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Mechanical properties and finite element analysis of the dry granulation roller
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Abstract; According to the characteristics of the roller during dry
granulation process, the dry granulation roller mechanics model was
established by Von Mises criterion. The model was solved and simpli-
fied to calculate its equivalent stress. The mechanical properties of
the dry granulation roller were qualitatively analyzed theoretically.
The 3D solid model of the squeeze roll was established by using
SolidWorks software. The mechanical properties of the dry
granulation roller were quantitatively analyzed by finite element soft-
ware ANSYS Workbench. The theoretical analysis and simulation re-
sults showed that the deformation of the dry granulation roller was
mainly concentrated along the width of the dry granulation roller in
the range of 30~150 mm, and the maximum deformation occurred
in the center of the dry granulation roller surface (z/a=0) with a
deformation of 0.026 4 mm. The maximum stress of the dry granula-
tion roller occurred at the depth of z/a = 0.5 with the cylindrical lay-
er at 43.2 MPa.
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Figure 1 Working principle of granulation roller
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Figure 2 The distributing curves of the dimensionless stress

with respect to the dimensionless coordinates x/a
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Figure 3 Granulation roller model

0.00 150.00
75.00 225.00

B4 HFERABIS

Mesh division of granulation roller

300.00 (mm)

Figure 4

2.2 TeEmEEMBRAR

Ay static structural 3 30, 78 % s 58 0l 7&K B9 o5 45 0 24
O — S R AR TR oy o2 AR, O — s b 2R AR A TE
BRI v.= BB FEHT R AR I R v, WA HOH R B R IR i
WERHE 7 (BY R R S) e W sh A B R AR R D L FIE AT
Yo} 5 5% T 2 T K B A, A A N B R R A B AR R D
BT (2O AN 54.1 MPa, @3] Ge-
ometry FEH , 75 £ FE R AT Y Rk 2 fih 2 D i B T L G 0 T
R frJE J1 M 54.1 MPa,
2.3 ERRBEHM

At 3L B L 9T I 58 WU 7 solution I 45 i Solve
A2 Ris SR % . SR A% 5E UG 8 3 Deformation 7 42 HU4F
JEARARTE 2 B, W 5. & BT FR 4R AR T 5 K 1 by Ry 55 220
T SRt E e A 2R O BLZEST R AR 5 MRk Al ot 2
AT 552 A R0 430 5380 5 B IR T e 304 » 22 T B 5% s R 2 T A [
TR AT R LA 6., ”‘rﬁ/}_%%*‘f Ea L AN TS
J 30~150 mm P4, R KA TE it AR B FE 3R 2R 1 2/a =0.0
HuG XL AR TR iR 0.026 4 mm, [ % IR B0 H AR TR B i
/N FE B SRR = /a = 0.5 BYASJE 4y 0.018 8 mm, ZE#F
EREE 2/a = 1.0 BASTE &4 0.011 6 mm,
6 I $ L BF R 4R N = B
7 , B2 IUBT R HP O U T R 7 i T AR ) R T 43 A L 2 TR

i 34 Equivalent Stress j

0.026 412 Max
0.023 478
0.020 543
0.017 608
0.014 673
0.011 739
0.008 804 1
0.005 869 4

0.002 934 7

0.000 000 Min

0.00 _ 100.00 _ 200.00 (mm)
50.00  150.00
BS HEREBZH

5 Deformation cloud of granulation roller
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Figure 6 Deformation curve of granulation roller
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Figure 7 Effect force cloud of granulation roller

501

il
Stress/MPa

0 S S S S RO R
0 20 40 60 80 100120140160180200220240
HiE

Diameter/mm
B8 HEHREZGESEE
Figure 8 Radial stress curve of granulation roller

105



LS 2018 4 % 4 49
5010 [4] 2k, F R, & RS DL SRR A PR T/ ir LT ). A SUALAR
40 2003(9): 45-48.

- [5] BINDHUMADHAVAN G, SEVILLE J P K. ADAMS M J, et
R % 30 al. Roll compaction of a pharmaceutical excipient: Experimental
= é 20 validation of rolling theory for granular solids[J]. Chemical En-

. Lol gineering Science, 2005, 60(14). 3 891-3 897.
[6] MAOUCHE N, MAITOURNAM M H, VAN K D. On a new
00 % é é i ‘1 i method of evaluation of the inelastic state due to movingcontact[ ] ].

PRARTE Wear, 1997, 203-204(96) ; 139-147.

Width of granulation rolle/'mm
B9 HEHRZHEE

Figure 9 Cross section stress curve of granulation roller

3 H5E

(D R EHFE e S AR O RITES
Von Mises /i W i B 40— 20, B A WRITHT K4 10 T 5 R R
F1 B AE I B B 1 58 A

(2) BYEIRAS T £ Z A AR W B TR 3R 98 & 30~150 mm
W I RS T & 1 B AE B R R 18T (= /@ = 0.0) ol X 38, 28
& ik 0.026 4 mm. HL B & 10 H AR TE &% i) .

(3) FRMAETRE »/a =0.5 BT R 51 K, 5 5P
1% 0 — B 5 [ B, Ay 3k G B R o 10 5 o 3 R 43 A8
z/a =0.5 B PRI LS F7 BB R, AT E — A S 4 R R 2
AR RR R A S

5% 3Lk
(1] 32 &, 26, BeEMW. 5. /DA R DL R 88 2 UL 51K
LI AU, 2016, 47(2): 51-58.
[2] EFo. KREEFHLMBIFILI]. RSP, 1997(5): 25-26.
[3] PATEL B A, ADAMS M J, TURNBULL N, et al. Predicting
the pressure distribution during roll compaction from uniaxial
compaction measurements [ ] |. Chemical Engineering Journal,

2010, 164(2/3): 410-417.

L7 5k M. 48 s RoHLH R 43 s Jy i 3 Lt 32 L) ], s E R4, 2003
(5): 37-38.

[8] W%, HE M. 3T Hertz 36 I8 H: AW i 22 [ (14 ¥ 25 422 fih 43
MrlT]). EEHE%24R. 2009, 29(4) . 346-350.

[9] BRfeSC. MR e MR it iR 22 I R 5HHI0 ] & S,
1994(3): 20-20.

[10] PMIRER, &30, BB, . T TCP Rt & B iy I i
W % AL 0 BT g ik [T, b B D OR A4, 2017, 37
(11): 1 114-1 121.

[11] JOHANSON K L. #fift Jy 2= [M]. R0, 3. Jbat: @8
HAE . 1992 20-21.

[12] KOGUT L, ETSION 1. Elastic-plastic contact analysis of a
sphere and a rigidflat[J]. Journal of Applied Mechanics, 2002,
69(5): 657-662.

[13] HUI Qiu, HILLS D A, NOWELL D, et al. Skew sliding of an
elastic cylinder: An investigation of convection in contact[]].
International Journal of Mechanical Sciences, 2008, 50(2).
293-298.

[14] JOHANSON J R. A rolling theory for granularsolids [ ] ].
Journal of Applied Mechanics, 1965, 32(4) . 842,

[15] MULIADI A R, LITSTER J D, WASSGREN C R. Modeling
the powder roll compaction process: Comparison of 2-D finite
element method and the rolling theory for granular solids
(Johanson’s model) [ J]. Powder Technology, 2012, 221.
90-100.

FEA

F T 7 4 A e 7 R A R T R R [ SR
22 18 HAE b ntBe A fi h (b [ & ok sl R 46 ), 1 4
7| 2030 4F 4x 6 A EE B AT FE 20%. 32 o [ U
H R o

W48, AR 18 R LAEAL A 2016 4R T IR BF 52 45 9 1Y
B TAE . H A S (2 dh Tl ik R 45 ), R
oty A2 Ml A1 O R A B S B A I AS U Y et L o Bk
it S S WA SO ) 2016 AR 9 A 09 45 2 Bk i )
A BLOL R BE v, T2 S BRI 2030 AR T dh B P2
KT B AR 20% 8 FLBR o 0060 Al AT 2 18 5] 28 £ 4 3 1 1)
S 2 7K A AR O 38 e R D R R Y 4 2 Bl

i E B R R R Tl R R R

AR G R R BT R T IR R R H A

AT, a2k A A i — 2 19 16 508 3 1 4 [ Pk 18
M EAT S Hoh S JF 2 ORI AR S E 5 I
AT C W IR v E R S b R AR R A [E K
Z— NP 3K 10.5 g/ BEE B dh Tl iy PR &
JE R 22 T i R R R T N R EE
MELm TR R . LW, BN TR ES S
ESLP3 SR (Y GPS I S WS il X (N 2
7 SCAR A RE U S 1

(kY8 : http://www.cifst.org.cn)

106



