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Performance of 

Small Hammer and Roller Mills 


For Grinding Livestock Feedl 


J3y H, B. PUGKErT, 'vnvestirlation leMm', Fm'm EleoMifioation 
He,9cm'('/t, B'm'ILch, Arll'ic1~ltfllJ'((1 Re8etL7'ch Se'l'vice, 7].1'3, D01)a.1'fIlnent 
of AgricIlZtu,l'C, a,nd D, R, DA1J:.\I:, (t-~8i8t(l'/l,t, 7)1'Ofo,980'I' of ag1·if'.ultu,ml 
c'nginoori'ng, Fniuel'sity of Illinois 

FarIlWI'S' iuterest. ill :feed pl'()(:essillg equipment luts g'l'OWlI as 
t.heir l)l'aet.iel'. of preparing :feed on t.he. fal'll! 'for their dairy and 
bee'f ('att,le, swine, n,ncl poultry has increased, Feed-g'l'inding mills 
and 'feed mixel'S al'e !.Ill', principal lH'()(',cssing equipment needed in 
p1'ep!u'ing.l i yestoek 01' poultry mt,io1l!:;, 

1\101'e defill il'l', i Irfol'll1at.ioll is Ileeded on t,iIe perfonnunee of feed
grinding' mills t.o enuhll' Nlg'illl'l'rS to dl':8ign automatic :feed prepara
tion systems, Thi!' n'pol'f: c1l's('ribe,q t,he only tests that; have been 
Illnde Oil smal1 (~- to :i-horsepowl'r) :feed grindm'S sinee tile smitH 
(,OInhinnJioJl feed g'l'inder and mixing' de\-iee was dewloped, These 
t.e..<;tS\\'('I'(" (',on (1 \I('ted lw('a USI;' 1ittle i nfol'llwt.ion was ava ilable on 
hnl11Illl'I' mills Ilnd 1'0111.'1' mills, The.<;E.' test data will assist engineers 
to ('01'1'('1 a t(' til(' dl'p('ts of th(~ sen'raJ pa I'll rneh'l:5 on 'feed In ill per
fOl'llIlln(:e, 

TYPES OF GRINDING MILLS 
There Hl'e Ihl'('(' ('()Inmon typl'S of 'i'('l'(l-grinding' mills, t.he bUJ'I' mill, 

I.\to hnnlllHw Illill (fig, 1), and fill' roll(w mill (fig', 2), The knife mill, 
It JourI'll t.nH', is not as popular as tilt' others, Thl' IHins are used 
to abrade. 01' ('I'llsh g'rains and foragl's, to ehtlllge f'IH~il' physical 
forills so that Ilnimals ('UII use thelll more ef1icient.ly, 01' to mjx them 
with other illgrcdients, The type of mill t.1mt' is seleeted will depend 
on thl' r~~quil'l'llH'nts '1'01' pl'ep:lI'ing' n gi\'en rllt,ion alld also, in It 

lal'g'l' l1lCHSUI'l" on the Opt'ratol"s ('\l(}icl', 
..:\11 'rN~1 mills are ellsily ,damagecl by fOl'eig'n objec.;ts, such ns 

"t',l'all'll ll'On" (small piec'es of iroll 01' steel, suell as nails, and 
slu)lt. pie('(>s Iff win') and rocks, ~\II eti'ort, should be Illade, t.o 
elinlinat.(' this material lwfol'l'. it gets int.o the mill. If it reac-hes 
the mill, thl' <l:tIlwg'e 1lI1l)' be l'xtensi\'e fllld the. repair ('ostly, If it 
pass('s through tl1l' mill, as Inlillp iron sometin1('s cloe,<;, if Illay injure, 
Ihe .lin'stock, :-;hol't. pipe'es of haling wire fln<1nails will IHlIH'.t:Ul'e the 

1 Hpport Of ('Oopt.'I'utiye 1'('s('!lI'ch with thl' AgI'icultuI'lll EDgilleerin~ Dep!lI't
IllPnt of tht.' t'nin'!'l;ity of Illinois, UI'hnlln, IlL 

1 
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j"IOUln: t.~-'I'11l\ halllIlll'r Illill i~ siIllple iu llesign nnd cun grind u wide runge 
of IlIaf'PI'illl;;, ('I'OIll sIllall gruin to hay, It clIn be operated while empty with 
no cilllllllg'l', 

stolIw('hs Or ('attll', Taking ('HI'£'. not tA) pick up foreign objeets and 
llsilIg sf rong nlaglH'ts at' till' IIlill an' t·.ill' lIt'.<;t ways to ket"p :l'ore.igll 
Ill:rierials out of LlH' I.!l'illdl'r alld t ht' fl'ed, 

Thp. halllllHlr Illili alld I.ht' rolll'I' Illill an', t.he 1.\\'0 types 0:1' :feed 
grindt'I'S IIs('d IIloSt ortl\n to !)J't'parl' li\'£'.,'it'<)("k 'l\w(1, Tlrl'Sl' llIills are 
rllggl'd lind (':111 ,!.!Tind s('.\'l'l'al tY]ll'S of gl'ain wiLh only I\\il\ol' 
",djust 1lJl'.llls 01' ('.hallgl'K :-;01111' IlllllllllH mills a.re 11\00'£'., ~Hi£'.i'\I1 to t.he 
l"'l\'ito{'k pmdll('PI' lilan othl'I'S ll{'eallSl' t.i1l'Y ean also grind hay, 

l\otlr till' lr:III\IlIl\1' lIlill and til(' rollpl' lIIill al'P I'plati\'ely easy to 
('onll'Ol auto",at i('nlly, Tlris feat.III'!' lJIakl's tlw.Jn aJ.f.I'aet'.irl' to the 
(>l'Odll('pr wilo is ilit{,I'(\'ited ill ulIlolnatioll alld want" to n\(1u('P. 
Pl'Odll('tioll ('osls Hnd I'Olltill(, tasks. 

Burr Mills 
TIH'. blliT Ini!1 is on(' of t.\\P. PHrlil'st,. types of redud:ioll mills, It. 

(leS('.l'IHls (lil'l'('I,I~' fmlll LlIl' IIlodar and l)('.sLle and the st,OIlP InilJ. 
It hns II I'l'lafin,ly low ('o,:t and it: ('RII gl'illd gl-ain t.o almost. lilly 

d(':-;in'd degl'l'(' of filH'Il(,SS. ] 11 ('.()al"Rl' gl'indillp:, it-. will produ('.e a 
10\\'('1' PPJ'('('lltagt' of "lillt's" (small pnltic](','l, pow<lE'I', allcl dust) t.luU1 
till' IWIlIIlIl'r mill. Bul it ,,-ill usually g-rind ollly OIlE' t.ype (01' size) 
of grain at. Ollt' LillH', and it ('all!lol gl-illcl Iray, Also, t.he bUJTS wear 
out, rapidly and Illay he. d:unnp:pd if t.lrp mill is opp.mted ",hile, empty, 
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Hammer Mills 
The hanuner mill is penilllps the most po.puhtr type o.f feed mill. 

It will grind a11 dry feed ltutterials IUlel ",.ill a.]so do. n relttt;jYely 
good job o.f grinding clifl'erenJ, grains Itt the same time. '1'he hammer 
mill relies o.n the impact. of high-speed hammers to. reduce particle 
size. The size of the screen ,,,ill determine tJle ayemge number of 
tlimes It. kemel or particle is struck before .it passes t.hro.ugh the 
SCl·~en. Screens nre usunU,y lwnihtble with YtG- t.o. l-inch-diameter 
holes in %2-inch steps. ~.rhe impact produces It· relative1y high 
'percentage of fines, "hich liyesto.ck :feeders find o.bject.ionable. The 
IU\.Inmer mill may be opemted 'while empty witiLOut damaging t.he 
lntl(',:tine. The vnl'.lnt.io.n in screen size plus the nhility to stLt.isfactol',ily 
glind more than one grain at u. time makes the hl:l:mnler mill well 
Stl itecl :fDI' usei n n ut.omatic feecl-pro{'essing systems. 

Roller Mills 
'1'\te rollet'mill usuuJly costs more t.lmll either the burr or the 

lULmmer mill because it must be more rugged. It hus a higher 

FIGt7RE 2.-The roller mill, though silllIlle in design, requires strong purts. It 
clln he open! tlo(l while emllty with no dallluge. It is used to crush smull 
grain and .is popular with cattle feeders. 

http:liyesto.ck
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(\a.paeity pel' horsepower input be<oause :it reduees t.lm particles 
Jess t.hnlt t,he. ol'.her mills do. (Tsua]]y it. breaks only the outer coat, 
making c1igt'.stion of t.he feed easiel' and lnore ('omplete. The. roller 
mill .is be('.oming more popular among caltle feeders, primarily
be('.!tUse it, proc1uees f61Y Jines. 

The 1'011cI'mill is perhaps used more than any othel' type of miJI 
for g,oinding higlHnoist.ure shelled eorn, alt.hough t.he hammer miJl 
('Hn also be used, sOlllet,imes 'without a screen, for t.his purpose, 

,A I'o]]el' mill usually has two rollers of equal clilLlnet.el· (6 inehes 
or larger). One ro11c.l· is fixed and t.he ot.her ean be 111m'eel to adjust 
the clearanee beJween I'.he two. Although the ro]]ers may be smooth, 
t.lll'.\' usually ha.,'e gTooves parallel to t.heaxis. The t.wo rollers may 
1)(' operated at t.lm same speed or n.tclitl'el'enf. speeds. Turning one 
I'oller Jast.el' than thp. ot-het' in("l'eases abl'asion and helps t.o keep 
the rollel's ('lpa~1 \\"lll'n hi.l!h-moist.ul'l' grain is being pl'oeessed. The 
roller mill ('1111 Rat,isfaci'.ol'ily gl'incl only one size of grain n,t n time, 
out spe<\inl rol]PI'mills am ava.ilable t.hnt, ill l'>tl'e('.t, selTe as t.wo or 
t.hl'l'e mills (t.\\"o 01' t.hl·lw. pail'::i of ro11el·s). Eaeh pah' of rollers Clan 
be adj ust.ed indelwnclent.ly to ~rind n d i fi'erent. gra in. 

The rollel' mill ('annot he. st.:lI-t.cd under load. 1'\\'0 01.' three kernels 
of gl'aill bet.weell t-.ll(~ rollers an' sutHeient. t.o prl'.,'ent stalt.ing. It. 
l\all be oj)l:wa.t{\d ",h ill'. empty wit.h no da llIage. ,Vhen equ ipped with 
!.lIP; pl'OptW (~on('..ols, t.he roller mill l~an be opel'ated automaticnlly 
",it.h an eleet.rie motor. 

Knife Mills 
Tile..kn i:l'e mill is no(' used as wide.]y as t.he ot.hel· t.hree. As in 

t.he !Jammer mill, fo;C'l'et'n size dl'tel'lllines finl'ness of grind. Inst.en,cl 
of h.igh-speed hanllllPl'S to (Tush t.he gl'ain, the knife llIill has 
rota.ting kni"es that pafo;S onl' t.JlP sC'l'een and ('tIt the grain. If the 
kn1i,'es are shal'p, this mill ("an pl'oeess more. grain pP-I' hOI'Sp-power
hour ('.han a ltHnlllll'l' mill. But. t',he kniY(~s dun !"ll,pidly, and it 
reqllil'ps more Illnint.enan('p than t.lIE' other' mills. The kni:fe mill ('.an 
be used t.o g-I"in(] ilion' I.han one ing-I"edient. n,t a time. alld ean be 
operated "'hill' elllpl'y wilh 110 damap:e. 

PERFORMANCE TESTS 
,Y'idl'l,r difl'(\ring- lwrfol"lllHncfl I'atin~~ ha."e Ilel'n asel'ilX'd t.o di:fI'er

ent models of silllilar 'feed-g-I'illclillg- e<]uipIllPnt. Thl' design of t.he 
equipment. has ehanged signifieillll.l,r dUI'illg- I',hl' :~:) years sil\(le. E. A. 
~iln>,r, of Ohio St.atl' Fnin'.l"sit,y, puhlishl'd thp I'l~SllltS of his study 
of :feed gl'indel" lwl'f0l'lllHll('l'.2 TIlP 111081, signiJieant, ehange has been 
th.e wie, oJ t.he lo\\"-hOl'Sepower (us\lally Ii hI'. ot'le.c;s) It:llllll1er miU 
wit',h 'fllll-('in'lp screen al1d t,h(\ rollt\I' milL The g-I"OWillg use of 
t.he,5t' two mills in allt,olllat,ic systems fm' pl'Qc1u('ing li"estock feed 

• SII.n:n. E. 1.\. FEEU GIIINIH:lt I:\'\'l~STlOA1'roNS.Ohio .Agr. Expt. Stu. Bu!. 490,
4!l \Ill., ill l!>;. 11l31. 

http:st.:lI-t.cd
http:indelwnclent.ly
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prompt.eel t.he sel'ies of tests repOI't,ed hel'e. t.o detel'mille t.heir eH'ec
tiveness 1'll grind.ing common gmins (shelled ('.01'J1, oats, anel wheat). 

Test Equipment 
The power input. required h'y t.he t{'st. mills was det.e.l'.lnined by 

measllring the kilowatt. demand (rf t.he. mot.or. Horsepowel' or.Lput. 
of the mot.or j:OI' n given kilowat.t. demand was de.tI;'I'.mined by 
cn.1ibl'lI,t,ing t.he .1l1e~m' on an ele;:'.t.l'ic dY,lUll1lomet.er (fig, ;3). The 
kilowu.t.t. demllllcl WIIS det,e.11nined by measuring t.he eneq.,'Jr ~ollsump
!lion for It 12-secOlld pel·ioel. This Jigure then re.present.ed t.he anwage 
kilowa.tt, dOll1lLlld for 12 seeoncls and was mol'l~ reliable t.han I'enlflillgs 
from tL l'ltpidly tllldlULting inclieat.ol' on a wattmeter, 

FIODln; 3,-l\Iotors u8ed 011 the test mills were cnlibrated on nn electric 
d,rnlllllomctpl' to pstub\ish the reluthm hl'tween kilowntt input und horse
power output. 

http:inclieat.ol
http:kilowa.tt
http:re.present.ed
http:dY,lUll1lomet.er
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A spee.ia] eleeiTi(' mensUl'ing- t.est sb\Jld WllS constructed to 
lIleALS1.lI·e thee.nerg-y eonsumpt.ion :for these tests (Jig. 4). 'l'he test 
st.UJl(:l provided the following- j'ea,tures : 

!t. ~fast.el' push-hut.ton power sWlit.('.h equipped for remote opera-
tion, 

b. Line .voltltg-e. eOlTeetion for e.it.her line of. a. 120/240-v01t single
phase selTlee. 

e. l~le('.t.ri(' st.op t,inlel' equipped for remote operation. 
d. J~leet.l·i('. int.{;'ITul t.imel· equ:ppecl fOI' remote operation. 
e. Fonl' powel' (·.il'(·uit.s for measuring- energ-y consumption. Any 

olle of thl) fou I' eiren its ('ould be eonlleetec1 t.o t.he ind icatjng llJld 
I'(w.ol'ding- inst.rul).mnts sing-l)' Ol' in g-I'OUpS of t.wo or more, Eaeh 
(.j I'CU i t. was inc1epPIlc1entJy ('on tl'Olled. 

The intel'\'a.\ timer wus used t.o Opel'llt.l' t.he voltage coil of a 
sta.llcllll'd .integ-rat,illg- wat.t-hour met.e.I' to meaSllre enel'b'Y consump
t;ion fOl' Ii speeiJied pel·jo(! of t.ime. The line volt~lge correction 
enpabilit:y was. ypry uSl'-ful. The t.est. opel'lltor could quickly and 
easi.\y adjust t.he opemt.ing \'oHage of {-,he motor to tlmt used on 
t·he dYIl!IIIlCillll~t.eI' test t.o detenlline t.he horsepower more accura.t.ely. 

l!'lOl'In: 4,-'J'o meusure the eledrlcity used by the test mills, measuring 
instruments ",pre inst'l'ted into IIny one circuit or a combination of four 
circui.ts in this powt'r test stand. 

http:circui.ts
http:dYIl!IIIlCillll~t.eI
http:l~le('.t.ri
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Hammer Mill Tests 
These t.ests WE're eonduded wit.h It commercial hammer mill with 

It JlIll~t,il'('le. S(Tel'll 14: iu('hes in diameter and (j inches ·wide (fig. 5). 
fkreens o:f t.his size nl'e COlllluonly used in t.he low-horsepower 
Juulllller mills powe,red by eleeh·iei!;y. The t.est mill was eapable of 
:fully !\utomat.ic opera t.i on. H was equipped wit.h an int.erval timer, 
no-flIed. nnc1mot·{)I'-o\·edoncl safe!',y eo.lltrols, and a j~eed metel. eapahle 
of hle,nding as lIlallY as :four separate ingredients. It. waSe(luipped 
at. the :l'lIetol'Y wit.h 11 3-hol'sepowl'l', :3,450-1'.p.m., sing-le-phase mot.or. 

The fL'Cd mete I' waH used ill eonc1u('.t:illP; t.he tests, but a11 other 
('ontrols were omitt.ed. The a-horsepowl'r motor was l'epJae.ed by 11 

71/2-horsepowcl' .Illot.or <:npnbh' of delivering up t.o 1::3 horsepower 

}1'IGI'ItJ:: :I.·-'l'hl' t.l'.~t hammer mill WlIS typical of the autoIlllltic electrically 
powt'r!'d h:!!II1I11'1' lIIiJ1S 1I YlIi.!able. It WlIS l'onneded with n supply llOpper 
aud plll('Nl 01\ 1\ ::;tund to fllt'ilitllte remv\,ul of the ground material. 

http:l'epJae.ed
http:omitt.ed
http:utomat.ic
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for u. .short time (figs. (i and 7). Use of the larger motor made it 
possible to detel'mlne whu,t would occur in these 8mall mills if rate 
of grinding waS greatly lncreased~ whether t.he screen could be 
saturated, und whether grinding efficiency would be ttflected. The 
hammer mill test instnl1at.ion is shown in figure S. 

The. grincUng rate is important to the USei' and t.o t,lleengineer 
who designs a feed preparatioll system. The grinding or proc
e..<;sing l'ute is u basic. (',onsidel'll.tion in selecting the coml)onents 
for a. cOll.tintlous-fiO'lY system. The faetol'S affecting the grinding 
rate. of a hammer mill are size of motor, size of screen openinbrs, 
pet·(,.e.ntage of open SpiH'e of the screen, aren of screen, type and 
1Illlnber of hammers, hammer tip clearance, hammer tip speed, 
material to be ground, .and moisture content." 

3 For the lIurpOfles of this inYestigutiun, the size of .motor, pernentuge of 
ol)en Slll\C~ of the screen, arl'K of sereen, type of hammers, hammer tip 
clellrance, nud hllllllller tip Sl)eed were assulIled to be ('onstllnt. 
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FIGURE {I.-Test of 7¥.!·llorsepowcr halllmer mill motor (serial No. li1(61). 
Input 'os. output. 
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J!'lGURE 7,-PerformUllce curves for 71h-hol'sepower hammer mill test motor 
(seriul No, 171(01), 

'I'll(> study ,,'as Iilllih'd to the I:'fl'e('ts of the follo",ing: 

a, Sel'CI:'H hoI I:' si;.:e (table 1 alHlfig, D), 

b, X lIll)bl'I' of htUllllll:'r:, (Jig, 10), 

c, Mat('I'ial t.o 1)(' ground and its moist-me eOlltent, Grinding rates 


wen' determined by .Ineasuring tlll:' time requil'ed t() pro('.l:'ss a speeifk, 
~weight of material. (hain slllllp]eswere takl:'l1 for modulus tests for 
uniformitv and Jilll:'lleSS and Hloishll'(' ('.ontent tests. 

Table 'i'shows the mllxillllUll grinding rates for shelled (\01'11 'with 
15 percent and 2f> pen't'11t moisture unlloats with 7 per{'ent moisture 
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1"wl'lOo: s. "'l'IIP ha 111111('1' mill tl'l';t P(luill!l1l'ut ('onsisted of the power-llleasuring 
I'quiplIll'lIt. tilt' tt'st mill, lIlIt! a hopper 1II011utp(1 011 a seale. 

groll 1111 hy III i11K \\" it h :!-, ;1-, nlid ;1-hOI'KPj)(}\yPI' motors. 8c'I'e(,1I open
illg,.; nll'ipd frolll lU to I:! ill!'h, and KOlIll' tpsts 1\"l'I'(' ('oll<illdt'cl ,yith 
110 ;,,('I'P(' II , Till' Jl1aXillllllll !.!Tilldilll.!," l'ateiIH'I'P"asP(1 Iyitll mot.or size 
:lllll S{'I'PPII opl'llillg. Fol' ailY .!tin,il ";('I'(,PIl and motol', thp rat(' '\'as 
ll',.;,.; for I\"{'t ('01'11 t hall for tin' corn alld \I'as PYl'n ]pss :1'01' oats, 
SOllll'lillH':- tlIP lIPPI')' limit \\'us'illl})()spdnot hy the al'nilnh}p PC)\Y('1', 

hilt hy olllPr I'P,.;tl'il'lions. SIJ('lt as throat. l'ap:\('ity 01' fppd I1lpter 
{'n ]lll!'ity. 

To KI\I(I" t IH' pll'pl'( of IllOi,.;tul'P l'ontpll/". ('orn willI H, 1.'), :!(), and 
:!;l ])('1'('1'11(' nlOist 1I\'(' WilS gTOllIll1 ",ith Sl'l'PPIl openings yn.rying from 
l,B to Ii int'\1 and \I'ith IlO "('I'P.(>II (fig. 11). Thirt.\'halllnlp.rs'H're 
IJ;oi(>d for tlti" t(',,1. Till' l'nprgy I't'!jllin'll to grind tltt' l'OI'l1 iIH'I'(',nsed 
as tltl' nltlj,.;tlll'l' ill!'l'pnsl'll fl'om H to :!() PPl'{'Pllt and de('.l'eased 
sli,g1I!ly a" 1IIoi";(1l1'l' ilH'I'pnsl'll fl'OIll :!o to :!;j })l'J'{'Pllt.•\s thp s('I'P"en 
opl'lIillg ilH'l'l'nsl'd, till' Pllt'l'gy I'Pqllin'd for grinding c1('.('r(':1s('(1. The 
1l1O.11I1tt:- of liIlPIIP";";" illcr('(lsl'd wit h nn iIH'I'paSl' in sizE' of screen 

I ':'11l{lulu" of JinPlll's:< i~ an indpx dppi!'tiug' the aYl'rag-e partiele size of the 
IIt:HPl'id, I! \\':\" (Ip! Pl'lItillf'll hy a sta IIdn ['(1 proced lire rl'colllllll'nd("d hy the 
.\ lIIPl'i,'a II SO!'il'ly or Ag-riC'lIltll ral EJlg-i llPprs. The higlJer the index, the larger 
tllP a l'l"rtL!'(t' {lia IIlPtpl' of thp pn rti('le;;. 
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opening. Grinding mt.e has some ell'ect. on ener!,"Y requirements; the 
grinding effiCJiency (hp.-hr./toll) increases slight1yut t.he higher 
rate. 

TABLE 1.-Size and spacing of holes and pe?'centage of open SlJace 
-lIn lut'm'lne}' ndll 8CJ'eM!R 11.~ed i'n tests 

Size of boles Spacing Open space 1 

lh inch ________________ 
1,4 incli ______'__________ 
~ incb ________________ 
~~ incb _______________ _ 

Inehe8 
0.300 by 0.309 

.375 by .438 

.488 by .G63 

.~:i08 by .66-1 

Percent 
14 
30 
51 
58 

1100 percent 0l)en==no screen. 

FIGUllE 9.-Four sizes of screen openings were used in tbe bammer mill tests:*-, ~-, 1,4_, and lh-incb boles. 
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l"J(1PIt~; lO,-]i'i\'p hallll1lPI' !-(l'OUpill!-(S WPI'{' uspd in the test: G, 12, 18, 24, and 
an, TIll' 11aIlIlIlPI':': ",prp IIrrall~l'(l ill threp rows, HaUllllers were spaced so 
that IlO two hamill PI'S pllHsed OVl'1' the sallie sectioll of the screen, 

TIll' et1'rd of n\lI11hpl' of !lalllnWrS and s('rern sizr ,yas determineel 
by grinding shelled COl'll ('ontainillg Hi pereent nlOist,ul'e while Yl1ry

ing tlw. nl\mlw\' of hammel'S '(!'O1ll () to :~() allel the. S(,\,pen size 
OI)('1l i Ilgs fl"Ol1l I/~J to 1/~ i n('h, ~\ llo-s('rppn test \\"lIS also l'Ull (fig, 
12, top), 

TIll' number of hnmnH\I's nppea!'t>d to hnye 1ittlt> p.fre(,t. on grineling 
et1iciPIH',r excppt ",ith t.he slllall s(,\,pell opell'illg"S. IYith t.he lis-inch 
srrcrn, minimum Pllrrg,r was rrCjuil'E'd \\,·ith ]~ and lH ltnnllllr['s; 
wiell t.he v.I.-inch ;wreen, minimum PIH'!'g,\' was I'PCluil'rc1 '''ltb 12 
ltnllI ll1el'S, The rnerg,\' requil'l~d to grind shelled COl'll ('Oltt.nining 15 
pel'erll t Illoistu rE' dp('rpased alld tIlE' mod ulus of fineness (ayerago 
sizE'. of 11I\1·ti('\p,;) in(,l'cnsed as till' S{\\'et'n opening inc'\'E'HSE'cl. Tbe 
modulus of fillPllE'SS Ylll'iNI from nn ayerage of 2.6;1 witlt the Va-inch 
s('.rl'Pll to 5.~~ with no s('reE~n (fig. 12, bottom). At the same time, 
thl' l'lle!'g\' deel'etlsed 'fro1l\ all a"pl'age of 7.87 horsepower-hours per 
tOll wit,I~ t.ltl'YU-iu('.lt s('·reell to Ull u\'l'rage of 0.88 horsepower-hours 
pel'ton \\'ith no serren. 

http:t.ltl'YU-iu('.lt
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'l'AULE .2.-1lfaruinlJUlln g1'inrl:ing 1'(£tes 101' shelled om'lt and oats for 

a lUlIln'lnm' ?nilll eq'uipped 'with a 2-,3-, 01' 5-hp. 'nWt01' 

2,hp. 3-hp. 5-hp.Mtlteritll grouud n.nd. t;j~c·of screen motor motor 111')001' 

Lb./hr. Lb./hr. Lb./hr.
Shelled coru, 15 percent moisture:.% inch __________________________ 600 900 1,55014 inch _________________________ _ 

1,200 1,850 3,150Inch __________________________~ 

1,950 3,000 5,150 
~ inch __________________________ 

2,300 3,650 • 5,200 No screen ________________________ 4,500 25,200 • 5,200
Shelled cOI'n, 25 percent moisture:% inch ____________________..._____ 350 550 
~ inch __________________________ 850 1,300% inch _________________________ _ 1,350 2,100% .inch __________________________ 1,750 2,700No screen ________________________ 23,600 23,600 

Oats, 7 percent moisture:l,k inch __________________________ 200 300 45014 inch __________________________ 600 1,050 1,900% inch __________________________ 1,550 2,400inch _________________________ _ • 3,200 
7~ 

2,250 23,200 23,200 

1 "Tith screen 14 inches in diameter tlnd 6 inches wide tlnd 30 hummers 
equally spuced in 3 rows. 

• .Motor is not limiting factor. 

14 
CORN 

12 30 HAMMERS I/S" Screen 

10 
z 
.0 
~ ...... 

'" =7 
..: 

8 

=7 
>
<!> 6 
"" w 
Z 

1/4" Screen 
w 

4 

2 
-
".. 
o 

.
oil 
D

-0 

3/S" Screen 

1/2" Screen 

• .. 
0 

No screen 

15 20 25 
MOISTURE - PERCENT 

FlGUitE 11.-00rn with moisture eontent of 8, 15, 20, nnd 25 percent wns 
ground ou a mill with 30 hummers, with screens rangiug frOID 1h inch to 
% inch lind with no Sl"reen. Up to 20-percent moisture content, the energy 
required for grinding inCre1lsed with the incrffiRe in moisture content; ns 
s(:reen opening increased, the energy required per ton decreased. 
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12 
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0 .... ....... 
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CORN 
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AV. 6·30 HAMMERS
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.~. 
:z: 8 4 '" ...g '" 
....,. ~ 

:z: 
"" ..~odulu. of fineness u: ....... 3 06:I:"" 
~ '" C) :::
"" :>... c:z:... 04 2 ::IE 

2 

0 '---'lr.....JL--___"---___1____-'-_-'lr---:---'-,..,-_....J 0 
1/8 1/4 3/8 1/2 

SCREEN OPENINGS • INC~ 

FIGURE 12.-Effect of number of hammers and screen size was detennined 
by grinding shelled corn with 15-per(.'eJlt .moisture content using from 6 to 
30 hummers. Modulus of fineness vuried from .2.63 with the lAl-inch screen 
to 5.22 with no screen, und the energy required dropped from 7.87 to 0.88 
hp.-hr./ton. 
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The etreet. of gTinding oats eontailling 7,3 pereent moist.ure was 

deb'.l'llIinod by using :frolll () to :10 hammel'S and sereens wit,h open
inl--rs varying :from l/B to 112 inch (fig, ]3, top), The J1U1nllel' of 
hnmme!'S e.c;tah]ished 11,0 definite trend in enel'l--,}' requirement, (hp,
ltr./ton); howenw, tIll' minimum enel'~'}' required :f01' t.he 1f1l-ineh 
R('.l'een was with 12 halllmel'S and fOl' the 1/1.-111('h s{'reen with 18 
hammers, Thl' small s('recn openinh"S I'l~qtl'il'ed the greate.c;t amonnt 
0'[ eneTh,}' pel' ton and J>I'odueed the finest (Rma11('sl' an~l'age. p:II,tie1e 
sizt') pl'Oduet (fig, la, bottom), 

The modulus of fineness Y:II'it'd '1'1'0111 2,01 with tIll' lAI-iueh sneell 
t.o 4,00 ",WI I.he l/2-ineh sereen, An'.l'age energy I'equil'l~ments 1'Il.I'ie<1 
'.fI'OIl1 21.22 horsepowl'r-llOurs pel' tOll with the Y/l-illeh s('l'eell to 
1.:17 h()I'Sl'Ipow"~I'-h()nl':: pel' tOil with the l/2-illeh R('I'een, The gl'inc1ing 
I'Ilte. had a sl'ight ('freet on enet'gy IWluil'ements, but no definite. trend 
waS appal'e.nl, (h'inding 'I'ate and nllmber 01' hnnIllH.'I'S had littl(' 
(' II'cd 0 n III 0<111111 R n·r Ii Ill' Jl('SS, 

Roller Mill Tests 
Tests W(WI:' (',onduC'il'd with a ('olllmen'ial I'oller mill typien1 of 

thl'sillall I'ollt\l' lIIills anilnLh' 10 liH'sto('k pJ'(x1ueeY'S (fig, 14), The 
mill \\'as pO\\'l'l'ed by n !1-hol'Sepo\\'el', si.ng1e-pha&.> electrie motor 
and was ('apable of fully automatic opemtion, It. was equipped ,dth 
an autolllutir tinwl', limit and sai'ety d(',-ic('s, and a hlendel' that 
(~ould h1end 1'olll' sepamt(' ingl'Nlimits int{) the mill. All inte~ral 
pontl'ols and Rafet.ies were bypassL'>Il to eondu('.t these testK 

TIll;' mill used two 1'01ll'I's rotating at. the same speed, a.pproA~
matel), 52;') I',p,m, The l'011s Wl'l'l' G inches long and 8 inches in 
di:1ml't.ey', Both rollR had Y-shapNl grooH'S, Two s('ts of rolls were 
uSl'cl: OIl(' with (j gl'O()\'('s Pl'I' in('h, ~ Ii in('h deep. and one witl1 12 
gl'OOYl'S 1)('1' illeh, ~11:! inch deep, 

Thl' following al'e tll{'. ,'aria.bh's ill this test: 
ll. Ma.t.el'i a I 
h, Moishll\' eontpllt 
e, Grinding ratp 
d, Roller rleal'ane(' 
l', Roller sUI'rac(' 

The· maximulll roller ('lpal':Uwl' for :Lny gi"en test was Re1edec1 as 
the maximullI clearnll('(', that. would produ(',(' \'isih1(' cJ'aeking 01' 

{'.I'ushing of til£' grain, Z(,I'O <"1ear:lI\('e was ohta,ined hy moving the 
Y'ollN'S as (~lose t.oget.he1' as pos..c;ib1e. with thp teeth of OIH' 1'01lpr 
l11e~c;bed in the gl'()()\'es of the ot.her, 

Figul'l'$ 15 and 16 show t.1H.' YWl'fonnall{,(, ('.11 a 1':leteriRt.ies of the 
1'011(',1,' III ill test moOO1', 

Figurl' 17 shows tlH.' pown requil'cd t.o roll "arious nmterials at 
R{wend mtes with e:teh 5Pt. of rol1eI'S, These ('·\lITeS I'l~pI'eSellt, data 
from tests ('onducted with 1'011(,1' ('leal':llH'e Sl't at half t.hl' maximum 
e1eal'n.nee that would pl'odu<'R, saf,isfadol'Y grinding reRlilts, The 
ma.ximtllll grinding' rllte-s wen' est.ahliRhed by the maximtllll el~pa('.it.y 
of t.he feed llH'tl'l;' 011 the mill. 1'0\\"('.1' I'l~itlil'('d iIH'.reaRl'd with an 
inl'l'eaS(' in rah', 'Yit.h ('·01'11 at. about 10 perrent moist,tll'e, t.1l(' t.wo 

http:di:1ml't.ey
http:appal'e.nl
http:HOI"Ll'.JH
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SCREEN OPENINGS INCH 

PJOUlU; lit-The ienst energy WitS required with %-inch screen openings when 
12 hummers were used for grinding outs with 7.3-percent Illoistul'econtent. 
"'ith lh-Inch screen openings, only (l hammers were nE!eded. Modulus of 
fineness runged from 2.01 to 4.00 Ilnd the horsepower-hours per ton from 
:.!1.22 to 1.37. 
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}.",!1l'I\~~ H.-A l'ullllllcrcinl low-horsepower roller mlll WIlS used for tests. Its 
rollers wert' B inchN; wide lind 8 inches in dinmeter, 

l'ollt'l' sul'f:wes I'!~quil'ed almost the same. power, ",\Tith the two sets, 
the O.07fi-in('h ('ll'umnt'R produt'ed neady the same uverage particle 
size, ",\Tith oat~, the set wiLli Ii gn){wes per inch required slightly 
morEl pow('1' 1111(\ slig-ht,ly g-reater 1'01ler t'lelll':lnee to produce n 
finished pl'odu(,t wit,l\ equal moduli of fineness tlulII the set with 
() g-roo\'I.,"S. (rr'inding- shelled eol'll n.t :H.8 percent moisture wit.h rollers 
ha\'ill~U g-I'oo\'es lWI' jndl requin,d eonsidemhly more power than 
g-rindlllg ('Ol'll at :m plweent- .moishll't' with I'olhm.;- having (j grooves 
pt'!' i liCit. 

Thl' ('ompal'it;on of energy required to gl'ind shened eol'll with 25 
and ;~() Pl\I'('.pnt IllOishll'l' is valid lowell t.houg-h the rollers had 12 
Hnd (i gI'OO\'PS pl\!, inch, n'spl'et.i\'dy, \)£\(\lIuse t.here. was no difl'erence 
ill t,I\(' results when (i- :Ul(\ 1-2-gl'ooye, ronel's wen' used t.o g-rillcl 
Shl.,\IlNI ('01'11 wit.h ]() PI'I'('l'nt llIoisilll'(" It is t.hl'I'e:fOl'e. reasolHLble to 
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FIGURE li'i.-Test of a-horsepower roller mill motor. Input VS. oatput. 

assume t.hat the difference in ellergy requirements was ent.irely due 
to t.he difference in moisture cont~llt of the grain. Moduli of fineness 
were praet,icnl1y equal. The power difference was proba.bly due to 
t.he greater shelH' stren~rt.h of corn at .25 percent moisture than Itt. 
30 percent, 

Beeause of tJle smllll original particle size, tests with wheat were 
conduc.te.d only 'with t.he 12-groove set of rollers, 

To study the effects of roller clea,ranee, corn at ] 0 percent moisture 
wllS grotmd at. various rates and the roller clearance wns varied 
from 0.025 inch UpWll.rd (fig. 18). As the grinding mte increased, 
the grinding effieiency aJso incrensed, as mdicated by the lower 
horsepower-hours per ton at the l1igher rates, The energy required 
to grllld t.he C.Ql'U dec.reased as the roller clearances incl'ensed, An 
un&.xpect.ed result, however, wns the very s1ight increase in modulus 
of fineness with t,Ile inc.rease in clellmnce.~ 

Fmther ana.1ysis of the data shows that the change in the 
modulus of fineness WIIS due primarily to the change in the per

http:un&.xpect.ed
http:UpWll.rd
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jj'lll UltE 16.-'l'est of i)·horsepower rvLler mill motor. Perforllllllll!e curves. 

(·t'nt:a~l' of fineti (pal·t.ieles t.hlLt will pass t.hrough a. No, :Z8 sieve) 
in t.lll'. :feed mixt.ure, The fines <Ir'oppecl from 5.23 percent. wjth 
!l,O~5-in('h ('learalH't\ to 1.45 pel'(~ent. wit.h O.J25-.in('.h {'olea-ranee. In 
ot.hcl' words, l'ollt'I" ell'al'alWI' had lit.t·le effed on a\'ern~e particle 
sizl', atl'edil\~ ma.inJy t.he (jilt' mat.e,rinls, 'which make up only a. small 
pOl'Lion of hhl' lot.al produ('.t. These data !l.re for tests with rollers 
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FlOPItl~ l'j.~I'f)I\'PI' !'t'qui"ed to roll w"ent (12.8 perc'ent moisture), corn 
(10.:!, 10.'1, :!4.R, lIud :W.7 pereent), and Ollts (ll.a lind 12.3 percent) at 

SCYPI·lI.l ru Ips with rollt'l's with (i lind 12 g-I'OUYl'S ]IeI' inch Ilud ,roller 
elellrlln('t' spt lit hllif tlte lllllXiu! Ulll dell !'unce tltu t would J)I'(}\'ide satisfactory 
grinding !'('sults. 

itayillg 1:2 gTOO\'l'B per i11('11, Hollers with (j gTOO\'es pel' illl'h pl'O
dut'etl slight,ly ('OIlI'Sl'l' par-ticlt'.."i, Inil', gl\llerally regui,'ed about t.he 
salllP l'I\t'.l'gy, 

FiguI'e- 1D sllows t.h(' jWI'fOrmHJH'l' of t.he mill gTinding ,,'et shelled 
(:01'11 aJ :W,7 IWITent~ moist.lIre, Thesl' dnta :In' for t,he rollers wit.h (i 
gI'OOYl'S pl'l' iltt'h, 'l'Jrl' elll'I'gy per tOll de(,I'emmtl wit,1I an ill(,l'ease 
in gl'illding mtl'. AJso, t,ht' el\(~rgy pt'r tOll deel'eased wit,h 1111 illcrease 
in I'Olllw t'leHrall(,(" hut, t.he llwdllius of finelll'ssinereasl'ltl only 
slight.1y, as with t,llt, dry COl'll, Thl' pPI'('('>nf.age of fine, material also 
-f'ollowl'd thl~ SlIlIH' t.1't'nd as ill dl'Y com, Figlll'l' 20 shows t.hl'. sallie 
tr'l'IHI 1'01' sht'lled eOl'll with :U,l'i pe.I'('l'lli moisture with slightly 
h ighl'l' elll'rg-,)' requ i n'lIH'nt [>l'I' ton -for rolJi ng, 

FiguI'l' 21 shows th~' Iwd'ol'lllaIWl' of the luill USillg rolh'l'S with 
12 g"OOYl'S p('.l'ilH'h ill gdnding wheat. wit.h 12,8 pel'et'lli lIloisttll'e, 
(i-rinding l't1ic-il'Il('Y ill('I'CHSl'd u;.; gl'illding rah' ill('reasl'·d, as shown 

http:slight.1y
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]<'lGCIU': 18.-1i}fft."(:ts of roller clearlUl('e were studied by grillding (.'orn (10.2 
pen'ellt uwistllr",) lit nl riolls rIl tes and varying the roller clearunc'e. Energy 
requirt.>d dec-rensed, und modulus of IIneness incrense<l slightly, ns roller 
elellrnuce Increllsed. 
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It'lGCllt: l\).-P",rf(H·Il\Unee oJ mill \1l:'ill~ rollers with 6 grooves 'per inch 
grindiUl! W("t shelled corn. J'}lIl'rgy Pt"r tondeereased with inl'reuses in 
grinding rate Ilnd rollt"r clellrnnce. 



22 TECHNICAL BULLETIN 1394, U . .8. DEPT. OF AGRICULTURE 
3.5 .--JIA,~______________---, 7 - 7 

CORN 
24;8% M.C. 

3.0 12 GROOVES/INCH 
x--------x -6 - 6 

,.------- Modulus of fineness 

2.S - - S -S 
Vl 

Z 
Vl 
.W 

0 .....
:i 2.0 '
'7 
.,: 
:z: 
,.:. 

1.S f-I!> 
IX 
W 
Z 
w 

1.0 f 

:~~ 
~~lb/.i'
~" 

- 4 

- 3 

- 2 

Z 
w 
~... ... 
0 
Vl 
::> 
-' 
::> 
Q 

0 
::E 

- 4 

-3 

- 2 

Vl ..... 
:z: 
;;: 
..... 
z 
,W 
u 
IX 
w .... 

•••.•.. Percent fines 
45 

O.S f  55 - 1 

04 I 	 0 -0 
0 	 .040 .080 .120 .160

ROLLER CLEARANCE·INCH 

FIGUltE 20.-l'erformuu(·e of mill using rollers with 12 grooves per inch 
gl'lading ('orn with 24.8-percent moisture content. Trend was the same as 
for shelled ('om with higher moisture ('ontent (fig. 19). 

by t,he lowel: energy requil·ements. As with corn, the energy required 
to grind t.he mnte-rial de.('1'eased wit.h an increase ill 1'o11e1' cJearnnce. 
At, t.he snme t.im,e, the modulus of fine11ess im',1'eased only slightly, 
aIt.hough the perl'elltage of :fines decreased considerably. The change 
had lit.t.]c effeet 011 t.he, modulus o:ffineness because t.he fines rep1'e
sent.ed less t.han 2112 per('.ent, of t,lIe tot.al product. 

On,ts wit.ll 1l.:.~ and 12.B percent. moist.ure were rolled with bot.h 
sets of rollers at. ,'al'ious clearance rates, Figure 22 shows t.he results 
of the t.est 'wit.h the rollers wit,ll 6 grooves per inc]l, Horsepower
hours per t.on clecl'l~ased as both the grinding ra,te tLlld t.he roller 
('lea rn.1U~e in('.reased, ,Yith bot.1i sets of rollers, the modulus of fine
lless remained nearly consta.nt. as elenr:mce w.us varied, This result 
elUl be exphl'ined by the· low pereel1,tage of Jines in oats eyen at the 
smaller roller elenrane.es; in all tests there was less than 1 percent 
of .fine.,c:;. To JH'oduee. a pl'oduct wit.h a,bout t.he same modulus of fine·
ness, t;he rollers ",it,h 12 grooves pet.'iJl('.h required great.el' power a,t 
u. g'1-eat.er rollel' (·.lelll'IIIl('-l~ (fig. 2B), 

http:g'1-eat.er
http:great.el
http:elenrane.es
http:consta.nt
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dNI\'IIU('e illcrellsed. 
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....;I(ll'IU,; 22.--1'(·l'for1llul1\·(' of millW:lil1g roUers with ,6 groo,es per inch 
gl'ilJdlug ont$ (11.3 ppr('('lIt lIloisturt'). JDnergy (leerell.<:ed with illcrenses ill 
grindiug rute lIudrollpr c1eul·ullt'e. 
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}j~lGl'UE 23.-Perfonnnnee of mill using rollers with 12 groove\; per inch 
grinding oat.!> (12.3 lJeI·<.>ellt Jlloisture). These rollers required more energy 
and greater J'oller clearance thllU rollers w.ith U grooycs to produ<.-e a com
pUl'hble product. 
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SUMMARY 
The data genel'lllly indic.ated that, for a gl\'en situation, the 

tot.al power input to a hununer mill iuc.reases as the griuding rate 
increases, "'ith an increase in size of screen opening; modulus of 
fineness (Ilvel'llge size of part.ides) increased in t.hese tests, whereas 
t?ilargy requirements per t.Oll deC'reased. Grinding rat.es had lit.tle 
effect on modulus of fineness und aii'eeted ellerg"y requirement.s pel' 
t.on slightly, t.he hif?her rates being more efficient.. Number of 
hammers had lit.tle effect. on modulus of fineness and energy require
ments except with the 1/s- and l,4-inch screens; wit.h t.hese sereens 
12 and 18 hammel"S were more effieient than 6, 24, or ao hammel"S. 
Moist.ure. eOIlt.ent of corn a.ffects t.he energy requirements; t.he energy 
per ton increases as moist.ure inereases i!'Om 8 t,o 20 pereent. and 
cleereuses slight.ly as moist.ure increases from 20 t,o 25perC'~nt. 

Although we. ('.(In ('.onelude that t.he power requirement of a roller 
mill grinding wet or dry corn, oats, or wheat generally increases 
as the gl,hlding !'at.e inC'reases, t.he ellerb')' requirement per ton 
clem'eased in all t.hese tests as t.he grillding nite illC'reased. The eneq.,'}' 
requirement. per ton also decreased with inereased roller dearan('es. 
The modulus of fineness remained nearly const.ant as roller e1eal'ance 
was varied. Howe\'er, t.he percentage of fines, whiC'h represented 
only a small palt. of t.he t,ot.al, generally clecreased with .un inc-reuse 
in roller clearanee. Grilld~llg rate. had pract.ieally no efl'ect 011 size of 
p(~rtieles or on pel'C'ent.age of fine Illut~nals. . 
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