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General Method for Discrete Element Parameters Calibration of
Goat Manure with Different Moisture Contents

ZHU Xinhua' FU Shengkang® LI Xudong' WEI Yuqiang' ZHAO Wei'
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Sichuan Aerospace Vocational College, Chengdu 610100, China)

Abstract: To solve the problem that the calibration method of discrete element simulation parameters was
not universal and practical due to the large difference in moisture content of livestock and poultry manure,
the discrete element parameters of goat manure with different moisture contents were studied with the
resting angle as the response value. The moisture content — resting angle model was established with the
cylinder lifting method, and the correlation coefficient was 0.999 9. Based on the particle size
distribution of goat manure, EDEM particle models of four kinds of particle sizes were established, and
Hertz — Mindlin with JKR was used as the bonding model. Three significant parameters of JKR surface
energy, rolling friction coefficient, and static friction coefficient between particles were selected from ten
parameters by the Plackett — Burman test, climbing test, and Box — Behnken test. Then the resting angle —
discrete element parameters model was established. The P-value of the model was less than 0. 000 1, and
the relative error was less than or equal to 2. 42% . The moisture content — discrete element parameters
model was constructed based on the moisture content — resting angle model and the resting angle — discrete
element parameters model. The engineering verification test with the side plate lifting method was
conducted, and the relative error was less than or equal to 5.37% . The results showed that the moisture
content can be used to predict the discrete element parameters of goat manure directly, and the method
had fast prediction speed with high accuracy at the same time. The research results provide a general and
reliable method for determining discrete element parameters of goat manure.

Key words: goat manure; moisture content; discrete element; EDEM; calibration; resting angle
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SN AR A K T i T e 514 it R ML
Sz, BRT, 5B B HOT S B IR RSO [R] K AR
oH 2 0] B 2% A BLAE F 2 SO RS BRI T
AR A E BT B, T YT 9B & A 4 e 0 4
PEMERE Y BEOGE N LR B RO S
BONTIHES Pl v b B O B S U
FEA TR 4036 17 FH A S ) SR R R b
FPRT Pk BEIS Y NIAHUIRIR , A VLR & &
Tk 40% ~65% T AR ThEE R A RIS R
AR AR S B AR 7 v 22 B E A (H PR SR Y
BEOCS B E AR WHGE , ST, BBt S
BT FR R P bR i R R AR (X S g
JIT R (4 o A A A 3 RS2 R R Y 1)
i,

[l b2 35 LA A HUIE AR P B 5T o 32
TIG) 1 AR A HLIE B8 BT S 8005 28 7 i W IFIE i
RULARIE) B PN I T AU R A PR
BHOCS IR E gL " X £ Wis
FH BRI bR 26 A0 B BOC S BURE 1S 214 R HERf
ILEE . (H FRFSE A X S KR T 2 e it
FERFFE , M SEBRFE A A & AR Bl 3k, Ik, 07
HRRE AR R Wk B BT S Bz HK R
SRR R B KR R hR 2 B BUT S A RE A
SR MEHE K R A 2 B S U 18 7 P A

BT HEARUAIRE, B A5 X AR TR] 5 7K R A ke
W2 LB WOT S B T bR, d#E S THERUMAR 5 8
BT S ER ¢ RBIAY 7E 5 7K F 40% ~ 85% i [H]
P, E AR AR R T i o AU D s e 2
BOCSE Tk, R LIRFsE % 18 T SRR
NEES BTSRRI 4 8 T R - BT S AU
TUFIbRE 5 25 03 1 (EA7AE LT AL  ZEAE AR
£ B AR AR 22, A2 Yk o, L A S B
VEARAE , AHER B BT S B A 0 28 I 2 5ot

i

St

SR, ST R 5 WF 58 AU ST B — A OB
55 S R AR R R 43 A 2 S R L T A
A B HERR PR B> T AR S (B 55 b —Fhil 55
TIERAIE) BT B ROTS BT SEEAR 2

S D I N i = S A= I Y e
PR R o i A RS PR 2 Y e, AR S
PAFr 7KK 31.91% ~ 58. 48% I I B0 2F 28 h F 55
X4, ok [ AT B kO 7 2R A 1 K - HE R
AR, DIHEFR M AW 3 E, 18 i Plackett — Burman
R RIS Box — Behnken 3336 8 37 HEFH AR —
ESHOT ST BT S T 228 K% B
TCSHAEA I8 FA AR L AT TR RIE,
91— b aE A0S I PSR 1) S 2 B BT S b
EIT

1 HRS

1.1 REHHESHNES S
JE BRI A BV W8 XV AR MR K2
=R v, A K R 46.81% , % T 0.47 g/em’,
FE B A8 2 K AL (30% ~60% )7 1y
TIBUNE BN B0 IR IEZIRE V) U R [ i I R )
SRR TR kA
m = (o) (1)
Kb m——RCHIRE IR BT ke
m,—FE A T ke
w,—RIE T IKE %
o, —BCHIRE I H AR &K% %
e YR M REUAR N o P (), 249 B — 7 o S R
R T o N R KRR A M AR A e 1Y
5 KRR K H:31.91% . 39.33% . 46.81% .
53.32% F158. 48% , 4&l 1 Fizs, BL 300 g B bR+
IKET W E 2R R IR B0 (ZF) — 18, WiV
T RIS ) XL 43, 4B R AR
(D),

EKF31.91%, & IKF39.33%, B KFA6.81%, & KF53.32%, EIKF58.48%,
PEE0.28 gfem? P E0.33 g/em? FRE047 glem? WEJE0.55 g/em? 5E0.58 gfem’

BT R KR A 3R

Fig.1 Samples of goat manure with different moisture contents
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Tab.1 Particle size distribution of goat manure

FifE d/mm NAE I %
[0,1.43] 30. 33
(1.43,2.8] 32.57
(2.8,3.6] 17. 63
(3.6,4.5] 19. 06
>4.5 0.41

K2 B THEHERU A I S
Fig.2 Cylinder lifting resting angle tester
LA AgHL 2. B 3¢5

ERE bR VN = WA B = N e e TR IS
SRl 28 I N i B R AL 20 mm/s 138
FESRTHIR ) R A T Sl 1, OB SO 3
WE 3 B, FHECE A SNBSS 4 DA RTT 1]
M HERR A, LUK IR B 5RO 5 RS kR 36
AT HE AR A I AR R 5 K A5 R ICE
PfH,

K3 MR
Fig.3 Measurement of resting angle
BETI R AR T RS KR HE U
FEIIHT HAR A
1.3 FEBEHTEHERENE
(1) BefihAbe B, = J& 0 sh 1k 22, FOURE 8] 47 76 K
B I3, kR ] Hertz — Mindlin with JKR A& #4021 -2)
(AT FR JKR BEA) 2% 4% fil B2 A A '8 T EDEM
(2018 ,EDEM Solutions ) 244 77, J&—Fh GEAAR B UL
A2t PR Y B il A Y AR AU LT Johnson — Kendall —
Roberts BI{EHE VT, £ Hertz — Mindlin 32 fisl 455 75 (1) &
filt F- 7% P& T A X I PN Y AR AR g X URLIZ B 1 52
e, 3 P AU R AR et s B i Ok, O3 5
surface energy FENFAURE [B] R B 0, AT 458 g o A5E 41

(2) BORDRAS I A A BANES B, ARSI 2
9 FFERAR M [R5 i85 BRI ALY /2 EDEM
D7 B ABRIE BRI LD - 2% BORORI AR B8 4 Bl 73

fii g 4 s
P
HV“

d=3 mm, 18% d=2mm, 33% d=1 mm, 30%
K4 FRPRARE
Fig.4 Particle models of goat manure

SN AR IES N3 2 FiR
R2 FEHEMPHHNISH

Tab.2 Intrinsic parameters of goat manure and

d=4 mm, 19%

steel material

MR R/ (grem ™) HEL/N =4 YR/ MPa
ES 0.28 ~0.58* 0.10 ~0. 40" 1. 00 ~10. 00"
W 7.85" 0.30" 7.90 x 10*

a FRZEME N PRI A 2] b FRZBES| A SCk[15 -
16].,

(3) M SHOM JKR BRI B4, 454 EDEM il
FHBURL A B E0 PR FE ( Generic EDEM material model
database , GEMM 4/ % ) , R4 238 AN AL 1 AR NE 2
B SCHR[10 = 11,13 — 14,16 | FYHEFAE, B 5 35 i
ZH % JKR BRI ZHORUE RS LA 3 P .

R3 FESWNHEMSHM JKR EERSHEE
Tab.3 Contact parameters and JKR model parameter

range of goat manure and steel material

S Bl
ESE SV EIL/E-E 0.10 ~0. 60
SRR ] 0 12 PRI L 0.10 ~1.00
SEFEIIURL B VR Bl JEE 8 R KL 0~0.60
FI-MM I BB 0.10 ~0. 80
LI HREE R AL 0.20 ~0.90
FHENM TR Bl B AL 0.10 ~1.00
JKR £ HifiE/(J-m?) 0~0.20

1.4 FEBHTSHNRERERA BSHTSHE
Bl
1.4.1 FEMEBMTE L
5 B R B S — B, W E R R T
HE 20 mm/s, A AR ZE U B BT & 3 ke, AR BHURE
0.2 kg/s, 5 B[ B[] 264 R Rayleigh B[] 204 1Y
20% , 7.4 x10°° s, P A7t [l (] B& 4 0. 05 s,
MRS R/ 1.5 mm P ELAETR 15 s, (5L
FELTN R SRR I A 5 ff s, 38 EDEM J5 Ab B
Clipping BEHAEARAT A (1,0,0) F1(0,1,0) - FeHE
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AR A R B R AR BT S Bo HIbRE 7 i 37

eI AL 152 B Clipping Planes Group #{fl, 12 F Tools
IR A A 2% Protractor, fKIKIEE Clipping Planes
Group F(TT | 7 2 M 50 () 40 | e A FH 7K - IS THI
2 LR 3 DR MR M R, B9 3 A, 3RS
HERUAREL,

,1 ‘%ﬂ'-’%{%’%b ;( s

ﬂ‘f‘ 'ﬁ"’“' "Zﬁ? f—f"

X m fr?;*: u*fr '7*“1 "‘i
(a) I EETH L (b) HEFR A &

K5 BIEEARGE
Fig.5 Simulation of cylinder lifting method

1.4.2  FFMERUA- B HOTS HA AL g

I Design-Expert 8. 0 ( STAT — EASE ) 2 {4 1%
1T Plackett — Burman ( PBD ) 056, DA 3E B A£G Sy Wi 1
B, N FEFERY S AR TE B DR & LA K 3R 3w
YRS HOM JKR B S HL 10 A S H8rh i e X
RS B B HOT S, 280 IR
3K 4B LA A 1.0 Fl -1 FoR Ak 4 R,
W T R LRI 2.2 75,

#& 4 Plackett — Burman X3 E Z 5

Tab.4 Factors and levels of Plackett — Burman test

28 G
-1 0 1
FIHE/ (grem ™) 0.28  0.47  0.58
FIIEMLE 0.10 0.25  0.40
FFE0T YRR/ MPa 1,00 5.50  10.00
E IV LS -E 0.10 0.35 0.60
SR ] A 45 PR 4 0.10  0.55 1.00
- FEITURL H] VR Bl EE 45 R 5L 0 0.30  0.60
FIWMIKE RAL 0.10 0.45 0.80
LI F R 0.20  0.55 0.90
LIRS EEHE R B 0.10  0.55 1.00
JKR FE e/ (J-m?) 0 0.10  0.20

AR/ NS BRI B A X)X e 2
SRR S IR, 3 B S EURh ]
IKAE, B E S BRI KB K B
B 5 KOS 7K #E(46. 81% ) FEE ) #A
BHEFAA (41.00°) AHXT R 25 e /N9 2 800 Sy B
EE SR DX TR) 14 v (R AKOSPAE, DA o S A BUE
XA, e Ty 58 MAs SR W, 2.3 5,

BT ICHR S 2 (1) B BOT S B IX H] 3
Box — Behnken i35, - %] i 46 45 2R AT BB 4k,
VRS HERRUAR 5 W B PES B R B RIE3 A
Hl S TR TR, 36 15 ik, Al E R

3 BUERR AR AR e s R, il 45
EVESHAUCH A A IS 1 o AR 3 A KF,
SrLAZRAS 1.0 A - 1 2o, JF B 35 1 2 BURE [R]
e — 3%, XG0 T R MEE R UL 2.4 75,

DL S AN EKCRT A R 0 Hr,
Xt Box — Behnken i 5675 2] (9 HEFUMA B BT S BB

BRSO BB BOTS W R AL &, T L

TUS IR A (IR W3 1 S BB R e 3 A s —
20) iz A EDEM HEA7 07 5010 i HCHERUA , X L 0
FMERUR S W R e AR AR DA STk E AR AR B O
SRR HERf M
1.5 FEESKE BRTSHEREIRITENR

UER 56

T S HERR AR B T S O B RE A5 4 T B T
SR AR ZENEHERR A 0 158 25 K ok AR OB T 5K
RIEAG R R, PR, T RS AR - MR
B EZE R - B HOCS BB S ST
FEEKR-BEHOTS B | D) a3 F R S8
U ERR L 1 B BOT S E O Tk

S VEA T 5 6 48 Tk ST ) S KR - B T
SROSEA () ] SE PRl A 5 Ah— T HE R AR K 08 Ty
ARk X AT TR RE, 5 F
AT O B S YR T A — 2 K 6 TR
BRSO B S YRR

L]

(o) HEEE F i EL R (b) BB
K6 HKeTHhiRs: MR A 05 B 5 Y iE i

Fig.6 Resting angle simulation and physical verification
test based on side plate lifting method

TEE K% 31.91% ~58. 48% i Fl N BEHLEC ) 3
ARG K ZR S T30 D A P 0 AR
£ RIS 0 B B K - B BOT S BRI ALK R, 15
B3 ANEARRT W FEERHOCSHRMAS; DE
BTSRRI G AT R, 40 A5 205 L HERRA
XoF LA 3 HE AR A 5 5 EOMEAR A LASS UE E 28 5 K
FR-BHOTSHER A ERYE, BARREE 5 IR,

ZERBCFIE
2 FER5SH

2.1 kR HRAEBME
Py BRI I 5 A R 35 7K R SEFRE A i HE AR
g s s,



38 &l HL

L

2022 4F

x5 AREESKEFENHERA
Tab.5 Resting angle of goat manure with different

moisture contents

BFIKER/ % 31.91 39.33 46.81 53.32 58.48
HeFA/(°) 37.50 38.90 41.00 43.20 45.40
R bR RS/ (°) 0.50 0.20 0.14 0.45 0.70

AR 5, IR SKESHRALS
2 I3, 159 3] F KR HE R f A
R, =0.005 5x* —0. 202 2x +38. 329
K a—FESAKE, %
RERUAH 5 R 05K 0.999 9 A ik an g 7 fr
8o TER/KHE31.91% ~58. 48% JLIFIN, 2 HEFH
AR S KRF MG K, FIE)E THORAKR YKL, bl
F KRB K SE IR B RS BE R K, T s AR

(2)

2 BOHEHERUA AR R,
46
—m— SRR A
e ZWRAUA LR
 af
&
\E[é
£ 40}
38t
36 1 1 1 1 1 ]
30 35 40 45 50 55 60

K%
K7 FIEKREHERMA LRI
Fig. 7 Relationship curve between moisture

content and resting angle of goat manure
BEUSHMEERS SN
BT Design-Expert 8. 0 #4111 PBD {50, i
B0y & H AR 6 IR A ~ ] HHEHI(E,

% 6 Plackett — Burman iXI8 AR5 &R

Tab.6 Scheme and results of Plackett - Burman test

2.2

i F5ES HeFS/
% A4 B C D E F G H I J K (°

1 1 -1 -1 1 -1 1 I -1 1 1 -1 57.65
2 -1 1 -11 =11 1 1 -1-11 2357
3 -1 -1 -1 -1 =1 =1 =1 =1 =1 -1 -1 10.47
4 -1 1 1 1 1 1 =1-1-11 -1 6524
5 1 1 -1 1 1 -1-1-11 -11 2201
6 -1 -1 1 1 1 -11 1 1 -1 -1 2837
7 1 1 -1 -11 -1 1 1 -1 1 -1 42.33
g8 -1 -1 -1 -1 1 1 -1 1 1 1 1 80. 14
9 0 0 0 0 0 0 0 0 0 0 0 4102
10 -1 1 -1 -1 -1 -1 1 1 1 4239
1m 1 1 1 -1 -11 -1 1 1 -1 -1 23.27
12 1 -1 1 1 -1 -1 -1 1 -1 1 1 49. 37
13 1 -1 1 -1 1 1 1 -1-1-11 2836

K AZERS,

7 24 PBD iS5 45 R W E T
%7 Plackett — Burman X358 & R B Z 4 S

Tab.7 Significance analysis of Plackett — Burman

test results

T5 220 B Y5 P BENF S
A -4.53 464. 25 0.1839 7
B -5.93 61.61 0.1207 4
C 0. 14 105. 32 0.956 9 10
D 3.21 30. 88 0.2929 9
E 9.96 297.31 0.0482" 3
F 13. 88 578.1 0.0257" 2
G -4.64 64.54 0.1776 6
H 3.49 36.51 0.2640 8
1 5.75 99. 13 0.126 8 5
J 33.51 3369.1 0.004 6 ™ 1

W+ RREFPE(P<0.05), »+ FREFWPE(P <
0.01), T,
HRAEER 7, JKR RHHE J (P <0.01) X FFEHER
SEMA A k2, UK [R) VR Bl EE 4 R B RN EE 8 A
BE(P<0.05) X FIMEHMEmMEE, H3 NS
GO YRS ROE AU b o AN v s N NS S
OB JKR F AR A, 22 UKL ] (4R B 14 G 3
5, DTS2 A SE 20N A T Bl PRI SRR S K
QTR It 2h 2 B0 A R 55 U 8] 1) ¥ 2 Fn i
Bl PRI, 5 0 SR S 1 5 B2 0 R SR ) 7 5
JEE B2 DRI BSORI R EE B2 R, Y VR Bl B4 DR BSR4
PRI sk, U [] 19 V& 2 F0 i 3l 52 BEL, it 3l vk A2
2 HERURIG R, QR R 23 4 FlORRRLAR
(YR RLOR 2H 1%, T BRAR BB 1 32 3 7 X AR 3l
T, R, R 2l R4 DR B b e B 4 DR BSON HE REUAR 1)
M B4 3
Fy A8 e 22 76 TE 3% 3K L Box — Behnken
WA L% 3 MR EES R, AR E
R BCPRDKEAE ™
2.3 BRERSHEAXREHE
ey S S F A 8 Fraws, AT, 24 JKR
FIAAEH 0.05 J/m* | -2 UKL [ VR 2y 1B 182 K 55y
0. 15 FREEHE BN 0. 30 B, 4 EHEF A 5 4 Bk
8 BHRABRARSER

Tab.8 Scheme and results of climbing test

e [ % DB I

" JKR ETAE EABRINE IR U iR/
FE o me) EEMEC BEEEE () %
1 0 0 0.10 20.76 48
2 0.05 0.15 0.30 39.13 2
3 0.10 0. 30 0.50 55.15 38
4 0.15 0.45 0.70 66.92 67
5 0.20 0. 60 0.90 68. 15 70
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AR A R B R AR BT S Bo HIbRE 7 i 39

I HERRAA AT IR 22 5N, R 2% , Rz S50k 3%
PES B MG DX ] 1) R ) KSR X6 1 S5 I IXC[8] 43 5]
$[0,0.107.[0,0.30].[0.10,0.50],
2.4 ¥R BHTSEIERE

Box — Behnken 150 /7 8 545 R W5k 9 FoR,
EFRER =0.983 8, KLIERERE R, =0.971 6,
T REON 4.75% NEEEN 28.597, T HERRA B
BOCS R I X AR AR 5, 7 22 40 n gk 10
No

%9 Box-Behnken iR FTRSHER
Tab.9 Scheme and results of Box — Behnken test

R SES IR A/

FF5 E F J (®)
1 1 0 -1 37.50
2 1 0 1 55.69
3 -1 -1 0 35.53
4 -1 1 0 55.01
5 0 0 0 39.04
6 0 -1 -1 24.07
7 0 -1 1 49. 40
8 1 -1 0 47.49
9 0 1 -1 38.18
10 -1 0 1 51.57
11 -1 0 -1 21.88
12 1 1 0 63.03
13 0 1 1 60. 24
14 0 0 0 38.21
15 0 0 0 37.45

%10 Box — Behnken iXI& & E 75 £ 4547
Tab.10 ANOVA of Box — Behnken model

FTERWE BITR A i ¥175 P
THETR 2081.29 6 346. 88 <0.000 1™
E 197.21 1 197. 21 0.000 1 **
F 449. 55 1 449. 55 <0.000 1 *
J 1134.55 1 1134.55  <0.0001 ™
EJ 33.06 1 33.06 0.024 1"
E? 112.7 1 112.7 0.0009 *
F? 172.8 1 172.8 0.000 2 **
L 34.33 8 4.29

AT 33.06 6 5.51 0.106 5
4R 2% 1.26 2 0.63

A 2115.62 14

WRIAR B LR KT 22007, B F ] E* F %
e SR AL S TE NN DO S = AV P AR
Ho BRI - B RO S B
R, =37.04 +4.96E +7.50F +11.91] -
2.88E] +5.51E° +6.82F° (3)
2.5 HRA-BRITSHERREIE
LS A EKR IR Y EA B HER LA H AR

SRR, PR 5 B HOCS 0 (JKR K GE .
SR 5] 72 o JBE 52 DR 50T i B 42 TR ) W i &,
mE 11 pR,

R11 ARSFKETFEEERTSHSEMERRIE
Tab.11 Optimal value of goat manure discrete element
parameters and verification test results under different

moisture contents

g, VR RSN RN (rAUREL
EU/ T WA MRS MEEEE s B

(Jom=2) R % (°) %

31.91 0 0.07 0.10 37.03 1.25
39.33 0.01 0.02 0.28 38. 66 0. 62
46. 81 0.01 0. 05 0.45 40. 07 2.27
53.32 0.03 0.23 0.45 43. 64 1.02
58.48 0.09 0.30 0.50 46. 50 2.42

KA 58, 48% I, LAY LR 56 KA
MIFZEEBUA AN 8 ran, thaR 11 Al e MER A
BT BRI E 3 A W B BOTS B AR
HEJG £ TKFBLIT BHMERUR 5 Y3 ge HE R
FARIAIRHR 22/ N T2 T 2. 42% , F W3 <7 AR A AT
M BT HiE .,

s NS
)RR
8 SRR R I HER A
Fig.8 Resting angle obtained by simulation and physical test

2.6 RKE-BRETSHEENEREIE
HHER PR E B O SR, R T KR
B BBIFIERR A - BOT S E AL, thX(2) L (3)
ARG & KR 5 B HUOT S (JKR R T 58 WUk
1) 7% 5l VEE 42 DR 0N i P 42 DR 50 ) R B 5 7K 8~
BT HUE A
4.96F +7.50F +11.91] -2.88E] +5.51E* +
6.82F> =0.005 5x* -0.2022x +1.289  (4)
MR (4) , AT A 5K R H A B B ROt S
A BAAME, BIEB) Design-Expert 8. 0 3K 1)



40 P 1 R A= 4

2022 4F

B JBRE FU0R A AR HOCS A &
BT FFEE K- BHOTS B 44T 3 1k
PLEKART IR RS B A &, d i ik

1A

ol 1’%2‘; (7303
(a) 39.10%

(b) 50.07%

RN A 05 o AR A 2 B HE R A
i EHERUS a9 PR . BRI E A 5 IR, 45
BOFRIE, 25 R34 12 Poi

K9 ARk S5 0 Hoxt L

Fig.9 Comparisons of test and simulation with side plate lifting method

F12 HRERIERAK SR
Tab.12 Verification test results of side plate lifting

method
P IKR E'if\%f Eléj\%ﬁ & %I%ﬁﬁ -
[y RIEVE  RIEEE MERL IRMERR -
2 3
. BhEERE EEEE fa/ 1/
%  (Jm~2) %o

o O WE () )
39.10  0.01  0.07 0.19 37.02 39.12 5.37
50.07 0.02  0.23  0.37 4291 42.06 2.02
56.41 0.06 0.30 0.50 45.57 44.02 3.52

2% 12 WA, 3 gk b 4y L HE R 5 4 B
IEHERUA A X R 22/NF 5T 5.37% , KA
e S Ve 2 (I T

A KRB BT S BB Y 1) A X 15 22 1R
THRUA - B BOTSERY | X2 i FRRLGIE A 56
HeR TSR] TR PR Ak i dmAR 2 . FhAR A
VB TARRIE, BEi— 20 SOBLBE R g Pl Sk P>
TR P A X R 22 215 /0N 10 B A ST %) A A Y 34 ]
T EHotS R Hm .,

HET A2 B KR HE BSR4
F% B M HG| 36 5L 0T K R 5 HERA OC R AL A —
2, HIR A5 20 10 B S B, 20 5108 JKR £
TATBE  FOURE (B 7R o)) JEE 42 DR B R i EE R DR 8, ST 1Y)
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