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Table 2.1 Specifications of L7030 tractor

Item Specifications
Tractor model L7030
Manufacturer LS mtron Co., Ltd, Korea
Weight 34.53kN
Model FPT F5C-65TAA
Engine Rated power 61 KkW@2300 rpm
Max torque 350 Nm@1400 rpm
TM Main gear 4 gears (Synchro)
Auxiliary gear 3 gears (Constant)
Tire Front 11.24-24 8PR
Rear 16.9-30 8PR
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(3) Piston mass
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Al 2+ (sec)

Fig. 2.9 Pressure profile in neutral to forward, L1 gear step,

engine speed 1000 rpm, and oil temperature 80°C.
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Table 2.2 Gear ratio of all gear steps
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Fig. 2.10 Schematic diagram of drive-line resistance test for torsional

damping coefficient.
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Table 2.3 Angular velocity and acceleration of the driving wheel and

torsional damping coefficient of the drive-line

Gear Oil temperature 30°C Oil temperature 80°C
C C
step w, 1/s a, 1/s? kNl’lt’l’S/I' w, 1/ a, 1/s? kNr;s/r
L1 0.04 0.07 144.34 0.07 0.09 83.01
L2 0.04 0.10 154.81 0.11 0.16 53.16
L3 0.06 0.09 93.45 0.17 0.25 35.58
L4 0.17 0.10 34.41 0.24 0.36 25.92
M1 0.22 0.17 27.95 0.29 0.36 21.43
M2 0.22 0.30 27.31 0.35 0.51 17.69
M3 0.34 0.43 18.40 0.47 0.64 13.50
M4 0.38 0.45 16.19 0.50 0.67 12.64
H1 0.46 0.52 13.40 0.65 0.72 9.77
H2 0.41 0.64 15.33 0.55 0.78 11.46
H3 0.47 0.71 13.44 0.59 0.80 10.74
H4 0.49 0.72 12.96 - - -

Agerele]

Ed Ay g AsE AEHoA T 19 ((Simulation X, ITI)

oA Algst= 2 2565 °&

2% o|Fe =

2
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Fig. 2.11 The overview of drive-line model.
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Table 3.1 The experimental conditions of the practical testing

. - No. of
Item Experimental conditions o
conditions
Shift
) ) N to F N to R F to R R toF 4
direction
Engine
1000 1500 2000 2500 4
speed, rpm
Gear step L1 L3 M2 M4 H1 H3 6
O1l temp,
. 30 80 2
C
AA%Esr FeH e WEE £r= 17030 EAE Y A FeH <Al
AAE HEAAME o] &3t SAHAT &5 AXZE K-type A& ©
gatglon, HEEs 0 AYYS Y ASH ASEAA, FHYAA o
A7z 32 (DAQ)S] AL z17 Table 3.2, Table 3.3, Table 3.4 #Zt},

Table 3.2 Specifications of the accelerometer

Item Specifications
Manufacturer Measurement specialities
Model 4801A
Dynamic range +2 500 ¢
Exciting Voltage 8 — 36 VDC

Table 3.3 Specifications of the pressure sensor

Item Specifications
Manufacturer Sensor system technology Co.
Model PSHHO020BAAG
Measuring Principle Piezoresistive silicon cell
Measuring range 0 - 20 bar
Supply input 11 - 28 VDC
Output range 4 - 20 mA
Accuracy £0.15% FS
Compensated temperature range -10 - 80 °C
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Table 3.4 Specifications of the DAQ for practical testing

Item Specifications
Manufacturer IPETRONIK
Model M-SENS 8plus
Input Voltage/Current(SENS)

+/-0.01 V bis +/-100V covered
with different range
-40°C ~ 125°C
IP 67 (acc. to DIN EN 60529)

Measuring range

Working temp range
IPC-Cod (Ingress protection)

Fig. 3.1, 3.2, 3.3, 34= A AyeA WEds AWEE 0d 25
7} Z+7} L1, 1000 rpm, 30°C¥ df, H3, 1500 rpm 80°C¥ ui, L1, 2000 rpm
80°Cd ®i, M1, 2500 rpm, 80°CY w A3 &=} HMEPed 7hE =
o WaHE e Aolth MR Wake 142 Aud %
W owA dojytom, 24z FEF WEE0| 5755
A el Ik 14 el Wstng ge, §4

sAe) b Wsh A%l FALe) WEk A JbEE watn 12
Yoyt ANEEE THEE

A
= Qg $F] HAHYLEL FAsart

fo rZ
B2 1B

{acceleration)

b
=T

bl

EGspeed FloR
EGspeed NtoF
EGspeed NtoR
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|

1 2 3 4 5 1 2 3 4 5

AlZ2F (sec) Al 2t (sec)

Fig. 3.1 Acceleration and engine speed data in forward to reverse, gear

step L1, initial speed 1000 rpm, and oil temperature 30°C.
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Fig. 3.2 Acceleration and engine speed data in forward to reverse, gear
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5

step H3, initial speed 1500 rpm, and oil temperature 80°C.
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Fig. 3.3 Acceleration and engine speed data in forward to reverse, gear
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step L1, initial speed 2000 rpm, and oil temperature 80°C.
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Fig. 3.6 Verification of measured and simulated results in neutral to
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Fig. 3.7 Verification of measured and simulated results in neutral to
forward, H3 gear step, engine speed 2500 rpm, and

oil temperature 80°C (engine speed)).
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Table 3.5 The RMSE of shift shock in initial speed 1000 rpm and oil

temperature 30°C

Shift Shift
Gear step . . RMSE, G | Gear step . . RMSE, G
direction direction
F to R 0.047 F to R 0.043
L1 N to F 0.047 13 N to F 0.060
N to R 0.049 N to R 0.054
R to F 0.045 R toF 0.049
F to R 0.054 F to R 0.070
N to F 0.054 N to F 0.118
M2 N to R 0.045 Md N to R 0.043
R to F 0.038 R toF 0.040
F to R 0.073 F to R 0.093
N to F 0.038 N to F 0.048
Hi NtoR | 005 H3 N to R 0.057
R to F 0.037 R to F 0.053

Table 3.6 The RMSE of shift shock in initial speed 1000 rpm and oil

temperature 80°C

Gear Shift Gear Shift
. . RMSE, G . . RMSE, G
step direction step direction
F to R 0.110 F to R 0.057
L1 N to F 0.073 13 N to F 0.054
N to R 0.087 N to R 0.052
R to F 0.080 RtoF 0.046
F to R 0.063 F to R 0.085
N to F 0.050 N to F 0.052
M2 NtoR | 0050 M4 NtoR | 0059
R to F 0.041 R to F 0.046
F to R 0.079 F to R 0.093
N to F 0.041 N to F 0.048
Hl NtwR | 005 H3 NtoR | 005
R to F 0.036 R to F 0.053
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Table 3.7 The RMSE of shift shock in initial speed 1500 rpm and oil

temperature 30°C

Shift Shift
Gear step . . RMSE, G | Gear step . . RMSE, G
direction direction
F to R 0.047 F to R 0.057
L1 N to F 0.052 13 N to F 0.068
N to R 0.052 N to R 0.058
R to F 0.043 R toF 0.054
F to R 0.071 F to R 0.095
N to F 0.056 N to F 0.050
M2 N to R 0.053 Md N to R 0.059
R to F 0.050 R to F 0.059
F to R 0.097 F to R -
N to F 0.048 N to F 0.047
Hi NtwR | 005 H3 N to R 0.063
R to F 0.052 R to F -

Table 3.8 The RMSE of shift shock in initial speed 1500 rpm and oil

temperature 80°C

Shift

Shift

Gear step . . RMSE, G | Gear step . . RMSE, G

direction direction

F to R 0.056 F to R 0.700

L1 N to F 0.054 13 N to F 0.054

N to R 0.060 N to R 0.056

R to F 0.049 R toF 0.044

F to R 0.077 F to R 0.102

N to F 0.048 N to F 0.050

M2 N to R 0.057 Md N to R 0.061

R to F 0.045 R to F 0.058

F to R 0.097 F to R 0.112

N to F 0.038 N to F 0.047

Hi NtoR | 0060 H3 N to R 0.064

R to F 0.051 R to F 0.053
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Table 3.9 The RMSE of shift shock in initial speed 2000 rpm and oil

temperature 30°C

Shift Shift
Gear step . . RMSE, G | Gear step . . RMSE, G
direction direction
F to R 0.059 F to R 0.075
L1 N to F 0.053 13 N to F 0.071
N to R 0.069 N to R 0.055
R to F 0.058 R toF 0.072
F to R 0.073 F to R 0.112
N to F 0.054 N to F 0.052
M2 N to R 0.063 Md N to R 0.061
R to F 0.058 R to F 0.068
F to R 0.115 F to R 0.127
N to F 0.051 N to F 0.044
Hi NtoR | 0068 H3 N to R 0.073
R to F 0.053 R to F 0.075

Table 3.10 The RMSE of shift shock in initial speed 2000 rpm and oil

temperature 80°C

Shift Shift
Gear step . . RMSE, G | Gear step . . RMSE, G
direction direction
F to R 0.070 F to R 0.088
L1 N to F 0.064 13 N to F 0.064
N to R 0.074 N to R 0.062
R to F 0.063 RtoF 0.062
F to R 0.241 F to R 0.112
N to F 0.048 N to F 0.048
M2 N to R 0.071 Md N to R 0.064
R to F 0.047 R to F 0.064
F to R 0.113 F to R 0.121
N to F 0.051 N to F 0.044
Hi NtR | 0068 H3 N to R 0.073
R to F 0.059 R to F 0.066
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Table 3.11 The RMSE of shift shock in initial speed 2500 rpm and oil

temperature 30°C

Shift Shift
Gear step . . RMSE, G | Gear step . . RMSE,
direction direction
F to R 0.110 F to R 0.147
L1 N to F 0.083 13 N to F 0.090
N to R 0.091 N to R 0.113
R to F 0.090 R toF 0.111
F to R 0.114 F to R 0.133
N to F 0.062 N to F 0.060
M2 N to R 0.082 Md N to R 0.082
R to F 0.075 R to F 0.087
F to R 0.137 F to R -
N to F 0.070 N to F -
Hi NtoR | 0080 H3 N to R -
R to F 0.085 R to F -

Table 3.12 The RMSE of shift shock in initial speed 2500 rpm, oil

temperature 80°C

Shift Shift
Gear step . . RMSE, G | Gear step . . RMSE,
direction direction
F to R 0.079 F to R 0.086
L1 N to F 0.081 13 N to F 0.069
N to R 0.067 N to R 0.081
R to F 0.068 R toF 0.057
F to R 0.043 F to R 0.127
N to F 0.055 N to F 0.055
M2 N to R 0.034 Md N to R 0.081
R to F 0.069 R to F 0.079
F to R 0.130 F to R 0.132
N to F 0.070 N to F 0.050
Hi NtoR | 0080 H3 N to R 0.082
R to F 0.080 R to F 0.090

32



Joap B ST o E o wp
R
R
Ty EoioTELE
=T HSSXE )
- gx M
o o wmmﬂﬁﬂavl
oo w4 &2
n_mo)Aﬁ ﬁmq‘ﬂ,lrl.uoiﬁﬂ
4r " E_Eﬂgowﬂywa_%
By Mo w2
o | ™ A Ao N Ho Mo N B
T B P gy
waﬂﬂwA@aéﬁme%Eﬂ
U TR L
= N 0 'K ms A ;e
W@iiiﬂ%wﬂmawwﬂ
. n —_
= bl ol e N oo R
R L R
- | O_ o No
e B N
p ORI ET S ol 5o b
&oi_oaﬂuAmﬂrowam‘_iﬁﬂ
ano_erzToEﬂwﬂao_/u,m‘_M
N xr = ,_.r_.J|O
g A T L MN
E#am%wmoae%?ﬂﬂu7
Moy XX g ®
JoPir o rwuTNAT T
H%g%ﬂﬂ%%%g%
I
s 2w Lo
ol O oo T Jo = we W W D e
T T o R N
oM s BT AT T

T
I

2o 3t 5

[,

A -

Al ZF (sec)
33

step M2, initial speed 1000 rpm, and oil temperature 80°C.
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Fig. 3.8 The control signal of throttle position in neutral to forward, gear
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Fig. 3.9 The control signal of throttle position in neutral to forward, gear

step L3, initial speed 1500 rpm, and oil temperature 80°C.
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Fig. 3.10 The control signal of throttle position in neutral to forward, gear

step M4, initial speed 2000 rpm, and oil temperature 30°C.
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in neutral to forward, gear step M4, initial speed 2500 rpm,

and oil temperature 80°C.
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Fig. 3.14 Throttle position signal profile for engine speed control in

neutral to forward, initial speed 2500 rpm, and oil

temperature 80°C.
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Fig. 3.16 Throttle position signal profile for engine speed control in
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temperature 80°C.
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temperature 80°C.
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Fig. 3.20 Throttle position signal profile for engine speed control in

neutral to forward, initial speed 1000 rpm, and oil

temperature 30°C.

Table 3.13 The improvement of shift shock and shift time by engine

control in neutral to forward and initial speed 2500 rpm

Oil temperature 30°C

Oil temperature 80°C

Shift shock, . . Shift shock, ) )
Gear G Shift time, s G Shift time, s
step
Contr | A9 A of Ao
Non A o] A o A
olled 5 5 7 °!
L1 0.188 | 0.181 | 1176 | 1.153 | 0.139 | 0.138 | 0.814 | 0.811
L3 0.240 | 0.235 | 2203 | 2.1780 | 0.210 | 018 | 1.270 | 1.226
M2 0.241 | 0.169 | 1509 | 1404 | 0.233 | 0184 | 1964 | 1.835
M4 0.257 | 0.206 | 2.682 | 23890 | 0.261 | 0227 | 2.888 | 2.684
H1 0.249 | 0.229 | 2256 | 2174 | 0263 | 0202 | 2.006 | 1.797
H3 - - - - 0.262 | 0.242 | 3.308 | 3.237
40
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Table 3.14 The improvement of shift shock and shift time by engine

control in neutral to forward and initial speed 2000 rpm

Oil temperature 30°C

Oil temperature 80°C

Shift shock,

Shift shock,

Gear G Shift time, s G Shift time, s
step
e | e | U e | U
L1 | 0054 | 0.040 | 0.840 | 0.803 | 0.136 | 0.133 | 0.921 | 0.902
L3 | 0146 | 0116 | 1.072 | 0983 | 0104 | 0.083 | 1.194 | 1.153
M2 | 0135 | 0.112 | 1.402 | 1.3120 | 0171 | 0.096 | 1.875 | 1.702
M4 | 0230 | 0199 | 2655 | 2529 | 0242 | 0195 | 2.779 | 2564
HI | 0228 | 0198 | 2177 | 2076 | 0217 | 0176 | 2318 | 2.094
H3 | 0192 | 0174 | 3.023 | 2.889 | 0.253 | 0.234 | 3.111 | 2926

Table 3.15 The improvement of shift shock and shift time by engine

control in neutral to forward and initial speed 1500 rpm

Oil temperature 30°C

Oil temperature 80°C

Shift shock,

Shift shock,

Gear G Shift time, s G Shift time, s
step
e | U e | A ae | U A
L1 | 0043 | 0.043 | 0933 | 0931 | 0.055 | 0.046 | 0954 | 0.934
L3 | 0082 | 0.068 | 0958 | 0.863 | 0.142 | 0.131 | 1227 | 1.142
M2 | 0.080 | 0.070 | 1.324 | 1.146 | 0.088 | 0.079 | 1.680 | 1595
M4 | 0168 | 0.141 | 2448 | 2.258 | 0.186 | 0.160 | 1.687 | 1591
HI | 0175 | 0125 | 2017 | 1.789 | 0235 | 0.206 | 2.031 | 1.905
H3 | 0166 | 0127 | 2811 | 2457 | 0238 | 0217 | 2674 | 2.426
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Table 3.16 The improvement of shift shock and shift time by engine

control in neutral to forward initial speed 1000 rpm

Oil temperature 30°C Oil temperature 80°C
Shift shock, . . Shift shock, . .
Gear G Shift time, s G Shift time, s
step
A o] A o A of A o
= A of = A o 5 A of = Ao

L1 0.019 | 0.018 | 0.788 | 0.786 | 0.219 | 0.210 | 1.280 | 1.268
L3 0.066 | 0.060 | 1.043 | 0976 | 0.078 | 0.063 | 1.086 | 1.052
M2 0.049 | 0.047 | 1617 | 1567 | 0.058 | 0.049 | 1697 | 1.583
M4 0132 | 0114 | 2135 | 2051 | 0137 | 0129 | 2.348 | 2.257
H1 0119 | 0103 | 1.897 | 1.796 | 0.115 | 0103 | 1919 | 1.841
H3 0180 | 0.168 | 2608 | 2593 | 0174 | 0162 | 2628 | 2.561
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Fig. 3.21 Shift shock comparison between controlled and non-controlled in
neutral to forward, gear step L3, initial speed 1000 rpm, and oil

temperature 80°C.
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Fig. 3.22 Shift shock comparison between controlled and non-controlled in

neutral to forward, gear step L1, initial speed 1500 rpm, and oil

temperature 30°C.
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Fig. 3.23 Shift shock comparison between controlled and non—controlled in

neutral to forward, gear step HI, initial speed 1500 rpm, and oil

temperature 30°C.
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Fig. 3.24 Shift shock comparison between controlled and non-controlled in

neutral to forward, gear step M4, initial speed 2000 rpm, and

oil temperature 30°C
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Fig. 3.25 Shift shock comparison between controlled and non-controlled in

neutral to forward, gear step M2, initial speed 2500 rpm, and

oil temperature 30°C
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Fig. 3.26 Shift shock comparison between controlled and non-controlled in
neutral to forward, gear step M2, initial speed 2500 rpm, and

oil temperature 80°C.
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Fig. 3.27 Shift shock comparison between controlled and non-controlled in
neutral to forward, gear step M4, initial speed 2500 rpm, and

oil temperature 80°C.
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Fig. 3.29 Throttle position signal graph in forward to reverse, gear step

M2, engine speed 2500 rpm, and oil temperature 80°C.
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Fig. 3.30 Throttle position signal graph in neutral to forward, gear step
M2, engine speed 2500 rpm, and oil temperature 80°C.
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Fig. 3.31 Throttle position signal graph in neutral to reverse, gear step

M2, engine speed 2500 rpm, and oil temperature 80°C.
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Fig. 3.32 Throttle position signal graph in reverse to forward, gear step

M2, engine speed 2500 rpm, and oil temperature 80°C.

ISR el WEyse a8 B mdeE ggsn
Farzd BAgel HEe £Ao) WA wEARo AAHAL F
g A RE PN WMEFAL wEAtel AdHAE Relth

Table 3.17 Shift shock and shift time comparison between controlled
and non-controlled in gear step M2, initial speed 2500

rpm and oil temperature 80°C

.Shif.t NOSn}iift shock, G = :_hift time, s
direction controlled Controlled controlled Controlled
F to R -0.277 -0.217 2.947 2.718
N to F 0.207 0.144 1.965 1.576
N to R -0.268 -0.226 2.892 2.609
R to F 0.247 0.185 2.654 2.453
49
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Table 4.13} 7t}

o

Item
Manufacturer
Model
Measuring Principle

]

Accuracy

Compensated temp range

(e}
Measuring range
Outpur range

oAl

kel
8l

™, AHA

Table 4.1 Specifications of the pressure sensor
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Table 4.2 Specifications of the torque meter

Item Specifications
Manufacturer Dacell, Korea
Model TRE-100K
Type Slipring
Measuring range 0 - 1000 Nm
Max. Torque 1300 Nm
Rated speed 2000 rpm

ER WM E ol&staler, d2& &olstAl a7 ¢lsto
SEAMTE ZR b V1ol ed fAE od ESTel dAdske] dA
shlth. =AM oh o d #FA ] AdE Table 4.3

Table 4.3 Specifications of the temperature sensor

Item Specifications
Manufacturer HYDROTECHNIK, Germany
Model TE 110
Measuring range -50 - 200°C
Output range 4 - 20 mA
Supply voltage 10 - 30 VDC
Table 4.4 Specifications of the oil flowmeter
Item Specifications
Manufacturer HYDROTECHNIK, Germany
Model GFM-30Alu
Type Gear
Measuring principle displacement
Output signal & range frequency (rectangle)/4 - 20 mA
Supply voltage 12 - 24 VDC
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Table 45 Specifications of the variable capacity oil pump

Item Specifications
Manufacturer Yuken, United Kingdom
Model ARI16
Rated pressure 16 MPa
Permissible rpm 600 - 1800 rpm
mass 9.8kg
Table 4.6 Specifications of the hydraulic motor
Item Specifications
Manufacturer Higen, Korea
Model KMH-05HK1
Rotor type Squirrel cage
Output 3.7 kW
No. of poles 4
Frequency 60 Hz
Table 4.7 Specifications of the oil cooler
Item Specifications
Manufacturer Flow Force, Korea
Model FA-030-2-5-00-1-0-0
Type AC motor type
No. of poles 2
Voltage and Frequency single phase 220 V 50/60 Hz
Max. working temp 120°C
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Proportional
control valve

Pressure sensor

Torque meter
Servo motor

Servo motor
control driver

Fig. 45 The view and composition of testing and controlling section.

Table 4.8 Specifications of the servo motor

Item Specifications
Manufacturer Rexroth, Germany
Model MSK-070D-0300-NN-M1-UGO-NNNN
Max. torque 52.5 MPa
Max. rpm 4900 rpm
No. of pole pairs 6
Rated voltage 24V
Moment of inertia of rotor 0.00375 kg.m®
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Table 4.9 Specifications of the servo motor controller

Item Specifications
Manufacturer Rexroth, Germany
Model HCS01.1E-W0028-A-03

Rated input voltage

3xAC 200 - 500

Rated input current 10 A
Output voltage 3xAC 0 - 500
Output current 115 A

Table 4.10 Specifications of the DAQ for bench tester

Measured signal Channel DAQ Specification
Temperature - QOutlet temp x 1 ch DAQ : HBM QuantumX
Torque = Clutch x 1 ch
p - Forward x 1 ch MX840
ressure " Reverse % 1 ch Sampling rate : 50 Hz
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Total No. of
conditions
28
48
68

Drop level No. of
conditions
12
17

Shift
direction
No. of
conditions

Initial speed,
rpm
1000
1500
2000
2500

Table 5.1 The experimental conditions of bench tester
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Table 5.2 The angular acceleration value in every drop level of

engine speed

Angular acceleration after shift begins, rad/s?

drop level, Initial speed | Initial speed | Initial speed | Initial speed
bm 1000 rpm | 1500 rpm 2000 rpm | 2500 rpm
100 -10.49 -10.49 -10.49 -10.49
200 -20.94 -20.94 -20.94 -20.94
300 - -31.42 -31.42 -31.42
400 - -41.89 -41.89 -41.89
500 - -52.36 -52.36 -52.36
600 - -62.83 -62.83 -62.83
700 - -73.30 -73.30 -73.30
800 - - -83.78 -83.78
900 - - -94.25 -94.25
1000 - - -104.72 -104.72
1100 - - -115.19 -115.19
1200 - - -125.66 -125.66
1300 - - - -136.14
1400 - - - -146.61
1500 - - - -157.08
1600 - - - -167.55
1700 - - - -178.02
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Table 5.3 The optimum engine speed drop level and decrease ratio

by initial input speed

Initial Shift shock Shift time
Shift Optimum | Reduction | Optimum | Reduction
speed, . . . .
direction drop ratio, drop ratio,
pm level, rpm % level, rpm %
F to R - - - -
1000 N to F 100 10 100 10
N to R 100 10 200 20
R to F - - 100 10
F to R 200 13 100 7
1500 N to F 300 20 300 20
N to R 100 7 500 33
R to F 100 7 100 7
F to R 600 30 800 40
2000 N to F 600 30 600 30
N to R 400 20 400 20
R to F 300 15 400 20
F to R 600 24 800 32
9500 N to F 600 24 600 24
N to R 300 32 400 16
R to F 300 12 400 16
Table 53& HIHOE Z7|Yg&Eo] figh JHEFE AAMES IHgEZE
YER ™ Fig. 5109 2ok ol&= 7} W3 ¥ wep MEAd 5 7
A3 Aa £EE det FANAA FAROR WE A WEA
o) A 7 FE FANES Aol wHrh o)t JUEEAC ] B Wk
AlZEe] JRdR]Eo] o g W& uES SEAVY JEEEY A2 |
sl = wizgtely] wWliz o2 FerEch Fig. 5100 oshd Z7|dzdE&rme] Wg)
of wet AAst A s werle FAAES 7 Qo F WS T
MAE 93 dEEE A JAxRo 7]|£S AA s Table 5.4, 55, 5.6,
57, 58, 59, 5.10, 5,11 72 A@=ANN MEFA WE Akl AA A=

= YERHAT
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Table 5.4 The improvement percentage of shift shock in initial speed

1000 rpm

drop level,

rpm

Shift direction

F to R

N to F

N to R

RtoF

100

-6.0

8.9

17.2

-2.5

200

-6.8

3.2

14.2

—7.2

(Unit : %)

Table 55 The improvement percentage of shift time in initial speed

1000 rpm

drop lev
rpm

el,

Shift direction

F to R

N to F

N to R

R to F

100

-1.1

0.4

2.0

22.7

200

-9.8

2.2

2.0

21.8
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Table 5.6 The improvement percentage of shift shock in initial speed

1500 rpm
drop level, Shift direction
rpm F to R N to F N to R RtoF
100 10.0 16.8 31.0 3.9
200 11.5 16.1 23.0 2.1
300 8.0 19.2 29.4 0.6
400 5.0 17.0 27.2 -0.1
500 4.2 16.8 285 -4.5
600 1.0 174 27.1 -47
700 9.5 165 24.3 0.9
(Unit : %)

Table 5.7 The improvement percentage of shift time in initial speed

1500 rpm
drop level, Shift direction
rpm F to R N to F N to R RtoF
100 26.5 6.3 -39 21.7
200 24.2 115 4.9 18.6
300 21.2 145 5.8 186
400 25.4 135 6.8 19.6
500 22.9 12.7 7.9 215
600 26.3 115 49 20.5
700 24.6 125 6.9 21.5
(Unit : %)
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Table 5.8 The improvement percentage of shift shock in initial speed

2000 rpm
drop level, Shift direction
rpm F to R N to F N to R RtoF
100 11.8 14.4 29.2 12.1
200 13.3 13.2 26.0 134
300 20.1 25.7 33.3 14.0
400 24.6 24.3 38.0 12.8
500 24.3 26.3 33.1 10.6
600 26.1 28.1 37.3 11.1
700 25.7 25.6 34.1 10.0
800 23.6 24.6 37.7 9.0
900 21.0 22.4 32.6 10.2
1000 20.4 23.7 33.3 9.1
1100 16.8 22.2 31.0 85
1200 14.6 21.0 31.8 3.7
(Unit : %)

Table 5.9 The improvement percentage of shift time in initial speed

2000 rpm
drop level, Shift direction
rpm F to R N to F N to R RtoF
100 19.1 8.7 -1.1 24.0
200 20.9 7.6 -3.2 24.0
300 22.7 9.8 3.2 29.8
400 22.7 13.0 4.3 29.9
500 21.8 15.2 74 279
600 23.6 16.3 1.1 28.8
700 23.6 9.8 0 28.8
800 24.5 10.9 -1.1 27.9
900 22.7 54 0 26.0
1000 19.1 -1.1 0 26.0
1100 18.2 9.8 -3.2 29.8
1200 19.1 6.5 0 26.0
(Unit : %)
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Table 5.10 The improvement percentage of shift shock in initial speed

2500 rpm
drop level, Shift direction
rpm F to R N to F N to R RtoF
100 13.1 13.8 30.5 14.7
200 14.6 15.0 27.4 16.0
300 21.3 24.9 34.6 16.5
400 25.7 25.5 39.1 15.4
500 25.4 275 34.4 13.2
600 21.2 29.2 385 13.8
700 26.8 26.7 35.3 12.6
800 24.7 26.0 38.9 11.7
900 22.1 25.9 33.8 12.8
1000 21.6 24.9 345 11.8
1100 18.1 23.4 32.3 11.2
1200 15.9 22.2 33.1 10.8
1300 15.8 21.6 31.9 10.2
1400 14.7 20.3 30.9 11.2
1500 14.1 19.1 30.0 10.0
1600 12.6 18.4 29.5 9.8
1700 12.4 17.2 28.6 9.9
(Unit : %)
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Table 5.11 The improvement

percentage of shift time in initial speed

2500 rpm
drop level, Shift direction
rpm F to R N to F N to R RtoF
100 13.9 0 -8.2 3.3
200 19.4 6.7 3.1 12.2
300 21.3 7.8 7.1 18.7
400 21.3 11.1 8.2 18.9
500 20.4 13.3 -3.1 16.7
600 22.2 14.4 5.1 17.8
700 22.2 7.8 4.1 17.8
800 23.1 89 3.1 16.7
900 21.3 3.3 4.1 14.4
1000 17.6 -3.3 4.1 14.4
1100 16.7 7.8 1.0 -22.2
1200 17.6 4.4 4.1 14.4
1300 16.0 -5.6 4.1 2.2
1400 15.0 1.1 6.1 1.1
1500 15.0 2.2 4.1 1.1
1600 16.0 -2.2 5.1 6.7
1700 14.0 -1.1 11.2 2.2
(Unit : %)
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Fig. A8
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Fig. A.15
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Abstract

Improvement of Shift Quality of
Power Shuttle Transmission by

controlling Input Speed

Wonsun Hong
Biosystems engineering

The Graduate School

Seoul National University

The demand of power shuttle transmission is gradually increasing since
the operating and drive-line efficiency. However, Study on power shuttle
transmission is low and research on shift quality of power shuttle
transmission is rare. In this study, for this reason, improvement of shift
shock and shift quality has been complemented. The results of this study
are summarized as follows.

An simulation model was developed through practical testing of a tractor
and shift quality was enhanced by controlling input speed. The simulation
model is consisted of several components as engine, clutch and piston of
power shuttle transmission, gears and drive-line elements. The tractor
specifications were used for developing the model. Engine rpm and oil
pressure were used as a input variable for the simulation model. The

developed simulation model was verified by comparison with field test data.
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The reason why the simulated results could not follow the measured
results accurately was because the simulation model could not construct
the exact environment of the practical testing.

Shift quality index were developed to compare the controlled and
non-controlled results. Shift shock was defined as the acceleration change
in for and after direction, Shift time was defined as from the time the oil
pressure begins to the synchronization of the input speed and driven shaft
of the transmission.

Throttle position signal was modified to control the input speed. When
the oil pressure rise the Throttle position signal was decreased to improve
the shift quality. In most cases, shift shock and shift time were enhanced.
However, The enhanced rate of shift shock were higher than shift time.
Also, when the throttle position signal was dropped significantly such as
more than 50% comparing the initial rpm, shift quality was poor since
overshoot and shift shock appears.

Bench tester was developed to find out whether shift quality improves in
actual power shuttle transmission through controlling input speed. The
tester contains hydraulic part, testing part and control part. Oil pressure
and input speed were controlled by proportional control valve and servo
motor respectively by control part. The oil pressure profile were modified
to adapt it adequately to the bench tester. The input speed was controlled
on the basis of the modified oil pressure profile. The interaction formula
between drop level of the input speed and shift quality was concluded by
the bench tester.

keywords : Power shuttle transmission, Shift quality, Input speed
control, Simulation model
Student Number : 2014-20058
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