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1.3 %" Trailer; 2. % Mail transporter; 3.8 %4 &4t Brake sys-
tem; 4.f£31 &4 Transmission system; 5.9X 3% Driving wheel;
6.3 %% Clamping wheel; 7.5 [ % Guiding wheel; 8.3 1 R4
Power system; 9.14 %% Rack; 10.#1i Rail.
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Fig.1 Diagram of self-propelled monorail

mountain orchard transporter
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A B IE % % Arc tooth form; B.&E#8 %5 JE ¥ 45 Chain wheel
tooth form; C.#4 %8 ¥ JE 15 4% Pin tooth form; D.4EZ 5 ¥ I &
Cycloidal tooth form.
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Fig.2 Comparison diagram of different racks
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Fig.3 Stress diagram of transmission

system and clamping wheels
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Fig.4  Virtual modeling of driving wheel
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Table 1 Factors and levels of experiments

BIEYEEE /() FE/ (rad/s)

K #%

Rail Angular
Level Tooth form . K
gradients velocity
1 B35 Arc tooth form “+0 +88.08
BEE B
2 132.12
Chain wheel tooth form 6 T
3 #5145 Pin tooth form +12 +220.2
A B WIE
Cycloidal tooth form
1 —0 —88.08
2 —6 —132.12
3 —12 —220.2

T - 0 fRFRAEHUIE AT B T 58 i HL AT H#E OF 9K , — 0°fR 3R 7E
BB R s i ALE B (AT %K) . Note: + 0°represents
the working condition that the (rear-drive) transporter
moves forward along the level track, — 0° represents the
working condition that the (front-wheel drive) transporter

moves back along the level track.

W25 HT . 5 B 2 HE K OIR sh e 5 U S
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Table 2 Orthogonal experiment and result with (rear-drive) Table 3 Orthogonal experiment and result with(front-wheel drive)
. transporter downgrade and moving back
transporter upgrade and moving forward
e " ; - - IR e RS #E 3 B B T A/
WS WE B i A/ o o ¢
; Test Tooth Rail Angular (Nem)
Test Tooth Rail Angular (Nem) . .
. . number form gradients velocity T
number form gradients velocity T
’ ’ —
1 1 1 1 39.79 ! ! ! ! 60.52
b ’ —5
2 1 2 2 53.15 2 ! 2 2 o499
’ s —
3 1 3 3 118.20 3 ! 3 3 17.68
1 9 1 9 20.98 4 2 1’ 2’ —45.90
- El 27 —
5 2 2 3 25.33 0 2 2 3 43.46
b ’ J—
6 2 3 1 76.82 6 2 3 1 34.72
’ M — 1
7 3 1 3 103.76 7 3 1 3 130.15
- s ’ J—
8 3 9 1 125.47 8 3 2 1 118.76
’ b J—
9 3 3 2 158.39 9 3 3 2 109.21
b b —
10 4 1 2 27.14 10 4 ! 2 17.21
’ ’ — 5
11 1 9 1 41.53 11 4 2 1 43.05
s - e
12 4 3 3 76.64 1z 1 3 3 39.26
s - - e
K, 211.14 191.67 283.61 K’ 163.19 283.78 257.05
b — — — |~
K, 123.13 245.48 259.66 K’ 124.08 260.26 257.31
, Car e - -
K, 387.62 430.05 323.93 K7s 358.12 230.87 260.55
2 . =
K. 145.31 K7 129.52
R 264.49 238.38 64.27 R 234.04 52.91 8.50
T W52 o 35, & VR X T 52 00 KN U R 2 A2 B 8 3, 0 IR 3R X T, 52 Wil K /N B9 W Sy
FWE>HES B >R, R 5 AT AL 2 SRINTB > BUIE SR IS Fe e sl X T, 5 R B 3,
LT 5 B CRTEK) B R 25 5 B HUBE B EEXS T, SRESITHEYIA .
F4 BHEY LEETH(FR)RAFESH
Table 4  Analysis of variance with (rear-drive) transporter upgrade and moving forward
A 5 R i 22 °F 5 il H H B ¥ . e s
F & S F
Source of variation Sum of squares Degree of freedom Mean square " ¢ Significance
HE
! 14 365.47 3 4788.49 238.77 Fo01(3,4)=16.69 o
Tooth form
S
?jll(_j?l'il)s 7 815.55 2 3 907.78 194.85 Fy01(2,4)=18.00 o
Rail gradients
4
Al , 527.49 2 263.75 13.15  Foo5(2,4)=6.94 ’
Angular velocity
%2 Pure error 80.22 4 20.06
A Summation 22 788.73 11

e ox ox TR 2 (P<<0.01), * R (P<C0.05), FH, Note: * * represents highly significant(P<C0.01), * repre-

sents significant(P<C0.05).The same as below.

xR5 BENTHERAESH
Table 5 Analysis of variance with (front-wheel drive) transporter downgrade and moving back
A 5K R i 2 3F- 75 Fl F 197 # P g F 3
Source of variation Sum of squares Degree of {reedom Mean square " e Significance
P
P 12 310.27 3 4103.42 1151.09  Fo0(3,4)=16.69 =
Tooth form
LA Y R
el 351.37 2 175.68 49.28  Fooi(2,4)=18.00 .
Rail gradients
ik
Tk , 1.90 2 0.95 0.27 Foo5(2,4)=6.94
Angular velocity
%% Pure error 14.26 4 3.56
B Summation 12 677.80 11
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A BB E J+0° Rail gradient is +0°; B: BB 3 8 +6° Rail gradient is+ 6°; C:HLiE I 4~ +12° Rail gradient is +12°; %X 56 5%
8 UK B 48 %% 3 4 +88.08 rad/s., The experimental condition that the angular velocity of the drive wheel was +88.08 rad/s.

& 5
Fig.5

T EEE % T BE 7 41 46 # 2%

Curves of T, under different rail gradients
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A BB W N +0° Rail gradient is +0°; B: B3 % 4 +6° Rail gradient is+ 6°; C:¥LiB ¥ K +12° Rail gradient is +12°; {4
S R UK B 56 Sl 4-88.08 rad/s. BB 43 9 4+ 0°, 4+ 6°, 4+ 12°, The experimental condition is that the angular velocity of the
drive wheel was +88.08 rad/s and the rail gradients were +0°, +6°,+12°,
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Fig.6 Comparison diagram of T, under different rail gradients
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ol +88.08 rad/s. WK B §& 5 555 14 TE 14 4% kG iF
JIT T B AR %) 4 48 R 944 T 14 2% 40 b 33.82 %%
33.45%.18.36 %0 s IR Bl & % Wy +132.12 rad/s,
9K 2y 8 55 4% 56 U7 T U7 4% A 5 T 9 AL 1 HH R A 1R
NI 4520 S8 20 39.21% .35.60%,26.92% 5 24
UK S AR 5L N+ 220.2 rad/s, WK 5 5 BE R U B
25 A B T 5 B A 17 R 8 I S 145 T 145 2% 4 s b
38.92%.37.96 % .34.77%.,

XK B & s Mk + 88. 08 rad/s. B E B FE
KO0 TH N B T i A7 )5 2250, B 8=0.05, AT 1%

T IE I T 2253 9 N 64.14,20.62, 3 B 5 9K 4 JE
Wi 2% T o0k 3 W 5 0 i e O T 1A 2 0 3 e 8 R, 1X 5
i Fa Rrh 2 R TE O R PR & . X T
BUF B T o6 A 45, & 400 (6w i T 05 Bl 56 16
R T L R b A R 2 T e R AR R
If) 5 ) A A AR R A R R, B X (O TR AR
Wi, 3R e 5 B0 T U 4 G G B ) R SRR AL (EL AN
BRI BN 39.79.44.95 N« m, iR 2% N
11.48 %6 5 UK 2l % 5 5 48 14 T8 U7 45 6 A 5F 1) i 00 L
HAE BRI 4> 98 29.75.25.64 N » m,ig2% N
13.82% , RUF HB AL B A —E NS HMH.

1 2 3 4

A: BT RS Bench test system; B 5 424050 J5 3 it K 18] Partial enlarged detail of the bench test; 1.4 Rack; 2.3¢ %48 Clam-
ping wheel; 3.3%3% Driving wheel; 4. 4145 1%)J&#% Torque sensor.
B7 AZRAK
Fig.7 Bench test and photo of racks
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Table 6 Average values of T4 under different conditions Ne+m
i j d/s
5B W/ (ra /s? 1o 10 1190
Tooth form Angular velocity
+88.08 44.95 55.15 96.80
EENSiA +132.12 49.60 58.23 110.43
Arc tooth form +220.2 54.60 62.70 124.38
—88.08 —55.70(—0%) —44.05(—6) —32.63(—12%
+88.08 29.75 36.70 79.03
e T
B4 +132.12 30.15 37.50 80.70
Chain wheel _
tooth form +220.2 33.35 38.90 81.13
—88.08 —35.90(—0°) —32.05(—6°) —22.70(—12%)

OB AEPUEACTAE B T B MLt 53K , — 0°RBRAEFLTE KT 5 T2 i L5 B (AT3K) . Note: +0° represents the work-
ing condition that the (rear-drive) transporter moves forward along the level track.—0° represents the working condition that the

(front-wheel drive) transporter moves back along the level track.

Ll 4t 2 el i i AL 1) = A6 BE E R CRe 3 2 X T IR
B Kz sk pl) , B 5E %0z i BL I ) 24 0 B
A1 AR SR B B 58 %) A S 2 0 1 2R Bl iz bl e
W AR R AL BAT S

3 3 i

AT AR [ P A2 2 1 R e s i LATLR
KRR HEAT REEWEFE . WK FEAE y A B X R E
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Mechanical simulation and experiment of self-propelled monorail

mountain orchard transporter under different racks

LIU Hui' LI Shanjun’* ZHANG yanlin"? MA Panyu' CHEN Meng'

1.College of Engineering s Huazhong Agricultural University sWuhan 430070,China ;
2.Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River,
Ministry of Agriculture and Rural Affairs sWuhan 430070,China

Abstract In order to research the influence of the rack tooth forms and working conditions on the
mechanical property of self-propelled monorail mountain orchard transporter,the dynamic models of the
transmission system including the driving wheel and racks were established based on the dynamic theory
and the Hertz impact-contact theory. Based on ADAMS/View simulation software, the relation of the
tooth forms and the torque of the driving wheel which was generated when the driving wheel was en-
gaged with the racks was analyzed and simulated. The orthogonal experiment was carried out using tooth
forms,rail gradients and angular velocity as experiment factors and the average torque as assessment in-
dex.Range analysis and variance analysis was used to determine the importance index for the torque.The
results showed that the order of the primary and secondary impact on the mechanical performance of the
transporter is rack tooth profile>>track grade™>drive wheel speed.Under the same conditions, the sprock-
et rack has the best performance. Under the condition of the angular velocity of the drive wheel
was 1+88.08 rad/s, the rail gradients were + 0°, + 6°, + 12°, the average torque was decreased by
33.82%,33.45% ,18.36 % , respectively when the driving wheel was engaged with chain wheel tooth form
rack than arc tooth form rack.The correctness of the model simulation analysis is verified, which will
provide a reference for the structural optimization design of self-propelled monorail mountain orchard
transporter track.

Keywords self-propelled; monorail; mountain orchard transporter; tooth form; dynamic simula-

tion
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