 120 4 , 193, 320 . 788 3, 304 , 336
4 8.461,440 4 ,268,120 4,193,320 .717 3,006,610
5 8 , 461 , 440 -1 , 268 , 120 4 . 193 , 320 .652 2 , 734 , 044
6 8. 161 , HO -1 , 268 , 120 4 , 193, 32() . 592 2 , 152 , 44 5
7 8 , 461 , 440 4 , 268 , 120 4 , 193 , 320 . 5:18 2 , 256 , 006
8 8 , 461 , 440 4 , 268 , 120 -1 , 193 , 320 . 489 2 , 050 , 533
9 8 , 161 , 440 4 , 268 , 120 -1 , 193 , 320 .44 5  1, 866 , 027
10 s.-161 ,440 4,268,120 4,193,320 .405 1,698 .29-1

TOTAL 2 7 .03-i .

Direct Labor Cost with Overhead $12/h r

$ 12/ h r X 2080 l ie s /Yr $2-l , 960/manycar

82 1 . 960/manyear X 339 men $8 , 461 , 440/yr

82- 1 , 960/manycar X 171 men -
~ $4 , 268 , 120/yr

Differential Cost $4 , 193, 320/y r

Present Value of New Equipment

a. Land anti Buildings 0

b. Equipment Material h andling System $6 , 250 , 000
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c. Other 0

d. Working Capital 0

Total Present Value of New Investment $6 , 250 , 000

15. Less: Present Value of Exist ing Assets — 0

16. Value of Existing Assets — 0

17. Net Investment — $6 , 250 , 000

18. Present Value of Cost Savings from Operations — $27 , 034 , 330

19. Plus: Present Value of Cost of Refurbishment — 0

20. Total Present Value of Cost Savings — $27,034,330

21. Savings Investment Ratio (Pay Uuck)

Line 20 divided by L ine 17 — 4. 325

th ere we see that based on conservative figures ainI manpower requirements
estimated by private contractors the payback investment ra t io  is greater than four.
The cost of the material handlin g system is an actual quotation ironl a contractor
based on buyer specifications. It is to he noted that the num be r of personnel . 57 per
s hi ft used here was an estimate Ir ~ a pr i vaLe contractor a rkl is cons I(Ierc( I ( of l  s - rvat i

her efor e the actual pay hack rat in w ill  ~)r obaI ) ly I ) C gr eat er I han shown her e -

A study conduct ed und er t h i s  P r (P ie ( ’t  rev( ’:Lls that a s imi l a r  s i 1 i i . i t i ~m t~~ists toe a

ccntr al ize(I chip transpo rt system whi ch wil l  be (IisCtIssP d fle~ t in th i s  se( ’t inn.

D. STUDIES

1. Chip Transport Systems Study

Chip transport systems as reported from the survey have not been too success lul
to date. Typically chips are being placed in tote boxes and moved by fo rklift t rucks  LI)
a central scrap area where they arc then loaded on rail curs. Conversations w i t h
private ifldlustr y by Frankford Arsenal engineers reveal that in recent years , centraliz ed
chip transport systems have been successful. Improved harpoon systems and flume
systems are reportedly working well. One au tomobile plant reported writ ing off the
cost of their centralized chip transport system in approximately fourteen flH)flthS of
operation. This system transported chips by use of a flume located directly und er the
machine tools. The chips are transported to a drag out conveyor where the transport-
ing medium , the cutting coolant , is filtered and returned to the machine tools. The
chips arc sent to a crusher and then to a centralized dryer where the final residual
coolant is separated from the chips. In this plant , the dried chip s are then transported
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I ’v way ~,l lolcu ina t ic  tube to a hopper which empties out to an awaiting rail car.
value of chips in this condition as compared to uncrushed oil chips is considerably
more. At the present time , the price is as follows:

I fl~)l’ ( d ’eSS( ’(i — $12 ‘‘l’on (Dcc 75) -

Pr ocessed — $: ; s  “l’on (Dcc 75)

if one cons iders u large plan t such us Lone Star Arm y Ammunition Plant çLSAA P)
where approximately 10 , 140 to ns of chips per month will he processed , a saving can
h i - shown by installing a centralized S stern as follows. It is estimated at least th i r ty —
~~~~~~ t:: I )  pt ’r s~ ni~~l must lIe dedicat ed to chip transport if a centr a lized system iS not
ii ~~~I . I h e - ~ is  I)as(’(I ( i n  actual ~cr sonncl use(I at a l i n t  Cup—Cold Draw Plant wh ich
in ’ i - s  ( 4  ) U S  i ( i ( ’r - .Lhl y less chi ps. ‘lo do the same work , three pers onn el will be
r (qu ir i q I w i th  an integrated system. I ‘1’O~’esS(’( I ( h  11)5 (Ies igfl ut ( ’(I ‘‘ short shovel tu t’n I ng ’’

ri l y p  n -; t l ls -  valued at Sit ) per ton more that i  unprocessed chips. l)urin g a situation

~ l i t  - i i  - st - (  -I is I l l  Ii igh •l ( mafl( I such as a war emergency , a Ii i g h tk ’mant i  such as in
J . & i i t i ; & i ~~ 7 i  - t i l l s  iigii ri easily ris ( s above $20 per ton . Meta l W orking News reports

t u e  17 .Jan 7 . (‘hips ‘I t’l l v( ’r (’tl to crusher at 81) t oIl  whil e short s}i~uvt ’l ing s are valued
i i  8 I ~ 1 (4 11 I I I  Pit tsbur g h. h o wever . For th is  purpose , we will use the present value of

s i l l  t in .  Cost ui a (‘(‘ntrullze(l chip  handling system , complete wi th  Crusher , Dryer.
I t .  , is i s t i r n a t e i l at 52 . 700 . 000 based on actual quotations for a plant sized to the

I ~~~~\ 
‘t P ( -u )nhlgu r at ion .

We have the following :

4 .  I ‘ ( ( S t I l t  . \ l t t  l i a t  iv — M a n u a l l  move chips and don ’t process.

h . I ri )J 14454  d Al I -  m at i ’~ e — I - st’i I cen tral i ,.ed t ’hij i transport system.

F :cfuI lmn ( l ilt ’ — I i )  Years

Discount
I 1rog ram I ‘resent i’roposetl I)i iferential 1)i I icrent i:tl

Year Alt e rnativ e Alternat ive Cost Discount Cost

I $2 , 041 , 440 $74, 880 $1 , 966 , 560 0. 954 1 , 876 , 098
2 $2 , 041 , 440 $74 , 880 $1 , 966 , 560 0.867 1,705 ,007

$2 , 0 11, 440 $74 , 880 $1, 966 , 560 0. 788 1, 549 , 649
1 $2 , 041 , 440 $74 , 880 $1, 966 , 560 0.717 1, 410 , 023
5 $2 ,041 , 440 $74 , 880 $1, 966 , 560 0. 652 1, 282 , 197
6 $2 , 041 , 440 $74 , 880 $1 , 966 , 560 0. 592 1 , 16-1 . 203 ‘

7 $2 , 041 , 440 $74 , 880 $1, 966 , 560 0.538 1 , 058 , 009
8 $2 , 041 , 440 $74 , 880 $1 , 966 , 560 0.489 961 ,647

88

L — _ _ _ _ _ _ _ _ _ _ _  --



-,,- ,, -‘c ’.”~~~-—-- --~~---~‘~~rm--.-—r-!-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-~r--—-—-- ,~n, _ —,- “‘‘ ‘~~~~~~~ 
— 

~~.-“r —

Discount
Program Present Proposed Differential Differential

Year Alternative Alternative Cost Discount Cost

9 $2,041,440 $74 ,880 $1,966 ,560 0.445 875,1.19
10 $2,041,140 ~74,880 $1,9;6,560 0.405 796,456

‘l’OTAL I)ISCOUNT DIFFERENTIA L COST — $12 , 677 , 408

Present Alternatives — 33 personnel i” 12/hr x 2080 $823 , 680/Yr

Cost of Chips (loss) $10/ton x 10148 tons/Mo. x 12 Mo. - -  $1, 217 , 760

Total cost present alternative — $2 ,011,440

Proposed Alternative — 3 personnel ~‘u $12/Hr x 2080 $74 ,880/Yr
[)iffercnt ial Cost — $1, 966 , 560

Present Value of New Equipment — $2 , 700 , 000

Net Investment — $2 , 700 , 000

Present value of cost savings from operation — $12 , 677 , 408

Savings Investment Ratio (Payback) — $12 , 677 , 108 -
~ 2 , 700 , 000 4.695

h ere we see that centraL/ed chi p transport systems have a h igh payback ratio.
Further, such systems are in existence today and arc work i ng satisfactory with a
min imum of downtime and maintenance. When one considers the payback ratio and
the reduction in direct labor by using a centralized chip transport system , a major
emphasis should be made to assure tha t such systems should be incorporated into
existing and fu ture facilities when feasible. It should be noted that in some cases
where the chip load is small the installation cost of a centralized system may exceed
the recurring costs of man u al transfe r and in such cases manual transfe r to chip
processing unit s  should be considered.

E. CONCLUSIONS

The data collected under this report thru literature survey s , plant surveys , state
of art studies anti equ ipment manufacture visits confi rms that considerable savings in
manpower and costs can be realized if material flow thru the plant is studied and an
intelligent material handling system is brought into operation in the plants . ‘[‘his system
must be integrated if maximum cost benefits are to be realized. It doesn ’t pay , for
instance , to go to the trouble of purchasing an automatic machine tool with automatic
load and unload equipment and then require an operator be there to move the part to a
conveyor since the advantages of the system are lost. The system must be integrated
and address all movements of the workpiece from billet to painted projec tile .
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Automatic inspection is required to fulfill the realization of this system and to monitor
proper behavior of forging and machine tool equipment. The material handling then
can be cons idered to comprise the following areas:

a. Projectile Transporl System

1. ‘l’rans her part from one operation to the next.

2. Provide adequate flow to an operation and from a preceding operation.
Adequate flow is defined as production equipment pacing the material
handling system through the use of buffer zones provided by banking systems.

3. Automatic transfer to and from the production equipment transport system.

4. Production equipment moves parts thru its process automatically to the auto-
matic inspection stations and on to a transfer point to the material handling
system .

b. Chip Transport System

1. Move chips away from machine tools as required.

2. Jlecircula te coolant after filtering

3. Crush chips

4. Dry chips

5. Transport chip to storage area for loading in rail cars.

The surveys to date indicate material handling has not been given the proper
recognition in plant modernization now going on. The modernization of our plants
must be more than a modernization of individual operations ; it must include methods
for estimating production line output subject to uncertainties of individual operations.
It must be capable of providing proper buffer , live storage bank , etc. to assure proper
feeding of production equipment as required; mathematical modeling of the production
flow provides a tool to star t such an evaluation.

F. RECOMMEND A TIONS

In order to provide a basis for the introduction of efficient , reliable , and cost ef-
fective material handling systems into projectile manufacturing plants , the following
studies are required:

1. Mathematical modeling of material flow for munitions production lines.
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This study would develop computer models to describe the operating characteristics
of product ion lines and simulate projectile manufacturing processes. Statistical dis—
tribution of machine failure , defective parts , buffe r effec ts , equipment age , operating
exper ience, line layout and other pertinent variables would be determined and identified.
Simulation runs would be conducted to assess the productivity of actual manufacturing
systems and determine overall reliability . Data obtained from the simulations would
he used to design an optimal man u fa ctur ing system based on cost effectiveness and
reliability of meeting production requirements.

An additional aspect of this study would involve a study of material handling methods
and equipment. Various manufacturing plants would be contacted to observe and study
existing practices. Experience with various types of devices would be analyzed for
application to ammunition production lines.

The results of this study would provide the method for the optimization of existing
and future production lines.

2 . Chip Transportation Study

TI-’ s study would obtain information on the availability of chip handling components
or sub systems which can be used for the interfacing of an automatic integrated chip
transporting system for artillery metal parts manufacturing plants. This would be
accomplished by surveying the chip handling ind ustry to determine what type of
components or sub systems are available that can be interfaced. Thc components
to be evaluated would be the necessary conveyor equipment to transport the turnings
from a battery of machine tools , parts separating equipment for removal of foreign
objects from the turnings, a crusher to reduce the turnings to chips , wringing equip-
ment to remove the cutting fluids from the chips , coolan t reclamation equipment and
storage bins to allow accumulation of chip s.

A compar ison of the various equipment would be made which would allow the selec-
tion of the optimum components for interfacing into a highly reliable and cost effective
chip handling and processing system.

The results of this study would establish the optimum equipment required for an
automatic , integrated chip handling system which would reduce the cost of handling
chips within a plant and increase the mill value of the segregated and processed chips.
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MA ’l’ERIAI.  I IANI ) LIN ( ;  ME’I ’lI(J] )S U ’l’ILIZEI) IN AMMUNITION
METAL PARTS FABRiCATIONS

PLANT A - 81MM M374

EQUIPMENT MATERIAL HANDLING 
—-

Roep ive  Stee l Fork 1 i f t s  and Steel bars are t r a n s—
overhead crane ported to shear area by

fork i i f t .  10 ton over-
head crane loads rol icr
conveyor .

~ ‘a r Mu 1 1 M ~eh an i en I Pr ess h a  rs are ru I I e r c ii V( ‘y( - ’d
to p ress , t hen  gravity
fed to t o t e  box

Heat  Mu It Westinghouse Tote box forkil f t e d  to
Tunne l  Heater  heater  f o r  manua l

f eed ing .

Fo rge 2000 Ton Maxi Press Hot mults are manually
l i f t e d  from heater and
placed in upset die ,
m a n u a l l y  t r a n s f e r r e d  to
e x t r u d e  b o t t l e  d i e  and
m a n u a l l y  t r a n s F e r red  to
e x t r u d e  t ape r  d i e .

Hot C o i n  Worco Press Extruded parts  are
man ua I I y removed l’ rom I lie
Forge press and p laced
on a ho I cli ng t a b l e  where
they  arc n) . anua l Iy
depos i ted  i n t o  the co in
die.

Shot Blast 1.1). Pangborn Rotoblast Parts are manually
placed in c ir c u l a t i n g
overhead conveyor for
cool ing purposes and -

au tomat i ca l ly  ejected
into  tote boxes . Tote
boxes are carried by fork—
l i f t  to the  shot blast
area. Parts are m a n u a l l y
loaded into  the Rote-
b~1ast m a c h i n e.
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PLANT A - 81MM M374 (CONT ’D)

O PE R A T I O N EQU I PM ENT MATERI AL HANDLING

S h u t  U I  ast  0. 1) . l~angborn  R o t ob l a st  A f L e r  I .D . shot b l a s t i n g
t h e  p a r t s  a rc  m a n u a l l y
un I oaded i n to t o te  boxes
and c a r r i e d  by f o r k l i f t
to the  O . D .  shot b l a s t
m a c h i n e , dumped i n to  a
s torage  hopper w h i c h
a u t o m a t i c a l l y  loads
the  R o t o b l a s t  m a c h i ne .

D r i l l  C e n t e r  Hole S un d s t r an d  8A Par t s  are a u t o m a t i c a l l y
A u t o m a t i c  Lathe unloaded  f rom shot b l a s t

i n t o  t o t e  boxes which
are f o r k l i t t e d  to d r i l l
c e n t e r  h o l e  o p e r a t i o n .
The p ieces are m a n u a l l y
u n l o a d e d  i n t o  a l a t he ,
m a c h i n e d  and m a n u a l l y
un loaded  i n t o  a conveyor .

Turn  F o r  Coneen— Sundst r and , 2A P a r ts  are  m a n u a l l y  u n l o a de d
t r i c i ty  A u t o m a t i c  La the  f rom conv ’’yor , m a c h i n e d

and m a n u a l l y  returned t,o
the  same con veyo r

P i c k l e , Bond er i ze Com pu t e r  Operat ed P a r t s  ar e  m a n u a l l y
and Soap Coat Tan k System removed i rom c o n v ey or

in to t ole  box and F o r k —
l i f t e d  to t a n k  sy s t e m
w hor e  t he  are m a n u a l l y
loaded on sp e c i a l l y
d e s i g ned  r a ck s .  They
are  m a n u a l l y  u n l oaded
i n t o  t - O t ( ’  b i n s .

I st Fo rward  800 Tufl Warco I~ress ‘I’u l~ - h i  f l s a~~c I o rk I I t t e d
Extrude to I)rk ’ss. Manual iy placed

ill - t’r -~s , ruded
m a n u a l l y  u n ]  oaded u n t o
conveyor .

• 2nd Forward 800 Ton Warco Press P a r t s  are m a n u a l l y
E x t r u d e  u n l oa d e d  i n t o  press

e x t r u d e d  and  m a n u a l l y
• r e t u r n e d  to a conveyor .
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Pl ANT A - SiMM M374 ( CON T’ D)

f
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____ 
E QUIPMENT MATERIAL HANDLING

Nosing Lake Erie Press Parts are manually loaded
into press. Manua lly
un loaded  and p l a ced  on
a be l t  conveyor .

Stress R e l i e v e  I n l i n e  Con tinuous  Pa r t s  are conveyed
Furnace automaticall y and loaded

into furnace . Parts
automatica lly exit furnace
and are gravity fed onto
another belt c o n vey o r .

Remove Center NBG Multi — Spind le l~arts arc manuall y t rans—
Boss Lathe  ler r ed  f rom belt conveyor

to hanger conveyor. Parts
are manual ly unloaded ~~to
lathe and returned manual ly
to hanger conveyor.

Bo re , Face , NI3G Multi — Parts are manua lly
C h a m f e r  Nose Sp indle Lathe unloaded F rom hangers

and r e tu rned  to hanger
conveyor .

Finish Turn O.D. Sundstrand 8A Operator unloads parts
& Obturator Band Automatic Lathe from hanger conveyor
Groove and replaces it  Ofl hanger

conveyor .

Wash Continuous Washer Parts are manually
unloaded from hanger and
placed in trays which
are conveyed into washer.

Braze Base Cover Induction Unit Trays are power roller
conveyed through braze
operation . Parts are
manually transferred
from trays to an over-
head conveyor.
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I~IJ ~NT A — 8 1MM M3 74 ( C ON T ’ !) )

O P E R A T I O N  EQUIPMENT MATERIAL  HANDLING

Grind l3ourre [et Cincinnati Grinder Parts are manually
removed from conveyor
and g round , t hen  m a n u a l l y
p l a c e d  on a hange r
conveyor .

Turn , Face , NBG ~4~1ti S p i n d l e  Pa r ts  are m a n u a l l y  Un—
C h a m f e r  & ‘Ph read Lat . he 1 ()aded and m a n u a l  l~ y

ret  u m e d  to conveyor

‘Ph read Nose T a p per  Pan  s a r~ m a n u a l  1 y r~
Ifl( V ~(I I r iii ~~~ )f l  vey(  r a fl( I
m a n  ua I I y rep 1 aecc l on
eon V~~y~~ r

Wash I n l i n e  C o n t i n u o u s  Pa r t s  are conveyed t h r u
U n i t  u n i t .

In s p e c t  P r i o r  to
P a i n t  Par t s  are m a n u a l l y

removed f rom conveyor
into trays for inspec-
t i on . A l t e r  in sp e c t i o n ,

Sta m p Schmidt Stamper pieces are stamped and
manually placed on
conveyor.

Bon der i  y e  In I inc Continuous Parts are convey ed th ru
Un it unit.

I~ t i  nI.  1.1). & m l  in c  A u t o m a t  I c  P a r t s  are  m a n u a l  l y  i r a n s —
U . I) . I:I(’ (~I r() St .~t t . i c t J n  I I I e r r c d  Iioin ()v (’rllea(I

(~Ofl V ey o r  to pal fl t. co n—
veyor  where  t hey  are
p a i n t e d  and  d r i e d .

Final Inspect Manual Parts are manuall y
transferred to trays ,
inspected and thru
tray are manua lly unloaded
and j)ieecs placed in
cartons.
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PLANT B - 81MM M374

OPERATI ON EQU IPMENT MATERIAL HANDLIN G ——
Receive Stee l Overhead Crane Crane transfers steel from

carrier to storage yard .
Bars are lorki i fted to a
powered r o l l er  conveyor .

Shear M e c h a n i c a l  Press Bars arc power ro 11cr
conveyed to shear press ,
mults are gravity fed to
tote box .

Shot Blast Whee l abrator Tote boxes are forklifted
to wheelabrator ; automatical ly
loaded into wheelabrator and
dumped back into tote box .

Weigh & Lube Special Fixture Tote boxes are forklifted
to manually fed conveyor ,
manually unloaded and weighed ,
and manually fed to conveyor ,
through lube , and dropped
into tote box.

Indu ct ion  hea t Tocco Sol I d State Tote boxes are fo r k i  i fted
Units to induction coils , mults

manually loaded to automatic
coil feeder , then gravity
fed from coils to holding
area by forge press.

Upset & Extrude 2500 Ton Mechanical Mults are manually lifted
Press from holding area and

placed in upset die , upset ,
then manually transferred
to extrude die , extruded ,
then automatically ejected
from press and gravity fed
to belt conveyor .

h o t  C o in  1600 Ton Mechanical Parts are manually
Press t ransferred from belt

conveyor to coin press ;
a u t o m a t i c a l l y  e jected
from coin press ; m a n u a l ]  Y
placed Ofl overhead con-
veyor and conveyed to
shot blast.
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I ’LAN ’I ’ II ( CO~ ’I’ ‘ I ) )

OP ERAT ~ oN_~~~~ _~~~~ E Q U I P M E N T  M A T E R I A L _HANDLING 
____

Shot. B l a s t  W h e c l a b r a t o r  Pa r t s  are m a n u a l l y
t r a n s f e r r e d  f rom con-
veyor to t o t e  box ;
f o r k  I i f  ted to wheel  a—
brator , automat i cal 1 y
loaded into wheelabrator;
dumped bark into tote
box .

Piek ie , Bond- P.B.S. Continuous Tote boxes are forklifted
en iz e , and soap U n i t  to P . R . ~~ . u n i t , p a r t s
~oa I arc m a n u a l  l y  loaded on

conveyor , conveyed
t h r o u g h  u n i t  and  O nt o
i ron .

I ron l iourre l  ot 300 Ton Hy d r a u  i i  c Pa r t s  are m a n u a l  I y 1. ~~~~~~~~~

Press Fer re d  to and from conveyor
to press , t hen  m a n u a l  I y
t r an s  fu r r e d  f rom p mess
to to te  box .

Wash to Remove I n l i n e  C o n t i n u o u s  Tote boxes are lo r k i  I F t ed
Soap Un i t to m a n u a l 1 y Fed overhead

c o n v e yor ;  p a r t s  are
conveyed t h r o u g h  wa sh
to a u t o m a t i c  c h u c k e r .

M a c h i n e  Closed 8 S p i n d l e  A u t o m a t ic  P a r ts  arc manua l I y t r a t i s —
I.n d  Chucker  le r re d  f rom overhead

conveyor  to ch u ck e r ;
m a n u a l l y  t r an si er r e d
from chucker  hack to
conve y o r .

Profile O.D. Single Spindle Parts are m a n u a l l y  t r a r i s—
Automatic Tracer [erred f r o m  ve r he ad
Lathe conveyor to t r ace r

I a thes  , manwi  1 ly  t r ans -
f e r r e d  b a c k  to eon vevor
then  m a n u a l l y  t rans-
f e r r e d  to soap co~t t
conveyor .
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PLANT B ( CONT’D)

OPERAT I ON EQUIPMENT . MATERIAL HANDLING

I ° i r k l e , Bonder ize  I n l i n e  C o n t i n u o u s  Par t s  are conveyed t h r o u g h
and  Soap Coat U n i t  u n i t  by overhead c o n vey o r .

I n v e r t ,  a n d  Nose 200 Ton h ly d r a u l i c P a r t s  are m a n u a l  I y t r a n s —
Press fe r red  f rom conveyor

to press;  a u t o m a t i c a l l y
t r ans fe r r ed  f rom i n v e r t
die  to nose d i e ;  m a n u a l l y
t r a nsfer r e d  f rom nose
die  to tote box .

Wash to Remove I n l i n e  Con t inuous  Tote boxes are f o r kl i f t e d
Soap U n i t  to wash area , p a r t s  are

m a n u a l l y  t r a n s f e r r e d  to
overhead c o n v e y o r ;  conveyed
t h r o u g h  wash to stress
r e l i e v e .

St ross Re l  i eve m l  i nc  C o n t i  f lU OU S Par t s  are conveyed t h r o u g h
s t ress  r e l i e v e  to bore ,
l ace , and  c h a m f e r ,

chuckers.

Bo re , l ’ acc , 6 Sp i  I c  A u t o m a t i c  P a r t s  are m a n u a l l y
C h a m f e r , and Chucker  t r a n s f e r r e d  f rom
Th read Open End  conveyor  to chucke r ;

then  m a n u a l l y  t rans-
fe r red  f rom chucker to
braze base cover conveyor .

Braze Base Cover Co n t i n u o u s  Wash , Par ts  are m a n u a l l y  t rans-
I n d u c t i o n  Heat , f e r red  from conveyor to
A u t o m a t i c  Paste and i n l i n e  wash ; m a n u a l l y
Cover Appi  i ca to r  t r a n s f e r r e d  to automa-

t i c  paste  & disk a p p l i c a -
tor. Automatically
transferred to a
continuous induction
system . M a n u a l l y  t rans-
f e r  to overhead c o n vey or .

M a c h i n e  Bourrele t  S i n g l e  S p i n d l e  Par ts  are m a n u a l l y  t r an s -
O b t u r a t o r  Groove A u t o m a t i c  Lathe f e r red  f rom overhead
and l3oss conveyor  to l a th e  r et u r n e d

to overhead conveyor .
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PLANT B ( CONT’D )

OPERAT I ON 
_____  

EQUIPMENT MATERI AL HANDLING

Rol  I Th read on Thread Rol  b r  P a r t s  arc m a n u a l l y
(loss t r a n s f e r r e d  f rom over-

head conveyor  to t h rea d
l f l s p e( t Prior to r o l l e r ;  m a n u a l ly  t r a n s —
P a i n t .  f e r re d  from thread rol icr

to t o t e  box.  M a n u a l  I y
c a r r i e d  i n  t o te  box to
i n s p e c t i o n . A f t e r  if l5 [)~~ (~~~
t i o n  m a n u a l l y  c a r r i u ( l
in to te  box to s tamp .

Stamp N o m e n c la t u r e  R o l l e r  Marke r  Par t s  are m a n u a l l y
removed f rom to te  box to
s tamp ; m a n u a l l y  t r a n sf e r
to overhead  conveyor  to
p a i n t .

P a i n t  I n l i n e  A u t o n n a t i  e P a r t s  are  m a n u a l  l y
t r an s  F e r r o (l l ’ roni o v e r —
liea o f ( ( o t i  \ ‘( y o t ~ t O  ~~U i fl I
con vcyo r ; Pa i n ted , d r i e d
and m a n u a l l y  i n s e r t ed
in s h i p p i n g  c o n t a i n e rs
fo r  i n s p e c t i o n .

F i n a l  I n s p e c t i o n  Manua l  P a rt s  are r o l l e r  t. r ans-
fer r ed  i n sh i pp in g  box
to f i n a l  i n s p e c t  i on
ro l l e r  t r a ns f tr r e d  to
p a c k i n g  s t a t i o n .

Pack Manual  Packed p a r t s  are m a n u a l l y
t r a n s fer r ed  to p a l  l e t s :
pal l e t s  are f o r k ]  i f t e d
to S h i p p i n g  a r ea .

Sh ip  ——— P a l l  ets  are fork  i i  f t e d
onto  t r uck s  f o r  s h i p m e n t
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PLANT C - 105MM Ml

OPERATION E Q U I P M E N T  MATERIAL HANDLING 
______

Receive  Steel  Overhead Crane Overhead crane t r a n s f e r s
steel from c a r r i e r  to
storage yard .

N i c k  Gang Weld ing  Torches in h ots are moved Fr om
0 ) VO rho  ad cr a ne  to cha I n
c o n v e y o r  i n to bu i i  d i  ng
M a n u a l l y  t r a n s f e r r e d  by
overhead crane to second
conveyor  to n i c k . I t  i s
t r a n s f e r r e d  by overhead
crane to break COflVeyor and
r o l l s  a u t o m a t i c a l l y  to )
br eak .

l3r eak 345 Ton Press Stock ro b  I s to br eak d i e
g r a v i t y  Fed to )  t o t e  box ;
fo rk  1 i f ted to forge
b u i l d i n g .

[feat  M u l t s  R o t a r y  Furnace  M u l t s  are m a n u a l l y  trans-
- Gas & Oil [erred f rom to te  box and

loaded i n t o  f u r n a c e  ( h a n d
tongs ) ; man ua i i  y un loaded
to g r a v i t y  ch u t e .

Descale Water  Blast  M u l t s  are g r a v i t y  fed
th rough  descaler  to forge
press.

S ize  and P ie rce  325 Ton Press Par t s  are m a n u a l l y  loaded
and un loaded  i n t o  f o r g i ng
opera t ion , then t r a n s f e r r e d
m a n u a l l y  to draw .

Draw 75 Ton Press Parts  are m a n u a l l y  loaded
and unloaded and placed
on overhead conveyor to
center  base.

C en t e r  Base A u t o m a t i c  Lathe Parts  are t r a n s f e r r e d
m a n u a l l y  f rom conveyor  to
la the and onto  a r o l l e r
type  power conveyor  l e a d i n g
to a rough t u r n  o p e r a t i o n .
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I~LANT C — 105MM_ Ml (CONT ’ l))

OI~ERAT I ON 
____ 

EQU I PMENT _____ MATERIAL HANDLIN G_-~~ —____

Rough T u r n  A u t o m a t i c  Lathe Par t s  are manually loaded
and unloaded to a gravity
fed conveyor.

Lube and Nose 300 Ton Press Parts are gravity conveyed
t h rough  lube  and au tomati-
c a l l y  dumped i n t o  flOSC

press; m a n u a l l y  t ranspor ted
to r o l l e r  type  spur conveyor
and a u t o m a t i ca l l y  loaded to
saddle type  conveyor .

Heat  Treat Gas Fired Furnace From a saddle  ty p e  conveyor ,
the par t  is  conveyed
th rough  the  f u r n a c e  and is
m a n u a l l y  u n l o a d e d  and
t r a n s f e r red  to e x ter n a l
o verhead  Con V(~~fOI’

h ardness Inspec t  Det ro i t  Tester Par t s  are m a n u a l l y  loaded
and unloaded at hardness
s t a t i o n ; conveyed to shot
b las t .

Shot B L as t .  Pangborn Pressure Parts  are m a n ua l l y  t r a n s —
Blast ferred to roller conveyor.

Then shell is loaded manu-
ally to shot blast and
transferred to second roller
conveyor.

me , (“ act’ Automatic Lathe Parts are m a n u a l I  y loaded
ano l C h a m f e r  and u n l o a d e d  and t r a m i s —

[erred back to t’o 11cr
conveyor; auto trans-

• ferred to dumbwaiter to
first floor; transferred
autcmatieally f rom dumb-
waiter to roller conveyor.

Finish Turn Automatic Lathe Parts are manually loaded
and unloaded and r e t u r n e d
to ro l l e r  conveyor .
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OI ’E RAT ION E Q U I P M E N T ____ M A T E R I A L  HANDLING

Face , Base , and A u t o m a t i c  L a t h e  Par t s  are m a n u a l l y  loafed
I l o a t t a i l  and un loaded  and r e t u r n e d  to

r o l l e r  conveyor .

T u r n  Band Groove A u t o m a t i c  La the  P a r t s  are m a n u a l l y  loaded
and u n l o a d e d  and r e u t u r n e d
to r o l l e r  c o n v e y o r .

K n u r l  h and  G roove A u t o m a t . t e  K n u r l  i rig P ar I~; a re  a u t o mat  i c a l  l y
M a c h u i n (  l o> a do ’d  From r o l l e r  ( u n v e ~ or

anti au tom at i cal I y un b ortd ed
to g r a v i ty  fed  conveyor .

Rough and Cen t e r l e s s  G r i n d e r  P a r t s  are g r a v i t y  l ed
F i n i s h  G r i n d  t h r o u g h  rough and f i n i s h

g r i n d e r s ; a u t o m a t i c a l l y
ej e c t e d  From F i n i s h  gr i  ndor
to ) (:ofl veyor

W e l d  Base P l a t o ?  Res i s t a n c e  W e l d e r  P a r t s  are  a u t o m a t i c a l ly
loaded and un loaded  to
a lower conveyor.

Th read Nose Tapper  Pa r t s  are a u t o m a t i c a l l y
loaded and unloaded  back
to co n v e y o r .

Press R ot a t  i ri g ~Vest Ti re S e t t e r  P a r t s  are m a n u a l  I y l oaded
Ba r i d !  un  1 oac.be d , and  ret  U m o  ‘d 10 )

COfl V Oy()  r

T u r n  Band A u t om a t i c  La the  Pa r t s  are m a n u a l l y  loaded ,
unloaded , and re turned  to
conveyor .

Mark  I . D .  M a t t h e w  Marker  Par ts  are a u t o m a t i c a l ly
loaded , un loaded  and
t r a n s f e rr e d  to conveyor .

F i n a l  I n spec t  Gages Par t s  are m a n u al l y  loaded
and un loaded  and t r a n s —
fer red  to saddle ty p e
overhead co n v e y o r .
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PLANT C -_ 105MM Ml (CONT’ 1))

OPERATION EQUIPMENT MATERIAL HANDLING

Wash and Bond Ranshoff System Parts are conveyed through
system to paint.

P a i n t  and Ship Paint Booth Parts are manually trans-
ferred f rom saddle conveyor
to paint conveyor; conveyed
through paint; manually
unloaded and t ransported
to saddle conveyor to
package ; manually unloaded
at pack.
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PLANT D - 105MM Ml

OPERA TION EQUIPMENT MATERIAL HANDLING

R e c ei v e  Steel  Overhead Crane  Overhead c rane  t r a n s f e r s  -;
bar  f r o m  the  s torage area
to d e f r o s t  oven . :1

De f rost Bar Bar Def ros t e r  Bars are conveyed t h r o u g h
S tock  the oven; unloaded by an

overhead c rane  and trans-
ferred to t he  saws .

Sa~t M u l t s  A u t o m a t i c  Band Saw Bars  a re  l oaded by an over-
head c r ane :  a f t e r  s a w i n g
the m u l t s  are au toma t i ca l l y
g r a v i t y  fed to a powe r
conveyor .

Descale Wheelabrator Mults are powered conveyed
to the  wheelab ra to r ; auto-
m a t i c a l l y  loaded and then
both manually unloaded and
f o r k l i f t e d  to a f i r s t
i n d u c t i o n  hea te r  a n d  a u t o —
mat  i ca l  1 y u n l o a d e d  ant i
Power conveyed  10) a second
i n d u c t i o n  heater.

Heat  B i l l e t  I n d u c t i o n  Heater  M u l t s  are m a n u a l ly  loaded
i n t o  f i r s t  i n d u c t i o n  hea te r
and a u t o m a t i c a l l y  loaded
into second induction
h e a t e r .  M u l t s  are au toma t  i —
ca l ly  unloaded  f rom both
heaters.

Forge (Block , Mechanical Press Parts are automatically
Cabbage , and transferred through the three
Pierce ) station press and gravity fed

through a trough .

Quench Base Special Fixture Parts are automatically
transferred to a powered
conveyor and conveyed
through the quench system ;
automatically unloaded and
transferred to a powered
conveyor.
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I (J M\1 M l  ( ( ( ) ~ T ’ U )

- 
f ; f ~ t J f P M l - ; N ’ l ’  

— 
M A’rI ;Rl  A l ,  I I A N J ) L J  ~~

Ret  t r ( h  (o o l l~e t a r ( 1 — ( ’ ~~ ) l  l ug  o ven  l’ a r t s a r  ~~‘ c o n v c y ’ - U ’ h r o u ~~h
t h e  oV P f l  an t i  au t o r r ~ L i  ca  I I v
t r a ns f e r r e d  1. 0) t h e  d r s - a  t o
c ( n vo y () r

I ) e sca  I Whee labrator P a r L  s a r o conv ey ed  t h  r ough
t h e  wheela bra tor ; a u l ’ m a —
t i c a l l y  u n l o a d e d  and
t r a n s f e r r e d  to t h e  r ou g h
t u r n  c o n v e y o r .

Rough T u r n  , B o a t —  A u t o m a t i  o La t h e  P a r ts  a re  m a n u a l  I y 1 eaded
t a i l  , ( 1 . I ) . ‘~ and  u n l o a d e d  F rom t h e
l-’ave  Base l a t he s  ar i d l t u m n e ( I  t o  t h e

r c o n vey o r  ( ro I I ‘ r

P i - k l e , P l u o s p h a  t o -  T a n k  Sy s t . em  l~~~r t~~~ ar o  ~t b r u i t  e ;t l I v
~t I ) ( l  LuLu .’ I r an s  [er r e d  t O  a ls iui a I. ng

( o o f l V ( - y o r  an d  ( ( ( 1 i \ V ( l

t h r o ug h  t h e  t a nk  s \ s t  -n
t . h ~ I ) : rr t s  t r e  a u t o m a t i c a l  I v
un  l o a d e d  an d  I m a n s  l o i r e d
to  a n  OV  rh ead  0 ) 1 0  \ \ ‘ o I -

( ‘ e t c h  I) r aw h o r i z o n t a l  Pr ess  P a r t s  a r e  au t o m a t  l e d  l ’~
loaded  an d  un  1 oadt d I r rn
t h e  pre ss  and a u t o m a t  l e a I l v
t r a n s f e r  red to an (, \ ‘(  r—
head e o f l v e v or .

T r i m  to L e n g t h  A u t o m a t i c  l a t h e  Pa r I . s are  a u t o m a t i ~ I I
l oaded  and  un I aded  f r ’  ~~
t. he 1 at  hes and  a u l . I r i : i  I I I I
t r a n s te r r e d  t o  I h 1 i t h r i  —

(~~t t  i o n  C O f l V (~ ’y U 1

Pr e—C o i n Lube S p e c i a l  F i x t u r e  P a r t s  a re  c on v oy e d  I h i o i o ~~h t
t h e  1 t ib r  i ( a t  I on s s  I ‘m 1
1 h it - ( O i f l  p res s -s  -

Co in  Base & Pro— i b m  i z o n t al  I) ia 1 Press  P a r ts  i F  I a n t  orn a t i ea I 1 v
fo rm Fr n t Bou r — 1 oaded un I t o a  dod , and
r e l et  gr av i  l v  conv o y ed  t e  i . h i i

n o s i ng }) 1~~~5~~ ( 5 .
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PLANT D - 105MM Ml (CONT’D)

OPERA’l’ I ON E Q U I P M E N T  M A T E R I A L  HANDLING

Nose H o r i z o n t a l  D i a l  Press Par t s  are automatically
-. loaded , unloaded , and

au toma t  i ca l  l y  t rans-
f e r r ed  to a p ower
00) fl V 0 y o r

h a s h  a n d  St ress Washe r  and S t ress  P a r t s  are au tomat  i c a l  ly
Re H e  F Re I i e f  Furnace  loaded f rom the  powe r

conveyor  and a u t o m a t i c a l ly
- unloaded on to a gravity

conveyor.

Deburr Special Fixture Parts are manuall y loaded
and unloaded from a gravity
c o n v e y o r .

C e n t e r  less C i n c i n n a t i  Cr inder  Pa r t s  are  m a n u a l l y  loaded
Cr ind  f rom a g r a v i t y  conveyor ;

a u t o m a t i c a l l y  unloaded
on to  a g r a v i t y  conveyor
and a u t o m a t  l ca l  l y
t r a nsF e r r e d  to an over—
head c o n v e y o r .

Bore , Face , A u t o m a t i c  La the  Pa r t s  are a u t o m a t i c a l l y
C h a m f e r , & transferred f rom an over—
T u r n  Band Grooves head conveyor to a gra-

v i t y  c o n v e y o r ;  m a n u a l l y
loaded and un loaded  I rom

— the lathes to a gravity
conveyor .

K n u r l  Band Grooves K nu r l i n g  M a c h i n e  Par ts  are m a n u a l l y  loaded
and unloaded  from a g r a v i t y
conveyor .

Tap Nose C l e v e l a n d  Tapper Parts  are m a n u a l l y  loaded
and unloaded f rom a
g r a v i t y  conveyor .
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I ’I ~AN T I) — I 1)5MM M I ( CON’!’ I ) )

O1>ERAT I ON EQUIPMENT MATERIAL H A N D L I N G  
—

C l e a n  and  Dry  Carousel  Washer  Par t s  are m a n u a l ly  trans-
ferred from a gravity
conveyor ;  convoyed t h r o u g h
washer  and m a n u a l l y
un loaded  on to  a g r a v i t y
conveyor  and a u t o m a t i c a l l y
t r a n s fer r e d  to an over-
head c o n v e y o r .

W e l d  on Base B a n n e r  W e l d e r  P a r t s  are a u t om a t ic a l  l y
(‘ove r  t r a n s fer r ed  f rom an over-

head c o n v e y o r  to a g r ay  i t y
conv yor  a u t o m a t i c a l l y
I oad d a n d  un  loaded f r o m
the  w e l d e r  o n t o  an
overhead conveyor .

Assemble  Band H y d r a u l i c  B a n d i n g  Par t s  are a u t o m a t i c a l l y
Press loaded and unloaded

from t h e  b a n d i n g  press
and a u t o m a t i c a l l y  t rans-
fe r red  to an overhead
conveyo r .

T u r n  Band A u t o m a t i c  Lathe  Pa r t s  are a u t o m a t i c a l ly
t r a n s f e r r e d  f r o m  an over-
head conveyor  t o  a g ra v i  1.
conveyor . The pa r t  is
m a n u a l ]  y loaded and un-
loaded f r o m  t he  I at hes and
r e t u r n e d  to t h e  g m a v i  t .y
con v °y or .

Mark  S h e l l  M a r k i n g  M a c h i n e  Pa r t s  are m a n u a l l y  loaded
and unloaded f rom t he
m a r k i n g  m a c h i n e  and t rans-
fe r red  to a g r a v i ty  con—
veyor
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( ‘ I t - a n , Phospha te  A u t o m a t i c  Washer  w i t h  Par t s  are m a n u a l l y
and l)ry Multi—Station Dryer loaded and u n l o a d e d  f rom

the phospha te  m a c h i n e  and
m a n u a l l y  t r a n s f e r r e d  to
the  p a i n t  s t a t i o n .

Paint Multi — Station Spray Parts are manually l oaded
13 >o I h and un loaded from the  pa jut

booth and manually p l a ce d
on p a l le t s .

P a l l e t i z e  and Spec ia l  F i x t u r e  The loaded pallets are
Sh i p  manually pushed on a

roller conveyor to the
banding station . After
banding the pallets are
forklifted to rail cars .
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Receive Steel Overhead Crane Overhead crane jilt s bars
to cen t ra l  b i l l e t  n i c k i n g
sys tem .

Nick Bar Central Avico Nick- Bars are gravity fed f rom
ing  Mach ine  r e c e i v i n g  p l a t f o r m  to

automated nicking station .

Break 1311 let Lake E r i e  200 Ton Bars are power roll er
Break ing  Press conveyed to break press.

After breaking , mul ts are
weighed , then conveyed
automatically on a roller
conveyor to the heating
fu rnaces .

• Heat Mults Sur face  Combustion M u l t s  are a u t o m a ti c a l l y
Rotary Gas Fired loaded and  unloaded from
Furnace a powered r o l le r  c o n v e y o r .

Descale Hydraulic Descaler Powered r o l le r  conveyor
t r a n s f e r s  m u l t s  h o r i z o n —
t a l ly  t h r o u g h  w a t e r
descal e r .

Cabbage 800 Ton Er ie  P a r t s  are a u to m a t i c al ly
Hydraulic Press loaded and unloaded t h r o u g h

press by mechanical
mani  pu l  at o r  -

Pierce 800 Ton Er ie  P a r t s  are a u t o m a ti c a l l y
H y d r a u l i c  Press loaded and unloaded th rough

— press by mechanical
m a n i p u l a t o r .

Draw 400 Ton Erie Parts are automat ically
Hydraulic Press loaded an d u n l o a d e d  t h r o ug h

press by m e c h a n i c a l
m a n i p u l a t o r .

Slow Coo l Furnace Cooling Tunnel Parts are manually
loaded on t o  cool i n g  qU i I I s
which are driven automa-
tically t h r o u g h  00)0) 1 l u g
t u n n e l . P r e s e n t l y
manually unloaded t o  r o l l e r
conveyor.
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Shot B l a s t  1.1) . Pangborn  Equ ipmen t Par t s  are m a n u a l l y  rolled
and 0.1) . o f f  conveyor .  Manua l ly

loaded and u n l o a d e d  f rom
shot b l a s t  c a b i n e t s .

(‘en f or  a n d  P and B La the  M a n u a l l y  operated f l o or
C u t o f f  moun ted •j l b  cr ane  wi  lb

j aw g rab  I i  it s  and
s w i n g s  p a r t s  f rom c on v ey o r
to m a c h i n e  and back .

Rough Turn Barney Lathe  M a n u a l l y  operated  f l oo r
mounted  j i b  crane w i t h
•j aw grab l i f t s  and
swings pa r t s  f rom conveyor
to machin e and back .

heat Nose Surface Combustion Parts are received at
Gas Fl red Furnace  n o s i n g  f u r n a c e s  v i a  r o l l e r

conveyor .  Furnace operator
rolls parts to front of
furnace . Operator pushes
parts nose first into
port of rotary n o s i n g
f u r n a c e . Opera tor  of
f u r n a c e  pushes s h e l l s  f rom
f u r n a c e  po r t  w i t h  m a n u a l
tong and p l a c e s  s h e l l  base
f i r s t Ofl g r a v i t y  conveyor
to nose press .

Nose 350 Ton Hydraulic Gravity conveyor traps-
Lake Erie Press ports parts from heat nose

to n o s i n g  press.
Operator Ofl opposite side
of press picks up parts
f rom l owe r p 1 a t l o r m  w i t h
,j i b  crane ii f t  and places
shell in skids nose down .

Heat Treat Surface Combus t ion  Par t s  are m a n u al l y  loaded
Overhead Suspension and unloaded  f rom h a ng e r
Type by elevating parts in

skids on elevator.
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OPERAT ION EQUIPMENT MATERIAL HANDLING 
—

A cce l e r a t e d  Cool — Coo l ing  Conveyors Par t s  are manua l  ly  loaded
tug and unloaded by air tongs

to roller conveyor.

Shot. Blast American Whee labrator Parts are recei ved at shot
blast cabi nets on rol ler
conveyor . Parts are
loaded in shot blast by
automatic up ender and air
cylinder pusher. Parts are
unloaded automatically to
roller conveyor.

h ardness Test B r i n ne l  h ardness Operator pushes p a r t s
Tester th rough  100% hardness check .

Bo re , Face , and Jones and Lamson M a n u a l l y  operated f l o o r
Chamfer  Fay Lathe mounted j i b  crane l i f t s  and

swings par ts  from conveyor
to machine and back .

Saw Boss Marvel Heavy Duty Operator pushes parts off
Sawing Machine line conveyor to saws and

back to conveyor for
advance to next operation .

F’inish Turn , Body Stamets No. 2R Shell Operator pushes parts off
and Ogive Turning Machine line to take away conveyor

to feed machine . Manually
loaded and unloaded by
operator. After machining ,
parts are pushed off
conveyor for advance to
next )perat ion .

Weigh Shell Scale Parts are manuall y
loaded and unloaded from
inline scale.
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Turn Boattail P and B Special  Opera tor  pushes parts
and Face Base S i n g l e  Purpose o f f  l i n e  to take away

S h e l l  T u r n i n g  conveyor  to feed m a c h i ne .
Machine Parts are manuall y loaded

and u n l o a d e d  by o pe r a t o r .
After machinin g parts
are pushed o i l  conveyor
f o r  advance  to next
o p e r a t i o n .

Turn Band Seat , P and B Special  Operator pushes par ts
Do v e t a i l  and K n u r l  Si n g l e  Purpose o f f  l i n e  to take away

She l l  T u r n i ng  conveyor  to feed m a c h i n e .
Machine Parts are manuall y

loaded and u n l o a d e d  by
o p e r a t o r .  A f t e r  m a c h i n i n g ,
parts are pushed o f f
conveyor  for advance to
next operation .

G r i n d  l 3 ou r r e l et  C i n c i n n a t i  #2 Grinding machine is direct—
Center less Grinde r 1 y over  conveyor. Opera—

tor pushes p a r t s  I n to
g r i n d i n g  p o s i t i o n . A F t e r
c o m p l e t i o n  of r o t a t i o n a l
g r i n d i n g  opera t ion ,
ope rato r ad van ces pa r ts on
conveyor.

‘rap Nose Landis  Thread Operator r o l l s  par t s  F rom
Tapper horizontal line conveyor

onto  m a c h i n e  and i 1ito
m achi ne cradle .  Opera tor
pushes parts back t o  line
conveyor for advance to
n (sxt  o p e r a t i o n .

Press Band West Tire  Set ter  Operator r o l l s  parts  f rom
l i ne conveyor  to h a n d l i n g
press and r e tu rns  the  same
way to conveyor for
advance to next  opera t ion .
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Ma ch i no Band P and 11 S p e c i a l  Opera tor  pushes pa r t s  of I
Purpose T u r n i n g  l i n e  to take away conveyor
M a ch i n e  to feed machine. Parts

are manually loaded and
unloaded by operator .
A f t e r  m a c h i n i n g  par ts  are
pushed to COflV~~YO~~ for
advance to next  operat ion .

Weld  Base Cover T a y l o r  W i n f i e l d  Operator rolls parts from
Horizonta l  A i r  ho r i zon ta l  conveyor i n to
Operated Seam driven and idling rollers .
Welder After welding parts are

pushed to conveyor for
advance to next  opera t ion .

Norn enc I a t u  re Nob I (~W e S t  1) 1  a t  Opera to r U J ) ends p a r t s  to
Marking Machine vertical pos i t i on , flO Su

u p .  S l ides  par ts  on
base in to  m a r k  i ng much i no
w h i c h  runs continuall y.
Parts  a u t o m a t i c a l l y
eje ct  from machine  a f t e r
marking. Operator lays
parts in horizontal posi-
tion and places on conveyor
for next operation .

Clean and Dextrex Spray Rinsing h orizontal line conveyor
Bonderize Unit feeds parts onto gravity

roll feeder station .
Operator feeds parts one
at a time into automatic
loading device . Parts pass
through enclosed unit on
monorail conveyor and
unloads to roller conveyor.
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Paint I.D. Dev i l b iss Pa in t  Part s are pushed int o
Spray Un it power driven rolls to

index of spray n o z z l e .
Part s are automat ical  ly
ej ected to r o l l e r  c o n v e y o r .

P a i n t  0.1). Devilbiss Paint Operator inserts nose
Spray Un it li fting plugs and

rotating band grommots .
Nose p l u g  of  pa r t s  are
attached to monorail chain
hook wh ich transports parts
v e r ti c a l l y  th rough  p a i n t
O . D .  s t a t i o n .

P a l l e t i z e  and -- Manual
St rap
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Receive  Steel Overhead Cran e Bars are l i f t e d  by over-
head crane to chained
conveyor roller plat form .

N i c k  Bar Arc  W e l d e r — —  Bars are g ra v i t y  fed F rom
Oxweld Ace ty lene  r ece iv ing  p l a t f o r m  to n ick

t a b l e .

Break B i l l e t  Watso n S t i l lm a n  Bars are g r a v i t y  r o l l e r
350 Ton Press conveyed to break press .

A f t e r  b r e a k i n g ,  m u l t s  are
we ighed  then  g r a v i t y  fed
on a m a n  ua I I y pushed ro I I or
C On V e y o r  to steel  sk id s .
Sk ids are t r a n s f e r r e d  to
storage area by f o r k l i f t .

Heat  M u l t  Jet Combust ion F o r k l i f t  t ruck  t r a n s f e r s
20’ Rotary Furnace skids to storage table

prior to heat . Pneumat ic
pusher  removea m u l t s
from skids to power roller
conveyor which feeds
g r a v i t y  conveyor p r io r  to
hea t i ng  fu rnace .  M u l t s  are
loaded and unloaded by
m a n u a l l y  operated mechanical
man ipu la to r  to power chain
conveyor .

l)e~ ca..I e Mu I I W a t er  De.sea b r Powered r o l l  ~ r conveyor
t r a n s f e r s  m u l t s  hor izon-
tally through hydraulic
descaler. After descale
mult s are upended into
circular pot.

Pierce Mult 500 Ton Press Mults are loaded and
un loaded by manu a l l y
operated mechanical
manipulator to next
forming operat ion .
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l)raw H o r i z o n t a l  Draw Par t s  are loaded and U n —
P ress loaded by manua l  ly

ope rated mechan ica l
m a n i p u l a t o r  to powered
cha i n conveyor

C( o I Forg g Jet  Com b u st io n Coo l — Powe red c h a i n  convey o r
ing  Furnace  t r ansl ’ers pa r t s  t h r ou g h

s l o w  coo l f u r n a c e .

Shot B l a s t  Pangho rn Four h o l e  Par t s  are m a n u a l l y  ro t  led
Shot Blast  o f t  conveyor .  M a n u a l l y

lo aded and unloaded f rom
shot blast cabinets.

Cente r  and Sundst rand , Cross Machine  tool operator
C u t o f f  m a n u a l l y  loads and u n l o a d s

machine  by p u s h i n g  pa r t s
off of conveyor into
m a c h i n e  tool and back
on to conveyor .

Rou gh  ‘t’u r n  S u n dst r an d ,C r oss , M a c h i n e  too l opera tor
Barn  ~y mn a nu a  I i  y I )ads and ti n I oa (Is

ma ch  i no by push i ng pat ’  is
o f f  of conveyor into
m a c h i n e  tool and back on .

b lea t  Nose .Johnson Gas Par ts  are a u t o m a t i c a l l y
Fired Cont inuous  fed on a power conveyor

through the  i n — l i n e  hea t ing
fu rnace .

Nose Elmes Hydrau l ic  Press M a n u a l l y  operated mechanical
m a n i p u l a t o r  removes
par ts  from conveyor and
loads nosing press.

Heat Treat  Chicago & Stewart  G r a v i t y  conveyor from
Furnace nosing press feeds heat

treat  fu rnace . M a n u a l l y
operated a i r  tongs p l a c e
par ts  in a r o t a ry  austeni-
t ize  f u r n a c e  ( C h i c a g o )
or on a w a l k i n g  beam
through furnace (Stewart).
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Heat Treat Load and unload between
aus ten ize  quench , and
temper in the ro ta ry
sys tem is accompl i shed
by m a n u a l l y  opera ted  a i r
tongs . A w a l k i n g  beam
t r a n s f e r s  the  pa r t s  t h r o ug h
the austent ize quench
and t emper of the  stra ight
thro ugh heat t rea t  sys tem .
G r a v i t y  conveyor  f rom
coo l i n g f u r n a c e  leeds
r o l l e r  conveyor .

Test Hardness De t ro i t  h ardness Par ts  are m a n u a l l y  pushed
Tes ter th rou gh  the  hardness  check .

Shot Blas t Pangborn — 4 H o l e  P a r t s  are  m a n u a l l y  r o l l e d
131 ast C l e a n  i ng M a c h —  o F f  con veyor and m u n u a  I I  y
i n c lo~idod and un loaded f rom

shot b l a s t  c a b i n e t s .

Bo re , Face , and Barney La the M a c h i n e  tool operator
Chamfe r m a n u a l l y  loads and un loads

m a c h i n e  l)y p u s h i n g  pa r t s
O f f  CO f lV~~~’O~~ i n  to n iachin e
too l and back on conveyor .

Fi n i s h  Turn Sunds t rand  M a c h i n e  tool opera tor
Barney m a n u a l l y  loads and u n l o a d s
Cross mach i ne by p u s h i n g  Par t s

o f f  conveyor i n t o  m a c h i n e
too l and  back on c o n v e y o r .

Cut  Of F Boss Powe r h ack and M a c h i  no too l ope ra to r
Ba nd Saws m a n u a l l y  loads and

un loads  m a c h i n e  by
p u s h i n g  p a r t s  o f f  conveyor
in to ma chi ne too l and
back on c o n v e y o r .
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T u r n  Boat  t a i  I Barney Lathe Machine too l operator
and  Face blase m a n u a l l y  loads and u n l o a d s

machin e by pushing p a rt s
o f f  Cofl veyor  in  to mach i f l( ’

too l and back onto
conveyor.

Turn Bandseat  and Barney  Lathe Machine too l operator
Dove T a i l  m a n u a l l y  1oads and un loads

mach ine  by push ing  pa r t s
o f f  conveyor in to
m achine tool and back onto
conveyor .

Ta p Nose Landis  4 Chaser Machine tool operator 
—

Tapper manually loads and unloads
machine by pushin g
parts off conveyor into
m a c h i n e  tool and back on
conveyor .

Knur l Band Seat Schmidt Knurler Parts are manua lly
pushed o f f  powered convey-
or to the take off convey-
or which feeds knurler
and returned to exit
conveyor by operator.

Gr ind Bourrelet Cincinatti Center- Grinding machine is
l ess Gr inder  located d i r ec t l y  over

conveyor.  Operator pushes
part s i n to  g r i n d i n g -

posi t ion .

Apply Band West Tire Center Parts are manually
pushed off powered cOflVe~-or to take o f f  conveyor
which feeds banders and
returned to e x i t  conveyor
by opera tor .

W e l d  Base Cover Welder  Mach ine  too l operator
manually loads and unloads
machine by pushing parts
o f f  conveyor in to  machine
tool and back on conveyor.
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T u r n  B aud Barney l~~th e Thich I t i e  t o o l op e r a tor
m a n u a l  l y  loads and un loads
mach  i n - by p u s h  I n~ ~~~
i) f f  ( o n  veyo r in  to n i i r h  i n ’
toil I and b ark  On eon V O V OF

M a r k  She l l  M a t t h e w  A u t o m a t i c  M a r k i n g  m a c h i n e  is l on a t e d
d i r e c t l y  over  c o n v e y o r .
O per a t o r  p u s h e s  p a r t s
in ~~() m a r k i n g  p o s lt i on .

B ond er i ze  De t rex  Corp . U n i t  H o r i z o n t a l  l i n e  conveyor
feeds p a r t s  i n t o  g r a v i t y
ro l  1 f eeder  s t a t i o n . P a r t s
pass 1. h rough t h e  e n d  o~~ed
U n  i t Ofl a mon ora  1 1 ( - on v e v o r  -

Pa j u t  S h e l l  1 . 1) . B r i n k s  Spray Booth Parts a r e  on r o b  b r  c o n V e y —
or i n  h o r i z on  l a  I po~— i 1. ion
f r om p r e v i o u s  op era  I on -

(The Ni I ( )  r i fl s e r I s t b i N  -
~~ d

and band covers i n  each p a r t .
l~ar Ls are r o l l e d  on covers
i n t o  power d r i  von r o l l e r s
to index of spray r,o~ z]e
for  I . D.  P a i n t .  O p e r a tor
removes th read  cover  and
inse r t s  flOSs l i f t i n g  p l u g s .

Pa int Shell O.D. Binks Painting Unit Nose lifting plug is
manua l  ly a t t ached  to
mon ora i l cha in hook w h i c h
tran sports parts vert i—
c a l l y  t h r o u g h  paint O . D .
stat ion

Pallet ize & None Manual
St r ap

4
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Receive Steel Overhead Crane Overhead crane transfers
stee l f rom c a r r i e r  to
storage ya rd  and on to
w a l k i n g  beam .

Mark Mu lt Lengths Length Gage and Walking beam transfers
Chalk  bars th rough  mark and

onto n i c k .

N i c k  lo r  Break 400 AMP Welder Walkin g beam transfers
ba rs t h r o u g h  n i c k , n i cked
bars are a u t o m a t i c a l l y
t r a n s t e r red  to power
conveyor .

Break Mechan ical Press Bars are conveyed to
break . M u l t s  are
manually transferred w ith
magnetic crane to tote
box and torklifted to
powe r conveyor .

Heat M u l t  Furnace ( r o t a r y ) M u l t .s are lifted out- o f
to te  box by m a g n e t ic  cr ane
onto  a powe r conveyor .
A u t o m a t i c  m e c h a n i c a l
manipulators remove part
from conveyor and deposits
billet in furnace.

Descale Mult Water descaler Manipulator automatically
enters furnace , grasps
part , r e t rac t s  and drops
part onto gravity chute
thru water descale.

Cabbage & Pierce 2500 Ton Mechanical Parts are automatically
Press - loaded and unloaded by

a mechan ical manipulator.
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Draw 500 Ton H y d r a u l i c  Par t s  are a u t o m a t i c a l l y
- 

Press loaded and unloaded
throu gh ~~~CSS by m e c h a n i c a l
m a n i p u l a t o r .  I~a r ts  e x i t
draw s t a t i o n  down a g r a v i t y
c h u t e  to a power ro 11 or
conv e y o r .

Cool C o o l i n g  Conveyor  A i r  c y l i n de r  pushes  p a r t s
i n t o an O~~Cfl cra del sus-
pended monorail conveyor
[or cooling. Cooled p a r t s
are m a n u a l l y  pushed o f f
c radel  o n t o  a i~ower c o n v ey o r .

Shot Blast M u l t i p l e  S t a t i o n  Par t s are t r a n s f e r r e d  I rom
I n d e x i n g  Table powe r conveyor  to sho t  b l a s t
Shot Blast by mechanical m a n i p u l a t o r .

M a n i p u l a t o r  u n l o a d s  shot-
b las ted  p a r t s  on to  g r a v i t y
convey or , manually tran s-
[erred to o v e r hea d  e onv ey o r
m a n u a l l y  u n l o a d e d  and  g u i d e d
on to a pow~ r ro 1 1 or ci )n vey ( )  r

Center & Trim Sundstrand 8A Lat he Operator slides part.-~ from
in Length power c on v ey o r

that en ter and tx i t  m a c h I n e s

Rough Turn  O u t —  S u n d s t r a n d  8A La the  Ope ra to r  s l i de s  i a r t s  I rom
side Face , Base poWer C O f l Ve y O r .-~ to ~-~p ii r
and Form Boss that enter and - x I I  u t ch i n es .

Apply Lube for Spec . Spray, Unit Parts are o~u-~ eon ’  i- ed
Nosing  t h r o u g h  u n n  I I

Heat for Nosing W e s t i n g h o u s e  I n d u c —  P a r t s  a r e  f l l a l i t n : t  I l~ 1) I n~~h~~dt ion  Heaters  i n t o  i n d u c t i o n  h~~n I o i - --
and e x i t  i n t o  ~~i ; L ’ y
COfl v e y U r s.

Form Nose 350 rfofl Dress Operator pushes ! 1 1 1I s
down a g r a v i t y  e o l l v o \  or
t o  a power rob I i i  t o
ble at t r e a t

121 

- —- -
~~~~

- - . 
- --

~ 
-



PI ,AN T 0 155MM M 107 (CONT ’D)

OPER AT ION EQU I PMENT MATER I AL 1bANDLI NG 
-

Heat , Quench , bleat Treat System Parts approach furnace on
Tt’mper a power conveyor; loaded

by m a n u a l l y  operated
power tongs and hung
suspended by undercut
on boss.

Shot Blast O.D. Slinger Type , Skew Parts are removed by
Roll Shot Blast same type tongs and
Machine placed on a power conveyor

to a t a ble ;  removed by
a f o r k i  j It truck and
laid on f lo o r  to coo l

Shot Ubast C a v i t y  M u l t i — S t a t ion , Index— Par ts  are I o r k b i t t e d  to
ing Table , A i r  Type , shot b l a st and e x i t  on
Shot Blast  Manual  power conveyor .
Load U nloade r Hoist
Assist.

Remove Heat Treat Press Mechanical Parts exit shot blast
Boss Spec . Tool machines on a power

conveyor to a gravity
conveyor  wh ich feeds a
press for  boss r e m o v a l .
Parts exit on a power con-
veyor to bore , face and
cham f e r .

Bore , Face and Multi Station Automa— Parts approach machine on
C h a m f e r  Nose t i c  XLO Parker Boring a power conveyor ;  Pa r t s

Mach ine  are a u t o m a t i ca l l y  loaded
and unloaddcj and ret  urnt ’d
to II power COflV (?yor

F i n i s h  Turn h ydra—Feed HD—1 2 Parts approach la the  on
Outside (Except Lathe Between Center a power conveyor slid
Boattail) manually in and out of’

lathe onto a power con-
veyor and proceed to next
operation .
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PLANT G 155MM M1 07 (CONT’D)

OPERATION EQUIPMENT MATERIAL HANDLING 
—

Mach ine Base Hydra-Feed HD-12 Parts approach lathe on
and Boattail I.~athe Hollow Spindle a power conveyor , slid

m a n u a l l y  i n  and out of
l a t h e  on t o a power con-
veyor  and proceeds to the
nex t  o p e r a t i o n .

Tap Nose Thread Landis Tapper I’art-s approach l a t h e  on
U ~~O~~ef ’  con V O V ( )  r si I d
m a n u a l l y  i n  and  ou t  o f
l a t h e  onto a I )OW C F ( O f l —
veyor and proceed to the
nex t oju r a t  ion .

Clean Cavity Auto. Spec . P a r ts  approach  m a c h i n e
Flusher  on a power conveyor , s l i d

- . manu a l l y  i n a nd ou t  o f
mach inc on U power Con—
Vo yo r an oI  proceed to
n e x t  o p e r i t i o n .

Machine Rotating Hepburn Lathe , Parts approach m a o - h i n e s  on
Band Groove Hollow Spindle a power conveyor , slid

m a n u a l l y  i n  and out of
m a c h i  n ’ ( 1 U ~~~OW  -r
c o nv ey o r  a m d  p r i )  ceo ci
o n t o  t he  n ex t  op e r a t i o n .

Knurl Band Matthews Knurler Pa l  f - -; ; i ;p r :. 1 - :oh I nes
Groove Ribs on a o~e - r  o n~~’yor

sl i U ‘i n n  j  I n an d  ou t
0) I i i i i - n o - u ‘ i :n _ powe r

oir ond 
~ ‘ ruceed

diLl) a X t  Of ) l  l a !  ion .

Grind Bourrelet Cincinnati Center— Part~ ap j u - o : . e h n  g i ’  ur ler  on
less Grinder a Powr r ( ‘) f l v e y o i . , s l i d

ma nu :i 11 ~~
‘ I n a m i d  ou ~ of

grinder , onto a power
conveyor end proceed onto
the  n e xt  opera I ion
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PLANT G 15 5 M M  M 1 07  ( C O N T’D )

OPERATION EQU IPMENT MATERIAL HANDLIN G

Weld Base Cover Thomson Seam Welder Parts approach welder on
Old Machines a power conveyor , slid
Retained manual ly in and out of
New Machines in Line welder onto a power conveyor

and proceed onto the next
o p e r a t i o n .

Press Rotating Band Seater , Segment, Parts approach seater on a
Band into Groove Jaw Type , Hydraulic power conveyor , slid

Watson manually in and out of
machine onto a power con-
veyor and proceed on to the
next operation .

Machine Band Hepburn Lathe Parts approach machines (In
Hollow Spindle a power conveyor , sl i d

manually in and out (if
machine onto a power
conveyor and proceed onto
the next operation .

Mark Nomen— Matthews Marker Parts approach marker on
clature a power conveyor , sl i d

manually in and out of
marke r  o n t o  a power
conveyor and proceed
to the next operation .

Phosphate Hewitt-Robbins , Parts are m a n u a l l y  re-
Spray moved from conveyor ,

placed in baskets and
conveyed through unit.

Paint Cavity Automatic Paint Unit Parts are manually trans—
m eld. Mask Thread ferred from baskets and
and Unmask conveyed through unit.

Paint Exterior Automati c Paint Parts are manually
Unit and Spray Booth oriented and automat i-

c a l l y  t r ans f e r r ed  and
conveyed through unit.
Parts are manually
unloaded and transferred
to next opera tion.

Inspect  Manual  Manual

Pack —— Manual

124 



—_ .- -- ,,- v - —,r ” r, - - -  C Sr ~~~~. —  ¶ ~~~~-~~~~~~~~~- ~~~~~~~~~~~~ C ~ ~~~~~~~ - - -r ~•“~ 
‘C~” ~~~~~~~~~~~ ‘~~~“ ~~ ~ iflrr . - _!II!Iu~

P1.AN’I’ II - 1 75 MM M4 37

OPERAT I ON 
- 

EQUIPMENT M A T E R I A L  h A N D L I N G

Receive  Steel  Overhead Crane  Overhead c rane  I i  r t s
bars  to ) c e n t r a l
r e c e i v i n g  plal ,  f o r m  l o r
feed to f l a m e  cu t

B i l l e t  Separa t ion  Ar tco  F lame B i l l e t  Bars are g r a v i t y  fed f rom
C u t t e r  r e ce i v i n g  p l a t f o r m  to

au toma t  i c fl aru e cul t i ug
sys t em .

W e i g h  Mu l  t Scale Mit  I 1. s ar e  a u t o m a t  i r ;i I I y
I o n d e d  :m i i d  un I oado d l i i  roii rb n
s c m  I

b l ea t  Mu I t  Se las  R o t a r y  ( a5 b ’ owered ro I I or convi vot
b~i red F u r n ac e  I. ra nsp  ) r t s  pa r t s  I I )

I u r n : m c e  . l ’ u r n a c o ’  I
b oad(’d a tid umi I oaml ( (l h~’
au tomat  j o  m e c h a n i c a l
man i p u b  a b r

Descale M u l t  Wa te r  Descale r  Powered r o l l e r  c o m i v e v o r
t r a n s p o r t s  p a r t s  t i er  I ~ oIi  —

t a l l y  t h r o u g h  w a ter
descal or .

Cabbage 1000 Ton H y d r a u l i c  Da r t s  are a u t o m a t ic a l ly
Press loaded and m l oa ded  t l 1- i 1 I ~~ll

press by m e c h a n i c a l
m a n i p ul a t o r .

Pi ree 1201) Ton Ilydrau l I c Parts are a u t o m a t  i en I b y
!~ress loaded and  u n l o a d e d

t h r o u g h  pre.sS by m i ’ o~h a i i  i e a t
m a n i p u l a t O r .

Draw 500 Ton Hydraulic Parts a r e  a u t o m a t i c a l l y
Press loaded and unloaded t h r ough

press by mechanical m aui —

pu 1 at o r .

Cool Forging Sunbeam C o n t r o l l e d  Par t s  are  powered t o l  1ev
Cooling Oven conveyed  t o coo L i  n g oven

P n e u m a t  10’ pu~-~h~-’ r removes
par t. s I ro )Ifl con vey (  Ii .  t (1

( ‘ 0 ) 0 ) 1 or a l  or t r a n s p o rt
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PLANT H - ]75MM M437 (CONT’D)

OPERATION E QUIPMENT MATERIAL HANDLING

Shot Blast O.D. Pangborn Shot Blast Parts are automatically
and I . D .  loaded and un loaded  to

internal shot blast cabinets.
Powered roller CO f l VOY O~~
t r a n s p o r t s  par t s  t h r o u g h
in—line O.D. shot blast
cabi ne t s .

Ce n t e r  & Gisho l t  Lathe  A u t o m a t i c  overhead robo t
Cu t o f f  arm t r a n s f e r s  pa r t  F rom

i n c o m i n g  conveyor  to mact i  i no
too] , p a r t  i s  nu tornat  i cal  b y
loaded and unloaded f rom
m a c h i n e  and robot arm
t r a n s f e r s  part  to out goi ng
conveyor .

Contour Turn J and L Lathe  A ut o m a t i c  overhead robot
a rm t r a n s ler s  par t  from
incoming conveyor  to m a c h i n e
tool , part is automatically
loaded and u n l oaded f r om
machine  and robot arm
t r a n s f e r s  par t  to out goi ng
conveyor .

Lube and Heat Spray and Induction In—line conveyor transports
for Nosing Heat Units shells automatically through

sp ray lube  cab inets and
induct ion heat co i ls.

Warm Nose 1000 Ton Hydrau l ic Aut omat ic l oad and u n l o a d
Press t h r o u g h  press by m e c h a n i c a l

m a n i p u l a t o r .

Heat Treat Pacific Gas Furnace Mechanical Manipulator picks
up shells and places t hem in
a baske t conveyed t h r o u g h
en t i r e  heat  t rea t  opera t ion .
Shells are unloaded by
mechanica l manipulator t o
powered roller conveyor.

Shot Blast O.D. Pangborn Shot Blast Powered roller conveyor
transports shells through
in—line 0.D. shot blast
cabinets .
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PLANT H - 175MM M437 ( C ONT ’D )

OPERATION EQUIPMENT M A T E R I A L  H A N D L I N G

lbardness  Check A u t o m a t  ic Readou t  Powered ro l  I or ( - o n v ( yor
l lardness Tester t r a n sp o r t s  s h e l l s  t h r o u g h

i n — I  I n c  a u t o m a t i c  ha rdness
test r

Bo re , Face & 7 S t a t i on Arcad ia  A w a l k i n g  beam trans fer
C h a m f e r  La the  moves sl~~ l I s  t h r o u g h  t h e

m u l t i — s t a t j o n  m a c h i n e  t o o l .

Finish Turn J and L Lathe A u t o m a t i c  overhead robot
arm t r a n s f e r s  par t  f r o m
i n c o m i n g  conveyor to m a c h i n e
too l , pa r t  i s  a u t o m a t i c a l l y
loaded and u n l o a d e d  from
m a c h i n e  and robo t arm t r a m i s —
f e r s  pa r t  to o u t g o i n g
c o n vey q r .

Mill Base & Tap 5 Station Arcadia A walking beam trauisfer
Lath e move s sh el l s t h r o u gh t he

m u l t i — s t a t i o n  m a c h i n e  t o o l .

Turn Band Seat J & L Lathe Automatic overhead robo t. arm
and Obturating trans For ’s p a r t  I i’orii I m om I n g
Band Groove c o n v e y o r  to macli I no too ii

pa r t  is au t omat i cal 1 y loade d
and unloaded I rom ma ch m e  and
robot arm t r a n s f e r s  pa r t  to
outgoing conveyor.

Knurl Band Seat Automat ic Schmidt Shell is automaticall y
K n u r l i n g  Machine  t r a n s f e r r e d  t h r o u g h

k n u r l i n g  heads .

Weld Base Cover Thompson—Gibb Aut o— Base p l a t es  are  a u t o m a t i c a l l y
matic Electric fed into positi on on the
Seam Welder mach ine . Shell is a u t o m a t i —

ca l]  v fed t h r o u g h  i- o s i ,st ;m mice
welders .

‘Grind Bourrelet Cincinnat i Automatic Shell is transferred on
Centerless Grinder powered roll er conveyor

t h r o u g h  t h e  a u t o m a t ic  in —

l i n e  c e n t e r  less  gr i m dci’ .
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PLANT H - 175MM M437 (CONT’D)

OPERATION 
— 

EQU I PMENT MA T E R I A L  h ANDL I NG

Swage Ba nd Lawtomat ic  Bandin g  Shel l  is t ranspor ted
Press h o r i z o n t a l ly  th rough  the

hydraul ic banding press.
Cold band blanks are auto-
matically fed i n t o  position
on the  press.

Rough Turn Band J & L Lathe Automatic overhead robot arm
transfers part f rom incoming
conveyor  to m a c h i n e  too] ,
part  i s  a u t o m a t i c a l l y  loaded
and u nlo a d e d  f rom m a c hi n e
and robo t arm t r a n s f e r s  pa r t
to o u t g o i n g  conveyor .

Finis l Turn Band J & L Lathe Automatic overhead robot arm
transfers part from incoming
conveyor to mach ine tool ,
part is automatically loaded
and unl oaded from machine
and robot arm transfers part
to outgoing conveyor.

S u r f a c e  Treat  A l v e y - F e r g u s o n  Powered conveyor  moves
Equi pment shells to load plat-

form . Shells are
au tomat  i c a l l  y loaded
on hangers
fo r  t r a n s p o r t  t h r o u g h
the  s l i r i R e C ’  t r e a t .

Pa j u t  Cay i t y  Bi nk  P a i n t  and Oven Thread sh u ’lds  are
m a n u a l l y  i n s e r t e d  i n
each she I I - Powered
con veyor moves she I I to
drive rot Is of automat ic
paint station .

Paint O.D. Bink Paint and Oven Nose lifting plugs and
grommets are m a n u a l l y
inser ted  on s h e l l s .
Nose plu g of shell is
automati call y a tt ached
to monora i l  c h a i n  hook
which  t r a n s p o r t s  s h e l l s
ve r t i c a l l y  t h r o u g h  p a i n t
O .D.  s t a t i o n .
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PLANT H - 1 75MM M437 (CONT’D)

OPERATION EQUIPMENT MATERIAL h ANDLING

Pack and Strap Signode Bander Projectiles are palletized
six ( 6 )  rounds per p a l l e t
and automatically handed
for sh i pment.
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I~I,ANT I — ~ I NCII Ml 06

OI ’ERA’l’ION EQU I PMENT 
________ 

M A T E R I A L  HANDLING 
—

v o ’  Stee l Overhead  C r a n e ’  Overhead  c rane  t r a n s f e r s
bar  f r o m  e a rn  or to
s torage  yard  and o n t o
r o l l e r  conveyor  to
shear pr ess .

Billet Separation Mechanical Press or Bar is automatically
Flame C u t t i n g  E q u i p -  loaded in  shear  press and
m ont  a u t o m a t  i ( ‘ a l l y  ej e c t e d

t () ro 1 1 or  ( ‘on V Oyo )  r
( pow e r )

Heat Ri 1 let I nduct ion System P a r t s  a re  conveyed
t h r ci gh I n duet i on heat
t o  gr avity t e d  c o n v e y o r .

S i z e ’  I b i  I let , and Sizing Rot Iers arts ire g r a v i t y  fed to
Dosca I 5 i Z(  ‘ ro I I ~‘rs ; f l u t e  irn a t I —

1 s’ un  loaded and L r an s—
F or  red to hot  cup by
robot arm .

Hot Cup 1000 Ton H y d r a u l i c  Pa r t s  are a u t o m a t  i c a t  ly
Press loaded by robot arm ;

automa tically unloaded
by second arm to powered
r o l l  or co n v e y o r .

(‘on I Spray  Cab m e t  Pa r is  are ’ conveyed  t o
(,ve rhead c o n v ey or  ; au l  0—
ma L i  cal  l v  1 o:tded t o
eo n Vov o r an (1 c c  in VO~~ o ’e I
t i m  r ou gh  sp ra V t o  sh o t
b l a s t  , m a n u a l  I v  un  1 oadeel
by I ) o W(~ tongs .

Shot Ifl ast  Roto  B l a s t  Cab i n e t  P a r t s  a r e  l oaded  and
un loaded  by power t o n g s
and t r a ns f e r r e d  to r o l l e r
c o n v e y o r ;  conveyed  to
overhead  c o n vey o r ;
a u t o m a t  1 ( ‘ :1 113’ loaded on to
overhead conveyor , ~‘onveyed
to r o l l e r  conveyor , conveyed
to m a c h i n e  cup o p e r a t i o n .
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PLANT I — 8 INCH M106 (CONT’I))

OPERAT ION EQUIPMENT MATERIAL HANDLING _~~~_

M a c h i n e  Cup Autom a t i c  Lathe Parts are automatically
loaded and un loaded  f r o m
roller conveyor conveyed
to overhead conveyor
automat i c a l l y  loaded on
overhead conveyor  and
conveyed to l u b r i c a t i o n
s y s t e m .

L u b r i c a t e  Cup Tank System Parts are  conveyed t h r o u g h
l u b r i c a t i o n  s y s t e m  to
f o r w a r d  e x t r u d e .

Fo rward E x t r u d e  2000 Ton l ly d r au l he P a r t s  are a u t o m a t i c - a l l y
Press loaded and  t r a n s  ferreci

into press by robot arm ;
Unloaded  and t r a n s f e r r e d
to overhead  conveyor  by
second robot arm .

Phosphate  and Lube Tank System Pa r t s  are conveyed
th rough  lube  sys tem to
co in  base.

C o i n  Base 3500 Ton h y d r a u l i c  Par ts  are a u t o m a t i c a l l y
Press t r a n s f e r r e d  and loaded

into press by robot arm ;
U n l o a d e d  and t r a n sf er r e d
to overhead conveyor  to
second robot arm .

Draw 1 000 Ton Uydrau  I I c  P a r t s  are au toma t  i ca I I y
l~ ross t ra n .s Fe  r red and hum d o d

in to press by robot arm ;
e,jected at bot tom o t  press.
Rol icr conveye d to nex t
()~~P r a t  ion

Expan d  I h ou r r o l et  , A u t o m a t i c  Ni  flO S t a —  Pa r ts  are au tomat  i c a l  ly
I”aee (‘ham For , L i o n  Trans  I cr  Machi  no 1 oaded and t r an s  f e r red
and An n e a l  Nose w i t h  I n d u et  ion H e a t i n g  t h r o ug h  each s t a t  inn  by

Equ i pmon t . wa 1k i ng beam ; au tomat  i c a l l  v
t r a n s f e r r e d  to overhead
conveyor  to phos -lube .
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PLANT I - S  INCH M106 (CONT’D)

OI~ERAT I ON EQU I PMENT M A T E R I A L  H A N D L I N G

I ’hos-lube Tank System Pa r t s  are conveyed
t h r o u g h  phos- lube  to
nose o p e r a t i o n .

Nose 1200 Ton H y d r a u l i c  Pa r t s  are a u t o m a t i c a l l y
Press t r a n s f e r r e d  and loaded

by robot arm ; u n l o a d e d
and t r a n s f e r r e d  to over-
head conveyor  by
second robot arm .

G r i n d  Bourrelet  Center less  Gr inde r  P a r t s  are conveyed
through grinder by roller
conveyor  to t r a n s f e r
l a t h e s .

Bore , Face Cham- Fourteen Station Parts are automatically
fer , Tap Nose , Automatic Transfer transferred from roller
Rough and F i n i s h  Lathe  conveyor  and conveyed
Turn Band Seat , through each stat ion
Knurl Band Seat by walk ing beam ; Automati-

cally transferred to
ro l le r  conveyor  and con-
veyed.

A p p l y  Band West t i reset t e r  P a r i s  are m a n u a l l y  moved
f rom r o lle r  conveyor  to
t i r e s e t t e r  by f loo r  mounted
por t ab le  c rane  m a n u a l l y
t r a n s f e r r e d  to second
r o l l e r  conveyor ;  conveyed
to m a c h i n e  band opera t ion .

Machine Band Automatic Lathe Parts are automatically
transferred to lathe and
r e tu rned  to conveyor .

Weld Base Cover 100 KVA Seam Welder  Base P la te s  are automati -
c a l l y  ted i n to  pos i t ion
on t he  welder , shell is
a u t o m a t i c a l l y  t r a n s f e r r e d
to the  we l der and r e tu rned
to roller conveyor.
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I~I .AN’l’ I — 8 1 NCII H 1 06 ( CONT ‘I) )

I
OPERAT ION 

_______ 
EQU I PM ENT MATER I AL HANDLIN G

M a r k  I . D .  M a r k i n g  M a c h i n e  Pa rt s  are conveyed
t h r o u g h  m a r k i n g  m a c h i n e
and on to s u r f a c e  t r o ’a t

S u r f ac e  Treat Tank System P a rt s  are m a n u a l l y
(Pre-Paint) transferred to over-

head conveyor ; conveyed
through surface treat;
manually unloaded a n d
transferred to m t  er i o r
pa i n t by ro I I.e r c o l l v eyec  r

E n  I or t o  r Pai n t. Spray  Mach i no P a r t s  are  conveyed  l I t  no ugh
s p r a y  mach i no by r o l l e r
con~~py or  t h erm m a n u a  I l y
un l oaded and I ran .sFe r red
to l i l t i n g  p l u g  and
as- .~m b l e  a rea .

A ssemble  L i f t i n g  Spray Booth L i f t i n g  p l u g s  are m a n u a l l y
P l u g  and E x t e r i o r  assembled to p r o j e c t i l e :
P a i n t  p r o j e c t i l e  is  m a n u a l l y

loaded and un loaded  f rom
ex t e r i o r  P a i n t  c o n v e y o r .

Palletized Manual and Fork- Shells are m a n u a h l ~ ’
and Ship li l t palletized and forktifted

to boxcars for  s h i p me n t .
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SEC’I’lON SIX

INSPECTION

A. INTRODUCTION

A vital part of any manufacturing line is the inspection system used to maintain
process control and product quality. Although the ultimate aim of the system is to
assure that specified product quality levels are attained , the method and adequacy of
inspection impacts other production functions in satisfying this objective. Such func-
tions as processing raw material , material handling , rework , equipment availability
and productivity itself are significantly influenced by the inspection system which high-
lights its overall importance as an integral part of the production system.

In view of the important role inspection plays in the production of artillery metal
parts , attempts to defin e a meaningful modernized system can only be made after all
aspects of current manufacturing processes are completely understood. Each opera-
tion in the process must be considered in conjunction with the inspection and tests
performed. Such factors as the use of inspection to prevent catastrophic loss ol
equ ipment (because of grossly out-of-tolerance parts entering a particular operation) ,
traceability of defective parts back to the machines producing them , the release and
flow of parts from one operation to another , the handling of scrap and rework , deter-
mination of trends for the various operations , the acceptability of final product are
just some of the items impacted by the inspection system which must be considered.
Of equal importance is the method of test/inspection , the frequency of test , types of
personnel performing inspection duties and the methods used to analyze the data. This
is particularly true when converting to modernization systems where automation is of
prime importance.

In terms of automation , serious consideration must he given to the “state—of-the—
art” oh ’ inspection/testing equipment technology , economics in terms of investment
costs vs. labor savings , adopting current or new methods of determining acceptability
etc . such that the inspection system , as an integral part of the manufacturing line will
maintain the required degree of process control and product assurance while at the
same time he compatible with the continuous flow, ai.~tomated production lines in
modernized artillery facilities.

B. FINDINGS

As stated previously , in order to properly establish inspection needs for the
future manufacture of artillery metal parts, it was necessary to first review and
evaluate current methods of inspecting those items scheduled to be produced in
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nm(Ierni~ ed facilities . Accordingly , a number of artillery metal parts manufacturing
plants were visited for the purpose of completely documenting all aspects of inspection
from incoming receiving inspection to final inspection of outgoing packaged product.
During fwse visits, such items as the type and method of inspection, frequency of
test , pro~ess and final acceptance inspection operations and the number and types of
personnel perform ing inspections were completely (locUmcnte(l . A total of 6 plants
were visited involving four types of ammunition items.

A review of inspection procedures employed by current procedures showed that
in almost all cases, manual/visual methods were employed. Also, the current pro-
cesses for artillery metal parts involve essentially four levels of inspection: a machine
operator inspection, a process quality control inspection, a final acceptance inspection
in accordance with Government technical data requirements and a Government verifica-
tion inspection.

At the machine tool level the operator monitors the output of his machine. By
using hand gages , he is able to determine how well his machine is performing and when
necessary adjustments are required . In this case, the frequency of inspection is based
on a combination of factors such as technical data acceptance quality levels, machine
accuracy, experience, etc., to assure acceptability of the final product. Usually this
frequency varies from one—in-three to one—in—ten parts produced hut can go as high us
one-in—fifty or sixty depend ing on the operation and characteristics involved.

This inspection is considered to be very important in that it is the only phase
where defective products can he immediately removed from the line and corrective
action taken. Also , depend ing on the man ufacturer ’s operating policy , this is the
point in the operation where machine part identity is established.

The next level of inspection , which is also performed by the contractor , involves
bench and roving inspectors where samples are selected from the output of a particular
operation. The pu rpose of this inspection level is three— fold. It serves as a check
on the machine operator; it gives the contractor added assurance that his product will
meet government standards; and it provides quantitative data which is used to monitor
his process , plot control charts , etc . This level of inspection uses for the most part
hand gages but in some instances semi—automatic gages are employed. h ere again ,
frequency of inspection is based upon factors previously mentioned.

At the next level of inspection , the contractor performs final acceptance inspection
for the government in accordance with the product technical data package. For the
most part , this level of inspection uses hand gages , but in some instances sem i-
automatic gaging may be used. The acceptance limits used at this inspection level
are the final dimensional drawing requirements and the frequency of inspection is
defined statistically by the quality levels specified in the technical data package.
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The final level of inspection involves a verification by the government that the
contractor has performed his inspection properly . ‘I’his inspection uses the same
gages as the previous level usually at a much lower fr equency .

In regard to the requirements of current acceptance procedures , the contractor
is required to provide a quality control plan , since the product specification lists
the minimum inspection necessary for acceptance. The intent of the quality control
plan is to assure the government that the contractor will provide adequate process
control such that final acceptance requirements will he met.

In te rms of final acceptance , two basic standards arc used: MTD-STD-105I) and
MIL-STD- 1235A. MIL-STD-105D is designed for a batch-type operation. In thi s case ,
product is processed in batches or groups and a random sample is selected from each
batch for inspection. This type of operation requires storage areas , batch identifica-
tion and a screening capability in the event that the specified number of allowable
defectives is exceeded as determined by the sample selected.

‘I’he other standard used for acceptance , MIL-STD—1235A , provides for continuous
sampling and is more appropriate for a high volume mass production system. This
plan requires an initial 100% inspection of product until a specified quantity of continuous
product is accepted. Once this point is reached , inspection can be reduced to sampling
and under certain levels , the sampling can be reduced even further as the quality level
increases based on inspection history. Once a defective part is discovered during
sampling , however , 100% inspection must be reinstated and the contractor must re-
qual if y for sampling. A key point to remember is that MIL-STD— 1235A stipulates a
l imit  as to how much 100% inspection can be performed. Once this limit is reached
withou t qualify i ng for sampling , the line must be shut down and corrective action
taken.

Once a baseline for current inspection procedures was established , it was decided
to survey industry to determine the level of advancement they have made in the field
of automated inspection technology. Over 22 companies were contacted during this
survey including developers of inspection equipment and manufacturers using this
equipment.

‘J’he most dramatic difference between inspection systems used in artillery manu-
facture and those used in industry was the degree of automation and sophistication of
equipment used commercially . In this area industry has made great strides and major
companies , such as those in the automative field , are in the process of implementing
l00~ automated inspection. Reasons for this direction are economics (labor costs are
high) reliability (visual/manual inspection method s are relatively unreliable) and
product liability laws where it is essential that product quality is established with the
most precise andi reliable method s and adequately documented .
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‘l’he degree of inspection equ ipm ent complexity developed for industry was found
to vary from simple automation of attribute inspection of parts for one or two dimen-
sional characteristics to complete inspection systems built as an integral part of the
manufacturing equipment supported by data processing equipment which analyzes van-
able data for a number of characteristics , develops trends and provides direct feed-
back to the manufacturing equipment for automatic tool adjustment. In one particular
application , automated inspection was used to measure components; categorize them
accord ing to size , and then later culling out certain sizes for selective assembly of a
finished i tem. In this case , the inspection system is used not only for measurement
purposes hut also for traceability of parts.

C. CRITIQUE

Reviewing current artillery metal parts manufacturing systems , it becomes
obvious that the inspection functions rely almost entirely on human/visual  methods.
Also , it is recognized that current acceptance procedures are geared around this
method of inspection , even to the point where acceptance standards are used. In
industry , however , just the opposite situation is taking place where automation is the
byword and every effort is being made to replace the manual/v isual techniques with
automation. One of the major reasons for this , of course , is the high cost of labor
in comparison to economic studies made by the gage manufacturers who have developed
automated inspection systems that are now competitive to the point where equipment
investment costs can be written off in a very short time. Also , with product liability
being of major concern companies arc diverting to more reliable means of assuring
product quality.

In terms of reliability, human engineering studies have shown that a reliability
of 80% would be expected for the simplest human ju dgement type of inspection. The
unreliability of manual/visual type inspection is recognized in current artillery manu-
facturing systems where experience has shown that critical characteristics such as
metal defects are subj ected to 300% (and in some cases 600%) inspection. Even so ,
there have been some instances where critically defective material has been shipped
to lead plants.

On the opposite side of the ledger is the relatively high investment costs for
automated inspection equipment. In developing an inspection system the costs must
certainly he considered and compared with the labor costs of using current test
methods. Obviously a favorable savings to investment ratio must result for economic
justification of an automated inspection system.

in addition to the reliability and economic aspects , there arc other equally
important factors which must be considered before the modernized inspection system
can he properly defined . Some of these factors are listed below:

137 

——



!II!IIII
~

.!_

~ 

~~~~~ ‘- ~~~~~~~~ ‘— .,r_W ~~ -~~ ‘ - ‘ —~~~ —--—-—-- — --•—-.—- - ------~~~~—~,-~~~~~~
,,,

~.—-——--— —— - — - - - — -fl - —

1. Compatibility of the inspection system with a modernized process.

2. A totally integrated inspection system.

3. Traceability of defective parts to the machine producing them.

1. Removal of defective parts before they enter the main flow .

5. Minimize production downtime and scrap.

Analyzing the current inspection system , two factors become immediately ap-
parent; first , the current system because of its manual/visual nature is quite flexible
in that inspection needs can be simply compensated for by ad(ling , transferring or
reducing the number of inspectors; secondly , a manual/visual system as we now know
it is not compatible with a modernized system where automated machinery and handling
systems are used. The superpositioning of a manual inspection system on an automated
manufacturing line is cons idered to be impractical , particularly when one realizes the
vas t number of inspectors and inspection space used in the current systems. Also ,
with the inte nded use of automated metal-working equ ipment with automatic load and
unload features the machine level inspection previously described cannot he read i ly
accommodated.

Another factor which must be addressed is the availability or “state-of-the-art”
inspection techniques for those requirements which are peculiar to ammunition
components and which have not been sufficiently developed to date. These areas are
generally associated with visual inspections where discrimination has been left up
to the inspector.

These various aspects and factors are just some of the issues which must he re-
solved before a meaning ful d efinition of the modernized inspection system can he
developed . In fact , the selection of the eventual inspection system must of necessity
not limit consideration to techniques and test methods but also must place equal
importance on the way ammunition will be accepted in the fu ture. In other words , in
addlition to modernizing the way parts will be inspected , one must. also modernize the
way ammunition is accepted and therefore major revamping of technical data packages
is inevitable.

I). STUDIES

Based on information gathered and a preliminary analysis of current systems vs.
modernization requirements several study efforts are currently bci ng conducted .
These studies can he categorized into two types. One type addresses inspection pro-
cedures and the methods to he used to determine acceptability of product manufactured
using the modlernized system. The other type of study addresses inspection equipment
technology and the development of automated inspection techniques.
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In consi(kring the f irst  study category , three major areas are U(I(lrCsScd.
These areas include:

1. A system definition study to define the basic modernized inspection system
to be used.

2. A study evaluating the integration of process control and final acceptance
inspection.

3. A complete evaluation of product technical data packages to assure compati-
bility with the modernized production program.

The inspection equipment type studies address those current inspection needs which
require further (levelopment of reliable automated techniques to replace current
manual/visual methods which are not compatible with modernized manufacture of
artillery metal parts. These studies include:

1. Automated non-destructive inspection for critical metal defects.

2. Automated inspection of internal cavity surfaces.

3. Automated thread gag ing.

4. Automated raw mater ial inspection.

5. Automated gaging of hot forgings.

In regard to those inspection areas which are presently being performed manually
but have not been identified for study, our investigations have shown that these require-
ments can be met by the gaging industry and therefore do not warrant a special effort.

The system definition study is considered to be critical to the entire program and
certainly will have a significant impact on all other activities. ‘l’hc results of thi s
study will essentially provide the loundation for the modernized inspection system.
ft a(Idresscs SUCh lactors as economics (investment costs vs. labor costs) the ellect
of inspection on other systems such as manufa cture and material handling , the eliect
of inspection on productivity and most of all the definition of an inspection system which
will he compatible with modernized manufacture while at the same lime provide the
same degree of product quality assurance.

As a part of MM&TE Project 6520 , a complete review anti (h ’I inhli on of current
artillery manufacturing inspection systems was accomplished. ‘l’his review provided
the information previously mentioned in which all aspects of inspection (from incoming
raw material to out—going packaged product) were considered.

Under general support to project 5762532 , considerable effort was made toward
establishing the basic inspection procedure to be used in the modernized systems.
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This  effort, which included the formation of a dedicated team sponsored by the
Project Manager for Munition Production Base Modernization , concentrated on the
evaluation of several inspection approaches ranging from 100% automated Inspection
to manual inspection similar to current procedures. A number of factors or objectives
were considered in this evaluation including costs (investment vs. operati ng) , material
handling , part hk ’nti f i cation and tracd ’ai)ility , product quality assurance , productivi ty
(downtime and scrap) and faci l i ty requirements.

Based on this evaluation , it was established that in general , 100% automated
inspection at each machine is the most effective and econom ical method of inspection .

To illustrate in terms of economics , an analysis was performed comparing cur-
rent manual inspection systems with one which would he totally au tomated and integrated
with the production line. The analysis delvedi into specific manufacturing operations
as well as the complete line; comparing equipment investment cost with various
combinations of manual inspection support costs. To illustrate the economic effect of
inspection a typical machining operation was selected where 44 machines are per-
forming the same operation. Under the manual system , each machine would employ
an operator who would perform certain inspection functions . In new modernized pro-
duction plants , this operator is no longer needed and his inspection function is replaced
with  automatic inspection equipment. Using the Army ’s ten year discounted economic
analysis procedure , the following cost (lain was generated: —

Basis of Estimat c~

Production Rate: iM~ Parts/Month
3—8—5 Shift

Labor Cost: $5/Hr

Estimated Unit Equipment Cost: $40 , 000

Present New Discounted
Labor Labor Discoun t Differential

Yr. Cost Cost Difference Factor Cost

1 1, 372 , 800 0 1, 372 , 800 .954 1, 309 , 651
2 1, 372 , 800 0 1, 372 ,800 .864 l , 18~ , 099
3 1, 372 , 800 0 1, 37 , 800 .788 1,081,766
-I 1 , 372 , 800 0 1, 372 , 800 .717 984.29$
5 1, 372 , 800 0 1,372,800 . 652 895 , 0th;

1, 372 , 800 0 1, 372 , 800 .591 811 , 325
7 1,372 , 800 0 1, 372 , 800 . 538
8 1, 372 , 800 0 1, 372 , 800 .489 671 ,299
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Present New Discounted

Labor Labor Discoun t Differential

Yr. Cost Cost Difference Factor Cost

9 1 ,372,800 0 1,372,800 .455 610,896

10 1, 372 , 800 0 1, 372 , 800 .405 555 , 984

TOTAL 
$8,844,950

Cost of 11 Inspection Units 44 X 40 , 000 ’- 1, 760 , 000

Savings/Investment Ratio 8 , 5-14 , 950/1 ,760 , 000 - 5,03

This example illustrates the potential savings in labor costs when using automated

gaging. Over a ten year period , for just OflO operation a potential savings of almost $9

million exists. ‘I’hc savings to investmen t ratio of 5 to 1 is also considered to be most

encourag i ng.

It is recognized 1 that costs used in these analysis are only estimated and the actual

equipment costs could deviate somewhat from the figures used. The labor costs , how-

ever , are real and if anyth ing , will most likely rise. With the significant amount of

potential savings , OflC can see that even if the estimated investment  costs are double(I ,

a most favorable savings to investment ratio (2. 5:1) would still result.

E. CONCLUSIONS :

1. Current inspection methods in artillery metal parts plants rely for the most

part on manual and visual methods of inspection. These methods are not compatible

with a modernized process where it is anticipated that au tomation will be employed

wherever possible.

2. Industry has made great strides in the automation of inspection and the inter-

facing of the inspection with automatic metal working and material handling equipment.

3. Current acceptance procedures must be reviewed and most likely revisedi to

assure compatibility with continuous flow , hig h speed manu facture.

4. In general , 100% automated inspection at the machine offers the most reliable ,

efficient and cost effective system .

F. RECOMMENDATION:

1. Pursue those types of inspection operations identified as MM&T efforts and

funded under P-ill projects .
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2 . Revise current acceptance procedures to assure compatibility with modernized
methods ol manufa cture while at the same time maintaining equal or better product
assurance.

j
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EQUIPMEN ’I’

A. INTRODUCTION

Although equipment has been discussed to some extent in the previous sections of
this report , particularly billet separation , forming , and machining, it is believed
necessary to emphasize equipment as a separate entity in this report.

B. I~ROJECTIL E MANUFACTURING PLANT PRACTICE

The plant surveys revealed that equip~ ient in the plants seemed to vary in two
basic areas; one is condition and the other is age.

With regard to condition , it was observed that some plants appeared to keep their
production equipment in very good to excellent condition whereas other plants did not
appear to maintain their equipment at the same quality level. One plan t was observed
during the period of this study ,  putting its equipment into layaway and then in a rela-
tively short time , bringing the equipment out of layaway and hack into production .
Since this plant maintained its equipment in good condition while operating , and since
it went to great care in preparing the equipment for layaway , its experience in bring-
ing the equipment out of layaway and back into production was very good . It is
recognized that the equipment had been in layaway for only a short period of time but
previously , when the equipment was brought out of layaway , very little difficulty was
experienced.

C. CRITIQUE

It appears that improved maintenance and layaway I)roccdurcs should be established
to standardize procedures from one contractor to the next in order to gain max imum
operating life and efficiency from the Government—Owned production equipment. Past
experience , in general regarding bringing plants out of layaway and up to production
rates , has not been particularly good on the most part. Certain items are found to have
a fixed shelf life and after that should be replaced. These item s , such as seals on
hydraulic units , insulation and wiring , electrical components , etc. should be replaced
on a periodic basis after a proper shelf life has beer, established. It is believed ,
bused on discussion with operating contractors , that certain components when brou ght
out of layaway , go thru a short term mortality rate similar in nature to the infant

— mortality rate of a new component. For example , a relay panel brought out of layaway
when tested may indicate several relays are bad and these will he replaced. However ,
once the equipm ent is put into operation the relays that tested satisfa ctorily initially
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I ) egi f l  to ( a l l  af ter  a very short t ime in operation . It appears , based on some ( 1iSCU S—
sion with certain equipment manufacturers , that much of this mortality could he pre-
dicted based on specific tests to be developed or data already collected. It might be ,

for instance , that all the relays should be replaced rather than experience continuous
failures while try ing to meet production. Since mortality is a function of time in lay-
away . such (lecisions would! be based on these factors and economics.

Certainly , equipment reliability and performance can be improved by improved
layaway procedures. For example: machine tools may have to he disassembled to
prevent bearing creep and shafts and bearings may have to he covered with preserva-
tives and placed on the floor where they can he periodically inspected. These procedures
should help to extend layaway time and reduce start-up mortality rates. The main
benefit to be gained here , of course , is reduced lead time to bring a line up to produc-
tion with improved reliability.

During the survey it was found that no one has any in-house capability to predict
expected performance of equipment being brought out of layaway. Yet discussion
with industrial concerns indicate that technology exists today to develop predictive
programs and periodic tests so that an assessment of the present condition of equip—
ment can be made and the fu ture performance predicted. Furthermore , the reliability
ol the assessment itself can be dleterrnined. This would require an analysis of equip-
ment and a determination of the condition of that eq u ipment at the present time and a
reliable layaway program . in the case of new equipment , however , much of this
information exists and a predictive program could more easily be developed.

With regard to age of equipment , it was found to vary considerably . Some equip-
ment was purchased before 1950 and , of course , new equipment is being purchased
today . The older equipment is generally less productive , requires more manpower
per u n i t  produced , has low reliability and is usually underpowered and manually
Oper atc(I. lh c  new equipment is usual ly automatic and should have ample power to
produce efliciently through the 1980’s. A problem can occur when the old equipment
is mixed with the new . It appears that the placement of older lathes doing essentially
the same work will result in an inefficient operation of the new equipment and possibly
cause trouble with operation of the old equipment. Normally this is not a problem
under the modernization program for the GOCO plants since all of the equipment is
scheduled for replacement where required. However , in those plants where voids in
the line are to he filled with modern equ ipment , care must be taken to purchase equip-
ment similar in performance to the rest of the equipment in the line even if this means
the purchase of a piece of equipment that does not take advantage of all the cost saving
features available today.

The plant survey also revealed that on-line maintenance programs vary considerably
from one plant to another . As might be expected , this results in the equipment exper-
ienc i ng varying diegrees of failure. Since it is apparent that some maintenance pro-
cedures are better than others it might be well to investigate in detail the existing
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) WL (I l tel lance procedures used in ( (  )C() plants and relate(l i tidustri es in an attempt to

~mprovc procedures and standardize , where necessary.

ln the procurement of equ ipment the first action to he taken should be a definition
of the function the equipment is expected! to perform. In the modernization of the GOCO
plants it can he seen this might be a simpler task than for the non-GOCO plants. The
reason for this is that the item the GOCO plant is expected to produce in an emergency
is relatively well defined , In the case of the non-GOCO plants changes to production
requirements can be expected from time to time. Because of the projected or expected
change in requirements the equipment to he purchased for or by the non-GOCO should
be more flexible in capability even if this flexibility results in some loss of production
efficiency . An example would be where a firm requirement exists to produce 105MM
Ml type projectiles at the production rate of one mil l ion per month with on ly the possi—
bility of tile length of projectile changing. In this case , a spec i al machine tool might
be purchased. On the other hand!, where a requirement exists to produce thir ty thou San(I
units per month of a particular tank round , where the design m ight change significantly
or he replaced by a different  design , then a machine tool capable of accommodating this
change , possibly a Numerical Control (NC) machine , might he the type of eqUi~)mCfl t  to

purchase. The procurement of flex ible equipment offers the most opportunities to
accommodate product changes. The selection of flexible equipment such as ~~C equip—
ment would also permit the use of pre-programmed tapes which should reduce lead (line.
These tapes can be kept in storage and altered or new ones prepared as the product
design is altered or replaced. The use of flexible equipment also permits the use of
this equipment elsewhere to accommodate production requirements as they vary for
different items from time to time.

It appears therefore that each plant and each requirement in that plant , whether
it is a GOCO or non-GOCO plant , should he defined and a determination made as to the
basic type of equipment that should he purchased prior to writing specifications for
that equipment.

D. CONC IdJSIONS

The i nformation obtained from the ammunition plant surveys con(Iucted under this
project and conversations with equipment manufacturers indicate that several improve-
ments to the current methods of plant layaway can he made through the implementation
of the following procedures :

(1) Periodic replacement of all stored parts and materials whose shelf lives will
not survive layaway.

(2) Replacement , prior to production , of those item s whose reactivation morta l i -
ties rates would adversely affect production startup.
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(3) Periodic tes ting of manufacturing equipment in layaway to assess equipthent
condition and probability of successful future operation.

(4) Stanthrdization of layaway procedures for all GOCO plants.

(5) Determination and implementation of optimum method of equipment preserva-
tion and storage.

Plant maintenance programs vary considerably among the munitions plants visited.
l’his has resulted in varying degrees of equipment failure. Emproved and standardized
iiaintenance of production equipmen t will increase both equipment life and reliability .

The functional requirements of manufacturing equipment should be defined prior to
purchase. When the item to be produced is well defined , as in the case of GOCO
plants , equipment should be purchased to that particular item. In those plants where
the item requirements may change , flexible equipmen t such as numerical controlled
lathes should be considered .

F. RECOMMENDATIONS

A study to determine the optimum methods of plant layaway is required. This
study would provide the information necessary to reduce lead time to mobilization
through analysis and determination of:

(1) Shelf 1i~’cs of all stored items.

(2) Projected reactivation mortalities of manufacturing equipment in layaway.

(3) Methods of testing equ ipment condition while in lay away .

(4) Optimization of equipment preservation.

Problem s and delays encountered during start up of production equipment at the
onset of the Korean and SEA conflicts would be identified and means of correction
developed .

Based on the information gained , specific guidelines , procedures , specifications ,
etc. would be prepared and validated for application to present and fu ture layaway of
equipment and facilities.
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E N E R G Y
S

.\ . I N I Th) l)UC’I’IO N

Energy is a recent proi)km in metal parts production p lants .  ‘t his section wil l
dI S CU S S  ti le problems being encountered am! indicate  what steps can he taken to control
and reduce energy consumption.

IL PR( )J E(’ ‘I’ll. K MA NU FAC’I’ URING PRACTIC F:

Dii ring the J)lant surveys , it was found that although most of th plants ha(i a i’ a —

soliai)lc ktiowlc ’dge of thei r  total energy usage , a delinitive knowledge of how and wher e
the energy was being consumed was not known. Certain major  areas such as gas and
oi l consrr ra p t  it ’’’ lor lu m aces could he J ( lcn t i lied , but such rcqu irenients as electrical
COfl Sl I l l l l ) I  loll tot ’ equij )rllent , Causes of peak loads . space heating demands , energy ior
i)oil(’rs , etc. , were not known or ( ie f i f l ( ’d .

I’ltc ma j () I’ ColiCe I’ll ol the platit s was not where the energy was being Usd5! . hu t
ra ther  th e avai lab i l i ty  of energy Sou rces such as oil , gas :tn ( i electricit y. Several
plants have received notices that they can i)e expccte(I to ha \ c their natural g a~requirements shu t—of f  ( luring certain winter months when peak demands occur. .\ few
plants have been advised that natural gas will not he available at all within a few years.
This type notice has prompted! many plants to consider the use of alternate encrgi
sources usually oil. A few plants were possible ilavc established the capability of
operating furnaces on gas and! switching to oil when gas it  not available . 01 lIt 1’ j)lanf S
arc considering switching entirely to oil since there will not he gas availabl e. S t i l l
other plants arc look i ng to electricity as th eir  sole energy supply. ‘i’Iris would n i ( a r r
the installation of electric billet or mull heaters and electric h eal treat i rig equi pm ent
art d electric stress relieve furnaces . ‘J’hc making- of steam in I)oilcrs has not yet l I ( ( I
fully addressed .

C. CRITIQUE

Based on the find ings of the survey it is obvious that the maj or  concern at t h i s
t ime is f inding a reliable energy source and then reducing energy costs.

One way of reducin g electric energy costs has l)e( ’n pro i)os( ’(l I l lru the  111011 itw’iI lg
of peak load demand. Most industrial  plants are hilled based on thei r  pcal~ load
demand. If this peak load! demand is reduced then their hilling is likewise 1’C(ItI ( ’NI.
Several companies sell equipment that c ~1stanl ly monitors  t i l t ’  o n — l i n e  dein and It ‘ad.
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When the load begins to exceed pre—determined limits , based on empirical data pre—

~‘iously estu i) li she(l thru testing, the equipment begins to shut (town unnecessary (~~f L I i J ) —

I l len t  b r  a short period of time. An example might  he that if  a peak load is observed
to approach an unacceptable l imi t  then air eon (Iitioners; vent i la t ing fans , pumps in non —
c’i’itic ’al areas iii ight be shut o f f  for  a short period of t ime . Once the (I cman(i dirops
this ~‘qti if ) l fl ( ’flt  is turne (i hack on or this equi pment is turned on anti other equipment
is tu rne ( l  o i l .

Whil e  this  procedure results in reducing peak load and obviously has bc ’neflt in
r c ( lue ing  operat ing cost- the actual energy reduction would not 1w very great .

Certainly more positive approaches could be taken toward! reducing energy con—
StIl l l j ) t iO l i . .~~S diScUsSed ! in the section on heating and heat treatment , considerable
quant i t ies  of energy are being used unnecessarily and certainly energy conservation
steps could be taken that would have tremendous impact on energy reduction and cost
savi ngs.

For example , present oil furnaces are operating in the range of 15% to 30%
thermal eff iciency where an area of 7OtX thermal efficiency should be considered .

In the area of ’ fo rming  the use of mechanical presses in lieu of ’ hydrau l ic can result
iii s ign i f ican t  Savings . In one particular J)lant mentioned previously a planned system
of 5 lllechanica l forge presses and 10 hydraulic draw pi’ess ’s was replaced with 5
lai’gci’ mechan i cal presses capable of perform ing the draw us a part of the forging
op(’r at ion . ‘(‘lid’ connected horsepower for the S mechanical forge i~rt~sses and 10
hydraulic draw presses totaled 10 ,000 H. P. Whereas the five mechanical presses
Capal)lc of also doing the draw have a total connected horsepower of 2 , 750.

In ti le machining lines larger horsepower lathes have been required for moderniza-
tion. These lathes have increased productivity and therefore require no additional
energy per projectile produced. However , it has been found that hydraulic systems
used for transferring parts thru a lathe are very inefficient. In the case of procuring
rough turn lathes at a 105MM Ml plant , hy draulic transfer systems were used. ‘i’his
particular hydraulic system required a 40 HP motor , plus cooler to cool the oil heated
tip in the hydraulic system. The motor pumps against a (lead head whether transfer
iS being made or not. ‘l’hus the 40 lIP current req u irement is always on—line , In
addition a heat exchanger pump and cooling tower arc required to disipate this heat.
When one cons idcrs 42 lathes were purchased we have:

- 12 lathes X -10 H P/lathe 1( 80 HP

being used. In a more recent procurement ‘~ransfer units that did not use hydraulic
system s were purchased for similar lathes. Here 7 1/2 HP motors were required.
‘l’he motors are in usc only while transfer is being accomplished which is estimated
at 10’,; of ti le cycle time. The total transfer power requirement in th is  system is:
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7. 5 l IP / l a the  X 42 lathes X l0 ’/ usage - 31. 5 HI ’

‘(‘bus it  can be seen that for just  a Rough ‘I’urn operation , energy in transfe r could be
reduced from IGSO LIP to 31. 5 lIP.

(‘lear ly it d’Wi he S(’( ’ii that a studby is req u ire (I of almost every operation in each
1)l~L ilt  to Ilu l only catalogue and ii~eas u i’(’ t h e  energy eonsumj )l ion hut  t o select alt erna—
I ivCS In i’eduee (‘n(’Fgy eonsum l)t ion .

One ~ i’i vate conce en has advised us that I h e y  have started such a procedure III Ol1(’
of the i r  indus t r i a l  plants. ‘I’ilcy itk’ntificd every energy re quii’entent , (letc ’rmined it s
need and 1)OSSible alternatives . So far they have reduced energy consumpi ion by
twenty—live percent (25L ) ufl(b expect to (10 more. ‘i ’his , by the way . was (b ile ill a
re la t ive ly  modern plant. It is believed that energy savings ap~)roac’hing f i f ty  percent
(50’ ) in some of our older plants is not unrealistic and twen ty—f ive  percent (25c; )
should he obtainable in most plants in operation. Of course studies would he required
to consider the co~~ uf ach iev i ng a lower energy consumption and! the payhack rat io
must i)e ck’te rmincdl . On the other hand , as the above meat ione(l contractor explained
that by cutt ing back their energy requirements they were able to m a i n t a i n  their  ope ra-
tion wi thout interruption during energy cutbacks by the u t i l i t y  companies that service
them . ‘I’hey considered this  fact almost invaluable.

I ) .  S’I’tI l)IES

A program to identify needed energy conservation Illea sil F(’s and to deft m i  inc
methods for efficient  energy utilization at Army A mm u n i t i o n  Pl :ults has recently been
undertaken under MM& TE Project 115764281 titled . ‘‘Methods for Conservat ion of
F;Ilergy at Army Ammuni t ion  Plants .

‘I’he p rograni is divided into two suhpro i ects wh i( ’h are I )ei ng (1 t i i t l u  c~(’t I by
Picatinny and Frankford Arsenals. The P icat inny subpro~ect focuses n i  energy
studies at munit ions load and pack plants ~vIi ile the Frank ford sLii )J ) roj ect examines
energy at munitions metal parts plants. ‘l’wo spccific areas of inv est igat ion are
currently (icing initiated by Frankford Arsenal.

1. ‘‘Process Energy Inventory For Metal Parts ’’ — This task ~v i l1  determine 1 m m
plan t surveys: a. What energy is being used ; b . Where the t i lerg v is (wing used;
c. When the energy is he ing u Se(l; d . Wily I he energy is he i ng a set! . ‘b’hc a I~ rmat  ion
will  he utilized to develop a computer energy model such that actual energy enI l su i l r p—
tion and e fficiency of use can be (Ieterm m e d  for each manufac tu r ing  step. ‘I’he model
will pinpoint  areas wherein energy can he save(i without ( lie cost of a major  program
and identify those areas where efficiency can he improved with engineering stu di( s.
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2. “Investigation of Reduced! Forging Temperatures” — ‘I’his task will be cofl(IUett?d
in two phases. ‘I’he first phase will determine the effect of lower torging temperature
on forging tonnage requirements. Resultant metallurgical properties and the dimen-
sional characteristics of the forged product will be examined!. This phase will provide
the necessary data to conduct an engineering trade—off study to determine an optimum
forging temperature. ‘l’Iie second phase will involve the product ion of 10,000 projec-
tiles at Ih ( ’ opt imum Forming temperatures to prove out the data obtained in the first
f)h :Lse . II successful , this task will provide the (lata necessary to reduce the energy
req u ire(I for forging artillery metal Parts.

Contingent upon fun ding , several additional areas of en(’rgy conservation for meta l
par ts  manufacture are planned for investigation under this project:

1. Reduced heat for phosphating and cleaning.

2. Improved furnace efficiency by utilization of waste Pleat.

:1. Reduced heat for forging through lower weight mults .

F. CONC L USIONS

Energy consumption can be reduced in almost every operattoiì found in metal parts
plants . Increased thermal efficiencies of furnaces , use of mechanical in lieu of
hydraulic presses , lower forging temperature and lower billet weight are some of the
areas which can significantly contribute to energy savings in the artillery MPTS
facilit ies.

F. RECOMMENDA ’l’IONS

Due to the present and future expectations of the availability i~~~ energy sources , it
is imperative that the energy requirements in our MPTS facilities he better defined
and alternate energy sources he utilized for existing process operations.

Energy savings is a very cost effective method in reducing the overall manufac tu r ing
cost ol an item and should be thoroughly investigated for all avenues of possible savings .

It is recommended that MM&TE Project #5764281 titled . “Methods for Conservation
of Energy at Army Ammunition Plants ” be continued and future fund ing be made avail-
able if nee(ledl to implement other areas of energy conservation as outlined under tile
study portion of this section.
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SFC’IION NINI ’

SUMMARY 01’ CONCLUSIONS

As a result of the surveys conducted oi private industry and projectile metal parts
plants, literature searches , engineering evaluations and specific studies conducted , it
is concluded that modern equipment and more efficient manufacturing techniques can he
applied to artillery metal parts plants with the expectation of beneficial results ,
esoecially in the form of reduction in direct labor.

With the increased productivity and the automatic load and unload features of re-
cent equipment designs , the manpower costs required to prod uce a given unit under
production conditions could be significantly reduced over present practice. With the
incorporation ci modern machine tools coupled with  an integrated automatic material
handl i ng and inspection system , direct labor in the form of manhours could be r (~iUeedl
at least f i f t y  percent (5O~X - ) in most cases. Similar type direct labor reduction can also
In ’ expecte(I in other areas such us forging , heat treating , p a i n t i n g .  etc .

‘I’hroug h ti le use of a system approach to manufacturing operations such us hot
shearing and preheat , lube , induction heat prior to nose , addit i( ,nal savings in man-
power costs should he realized.

A second major area for cost savings is the reduction of starting material cost
through use of smaller mults. The new presses purchased under plant modernization
programs should be capable of utilizing contour tooling and tightene(l draw rings which
should significantly reduce the cost of the starting material.

In the area of metal removal , cost savings can be reali zed through the use of new
cutting tools , improved cutting fluids and alternate methods of mel-al removal.

Improved thermal efficiency of furnaces should lead to r c(Iu c( ’(I fu e l  con su lmi f i t i on
which would both increase tile probability of plant operation ( lur ing periods of fuel CLII

hacks by l ime u t i l i ty  companies and reduce the manu facturing costs ol pro j ( ’ct il ( ’ me ta l
parts.

By defining manufacturing parameters and through the use of math modeling , lead
time to production can be decreased! and the optimum edlui pmcnt/process can be uti l i  zeti
for artillery MPTS manufa cture.

Layaway procedures arc important tools in the government’ s overall i~lan for M
day requirements. By optimizing the procedures in order to Furth er facilitate equip-
ment readiness, improved reliability in manufacturing lines may be realized.

In conclusion , this project has been of great assistance in pointing out risk Factors
and provides the basis for the future MM&T work to be performed.
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SECTION l EN

SUMMARY OF RECOMMENDATIONS

Many benefits are to be accrued if the recommendations of this study arc imple-
mente(l Ifl tile form of future engineering studies. In addition to the cost savings to be
realized from these studies , fu ture projectile designs and their compatibility to known
manufactur ing techniques will he aScertaiflc(i and the optimum production/process
realized through mathematical modeling , thus reducing the Ieadtimc from projectile
concept of production .

The intent of this report is to recommerl(I what future MM& ’I’ Eng ineering Studies
are needed to investigate in detail the latest state—of—the—art production tochniques am’
their  applicability to artillery.

‘I’he following proposed MM&T projects have been developed from the findings (> 1
- 

- this project:

(1) Project No. 5776730 — Squeeze Casting of Munitions Hardware.

(2) Project No. 5776719 — Investigation of Warm Forming as an Alternate Method
of Manufacture for Artillery/Mortar Metal Parts.

(3) Project No. 5776716 — Development of Mathematical Model ing of Forming
Operations for Current and Future Artillery Metal Parts Design.

( 1) Project No. 5776714 — Feasibility and Manu facturing Study of Reduced Steel
Requirements for Artillery Metal Parts Fabrication.

(5) Project No. 5776713 — Investigation of State—of—the—Art of Computer Hardware
for Autom atic Control of Artillery Metal Parts Manufacture.

(6) Project No. 5776712 — Engineering Studies on ti m e F’eas ihil i l .y of Utilizing
Multiple Linkage Mechanical Presses for Long Stroke Applications.

(7) Project No. 5776711 — Investigation of Optimum Methods of Layaway of
Artillery Metal Parts Plants.

(8) Project No. 5776682 — Simulation of Ammunition Product Lines.

(9) Project No. 5776632 — Automated Inspection Devices for Artillery Projectiles
in Modernized Plants.

(10) Project No . 5776706 — Metal Removal for Artillery Metal Parts.

( 11) Project No. 5776708 — Development of Chip Handling Systems by Determination
and Interface of an Integrated System for Artillery Metal Parts Manufacturing
Plants .
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The time and cost requirements b r  the proposed projects arc shown on the
following chart. All costs arc in FY77 Dollars.

Project No. FY77$ FY78$ FY79$ FY8O$ TO TAL$

~77G730 71K 0 320K 490K 881K

5776719 ‘102K 53K 0 0 -155K
5776716 295K 310K 320K 340K 1265K

577671-1 259K 412K 1076K 0 1747K
5776713 171K 53K 0 0 224K
5776712 54K 54K 0 0 108K

5776711 177K 118K 59K 0 354K
5776682 295K 141K 0 0 -136K
5776632 589K 236K 0 0 525K
5776706 479K 795K 290K 195K 1759K
5776708 53K z9K 0 0 82K
TOTAL 2845K 2201K 2065K 1025K 8136K

It is recommended that the above proposed studies i)y implemented so as to en-
hance the overall modernization programs in time MPI’S pro(lucing facilities. Further-
more , it is recommended that the on—going studies on hot shearing, induction heat
treating, automatic inspection techniques and ener~ r be continued .
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