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Abstract: Many kinds of quinoa are planted in high altitude and hilly mountainous areas in China with small
planting plots, large slopes, and narrow roads. To reduce the problems of large loss, high impurity content and poor
feeding of quinoa harvested by ordinary rice wheat combine harvester, this study focused on quinoa planting agrono-
my and stem characteristics with a new design of hilly and mountainous quinoa combine harvester. The machine
used a small row spacing flared chain tooth feeding device, lower cutter, combined longitudinal axial flow threshing
drum of corrugated rod and rod tooth, combined separation concave plate, double layer reciprocating vibrating
screen and other devices to realize the smooth feeding, threshing, separation and cleaning of quinoa. The key com-
ponents were designed and simulated, and a field experiment was carried out. The simulation results showed that
the feeding angle of quinoa was small, the stalk was damaged. The results showed that when the moisture content of
quinoa grain was 14% , the moisture content of stem was 26% , the threshing rate was 96.83%, the impurity rate
was 4.30%, the damage rate was 0.15%, the header loss rate was 1.54% , the entrainment loss rate was 0.92% ,
the cleaning loss rate was 0.52%, and the total loss rate was 2.98%. During the operation, the whole machine ran
smoothly and met the requirements and operation indexes of quinoa mechanized harvest. Therefore, it could be used

as the quinoa combine harvester in hilly and mountainous areas. This study provides some reference for design and
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test of quinoa combine harvester.
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Table 1 Technical parameters of quinoa combine harvester in hilly and mountainous areas

ZH Parameter HUH Value 2% Parameter HUE Value
i s
2EFIE L Structural style ERAEATR #iE . Rated speed/(r + min™!) 2 400
Full feed crawler type
BEHLGE (KxBEx) JORLR T 28 ( BRI )
Overall dimension (LxWxH)/mm 4 950x2 1502 590 Threshing drum parameter ( DXL)/ mm 330x1 350
E| L& 55 i S gt
B REE 1900 JRAHEEHHOGE 90x44x400
Cutting width/mm Crawler pitchXpitch numbersxwidth/mm

AR Feeding rate/ (kg - s7') 4.0 JE# LI Gauge of crawler/mm 1 080

VeV E Working speed/(m -« s7") 0.75~1.50 B HE B Ground clearance/mm 320

A 7= Productivity/ (hm? - h™") 0~0.5 HE T Rated power/kW 51.5
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1. Side grain divider; 2. Spiral grain divider; 3. Spiral conveying and stirring; 4. Rear baffle; 5. Bridge; 6. Conveyor chain;

7. Grass guard; 8. Telescopic spring teeth; 9. Shift teeth; 10. Upper cutting knife; 11. Middle grain divider
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Fig.2  Quinoa flared chain teeth are fed into the header
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Note: X is the height of the header from the ground (mm) ; « is the
inclination angle of the crop divider to the quinoa (°); W is the width of
the crop divider (mm) ; Point O is the intersection point between the qui-
noa plant and the ground; Point B is the tip of the crop divider; Point A is
the contact point between the quinoa and the divider.
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Fig.3 Schematic diagram of quinoa division
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Schematic diagram of shifting gear feeding
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Grain divider
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Note: Y is the stroke of the sprocket (mm); Y, is the height of quinoa after cutting (mm); S is the pitch of the sprocket
(mm) ; B is the angle of the sprocket (°) ; Point O is the intersection point between the quinoa plant and the ground; W, is the in-
stallation spacing of divider (mm) ; W, is the gear height (mm).
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Fig.4 Schematic diagram of shifting gear feeding
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Table 2 Parameters of materials and contact in EDEM

i H Project S0 Parameter {8 Value
i 42 JAFA EE Poisson’ s ratio 0.3
%’ A TP Shear modulus/MPa 160
Quinoa stem
S Density/ (kg - m™) 590
JAFA EL Poisson’ s ratio 0.3
|4 Header BT YIf%4E Shear modulus/MPa 7.9x10*
FJE Density/ (kg + m™3) 7 800
P WRIZ ZHL Coefficient of recovery 0.21
=FT- B y K
i T EE 482 2K Static friction coefficient 0.25
Stem-stem B N
B EEHE Z % Dynamic friction coefficient  0.18
WRE ZHL Coefficient of recovery 0.42

=F-FE
Stem-header

T EE 452 280 Static friction coefficient 0.34
BB R Dynamic friction coefficient 0.12
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Fig.7 Contact force curve between quinoa stalk and header
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(mm) 5 Ly R 53 B BETAERBE (mm) 5 L R B BE (mm )  Ls AT ETHE (mm) 5 L AT TAERBE (mm)
Note: 1. Feeding head; 2. Striated rod threshing element; 3. Rod tooth threshing element; 4. Spoke plate; 5. Spoke. L,

is the length of feeding section (mm). L, is the working length of the corrugated rod (mm) ; L5 is the working length of sep-

aration section (mm) ; L, is the length of grass discharge section (mm) ; Ls is the rod tooth spacing (mm) ; Lg is the work-

ing length of rod teeth (mm).

8 i+ EEAXRARE TSR

Fig.8 Schematic diagram of grain rod + rod tooth combined threshing drum
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(b)IM14 £ fff Concave wrap angle
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Note: 1. Grid sieve; 2. Weaving sieve. d, is the grid spacing (mm) ; a is the spacing of the weaving sieve (mm) ; 7 is intaglio

wrap angle (°); d_ is gravure clearance (mm).

B9 SEMREHREE

Fig.9 Structural diagram of separating concave plate

LIAWLANSE ;2. KB 53, RKUBR ;4. KPR ;5. 014 ;6. Jediidi
1. Fan shell; 2. Fan blade; 3. Air regulating plate; 4. Grain mixing; 5. Screen box; 6. Miscellaneous mixing

11 R REEE

Fig.11

Schematic diagram of cleaning system
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(a)ff 1 i Fish scale sieve

L,

(b)4 il I J=3 i Preparation screen part

TE LIRS B 2.0 0 Lo RIS (mm) 5L, 28 TR GG (mm) 3 D, A2 58 9155 (mm) 3/ D957 5% B4 (mm) .

Note: 1. Opening adjustment device; 2. Sieve piece. L, is the length of the lower screen (mm) ; L, is the width of the lower screen

(mm) ; D, is the spacing of the screen (mm) ; j is the diameter of the screen bar (mm).
E 12 &siFSEERHFEME

Fig.12 Partial drawing of fish scale screen and cleaning screen

()P 17 & 5E 50 7

Longitudinal stability analysis

(b 1] £ 7€ 1 43 #7

Lateral stability analysis

13 HETEREMSH
Fig.13  Analysis of walking stability of the implement

PLEAT BRASE 1 32 B 52 i IR 28 O AT ik s 1
JE AR LT B g ) LU L
FIR A7 A1 B -
hq
j (19)

L -1,

K, L, A il B (mm) VB L, = 1 324 mm;

ho R0 Gy BEHLE B (mm) B Ay = 570 mm;L, A

HLEL B B A kb 5 #5028 (mm ) B L, = 330 mm,
o 1] A IR AR £ 2R

2h,
¥, = arctan o (20)

AL, AEAEPUE (mm) JBUL, = 1 360 mm,

H 3 (19) | (20) AT HHLE ) A B 7 £
JE S, =29.8° Bim i FRIGE M BE 9, =40.6°, F
2 PRE b3 FE S/ N T WL BT (A, AEBL AT 34T
FrB L2 O

O = arctan[

4 HIE5

41 RIEEH

FFEREHISERE T 2021 4F 10 A 76 H R4 I
HNZR & EakBRAE AT, 122 s T 88 g b Fr e st
S, RIGHE RN PRBE 5 5 SR RAEB T
FEAAE 7 2 MR 1620 mm, P Y45 BE 355
mm , FCERAE O, 00 b3 AR & K % 14% , ZEFF
FIKR 26% iR IR AL 2.67 hm® , FEHLAE D 3
H0.75~1.50 m - s, B E IR B ROHE S #ET
FH (1R 56:, H Bl B in &l 14 i
42 REHE

Fro B 1L B 22 1A SRV Ml 1 BB 50 e B GB/
T 8097.2008( ek HLAREK A W FIHLIK 56 7 25 ) 43 5]
W7 Wi | & 22 F G Jer i g i et
&K BIR 6 W T AEMERETE AR,
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(a)E L& Front view (b)3L 4 ¥ Real products

LG 2. W53 $RAE 6 4. JAREIERR ;5. FPRLETS 2% ;6. B ;7. HRUAH ;8. JBURLIR T
9. L4 MR ;10 FRBNGH 5 11, KL 12, 4758513, R3]
1. Header; 2. Bridge; 3. Console; 4. Miscellaneous conveyor;5. Grain conveyor; 6. Unloading bucket; 7. Grain box;
8. Threshing drum; 9. Combined concave screen;10. Vibrating screen;11. Fan;12. Walking chassis; 13. Lower cutter

1 ERELMEZRSWERIN

Fig.1 Hilly quinoa combine harvester

i 18] Time:0 s fif 8] Time:0.200004 s fif 6] Time:0.400004 s
Total force/N B Total force/N Total force/N
1.27X10 6.38X10 ° 6.49X10
8.07X10° 3.92X10°° 3.89X10
3.39X10° 1.47X10° 1.30X10
—1.28%10° - —9.88x107  ATa T 1300 ﬁi g i
—5.95%10" —3.44X10° —4.89X10
- —6.49X
YL —1.06X10 " Y —5.90X10 " Y[_ 64 10
X—z X~z Xz
(a)0s (b)0.2s (c)0.4s
(A)r A Aji it #2 Grain division simulation process
5 i) Time:0 s i 7] Time:0.230002 s I5f 6] Time:0.47 s
Total force/N Total force/N Total force/N
2.53X10 6.09 9.95X10
2.06X10" 4.87 7.96
1.59x10"" _ 3.66 . 5.97X1
! . t = T
11210 ¢ — R —— 3.98X 10—
6.52X10° 1.22 1.99%X10
2 1.58X10° X N
vy 1.82x10 Y Y 7.64X10
X Z (@)0s Xz (b)0.23s Xz (¢)0.47s

(B hi 2\ i ¥0id 4 Chain gear feeding simulation process

6 BEEHR BERANZHZHE

Fig.6  Stress nephogram of quinoa grain division and chain tooth feeding

10 9

LAML;2. L3 ;3. i, 4. B ;S. W4 ;6. :?ﬁ%%ﬁhﬁﬂ%)ﬁ,
7. PSSR RS 8. — JOPRLI IR R IE 9. TR 5 10, JA XA
1. Fan; 2. Shaking plate; 3. Fish scale screen; 4. Tail screen;

5. Eccentric wheel; 6. Secondary residue conveying screw ;

7. Fish scale screen opening adjustment device ;

8. Primary grain conveying screw; 9. Lower screen; 10. Air regulating plate
10 FEEER 14 4L H EHX
Fig.10 Cleaning device assembly Fig.14  Field test of prototype
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Fie FEAE Ml K7 Lt s s ) T 00 7 3K 4 X 8l i
#E 100 m, AT BEHLI 5 e ARIBORE A, LA 1 m®
HURE S bR AR I e A Sk I 65 T B e Rk
FRRAS BARK PRI TR IR 48 hmict AR ll 56 BUS fift
FHE AR TRV AR PRINE | M 25 SR O (E
43 RWER

HR A [ NZE R WOR B AR R G5 G 22 2 M AR
20 EORBEAZ A WCEIDLI 2R = 95% , & 42 %

PR AREI<5% , 1 G AR et o e R TE L ok
HRIJ<3% , H& WAL HLE BEAT T 8] 55 gk A
PRINGE G5 R WL 3, PRk R b LS 453 B
e, #1655 BURAE L Fb , ok f2 % 5
BURBIN  HRAAHFFRLS 28R, AR R B, Rl
RO WO 5 1 Gt JE s R &2 kS W R HILAR
A R T 06 A2 F B L MR 2 1A Wi Al Y

®3 EBENABEER

Table 3 Complete machine test results

A Jii e RS [IZES FEHER  JUEHRRE  WEEBRE KB
i b . . : ; :
Test ind Threshing Impurity Damage Header loss Entrainment Cleaning Total loss
est mdex rate/ % rate/ % rate/ % rate/ % loss rate/% loss rate/% rate/ %
FrE(E Standard value =95 <5 <3 <3 <3 <3
IR EE I Test result 96.83 4.3 1.54 0.92 0.52 2.98

5 %5

1) B [ P FE 2 PR BUR AR 450k 3 T
Frbg (b BE B A EIHL, X & BERR A G
Ao B MR BUZTE R IR Sl v 4 & LT
T MRS O W S B T iR T 5115, IF X
BOR BE VTGS RS AT B BT B, U B
SERF B OR AEG IR G FR 2R AT )N
Kit MABEZ T, R A RS SEBRVE ML AR AT,
S 71 SNSRI AN 178 AR =T 57
AT HEAT Fr b L M A SR AR, I 254 T (1355

2) BEHEKERL B KR 14% , ZFF & K H 26% I},
FEHLYR I v 38 96.83% | 75 2 % 4.30% W45 R
0.15% HFI PR3 1.54% It i3 0.92% TF ik
PR 0.52% B I R 2.98%, Wakid feb#E &
WA , HLE T AR AR kL ke B T3 22, H () 1k
AEIR TS 55 AH OC 48 b5 34 1K B0 FE 22 106 A WO ARl I
2R,

3) BEA AR R T B | S A R 2 SO B R A
B B R ) T R R, T RS LT
E— L AT SR RN S5 Ak, T 45 & R Tl 1l X
(IREAZ W R AT IR AT, ARAFZE 0Tl B
L b BE A2 B S USCEI LA B A R it — 2 B %
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