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SHREDDER HAMMERS INCLUDING IMPROVED ENGAGEMENT
BETWEEN THE HAMMER PIN AND THE HAMMER

RELATED APPLICATION DATA

[01] This application claims priority benefits based on U.S. Provisional Patent Appln.
No. 61/155,852, filed February 26, 2009 in the names of John P. Hoice and Lonny
V. Morgan and entitled “Shredder Hammers Including Improved Hammer Pin
Opening Constructions.” This earlier priority application is entirely incorporated

herein by reference.

FIELD OF THE INVENTION

[02] The present invention relates to shredder hammer constructions and to shredder

machinery and systems including such hammers.

BACKGROUND

[03] Industrial shredding equipment is known and used, for example, in the recycling
industry to break apart large objects into smaller parts that can be more readily
processed. In addition to shredding material like rubber (e.g., car tires), wood,
and paper, commercial shredding systems are available that can shred large
ferrous materials, such as scrap metal, automobiles, automobile body parts, and
the like.

[04] Fig. 1A illustrates an example shredding system as is known and in use in the art,
and Fig. 1B illustrates a more detailed view of a conventional shredding head or
rotors that may be used in such a shredding system. More specifically, as shown
in Fig. 1A, this example shredding system 100 includes a material inlet system
(such as chute 102) that introduces the material 104 to be shredded to the
shredding chamber 106. The material 104 to be shredded may be of any desired

size or shape, and, if desired, it may be heated, cooled, crushed, baled, or



[021 The present invention relates to shredder hamrer constructions and to
shredder machi nery and systens including such hammers. BACKGROUND [ 03]

I ndi tsm al shreddi ng equi pnent is known and used, for exanple, in the
recycling industry to break apart | arge objects into smaller parts that can
be nore readily processed. In addition to shredding material. |ike rubber
(e.g., car tires), wood, and paper, Zommerci al shkddi ng systens are
avai l abl e that can shred |arge ferrous materials, such as scrap netal,

aut onobi | es, autonobile body parts, and the like, 1041 Fig. |Aillustrates

an exanpl e shr ' IS - - angd. | i a Fig. 1B
illustrates a Qrfglgié‘ﬁgeeﬁ %ﬁ%ﬁ%& @?%v?é ?ﬁ@gﬁ\r}gﬁt@%ﬁgﬁddsl%r Pé%g}br%”l??éa or rotors
'It: hat ﬁy bﬁ' use:dceissalr)s ac Ide@;&hﬂlednlbhg'smﬁ@?rmawmtéu@p@m folisesl by others shown i n

ig. , this exanple shreddi,n 0,.i . ri i n] et system
(such as chutenfﬁgﬁm?ﬁggdpﬁ%?b%ﬂ%%g&ﬁﬁ%%%%té@ﬁ%fﬂﬁgﬁé?gag%C%E%E% ed to the
shreddi ng chanbler chkfber Moe tavkdeholdlthel Odtetid 19é aghing dd edvibrd§8, hed/of taany

SSIS ie{jed Of Iz S 0 rhel%q(%gpet’he ?‘nrf]igeﬁali 1f04 q‘r%%ll r'ilg\gﬁg ﬂ.)a;[ck\ggrx u]t:? %ehrggt% 61'612 & %)slc %:lm crushed,

is shown, however, other rotors, such as spider and barrel, are also commonly

used, and this invention may be equally useful with those types of rotors.

[05] A rotary shredding head 110 (rotatable about axis or shaft 110A) is mounted in
the shredding chamber 106. As the head 110 rotates, the shredding hammers 112
extend outward and away from the rotational axis 110A of the head 110 due to
centrifugal force (as shown in Fig. 1A, and as will be explained in more detail
below). As they rotate, the shredder hammers 112 impact the material 104 to be
shredded between the hammer 112 and the anvil 108 (or other hardened surface
provided within the shredding system 100) in order to break apart the material
104. The construction of one conventional shredding head 110 will be described
in more detail below in conjunction with Fig. 1B. As the material 104 is
shredded, it may be discharged from the shredding chamber 106 through one of
the outlets 114, e.g., provided in the bottom, top, or side of the chamber 106
walls, and transported in some manner (generally shown by arrows 116, such as
via gravity, via conveyors, via truck or other vehicle, etc.) for further processing

(e.g., further recycling, reclamation, separation, or other processing).

[06] Fig 1B provides a more detailed view of an example shredding head 110 that
may be used in the shredding system 100 of Fig. 1A. This example shredding
head 110 is made from multiple rotor disks 120 that are separated from one |
another by spacers 122 mounted around the drive shaft 110A. While any number
of rotor disks 120 may be provided in a shredding head 110 (e.g., 2-25), this
illustrated example includes seven disks 120 (the end disk 120 is omitted to better
show the details of the underlying structures). The disks 120 may be fixedly
mounted with respect to the shaft 110A (e.g., by welding, mechanical connectors,

etc.) to allow the disks 120 to be rotated when the shaft 110A is rotated (e.g., by



otherwi se pretreated prior to introduction into the shreddi ng chanber 06.

I f necessary or desired, the inlet system 102 may include feed rollers or
ot her machinery to hel p push or controi the rate at which the material 104
enters into the chanber 106, to help hold the material 104 agai nst an anvil
108, andibr to help keep the material 104 from novi ng backward up the chute
102. A disc rotor is shown, however,3other rotors, such as spider and
bairel, are also comonly used, and this invention nay be equally useful
with those types of rotors. EO51 A rotary shredding head 110 (rotatable
about axis or shaflmilAAb: biSohR Yok aGoite, beshsihe didiadditichanbendit@6. As the
head 110 rotates, the shredding hamers 112 e teggfh?w wg_rd a gsir way from
the rotational seaing frngianofraese 1Hesd elipPyirst {6 S 4§31 "FEYCE (as shown
inFig 1A andaagedill dieetRhalnednkidoeodel aridacbokin pats dfhey 1ot ate,
the shredder hammers 112 inpact the material 104 to be shredded between the
hamer 112 and shisédeahyiuner]ld8 %r ot her har dened surface provided within the
shreddi ng system 100) in order to break apart the material 104. The
constructi pﬁLOfHaQrﬁﬁer%théx@ﬂalbeﬁ&&é@ddlea@ sheadf THeOrowir | diskb @ 2@l émerei bed i n

nor e det ai elow in conjunction wth Fig. 1B t he [} 4 1is
shredded, it neympeniy; dtren e F%ffﬁ gﬂé“@?ﬁ%@ﬁ?‘ﬁ%‘*%"g?r%gétﬂf%%LP#raough one
OL H‘)e OUtO|6etSlll:llé)‘}’an@glg-shre@de@ﬁbﬁﬁgrsilm tlteofanblyanguntedpn apd alleyirdetabie thg
chanmber 106 walls, and transported. in sope nmanner er, wn by
arrows 116, suctithagspeehite thysepring 124 Mo @5 “e‘i;léfrass,SﬁWrg%&? CIE %?{ar%?%er

vehicle, etc) fafifaundidhes mRiugeassicae (e2gprovided tke mpesiye borfigy 1128l amat i on,
separation, or other processing). (061 Fig, 1B praqvides r ail ed
view of an exargiltee %?ﬂdéﬂdiaﬁa"‘ehgﬁda ’ge m&‘gjewgeéqxiséscfa?aﬁlet égtg reddi ng
system 100 of Fh8mdlnifpin 1Rk S HERRTREasH ep6gie) hehbmddidd Beail § 10ragBrdéy om

mul tiple rotor disks 120 that are separated from one. anpf.h acers 122
mount ed ar ound SheanERgrpEs d i proundBoc o TECE Y tﬂﬁ[?(re%gi}&soﬁof §{doa$%§£ks 120

may be provi dedyiddad medding heddedldDedct.pin 122b@53en thvii agjacért weter at ed
exanmpl e i ncl udes seven di sks 12031%35 he, end.di sk 120 i Lt etter
show t he det ai | &sks29 achhgeriyh e§P‘r"1}?‘g &W@f? 3 spe Sé}regé%ér hfglgne%gyobe
fixedly nountedpWididd 1eepEGhdtRck e shaktireddbd Aafitnes. |12byrevidaprigply

mechani cal connectors, etc.) .to all t he .di sks . when t he
shaft 110A is résubued glengthe ngnﬁdnaggngt?rpﬁheﬁlbep%}?@r tlglfsﬁ%frngl%% Ltfegnsour ce,
not shown). in RgdibtinQRifa Rroyinding the sphciangddbmiitg om thegpreds sAL22 can
hel p protect the shaft. 110A fr.om undesired. d s QS dk@ g ONt act
with material 19839985 by eRragudiys %Edﬁ‘g enﬁasﬁegg%%g%mgﬁgez (Sjg#’ hammer . 112,
etc. Irj Hammer, ggra&ﬂaqmmee@d] et vweerin 424 headt covmmal with ahpen pgtssior di sks 120
(nore comonly, between several dis 20 and/ or L #hEe length
of the head 110}%% HRICFHIIGHP SGHEFS @nﬁ%ﬁlgorﬁ?fﬁwgp%%%%{é%h yeﬁnﬁéfmt ed on and
are rotat abl e wWyhirifiePpeaeingt Bradbels eThpsa pinliRdtectMyri@ 6 sphich friag dle| of anEs shown
in Fig. 1B, a hammer pin 124 extends through [ SA L ded in

t he mounting poii"ts}r%qw“%i & ShERe LR BHAEPC zlilrr@g(rk%%%g,dggan fhe shredder
hamer 112 is capakheotof disletiabi ng around this pin 124. In this illustrated
exanpl e, the shreddi ng head 110 includes six hamer pins 124 around the
circunfere of the rotor dis SiHos: shfiedder .bamyrn 112 is
provi ded oﬂgﬁach’ Bien 3908 S\lfvseg?]() %‘%gbtg%?%(%gnt rotor di sks 12 (BZECh t hat
each hammer pi net@dali motondesotherspavgh esosiee eldete phoameFhel sntifsealt QEFCt her eon
and such that the shredder.ha rs L A9 ¥ Shshbduead al ong
t he | ongitudi naIaSSPCé%&‘fﬁglb{hlstrﬁ{emﬁne?asj%%%F‘Eqﬁrggtﬁlgmrer pattern may be

nodi fi ed as requispedvdyint 124 enektadehsir bepientiadg ety 1t B optwiskend 2y

| ocati ons between rptqr_.disks 120 where.Ro 5o QARNRE, tleldrddgerPr ovi ded
on a particul ar %ﬁg‘r’?ﬁ%sﬁ’agﬂh&‘{ﬁ%h%“f?emﬁgh1}%24A§Er{§y g ‘Cover ed wth aerpi n
protector 126, henpeoliectilltcheaqitre siteriat § 0 © be2hrefitedmBeenvswit 1S @istahlyand
damage caused by the materjal 104 bejn r &5 fo4Pb heRhRlgst or s 126,
whi ch may be of ‘@H?fte‘?j%iﬂ?eefbmg??em%g%’cc)’rgntg gggl,dtﬁgfns%éﬁnay function (if
desired) as a spacer between adjacent rotor disks 120.




PSI in use, the rotor disks 120 are rotated as a unit about shaft 110A,
e.g., by an external notor or other power source (not shown), The
centrifugal force associated with this rotation causes the shredder hamers
1 2to rotate about their respective pins 124 to extend their heavier bl ade
ends | 12E outward and away fromthe shaft 110A, as shown in Fig. 1A As the

rotation continues, the shredder hammet 112 will contact the material 104
to be shredded. Because it is retatably nounted on the hamrer pin 124,
contact with the material i 04 to be shredded 4 nmay cause the shredder

hammer 112 to shopad@e SreR¥ERhintRt 3l Bto dlovk BEwOBNAEH foatélin BREbpRBiteas 1 t
smashes the material 104 to be shredded agal ns The pins

t the anyil
124, pin pr ot eciggpiiones & smaghesride nateripl 10450 peiheeddobagainsldhe "é g%h thés 120 may

be structured agg ﬁwliﬁﬂgﬁﬁec&% ti&aharmhé}smeslﬁu@@mt bt rofor ahkedmapahammer 112
is unable to conpl et ass t rou%@tt e material 104, it can rotate to a

| ocation bet wedif %Fta@érﬂld giranesd sq At 4m dhet ahtehy oreddeihapymer fAL éf i al 104

until it is ablg,te M&ﬁﬂ@m@éﬁa\é\@ﬂﬁo S UNmHBGRT 0k e B Ak T8 adcafic Ce due to
rotation of the shredder 110 about Shaft 110A for the next collision.

Al'so, in sone iltrsvesnedacent MeesiZ0aadiderchupasepy the matgripl 104 ppilit is pfedfays on its
pin 124 as it p%ﬁ%u%r@&gﬁnhﬁﬁ&%ﬂe Eé}ﬁnﬁl’%ﬂ%rb@huet@ erisrafdlgdeqdbd desired,

the various parts of the redder head be shaped and oriented with
respect to one kadt Hepboytiehefit HAA far @ﬁﬁ’éﬁd@}hs’r‘?&mﬂfﬂﬁo’ 1 oreeafRstpRseatiee 360"

around its pin dediWrbRgk 1 CORIAGH AR waARUNBMHiP1A 2 ass@sW&tHanélﬁCt or 126,
the drive shaft 110A, anot her hanmmer 11 etc. Shred systems and heads

of the types detbemiatstel taboshsedded Kdesivad, élifﬁlvaﬂg‘tscpaﬁﬁoﬁt%s}ﬁ?qder hegdfldas s

evi dent from t hg, above, desel bl@éﬂté&%lﬂ? RfAde) oNARIMRIES sdchZnal £ g¥desed to
extrenely harsh conditions of use. Thus, shredder hamrers 112 typically are

construct ed froieardéheeh mtaepotpramidisin 42t Hithant CoRipcHPE 8%0te @8 or hi gh

manganese al | oy ont £t 5ta6! 1§éU&1E' @& Hadk i18bA, MaRBaNRSEcSt B8l etccont ai ni ng
about 11 to 14% manganese by weight). Such materials are known and used in

the art, such asrpddimgsyseraermdhardeef Sicsmendosened ahova e P and FSMESCO
Cor por ation of #orkl and, Oregon, Even when such hardened materials are
used, the typi cal Iifespan of a shredder hammer 112 nay be a few days to a

few weeks dependl n of course, .on fact such .as the
material b ‘?%g sy, I ‘%‘l‘rﬂl?r?ﬁ"’Yﬁ de§iptions )iéer %ﬁ@n@ﬁrlgéﬂﬁr ? bl ade or
i npact area 112&tiehbly HafSAtohditiveadt Lavvaﬁhas;ehreade&rmwmdrsomertypleqm@aetred
collisions with the material 104 to be cess [E’ b%kenllnes
in Fig, 3, whil@HHET S dr R SRt ThG % 8d 3 %VF\Sqietl e AU wher e
t he hammer pin A2kahse AMoNtaAnt tsyepl Gadt ys Hadilvld dengdaedenited), aditacent r ot or
di sks 120 and i noltSl exlg psed to tH}e ma%ﬁr isal 10%1e 1b1?' n %Q/E%géied except
perhaps at the BRPoNed 8% Bearese iy sy Bk BieE? SVBRELUSH Whe di sks
120). the art, such as in shredder hammers commercially available from ESCO

Corporation of Portland, Oregon. Even when such hardened materials are used,

the typical lifespan of a shredder hammer 112 may be a few days to a few weeks

(e.g., depending, of course, on various factors, such as the material being

shredded, amount of use, etc.). The shredder hammer blade or impact area 112E

will tend to wear away over time and over repeated collisions with the material

104 to be processed, as shown in broken lines in Fig. 3, while the shredder

hammer’s mounting area 112F (the end where the hammer pin 124 is mounted)

typically is hidden between adjacent rotor disks 120 and is not exposed to the

material 104 being shredded (except perhaps at the exposed exterior edges and

outer circumference of the disks 120).



1101 Figs. 2A and 28 show enl arged views of the edges of the openings 112A
provi ded in shredder hamrers 112 to receive the hamrer pins 124. As shown
in these figures, while the majority of the side walls 1128 of these
openings 112A are straight, fiat, and parallel to one another in the axial
direction L, the very corners 112C o% the side wall 1128 form ng the
opening /12A (Le., where the anterior side walls 112B neet the major
surfaces 1121) of the hamer 112) nay be beveled (Fig. 2A) or rounded (Fig.
28). These features nmay nmake it sonmewhat easier to insert the hanmer pins

124 into t El%gorﬁég[ Qﬂ d 28 éholy enﬁ?éeti'vﬁ%ls%f{hx eé(!é@gfth@@)eﬂin Qrpr@\fldddhe pin 124

is close i ize“to t e diameter” of the openings 112A qﬁ curved or
sl oped cor ners it 5B€idsoirewhats 112 geredctive e hgmmner 2ins| 1ﬁf'oAtSr§é°%é‘hr ¥ 112A).

1111 As noted atbove$h\é/ ﬁs]e}rﬁlgg%émnggmessnﬂel\galﬁrﬁ2ﬁ)ﬂ?@§§éjoﬁe%lr@%(tl'lmﬁfey har sh

conditions in ammers 112 thensel ves may wei gh sever al
hundred pounds s(tlmggt° flat] &0l pacpllgBHO@D¢ Rriogher inVvbe @s@lékrecttonés&wr’réwﬂr?aﬁmrs 112

slaminto the r |sz1 }g%}’(t‘llé)o?%%%s}{?ﬁgggg oﬁém{geﬂlék' (ygl ¥hdit gl inatigs of

speed, and the erl a ag constitute Very har d
materials, suchsidswalist bigBbink@sthe aviarmotiidee 1p2P 1o, he hemmah] o) M®F ng action

and si deways vege(yé of tg)e (ﬁjédﬁpgﬁé{ >%Bzmﬂegse tirls thiyPRGLeSt bdiewmmt erial to

be shredded cau tressfid cont'act benveen the pin
124 and the si desiaatol mseit]tﬁ@ha;mmerrmnqoﬂr-‘r infoethd ﬁmmﬂﬂ@ﬁi maindady Mgt er

hammers 112, pakt Igl%gmle er ofythghn 18 :£Q6A8k §1zé'902tﬁe @Jam%@@@ﬁh@%ﬂin@gﬂﬂﬁlzp\ Whi l e

shr edder hamrer y are constructed from hardened steel

materials, as n@tgedheedwwsd or shpetdererhHifsomenha “Sopgll hepiet4 igidht o devel op
cracks Cin the rmuntlkf area 112F, as shown in. Fig. 3, which can lead to
early failure ofPthe ‘%ma 112 (e.g., before the blade area 112E is fully

utilized). This earl(g failure substantially increases ¢ Stﬁ i rbllboth parts
and | abor, [Hid Sebgedaboraishyddst birenbl Zpsp BPesEHp E?ﬂﬁf“ﬁ’er%é‘a FAISRS . 1121

Accordingly, thgre.i STEOQR:dder ﬁaﬁrﬁm@{stufzorhemmwe@\rﬂyew&ghIsavetdnerluﬁﬂmdrcture and
construction of s redder hartunc, -rs and the rrachr nerésm lanYmtt

utilizing such bramdetes. 15GoISMERY Mereaiss t

material 104 to be shredded at relatively high rates of speed, and the material 104
to be shredded may constitute very hard materials, such as automobiles,
automobile parts, etc. This slamming action and sideways movement of the
shredder hammer as it impacts the material to be shredded causes repeated and
highly stressful contact between the pin 124 and the side walls 112B of the pin
openings 112A in the shredder hammers 112, particularly at the corners 112C of
these openings 112A. While shredder hammers 112 typically are constructed
from hardened steel materials, as noted above, shredder hammers 112 still often
tend to develop cracks C in the mounting area 112F, as shown in Fig. 3, which
can lead to early failure of the hammer 112 (e.g., before the blade area 112E is
fully utilized). This early failure substantially increases costs in both parts and

labor, and substantially slows and delays shredding operations.

[12] Accordingly, there is room in the art for improvements in the structure and
construction of shredder hammers and the machinery and systems utilizing such

hammers.



[13] The follow ng presents a general summary of aspects of the present
invention in order to provide a basic understanding of the invention and
vari ous exanple features of it. This surmary in not intended to limt the
scope of the invention in any way, hut is sinmply provides a general
overvi ew and context for the above det Ql I ed description that follows, [14]
Aspects of this invention, relate to i nproved engagenent between shr edder
hanmers and the hamrer pins that engage the hanmers with the shredder
heads. As nore specific eis v asPeaESNefe i i nvention relate to
shredder hammers that include a hamrer body having a hamrer nounting
portion HAd aThafollewiid peeentos géreml suﬂmnaey of aspecth afithepresentniniverdiopant i on

|ncludesam)u openi ef.i ne the at extnds,froma first nmajor
surface of thet 5‘&?&2@9"13%&?/’&%18“3 LAy f}k‘?rm‘éqﬁlf’%@%d SR E*A r bjody,

wherein a pi NEARREEGME BiME Eﬁﬁﬁamnmoeiﬁt&ﬁﬂd% tifhitthe B prRY e iapafioag for
engagi ng a hammer pin, wherein at |east a. portion of the pin nounting
surface is com/anywmbut/\ﬂh@rmmplyenrowée&;a geena ogbrvidve anbepndsatportheon of t he

pi n nmounting Ioca ed n a central 90% of an overall

t hi ckness of ? g ﬁ‘%ﬁﬂ#&&ds%wlﬁ%{%ﬁﬂf %*e first and second major surfaces at
the nmount opening (the convex portion also may be |ocated with the central
75% or even the central 50% of the nmount opening thickness). The phl

mount i ng[i<r f dswestapf ths mwwmmerala@ﬁ ﬁoemqwedwngmmvahh@we%&yeq in an
interior surf ce of t open i S part of a
separate rrenb PR ":aeth?ng%r 5@% kha?%%ga eﬂ!l ha%gé%‘??& t@écﬂﬁgg&a bushi ng or
a spool nenbengadsTAEnvRMRXI eMxhinlesOdspbdts efmﬂnmrmregtaurshfvdéemay ext end
at least 25% of the overall thickness of the hammer body at the unt

openi ng | ocat hemmegdat inclgded bawgiep bedy haying @BWS%O“&%(HS N snds at

| east 60% or e Il
hanmer body tkﬁéﬁééégagp gl?ﬁielhﬁ%%ﬁ%j tglg}elél%fga{ ?g%llﬁ%ﬁ% Tﬁci%%’b@ggﬂn@hﬁ nor e
speci fic aspeopaning défiried thereimnhatantaniationt ofishnegdanrthanefghs hammehi ch at

| east a port| n.of the interior surf e of t ing for receiving the
hamer pinis 8@%(?&13901%“ qréﬁ’{f?‘i?rf’f %mFMpr HPISHPYHEE of ¢ he

shredder hameg iR i§ hev RIS itHIRIR mSHt oge&ng 'foxeenga%ﬂéﬁll'ﬁﬁuﬁé}%lﬁ hi ckness  of
t he shredder hamrer Stincture). If desi the entire interior surface of
t he openi ng (ehgrein airleaﬂmports)newfrth¢plncrn®mumge§uﬁn@a)3 coyexbencur ved. [ 16]

According to a dltlo aspec of this j.nve the.i nterior surface of
the opening f ?ﬁtrﬁ? B ﬁﬁ}eﬁg{}v‘g‘ep(ghﬁ%f)ﬁw p&%?\?@ﬂtl?%suﬁa& Ff%ection
moving from OII&afswmmﬁlarcfegﬁﬁ 90, b Shrargesknbarstehe hamfbebatyher naj or
surface (i.e., through the thickness of the shredder hammer structure). For
exanpl e, the ibatwaehdhe Bist fnksecandbmgios sedeces ehthe maumé opperg (the cUVeat | east a
O POr 11 0D B high e AL EE RicaBll e LDLOHGSe: LG MLRRIFSRE o B nammer
structure) ma;? € snoo orme as &N as a parabola, or

as anot her sn@jut ypﬁﬂﬁg/&ﬁbl@uisf)aﬂ&pm\/ﬁﬁimtlﬂgkdﬁfade@ﬁz@lbeeprbvﬂMdﬁéctl}he curved
surface (1. a., its local mnim or maxima) _ is |ocated in th |r1ter|or of

the hamer pi Endhehamgenpadyi (6-g-He 2p éHeren susios of the mounf ﬂ%eé’tm Pigth of the
curved surface,, afﬂ\}gpdjo@dé %?%(S‘f DR peiite WeldbePrbhS S&NIdh tM%t the linear

| ength of the c sur ac
opening (such as a bushing or a spool member). The convex portion of the pin

mounting surface may extend at least 25% of the overall thickness of the
hammer body at the mount opening location (and in some examples, at least
35%, at least 50%, at least 60%, or even through the entire thickness (100%) of

the overall hammer body thickness at the mount opening location).



(171 Another aspect of this invention relates to shredder hamrers in w nch
the interior surface of the opennig for the hammer pin, along a cross
section of the opening, has multiple curve profiles. For exanple, the
central portion of the surface (e.g., at a center of the thickness) may
have one carte characteristic (e.2., a first radius) while the edge
portions (Le., adjacent to and near the mmjor surfaces) may have different
curve characteristics (e.g., a second radius different fromthe first

radi us, such as a smaller radius). The first curve charade:tastes may

ext end ove O”t of it I 1€ (PRERG hainthelshE wARETEr (€. 9.,
over at ng %{5}‘ 6?°r e‘”g%s a{ Fb‘ﬁknear fmr]{%jth t he gur\fe defining the
interior surfa@eleait atoetionpé thiengteriammithee @@meopemam gepcivigdhe BammeEast 65% or
even at |east 75%of the overall |inear &Gfth\éeshrd&é}"e t he

ot her curve chdlhcét &Y ]inc%%ﬁ%am%xnlmsyn%ogléﬁw%%a?én%pﬂﬁ der of the thickness
(e.g., evenly diaﬂlhdﬁtbﬁﬂedﬂtﬁhlaﬁdg}eﬂ“acea(teoﬂﬂlqubm]@e bithesss ef de)shredderh as over
less than 25% 20% 15% ven 5% o & 3 e obdd d.ength of
the curve defi At §&° LH%) fodlgsn'seg’rgjgcegngflhte he %ﬂie(m ng %f’beg&ﬁ end portion.
of the opening. ard%ﬁldameladdmtmmmd:ncemm@rmaumé the interior surface may have
a constantly changing curvature along a cross section of the opening noving
from one "Eig HOLAGROladl DR SpEAIGE whaHIHichOuklicRbNiticd/bf kit some mor e
speci fic aSpect’s hi's I nventi he interior surface of the

openi ng for th@phmnmﬁnﬂmhmmrf)mnwdoetsmoh@b’ewf‘f?é i p BECQRERYBRIM an arc a
acircle, the circle «CRE HESRORSHBGack @ &, ioh@y nul a 0. 25
5 REIT < 4, V\herglrr%]ajofn‘?%c?ﬁ%ﬁ?%‘ré%ness the shreddesr harmer at the

| ocation of t hethhtuiniesss pf the sle@éplvhan‘gnea)ﬁé??m@ Forexampe (B apresathe radi us
Rt may satisfy the for a hil6r f Rl ranDinBrif &ifacd - 3, or
the formula 025 gﬁlaffecw ) t%répgelg?(lrna(t: uéeal o%] eﬁr arrangenent s outsi de t hese
formul ae. |If thmrosghéddecrknbmwﬁ’élehdmew fioetutehrey be Bt afrmEhisaefEss at t he
location of the Open enagmg{}g&a 28 SRERS§R ot REvddnbEkResger&h tHehsappeni ng at
its thinnest |ocatl ‘his sane arc radius may be used. t hroughout
the entire thickemess obfhechedinrddEe., e el migizergr R nd) is RREeRRARDI es of
this invention, do OV@hindhe b&RGL 50")@%f&1&nhﬁ@f 5091,
and in sone exanp EISON%Q huélfn k ﬁ’%nlgggv%r atml e%st t he cen th% or even
at least the cehngthbfths%mdsmtfecesﬁ?fdedd@neWP’V{IT@%‘PP@?@E‘ W ?lf fie edge

portions of the.op ﬁ]@ﬁg?}goﬂﬁé/&r@dfsﬁﬁz{c%ﬁt curve characteristics than the
central portlon e edge portions nay have a smaller radiu.s than the

central portion (e,g., at |east 50% snall er n so a s, the
edge porti dHIr adP‘?Ibef agpegtrof iy inpention rejatps g e%a%“ﬁ%ﬁ qﬁc%tﬁirm%{%d in some

exanpl es, wi thi alrfa&eofftﬁé\g&nﬁlfgf&@@ﬁamﬁla}ﬁnmacmasssmcnbn nfﬁllacepmmge of
0.08RE to 0.12R3, or even other arrgﬁg % L %%thlm ] (gr mul ae.
1191 Addi ti onal hadpadrle owye pRiils| RFertn & ptobloélho Tanfrer s t hat
i nclude a bushi pg, JXBEDEThdVhicRhdds)andFidnd oxﬁpﬁﬂlemgarafterkfke(eghrad'dsieudnhnan’rrer,

wherein an interior surface of the bushin whi c cej.v t he
hamer pin) is waikt i Faq BPIEUP et e td?g%dgeqaf)ﬁ‘ f“gaé%sm Cf’?(::‘)s Ayﬁ “of the

bushi ng' s hameg;sfe}ed: du@felindiaéteriBpeRigNa sé@nareﬁiﬁm(ﬂt’f&remfrpmslnd @rsemiu@f t he
bushi ng' s hamrer EI n receiving openi structures, t Q,elmgunt

openi ng of the 8iAcddermHy “Sﬁafhﬁé‘gét ﬂ‘é%ﬁlﬁfﬂ?“?ﬁ%maéﬁ T4 TG as shown
in Figs. 2A and,gRky &tike thickness of the opening in the hammer (e.g., over at least 50% of

the overall linear length of the curve defining the interior surface of the opening,

and in some examples, over at least 65% or even at least 75% of the overall linear
length of this curve), while the other curve characteristics may exist over the
remainder of the thickness (e.g., evenly divided at both edges, at only one edge,

etc.), such as over less than 25%, 20%, 15%, 10%, or even 5% of the overall



9 PO Strn zidditional aspects of this invention relate to shredder hamers
that include a nmount opening in which a spool nenber is nounted and in

whi ch the hammer pin is received (Le., the exterior surface of this spool
menber is received in the nmount opening of the shredder hammer). In such
exanpl e structures according to this invention, at |east a portion of the
interior surface of the shredder harffrer nount opening and/or an exterior
surface of the spool nenber (which engages the interior surface of the
shredder hammer nount opening) may be continually curved fromone end to
the other end. Additionally or alt.ernpati dob oB@S bp&she ok B&hiend er nal
surface of thehgﬁf)éﬁng‘ﬁé’ rcufv\f/rﬂ%'%n%ﬁlgglg%@txwgC%]g[me_rﬁpi r%) may be
continual Iy curyen bf @evmnmgend ah edditealofthoatiente infegipn SUN@ER PROMYF aspect s
of this invention relate to shredder h r Y&k HaREfoROdY

i ncl udi ng a hamsersarby RtaPEge 6‘8V§Pr8ﬁf°3%§mag§%%%&ﬁ%raotfﬁ)}{aage uggorti on, wherein the
hamer nmount i NGnPREbLI Qifatdtithckhsdder hammerto giemthencei vi ng openi ng defi ned
therein that extends froma first nmgjor surf:ice of the hammer body to a
second maj or syrface of the.h ] 0ot Bhs, @S ReGTor efrtdcbef thavent i on;
at | east a”é]enﬁ?é‘?m%glf’fe’lsgﬁm% %g%?{%i{}ggix%vre sufface of the hammer pin

recei vi Ng openiopgniigs foe tlieviethnsargin tshfatmed th deed theerose FEHSE ok He2F X &r i or
surface is | ocated tween the firs i I‘RSLH’E@%(Q b heeSesaRm NMaj or
surface. The lefrﬁlg’dqgeen(i’rl‘;fagl M5dr %‘{%n;‘og“a{uﬁe Pnterior %’Srface may extend, for
exanpl e, at | easts 2BUTaf 4amhevier Elib thehihidkness ofghe shigddea paBrehith Wecei vi ng,

opening thiclness.. [2 ot her. 1 hig d j mhehkat@srt o
shredder hammnﬁgcaﬂﬁ‘{;/f’tﬁ%)‘eﬁnmﬁ%%??%gﬁ%%ioﬁgcqﬁfdi%5bggﬁg&lrrxth'r}g‘% MoUNt | ng portion
and a hammer blmaglesqiefyt ihenformite Vi 5 Ru/fies hathreformgdy i hgPor £ 6h el udes a
hanmmer pin recejvi eni,n fi t i Souidid¥MiRsd | r st

P i R n{rgﬁgggy LG5k BERAL Dilch Ahrafiehend

maj or surface 0 a second mgjor surface of the hamer
body. I'n this efsanpiee Hsthechredder thammendesstiophaveae cpesist thickpesita 4 r egi on of
an interior surface of the hat ' GeInY I RGkRREH RE obBEhdIgess a
plurality of fllﬁ‘fa?‘oﬂ@ﬁﬁl%ﬁ %‘fefnéllg’ngﬁéf@te rse,gé%v_\her ein each flat surface within
the central regiRest $ocpttinn S8hileothistssmea dicaredipg mpy b ussd Fratedow; PhiHTs he
central region at.an obtus NS E Nt IsBhne @A, of tilS itiefebnl N this
specific conten I,CIG&eSWs’{)thﬁ gg&glllgrtenrﬁltlllrﬁl%em?g’% of an ovﬁe?f&all thi ckness of the
hamer pin r ecethisi mdjuopdhbagsed bPer at least the central 50%, and in some examples, 1

will be used over at least the central 65% or even at least the central 75% of the

shredder hammer thickness. When the edge portions of the opening have

different curve characteristics than the central portion, the edge portions may have
a smaller radius than the central portion (e.g., at least 50% smaller), and in some
examples, the edge portion radius “R;” may be in a range of 0.05R to 0.5R;, and
in some examples, within the range of 0.06R, to 0.25R;, or within the range of

0.08R, to 0.12R;, or even other arrangements outside of these formulae.

[19] Additional aspects of this invention relate to shredder hammers that include a
bushing member within a mount opening of the shredder hammer, wherein an
interior surface of the bushing member (which receives the hammer pin) is
continually curved in a direction from a first end of the bushing’s hammer pin
receiving opening to a second, opposite end of the bushing’s hammer pin
receiving opening. In such structures, the mount opening of the shreddet hammer

may have generally flat sides (e.g., as shown in Figs. 2A and 2B), etc.



t hi ckness. This central region may include, for exanple, from3 to 40 fi at
nonparal l el surfaces, and in sonme structures, from5 to 30 flat, 1
non-paral |l el surfaces. [23] Yet another aspect of this invention relates to
shredder hanmmers having a hamer body including a hamer nounting portion
and a hamrer bl ade portion, wherein ;?e hanmer nounting portion includes a
nmount opening defined therein that extends froma first major surface of
the hanmrer body to a second major surface of the hamver body. A separate
2;8 engagi ng nenber IS received in the mount - opening, wherein the pm
agi ng nt
opening, a *@ﬁﬁy Z eds nggé?ﬁﬁ ne%%%%)%P PﬂgggggﬁiﬁﬁgﬁmgPﬁ receiving
?YSFGTEI ng incl udlr![‘ik@nad&pemlﬂgﬁ"rwhlbh sspbblamanﬁeors m@n@dwd"llg whighithe hasest Bitn  engagi ng
ei may constitute
W TR N the mount MEHER (e B AL REfe r et KR el Mol buft2! B 701 ¢
optional ly fixefpehifg bhehe Rmeidzr hivogyr).atn hlehsttalmm stiugiursp agparding t@ A nount

opening), or a s r (that_ex
optional |y rotdPgﬁpglﬂ}Fﬁ“Pgéﬁﬁﬁffﬁ% %ﬁ“” %%%gbp%gaﬁTﬂQq%%g&ﬁgg???oﬁgﬁ 'S
ﬁ: ggct S o:‘ Ej hi Sopbi%lﬁgghd/maﬁ ektati@ twofashpl i spgolsxylgn@t:(wawb/%ga@ﬁrﬂeeddl ng
s including shre ) d
i nvention, incl@§rgs 'g‘%??ergeﬂgalﬁ iggpél%ghaggngﬁr n?egghl}'% lﬁiy'igxs’ (S)Elftm?%]lleyt '["yps)es

general Iy descriubed fiakone endltoah)emtbenehd oAnddenlallsF@rg@emam(eh'nd desged. g with one

or nore shredder accordance

thereon), Any d’é@i“’rag%{aﬁn% e SeaY U 6&%2} énr%a d{aé?%éﬁyﬁgadﬁé(jr ot or)
may include shrggdnamm@ fBon tneedd os tiantber anilt h exarrpl es of this invention,
such as disc, spider, barrel rotors, etc. [251Still additional aspects of

-this inve %ll]ggéécﬂ at al Octg%tfq%gslﬁgefntlggﬁ?%;tg(% UhdeRg, Shigddehahamess, e. g.,

of the typ ove s may avoid the need to use cores
in the nmanuf act hamimg bpdmels@ng whaoheaonntisgiprsdon 47d athapgier plady ROTtORA ¢

conplexity of t hﬁeremnh AG LT 'nﬂﬁn@x{g%m includes a hammer pin receiving opening

defined therein that extends from a first major surface of the hammer body to a

second major surface of the hammer body. In this aspect of the invention, at least
a central portion of an interior surface of the hammer pin receiving opening is
curved such that a local extrema of the interior surface is located between the first
major surface and the second major surface. The curved central portion of the
interior surface may extend, for example, at least 25% of an overall thickness of

the hammer pin receiving opening thickness.

[22] Another aspect of this invention relates to shredder hammers having a hammer
body including a hammer mounting portion and a hammer blade portion, wherein
the hammer mounting portion includes a hammer pin receiving opening defined
therein that extends from a first major surface of the hammer body to a second
major surface of the hammer body. In this example aspect of the invention, at
least a central region of an interior surface of the hammer pin receiving opening
includes a plurality of flat, non-parallel surfaces, wherein each flat surface within
the central region is joined to its adjacent flat surface within the central region at
an obtuse angle. The “central region,” as used in this specific context, constitutes

a central 75% of an overall thickness of the hammer pin receiving opening



1261 Gt her aspects, advantages; Iffid features of the invention wll be
described in nore detail below and will he recognizable fromthe foll ow ng
detail ed description of exanple structures in accordance with this
invention. BRI EF DESCRI PTION OF THE DRA WNGS 1271 The present invention is
illustrated by way of exanple and not limted, in the acconpanying figures,
in which [ike reference nuneral s indiOcate the same or simlar elenents

t hroughout; and in which: 1281 Figs. A and IBillustrate features of
conventional shreddi ng systens and shreddi ng heads; 1291 Figs. 2A and 2B

illustrate nore,detail ed. features of ha r.pin eni t rovi ded
in conventi onal thé%?%f&d?ﬂl °ﬁ‘§iarfeﬁ%’%‘§?ay£§°gg‘]%ﬁ°g?x§ ileélﬁjzg&gals?u@?ﬁ%?ﬁ(fﬁhged to
hel p expl ai n vapirgiles surfapiscald i€ frareastot@nies tfiooss tardd fheainyraeadlcbfurfaers. of
shredder hammer structures;

[23]  Yet another aspect of this invention relates to shredder hammers having a hammer
body including a hammer mounting portion and a hammer blade portion, wherein
the hammer mounting portion includes a mount opening defined therein that
extends from a first major surface of the hammer body to a second major surface
of the hammer body. A separate pin engaging member is received in the mount-
opening, wherein the pin engaging member includes an exterior surface that
engages the mount opening, and wherein the pin engaging member defines a
hammer pin receiving opening including an interior surface for receiving a pin.
The pin engaging member may constitute, for example a ball swivel member that
is rotatable within the mount opening of the hammer body, a bushing member
(that is optionally fixed to the hammer body at least partially within the mount
opening), or a spool member (that extends within the mount opening and is

optionally rotatable with respect to the hammer body).

[24] Additional aspects of this invention rélate to shredding systems and/or shredding
heads including shredding hammers in accordance with examples of this
invention, including shredding systems and shredding heads of the types generally
described above in conjunction with Figs. 1A and 1B (but with one or more
shredder hammers in accordance with this invention mounted thereon). Any
desired type of shredding system or shredding head (rotor) may include shredder
hammers in accordance with examples of this invention, such as disc, spider,

barrel rotors, etc.

[25]  Still additional aspects of this invention relate to methods of manufacturing
shredder hammers, e.g., of the types described above. Such methods may avoid
the need to use cores in the manufacturing process, which can reduce the time,

costs, and complexity of the manufacturing process.



1311 Figs. 4A through 4D are provided. to assist in explaining
characteristics and features of use, and one potential nechani sm of
operation and failure of conventional shredder hamers; [32] Figs. 5A
through 5C illustrate various views of an exanple shredder hammer structure
in accordance with this invention; 1331 Fig. 6 provides a nore detailed
view of a cross section or surface profile of an interior surface of a
shredder hammer pin opening in accordance with an exanple of this
invention; 1341 Figs. 7 and 8 provide cross sectional, views of shredder

hamrer pin enkngs ' . . : ;
l[ie%g gk;)tﬂ%halsg ctsvfd’v%@%%%?ﬁ& gegfa% oPRAB BBkt nANE bE H&GEA A% BredCCOr dance

wi th exanp I hve
detail below and will be recognizable from the following detailed description of

example structures in accordance with this invention.

BRrIEF DESCRIPTION OF THE DRAWINGS

[27]1 The present invention is illustrated by way of example and not limited in the
accompanying figures, in which like reference numerals indicate the same or

similar elements throughout, and in which:

[28] Figs. 1A and 1B illustrate features of conventional shredding systems and
shredding heads;

[29] Figs. 2A and 2B illustrate more detailed features of hammer pin openings that are

provided in conventional shredding hammers;

[30] Fig. 3 is a visual aid used to help explain various typical characteristics and

features of use of shredder hammer structures;

[31] Figs. 4A through 4D are provided to assist in explaining characteristics and
features of use, and one potential mechanism of operation and failure of

conventional shredder hammers;

[32] Figs. SA through 5C illustrate various views of an example shredder hammer

structure in accordance with this invention;

[33] Fig. 6 provides a more detailed view of a cross section or surface profile of an
interior surface of a shredder hammer pin opening in accordance with an example

of this invention;

[34] Figs. 7 and 8 provide cross sectional views of shredder hammer pin openings of
various shredder hammer constructions in accordance with examples of this

invention;



[35] Figs. 9A and 9B are simlar views to Figs. 4A and 4C, respectively

and are provided to assist in explaining characteristics and features o%
use, and possibl e nechani sns of operation of shredder hanmiers in
accordance with this invention and how these characteristics, features, and
mechani sms differ fromthose of conventional shredder hammers shown in
Figs. 4A and 4C 1361 Fig. 10 provildes a cross sectional view of a shredder
hamver pin opening in accordance with another exanple of this invention;
[37] Figs. 11A. through 11.0 illustrate various views of another exanplé

shr edder harmer str in accor danc t hiss Figs. 12A
and :t2B abel progt 83 nHog%agr§| sé'fl”lun“eevg(sp al SII%S %a¢%2¥%g%tg@?égﬁgﬁg fgatur es
ircuse, and possivided toaGhan sphiths dpecatiston aof fegtres @l ate, AahPRSFiBIe| n

accordance with exanpl es. of thi ion A3
illustrate variBif&ay %éOB?Iatéor‘i‘o‘ffﬁhV&g am’ineml}ﬁ 513%3 m‘?ﬂgﬁd hgmrer pi n
construction i Mind GROT ghasaCehamtieRstichi &atmm;amth1m¢har&341@1dlﬁfplg§0m heseadfd 1413

illustrate various vie
accordance wi t FopyfnEona WF%H%T‘Q%SI’%% lgs ﬂlg&p@r hammer structure in

[36] Fig. 10 provides a cross sectional view of a shredder hammer pin opening in

accordance with another example of this invention;

[37] Figs. 11A through 11C illustrate various views of another example shredder

hammer structure in accordance with this invention;

[38] Figs. 12A and 12B are provided to assist in explaining characteristics and features
of use, and possible mechanisms of operation of shredder hammers in accordance

with examples of this invention;

[39] Figs. 13A and 13B illustrate various views of another example shredder hammer

and hammer pin construction in accordance with this invention;

[40] Figs. 14A and 14B illustrate various views of another example shredder hammer

structure in accordance with this invention;

[41] Figs. 15A through 15E illustrate various views of yet another example shredder

hammer structure in accordance with this invention;

[42] Figs. 16A and 16B illustrate another example shredder hammer pin opening

construction in accordance with this invention; and

[43] Figs. 17A and 17B illustrate additional example shredder hammer pin opening

constructions in accordance with this invention.

[44] The reader is advised that the various parts shown in these drawings are not

necessarily drawn to scale.



1411 Figs. .i5A through 15E illustrate various views of ye

shredder hammer strucnire in accordance with this invent?o;;aggggeLigéanEgi
and 613 illustrate another exanple shredder hammer pin opening construction
In accordance with this invention; and 1431 Figs. 17A and 1713 illustrate a
<Hi en& exanpl e shredder hanxue.r pin opening constructions in accordance

with this invention. 041 The reader 13s advised that the various parts shown

in theca- drawi ngs are not necessarily drawn to s
R hecar y cale, DETAILED

DETAILED DESCRIPTION

[45] The following description and the accompanying figures disclose example
features of shredder hammer structures and the engagement between the shredder
hammers and hammer pins in accordance with the present invention. The
description below includes information obtained as a result of investigation of
premature failure of existing shredder hammer construciions. While the
following description provides various theories as to why the failures occur and
why the present invention may provide improvements over existing structures,
nothing in this specification should be construed as limiting the invention to any

particular mode or theory of operation.

[46] Due to the harsh conditions of use, in some instances, conventional shredder
hammers have been prone to premature failure, e.g., when a crack forms at or near
the edge of the hammer pin opening 112A and propagates across the major
surface 112D of the hammer 112. See crack C in Fig. 3. Such cracks can form
early in the life cycle of a shredder hammer 112, even before significant portions

of the blade area 112E are abraded away or reduced by spalling.

[47] Fig. 4A illustrates the connection between a conventional shredder hammer 112
and its pin 124. Because the shredder hammer 112 is free to rotate about the pin
124, collisions between the shredder bammer 112 and the material 104 to be
shredded (as the shredder head 110 rotates) also results in collisions between the
interior walls 112B defining the shredder hammer pin opening 112A and the pin
124. Because the collision force F along the opening 112A will rarely (if ever) be
uniform in magnitude and/or direction along the entire length L of the opening
112A, the forces F of the collisions are primarily absorbed at the comers 112C of
the openings 112A (i.e., where the side walls 112B meet the major surfaces
112D). The inclusion of recessed or chamfers at the sides of conventional
shredder hammer pin openings (e.g., as shown in Figs. 2A and 2B) may further
increase the stress concentration at the corners of the pin openings 112A because

moving the corners inward (due to the chamfer or recess) shortens the lever arm



[ 451 The follow ng description and the acconpanying figures disclose
exanpl e features of shredder hammer structures and the engagenent between

t he shredder hamrers and hammer pins in accordance with the present

i nvention. The description below includes information obtained as a result
of investigation of premature failure of existing shredder hammer
constructions. Wiile the follow ng destription provides various theories as
to why the failures occur and why the present invention may provide

i nprovenents over existing structures, nothing in this specification should

be construed as Iimting the.invention to t r Ofe t heory of
operation, [46¥etPea hocst PRNEH I RIRET £ oﬁ%%*opsﬁggesgc%ﬁéﬂi“ﬁg? g%?:es?

conventi onal shggdeern?bammeanaye ibeen prone to premature failure, e.g.,
when a crack: forns at or near the edge of the hamrer pin opening 12A and

propagat es across_the major .sur.f.ac D& RAIB Lpdhld 1188Gner ack Cin
Fig. 3. Suéh c%h‘éfﬁeé’t’%ﬁedfgﬁﬂcqgi??riﬁlleﬁﬁ%ﬁgg{s?r%e {:y_c e of a shredder hammer
112, even bef ome i Ui 4ré BAiBtedpordtitodrgorof the el blatgaial oA ihepreningl It abr aded.

away or reduced by spalli 471 .Fi g. il r at&ss)t MeGepyaREt i ONn
bet ween a. con\ﬂé"n‘(‘?%ﬁ%iper§H?%%Blé?’eoﬁéﬁ%é?é&%ﬁa;ﬂQéﬁigiftﬁg pi)n 124." Because t he
shredder hamereoiidng Ssd fead td bariet tt ensdiolit Mokrespstifically4in & $¥2%PEns bet ween

t he shredder hamrer 112 and th teri aeddedid-ag2nhe
shredder head PTeRPEHEU @gfcl’g?tg‘gcoﬁ% ur P %L’F%notg%%lﬁ?&sa?rolﬁgﬁoetﬁmﬁledﬁa‘t he interior

wal |' s 1128 def il ag fiha2sht 8ddemehart€rarpbsiicwdenicage 192 SaYHE PR¥pi n 124,

Because the col]ision faorce F al ong the i LA 11h. T Bdreioyef  ever)
be uniformin rAEERPEIGE E/ng"g%t?"iqo‘%a%e"gﬁggﬁe entire length L of the
openi ng 112A, thRerf:0y 625 aFthefmdnb@mesokdel witerid o sangimowasiEdleapEBPfed at the
corners 112C of the openipgs, 112A (.i.e. e Siggsmabt saskd2B neet the
maj or surfaces PIPPfH n?hbe{%?ng?%sﬁl?fﬁco ef?nen\c,i%\g(g{sge dgrt c_haﬁsfeerg a(t the sides of
conventi onal shicessiaionlanterstepl matopamif tigeshagrency 112, p8rtisWigihn 2§ e BPHE. 2A and
2B) may Mther increase the ress..con td QR Atmdi I8l cON@bsn@f the pin
openi ngs 112A b ?ﬁfg er?BW%P#ﬁ‘easclglﬁs(r?\rggg%nﬁﬁ\fvéirsg (due to the chanfer or
recess) short enge fifie hheMgde AIFp. 44 4the “Structure After Use” portion of Fig. 4A). This

upsetting process keeps increasing the hammer thickness near the hammer pin
opening edge over time and in many cases may necessitate cutting off or
trimming of the displaced material due to the upsetting process before the hammer
is worn out in order to stop interference with the rotor. The need to stop operation
of the shredder hammer for trimming results in shredder down time and weakens
the hammer, thereby increasing the risk of catastrophic failure. The heat added in

this trimming process can weaken the hammer at a critical location.

[49] The displaced material areas 112G typically will be hardened due to their
formation by the process described above. Despite being hardened, however, in
the manganese steel material of some known shredder hammer constructions 112,
this hardened material is also somewhat more brittle than the original manganese
steel material of the shredder hammer construction 112. It is believed that the
displaced material areas 112G and the increased brittleness resulting therefrom
allow cracking or spalling to initiate at area 112G, and once the cracking begins, it
propagates through other portions of the shredder hammer structure 112 causing

the premature fajlures noted above.



bet ween the contact points. The |lever armwoirks to stop sideways tw sting
of the hamrer 112 on the hamrer pin 124. (481 In effect, the repeated
collisions between the shredder hanmmer opening 112A and the pin 124 are
believed to act to deformthe steel material of the opening 112A at the
very corners 112C thereof (e.g., akin to a forging process). The repeated
collisions also tend to harden the mat®erial. Mire specifically, in this
exanpl e arrangenent, the repeated collisions between the shredder hamrer
opening 112A and the pin 124 at the corners 112C are believed to cause

| ocal, severe plastjc deformgtion of.the eeleiBtefalige of the
hamrer 112[50ForVe! e?’Pé?f’%?‘?sgﬂ‘abf,sagﬂﬁrﬁlag?e%hgéggm%ggﬁggg] ?teeel nj;lt erial of
some known. shrgdsies kharBld®ehatmerctrionss W23yhet kiosnted erst 1 Riefldtmat i on

| eads to "upsetting" (lateral defaimtion) .of Ltk 0f the
hamrer 112, parttsciPrappy °§fa?]f‘ﬁea?sc?m?enerb‘)éeélsw}§%nﬁﬁgtc%g)glﬁtlm?{g 112A as
illustrated, byhatherdiisplacaduiat e isad pihd 204 sShowmyiirstanks, R4nghat HRgnd si de of

Fig. 4A (the "Structure After e" porti of Fi 4. A) ' etting
process keeps iéred<utgt f}f?eShFFgarﬁe}PB‘WfSc%e %unrl[jeélgt{lm%r@ E}zlae;r;i%r%’ %5?% openi ng

edge over tine @ndfieh ndBhevasRIdIAYMMEBdSS oh ategioguly vied@insflR4.0PVer i mmi ng of

the displaced material due to the settjn C f mrer is
worn out in or dére dee ©tbpeqllfoes f‘%tf’gﬁ’é’ e'vd‘? ﬂnﬂ@' a?%’?‘(‘)&?oe%nge ‘&1%23 to stop
operation of thg,shresdansdamehed déreihy dsnhownginriig 4Bt Eig AB dilusbdieresn down ti e

and weakens the hanmmer, thereby increasing the,ri STpalslc] e
failure. The hea@malddrd 1#hn wHEr {49 FRMAY Sg’reé}%’ glgn%gﬁqlf\%iﬁ%% t(f]e hanmrer at a

critical |ocatigp. shfd®r nhheethsht adedddrploerd Hl4Gasrensndld Qondy péreeatd y wi | | be
hardened due to their fonnation by.the desqy.i ec. Bgspite

bei ng har dened, SHRSGeRFEPmer Al @ﬁ@%ﬁﬁﬁé’gggﬁﬁsm Seri a ifi\’(l;)iﬁé{sor’ne nown
shredder hanmer «&Qp}%ﬁ’r MEhbanst +ddd afgeinso hanld erbdsamatapplication of raeated sonewhat
nore brittle than t i gi

e original manpgan st eel if?el Qfmd:B6, £hr edder
the h 4,

hamer const r uctprft forpes atjtpe T%n%%ﬁ%gj\fggge[ WS f & ?ogp aced material areas
1120 and the i ngy@asednihg theanessine esdlpid 19 abprarseb pxaeerhits 8w Petbdki ng or
spalling to initiate at area ,léZG; and onpce, th cH JFFi L1 ARy pih t
propagat es t hr oDfFRUSE KB 2t Hisrpft ﬁéagﬁoq?“ﬁ% Oélﬁ}r’eelaﬁggr( anmer lggt rhct Ure 112
causi ng the prem wngs fdiohyr @skeneired @lgowentact1ith the opening 112A. The

upsetting problems described above and/or the premature failure due to cracking

does not appear to be substantially affected or remedied when the comers 112C

are beveled or rounded, as shown in Figs. 2A and 2B (as noted above, moving the

corners inward due to the beveled or rounding features may actually increase the

stress at the corners because the moment arm length is shortened).

[51] Fig. 4D further helps illustrate the stresses to which shredder hammers (and
particularly their pin openings) may be exposed during operation. Fig. 4D shows
cross-sectional views of portions of shredder head constructions similar to those
shown on the right hand sides of Figs. 4A and 4C (i.e., a shredder head with a
relatively new pin on the left hand side of Fig. 4D and a shredder head with a used
pin on the right hand side of Fig. 4D). Fig. 4D, however, further shows the forces
F to which the shredder hammers may be exposed during use (e.g., due to off
center impact with the material to be shredded) and the resultant action of the
hammer. Off center contact by the hammer blade on the material to be shredded

may shift the hammer 112 on the pin 124 and cause the pin 124 to make forceful



i 501 While the above descxibes a potential mechani sm expl aining the
premature failure of some known shredder hanmmer structures 112 when nount ed
on a new pin 124, this sane type of failure also has been noted when these
conventional shredder hammers 112 were nounted on used pins 124. In many

i nstances, hamer pins 124 will outlast the shreddet hamets 112 nounted

t hereon. Therefore, users will often funt new shredder haXEM M 112 on
previ ously used pins 124. Over toxic, due to the collisions noted above,
the pins 124 al so may becone worn such that a groove 1240 is forned

i ch T Separ SRERAFLTouF Hah 1 il epb BN SRS AR EARIRE R G,
Eamrer at '; Ee | ©h tancsbdtgngédgé)s/& sh?vﬁf)l Sﬁcrlehmdhgi @)s@b@nmreas]?bﬁﬁe@&%@g ﬂ&%;} edder |
amer a eri [ oove o) [ is "use

0%\‘/36 ﬁ?gﬂ:s ib%éé 830 Gapse %B%ERSF‘%{I%IS% Ag dgsc a'bE'Y Ahdjt aII}I

pi n" arr angement 17 “Sane appl i cation of repeated
i mpact forces afor iienaGosHY, tie lik2dscafant hepeopicniessgt methAelfedge t R ¢fdmrer pin

124. In fact, if anything,.the use eak

exacerbate the lﬁ‘l‘TS‘EﬂIQFH PRERIRE SE &S 918?ga{]?fbuﬁst§| PF nfngl%lgloggﬁﬁ S,gg{?s( on the
left hand side an,Eﬂh&hcéﬁ)])eadtbhfhc]&h@arﬁi&ﬂalh@‘kﬂﬁndmtlmrdiylbmke corner edge
contact with the openi ng 112A. The upsetting probl ens described above

and/ or the fall r ve Lo cr B8 ARRR Ak ©O0 e

subst ant i all aIF% g“%‘f‘g%ricrre dred” Wh e%‘ﬁ]lgg}@ggﬁgs T120 are bevel ed or
rounded, as shosmoidincEingth thi2 Averton2Big( 3% shmotsademberties Vlfmxﬁlgréct HevEor ner s
inward due to the bevel ed ndi ArLial iohg iR sgase the
stress at the c%f‘ﬂ’éttvéevb&%\gl egl?%eowﬁg%lea}‘rl]tfﬁg}rd%rs] %tI{’]B%%F'I i S shortgened) 151]

Fi g. 4D furthershél Pigs.idA agitCat Shrediler smmess2® @@rdmg&thssﬁﬂm@% WRYMMer S
(and particular their eni ng Lidgd ¥RRE ki on. Fig.
4D shows cross- E%BT ofaf" veélréa @Pesp?)t)r h?%dﬁglgoy%ﬁ 1deaﬁi}uhead g%}ﬁstractl ons
simlar tot hOSﬁlrSiﬂfﬂgﬂleﬂﬂS inbleding giveddrgstanddd aod stppdging hagdsdpRofihe (i e, a
shredder head wth veI 1£54a ndysindge@in £ 9. 41)
and a shredder Wgﬁdgwlﬁ?ga ?vaee C%gx{lvn%%?gt th?? and side of eFlriq 4D) .

Fig. 41), hom;evarreddingr}telaé,reghmeme ifwtreted agd ﬂ@GW@ﬁOY%Q’Cs"fl?f@é’&ér hamrer s
may be exposed durin off i aGledhihbd- g materi al
to be shredded) H%\a mcﬁg P)?éiﬁstlrgggl%nltng%r %fro{bﬁ@aﬁém%e% Off center contact
by the hanmer bktaetelimprhatreerset ideabrntsoatyedesitaderiaegr HalAmRi Pinst Betharmer 112
on the pin 124 ause I 110 R6 s Warts Fhnudegaamgat ed

i mpact with the%%sgﬁer ed el%gl%l% %\?"%g“‘%“%?n (t)peenl ngSLH(aeS , _at I{he top and
bot t om edges as fielmais 1mem;¢ned\/lpn¢0ﬁr,qhe 4E) betWPﬁnstWPﬁ@thé‘él@dWéF‘f et the
corner edge 1.12A ¢ 111’19% NG adr $SHR S ARESS tohed idbeiea; in
Additionally (or aﬁl g"?lﬁg &sfr&f ggiltérlllcr ea{se a?]d rlggpgat ed stress at the
corner edge 112AnodesirdiarhagmmeEnt gicanfegetiong can cause el ongation of the
openi ng and/or bulging of this area, which can | ead to cracking and sidling

as menti ongd3;abaye.exhpAl shi@fr hRAmENIQUGNUEE al thbuishg adg&mamzamm@ shredder
hamrer structure 200 in accordance with this invention, %@4 8%%@02g0\/\5 a

perspective vi evhe Ed200SeengRgisy it % hegieer pindyrh 49 @ bppg™ central

Cross sect| on Viggel @eNu@Rdial 018 AR bl g5, 1BAcangosC0Shuedder
hanmers 200 according to this invention may be used in an mFef’ﬁi types of

shreddi ng syst eRf2RBirge saingutdfosi geagrak (isenssiol PEOSHIMMg el di ng

shreddi ng syst eﬁém%QQc gﬂ:@mé sares'sd&l 160G heasishd dPedatr maﬁenanzpesmesﬁéddhed above
in conjunction wt

. \When used ip a shrfzﬂg ng}?ﬁrjl e g of
the type ill ust hanaer %ﬁﬁﬂn@eh&yﬁuabvédesa%e@lstr‘menéwgoﬁfeﬁ& B ‘§Fa‘?%1c| ude
any desired n“mgﬁstrﬁ 1o"r19t(9§ Bhéi%%?ece%P)ﬁmu‘ﬁﬁﬁﬂeée@@n%ﬂ‘@ﬁémﬂfshsﬁhse&dlanag hanmer s

or spider arms, cany desiréd nunber of hammer pins, in an desi r ed,
arrangenent s an@bmrenml‘h' droovar ﬁ%§sedfmtﬂl*?ea¢/aﬁso‘ﬁ'§ RIP PRI FEP “dé&bar t i ng

fromthis 'nvent Wefnd SEDEcAhRAD GLNBRA200MAay B Pbdedirak Swé when
present) may con (ga‘%}lnlng@gsegegnr ed nlj:nber of shredder }Fleads according to this

invention, in any desired arrangenent or configuration.




[5:3] This exanple shredder hamer 200 i i i
_ _ 1 ncludes a nounting regio
rgéfgntggzge?ﬂafoo If e?gagﬁd with a hamer pin 124, and g hag;ep ﬁ?;géat
_ contacts the material to be shredded durin
regi ons 202A and 202B are set out for i i ) ooy i
( general discussion purposes d
not intended to demarcate precise areas or Lo i he 5 or ham
cations on the shredde
200. The shredder hamrer 200 may havd7ény desired construction and/(r)rharmer

external shape, including constructions (e.g., single piece or multi-piece)

andi or external shapes that are conv i
enti i
As one nore speci f onally known and used in the art.

ic.en:inflict_ as sk ' I 95 - in SR onadb kdnndr
ha_rme(rj 200 nay THEe Wﬂi‘@g‘# BM?&%atane jsorl}% rr%egle%:’n |"vlinduglwﬂpflgt es thg'ta ZP(LEdder
Jt ﬁlr gﬁght ?ﬂgt hersuclfasgywﬁldﬁngammmitmb ofmetherien] cageFP 48 MY *Shel di ng or

use of nechani cal connector structures. [541 As sh [ [
5A through 5C, the shregd | Q00TBj ot 202C
oA LI ¢ gp% ) gA*S(SETF"@‘_‘,r‘“e fgg;s%h@{rmgﬁl 508 b6l dedRSahaN 0B Iessbfrag@s  202C and

n receiving openin
hamrer 200 al sGuifass 20indenasst enina{ oy TRETSE PEGTIEY Hﬁt%%%r}?ng}é@?l?,zr ;6332;
entire are e i i .
desired, to ena %]éh%:g?e[r 2\?1111 ﬁr(erOéoa?s'o s hhﬁél&&g TEMRicR Hdy mayoanpsiondyded, i f
hammrer st ruct ' ast er handling _and novenent of t&g shr edder
urerP @@y the entire area of the hammer 200. A lifting eye 210 may be provided,
if desired, to enable better and easier handling and movement of the shredder

hammer structure 200.

[55] At least some aspects of this invention relate to the structure of the hammer pin
receiving opening 202D in shredder hammer structures 200. The opening 202D
of this example structure generally has a round shape, as shown in Figs. 5A and
5C, and it can receive a hammer pin 124 generally in the same¢ manner as
described above in conjunction with Figs. 1A through 4C. At least some aspects
of this invention, however, relate to the shape of the interior walls 202E of the
shredder hammer structure 200 that define the opening 202D. As shown in the
cross sectional view of Fig. 5B, the interior surface walls 202E defining the
opening 202D are curved as one moves from one major surface 202C of the
shredder hammer 200 to the other. Preferably, the curve will be oriented such that
the local extrema of the curve will be located at or near a center point of the
overall thickness T of the shredder hammer 200 (e.g., within the central 50% of
the linear length of the curved surface 202E, and in some examples, within the
central 30% of the linear length of the curved surface 202E). In some more
specific examples, the local extrema may be located within a portion 204 of the
surface 202E within 50% of the center of the overall thickness of the shredder
hammer 200, and in some examples, the local extrema may be located within a
portion of the surface 202E within 30% or even within 15% of the center of the
thickness of the shredder hammer 200 (or even at the center thereof, as shown in
Fig. 5B). In some example structures according to this invention, the local

extrema will be at the midpoint of the surface 202E.



1551 At | east sone aspects of this invention relate to the structure of the
hamer pin receiving opening 202D in shredder hanmmer structures 200. The
openi ng 202D of this exanple structure generally has a round shape, as
shown in Figs. 5A and 5C, and it can receive a. hamer pin 124 generally in
t he sanme manner as descri bed above in conjunction with Figs. | A through
4C. At | east sone aspects of this i nvdftion, however, relate to the shape
of the interior walls 202E of the shredder hammer structure 200 that define
t he opening 2021). As shown. in the cross sectional view of Fig. 5B, the

interior s a wal | s |n| as one
nmoves frorrH?L Qﬁ’ﬁ’@?“@ﬁ?‘? &Hgéo ccinﬁ eﬁﬁ%hd% %Brgﬁa%%%g&%/%datnhe ot her .
Preferably, t heu@wa\/cercw 4 pardv@lapi hypiaibeld, &elcThetilnatiortsinéack 3¢2%A alsxnaydrea of t he
curve will be |l ocated at. or near a C nt er of the ov ickness T
of the shredderR¥ aﬁﬁ'@fe(%‘r\ﬁe, 2 FﬂaHm’t ﬁgpﬂéar%tcm >50% gérg]ltnﬁel}s{yi near

l ength of the cdhan/g,ﬁagg &ivahae.e FROM illaundtes nnesmrm spxafipbesplevaftaniinteriethe cent r al

30% of the linear_le h of the curved surf 02E specific

exanpl es, the |YEae Z@E#P@Wﬁ Ohﬁﬂ’flsﬂ’é"t‘f’%gﬁ Wgr’in ag"B@F“%“.‘*?ﬁ@%Z& (EJ t he

surface 202E W dohhie RxHEY6sQf tHidiaveeits. el tigk eiah@leommbtiont thi cémelsls)rmmbt hle .
e locate

shredder hanmer 200, and_i one ex l e C
within a porti o B S %e%%%f(geﬁpz %nignpf"r'i‘fﬁ ﬁ%%ﬁt Ceu\I/Venre\’/vlc X{tg:% of the
center of the t(bmdhlﬁ@as&steédlﬁshe,) shd edckdge ﬁt&tmrofﬂﬁ&m(fm ZGRIE(frcam ptihe cent er

t hereof, as shown in Fig. struct ures Lhg to this
i nvention, the &Rt FHE gRﬁi"Pﬁl\é B’e"(’g{tﬁ(ﬁ‘@erﬂeg ST ATVt cﬁ%@%}sﬁ%sce 202E.
18 [561 The i Nt afe ﬁﬂdf&@%rataﬂa&admm&)@gc,ouasmgmﬁoaﬂbns malydwee grerteqgul ar
shape, such as an are of a Ci r ol a,,, etc. The

rabola, a.h
interior surfacdesEtar &5 P B%m’f"gr 8“’5%3%33?‘?‘[13%{3'0 &a\‘/’eemeasa%%n{)r nati on
of plural cur V?&ffe@ﬁt axrrzeraﬁl é:ccﬁat@uaisﬂcsch‘arﬁgdmg}mthbwamr%mel—‘mgc spedifi¢ ust r at es
one nore specific exanple of an interiqr surface struction
that may be useﬂ‘ainﬁfééé%?dé%ﬂ’i%o%ef‘%‘ i a&%%fad%‘f‘)?fecugagle ﬂes Sr?aﬁ]%p
invention. In tfhsrB8X8Myl(Le.CABStduNRE) 4, optlhﬁtllyee‘mlabf rherehd portlolfls e surface
202E (from point B to point has .a first cr e r eri_stic (suc.h
as a first raditep jed R‘ér}% ’cbﬁé seHHRR 3B} {1°8R etosoﬁ ‘a%@ %ﬁ%&%f rom
poi nt A to poi néxaBpRECwithi® MhepRhgd ofD.0© Rpcw rOt25R)) dnawm dithiheherangewf vat ur e
characteristics omt frrst urvat ur r cterrs i c edge
portions may haQ/é§1§‘rt8:9 R cﬁ?@%‘ﬁtﬂﬂﬂg "?‘ﬁrgﬂe & f(al:lr('g-inta“}“zi kb ’%gorgfponﬁiﬁ(g two edge
portions may hawe férh@lasEIse< ®;/T #f eheeit Tcs theabivkessodfdbeadraddérdaingsr f r om one

anot her. As sone re specific exanples, .t.he edge priian y have a
radius of cur va?ttfgol‘fﬁ?tl I‘n‘értlt Ihleg‘a%%élrref%‘grﬁgro d'gnfs %éokr%a%aﬁlgrﬁg 1g{gr ved) and
optional ly, eachdaf R heyendfyphs formula 058y RiA\Ee4,ahe fadnuis 0.RZ RHAL 3.9rwi t hi n

the range of 0.05R t0_.0.5174 SO b ‘;éaglge of
0.06 RE to 0.25R" 4 Sk 071 B R hoTe BIRF D B0 ol Gl

addi ti onal exanpinesnt thidknebuigbundatié egniRg 2&2@ thar the Sypdmnets fFGOUh@Oﬂ@rtﬁul ao0,25
< R VT < 4, wherein is.the cknes of t r.ed I thghe

| ocation of thePHaMREF! éﬁ‘fkrngsée WFI}"Sllgonoapelhel g loPr?? ﬂ%rr%%ﬁmg%@ (19 he radius
Rt may satisfy EMIeﬁtmbMIhlahﬁsﬁﬁﬁeﬁM)5 4, the fornula 0. 6 R prf < 3, or
even the formula O. 75 lc Rft,: 2, if the shedder hammer does not have a
constant thigkn epi N didisehngssd .
correspondgg’ﬁ %ﬁe srrh %H?%P% ?fetg%nﬁﬁrgrgﬂlgaon at the p%ca%r on oor

openi ng 202D (| the. hanirhe p;rr,ahllowta bro$se sachire lofi b opénifen $90h) may &ye ‘Fher ef ore,
as shown in Fi gCOH@BlnattiI?)l’el of MGl Oguﬁy}éﬁ)ﬂﬁﬁ #0250 let {h@ cgﬂﬁaﬁlb&go@g?@e for the
hanuner pin, along a Cross SEct I on e openi D, nmay have a

conbi nation of sufabé (g four pentpBé Cliesig. @wayéb@ame@uwﬁﬁ]éﬂf@éfﬁm“‘aqe -gportion of
the surface (e. f.rom paint 6 AN 6 AN e L HEME
characteristic %e.ﬁm laihﬁpaf) Ele th%%‘% ﬁo&i @S W got e1 edge portions (i.e.,
from points A teoiBtsahd ]Dnmm"lgpé) mlas h@ et bff@eitrpufieghagiterishiss (§dve Grdfler ent

curve char act erlagltl C@,fzfﬁ(‘%}f%?gb‘ﬁ 53 9 qlsrsggl &ES %ke%lféf%gm)’ @ Rl B &epbinl St

radi us, such as € curve




19 between points B and C nmay extend over a najority of the overall curve
| ength 202E of the opening (e.g., over at |east 50% of the curve 202E's
overall linear length, and in sone exanples, over at |east 65% or even at
| east 75% of the curve 202E s overall linear |ength). The curves between
points A and B and between points C and 0, if desired, may exist over the
remai nder of the linear length or thé9curve 202E (e.g., evenly divided at
bot h edges, at only one edge, with nore at one edge than the other edge,
etc.). Optionally, the curve | engt h between points A and B and the curve
| engt h benveen points 20% |l ess
than 15% | ess @W&?ﬁn R‘EW d&/ghayleé%fs?a/?ﬁrﬁ?%j}nﬁfg{]ﬁg%g%rael& gl?[?e E:eggt\ge | engt h
202E of the Op@mlmgft}k&)paﬂnﬁgt@‘ opt atdlaast 56% cbé dlier e 20AB seayerial dingdir ve 202E

may have a single curyvature C be fmtdpd and the
R curves nay g?&gghanqlfis?lﬂtée’é‘?ﬂ]p%rs i ée?gets?g%’oog%?enaghwargrzd?vr ?u curve 202E
may have any dempEedvasliiiedr omgthggTionsirveabemgerdpdifte Aerd Hr;errd/hﬂtweé

characteristics wt art fromt | Seb (e.g., Ri
or R2) need notPoHE Jélé‘rij;%ﬁf 9?5864' ﬂ%y(%’ﬂ?t e en%mf'ﬁlrﬁgés}urﬁ‘gélggahorén géﬁ gﬁ}amrer body
(e.g., the curverk20zm. ga,evgnyaaitveled athhath eﬁgdiTatanld oh¢ edga,wléxmeln@t § bot h of
the maj or surface sire [5 Flg 7
illustrates a (ﬁdg“sfsha‘éé‘ﬁf) e\?fc %3 lorlah%’qﬁeo%’a eﬁ%ﬁﬁl t%twe]eﬁg%mtsfb ina
shredder hamerp 2Q0hé éhr%leﬁg‘t}d‘ﬁdﬂ@&n\pbmfs Oad Dawanplve' lob thah2§%i lnssdhani on,

wherein the shre 0 has n |nter|or o Zglgfe proflle
of the type des?@/i ﬁ%?&h‘}ﬁﬁé’% Séllf‘ﬂj]ﬂ F SHOIEPHD §g}§ OZ%ELS%Ehlom inFig 7,
in this exanpl eegdi 2EWIEhe2@Bninghds |aﬁtm|opmonhﬁ1des1sdrﬁ1aclﬁir2@2@ MEE a uniform
structure such that the .t urface portion 202E 2;[) has t he
same profile as™h a"Bc?ti%%??ﬁ'ﬂﬁy?tﬁr(’?e(e ?kf % “IEOED tfeh ﬁg?ggﬁég e., the
surfaces 202E sduows niaf ektefd to?thanﬁjorrmrrfaoess Jopeyesn afdivadie] amot mgiE)maWbr eover,

t he surfaces 202E are s out a,verti i LNg through
the center of tH&e& 13?“?6’%% g‘ﬁ’ﬁg‘gﬂ ol %lgtr%rlerznoﬁ{}gﬁljgecﬁiﬁgét i rlfrieyr unni ng

t hrough the can\t/iﬂrouoﬂeptahﬁgmﬁmhﬁngmm& No¢ ablas, (e.gs RswoRn) nagd Fogbe 7, t he
very edge portions of the surfaces [}@éﬁRtlg central
portion thereof 2288t G4 (r‘ﬁtsbcge(fnaé% a9 cl’zfctg?lﬁ%r r%OH)katdqg?:é . gy20 1591
The uni f ot ani t ybeagrehta ythaed. ﬂyanmm\myremteﬁ 9. bo’rh ofsthmmajoasuréﬁqm rfeiwrﬁrl in all
shredder har rmert ram&*repPL1 gpgagerrent constructions in accordance with
this invention. RAPHEFPP e as illusnated in Fig. 8, the opening
2020 may be asymmetric, at |east about a central axis runni n% t hrough t he
openi ng 20281 ( akig. 6pt1'r8(cmfa$ laycrossfseetionplr wew ahYamipstionceiabdple Pet? al axis
panni ng throughgtha. Genter 2?6 & rSHEL @ﬁﬁ%neZQMnﬁQQ)f 202V enti¥R Bherein
specifically, in thi's exanple structure 300, the g&) mtglrlq%r surface 202E
of the openi ng @020refides hathweicYHF hagppdnieBer Teples e fagfe 402K 0 tRoRPUnct i on
with Figs. 6-7, dé%ﬁbeag O‘QQItl %&m&c{?&@\;&/ltl?hgs@rK@@%ﬁﬁ%%l@ﬁ {nhﬁlsQﬁﬂﬁ}ilélg 202D
has a nore conventional con ur ation (e with rounded or | ed corner
edges near the m@regl@rﬂla@‘é@wzml@sm\fﬂcﬁﬂo eai g firere sé‘fl?: et sonme
l'ocation ar ound h@ﬁrfgé mé)%HmnefOQﬁ%? i h&l@@omﬁﬁﬁ g s@nﬁé’-i‘aﬁoﬁlé hete bWtdrh he a

transition regi on between the surf aceggro ile 202E and t he surf_flce profile

202F. Thi s transirfacopertiegi0dh ofifhy hbls 208D &g ks syrfg‘reaa% shgwn infigs | 8| y
abrupt, without ﬁf&%&%}@gf QM ;mt}? SMoRY G thORurfalBUB2E bk shltinsuiexBarp! e
on tron o

structure 300, interior surface of the opening 2020
has a continuous vcmca}aenuﬂbnmmlagt@wgbtth%cea@f phide mplees 126 ARYHAj or
surface 202C t Oyt of Mfter TBLBlird Wb A ARRE: of\RE SpefiGODID CRULYy, Bt | east
the primary Ioaa earing portiron-o e interior surface of the openl ng
2021) as the shsledaen Fafrthe 300edzomattions plathe surfagprio®PEcsh s W§aieds or ce due
to rotation of Ren F3009. i S

nmount ed) , IocatEe thg%g‘lnﬁﬁ ﬁ%%%ﬁ?%%%zﬁog&?bﬁbgﬁgﬁﬁggtl on avva‘qgg fromthe
hammer bl ade portion 2028 (for exanple, the upper quarter, the upper half,
or the upper three-quarters of the opening 202D as shown in Fig. 8), wll
have a continuous curvature characteristic, The portion of the opening 202D
i ncluding the nore conventional interior surface profile 202F may be

| ocated at regions of the opening 2020 that tend to carry |ess | oad and
experience less inpact force (e.g., at areas where the potential for
upsetting is reduced, such as the area of the interior surface of tfae
openi ng 202D | ocated nearer to the hamer bl ade portion 2028 (e.g., the
bottom quarter, bottom half, or bottomthree-quarters of the opening 2021)
as shown in Fig. 8)),




21 illustrated in Fig. 9A, the hammer pin 124 is new (or relatively new)
such that no substantial wear or grooved portions 124G are yet forned
therein (see Fig. 413). Notably, providing the curved interior surface 202E
in the opening 202D produces contacts points between the pin 124 and the
shredder hanmmer 200 within the central interior of the opening 202D (not
necessarily at the very edges or cornep8 of the opening 2020 near the major
surfaces 202C). Additionally, by providing the curved interior surface 202E
in the opening 2020, the forces fromthe collisions between the shredder
hamrer bl a a 20213 an the material and
spread am)ﬂé(}] ftfe fﬁ’fm B easyrgrﬁe th(cﬁ‘r"{rgﬁmaFl &elg g a%@ﬂgﬁlgrg%?l : Mﬁéeddlgﬁt erior
surface 202E (ehaglmer/ﬂlmthIﬁn 'exlmgérmnce)nstmcnmts 1mhqma1ylgnqe ndthdeminvitione sane

direction). These, feature 0, iR area
(between the pih® 34?&?1536?}?8%}@%‘?@% P‘ “t°Re H%)ﬁeor%lbn&%ﬁ%e 25?& and’ t he
absorption of thecakrgpanta dchiraesis rimomtioreghahe o@nink P02 (rodeptiariingf at t he
very edges and/ Qr. corners defini

ni.ng t junction ep .t 0 g 2021)
and the najor sUPFHeEYBHFES a%%‘flgfﬁ%} L AR pBpeng A Oly\é% {sﬂerge‘l’g | %‘f;q}égt of le
area of inpact apfatacn2behd@@F).t mﬁ)rpkptcﬁaﬂlyandthmrmampibemme§Q@ ftaee 20213

is believed to hel.p spread o a del a) trat ed.upsettjng a
speci fic har den®d ‘gtflé R ﬂ-%cet%)tzpqu%ee?ﬁpﬁﬁsiggﬁ%ﬁ%gﬁanflg 1eogcrl gg‘l above in
conj uncti on W t fboré gSconfbActibndyidFigd/orE Guethe bbien dtarive shrfant 203Fosf their f ace

202E provides "roon ., pockets 2 the. upset ting re fo
occur Wi thin th%peflﬂ’??ezgoﬁgg}‘%fgmée Sﬂgﬁ%}?éalzﬁ’?ggl%minhg >any Iralfng%gﬁy

def or mati on r egb&sled Somet edigesmedi alteexhayorlsﬁﬂaieedomdshthrsqeawbmnbratetct)he
exterior major surfaces 202C of .the shr t he

di spersion or " &hiREIPHY O’E)ﬁli""n‘%?’e CHEH ?rgléceoqfﬂi‘en??g%lfl & g% % egceq/%e%n the pin
124 and the i nt g4nsiion $egidnaleewa0 e Mirﬂad:e }ﬁl‘bfi]lem()mamd’melsunﬁacn@tcéilet ?J@Fupset ting

i ssues descri bed .above. 1621 As i n Fl esul ts
may be obt ai ned @%éﬁn%‘%re&ﬁ’f’eﬁﬁe‘? alfy ?%atwelsuarb\r/dé’gl eE| or

hammer pin surf a@eniagaﬁmhlsmﬂmﬂaﬂms wi this ekdmn;ﬂe stmmms'()@noréy epustem Wit h

worn pins 124 of.the.types ill us ted and C |bed uncti on.
with Figs. 413 3%3’645‘t¥ }a%fi/iﬁ f’ Prone F{EEB é nggllyoﬁcs:l% @ %or ces
resul ting from eatdciesistenss dmetmem frdue ohd ad@rponfaqeowm(l@me ofhet mgjor

surface 202C. More specifically, at least the primary load bearing portion of the

interior surface of the opening 202D as the shredder hammer 300 rotates (e.g.,
under centrifugal force due to rotation of the hammer head on which the shredder
hammer 300 is mounted), located within the opening 202D in a direction away
from the hammer blade portion 202B (for example, the upper quarter, the upper
half, or the upper three-quarters of the opening 202D as shown in Fig. 8), will
have a continuous curvature characteristic. The portion of the opening 202D
including the more conventional interior surface profile 202F may be located at
regions of the opening 202D that tend to carry less load and experience less
impact force (e.g., at areas where the potential for upsetting is reduced, such as
the area of the interior surface of the opening 202D located nearer to the hammer
blade portion 202B (e.g., the bottom quarter, bottom half, or bottom three-quarters
of the opening 202D as shown in Fig. 8)).

[60] Figs. 9A and 9B illustrate an example shredder hammer 200 in accordance with

this invention having a hammer pin 124 mounted therein. In the arrangement



22 shredder hammer 200 and the material to be shredded will result in
contact between the hammer pin 124 and the interior surface 20M of the
openi ng 202D. This contact will vary along the surface 202E, thus

di spersing or "spreading out" the upsetting regions and avoi di ng
concentration of lateral deformation _at the very corner edges where the
interior surface 202E neets the mgj oflsurfaces 202C. The re.O ot3.s of

i ncreased curvature at the extrenme corner edges (e.g., between points A and
B and points Cand Din Fig. 6) can further help avoid, absorption of the

i nci dent forces roer. gg,e@ : | arly in
this arrangerrerﬂlés\t}\lﬁ%?gn ﬁg'eg}%iﬂhe efgifnaltt%lggs to ”\}gtlggﬁepmﬁt%ﬂn%?glof reely due
to the grooved sabzasiall?#4 or Poefadrmiiops 124(ears yef aovecd2b@Einlide|FihaBe a great er

curvature (e,qg. Il er..radjus n. t-he e. Of, .i cor pondi ng
grooved area 15&‘3;0%?6%?"1&}1%ghgo(’)“ﬁelf}&g%e%g égr%%%g%oggrmeﬁlgrr@% r(%\ﬁghirog%der hamrer
construction 4Q0foducsacmorctaprdes hettviaert thiespin 12érand oe shreddehhampsa?idl e
structure 400, the top_interiaor rface f i 0 has a
central porti onml(]’ﬁ%heicgrﬁm}i}metrﬁé? tIH% 01?3“}%%@%5{ T E&Fﬁaﬁgted ? g{é gg&e%é%rspl e
structure 400, @ardmenroddd gperitg 2029 waethp moyar dedhceut ®iCHe Additiot8y.dent r al

portion F. Wiile a esired.curvature racteristi vided in
t he curved portﬁr?)vﬁ@{% .eé:}lfvegng?nr?éls a((::%%va lﬁﬁfée, °pﬁu“‘f”%?g?%%$°\?°§f ﬁ)g’s, or a
continual | y chahgtsisiesrveatesn ehe shiedder harsmed Hladstaraat202B aek thephatergt rouct ur e

400, the top interior surface, 202E may_ have..a fir CUL V. re ion G

i mredi ately ou&sﬁ %‘ée%fi %dzalgev lﬁ%f’m pgqlné?loaﬁn gadﬁ er\?\ﬁltt%%aﬁ a'tri gé‘ﬁ#gtaegli%%% of the
openi ng 202D ( eportfyn dfighei intgridrverfatie PO {eqndlecanbatha ddrer is svt abgaysfincRlendescr i bed
above) and a secgnd curyvat.ure.section 02 .1 ocat L } .qut sj de the
first curvature S&cPraft ?loghﬁgﬁjfga%gﬁs?hetl re‘ée%ftgl? imgarg%g%%tggé%?o gea openi ng
2021) (the ar eabetopanihegpinol24hendrejeowalisur2ic s t202ning B2, shdwe t he sane,

t he curvature (C%on.on ide of .the central porti E Ep di fferent from
. the. .
the curvat ure G SRAPE B el S, FORHERoaEhly hskp e 2ol el St (e
curvature C2 oredgesecarsliod @ombrst de@niog niter mhctjporteivoman Fhengpening 20Ble apdrike as or
di fferent fromr;lherS(L:l rvab e C, on the other side of the central portion F.
Mor eover, whil e PREHOTTE 6m surface 202F shown in Fi g. 10 is the sanme as
that shown in Fig. 8, this bottomsurface 202F may have the same surface
char act er i i csTho¥ distresianoy “seredcéneeoup0ef1the praa if ipadGoptsgi CRVEpRtetie entire
opening 23 202041 SidSHETRLibCahnaPME & BARIGOR Rlip 3Kic) ouOknd beifRy have
ot her curvature or non-curved characteristics w thout departing fromthis
i nventi on. concentrated upsetting of a specific hardened area due to the deformation

mechanism described above in conjunction with Figs. 4A and 4C. Moreover, the

curved interior surface 202E provides “room” (e.g., pockets 220) for the upsetting

procedure to occur within the interior of the opening 202D so that any lateral

deformation region is not immediately located and/or exposed at the exterior

major surfaces 202C of the shredder hammer 200. Moreover, the dispersion or

“spreading out” of the area of impact contact between the pin 124 and the interior

surface 202E will minimize or eliminate the upsetting issues described above.

[62] As illustrated in Fig. 9B, similar results may be obtained even when shredder
hammers 200 with a curved interior hammer pin surface 202E in accordance with
this invention are used with worn pins 124 of the types illustrated and described
above in conjunction with Figs. 4B and 4C. As is evident from Fig. 9B, the

incident forces resulting from collisions between the blade portion 202B of the



1641 As noted above, the central portion F may be flat in sone exanple
structures 400 according to tins invention. Wile it may be centered within
the axial length of the opening 202D (as illustrated), this is not a

requi renent (Le., the flat portion F may be off'set fromthe center such
that its center is not precisely at tZEe Iinear center of the surface 202E).
Nonet hel ess, this central portion F should not be positioned and shoul d not
be so large as to result in the cracking problens illustrated and descri bed
above in conjunction with Figs. 4A through 4C. In sone exanple structures
according to thg ifye 200 N8 1AL Arial R pE ShrEBed RAN LRI f Wikt be

| ocated within eméreﬁ%H "F 75080/?& thea 0\2/‘er all Ti ngar | ength of the surface
202E, and in sobmwmalmq)ﬂlaem;lelmhlels?é apths interidr sidace 38R eldthopraring 208B- cent r al
25% or even wt allsodrdinearshengidoef the
surface 202E. T e1S f)gc?f[ t%m%ﬂﬂoéﬁtﬁ%g&rﬁcg%@o% cgl?rrelg%on i ng técj)0 each of the
that curvantre &eupseﬁmgx@nmyl ayoidiang chnaontrion pblaugdedermatien ke @y | | i near
length of the surface 202F ol 15@1@0@9&&' 39212219@4?5 théﬂlq_]ot' Rﬁfa@éi%2@oﬁ“ﬁé ons
correspondi ng t0 eac 1}" t'hie'°second curvature areas when present, may
cover | ess thanregdfg oflimsesstdrarvalbdst theesgemhenmer @dges trg. wewen geiststhan 5% of
the overall ling o ALt niibeveREBLRAA0A e AN

i ndi vi dual cur ve%z%fﬁé]%ﬁmsh(fa\?re@g%u%ém reé nunE)e]ermy ? d?lgﬂegl onse and

regi ons having decfiferforts eutheatource edgrardiche ppsinizc 202H; tpthila’dDeplarthW ng from
this invention. [651 whi l.e o SUELacquofo t}lpe openi ng
202D may have t?il% ?néesnéwgiergt |eoprnA1£rofa|llg éﬁw&%ﬁ%&r‘he n[@:-men g 2 in Fig. 10,
this is not a rgquvade:mntl%@de&abﬂ)edhe surfacsd?@@EsmHLhe‘tetﬁr@QatQ’c@éWaﬂth to this

ur face of the Gereaa BeY praatnPETELe ARU BRI 0o Lnder

centrifugal force due to rotation of the hammer head on whjch the shredder
hamrer 300 [63 nBigntlédjllustrarsarwathoni ehinplet theeddpre RrrEeR 0OBHHIR 7% dRt i on away
fromthe hamrer ,bbadeeRaf 1388k ( 10hiekamplemihe MBDE (GafiélE, the

upper half, or the upper t ree-quarters of the opening 2021) as shown in
Fig. 8), will havicsHEEdhq onsnistd0#P hes wteatit portppRioriop JPitght iy gat [ 6]

Additional l'y, theg 1ﬁ§§ﬁra{e@|exz§ﬁp¢@sn%cﬂ?ee460n&ﬁ HQEESGRbslaYe ReviRRrdueddeloy flat,
but it may have a curvature %out wardly or inwardly) or other surface
structure wit hothe erapar parier Fr orfitilsi & AssEet |°B‘i’fat“13r SRECHINFS PR PFr ansi ti on

regi ons between Itobﬁe&ﬁxrﬁlé é\lrve%lrlﬁ)ﬁloﬁs?éy 4 11 6L RSO Bty adrvdtereSlor aas wel |
as the tranS|t|on regi ons ) between areas of curvat h‘grtc and C2 wil |

he relatively sAUSHR larr?aa%wauafa ©)aBriipt vgFa gt SRBEI SBY o @B that the

upsetting phenofrip, dg8et bBRIMAPANR d SrsPMUPIRE s&ﬁor{rt:nhﬂme@dely/éhemc
preferably, the transition regions between the centr t he areas

of curvature C ﬂ\ﬁncFWabéorP@itEf‘@HWV@P FhWtF%?rﬁffq?é’me?%fdzgr i hf“ﬂgg eni ng
2021) so that apyMRSel LiR@etifil of R, ddekieddbove) dndla@B@ING citvithienedtide i nteri or
of the opening 2021) wi ||l be spread apart along the urf(iac& 2025\,3 and/ or
will not extendCedocelsd lmmedipelyy oussider the dUSPOLYape $95HO f¥8ctr e 400.

[67] Figs. 11A thegiiah éslgf ﬁn@%‘ﬂarﬂ@%@@ﬁﬁf@lﬂ%ea@b@é’ﬁngstbcﬂlbﬁﬁb@d)r, sugfagkspl an
vi ews of anot her exanp e shred anmer structure %%Ng in a cordance with

this invention. 28¥e- ¥Bnlsshare theprmer the cpyamie|0g00¢ & eswpg F8M%Ramer

structure 200 desekivRaftcAReNSmink &l%hl'#é"@{] e Yhédideiofthe c&fval fureigih  SC,
except various features inrelation to t I i

e hamer in recel |n opent ng
11021) . As il | ustkewisedhs spryanee ez i qt?rSé’seofffﬁéefﬁﬁbWP 19 BEY By ﬁ?%%e 1102E

of the hamrer pipgfrReal ‘ﬁ'oﬂlgthQI%ﬁ%ﬁQa C£ ok QBDoMEr $ibd Bf exadEpl® pektidack.ure 1100
is very curved as one noves from one or surface 1102C of the ﬁhredder

hanmer 100 to i ﬂ\@rwmmhﬁapl@rb%tamfsaefécel Behewany her B BUps 8Ps KA he

i1 Tustrated surfpge 203, SROWD, 1H3tbhdSurfaod dobE 0&19}1 196 -thd Rari®MRrfR%aNl es of
t hi s shredder hanmer construction 1100, at | east port| on of the interior

surface | 102E ofharsstcrivdgpmsrthpion suefeesi Wﬁgn&g&riprigmhlbazﬁ)e PRIGOPSNE§Cch as t he
upper, nmain weight bearing portion, such as the upper quarter, upper half,
or upper three-quarters, as shown in Fi gs. 11B and 11C) will have a radius
Rl equal to one half of the overall thickness T of the shredder hammer 1100
at the location of the opening 1102D. In this manner, the curve of the
interior surface | i 02E will be tangent to the major surfaces 1102C at the
outer edges of the interior surface 110M Wile the bottominterior surface
1102F of the hammer pin receiving opening 11021) may have the sane shape as
the upper surface 1102E, this surface 1102F al so may have any of the other
profil es described above, including sonewhat curved (e.g., as shown in

Fi gs. 5A through



25 SC), sonmewhat flat (e.g., as shown in Fig. 8), or other. \Wen the
surfaces 1102E and 1102F have different shapes or profile, the transition
bet ween the shapes or profiles nmay be gradual, snooth, or abrupt, e g., as
general |y descri bed above, [MI In this manner (as well as with the other
curved | oad bearing surfaces described aboVve), as illustrated in Figs. 12A
and 12B, the hamrer pin opening 1102B3starts with beari ng contact between
t he hamrer pin opening 1102D and the hamrer pin 124 nore toward. the
centerline of the hammer pin opening 1102D. For exanple, as shown in the
| eft hand sides Fi 12A ichrvdide &F1 9. 12A)
or a worn pin 12 2]5 lﬁfbgnm?fﬂi%)agoﬁﬁé%%%@aj %IS)I' glgﬁ%agglﬁbﬁ%mégont act poi nt i's
subst anti al | y atontchered entetelistive withot depattogrfom this@oentdYr i ng use, as
descri bed above, the material of the hanmer pin receiving opening 1102D may
be | ateral def or t HBEHARPRSEud@Es Qioher
mat eri al ) %3]/ s‘%‘ar(}[@fabgﬁhﬁ C@ﬁt}abh&l%ﬁﬁ??gggitgﬁg?e st rgct ure 110 this
upsetting and hacdding ngthst iavension.o Whde ilrmaydreeeniewrd Mathingae pepiet ]}bf’% openi ng
Troinciar s i b inedhob I8 Blkekal ﬁ@sqgn&f b\ PRATTES., hé NatQRARNTY 11020,
The initial S|ng ntact Wt e relatively soft manganese (or
ot her materi al ma;nbesoffst franmtbe cmsswhﬁb@i iheenteats RHPIEBAY A Itli“'%]é“eé‘i | ows
(provi des roon1fo e n 02Bl1@ nbaber al 1y
deformand to fofle ﬁfghﬁu% %c@2?¥eN§ﬁ? é%%q%?ggﬁglg%uiineM/or morn pin 124
surface. As it poitivsedamd stwuldi syl tecionlraehs teaissnBs Bie (Gickine HEPLIPMRE eri al ) |
the bearing ar eﬁl In%tet &4 desE 1960wR%in Ecﬂ@ngt%%ﬂgﬂés]-@g@nmm@qn@&ﬁé‘ har dened
wi th the highes ness v ues at t centerline (and not cracked,
spai l ed, and usedamske sticttfze amgt@lg edbebvettionhise epdsif iy AT ORiMRd above
in conjunction w.th Figs, ﬂ%ng%ﬁ EofH &he hande Si des of
Figs. 12A and 1 g“’%ﬁ%# en é%ﬁk%é?ﬁ |HQEg%2e S|dema¥s on the pin
124 (e.g., due Z@Ece:idlmsq»romscampteh, thése enda el palocates wighia el ¥>” bt act
bet ween the pin_124 d SmEdR2EMTIRAI N t he
interior surfac%veﬂvd%]?qh# De?’ﬁglqhanélggé gvuegﬂggféﬁgﬁ@%?ils [691 As further
shown in Figs. p&Acmnd tk2Brfadel?82E lqmveéppnémgftaé@hfolf thy st SHpypRrt S M wor ki ng
oA Al O e3 1y BAITR CENkhbi e QUER IHORe bR MBITE.-1400 dr s

er

swi ngi ng wel | oFf di ti ona as the hamer 1100, noves Rack to a
the opening 202D, and the edge port1ons corresponding to each of the secon

curvature areas C,, when present, may cover less than 20%, less than 15%, less
than 10%, or even less than 5% of the overall linear length of the surface 202E of
the opening 202D. An individual curve 202E may have any desired number of
flat regions and regions having different curvature characteristics without

departing from this invention.

[65] Also, while the entire interior surface of the opening 202D may have the cross
sectional profile shown as element 202E in Fig. 10, this is not a requirement. If
desired, in some structures according to this invention, at least the primary load
bearing portion of the interior surface of the opening 202D as the shredder
hammer 300 rotates (e.g., under centrifugal force due to rotation of the hammer
head on which the shredder hammer 300 is mounted), located within the opening
202D in a direction away from the hammer blade portion 202B (for example, the
upper quarter, the upper half, or the upper three-quarters of the opening 202D as
shown in Fig. 8), will have the profile shown as element 202E in Fig. 10.



central rotating position or to the opposite side (e.g., due to a collision
wth the material to be shredded), it easily rolls along the curved pin
openi ng surface 1102E. This rolling action re-hardens the pin opening
surface 1102E. Al'so, this rolling action (and the overall reduced materi al
flow and material deformation as descri bed above) may generate | ess heat
than a sliding action as occurs w th“tonventi onal hamer pin openings, and
this reduction in heat can hel p reduce danagi ng heat buildup and hel p the
hamrer and pin to last longer. [701 The curved interior hamrer pin opening
surface (e , . f 0 2R otelRs, he&cb g1y M8MRest nRr Ki ng | oad
of the ham[f‘gF 1 %tm%?lﬁ?ﬁ}ge%ﬁag%%gg&par? o% tﬁe har?mer ypi n opening; i.e.,
at its centerlimee aThusture Kpwwadhs br awtaidy) ¢rsotherr surigess syt ywithguloyer | oa
the mechani cal pEopertics.of. argyBL t 8L 1 1ahsilifRldolotl baksle¥n @emaNganese
hanmer materi al e?ar\E/)I\?ﬁ gr%mh%lfsp@%]nglalgce plrﬁ penin Slstreeigé)hi_ ng (?ir,le._

def ormati on of dehigal sivageandfthd reaspifipuopars Gis ps wil é*@aﬁl\?’éséflqﬂé%lprﬁfg(lfsurfaces
(e.g., surfaces 202E and 1102F . L Vbd QL oof dndaB@:i€or
unsupported i naﬁné)??egfe.en(aléa'?sg&%;u)r‘rlﬁﬁge:lﬁeagge‘)%?ﬂlg%v rg%g‘ﬁe?poioloi ng at the outside
edges of the hadbagt opproncmpedicngers Bb ésethf opteting shenenigracdesrtibad phAvALt e
expansion of the width (or. I- MeS : 0@ B weEmbesEt 0 trim
the hamrer to sfiv8g|°‘??ﬁ%1$1%%éeglh%elsop rgie%agﬁjéth%g%%ﬁ?o i %l%r_? erence w th the
rotcn- or divi deea Phaittesareds df hervsthredd diil e eatdd well within theznterigsofdbfot her
potential advantage (g%e curved |nteri.of - [ il S P eRhAdhSHlfaces (e. 9.,
surfaces 202E aff§ 146 sortg%}ua%u -Sg%rtr%%\}]h%{lstl & anmount of mat erila_le n the
shredder hammerofahe epehing @0ANCyill ba OFeadfaprrt elvsaribe ewrfdey 2@E, prdiatviHgobounds of
met al around the opening due to t LRGSigpe at the outside
edges). This fe%i‘ﬁ?ﬁgo%? P E™ agf?@rd %fﬂgﬁafr u?%}g{% of material wthout
elimnation of any wear material or reduction in the inpact force_on the
material t®he Eby dddethroupl 21CAHoWaferPREIVELHOE ¥R BBY PR IeYUPEs i ncl ude

the hamrer pin Ql'o{hglc te;(éﬁne;gg gsﬁﬂa?ﬁeg"‘%&rﬁn&hﬁnﬂﬁmﬁ 000 @8l Yac@rdAcd AR fhiPi N
|

recei ving opening defin _ anmer body. This is not a rquiéen'ent.
Rather, if desimeehtionaFhengssteieml 80 stymiar it B8 SHEXSE BATHE FE 1 HF 99 nventi on
may include a sgnanah gt GRAGHMIGyIPRDESAlil3he1es1g agRpt Vaisudresiies body at

t he hamrer body"s nourn opening such that the pin_ 27 . i
in relation to the hammer pin receiving opening 1102D. As illustrated in these

figures, the upper interior surface 1102E of the hammer pin receiving opening
1102D of this example structure 1100 is very curved as one moves from one
major surface 1102C of the shredder hammer 1100 to its other major surface
1102C (and more curved than the illustrated surface 202E shown in Figs. 5A
through 5C). In some examples of this shredder hammer construction 1100, at
least a portion of the interior surface 1102E of the hammer pin receiving opening
1102D (e.g., such as the upper, main weight bearing portion, such as the upper
quarter, upper half, or upper three-quarters, as shown in Figs. 11B and 11C) will
have a radius R; equal to one half of the overall thickness T of the shredder
hammer 1100 at the location of the opening 1102D. In this manner, the curve of
the interior surface 1102E will be tangent to the major surfaces 1102C at the outer
edges of the interior surface 1102E. While the bottom interior surface 1102F of
the hammer pin receiving opening 1102D may have the same shape as the upper
surface 1102E, this surface 1102F also may have any of the other profiles

described above, including somewhat curved (e.g., as shown in Figs. 5A through



directly engages the pin engagi ng nenber which in turn directly engages the
hammer body. Various exanpl es of such structures are described bel ow. 1In]
Figs. 13A and 13B illustrate one exanple of the use of a separate pin
engagi ng nmenber for engagi ng a shredder hamer 1300 and pin 1324 as briefly
descri bed above. In this exanple, t shredder hammer | 300 may have a
construction the sane as or simlar To one of the constructions above
(e.g., those shown in Figs. 5A-5C, 6, 7, 8, 10, and 11A-11C), In this
exanpl e arrangenent, however, the hammer pin 1324 includes a spool 1326

nmount ed thereon, The spo 326 i.ncludes an interipor enj 1) for
recei ving the pich P8 ,atgir?aétghés oygin E%g3g6°rngg§/er'b(&eﬁg%gsggﬂ%sl} ﬁ??f% he pin
1324 in any desindedorrmpdve diffdrdnb elitbesd@pasfile,nte framition hétyesnnthe sleipen®i ncl udi ng
via wel ding, via pechanjcal, K connectors, etc. Alternativelwv, .if desired, the
pit 1324 may fiRroRlgoEay be sirduah e 05%631% eo‘io?eaﬁigﬁbe“@?ﬁﬂ%gﬁf‘ebe\gﬁ%’%"%hal ly with
the spool 1326 being nmintained in place by the divider plates 1330 of the
shredder hessy (le.this madthakss wADaswith i gthed @Byed 1Tdvebegpumniuriags @estiyehe nade of

any desired materials,. includi er'%l?s I; 14 @ shredder
hammer and/ or haz’ raSﬁkl‘f?“&‘S%g&#r}%c%%‘Q 4?%$ﬁﬁé§lg}x¢1g?€4glrn)ésur af:te_132613 of
the spool 1326 wittybdading ttnvwethetwe@mieemsicthen openirpel 16272 midribe @2 pint o t he
other side. The curved exterior surface . 1326 a Li.ed shape,
i ncl udi ng any of**M¥c gor‘fvei’b ef%lgeﬂl?rf?e(’fg}ffﬁl\?gl# e?ﬁ‘?é)%?? @&??égée{rs&g?btehe pi n
openi ng const r i gtshows ilesdsr hed saloovLFigs.t1RArand J@Bt for eitlr ggewSin i ough 11G
Optionally, if desired (and as illustrated i.n.Fi 2yryed
exterior surfac lgléé‘gtoroq‘w?lﬁémék%o lglég%)’ gnigﬁnlgglalrgada%egﬁ%%)s%on% |0(r£ril_HI1arI y
shaped i nteri or substadtaie al 882Enwilint hé tobmimapldAf.nPutiBe 2sefas tdsecribpt edder

hamrer 1300. The exterior.surface 1326E of. th. I e a

radi us (or ot hef*¥urs atﬁ%aié’ﬂkﬁg‘f“f]%lﬁ’)pl? Rat™i"g Oﬁ ﬁngpéglr%ﬂg%@g@ éfl?g%tl y

| ar ger than t heddt@eticdsnd etartad heset andr the chapgamster (ac bthemrppaterfal) ey stert iiespondi ng
bearing surface 1302F of the nmoun eni : Shneddershamrer
1300, so that ah%%ﬁlogﬁl19ﬂ}‘%f’iapﬁlé S&%%Erﬁg%aﬁtﬂ%ggﬁﬁg%ﬁ%ﬁ}ése g%r ?%tées my be
acconpl i shed. Theui pbertowardshe hameerofin heimpbPLD1BRErlibgvdriot At e @8y es t he

pin 1324) may be, curved or flat and N Noteln: LoShaReH e t he
exterior surfactest oﬁltﬁeehaﬁ’?%erfﬁ’zof.emnégfof%f@#é&agﬁl%@gggﬁl SAnmer/ pi n
c.onstuctiou OL refitigaly sdfﬁpﬁa@anies&_eﬁloﬁnymm@ia!smsmq hmmanOHS@r?élpnﬂéGh%; _

envi ronnents, because the nateri t S el oopithe pin
1324, the hamero Eaus, A Cr s g £ srafimbll S ARg pays Bozpd®, N
majority of thelawedly dafedmtaedto fosn tlmd miped thysurfaee &fFEbir a18PET YR BA may

t her eby | engt he he. pi n, & . . The. CUr ¥esherRSRdianomeonnect i on
bet ween the pi n?aéﬁﬁfa%h&ﬁlﬁg&rﬁgé%%%é% glleéna?ﬁaél sp(ool ?326) ag SO may
provi de the var bouisg achu amtimgetsricteddhd trestdingdd 02D begomeh & odoisdeped tithns of

Figs. 5Athr OuQer %%g est hardness values at the centerline (and not cracked, spalled, and useless

at the outer edges of the opening as described above in conjunction with Figs. 4A
and 4B). As shown at the right hand sides of Figs. 12A and 12B, even when the
hammer 1100 is forced sideways on the pin 124 (e.g., due to collisions with the
material to be shredded), contact between the pin 124 and the hammer pin
opening 1102D remains within the interior surface 1102E of the hammer pin

opening 1102D.

[69] As further shown in Figs. 12A and 12B, the curved surface 1102E supports the
working load at or near the hammer centerline, even when the hammer 1100 is

swinging ‘well off center. Additionally, as the hammer 1100 moves back to a



761 Wihile all of the exanple structures descri bed above have a curved
interior pin. receiving opening (or nmount opening) on the shredder hamer,
this is not a requirenent: in all hamer pin/shredder hanmer engagenent
arrangenments in accordance with this invention. Figs. 14A and 1413
illustrate I Mexanple construction 1480 in accordance with this invention
in which the nount opening 1402 of the. shredder hamrer 1400 may (but is not
required to) have a relatively flat interior surface 1.402E in the major
surface to major surface direction (e.g., optionally of the types

illustrated in Figs, 2A and.28). In this exanple arrangenent 1450, a

bushi ng nenber Cﬂ’%grqwémﬁrp(ﬂw %"%tg%?ﬂ?oflﬁélcﬁéﬁﬁt’ daper %gllﬁ%b‘ﬁljﬂba‘et he
shredder hammemmalerd08, baBideddd®), iinéLTly evllsSdldnbate cl42P Binodpehing shtfsdai ng nmenber
1420 may include a curved, surface fromone end ofrfj ts ﬁ%En rr:ce' Vi ng

openi ng 1422 t d19%Fe Tritwerng agiqugredardens fhs, g opsingiprigee HReE-vA1PoliS nanner s

descri bed above)lingadibf (ahd4hd &eSll Q¥ cddmitt:hl 134 &naRiantielddefdtmbiier £i N
recei ving opening 1422 of the bushing nenber 1420. Thus, in this_ exanple of
the invention, EREDHaERYAGMaY BERcFasR et beah hant haliding &R 28 SeHR ™ Pr ovi des

the curved pincheaktidagl Mﬁ@gﬂ. obdningd N@d ks hedverisrebien: dA2RiyRyudie engaged
Wthin the nount opening 1402 of the shredder hamrer 1400 in any desired

manner wi t hout darepsng heapuild ypeadhedr thahamnigrd Pinde laghlangst-e, if desired, the
bushi ng nenber 1420 nmay be fixedly engaged with the shredder hamrer 1400 by
wel di ng or[70ft hahe twsédigtetieCkuningtl @& opayingeatias («£a) sufares e@idnd, 1102E)t he | i'ke.

The bushing nmenber. 1420 be made of .any desir terials wthout
departing from£Rf lgeepﬁ%ﬁgﬁleawmﬁlgﬁ%@i Orﬁgheéf‘??mb? l?gbattt eSUraEEH P ‘gkodescri bed
above and/or carveiniedpal dpgniugad., adits Shtedithd e Thikg Mieconciorsdn scfhd logs. psi The
bushi ng nmenber 1420 may take on a. w de vari of shapes .w t hout departing
fromthis i nverll‘{l‘?éﬁﬁ‘? Oﬁ‘%lf’acgé‘ﬁmf? Pl%ﬁf?%eﬂﬁsQ?%Mﬁwgteflﬂﬁﬂg‘éﬁﬁ% nmenber
1420 tenni nat i agnéghetanmdrlyatatal)l Reichaplps redude e epening(REchihg t(he, shredder
hammer 1400, this is. not a requirenment Rathe i f sired, .the bushing
nmenber 1420 rrag\egﬂﬁitﬁﬂé’%gﬁéﬁ@gﬁ’g TPt P%ﬁ‘?ﬁ‘ég fl?weactuweeg{%g%gﬂ“ﬁcg%getg"parti ally
over and adj aceiifack0202Eeandr! 10IR)el0fgréaile rédaposr Qinifiae@suipba2Cnaferiblhe

o have.its end

shredder hanmer, 1400. The shi 1420 al so may be size

SUr faces | ocar Gt wrpHEeEh e BapRe R aBE Foaere A0 Goh RGPS5 | & her

constructi ons ab&tinArkhegdsaimb edideton elithinate parahsiogof. the widtt (of thidknesent | on.
of the hammer and the need to trim the hammer to stop interference problems

(e.g., interference with the rotor or divider plates of the shredding head, etc.).

[71]  As another potential advantage, the curved interior hammer pin opening surfaces
(e.g., surfaces 202E and 1102E) reduce somewhat the amount of material in the
shredder hammer structure 200, 1100 (for example, by eliminating pounds of
metal around the opening due to the larger opening size at the outside edges).
This feature provides better distribution of material without elimination of any

wear material or reduction in the impact force on the material to be shredded.

[72] All of the above described structures include the hammer pin directly engaged
with the hammer body at a hammer pin receiving opening defined in the hammer
body. This is not a requirement. Rather, if desired, various example structures
according to this invention may include a separate pin engaging member that

engages the hammer body at the hammer body’s mount opening such that the pin



[ 791 Figs. 15A. through 15E. illustrate another exanple "bushing type"
connection structure between a hammer pin and a shredder hamrer. In this
exanpl e structure, the bushing is in the lim of a ball sw vel nmenber 1520
t hat engages with a nount opening 1502 of a shredder hamrer 1500. The

I nom t opening 1502 of the shredder mrer 1500 in this exanple structure
i ncludes an interior surface 1502E having a partial spherical shape (as
will be described in nore detail below) and a ball sw vel insertion area
1504. 130] In this exanple arrangenent, the ball sw vel nenber 1520 has a
general ly exterior spherical surface 15208 except . two. 0S| s 1520E
of the sphere afiEclyEngpss %ﬁ(ﬂ’"he‘?%ﬁﬂéfneﬁ}%ﬁl hut c?gin\l/imﬁn\é\%ggégﬁi %55%3?%(1' s
defined bet weenptihies®o®NdGrioldapleeslisath smbtere araklesstiveldelowl5208 of t he
ball sw vel nmenber 1520 is generally sized and shaped to be received and
hel d adj ac to t i nterimsurface 150 e . I dp02 of the
shredder h I(ht‘]rerﬁﬁ%ggA afﬂggkmhésl?tgrongﬁ’Fafné’%eEOt%E%B% Oofg%? eatggﬁllr]éngii’\%léil 1520,
whi ch directly heabs fagabinsig @shiakivdrampien 1309 and @in 133hys bizafly dgsgigerer al | y

flat surface fromone end 1520E of the .pin r | Vi j oh3R2 to the
ot her end. 1520%’.0""'-3@1@ﬁ&%ﬂ“ﬁﬁﬁﬁﬁf‘e@?ﬁ“ﬁ?g?&ﬁ% é’?lg%g{lm&g‘éﬁl 1520 i s
turned so that kdns RpPeEiiREentsfIE2@hstartoml dbgree@. gwithose shvneddess. of t he
hal | swivel insertion area 15 f e . munt openj : hi,s
orientation, tthﬁgl’ B’ @&381 a“%g]ﬂg*%lﬁ %%l%ggﬁgﬁg%%igﬁgomﬁt openi ng
1502 and it novesnw@ pihe3panpaded atpoolor32s undumed thEeR dhe sheolildderti on
area 1504. Once fully inserted. t the.inter,i e anped
surface 1504R), lr’lct‘jl‘ges)tg‘&l"i‘teré%%%’lléglié%lj ﬁoéﬁecﬁlé”ntg\r}nﬁesédégjzt“b&tqﬁg %’%{;ﬁlﬁtﬁ ation
shown in. Fig. &ffbsendapaltwitthie bial 1324 i angldegiied naeese iwithery desetirieniypm 522

aligns with the nount apening .1502.0f the shted : e ball
swivel 1520 is M aﬂi“?‘ﬁ?&g% t“?‘fglr‘?“ighé’ Bt At Epet nlggcqug%mgg%ngﬁgg’i tegChspheri cal

exterior surfacealdhoRkEiyhasdesirddatgearnn ditdemaxdiinenshowithihale whel ehcaingt er of

t he mount opening 1502. ce.j | a e _bal | hJiderF €CEI Ve a

hamrer pin ItO hr oﬁ% I‘i@tloé’ﬂqg)hfvﬁ!é%f%ﬁ@el\%% Eﬁn%%laggaﬁgﬁ‘ér?hlgﬁ tl;}g%e\\%\{u!l 1520

Wi t hi {1 Lhe rr;)u?blgwpggimgf méfﬂﬁicﬁshadt(eg, dblov B0 foeEigus®). t He parl 13§@n'bvel 1520

cannot be rotate ue to.the. presenc . ecause
g’f tn%a&if 8? any (Liﬁsyg% gla%ggl&é%cl&il{l%E@tenﬁmveﬁhdﬁhl)aﬂéid

the ball swi vel "§Y is larger than the rnount opening
1502. The hammeforkm@fienhdrhmérhedobiemoap atpl conspfuctians.at i ng on the bal |l sw vel
1520 during use, including rotating within the opening 1522 when the

hredder h ' i ' ¢
shredder haer T%ég;gflfgrtsﬁfa@elliﬂlﬁ%%'tﬁsﬂéﬁ 1885 Shy BededdifRnadhceidkoE Rt er

mariner (Le.,” the SW ve ] al | ow sone sidewa%grrot tion of the
hanmer 1500 as wedringal$26Prte thefeshes sidealThe sered grgrior pafere &P 1pE M&pade and

bushing construg )Ilﬁ)élﬁ'exﬁ{}xq AL ARIENRY LB BN apbeod 8RAuMed RAdHor dapaEddng from
this invention. I'n suc c%nst ructi ons, however, at |east. so i nterface
p%]e hranehne

surf hce bet ween thehgn pagnimaeongarectienstdsesribed pipse v i@’%éspﬁ%ﬁ?rgjrgs
shredder hant ner i Id,86 G UfrVieGrea 3R ARIhAARE lnY FEOMB)NHRUSHYI ekiki@d from
one end of the pin récelvin opening to the other. _ . .
surface 1326E of the spool 1326 may bear against a similarly shaped interior
surface 1302E of the mount opening 1302 of the shredder hammer 1300. The
exterior surface 1326E of the spool 1326 may have a radius (or other curved
construction) that is the same as or slightly larger than the radius (or other curved
construction) of the corresponding bearing surface 1302E of the mount opening
1302 of the shredder hammer 1300, so that a smoothly rolling engagement
between these surfaces may be accomplished. The interior surface of the spool

1326 (which receives the pin 1324) may be curved or flat and/or it may conform

in shape to the exterior surface of the pin 1324.



[831 Wil e several structures in accordance with exanples of this invention
i ncl ude curved surfaces bearing the weight of the hamer on the hammer pin,
curved surfaces are not a requirenment in all structures according to this
invention. Figs. 16A and 16B illustrate an exanpl e hanmmrer pin structure
1600 in accordance with this inventi gg wherein the interior surface |602E
of the hamrer pin opening 1602D, in 0ss section, includes a series of
flat segnents 16023 that are aligned 31 fromone najor surface 1602C of

t he hamrer body to the other major surface SG as to approximte the curved
surfaces dengr ! PEALARGY Samblfoin IGBEABRbE FiL 354 pdmaagﬁéﬂus\ém%qtf t he
circled areda shown In the cross sectiona Iew o A, The segnent

|l engths L, the lnstriene ofvirgwgmen beadsé BR5matenteds efitbe mmgpsegarm(ega@e PHB, etc.

bet ween adj acen e nt s hout
departing from tar%li’stﬂe?ﬁven |ll gggénérg%ts%oa&kﬁﬁgm?? be %g%{eggggl}é?&s}ﬁ?%gw&

di mensi ons fix' oftth:ewbaragd esr {5.abscaived bariigd @solaliiaﬁ,dvlllﬁem@)x/@lﬂabﬂ' lepgthtser of
segnents 16025 hrou Mor eover,
The T engt o L araPEign EEr S TRe) Tt RVELhaRE LR AR B BRILAD 14 1D Knecs
of the hammer pimd mpelmm@rlﬁmﬂtlvfarmmapnd hagiop ralssumbn eeoviBOE Yasionhe ot her .

At | east sone of,t eflat S re |l.o gntral 75% of
the overall thi %%%%%"S ?Sc?khgggﬁ er% %“#T%ngrn%%fgfg&%ﬁs%n%sﬁmre specific
exanples, the lengths L of the segrrents 16025 may be in the range of 0.01.T
to 0.5T (arﬁ’(ﬂl nWaderell ek thepiesplbetrvesers GsoBFd abrye lgvsgurged iBiFEAT BBt ween
0, 0751' and. 02 Shide tnbder shheddels happes 1600 at
the | ocation of’zg%‘"’hv1 %F?mEng EI nlﬁérllglée#;gnﬁ%?%gggﬁl ng 1%021) Tﬁselangl es a may
be obtuse angl esquitemegioinealirbpemsppisishie %%ameésngagwnaﬁgf@ém@tm range,
for exanple, fr OrmAemhﬁSul Melehi elhip1€ ange of
150" to 175'. T%g&é%% e‘&ﬂ})?ﬂ%selg‘fregﬁ%s ripé%s range, . - for e;aﬁrrlgqe front 2
to 50, and in somsrssianptdsn afqoghing wigh ﬂPG lb‘renfl?lbm ighothg MOWRtt WERIPE depaot | ng
fromthis inven %,ﬁ{épl 0 dyUGEtYE fot rdfhirbdI®) RAVERELIQT1pegeNt S
16208 get | ar ge“ota%gtliegl%tﬁgéhg ‘ﬁ)e sargstn’etnt s0 r@q}m gt)ats sm&ellal e};nd t he
angl es between 8djintedortsusfeesnetl i e merées FegacEdo @ajqr (T asqriragionegomes (or
essential l'y becgs{ﬁﬁal gaoﬁm%g,'ey IBHEMES iSUEER0R: 2689B)! f rlesd Rshplbn SOME

e

exanpl e hamrer pin opening constructions in accordance with this invention,
the segnented "fraagenent d410up bustimgcrantberi 428 dveroviasd wehiy e drovpt WEWBE nat i on

with a curved SM&%‘?%easﬁre@@e?%nhB%dmb@ Al RRinEXABIRS 13DV& hFarhiaganpl e, i f
desired, the very center of hamrer pM recei vi ng openi ng (between the

two maj or surf agesberhide@ anay lﬁ%iydei hewnbsBiaes Grmmaeent P4t EGIFETHYEE whi | e t he
edges of the opghing {H8ab hbRuIRied (SH AGES)In MBY obahe VinkRe manners

described above). A pin 124 is shown in Fig. 14B mounted in the pin receiving

opening 1422 of the bushing member 1420. Thus, in this example of the

invention, the bushing 1420 rather than the shredder hammer provides the curved

pin bearing surface.

[77]1 The bushing member 1420 may be engaged within the mount opening 1402 of the
shredder hammer 1400 in any desired manner without departing from this
invention. For example, if desired, the bushing member 1420 may be fixedly
engaged with the shredder hammer 1400 by welding or other fusing techniques,
by mechanical connectors, or the like. The bushing member 1420 inay be made

of any desired materials without departing from this invention, including any of



32 Alternatively, if desired, a continuously curved structure may be
provided at the center of the hamrer pin receiving opening while the edges
of the opening include the segnented construction. O her conbinati ons of
curved and segnented surface features nmay he used wi thout departing from
this invention_ [861 Wight bearing syrfaces including fiat segnments like
t hose descri bed above in conjunction wth Figs. 16,k and 16B al so may be
used. as the weight bearing surfaces (in place of or in conbinafion with
the curved surfaces) |br the spool and/or bushing type enbodi nents of the

invention descrjbed above. Al so. wei j Ed acefrelids g fl at
segnents |ike t 8§Iéat%3§5c‘fef%lgﬁég 08'\7ean?/§1t ‘é%ﬁ?’ﬁfr?@?llyiﬁ W th Fgs. 16A and 16B
al so may be i nctdweedtiom structures |ike those shown in Figs. 8, 10, 12A.,

and 128 in which a top portion of the opening (as shown in these figures)

has a di ff grgnt reuplafe SONbLOLALLEN LB, & DALhAmpAt igpesokitidie openi ng.

I n ot her S, e entire circunference of the opening need not have the
same surface shagerting8idn Gisginveblign.| FongempleeshimbenkB SRyppiccbUsSHr&dder

hammer construct] O[;'eri T2 {.eﬁrkﬁnﬁin ugu‘f)ﬁgltrsaﬂ{' fRGRe %ﬁ)?_s’ﬂﬁﬁce@xluel‘@ dthgeentire

thi ckness of thé hanmer pinreceiving opening. As illustrated in Fig. 17A
in some shreddeshrisamiemnsd 140, driet nol 7 GQuiremeat cRFbRINE desiPd b RuWpE es of

this invention. ,ofby Bo68 iRkl LOR of FARS Bt LikGaSUIhAGEIIPSR:OT t he

opening 1702D h e curvature to provi e advant ages descri bed above,
whi | e the si des add7digiceranaonesngese 4D Bajof surfreesdpeH; pigha Fogiderhynifave ot her

curvature and/ oy, ad foogs%gq%rlﬁ% e m S OB TR S AP RE bd strfos@RhieSwithine si des

1702L may constili}ufe ng I'i near or at surfaces, and the edﬂes 17028 may

constitute tightieyedges vidthe drambey ehadt epfymecloiat rQiber whsucdony asq fiRe t hose

descri bed above i n. conjuncti i 3| ZA and 2B. Such side and edge
features may bep%srsg\g‘elv‘cfilléh&l{:#egr & ar%lt}g%gié?nut e opening 1702D and pin 124 are

si zed such that the pin surface cannot reach the ‘gjor ner edges 17028 of the
openi ng 17029 i Figsspekttipeeho SE Alstite apehtleP R SVt YPEhEOPFH P24 nakes

W th respect to fhe, bagRen b7 0QumdSpianelihe khieX@iMa@met. han dhii demplel at es
:120 (or other structures of the shredder head) ngy bi \rﬁlé{z th§ si deways
moverment of t he shestertha robingrs inhiae Hirm of asballisFieh gephen /220 8t 81828 Be hanmer

pin receiving OQ\ﬁﬁ{i @Hloﬁi]t%gling 1502 of a shredder hammer 1500. The mount opening
1502 of the shredder hammer 1500 in this example structure includes an interior
surface 1502E having a partial spherical shape (as will be described in more detail

below) and a ball swivel insertion area 1504.

[80] In this example arrangement, the ball swivel member 1520 has a generally
exterior spherical surface 15208 except two opposing ends 1520E of the sphere
are cut off and a hammer pin receiving opening 1522 is defined between these
ends. The exterior spherical surface 15208 of the ball swivel member 1520 is
generally sized and shaped to be received and held adjacent to the interior surface
1502E of the mount opening 1502 of the shredder hammer 1500. The interior
surface 1520P of the ball swivel 1520, which directly bears against a hammer pin
in use, may have a generally flat surface from one end 1520E of the pin receiving

opening 1522 to the other end 1520E.

[81] Mounting of the ball swivel 1520 in the shredder hammer 1500 in this example

construction will now be described in conjunction with Figs. 15D and 15E. As



33 is such that the divider plates 120 will stop the hamer's si deway
novenment before the hamer 1700 tilts enough so that the pin 124 reaches
the corner edge 170211 of the opening 1.702D, than the corner edge 170213
of the opening 1702D may have a squared off, beveled, tightly curved, or
ot her desired construction. 1881 In sg&h structures, the proportion of the
t hi ckness of the opening 1702D that includes the curved surface 1702K
(length L in Fig. 17A) may be any desired proportion of the overall
fjhi ck_ngsz Tbof thedhamTer pi n opening 1702D provi ded the desired advant ages
escri bed above_and .bel o r hi I b )£ | es of
this invention, Skfoﬁ'é) %E%\g’%ﬁ’s@rs ?‘%%gﬁtll%ﬁﬁ llrgf%@%er{:gling&n)géfe%? Hﬁgdgg%&lg%%ﬁg? t he
8ver aI)I | i near d520Ensé aligned withethdadpeepf fhicrbad penichpstrtdrckped04(¢f the | L >
.25T), and in so addi tjonal exanpl.es h ! I ma
extend at |east™ %’enélfgkgg'st‘“ﬁ’(ﬁ&gg %?%Ogvéel%g%fs lgezgéﬁgﬁﬁbgﬁﬁset}%g%ergll
l i near di mensi otheafouhtr@ehiagid? apd it neenipiye tampekinesior sulthes 16K/ etthgur f ace

1702K provides a | ocal e e of . the h r pi I 702E

wi thin the intefF8FobFet E%d“ogg?ﬁenf&ﬁy }nﬁer%ﬁg}?%’eﬁtt?eaﬁ%gglr %}lgon {})Je?a 8‘% t he

maj or surfaces (apté 05@R),yhe willt dviivel il 50 wenbea @listdbWotiof ortenatibrashewn ipi n
openi ng thi ckness reagver, while the curved.su 3 e
centered in theﬁglb%%%tﬁ?t@ec%H@g Veg?mtr?%nggr?ﬁ%nrmgpil’sf%ﬁgﬁ %%ﬁ%@%ﬁ‘ﬂgas shown
in Fig. 17A, it opdngg 15ay obehel dedti@cthamneeny 5et h€he tidisswied 9% istiemedr

| ocation along the. thickness T w ut departi.ng _from i Lon.

Li ke\)/vi se, the sW&E‘néﬁeﬁf‘%‘ﬂ‘ggpe(’ﬂg%bgg?c%fgétg S‘?H’d‘fﬁ e’ft?lr%tl ﬁ‘lgrga%%;l(gﬁr%%lr%g gt ructure
1700) may ext enthrget otiae dizmmsorDthatl itlfef disrester e esumi dpningdPBctOnw inhe maj or
surt ace 1T02C wblolt STRRHAI 0y RS NI, R d R Rl 2
openi nlg 17521) Iwas:lﬁihbrds thatbell bwivelsiied attkin IeaAéund efanimgd 5¢2, s watebabosact i on) by
a single curve t hat , extends fr one Lor face | hammrer
body 750 to t heﬁ%ctaﬁs&th?rgi‘lg?w?f}r %Sgg]éa%%g%oqﬁt%ds%i(ggeetgégrép%%geﬁlg"{n%fe?lgst ructure
1750, R is in thenharpmodnddecascthobaldswiveltd extdnay surfpeal Y28iiukrggy daner t han
0.5T (al though gt her struct ur, e, Possi . i aped,
irregul arly shap&d“td S%egfnglcigﬁgi ?fé Pgbr?lnslerol%(giwflf@%@R?ﬁ%’g?ﬁégg&%ﬁﬁ%}anati ons
of curves with featiall swivkiases dusigousy, induting otatihe wihiapes akninhéSBuriface 1752E
(wth R greater tl}er!v, rcledge'r %Inﬂngr f%'o%itseé%l%lrigl)tb be %edded in an off-center manner

(i.e., the ball swivel 1520 will allow some sideways rotation of the hammer 1500

as well as circumferential rotation).

[82] Other spool and bushing constructions and arrangements may be used without
departing from this invention. In such constructions, however, at least some
interface surface between the various parts that connect the hammer pin to the
shredder hammer will be curved, and optionally continuously curved from one

end of the pin receiving opening to the other.

(83] While several structures in accordance with examples of this invention include
curved surfaces bearing the weight of the hammer on the hammer pin, curved
surfaces are not a requirement in all structures according to this invention. Figs.
16A and 16B illustrate an example hammer pin structure 1600 in accordance with
this invention wherein the interior surface 1602E of the hammer pin opening

1602D, in cross section, includes a series of flat segments 16028 that are aligned



the surface 1752B is not tangent with he outer major surfaces 1752C of the
hammer body 1750 (rather, a nore abrupt corner is provided). Nonethel ess,
due to the opening size 1752, the pin 124 dianeter, and/or the placenent of
the divider plates 120 with respect to the hamrer body 1750 (or other
relevant factor(s)), the hamrer body31750 cannot sw ng sideways to the
extent necessary to put stress at the corner edges 17528 where the interior
hol e surface 17528 neets the major surfaces 1752C of the hammer body 1750.
Accordingly, this edge structure 1752B may have any desired shape or cross
sectional appearance. ear | tures |ike
t hose descri be °é‘b8%“ I Sg\ﬁgeﬁegl%:) @oﬁ&wﬁg‘ﬁlﬁg&ﬁf%‘pé %Lﬁgﬁ%ug%%;% may be
used as the weiaghé afpe@diinag tlmnfuh&dearfzfceerdetshﬂ)eépm)de aingi/1 6B Cblwﬁ@mt%gmtype
enbodi ments of the invention described abo agtng surfaces
li ke-those descer“rlf%ﬁ Vi 8? TS L T B R %gfﬁﬁegﬁon%ﬁ{}%bgfndﬁl aI so may
be included in 'Erfersegmeurlesghs ﬂgehdﬁmﬁ;ercsfhegmnntsriwzs;snd 8¢ armes al2®, odnd 128 in

which a top portl n of t in the a
di fferent surfde Et&ﬁ?ri @%‘?cﬁ?ﬁpst?ﬁmf‘ﬁ% &’236%'9 ke por |%e§“o %g%thgﬁﬁsng I'n
ot her words, thRpenid frémchis ﬂ:bmiit&)hﬁzmdeh@ipetlﬁe rmgmfrsgtab&ecummonhéhfe t he sane

surface shape. [9 not.ed above, .shred e wth
this invention th‘%{lﬁl’ﬁﬁ%e anf Pges it 28 g 813 @%rhm;;sé%m?ﬂ?st ﬂ&ug partl ng from
the invention, qefhinedihesulgl raxibeeiperimpestione Mareosba e dengihnélandiengessi zes and

shapes that are con t| onal | y novvn an d ar nor e
specific exarrpl“eglay¥’ﬁé ‘?{Mf’r %ﬁ& ﬁ‘é‘\?ses A t{‘]o?a é‘aﬁhﬁ&n‘% hin the
range of 100- 15G02b ldom amlmhjar safiee e KE@ptocthe ovtiet. h|Am letabtesonar:g”ehoﬂatlSo 1200

| bs. The shredder hanmer have an ove p of the
lifting eye Zlose%er’tt%éreelﬂﬁat%f H’E‘Hﬂ@? W%&?Sﬁo?fl on 5858%1% ns%et%?a?ﬁlége from 15
to 50 inches (agebdigrhbbiget | | ustrated exanpl e, about 37..5 inches), an

overall width Wn a range from 10 to 40 inches (and in the illustrated
exanpl e, Al dnghe ver.al | | Ghnes Jltglrgogsm geifroml
inch to lomﬁchesssopaﬁl&o g#ecﬁi@%x%&lgsf r%g%néthéga?n’p Etg bout 5.5 ?nches) In

the ill ustrat edhexagpbe0.0fT R ¢§T (HA it hmqwn@@s bPWéeIi OEF pask 0-33F Pace 2028
Of Lhe openi ng &R 4 DA% G157 SR H3I, WAUlCHEs o bl of sRENNBEA LAY © B and C

of Fig. 6) of inc each of the end portions (e.qg.,
bet ween points WoaradthBl@ndorb@ttheeampemm wedviandroingf 16021, TBY a8 % r adi us

o yapout 0. 55 1 BENESuLE 8 AR Mg fRR phiuif OLARGIES dnd hides bitayauggeal | curve

202E snoot hly etween’ the areas of changing radii.
for example, from 120° to 179°, and in some examples, within the range of 150° to
175°. The number of segments 16028 may range, for example, from 2 to 50, and
in some examples, from 3 to 40 or from 5 to 30 without departing from this
invention. In this example structure, as the number of segments 16208 get large,
the lengths L of the segments 1620S gets small, and the angles between adjacent

segments approaches 180°, the surface becomes (or essentially becomes) a

smoothly curved surface.

[85] If desired, in some example hammer pin opening constructions in accordance with
this invention, the segmented “flats” feature described above may be used in
combination with a curved surface as described in other examples above. For
example, if desired, the very center of the hammer pin receiving opening
(between the two major surfaces thereof) may include one or more flat segments

while the edges of the opening (near the major surfaces) may be curved.



1921 Wil e aspects of this invention may be practiced with any type of
shredder hammer material, aspects of the invention may be particularly
advant ageous when used with shredder hamrer materials that experience
upsetting and/ or hardeni ng processes of the types described above. In sone
exanples of this invention, the curveg%interior surface of a hamrer pin
opening in accordance with this invention will be used in conjunction with
shredder hammers formed, at least if 3. the area of the hammer pin opening,
frommaterials susceptible to upsetting and/or hardeni ng processes of the

types descri bed above. et .even.so nor e ecifi e curved
interior surf ac@lt%?a“é{elﬁgiﬁé‘refyi %COBB‘@Wfqﬁﬁ c’ilrﬁeda%@lgtp‘l dan e§%§}gﬂhf&ﬁ?tstﬁ%1nvent i on
will be used incegRpjolnicd hanm fih sdiveckdepentng nmikiestht @dges doff thowptrarglened
steel materials, such as |ow all oy steels hi .manganes | cont ent
steels (e.g., 1@912@)%)%@&&5%%%%) °?‘éﬂ‘é°r‘il°ﬁ's I@&‘?l %‘ﬁ%l{%ﬂgaﬁgs%r‘%td eg%{d or ot her
st eel cont ai ni nggABAM sulficd fRatdiddmAPRgaBES Bhoubyepaing froh thif B8dntSone

advant ageous aspects of this invention relate to the inproved service life
and/ or avoi dance of prenature Fail uyre shredder PaLLeul arly
shredder hégﬁier §’e’f%fm n%tsurlfaﬁﬁssfncluﬁmfgﬁ% £ regt%q%ﬁtt@rgl a %ﬁ?%aiﬁ{oexperi ence
upsetting and/ ogonfiaesteniviig Fis0tEs 36d 168 atbesoayi bedsedbovies willghisbdanpg oved |ife

and reliability wll reduce shr.edder. down tipe, SalH1 9., of
parts, |abor, ef®i§es Uy a‘fen‘ﬁfod\}’é cgiﬁﬁlg H’lnn“é&hp{rﬁgﬁﬁ%??%ﬁﬁ? %2 3‘8‘3‘ pﬁé . The
advant ageous r eghdedrib0dhirgftysd dne®ginahtstohthe ivantppeissonigedeabges Alpo; akeiaht dance
with this invention may be usef irres tive : er.| used for
nmeki ng the ha ?a“(‘%‘f’"@%‘/‘?es %#“dﬁﬁ?é??%tggﬁ? t?lgsﬁ]d?}l{cﬁé%ﬁagg? lglcF@lﬁncstg_ eel s
descri bed abovewas Figl 16asndBBTEES mapde ifctuded ot decturaliks habsshowatindo not
necessarily exhibit_the upsetti properties describ E.hak NGl udi Ng
hammers made frB‘ﬁf"c%ﬂgemﬁgoﬁ‘?élllzﬁaPm as%og oglrog ?ﬁ%emﬁ%gﬁgqﬁssggbv?%t he art).
36 [94] Moreovethesd grdsnaisus tidtareof sutthe eufigedidnrther i bettosupdriierecbficea hamer
pin opening in shredder hamers jn_accardance w . SQE exanpl es
of this inventi BIFFn}P&yEigP&ﬁT W?@S’tth%erﬁléerr%crumg?r%néug%Flgﬁﬁaﬁlét o%fl Because of
their structurethearge surfatd shagst r ai ght side walls 112B in the opening |1 2A),
t he openings in conventional shredder hammer structures often are produced

using cor eﬁ% ndFsangAciﬁ\ﬁr%utg?ax?oﬁh&%Qﬂn Lidedhef Bsthh &% oiREbOESIn Wkl kng up the

nmol d and i udi 1r’@l”glcor es e opening structure increases the set-up
time and costs awseotiwbeddass net extrad deswirrghiskesseelsthe pmer By EFRedder

hamer pin opening; (€. 492k ﬁgpp}rAqih{]&n{thﬁEdérﬁﬁﬁﬁlerséﬁﬁ&uﬁﬁbm ments of
this invention does hot require cores for its formation, Thl?ﬁl? because
the curved surf acerdshezpeity exagples of fhissigeension mplyrmeentpleyiiond /VH: 8F e to al | ow

the mold hal ves s&r@acgll"f(%%wgﬁef d?pléfﬁng heo2desis etuBREMN RGréeddthe 202Bhgand to be
pul |l ed apart or renopve en the casti n?wﬂpr ocess i s conpl et ed.wég s feantre

can make shredddeschbatrabpge, imhilethecidsanc@Lvindpdgss 17828 pf 05 0B s of this

inVell tiOn easigr, 1CHeRANET AN £A8E &lge FAIBN WG MBrd PasiicHasgrer hamer
structures incl ucﬁ'ng nore conventi onal” hamer Ei n_openi qag?d@%bi,gﬁﬁer this

feature can i nptiovedes d762di miceansigntedong lingerre Hiahgukeest He get into

and out of the Nl NG+ &€ v c8Q28)or PRUGeLaSe! donstMalieh}, Bel, pscepihossl de a
better quench i(rPerI hélogal?gety t%“eyé.c Thesoé adv%ntéiggeeoous f eat ur e,g gg(gagspects of

the invention nayschbedr ehaive Zedonipraiopatth Figs-otA 13Ré 2Rat erqiafide for maki ng
the hamrer (e.g.q,qf0f mﬁ'}aﬂﬁgg&ﬁl Vel £ 4008, TRRgapess; &d20oyamitgelis4dascri bed
as nammers et

above as wel | fromother materials that do_not necessarily
exhi bit the upsetzed sechpthaipthetiiie sudes cents deashdbe comprc P8 AgV4ARhétSs nade

from conventi ongl Bt BfihBl ifredSctie br ROWR AR aHSBGhat theldh® 124 fhkesGane! USi on
respect to the hammer 1700. As another example, the divider plates 120 (or other
structures of the shredder head) may limit the sideways movement of the hammer

1700 on the pin 124. If the curvature of the hammer pin receiving opening 1702D



[951 The present invention is described above and in the acconpanying
drawings with reference to a variety of exanple structures, -features,

el enents, and conbi nations of structures, features, and el ements. The
purpose served by the disclosure, however, is to provide exanples of the
various features and concepts relatedsgo the invention, not to limt the
scope of the invention. One skilled in the relevant art will recognize that
nunerous variations and nodifications may be made to the 37 exanple
structures described 2,:beve without departing fromthe scope of the

r .

present invent '€ Bach t§a8t the divider plates 120 will stop the hammer’s sideway movement

before the hammer 1700 tilts enough so that the pin 124 reaches the comer edge

1702B of the opening 1702D, than the corner edge 1702B of the opening 1702D

may have a squared off, beveled, tightly curved, or other desired construction.

[88] In such structures, the proportion of the thickness of the opening 1702D that
includes the curved surface 1702K (length L in Fig. 17A) may be any desired
proportion of the overall thickness T of the hammer pin opening 1702D provided
the desired advantages described above and below are achieved. In some more
specific examples of this invention, the curved surface 1702K may extend at least
25% of the overall linear dimension of the hammer pin opening thickness (i.e.,
L>0.25T), and in some additional examples, the curved surface 1702K may
extend at least 30%, at least 40%, or even at least 50% of the overall linear
dimension of the hammer pin opening thickness. The curved surface 1702K
provides a local extrema of the hammer pin opening surface 1702E within the
interior of the opening, in the central portion between the major surfaces
(optionally, within the central 75% of the hammer pin opening thickness).
Moreover, while the curved surface 1702K may be centered in the overall
thickness of the hammer pin opening 1702D as shown in Fig. 17A, it also may be
located at any other desired position or location along the thickness T without
departing from the invention. Likewise, the side surfaces (flat surfaces 1702L in
this example structure 1700) may extend at the same or different angles with

respect to the major surface 1702C without departing from this invention.

[89] Fig. 17B illustrates an example hammer body structure 1750 in which the hammer
pin opening 1752D has its interior surface 1752E defined (in cross section) by a
single curve R that extends from one major surface 1752C of the hammer body
1750 to the other major surface 1752C. In this example hammer structure 1750,
R is in the form of an arc of a circle having a radius greater than 0.5T (although
other structures are possible, such as parabolic shaped, irregularly shaped curves,
combinations of different curves, combinations of curves with flat surfaces, etc.).

Due to the shape of the surface 1752E (with R greater than 0.5T in this example),



W claimA shredder hammer, conpri sing: a hamrer body including a
hamrer nounting portion and a hamer bl ade portion, wherein the hamrer
nmounting portion includes a nmount opening defined therein that extends from
a first myjor surface of the hammer body to a second maj or surface of the
hamver body, wherein a pin nmounting s%rface is provided within the nount
openi ng for engaging a hamrer pin, mhereln at least a portion of the pin
nmounting surface is convex, and wherein at |east some of the portion of the
pi n nounting surface that i s convex is continually curved throughout an

overal | thi ckne s of . t h&ggﬁﬁﬁnﬁ ext wet}l‘gﬁegﬁmgﬁ a?mf LiBles2o8e850Rd nyj or

surfaces at the' ?Ce I"oc ast along a half of the

hanITpr pi N recehamﬁgr Bmﬁsamv.“mqrdﬂm,admdlefahmphmrtel awayvidadpnNorrhelrss.iver bl ade
portion

on, r. acgok di t I, e t he

nmount i ng surfac® fh§ ‘TPB‘?‘H%@Z&W%@”F%W% dllamqgrr’ |agc}/&jsglr ;Blélce X\? (Efﬁﬁégrmunt P

(2)pe][1| n?hof t he hameEplaedR0 with respecBto thesﬂmnenhﬂmodhaf/rﬁﬁa(manh@rrdimgﬁt o claim
, further conprisi a s r | east. parti eceived wth

the rmount openi if?gjt"‘{%ﬁ’etpﬁﬁﬂgrf‘?{ebog's% %3?‘&53?““5% Wc?’estggle%é{e (ylg%yrmunlt |nng

openi ng defi nedtd parsatdraughcding «dgesevszB |mresthes fragier ﬁlhlatquré“ﬂgat?é%f“t he

interior surface of the noun

according to cl 4IRS 3he RRer & cople}gggg’lfﬂ%f’ ]bag}tﬁr d%lﬁét%gﬂgc% e%msurface of

the spool nenbegddchatctasgamBsmijieve aiyatckiesd sBape bacesseéctivhe apgrannceopeni ng i s
continually curved in a longitudinal direction of the spool nenber.

[90] Weight bearing surfaces including structures like those described above in
conjunction with Figs. 17A and 17B also may be used as the weight bearing
surfaces for the spool and/or bushing type embodiments of the invention
described above. Also, weight bearing surfaces like those described above in
conjunction with Figs. 17A and 17B also may be included in structures like those
shown in Figs. 8, 10, 12A, and 12B in which a top portion of the opening (as
shown in these figures) has a different surface configuration than a bottom portion
of the opening. In other words, the entire circumference of the opening need not

have the same surface shape.

[91] As noted above, shredder hammers in accordance with this invention may have
any desired sizes and shapes without departing from the invention, particularly
exterior perimeter shapes, including sizes and shapes that are conventionally
known and used in the art. As some more specific examples, the shredder
hammer may have a total weight within the range of 100-1500 Ibs, and in some
examples, within the range of 150-1200 lbs. The shredder hammer may have an
overall height H (from the tip of the lifting eye 210 to the end of hammer blade
portion 202B) in a range from 15 to 50 inches (and in the illustrated example,
about 37.5 inches), an overall width W in a range from 10 to 40 inches (and in the
illustrated example, about 27 inches), and an overall thickness T in a range from 1
inch to 10 inches (and in the illustrated example, about 5.5 inches). In the
illustrated example of Figs. SA through 5C, the interior surface 202E of the
opening 202D has a central radius Ry (e.g., between points B and C of Fig. 6) of



5. A shredder hammer according to claiml, further conprising: a hushing
menber received in the nount opening, wherein an interior surface of the
bushi ng nmenber constitutes the pin nmounting surface. 6. A shedder
hamrer according to claim5, wherein at |east a portion of the pin nounting
surface is continually curved froma_ first end of the hushing nenber to a.

second end of the bushing menber. ¥ 7. A shredder hanmer according
to claimb5, wherein the bushing nenber is fixedly engaged with the hamer
body at least partially within the nount opening. 8. A shredder

hamver according to claim1, wherein the convex portion of the pin nmounting
surface i s conpbat é¢yinthes aneerch of teigad portienst(re., helFABYPOFIthAPBE & 4dng openi ng

located fart he%&tW@Woirttg emhd B%f 'i*?gf.T@Pr{as ereﬁﬂ% Jf QWbduk 855 inches. The opening
202D is formed so that the overall curve 202E smoothly flows between the areas

of changing radii.

[92] While aspects of this invention may be practiced with any type of shredder
hammer material, aspects of the invention may be particularly advantageous when
used with shredder hammer materials that experience upsetting and/or hardening
processes of the types described above. In some examples of this invention, the
curved interior surface of a hammer pin opening in accordance with this invention
will be used in conjunction with shredder hammers formed, at least in the area of
the hammer pin opening, from materials susceptible to upsetting and/or hardening
processes of the types described above. As yet even some more specific
examples, the curved interior surface of a hammer pin opening in accordance with
this invention will be used in conjunction with shredder hammers formed from
hardened steel materials, such as low alloy steels or high manganese alloy content
steels (e.g., 10-20% manganese) (such as Hadfield Manganese Steel or other steel

containing about 11 to 14% manganese, by weight).

[93] Some advantageous aspects of this invention relate to the improved service life
and/or avoidance of premature failure of shredder hammers, particularly shredder
hammers formed at least in part from materials that experience upsetting and/or
hardening processes as described above. This improved life and reliability will
reduce shredder down time, decrease costs (e.g., of parts, labor, etc.), and improve
shredding production throughput. The advantageous reduction of stress at the pin
opening edges in accordance with this invention may be useful irrespective of the
material used for making the hammer (e.g., for hammers made from manganese
alloy steels described above as well as hammers made from other materials that
do not necessarily exhibit the upsetting properties described above, including

hammers made from conventional materials as are known and used in the art).



9. A shredder hammer according to claim1l, wherein at |east a portion of
the pin nounting surface |located within a half of the nount opening_

| ocated nearest to the hamrer blade portion is not continually curved in
the direction fromthe first major surface to the second major surface.
10. A shredder hammer according to clgim1, wherein the convex portion of
the pin nounting surface includes a frrst region having a cross section of
an are of a circle, wherein the circle has a radius H 1 corresponding to
the fornmula 0.51tgl4, wherein T is a smallest thickness di nmension of the

shredder h r_at the, nount. in o
accor di ng ¢ o1 MPRrpyer tb%‘é??l Hripn Fﬁtge %L%Yf\ﬁlé?(terboé'rs %%ﬁ Oﬁé i m&i ?{10 E@iggﬁ ng
surface i ncl udeghreddé) hagneNint @tortage mhhawang;omeccx@ess@dhnsomveoﬁoran arc of

a first circle, wherej he first |rcle radl ponding to
the formula 0. 5‘33315*1’??1?6' il ﬁem%l?le?fﬂ chf’%mﬁhg‘?ra%ecau © Lﬁ%%yl‘g ’nsi on of
the shredder hawmtestragdht §1hewmmnnu39pmlop@1nghpAa the mmngsn:d comghmaht a first

end of the central regl on, the fir t end r on_having a ction of
an arc of a secFddE FEME SERATHES §d‘ﬁgé “Whererh aﬁég%ﬁng e range of

0.05R to 0, 5R lsan@Rfblde€ kadting Cdds. esetuﬁ§@ A nadld ancsmcmdidgeudscﬁfrthMe central
region, the second end region hav%n%ga Cross, sec tion aPed rc 9‘{1 athird
circle having a0333’&gl§t§“°§53 mEFases;t up gmp gng ﬁogsazi??ﬁle of" B"t% 0. 5RE,
and wherein R3 Wes@ﬂﬁé‘@rﬁeﬁrﬁﬁrea&ermﬁmﬂief f)lﬁro@élhné (e(ngQZD) accordmg 02t A
shredder hanmer according .to cl

13. A shredder Kasirene SRROGIETS ?lﬁﬁs BYAR goes\ﬂﬁtéfcgﬁ“ﬁ C?rﬁse%éb%%?g%ortl on of
t he pi n nounti nguisisnkass: masdruamufacelsﬁ@al(e exurfacm202Epatadauak t'@iafi” a cent r al

30% of the overall th| ckness of t at the no ope&ni ng,
14. A shredder RA¥AEMRYE AVAY©L eg{}we%e%ﬂ%fjé’m{“@n(ggcgﬁ%/gxd%gort| on of
the pin nmounti nge sukd aﬁeﬁ‘t drehbelasyian lincaktimxirsessis caoplted Fbis deateat er of

t he
overall thi gaﬁnrgask% sﬁwdée@%arﬁ?n@geé atcjg)g ang'e;[ W'l[ Gt 1154 ngé) Qgﬁ%}é’?‘% of this

invention easier, cheaper, and faster to manufacture than shredder hammer
structures including more conventional hammer pin openings. Moreover, this
feature can improve solidification and quenching as the water can get into and out
of the opening (e.g., 202D) more easily, which helps provide a better quench in
this key area. These advantageous features and aspects of the invention may be
realized irrespective of the material used for making the hammer (e.g., for
hammers made from manganese alloy steels described above as well as hammers
made from other materials that do not necessarily exhibit the upsetting properties
described above, including hammers made from conventional materials as are

known and used in the art).
Conclusion

[95] The present invention is described above and in the accompanying drawings with
reference to a variety of example structures, features, elements, and combinations
of structures, features, and elements. The purpose served by the disclosure,
however, is to provide examples of the various features and concepts related to
the invention, not to limit the scope of the invention. One skilled in the relevant

art will recognize that numerous variations and modifications may be made to the



15. A shredder hammer according to claim1, wherein the convex portion of
the pin nounting surface is |located at a position corresponding to a
primary | oad bearing portion of the pin nounting surface when the shredder
hanmer is rotated on a rotary shreddi ng head. 16. A shredder hammer
according to claim1, wherein the convex portion of the pin nounting
surface is continually curved in a d’rection fromthe first maj or surface
toward the second maj or surface, and wherein the pin nounting surface
includes a portion that is not continually curved in the direction fromthe
first major surface to the second mgjor surface. 17. A shredder
hammer accor di egpnipbe stnetures] deswitsd eibave Witherd rdeparting dymi Ge seopst pludreed, as

| east in part, Iegonpn%erﬁltogel mat eri al that experiences upsetting in response
to repeated i mpac orces. 18. A shredder hammer according to claim
1, wherein the hammer body is constructed, as least in part, froma steel
mat eri al havi ng a nanganese alloy content in a range from 10-20% by wei ght.
19. A shredder hammer according to claiml, wherein the hamrer body is
constructed, as least in part, froma steel material having a nanganese.

all oy content of 11 to 14% by wei ght,



20. A shredder hammer according to claim11l, wherein the hanmer body is
constructed, as least in part, from Hadfield manganese steel. 21. A
shredder hammer, conprising: a hammer body including a hammer nounting
portion and a hanmer bl ade portion, wB&rein the hamer nounting portion
i ncludes a nount opening defined therein that extends froma first major
agrface oWetchgmhammer body to a second mmj or surface of the hammer body,
erein a pin pountin rface is provided within the nount opening for
engagi ng a hanher p%ﬁgreaﬁ%rhémm%th‘%ﬁ% portion of the pin ﬁnuntigng

surface i s Cony Gmmth®ha) MndhdheashaSAEP nRiuntile pAAK B0 gThabiePbladEOUNt i g
surface that is convex is located wthin a central 90% of an overall

t hi cknesspafiont, heh¢ramnte houyebetonetng tpedidn fsludend: sweohdpepordesoed aces at

t he nmount . openj n an ereiLn the convex rtion of th in unt.d n
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of the hammer body between the first and second major surfaces at the mount opening

and is located at least along a half of the hammer pin receiving opening located farthest

away from the hammer blade portion.

2. A shredder hammer according to claim 1, wherein the pin mounting
surface is formed directly in an interior surface of the mount opening of the hammer
body.

3. A shredder hammer according to claim 2, further comprising: a spool
member at least partially received within the mount opening, wherein the spool
member includes a hammer pin mounting opening defined therethrough and an exterior
surface that engages the interior surface of the mount opening.

4. A shredder hammer according to claim 3, wherein at least a portion of
the exterior surface of the spool member that engages the interior surface of the mount
opening is continually curved in a longitudinal direction of the spool member.

5. A shredder hammer according to claim 1, further comprising: a bushing
member received in the mount opening, wherein an interior surface of the bushing
member constitutes the pin mounting surface.

6. A shredder hammer according to claim 5, wherein at least a portion of
the pin mounting surface is continually curved from a first end of the bushing member

to a second end of the bushing member.
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9. A shredder hammer according to claim 1, wherein at least a portion of
the pin mounting surface located within a half of the mount opening located nearest to
the hammer blade portion is not continually curved in the direction from the first major
surface to the second major surface.

10. A shredder hammer according to claim 1, wherein the convex portion of
the pin mounting surface includes a first region having a cross section of an arc of a
circle, wherein the circle has a radius R; corresponding to the formula 0.5=R;/T=4,
wherein T is a smallest thickness dimension of the shredder hammer at the mount
opening.

11. A shredder hammer according to claim 1, wherein the convex portion of
the pin mounting surface includes: (a) a central region having a cross section of an arc
of a first circle, wherein the first circle has a radius R; corresponding to the formula
0.5=R;/T=4, wherein T is a smallest thickness dimension of the shredder hammer at
the mount opening, (b) a first end region at a first end of the central region, the first end
region having a cross section of an arc of a second circle having a radius R,, wherein R;
is in the range of 0.05R; to 0.5R;, and (c) a second end region at a second end of the
central region, the second end region having a cross section of an arc of a third circle
having a radius Ri, wherein Rj is in the range of 0.05R; to 0.5R;, and wherein R3 may
be the same as or different from R,.

12. A shredder hammer according to claim 11, wherein Rj is the same as Rj.

13. A shredder hammer according to claim 1, wherein the convex portion of
the pin mounting surface includes a local extrema located within a central 30% of the
overall thickness of the hammer body at the mount opening.

14. A shredder hammer according to claim 1, wherein the convex portion of
the pin mounting surface includes a local extrema located at a center of the overall

thickness of the hammer body at the mount opening.
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15. A shredder hammer according to claim 1, wherein the convex portion of
the pin mounting surface is located at a position corresponding to a primary load
bearing portion of the pin mounting surface when the shredder hammer is rotated on a
rotary shredding head.

16. A shredder hammer according to claim 1, wherein the convex portion of
the pin mounting surface is continually curved in a direction from the first major
surface toward the second major surface, and wherein the pin mounting surface
includes a portion that is not continually curved in the direction from the first major
surface to the second major surface.

17. A shredder hammer according to claim 1, wherein the hammer body is
constructed, as least in part, from a steel material that experiences upsetting in response
to repeated impact forces.

18. A shredder hammer according to claim 1, wherein the hammer body is
constructed, as least in part, from a steel material having a manganese alloy content in a
range from 10-20% by weight.

19. A shredder hammer according to claim 1, wherein the hammer body is
constructed, as least in part, from a steel material having a manganese alloy content of
11 to 14% by weight.

20. A shredder hammer according to claim 1, wherein the hammer body is
constructed, as least in part, from Hadfield manganese steel.

21. A shredder hammer, comprising: a hammer body including a hammer
mounting portion and a hammer blade portion, wherein the hammer mounting portion
includes a mount opening defined therein that extends from a first major surface of the
hammer body to a second major surface of the hammer body, wherein a pin mounting
surface is provided within the mount opening for engaging a hammer pin, wherein at
least a portion of the pin mounting surface is convex, wherein at least some of the
portion of the pin mounting surface that is convex is located within a central 90% of an
overall thickness of the hammer body between the first and second major surfaces at
the mount opening, and wherein the convex portion of the pin mounting surface
includes a plurality of flat, non-parallel surfaces, wherein each flat surface within a
central 50% of the overall thickness of the hammer body at the mount opening is joined
to its adjacent flat surface at an obtuse angle.

22. A shredder hammer according to claim 21, wherein the convex portion

of the pin mounting surface includes from 3 to 40 flat, non-parallel surfaces.
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23. A shredder hammer, comprising: a hammer body including a hammer
mounting portion and a hammer blade portion, wherein the hammer mounting portion
includes a mount opening defined therein that extends from a first major surface of the
hammer body to a second major surface of the hammer body; and a pin engaging
member received in the mount opening, wherein the pin engaging member includes an
exterior surface that engages the mount opening, and wherein the pin engaging member
defines a hammer pin receiving opening including an interior surface for receiving a
pin, wherein the pin engaging member includes a ball swivel, wherein the ball swivel is
rotatable within the mount opening of the hammer body.

24. A shredder hammer according to claim 21, wherein at least some of the
portion of the pin mounting surface that is convex is located at least along a half of the

hammer pin receiving opening located farthest away from the hammer blade portion.



