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T h e inc rease of e f f ic icncy a n d w i d e n i n g the reg ions of app l i ca t i on of p o w d e r meta l lu rgy p rocesses a r e not possible 

wi thou t f ind ing and d e v e l o p i n g a new highly p roduc t ive t echnology of p r o d u c i n g h igh-dens i ty c o m p o n e n t s for va r ious appl ica-

tions. O n e of t hese m e t h o d s is s t a m p i n g s in t e red p o w d e r b lanks which is based on the app l i ca t i on of the p rocesses of shap ing 

and c o m p a c t i n g by p las t ic y ie ld ing the ma te r i a l u n d e r the effect of app l i ed load. In cer ta in cases this p roccss is s imi lar to the 

me thod of final p ress ing in a c losed die (but d i f fers f rom this m e t h o d by (he p r e s e n c e of wide radial gaps be tween the b lank and 

walls and of the die, t hus e n s u r i n g t r ansverse yielding of the ma te r i a l ) , and in o t h e r cases it is s imi la r to processes of s t a m p i n g -

pressing b lanks f r o m rol led s lock in p res su re work ing . 

T h e main a d v a n t a g e s of s t a m p i n g p o w d e r b lanks a re as follows [ l j : it is poss ib le to p r o d u c e h igh-dens i ty c o m p o n e n t s of 

compl ica ted fo rm and a c c u r a t e d imens ions ; t he fo rce of plast ic d e f o r m a t i o n is r educed on ave rage by 2 0 - 2 5 % in c o m p a r i s o n with 

a d e n s e mate r i a l ; t h e n u m b e r of s h a p i n g o p e r a t i o n s ( n u m b e r of t echno logy c o m p a r i s o n s ) is r educed ; the durab i l i ty of dies is 

improved by us ing ini t ial b l anks of o p t i m u m fo rm, t he s t a m p i n g processes , inc luding p r o d u c t i o n of init ial b lanks , can be 

extensively a u t o m a t e d a n d m e c h a n i z e d ; t he m e t h o d is s i m p l e and can b e used in t he cond i t i ons of indus t r ia l p roduc t i on of 

c o m p o n e n t s of me ta l l i c powders . In add i t i on , cold s t a m p i n g t he p o w d e r b lanks p r o d u c e s c o m p o n e n t s of compl i ca t ed fo rm with 

high p a r a m e t e r s of d i m e n s i o n a l accuracy a n d su r f ace qual i ty . Wi th regard to phys icomechan ica l p rope r t i e s , s t a m p e d mate r ia l s a re 

not in fe r io r to c o m p a c t i n g mate r ia l s . T h e s t a m p i n g m e t h o d makes it poss ib le to p r o d u c e c o m p o n e n t s of smal l mass (several 

g rammes) with thin walls ( to 0.2 m m ) and a lso p r o j e c t i n g e l e m e n t s s i tua ted in t he d i rec t ion n o r m a l to the load ing d i rec t ion . 

D e p e n d i n g on the ini t ial dens i ty and plast ic d e f o r m a t i o n cond i t ions , the s t r eng th of s in te red ma te r i a l increases several t imes in 

compar i son with the initial c o n d i t i o n . 

T h e h ighes t eff ic icncy of s t a m p i n g t he p o w d e r b lanks is o b t a i n e d in p r o d u c i n g ax i somet r i c c o m p o n e n t s with a cent ra l 

cavity, l a rge d e f e n s e s in the cross sec t ion , and compl i ca t ed externa l con f igu ra t i on . Th i s large g r o u p of c o m p o n e n t s includes 

sleeves, caps , and vessels with a bl ind o r c o n t i n u o u s cavity whi le a r e used extensively in va r ious m a c h i n e c o m p o n e n t s . Cu t t i ng 

these c o m p o n e n t s is assoc ia ted with a high labor c o n t e n t , a large loss of me ta l in shavings, a n d the need to use compl i ca t ed and 

expensive tools . E x t r u s i o n by s t a m p i n g b l anks f r o m d e n s e mate r i a l s is a lso cha rac te r i zed by low durab i l i ty of press ing tools and 

a large n u m b e r of s tages in t he s h a p i n g process . It is mos t ef f ic ient to use cold s t a m p i n g p o w d e r b l anks in this case. 

In this a r t ic le , we p re sen t t he resul ts of theore t ica l a n d e x p e r i m e n t a l e x a m i n a t i o n of r e l a t i onsh ips gove rn ing ext rus ion 

s tamping b lanks . T h e o r e t i c a l ca l cu la t ions were carr ied ou t on t he basis of a p rog ram us ing an e las top las t i c mode l . W e examined 

yielding of s in t e red c o p p c r in ex t rus ion of a b lank in to an a n n u l a r gap. T h e rela t ive initial dens i ty of the b lank was 9 4 % , the 

degree of t r ansverse c o m p r e s s i o n var ied f r o m 5 to 16. T h e externa l d i a m e t e r of the b lank was 63, in te rna l 41 m m , the height of 

the initial b l ank 17 m m . T h e d e p e n d e n c e of the e las t ic p r o p e r t i e s of s in te red c o p p e r o n poros i ty is 

£ = £ d ( l — 0)2,5, v = v<j(l — Q), (1) 

where E, v and E d , v d is Y o u n g ' s m o d u l u s and Po isson ' s coeff ic ient of p o r o u s and d e n s e mate r ia l s , respectively; © is the porosi ty 

taken f r o m [2]. 



Fig. 1. M a i n s t ress a r r a a , m a i n s t ra ins , e r r , E 2 , in tens i ty of t angen t i a l s t resses T, 

m e a n s t ress p, and t he s t i f fness coef f ic ien t K. of a p o r o u s b lank . 

H a r d e n i n g the s in te red mate r i a l in ex t rus ion was d e t e r m i n e d tak ing in to accoun t c o r r e c t i o n s for c u m u l a t e d plas t ic s t ra in 

of p o w d e r c o p p e r t a k e n f r o m the e x p e r i m e n t s with uniaxial tes t ing s p e c i m e n s [3]: 

<*t = (2) 

w h e r e CT-j-0 and av a r e t he ini t ial and ac tua l yield limit of t he mate r ia l of the base; e is c u m u l a t e d s t ra in . 

M a t h e m a t i c a l s i m u l a t i o n was carr ied ou t using a " U p r u g o p l a s t i c h n o s t " ' a sys tem with p r o g r a m s for i n p u t t i n g and 

o u t p u t t i n g i n f o r m a t i o n . T o input initial i n f o r m a t i o n in to the load ing system, we ca lcu la ted p r o g r a m s of g e n e r a t i n g a net of 

t r i angu la r e l e m e n t s o n an a rb i t r a ry c o u p l i n g region . T h e s i m u l a t i o n resul t s were displayed using a special package of g raph ic 

p r o g r a m s based o n the G r a f o r package which m a k e s it poss ib le to use an ES-7051 N g raph p l o t t e r to s h o w the p rocess p a r a m e -

ters. T h e p lo t t e r was used t o c o n s t r u c t i sol ines of f ields of to ta l s t resses and s t ra ins , i sol ines of m e a n s t ress , in tens i ty of t angen-

tial s t resses, in tens i ty of s h e a r s t ra ins , and d e t e r m i n e the s t i f fness fac tor . A p a t t e r n of t r ans i t ion of ma te r i a l p o i n t s of a solid 



Fig. 2. D e v e l o p m e n t of the reg ion of plas t ic d e f o r m a t i o n in a cross sec t ion of a p o w d e r b l ank 

in d i f fe ren t loading stages. 

f rom e las t ic to a d e v e l o p e d p las t ic s ta le was c o n s t r u c t e d separa te ly . T h e deve loped p r o g r a m package m a d e it poss ib le to process 

eff ic ient ly i n f o r m a t i o n and great ly fac i l i ta te its analysis. T h e da ta and d i s t r ibu t ion of the s t ress - s t r eng th s t a t e in t he cross 

sect ion of a d e f o r m e d p o r o u s b lank (Fig. I) showed the fol lowing main re la t ionsh ips . 

T h e s t ress—stra in s t a t e of t he ex t ruded b lank is charac te r ized by a highly n o n u n i f o r m d i s t r i bu t ion of the p rope r t i e s 

t h r o u g h o u t the c ross sec t ion . T h e d i s t r ibu t ion b e c o m c s even m o r e h e t e r o g e n e o u s with increas ing s t ra in . T h e c o n c e n t r a t i o n of 

ihe isol ines of t he s t resses a n d s t r a in s a t the po in t of t rans i t ion of the f lange to the tubu la r par t increases , w h e r e a s in the regions 

with a f r ee b o u n d a r y and in e las t ic zones it decreases . T h e zone of deve loped plast ic y ie ld ing p r o p a g a t e s f r o m the d e f o r m a t i o n 

region a t an ang le of 45° a n d gradua l ly e m b r a c e s the e n t i r e cross sec t ion of the d e f o r m e d b lank . T h e t r ans i t ion to the s t a t ionary 

yielding c o n d i t i o n of t he ma te r i a l ( the z o n e of deve loped plas t ic yie lding) is a c c o m p a n i e d by s tab i l i za t ion of the ex t rus ion force 

(Fig. 2). 

C o m p a r i s o n of the p a t t e r n s of t he isol ines in the cross sec t ions of t he d e f o r m e d h igh-dens i ty (p - 9 4 % ) powder and 

compac t b lanks s h o w s tha t t h e r e a r e no large d i f f e rences in the i r s t r e s s - s t r a i n s ta te . T h e d i s t r i bu t ion (Fig. 3) of densi t ies 

charac ter ized by the fo l lowing spec ia l f ea tu res . T h e t u b u l a r par t of t he b lank has a high densi ty because the p o r o u s mater ia l 

dur ing flow in to t h e cavity of t he die passes t h rough the d e f o r m a t i o n region in which it is add i t iona l ly c o m p a c t e d u n d e r the 

effect of a high level of t angen t i a l s t resses . High poros i ty in the vicinity of the f r ee b o u n d a r i e s is expla ined by (lie fact that the 

porous ma te r i a l of this z o n e in t he initial cond i t i on is o u t s i d e the l imits of the lower b o u n d a r y of the plas t ic d e f o r m a t i o n region 



Fig. 3. L ines of equa l level of poros i ty (I) and Vickers m i c r o h a r d n e s s and (II) in the cross 

sec t ion of initial (a) and d e f o r m e d (b, c) p o r o u s c o p p e r b lanks of a n n u l a r f o r m and the dis-

p l a c e m e n t of the d e f o r m i n g p u n c h of 9 (b) and 13 m m (b). Initial poros i ty 6 % . 

Fig. 4. D e p e n d e n c e of the to ta l d e f o r m a t i o n fo rce o n t he 

d i sp l acemen t of t he d e f o r m i n g tool . H e r e and in Fig. 5, the 

b r o k e n l ine indica tes theore t i ca l ca lcula t ions . 

and t raveled t h r o u g h t he o u t p u t c ross sec t ion having the init ial densi ty. T h e m a x i m u m dens i ty is o b t a i n e d in the vicinity of the 

point a t which t h e s t ress g rad i en t is the s t eepes t . 

T h e tota l d e f o r m a t i o n fo rce is great ly af fec ted by cer ta in fac tors such as t he init ial po ros i ty of the b lank p r io r to 

ex t rus ion , t he d r awing deg ree , the f r ic t ion coef f ic ien t , the conici ty angle , the rad ius of c u n / a t u r e of the lower s ide edge of t he 

punch . T h e ef fec t of t he initial poros i ty of the b lank s tar t s to o p e r a t e a f t e r r each ing a ce r ta in t h r e sho ld dens i ty at which the 

metal is d i scharged in to the a n u l a r gap. In the final d e f o r m a t i o n s tage the var ia t ion of t he initial dens i ty by 1% c h a n g e s t he total 

force by app rox ima te ly 4 - 5 % . T h e tota l d e f o r m a t i o n fo rce is great ly a f fec ted by the d rawing degree . F o r example , w h e n the 

deg ree of t r ansverse d e f o r m a t i o n is increased f r o m 4 to 10, t he d e f o r m a t i o n fo rce for t he se lec ted g e o m e t r y of the b l ank p r io r to 

ex t rus ion increases f r o m 500-1000 k N . A n increase of t he f r ic t ion coef f ic ien t by 0.1 increases t he d e f o r m a t i o n fo rce by 15-20%. 

T h e o p t i m u m conici ty angle , e n s u r i n g the m i n i m u m ex t rus ion force, is in the r ange 2 5 - 3 0 % . T h e rad ius of c u r v a t u r e of t he edge 

of t h e p u n c h , e n s u r i n g the r equ i r ed m i n i m u m of intensi ty of the t angen t i a l s t resses and durab i l i ty of the two, is in the r ange 2-3 

mm. 

E x p e r i m e n t a l e x a m i n a t i o n of fo rce a n d k i n e m a t i c charac te r i s t i cs of the ex t rus ion p rocess was car r ied o u t using a KB 

8342 mechan ica l press with a fo rce of 4000 kN using a special ly des igned die. F o r c e t r a n s d u c e r s w e r e r e p r e s e n t e d by wire s t ra in 

gage t r an sduce r s c o n n e c t e d in to a b r idge circuit which was a lso used to m e a s u r e the k i n e m a t i c p a r a m e t e r s of ex t rus ion : the 

d i sp l acemen t of the s h a p i n g d ie and d i scha rge of the meta l of t he b lank i n to the gap be tween t he ma t r i c and rod . D i s p l a c e m e n t 

t r ansducers w e r e in the fo rm of rheos t a t t r ansducers . M i s b a l a n c e s ignals f r o m the br idge circui ts w e r e a m p l i f i e d using U T - 4 B 

strain gage f o u r c h a n n e l ampl i f i e r . T h e m e a s u r e d p a r a m e t e r s were r ecorded using a N 1 1 5 light b e a m osc i l loscope . 



Fig. 5. Ef fcc i of t e m p e r a t u r e (a) and d rawing d e g r e e (b) on total d e f o r m a t i o n force . pn = 9 4 % ; 

Л = 5 (a); T = 20 C (b). 

T h e fo rce t r an sduce r s was ca l ib ra ted in a P500 test m a c h i n e wi th a m a x i m u m force of 5000 kN, and d i sp lacement 

t r ansduce r s w e r e ca l ib ra ted us ing a m i c r o m e t e r with a s t ep of 0.5 m m in the ranges 0-45 m m for t he me ta l d i scha rge sensor and 

0-35 m m for t h e die d i s p l a c e m e n t sensor . 

T h e theore t i ca l and e x p e r i m e n t a l d e p e n d e n c e s of t he to ta l d e f o r m a t i o n fo rce o n t he d i s p l a c e m e n t of t he d e f o r m i n g tool , 

shown in Fig. 4, ind ica te t ha t the ex t rus ion fo rce rapidly increases in the e las t ic region d u r i n g a smal l d i s p l a c e m e n t of the punch . 

F o r m a t i o n of t he d e f o r m a t i o n z o n e in the v o l u m e of t he ex t ruded blank s tabi l izes the force ( i r respec t ive of t he d i sp l acemen t of 

t he d e f o r m i n g tool ) . T h e d i f f e r e n c e in t he va lues of t he to ta l ex t rus ion force, o b t a i n e d by ca lcu la t ions and as a resu l t of experi-

men t s , is 5 - 7 % which can b e r ega rded as sa t is fac tory . 

T h u s , t he tes ts s h o w that the d e f o r m a t i o n fo rce decreases relatively rapidly in hea t ing t he b lank to 700°C (Fig. 5). A n 

increase of the d r awing d e g r e e in ex t rus ion resul ts in a rapid increase of the to ta l force , a n d in high loads o n t he in terna l rod 

and the d e f o r m i n g p u n c h . 
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