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DISPOSITION INSTRUCTIONS

Destroy this report when it Is no longer needed . Do not return it to

the originator.

The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other authorized
documents.
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I .  OBJECTIVE

The o b j e c t i v e  of t h i s  p r o j e c t  was to es tab1ish  a new , improved
production techni que for separation of heated billet stock which , after
parting , would be immediatel y forged into a projectile shape .

II. INTRODUCTION

The b i l le t  parting concept investigated under this project Involves
heating 20 to 24 foot billet lengths of steel to forging temperature ~,f
approximately 2200°F and hot shearing to required forging ( m u I r )  l e n ~’, t h ;
afterwhich, hot sheared iuults move di rt’cti y to the forging press. Using
t h is concept, h eat ing, separat  ion and f o r g i n g  of t he  b i l l e t  s tock i s  an
in t e g r a t e d , comp le t e l y a u t o m a t i c  o p e r a t i o n .

The four  ex i s t ing  methods  of b i l l e t  separa t ion  e i t h e r  c u r r e n t l y or
prev ious ly  used in  p r o j e c t i l e  m a n u f a c t u r e  a re :  N i c k  & Break , Cold
Shear ing ,  Flame C u t t i n g  and Sawing . A t a b u l a t i o n  of u n d e s i r a b l e  charac -
t e r i s t i c s  associated with current separation processes compared to hot
shearing is shown in Table I. Inefficiencies which can be attributed to
each of the current methods are :

Excessive Material Handling — All current separation methods are
done cold . This means that individual mults must be transported from
the separation operation to the hot forge furnace , placed individuall y
in the furnace , removed ind iv iduall y from the furnace and transported
to the forge press.

Material Waste — The worst process with respect to material waste
is the nick and break process. This also happens to be the process used
most prevalentl y in projectile forging operations. Selection of billet
parting processes and equipment in existing plants was done when material
costs were low ; therefore , material waste was not as great a concern .
Current high material costs dictate that greater attention be given to
material savings. Due to the angular breaks experienced with the nick
and break process, one can never be certain just what the weight of the
broken mult will be. To compensate for this , mult s must he broken extra
long to assure the broken mult will not fall below the weight required
to make an acceptable projectile. With both sawing and flame cutting,
there is a kerf loss which results in material waste.

H~ g~h Operating Cost — High operation costs are associated wit h both
sawing and the flame cutting processes; sawing because of the saw blade
cost and flame cutting because of gas and oxygen cost. Recently, steel
companies have started charging an extra of $28 per ton to supply some
grades and sizes of steel in a suitable condition for cold shearing .
The addition of this extra material charge changes cold shearing from a
relatively inexpensive process to a very costly operation .
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S u r fac e  I r r e g u l a r i t ie s  — I ) e t e c t i v e  p r o t e c t  ih  ‘ a v i t  ics c e s u l t  i c c ’
from surface I rregularit los on the p a r t e d  s u r f a c e  o f t e n  o c c ur  w1c ~~:
using both the nick and break and flame cutting processes. The nick
and break process can leave slivers of metal on the parted face which
end up as laminations in t h e  project ile cavity. Provided such defects
are not of any significant depth , projectiles containing these defects
are c u r r e n t l y  salvaged by g r i n d i n g  out the  d e f e c t .  This involves  a
costly labor opera t ion. Flame cutting, if properly controlled , is much
less of a problem in this area ; however , when out of control surface
irregularities result from this process also .

Scale — Scale is a problem associated w i t h  a l l  of the  e x i st i ng
parting processes. Mults are currently parted afterwhich . hey are p laced
in a furnace for heating to forging temperature. During this period of
heating , surfaces of the mults are exposed to the furnace atmosphere
and become scaled. Since one end of t h e molt becomes t h e  Inside surface
of the projectile a f t e r  f o r g i n g , any scale present on the end of t h e
mult becomes imbedded in the projectile cavity surface resulting i n
very poor q u a l i t y  su r face  c o n d i t i o n .

The problem areas , inefficiency and high costs associated with ex-
is t ing b i l l e t  separa t ion  t echn iques  d i c t a t e d  that  a t ic~~’ method of billet

separation be investigated . The hot shear concept of b illet separation
o f f e r e d  the greatest  p o t e n t i a l  for overcoming ineffici encies associated
with existing processes and was also a process tha t could he implemented
as part of an integrated , comp letel y synchronized and automated forging
line.

In addition to the above benefits , hot shearing appeared to be a
process which would be adaptable to various steel grades and material .
conditions . Billet parting techniques such as sawing, cold shearing
and flame cutting are limited to low and medium carbon grades of steel.
In some instances preheating or special conditioning of th e material is
required prior to parting . Newer munitions are being made from big ht
fragmentation and alloy grades of steel where problems could be ant i~~’i -

pated in billet parting using some of the current techniqu es. Frag-
mentation materials such as nFl would be su sceptible to crackin g ii ’

parted by either shearing or flame cutting and sawing of this bigh t
carbon , hard material would be prohibitive based on cost considerations.
Since in the hot shearing process , the material is heated to forging
temperature prior to parting , the hardness , strength and brittlene ss
of these materials would not present any problem when using the hot
shear concept of billet separation.
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ill . SUMMARY

Hot shearing studies were conducted on the 105 mm Ml and 155 mm
M107 projectiles at the National Presto industries Inc ., Eau Claire ,
Wisconsin and Twin Cities Army Ammunition Plant , (TCAAP) New Brighton .
Minnesota respectively. Performing the studies at these two facilities
permitted evaluation of hot sheared mults using both the hot cup—cold
draw (National Presto) and hot forge (TCAAP) processes of projectile
manufacture .

A hot shear press and associated tooling was purchased from
Rheinstahi Wagner Company in Dortmund , Germany and installed at National
Presto. Using this piece of equipment , an engineering stud y was con-
ducted to establish process parameters for hot shearing of billet stock
in steel grades 1018 , 1046 and HF1 such that the parted stock could be
subsequently processea into a defect—free projectile. Parameters investi-
gated during the study included billet temperature , shear bl ade clear-
ance and shear speed .

After establishing optimum hot shear process parameters , a quantity
of 1000 mults were hot sheared at National Presto and subsequently pro-
cessed into 105 mm Ml projectiles using Presto ’s standard hot cup—cold
draw process. This process is recognized as requiring a higher quality
starting mtil t than th e hot forge pr°c ’S~ of manufactur e and therefore ,
was cons idered to be a severe test of the adequacy of the hot shear
method of billet separation . Visual and magnetic particle inspections
were performed on each of these projectiles after forging and after the
nosing operation. No defects were found that could be related to the
fact these projectiles were processed from hot sheared mults. In terms
of tolerance on length , weight control and overall quality of parted
surface, hot sheared mults equaled or exceeded the results currently
achieved at National Presto using the band saw method of billet separa-
tion. This was a significant finding because sawing up to this time had
been considered to be the most exact method of billet separation and
yield the highest quality mults.

Hot shear .~tud ies on the 155 mm M107 projectile were conducted at
TCA.AP using mults hot sheared at Caterpillar Tractor Company in Peoria ,
Ill inois. Approximately 100 tons of steel was hot sheared into inult
lengths at Caterpillar and subsequently shipped to TCAAP where a total
of 1144 hot sheared mults were successfully processed into 155 turn M107
projectiles using the hot forge process of manufacture. One of the
significant findings at TCAAP was the noted improvement in projectile
cavities when using hot sheared mults. Nick and break is the standard
bille t separation process used at TCAAP . This process results in an
irregularly broken mult surface and repair of projectile cavities by
grinding is often required . Based on test results when processing hot

6
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sheared mul t s , i t  appears  c a v i t y  d e f e c t s  and r e s u l t i ng  g r i n d i n g  to
remove these defects can be significantly reduced when using hot
sheared muits.

A secondary study was conducted at National Presto to determine
the feasibility of hot flame cutting mults. The purpose of this
study was to determine if hot flame cutting would he an acceptable
method of parting the last mult in a billet length from the discard.
Slag clinging to the bottom edge of the mult after flame cutting
presented a problem and this method of billet separation was deter-
mined to he unacceptable for projectile manufacture . Through use of
an outboard support and clamping of the mult while hot shearing , no
problem of separating the last mult from the discard will be en-
countered and and an auxiliary ucethof of separating this last piece
will not be required .
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IV . ( ; i ) N ( : l . l ~ I l ) N S

1. Hot shearing produc es  high quiti it ’~ m tilt . s suit :tbh’ f r  i r ~~ es~~int~
into art i l l e r y  projecti le bodies by bo th  t h e  hot cup—cold  draw process
and the hot f o rge  process of manuf.e’t ore.

2. Tn t e rms  of t o l e r a n c e  on l e n g t h , w e i g h t  c o n t ro l  , perpend icu l ar i t’ .’
and ove ra l l  q u a l i t y  of par ted surlace , hot sheared inults equaled or
exceeded the  r e s u l t s  c ur r e n t l y ach i eved  at Nat  i ona l  Pr e ’~t o u s ing  t hi ’
hand saw method of separation.

3. Hot shearing produces a c ’ l . ’aic , s ale—free m u l l  cod sci rfio’ e ~nd i i  l i i

w h i c h  r e su l t ed  in a signif i c an t  i m p r o v em e n t  in t h e  (lual . i t v of h i t  forged

p r o j e c t i l e  c a v i t i e s  when compar ed w i t h  p r o j e c t i l e s  f o r g e d  u s i n g  n i c k e d
and broken mults.

4. The temperature  ranges w i t h i n  which high quality hot sheared  m u l t
ends were obtained fo r  the  th ree  grades of steel hot sheared at Nat tonal
Presto dur ing  this  stud y were :

AISI 1018 — 1800°F to 2250°F
AISI 1046 — 1700°F to 2150°F

liFT — 1800°F to 2000°F

5. Opt imum shear blade c lea rance  c o n s i s t e n t  w i t h  h i g h  q u a l i t y  shea red
ends was de te rmined  to he .020 ” .

6. Shear  b lade  s t roke  speed did not have a s i gn i  f icant e f f e c t  on sIte i t ’d
m u l t  end c o n d i t i o n  w i t h i n  the range of shear  speeds a v a i l a b l e  ( 144 ”!
m i n u t e  to 200°/ m i n u t e ) .

7. S tee l  grades 1-IFT and 1046 can be hot sheared w i t h  e q e a l ly  sati sfa ’—
tory results as 1018 grade steel.

8. Benefits achieved from hot s h e a r i n g  when compared to other metb iod s
of b i l l e t  sepa ra t ion  are  r e l a t e d  to ( 1) r e d u c e d  m a t e r  i n ]  h a n d l i  i t

(2 )  m a t e r i a l  savings r e s u l t i n g  f r o m  USc 1 lighter , ~o r e ot t  i form W e ]

m u lt s  (3) l ower opera t  ing costs (4) r e d u c e d  scrap losses at both l i t ’
b i l l e t  p a r t i n g  and f o r g i n g  o p e r a t i o n s  and (5) greater e.1 f i c i c r i c y  r~’-
s uit i n g  from an in t eg ra ted  h e a t i n g , b i l l e t  s e par a t i o n  c o n c e p t .

9. Cost savings for hot shearing compared to t h e  n i c k  and ht’ eak p r o c i s s
of $0.45 and $0.97 have been c c l  jmatcd for the 105 mm Ml and 155 tutu
M483 projectil e respectivel y.
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10. Use of a cut—to—weight system in conjunction with hiot shearing ol
mults provides material weight savings up to .85 and 1.03 pounds/shell
for the 109 ‘urn Ml and 155 mm M107 r e sj c e t iveiy. This material savings
is d i r e c t ly  a t t r i b u t a b l e  to the c u t — t o — w e i g h t  sys tem and is  In  add i
to  m a t e r i a l  savings r e s u l t i n g  from being able to hol d -i close length
t o l e r a n c e  on hot sheared m u l t s .

11. A potential disadvantage of hot shearing is t h a t  t he  hot shea r i s  : 10

integral part of the forge line ; hence , production o f f  the  forge  p r u ’~s
is directl y dependent on operation of the hot shear press. However. hot
shear equipment currentl y in use in t h i s  type  app l  i cat  ion has been I
to be very reliable an~ no significant forge line down time directl y ri-
lated to down time of the hot shear has been experienced .

12. Use of a hold down mechanism on both the inboard and outboard si l k
of the hot shear press is considered to be the best technique to min i-
mize material losses when separating the discard in each billet length
from the last mult in the billet length.

13. When purchasing hot shear equipment , it is important that the hot
shear press be purchased as part of a complete furnace—hot shear press
system with one contractor responsible for the entire system . This is
necessary because the entire line front unscrambling table up to delivery
of the hot sheared and descaled mults to the forging press must operate
as a f ully integrated system with all units synchronized with each other
for automatic operation.

14. The quality of hot flame cut nults is not acceptable for projectile
forging applications due to slag which clings to the bottom edge of the
mult and prevents production of acceptable forgings on a reliable pro-
duction basis.

V . RECOMMENDAT IONS

1. Hot shearing should be implemented into the new manufacturing
facilities being planned for production of the 105 mm Ml and 155 runt
M483 projectiles.

2. Hot shearing should be imp lemented into future new or modern ized
metal parts facilities when new forging furnaces arc’ bein g purchased so
that hot shearing can be integrated i n t o  the forging line .

3. Hot shear equipment should be purchased as part (>1 a furnace — lint
shear press system with one equipment suppi ior responsible for the itt-
tire system to include unscrambling table , hot shear press , descaler and
all auxiliary material handling equipment.

A 9
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V I . BACK GRO UN D

The hot shear ing  concept  of b i l l e t  s e p a r a t i o n  investigated tinder
this project is not new. One example  of this type of p r o d u c t i o n  w h i c h
has been in use fo r  more than  20 years is the for~ lug of hexagon nut
blanks and similar configurations on horizontal mult i—st ation progres-
sive hotformers. Teamed with automatic bar heaters , these hotformers
combine feeding, heating and forging operations into a fully automatic

production system starting with bundles of mill—length bars it ‘ne cad
of the line and ejecting pierced precision forgings at the other end cf
the l ine . In opera t ion , heated bars  are c o n t i n u o u s l y  fed  to the hot—

former , hot sheared to l e n g t h  and shaped in three  c o n s e c u t i v e  f o r ~’i n g
o p e r a t i o n s .  As a rule , the f i r s t  s t a t i o n  is used f o r  p r e f o r m i n g ,  the

second for finish formii g and the third for piercing. A finished for~ —
in g is e j e c ted at  each stroke . However , machines of this general t ype
are l imi ted  to a maximum weigh t  of the  forging of about s ix  pounds.

A more recent commercial installation us i ng thi s same g en e r a l  ‘‘ti -
cept fo r  l a rge r  bar s izes became ope rat iona l in  1969. This forg ing lin e
uses a vertical press w i t h  side mounted hot shear capab le  of shearing
up to 6” d iamete r  round bars .  This  fo r g i n g  l i ne  is par t  of a comp l e t e
production facility for manufacture of railway bearing races which
weigh up to 50 pounds. Operational character istics of this line are as
fol lows . Steel bars are loaded onto  an inclined bed so that feeding of
the bars in to  the induct ion heating unit is performed automatically.
The induc t ion  heating units which are capable  of h e at i n g  10 , 500 pounds
per hour consist of seven induction coils with motor driven support
rolls between each coil box . The forging temperature of approximately
2300°F is achieved in less than five minutes. A mechanical crank tyice

shear which is an integral part of the forging press Is located at th e-
exit end of the furnace. As the bar exits f rom the induction furnace ,
it moves up against an adjustable stop on the press which establi eh, s (lit ,

mu I t  l eng th  fo r  s h e a r i n g .  The f eed  t a b  I e , ind uct ion furnace , hot  d e n  r
and f o r g i n g  press are a l l  s y n c h r o n i z e d  t hr o u gh  one cent  rol  panel for
c o m p l e t e l y a u t o m a t i c  ope ra t ion  f rom fee d ing of the  bar s t o c k  to f i n  I
f o r g i n g .

Review of the  forging operations described nb ,v e m d  i c a t e d  :1 b i g h t

p r o b a b i l i t y  of success in a d a p t i n g  the  hot  shear concep t  to pro 1~ t H ’ -
f o r g i n g ; however , there  were q u e s t i o n s  t h a t  needed to he r eso lved  I -  f i r , .
the concept could he implemented  i n to  a p r o j e c t i l e  f o r g i n g  l i n e .  ‘ l i i ’s
q u e s t i o n s  were r e l a t ed  to the  fo l l owing  areas:

1. Most p r o j e c t ile s  have “ as f o r g e d ” cavities in the finished i t i ’ m .

Would a hot sheared m u l t  s u r f a c e  he of high enough quality to p r o c  hid,-
d e f e c t s  in the  p r o j e c t i l e  cav i ty  o r i g i n a t i n g  f r o m  tho  h t o t  sh i’: ,r ’I ~i i c I
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2. Would pu l l  down ( d e f o r m a t i o n )  at the edge of the molt durin g
h in t  shear ing  cause prob lems  En the  su l ) Se ( luef l t  f o r g i n g  op vr at  b it . I’ ul en—
ti.i l problems were eccentricity in th e ’  f o r g i n g  or d i f f i c u l t y  In  g e t t i n g
the m u l t  ‘into the f o r g i n g  d i e ?

3. Would any problems be experienced in hot shearing round c rnered
square material as opposed to the round material that had been hot ’
sheared up to this time?

4. What var iat ions in shear q u a l i t y  would be experienced In hot

shearing the various grades of steel used in projectile manufacture?

In addition to obtaining answers to the above ques t ions , o p t i mi-
zation of hot shearing process parameters and controls and specific
information on weight and length tolerances achievable by hot shearing
were required prior to recommending hot shearing f or Imp lementation in-
to projectile forging facilities. It was toward this end that investi-
gations conducted under this project were performed .

VIT. J,lJ_I~~

A. h’ rociirement of Hot Shear Press

F At. the t ime this t : tud y was initiated there was only one U.S. manu-
facturer using hot shearing of mults for forging app lication in the
steel stock sizes of i n t e r e s t .  This m a n u f a c t u r e r ’s p rocess u sed r ou n d
steel starting stock as opposed to round cornered square s tock wh i c:h was
of interest for artillery project ile m a n u f a c t u r e . Also , due to prod ttr —
tio n requirements . this manufacturer was not willing to do any tri a l
shearing of government furnished material. Based on these considera-
tions , the decision was made to procure a hot shear press , install it at
a projectile manufacturing facility and conduct a study of the hot sI~ear
process.

Numerous U . S .  bu i lde rs  of shear ing equipment  were  c o n t a c t e d  to d e—
t errn ine  t he i r  in t e res t  and c apab i l i t y  to f u r n i s h  a hot shear press f o r
the intended app lication. Responses from these companies indicated that
satisfactory hot shear equipment of the size and design required for the
intended useage had not been manufactured in the United States. The hot
shear equipment built in this country is primarily used in the steel
industry for cropping ends of bar or billet lengths where the quality
of the parted surfaces is of little consideration . Since U.S. manu-
facturers of hot shear equipment had not had to concern themselves wit it
the quality of hot sheared surfaces , the technology and basic principl e s
underlying the design of hot shear equipment For the intended app li”at ’I”n
had not been developed in this country.
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As discussed earlier , the use of the hot shear approach t o  b i l l ’  t
separation for forging app lications in the proposed billet sizes i,s
relatively new concept. Currently, U.S. installations using this h ir g—

ing concept are using hot shear equipment built by R h e i n s t a h i  W a g n er
Company in Dortmund , West Germany . The hot shear built by Rheinstahi
Wagner was designed specifically to be used in connection with an in-
tegrated forging operation; whereby, the heating of billet lengths for
forging , hot shearing and subsequent forging are performed as a con-
tinuous integral operation . Because of this intended useage , the hot
shear has design features which minimize distortion and smearing asso-
ciated with conventional steel mill hot shear equipment .

For the purposes of this stud y it was considered essential that a
hot shear he used that had been designed and manufactured by a company
with specific experience and knowledge of hot shearing of billets for
forging applications . To attempt to conduct this study with anythin c
less than a proven piece of equipment could have meant failure of the
project and inability to determine the parameters and controls necessary
for successful performance of the hot shear . Since this equipment was
not available in the U.S., the hot shear press was procured from
Rheinstahl Wagner.

Specific performance requirements of the Rheinstahi Wagner hut
shear which were considered essential for hot shearing of mults to he
used in forging of projectiles were: (1) a minimum amount of d e f o r r - t  ior
during the shearing process and (2) a smooth , defect—free hot sheared
surface. Any defects present on the hot sheared surface would end up
in the cavity of the forged projectile. Since the cav i ty  s u r f a c e  i s  not
machined on many types of projectiles , such a defect could not he per-
mitted for safety reasons .

B. Hot Shear_S n 105 mm Ml at Nationa l Presto

The Rheinstahi Wagner hot shear press was procured and inst- ti led at
National Presto Inc., Eau Claire , WI , for per fo rmance  of an engineering
study of the hot shear concept of billet separation . This study was
conducted in four phases as follows :

Phase I — Design and modif y equipment as required and make equ i p-
ment set—up necessary for the stud y.

Phase T I  — E x p e r i m e n t a l l y  e s t ; ih l  i sh p ar am - .t er s  of I n t l  shearing
w h i c h  p r o v i d e  optimum qualit y sheared ends.

Phase I I I  — Forge 1000 p r o j e c t i l e s  u s i n g  the  hot c u p — c o l d  draw
process and 1018 s tee l  wit h  the  ecluipment s e t — u p  and process parameters
established in Phases I & IT .  A l l  1000 pro jectiles to he magneti c ini rt ft - ic
inspected a f t e r  Forging and again after nosing.

12
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Phas e IV — Per fo rm hot shear  s t ud i e s  on 1046 and HFI grades of
steel to compare hot shearing characteristics with 1018 steel.

A comp let e  repor t  on the hot shear  s tud y conduc ted  at N a t i o n a l
P res to  is con ta ined  in  Volume I I .  A summary of t h i s  work  i s  p r e s i ’n t e ’I
below.

The Rhel nstahl Wagner hot shear  press  was p r o cu r e d  and in st a 1 I-
at  National Presto I tic . , Eau Cia i r , Wl , f o r  p r e f o r m a n u ’e  of u n  eug iii’ ’ r— -
j ag  s tudy  of the  hot sh ear concep t  of b i l l e t  s e p a r a t i o n . I’e r f o r m t u i ’ ’
character ist ics of the hot shear ~uress are Included i n  A p p e n d i x  A.  b
equipment  r equ i r ed  fo r  the stud y, i n  a d d i t i o n  to the  hot shear prees ,
inc l uded a bar conveyor , a bar index mechanism and an induction ty p e

bar heater. With the exception of the hot shear press , all of thi s
equipment was built at National Presto and installed in a manner s,iu ’hu
that the equipment functioned as an integrated bar heater , hot shear
press system .

Parameters investigated during the stud y included b illet temper-
ature , shear blade c learance  and shear  speed . Tab le  2 ‘raphica ll y de-
p icts a l l  combinat ions  of these v a r iab l e s  i nves t iga t ed  d u r i n g  t h i s
s tudy on 1018 steel and the r esu l t s  ach ieved , and is tli~ basis for flu
data given under conclusions on page 8 of this report.

A quantity ~f 1000 projectiles were successfully forged from hot
sheared molts without difficulty. Visual and magnetic particl e in-
spec t ions  p e r f o r m e d  on the f o r g i ng s  and nosed shel I s  revea l ed no de-
fe c t s  t h a t  were r e l a t e d  to the  hot shearing pre”ess Pro ~‘ct l Ie i n c  i t  y
f In I sh was considered equal to that oh ta i nod in no rm;u I p reuluc’ t i O t t  us I np
saw cut mults.

A pho tog raph  of a t y p i c a l  mo l t  hot  sheared at Nat lena1 Presto is
shc’wn in F i g u r e  1. This photograph shows the good surface qualit y and
minimum corner  d e f o r m a t i o n  achieved in hot shea r ing  105 mm Ml mults.
Weight ani dimensional tolerances achieved on hot sheared molts
processed dur ing  th is  phase are shown in Table 7, page 23.

‘flue temperature effect on hot sh i e :t r in g  l0/ t6  :inui I ll ” f or ,uuh’ s it t si e l
was investigated using the stroke, speed and blade clearance setting en-
tablished as optimum for 1018 steel . In addition , blade clearance j u s t
above and below the m a n u f a c t u r e r ’ s recommended m i n i m u m set t i n g  of .ft’O”
was examined for  1046 steel. Both grades 1) 1 s tee l  were  su c c e s s f u l l y  h ot
sheared . Table  3 g r a p h i c a l l y  d e p i c t s  a l l  c o m b i n a t  ion s of va r iab les  i i i —
ves t i gat ed  in t h i s  phase and the r e s u l t s  ach ieved .
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Figure  i .  Side View of Hot Sheared Mult for

105 mm Ml P r o j e c ti l e .
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C. Ilot Shear Study on mm M107 at Twin Cities MI>

While the  hot  shear press to he i n s t a l l ed  at N a t i o n a l  Presto was
being b u i l t , C a t e r p i l l a r  Trac to r  Company in East Peoria , IL was
bu i ld ing  a new forge  l ime fo r  f o rg ing  of t rack  support  rol lers  for
C a t e r p i l l a r  t r a c t o r s .  This l ine  incorporated hot shear ing of mul t s
from 6” round cornered square s t a r t i ng  stock.  The hot shear press used
in t h i s  l ine was the same model as the one being procured for i n s t a l l a—
tion at Nat ional  Presto.

Personnel f rom C a t e r p i l l a r  Trac to r  Company were  c o n t a c t e d  to de-
termine if i t  would be possible  fo r  them to hot shear some molts in the
6” round cornered square s ize.  Delays in p lac ing the overseas con t rac t
fo r  the government ’s hot shear press had put th is  program behind sched-
ule so it was decided some ear ly answers re lat ive to hot shearing of
mul t s  for  p ro jec t i l e  forg ing  could be obtained by having some work
done at Caterpillar Tractor Company . Cate rp i l l a r  perscnnel agreed to
hot shear some mater ial  f o r  the government provided th i s  work could be
done whi le  they were in the debugging phase of se t t ing up their  fo rge
l ine . They pointed out that  once their  equipment was p laced in f u l l
product ion they would not be able to assist the government in this
pro jec t .

A contract  was placed wi th  Donovan Const ruct ion Company , New
Brighton , MN , the operating contractor  of Twin Ci t ies  Army Ammunition
Plant  (TCAAP ) to ship 100 tons of steel regularly used in production
of the 155 mm M 107 proj ectile at TCAAP to Caterpil lar  for  hot shearing
into mult lengths. These mults were then returned to TCAAP for  processing
into 155 mm M107 proj ecti les.  As previously exp lained, hot shearing of
this material  was done while Caterp i l la r  was debugging their  induction
furnace and some problems were encountered . Out of a total  of 1705
mul t s  processed , 561 proj ectiles had to be scrapped because of the
possibili ty of overheating . Control  problems were being experienced
wi th  the furnace at the time the 561 inults representing these proj ec-
t i les were hot sheared so rather than take a chance on having over-
heated project i les  get into the f i e ld  i t  was decided to scrap th i s
m a t e r i a l .  Resu l t s  of process ing these inults into proj ectiles were not
typical  of resul ts  achieved when processing mults that  had not been
overheated ; the re fo re , this data was disregarded in this  stud y.
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A to ta l  of 1144 m u l t s , represent ing  ma te r i a l  that  had not been
overheated , were processed into 155 ~m M107 p r o j e c t i l e s  at TCAAP . A
breakd own of the var ious gr oup ings pf mults representing the total of
1144 is shown in Table 4.

TABLE 4. Croup IdQnt i f  icat’i  on of Hot_Sheared
Mults_Processed at TCAAP

Group I Color Code Condition Weight Press Line ~~~~~~~lt . s

1 Red Smooth Ends 120—122 Elms 470
2 Blue Smooth Ends 122—125 Baldwin 436
3 White Manipulator Marks

on Ends 
• 

120—122 Elms 74
4 Yellow Manipulator Má~ks

on Ends 
- 

122—125 Baldwin 164

Total 1144

In Table 4 , “Condition” refers to the condition of the ends of the
hot sheared mults. In Caterpillar ’s normal operation, they use a mani—
pulator device to grip the ends of the hot sheared mults to move them -j

into their forging press. This device imparts a rather deep hemispher-
ical impression into the ends of the mults. For Caterpillar ’s forg ing,
these impressions do no harm; however , during initial shearing of the
steel fr om TCAAP , government and Donovan personnel exp la ined to
Ca terp illar personnel that for projectile forging applications , these
impressions could cause problems . Caterpillar personnel designed a
new hold ing device for their manipulator for processing of the steel
from TCAAP. Apparently, at some later point in time , someone forgot to
remove the regular manipulator and hot sheared mults with manipulator
marks resulted . Groups 3 & 4 in Table 4 represent the mults with mani-
pulator marks in hot sheared ends.

All hot sheared mults were weighed at TCAAP and grouped into I:wu)
weight groups as shown in Table 4. Caterpillar had been requested by
Donovan personnel to hot shear molts using three different mult lengths.
The reason for using various mult lengths was to determine If the molt
weight could be reduced by going to hot shearing . As exp lained pre-
viously the nick & break process is not a very exact method of billet

-‘1
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separation and inults typically must he broken  over w e i g h t  to comp ens ;t t i -
for the fact that an angular break could result in a mu lt too light t o
make an acceptable projectile. lhe weight of the mult aimed for In
r e g u l a r  p r o d u c t i o n  u s in g  n icked  & b u o k - l l  u u i u l t s  is  1 2 2 — 1 2 4  lbs.

As shown l i i  T a b l e  4 t h e r e  were t we press l i n e s  used at TCkAI >
d u r i n g  t h i s  st t i d y .  The E l m s  I i n c  uses c o n v e n t i o n a l f o r g i n g  press t u t u —

ing w i t h  die pot f i x e d  and press  ran t and pun ch m o v i n g  down [ i i  make  a
p ie rced f o r g i n g . Th i s  I the has a cabbage and p i e r c e  f o r g i n g  s eq u e u l

In  the Ba l dwin l i n e , t he  m u l t  f o r  I c u r i , i n g was p laced on the  r i m  of a

r i n g ,  the die pot which was on t op  irnuvec! down over  t he  m o l t ;  a f t e r w h u i c i i ,
the p ie rc ing  punch entered and p ierced the  g orging . There  was no
cabbage ope ra t ion  on t h i s  l i ne .

Of the  t o t a l  of 1144 hot sheared molts that were started through
the fo rg ing shop, 1106 projectile forgings were made as i n d i c a t e d  in
Tabl e 5.

TABLE 5. P i eces  Los 1)ui rin ,1~ For&i i~~ Q,p er a r io n  a t  :r~~,MJ ~

For~~~n,& L ine  No.  Lost Reason fo r  Loss

Ba ldwin  22 15 m o l t s  would  not sit upright on r ug ’
7 m u l t s  too cold f o r  f o r g i n g  ( W l t h c l r ; u . - u u

f rom fu rnace and b r i e f  press s h u t d o w n ,

Elms 16 7 Due to breakdown of m a n i p u l a t o r  t o n g s
8 Too cold f o r  fo rg ing
I No Boss on fo rg ing

The 15 pieces tha t wouldn ’ t s i t  u p r i g h t  in  the  f o r g i n g  press were t h e
onl y rej ects that  can in any way be related to the fact that hot sheared
mults were being run . The s l igh t  l ip caused by pu l l  down d u r i n g  hot
shearing was blamed as the cause of these pieces not sitting proper ly
on the ring. All fifteen of the molts where this problem occurred cain
off the Baldwin line which was the non—conventiona l lin e as described
above. Since such an arrangement of forging tool 1mg would never be
considered in any modernized forge facility using the hot shear cn n - c -li t
of billet separation , the problem has no significance. On the more
convent ional Elms line , there were no problems experienced that in ;unv
way could be related to the fact that hot sheared mults were being
processed . Concentricity of forgings off both the Baldwin and Elms lines
was reported as being good .
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Of the 1106 forgings processed through rough turn , f14 pi eces were
rejected for various reasons as indicated in Table 6.

TABLE 6. I ’ a h t u l : i t  i on  oI’, Reject iii r i u i ~ Rou~ hi Torn at TCAAP

( r u t l p  N o .  Ru ’j c ’c I s Re ;i~~o u u I o u  Rej ’ ~~i ouu

1 1 I)eep Boss
1 N o Boss

2 0
3 2 Ce ru t t ’r (In Ii  hr he caused by ni - un ipu la tor mark

4 :Th r t  Shell
17 Base pits doe to man i pul ;itor flu;! rks
1 Exterior pits (Not hot shear related)

4 3 Center drill broke caused by manipulator mark
10 Deep holes  in boss due to mani pulator marks

(Shell not processed further)
1 Short Shell
4 Base p it s (

~~ue to manipulator marks

If one cons iders  only the  smooth end m u l t s  (gr oups  1 & 2) the re  were
only two r e j e c t s , n e i t h e r  of which  can he related to hot sheared mults.
The primary cause of rejects in Group 3 & 4 was the manipulator marks
inadvertently put in the ends of the hot sheared muits at C a t e r p i l la r .

The cavities of all rough turned shell were visuall y inspected .
Line inspectors stated the cavities of this special group of shells were
better than regular production. This manifested itself in  less  g r i n d i n g
of projectile cavities to clean out defects.

A total of 1062 shell were p r oc essed through nosing. Of this
quantity, 1033 shell were processed through the final inspection s’~;ut ion
prior to paint . Of this quantity, 260 projectiles were magnetic particle
inspected and two projectiles were screened out f o r  magne t i c  p a r t i c l e
indications. One of these indications appeared to be a seam d e f e c t
approximately 3/4” long near the rear bourrelet and the other p r ojt’ c t i Iu ~
had cracks in the I.D. nose thread area . Both of these projectiles were
returned to Frankford Arsenal for further metallurgical examination ; -

‘

however , neither defect was found to be related to the hot sheared
s t a r t i ng  m u l t s .  The p r o j e c t i l e  w i t h  nose cracks was detected visually
pr io r  to magne t i c  p a r t i c l e  inspection . The remaining quantity of 27
projectiles making up the difference between 1062 and 1033 represented
projectiles that were set aside for rework at various operations and ,
therefore , did not pass through the fina l inspection station with the
other quantity of 1033 shells.
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The 1033 p r o j ec t i l e s  f i n a l l y  p rocus sed through fina l Inspect i o n
d u r in g  t h i s  tes t  were assigned a separate TCAAP lot number  of 6 — 1 .
Ba l l  i s t i c  samp les were  s e l e c t e d  f rom t h i s  l o t  and t es ted  in  t he n u i r u l i ; J  I
manner .  No p h lems were encountered i n  the ballistic test and the lo t
was accepted .

l )u r f n g  f i n a l i n s p e c tion  l i n e  in s p e c t o r s  d o i n g  c a v i t ”  i n s p e e t i n
s ta ted  the  cav i t i e s  of t h i s  special group of shel ls  were  much better
than regular  p roduc t ion  p r o j e c t i l e s  made us ing n i c k e d  & broken m u l t s .
Out of the  total of 1033 shel ls  w h i c h  were inspected a t  t h i s  station ,
onl y three had to r ece ive  any c a v i t y  rework by gr i n d i n g .  T h e  o p e r a t o r
d o i n g  the gr inding stated t h at  i i i  r e g u l a r  p roduc t i on  a s i g n i f i c a n t ly
higher percentage of shells require cavity r ep a ir  by g r i n d i n g .  T h i s  l a -
came obvious when regular product ion she l l  were started through the 1 m e
a f t e r  processing of the  special s h e l l s  and the g r i n d i n g  rework area be-
came f i l l ed  w i t h  shells  in a very shor t  t i m e .

A photograph showing the hot sh eared end s u r f a c e  of one of t h e  hot
sheared mults processed at TCA.AP is shown in F i g u r e  2. T h i s  p h o t o g r a p h
shows t ha t  the  end surface qualit y ~~ mults hot sheared at  C a t e r p i l l a r
was q u i t e  good. All  b i l l e t s  shearef ~ du r i n g  t h i s  s tudy  were s h e a re d  on
the  d iagona l ;  therefore , lines running from the  lower r i gh t  hand co rne r
of the mul t  surface  are striations caused by the shear blade. Since the
end deformation on mults used at Caterp illar is not as critical for their
forging application as it is for projectile forging, no significant
effort had been made at Caterpillar to achieve minimum deformation. By
optimizing blade clearance and design , it should be possible to minimize
end deformation below that experienced at Caterpillar. Maximum corner
pull down on mul t s  hot sheared at Caterpillar was approximately 0.6” .
On the opposite corner a shear lip of 1/8” maximum was observed . It was
this shear lip which prevented some hot sheared mults from sitting up-
right in the ring stand of the Baldwin press as previously discussed .

P. Summa~ y~ of I-lot Shear S t u,~4y, R e s ul t s

A summary of the hot shear stu dy parameters and test nc-suits is
-presented in Table 7. Tn add’i t i o n  to  o b ta i  f l i n g  some e ar l y answers
r e l a t i v e  to whe the r  hot  shear ing c o u i l i l  be uisecl for pro je ct i l e  m a n u i f ; i c t  l u r e ,
t h e r e  wer e  o the r  advantages of c o n d u i t  I ng ho t  shea r s tud  In s  - u t  b o t h
N a t i o n a l  P r e s t o  and l’C~ ’\P . These a d v u t u i t a g e s  were :

1. Hot shearing of two d i f fe r e n t  s i z e s  and g rades  of  s t ee l  c o u l d
he evalua ted .  N a t i o n a l  P re s to  uses 3 “ RCS 1018 grade  s t e e l  f o r  manu-
f a c t u r e  of the  105 mm Ml p r o j e c t i l e  and TCA,AP uses 6” r a u i n d  cornered
square (RCS) 1050 grade steel for manufacture of the l h 5  mn 1-1107 p ro—
jectile.
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Figure 2. End View of 1-lot Sheared Molt for 155 miii
M1 07 Pro , je c t il e .
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2. Hot sheared mult s would be evaluated using both t h e  hot fu ir ge
and hot cup—cold d r aw methods of proje ctile manufacture. National Presto
isi s the  hot c u p — c o l d  draw process and TCAA P uses the hot  f o rge  process .

3. Hot sheared m o l t s  could be compared w i t h  both the sawing and
nick & hr€-ak methods of billet separation. National Presto saws their
m u l t s  and TCAAP uses the nick & break process of billet separation .

The basic conclusion of the work done at National Presto was that
105 mm 1-fl projectiles can be successfully made from hot sheared mults
using the hot cup—cold draw method of manufacture. One of the signifi-
cant findings of this study was that in terms of tolerance on length ,
weight control , perpendicularity and overall quality of parted surf-i - i- ,
hot sheared mults equaled or exceeded the results currently achieved
at Nationa l Presto using the band saw method of separation. Sawing up
to this time had been considered to be the most exact method or separa-
tion. Another important aspect of the work at National Presto
was t ha t  hot sheared mults were successfully processed into projectiles
using the hot cur—cold draw process. The hot cup—cold draw process is
recognized as requiring a higher quality starting mult than the hot
forge process of manufacture. Absolutely no problems were encountered
in using hot sheared molts at National Presto.

Results of the study at TCAAP showed that hot sheared molts can be
successfull y processed into 155 mm M107 projectiles by the hot forge
process of manufacture. One of the important findings of this study
was the significant improvement in the quality of forged projectile
cavities processed from hot sheared molts as compared to nicked and
broken  m u l t s .

B. Hot  F lame  Ciutt tn~ St u 4 ~

- Early in this s tud y there  was some concern about how to part the last
mult from the discard when using the hot shear concept. The reason for
this problem was that a minimum hold down length equal to the size of
stock being sheared is required to obtain a satisfactory hot sheared m olt.
This means for examp le tha t when hot shearing 3 ½” RCS stock , a min im um
of 3 ½” must be in the inboard hold down device. This minimum hold
down length is required to prevent pulling or dragging of metal out from
the hold down during the shearing stroke . The concern was that a minI-
mum of 3 ~~~

“ of stock would have to be discarded from each billet lengt h
when using the shear system .

The approach taken by Caterpillar in their production line relative
to this problem was to kick out  the last molt plus discard in each b il let
length , cool this piece to room temperature and then saw to molt length.
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t hi-v - . t u i p I , u u - e Uj )  ( i i  two mol t  I -uIg t :  u s  between b i l l e t  1 €-n gt  hs w i t hi  ii t hi n

i n d u c t  ton fut rna i - i- - The ixc i-ss i ye amount of handling and t l u > cor.ip 11 —
c u t  ions of induction furnace design created when it is necessary to
handle both mu lts and billet lengths made this option undesirable f r
high volume projectile manufacture.

Another suggested solution to this problem was to kick out the
last mult p lus discard , hot flame cut to molt length and then m mc di—
arelv reintroduce the flame cut nult into the forge line. It was
theorized it would be possible to hot flame cut the mult fast enough
that minimum heat would be lost and it would be possible to reintroduce
the mult to the forge line without app lication of any additional heat.

The problem was that no information was available relative to hot
flame cutting of steel for subsequent forging app lication and v€ -rv little
information was available about the quality that could be expected from
a hot flame cutting operation. To obtain answers to these questions ,
Nationa l Presto Industries , Inc., conducted a hot flame cutting study.
Their report relative to this study ‘Is contained in Volume 3.

The basic findings of this report were that the quality of flame
cut mults was adequate for production of the 105 mm Ml forging with one
exception. That exception was slag which clung to the bottom edge of
the mult. The slag produced by the cutting process clings tenaciously
to the heated steel at the kerf edge and precludes production of accept-
able forgings on a reliable production basis unless the slag was mechan-
ically removed prior to the forging operation. Based on this it was
concluded tha t hot flame cutting would not be an acceptable auxilliarv
parting method for use with the hot shear system . For complete details
of the hot flame cut study see Volume 3.

- VI II .  DESIGN CONSIDERATIONS FOR [MP I E MENT t N C HOT SHEARIN G
INTO A PROJECTILE FORGING LINE 

-

~~ 

-

A. Furnace Considerations

When considering hot shearing for imp lementation into a forge
facility one of the first considerations must be heating equipment fnr
forging . To use the hot shear concept of billet separation , fur~ace
equipment capable of heating billet lengths of steel (20—24 foot
length) to forging temperature is required . All existing forge
furnace equipment in projectile manufacturing fac il ities is designed
to heat mult lengths of steel. Herein lies the first criteria
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me ri t c a p ab l e  of h e a t i ng  billet lengths of steel to forging temperature .
Of > > i i r s e , in the  case of a new f a c i l i t y  where new equipment  is r equ i r ed
t h i s  c r i t e r i a  does not  app ly .

Two p o s s i b l e  f u r n a c e  designs have been considered for incorpo-
ration into a hot shear system . One design is based on a walking beam
t V t ) e , o il or gas f i r e d  f u r n a c e , and the  o ther  des ign  is based on either
an induction furnace or barrel type , oil or gas fired furnace.

The schematic representation shown in Figure 3 depicts the arrange-
ment of equipment when using an induction furnace or a barrel type gas
or oil fired furnace. The ungcrambling table would be supp l ied with
billets from the storage area by overhead crane. The unscrambling table
would unscramble the billets for orderl y movement onto a transfer con-
veyor for charging into the entrance end of the furnace. The transfer
conveyor would be designed so that on demand , a billet would be auto-
matically moved into the furnace suc h that one billet would follow the
other through the furnace in a cont4nuous manner . The billet lengths
would be moved through the furnace by powered rollers between each in—
dividual furnace unit as shown in Figure 3. These rollers would drive
the billets through the furnace as wel l  as suppor t  the  b i l l e t s  w i t h i n
the f u r n a c e .  As the  bi l le t  exits from the fu rnace  it would be at forg-
ing temperature and move directly into a hot shear press. The billet
would pass through the shear press and move up against  a stop pre—set
at the desired unult length. The billet coming to rest against this
stop would signal the hot shear press to cycle and a molt of desired
l e ng t h  would be hct sheared . This cycle would be continued automati-
cally at the demand of the forging press. After hot shearing the molt

- would move by conveyor through a water descale operation and then
immediatel y to the forging press for forging into a projectile bod y.

Operation of the walking beam billet heating furnace — hot shear
system depicted in Figure 4 would he similar to the system described
above except the method of bill et transfer through the furnace and thue
furnace design would be different. In this system , cold billets would
be moved by the transfer conveyor throug h a small door in the side of
the walking beam furnace. Once the entire billet was in the furnace It
would be picked up and walked progressivel y through the furnace on a
walking beam mechanism. After the billet moved through the furnace and
was heated to forging temperature it would be transferred from the
walking bean to a powered ro l le r  convey or  w h i c h  w o u l d  carry the bill e t

-. out  of the furnac - through a small door in the side of the furnace as
lep irted in Figure 4. A hot shear  press would hi lccated adjacent I o
t h e  f u r n a c e  and would 1C C - r a t e in  the same manner as proC iousl v des ribed
for the furnace -iv st eun dep icted In Figure 3.

26

,- 
~~~~~~~~~~~~~~~~~~~~~~~ ~~~ 

- -
~~~~~. r . . - •- . ~~. ~~  .~~~~

-
~~~~~~~~~ •• ‘  .•~~ 

- 

— —  - - — -~~~~ — —— ~~— -~~~- .- ~~ ________ ~~~~-



- -  —-- - - - — - - - -—--  
--v-I’

00
C

---I
00 01

o i l
0-

0

-

ci)
‘-4

Ia ci -
~(‘3 U

0 ) 0 1  01
.c & i  ci)

Ia
b-u

o

00)
0) 1-u

a> 0. ,-lo ~ C t > ~~~W (d l..
H - - - 4

4-’ i
Li I a r-4 Ci a > - -—-— 

-

(0 (11
0 Ia
a>

‘—4 c i o - Ca

--4 1—
C

C)
C l . .

ci) —

- .0
Ci C-
H

‘—4
.0 C - I a

E 0)0 —
cc3 ~~~~~~~~~~~~~~~~~~~ >4-u ~>

J

— 

I

A 27

~~~
;--

_ ___ ~~~~~~~~~~~~ ~~~~~
-
i~ i_1

lI
~_i1___ - - z_ , -

~~~~~~i~ii’::ii - -  ~~~--



-- -- —- -~ -- -—----- -- - - - - - - —. - - ------ --- - —~~~~ -- - - -  -- -- -  - - - ----- -- - 

~~~

-

~~~
---

(0
U)

00)
4 - I C -

0.
(1)

-H

u-u
C

I-’.

- I 1110
11-

‘0  o r-.

- 
C - C a  *

-_ _

>-

~~~~~~~

-- $ 1 ~~~~~~~~~~~
-~~c i a >  ‘ I

H O  ~H
- C - H  Ia-

- 
—I
Ii)

I ~ , c

H~~~~~H 

~~~~~

A 2R

‘I

‘I.

0-s . ,  - u  - - — , I  
~~~~~~~~ 

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
- •- . ~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a

-_ -

~

--

~

- . ~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



-~~~—-- -~~~~ .- -~~~- - -~~~~~~

B. Methods of Hand lipg Last Mult Plus Discard in Each B ii let L~~ &th

As discussed previously under the hot flame cutting study, one
question that had to be answered with respect to the hot shear system
was how to separa te  the d iscard  f rom the  last  mult  in each b i l l e t .
The reason for t h i s  problem is t h a t  a minimum hold down l eng th  equa l to
the size of stock being sheared is required to obtain a satisfactory hot
sheared mult. Without this minimum hold down length of steel , there is
a tendency for the steel in the hold down to be pulled or dragged out of
the hold down dur ing  the shearing stroke . The concern was that  a m i n i m u m
discard from each billet equal in length to the size of stock being
sheared would be w a s t e f u l  of m a t e r i a l  and result in an additional cost
which should be avoided if at all possible.

Various techniques were considered to minimize the discard from each
billet length. Since steel billet stock can be purchased to a specified
length with a +2” tolerance on length , the best situation would be one
where the only discard would be the stock representing the tolerance
length (from 0 to 2 inches) on each billet length. Of course , the truly
ideal situation would be if billet stock could be purchased by weight
ins tead  of by l eng th .  Then the b i l l e t  weight could be ordered to some
multi ple of the desired mult weight and the billet could be hot sheared
into some exact number of mults with no discard . Since steel companies
do not sell  steel b i l le t s  by weigh t  at th is  t ime , th i s  approach could
not be considered .

The va r ious  techniques considered to minimize discard in each bill e t
l e n g t h  were as f o l l o w s :

1. Remove l a s t  m u l t  plus d i s c a r d  f rom hot shear  press , cool to room
t e m p e r a t u r e  and then part discard from malt length ~~~‘ some conventional
means such as sawing or flame cutting. The extra material handling plus

— 

- 
the need to reheat the mult s parted in this manner in some auxilliary
furnace does not make this an attractive approach.

2. Remove last mult plus discard from hot shear press , hot flame cut
mult length and then immediately r~ introduce mult to forging line with-
out applying any additional heat. As discussed under the hot flame
cutting stud y this is not an acceptable technique because of the slag
which clings to the bottom edge of the hot flame cut muit.

3. Use of a back gauge was considered . Using this concept a de—
tector would he mounted at the entrance side of the hot shear press to
detect when the last mult plus discard was €-nter ing the hot shear press.
When this last piece was detected a back gauge would come up beh ind  the
piece and l o c a t e  i t  a distance of one m uilt length from the ingoing side
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I cav i u ig  t l u t -  n u t  i t  l v i  t ic I a t h e sit u -ar In >  Id tiowit r 1 1 i I v t i  he p u l s l l l . - d  t l i r u i i ’ , !i
the shea r  and i n t  o t li t -  t r u ns  fo r  C O D V I V I) i by t h e  u ut - x t ouiconulng hi I l it -

T h i s  t e c h n i q u e  wa s  d i s c a r l e d  s i n c e  i t  w o u l d  caulse  too  much  i n t e r r u p t  ion
to t h e  desired!  cont  i t u n o i s  I low of mat  or i i i  under h l o b  v o l u me  p r o d u c t  i o n
c on d i t  i o n s .  W l u e n  w or k i  r i g  a t  p ro d uc t f o i l  r a t e s  of 720 hot  sh e iru d m o l t s
per  hou r  per  f o r g e  l in e , t h e  t i m e  l o s t  by  w i t h d r a w i n g  th e  b i l l e t , in-
s e r t i ng  the  back g a u g e,  shear ing , w i t h d r a w i n g  the  back  gauge  and re—
advanc ing  t h e  b i l l e t  w o u l d  be t o o  t i m e  consum i ng . I n  a d d i t i o n , t h e
extra space required between the furnace and the s h e a r  to  f i t  t h e  h a r k
gauge m ech a n i s m  w o u l d  r e s u l t  i n  a d d i t i o n a l  l o s s  of temperature b e f  or-
sheari rig t ook  p l a c e  which would p r o ]  ud i ce  norma l r u m  i ng  of th e  equip-
m e n t  .

Measure l e n g t h  of eac lu  b i l  l e t  p r i o r  to  i nt e r  L I I I , f u r n a  and O C r
m e a s u r i n g  s t op  on hot shear  press  such  t hat  b i l le t  was d i v i d e d  u i p  i n t o
s p e c i f i c  nu imber  it1  equa l. l e n g t h  m o l t s  w i t h  rio d i s c u t - d .  T h is  I ( c h n i q u e
w o u l d  r e q u i r e  usc of ~t mini —computer to st i t  re i n f s r n . i t  i o n  in each hi ii et
l e n g t h  and! to  a u t o m a t  it - a l  lv  set  t h e  r n e asu i i — tri g c ro p  i i i  t he  hot  s h e a r  p r e s s .
I t  is be l i eved  t h i s  t ec !mi q ue  w o u l d  w o r k  w i t h  one  i S S  I I l l .  e x c ep t i o n .
I f  a b i l l e t  came in i t m i n i m u m  l en g t h  ( sp e c i f i e d  l e n g t h  w i t h  z e ro  m i n i m u m
a d d i t  iana l l e n g t h  f o r  tolerance) and i i  th e  lu s t  o H - l i n t m u i l t s  i n  t h l u t
h i  I l e t  were  a l l  c u t  t o  m ; i z l r n i t m  l e n g t h  w i t h i n  t h e  ~tc c ur~u r v  of t h e  hot shear
press , th i t -  1 u i-i t m a l t  c o u l d  be ri nde rwi g l u t  an! h ive to he scrapped . Pro—
du t I l O t i  h i s tory on t h i s  t t - c h n i  l u t e  w o u l d  he required hef re the feasibil-
ity could he definitel y stahl ished .

~~ . Use ho ld dowii m e c h a n i s m  u n  h I t  Ii the inboard .10(1 outboard s i !  of
the hot ~1tu ir p r - -~ lb is technique is ocr’. simp le and is one whui ch will
permit s epi rutio n ui short disc ard It-oc t iu~ Iron tiu c- loo t m u ul t. By rising
a hold down on the out hoa rd  s i . ! ,  of t h e  h u t  shear I’ e~~S , the p r o b l e m  of

— dragging or pull log material from t h i&-  in b o ar d  hold (b Un whu-~n short l e t g t h s
ire in t h ~ S 110 Id 1o~ n i s  e l i o t  i mated - SIn 11 p re ss  ni ; u i o u  Itct uur ers have
stat u - u !  t h e re  w o u l d  he no pro h len t o I i i  ru l  isl i  a hot  shear r ross with ho Id
downs on both th i-  tnh o i ri l and o u t b o a r d  sid e  of t h e  p r O S .  In  f a c t , m a t u v
c o l d  shea r  p r e s s e s  are  now b e i n g  d - s  i g u ~~~I t h i s  way t o  m i t t  i u l t i t o  h eni l i it; -

m o m e n t s  d u r i n g  c o l d  sh i - a r i ng  w h i c h  an  - :i i s u -  sh ea r  c r - i k i n g .

C I I I I it  — I t i h i t  S\ t t t i  i n  i i  J u n c t i o n  I t I t ii I Il l  ~I I

One of t h e  p r u b l e l l i s  u i g s o c i , - i t € - d  w i t h  t I n  u se  i f  S d - m i — f  i ni s he d  f o r g i n g
q u r a li tv bib let s to ck  i s  t h a t  this mat e rial is supp i i l l  w i t  h a ± 2’~ per-
cent toler .- u n - , on weight - B i l l e t  s i c  ~ i s  i i rc h ,se l to some spec If  led
nom i na l cross sectional dimension with a u-o rre spond log u l u r l I l u i l  wei gh t p - n
u r n  i t 1 t n g t  h ;  howcv - r , t hi t t i e  U 0 I I C ~r )  y  - i git t I ± I I  i t  If ti
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nolut i na 1 W I-  l gh t . I i i  is une~tn s  , f or  exa mp h e  , that I f  an 80 1 h . n ut  I t I s  r i —
qu I red to make ii pro] cc t i l t - , up to 4 l b s .  e x t r a  St ee l  cou ld  be in  t h e
m u t t  t h a t  is cu t  to the  len g t h  r e q u i r e d  to a lways  a s su r e  g e t t i n g  a u ; i i n i —
mum mult wi-Ight of 80 lbs .

Cu r r e n t  prac t ice in  pro .] ect i l e  n u a n u f a c  t ore  when o r d e r i n g  s t e e l
b i l l e t s  is to s p e c i fy  the  billet length to some multip le of the minimum
m u l t  l ength  r e q u i r e d  to make a specific projectile. The following i x —

amp le  w i l l  show how i t  is possible to ob ta in  an e x t r a  in u l t  f rom a b i l l e t
l e n g t h  due to the  tolerance on weight per unit length of billet stock.

Material — 51~ RCS Billet Stock (Nominal wt. per ft. = 93 lbs .)

Minimum Mult h-It . — 80 lbs.

Minimum Mul.t Length — 10.6”

Specified Billet Length — 23.85 ft. *

Number Muits per Billet — 27 *

* Assume manufacturer wants to use approx imately 24’ length billet
stock. When specifying billet length , the order would request steel in
multiples of 10.6” (the minimum mult length). 27 Molts X 10.6” =

23 .85  f t .

As poin ted  out above , up to 4 lbs .  ex t ra  s teel  could be in each
mult or 108 lbs. over the entire billet len~ th which is enough to obtain
an extra mult. i t  is immediately obvious that significant material
savings could he achieved if a method of cutting molts to weight instead
of to l e n g t h  cou ld  be found .

Technical information on a cut—to—weight system was obtained during
this project from Lamberton & Company, LTD , Coatbr idge , Scotland .
Lamh€-rton has designed , built and sold several cut—to—weight billet
parting systems which are currentl y in operation in Europe. A schematic
d i a g r a m  showing the  v a r i o u s  o p e r a t i n g  e l emen t s  of a Lamber ton  C u t—to —
w e i g h t  sys tem are shown i n  F i g u r e  5. The basic op -r ati iu n of t h is systr-uu i
is as f o l l o w s :

I .  B i l l e t s  a re  t r a n s f e r r e d  f rom u i n s t - r a m b l i r g ’ t ab l e  u )flt feed e> u-

veyor which moves the billet forward u int il It c o r n -s  t o  r as t  a ga i n s t  -

disappearing datum stop.

2. Feed conveyor is lowered , p l a c i n g  b i l l e t  down o n t o  two load
cells.
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3. Weigh t  recorded on each load c e l l  is t e d  to  m i n i - c o m p u t e r .
Since distances from datum stop to load cells (L1 & 

) lure fixed , the

computer is able to determine length of billet by taking moments from
the two load cell locations . The total weight of the billet is corn-
puted by adding weight from each load cell. With this information the
computer can now calculate weight per unit length of billet. The weight
per unit length of each billet is stored in the computer until the
billet is ready for hot shearing into mult lengths.

4. Desired mult weight selection is made at computer console.
With the information now available , the computer can provide an instruc-
tion to the hot shear measuring stop for automatic adjustment to achieve
desired mult weight .

Lamberton will guarantee a ± 3/4 percent weight tolerance on hot
sheared mults using their cut—to—weight system . Based on this weight
tolerance , significant material savings are possible over cut—to—length
methods depending on certain other variables. The material savings
which can be achieved by the cut—to—weight systems is sensitive to two
variables which are (1) length of nuil t being cut and (2) length of
starting billet length. The sensitivity to mult length results from
the fact that material savings are achieved by being able to obtain an
extra mult from a billet length a certain percentage of the time . As
the mult length increases , the probability of being able to obtain an
extra mult decreases. The sensitivity to starting billet length re-
sults from the fact that as the billet length increases the probability
of obtaining an extra mult increases. With increased billet length , the
number of mults per billet will increa se resulting in a greater overall
accumulation of potential excess material which increases the probability
of obtaining an extra mult length from the billet.

Calculations have been made to estimate the material savings which
- could be achieved in manufacture of the 105 mm Ml and 155 inn M483 pro-

jectile bodies using the cut—to—weight system. These calculations are
based on monthly production of one million 105 mm Ml’s and 120 ,000
155 mm M483’ s. The actual calculations showing the material savings are
included in the Appendix. To show the sensitivity to variation In
molt length , calculations were made for nominal billet lengths of 20 and
24 feet for the 105 mm Ml. The material savings for these two items and
nominal billet lengths of 20 and 24 feet are shown in Table 8. The
sensitivity to variation in malt length is observed when comparing
savings for the 105 mm Ml against the 155 mm M483. For the 155 mm M483
when a nominal 20 foot billet length is used no savings are realized
compared to a savings of .56 lbs./shell when using a nominal 20 foot
billet length for the 105 mm Ml. Increasing the nominal billet length
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i rol iu 20 to  ~4 c u r  f u r  b o t h  the  105 mm M l ,ind 155 mm M~t83 r€-s ul ts i n
sign ificant lv incre ;istd m a t e r i a l  - i n v i l u g s .

TA BLE 8. ~-t-ireriaI Savii s fcur Manuta ctt ire ~~~_l9S~~jn
Ml u n d  155 mm M483 When U s i n g~ tIre Cut-To-
Wei~ jit Sy st  euli

Mat erial $ av in g s  M~it e r i a 1  Hi!ifleS*

105 mm Ml I bs . ! sh e l l  - .  - - ~ er m o n t h  
-

N ui t na t 20 fo o t  l e n g t h  b i l l e t  .5 1 S 70 , 000
Nominal 2-’u foot length billet .85 $106,500

155 rum M483

g u u i n i n a l  20 f o o t  length b i l l e t  None None
N o m i n a l  2- u foot length bill e t 1 .03 S 21 ,700

* Based on monthly production of 1 ,000,000 105 rum M l ’ s and 120 , 000
155 mm M483 ’ s.

The c u i t — t o — w e i g h t  sys ten  of b i l l e t  s e p a rat i o n  is considered to be
a state—of—the—art technique currently being used s u c c e s s f u l l y  by fo rge
shops in Europe. Potential supp liers of billet heater—hot shear press
systems in this couintry state tha t t h u - v  d o  not  see any p r o b l e m s  in  in —
corpora i t ing  t h e  c u t — t o — w e i g h t  t e c h n i q u e  i n t o  t h i s  sy st e m  p r o v i de d  f u u r —
maces  of t h e  i n — l i u i e  t y p e  shown i n  F i g u r e  3 a re  used . W i t h  w a l k i n g
b eam f u r n a c e s  of the  t y p e  shown in Figure 4 , w e i g h t  per  u n i t  l e n g t h
i n f o r m a t i o n  would hive to he s t o r e d  on a l l  b i l l e t s  in  the  f u r n a c e .
Th is cou ld  c r e a te  a problem A l s o  t h e  w a l k i n g  beam t y p e  f u r n a c e  v o i d
cause more sca le  loss to the  b i l l e t s  because of g r e a t e r  exposure  t Inc
in  the  fu rnace  w h i c h  c o u l d  compound rho problem of t r y i n g  to cut—to—
w e i g h t .  The s p e c i f i c  problem would be v a r i a t i o n  in sca le  loss when
b i l l e t s  arc  in the  f u r n a c e  f o r  longer - t h a n  the  norma l - y c l e  due  to
down—time  at the  f o r g i n g  press .

I)ue to  the s e n s i t i v i t y  of m a t e r i a l  s a v i n g s  to m o l t  l e n g t l u  and
s t a r t i n g  b i l l e t  l eng th , each a p p l i c a t i o n  must  be c ;u r e f u l l y e v a l u a t e d
p r io r  to incorpora t ion  of the  c u t — t i — w e i g h t  t e c h n i q u e  i n t o  a fo rge  I l i i i- .
Based on the  c a l c u l a t i o n  made d u r i n g  t h i s  s t u d y ,  t he c u t — t o - - w e i g h t
technique is recommended f o r  bo th  t h e  105 mm Ml ar i d the 155 rim . M483
provided nominal  24’ length billets a re  used . F r  t lu € -  105 mm Ml , co s t
s a v i n g s  can be chieved us ing  a nomina l  20 foo t  l e n g t l u  b i l l e t ; hio wu vu r ,
the  51 pe rcen t  i nc rease  in m a t e r i a l  s a v i n g s  a c h i e v e d  by i ng to  a
nominal  24 foot  b i l l e t  un akes t h e  i S  of t i u c  longer le n g t h i  I l e t  an
i m p o r t a n t  cons ide ra t ion  for  this shell also.
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I) . M i s c e l l a n ous Des~~~n C o n s i d e r a t i o n s

1. Hot  Shear Down , Whole L i n e  Down — One of the  d i  s id v a n t a ge s  of the
hot shear system that has been put f o r t h  is t h a t  if for  some reason
the hot shear is not o p e r a t i n g  the  whole forge line will be shut down .
S l u i u -e the hot  shear is an integral part of the forge line , it  is a fact
t h a t  p r o d u c t i o n  of the  fo rge  press  is d i r e u - L l y d ep ende n t on ope ra t i o n
of the  hot shear press. This potential disadvantage of the hot shear
system has been discussed with personnel from three current users of
integrated forge lines using hot shearing. These personnel have stated
t ha t  t he  hot shear equipment  has been found  to be very  r e l i a b l e  and t hey
have not experienced any signi fi-ant forge line down t ine directly re-
lated to down t ime on the hot shears. In fact personnel from one company
stated that during the first year of operation of their new forge line ,
they could not remember one time when the forge line was down due to a
maintenance problem on the hot shear press. They wer quick to point
out that they had experienced many problems when the forge line was
first put into service but nane were incurred on the hot shear press
that caused the forge line to be shut down . Regularly scheduled mainte-
nance has been established at each of the manufacturer ’s p lants for such
things as changing shear blade tooling. By closel y adhering to a sched-
uled maintenance program , unscheduled down time on the forge line -aused
by the hot shear press has been minimized to the extent that forge line
shut downs caused by d own time of the hot shear press have not been found
to he a p rob lem.

2. Purchase Hot Shear as Part of System — When using the hot r h e a r
concept of billet separation , the entire l ine from unscrambling table
up to delivery of hot sheared and descaled mults to the forging press
must operate as a f u ll y in t eg ra t e d  sys tem with all units synchronized
with  each other for automatic o p e r a t i o n .  T h e r e f o r e , It  is considered
imperative that the hot shear press be purchased as par t  of a comp lete
furnace — hot shear press system with one contractor responsible for the
entire system . Purchase of individual units of the system from various
contractors could mean failure of the units to operate in  a synchronous
and automatic mode once the units were linked together. It is understood
that there will most likely not be one equipment builder capable of
fu rn i sh ing  all the equipment required for a complete furnace — hot shear
system; however , a prime contractor representing either -i furnace or hot
shear press builder could be selected who would in turn sub—contract for
any equipment which the prime could not build himself. With regard to
the hot shear press , numerous U . S .  m a n u f a c t u r e r s  of press equipment have
now expressed interest in suppl ying hot shear press equipment. This
response is quite different from the situation that existed when this
project was first initiated and no U.S. companies were interested In
furnishing such equipment.
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1. A u u x i l  a ry  Mii i t H u - a t i -r — A u ,- u i u x l l i l l r v furnace should be p r o v i d e d
us p a r t of any u r g e  t :ie i i i  tv set up t o  us- t h e  hot  sh -; r concep t  i-if

bi l l e t  -uepa r l i t  i on .  T h i s  a u x i  1 i a r y  f u r n a c e  w o u l d  h i -  used on an i n t e r —
~~ a i t t e nt basis as c - g u i  r i d  to  h e i t  m u l t  l e n g t h s  t h a t  become sheared t I

l en g t h  b u t  h e c l iu r s e  of f o r g i n g  pr e ss  shutdown do not becunu - f rged -

T h i s  aux i 1 i a r v  f u r n a c e  is  r e q u i r e d  s m ci - the  bas ic  f u u r r i a i e  b e i n g  u - C c -
wi l l  he d c - i  i gned t I  heat b i l l e t  l e n g t h s  and t h er d er :  i t s  ma te r  i i  1
hand I ing sys tem w i l l  not he c a pab l e  of h e a t i n g  m o l t  l e n g t h s .  One i n —
due tim h e at  i rig furnau -e now in  ope ra t  ion  i n  a 1-tot shear  sy s tem has h i - en
des igned  t u  h i - u t  b o t h  b i l l e t  l e n g t h s  m u  mol t  l e n g t h s  on a l i m i t e d  basis.
h oweve r , t h is dua l  h e a t i n g  c a p a b i l i t y  comp l i - a t o s  t he  d e s i g n  of the
f u r n a c e  to such an e x t e nt  t h a t ,  t h i s  a p p r o a c h  is not cons ide r ed  d e s i r a b l e
fo r  h igh  vo lume  p r o j e c t i l e  f o r g i n g  app i [c i t  ions .  Use of an a u x i l i a ry
f u r n a c e  is cons ide red  t o  he a m er e  rd i ab l i — a nd less c o s t ly  a p p r o a c h .

4. D e t c u t i o n  Sys t em fo r  hinstraight Billets — When an i n d u c t i o n
f u r ’  i race  is used , b i l l e t s  would  he pu rchased  to commercia l  bar  s t r a i g h t -
ness r e q u ir e m e n t s  of . i nch  per  5 inches of billet length and the  f u r n a c e
would he b u i l t  to handle  b i l l e t s  at t w i c e  th i s  to l e rance .  However , to
pre l u d e  the  p o s s i b i l i t y  of an u n s t r u i g h t  b i l l e t  ge t t i ng  into  the
i nduc t  ion f u r n a c e  and damaging  t he  i n d ic t  i o n  co i l s .  1 d e t e c t i o n  sy-; t c-rn
shou ld he incorporated i n t o  t he  i n fc- ed  c o n v e y o r  t h a  - wou l d a u t o m a t  i ca J I v
r e j e c t  b i l l e t s  f a l l i n g  o u t s i d e  t h e  spec  if  led s t r a  i g h u t n e s s  t n l e r a n cc  -

i x.  IIE N I-d - ITS ASSOCIATE !) WiT h! HOT SHEARING

The q u a l i t a t i v e  bent - f  i t s  a s s o c i a ted w it h h o t shearing w e r e  d iscussi-d
- a r l i e r  in t h i s  r e p o r t .  In  o rde r  to q u a n t i f y  the s u -  b e n e f i t s , cos
savings  which  can he ach ieved  by hot  sh e a r i ng  v -rsus thu n i c k  and r i ~
ru et hod of b i l l e t  s epa ra t i on  have been d et e r n u i n e d . The n i c k  and b r e a k
) roc u ss was chosen for t h i s  c o m p a r i s o n  because i t  is used most  ; r eva —
L ent  l v  i n  p r oj e c t i l e  m a n u f a c t u r e  and is one of the  leas t  c c - n v f the
-u i r r e n t  ly u i sed b i l l e t  s e p a r a t i o n  t e c h n i q u e s  in t e r m s  of p e r a t  ing cos’ s.

B e n e f i t s  d e r i v e d  f rom hot  sht -a  r i n g  vers u s t h i -  n i c k  and br -a ~
l - t luod ot  Il l l e t  separati n ire c - l it d i  t u i  r u d e  ~-d r i r t e r i u l  hind ! ru;-
~Ost 5 , m at i n a l  sav i ngs . t h u r o u i l - t i  use ( i i  I i g h t i r and mon u u n i f o r r i ~~~- -  i t -hi
n u l  t , r educed  s c r ;u p  losses ~u t  both L i i - b i l  let  p a r t  i ng and forg ing
u p i - r i t  ion and the  g r i t  u - c  e f f  I c I - f l c - y  w h i c h  w o u l d  r e s u l t  f r om an  i f l t i —
r a n d h e a t i n g ,  h i l l i - t  s e p a r a t i n ~ c o nc e p t .
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A. R e d u c e d _ M a t m r l a l Hand1th~

In tir e hot shear concept of billet separation , b Ill et stock is
heated to forging temperature , parted while hot to the appropriate m uul t
size and ti-ten iurrrne diat ely forged . It is read il y apparent that inte-

gration ~f the hot parting operation into the fo rg ing  ope ra t i on  wi l l
reduce labor costs and material handling equipment SiflCe billet lengths
will be loaded automaticall y i n to  the f u rnace  as opposed to n ick i ng and
breaking individual molts which then would have to be individually
loaded and unloaded from the f u r n a c e .  In the hot shear concept , after
p a r t i n g  o f heated b i l l e t s  in to  mu l t s , the nul ts  would nave d i rect l y to
the fo rg ing  press wi th  no intermediate handling .

B. Reduc ed_Multj g~j~

The nick and break method of billet separation is very inaccu rate
in terms of being able to part a given weight mult. The breaks ar-
of t en  irregular  and/or  occur at an ang le. To compensate fo r  th i s , t h e
mult  must be par ted  overweight  to a5surc always having unough weig h t in
the mult to make an acceptable shell. Conversely, the hot shear method
of billet separation has been founul to be very accurate in terms of
we ight control. Weigh t var ia t ion of ~ .11 lbs. was achieved on 105 mm
Ml molts during the stud y conducted at National Presto. This equals ar
exceeds the results normall y associated with sawing of mal ts , which rip
to this  t ime had been considered to be the most accura te  method of
bille t separation.

C. ~~ p~~~ved Cay I tj~ Su r f a c e

Fo r p r o j e c t i l e s  which are machined on the  in te r io r  su r f ace  such as
155 mm M483 and 8” M 509 p r o j e c t i l e s , t h i s  b e n e f i t  will not app 1y~ how-
ever , for the vast majority of projectiles produced with as forged
cavi ties , the benefits of hot shearing would be significant. The nick
and break p rocess o f t e n  r e su l t s  in an i r r e g u l a r l y  par ted surface  w i t h
loose , pa r t i a l ly severed meta l  on the end of the molt which  in subse—
quent  f o r g i n g  opera t ions  causes c r i t i - - u l d e f e c t s  in the p r o j e c t i l e
cav i ty,  In most ins ta nces these d e fe c t s  can be removed by g r i n d i r u ; ;  to
make an acceptable  p roj ec t i l e ;  however , a certain percentage of tIres -
de fec t s  are so deep tha t  the  p r o j e c t i l e  must  he rejected . Scaling ~ f
the pa r ted  s u r f a c e  du r ing  h e a t i n g  fo r  f o rc i ng Is  a n o t h e r  c a u s e  d) f c u v i t y
de f e c t s .  The hot shear ing  techn ique resu l t s  in a c l e a n l y  j u a r t e u l  ~u u r f j u  e
and since the  p a r t i n g  is p e r f o r m e d  a f t e r  h e a t i n g , r h -  s - ~~~t I n g  prob l em
is minimized . Use of the  hot shear t e c h n i q u e  would  r e s u l t  in a s i g n i f  i-
ca nt r educ t i on  in cav i t y  de fect s thu i - reby reducing repair costs and scrap
ra te  w i t h  an overal l improveme nt  in q u a l i t y  of p r o j e c t i l e  c a v i t i e s .

(
I
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1 . C u t  - U i W i iclu t  t ue - f it

I u t - u  u -~i i on o l u - u t  i r ig  _ i  rid h ot  c - l u  - r u u u u g  I rut o - u - u y u u c  h r i u u u  1 ’  i - u t  p r i

p t - r r r m i t s  t h e  i n c o rp o r a t i o n  ant i  ore - of a c u t — t u — w u - i g l m t  s y s t  I l i .  ‘l h i i s

sy st enu  weig hs and u r m e a s u r e s  the  l e r gt h of e t c h  in cot ul irut; b i ll e t so t ba t

a we i gh t  per  l engt h ca n be established. tisirig thi s infor nu:m tio n , t i e

s top  on the  hot  shear can be a u t o m a t  j u l - t i l y set to cu t  to a g i v e n  w e i g h t

The ec ori onu i c b e n e f i t s  of t h i s  sys t  u -flu have been d i scussed  p r e v i o u s ly  i n
th is  r u - p o r t .

E .  Mo nt -t a ry Sa v i u

A summary  of t i re cost sav i ngs per  p r oj e c t i l e  associa ted  w i t h  t h e  r i se
of the b i e t  s i-tear concept  of 1) 1 11 et s e p a r a t  ion fo r  the 105 mm M l and
155 mm M483 projectile are p r e se n t e d  in  Table 9. These  two p r o j e c t i l e s
have bee n s u - l e u -t e d  f o r  t h i s  a n a l y s i s  sinc e new m a n u f a c t u r i n g  f a c i l i t  i - - c

ar e  planned fo r  t he se  two i t ems  and hot shea r ing  is being re commended
fo r imp leun en ta t  ion at t he se  new f a c i l i t i e s.  An e~:p l an a t i o n  of how t h u - s i
figures were estab lished f o l l o w s  the  summary.

fABLE 9- SilrnnLajy_9f Cost Sav inj~s Per P r oj e c t i le
For Hot Shearing Comp~~~ed to Ni c - k and J r

105 mm Ml 155 mm M48 3

Raw M a t e r i a l  $ 0 .2 3  $0 .53

Labor . 1 7  .37

Reduced Scrap  - 0 3  .07

- TOTAL $0.45 $0.97

(I) Raw Material Savings

M o l t  w e i g h t  can be redu ced  i min imuuu u ni of I ; t m u r !  2 h b u c - . per  c j  H
for the 105 mm Ml  and 155 mm M 4 8 3  p r oj e c t  i l e s  respe ct i v - l y L i mn u u gl
elimination of i r r e g u la r  breaks  e xp e r i e n c e d  i n  t h € -  nick and h>rea~
operation. The hot shear cuun cept wool i provide mul t length ac ir a - v  to
ach ieve  this savings , therefore:

(105 mm Ml) 1 lb. X $0.12/lb. = $ 0 . 1 2 / shel l
(155 mm M483) 2 lbs. X S0.175/lb. = $0 .35/ she l l
kI m t i r i a l  savings assor iatid W i t h u -rut—to—we i ght svst 1’ (s e e  p~ 1 - E  I- .)

(105 mm Ml) .85 lbs./shc-il X $0.12/lb. = $0.11

• (155 mm M483) 1.03 lbs./she!l X $0.175/lh. $0. 35

38
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Total Material Savings

( 105  mm M l )  $ 0 . 1 2  -4- $0 .11  = $ 0 . 2 3

(155 mm M48 3)  $0 .35  + $0.18 = $0 .53

( 2) Labor S i v i r i g s

A comparison of labor required fo r  the two methods of billet
separation is presented below. The figures given represent men re-
quired per forge line . Fractional figures means one man would perform
on two or more forge lines; i.e., ½ man means a man would be used ½
time on each of two forge lines.

c~~ip~ rison of_Men Required Per Forge Line

Nick & Break Hot Shear
105 mm 155 nun 105 nun 155 mimi

Crane Operator  ½ ½ ½ ½
Nick ing  Operator  1 1 0 0

Breaking Press Operator 1 1 0 0

Weighing & Inspecting of
Mults , Chipping off Loose
Metal and Handling of
Mults 4 2 0 0

Op e r a t o r  of S u r f a c e  Gr inde r
to repair  Cav i ty  D e f e c t s  2 0 ½ 0

TOTAL 8½ 4½ 1 ½

Manpower reduction per forge line

(105 mm) 8½ — 1 = 7½ men per l i tr e

(155 mimi) 4½ = ½ 4 men per line

E
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Cost S ay i n g  per  P r oj  oct i i  i

( 10 5  mom ) 7½ X $11/hr. (labor + overhead)  = $82.50/hr. savings

$82. 50/hr .
-  —~~~~~ - - -  - = $0.17 /c-hi-i l saving

468 s h e l l / h r . / f o r ge  l i n e

( 155  nu n ) 4 X $11/hr . = $44/hr. savings

— - - -- - -~~~~~~~~~~~~~~~~~~~~~~~~ —- -  - --~~~~~~~~- = $ 0 . 3 7/ s he l l  savings
117 shell/hr./forge line

(3) Reduced Scrap

a. Scrap du re to b roken m o l t s  w h i c h  are not u s a b l e  d ire  t o
irregular ends or weight out of to li -r ,-un ce is estimated a t  0 .5% .

(105 mm) .57  X 39 l b s .  X $ 0 . 1 2  -
= $O.O2ishell savingsmu l t  l b .

( 155 nun M483) . 57  X ~~~~~ X ~~~~~~~~~~~~ = $ 0 . 0 7 / s h e l l  savings
m o l t  lb.

b. Scrap caused by forged projectiles with unrepairab le
c a v i t y d e f e c t s  due to poor surface of nicked & broken m u l t s  is estimated
at . 5%.

N o t e :  This scrap loss is app licabl u- only to 105 mm Ml since 155 mm M48’l
has mach ined  c a vi t ~~.

Fo r g i n g  v a l u e  e s t i m a t e d  at $ 5 . 5 0 .

.5% X 
~~~~~~~~~~~~ $0.03/shell saving
shel 1

Total Scrap Saving

(105 mmmn ) $0.02 + $0.03 = $0 .05

(155 ru in ) = $0.07

40
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APPENDIX A

CHARACTERISTICS OF HUT SHEAR PRESS PURCHASED
FROM R}IEINSTAHL WAGNER

Ef fi -c t iv e shearing force , max. 27 5  metric t uu r u c
Hold down force , max . 25 metric tons
Operating pressure , max. 3,550 psi
Shear stroke , max . 14.4”
Maximum size square b i l l e t  7 ”

stock wh ich can he sheared
based on hot t ens i le  st r e n g t h
of 10 ,000 psi

Range of mult lengths which can 9—24”
be sheared

Total drive power 140 HP
Calculated ram speeds
Maximum advance 480 ipm
Shear ing at 1,400 psi 210 ipm
Shearing at 3,550 ps i 83 1pm

41
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A PI’ EN DI  X B

MATERIAL SAVINGS ASSOCIATED WITH CUT—TO —WE i GHT
METHOD OF BILLET SEPARATION FOR 105 1U1 M l FORGING

(MINI MUM OF 28 MULTS PER BILLET ,
NOMINAL 20 FT. LENGTH BILLET)

Glv1 :N : (A) Nominal weight of 4 X 4 RCS billet stock = 54 lbs ./ft
(B) Weight variation due to varying cross

sectional dimensions of billet stock = ± 2 . 5 %
(C) Minimum mult weight required = 38 lbs.
(D) M u l t s  per b i l l e t  (min imum)  = 28
(E) Tolerance on billet length = + 2”
(F) Tolerance on mult length = ± .025 ”
(G) Weight variation in molts cut by weight = ± .75%
(H) Monthly production for LSAAP = 1 ,000 ,000

project iles
( I )  Steel  Cost = $0 . 125 / lb .

ASSUMPTIONS : (A) Normal distribution in weight variation of
b i l l e t  s tock.

(B) Normal distribution of + 2” tolerance on length
of b i l l e t  s tock .

CALCULATIONS

I .  Determine  l eng th  of b i l l e t  s tock to he ordered when cu t t i n g  to
ieng tb  (cur ren t  p rac t i ce )  such tha t 28 m u l t s  are always obtained .

When cutting to length two variables must be considered to always
assure getting 38 lb. mult as follows:

- 
a. Variation in molt weight due to variation in billet weight per

unit length (2.5%) — .025 X 38 lbs. = .95 lb s .

b. Variation in molt length (± .025 ”) —

0 .025 X ~~~~~~~~~~~~~~~~ = 0.1 1 lb s .
12 ”/f t ft.

Theref ore , to always assure 38 lb. molt , must  set up to shear
nominal  39.06 lb. mult —

38 + .95 + .11 = 39.06

4 42
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Length of billet to be ordered to assure getting 28 mults is

~O . 2 5  f t .  —

(39.06 lbs./mult X 28 molts/billet = 2 0 . 2 5  f t ./ b I l i e t ~~54 lbs./ft .

‘. Determine length of billet stock to be ordered when cutting to
weight such that 28 mults are always obtained .

Weight  v a r i a t i o n  of mult  is ~ .29 l b s ./m u lt  —

38 l b s . / m ult  x ÷ .0075 weight variation = ± .29  lb s ./ m ult

Length  of b i l l e t  to be ordered to assure g e t t i n g  28 u~u l r s  is 20.36
ft./billet. This is based on worst possiblt coodition (minimum weight)
of incoming b i l l e t  —

(~~~~m u lt s/b U 1e t  X 38.29 lbs ./mult = 20.36 ft./bar
52.65 lbs./ft. _____________ -

3. Determine the number of mults that would be obtained if b i l l e t s  came
in at maximum weight and + 2” tolerance on length.

Length of b i l l e t  at maximum length  = 20.53 ft. —

-~ 
, I,

________ = 20.53 f t .
12 ”/ft.

Weight of maximum weight b i l le t  = 11 3 6 . 3  l b s .  —

(20.53 ft. X 55.35 lbs./ft . = 1136.3 lbs./billet)

Number of mul t s  In maximum weight  billet = 29.68 molts/billet -

1136.3 lbs,/billet = 29.68 molts/billet
38.29 l b s . / m ult  (nominal)

4. Determine the probability of g e t t i n g  29 mults out of a billet.
(Probability of being in shaded area under curve as foLlows) .

4 43
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Assum e i u u r r m u i ; i l  d l s t r  I b u t  [on with upper and lower limIts (+3 a and

— i n )  o t  7 9 .68  and 28 m in t s  per b i l l e t  r e s p e c t i v e ly  as shown below :

28 28.84 29 29.68

- 3 o  + 3 0

6 o = 29 .68  — 28 = 1.68
a = 0 .28

Probability of 29 molts = P (t2) — P (ti).

Where P (t2) is probability a point will he taken between 28 and
29.68 and where P ( t I )  is probabil ity a point will be taken -j
between 28 and 29 and subtraction gives probability of point
between 29 and 29 .68 .

From statistical tables based on normal distribution —

P (t2) = .9987
P ( t i )  = .7160
P ( t 2 )  — P ( t i )  = .2827

or 28% of the time 29_mults/bil let wi l l  be obtained .

5. Determine difference in scrap between the cut—to—weight and the c - r u t—
to—length methods.

Consider 100 billets in cut—to—wei ght system .
28 b i l l e t s  w i l l  y i e l d  29 m u l t s / b I l l e t .
72 billets will yield 28 mults/hille t .

_
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Material used per billet , cut—to—weight —

28 mults/billet X 38 lbs. = 1064 lbs ./billet
29 mults/billet X 38 lbs. = 1102 lbs./billet

Material used per 100 billets , cut—to—weight —

(28 billets) (1102 lbs./billet) = 30 , 856 lbs.
(72  b i l l e t s )  (1064 lhs ./billet) = 76,608 lbs.

TOTAL 107 , 464 l b s./ 100  b i l l e t s

Average cut—to—weight billet will weigh —

20.44’ x 54 lbs./ft. = 1 ,103.76 lbs

Scrap per 100 b i l l e t s , c u t — t o — w e i g h t  —

110,376 lbs. steel purchased — 107 ,464 lbs. steel used = 2912 lbs.
scrap per 100 billets or 29.1 lbs. s~rap/hillet.

Average cut—to—length billet will weigh —

20.33’ x 54 lbs./ft. = 1 ,097.82 lbs ./b illet

Scrap per 100 b i l l e t s, c u t — t o — l e n g t h  —

109 ,782 lbs. steel purchased — 106 , 400 lbs. steel used = 3,382 lbs.
scrap/100 billets or 33.8 lbs. scrap/billet.

33.8 lbs. — 29 .1  lbs. = 4 . 7  lbs.  av in~~s er billet ttin t we~ g~~~.

- 6. Determine savings per month based on 1 ,000 ,000 projectiles per month
production .

Number of billets required per month , cut—to—weight —

28 x 29y = 1,000,000

x 72
y 28

x = 25 ,457 billets giving 28 molts.
y = 9 , 900 b i l l e t s  giving 29 m o l t s .

35 ,357 billets per month for cut—to—weight system .

4
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i , OUO ~~O00 n u u i 1 t s / m o m i t h  
= 35 ,714 billets per month.

28 mults/billet

Savings per b i l le t  used by cut—to—weight method —

35 , 357 b i l l e t s  used X 4.7 lbs./blllet savings X $0.125/lb. =

$20 ,772 savings per month.

ilso less b i l l e t s  used by c u t— t o — w e i g h t  —

35 ,714 — 35 ,357 = 357 billets saved/month

20.33 ft. x 54 lbs./ft. x 35 b i l l e t s  x $ O . 12 5 / lb .  = $48 ,990
savings per month.

Total  savings per month b y c u t — t o — w e i g h t  —

$20 ,772 + $48 ,990 = $69 ,762 savings/month or $837,146 sav ings/yr .

4 46
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r~-t~1l- :Rl Al .  SAV I  NCS A SSU C IA I ’ K l )  W l I l I  G I l l — l U — W E  I GIlT
ME’I EIUU UI- III li E-I- SI -~PARA I UN I-UR lOS MM Ml I-UIU:IN(:

( M I N I M U M  0)- 33 M u L E S  Pl- R H iL l E l ,
NOM I NAL 24 FT. l ENGTH BIllET)

GIVEN : (A) N o m i n a l  w e i g h t  of 4 x 4 RCS billet stock = 54 lhs./ft.
(B) Weight variation dune to varying cross

sectional dimensions of billet stock = ± 2 .5%
(C) Minimum mol t  weight required = 38 lbs.
(D) Molts per billet (minimum) = 33
(E) Tolerance on billet length) = + 2”
(F) Tolerance on molt length = ± .025”
(C) Weight variation in mults cot by weight = ± .75 7
(H) Monthl y p r o d u c t i o n  f o r  3.SAAP = I ,000, 001)

pro ec t I I i-c-

(I) Steel Cost = $ O . l 2 5 / l h .

ASSUMPTIONS: (A) Norma l distribution in weight variation of bi l l e t
s t ock .

(B)  Norma l d i s t r i b u t i o n  of +2’’ toleran ce on I engt Ii u r  I
b i l L e t  s t o c k .

CALCULATIONS

1. De te rmine  l e ng t h  of billet stock to be ordered when cuttin~~~ to length
(current practice) such that 33 molts are always obtained .

When c-utt ing to length two variables must be considered to always
assure getti ng 38 lb.  m u l t  as f o l l o w s :

a. Variation in molt weight due to variation in billet weight per
unit length (2.5%) .025 x 38 lbs. = .95 lbs .

b. Variation in molt length (± .025”) —

= 0 . 1 1  l b s .)

Therefore , to always assure 38 lb. molt , must set up to shear nomi m u a l
39.06 lb. mu lt

38 + .95 + .11 = 39 .06

L e n g t h  of b i l l e t  to be ordered to assure g e t t i n g  33 m o l t s  i s  23 .87  II

(39.06 lh s .Lrnu It x 33 m olts/hi i let = 
*:~: :~

t:. Y :1±~ )
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weig_lil such tluat 33 molts are always oLnt. - u i ru ed .

W e i g h t  variation of molt is ± .29 lbs./mult —

(38 lbs ./mult x .0075 weight variation ±.29 lbs ./mult)

Length of billet to be ordered to assure  g e t t i n g  33 mults is 24.00
ft ./billet . This is based on worst possible condition (minimum weight)
of incoming b i l l e t  —

( 33 mults/billet x 38.29 lbs ./mnilt = 24 .00  f t . /h l l l et
52.65 lb s./ft.

3. Determine the number of molts that would be obtained if billets came
in at maximum weight and + 2” tolerance on length.

Length of billet at maximum length = 2 4 . 1 7  f t .  —

(2 4 . 00 + 2 ” 
= 24 17 ft

Weight of maximum weight billet = l i3 7 . 8  lbs .

( 2 4 . 1 7  f t .  x 55 .35  l b s ./ f t .  = 1 33 7 . 8  i b s . / h i l l c - t )

Nomber  of m u l t s  in maximum w e i g h t  b i l l e t  = 34 . 94 h a l t s / b i l l e t

/ 1136 .3  l b s ./ h i l l e t  -= 34 .94  m o l t s/ b i l l e t
38.29 lbs ./mult

\ ( n o m in a l )

4. Determine the probability of getting 34 mults (lot of a billet.
(Probability of being in shaded area under curve below).

Assume normal distribut ion with ripper and lower l imits (+3r and —3a)
34.94 and 33 molts per billet respectivel y as shown h low:

34.94
-30 +3a

6 a = 34 . 94  — 33 = 1.94
a = 0 . 3 2

Probability of 34 mults = P (t2) — P (ti).

48
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Wl uern P It 2) i c- prohabi I i t  y a po i it will he taken b etween 33 and

14. 94 and wlii -r - P ( t  I )  is p r o b a b i l i t y  a p o i n t  w i l l  be t a k e n  1

tween  13 and 34 and subtraction gives prohab L I i t v between 34
34.94 .

From i - ;t.- it E a t ic - ui tabl es based on journal di s t r i l u u u t  j ou r —

P (t2) = . 99 87
P (tI) = . 5360
P (t2) — P (tI) = .4627

or 46% of t he  t ime 34 m o l t s / b i l l e t  w i l l  loj rht ajni-ul .

5. Determine d i f f e r e n c e  in  sc rap  between the  c u t — t o — w e i ght and the
cut—to—length nuethods.

Consider  100 b i l l e t s  in c o t — t o — w e i g h t  sy s tem .
46 billets will yield 34 mults/bil let.
54 b i l l e t s  wi l l  yield 33 molts/billet.

Material used per billet , cut—to—weight —

33 mults/ hillet x 38 lbs . = 1254 l hs ./ h il l e t
34 mults/billet x 38 lbs. = 1292 l b s ./ b i lle t

Mate r i a l  used per 100 b i l l e t s , C- - i t — t o — w eight  —

(46 b i l l e t s )  (1292 l b s ./ b i I l e t )  = 59 , 432 lbs .
(54 b i l l e t s )  ( 12 54  lb s . / b i ll e t )  = 67 ,716 lbs.

TOTAL 127 , 148 lbs./100 billets

Average cut—to—weight billet will weigh — 24.08 ’ x ‘54 l b s . / ft .  =

1300.32 lbs.

Scrap per 100 b I l l e t s ,  I I ? — l o - W l - I i ’ I I I

130 032 lbs. st -t I p uu ru - I - e - r scud — 121 148 lI u c - . ; I u- ~- l nod = -~ n’ I I - ;.
scra p pe r  I O Ô  b i l l e t s  r 2 R .~~ lbs. ac rap/h ifle t.

Average cut—to—length Lillet wi l l  weigh —

23.95 ’ X 54 lb s./ft. = 1293.30 lh s. /hillet

49
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Scrap per 100 b i l l e t s , ~-u t —to— I engt Ir - -

I _ ~~. l It) lbs. —~~~ - c I  i r u u c l u . o ~~- I  1 5 ~ 1 -— . —, i ~~ - - ~ u~~—~~~d —

lbs. scr .rp/100 hi [i~- !a or 1’-l . I t h e .  t i u / I i u l l t - t

39 .3  l b s .  — 28 .8  l b s .  = 5 i h s . sav nj~s r b i l l e t~~~~~ c u t t h i g

~~ 
cj~’Ftt .

i- . D e t e rj i . i n e  sav ings  per m o n t h  based on 1 , 000 , 000 p r oj e c t i l e  per m o n t h

~~ prod uict ion .

Number  of bill e ts required per month , cut— to— weU-, ht -

33x + 3 4 v  -. 1 , 000, 030

X = 54
y 46

x = 16 , 139 b i l l e t s  g i v i n g  33 m o l t s .
y = 13~~748 b i l l e t s  g iv ing  34 molts.

29 , 887 billets per month for cut—to—weight sy a t e m .

Number  of b i l l e t s  requ i red  for cuit—to— length system per month  —

l ,000,000 mufts/month = 30 ,303 billets per month
33 mults/billet

Savi ngs per  b i l l e t  used by c u t — t o — w e i g h t  method  —

29 , 887 b i l l e t s  used x 10.5 lb s ./ b i l l e t  sav ings  x $0.125 lb .  =

$39 ,226 savings per month.

a lso less b i l l e t s  used by c u t — t o --weig ht  —

30 ,303 — 29 , 887 = -‘ l 6  b i l l e t s  s aved/mon th

23.95 ft. x 54 lbs ./ft. x 416 billets x $0. 1 2 5/ l b .  = $67,252
savings per month.

Tota l  savings per m o n t h  b y c u t — t o - w r i g h t  —

$39 , 226 + $ 6 7 .2 5 2  $106 , 478 sav ings/mon t - h or $1 , 277 , 73~
savings/yr.
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MATER I AL S A V I N GS ASS O CIA IF I )  W I TH CUT—T n --W i - l I GHT
METHO I) OF BILLET sF :pARA-I I tN FOR 155 ~ -l ~-1483

(MINIMUM OF 27 MUL ’I S PER B ILLET ,
NOMINAL -‘4 FT. LENGTH BILLET)

G I V E N :  ( A )  N w i !na l w e i g h t  51 x 5’~. R CS h i  l l ~~l stock  = 93 11
(B) Weight variation due t o  v - u r v  log c r  c-s 

+
sec tional dimensions at  b i l l e t  ~~t - . ~ 

= — 2 . 5~
(C) Min imum m u i t  we igh t  r e q u i re d  = 80 11
(D) Mol t s  per  b i l l e t  ( m i n i m u m )  = 27
(E) Tolerance  on b i l l e t  l e n g t h  = + 2’
(F) Tole rance  on m u l t  l~~u i g t l i  = ~~ .O2~
(C) W e i g h t  v a r i a t i o n  in m o l t s  .-u t by weigh t = ± . 75~
(H) Mon th l y p r o d u c t i o n  MSAA P = 120, 0(

pro
( I )  Steel  Cost = $ 0 . 17 i

ASSITMPTIONS: (A) Norma l distribut 1~ r i  in  weight  v a r i a t i o n  of b i l
s te  :k.

(B) Norma l d i s t r i b u t i o n  of + 2” to l e rance  in lengt
b i l l e t  s t o c k .

CALCULATIONS

1. D e t e r m i n e  l e ng t h  of b i l l e t  sto:k to be ordered when cuttin~j
(current practice) such tha t 27 :nults are always obtained .

When i t t i u g  to Ien~ th two v a r i a b l e s  must  be considered to al
assure getti ng 80 l b .  mu lt as follows:

a. Vari ati on in m o l t  ~- c- i ght d u j u - t o  -.‘or i at i o n  in b i l l e t  weigi
u n i t  l e n g t h  ( 2 . 5 % )  — . 0 2 5  x ~~ f t c- .  1 lbs .

h .  V a r i a t i o n  in m u l t  l e n g t h  (~~ .02’5’h —

0.025 ” 93 l b s .
12 ” / f t .  

X 
f t .  

= 0.19 l b s .

The re fo re , to  a lways  i s s u r e  80 l b .  mud I . -- - -~~ c - c t  op to shear non
82. 19 lb .  mul t

(80 + 2 + .19 = 82 .19)

Length  of b i l l e t  to he o rde re d  to a s s u r e  g et  t Ing  27 m u l t s  is
ft. - 

- 23.86 ft. fb i I let)
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2 .  D e t e r m i n e  l e n g t h  of h i  h i t  s t o c k  to he ordered w h en  C i i t t 1~~& t O  -s. i t ’ Ll
such t h a t  27 mo l ts  are always obtained .

Weight variation of mult is .6 Ihs. /mult

(80 l h s . / m u l t  x . 0075 w e i g h t  v a r i a t i o n  ± .6 lbs ./mult )

Length  of b i l l e t  to be ordered  to a s su re  g e t t i n g  27 m o l t s  is 2 4 . O ~)
ft ./billet . This is based on worst possible condition (minimum weLL ’ )
of incoming b i l l e t  —

(27 m o l ts / b I l l et  x 80.6 lbs ./mult 
= 24.00 ft. /bar

90.675 lb s . /f t .

3. De te rmine  the number of m u l t s  t ha t  would be obta ined  if billets cane

in  at  maximum weight  and + 2” tolerance on length.

Length  of b i l l e t  at maximum length = 2 4 . 1 7  f t .

(2 4 . 0 0  + 2” = 24 17 f t
~~17~~~~

Weight  of maximum weight  b i l l e t  = 2304 lbs. —

(2 4 . 1 7  f t .  x 95 .325  l b s . / f t .  = 2304 lh s ./ h il l e t )

Number of mules in maximum weight billet = 28.59 m n i l t s / b [ l l e t

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ = 28.59 mo lts/b Illet
80.6 lbs./mult

\ (nominal)

4. 1)etermine the probability of getting 28 mults out of a billet.
(Probability of being in shaded area under curve below) .

Assume normal distribution with upper and lower limit s (+3a and — 3 )
of 28.59 and 27 molts per billet respectivel y as shown be low :

27 2 7 . 7 9  28 28 .5 9
- 3a  + 3 0

6 a = 2 8 . 59  — 27 1.59
a = .26

Probab i l i ty  of 28 mu l t s  = P ( t 2 )  — P ( t l ).
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Where P (t2) is probability a point will be taken between 27
and 28.59 and where P (ti) is p r o b a b i l i t y  a po int  w i l l  he
taken between 27 and 28 and subtraction gives probability of
point between 28 and 28.59.

From statistical t ab les based on normal distributi on —

P (t2) = .9987
P (tI) = .7852
P (t2) — P (tl)= .2 135

Or 21% of the  t ine  29 m o l t s/ b i l l e t  w i l l  he o b t a i n e d .

5. Determine difference in scrap between the cot—to-weight and the
c o t — t o — l e n g t h  methods .

Consider  100 b i l l e t s  in cut—to—weight system .
21 billets will yield 28 mults/billet.
79 b i l l e t s  wi l l  y ield 27 mults/billet.

Material used per billet , cut—to—we ight —

27 molts/billet x 80 lbs. = 2160 lbs./billet
28 mults/billet x 80 lbs. = 2240 lbs ./blllet

M a t e r i a l  used per 100 b i l l e t s , c u t — t o — w e i g h t  —

(21 billets) (2240 lbs./billet) = 47 ,040 lbs.
(80 billets) (2160 lbs./billet) = 170 , 640 lbs.

TOTAL = 217 , 680 lbs .

Average c u t — t o — w e i g h t  b i l le t  wi l l  weigh — 24. 08’ X 93 lbs./ ft. =

2,239 lbs.

Scrap per 100 billets , cut—to—weight —

223 ,900 lbs . steel purchased — 217 ,680 lbs. steel used = 6620 l b s .
scrap per 100 b i l l e t s  or 62.2 lbs. scrap/billet.

Average c u t - t o - l e n g t h  b i l l e t  wi l l  weigh —

23.94’ X 93 lbs./f t. = 2226.42 lbs ./billet
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Sc r a p  u I - I  u , r 100 1) i I I u t.c -, j u t  — t o  1. - n t  h —

1?. ’, t u - ’u l  I i’s. at u - n - I  p u u r c l : u - ; e d  — :11 t ,000 lbs . stee l ic - r d E, h ’ . -
, I...

c - r i p / I O U  h i l  l e ts  m r  nut .4 lbs. scrap/hi 1 l i t .

6 6 . 4  lb s . — 6.]. 1 lbs. = 4.2 l b s .  s a v i i u ~ s 1ie~u~l b i l l e t  by it t i u j ~ I o

wei l~j it

6. D e t e r m i n e  savings  per m o n t h  based on 120 , 000 p r o j  n - c t  i l - a  p u - r  - i  Ir
pro d uct ion .

Number  of b i l l e t s  r e q u i r e d  per m o n t h , cut—t — ’s- -L~lO -

27x + 28y = 120 , 000

x — 79
v 21

x = 3472 b i l l e t s  g i v i n g  28 m u l t s .
y = 923 b i l l e t s  g iv ing  29 m u l t s .

4395 bill e ts per month for cut—to—weight c-v~ u ci: .

N u m b e r  of b i l l e t s  r equ i r ed  fo r  i u t — t o — l e n g t h  c - v a t  Ir pi~r m o n t h  —

JLo~ 0~ Q2 lLsJ~ oiitJ! = 44 44  h i l l € - t s  per m o n t h
27 mul ts/hilIe t

Sav ings per  b i l l e t  used by c o t — t o — w e i g h t  m e L l i o d  —

6395 billets used x 4.2 lb s. /b i ll -t savings x $0.17 lbs. =
- S3,  1 3 8  savings per month  —

a lso  less  b i l l e t s  used by c u t — t o — w e i g h t  —

444~ -- 439 5 = 49 b i l l e t s  s a v e d/ m o n t h

2 3 . ~ I4 f t .  x 9~3 l h s . / f t .  -~ 49 hi I lu - t s  x ~O. I / II . -

savings per month.

T o t a l  -L iv ings  per mon th  by c u r t — t o — w e i g h t  —

$3 , 138 + S18 , 54 1 = $21 , 684 sav i n g s / m o n t h  or ~ l O d t , ‘ ( E ~ c - m v  l n G s / v - .- u r  -
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