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SUMARIO

De acordo com a atual perspectiva quanto aos processos
industriais em geral, percebemos um gradativo aumento no interes-
se, por parte dos produtores, no sentido da otimizzag¢ao do procesg
samento de ma;érias primas, visando a2 obtenc¢do de produtos finais
ou intermedidrios com menores custos.

Esse interesse, émbora antigo, tornou-~se mais intenso com
a recente crise energética, e a perspectiva 4o escasseamento das
fontes energéticas ndo renovédveis., A economia de materiais proces
sados através de usinagem, conformacdoc e fundigdo, representa ou-
tro meio de redugac do custo da peca.

Componentes gue hd pouco tempo eram obtidos por um dado
processo, estao sendo produzidos atualmente por outros, com signi
ficativa economia de material, diminuigZo do tempo de pfocessameg
to e 2 consequente diminuigZo do custo final. Neste espago vale
citar o exemplo da técnica de conformagzo a frio ou recalgue =
fric, compzrado ao proceséo de usinagem,

Este trabalho visa, portanto, o emprégo da técnica do re
calque na fabricag¢ao de uma ponia Phillps de apaféfusar. Neste ca
g0, serd feita = descrigZo d¢ processc de fabricagso dz pega, uti
lizando-se exclusivamente a técnica da usinagem, e, posteriormens
te, seraoc apresentadas propostas de processos onde serio emprega-
dos a téenica do recalque. _

Serd feito, portanto, uma introdugac s caracteristicas
da técnica do recalque, vantagens, descrigdo das méquines recal-

cadoras, sequlncia operacional, etc,
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cArfTuLO 1V
DESCRICA0O DO PROCESSO DE RECAIQUE

a) Introduczo:

Dentro da sequéneia de usinagem deserita anteriormente,
verificamos a possibilidade de execugzo de algumas etapas Qe fa~
bricaciao da pega, utilizando-se a técnica da conformagao a frio,
maigs conhecida como recalque. '

A partir disso, apresentamos propostas de operagces que
utilizem as caracteristicas da técnica do recslgue na formagao da
pega de trabalho. Dentre as etapas sobre as quais serac feitas as
propostas, encontram-se a formacgao da segac sextavada da haste .e
g conicidade da ponta. As demais operacgoes complementares, tais
como a usinagem do corpo, 4o pescogo da haste e o fresamento da
ponta serao efetuadas de acordo com a deserigzo feita anteriormen

te na usinagem. .
Ko estudo efetuado sobre a técnica do recalque, foi uti-

lizada a consulta a catdlogos de fabricentes de recalezdoras,

mais notadamente & National Machinery (Co.
b) Corte do arame:

Para a realizagzo dessa etapa é necessdrio se conhecer o
volume total da pega acabada oun semi-acabada, a fim de se obter o
comprimento do blank a ser cortado a partir do fio migquina. 0 vo-
lume total seré: 3

Partindo de um fio mdquina de bitola 1/2" (12,7 mm), ob-

temos o comprimento necessério do blank:

17a° = 6048,0 =» 1 = 47,7 mm.
4
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¢) Primeiro recalque {extrusdo):

A primeira etapa do processo consiste na extruszo do blank
obtendo-se 2 seégo hexagonal da espiga. Isto serd feito com o blank
sendo conformado em uma matriz com segfio hexagonal, mostrada no.dg
senho 8, onde temos: 1

~-peca 1l: parte posterior da matriz fixa.
2: placa rigidsa.
3: mola do extrator.
4: pino extrator.

parte anterior da matriz fixa.

L1

matriz sextavada.

*

matriz circular.

"

parte anterior da matriz mével.

O @ 3 O W

parte posterior da matriz mével.
10: blank. '
11: guia deslizante.

12: pino de extrusic.

13: camisa da matriz mével.

i4: pino passador tangencial.

15: calco posterior do pino & mola.
16: mola da guia deslizante.

17: mola do pino de extrusao.

18: placa rigida.

A operagzo se inicia com o blank (¢} posicidnado pela pin
¢ca de trensfer&nciam, na linha de centro das matrizes. 0 blank &
alojado nas matrizes mével e fixa, forgando os pinos extratores
(4) e (12) a alcangarem seus batentes (2) e (18). Quendo isto acon
tece, temos a matriz mével empurrando o blank parsz a matriz de ex-
trusao, mediante o movimento de retorno da guia deslizante (11).
Esse suporte serve para evitar o perigo de flambugem do blank, €
' para guid-lo para dentro da matriz fixa.

Fxecutada & extrusio da segio hexagonal, & matriz mével
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retorna para a gua posi¢ao inicial, sendo o blank expulso de am -

bas as matrizes através dos respectivos pinos de extracgfo.

d) Recalque da ponta cénica:

A segunda etapa do recalque, que é o de ponta cdnice, es
t4 mostrado no desenho 9, ondes
. -pega 1: parte posterior da matriz fixa.
2: placa rigida.
3: mola do extrator.
4: pino extrator.
5: parte anterior 4z matriz fixa.
6: matriz sextavada.
7: matriz circular.
8: camisa da matriz mével.
9: blank.
10: guia deslizante.
11: pino de recalque.
12: pino passador tangencial,
13: mola da guia deslizante.
l4: mola do pino de recalgue.
15: placa rigida.
16: bloco de assento.
17: parte anterior da matriz mével.
18: parte posterior da matriz mével.

Esta operagdo & feita com o bXank sendo introduzido nas
matrizes de maneira similar 2 anterior. O recalque dz ponta & Tei
to com o molde inserido no pino de extragdZo da matriz mével. 0O re
cuo de ambos os pinos de extragzo, até alcangarem seus respecti-
vos batentes, executa o recalque da ponta, sendo as matrizes afag

tadas apds essa deformagszo.
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cAriToLO V
FUNDAMERTOS DA TECNOLOGIA DA DEFORMAQKO A FRIO

a) Introdugao:

0 recalque é uma operagao de forjar. Uma forga aplicads
na extremidade de uma barra de metal ou de um fio méquina, que
se encontra entre o punggo e & matriz, excedendo o limite elds-
tico do material, causa a sua deformagido. O difmetro aumenta en-
quanto seuw comprimento diminui.

Muitas pegas de formas diferentes podem se® produzidas
por meio do recalque. Quando se combina isto com outras opera-
¢oes, como extrusao, puncionamento, rebarba ou rosqueamento, as
possibilidades desse processo sao quase ilimitadas. Na fig. 1

s8o mostradas pegas tIipicas feitas por estas operagdes.

Pecas fipicas produzidas por recalque o operactes compte-
fi 1 a menlares tais Ccomo, cxiruido, puncignamenio € rebarba.
g' 0 T e St g e Taran ke s maetad conlule enten o
Batt g a0 gt 70 van aleapasen o bmolo slaghe £ La0%8 4
O ST T T P

M ey




A mais freqliente aplicaga@o do recalque é a formagdo das
cabecgas dos parafusos. Milhoes de parafusos sZo produzidos deste
modo. Devido & economia obtida, estd aumentando o numero de ou~-
tras pecas feitas por recalque. Pegas simétricas sao mais fre—'
qiientemente formadas a frio, mas comercialmente também sao fei-
tos recalques assimétricos. E também comum a mudanga do formato
da seg¢ao transversal de redondo para quadrado, hexagonal ou ou-

tra forma,

b} Producgao:

Desde gue o recalque estd estritamente unido com os pro
cessos de produclo de parafusos em grande série, o encabegamento
é bagicamente um método de producdo de grandes séries a grande
velocidade. Em muitos casos, entretanto, as vantagens econémicas
do processo tornam prdticas uma produczo de 50.000 pegas ou mew
nes. As taxas de produc¢do variam com o tamanho das pecas e com a
complexidade das mdquinas. Por exemplo, pequenos rebites macigos
( fig. 2 ) sdo encabegados & razdo de 36.000 por hora, e os pa-
rafusos ne8, & razd@o de 27.000 por hora. Parafusos de 3/87 podem
ser encabegados, apontadcs e rosqueados & razdo de 15.000 por ho
ra. Pegas de formas maisg complexas de tamanho similar sao pfodu-
zidas & razao de 9.000 por hora. Paras pecas maiores e mais com-
plicadas, a velocidade de produgao cai para 2.400 por hora.

As pegas encabegadas a frio variam desde esferas de so-
mente 1/2 milimetro de didmetro a pinhJes ou eixos de 3 kg. ou
mais. A matéria-prima usade & fio mdquina enrolado ou barras de
até 50 mm de difdmetro, ou maiores. As méguinas de cisalhar se
clagsificam de acordo com sua capacidade mdxima de corte, em dil
metro. Por exemplo, uma recalcadora a frio de 5/16" pode cisa-
lhar uma liga de ago de até 8 mm de didmetro. Este tamanho de
méquina pode alimentar um comprimento mdximo de material de 70
milimetros, mas para pegas mais compridas & possivel prové-las

com avango de até 115 mm. Em geral, os comprimentos de alimen-
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tagdo podem ser de até 14 verzes a capacidade da miquina, em dié-

metro, com algumas variagdes.

Aa taxas de produgdo no recalgque varlam com o0 tamanho das
pegas ¢ a compiexidade da maguina usada.

Estes pequencs rebiles maci¢os s@ encabegam & razio do 36.000
- por hora. A produc¢io de pegas maores cai até 2.40¢ por hora.

fig. 2. .

]

¢} Vantagens do processo:

A deformaci@o a frio oferece vantagens substanciais so-
bre outros processos, tais como usinagem e forja a quente.

Economia de material: praticamente na@o h4 perda de mate
rial quando uma peca é deformada a frio. Uma pega semelhante, se
fosse usinada produziria até 80% de perda.

Producao: geralmente, pe¢as deformadas a frio podem ser
produzidas 10 vezes mais rapidamente em relacao as usinadas. Re-~
calcadoras modernas podem fornecer 36.000 pegas por hora ( depen
dendo das dimensdes e complexidade ).

Propriedades dog materiais: a deformacao a frio aprimo-
re as propriedades mecé&nicas do metal. Isto implica nas seguin-
tes consideracgoes num projeto: o projetista pode simplesmente

aceitar as vantagens de uma pega mais forte ou ele pode projetar




uma pega menor sem sacrificar sua resisténcia e substituir mate-
riais de custos mais baixos, produzindo pegas de resisténcia com
pardvel & original. O trabalho a frio amassa o metal e o torna
‘mais resistente. As fibras seguem o contorno da pega, como na fi
gura 3. As pecgas 3s vezes podem ser feitas menores sem ter que

sacrificar sua resisténcia.

q O aumenio da sesisléncia. denvado do trabatho a frio. perme
flg. 3. o emprego de pecas mengres Em outros catas podemos uhlizar
malénas primas de menor cuslo devido as propnedades lisicas

methores

Acabamento superficial: a deformagZo & frio produz bom
acabamento superficial e boas tolerdncias dimensionais. HMuitas
pecas deixam as deformadoras terminadas & prontas para serem u-
sadas,

Economia: a soma destas consideragoes , adicionadas 3
reducao damZo de obra, oferece, através da deformag¢io a frio,
uma notédvel vantagem sobre a usinagem e forja & gquente, como na

figura 4.
d) Tendéncias:
Diversas tendéncias no desenvolvimento da deformagio a&

frio terao forte infludncia em Ffuturas aplicagoes. Pegas mais

complexas estao sendo deformadas. Antes, a deformagao a frio
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Deformando e trio a partir de bobinas, em uma s6 méquina, economlza

_dez vezes a matéria prima & produz corpos de vela de ignigio dez vezes
mais rapidamente do que 0 processo anlerior. Além disso, a peca é 18%
mais forte,

fig. 4.

tinhs sua eaplicacado restringida 2 producgo de cabegas de para—-
fusos, hoje em dia & usada para a formagac de eﬁgrenagens.
"Forja a morno" & outra tendéncia imporiante que resul-
tz de umz maior complexidade de formatos e da necessidade do uso
de ages com maior teor de carbonp. "Morno" & qualquer temperatu-

ra situada entre & temperatura ambiente e a de tranaformagao do

metal ( fig. 5 ).

g J, - ,A-'-:.‘-u.m"i'.'
T T A ST L .

Chave Scque -
te de 12
pontas,



Pegas maiores est2o sendo forjadas & frio. Uma das pri-
neiras forjadas a frio foi o suporte da l8mpada do freio do au-
tomével, pesando poucas gramas. Hoje, certas pegas sd0 produzi-
das partindo de tarugos pesando.acima de 10 kg. ( por exemplo :
componentes de municgoes, tais como cdpsulas ). Eixos de tragdo
eﬁ automéveis s@o produzidos recalcando a quente uma extremida-

de e extrudando a outra. Os pesos variam de 5 a 10 kg.
o) Automatizacso:

A deformacio & frio possui muitas vantagens na produgao
em série. O sucesso deste método se deve, em grande parte, ao de
senvolvimento dag deformadoras a frio que transportam a pega de
una matriz para outra.

A propdsito, estas mdquinas operam como se fossem linhas
automdticas de produgio, onde a matéria prima é introduzida sain
db pecas prontas e acabadas. Por exemplo, as modernas Boltmakers
da National Machinery Co. combinam deformagoes em matrizes mdlti
plas, apontadora e rosqueadora, produzindo uma variedade de para
fusos e pegas especiais rosqueadas. A deformagio em matrizes pro
gressivas permite vdrios didmetros em uma mesma peg¢a, sendo que
cade recalgue pode deformar somente um certo volume de material.
As vérias matrizes permitem grandes encabegamentos, passando por
diversas operagdes de recalque e extrusdo para acumular o volu-
me necessdrio de material. A \ltima estac@o recorta & cabega ou
o colar da pega. Apés esta operacgao, a pega deixa a drea das ma-
trizes e é dirigida para a apontadora, que chanfra a extremidade.
Em seguida, a rosca é rolada completando a pega. Sendo todas as
estagoes operadas simultaneamente, a Boltmaker produz uma pega
em cada golpe da mdquina.

Roscas roladas a frio possuem vidrias vantagens sobre
rogcas itorneadas, pois as tolerdncias podem ser mails justes e os
filetes sao 13% mais fortes. Izto & devido ao encruamento do me-

tal e & continuidade das fibras.
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f) Recalgue e extrusio a frio:

Recalque a frio é um processo automdtico de alta veloci
dade, no qual' material em forma de fio & cortado em um determing
do comprimento e deformado & frio., Recalque a frio § também deng
minado de encabegamento ou forja a frio.

A maioria das pegas recalcadas a frio provém do-arame.
Isto permite o0 uso de material de baixo custo em quantidades su-
ficientemente grandes para corridas contfnuas e prolongadas. Mui
tos formatos diferentes podem ser obtidos por deformacido a frio
e quando combinados com outras técnicas, tais como extrusio, per
furagao, recorte e rosqueamento, possibilitam muitos formatos e
pecas & serem produzidas. A mais ampla aplicagao & o encabegamen
to de parafusos.

Deformagdao a frioc melhora as propriedades fisicas dos
metais. O encruamento d4 maior resisténcia aos materiais. As fi-
bras acompanham o contorno da pec¢a formada. Asgim, certas pecgas
podem ter as suas dimensdes reduzidas sem sacrificar a resistén-
cia. Em outros casos, materiais de baixo custo podem ser usados.
Muitas pegas saem acabadas das deformadoras, prontas para serem
usadas, outras requerem apenas algumas operagoes secunddrias. As

linhas das fibras da pega podem ser vistas na figura 6.

+ Corte de um corpo de vola de ignigsio indicando as finhas das fibras e a
estrutura granutar resultante da deformagiec a frio.

fig. 6.
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Além do recalgque, fabricentes de forjados a frio perfor-

mam outras operagoes correlatas. Por eiemplo, certas formas qua-
‘dradas ou formatos especiais sZo, inicialmente, recalcadas e em

seguida recortadas para o contorno desejado. Isto é feito‘por um
pung8o de recortar dentro da prépria médquina, tal como em uma re

calcadora progressiva, ou em uma unidade separada chamada recor-

tadora ( fig. 7 ).

| 'l_ﬁ“

Extrusio para Extrusas Recal v -
o feenta pora trgs ecalque Recorte Perfuragido

Cinco operagdes tasicas do deformogdo o frio

fig. 7.

Tante a extrus3c como o recalque si@o fregiientemente exe
cutados no mesmo equipamento de deformagao a frio. Em oposicgao
ac recalgue, & extrusdo para frente reduz o difmetro do material,
sumentando seu comprimento. Extrusao para trds faz perfuragdes
nas pec¢as sem, no entanto, remover metal. Para isto, a matriz de
extrusao confina a pe¢a enguanto o puncgo penetra fazendo o me~
tal escoar ao seu redor. A extrusao para tréds é freqlientemente
usada para pegas em forma de copo e quando combinadas com perfu-

ragao produz peg¢as praticamente sem perda de material.(fig. 8).

Pega hpico produtido combinonde o extrusde o o
re:nfque em magquing de multi-motrizes. A extrusao reduzr o
diametro do maleriol iniciol co mesma lempo que aumenta sew
comprimento, ¢ o recalque ocumenta ¢ diémelro, reduzindo o
comprimento ]

fig. 8.
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Pecas simétricas sdo as mais fAceis para serem deforma-'
das a frio e as pecas cilindricas requerem somente que.o meca—
‘'nismo de transferéncia as move de uma maliriz para outfa._Pegas
assimétricas requerem um posicionamento diante de cada éstagﬁo,o
gue requer uma colaboragdo entre o engenheiro do produto e © pro
Jetista das matrizes. _

) Ha deformacao a frio tem-se normalmente melhor acabamen
+to superficial. A extrusdo, por exemplo, melhora a superficie de
10 para 100 micropolegadas. O recalque resulia em acabamento de
alta qualidade quando a pega é confinada nas matrizes ou nas &-
reas que entram em contato com a ferramenta. 0 acabamenté de ai-
ta gqualidade demanda o uso de boa matéria prima.

Praticamente, a vnica limitagSo na precisdo dimensional
-& o desgaste permissivel das matrizes. Assim como em outros pro
cessos de engenharia e produgzo de ferramentas, a tolerincia é
uma questdo econdmica e nao mecZnica. Por exemplo, pegas tém si-
do deformadas a frio com tolerédncias de 0,01 mm, através do uso
de matrizes calibradoras, porém apds prolongado usc, estas se
desgastam e as pegas saem fora da toleréncia.

Apesar das grandes dimensces de pecges que podem ser pro
duzidas, a maioria das extrudadas pesa menos de 3 kg. com difme-
tros até 90 mm e comprimentos até 370 mm. Este comprimento se dg
ve a um desenvolvimento recente, pois até hd poucos anos atrés
as limitacoes se situavam em torno de 130 a 180 mm, Cérca de 50%
das pec¢as extrudadas hoje nao eram consideradas extruddveis hd

cinco anos atrés.
g) Escolha da matéria prima:

Os materiais usados na deformagao a frio vériam desde
ligas de aluminio até agos de médio teor de carbono. Em geral, os
metais diteis s3o os mais adequados para o recalque a frio pois
escoam melhor resultando em mencs desgaste das matrizes. Enfre-

tanto, se materiais menos diteis s&o necessérios, seu uso causa-
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ré& custo maior de ferramentas. Além dos agos carbono, agos de cro
mo e inoxiddveis de niguel-cromoc sdao deformados a frio em grande
‘quantidade. A maioria dos nao ferrosos - cobre, latdo, nfquel,

' prata, '"monel®, ete., podem ser recalcados com sucesso. Aiuminio

e suas ligas podem ser recalcados facilmente e estao cada vesz
mais em uso. Prata, platina e ouro sao freglientemente especifica
dos para instrumentagao e joalheria. Rebites de tit&nio tém sido
deformados em escala comercial, partindo do fio embobinado.

A formabilidade de cada metal depende de sua resisténcia,
e da sua resisténcia a ser deformado. Dois termos importantes pa
ra serem memorizados: resisténcia ao escoamento e & ruptura. Re-~
sisténcia ao escoamento & o ponto em que o0 material se deforma
permanentemente. Resisténcia 2 ruptura € o ponto em gque o materi
"8l se rompe., A faixa entre esses dois pontos é muito importante
para a deformag@o a frio. A deformagfo plédstica ocorre quando &
forga aplicada excede o ponto de escoamento.

A medida-em que o metal é deformado, sua resisténcia au
menta e ¢le encrua. Encruamento eleva o ponic de escoamentc apro
ximando~o do ponto de ruptura, estreitando a faixa de formabili-
dade. Dependendo da composic¢@o do material, esta faixa se torna
tao estreita que qualquer deformagio adicional pode fraturar o
metal. O encruamento & parcialmente responsdvel pela alta resis-
téncia das pegas formadas a frio, porém também resulta num con-
segliente aumento no esforgo do ferramental. Cérca de 100 libras
por polegada quadrada é geralmente uma tensao considerada mixi-
ma para formar pegas tipicas com vida satisfatéria das ferramen-
tas, tolerfncias aceitdveis e producao econdmica.

0 aumento de carbono e de ligas nos agos diminui sua
formabilidade. Agos de baixo teor de carbono ( até 0,2% de car~
bono ) s3ao os mais comumente usados. Sua resisténcia aumenta
gubstancialmente com a deformacdo a frio. Agos de médio teor de
carbeno ( até 0,45% ) que reagem a um tratamento térmico, ainda
s@o relativamente fdceis de serem formados. Acima deste ponto sua

recalcabilidade diminui.
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Estes agos de alto carbono e algumas ligas de agos inoxi
ddveis s&o um desafio & técnica da_deformagao de matal. Un des-
gaste mais rdpido do ferramental pode ser antecipedo. Para faci-
litar o recalque de pecas como parafusos com cabegas tipo Phi-
11ips, o arame pode ser aquecido ao enirar na recalcadora. Isto
é chamado de forja a morno. A temperatura reduz a tensao de es-
coamento ¢ & de ruptura, permitindo um recalque mais fécil.

Boron & um aditivo ideal para agos forjdveis a frio. Nao
influencim na deformag¢iao, mas tem uma marcante influéncia no tra
tamento térmico. Quando se adiciona boron e se aumenta ligeira-
mente o teor de manganés em um ago tal como SAE 1022, sua tendén
cia para endurecimento aumenta consideravelmente. Isto permite a
substitui¢do de agos carbono ( por exemplo, 1035, 1040, 1045 ),
por agos de boron com baixos teores de carbono, pois o boron re-
cupera a dureza perdida pela redugdo do carbono. O aumento de
manganés é a maneira mais econfmica para elevar a dureza qﬁando
nso se considera a deformagao a frio. Um teor de 1,1 a 1,4% de
manganés combinado com baixo teor de carbono pode ser usado em
certas aplicagoes de extrusaeé para frente naoc muito severas. A
medida que as deformagoes se tornam mais diffceis, e particular-
mente com extrusoes para trds, um teor mais baixe de manganés &
desejdvel, Percentagens de manganés encontradas nos agos carbo-
no 1024, 1027, 1036, 1041, 1340 nao cooperam com & deformacgac a
" frio, mesmo guando recosidos, e devem ser evitados sempre que
possivel.

Para favorecer as propriedades de formabilidade dos
agos, deve-se manter ao minimo o seu teor de liga. Por exemplo,
quando & U. S, Steel desenvolveu agos especialmente para a defor
mac¢io a frio, tais como 50B35 e 41B53 ( agos de médio carbono ),
a idéia foi de manter ao minimo a2 percentagem de todos os elemen
tos de liga. 0 niguel ¢, em muitos casos ¢ manganés foi reduzido
a 0,4 ~ 0,6%. Para obter & dureza necessdria, a U. S. Steel uti-
1izou o efeito sinergistico - usou pequenas quantidades de muitos

elementos ao invés de grandes quantidades de um sé elemento.



- 50 =

CAPIYDLO VI
DESCRIQIO OPERACIONAL DE UMA DEFORMADORA A FRIO

[

a) Introducdo:

y Partindo de uma bobina de fio méquina,essas recalcado-
ras sfo capazes de extrusao confinada, recalcar, encabegar, ex-
tfudar para trds, rebarbar ou puncionar formas mais compléxas do
que as formas obtidas por meio das encabegadoras de duas matri-
zes, tais como o encabegamento de pequenos pinos, gque nuitas ve~
zes cria problemas.

A extruszoc confinada ( também chamada de extrusao for-
¢ada ou para a frente ) é feita através do confinamento de um
"blank" dentro de uma matriz, forgando-o a entrar em uma matriz
de difmetro menor que o do arsame, como mostrado na figura l. A
extruszo para trds é feita utilizando-se um puncao angular para
aplicar uma pressaoc no "blank" confinado, forgando o metal a

fluir ac longo do perimetro externo do pungéo ( figura 2 ).

" fig. 1. Extrusao p/ frente. fig. 2. Extrusiao p/ trés.

O manuseio de materiais e as operacgdes de forjamento

dossas mAquinas estfo mostradas na figura 3.
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fig. 3. ManipulagZo de materiais e operagdes de forja.

A recalcadora inclui: .
— um bastidor de liga de ago tratado térmicamente pars
- altas tensoes, méxima rigidez e minima superffcie de apoio;

~ um acionamento & manivela do cabegote corredigo que
suporta os trés pungoes. A grande 4rea de apoio da hiela e o ei-
xo de manivela assegura uma vida longa e sem problemas de opera-
cao;

- um sistema de lubrificacao sob pressso que regeners,
filtra e recircula o 81eo sob pressdo. O éleo flui constantemen—
te para os mancais principais, e um fornecimento apropriado de
6leo lubrifica os demais rolamentos;

— um sistema separado de lubrificaigao das matrizes que

supre o 6leo de extruszo, sob pressdo, & ferrsmenta;
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- disﬁositivos de seguranga, que interrompem o funciona
mento da miguina, numa eventual queda de pressdo do ar comprimi-
do ou do 6leo, ou na interrupg¢ao na transferéncia da pega de uma
matriz a outra; ou no final da bobina de alimentagac de arame;

- um freio & disco gque opera por meio de um pedal, de

um quadro de. comando, ou de um sistema de acionamento auntomdtico.
b) Operagio em uma recalcadora de trés golpes e duas matrizes:

Rolos de alimentagiio empurram o arame através de uma en
direitadeira situada na frente 4z médquina, e o conduz ao longo
de sua linha de centro para o cortador que cisalha o material,

deixando-o0 no comprimento certo { fig. 3 e fig. 4 ).

fig. 4. Transferéncia do blank do cortador p/a 12 patriz.

0 impulsor move o "blank® para dentro de um par de pin-
¢as mecédnicas, que ¢ transfere & primeira‘matriz da mdquina (ver
figuras 3 ¢ 4 ). Apés o0 mecanismo de transferéncia ter alinhado
0 "blank"” com & primeira matriz, o primeiro pungao avanga e for-
¢a~o para dentro da matriz. Um puncdc e uma matriz de extrusao
880 geralmente usados n& primeira operagio da midquina, Na figura
5, vemos & esgquerda o tarugo inicial, e imediatamente & direita,
o "blank" logo apés a primeira extrusao. Um suporte opcional do
primeiro punc¢ao é disponivel para o pungic de recalque se esta

operacao é requérida, &0 invés de uma extrusao usual.
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fig. 5. Resultados da sequéncia de operag¢gdes da recalcadora.

Um expulsor empurra a peg¢a de trabalho fora da matriz e
para dentro de um segundo mecanismo de pingas, a2 fim de transfe-
ri-lo para a segunda matriz, como mostram as figuras 3 e 4.

Na segunda matriz, a peg¢a recebe dois golpes de encabe-
camento, para a formagao do cone e do acabamento final, e & exﬁul
sa da matriz, indo cair em uma rampa de descarga ( ver fig. 3 ).
0 cone e a pega acabada s3o mostrados na figura 5.

Duas operagoes ocorrem durante cada avango da mdquina:
o corte do "blank" e ¢ encabegamento final tomam lugar em um ci<
clo ( chamado avango de acabamento ), e o golpe na primeira ma-
triz com a formagzo do cone ocorre no ciclo subsegiiente ( chama-
do avan¢o de cone ). Cada passo da segliéncia de operagoes estd

descrita e ilustrada na figura 6.

fig. 6. Seqiiéncia de operagbes na encabecadora de trés golpes
e duas matrizes.
0 arame entra na drea da matriz, passa

através do cortador, e move-ge em dire
¢ao &0 limitador de curso.

0 cortador cisalha o blank e o empurra
em diregdo & pinga de transferéncia. O
impulsionador move ¢ blank fora do cor
tador.




A primeira ping¢a de transferéncia mo-
ve ¢ blank e o posiciona com a linha
de centro da primeira matriz. A opera-
¢ao & feita com o pungdo empurrando o
blank para dentro da primeira matriz.

O pungio de extruszo completa seu cur-
S0 e retorna & sus posigdo inicial. A
segunda pinga de transferéncia fecha-
-Se sobre & pe¢a extrudada e a retira
da primeira matriz.

4 segunda pinga move & pec¢a de traba-
lho para a segunda matriz. O pungao de
cone aproxima-se entao da pega e forga
& para o recalque do cone.

Apbés o golpe de recalgue do cone, ©
pungdo retorna. A pecga de trabalho per
manece dentro da segunda matriz.

0 pung¢do do cone e o pungaoc de acaba-
zento trocam de posigio, e o segundo
go0lpeia o blank.

0 pino de extragdo retira a pega de
trabalho da segunda matriz.

¢) Caracterfsticas especiais:

Vadrias caracterfsticas incomuns desta recalcadora de

trés golpes e duas matrizes abrem possibilidades para forje-

mento a frio de uma grande variedade de produtos. A figura 7

moatra uma série ti{pica de peg¢as, recalcadas a frio. O uso de

suportes. dos puncgoes ajustdveis individualmente nos processos

de encabegamento facilitam a producdo de pegas com cabegas eg-

calonadas de precisBo como a pega 3 da figura 7.
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fig. 7. Produtos tipicos feitos nas recalcadoras de trés gol-

pes e duas matrizes.

A extrusdo para trds, usando um extrator nos pungdes pa
ra retirar a pega do pungao de extrusgo, permite fabricar pegas
como os soguetes das cabecgas dos parafusos 1 e 2 da fig. 7.

A operaczo de rebarba mestrada na figuré 8 possibilita
a extrus&o, recalque, encabegamento e rebarba em somente duas
matrizes, Assim, podemos fazer pegas como a 6, 7, 8 e 9 da figu
ra 7.

Extratores nos pungoes permitem a deformascao entre dois
e trés puncionamentos, como as pec¢as 19, 20, 21,22, 23 e 24 da
figura 7.

Combinando a extrusao confinada e o encebe¢amento, pode
se formar grandes cabegas, como ag pecgas 16, 17 e 18 da fig. 7.

Os extratores permitem a extrusa@o pera trds de pecgas se
mi-tubulares, tais como os rebites 4, 5 e 11 da figura 7.

Extrudando na primeira matriz e aplicando extratores na

-segunda, produzimos pegas com cantos vivos e ressaltos, como a

10, 14, 15 e 16 da figura 7.



0 piimeiro golpe na segunda matriz
forma um ressalio apropriado para
a operagao de rebarba.

0 mecanismo de expuls3o permite azo
"pino extrator retornar, assegurando
o assentamento da cabega contra a
face da matriz. _

A ferramenta de rebarba corita 0,02"
da espessura total da cabega.

0 extrator da rebarbzadora empurra a
peca para o interior da ferramenta,
até um pequeno curso.

Isto completa & operagao de rebarba
por cisalhamento.

0 extrator da rebarbadora atua por
meio de um mecanismo especial .

Assim que a ferramenta move-~se para
fora da matriz, o puncac extrator
expulasa a cabeg¢a para fora da ferw
ramenta.

A peca & retida na matriz.

0 curso normal de expuls@o exirai a
pec¢a rebarbada da matriz.

fig. 8. Passos da operagzo de rebarba.
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cariToIO VIX
TIPQS DE MAQUINAS UTILIZADAS

Recalcadoras e formadoras sdo termos comuns para deno-
minar mdguinas de recalcar, embora esses nomes nao sejam benm
descritivos., A natureza das operagoes a efetuar exige mdquinas
robu%tas, mas algumas s@o pequenas ( com peso de aproximadamen
te 1200 quilos ), e ouiras s3o0 grandes ( aproximadamente 225
mil quilos ) dentro de uma ampla game de capacidades. Desde que
somente certa quantidade de material pode ser formada em um 86
golpe, geralmente se utiliza o mimeroc de matrizes e & capaci-
dade em difmetro do fio mdguina, para designar as mdguinas. A
maioria das mdquinas contam com meios para a alimentagdo do fio
méquina, corte, transferéncia das pegas e expulsio. _

As RECALCADORAS DE UM SO GOLPE tém uma matriz e um puh-
¢ao. Elas sio usadas para fazer pegas simples que podem ser
formadas com um sé golpe. As recalcadoras de esferas sdo uma
variagao deste tipo de méquina. As velocidades de produgdo de
tais mdquinas alcancam até 600 pegas por minuto.

As RECALCADORAS DE DUPLO GOLPE, tais como a méquina de
10 mm ilustrada na figura 1, tem uma matriz e dois puncgoes. Se
efetuam dois golpes em uma matriz sobre cada pega. O primeiro
puncac entra em contato com a pega e ao retroceder,a placa os-
cilante posiciona o puncgde de acszbamento para o segundo golpe.
Este é o tipo de mdgquina mais popular para a producde de para-
fusos e similares. A éapacidade em tamanho ‘chega até 20 mm e
as velocidades variam até 450 pegas por minuto. Algumas recal-
cadoras de rebites B30 de golpe duplo, com mecanismos especi-
almente desenhados para encabegar e extrudar as pegas.

As RECALCADORAS DE TRES GOLPES E DUAS MATRIZES, como a
mdgquina ilustrada na figura 2 , tém duas matrizes e trés pun-
goes. Do mesmo projeto bdsico das recalcadoras de duplo golpe,
estas mdquinas proporcionam a vantagem adicional de extrudar

ou recalcar na primeira matriz antes do duplo golpe de enca-
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A recalcadera de-duplo golpe com capacidade para trabalhar
material até 10 mm de diametro, lem uma matriz e deis pung¢des.

Primeiro um puncac de recalcar ou de fazer um cone forma cada
pei;a. Depois, um puncio de acabar se posiciona para ¢ segundo
golpe. . .

fig. 1.

A reczicaders de trés golpes e duss mairizes tem duas matrizes
e Irés pungdes,

flgo 2. A extrusio ou © recalgue podem ser efetuzdas na primeira
matriz antes de dupio golpe de encabegar ou encabecar e rebar-
bar na segunda mainz Sioc produzidas pegas com cabecas

grandes e hasies curtas.

begamento ou de encabegar e rebarbar na_segunda matriz. Tais
miquinas s30 utilizadas para produzir pegas especiais de ca-
bega grande e peguena haste, combinando a extruszo confinada
e 0 recalque em somente uma recalcadora. Também sZo adequadas
para fazer pecas de difmetros escalonados naquelas em que &
transferéncia entre matrizes seria dififcil.

As RECALCADORAS PROGRESSIVAS, ou do tipo "transfer”,
(fig. 3) sBo méquines de multi estagoes com duas a cinco matri-
zeg e um mimero igual de punqSea. Um simples mecanismo de trang
feréncia move as pe¢as desde o cortador ao longo dasg sucessivas
matrizes. Golpes miltiplos de recalque juntamente com as operz

¢0es combinadas de extrus@o, puncionamento e rebarba, fazem




-59—

destas mdquinas versdteis, as ideais para pegas de haste longsa.
As capacidades alcangam até materiais de 25,4 mm (1") de difme

tro e pegas de até 230 mm (9*) de comprimento abaixo da cabega.

Recalcadoras pragressives ov do thpo « iransfer » de cinco pun-
coex ¢ matrizes.

Goiges malhpios g recaiques em combnacso Com operagoes
de rpiruain, puncicnameniso & rebarba  Jazem gestas méguinas
ser381eis A% idenis para prcas de hasie longa e para Wabalhos
e LIARITN

fig. 3.

As BOLTMAKERS sfo recalcadoras de trés ou quatro matri-
zes que combinam o encabegamento, rebarbamento, ponteamento e
rosqueamento em uma sé médquina. Elas gao0 largamentie usadas para
a fabricagi@o de parafusos de cabega hexagonal e com sextavado
interno inteiramente acabados, e sua versatilidade permite pro
duzir uma grande variedade de pecas especiais rogsgueadas. Suas
capacidades alcangam materiais de até 31,7 mm (1 1/4") de dia-
metro ¢ as produgdes variam até 300 pegas por minuto.

As FPORMADORAS DE PORCAS A FRIO sao nédquinas de cinco na
trizes especialmente projetadas para produzir porcas normais e
especiais. Um simples mecanismo de transferéncia gira as pegas
entre as sucessgivas matrizes, como mostrado na figura 4. Isto
permite trabalhar o metal em ambos os lados para produzir por-
cas de alta gualidade com cantos vivos e com um minimo de des-
perdicio. Suas capacidades alcangam porcas de até 25,4 mm (1")

e maiores.
As FORMADORAS A FRIO contam com quatro, cinco ou seis
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A formadora de porcas a fric lem um mecanismo de transferincla

que gira as pecas entre as sucessivas malrizes permitindo que
o melal seja trabathado em ambos 05 lados produzindo porcas da
alta qualidade. com canios vivos & um minimo de desperdicio.

fig. 4.

matrizes e uma grande variedade de mecanismos transferidores-
que aumentam sua versatilidade. Nestas méquinas podemos combi-
~nar todas as operagoes de -formagdc para produzir pecas de for-
mato poucc comum. Elas podem ser preparadas para serem alimen-
tadas por fio miquina, barras ou pegas pré-formadas e sZo ca-
pazes de formar metal a frio ou a quente. As formadoras gran-

des podem trabalhar com material de até 50 mm (2") de di&metro

owu maiores.
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CAPITGLO VIIIL
NORMAS PARA O RECAIQUE

0 recalque é conseguido inserindo um metal de um certo
comprimento em uma matriz fixa (fig 1). O furo da matriz & feito
com poucos centésimos de milimetros maior do gue o difimetro exter-
no do metal. Unm pungﬁo se move na diregao da matriz e entra em con

tato com o metal que sobressai da matriz. Ao continuar avang¢ando,

o pungdo recalca o metal,

axpulsor M,atrlz Metal pum;io
; |\‘

SroCo

Cabega formada
no punGio

lCabet;a formada
! na matriz

Cabeca formada no
puncio e na matriz

!Cabec.a formada entre
: Io pungio & a matriz

Ap recolcor, o pungéo se move em diregdo @

matriz fixa e formo a porte do metel que sobressai do-

fig 1 guela, Algumos_ pecos 5@ for.marn' no pung‘éo, oufros na
- - matiz, outros cinda no pungdc e as malnix

A forma do recalque & determinada pelas impressoes no pun
¢cac ou na matriz (ou em ambos). Algamas peg¢as sdo recalcadas no
pun¢ao, outras na matriz, algumas no pungﬁo e na matriz e outras
no ar entre o pungéo e¢ & matriz. No momento do contato entre o pun
gﬁq e o metal, a parte do corpo & ser recalcada fica fora da matiriz
gem ser suportada nem pela matriz, nem pelo puncdo. Se este compri
mento for muito grande, ocorre a flambsgem, em vez do.recalque uni
forme. 0 comprimento méximo que pode ser recalcado sem dobras é
expresso em miltiplos do diémetro. Por exemplo, se 0O metal tem
12,7 mm e difmetro e sobressai da matriz de 25,4 mm, tem dois dii

metros de comprimente nac suportado.
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Em geral pode-se recalcar até 21/4 a 21/? difmetros com
um 86 golpe. Se este volume de material nao for suficiente para
formar o recalgque requerido, podem ser dados dois ou mais golpes.
Uma outra regra geral & que podemos recalcar aproximadamente 41/2
difmetros com dois golpes. Entretanto,quando se usa um puncac des-
lizante para suportar parte do metal durante o recalque, pode-se
recalcar até aproximadamente 61/2 didmetros com dois golpes.

Em méquinas de matrizes miltiplas, o nimero de difmetros .
que pode-se recalcar vem limitado pelo nimero de golpes disponi-
veis. Normalmente se pode recalcar uma média de dois didmetros por
golpe. Portanto, nestas médquines se pode recalcar 4 difmetros em
2 golpes, 6 difmetros em 3 golpes, etc., Usando um pﬁngﬁo deglizan-
te para o primeiro golpe, pode-se conseguir volumes maiores com me
nos golpes, permitindo assim a realizagao de outras operagoes de
forma¢zo ou rebarba nas matrizes restantes. Podemos ver na fig. 2
a sequencia de operagoes para o encabegamento e a rebarba do para-

fusc em uma Boltmeker de quatro matrizes.

fig'. 2.

Sequéncias de operacoes de secalque e rebarba de parafusos
em uma BOLTMAKER de 4 matrizes.

Eutas magumias 90 eacosiarnente ulilldetday arg ¢ produieo
da paralusos di capeta hbedadunal & Lom Lertasady  temo
INtetamente 2Latrades oGunNdo i mateoq ¢n ate 30 Ton de
didmetry
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a) Recalque combinado com extrusao:

As méquinas de matrizes miltiplas combinam fregquentemente
o recalque com & extrusao para formar pegas de cabega grande e cor
po pequenc. Ao contrério do recalgue, a extrusdo reduz o difmetro
do materisl inicial aumentando seu comprimento. A redugao do difme
tro § expressa em redugac percentual de drea.

Para redugces de grea de 30 a 40% ou maim, se confina to-
talmente o metal dentro da matriz antes da extrusao. Redqués meno
res podem geralmente ser feitas sem confinamento, dependendo do ma
terial. ReducSes de 4rea superior a 90% foram conseguidas por meio
deste tipo de extrusao e com certos tipos de materiais.-

A razdo de se tratar da extrusZo num artigo sobre recal-
que é que as pecas oblidas pela combinacéo de ambos os processos,
podem ter hastes com seis , ou dez ou mais difdmetros diferentes.

Uma pega tipica produzida desta forma é ilustrada na figura 3.

Pega tipica produzida combinando & exlrusao e o recalque em
uma maquina de mulli-matrizes
A extrusao redul D hametrs do Malienal el as Mmoo bempl
Que aurmenty SGU COMPRIMENta €@ L M0 algue auinenty o oatnizhro
reduzinda ¢ Compremento
Second-blow recalque QU Sequndo Gotpe Third Goow el
recalque 00 tercewrs qoipe  Wire s Adimens 3 3 ho
f' maguing First-Blow exfrusion WBo°. B A Entrusafy 014 Lruneird
1g0 30 golpe (60 % de reducio de adcal

Desde que a extrusao e o encabegamento s80 operacgoes dis-
tintas, cada uma delas com suas préprias limitagoes, as médximas de
formagoes deven ser calculadas separadamente. Partindo do material
de diémetro maior .-do que o requerido'pelo corpo, e entdo extrudan-
do a haste e finalmente recalcando a cabega pede se obter uns mdxi

mos, tanto para extrusdo como para o recalgue, baseando-se nas di-
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mensSes do material inicial.Por exemplo, um materizl de 12,7 mm de
difimetro extrudado para uma reducao de drea de 80% e logo recalca-
40 & 6 dismetros da dimens3o do material inicial, &4 come resulia-
do um recalgue de 70 diZmetros da dimensdo final da haste.

b) Volume reguerido para os recalques:

0 volume para os recalgues cilfndrices, em miltiplos de
difmetro do material, pode ser calculado com a férmula dada na fi-
gura 4. Um &baco, fig. 5, fambém'ﬁode ser ﬁtilizado pars Geterminar
¢ nimero de difmetros no recalgue cilindrico.

Un terceiro método para se calcular o nilmero de difmetros
é pelo peso por unidade de comprimento. A tabela anexa (tabela 1),
d4 os pesos por unidades de comprimento do fio mdquina de ago que
pode ser usada com a seguinte férmula: |

V. H

h=_"D.

Wd i d

Um exemplo deste método & dado na fig. 6. O peso ‘D para
o difimetro C,625" & 0,08694 que se encontra baixendo pela coluna
do 0,600 até & fila correspondente & 0,025. O peso Wy para o difme
tro 0,312%, de forma semelhante (baixando pela coluna de 0,300 até
a file de 0,012), nos 44 um valor de 0,02167. Substituindo-se es-

tes valores na férmula se encontrs o valor de 3 diZmetros para o

recalque.
- [ B
0 [ 7 O
. H
RS ;
b %’ =
froammms 1
' r 1
b lar |
¥ 1
fig. 4+ — © volume de muterial ! ‘_:_ BRI
necewdric pore formor recolques | [ | 1
cilindrices expresscse, georalmen: d 0 1
te, em moltiplos do didmewro d y ! ! H
do moterial, & pode ser colcolado ¥ ¥ '
pela firmulo, onde D € o drame- i
1o fingl & H o shure do reccique Hi?

h expresso em didmetros (.

Tig. 4.
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Esse ibnco pode ser usado para achar o comptimento do fio maquina 'necessario

tusirade abaixo,

* Localize o
volume do
C. proleng

didmetro do recalque (0.65"} na linha B.

recalque (0,403 pol)
ando atd a linha E, p

Wire size Dia (INS)}) - Qidmetro
(POL.Y); upset length {INS.) = C

fig. 5.

ha linha C. Localize
ara ter o numero de

do fio (PQL): Upset dia {INS ) = Didmelro dao fecalque [POL.); Upsel vol.
ompnmenta da recalque (POL.): No. of wire diams.
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Locate diameter of upset (.65} on
fine B, and upset length (15" on
line D. Join ta get upset volume
(.0498 cu. ins.) on line C. Locate
shank diameter (.25 on line A,
ond drow a line through volume on
line C to get number of wire diam. -
eters in upset on line E (4).
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para formar um recalque cllindrico. Um exemplo &

¢ e o comprimento do recalque (0,15°) na inba O, Una esses oois pontos para obler o
¢ didmelro do fio-corpo (0.25%) na iinha A. & hgue esse panto ao ponta achado na linha
vezes o diamelro do fio maquina no recalque (3),

(CU., INS.
Mmoupset = N de vizes o diamet

) = Volume do recaique
ro do hio no recalque.



s oo .

625 —] ¥

. 238
K]
o
312+
lw H 08634 x .234
LALPSS X292 = 5.0 dia’s.

W, d T.02167 x .312

Exemplo de um outro método de calcular 0 nimero de diametros
necessérios para formar um recalque cilindrico, usando ¢ peso
por unidade de comprimento do fio maguina.

fig.6.

Este mesmo método do peso pode ser usado para determinar
o nimerc de didmetros em cabegas com formas conplicadas.Primeira-
mente, deve-se pesar com precisfo uma peca de amostra. Depois se
acha o peso da haste procurando o didmetro na tabela e multiplican
do este peso unitérioc pelo comprimento da haste. Este peso da has-
te é diminuido do peso da pega, restando desta forma o peso da caw
beg¢a, ou seja, o valor Wb.H da fdrmula{ Dividindo-se por Wa.d se

obtem ¢ nimero de difmetros na cabeca.

¢) Difmetros méximos de recalque:

Ao encabegar a frio ago de baixo teor de carbono, existem
algumas limitagoes relacionadas com a possibilidade de deformar o
material sem parti~lo ou produzir rachaduras. Na figura 7 sdo mos-

trados - os limites dos didmetros méximos geralmente aceitos.

Recolque livre Parofuso de cabego
D= 2024d abguleda 0 = 3 d

. — Mo recclque livee de ugo de beixe tesr de corbono enire
flg. 7. @ muttiz ¢ o pungée, o didmetre da cobogo ndo dove ulropoisar de,
oprox., 2,5 veres o digmuire do fie-méquing
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Nos recalques livres entre a matriz e o pungio, nzo se
confina o metal nos lados de pe¢a a ser recalcada. Nestas condigoes
o méximo de recalque & de aproximadamente 2,5 vezes o difmetro do
material. Nos recalques onde o metal é sustentado ou controlado pe
las paredes do puncgao (o que tende & manter unido o metal), o méxi
mo de recalque é de aproximadamente, 3 vezes o difmetro do material.
0 recalqhe médximo também depende da qualidade do material. Existem
exemplos de recalques de 4 vezes o didmetro do material.

A gquantidade de recalgque, em alguns casos, é expressa em
porcentagem da reducdo de altura. Por exemplo, o recalgue de cabe-
¢gas de parafusos tem uma redugdo de 50 a 6§0% na altura. 4 porcen-
tagem de redug8o na altura pode ser calculada da seguinte forma:

L -H x 100
L
onde: L = comprimento do material a recalcar.
H

i

altura do recalgue final.

d) Materiais para ¢ recalgue:

As especificagdes dos materiais para as diversas pegas'se
determinam geralmente de acdrdo com as exigéneias da sua utiliza-
gao final. Desde que o trabalho a frio aumenta a resisténcia e me-
lhora as propriedades fisicas dos metais, os resultados finais gZo
similares e frequentemente superiores ao das pegas feitas por ou~-

tros processos de fabricacao.
| Os materiais encabecgados & frio vao desde liges de alumi~

nio até acos com médio carbono. Agos inoxidédveis, ligas de cobre e
niquel também podem ser formados a frio. 0Us agos inoxiddveis com
médio e alto teor de carbono e os agos liga, assim como cosg materi-
aig exéticos, podem ser formados, mas &s vezes podem requerer equi
pamentos e técnicas especiais que vao sendo cada dia mais corren~

tes & medida que avanga a tecnologia de formar o metal.
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e) A gama de formabilidade:

A formabilidade de gualquer metal depende de sua resistén
cia a ser defprmado. O limite eldstico de um metal &€ o pbnto onde
o metal inicia a sua deformagZo permanente. A resisténcia a tragao
é o ponto em que o metal se parte ou desintegra. A fluéneia plés~
tica ocorre quandeo a forga aplicada supera o limite eldstico. En-
tretanto, se o metal & submetido a uma forga além da sua resistén-
cia & tragao, ele se parte, fissura ou rompe. A gama de formabili-
dade se encontra portanto entre o limite eldstico e & resisténcia
a trag@o do metal.

A resisténcia A tragio (resisténcia final baseada na secdo
inicial ) que aparece na maioria dos manuais, difere da resisténcia
"real" 3 tragao ( carga aplicada dividida pela seglio transversal
da pegca no momento da ruptura). Sao estas resisténcias "reaig" é.
tragao que devem ser consideradas na formagao ou no recalque. Quan
do um metal estd submetido & uma carga de compressio, a pressao _
radial resultante, no interior do mesmo, faz com que as fibras cir
cunferenciais fiquem sob tenszZo. Isto pode ocasionar a separacao
dag fibras em seus pontos mais fracos, ressultando em Fissuras na
cabega. Bsta situagdo nao deve ser confundida com as fissuras pro-
duzidas pelo cisalhamento gque sac a um 4ngulode 45° na direcdo da
carga aplicada.

Ao ser trabalhado um metal a frio, ele se encrua devido &
reorgenizagdo da sua microestrutura. Este encruamento, resultante
de uma série de operagbes, aumenta o limite eldstico mais rapida-
mente do que a resisténeia & trag@o, o que estreita & gama de forma
bilidade. Dependendo da composigdo do material,esta gama pode se
tornar mais estreita, que novas tentativas de formaqao a frio pode-
réo fissurar o metal.

Por um lado, eate encruamento do metal aumenta a resistén-
cia das pegas formadas, mas, ao mesmo tempo, auments a pressio exer
cida pela ferramenta para deformar o metal, Uma resisténcia & tra-

¢fo de aproximadamente 70 kg/hmz é geralmente mixima para a forma-



¢a0 de pegas normais, obter uma boa vida da ferramenta, manter tole
rdncias das pegas e ter economia na producdo.

0 aumento do teor de carbono e de ligas nos agos diminui a
sua formabilidade. Os ag¢os com um baixo teor de carbono (até Q0,204
de carbono) sd@o mais usados para recalque. Apesar deste teor de car
bonb ser muito -baixo para permitir um bom tratamento itérmico, & re-
sisténcia do material melhora substancialmente para deformacio s . .
frio. Os agos com um teor médio de carbono (até aproximadamente
0,45%) e que permitem tratamento térmico sg80 bons péra deformagzo a
frio. A medida que aumenta o teor de carbono diminui a facilidade em
deformar.

Oz agos com liga com mais de 0,45% de carbono entram na fai
xa dos materiais dificeis de encabegar, Estes materiais, assim como
certos agos inoxidédveis, desafiam as técnicas de formacBo dos metais
e pode-se antecipar uma vida curta das ferramentas. Para ajudar a
formacgdo de pegas , como parafusos com cabe¢ga tipo Phillips, partin
do de tais materiais, algumas vezes se aguece o material antes dele
entrar na mdguina. O calor reduz o limite eldstico e & resisténcia
4 tracao dos materiais, tornando mais fécil seu encabegamento.

A micro-estrutura do ago também afeta a sua formabilidade.
Em certos casos a deformagdo a frio tem lugar durante o processo de
trefilagdo do fio méguina antes do'recalque. Neates casos ¢ metal
endurece e aumenta a sua resisténcia & trac¢do acima daquela do ma-
terial laminado & quente. Para materiais diffceis de serem formados
ou em casos onde se deve efetuar deformacoes violentas, recomenda-se
. um recozimento depois da trefilagao. O recozimento ordena a micro-
estrutura e produz um ago mais suave e ddtil, que, portanto, pode

deformar-se mais facilmente.
f) Iubrificantes:
08 revestimentos do fio mdquina atuam como uma barreira

entre este e a ferramenta. Estes recobrimentos juntamente com os

lubrificantes das matrizes, impedem o coniato de metal com metal.
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Relacionamos vdrios revestimentos usados para o fio méguina de ago,
comegando pelo mais barato.

‘ A pasta de sabao se utiliza frequeniemente como lubrifican
fe para &a trefilagl&o do fio méquina e ¢ também adequada para racal-
ques ligeiros tais como a produgac de rebites curtos com cabega& pe-
quena.

0 esteafato de aluminio se aplica no material decapado e
banhado com cal durante a trefilacdo, e serve como lubrificante pa~ .
ra uma ampla gama de operagoes de encabegamento. R adequado para
quase todos od recalques com excecgio dos mais diffceis.

Para déformaqSes violentas € aconselhdvel o revestimento
com fosfato que adere quimicamente ao fio mdguina e geralmente se
faz em seguida a um recobrimentoc com sabzao. Os cristais do fosfato
deslizam e se partem guando sob pressao e apresentam boas proprieda
des de recobrimento e lubrificagao.

0 dissulfeto de molibdénio é uma das mais efetivas subsién
cias, porém é caro. Se aplica geralmente com outros revestimentos
para deformagoes muitos violentas, e & também utilizado como aditi=
vo para os lubrificantes liquidos das matrizes

O0s recobrimentos de cobre se émpregam algumas vezes para a
deformacao de ago inoxidével. Sgo importantes & espessura e a unie
formidade do.recobrimento e o cobre deve ser removido da pega por
meio de dcido.

0 oxalato é t3o0 bom recobrimento como o cobre para o ago i
noxiddvel e pode ser removido das pegas por meio de uma lavagem &
quente de soda ciustica.

Pare o recobrimento de materiais nao ferrosos se utiliza

geralmente ceras comerciais ou gorduras animais.

g) Toleréncias dimensionais:

As tolerfincias dimensionais que podem ser mantidas no re-
calque sao dificeis de definir, Jé4 que variam com o tipo de recal-

que. Como em qualquer outro processo de fabricagao, o8 custos das
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pecas 2umentam, quando. as tolerdncias exigidas sac mais estreitas
que a regueridas pafa a aplicagzo da pec¢a. Utilizando metrizes de
calibrar, tem-se formado pegas a frio com tolerénecias de 00,0127 mm.
Contudo, depois de um usoc prolongado, as matrizes se desgaétam e as
pegas perdem suas dimensSes. ' |

As toleradncias das pegas também podem ser afetadas pela :g'
lag8o comprimento/difémentro, peles materiais a formar, pelo tamanho
da pecga, pelos métodos de confeccao de matrizes & pela qualidade da
miquina e sua manutengzo. Concretamente as tolerdncias em difmetro
podem ser mantidas facilmente dentro dos limites acima especifica-
dos na producao de parafusos e porcas. Os comprimentos em geral po-
dem se manter sem dificuldade dentro &e 0,127 mm embora uma tolerdn
cia de * 0,127 mm é a mais prdtica do ponto de vista da produgdo e

do fator econdmico da fabricagao de ferramentas,
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carfTuLo 1IX
FERRAMENTAL PARA O RECALQUE

Quando se projeta um ferramental para formar certa peca ,
o primeniro passo é estabelecer uma sequéncia de operagses, desde &,
matéria prima até a forma final., Depois se determina o dlémetro do
fio miquina ou da barra, o comprimento do corte e o mimero de matri
zes e pungoes necessirios. Estes dados juntamente com a configura-
gdo geral e o tamanho da pega, indicarso o tipo ¢ & capacidade da
méguina a se usar,

Umsa vez estabelecido o tamanho do fio méquina ou da barra
podemos selecionar as unidades para o manejo do material. Rolos en-
direitadores e de alimentagaq,'guias,?tubos de alimentaqﬁo; cortadg‘
res Tixes e méveis j4 podem ser dimensionad s de acordo com o difime

tro do fio ou da barra.
&) Requisitos das:pegas cortadas:

Uma boa gqualidade de corte & importante para um recalque
satisfatério. As pec¢as com um minimo de distorgao nas extremidades,
proporcionam maior duracio das ferramentas, um melhor controle do =
fluxo do metal e melhores condig¢oes finais nas pegas acabadas. A
qualidade do corte é determinada pelo tipo de fio médquina ou barra
(material e dureza) e pelo sistema e regulagenr do mecanismo de cor-
te.

A ferramenta de corte consiste de um cortador fixo situado

no bloco da matriz, e um cortador mével inserido em uma placa monta
da em uma alevanca) 0 fio méquina ou a barra avanga através do cor-
tador Tixo e do mével até que toque o medidor de comprimento do ma-
teria, como se vé na figura l. 0 difmetro interno do cortador fixo
deve ser superior ao difmetro do fio miquina em aproximadamente 1%
(ou 11/2% meior que o difmetro do fio méquina). O difmetro interno

do cortador mével deve ser cerca de 1 /24 maior que o difmetro do fi

X0.



Inserto do Cortador Cortador Fio méquino

cortader mével mével 2 7"/
Modidor do \ i A
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— A secds vertical tronsversol do wunidode de corte de vma
fig 1 ) reculcudorq. mostro coma o fie mdquina pasia utravé's dos dois corlfl- )
9 b dores oté focar o medider do comprimente do material. . S
A folga axicl "A* entre as foces dos cortodores varic com o tipo

de matericl o ser cisalhoda. ’

.

A folga axial entre as faces adjacentes dos dois cortados
res ("A" na figura 1) varia com o tipo de material a ser cizalhado.
Como ponto de partida, essa folga pode ser 0,02 vezes o difmetro do

“fio mdquina. Os materiais de ago doce precisam de mais folga, e os
materiais mais duros geralmente sao melhor cizalhad s com menos fol

. &a. A guzlidade do corte determinard a folga final.
b) Projeto das ferramentas para a formacao dos cones:

RNo encabecamento por dois golpes, o primeniro deles recal-
ca o material para um didmetro maier, reduzindo deste modo o compri
mento livre do material para o segundoc golpe.

Para muitas pegas, o primeiro golpe produz uma forma tron-
co-c8nica. Esta operacao é s vezes chamda de recalque do cone. 0
segundo ¢ &s vezes denominado de acabamento, recalgue de acabamen-
to, encabegamento, segundo golpe ou golpe final.

A importéncia da operag¢i do cone nao deve ser menosprezada.
Sua fungzo é diminuir o comprimento 4o material nZo sustentado, pa-
ra menos de 2172 vezes o didmetro médio do cone, para o golpe de a-
cabamento. 0 difmetro médio do tronco é a metade da goma dos seus
didmetros maior e menor. Este comprimento néo sustentado. serd recal
'caod gatisfatoriamente no segundo golpe ou no golpe de acabamento.
Na figura 2 s@o apresentadas regras sobre a forma correta

de se recalcar o cone e o desenho da ferramenta correspondente., Se-
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1 A esquerda: 1 A
2 Fio maquing; 2- 3
"‘l l_ E Cene: 3 Recat- 1 —
B que; volume fi~ i .
L —‘; r— 3 ral  da  recal- 2 -
que: drea B8 — - _‘]r- -
serprimento A; E I3 i
D . cemprimenta A: o (/?:;'i
ﬁ:émg#rod B = ] St T oy ety
' 3% dg didme- > 7
n _J L_c - tres de mgle- v ‘//1;
rral;  didmetre
B x 125 = |
diametro C; )
1areg B 4 drea C): 2 = dree rmédio D; volume da 4 (J}
$4480 AB — volume do seqdo EB = valume do se- 5

¢do BCF; veolume da se¢Go BCF: éreg meéaic D =
comprimento F,

A direita: t — Mdximo iguel g 2% 3 2 — 15 x
d'dmetro do fio ou menos: 3 .— determinode pela
quantidade de material na cabesa do rebate; 4 —
4 = didgmetro médio; 5 — boco do cone = 1,25 x |
didvmetro da fio, a -

fi 2 ' ‘
g i — Detalhes sobre o forma correta de recalcar G>H - L@J_’i{

© cone ¢ o desenho da ferramenta correspondente. »

A floambagem se montém entre os limites aceitGveis durante o primeita galpe se-
guindo-se estas regros: A operagdo de formegdo do cone reduz o comprimento ndo
sustentodo © menos de 2,25 vezes o digmetrg médio do cone.

guindo-se estas regras se manterd a flambagem dentro dos limites 8-
ceitéveis durante o primeiro golpe. A disténcia G- H € o comprimeni
ngo sustentado no inicio do recalque. Se 2 matriz tem uma abertura,
esta disténcia deverd ser somada a G- H, j& que aumenta o comprimen
to nao sustentado. Em tais casos H pode chegar 2 ser maior que G, L.
necessitando-se entao de uma ferramenta deslizante para formar o co

ne, a qual serd descrita mais adiante.

¢) Aumento da quantidade de recalgue:

Foi dito anteriormente que se podia recalcar 41/2 didme-
tros de material em deis golpes. Entretanto, se seguirmos estrita-
mente as regras da figura 2, nos parecerd que somente poderemos res
calcar 31/4 difdmetros de material. Estes 830 os limites de seguran-
ga mas eles sao frequentemente excedidos. Por exemplo, o digmetro G
(figura 2) pode ser aumentade .para 1,33 vezes o didmetro B e as
21/4 vezes o difdmetm médio do cone podem passar a ser 2,4 ou 2,5 ve
zes., Somente a combinacdo destes dois aumentos, chegari a aproxima-

damente 4 Bidmetros de material a recalcar sm dois golpes. Entretan
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dade, aparéncia, caracterfstica de fluxo das fibras, ou em geral
a qualidade das pegaé), cada vez que se foge dessa regra. Em algu
mes aplicagoes o sacrificio pode ser uma desvantagen enquanto que
" em outros casos nao terd importéneia alguma.

0 meio de se conseguir mais sumentos, para permitir o re
calque de 41/2 dismetros de material, & alargar a boca da ferra-
menta de fazer cone, como mostrado na figura 3. Primeiro deve-se
determinar o ponto de‘flambagem do material, que estd a meia d4is-
t8ncia dos pontos de apoio (4/2).

R
|

S

%—A
Matriz

fig. 3 — O clargamento do boce do ferramentio
de formogéo de cone permite recclcor 4% dig-
metros de material. ’ 5

Com o ferramenta sitvada no posigéo de inicie
do recolque {esquerda), este alorgomento deve
estar em frente do ponto de flombogem que 3o
encantra o meio distdncio entre os pontos de

figs- 3. opoio Af2.

N

AN

L

Quando a ferramenta de fazer cone estd em posigBo em que
o recalque se inicia, & ferramenta pode ter sua boca alargada em
frente ao pontc de flambagem. Isto permite rec&lcar'mais material
no cone. O alargamentc da boca deve ser feito cuidadosamente para
evitar uma transigdo brusca entrs o f&ngulo suave do cone € a boca
alargada.

Outra importante congiderac@o necessiria para se fazer u



ma ferramenta de fazer cone, & gque se controle o material adegua-
damente, regulando ¢ didmeilro no ponto de flambagem. De acordo

com'aslregras da figura 2, o &ngulo do cone variard com a quanti-
dade de material a ser recalcado. 0 didmetro do cone no ponto de
flamba%em néo deve ser maior do que o necessdrio para poder fazer

o cone seguinte ou o recalgque final.

N . o T Ferramenta
Ferramenta § [ li\ N lz %_ deslizante
tixa p/_ N f\ RN i1 N p/ formagdo
| formagio da coneXj | |! N RN i'ﬁde cone
\ §..a_§
N
%
RN

AN

Matrlz

z
o
T
~
NN

| >
Q@\\ j@z!/////
i
SN =
\w 7
T*Bamiy
N
N
\\\\\\\\\ , //////’/

N,

AR

— Matriz com reboixo pode fozer com que o peto de flam-
= bagem caia perto ou fora do extremo frontal da ferramenta fiza de
flg’ 4‘ formagdo do cone, resultando num recalque dr’eituoso.
isto pode ter evitado empregando-se wme ferromenta deslizante, co-
ro no fig, 4.

Se a matriz for do tipo com rebaixo, pode ocorrer que o
ponto de flambagem caia perto ou fora do extremo frontal da ferra
-menta de fazer o cone, como se vé & esquerda da figura 4, resulia
do assim num racalque defeitucso. Para corrigir esta condigzo, u-
ma ferramenta deslizante (como o da direita) deve ser usada mesmo
que se tenha menos de 41/2 dismetros de material nio sustentado
no recalque. Este método permite que 8 ferramenta se deslogue pa-
ra um ponto adiante do de flambagem.

A regra geral, que indica que se pode recalcar 21/4 diad-
metros em um 86 golpe, se aplica bem para rebites e outras pecgas
ginplés., Entretento, isto nao significa que todas as cabegas com
menos de 2 difmetros de volume devem ser feitas em um golpe. Fa-

zer o cone antes do encabegamento final, proporciona um controle
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melho da operacdo e produz cabegas mais concéntricas e uriformes.
‘Frequentemente o cone é feito progressivamente em méguinas de mui
" tas matrizes. |

Na figura 5 se apresentam uns poucos exemplos de tais -
pré-formados e das cabegas com suas formas finais, produzidas por
dois golpes de recalque. A forma do pungzo de fazer 0 cone pare -
tais pegas é geralmente determinada de acorde com a forma requeri

da para a cabega acabada.

(BR) u‘l“ff‘l‘@'

o e e e
| 97 0B 0D Uw

Os primeiros golpes sio frequentemente usados para preformar
em ver de fazerem recalgues conicos.

S¢ mostram aqui exemplos tipicos de tais preformsdos e das
cabegas em sua forma final produzidas — por dois goioses de
recalque. A forma do pungio de fazer cone depende da forma -
final da cabega.

d) Uso de pinos nas ferramenta de fazer cone:

Na figura 6.A é mostrado um tipico conjunto de ferramen-
ta fixa de fazer cone. Uma placa rigida no extremo direito do con
junto é usada para distribuir os esforgos de formagab e proteger
ag pecas da midquina. 0 pino na ferramenta & feiio como uma pega
independente a fim de facilitar g'confecqﬁo da ferramenta e a sua
substituicaoc. ’

0 desenho da figura 6.B ilustra uma ferramenta fixa de
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fazer cone com pino atuado por mola, o que é necessdrio quando o
comprimento do material f6r curto. Os dedos de transferéncia que
levam o materiai para & matriz, devem controlar o mesmo 8té que e
- le seje empurrado o suficiente para o interior da matriz, e evis_
tar desta forma que ele caia. O pino & mola move o material para
dentro da matriz mais rapidamente, dando mais tempo para gque os
dedos de transferéncia se afastem da frente da ferramenta em movi
mento. Uma vez que o material estd ra matriz, i pino passa para a

mesma posicio mostrada em 6.A.

Cako stris do pino  Placa rigida
PN \\\.\\\\}\\\_\.\\\

Ferramenta p/
formagio de conej _-_-.’f'l‘ - —
Pine da ¥ A “:2'?::‘—_
farramenta p/. L e
formacdo do cons O CE TR R L R R RN\ Y

Mola e \ ?
AR AR AL LT
Fino 3 mola ( =55

| o - - —

M iy ==
Calco nlrés = - __-‘L‘ St o

=g

do piro A mola"t

RS S NN NSNS
Ferramenta -
deslizante p/ BANASANSAAN RN S s
formag3o —af”
de cona =

Passador _ 1 g z
tangenc\‘al\ﬁ;;:_'/jkz_*ﬁ i
) \%‘\\\\\\\\\\\\\

L\\\\\\\\\x\\\xé\\\\\

RS

Em A se mosita uma ferramenia fixa de [azer cone, com pino

fi 6 Independente, calco e placa rigida. O pino & mola, o qual &
g’ . necessario para pegas curlas, € vislo ne ferramentz lixa de fazer
cone em B. As ferramentas desfizantes de fazer cone $30 mos-

kadas emaCreuDa,

0 desenho 6.C mostra uma ferramenta deslizante de fazer
cone para recalcar grandes comprimentos de material ou para um
controle mais preciso da concentricidede. 0 desenho 6.0 mosira u-
ma combinacgao de pinos 2 mola e de ferramenta deslizante de fazer

cone para o recalque de grandes cabegas e hastes curtas.

e) Ferramentas deslizantes de fazer cones:
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Ferramenta
deslizante p/

. fcrmacio da | PIllca riglda
' Pino expulsor conel | i

da matrl; . y / / ﬁ c::—A- ] ! .

i v e = SN
.—-Matrlzwm o E :

a praiy
Pm;s”:d%:.&l, C(Qlco atris Mola da ferrnmenta

tnngam:!d do pino & mola e/ formagdo da cone

: /5/'_“?T?g‘ B

£i 7 . — Tr2i fases do trobalhe de uma.ferramenta deslizants de
Ee 1o -
formogio de cone.
A, mostra .o matericl pronta porg ser empurrado paro dentro da ma-
triz; B, o material estd por inteiro na matriz e na ferramenta & o
reoolque esté prestes o comegor; C, o pino empurrou o materiol
pare dentro da covidade cdnica pare © recalque.

Na figura 7, se apresentam trés etapas do funcionamento
de uma ferrementa deslizante de fazer cone com pinos & mola. Embo
va esse conjunto de ferramentas seja o mais complicado, também o
mais versdtil. Cerca de 6 difmetros de material podem ser recalca
dos em dois golpes com esta ferramenta. |

Na parte superior da figura T (desenho 4), uma mola atrds
.da ferrementa deslizente a mantém para a frente e contra um passs
dor tangencial até o fim do entalhe. Uma segunda mola empurra pa-
ra a frente o pino, como ja foi dito e descrito anteriormente.
Neste desenho, o material é mostiado a ponto de ser empurrado pa-
ra dentro da matriz.

No degenho B, o material se encontra por inteiro na ma-
triz e na ferramenta de fazer cone e estd a ponto de sofrer recal
gque. A esta altura, o comprimento R 4 a Ynica parte do corpo gque
nao estd sustentada e equivale a 2 /4 diametros ou menos. A ferra
menta de fazer cone sustenta o resto do material que fica fora da

nmatriz.



A medida que o carro continua seu movimento para a fren-
te, o pino empurra o material para fora da parte eilindrica do fu
ro e pare deniro da cavidade cénica da ferramenta come ¢é mostrado
no desenho C. Desta forma pode-se recalcar &té seis difmetros de
naterial em dois golpes se se deixa somente 21/4 didmetros médios
nao sustentados depois do primeiro golpe.

As ferramentas deslizantes de fazer cone apresentam duas
vantagens: permitem recalques e proporcionam um controle melhor
do fluxo do metal, o que resulta numa melhor concentricidade. Es-
tas ferrsmentas sao geralmente ideais para recalgques de menos de
4 ou mesmo de 2 difmetros devido ao melhor controle do fluxo. Um
exemplo estd no primeiro golpe para a formagao de parafusos com ca
bega com rebaixo, onde a cabega é formada praticamente no primeiro
- golpe e em recalgues onde concentricidades sio essenciais.

A quantidade mixima de deslizemento (S no desenho B, flg.
7) & normalmente de trés ou quatro difmetros ou menos, mas nao de
' ve ser maior do gue o requerido para fazer o recalque. A distdncia
entre as posigdes extremas do pino, antes e depois de deslizar, é
a quantidade de deslizamento requerida. Esse valor do deslizamen-
to & igual ao comprimento do entalhe onde se desloca o passador
tangencial (dist4ncia S no desenho ¢, fig. 7) e deve ser igual &
distancia S do desenho B. O comprimento T do pino nzo deve ser ma
ior do gque o necessédrio, devendo se considerar o deslizamento da
ferramenta mais trés vezes o didmetro do pino, gque deve ficar den
tro do cilindro da ferramenta, como guia.

As mdaguinas de recalcar a frio sao construidas para per-
mitir a transferéncia dé material com maiores comprimentos possi-
veis, entre a ferramenta de fazer cone e a matriz, antes que aque
la entre em contato com a pega. Como asg ferramentas deslizantes
ficam mais para a frente do que as fixas, o valor do deslizamento
deve ser subitrafdo do comprimento mdximo de material que a miqui-
" ne poderia tranaferir normalmente. Se nao se fizer isso a ferra-
menta poderd bater na ponta do material guando este chegar perto

da matriz. Deve-se tomar uma precaugao semelhante com respeitoc aos



pinos & mola nas ferramentas de fazer cone caso gles sobressaiam

para a frente das mesmas.

'f) Desenho dos pinos expulsores:

Os pinos expulsores nas ferramentas de recalcar tem uma
dupla funcio. Primeiramente, servem de batente ao material guando
este entra na matriz, no ponto em gque se inicia o recalque. Devido
e isso, os pinos devem suportar parte do esforgo de formagac. 4
segunda func@o consiste em expulsar a pega recalcada e deixar a
matriz livre para o recalgue seguinte.

0 comprimento ndo sustentado do pino expulsor nao deve
ser maior do que 10 ou 12 didmetros, como o indicado no desenho A
da figura 8. Se nao for aséim, tenderia & -dobrar-se ou romper-se
sob a pressao do recalgue e/ou da forga de expulsao. Este requi-
sito se torna mais importante e 1dgico quando se trata de pontear
nz matriz a extremidade da haste, como mosftra o desenho B. HMesmo
n3o variando o didmetro e o comprimento da pega, © pino expulsor
deve ter um difmetro manor e portanto ser mais fraco. Neste caso
a matriz suporta a maior parte da carga de recalque, mas o pino
provavelmente quebrard mais depressa devido a4 forga de expulszo.

Quando o comprimento nao sustentado do pino expulsor ti-~
ver que exceder a 10 ou 12 vezes o seu didmetro, se recomenda en-
pregar um conjunto de apoio para o pino. Ra figura 9 se ilustra

um conjunto deste tipo, com um comprimento de pino 17 vezes 0 seu

Comprimsnto .
o sustontado =, NN Tnohe, & et
A ies NS R BN
= L”— [ - S _. Ag
2222 £ NN\ R i8N N
,;‘.:T’::m \\ Pino expulsor -

7

/

2 AN 7 3
N

© comprimento ndo sustentodo do pino expulsor ndo deve
ser maior que 10 a 12 vezes sev didnietro, como se mosira no
fig. 8. desenho A. .
Este requisito ¢ mais imporionte quando se ponteio dentro da mo-
triz. devido oo pequeno didmetro do pino. como se vé em 8.

s

oy
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Calgo D . Suporte een;ral A
Cabega do pino expulsor C Luva telescopica B Matriz

Quonde ¢ comprimente nde sustentada do pino axpulsor
exceder o 12 veres seu diametro, fecomendase usar em sistema
de pino opeiado.

O suporte central A reduz o comprimento ndo sustentods do pino o
fig. 9, menos de 12 vezes seu diimetro, em ombot o3 lodas do opoio.

difmetro. Com esta disposiggo, o apoio central A reduz o compri-
mento nao sustentado do pino a menos de 12 vezes o seu difmetro em
ambos os lados deste apoio. Durante o curso de expulsdo, a cabega
do pino C se move em diregdo ao apoio A. Este apoio estd unide a
luva telescdpica B e move junto com a cabega do pino para comple-
tar 0 curso de expulsfo. Quando o pino entra para dentro da matriz
para dar lugar aoc préximo golpe, este empurra o calgo "D" de encon
fro 2 saliénecia da luva, fazendo com que o apoio volte & sua posi

gdo central.
g) Outras causas de quebra do pino de expulsao:

A falta de apoio nso & o dnico motivo de quebra dos pi-
nos. Algumas vezes eles se rompem devido ao mal recobrimento do
fio méquina ou da barra. Os recobrimentos lubrificam as pecas &
serem recélcadas mas qualquer ponto &spero, oxidado ou sem recobri
mento torna mais diffcil a expulsdo da pega, e pode provocar a
ruptura do pino. Logo, um recobrimento liso e total é essencial.
Como, também a ponta do pino expulsor se desgasta é possivel que
o metal seja extrudado ao redor da ponta do mesmo, ocasionando um
ponto de atrito na matriz entre o pino e a peg¢a, ocasionando um
esforgo adicional suficiente para romper o pino. O mesmo pode O-
correr quando o difmetro do pino expulsor é muito grosso. No mo-
mento em gue o pino encosta na pega quando esta entra na matriz,
este frequentemente abgsorve parte do esforgc de recalque. Se o ri
no for muito grosso e portanto tiver pouca folga dentro da matriz,

a sua ponta poderd sumentar, prender na matriz e romper.
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Uma conicidade na matriz (menor difmetro na face da ma-
triz do que dentro da mesma) pode oéasionar o metal recalcar.con
um didmetro maior perte da ponta do pino quando comparado com ©
.diametro perte da casbega. Em tal gituacdo o pino expulsor deve
forgar este diimetro maior através de um furo menor, durante a ex
pulsac.. Se o esforgo de expulsao for excessivo, o pino poderd rom
ﬁer. Esforgos excessivos na expulsao também podem ocasionar ou ser
ocasionados por marcas de usinagem deixadas na matriz. Os furos

das matrizes devem ser lisos e livres de oxidaggo.
h) Projeto avangado do ferramental:

A quentidade de casos onde € possivel avangos nos proje-
tos de ferramental é praticamente ilimitada, Estz20o havendo grandes
progressos & medida que aumenta a experiéncia com relagdo 208 pro-
jetos das ferramentas e os materiais empregados. A sequéncia dos
recalques e extrusaes.na produgzo do eletrodo de ignicao da figu-
ra 10 é um exemplo'ﬁe projetos raros do ferramental.

A existéncia, na cabega desta pega, de um didmetro peque
no entre dois diZmetros maiores, geralmente nos faz pensar na ne-
cesgidade de uma operacao secunddria de usinagem. Entretanto, esta
superficle se forma agora mediante um recalque secundirio com um
tercelro puncgao (fig. 11). A medida que o poria puncaoc se aproxi-
na da matriz, um pino de ac¢do pneumitica empurra & pega para den-

tro da matriz, como aparece no desermho A da figura 11. Insertos

i =

L =

A sequéncio dos recolques o
extrusdes na produge de elélrodos de
. ignigio, constitui um oxample dos possi-
fig- 10. bilidodes deste procedimenta,
O pequenc didmeiro do cobega, sitvado
entra dois didmetros maiores, se formo
om um recalqua sccundério com um ter-
ceiro pungdo, como se v& no fig. 11,
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A B . [ D
Pino de agao :
pneumatico

: Pungdo

. Q pino de ogéo pasumatica empurra o f:eqa pora dantte da ma-

triz [A). A mattiz forga os insertos oté que eles fechem, [8). © evan¢o con-

- tinvo do pine recalca o metal no interior da cavidads formada pelos insertos {<).

Ao recuar o potla-puncio, oS iniertos se obrem e defvam possagem ao moiol
didmetro do recalque (D). :

fig. 11. .

montados no furo cénico do porta pungao szo mantidos em sua posi-
¢80 frontal'(aberto) mediante uma pressao pneumdtica.

0 porta pung¢@o continua avangando até que os insertos en
" trem em contato com a matriz, fazendo com que esta force os inser
tos para tras, até fecharem como se vé& no desenho B, Neste momento
o porta pung@o permanece estaciondrio. Os insertos formam a éavi—
dade necessdria para que o metal flua no seu interior. 0 pino con
tinua seu avango e recalca o mgtal dentiro desta cavidade, forman-
do assim a cabega e o segundo recalque, como aparece em C. Quando
o porta pungao se afasta da matriz, os insertos se movem para a
sua posig¢io dianteira, deixando deste modo passagem para © maior
didmetro do recalque, desenho D.

Tendo sido formada a pega nesta terceira matriz, ela &
transferida para a dltima matriz e daf a peca sobe pneumidticamente
por um tubo até as guias que levam a pega i secgdo de rosquear, Af
se laminam os anéis concéniricos da extremidade da pega e ge sub-
mete a cabega a uma operacgdo final de cunhagem, tudo mediante o
mesmo Jogo de pentes. Em cada curso da miquina, uma pega & acaba<

da, 0 que resulta numa produgao de quase duas pegas por segundo.

i) Agos para as ferramentas de recalcar:

A selegao dos agos pars ferramentas de recalcar se ba-
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seia, geralmente, pela preferéncia pessoal e pela experiéncia. Al

guns consideram que as ferramentas mais caras e de maior duragao

gdo as mais econdmicas, enguanto outros crém que é mais prdtico,

um menor custo ¢ duragdo mais curta. A decis@o se baseia geralmen

te na forma da pe¢a a ser recalcada, no material do qual ela seréd

feita e na quantidade de pegas requeridas. Na tabela 1 se apresen

tam os agos tipicos usados para ferramentas de recalcar e os tra-

tamentos térmicos recomendados. O metal duro se usa frequehtemente

para trabalhos de grandes séries ou para materiais diffceis de se

formar. Algumas vezes o metal duro é o uUnico material que propor-

éiona uma duracao satisfatéria do ferramental. Embora o metal du-

ro seja mais resistente, ao aumentar sua dureza para uma maior re

sisténcia ao desgaste, diminui a sua resisténcia & ruptura. 0 me-

. lhor tipo de metal duro para uma determinada aplicagao, é aguele

TABELA 1 — RECOMENDAGOES TIFICAS PARA MATRIZES E PUNGOES DE RECALCAR A FRIO

Forramenta Tipo de aco Andlisa - Tratamento térmico LObservacdes
Corador fixo Ago ferramenta termperado 0.95% & Aquecer a 89~ C, Nos pungoes e matrizes i
Pungdo de fazer cone & agua . .25% Mn Temperar em igua. quanco o fio migquina é 5,35 mm
Pungdo de acabamenio AISE-W 0.20% Si Revenir & 230° C. de diametro ou mencr, se usa
Matriz ° Dureza Rockwell C 58=-60. ago ferramenta temperaco &
ar
Cortador move! Aco ferramenta temperada Q0.75% C Aquecer & BOO® C.
gipo aberto} a dleo 0.60%a ¥Mn Temperar em Gleo.
algos AISi-L6 1.25% Ni Revenir 4 1757 C.
E 0.15% Va Dureza Rockwall C 58—60.
0.69% Cr
0,25% Mo -
Pungio de fazer cone Ago ferramanta temperado 1.00% C Aquecer % 9702 C. Wtitizar quando ¢ fie maquina
Pungio de acabamento ar 0,40%'s Mn Temperar no af. tem 6,35 mnr ou diametro
Matriz AISI-A2 G.40% Va ° Revenir 4 230° C, inferior.
3 1,15% Mo Dureza Rodv.weihc 59—61.
5.25% Cr
Pinos expulsores -Ago ferramenta temperado 090 C Aquecer a 800~ C.
Cortador movel & dleo 1,30% Mn Temperar em dleq a 2050 C, _
(tipo fechado) AISI-O1 0,30% Cr Acabar o esfriamento em
0.50% W temperatura ambiente.
i [ Aevenir a 205> C.
Dureza Rockweli C 59—61.
Cabagas de pinos SAE 4140 0,38:0.43%, C Aquecer A 815° C.
exputsores 0,75/1,00% Mn Temperar em 6leo.
. 0.8071,10% Cn Revenir & 455> C, 5
0,150.25% Mo . Dureza Rockwell C 43—45.
Insertos para extrusao Ago ripido 0,610,65% C Préaquecer 4 790° C passando
AlISI-TH 4,00% Cr depois para 1260° C,
{TEMPER-0OX} 18.00% W Temperar no ar,
1.00% Va Revenir a 565% C.
e Esfriar no ar.
Revenir outra vé-z a—605°C.
N Esfriar no ar,
Dureza Rockwell & 60—61
PInos de furar = Aco répido Q.75% C Préaquecer & 790? C passando
AlSI-T4 4,00% Cr depois para 1260° C.
18,00% W Temperar no al.
1,00% Va Revenir & 5652 C,
5,00% Co Esfrar no ar. _
. Revenir outra vbz Pa 605° C,
- Esfriar no ar.
Dureza Rodkwell G B1-62,
Carcacas AlSI-H13 0,40 C Aquecer & 1010% C. Esta tipo do ago tendo a
5,00% Cr Temperar no ar. - descarbonelar a0 ser tratado.
1.10% Si Revenir & §50° C, Quando n3o se liver um lorno
1,25% Ma Eslniar no ar, - com atmasfera controlada,
= 0.30% Mn Revenir mais duas vezes & 550° G, pode-s0 envolver 0 ago
0.60% Va . Estriar no as. num malerial inerte como o

Dureza Rockwelt C 4751,

¢oque,
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que & o mais duro possivel sem o perigo de se romper sob o impacto -
do recalque.

0 metal duro empregado nos cortadores, requer boas quali
dades contra o desgaste, e a resisténcia aoc impacto ndo & t2o0 im-
portente. Para os insertos da matriz em metal duro, pode-se sacTi
ficar a dureza em favor de uma resisténcia mais alta ao impacto.
Os insertos pequencs, em metal duro, szo montados em carcagas de
ag¢o, j& que seria demasiado caro fazer as matrizes totalmente em
metal duro. Estas carcagas de ago posicionam e dao um suporte ade
quado aos insertos. As carcagas sao geralmente feitas de material
muito resistente e os insertos sf@o metidos & pressac nos seus alp

jamentos com uma interferéncia correta.
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idos Técnicos Modélo: cH: CHI1-L CH2 CH2-L CH 4 CHOOKH
metro maxime G0 arame :

p/ parafusos de alta resisténcia i 5 5 71 71 <0 3.5

p/ parafusos normais e rebites men [+ 6 8 8 12 4

ma dos @ do arame mm 3-6 3-6 4-8 4-8 g-12 t-4
mprimento min. e max, da hasle go parafuso mm 6-50 5-80 8-80 B8-120 15-130 225125
mpnmento maximo de corte do arame mm 75 75 110 120 170 33
yducao maxima cf regulador de velocidade pecas/min 180 180 140 140 00 460
nsumo de energia Kw 55 55 75 75 15 4

30 hguido Kg 2.400 2.400 5.000 5.000 11.000 1.850
nensGes das forramentas standard @ mm - = = S =

cha de corte (max.) & mm 16 (18} 16018 20125 20125 35 i
itriz (max.} & mm a0 (45) A 145} 50 (60) 50 (60) 70 30

- pstampador @ mm 30 30 35 35 20 22
tampador final @ mm 35 35 40 40 60 R |

Opcionais :

- e e — ———— e - e ——

Extrator postivo no primeiro es0u SeguNdo puUNCaO.
Mecanismo de retrocolocacio do extrator ( nao va-
lido para a hnha KH ).

Estabilizador do cabegote movel horizontal.

A pedido: Caixa de insonorizacao.
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O prote o toformagdo a frio do o magquing,na
fabricacio de pandfusos ou rebdes, e e largamente utitzado por
todos os fabricantes,com éxito absohuto,

Nossas prensas,ropetadas para trabalhar em aha veloc
dade, permitern ndo sota fabricagde racwonal de parafusos ou re-
bites, como tambem, a confecgo de pecas diversas, normalmente
fabricadas em Tarnos Automaticos de bamxa produgio e elevado
custo, pois neste sistema, a perda de matenal, representa uma
porcentagem altissima no calculo final.

Na deformagiio 4 fro, a perda e nula uma vez
que o sistema de corte de nossas prensas rapidas, ndo apresen
tam sequer, rebarbas, e cada pedaco de arame cogtado, e inieiramen
te utilizado. tvide fig.1). Apds a estacdio de corte, o arame ¢ transferi
do pelo braco de corte, ale posionalo em frente a matriz. Neste mo
mento,o primeiro estampador, Ntroduz © arame na matriz, agndo sobre
ele com pressao suficiente para fazer o que chamamos de pre-forma.

tvide fig. 2 ). {
Ern seguida,uma came de comando da placa de sus

tentancao dos suportes, g a 1803 posicionando desta forma o segun-
do puncao,em frente a matriz.Neste momenlo & pressionado © matenal
atraves do,ditopunciofazendo a forma final da cabeca, a segur,a pega
& retirada pelo sistema automatco de eatragao. Um sistema de estabhza
dores, superiores e laterais, permitem que o ferramnental trabalthe sempre
regulado,pois as dimpnutas folgas deixam de existir, uma vez que 08 €s-
tebiizodores as anulam por completo. Com 1550,a durabidade do ferra -
mental oumenta considercvelmenta, proporcionando significativa reducdo
nos custos de fabnicogto.

@ i

g0, TOIGOr U POCT G PEMMANECET UUNITD G0 TTHINIZ, b I R Wit
as forramentas. O eatrate ¢ positivo pode ser usado tanto No QrMmeiro,
como no segundo galpe,ou onda;em ambos, simultdnearmente.

Em uma naguing 100 precisa, & necessano que 5e
tonho uma seguranga pedeita, e para isto, Rossos engenheiras desen-
VOIVEICHTL U SSeima de sequranGa €lAtnca, nos PENtos suUelos @ que
ras, evitando essim acidentes. 0 exteater da matriz € equipodo com
um micro-interruptor.que detem a magquina. Quando ocorre uma obg
trucdo dentro da matngz, oU UMa quebra do pino extiator, uma sequ-"
ranco prewrnatica ¢ ativada, deshigando o conjunta da aimentacdode
orame, evitando que se produza pecas defeituosos.

O sistema ce wbnficachio automatico € dotodo de um
pressostato,que detem o equIpamento,quando o pressdo do oleo ultm
pAasso O Mimo exigida, elmndo GssIm Q possibilidade de engnpamen

to dos componentes Moveis.

e
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e el Epcasts Bee Estamzagor __ Emcasia £s'amaanes bray
COLH CH2KH CH4 KH CHOOKE(L) COKE COHE CH2KE CH 4 KE
5 8 12 - - - = =
6 : 8 12 4 8 8 8 12
2-6 4-8 6-12 i-4 2-6 2-6 4-8 6-12
1-60 5-40 8-60 2-20(25) 4-30 4-45 5-40 6-60 1801
77 7 10 36 50 64 68 10
320 250 160 830 650 580 400 250
11 ] 15 22 7 7 7 16 22
2.400 6.500 14.000 1.800 3.200 3.200 6.000 13.000
18 25 40 14 16 18 25 40
40 50 80 30 40 40 50 80
30 35 50 - - - = -
30 40 60 25 30 30 40 60
SEQUENCIA DA DEFORMAGCAO A FRIO: ESTAGIOS:
3¢ 29 10
-
[_-___-__“_"‘:j__ PP l—'-'f’f—-——‘—‘q e s r—-—-ﬁ-——____—-—-—:z-q
f—— 'f‘; - fr—
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Extrator Positivo

Necessario para relagées de recalque e para & fabricagdo

(5 =5 : — de pecas especiais, garantindo também que a peca permanega
7 na matriz evitando a quebra das ferramentas.

Pode ser usado tambem no primeiro e/ou segundo pungao.

Sy o " 9 eme v fa g e TP e - Y . " T PR

Estabilizador

O estabilizador ¢ que mantem o cabecote movel apoiado

junto as laterais, diminuindo amnda mais as ja diminutas folgas
do mesmo, garantindo alta producio, mantendo constante o

centro de estampagem prolongande a vida util dos ferramentais.

Polia “Troca Rapida”

Nossas prensas rapidas foram desenvolvidas para fabricar todos
0s parafusos de norma, dentro da capacidade de cada prensa
em uma velocidade continua. Porem como e de conhecimento geral
certos parafusos nde podem ser fabricados em alta veijocidace.
por exemplo 0s de aco incxidave!, para isto, desenvolvemos o
Sistema de Polia Troca Rapida, (foto ao lado) com a gual em poucos
minulos pode-se variar a velocidade com a troca da poiia motora .

Extrator da Matriz [J:Ji

O conjunto exirator do parafuso foi desenvolvido de L
tal forma que paralelamenie a regulagem do compri-

mento da haste desejada. regula-se tambem o curso de
exirag¢ao eliminando desta forma a regulagem individual, que

na maioria das vezes e prejudicial ao conjunto extrator. Alem desta
vantagem, desenvolvemos tambem um sislema de seguranca meca -
nica, que rompg 'duas placas quando ha quebra no pino extrator,
Nestas ocasides, uma valvula pneumatica e acionada desligando a
almemagaoc do arame.




Prensas a frio de dupla acdo altg producéo
Em construgao especial para a fabricacao de esferas para rolamentos

frenens

e

Modélo CH 4 KR

]

Sequéncia da deformacao a frio:

Didmetro do grome (max.) MODELO:| CH2 kR CH4 KR
em ago pf roletes de rolamentos mm 8 12,5
Comprimento dos roletes (aprox.) mm 20 30
Comprimento de corte do aramef{aprox.} mm 30 35
ProducBio sem regulodor de velocidade pecas/min. 250 160 e
Consumo de energia (aprox.} Kw 15 22
Peso liquido Kgl 6.400 13.500

O dimensionamento oas ferramentas ¢ feito de acérdo com cado coso.
t

Prensas a frio de alta producdo de esferas p/ rolamentos

"'.-"_'mm,‘.._ T .
e’ 4
= o I | -k e
| £ i I
v 1 : I'. % . - Hs-0
= | | e ! | 0 S - ]
T—— T ——— Ry . .
: S %) e PE g it Sequéncia da deformagao
— R . sk =T, a frio:
— =
]
s }
j i ;
4 ¥ L
P B
’ / 4 Modélo C0 KK
Diémetro do arame (max.} MODELO:{ CH 00 KK COKK CH 2 KK CH 4 KK
em aco p/f rolamento de eslera @ mm 3.9 51 93 13,5
Esfera acabado maxima Omm 4,8 7.2 127 18
Producdo sem regulador de velocidade pecs/ min, 920 710 380/450 230/265
Consumo de energic {uprox.) Kw 55 11 15 30
Peso hruido. Kg 1.800 3.200 6.300 13.000

Todus as prensos de alta producdo p/ a fobricacdo de esferas vem equipados com doi

matriz ; ejefor para o recalcador. A producao depende do digmetro da esferg. (%}

. %) A pedid

$ extratores positivos : Ejetor parg a

a: Caixa de Insonorizagao.
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Maguina autorﬁa’tica péra apontar e chanfrar, modélo PN 2

Didmetro maximo da haste
chanfro, arredondamento e furar
ponta espiga e pontiaguda

chanfrar e apontar

furar
Consumo de energia aproximado
Peso liquido aproximado

Dimensdes da gama dos didmetros da haste
Comprimento minimo e maximo da haste
Produg&o maxima com rsgulador de velocidads

mm

pegas/min,
pegas/min.

Kw
Kg

8
6,5

48

6-80(100) *

..180
«70/14
1,8
1100

OPCIONAIS:
Dispositivo de furar

TRt A v e

Sistema de alimentagdo automdtica com transportador individual cdos parafusos sbébre ou sub solo, a partir do

tamanho PN 4

Sisterna de alimentacdo automdtica com pés fransportadoras sbbre ou sub solo, a partir do tamanhe PN 4,

(Veja foto na péagina 14).

(*) O comprimento méximo da hasle se
reduz ao furar em 300
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Prensas a frio de dupla acdo

Prensas a frio de dupla acdo alta praducao
Prensas a frio de alta produgdo de esferas para
rolamentos

Prensas a frio de dupla acdo alta produgao

om constiLgdo esrseial para 2 fafricazds de roletes de rolameniss

Prensas a frio de dupla acdo combinadas
Fara mattiz aberta ¢ Jachada

Prensas a frio de simples golpe de alta produgie

.

OUTRAS MARCAS DE NOSSA FABRICACAO:

Prensa automatica de extrusdo a frio de duas
mafrizes e trés golpes

Maquinas automiticas de fendar de alta produgao
Maquina automatica para recortar sextavado
Méquinas automaticas de laminar rosca

Maguinas automaticas de laminar resca de alta
produgio

HILGELAND

HIMAFE Ind. e Com. de Maquinas e Ferramentas Ltda,

MAQUINAS PARA DEFORMAGCAO A FRIO

SUBSIDIARIA DA GEBR, HILGELAND - ALEMANHA

Rua Ferreiro Viona, 761 - Tel. 246-3133 (PABX) - C. Postal 30587 - Telex (011) 23.000 - Socorro - Sto. Amare - 04747 - S. Poulo
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Maquina Automatica de alte rendimiento para

S1 - H82S

ranurar Tornilic

SISTEMA DE TRABAJO COMPLETAMENTE AUTOMATICO
ASTILHAMENTO COMPLETO Y EFICIENTE
S TEMPO MINIMO DE REGULACION

.| B8 COSTOS MAS BAJOS

MAYOR APROVECHAMENTO Y VELOCIDAD DE TRABAJO

% SEPARACION DE LAS VIRUTAS DE LOS TORNILLOS

EN FAVOR O EN CONTRA EL SENTIDO DE ROTACION

——— B T AT Y TR MM T R — e s

S MAYOR DURABILIDAD DE LA SIERRA SINCRONIZADA PODENDO-SE OPTAR POR LO TRABAJO

)
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Dados Técnicos:
Tipo St H82S
Diametro de espiga maximo mm MG M 10
Aicance de fos didmetros de los pernos ..mm 26 2-10
Longitud minima y méxima de la espiga...mm 4-60 4-100
Rendimento regulable sin escalonamiento

hasta un méximo de piezas/min, ...200C ..2000
Potencia necesaria apr.Kw 3 6
Peso neto apr. Kg 1000 3000
Espacio necesario m2 1.3 2,2

mm 100-50 100-50

¢ de las sierras circulares

Observaciones principales
Ejecucién: Forma de construccion cerrada.

Elementos de accionamiento e soporte de los Otiles exento de vibraciones

CUERPO DE LA MAQUINA: combinacién de construccion de soldadura
e fundicién especialies S-1 y construccién de fundicién especial HS2S.

DISPOSITIVO DE CARGA: Alta produtividad por medio del rambor cilindrico.
Rotaciones de dos velocidades por medio del motor de polos maitiplos.
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ALIMENTACION: Gran eficiencia es obtenida por la aplicacion de ios carriles de alimentacién fabricado en acero de nitre-

tacién y disco transportador de gran precision.

ACCIONAMIENTO: El disco de alimentacion es accionade por medio de un variador continuo permitiendo el ajuste preci-
so de la velocidad de acuerdo con el material del tornillo que va a ser ranurado.

SIERRA: La velocidad de la sierrz es regulabie de manera continua, parz la confeccian del tornillo en favor o en contra el
sentido de rotacion del disco de alimentacién permitiendo la velocidade de corte ideal # cada tipo de material que ve a ser

trabajado haci como fierro, acero, laton y acero inoxidable.

REBORDAMENTO: El rebordedar es ajustable en dos direcciones permitiendo por medio de un disposivito basculante

ajustar-se a todos los tipos de cabezas.

SEPARACION DE VIRUTAS: Los tornillos ranurados son recojidos separadamente de las virutas.

DISPOSIT!IVO DE SEGURIDAD: La méquina es dotada de seguridad eletrinicas, que evitan la sobrecarga de las sierras de
ranurar, haci como que tornillos de cabeza mas pequend o tornillos de didmetro mayor pasen por la seccién de renurajen.
La méquina automdtica de ranurar HILGELAND fue desenvuelta para proporcional trabajo racienal en la ranura de tornil-

los en gran cantidad.

En la construccién fueran respectadas las disposiciones de un sensillo manejo e fécil contro! de todas las funciones de la
méquina. La regulacién e cambio de una dimensidn para otra pueden se hacer dentro de un tiempo extremamente corto

por lo ajustador de la mdquina.
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RESERVAMO-NOS LO DERECHO DE HACER ALTERACIONES SIN PREVIO AVISO
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IND. COM. DE MAQS. £
FERRAMENTAS LTDA.

04761 Rua Ferreira Viana, 761 -Socorro Santo Amaro+ Fone 246-3133 « Cx Pnclal 30587 » Teler (011) 23000 - ICMF BR - Sao Paulo-5P
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} Maodelo RO  R1{L R2L) TR4L !
|
| Diametro maximo da haste
! p/paralusos de alla resisléncia e
| parafusos inoxidaveis M4 M6b Mg Wiz
p/paralusos normais M4 6 V] M2
i p/parafusos rosca metal B35 Bag B63
| p/paralusos rasca auto-atarrachante 03 C4 06 010
| Comprimento maximo da hasle mm 507 60180 20 11001° 13001170°
i Comprimento maximo da rosca mm 4o~ 401600 21t ahd 813
1
} Produgao com regulador de velocidade pos/min 850 /00 450 180
| Consumo de energia aprox. aprov. kw 4 7 11 15
| Péso iguido aprox kg 1800 2300 4000} 485
|
Pentes para rosguear “‘Hilgeland”
| Mechadas standared
| Compnmenio »larqurg x altura !
| da rosca e BB o, 85 115 130 160 150 150 237 i
e X s 4 o X ‘ i
| Madidas especias bR Zi D P s K TR R Al 1IGAPBY g 0h G
da aliura do pente max. nen A4 62* B2* 108* 134 134% |
| ’ |
| Dpcionais ¢ |
| Almentodor automanco sob ou sub salo, a partic do tamanho TR 4. . i
\ Solictar mlormacdes a respeito da gama de trabaltho pasa larminar matenas de alta resisténcia e inaxdavens, !
\ Excouctes especlals para maiores cormprmentos de rosca. J
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' Upset parts and materiols e 5
: Conte nts Production rates .5 coeneeiee 3
Advantages of upsetting ........... -3
Upsetting guidelings oot .

Combining With EXLTUSIOM . o.cococcessemsvsseascemcomssmmmnrsamames s s s 6
WHRY (WO PIOCESSES rvueseunmerenersssasassssmsmmemssasannasastsoamassas s eanesssssnasenes 6
Volume required fOr UPSELS - oeirmecstimsismermmmeneemsmst s acscasiasaas 8
Maximum upset dIAMeLErS ... wueseececesirimsemmsemeres s s san st oo 11
IMALETIALS LPSEL «ovueoseiesnemaroeremmemmesesssssmeasasrmss et sorssnmssasrarsamsesssas shsmsananss

Formability range
LLUBTICANES  ceccereoseeececsssssssmressarasamrascssssmmmnnssass aesmar sass muss snammesssannomssassnnres

Dimensional {OETANCES v ccrooceecseesomrem s cerssrasrersasssasmrsbasamamaes s mesten 12

Machines for upsetting _.........
Types of machines used .ccocenennns
Single-stroke headers —oooirriinnenn
Double-stroke headers ...ccovocmemmieeeeeecceee e
Three-blow, two-die headers ..o
Progressive or transfer Beaders ..o e
Boltmakers .......... i ey ey ;
Cold DUE FOFMETS wuomieeererarcomccmaceccisnsnsssrnnanasre e sicmbassanmsrasas -
Cold fOIMIELS wuvememeenmeernceseereare

Tooling for Upsetimg e 16
Requirements for cutoff BIANKS oot 16
Design of cone tools .oovceenoerncccnann ...16
Increasing the amount of UDPSEL .ot 17
Use of pins in cone tools ..o
Sliding cone tools
Design of kickout pins ...
Other causes of pin Breakage ...ooeeooeoeinisn e 21
Advanced tool design ...t
Upsetting tool materials

Copynght ©MCMLXX! by National Machinery Co.,
Tiffin, Ohio. Reproduction or use of editoral or pictorial
content, in any manner, is prohibited without wntten
permission.




Fig. I-—Typical parts made by upset-
ting and related operations such as x-
truding, piercing and trimming. In up-
setting, force is applied to metal con-
tained between punch and die to over-
come elastic limit and cause deforma-"
tion of the material.




Upset parts and materials

Highly complex shapes, in almost any forgable
metal can be produced by upsetting, heading, and
extrusion; either separately or in combination.

Upsetting is a forging oper-
ation. Force applied to the end of a
metal bar or wire, contained between
punch and die, exceeds the material's
elastic limit and causes plastic flow.
The diameter increases while the
length decreases.

Many different shaped parts can be
produced by upsetting or heading.
When combined with other metal-
forming operations such as extrusion,
piercing, trimming and threading, pos-
sibilities of the process are almost un-
limited. Typical parts made by these
operations are shown in figure 1.

The largest single use of upsetting
is in cold forming heads on fasteners.
Millions of fasteners are produced
in this way. Because of economies
gained, the number of other parts be-
ing upset is growing constantly.

Symmetrical parts are most often
cold-formed, but unsymmetrical up-
sets are also produced commerciatly.
Changing cross-sections from round to

u‘a.l\\g.‘—-

square, hexagonal or some other shape
is also common.

Production sates. Since modern up-
setting is linked closely with high-vol-
ume fastener making -processes, head-
ing is primarily a high-speed, high-
volume production method. In many
cases. however, economic advantages
of the process make production Tuns
of 50,000 parts or less practical.
Production rates vary with part size
and the complexity of the machines.
For example, small unpierced rivets
(figure 2) are headed at 36.000 -per
hour, and No, 8 size screw blanks at
27,000 per hour. Bolts 35 inch in
diameter can be headed, pointed and
threaded at a rate of 15.000 per hour.
More complex shaped parts of similar
size are produced at 9,000 per hour.
For larger more complicated work-
pieces, production speeds range down
to about 2,400 per hour.
Cold-headed parts vary from balls

;
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only % mm in diameter to stem pin-
ions or shafts weighing seven pounds
or more. Raw material used is coiled
wire, rod or bars up to two inches in
dizmeter, occasionally even larger.

Upsetting machines are frequently
sated by maximum diameter cutoff
capacity. For example, a *1s-inch cold
header can shear alloy steet up to 3ie-
inch in diameter. This size machine
may have a maximum feed length of
234 -inches, but feeds up to 4! inches
can be provided for long work. In
general, feed lengths may be up to 14
times the rated diameter but this can
vary.

Advantages of upsetting. Since upset-
ting is a metal moving process, ma-
terial savings are substantial when
compared to cutting. Most headed
parts tesult in no material waste.
When piercing or trimming are neces-
sary to complete a part shape, waste
is usually less than 10 to 20 percent
compared to 50 to 80 percent when
the parts are -made by machining.
More consistently uniform parts pro-
duced by upsetting also redice waste
because there are fewer rejects.

Since heading or forming outputs
are hish, fewer machines zre generally
needed to -meet production require-
ments. This zesults in reduced capital
equipment cost, maintenance and floor
space requirements.

Fig. 2==Production rates in upsetting
vary with the size of the workpieces
and complexity of the machines. These
small unpierced rivets are headed at
the rate of 36,000 per hour. Produc-
tion of larger parts ranges down to
2,400 per hour.
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Fig. 3—Grain flow follows the part
contour in upsetting. Increased
strength resulting from cold working
sometimes allows smaller parts to be
used. In other cases, lower cost raw
materials may be used because of the
improved physical properties.

Cold headed parts have improved
physical properties. Cold working
kneads the metal and makes it strong-
er. Grain flow follows part contour
in (figure 3). Parts can sometimes
be made smaller without sacrificing
strength. In other cases, lower cost
raw material may be used. For exam-
ple, plain-carbon or low-alloy steels
may meet the service requirements of
heat-treated alloy steels.

Good surface finishes and dimen-

Fig, 4—In upsetting, punch moves to-
ward the stationary die and forms that
portion of the hlank protruding from
the die. Some parts are upset in the
punch, some in the die, some in both
punch and die, and others between the
punch and die,

sional accuracies are obtained in up-
setting. Many parts are complete and
ready to use as they come from the
machine. QOthers require only minimal
secondary operations.

Upsetting guidelines, Upsetting is ac-
complished by inserting a blank of
specific length into a stationary die
(figure 4). The bore of the die is made
a few thousandths of an inch larger
than the outside diameter of the blank.
A punch moves toward the die and
contacts that portion of the blank pro-
truding from the die. Continued ad-
vance of the punch upsets the blank.

Impressions in the punch or die (or
both) determine the upset shape. Some
parts are upset in the punch, some in
the die, some in hoth punch and die,
and others in open air between punch
and die.

At the moment of contact between
punch and blank, that portion of the
blank to be upset extends out of the
die unsupported by either die or
punch. If this length is too long it
bends instead of upsetting uniformly.
The maximum length that can be upsst
without bending is expressed in multi-
ples of the diameter. Thus a inch
diameter blank extending one inch
outsida the die, has two diameters of
unsupported length.

Blank Punch

Kickout pin Die

Head formed
in punch

Head formed
in die

Head formed
in punch
and die

Head farmed
S— between
punch
and die

b H 71..‘[.

In general up to 2'i or 2% diam-
eters can be upset in one blow. If this
volume of stock is not enough to form
the required upset, two or more blows”
can be used. A second general rtule is
about 415 diameters can be upset in
two blows. When a sliding punch is
used to support part of the blank dur-
ing upsetting, up to about 6': diam-
eters can be upset in two blows.

In multiple die machines, the total
number of diameters that can be upset
is limited by the number of blows
available. Normally an average of
about 2 diameters can be upset per
blow. Thus on such machines about
4 diameters can be upset in two blows,
6 diameters in three blows. etc. By
using a sliding cone tool for the first
blow, larger volumes can be gathered
with fewer blows, thus allowing other
forming or trimming operations to be
performed in the remaining dies. The
sequence of operations for upsetting
and trimming bolt blanks in a four-die
Boltmaker is seen in figure 5.

Combining with extrusion., Multiple-
die machines often combine upsetting
with extruding to form large-head,
small-shank parts. Contrary to upset-
ting, extrusion reduces the diameter of
the initial stock while increasing its
length. The amount of diameter re-
duction is expressed as percent reduc-
tion in area. )

For reductions in area of 30 to 40
percent or more, the blank is trapped
{or totally enclosed) before extrusion.
Less reduction can usually be done
without trapping depending on the
material. Reductions in area of over
90 percent have been obtained in trap
extruding some materials.

Why two processes? The reason for
discussing extrusion in an article on
upsetting is that parts made by com-
bining the two processes can have
from six to ten or more shank diam-
eters in the upset. A typical part pro-
duced in this way is illustrated in
figure 6.

Since extiruding and heading arc
separate operations, each with its own




Fig. 5—Sequence of operations for
upserting and rimming bolr blanks in
a four-die Boltmaker. These machines
are widely used for making complete-
Iy finished hexagonal head and socket
head capscrews of marerial up to 1%
inch diameter.

Fig. 6—Typical part produced by
combining extruding and upseting on
a multiple die forming machine. Ex-
truding reduces the diameter of the
initinl stock while increasing its length
| and upsetting increases diameter and
decreases length.




limits, the maximum deformations
must be figired separately. By start-
ing with stock larger in diameter than
the required shank, then extruding the
shank and finally upsetting the head.
maximums can be reached for both
extruding and upsetting based on the
initial stock size. For example, 1* inch
diameter stock extruded to a reduction
in area of 80 percent and then upset
to 6 diameters of initial stock size re-
sults in an upset having 70 diameters
of the extruded shank size.

Volume required for upsets. The vol-
ume for cylindrical upsets, in multi-
ples of blank diameter, can be calcu-
lated with the formula given in figure
7. A nomograph, figure 9, can also
be used to determine the number of
diameters in cylindrical upsets.

A third method of calculating the
number of diameters is by unit weight.
The accompanying table gives the
weights of unit lengths of steel wire
which can be used in conjunction with
the formula:
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An example of this method is given in
figure 8. Wy, for the 0.625 inch diam-
eter is found to be 0.08694 by moving
across the top row of -the table to
column 0.600 and then down to the
weight across from 0.025. Then W,
for the 0.312 inch diameter is found
to be 0.02167 by moving across to
column 0.300 and down to the weight
opposite 0.012. By substituting these
values in the formula, there is found
to be three diameters in the upset.

This same weight method can be
used to determine the number of di-
ameters in heads of complicated shape.
First, a sample part should be accu-
rately weighed. Then the weight of
the shank is found by locating the
diameter in the table and multiplving
this unit weight bv the shank length.
This shank weight is subtracted from
the part weight, and remainder is the
head weight or WH in the formula.
By dividing this by Wd. the number
of diameters in the head is obtained.

Fig. 7—Volume of material required
for forming cylindrical upsets is gen-
erally expressed in multiples of blank
diameter 4, and can be calculated from
this formula, where D is the finished
diameter and H is the height of the
completed upset.
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Weight of Unit Lengths of Steel Wire
{Weight in 0.001 1b.) )

0.500 ©.600 .00 n.ng 0500

55.64 s0.13 104,06 142,45 67,

55.87 #0.39 109.3% 14281 b 67,

58.09- 30.66 109.69 143.17 N &7,

X 143.52 . o & $8.

143.5% 5. . hry £%.31
144.24 5. AT 25 65,56
144.50 542 14.59 28 §3.81
144.95 5.49 14,70 IS B8N.05
145,31 5.06 14.R2 I3, 89,30
145.67 5.63 14.93 I8¢ 69.55
146.03 5.70 15.05 5. 59.80
146.4¢ §5.77 15.16 28.01 0.6
146.78 5.84 15.28 29.15 .30
14712 591 15.40 29 v0.55
14548 g =) +0.80
147.54 T1.05
148.21 V.86 b E 1.
148.57 .06 0.999% 6,21 1537 b Tl
118.93 0068 1,03 6.28 15.99 30.14 1.
149.30 0.06% 1.06 6.36 16.11 30.31 T2, b
1419.66 0.7k 1,09 6.43 16,23 3047 T2.32 99,92 131.9%7 168.47
150.03 0.071 1.12 6.51 16.35 30.64 T2.57 100.21 132.31 183.56
15Q.39 0072 115 6.58 16.47 30.50 169.25
150.76 ¢.A73, 1.18 6.66 16.59% 30.97 169.63
161.13 0074 1.2 6.7 16.71 31.13 170.02
151.19 0.0%3 1.25 6.82 16.83 31.30 170.41
151.86 0.0%76 1.29 6.5¢ 16.96 31.47 170.50
152.23 0.07% 1.32 6.97 17.05 31,63 171.19
152.60 0.078 1.35 7.05 17.20° 31,50 171.52
152.97 0.07% 1.39 713 17V.33 31.9% 171.8%
153.34 0.0630F 1.42 7.21 17.45 32.14 172,37
153.7 0.081. 1.46 7.29 17.538 3231 1+2.78
151.08 0.8, 1.50 T.37 IT.V 32.4% 173.15
15€.44 0053 1.33 7.45 7.83 32.63 173.54
154.82 0.084, 1,57 T.54 17.85 3282 173.94
155.1% 9H.045 1.61 7.62 15.08 32.93 174.23
155.56 0.046 1.65 T7.70 18.21 3319 174.72
155.93 G017 1.6% 7.78 18,33 33.33 175.12
156.31 0643 1.72 T 15.46 33.51 173.52
156.68 0.=9 1.76 .95 15.59% 33 175.51
157.03 .00 1.50 8.03 174.31
157.42 0.021  1.54 176.70
157.39 0.042 1.%% 17710
158.18 0.3 i.0Y 1 =0
15%.335 4.u53 1,97 1 3
155.93 o.0us, 2.01 1 9
159.30 0,096, 2.05 175 £9
159.65 0.068% 2.0% 176,69
160.06 0.0 2.14 17839
160.44 e 218 179,59
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Fig. 8—Example of another method
of calcilating number of diameters re-
quired to form cylindrical upsets, using
weights of unit lengths of steel wire.

Wo: _.0B694 x .234 _ 3.0 dia’s.

W, d .02167 x .312 ~
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Fig. 9—Nomograph can be used to find the number of wire
diameters required to form cylindrical upsets of various vol-
umes. An example is given for an upset 0.65 inch in diam-
eter by 0.15 inch high formed from wire 0.25 inch in
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Maximum upsct diameters. When

cold heading -low-carbon steel there
are some limitations relative to the
ability to deform without cracking or
splitting. Generally accepted maxi-
mum diameter limits are shown in fig-
ure 10. Free upsets between the die
and punch do not contain the metal
at the sides of the upset. Under these
conditions, maximum upset diameter
is about 2i4 times the blank diameter.
For upsets where the metal is con-
tained in or controlled by the punch
surfaces (which tend to hold the metal
together), maximum upset diameter is
about three times the blank diameter.
Maximumn upsets also depend on the
quality of the material. There are ex-
amples of upsetting four times the
blank diameter.

Amount of upsetting Is sometimes
referred to as reduction in height ex-
pressed in percentage. For example.
upsetting of bolt and capscrew heads
usually results in a 30 to 60 percent
reduction in height. Percent reduction
in height can be figured as follows:

Materials upset. Material specifica-
tions for various parts are usually

- determined by their end-use require-
ments. Since cold working adds
strength and improved physical prop-
erties to metals, end results are as
good as and frequently superior to
patts mads by other manufacturing
processes.

Materials that are cold headed range
from aluminum alloys to medium-car-
bon steels. Stainiess steels as well as
copper and nickel alloys can also be
formed cold. Medium to high carbon
and allov steels, as well as some exotic
materials can also be formed but may
require special equipment and tech-
niques that are becoming more com-
monplace as metalforming technology
advances.

Formability range, The formability of
any metal depends on its strength—its
resistance to being deformed. Yield
strength of 2 metal is that point where
the metal begins to deform permnanent-
ly. Tensile strength is the point at

. —H which the metal separates or tears
T = 100 apart. Plastic flow takes place when
where L = length of stock to be upset, applied force overcomes yield strength.
in inches If the metal is stressed beyond its
and H = height of finished upset. in tensile strength during forming, how-
inches ever, it splits, cracks or breaks. The
d d
o -,
FREE UPSET CARRIAGE OR STEP BOLT
DF 2t025d b= 3d

PP Ao

formability range is therefore that
range between the vield and tensile
strengths of a particular metal.
Tenstle strengths (ultimate strengths
based on initizl areas) found in most
technical handbooks differ from “true™
tensile strengths (the applied loads di-
vided by the cross-sectional areas of
the parts at time of fracture). It is
these true tensile strengths that musi
be considered in forming or upsetting.
When an upset is under a compressive
load, the resultant radial pressure with-
in the upset causes circumferential
fibers to be placed in tension. This
could cause separation of the fibers at
their weakest points, resulting in head
* cracking. Such a condition should not
be confused with shear cracking which
results in cracks at an angle of 45 de-
grees to the direction of applied load.
As metal is cold worked, it strain-
or work-hardens due to reorganization
of the microstructure. Work harden-
ing, resulting from a series of forming
operations, increases the vield strength
faster thah the tensile strength, thus
narrowing the formability range. De-
pending on the material composition
this range can become 5o narrow that
further attempts to cold form can frac-
ture the metal.
Work hardening partially accounts

Fig. 10—In free upsetting low carbon
steel between die and punch, maxirmum
head diameter should not exceed about
2% times wire diameter.
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for the increased strength of formed
parts, but it also increases tooling
pressures required to deform the
metal. A tensile strength of about
100,000 psi is generally the maximum
for forming typical parts to obtain
satisfactory tool life, required part tol-
erances, and adequate economy of
production.

Increasing carbon and alloy content
in steels decreases formability, Low-
carbon steels (containing up to about
0.20 percent carbon) are the most
common for upsetting. While this
amount of carbon is too low to permit
a marked response to heat treatment,
material strength is substantially im-
proved by cold working. Medium-car-
bon steels (containing up to about 0.45
percent carbon), which respond to
quench-and-temper heat treatment, are
fairly easy to cold work. As the car-
oon content increases, however, head-
abitity decreases.

Alloy steels with more than 0.45
percent carbon fall in the difficult-to-
head range. These materials, plus
some grades of stainless steel, present
a challenge to metalforming tech-
niques, and shorter tool life can be
anticipated. To assist in forming parts
such as Phillips recessed-head screws
from such materials, the wire is some-
times heated as it entefs the machine.
Heat reduces the yield and tensile
strengths of the materials, thus mak-
ing them easier to head.

Microstructure of steel also affects
its formability. Cold working can
sometimes take place during the wire
drawing process prior to heading. In
such cases the metal is work hardened

12
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and its tensile strength is increased
over the hot-rolled condition. For dif-
ficult-to-form materials or where se-
vere deformation is to be performed,
annealing after drawing can be speci-
fied. Annealing rearranges the micro-
structure to produce a softer, more
ductile steel that can be deformed
easier.

Lubricants. Wire coatings provide the
lubricant barrier between tooling and
the rapidly moving workpiece material.
Such coatings, plus any Iubricant
added at the dies, prevent metal-to-
metal contact. Various coatings used
for steel wire, starting with the least
expensive, are:

Soap paste; often used as the lubri-
cant for wire drawing, is also suitable
for light upsetting such as in the pro-
duction of short rivets with small
heads.

Aluminum stearate; a coating ap-
plied to pickled and limed wire or rod
during the drawing operation and
serves as the lubricant for the broad
middle range of heading operations.
It is suitable for all but the most
severe upsetting work,

Phosphate; a coating chemically
bonded to the wire, and usually fol-
lowed by a soap coating, it is good for
severe deformations. The phosphate
¢rystals are able to slip and shear when
pressure is applied, and providz high
covering properties and good lubricity.

Molybdenum disulfide; one of the
most effective barrier substances
known, but it is expensive. It is
usually applied with other coatings for
extremely severe deformation, and is

also valuable as an additive to lquid
die lubricants.

Copper-clad coatings; sometimes
used in forming stainless steel. Thick-
ness and uniformity of the coating are
important, and the copper must be re-
moved from the workpieces by using
acid.

Oxalate; about as good as copper as
a coating for stainless steel. It can be
removed from the formed parts by a
hot caustic wash.

Commercial waxes or animal fats;
generally used to coat nonferrous ma-
terials,

Dimensional tolerances. Tolerances
that can be maintained in upsetting
are difficult to define because they
vary with the style of the upset. As
with any manufacturing process, part
costs increase when tolerances are
specified closer than required by the
part application. When sizing dies are
used, parts have been cold formed to
tolerances of 0.0005 inch. After pro-
longed use, however, the dies wear
and parts lose size,

Part tolerances can also be affected
by length-to-diameter ratios, the ma-
terials being formed, workpiece sizes,
diemaking practices, and the gquality
of the machines and maintenance prac-
tices. Specificaily, diameter tolerances
can be easily held within those speci-
fied for standard fasteners. Lengths
can usually be maintained within
0.005 inch without difficulty, although
a tolerance of = 0.005 inch is more
practical from e¢conomical tool manu-
facturing and production points of
view.




VMlachines for upsetting

The machines used for upsetting vary from small single-die single-stroke
units, to multi-die fully automatic monsters that gobble raw wire or
bar stock and turn out formed parts at a rate of seven tons per hour.
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Types of machines used. Headers and
formers are common terminology for
upsetting machines, although these
names are not too descriptive. The
very nature of the operations per-
formed demands rugged machines,
but some are small {weighing as little
as 2,600 pounds) and some are large
(500,000 pounds), with varying de-
grees of capability. Since only so
much metal can be formed in one
blow, the number of dies and wire-
size capacity are generally used to
describe specific machines. Most ma-
chings have wire fceding, cutting, part
transferring and kickout capabilitics.
Single-stroke headers have one dic
and one punch. They are used to
make simple parts that can be formed
in one blow. Ball headers are a varia-
tion of this type machine. Production

speeds of such machines range up to
600 parts per minute.

Double-stroke headers, such as the
3g-inch capacity machine shown in fig-
ure 11, have one die and two punches.
Two heading blows are made on each
blank in the one die. First the upset-
ting, gathering or coning punch con-
tacts the workpiece. Then as the head-
ing slide moves back from the die, the
punch rocker osciliates to position the
finishing punch on the centerline of
the dic for the second blow. This is
the most popular type machine for
producing screw blanks and other fas-
teners. Size capacities range up to ¥
inch, and speeds vary up to 450 parts
per minute. Some tubular rivet head-
ers are double-stroke machines with
mechanisms specially designed for
heading and extruding the parts,

Fig. 1]—Double-stroke header, with
capacity to handle material up to 34
inch in diameter, has one die and two
punches. First an upsetting or coning
punch forms each part. Then a finish-
ing punch is indexed into position for
u second stroke.
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Three-blow, two-die headers, such
as the machine shown in figure 12,
have two dies and three punches. Of
the same basic design as double-stroke
headers, these machines provide the
added advantage of extruding or up-
setting in the first dic before double-
blow heading or heading and trimming
in the second dic. Such machines are
used to produce large-head. small-
shank special fasteners and parts by
combining trapped extrusion and up-
setting in one simple header. They
are also suitable for making stepped-
diameter parts where transfer between
dies would be difficult.

Progressive or transfer headers. fig-
ure 14, are multiple station machines
with two to five dies and an identical

number of punches, A simple transfer

mechanism moves the workpieces from
the cutter through the successive dies.
Multiple upseiting blows, combined
with extruding, piercing and trimming,
make these versatile machines ideal
for long-shank parts. Capacities range
up to materials one inch in diameter,
with workpiece lengths up to nine
inches under the heads.

Boltmakers are three- or four-die
headers that combine heading, trim-
ming, pointing and threading in one
machine. They are widely used for
making completely finished hexagonal
head and socket head capscrews, and
their versatility permits producing a
wide variety of threaded special parts.
Capacities range up to materials 1%
inches in diameter, and production
rates vary up to 300 parts per minute.

Cold nut formers are five-die ma-
chines specially designed for producing
standard and special nuts. A simple
transfer mechanism rotates the blanks
end-for-end beétween successive dies,
figure 13. This allows working of the
metal on both sides to produce well-
filled, high-quality nut blanks with
insignificant waste. Capacities range
up to nuts one inch and larger.

Cold formers provide four, five or
six dies with a variety of transfer
mechanisms for increased versatility.
All forming operations can be com-

14

bined on such machines for making
odd-shaped parts. They can be ar-

ranged to feed wire, bar or slugs, and
can form metal cold or warm. Extra-

large formers can handle material up
to two inches in diameter or even
larger.

.

Fig. 12—=Three-blow. two-die header has two dies and three punches. Extruding
or upsetting can be done in the first die before double-blow heading or heading
and trimming in the second die. Large-head, small-shank parts are produced.-

Fig, 13—Cold nur former has transfer mechanism that rotates hlunks end-for-end
between successive dics, thus allowing working of metal on both sides 1o produce
well-filled, high-quality nut blanks with a minimiem of waste material.




Fig. 14—Progressive or transfer header with five punchies and dies, Multiple up-
setting blows combined with extruding, picrcing and trimming operations make
these versatile machines ideal for long-shank parts and special workpieces.
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Tooling for upsetting

" The production of quality parts by upsetting
requires properly designed teols, carefully selecied
tool materials, and adherence to some basic rules.

When designing tooling to
form a particular part, the first step is
to establish the progression of opera-
tions from raw material through fin-
ished shape. Now determine wire or
rod diameter, cutoff length, and the
number of dies and heading tools re-
quired. These data along with the
general configuration and size of the
workpiece will indicate the’ type and
capacity machine needed.

Once wire or rod size has been es-
tablished, material-handling units can
be selected. Straightening and feeding
rolls, guides, feed tubes, cutters and
quills all depend on the diameter of
the wire or rod.

Requirements for cutoff blanks. Good
quality cutoff is important. Minimum
end distortion provides longer tool life.
better control of metal flow and good
end conditions on the finished parts.
Quality of the cutoff blanks is deter-
mined by the tyvpe of wire or rod
(material and hardness) and the de-
sign and adjustment of the cutoff
mechanism.

Cutoff tooling consists of a quill or
stationary cutter in the die block, and
a moving cutter insert in a plate
mounted on a slide or lever. Wire or
rod is fed through both the quill and
cutter until it contacts a stationary
stock gage or stop, as seen in figure

3

CUTTER

\

CUTTER INSERT |\

By
STOCK \\\\\
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Fig, 15—Vertical cross section throught cuioff unit of header shows that wire is
fed through both quill and cutter until it contacts stock page. Axial clearance A
between cutter and quill faces varies with type of material being sheared.
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15. Inside diameter of the quill should
be about one percent larger than the
outside diameter of the wire. Cutter
inside diameter should be about %
percent larger than the inside diameter
of the quill (or 1% percent larger than
the wire diameter.)

Axial clearance between the adja-
cent cutter and guilt faces (dimension
A in figure 15) variss with the tvpe of
material being sheared. As a starting
point this clearance can be made 0.020
times the wire diameter. Soft steel
wires may require more clearance, and
harder materials usually shear better
with less clearance. Quality of the
cutoff blanks will determine the final
clearance to be used.

Design of cone tools. In two-blow
heading the first blow upsets the stock
to a larger diameter, thereby reducing
the length of material unsupported for
the second blow. For many parts the
first blow produces a long conical
frustrum shape. It is sometimes called
the cone operation, bulb upsetting,
bulbing, gathering or hammering. The
second blow is variously called finish-
ing, finish upsetting, heading, and
second or finish hammering.
Importance of the cone operation
cannot be overstressed. Its function is
to reduce the amount of unsupported
length to less than 23% times the aver-
age cone diameter for the finishing
blow. This amount of unsupported
length will upset satisfactorily in the
second or finishing blow.
Recommended rules for cone upset-
ting and cone tool design are shown
in figure 16. Follow these rules to
hold bending within acceptable limits
during the first blow. Distance G +
H is the unsupported length at the
start of upsetting. If the die is counter-




PR

& -‘-rh s i i

Volume finished upset - area B = length A

e
J

—(--“—-ﬁ-' f—ut— "

—=—D

WIRE

CONE

—c

UPSET

Length A —- diometer B = number of diameters of stock
Diameter B > 1.25 = diameter C
{Area B — area C)= 2 == mean area D

Volume section AB — volume section EB — volume section BCF

Volume section BCF = mean area D = length F

)

of steck in head

G>H

B
g

: Maximum=
Determined by amount olaxJ

mean

diam.
— i
£
— A

} i
[ j

%

> diam.

of wire or less

Mouth of cone=
1.25 x digm, of wire

bored, this. distance must include the
counterbore depth because it adds to
the unsupperted length. In such cases,
H may become greater than G, thus
requiring a sliding cone tool which
will be described later.

Increasiog.the ampunt of upset. Ear-
lier it was said that 41 diameters of
stock can be upsct in two blows. Strict
adherence to the rules given in figure
16, however, would appear to allow
only 31 diameters of stock to be upsct.
These arc safe limits, but they are
often exceeded.

For example, diameter C (figure 16)
might be increased to 1.33 times di-
ameter B, and the 2% times the
mean diameter of the cone might be
stretched to 2.4 or 2.5. Just the com-
bination of these two increases would
allow about four diameters of stock to
be upset in two blows, Remember,
however, that something (concentric-
ity, appearance, grain flow character-
istics or general quality of the part) is
sacrificed with each stretch of a rule,
In some applications the sacrifice may
be a disadvantage, while in others it

Fig. 16—Recommended cone upset-
ting and cone tool design details.
Bending is held within acceptable lim-
its during first blow by following these
rules. The cone operation reduces un-
supported length 1o less than 21 times
mean cone diameter.
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Fig. 17—Bell-mouthing of cone tool permits upsetting 4': diameters of stock.
With cone tool located at start-of-upset position (left}), tool should be bell-mouthed
in front of buckle point, whick is half way between support points, Af2.
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Fig. I8—Counterbored die can cutise bhuack

e point of unsupported stock to fall

close to or outside front end of solid tool tleft), resulting in defective upset. This
condition can be avoided by using a slidihg cone 10ol. scen at right.
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may not matter.

The means of getting further in-
creases, to permit upsetting 4% diam-
eters of stock, is by bell-mouthing the
cone tools as shown in figure 17. First
the buckle point of the stock, which
is half way between the points of sup-

A .
port (—2-), must be determined. Then

when the cone tool located at the
start-of-cone-upsct position. the tool
can be bell-mouthed in front of the
buckle point. This allows more stock
to be upset in the cone. Bell-mouthing
must be done with care to prevent 2
cold shut in the finished part caused by
abrupt transition from the shallow
cone angle to the bell mouth.

Control of the buckle point diameter
is also a prime consideration in mak-
ing a cone tool that adequately con-
trols the stock. Using the rules in
figure 16, the included angle of the
cone will vary depending on the
amount of stock to be upsel. The
diameter of the cone at the buckle
point should be no larger than neces-
sary to make the next cone or finished
upset in the following operation.

If the die is counterbored it can
cause the buckle point of the unsup-
ported stock to fall close to or outside
the front end of the cone tool. as seen
at the Jeft in figure 18. resulting in a
defective cone upset. To correct this
condition a sliding cone tool (such as
the one seen at the right) must be used

even though there is less than 4712 -

diameters of unsupported stock in the
upset. This design permits the con2
tool to move to a point forward of the
buckle point.

The general guideline, that 214 di-
ameters of material can be upset in
onc hlow, works well for rivets and
other simple parts. This does not
mein, however, that every head with
less thun 2 diameters volume should
be made in one blow. Coning before
finish heading provides more control.
and produces heads with improved
concentricity and uniformity. Coning
is often done progressively on multi-
ple-die machines.

Many first blows are used to pro-

n (3O
A




Fig. 19—First blows are often
used to produce preforms rather

. = 2 than cone shaped upscts. Typi-

i cal examples of such preforms

. and finished head shapes pro-

duced in two-blow are shown

here. Shape of cone punch de-
pends on finished head shape.

1L

duce preforms rather than cone shaped
) . upsets. A few typical examples of
such preforms and the finished head .
shapes preduced in two-blow upsetting
are presented in figure 19. Shape of
the cone punch for such parts is usu-

FILLER BEHIND PIN HARDPLATE AT R R e Ny e
3 f the finished head.
LN M AN NN of the finished hea

CONETOOL_____

Use of pins in cone fools. A’ typical

= assembly of a fixed cone tool is seen

"""" A at A in figure 20. A hardplate at the

far right of the assembly is used to

distribute the forming load and protect

machine parts. The pin in the teol is

madz a separate mcmber to facilitate
tool making and easy replacement.

CONETOOL PIN

SPRING Drawing B (figure 20) illustrates a
fixed cone tool with a spring loaded
pin, which is necessary when blank

SPRING PIN lengths are short. Transfer fingers

moving the blank to the die must re-
tain control of the blank until it is
pushed far enough into the die to keep
it from falling. The spring pin moves
the blank into the die soocner, and
allows more time for the transfer fin-

FILLER BEHIND
SPRING PIN

SLIDING gers to pull away from in front of the
CONETOOL advancing cone tool. Once the blank
is seated in the die, the cone pin moves

to the same position as in drawing A.

Drawing C shows a sliding cone
tool for upsetting long Tengths of stock
or for more precise control of concen-
tricity. Drawing D shows a spring
loadzd pin and sliding cone tool com-
bined for upsetting large heads on
short shanks.

N

TANGENT PIN

Fig. 20—Fixed cone tool with sep-
araie pin, filler and hardplare is shown
at A. Spring loaded pin, which is
necessary for short blanks, is seen in
fixed cone tool at B. Sliding cone
tools are shown at C and D.
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Fig. 21-=-Thrce steps in operation of a sliding cone ol In drawing A blank is
shown about 1o be pushed into die. Blank is fully in die and tool (B). and meta
Hlow is about to start, Pin has pushed blank into cone cavity (C) to form the upset.
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Sliding cone tools, Three steps in
the operation of a sliding cone tool
equipped with a spring loaded pin are
illustrated in figure 21, Although this
tool assembly is the most complicated,
it is also the most versatile. About six
diameters of material can be upset in
two blows with such & tool.

As shown at the top (drawing A in
figure 21), a spring behind the sliding
cone tool holds it forward to the limit
of the notch against a tangent pin. A
second spring holds the cone pin for-
ward, as previously described. In this
drawing the blank is shown about to
be pushed into the die.

in drawing B the blank is fully in
both the die and the cone tool, and
metal flow is about to start. At this
point length R is the only portion of
the blank unsupported, and is equal to
21; diameters or less. The cone tool
supports the rest of the blank fength
outside the die.

As the heading slide continues mov-
ing forward, the pin pushes the blank
out of the straight bore portion and
into the cone cavity of the tool, as
shown in drawing C. In this manoner
up to six diameters of material can be
upset in two blows by leaving only 2%
mean diameters unsupported after the
first blow.

Sliding cone tools offer two ad-
vantages: they permit larger upsets,
and provide better control of metal
flow, with resultant improved concen-
tricity. Such tools are frequently ideal
for upsets of less than 4 or even 2
diameters because of better flow con-
trol. One example is in the first blow
for forming recessed screw heads
where most of the head shape is estab-
lished in the cone blow, and concentric
upsets are essential.

The maximum amount of slide, di-
mension S in drawing B, figure 21, is
normally three to four diameiers or
less, but should be no more than re-
quired to make the upset. The dis-

* tance hetween the end positions of the

pin before and after sliding is the
amount of slide required. The amount
of slide used is the length of the tan-
gent pin slot, dimension § in drawing



C, figure 21, and should be equal to 8
in drawing B. Pin length T should be
no longer than necessary, taking into
consideration the amount of tool slide
plus about three pin diameters of
length retained in the tool bore for
guiding.

Cold heading machines are built
precisely to allow maximum length
cutoff blanks to be transferred be-
tween the cone tool and die before the
cone tool contacts the blank. Since
sliding cone tools extend forward of
their normal positions, the amount of
slide must be subtracted from the max-
imum blank length the machine can
ordinarily transfer. Otherwise the cone
tool will hit the end of the blank as it
approaches the die. Caution must also
be applied with respect to spring
loaded pins in the cone tools if they
project beyond the faces of the tools.

Dresign of kickout pins. Kickout pins
in upsetting tools serve two functions.
First they, stop the blanks as they enter
the dies at the point where upsetting
is to start. As a result, the pins must
withstand some of the forming pres-
sures. The second function is to eject
the headed part to clear the die for
the next blank.

The unsupported length of the kick-
out pin should not be more than 10 to
12 diameters, as shown'in drawing A
at the top of figure 22. Otherwise it
has a tendency to bend or break under
upsetting pressure and/or ejection

Fig. 22—Unsupported length of kickont pin should not be more than 10 to 12
diameters as shown in drawing A. This condition becomes more critical when
pointing shank end of part (B) where pin must Lave small diameter,
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load. This condition becomes more
critical and apparent when pointing is
done in the die, as shown in drawing
B. Even though the part diameter and
length are unchanged, the kickout pin
must be smaller in diameter and there-
fore weaker. In this case the die sup-
ports more of the upsetting load, but
the pin will probably fail quickly as
the result of ejection loads.

When the unsupported length of the
kickout pin must exceed 10 to 12 di-
ameters, a supported pin assembly is
recommended. 'Such an assembly hav-
ing a pin length for 17 diameters of
die kickout is shown in figure 23.
Center support A reduces the unsup-
ported length of the pin to less than
12 diameters on both sides of this
support. During the ejection stroke,
pin head C moves against support A.
This support (being pinned to tele-
scoping sleeve B) moves with the pin
head to complete the ejection stroke.
As the pin moves out of the die for

e

Kickout Pin Head -C

| - f/q

'l X
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the next blow it pushes filler D against,

_ a shoulder in sleeve B, thus returning

support A to its center position.

Other causes of pin breakage. Lack of
support is not the only reason for
kickout pin breakage. For example,
broken pins sometimes result from a
poor coating on the wire or rod. Coat-
ings lubricate the workpieces, but any
rough, rusted or uncoated spots make
the parts more difficult to eject and
could cause pin breakage. Smooth,
clean and complete coatings are
essential.

Also, as the end of the kickout pin
wears, it is possible for metal to ex-
trude around the end of the pin. This
can cause a tight spot in the die where
the pin and workpiece overlap, result-
ing in enough additional pressure to
break the pin. The same effect can oc-
cur when the diameter of the kickout
pin is too large. As the pin stops the
workpiece when it enters the die it of-
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Fig. 23—When unsupported kickout pin length must exceed 12 diameters, a supported pin ussembly is recommended.
Center support (A) reduces the unsupported length to less than 12 diameters on both sides of support.
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ten absorbs part of the heading pres-
sure. 1f the pin is too. large. thus fit-
ting the die too closely, the end of the
pin can swell, bind in the die and
break due to the pressure.

A back taper in the die {a smaller
bore diameter at the die face than to-
ward the kickout pin may allow the
metal to upset to a larger diameter at
the end of the shank than under the
head. In such a case the kickout pin
must force this larger diameter
through a smalier hole during ejection.
If the ejection pressure becomes too
great, the pin may break. Excessive
ejection pressures can also be created
by machining marks left in the die.
Die bores should be smooth and free
of Tust.

Advanced tool design. The extent to
which advances in tool design can be
used is almost limitless, as experience
increases with tool design and materi-
als. The progression of upsets and
extrusions in making spark plug center
posts, figure 24, is an example of un-
nsual tool design.

A small diameter between two larger
diameters on the head of a part usually
requires a secondary machining oper-
ation. - Instead, this surface is formed
in a secondary upset with a third
punch, figure 25. As the punch case
approaches the die, an air-loaded pin

Fig. 25—Air-loaded pin punches blank in

" S
BT,

Fig. 24—Progression of upsets
and extrusions used to make
spark plug center post (below)
illustrates potential of process.
Small digmeter between two
larger diameters on head is
formed in a secondary upset
with a third punch, shown in

Figure 25.

pushes the blank into the die as shown
in drawing A, figure 25. Inserts
mounted in the tapered bore of the
punch case are held in their forward
(open) positions by air pressure.

The punch casc continues to ad-
vance until the inserfs contact the die,
after which the die forces the inserts
back along the tapered bore to their
closed positions, seen in drawing B.
At this point the punch case remains
stationary, and the inserts form the re-
quired cavitv for the metal to flow
into. The pin continues to advance

and upsct metal into this cavity, thus
forming the head and second upset as
shown at C. As the punch case with-
draws from the die, the inserts move to
their forward positions allowing them
to clear the largest upset diameter,
drawing D. .

After the blank has been formed in
this third die, it is transferred to the
last die position. Here the part is
blown up a tube to tracks leading to
the machine’s integrated threading
unit. where concentric rings are rolled
on the end of the post. and the head is
given a final roll-coining operation by
the same set of dies. A finished cen-
ter post falls from the rolling station
with each stroke of the machine, re-
sulting in a production rate of aimost
two parts per second.

Upsetting tool materials. Selection of
materials for upsetting tools is usually
governed by personal preference and
experience. Some consider more cost-
Iy and longer lasting tools to be more
economical, while others feel less cost
and shorter life is more practical. Thz
decision is generally based on the
shape of the upset part, the material
from which it is made and the quan-
tity of parts needed. A few typical
materials used for header tooling and
their suggested heat treatments are
presanted in the accompanying table.

to die (A). Die forces inserts into closed positions (B). Continued advance of

pin upsets metal into cavity formed by inserts {C). As punch case withdraws, inserts open to allow them to clear largest

upset diameter (D).

A
Air-loaded
-Pin

B C
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Carbides are frequently used for
long-run jobs or tough-to-form ma-
terials. Somctimes carbide is the only
tool material that will provide satisfac-
tory life, While carbides are hard and
strong, their rupture strength decreases
as hardness is increascd for wear Te-
sistance. The best grade of carbide for
a particular application is\the one that

is as hard as possible without the dan-
ger of breaking apart under the pres-
sure of heading impact.

Carbides used for cutters and cutoff
quills need good wearing qualities. and
impact resistance is of less importance.
For carbide die inserts, some hardness
may be sacrificed to obtain higher im-
pact resistance. Small carbide inserts

are mounted in stecl casings because
large one-piece carbide dies would be
too expensive. Such casings position
and provide support for the more cost-
ly inserts. The casings are usually
made from a very tough material, and
the inscrts are pressed into the casing
bores with an interference fit.

TYPICAL SUGGESTIONS FOR cOLD HEADER DIES AND TOOLS
Name-of Piece Type Steel Analysis Heat Treatment Remarks
Quill Water harden- C.-95 Heat to 1475° F, Quench in Air hardening tool steel
Cone Punch ing tool Mn.-.25 water. Draw at 450° F. Rock- is used for cone, finish
Finish Punch steel, Si-.20 well C hardness 58-60. punch & dies on wire
Die sizes %" & smaller in
AISI-W1 diameter.
Cutter (Open Type) Oil hardening C.-.75 Mn.-.60 Heat 1o 1475° F. Quench in
Fillers tool steel. Ni.-1.25 Va.-.15 oil. Diraw at 350° F. Rock-
Cr.-.80 Mo.-.25 well C hardness 58-60.
AlSI-LE
Cone Punch Air hardening C.-1.60 Mn.-.40 Heat 1o 1775° F. Quench in Used where %" diameter
Finish Punch ool steek. Va.-.40 Mo.-1.15 air. Deaw at 450° F. Rock- or smalier wire is used
Die Cr.-5.25 well C hardness 59-81.
AISI-A2
Kickout Pins Cil hardening ¢.-.90 Mn-1.30 Heat to 1475° F. Quench in
Cutter (Sofid Type) tool steel. Cr.-.30 W.-.50 oii to 4002 F. Finish cool
in air to room temperature.
Draw at 400° F. Rockweli C
AIS1-01 hardness 59-61.
Kickout Pin Heads 4140 5.A.E. C..38-43 Heat to 1500° F, Quench in
Mn.-.75-1.00 oil. Oraw ot 850° F. Rock-
Cr.-.80-1.10 well C hardness 43-45.
Mo.-.15-.26
Extrusion Inserts High Speed C.-.61-.65 Preheat to 145Q° F.-transfer
Steel Cr.-4.00 1o high heat at 2300° F. Quench
W.-18.00 Va.-1.00 in air. Draw at 1050° F. Cool
AlISIT in air. Redraw at 11209 F. Cool
(OX-TEMPER) in air. Rockwell C hardness 60-61.
Piercer Fins High Speed C.-.75 Cr.-4.00 Preheat to 1450 F-ransfer 10
Steel W.-18.00 high heat of 2300° F. Quench in
5 Vva.-1.00 Co.-5.00 air. Draw at 1050° F, Cool in
air. Redraw at 11200 £, Cool in
AlSI-T4 air. Rockwell C hardness 61-62.
Die Cases for Inserted C.-.40 Cr.-6.00 Heat to 1850° ¥, Quench in air. This type steel tends 10
Type Dies $i.-1.10 Mo.-1.25 Draw at 10252 F. Cool in air. decarburize when hardened.
Mn.-.30 Two Redraws at 1025° F. Cool if an atmosphere furnace
AlSI-HI13 Va.-.90 in air. Rockwell C hordness 47-51, is not avail, it can be
heated by packing in an
jnert materia! such as
spent pitch coke.
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figh-Production Forging in Hot Formers

ot forming is taking its place among
1e many cost-reducing methods in
iodern production lines. Its prime
pplication is for forgings needed

| large guantities. Because of the
conomics involved in high-output
lose-tolerance forging, justification
f small lot sizes may result from
conomic studies. This is a digest of a
lide presentation to the third FIA
orging Equipment Symposium.
mphasis is on the machine —the Hot
ormer—and its features that
omplement high-production forging.

High-Production Forging

High-production forging can mean many different things,
depending on your experiences in forging. We're going
to talk about automatic hot forging. Of course, we
automate the Maxipres and you're most likely familiar
with the variety of shapes suitable for press forging. Parts
like pipe elbows and fittings run at 1.800 pieces,. or nearly
two tons an hour. Larger automated forgings. like track
links, run well over five tons an hour. This type of
installation is best suited for long runs of one part. or at
least very similar shapes. Parts usually forge with flash,
can be symmetrical or irregular, and use almost any
material.

Modern cold formers in extra-large sizes forge an
increasing number of high-volume parts. Production rates
are high—2.100 an hour for a seven-pound shaft. One user
reports that with quick-change tooling. he can change
die block. punch holder and transfer in only 45 minutes.
Full changeover, for feeding different size stock, takes
just over a shift. Automatic cold forming makes a wide
range of sizes and shapes. Raw material can be straight
bars. coils, sheared or sawed blanks, preforms or even
sheet metal discs. Most common materials are
medium- and low-carbon steels and alloys that do not
work harden excessively in four or five blows. Even here,
warm forming or mid-process annealing take on materials
and shapes once considered impractical for these
high-output methods.

High-production hot forging in an automated process
for years has been applied to making nuts. Since 1953,
our Hot Nut Formers have been making hex nuts as large
as 2% inches across flats at 3.300 an hour. Because
method and machinery were developed for nut
production, they offered littie opportunity to expand into
the forming of non-nut parts. Our Hot Nut Formers did,
however, give us years of experience in high-production
hot forging and pointed out the need for more versatile
machinery capable of using advanced hot forging methods.

I o
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1e Method

t Nut Formers and newer Hot Formers use a metal
ming operation called displacement. A round punch
netrates the metal, forcing it to flow from the hole
tward into the die cavity. Since blank length before and
er displacement is nearly the same, little extrusion
surs. Displaced metal flows into empty segments of the
» cavity. When making a nut, the upset blank made in

s first die is slightly smaller than the across-flats
nension of the second die. This helps keep the blank
ntral so that displacement is uniform. As the punch

ves into the center, metal flows outward to fill the die.
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These are typical of shapes made in Hot Formers—short, round,
nmetrical and with a hole,

Since displacement uses metal from a central hole to
die detail, most Hot Former parts have holes. The
sthod works well for short parts because metal does
t displace easily over long distances. From this, there

appears to be a general classification of parts for Hot
Formers—length usually less than diameter, with a hole,
most likely symmetrical and flashless. Although these
guidelines do not indicate ultimate application of the
process, they do point out its most frequent, and probably
most practical use.

The first blow makes an upset. sometimes called a
pancake because of its flattened shape. Hot shearing
presents some conditions that the first upsetting blow can
help. First. you can shear a better cutoff blank if the len @
is more than the diameter, preferably at least as long as
the diameter. The first blow then converts this longer
blank to a short, larger diameter suitable for displacement.
Upsetting inside the first die allows the metal to move 05
against the die wall, giving a concentric blank with squa
ends. (Figure 2). This works well when using induction
heating where there is littie scale. When the bar has more
scale, upsetting can be at the face of the die allowing
the scale to fall free and wash away.

When displacement makes round parts. preforming
plays an important part in controlling metal flow to fill ait

_die details. Improper attention to preforming can trap

metal inside the finish die at places where it cannot flow.
At very least, improper preform design creates points of
high die wear and higher than necessary forming
pressures. Good preforms allow metal to fiow easily,
giving good die life and close-tolerance finished parts.

Normally, the only material waste from forming is the
punchout from the hole. While still in the part. we call this
the web. Of course. web thickness should be as small as
possible to minimize waste.-However, as the web gets
thinner, tooling pressures get higher. An economical
compromise is one that gets a balance between too! life
and material waste. A good place to start is with web
thickness no less than 10% of hole diameter.

Hot-formed parts have good finish and close
tolerances. Depending on the application, some surfaces
may need no machining. Others, only grinding. Machining
allowance is only .020-.040-inch per side depending on
size. Diameter tolerances. figure 3, illustrate that Hot
Former parts have much closer tolerances than hammer
forgings but not quite as close as cold-formed parts of
comparable size. The combination of close tolerances
and flashless forging makes the process economically
attractive due to the material savings possible when
compared to other hot forging operations.
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3. Diameter tolerances for parts of —
comparable size show hot forming
tolerances are nearly as good as for cold
formed parls.
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4. A Hot Former is an automatic feeding. sheatring, forging and punching
system capable of very high output. This 2.3 makes 150 paris a minute.
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5. This pian view of a Hol Former illustrates the various mechanisms
required for an automatic hot forming system.
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'he Hot Former

. Hot Former, figure 4, has various mechanisms, each
esigned to do a given job. The degree of success
epends on how reliably these mechanisms perform
nder production conditions. This is why you will hear
speated references to ruggedness and rigidity, prime
onsiderations when designing durable, heavy-duty
1achinery like this. A plan view of a Hot Former. figure 5,
elps orient and briefly describes the components making
a completely automated forging system. Beside

\achine drive, there are feed, cutoff and gripper, transfer
nd die kickouts.

~eeding

ince raw material is hot bar, the feeding mechanism is
rranged to prevent heat loss between heater and dies.
eed rolls are within the bedframe, close to the cutoff
wechanism (figure 6). Four rolls, each pair operated
eparately, give good control of bar ends when feeding
traight bar. A water-cooled baffle shxelds heat from

e bedframe.

All four feed rolls are gear driven so there is no drag
reated by idle rolls. Water. traveling through hoses and
wivels, cools the entire length of the feed roll shafts,
irculates through the feed rolls and discharges from the
nd of each shaft. Adequate cooling protects the bedframe
‘om excessive thermal expansion.
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Feed rolls are close to the shearing mechanism, at far right.

Automatic Bar End Detector (patented)
When feeding straight bars. almost every minute bar ends
feed into the former. The ends must be dropped and
discharged to prevent tooling damage.- This could keep

an operator very busy with a monotonous task. Abarend |
detector, figure 7, locates bar ends and measures their
movement into the Former. The lower roller drives a pulse
generator that measures bar end movement in
thousandths of an inch. A computer records the movement
and at preset poinis controls various feeding mechanisms.

r T

I LS — J m‘J

4

7. Automatic bar end detector rejects bar ends. Relieves operator of this
frequent task.
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As thé new bar approaches the feed rolls, the first
t of rolis opens automatically to admit the bar. then
>$es. When bar ends approach the cutter, the computer
jnals the cutoff transfer fingers to drop the ends. then
asés the fingers to resume transferring full-length
toffs. Should there be no new bar or if there should
+a gap between bar ends that could cause short feeding,
yap detector also opens the transfer fingers to drop
iort cutoffs, protecting the tooling from damage. Since
& detector measures only linear movement, it is not
fected by changes in cutoff length. With measurement
arting close to the Former, thermal expansion of a bar
yes not alter its accuracy. The length of bar end dropped
determined by bar end condition rather than limitations
the detecting system. The result is minimum material

ss at bar ends.

Shearing _
Hot shearing requires special considerations to get good
cutoff quality. Hot rolled rod usually has wide tolerances
and ovality. Add to that dimension something for thermal
expansion and normal working clearances. The result is

a cutter-quill 1D considerably larger than the hot bar.

Using a quill and movabie gripper facilitates both feeding
and shearing. The gripper opens to allow ample room for
uncbstructed feeding, then closes on the bar giving a @
zero-clearance quill for shearing. This reduces the
distortion normaliy associated with hot shearing.

Bar feeds through gripper and cutter. stopping against
the stock gage. The gage precisely limits bar feed for
accurate cutoff length and can be adjusted while the O
Former runs. The cutter is a simple. flat plate that can be
removed and installed without losing alignment. The cutoff

A cb;npuier measurés bar end movement into the Former, then signals feed rolls and cutoff transter to cycle at preset times.

e T
Pressure roll getects
¥eginning of new bar.
Starts measuring system.

Hot bar

Y L

Hot Former
feed rolls,

Pulse generator measures
bar movement. Sends pulse
to BAR END CONTROL,

éqtoﬂ transter finger.
Closed —transfers cutoft
©pen-=-drops cutoff

Cutter

>
"™ Cutoft
blank

A
o "//J E\ Cutter

No-bar detector
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. With bar guide removed, you can see the gripper and quiil. The
ripper, at right, opens during feeding, then grips the bar while shearing.

ransfer finger holds the cutoff in the cutter for transfer

o the first die. The transfer finger can be controlled

rom the push button station to drop cutoffs not to forging
emperature and to drop bar ends. Or the transfer finger
.an be controlled automatically on signal from the bar

nd detector. As long as the finger remains open. sheared
wtoffs drop clear of the tooling.

The cutter is cam driven for both the shear and
ransfer stroke, and the return stroke. A breaker bolt
yrotects the cutoff stroke to prevent shearing a cold bar.

\ positive return stroke guaraniees the cutter will pull
wway from the first punch even if the bolt breaks. The
sutoff stide is a round bar with bearings sealed from

scale and water (figure 11). The entire cutoff and gripper
rive mechanism is in a separate housing with recirculating
sressure oil lubrication.

(s

10. Hot bar entering the Former stops against a stock gage. The gageis
adjustable while running to precisely control cutoff volume.

11. Cutter and drive mechanism as viewed
looking forward, Most of the mechanism is in
a separate housing sealed from water

and scale.
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‘orging area of a Hot Former. Punches at lower left. The fong tube above the punches is the spray manifold.

snler you can see nut forgings in transfer fingers at the die face.

Now, we have a cutoff of proper volume to make a
t and we are ready for progressive forging. The prime
aponents are punches, dies. die kickouts and a transfer
rove the forging from die to die. The first blow normally
<es an upset to square the cutoff in preparation for
slacement.

3. Sectional elevation of first punch. Stiding pin in
rst punch controls blank while transter moves clear
o the forging biow. ¢

First Blow—Upset

Since the first operation is an upset, the punch is larger

than the cutoff. And the cutoff must be retained at the

first die while the cutter withdraws from in front of the
punch. To support the cutoff, a spring-loaded pin extends
from the first punch. The spring for the first punch pin is
outside the tooling on top of the stide (figure 13). An e)
external spring gives enough force and comprassion for

the long stroke required to control the cutoff. It also
simplifies first punch design. While the pin holds the

cutoff, the finger opens and the cutter moves away. Before
upsetting, the spring pin seats flush with the face of the °
first punch. Then the two upset the cutoff as shown in '
figure 13. As the punch moves away, the spring pin holds
the upset against the die until the transfer moves in to

grip the upset.




Water completely enguifs tools durlng production. Tools stay cool.

‘ansfer (patented)

Hot Former transfer operates under extremely
allenging conditions. The mechanism must be rugged.
>4 transfer must be able to handle 14 tons of forgings
gry hour. And it must move in very precise motions.
atignment at pick-up and delivery dies is essential for
Il formed parts, acceptable (ool life and sriooth,
interrupted production. And it must do all this in an
nosphere of heat, water and abrasive scale.

The transfer mechanism can be divided into two
;tions. One. the handling mechanism, figure 15, that
s the forgings and the other is the drive mechanism.

moving parts in the handling mechanism are affected
scale and water. The major moving parts are in the
/e mechanism which we enclose and seal. then
ricate with recirculating pressure oil.

and dies control the part and-the transfer opens to ¢clear
the punches. The upper half moves up and the bottom
haif moves down. While the transfer is open. it moves
back to the pick-up dies. The mechanism opens far
enough to clear punches while they are near the dies.
This provides more time to return the transfer to the
pick-up dies. resuiting in smoother transfer movement
at high speeds. As punches pull away from dies, the
transfer closes to grip each forging. All lower fingers are
rigid to control part alignment with the dies. Upper fingers
are spring lcaded to firmly grip the part. regardless of
dimensional variations from heat, scale and wear.

Transfer movement to open fingers is vertical. This
motion keeps the transfer fingers near the dies, allowing
the tool holders to move close to the dies. The result is
short punches with a good diameter-to-length ratio, an
aid to punch rigidity and long punch life.

The transfer opening and closing mechanism is large
and rugged for smooth motion and precision alignment.
Since transfer arms extend bevond the sealed enclosure.
the drive parts are long for good guiding and support.
Separate cams controt opening and closing so that
opening timing can be adjusted to suit each part shape
being transferred. Horizontal movement. between dies.
is from round tubes supported and guided in the large
lifting levers. A hard, smooth finish on the tubes resists
wear, corrosion and abrasion from scale and is suitable for
using rmore effective seals.

15. Transfer is large and rugged to perform well in an
atmosphere of heat. water and scale.

There are four basic transfer movements.
2 end objective, of course, is to advance all
ts to the next die. Each part must be firmly
ped and transferred with positive control.
sall, production rates are as high as 150 a
wte. As the slide moves forward, punches
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Transier lateral motion comes from cams through a rack and gear
rhanism. Spring-loaded transfer clutch detects obstruction {o transfer
rement and stops the Former.

Transfer tubes get their motion from crank arms cam
sen through rack and gear (figure 16). Each crank arm
usts to synchronize upper and lower drive. Tube drive
s each adjust to align transfer fingers with dies. Cams
re the rack in both directions giving positive motion
transfer and return strokes. The gear drives the crank
18 through a spring-loaded tongue-and-groove-type
ich. The mating clutch halves are motionless, relative
:ach other, until something interferes with transfer
tion. Then the clutch slips. actuating a shutoff switch,
aping the Former.

The basic design of this type crank-arm drive has
eral advantages. First, smooth motion is built into the
pe of the drive cam. Second. the arc of the crank arms
25 little motion at beginning and end of stroke with
k acceleration and deceleration during mid-stroke.

d, at both ends of the stroke, the mechanism holds
transfer in alignment with the dies. !t is important that
transfer remains stationary while parts move into or
of the fingers. Since the crank arms are paraliel with
transfer, any slight motion in the drive parts, as might
Jar from wear, is not passed on as movement in the
sfer,

Die Kickout

Punches on the moving slide push forgings into the dies
and force the metal to flow. Then the kickout mechanism
ejects the forgings into the waiting transfer fingers.
Because the kickout pin also becomes all or.part of the
die end, it must support some of the forging load. Yet it
must be mobile 10 eject forgings and adjustabie for
different jobs. Forging loads go into the machine bedframe
two ways. Most load normally travels through the die, fillsa
face plate and into bedframe. This is the preferred path
since parts are large and stationary. Second. depending
on tool design, forging load may move through the
kickout pin, into the kickout rod. through the adjusting
sleeve into the bedframe. None of the forming load goe
into the kickout mechanism. This basic design comes frol
years of successful operation on our Boltmakers. Cold
Formers and other high-speed coid-forging machines.

17. Side view of kickout mechanism. Fully adjustable and cam driven. its
motion gradually decelerates to keep from throwing the forging through
the transter fingers. 2 I 1




The kickout stroke comes from oscillating cams,
gure 17. driven from a cross shaft. Cam drive gives a
radually accelerating motion at the start and end of
troke with rapid movement during mid-stroke. This
revents catapulting forgings out of the die and through
1e fingers. Kickout force travels through a breaker bolt
~at shears if load becomes too high. A sensitive
neumatic sensor detects. not only a broken bolt, but even
stightly stretched bolt. and stops the Former. Each die
as its own kickout mechanism adjusted to best suit the
soling in that die. The end-of-kick position is always the
ame, and not adjustable, for proper timing with the
-ansfer. Adjusting screws at the top. figure 17. are set to
uit kickout tooling. At the bottom. kickout cam shoes
djust for long, short or any kickout stroke within the
ange of the machine. The last die can have kickout lever,
lug discharge, or both.

stripper

‘he last operation is usually punching a hole. The
wnchout travels through the die and into a discharge
hute. The forging goes back with the punch. The punch.
in its forward stroke. travels through a stationary stripper
figures 2 and 18). Then, when the forging goes back an
he punch, the stripper removes the forging. clearing the
wnch for the next blow. This mechanism is simple. has no
noving parts and aids punch cooling. For special
ipplications. for coining or trimming. the timed punch
mnockout can be tooled for stripping in place of this
tationary stripper.
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I8. The piercing punch goes through a stationary stripper. After punchout,
he part travels back on the punch to the stnpper where it then fails
dear of the tools.

19. Tool holders of a three—tie Hot Former. Cocling manifold. near punch
tips. sprays water and checks punch. A forging stuck on the punch stops
the machine.

Punches :

Tool holders have adjustments on top where they are
convenient to see and reach (figure 19). Adjustments are
easy to learn and guick to make. All holders mount 10 a
common plate that can be removed and installed as a
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unit. When the Former has optional quick-change teoling,

an extra plate, with tool holders attached can be setina
fixture outside the Former so that punches can be
assembled and prealigned while the Former runs
another job.
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Punch adjustment wedges set forward position of the punches.
iches with timed knockout use a slotted wedge. Without punch
ckout, a solid wedge.

med Punch Knockouts

moving the mounting plate and tool holders exposes
dges and punch timed knockout rods (figure 20). You

I move wedges and rods to second, third or fourth

'ch positions, wherever needed. When not using

ich knockout, a solid wedge fits behind the punch.

ich timed knockouts operate from a mechanism on

of the slide. The knockout stroke comes from cams on
imshaft linked to the pitman. Cams are inserts hardened
r generating. The result is a knockout stroke timed
1the movement of the slide to hold the forging in the
for normal ejection and transfer. This mechanism is
ilar to timed knockouts on our Cold Formers and
ymatic Maxipresses. Punch knockouts expand the
satility of a Hot Former. In fact, some shapes require
ch knockouts.,

unch knockout motion comes from cams generated
e the stroke with slide movement.

PITMAN

Cooling :
High-production hot forming calls for effective cocling of
punches, dies, feed and cutoff parts. Spray jets flood
punches and dies externally to wash away heat and scale.
A high-capacity pump delivers up to 600 gailons a minute.
depending on the size of the Former. A cooling manifold.
with a spray head for each punch, swings in front of the
punches during the back stroke (figure 19). It sprays water
directly on the face of the punches, an area usuaily more
susceptible to burning. Tests show the effectiveness of
this cooling mechanism to prolonging punch life. The
mechanism also serves as an automatic shutoff. Shouid a
part stick to the punch. the spray head hits the part.
restricts the movement of the mechanism and operates a
switch to stop the Former,

The importance of cooling cannot be overstressed. @
Water flows through feed roll shafts and around inside
the feed rolis. Cooling bafiles between hot bar and
bedframe keep heat away from the bedframe. Internal
channels flush dies from the inside, washing away heat
and scale. A high-volume line goes to the heading slide.
distributing water for individual punch floeding and to the
mechanical spray heads. Even after extended production
runs, tooling is cool enough to be removed by hand.

Lubrication

Hot Formers have two lubricating systems. One systemn

is & once-through system where lubricant passes through
the bearings and discharges. With this system it does not
matter if water &nd scale contaminate the spent lubricant
because it is not being reused. The second system
lubricates most of the bearings in the machine with an o
unrestricted flood of oil or by pressurized lines leading
directly to bearings. The housings that attach to the
bedframe seal out water and scale (figure 22). They coliect

22, Plan view of Hot Former showing coverage of the two
lubricating systems. Pressurized or Hood oit lubricates most

bearings. ———-———[
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It the lubricating oil and return it to a reservoir. From
1ere, oil goes through a pump and filter, then on to
searings and flood lines to complete the pressurized
ecirculating system. Low oil pressure stops the Former.

Other Features

\n optional feature for la'rge Hot Formers is a bearing
emperature monitoring and warning system for measuring
emperature at main bearings, wrist pin and pitman
»earings. Thermocouples indicate bearing temperature

m gages. Should one of the bearings heat above a preset
evel, a warning horn sounds to alert the operator.

Large Hot Formers have a pinion shaft running in
inti-friction bearings. With this arrangement, the flywheel,
slutch and brake are on the pinion shaft and the rmain
jear is on the eccentric shaft. Pinion shaft bearings can
iiso be equipped with thermaocouples if desired. However,
1 smoke-type warning device is the standard way of
nonitoring these bearings.

Figure 24 is a cross section of the heading slide and
sitman showing eccentric shaft and wrist pin. Forging
pads are taken on three wrist pin bushings and two wide
sushings in the pitman for the eccentric. This bearing
slacement gives wide support to the slide. reducing the
endency of off-center forming loads io tilt the slide.

Automatic shutoff switches stop the Former when they

detect a broken or stretched breaker bolt on a kickout
lever or transfer mount, when the transfer clutch operates
or when the punch detector hits a forging stuck on a,
punch. Indicator lights tell which shutoff stopped the
Former. Loss of air pressure or lubrication pressure also
stops the Former. and iow hydraulic pressure for
quick-change tooling causes shutoff.
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23. These gages monitor temperature of main. pitman and
wrist pin bearings.
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PITMAN

WRIST PIN

HEADING SLIDE

24, Section of heading slide and pitman. Arrows show wide position of
bearings that take the forging loads. i




wick-Change Tooling ' ey T ——
uvick-change tooling. optional equipment for large Hot
armers, offers opportunities to keep job changeover Ty
ne to an absolute minimum. While the Hot Former runs A e
‘oduction on one job, the next tocling scheduled to go =R - £ Ll P
to the Former can be assembled in a spare die block, ” X *(Nx:,:_{_' 22 g
ol holders and transfer. A fixture, figure 25, closely ‘ q % g -~ L
mulates in-machine position. so tooling can be L ./T i ‘3_ v SA
isembled and punches aligned with dies. This leaves « q‘ )5. . f:""'i = ® e - E3
1ly fine adjustments once tooling is installed in the X ¥ B 4 ‘[ ” A ‘
wymer. Even without a precisicon fixture, die assemblies T 4 \ B o e }
in be put into the spare die block and punches into the s £ '“*—*fﬁa; et 3 A,
riare punch holders. Those of you with setup experience i '
Il piobably agree that tooling assembly takes up a large et . o ““b
ercentage of changeover time. Preassembly can 26. Transter fingers and arms set up on a fixture, like this, outside
Ibstantially cut setup time. the Former.
The transfer fits on a fixture, figure 26, for replacement
id alignment of new transfer fingers. All finger and arm
liustments are made on this fixture. quick clamp and release mechanisms built into the Hot
As mentioned, preassembly and prealignment can Former, shown in figures 27 through 32. These
» done while the Former is running. Even additional mechanisms permit die and punch assembiies to be
ne can be saved after stopping the Former with the removed and installed in minutes with little effort.
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Spare die block and punches go on this setup fixture for assembly and prealignment. This is a companion to
quick-change tooling mechamsms built into the Former. .
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The face of the heading slide has slots iike this that take studs on the
| hotder mounting plate. Hydrauiically-operated clamps tighten and
sen the studs.
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Hydraulic eylinders under the heading slide tighten or locsen the
ar studs. One lever controls all nine clamping cylinders.
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Under the die block are air-operated levers, at top center and left,

t turn cams seating the die block forward. The two large cylinders are
moolor and reduction gear units that drive the die block hold-town
ews. There are five of these unils.
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28. Slots in the bottom of the mounting plale fit over these headed studs.
This view is from under the heading slide looking upward.
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30. When installing the die block. it must seat against the front and side
of the die block cavity. A hydraulic cylinder drives this wedge at the end
of the die biock to seat it sideways.
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32. Kickout rods adjust to the position needed for each die setup by
turning these large threaded si€eves. To speed selup, an air-motor
driver engages a gear on the sieeve. Once adjusted, hydraulic jock nuls
hold the setting.

17
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1e Size and Shape of Hot Forming
2 shapes on this page are the kind that Hot Formers
ke, but certainly not the only shapes. Hot Formers are
h-production units that require relatively short
ingeover time. Therefore, it is practical to plan
making several jobs on cne machine. This encourages
rter runs of limited quantities. However, the most
cient are always long runs.

The 2-3 Hot Former is the smallest presently in the
t. It has three dies and makes up to 150 forgings a

sl

minute. It has a cutoff capacity of 1% inch diameter by
2% inches long, die kickout of 3 inches and weighs
48,000 pounds. This size is popular for making hex nuts
up to 1% inches across flats.

The top of the line is the 6-4 Hot Former with a
cutoff capacity of 2% inch diameter by 5% inches long.
It has a 6-inch die kickout and weighs 385,000 pounds.
It's powered by a 400 horsepower DC motor with variable

" speed so that production speed can be matched with

heater output in a range from 40 to 70 pieces a minute. .




test floor.

6-4 Mot Former nearing final assembly. This one
will make automotive parts for a European
manufacturer.
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machines for Taslteners

Cold Headers make rivets and screws,
standard or special parts. Many different
headers are available to suit your specific
needs—single- or double-stroke; standard-,
medium- or long-stroke; standard- or high-
speed plus special machines for balls,
roiters and tubular rivets.

Three-Blow Two-Die Headers
combine versatile three-blow forming with
only two dies. They can trap-extrude, upset
head, backward-extrude, trim or pierce to
produce a wide variety of specials.

Boltmakers offer versatile production of
capscrews and special threaded parts. Cne
compact machine heads, trims, points and
threads without intermediate handling and
inspections. Progressive Headers
are Boltmakers without pointing and thread-
roling stations. Boltmakers and Progressive
Headers can be standard- or high-speed,
three- four- or five-die, standard- or long-
stroke or equipped for making socket head
capscrews. Proguction: up to 300 finished
parts a minute.

S2 Cold Nut Formers are hign-
sroduction five-die machines with about
50% more output. Unusual nut shapes, from
32 variety of materials, are routine on these
‘ormers. Transfer rotates blanks 180°
>etween dies or transfers without rotating,
vhichever best suits the forming sequence
i tool design.
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Production-Tested Heading Slide and
Features Counterbalance System
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|
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The heading slide, pitrman and eccentric shaft of these re
Headers are fully counterbalanced by a counter slide dri
by its own eccentric and pitman system. The eccentric st

‘_~ N runs in bronze main bearings, and the wide pitman has
4 _"; i increased bearing area. The wrist pin flcats freely in both
¥ __ pitman and heading slide, reducing the possibility of seiz

and avoiding single-point wear and stress. Retainers holg
wrist pin in end-wise position, permitting easy assembly i
simple maintenance. Pitman and heading slide bearings
lubricated by high pressure lines, and the over-arm head
~ shide rides 1n bronze liners.

Controlied by cam action, the punch rocker locking syz
holds the punch rocker securely in place during cone an
finish biows. A punch rocker gib, mounted to the face of
| punch rocker block, eliminates excessive end play. This
1 afso keeps the punch rocker running true, even if the pu
/] rocker beanings should wear. The entire punch rocker sy
; is pressure oil lubricated, and the circular punch rocker f
' { 4 seals dirt out and oil in.

Significantly higher production speeds plus reduced time for
maintenance and adjusiment—these new single-die Headers
are truly faster. Besides many practical features, these new
taster Headers retain some of the proven-reliable advantages,
like an oscillating punch rocker, individually adjustable
punch holders. bushing-type cutiter, separate transfer,
mechanical discharge ejector, sliding cone tool mist lubri-
cator. and timed knockouts in both cone and finish punches.
Some of the areas where you'll find significant improvement
are those that involve sefup, maintenance and production.
The heading shide, pitman and wrist pin. for example, are
now easier io assemble and maintain. The punch rocker sys-
tem has a simple locking mechanism which aids cone and
finish punch accuracy. A second cam shaft added to the drive
train improves machine operation and adds simpiicity to setup
adjustment. The feed and kickout areas have been improved
with a particular eye toward operator convenience. A recir-
culating lubrication system with dual distribution reduces
overall machine maintenance and generally extends machine
life. Finally—again to save time and increase producticn—an
external setup fixture significantly cuts changeover time by
permitting as many as 14 items to be adjusted or checked
prior to setup. .
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Standard specifications g\\ o

We would like to discuss your special requirements

Machine Size 25 M34-S1 3/16” M5B 1/4+ MG8 5/16" M810
Pieces per Minute 450 450 350 350 300 300 I 250 250
Cutoff Diameter 5327 4mm 3/16” 6 mm 1/4 8mm | 5/16“ 10mm
Die Kickout 15 25 mm 1-1/4” 30 mm 1-3/8"” 35 mm 1-1/2 38 mm
Floor Space (width) | 25 74 m 30" 9l m 400 1.22m | 45" 1.35m
Floor Space {length) | 627 1.88m | 7:07 2.14m | 84" 254 m ] 910” 3.0m
Motor (hp/kWw)* 5 4 7-1/2" 7.5 15 15 20 22
Net Weight (Ib 'kg) 3,500 1.600 5900 2.700 11,200 5,100 15.300 7.000
Boxed Weight tib/kg)} | 4,500 2 100 7,100 3,300 12,800 5,900 16,900 7,700

*Motor size may vory

NATIONAL MACHINERY CO ., TIFFIN, OMIO U S A 44883 NATIONAL MACHINERY G m b H . 8500 NUERNBERG, GERMANY
DESIGNERS AND BUILDERS OF HOT AND COLD FORGING MACHINERY

1ay PRINTED IN U.S. A, |
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«Standard specifications

We would like to discuss your special requirements

: Machine Size No. 5

Pieces per Minute 400 400

Cutoff Diameter 6 mm 1/4" .
Die Kickout 30 mm 1-3/16”

| Floor Space (width) | 1.34m 44"
Floor Space (length) | 2.68 m 88" :
Motor (kW/hp)* 11 15
| Net Weight (kg/ib) | 4,700 10,364 ;
Boxed Weight (kg/Ib)| 5,400  .11,907

*Motor size may vary |

. NATHONAL MACHINERY CO TIFFIN, OHIQ U S A 44883 NATIONAL MACHINERY GmbH . 8500 NUERNBERG, GERMANY
DESIGNERS AND BUILDERS OF HOT AND COLD FORGING MACHINERY

PRINTED IN U. 5. A,
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Standard Spezifikationen

Wir sind gerne bereit, mit thnen tiber Ihre spezielien Winsche zu sprechen

Maschinengrifle No.§
Stiick pro Minute 400 400
Abschneiddurchmesser 6 mm 174"
Auswerferlange 30 mm 1-3/16""
« Grundflache (Breite) 1.34m 4'4"
Grundftache (Lange) 2.68m 88"
Motor (kW/PS)" 11 15
Neﬂogﬂvichl (ko/b) 4,700 10,364
Bruttogewicht (kg/lb} 5,400 11,907

* Molorgrole kann varileren

Caractéristiques standards

* Nous sommes préts & discuter toute spécification particuliére

Dimension de la machine No. 5
Nombre de piéces par minute 400 400
Capacité de cisaillage 6 mm 1/4"
Longueur d’éjection en matrice 30 mm 1-3/16""
Encombrement au sol — largeur 1.34m 44"
Encombrement au sol — longueur 2.68m 88"
Moteur (KW/CV)" 11 15
Poids net {kg/ib} 4,700 10.364
Poids brut {kg/Ib) 5.400 11,807

* La capacité du moteur peut varier

Caracteristicas standard

Nos complacera discutir sus necesidades especigles

Maquina No.5
Piezas por minuto 400 400
Diametro corte & mm 1/4""
Expulsion matriz 30 mm 1-3/16""
Superficie (ancho) 1,34m 44"
Supericie (largo) 268m 8'8""
Motor (kW/hp)" 11 15
Peso neto (kg/lb) 4,700 10,364
Peso bruto (kg/Ib/) 5,400 11,807
* Tamafin motor puede vanar

Caratteristiche standard

Desidereremmo esaminare le Vostre esigenze specifiche

Modello macchina No. 5
Pezzi al minuto 400 400
Diametro di taglio 6 mm 174"
Espulsione dalla matrice 30 mm 1-3/18"
ingombro sul pavimento (larghezza} 1.34m 4'4"
ingembro sul pavimento {lunghezza) 2,68 m 88"
Motore (kW/HP)* 1 15
Peso netto (kg./libbre} 4.700 10,364
Peso con imballo (kg./libbre) 5,400 11,907

* La dmenswine del motore pud vanare
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rive Train

Feed and Kickout

rive train for these fast, improved Headers is a combi- Lot
1 of production-proved engineering and innovation. The ' s

shaft is driven by a 21 timming gear on the operator's f

This in turn drives, through beve] gears, a camshaft
tright side of the header. This side shaft drives the

fter cams for the punch rocker and the

ar and cutoff cams. Another set of bevel gears drives a
d camshaft across the front of the header This front

aft has cams for Operating the kickout. pusher. relieving
t and mechanical discharge ejector, Because of

mshaft design. all mechanisms are conveniently L
1 on the perimeter of the bedframe for easy L

nent, inspection and mamntenance.

Eccentric shaft i

Cross shaft

- 4 i I - el

—

S growing in popularity for tong production runs. The feed rolls
iHtar ak fet

ire 1 g >
Traneter entsre_e eed box is Iubn.cat

be made during setup.

Cutoff The kickout lever is driven in both directio

F instead of oscillating cams, The resultist

springs, smoother operation and eas

Kickout stroke—Jike feed length

camshaft by a calibrated handwhee! outside the enclosure. No interpal
adjustmenis Feed latchout, like al| Operating controls, is

Ejector within easy reach outside the machine,

ns by rotary
he elimination of ]
e of adjustment.

—is completely adjusted |

Relieving Pusher
kickout

Kickout

{Pictures may show s

pecial or optional features that are extra
as quoted.)
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ese new high-speed Headers have recirculating lubrication
th dua! distributicn where lubricant is distributed through

o distinct systems: an open flood and a closed-line pressure.
e open-flood system takes care of gears, cams and cam
lowers while the closed-line pressure system goes to

afts, bearings, bushings and liners. The system also has

ow pressure shutoff. The recirculating o coliects in the

s& and is drawn through a 40 micron filter by the pump.

en the ail going to the closed-line pressure system is

ered a second time through a five-micron filter. The resuit
this doubte-filtering process is longer life for the gear

7p and the five-micron filter—plus cooler operation and
nerally reduced machine wear.

ntegral Acoustic Covers—IAC's—incorporate machine
arding, lubrication containment and ventilation with acoustic
rol at 82 dB(A)] or less. The Header, with all working
chanisms, mounts on a base. Acoustic panels alsc mount
the base and completely enclose the Header. This permits
wistic separation of Header, base and covers for effective
ind control. Work area covers hinga open for easy access.
er panels quickly disassemble. The base also collects
ricating oil and returns it to the large reservoir In the base,
2re it cools before being filtered and recirculzted. An

1aust system removes heat and vapor.

T17A

An exciting, time-saving feature of the new Header is the
setup fixture. This fixture greatly reduces changeover time
by allowing the operator to check many items for setup—in
advance and outside the Header. While one job runs. the
operator can be checking tools for another job on the fixture.
The fixture checks:

« Finish punch and filler length and diameter
* Cone punch and filler length and diameter
+ | ength differential of both punches

e Sliding cone punch tangent pin fit

s Length and concentricity of imed knockout filler collar
» Die and filler length and diameter

e Kickout pin head size

= Outside and inside diameters of quill

» Chill to cutter clearance

o Quill to cutter alignment

» Cutter inside diameter

* Stock gage tip tength

= Feed rolls inside diameter and keyway size
» Transfer finger adjustment

= i
- H -

ARG il i

HATIONAL MACHINERY CO TIFFIM GHIG U S A 44883
HATIONAL MACHINER Y O m b H B0 MUERNEBERG,
GERMANT * DEGIGNERS AND BUILUERS OF HOT
AND CULD FORGING MACHINERY
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Shapes shown at left illustrate just one of
the many advantages of parts forming—
material savings. Many parts form with no
waste at all. Qthers form so close to finishe
shape that trimming. hole punching or
secondary machining bring waste 1o nsig-
nificant totals. Plus you get more parts
than machining per ton of metal and at
higher production rates. .

Cold Formers take on jobs formerly
considered impractical or impossible. The
narmally feed colled wire but can aiso
accept hopper-fed slugs, discs or preforms
For challenging materials. they form warm
Options like trimming, punching, punch
knockouts and strippers make them versa
tile metal formers for a variety of shapes.
Different transfers permit choosing the be
transferring method for your type of parts.
Built with five or six dies, this group of
formers can feed and cut off low-carbon
wire up to 25 mm {1} diameter.

Large Formers make big parts. up to
50 mm (2"} diameter and even larger, at
production rates from 1800 to 3000 parts
an hour. They have integrated feeding anc
cutoff mechanisms. five or six dies and
automatic transfer. Many jobs formerly hof
forged or machined can now be formed wil
savings typical of cold-formed paris.

Cv s '._L )f% N = "_‘.';-—--_‘Iﬂd_r ol - /:
. Pl £ .!,_m"“ Cold F = s boa T -
4 al ;‘I' A 2 f-.'-' five andongg:‘ess .'“4-:"]"‘"::_"_'_'—::"" :;"-‘ .:.l”
e CAETTY T — lig
I : T S PA - SRR S 1L -
i - q s ¥ -7 :;__.— -0 > il ° F B ""'TP"!-S ‘ \ 4 5
' RS TS R E=C s
h : i1 lr‘:ﬂ\q\« - 4 L _s3d
‘\\-Wﬂ‘# f .]‘rqh‘d_.)

% Large Cold Formers

Progressive Headers
five and six dies

— three, four and hive dies \\ ‘ff_.--




machines for

1Xipresses are high-speed mechanical
3ing presses whose modern die destgn and
Jing methods replace the age-old artisan-
3 in drop forging. Two or three blows make
st press forgings. Mechanical ejection

ans less draft, reducing maierial cost and
chining time. For targe-volume production
5. Automatic Maxipresses save money.
chinery and manpower by forging. piercing
i trimming in one machine.

sducerolls preform blanks before finish
ging on the same heat. Simple rofling
sration eliminates time-consuming fullering
i edging. Good blank preparation makes
I-filled forgings with litile flash.

wging Machines are versatile upsetters
t make accurate close-limit forgings with
rked economy in material savings and sub-
juent machining. Forging accuracy comes
m National-pioneered features and out-
nding rigidity. One Automatic Tong-Feed
rging Machine usually replaces two to four
1d-feed machines.

3t Formers are self-contained feeding,
saring and forging units that normally

ke parts without flash. Larger sizes forge
sen-pound parts (3.1 kg) at 4200 an hour.
yaller sizes are popular for making large
oy nuts at rates up to 150 a minute. Parts
low show typical shapes made on these
ee- and fourdie formers.

forgings
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Maxipres

Hot Formers three andg four dies

National Machinery

NATIONAL MACHINERY CO., TIFFIN, OHIO U S A 44883

m 204E

":.
A
.
A

Forging Machine

NATIONAL MACHINERY G m b.H . 8500 NUERNBERG, GERMANY
DESIGNERS AND BUILDERS OF HQOT AND COLD FORGING MACHINERY
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With a new line of cold-forging machines, you can perform many
different three-blow operations in only two dies. You get ‘he
stronger preducts and greater material yields associated with ihis
chipless machining method, along with a larger variety of complex
shapes, increased productivity and reduced cost.

COLD-FORGING INNOVATION
is a staple product of the research
and development people at Na-
tional Machinery Co. Their latest
is a new line of three-blow two-die
headers that combines the versa-
tility of three-blow forging with
the simplicity of a two-die cold
heading machince,

Starting with a coil of wire,
these machines can trap extrude,
upset, head, backward extrude,
trim or pierce more complex
shapes than conventional fwo-die
headers—shapes such as large-
head small-shank specials that of-
ten create problems.

A trapped extrusion (also called
a forced or forward extrusion) is
made by confining a blank within
a die and forcing it to enter a die
diameter smaller than that of the
wire blank, Figure 1. A backward
extrusion is made by using an an-
gular punch to put pressure on the
confined blank, foreing the metal

to flow along the outer perimeter
of the punch, Figure 2.

Latest forging machines
The No. 34 header forms 200 pcs/

Figure 1 '
Forward {trapped) extrusion.

\Exirusion punch

P —— ———— ey e

min from 1 dia wire: the No. 56
header, Jigure 3, produces 150
pes/min from . dia wire and the
No. 89 header mzakes 100 pes/min
from %18’ dia wire. The material-
handling and forging operations of

7 Workpiece

SENANN

N

Figure 2
Backward extrusion.
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Figure 3

Motionol Machinery's No. 56 three-blow two-die

header,
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More forging, less fooling - . . continued

WIRE * PUSHER FIRST DIE SECOND D!E
LINE LINE LINE LINE
)4 |
r—1k-7 «
I ©) [
WIRE I @ :D | i
STRAIGHTENER <
T© 9 I
S G |
FEED ROLLS{-——@ @ I
| .
FEED | 4 | v v
A KICKOUT KICKOUT
Tuas\l 1 l
A ¥ PUSHER FIRST
l::h.__'/ 74-___| ,// . |‘ /’
J : A" !
i s
CUTOFF 1 ¥ DIE BLOCK
QuiLL j : e
L ] I;
~dn [ A
\ |
32 1y - N Ry T A
CUTTER (L] — 1 _/ = 4 seconp DiE
T emescene [ 3] e \/
- T TTT——— FINISH PART
STOCK FIRST TRANSFER - .
GAGE—— / \\ PUNCH ROCKER
] |
FIRST "PUNCH i LJ :JCCONE PUNCH
FINISH PUNCH Ui
ROCKE TO G
OF SECOND  DIE | ™~ HEADING SLIDE

Figure 4
Material-hondling and forging eperations of the three-blow two-die header.

machine in the event of low air
pressure, low oil pressure, in-

these machines are shown in Fig-
ure 4. Engineered features include:
1Y A bedirame of heat-treated
high-tensile alloy steel ifor
maximum rigidity and mini-

e

v
. f//

mum floor space. F - o
2) A long crank-driven overarm by ,,!
heading slide that carries all F v
three punches. The large bear- - # i

ki

..‘
.

ing arca of the pitman and the A, = n
crankshaft assuresllong life and E

smooth, trouble-free operation.
A pressure lubrication system - it
that reclaims, {ilters and recir- ' : i
culates the oil under pressure.

Qil flows constantly over the | Y

main bearings; and a properly [
.metered supply of il lubricates

all the other bearings,

A separate die-lubrication sys-
tem ihat supplies exirusion oil,

under pressure, to the tooling,
Safely switches ithal stop the

- n-rJ- - dane
Figure 5

4) First transfer device moves blonk from
cutter towuard first die us second fransfer
mechanism moves piece from first fo
second diag,
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Figure 6
Results of wire-cuteff, first-extrusion,
cone-blow, and finish-blow eperations.

terrupted transfer, and at the
cnd of a coil of wire.

6) A disc brake that operates from
foot treadle, pushbutton station
and automatic shutoff switches.

Three-blow two-die
muachine operation

Feed rolls pull the wire through a

Wire enters the die
area, passes through the
cutter and moves againsft
the stock-gage tip,

wire straighfener at the front of
the machine and advanece it along
the wire line to the cutter that
shears an exact length, Figure 4.

The pusher moves the blank into
a pair of mechanical fingers for
transfer 1o the first die of the ma-
chine, Figures 4 and 5. After the
transfer mechanism has aligned the
blank with the first die, the first
punch advances and forces the
blank into the die. An extrusion
punch and die are generally used
at the {first punch-and-die station
of the machine. The culoff blank is
shown to the far left, and the same
blank after the first extrusion ap-
pears as the second item from the
left in Figure 6. (An oplional first
punch holder is available for an
upset punch if this work is wanted
instead of the usual extrusion.

A kickout pushes the workpiece
out of the die and into a second
transfer mechanism for delivery to
the second die, as shown in Figures
4 and 5 and in the cover picture.

In the second die, the workpicce
reccives two heading blows (a conce
blow and a finish blow), is kicked
out of the dic and drops into a dis~
charge chute, Figure 4. The cone
blow gets its name from the shape
it imparis to the workpiece, as
shown in the third specimen from
the left in Figire 6. A typical re-
sult of the finish blow is the hand-
held piece at the right of Figure 6.

Two operations occur during
each stroke of the machine: Blank
cutoff and finish heading take
place in one cvcle (called the fin-
ish stroke}; and the first-die blow
along with the cone blow ocecur in
the next cycle (called the cone
stroke). Each step in the sequence
of operations is described and il-
lustrated in Figure 7.

Special features

Several unusual features of this
three-blow two-die header open

The secend ftransfer
moves the workpicce to
the sacond die. The cone
punch s opproaching the
workpiece and will push
it info the die for the
cone upsef,

The cutter shears a
blank from the wire and
rmraves the blenk to the
pusher line and into the
first transfer fingers. The
pusher moves the cutoff
blank out of the cutter.

PUSHER MIVES
CUTOFF LERGTH
CUT OF CUTTER

After the cone blow,
the cone punch moves
back. The workpiecte re-
mains in the second dfe.

The first transfer fin-
gers move the blank and
hold it in line with the
first dic. The tip of the
extrusion punch is ap-
proaching the blank and
will push it into the in-
itial die for the extrusion
operation.

z kinsT
s \”/ e
r

St S
Xy < 1

The cane punch and the
finish punch ¢hange posi-
tions, and the finish
punch sirikes the work,

The extrusion punch
has completerd its stroke
and is moving buack. The
second transfer fingers
aro closlng on the ex-
truded workpiece baing
kicked from the first die.

Gy 2=
7 /ﬂﬁ spz

Figure 7
Sequence of operations in threc-blow two-die heador.

The kickout pin kicks

/ the waorkpiece out of the
2l I second die.
o
2 woRKPIECE N
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" Typical products made on Maticnal Machinery’s new headers.

Meore forging,
less tooling

. . . continued

the door to cold forging a great
variety of products. Figure 8
shows a lypical grouyp of parts. The
hedder features individually ad-
justable punch holders that facili-
tate producing accuraile on-center
recessed-drive heads like the spe-
cimen thal appears third from the
left in the top row of Figure 8.
Backward exirusion, using the
knockout in the punches fo strip
the part from the extrusion punch,
permits making parts like socket-
head cap screws, as shown in the
{irst and sccond items from the left

in the top row of Figure 8.

A special trimming feature, Fig-
ure 9, enables extruding, upsetting,
heading and frimming in only two
dies. With it, you can make parts
such as the first four items from
the left in the second row from the
top in Figure 8.

Punch knockouts allow forming

 inside the second and third punches

as illusirated in the products ap-
pearing in the bottom row of Fig-
ure 8.

Combining trapped extrusion
and heading enablas forming
Jarge-head small-shank specials
such us the hand-held part at the
far right in Figure 8.

The strippers permit backward
extrusion of semi-tubular parts
like the rivets shown in the fourth,
fifth and sixth positions from the
left in the top row of Figure 8.

By extruding in the first die and
relieving knockout in the second
dig, it is possible to produce sharp
corners on multi-shoulder parts
such as the one shown {ifth from
the leftl in the second row from the
top, and the two parts just below
and io the right of it in Figure 8.

Coning in the first die permits
finish heading and trimming in the
second die as performed on the
fourth part from the left in the
secnnd row of Figure 8.

P}

Cold-forging parameters

The materials commonly used in

cold-forging operations range from
aluminum alloys to medium-car-
bon steel, but stainless steels as
well as copper and nickel alloys
can also be sucecessfully cold
formed if the part is suitably de-
signed. Success very often depends
on close eoordination between an
experienced tool designer and a
practical product engineer. ’

The choice of the term “cold
heading’ was unforiunate because,
for the last century, many péople
have been led to believe that the
chief function of cold forging is to
put heads on bolts and screws.
While head making is still the
leading use of the process, new
knowledge and advanced machines
now enable cold forging many
exotic shapes and parts previously
made with other processes.

Forward and backward extru-
sion are beneficial bhecause they
cold-work the metal and improve
its mechanical properties. Extru-
sion also offers the product design-
er an efficient and very econcmical
way to create two or more differ-
ent diameters on a part. If pos-
sible, the product designer should
make the angle between iwo dia-
meters as shallow as practicable,
Figure 1, because the extrusion
pressures required increase as
tlllese angles increase. Reduction in
diameier is another factor that af-
fects the amount of pressure ne-
cessary: the greater the percent re-
duction, the greater the pressure
requirements. If the part function
permits, the product designer
should specify radial instead of an-
gular shoulders because extruding
through a radial die lessens the
danger of die breakage and im-
proves the grain-flow lines in the
workpiece. In backward extrusion,
Figure 2, the greater the angle of
the angular punch, the easier it is
to promote plastic flow in the
workpiece, In both cases it is best
to avoid sharp corners—and the
time Lo do this is when the product
15 being designed.

Symmetrical parts are the easiest
to cold forge because the transfer
mechanism just has to move them
from one die to the other; but un-
symmetrical paris require specific



‘positioning at ecach station. Such )

positioning can be accomplished, of
course, but its success depends on
close cooperation between the
product designer and the tool de-
signer. Forming unsyvmmetrical
parts can produce interrupted
grain-flow if the metal flow is not
carefully controlled in each step of
the forging sequence. Normally,
better flow lines and refined grain
structure are the results of cold
forging that give the finished parts
improved mechanical properties,
Figure 10. If the grain-flow is in-
terrupted, the part cannot be as
strong as one whose continuous
grain-flow follows the contour of
the part.

The cutoff operation is one of the
most important steps in cold forg-
ing because the volume of the fin-
ished part is usually equal to the
volume of the cutoff blank. Be-
cause part dimensions and part
volume are interdependent, the
wire hlank must be cut {o an exact
stze consistently.

The extruding and upsetting
features of cold forging improve
the surface smoothness of finished
parts., Extruding improves the fin-
ish from 10 1o 100 microinches
while upsetting produces a high-
quality finish when the part is con-
fined in the toeols or comes in con-
tact with tooling surfaces. Qualify
finish on the completed part de-
pends on the quality of the wire
and on the quality and finish of the
cold-forging machine tooling.

Practically the only limit on di-
mensional accuracy in cold forg-
ing is the amount of die wear al-
lowed by the part design. As in
many other areas of tool and
manufacturing engineering, toler-
ance is not a matier of mechanies,
it’'s a question of economics. For
example, parts have heen cold
forged to tolerances of 0.0005” by
using sizing dies.

Advaniuges of cold forging

The chief advantages of cold forg-
ing are: 1) high produciivity rates,
2) raw-material conscrvation, 3)
grealer product strength and im-
proved mechanical traits, and 4)
reduced costs,

Because of its material econo-

mies, cold forging has been called -

chipless machining—only piercing

The first blow In the second die
forms an upset suitable for the

trimming operation.

The relieving knockout mechan-
ism allows the kickout pin to re-
cede. This insures that the head
will seat firmly against the foce of
the die for trimming.

The trim tool {in the third punch
holder) trims all but about 06.020™
of the full head helght.

The trim kick pushes the work-
piece into the trim tocl @ relative-
ly short distance.

This completes the trimming by
shearing the ftrim flash from the
head,

The trim kick is actuated by a
speciol mechanism that gives a
short kick af front-dead-center,

As the trim tool moves away
from the die, the punch knoeckout
mechanism kicks the head ou! of
the trim toel.

The workpiece is retained in the
die.

The normal kickout stroke kicks
the #frimmed workpiete from fthe
die.

Trimming operation steps.

and irimming cause any waste of
metal.

Chipless machining has the fur-

ther advantage of greatly increas-
ing product strength in multi-dia-
meter parts: the grain lines flow
from one diameter into the next,
instead of being cut off flush at
each shoulder of the part.

Now, with this latest innovation,
you can get the advantages of cold
forging in a machine that com-
bines the versalility of three-hlow
{orging with the simplicity of two-
die design, &

Figure 10

Cross-soctionn] viow of cold-forged part
showing good grain structure and flow
lings,

f'.\.
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