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The Compressive Wafering of Grass Hay
—1. Wafering of Guinea Grass by Roller—Die Method—

BEREBIRE IS

+

5

Kang-Nang Wang

I B

o 2 B AR R 2 SO T R »
REZ AT » LIRS H IR 2B > A
ST o B A BRI B B 2 B3t
5 o EMREE BN EER » (0HC BB
RHTBERTRS (Water ) » (B REETETE
R » M B I B AER R » A1
ATEZIE o IR o BUTREHIZAROHTRHE C
wafering machine) ZH)bHpERRERBIEL
° Bl » FRMIEE 2 (piston) BEMSRZIER
HH RRAEE (roller-die) R2ZBIFHE ©
SHERETAYERRING » BN
(die) Jakas » ENTREEHIE T2 B BHAR « (2
SNRARIRTI S » ILERHEETE » BN -
AR A I LU R B o 2O BT
TREAERTY 2 SR » 6 AR A B 2 B
Bt » LB OHRHE L 2 o

I E@mMMEAEE

LEERRRIZA + 55— BB 2 SR B 1
(Roller-die) SEEMFAVLEE + HENIHEH B
o BRI o R B
=28

J

1

WA FBEES o SRR OO LEEEQ
M A TR (Horizontal die frame) @
EIBE 2 A s~ E R T FTERK T 2 B E) o IENE
TR LR SZ By o B AR B R R DI BN AT B
T ol AL H ISR - (U ESR IR B S EE O T
R —RERIEY > WG AR A B I o O
BIRHELIL » PEE B (die) B » HTHMEE—
BT B0 DR B B 2 MR BRI o VU

BT R R ABAE @R » UBEE L o #4L
2GR E R 2 AR S o BhnEE s » LR
MY TRBA b B 44 mm EEABEXK 10 mm
» ¥ 110mm 2z BRI » DIEHEA R 110mm
s 150W ¢ 110V ZIn#hafiueE 2 F o S dis
W2 s Rl R LEAEA 6mm
s 8 110 mm ENF—@ » DIEEEA ST
B R ET o LLRR T BB R E e (PP
YERTZ mini—7) MEEREKMEMETE S » 77 Eid)
INEAES WL © B BB IS 2 ROHTR
B T2 B RS —5% o FEVEMBA R h 2R
BFFEDRHEE o FIFH BRI S B RO < IR E
B|BRO°CE5°C K 120°C +:10°C » HZF M7 B i
2R R B —F o

FHEREO®E » MEREEE (Strain ga~
uge) » DIERZE REMES O EE (LS
1E) Fok4701 GERIFMEBIE) o NEEfEs kL
TFEATAT ¢ ZRAGA b DUALE S5 ERE i@ R A
@Z BT o B 2T » BEURIE B LR o Ik
Mo ARG L o 95 20 mm BRIF B E) I
ER AT D BB L TERE o
TSR TR TR o SREN(E S A o L
AERJTm (7)) B8y o itk » 78
W A A R — IR BN LIRS IR R B
Ficyien i -

2R PRI A R B 2
Colonial Guinea Grass (Panicum max-
imum—~JACQ) s PHEEHK 698 Cm » FKER
85% » AR INEE 1 PR P o HfKE 4% 2y
MR ANZE 2 PR o LB R DU A AR BT 492X

— 23 —



@uemh/ N g% (Driving Pinion)
@ik (Rack)
@i #T (Rack supporting roller)
@z T (Horizontal die frame)
O3t T;'] 130 mm & 116) '® 49 mm)

(Die Vessel inside height 130 mm inside
length 116 mm inside width 49 mm)

$#% (448) (Four supporting rollers)

53 (2 gL) (Two supporting plates)
Ry T Eell (Fixed shaft of compres-

sion roller)
@ipE s+ (Comprssion roller)
OFEAZEF (Several die pieces)
OHtsa4cE (Supplied hay)

2

1 (I‘our cartridge heaters (10g,
length of 100mm, 150 W x4)
GEHBARER D ERENE (Platinum

Wire resistor for die temperature cont-

rol)

Bl raie (Two side walls of die groove)

® 2 FEslEfAE# 3 (Two couple of
strain gauges for measuring of vertical
and horizontal force)

@B F1E 2t (A couple of strain
gauges for horizontal fraction force
measuring)

OB EiEMos: (Distance marker)

R R R ROY

Fig. 1. Experimental wafering device using roller-die method
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Table 1 Constituent of Guinea-grass

' %
B A = Dry
Constituent Hay (%) matter
(2
7K 55 24 20 0
Moisture content
f
% & % 8.42 11.10
Crude protein
pith & ] 131 1,76
Crude fat
WO oM B W 33.02 43,55
Nitrogen-free extract
il ) e 27.99 36.92
Crude fiber
% 2 5.06 3.67
Ash

2% EUWE Guinea-Grass ¥tk

Table 2 Characteristics of tested

Guinea-grass hay

#HE Grass height (¢cm) 69.8
4k# Moisture content (%) 14,0
gl (K 1;128
Weight ratio of stalk to leaf
&R (gfem?®) (4.92x 10t cm?) 0.016
Original hay density
o % 860.0
BRI Stalk
(kg/cm*®)
Tensile strength i 2l 101.4
Node
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Table 3 Form and size of tested dies

BOE O % 5 R R 2
Die numbelfh Length (mm) | ‘Width (mm) Th(lék‘;liss Note
" No. 1 130 - 60 14 prti=p Ly
Standard
No. 2 130 Upper 70.6 14 with taper on width Reduction
Lower 60 rate=15%
No. 3 130 60 Upper 1647 | with taper on thicknes Reduction
.| . Lower 14 rate=159%
No, ¢ 190 60 14 Long die

10* Cm® $EfHrP 2 BERIKEE » IR A FIREERFT 2
B2 HWEFIR L o BRI 2R 2 LI
BTN 2 ZERT sl B R 2 B R ETZL T TR DL B sl A
ZTHREEE 2T HEERE o BREEZHH
WO IR 5 1R AR AT RIE B A IR
% BEINRIKEL o

BB + B2 BT AR LR IR T
PR ERAFITREBREER BB EEA
EERBZHESSE D o EOHE (Wafer) ERUE
PRI Z 3 » BUSOB R ER 2 R EEE) o X n#k
e o BB R N » SRR 2R SR R E
B BB » JGERIEHEE o

a. R ZH  UE 130 mm > & 60 mm
s J& 14 mm ZEHFERF (Wafer jR) &R
#3% (No. 1) » HfER 2R R 3 &

Fi7R o No. 2 HEMIR » B8 BA 70.6 mm s

B2 B 60 mm » i/ NERE 15% o No. 3 &
FEESE I LSS o Hf/ NSRS 15%  No. 4 2

BHE 190 mm s 2 L fRo

b. K3 WMBKEZEKEF 30% 1 25%
1202 5 149530078 » IR 2 BKER 20% »
20% ¢+ 309 =1& » £ A KEREGLIRLAER K 75130
S o FREERA IR M ABIBEN » DR
B2 akaE (R £1%W) o

c. B : No. 1 FugnE (15~22°C) » 80°C
 120°C =% » HADEEEH » RIIREEER o

d. BERE @ B © 2BEEEAER
(6.3 Cm/sec) BE# (50 Cm/fsec) Wifg o

e. JEHEHE © |MESD ~ KBPHNRESN
B S K2R RRTIBE ~ ROV I 2 W
B~ TR 2R Z IR AE ~ BRI EE ~ 5
R ETRE  VE T A G R E o

I BEEREER B At il

L5 02 B © RO b EE R OKF
AL e — R N B RN o LT ~ I

% B B I
B EERE R
% wm oK W
H
Horizontal force l‘//\_ SRR T
— Forward direction of paper

VN

v
Vertical force ‘/\

BRZAE

Position of die

WoE 2 ShRSGE—F

Fig. 2 Typical oscillograph of two components of forces.
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Table 4 Possibility of Waferirg and mean and maximum’ va]ues of two resistance fesces

: ; e e HAT -V .(kg) KA H (ke)
A o akR BB R B G ; JMKZFJ’?S‘ Kﬁﬁﬁfﬁk
F T Vertical force | Horizontal force Possibility Condition
Din m, C. emp z o | &8 v | B j( - of of -
No. %) ) Speed mean max ean max, forming 1mposs§ble
| Low . 1800. 1950 440 620
80 19~22"1 High’ 1800 260 | 430 | ess || T
25 o L 4150 6250 525 790 4, & e
L 3400 5100 313 610 .
14 v H 4000. | 5200 840 555 " ik
30 L 2100 3100 490 560 " "
G- ” H 2820 3250 480 640
! . . . wi . B
. L 2050 2950 430 '525 B
80 80 H 2610 3250 475 685 |- .1
o5 L 2300 3400 835" 855 "
“ H 2800 4000 710 1000
20 L 2700 3700 535 1175 "
“ H 2700 4259 510 1010
. 14 L 2200 3100 695 800 Y b
i H 2500 3200 675 850 ,
30 L 1000 1700 230 410° . .
(hnig) K H 1100 1800 290 440 & Frk -
25 L 2100 3250 575 790 " "
“Cmig) S H 2850 - 3700 430 680
20 ; L 1500 2400 890 520 -
- Gmig) ”. H 2450 3600 335 380
30 120 L 1200, 1600 - 430 . 530 "
(jjuzgg) H 1220 1620 360 460
o L 1250 2000 360 " 465 "
( jJu M) ¥ H 1620 2250 410 520.
20 L 1410 1950 440 535 "
(hig) ” o 1460 2000 415 - | 530
14 v L 1250 - 1900 535 | 635 "
o L 2000 | .. 3500 385 515
5 °0 15~22 H 3350 4800 | 350 502 "
25 L 3600 5800 | 300 565 73 | Bz
‘ . |
- L 2500 4500. . 480 755 o
5 ‘H 3400 5800 520 732 il
25 L 3150 | 68500 355 700 Vi B2
4 30 ‘ L " ‘vl "

iR Water sprayed after dried down to 149, m, c

H] possible. 7

a5 1mpossxb1e .

EAge Clogging or plugglng
Hik In pieces ’
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Fig. 4 Mean Value of two Components With die No. 1 at low Speed
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Summary

The fundamental characteristics of wafering of Cuinea-grass hay were experime-
nted by use of a roller-die apparatus with groove, and following results were obtained.

1. The performance of pushing hay into die hole (in this roller-die method) was
generally not so good as pisfon type, but it was improved by close falling of the
roller into the die groove, and the degree of hay crush was reducted.

2. The vertical force V was about 3~5 times of horizontal force H on times of
the roller shaft, each maximum value of two components were about 1.47 and 1.44
each mean value, respectively.

3. When the experimental conditions were impertinent, the die hole was plugged
or hay was dis charged in pieces from die bottom.

4. Generally, the vertical force V was reduced with the increase of hay temper-
ature. When the moisture content of hay was same, the V value of water added hay
was sprayed after dried down to 14% m. c. was smaller than that of hay dried from high
moisture. The V indicated, generally, the maximum value at moisture content of
20~25%, and slightly increased with the increase of compression speed that is travel
of the roller. ‘

5. The wet density pw, the dry density pd, the tensile strength Ts, and the falling
shock durability Wr of wafer were increased with the increase of hay temperature.

The maximum value of magnification of dry density of wafer to that of hay was
about 62 at 80°C and 25% m.c. of hay.

6. In case of same moisture content of hay, the p, Ts and Wr values of water add-
ed hay wafer were fairly smaller than those of dried hay wafer when the moisture
content was 20% and the temperature was 80°C.

7. On the dried hay at 80°C, the order of p, Ts and Wr values of wafer due to:
the hay moisture contents were as follows:

20~25%>30% >14%,
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those: values 1ndlcated the maxxmum at moxsture content of 20&25/6 On the water
added hay at 120°C the order of 3 and Ts values were ss follows;

149% >20% >25% >30/
that is both characterlstrcs were increased: with the decrease of moisture content, but

the order of Wr value was

204 >25/ >30/ >14/6

8. At the normal temperature (1‘5~22°C‘),‘ the contraction of width or thickness
with taper and the extension of die length were not particularly effective on grass
hay. , :
9. The correlation between the components of force and durability (include den-
sities, tensile strength) was not recogn1zed

10. Some similarity among the densities, tensile strength and falling shock dura-
bility was recognized, but strong correlation between the densities and other two
was not especially recognized. A considerable similarity between the tensile strength
and falling shock durability was found, but it was considered that the falling shock
durability was most desirable as the standard of durability indication of wafer

11. On this roller-die method, in case of dried hay, the practical wafer was obtained
by heating the die up to the temperature of 80°C in the region of 20~30% m. C.

In case of the hay dried down to 14% m. ¢ and the hay which was added water
up to 20~25% m.c., they had to be heated up to about 120°C to obtain the practical

wafer.
E} JZi9
Tk (2] W,
A % wh %
72 B E
A ! A F
T , . T WmOR /ﬁ‘ L
Vj 7%(;{1 ;ﬁ_% B i . ﬁ .
LR IR S
t 5@ \ AN lZi‘
FANN / . i) \
s & R
- oy a)
:}}: dE A w; AR






