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Abstract—Using Mohr's stress circle, a theoretical compression equation was derived which closely fit
the compression stage of the granular bed. A new concept was conceived for the polymer bonded granule
that when compressed during initial compression stage from bulk to granule volume negligible energy was
consumed. This phenomenon was largely due to the viscoelastic behavior of the granule. Considering the
granule volume as the real starting point of the bed compression, the following theoretical compression equa-
tion was derived;
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where, C, is degree of volume reduction from granule volume, P is pressure, V is volume, V, is granule
volume, C,, and b are constants. The experimental results and the results from theoretical compression
equation showed good agreement over the whole range of experimental condition and the compression con-
stant C,, was found to be the same value as granule porosity.
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Table 1. Comparison of porosity derived from various compression equation
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Fig. 1. Representation of stress by Mohr’s circle.
(a) Stresses on the compacting column of powder.
(b) Mohr'’s diagram for state of stress at a point.
T is positive when counterclockwise; 0 is measured
counterclockwise from the direction of o4.
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Fig. 2. Mohr’s stress circle showing the stress state of a

powder in the state of limiting stress.

71, EAA & 7ol AP FEY & Soa
F7HEE W, AL E HAFEH o2 WalA
Fetha 7EsHE[9] o] W) $¥dHE K2 B4
g Aok 28y K 243 Adolmr g b A
g Ko7t B 27102 {4258 opd WA Hoh

Gebd W obehe sowE Wshil e Wy
R S (LR TSR E SRR P RIS
352 7FFE3ch

sot TRezyH 9o ol HE 4 Uk

O (oa—~0p)/2  oa—ox

sing= 001 (O'4+0'R)/2 cat o (5)

(5)4¢ Helsta

1—sino
1+sing 4 o4 )

1—sind
o714, K=—
1714 1-+sing

% vpakzhe) wisleke-
804=2(0,Q~0,P) )
o] 7] 4,

; Rankine coefficient

a2,

0,Q=00; sin(¢+80)

+
= GRZ cs—sin(q;—HScp)

:—0R+0———~;+50A sin(¢p+58¢)
+ +
_1a K);“ 594 cinco+50) ®

HWAHAK KONGHAK Vol. 30, No. 1, February, 1992



74 AR5 b

Or

— +
O,P=00,; sing= 04_2* sing

+K
=T 2 O sind
+
:———*—-(1 ;OOA sing (9

ojmz, () (DAL (7)ol tHdgt F Helsh,

dos={(1+K)os+doa}sin(o+8¢)
—(1+K)o, sind~ do,ssind
+ (1+K) o486 cosd (10)
o] A& 8¢l 3l Helstd

1 1—sing %
1+K  cos¢ o

8¢ =

. 1-K 2K
o] 7] A = = o
17141, sino 1+K '’ €0so 1+K ]

RSN ==
22 Wsjel WE Wy vhAz W] dRBAL o

0—1 71—1;}.
. VK do (12)
1+K O4
o714 st YANLS YA dold 5 sl

£ Vehlie2 fAe FHAde} fAd A
EA 7 Azt olck A3 4 ol 22y sost
oAzt JdE B EAS Ay R pgslrle
53] o2l & dolng o|Fe] ARAAE sHystelo} &t
=), 805 A= FiH 549 Ml we} gb%
Ao mA gabRAch Z §¢7F T8 Fhiol vE gl
7} &m b& 48 Gurnham?] 3} §-8tmd SmithA) 3}
T frAsHAl gk akef dCol| vl & gke}ba 714 sl e Bal-
shin4] 3} 543 Alo] ¥x, —dn/nPe} vlA ety 7}
Astwl 9b&A1e Athy, Heckel 3} Fd3F Aoz &
T %lcH(Tablel #*%).
A=t Olz"‘ EAE 53] fsliAe seok Al
5 veplE EelA BAste] wHAAE v
sk, °|i’“‘51 FEE A Abgste]l dAl A
& Aol wlwF-Mslo] o] 249 ehrd & FE3loiof
gh=d], B dPol 4 S0 —dn/(n'P)e| nl# g}
7F*é6}‘ii‘:}. gk ol2gt 7L srEAd A ol
F2 B A7zl odF2e olu gt o] & A F7el
Blebe T2 9l AL ohcth wepd Wi whiEz

wsteka) Aazlel vy} Ag=EE Eedd 54

0

olEE
20 IIIIITIIIIII!IIII]IIIII
15 F : -
b 1

Z2 1 .

X 10F 5: .

x I 1.

g i

5 i

. L I 1
5F i -
: [i ]
- d:..«/ ]
b 3 -
OnjllJLLn'x-‘ BT NEER

0 0.3 0.6 09 1.2 15
Displacement, x(cm)
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Table 2. Physical properties of granules

Sieve* Ave**
Sample o, size dy dyp d¢ ng d
RV # 8/12 2030 0.801 0.859 1282 0.292 1.810
RV #16/20 1015 0.840 0.866 1.371 0.243 1.810
RV #30/40 505 0.856 0.936 1.378 0.239 1.810
RV original 1059 0.856 0.885 1.341 0.258 1.810
*U.S. Standard Sieve No.
**average granule size(microns)
do=Dbulk density
dip=tap density

d,=granule density
=granule porosity
d;=true density

2o 4228422 (Gilson Wet-Vacuum System)
2 Fasided, 3FYAL 1059uto] &)t} oF
kA =7lel wE AEHEAE AYE) AW Fad
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densxtometer[lct,]% rHE-sle] EA819] 3, granule den-
sity2} porosity= pore sizer(Micromeritics, model 9305)
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NOMENCLATURE
A :constant of Heckel equation
a : constant of Kawakita equation
b : constant of Kawakita equation
constant of theoretical compression equation
C  :degree of volume reduction, (V,—V)/V,
C, :degree of volume reduction from granule vol-
ume, (V,—V)/V,
C, :constant of theoretical compression equation
D  :relative density under pressure P
d  :density under pressure P [g/cc]
do  :bulk density [g/cc]
d, :granule density [g/cc]
d, :true density [g/cc]
K  :slope of Heckel equation [ MPa‘];
Rankine coefficient
k  :constant, VK/m(1+K) [MPa ']
m  :proportional constant { MPa]
n  :porosity under pressure P
ne :bulk(initial) porosity
n, :granule porosity
P  :pressure [MPa]
V  :powder volume under pressure P [cc]
Vo,  :bulk(initial) volume [cc]
V, :granule volume [cc]
V, :true volume [cc]
o : normal stress [MPa]
o4 :major principal stress [MPa]
ox :minor principal stress [MPa]
Tt :shear stress [MPa]
¢  :angle of internal friction
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