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Tha pur: of is to Investigate q titati ly tho d •

tributi
'

I ml]

. a pr :t
'. Lll. Tl j titative j i

': of t

Btud; every point '

d ill. S

;s i illy j

•

'

' with the Ltati tion of f]

tha mi llii g pi* . to comp] ly*

The qu 3 tive portion of such a i

'

'
' anc .

q ility / 3 ash and ps :.
'. ..

Farrcll and Ward (10) poi fced out the lack of such infoi ;ion

viliL- noted its uses !,
1) to improve qi lity or yields or both; 2) to eel

or adapt :.' Iter sc i oj ^nings better suited to tha machi that j :ess

o/ia or : : p -'
1

.' streams; 3) to ' ..' jn tha fli for i .:i flour

mills; 4) to pre 'j.o; in pounds par mi : how cuch i
'

. tic lift i

carry in the design of ~ itic lifts*" I tha i rtenc • of tl 2 q

titative aspect of this- study*

In tha production of white flour for baked px ts the ash content

of tha flour ha: long been used as one of several standards of quality*

can be defined as mainly inorganic matter which remains : a sa iple

;
. jcir trated at 550°C* for 10 hours* The ash in known to ba : >re

concentr '. in the outer covering or bran and germ of the \
' sat ker

than in the 6t&rchy end : i* Since the major concern in tl . Llli tg of

wheat into white flour is the clean separation of- the low r

frc .. tha high ash bran and germ, the efficic ;cy of the r :ion can ba

judged a] .
'. ly from t" s s . c . of the flour pr ! 1* In laying



put the flew of a new mill, or to improve the flow of an existing mill,.

is is essential to be able to estimate the probable ash in each stream

So a%Foid contamination of lei? ash stock with stock with much higher ash.

0£ course the panicle sise of the stock and the availability of equipment

must ba taken into account when originating or altering the flow of a dill,

This study was conducted on the Kansas SMts University Pilot Flour

Hill. The capacity of the mill is 209 weights par 24 hours. The nil!

uses pneumatic conveying and gravity for the movement of etoek to the

various gystesss. The air temperature and humidity in the mill rooms were

automatically controlled. Flow sheets of the mill as it was used for the

sheets concerned and a list of the production equipment in the mill are

presented in the section Methods ana Materials.

The wheats milled consisted of two samples of hard red spring wheat,

one soft red winter wheat, one soft white wheat (Gaines), and five hard

red winter v?haai:s« Each of these wheats are more fully described in the

section Methods and Materials. Farrell and Uard (10) conducted a similar

study on the same flour mill using two hard red winter cheats© Some of

their data for this class of wheat wars used in this study,

GUilVSY 0? LITESASUaE

A study of practical flour nsilling must start with a sound knowledge

of the structure of the wheat kernel, Bradbury et al. (4) in their siudie:

of the structure of the wheat kernel divided the berry into five general

parts; the pericarp, seedcoat and pigtsent strand, nucellsr epidermis and

nucellar projection, endosperm end germ. King (21) and Bates (2) showed
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• :o six per t of the total (4)

; Of tl 1, is .
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; of t'

d ' ide 1 into si '
'

' laj :s» Ji Lnsi pericarp

ly 1 It ' ei t

\- and is joii i at tl ' ' in the ci . pi it stra

and tl '
. proj :tion Li g the crease with the latter bei

_ ; the

j Lning \-
'.- i of the 11

\

•'.
, The i i illar .

' Ls is c. si

lciya^r of cells tightly c I bet i the f ! c • and I

and et / uni t I tc 1 : fch.

layer of the en rra is composed o thi tiled cells

which - - In no gluten or starch. "
\ cells r-v^ tl - ' of

tl ! endospc u :. s as the term As ui id is flour milling, includes the

aleurone layer and all that is outside of it (24). Thus ther is no dis*

tinct clea age li a b . ti the remaining '

_ :m, theal >, and tl

bran. The remaii Lng end perm without the aleurone is often r ferr« I to

i
.-..• :ch; , and is made up of colic containing starch granul i

g
' added in proteinaceous material. The endosperm usually c^co\i:.zz for

approxi ly 80 to 86 percent of the weight of the kernel.

The germ is the livi ti< i of the seed, cc. " ing the embr; a a 3

its parts. It is located in one end of the oval el \\ rry. The germ

in covered on the out tide by th • : i
.' is not : tly bound in the

kernel (4). By weight the germ is two to three porccai of the kernel.

r ': : et al. (24) j q - re] ion of the milled
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fractions of the wheat kernel as follows: bran 14 to 16 percent, starchy

enehmter® SI to C4 percent, garia 2,5 to 3*5 percent by weight, though not

8 distinct mill fraction, aleurone was listed as 6 e 7 to 7 e percent of

the kernel by weight (40 to SO percent of the bran), Tha ash of each

fraction %m& also listed as a percent of ash in the fraction sad as a

percent of the ash in tha whole kernel.

Ash in fraction Percent of total ash in kernel

bran 4,8 to 6,7% 68,
eniosporni .26 to ,55% 20*

gerai 3*63 to 9.47% 12,

The ash in the alcuroa© layer was said by MacMaaters et al, (24) to be

14,37 to 17,2 percent, 1!hey then listed this as about CI percent of the

gsh in the kernel. From this it becomes clear that the ash of the wheat

kernel is concentrated in. the aleurone layer. This leads to the statement.

(24) that color grade value and ash content of flour ere not significantly

related since aleurone particles will greatly alter the ash of the flour

but will rot appreciably affect the color grade value,

Morris et al (23) , working with one variety each of three classes of

wheat (hard red winter, hard red spring, and soft rod winter), showed by

iterating the endosperm frosa fire area;? thai the ash increased going from

the center to the periphery of the endospara, Hinton (14), working sap«

arately, found siirdlar distributions of ash in the endospera, Morria et al

(27) found the bran to contain 13 to 18 times as great a percent of ash by

weight: a'; the entire starchy endosperm*

The difference in ash content between ei'dorperm and bran makes the

ash content of the flora a sensitive indicator of the efficiency of the



of low ael high ash bran • \

used to I . '1« Si

I in pricing i
'-''-'.

'
• got oul

to its val " ' '.'.' since

(19, 30) that baking :ily indicat bj 1

ash ' still] .•; a val "
'
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3 t '."
i I
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: in h'

Lll in :
:.- .

'

;fici of i
:' i of tl e .<

from the bran,

Shuey (37) f as •'yardsticks for i " :

" > of wheats,

and their nilling chavz:. tics" flour yield, botl ir,

tli - i llli :: '..': of the wl . the t per required, boi to tit s , I

j tnt, and the as) of the flour* T le . inf ' flour ash were

divided into thi sin classes, i
'. ' 1 ii jes, hcred . :/ in-

fluences, and physical tre .\ ant. The first two of these crui bo controlled

by the miller only by select!^ \\ Lng, The third he aver can essentially

be controlled by the miller. It was subdivid .' handling and storage of

t, c' '.
_. : iring or conditioning, and milling of wheat, Robbins

(31) c^vr: i; ; • »ilar set of factors effc g ash in flour,

A flour . Lll is a continuous integration of many oj :r .':;..
. to o1 an

a common goal, the production of tl e largest possible quantity cf white

fir*':: sui . ble to the c sr's needs, fro... the r llest pos '/ 1 ;• ttity

of wheat, Bouskill (3) divided the actual r^illiu^ process into five opera-*

tionn, breaking, grading, purifying, reducing, and dressi : or bolting the

11 perm, The condition! i
. i 1 tr« atment cf t* .'

. :iZ prior to milling

must also be taken into account . Ldering the overall performance



of a flour mill c i a given wheat* Each of these is a distinctly differ pt

operation but each depends upon the previous operations* Ksoh operation

will affect the subsequent operations, but to a diminishing degree as

available endosperm becomes lees toward the end of the milling manufacturing

process e Bach of the operations involved in the production of white flour

is an important factor in the overall process but iione can individually

be responsible for the success of the entire process. On the ether hand

however* <ey one operation can cause the overall process to fall short of

its goal. Each operation can be evaluated separately from the rest of the

mill bui the true story is not told until they are evaluated as an inte~

g rated process*

One meth< d of evaluating the overall process is by plotting the

cumulative csh curve of all the fleer streams in the mill. This is a

valuable tool in evaluating the performance of the mill and the milli

value of the shast (10, 44), Wismar (44) gave some of the background and

develops eat of the use of cumulative ash data. This method derives its

value free the fact that it takes into account both ash and quantity of

all the flour streams at once*

Heller (26) pointed out that by shifting the bulk of the flour produc-

tion tcvard the tail of the mill it would be possible to decrease the ash

content of every stream in the mill and still have increased straight grade

ash* Seek a situation would be quite difficult to correctly analyse by

investigating only the qualitative data of the individual flour streams,

"he ceepe of the cumulative ash curve seq.uld rake this clear at a glance

sinc^ it tjould rise u ;e uniformily along its entire length.
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Rosea (34) used the data previously p; ted by hir.:;elf (3?) v
'i'>

de ;rate how tl lication of the rgx i .:-.* may be useful

in r.v." ' ig the operation of a flour mill." In so loi 3 he pr the

granulation curves of all the breaks and nearly all of the red

Fnrroll end H trd (10) gave the tribution of aio^k thrc gh at the

tate University Pilot Flour Mill. '. :. Lght of each circa..; was

i : ! anied by the . and protein of the stream. Th '
1 help to

give : i ling, to the flow of tl a mill since not only particle gL?,q but: also

the ash of t' *. st< -k ia conoid ired when a flc .' is d :veloped. In the same

arts yd >nst :ed c •. use of lata by givii ;; pie of li :



granulation curves can be used in developing a he*? flow sheet or improving

as existing one. the authors pointed out the importance of predict!-:;; tl a

flcs^ rates cf the various streams in a mill vhen designing pneumatic systems,

Several ether mills have been described in the literature by the use

of stream weights and analyses but they are incomplete in their analyses

and stream weights* Scott (33) presented a flcs sheet of on English, rail!

(30 sacks of flour each 230 pounds par hour) which produced 3369 hundred

weights per 24 hours » The flee? sheet includes the flow rates of most

of the streams but no description of taa wheat x~'3S given z^nd no analyses

were included*

Scott (33) discussed the comparative granulation of stock ground fro.:,

herd and soft wheats* In to doing it v?as convenient to consider the

initial breaks and the tailcnd breaks separately* Scott (35) stated that

*%& normal milling moisture values 3 the release with equsl roll settings

is usually higher on the first and second break rolls for soft wheats

Cbse for hard," Granulation curves were presented to verify this break

release difference between No* 3 Manitoba (herd) and Russian (soft) "j?hea£*

"On. the later break rolls the release from soft weak grain is usually low

because of the relatively high initial release and because the skin is

tough, and remains in large fragments to which the endosperm adhers ten«»

ecioesly. For the reverse reasons the release from strong dry brittle-

skinned w! aats are comparatively high on the final breaks* 3J

Seller (26) gave a comprehensive verbal description of the stock

throughout a flour mill of undisclosed capacity. Diagrams of each sifter

and purifier section gave the flow rate and analyses of most of the streams*
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The i :ibed as hard red winter

for ;.".! tl

J'.ir!;- ' (18) In

I 551 . la pa:: bou I wheat. ' weight

in;; :"'..'
-

- ;. : i

'. 1
. .

:' per 1 .. I as £ I

of t sent bre ik. .
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to first break. Using this method Ge] .
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*ary co iveyi
_ y and power c >tion.

; . : serials

1:1 pies of wheat frosa four cl. - re railled I this study.

Five-; of t' e pies were hard . I \ Inter t ts, two were hard _ ;
. g

wheat i, or s was a soft red winter, and one was a soft white wheat. E:\ch

sample cams frc i an az 3 of the Tr
lit id States in wl its class of

-

in coajnonly grown (Table 1). 1 r each saxaple will be referred to

by the abl reviated 3 which app ir in parenthesis in Table 1«

Of the two hard red spring wheats, one was relatively high in protein

content and the otl :: was low in protein. For this v2-::::o3. they have 1 sen

referred to as hard red spring low ^-oi^ixi and hz;>l red eprii 3 high prot 'in

throughout this study. The soft whit the well known Gaines

variety and co w* £ rred to en Gaines for thic work. The hard red win-

ter wheats were made up o!: one low pr :ein wl t, one high pj t Ln wl at,
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Table 3U Description ox wheats.

Wb sat Description of origin

Hard red winter
lor protein

hard red winter
high protein

Hard red winter
(IX£&*1)

Eard red winter
(ma**2)

h. rd red winter

C r-3)

Hard rs • spring
low protein

( . 3*»L)

Hard red. spring
high protein
(HR3-H)

Soft white
(Gaines)

Soft red winter

Blaekwell, Oklahoma* dominant variety in the Black
well area was Triusjpho

Bardett, Kaesas, probably © mixture or Early
Trirur^h and Bison,

ilended to 11,5% protein- from several bins of

wheat grown near Manhattan, Kansas s in 1964,

Blended to 11,2% protein froa several bias of

wheat grown near Manhattan, Kan3ao 5 in 1965,

Blended to 11© 9% protein from wheats from several
locations all in Kansas,

Grown near Choteau, Montana, the predominant:

varieties in the Ghoteau area were Ceres and

Thatcher,

Grown near Valley City, North Dakota, variety
was believed to be a capture of Poabina and
Justin,

Grown at Pullman, Washington, variety was Gaines
which was the leader in the Idaho, Oregon, and
Washington white wheat area.

Grown near Winchester, Indiana, where the variety
Manor was rapidly baccadne. favored over Kno3£,

and three samples which were each blended to near Xl<,5 percent protein.

Setae of the quality factors cosimonly used to evaluate wheats for

milling value appear in Table 2,

Data free the milling of ha::d red winter wheats on the existing Kansas

State University Pilot Flour Hill wore reported by Fsrrell end Ward (10),



11

.'

ti

O
.-I

o
C9

o
.-I

>>
rH
C3

C
-:

c:

r !

->

f J

t-T

C "

co \o in. r>» o <}

• m
r-l O LO

"t c I

m
c\ m w «:;- ir» 1-4

O « t I t

-
•; r

:

. : ;-. r-- oo
r-l r-f LO V .

L-i

• o • e •
i~! O f-

r-» o o c-:

o

O r-l NNO)
rH i- : VQ VJ N

N o :.'i o [s m
Or-! :\> CO C\ C-3
r~i r- : o !•"» r j

• O
• • •

00 r-i

, m
c .

i : . 1
. o m 00 fH

. : S3 . j SO

lO
CO - c

;

•..' r» C-. m in o
# • • • • c m • •

1

1

t 1 . : ( ">

1
r-l t^. . :

l-t

o

•
'

U | \o St W*

^^ U i t » • :/ m •1» O O O
• • o e » • •

r-l r-l : ' L"» (N !->. rH
r

' iH O o C*0 Jn. N

m o ->
•> •

o en

i o
* o cO CO rH

»nfi M sn o c\ in tH o •"•

I e e « e o • • .

t -

r-l , : •
• O :•) I ! VO cn

: r-i r~!

O

U1 O '.'i rv C\

***« CO •o i : '.

:

<t a o
i • © • a • • • «

r » c i

O m ("i

I-. CN

/~\ <~N /-\
r^. 3 ff
• rQ *-n cam "n i

:
-
s '

•; n ^
j .n •

v> r-l r • 1

S-\ .'"S. .'-\

s-\ ? •": U 03 r-: *~S V> >—1»

B>S
,-'

rrJ ;> 5J •:.!

sy ;: .
- •—» *

j
'

•. : ' • : . . - ! . i

e' * \ GB i

•

•ri
- -

: , •

iJ ^•^ .• 1 -j -•

.•,) • • • ':

a •

'

^ ,
'

i

eu - i
•

C7

0)

H

O
O

E-2

fl



12

' ::; data were used in this study as representative of the performance

of the Pilot Flour Hill on E^rd Eed Winter wheat. This wheat is referred

to in this paper as sIKW*

A list of abbreviations used in this report ere shown in Tcble 3«

>&&<

Abbreviation
'

Bk* red.

!,2 S 3 Red

F. Bis.

To Fl.

Definition

1 M
2 Q
IT

St.tCe

B.D.
tj o .-' e

p»l
tt (ST)

XX
-I- (followed by

sieve sise)
• (fo! 3. lowed b'-'

sis-i?e size)
HRS
HRvJ

S£H
F

<2 Rw
•5 Sr^c C

4 Bk« i?

/ Ttlr V
CWfc

J» » ~ 5-

1,2,3, break rcfe ::

1,2»3 break redust
coarse sisings
fine sizing j

top flour (from upper curias of flour cloths)
bottora 5 lour (frosi lo;?ar g^rie^ of flour cloths
first middlings
se 'ond quality
first tailings

Sion section

shorts duster
bran and shorts dujfcer section
purifier one
Tuf-Tes sieve clothing
grit gauge (silk) sieve clothing
Swiss silk sieve clothing

overs of the indicated clove

thrus of the indicated sieve
hard red spring wheat
h ird red winter 'wheat

soft red winter wheat
third break fine
third break coarse
fourth break fine
fourth break coarse
hundred weight
total Droducts
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ly high initial re! '
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Her (26) gave a comprel '
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throughout a flour mill of undisclosed c.-.;-
ru.lty. Diagrams of each '

:

and |
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.: section ga\ tl fl< 'ate and analyses of cost of the st
'

The wheat was descrit ' as h ird red winter but th \ analys .~ were not gi1

for all t] 3.

Ju ' (IS) st if . r perfc . ce in a hard wheat flour mill

which milled 5557 pounds par hour of hard -.." at.
r
.

'

Els of tl .-

streams 1 ." :h sifter in the mill were nivun in pounds per hour and

b.z a percent of the wheat sent to first break. Since the study was con-

car. .

'. ( ly Lfeh tl .'.... Leal separ :io 5 made hy the sifters no chemical

Gshle (ii) 1 xibed a method of Lgning p :ic c lveying ;;,.

by expressing the weight cf each stream in th i t L13 as a j t of st sk
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to first break. Ussing this method Gehie theorised a. xaethod of reducing

necessary conveying capacity and aouce power consumption*

Cleaning

Prior tcf conditioning and subsequent calling, each of tha wheats vay

cleaned using tha cleaning house facilities of the Kansas State University

Pilot Flour Hill* The wheat was conveyed through th2 entire cleaning cystan

by gravity floTT and pneumatic convoying systems. An automatic dump scale

followed by a constant flow gravity feeder maintained an even 60 bushel

per hour flow of wheat to tha cleaning equipment. Tha actual cleaning

equipment consisted of a permanent magnet, pneumatic lift aspirator,

milling separator, dry stoner and gravity table, dice separator (oats),

disc separator (small seeds), impactor-scourer^aspirator, and a duo*

aspirator.- Tha cleaned wheat flowed into a holding bin which was used

to insure an adequate supply of wheat for a constant flow to the ta:npar«

ing system, Tha whaat was tendered immediately after being cleaned.

tempering

The tampering equipment consisted of the holding bin mentioned above,

a scale feeder, a pneumatic lift, and 43 faet of 6«in, standard screw con«

veyor turning 43 revolutions per minute used to mix the water with tha

wheat and to convey the wet x;hsat to tha taoparing bins, Tha tejnpering

bins consisted of eighi bins each having a capacity of 25 bushels.

All the samples milled for those tests were tempered using a cold

conditioning procedure, using different final moisture levels for tha hard
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of 60 bushsls ] hour to the liti
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in one wheat 1

Cl both at i c
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: . h Id in the tempering bins for I
"

to milling*

Upon milling, the 1 wheat was dr . all eight tempering

bins si ilt • sly. This was done to insure that a uniform blend of

terni at \ as sent to the mill.

The Wheat to P: '
. ale

The blend id and t red ';
i sent through a brush machine as i 5:

. .•-
'

i the term; Lns« Px > h machine the wheat uao pneu-

tically conveyed to an automatic d-.? c?.al?. on the top floor of the flour

mill. The c\ p scale \ as set to rele; je CO r \ j
• duEp, A counter
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'attach td to the release mechaniss? recorded the number of dumps ns.de by the

scale. The time cycle between daaps was set on an electric timer to da«u

liver wheat at the rate desir sd for the mill*

The belt feeder continuously regulated the flow of wheat ovar the belt

and automatically corrected its food gate to deliver a constant flow -at the

rata of wheat desired to go to the mill*

The feed r?£e which the feeder was to maintain was oat according to

the capacity desired on the mill for the particular claaa of wheat feeing

milled* Once Set, a counter racardai the quantity of wheat delivered to

the mill. Thus a double check ox the total quantity of wheat gent to the

mill and the rata at which it was milled was possible.

To facilitate optimum performance of the pilot: flour mill on each of

the various classes or wheats the moisture of the t spared wheat and the

rate at which it was willed ware variad. Several warm-up cr trial millings

ware performed with both of the soft wheats ana the two hard red caring

wheats*

From these warcs»up runs it waa determined that the hard rad spring-

wheats could be milled an^ar the Same conditions normally uoad in the

pilot mill for hard red winter wheats* All of the bard wheats milled in

this study ware milled at 16*0 percent moistura and ware delivered to the

pre«break rolls at 13 bushels par hoar*

it was found that both the soft wheats could ba oil led well at 15.0

percent moisture-* The; §1 '7 wheat was delivered to pre-break at 16 s bushels

per hour and the Gaines was milled'at 14.5 bushels par hoar*
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The
' Hi

.'.11 has a pr lty

of. '
:

' '

:s on har :a* Although this :'

risen to it . 1 : il

end al of t ' ;

.:.:'.: '. 1 could s
'

'. by ordinary com-

i arcial pin '.
'. Tl < h of tl i straigl ' fr i the pilot

'

is « q] 1.: lower at :
' nl

pi: jo. C I flour produc. its b; st «
":

c pted ls to tl ir mills*

Co . _

.'
.

':
: t >ck tl rough the mill is tirely by pne

Lty to th . milling equij sat -' : tril .

': id over four £ half floors*

rature and r ;e h Ldj l; Lthin the milling rooms was cc

trolled q : itically. The te pen tur i« '
: ' at TO -:- 5 d

hcit and the rel ':.',
i

' ' lity was held i t appro ..'.
3 tely 70 perce t*

5 i f 1 ., diagra i of the pilot mill as it appeared when each sa pie

as voile:??: HUS-L, Plate X; HRS-H, Plata XX: Gain* (,

Plata III; Pi.'-:, Plate IV; v::i, Plate V. The flc:y rates ir: pounds per

; . .: :'.. tl j mill • near the representee! stream on the flow sheet

for c: ch of tl e wheats*

Frior to this study the pilot mill was flowed solely for milli I rd

wh sats* While s
.'

i ting to k tep th \ cht iges in thu flcu to a mi i a, it

was necessary to make certain changes in sifter clothing. These changes \

d sten '.. id from a series of . ip millings on the hard rod coring and soft

v The
'

hewn in Fig* 1.
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SIFTER CLOTHING CHANGES

HARD WHEATS SOFT WHEATS

BREAK REDUST

,3-56 ,99

jJLr.1 JLj<JL
3- 9 xx

*• Flour

P-2

P-3
*» 2 M

3-56 g_g

?JLiJ^ xx,

K5- I 2 xx
2 - 9 xx ?

,—-^Flour

*- P - 2

-»»- p - 3
-^ 2 M

HRW- L
HRW- H
SRW

HRVV-i
HRW-2
H R VV - 3

HRS- L
HRS- H
GAINES

2- 64 gg

U i I xx
?2- 12 xx

Flour

THIRD MIDDS

IT

~4M

2j^6j0jg
? 2 -

I xx

pi XX

Flour

*4 M

FOURTH MIDDS

2"_44_gT71
x 2̂- x x

2- 12 x_x

.tJ^Jj^^x

«-Flour

5Bk

5M

2- 44 gg~

1

y
i - io xx r

13-11 xx|
fl - 12 xx L

fc.-urac*r»

^-—i* Flour

5 Bk

Fis« lo Sifter clothing changes.
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k) in pilot
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; I, IX, III, IVj t tl r :
'

'

'

, All tl .

'
. mill ti i at I 1/2 to It"

. i
': } o Z Lali

.1 roll ape i of oil the i are gi1 id le 4.

j ant of miHi ; equi : i . . (rolls, Gift .. i I Lfi b)

ap] Tab] 4 end S

3 j Break S;

The 1 ' system of the pilot flo .
.' made up of ! .

; of »lla d

i

-
' ' :'- :o a pre«1 k usi th .. lis, s ' £i 1

ted rolls* Two pail I r ills, c \ Lr 'indj

": grinding finer et -•".
\ are used for bot and £< arth

I k, A : parate 3 ist .. w s used on bran a • for ehorts to complete

the est i of end _...". bran.

The pre--' \ k rolls were adjust' ' so that the k rnals \ ".' just era &

tg the crease. There was no attempt to release any er '

_ from tha

kernel. The : .
' d; rolls are v.'j?,\ oily to j pare the ker 1 :

the first break rolls are able to release c" middlings.

The remainder of the breaks \ ire i
"j it id by the use o£ ?* lal : ry

Q.'/Z^ij tt xmina the break zzlcc.^2 c" ': '." id. Th^ break rolls *7arv^ set

from head to tail of tl 111, by adjusting eitr.^r end of the roll; until

tb .y i
.- •;,*. ':'. g • "... \ ly along their entir ]

':'.- Then if nee

tl • " itire roll was adjusted to ol :: Ln the - ;e« Th s 1 r
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Table 3, ] In I h I Lll,

I i« ft«

Puri £i ,•
.

|
. :.

i • 9.! .r
2 9.1

3 6.; .0:

4 6.: , ":0

5 5.27 .(

6 So
1

,

7 -5. ,,.0250

TC 48.

relei i w. i ietex V 2d by sifti 100 gram for 30

20 The overs of th si . - : : Lgl ...';'.

:: (grains) tc obtain tha
j

it releaj sd. Tl : rele

schedule (Table 6) was used in all tl
' .-,

Teble 6 e Thr .
' : 3 •:.

3 Bk. F.... ,.:

3 c r
-

'

A Til* t? '
"

/ or, p '>n '

The Reduction System

The red ':.

' . syst isa of the pilot mill c '. ted of two s2.rjir.3s op

tions, six niddlii 5s, <-. second qualityi and a first tailings sectio

The two r,L-s.i'i-', sections were divided into coarse Lzings and fin

1 . » T£ :•-'.
i

3
': ; at in eitl .

1 e tion fci



flour* "hoy s?ere both adjusted for the purpose- ox reducing the sise of the

coarse middlings produced by the brisks and to remove cud bran specks still

adhering to the middlings* In so doing* the function of the sisings sections

was three fold: 1) to flatten the germ go that it could be removed froas

the niddli^js a:> soon as possible; 2) to facilitate further cleaning of

middlings by a purifier; and 3) to reduce the sise of the coarser middlings

no that the stock sent to the middlings rolls was of laore unifora particle

sis?s«

Sha -rolls of each of the sis middlings soctienn were adjusted for maximum

flour production without creating g • >&0 heat or flaking of the endosperm*

iho second quality and first tails sections ware adjusted for a purpose

similar to that described for the sissing sections* The pilot mill was flowed

so that the germ was concentrated at the first tailings roll?* Flattening

the gorr> so that it could be removed to the gersi separator by tailing over a

32 GQ sieve in the IT sifter was a major consideration in the adjustment

of the first teilixigs rolls*

After the break rolls vers all adjusted and operating properly, the

reduction rolls -were checked and set from head to tail of the system*, The

adjustment of the reduction system was governed largely by the appearance

and feel of the ground stock as jviiged. by the miller*

Bolting and Purification

As was mentioned previously (Fig. 1) it van necessary to use coarser

flour cloths in some of the sifters while milling the soft wheats than when

milling the hard wheats. These sifter clothing cl sages were kept to a
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flour clotl a fid the 1 : clot!

us heat*
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:1 lata indicated

Coo much £1 !
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i rad dog. To : was rallied

j . if midds flour ;ened ( ..;:• 1). I

foy c .:';.'. t detrJ

to hard wheat roilJl so i
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The al ' ifter e se by s> ' is given in Table 4*

'. le purifj : ;ion sys! le up of seven j.

' *rs« The ." i-

butioi of tl s availabl \ purj is el m in Table 5o The purifiers re-

i unchanged thrc .'. ': tl\o. tests e: cept tl : the air fl \ led

in ;. j : to k :.. tl .'
. ill as nearly tl balance as possible. As

was pointed cu.': in a pr« ' is i :tion of this report, tl £ of tl

'"'
it \ can be a very i portant fa : Li

" the balance of £1-

in the i Lllo

Sarai li

The raill was start .. 1 allowed to run until tea; .

"

fc had spread

t ghout the nil!. The rolls a: I \ trifiers were then adjusted in tl an-

'.
;." ady dei " I. When the mill had stabili .

'. was runni ly

st if • was in
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balance and running in a steady state the sampling process was begun*

Th> pilot sraill was spouted so thai all the flour streams flowed to a

common sampling point where the individual flour stream samples of every

flour stress in the sill could be taken in unison* These individual flour

stress ©apples wore collected over a five minute period* Immediately after

collection the samples were weighed and bottles of each were tightly capped

until the analyses could be run* The stream weights ware recorded as grams

per five; minutes. The flour streams were caroled before and after the var«

ions other str ', frc:n each of the sifters and purifiers were sampled,.

The remaining streams from the sifters (the flour streams were not re«

r spied at the elftor) and the purifiers were sampled on^ system at a time

in the reverse order of flow from the tail to the haad of the mill* In this

way area system to be sampled was not affected by the removal of tee sample

just collected. The streams flowing frors the siftory were sampled by re*

moving tee socks be £h the sifter bo^ and running the streams into sacks

for five minutes* These samples were quickly weighed and smaller samples of

each vera bottled for analysis. The purifiers were sampled in a similar

manner* The weights were recorded in graae per five minutes*

The four feed streams were weighed during tee entire milling runs on

each wheat and saved for analysis* The pilot mill makes four millfeeds,

brae, shorts, germ, and red dog. The shorts, germ and. red dog were sacked

off separately fron the bran during the entire run on each wheat* The total

weight of each stream was recorded. Later' a representative sample of each

was blended, in a horizontal batch mixer and smaller samples were taken for

s . lysis*



'. hour.

: run into a 1 i 1

'. blended in a ;

: i
' led for t

111 was HRS-L, Gaines,

?, Only flour end milIfeed stre : v, zi sampled for

during the i . .

'j
1

--;
1. .

..'

\ 1; ' :. .:.'.{•.,: pilot mill 1 '.

as re] Native of hard r fcer \i\ its.

i;
'.' of Anal; ' of Str< is and

The .

.'
- i t S3h, t id protein of . . .

. i E Lned by pro-

cedures 44-15, 08-11, i 46-11, : Lvely, in
'

:or>

<5).

Te : 1 using a one qu rt 1 sttle and a beam balance

.
: ac lance with the st ' d i tl

n

- outlii ! by tfa t United " :t-

n . it of Agriculture (40),

The 103 j kernel weight was obtained by the udo of an electronic seed

counter to d Ls • tl ' number of kernels in r_ 40 gram ;. pi * Xh c

per 41 . \. i tl I to calculate the weigl t per 3 kernels.

The | marling vali • re determined by pearling a 20 gri in a

Hi-. :1 j ; cling machine fo:: 60 seconds. The pearled i pie

was then t red end sifted over s 20 wire sieve in e Smico laboratory sifter

for 30 sec Is, The portion of the samples v .
'.

'

- the '.

-
. i jhed and record I i a perc t tl
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Methods of Analysis of Perrc : n ze !>ata

Rossa (32) presented flour product;! ". d&t s n ©n entire mill. All the

data was given in the forts of tables. Later, Kosse (33* 34) again presented

the same data or* the sains mill but by the use of graphs. By so doing he

pointed cut the fact that the large quantity of data involve:' in considering

a commercial flour mill as a single production unit are far more easily

grasped in the form of a graph than in a table. A graph can show at a

glance what tables yield only after sons considerable ctudy 6 For this reason

much of the data obtained by this^ study has been represented graphically,

Rosss (33 9 34) stated that the granulation curves of a given mill should

not vary once they have been established in optimum performance conditions.

Farrell and Ward (10) pointed out the value of granulation curves in

the design and analysis of a flour mill. They made use of the predictability

of granulation within a mill to predict flow ratesc Gable. (13) discussed

e procedure of evaluating pneumatic conveying systems by expressing the

quantity conveyed in each line (fir:; rates) as a percent of the load to

the first grir ling operation. Fairchild (3) used a similar method to

evaluate pneumatic mills with different arrangements of milling machines.

In the study, Fairchild used the Kansas Sta~e University Pilot Flour Mill

as a basis for comparing various arrangements of equipment on single or

multi»story buildings.

Break granulation data w:s also analysed using methods similar to thos^

standardised by the American Society of Agricultural Engineers (12) for

computing modulus of fineness and modulus of uniformity. Since a standard

Sot of sieves was not used to determine the granulation data some modifications
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upward vaor-e rapidly. Once a mill £3 established in the production of a

respectable flour yield at a reasonably low straight grade flour ash the

cueiulative ash curve can be vma to evaluate future zailling on that par-»

fcicular call,

The cumulative eoh curve and the accompanying data are also used to

determine the rate of production of various flour grades to a specified

ash level. It is in this use that the economic dasirability of the cuau*»

i&tive ash curv& : I as just described in the previous paragraph becomes

quite apparent. Low ash patent flour demands a pries preissiusa so the longer

the cumulative ash stays low (relatively level curve) the nj;:e patent flour

is available.

iha various data from hard red winter wheat milling on the Kansas State

University Pilot Flour Mill were used as the standard or control during

this study. This data was taken both frora wheat milled in this study

and fron date previously published by Farrell and Ward (10) e

ksjulss a:;d discussion

Data for all the s£res &n& the mill are given in Appendix A to this

paper. It was necessary to work at all tin:ss with flow rates as a percent

of either the wheat to the nill of the stoch fron the individual system,

because the various wheats were isilled at different rates,,

The cm alative ash curves of all 23 individual flour streams comprising

the straight grade flour from each of tha wheats 'were p letted on one gr^ph

(Fig* 2) to alios? close comparison. The curves remained relatively flat

(slo.7 increase in ash) out to the range of total products yield with the
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exception of HS3-H» The curve of th i 1 IS-H flour turned upward too soon

indicating a poreent of total products yield. This was probably due to

a combination of two factors. She kernels %-?er.e small (Table 2 S 41.5%

over a 7 11 and 22.9 grans per 1000 kernel©) so the amount of availablo.

endosperm was reduced and the granulation curves indicate probable error

in break roll adjustment. Though the rest of the curves ware favorably

gasped, they were well scattered with no apparent grouping of class or

fcypa (hard or soft)*

The ash of the wheats (table 2) and as the cumulative 'ash curves show,

the ash of the various flours produced ware appreciably different 3 one fron

another « Thus it would be impractical to c©5 psre the ash of an individual

flour stream from each of the cheats. But since the flour streams are

ordered according to ascending ash in confuting cumulative ash (Appendix B)

it is reasonable to compare She relative positions cf an individual stream

in the different wheat millings » Though the positions of the streams in

the cumulative ash list are hy no means constant » they do fiss themselves

in s general area o:°\ the list. The first and second midds streams and

the sisings streams normally arrange themselves near the top of the list:*

Eitasr first midds top or first midds bottom ia usually lowest in ash.

The bran and shorts duster flour una alv/eys the highest ash flour (bot-

tom of tha list) with fifth break and sixth midds usually next above it.

Host of the other stres as banc nearly the sane positions in the list*

Several streams in the cumulative ash lint for SW ware outside of

their usual range of positions. The most noticeable is sisth midds flour s

which is much higher in the list bacauss it uns looker in ash than normal,
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I (Fig. 11 , and Table 14)

.

• ml of ' as it was 1

'

. . Ill—

ing
i

.Si h of 1 m '

: continued to tail over «
'

. it I tl LI of tl

it at si: th midds i .' .

bag •

i . oth :

•

: . i '
. 1 r .

• of [

fifth midda flour in the Sf<W (.
:

I
• i tl i lii * tit;

as was si '
'

..". | 1 h not - r
"' lly so) ai 1 tl

fie . : . low r (higl .
.' in ; ih) in the list than

usual. This ily explained

was no higl .. in ash .' in c '
" k '.'.

, htly hi !

." the list (lower in ash) in the s< v tl

1 n milling '• ' whe ? 6 Second break of tl higher in

the list and lower in ash th; • when any oti : Llled.

Gri ilstion curves si Lng pax Lcle size vs. percent of the system

being pi 'c
' were graphed (Figs. 3, 4, 5. 6) for the first three br

bj
* the break redust lection. The cux i i fi '

: break (Fig, 3) si

vary little difference in gra alation between the wheats ( pt t " 3-»H

c ' arabl] • (low 1 ... ; sa) than the rest* This c

trait foil ?ed that wheat in all the 1 reaks. The seeming 1; ler-adjusted

breaks wex \ robably responsible for th i Qh pe of the cu ' Lve ash cj.;\-z,

J-H r ...
. ) rapidly at a relatively low percent of toial products, as

inenta tly. On the first bra ik sifter (Fig, 3} the SRvf w higl
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in percent ever the 18tt (largest bran particles) .-.
.

" at the second sieve

(38SS) it had tha finest granulation in eosaparisoa to the ether wheats.

V lis indicates a relatively small ©mount over the 3£0G as shorn in ?i^ 9

and Sable 14, Comparing the total stock as percent of wheat (ahhlio 10 s

11 & 12 , 13 s 14) sent to P»l during each milling, the data indicates that

the soft cheats pre In • id less coarse sisiags than ERW, The spring wheats

produced about the same or more coarse sidings than the HEM,

It was noticed that except for she HRS-B all the granulation' curves

of first break (Fig, 3) crossed the curve for SBS? at about 800 to 025

microns sise range. It was not determined in this ctudy whether this

was ft;; to the relation of the milling sifter to the laboratory sifter

used in adjusting bread releases or if it wao ciinnly caused by the di£«

fersneas in granulation, The importance of this graph (Fig, 3) was that

there was little difference between the granulation of the classes of

wheat. Also of importance was that they ware not sufficiently different

fro:- a straight line approximation that mill balance night ba affected

hy such an approximation,

The granulation curves of second and third breaks (figs, 4 9 3} show

increasing differences in granulation between the classes of wheats The

soft cheats (SB? more than the Gaines) shea? the production of more fines

than the hard wheats, with tha coring wheats being the most coarse. This

can ba explained as tha result of differences in tha hardness of tha en"

dospena of tha various classes of wheat. The SlhJ, being tha softest* re«

ducsd the fastest (aaking tha ::c3i: break flour), and tha hard red spring

'.:.'
3 duoad the slowest*
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of the' soft .' :e not represented by these curves (Figs. 3, 4, 5, 6 S

7, 8), What is represented bj the curve is the actual : ation of t! 2

break sifters on the soft wheats, no; what could have be n separ t i.

The lowered efficii icy of the break sifters on soft wl clearly

evident in the gr< latio . oZ second and third break (Fig. 8). 5
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then it steep ms. Thin is bee tuse oZ the proportion of flo r to the cc
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in st* apness Is. less since the spring wheats are slightly harder to reduce

end thus made less break flour,, the point of cha.130 in the elope of the

soft wheat granulation carves came at the first ssieve coarser than the

flour doth (second break- 3 gg 9 546 raicrons, and third break- 56gg, 333

microns)* This v;as because the removal of the break flour was incomplete

and the flour loft had to tail over the flour cloth with the coarser par**

tides, She soft wheat curves, as determined from the sifter sailing,

are nearly parallel to the HM can?:; in flour production. They should,

however s
be much steeper since mora break flour from soft wheat, was avail-

able to bo removed but was m ': completely removed.

Inspection of the bar graphs of the break redust section (Fig, 9)

indicates that the brook sifters were quite successful in removing the

flour from the ground hard wheat stocks. The g :; graph also shows that

ths essie sifters were quite inefficient in removing the flour produced

by the breaks in the milling of soft cheats. Thus Figs. ? and 8 repre-

ss it only the actual sifting capability of the break sifters on soft

whoa;; relative to that on HBJJ.

In the case of the hard wheats 9 60tt HRS and RET, the granulation

curves of the breaks (Figs. 7 and 8) do approach a straight lino closely

enough to- permit such an approximation for the purpooa of estimating flow

rates in the design of new milling systems (10). This do^o not appear

to be true however 'for the soft wheats. Had the break flour which was

produced been removed by the respective break sifters with the aaeo ef-

ficiency as the sifters showed on the hard wheats the break granulation

curves would hav • been quite different for tee soft wheats. They aould
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Table 7 e Modulus of £inen« s of break stocks,

: :eak

Wheat 1 Bk
<; 2 BK. 3 2k,

; ^___^ 1

^___ 5 1
"'.

HRS-H 2 '4.3 220*8 2 ).5 219,8 332,6 245,0
HRS-L 347.4 273«0 2S3.G 211.5 338.4 248.4
im 347*1 231,5 273*6 216*9 341,9 239.1
Gaines 348.3 274.8 271,1 189.9 335. S 247.4
SFJI 348.3 269.0 272.0 162.5 339.0 252*6

Table 8, Break si ' gs (percent offbeat).

Wheat

Break HSg-a LS-L HKW Gainer; 6BH

1 kk e («18X? +38GG) 20.1 18.3 23,0 18.7 15.2

2 Bit. (-18TI -J-3S3G} 15.4 14.6 13,2 10.6 9.1
3 Bk, (-22ST +56GG) 11^0 J). 7 JS.7 ;

.7 .0 jy>
tmAlS 46,5 42.6 41.9 36.3 32.3

jfhe quantity of sisings produced saasss to be indicative of the relative

ease of sifting. Ground stock froia wheats which produce relatively larg

quantities of oisin^s (hard chests) Gifts more easily than stock from

wheat which does not produce much cisinge (soft wheat).

Tables 10, 11 12 > 13 » and 14 ^ere prepared as a check on the stress

weights recorded during the sampling of the mill streams. The lines read

horizontally indicate the loads as weighed leaving the Diction indicated

en the left. The vertical coXwsms indicate the loads which should be

flowing to the section iediceued at the top of the column.

Such tables ere vary useful in the design of a new flew to check

.. .... Oi 8 ty run aroeuas 02. s^ock. jins sysveius ._ .

:;>.

re
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Tabla 16 "real; flour produced.

P3::c3;ii: of total products
tfl £» -.» ~ .*-.«
c»t.reaa HSv? raean HSS«H Gaines SE»

P-3 te .13 .15 «0ij .18 *09
1 Bk 2.42 1.77 «£ J.?

') 5 '.
.- , J. .

..

q c>7 4.11
«j> 13K 3.74 3.26 3.47 3.82
Bk r?I. 1.67 1.26 5.5C 7.64
/* "PI"- 1.83 1.57 1.32 1.56
r. of. 1 r n 1 S3 QA « O v i, ft

S.j J 1.93 U75
I&SD .^?M 9 /• ^ Jk§5 3.15 ,,3.34.

TOTAL 17.72 1 9 '3fl 14.14 22.73 b«)<3 O-X
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for controlling a flour mill zi^cz. flour production is c: sri to every

grinding and sifting operation in s, mill, purification excluded*

A cajic'S of granulation curves obt&ined from, different roll settings

of the same p&ir o£ rolls grinding the same stock could give some insight

&s to the portion of the ground stock which would baci reelect the per-

fornance of the given s :t of rolls. This would be 02 interest in studying

the control of s flour mill by sensing the rate of £lo.;r production.
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appendix e

INDIVIDUAL FLOUR STREAM WEIGHTS FROM SEVERAL HARD RED WINTER
WHEATS, PERCENT OF TOTAL PRODUCTS
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FLOUR STREAMS, K.S.U. PILOT FLOUR MILL, PERCENT OF TOTAL PRODUCT

Wheat Mix
Flour Scream mm-L n*-H HRW Mean

Pre Bk .247 .231 .226 .206 .101 .131
1 Bk 2.697 2.717 2.298 2.283 2.496 2.422
2 Bk 4.655 4.829 3.341 3.563 3.523 3.869
3 Bk 4.009 4.183 3.535 3.537 3.911 3.739
1,2,3 Red 3.116 3.269 2.183 2.097 1.580 2.178
C Sis T 1.571 1.577 1.901 1.863 1.511 1.849
C Sis B .121 .124 .129 .135 .088 • 108
F Sis T 4.440 4.441 4.986 4.847 2.356 2,950
F Sis B .658 .690 .895 .825 .140 .340
1 Mids T 5.843 5.859 6.482 6.521 11,809 8.318
1 Mids B 3.185 3.517 4.235 4.255 2.890 3.914
2 Mids T 19.840 10.939 9.710 10.072 13.791 11.480
2 Mids B 3.615 3.591 2.995 3.336 2.499 3.123
2 Qual .680 .688 .542 • 609 .467 .693
4 Bk 1.376 1.301 1.542 1.528 1.805 1.402
3 Mids 7 838 7.566 7.597 7.806 11.704 10.031
1 Tails .675 .740 .542 .815 .856 .818
4 Mids 6.155 6.257 7.869 7.214 5.056 6.473
Suction .282 .365 .430 .483 .132 .330
5 Bk 1.507 1.264 1.318 1.598 2.171 1.501
5 Mids 4.749 4.789 4.245 4.180 3.347 4.162
B and SD 2.489 2.056 2.949 2.502 2.543 2.475
6 Mids 2.242 1.997 2.428 2.112 2.114 2.304
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This study investigated quantitatively the distributions of stock of

several different wheats to and from each milling machine in a production

scale flour mill to collect data that would be useful in evaluating milling

systems and in designing new mills. One hundred thirteen samples were col*

lected and analyzed while milling one lot of each class of wheat.

Nine samples of wheat from four classes were milled on the Kansas State

University Pilot Flour Mill. Five of the samples were hard red winter wheats,

two were hard red spring wheats, one was a soft red winter, and one was a

soft white wheat. Each wheat sample was milled in test for 9-12 hours.

Samples of every stream in the pilot flour mill were collected for

five minute periods while the spring wheats or the soft wheats were being

milled. The samples were weighed and each was analyzed for moisture, ash,

and protein. Data from a 1964 report •*• on the milling of hard red winter

wheats were used here. In this study the individual flour streams and the

millfeed streams from the five hard red winter wheats were collected and

analyzed.

Care was taken to duplicate the temperature and relative humidity of

the air in the mill when milling each sample. It was necessary to mill the

soft wheats more slowly and at a lower moisture than the hard wheats. The

same break release schedule was used for all the wheats. The only change in

the break system was made in the break redust sifter section where two

flour cloths with larger openings than usual were added when milling the

*E. P. Farrell and A. B. Ward. Flow rates and analyses for ash and
protein of all streams in the Kansas State University pilot mill. Associ-
ation of Operative Millers Bui., March, 1964, pp. 2842-2847.



soft wheats. Coarser sifter clothing was installed In the third and fourth

middlings sifters for use when milling Gaines and the two hard red spring

wheats. The need for this was shown by the results of the milling of soft

red winter wheat.

Throughout the mill the distribution of stock from both classes of

hard wheat milled were similar except that the hard red spring wheat made

slightly less break flour and more coarse middlings. This indicated that

the spring wheat was harder to reduce than the winter wheat because of the

generally stronger nature of the spring wheat endosperm. The break granu-

lation curves from both classes of hard wheats were fairly straight arid

could be approximated by a straight line for design purposes.

The soft wheats performed on the mill quite differently than the hard

wheats. The endosperm of the soft wheats reduced much more easily but

sifted more slowly than that from either of the hard wheat classes. The

granulation curves of the break stocks obtained from the soft wheats were

more concave than those from the hard wheats. A straight line does not

give a satisfactory approximation of the granulation of ground break stocks

from soft wheat.

The cumulative ash curves obtained from the four classes of wheat

showed no grouping along class lines or between hard and soft wheats.

The flow weights of the individual flour streams showed consistency

for a given wheat but varied over a much wider range when comparing one

wheat with another. The flour stream weights from all the hard red winter

wheats were used to calculate a mean and standard deviation for the flour

production of every flour stream in the pilot mill. These data will be of



value in future tests on the Kansas State University Pilot Flour Mill

to determine the feasibility of controlling the mill by flour production

alone.


