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Method used to measure digging resistance with pin sensor
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Abstract: An indirect method was presented to measure the digging resistance of hydraulic excavator by sensing
the interaction between the bucket and stick with a special pin sensor. With detailed analysis of digging resistance,
a dynamic model of bucket based on Newton-Euler Dynamic Equation was established. Then based on the general
excavation process, a synchronous acquisition test platform for measuring oil pressure, displacement and force was
set up with a special pin sensor and other test devices. The simulation load performed on one bucket teeth through
spring dynamometer and digging resistance could be drawn as a curve with the test data calculated by the dynamic
model of bucket. Finally, the calculating result was compared with the simulation load to verify the test method.
The result shows that the error of these two curves is 8.6% and this method is efficient in measuring the digging

resistance.
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Newton-Euler dynamic equation;
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Fig 1 Digging resistance model
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Fig2 Bucket force model
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Fig 3 Partial force model on joint of bucket and stick
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Fig 5 Distribution of strain gauges

3. i hEiRE

WATAE TOU, = 4L BT ZEAT A0 B v e
TN TR B S sPRE . ARE=4
TMETIE ZEAT AR 2R AT T, 7ESh AR ST
fRASbRZR, BT TARSEE D-H 45 () AR bR 415 1) 5
SLE G I B AR, B G AR . FET I
LRIR—FE M SE, AR O R
B g
B 2rf, 11 F, NS ELHE T F AR AR DDERT LA
MR, HAEG BRI A Fy  Fy o
71 F, REH AL 38 T 15 00 5™ SR 88 A CAb I E
1, HAEG SRR ARSI BN F o F,
W 2fR, 4°3H7E By CBSVER /1. B, 1R
DI AR ARE S AR A R A TP RS . fEd23)

M =="(1,+1,) (7)

M, +M,=2M (8)
EMEM L« R A 10 HFEBS R
Fro G SRR . RN AR E R AR A
FRNAR %o A3 AP L« R AT AT N ) R 4H N AR
RN S, HpCE s A g, il 6T
N HoarH H RN
uj R
uo:—ngﬁF(lﬁZQ) (9
u, AN E BN T s w0 R A H
S RN IRBIE: R. E. 14 BRI
CESNI S = N R S
KL e e S S R TR A & 8 V)
A B N @ R, g w, SRR B F
PRI (9 BISCER, AT AT HRYE iy e s u, 753 2045
AT F o

(6)

6 i R AR HATR I s R

Fig 6 Bridge connection diagram

BEAAARPR R T, T AR Bl ) s A T A
X T EIE TN 0

Fy +F. +F, +F, =0 (10
Y T mEE 80
Fy +F +F, +F, =0 (1D

XPE 20 G BUHE, AN 0

FBx(yG _yB)+FBy(xG_‘xB)+FnyG _FnyG
-1, -1, _FDx(‘xG_xD)_FDy(yD —yG)ZO
EE ). WHIMERT, 92 s #frh F,,

(12)

Foo~ T
Fy =-m(a,+g,) (13)
Fy, =—m(ay +gy) (14
T, =-Ja (15)



AR T R4
JOURNAL OF BEIJING UNIVERSITY OF TECHNOLOGY

X (13) (14D (15) &, a,+ a, 73 ARG P3N
HEEREARAAR R, o NSO EE)
IS, g NEIESE, J AT 505
[P B =

UL B2 drarsn, = (10) (11) (12) 3 AMphar
TIREXS R R BT F, v F, T, =AARENE, Wil
T%ﬁﬁ@uﬁﬁﬁ+”&%mﬁmﬁﬁﬁ¢o

/AIJ 'lo_t H 7|< Zh % 57\1:)'—[

DU 21t 24 H LN 4

FIFIRLRS e

B SRS BB REIE RN E T &
WK 7 (a) Fias. Az T2 ToA
I ABI T oL, W B TR 2 )
T2 B RAER J1. 25 R8BI SERRIZHRAE M
fof HE B T R L4 TR B IE o 46 7 SR AR
SO, AN B A 2 — AN AMU G 2 U
FEA L XFRIE 280mm, Wik 7 (b) B, SREEN 7
THHIRIEE RECH 42. 5kN/m.

(a)

(b)

BT WA
Fig7 Test platform

I REREAT T 2 DU, A2 m L i
I o Y2 B L BE PRALE 5™ 21 S B AF B 78 7 A8 OF
REAERRAEACT T & Jedz ] SR AEK
Sy b, PR AN = AU SR RV Z I
BuZisz, msRE I RS I B i
I o FAt AR AR R AR BRI IS ) LRl . AL
X 3 AR AT BEALLZ IR S 2 AT 0

BT TERE LA
AP TR (s
B2 I SRS

“ﬂg--v
7
'/1$%%E

gk k7 RU

P8 AREILLZ A ik
Figure 8 Analog Mining Trajectory
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Figure 9 Displacement & Pressure Curve
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Fig 10 Pin sensor measurement curve
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Fig 11 Digging resistance verification curve
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