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Current Upgraded

Draft gear elements Anchor Retaining Plate
/
f
/

Draft gear elements Anchor  Retaining Plate
@ Muff flange @ Draft gear shaft @ Draft gear shaft

I\

e

@ Spacer

/i
/ /@ Castle nut

" ® Endplate
73

D1
D2

Threads
|
I
Muff coupling

\
Muff drawbar tube Draft gear housing Spherical bushing Muff drawbar tube  Draft gear housing Spherical bushing

Difference of Parts

+ Item (D, @ arechanged to Item ). — The diameter of shaft is increased (D2>D1). The location of threads is moved to the rear.

+ Item @, ®), ® are newly added. — Adjustment of the draft gear element compression is easier by using the castle nut &

* The other items are completely the same.
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1. Abstract

The purpose of this attachment is to show the arrangement of coupler acting force
measurement system.

2, Strain gauge arrangement
Stain gauges are installed according to the following drawing.
Gauge No. 7, 9, 10, 12 are used for measuring the coupler acting force.

Gauge No. 13, 14, are used for measuring the vertical bending moment.
Gauge No. 15, 16, are used for measuring the horizontal bending moment.

RIGHT SIDE

LEFT SIDE
- |
|
‘ jj sy —— .
.{ e I
i LT : i '—:.'- -
[ -v{ - I..'.iEﬁ- “ ® “1
T | [a [
"s |I'I-\q"-‘ *

UPPER SIDE
BOTOM SIDE

Fig.B-1-1 Strain gauge installation map
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3. Measurement system arrangement

Stain gauges are incorporated in the Wheatstone bridge in order to enhance the output
resolution scales as follows.

Strain=¢ | Strain=-€,v

|~
\

12} 10>
Straif=-¢,v N

Str5h= £ 1

|
| |
E
Fig.B-1-2 Wheatstone Bridge (1) for coupler acting force

Strain=¢,

Strain=- ¢ , ,
% Strain=¢ 3 Strain=- € ;

CHI 5 TE

f 5] .__|

I\ I
E E
Fig.B-1-3 Wheatstone Bridge (2) for vertical bending moment (Left fig.)
Fig.B-1-4 Wheatstone Bridge (3) for horizontal bending moment (Right fig.)
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Here, the electric resistance of strain gauge No, 7,9,10,12 are R+, No. 13,14 are Rz, No.
15,16 are R3 which are all varisible resistance in accordance with their strains.

The constant resistance r used in Wheatstone bridge (2), (3) are used as reference
resistance.

E is bridge voltage and V is the measured voltage by voltmeter.
£1, €2, €3 shows the strain of each strain gauge.

The relationship between each strain and its electrical resistance change of strain gauge is
expressed using gauge factor Ks as bellow.

— =Ksi & (1)
SRy _
RO (2)
AR _
PR (3)

® In the Wheatstone Bridge (1)

Measured voltage by voltmeter is shown below.
(1+Vv)E -Ksy -6
V= 5

B 2V (4)
T (14+V)E-Ks,

S €

Output resolution scale is 2(1 +v) = 2.6
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® In the Wheatstone Bridge (2)
Measured voltage by voltmeter is shown below.

E-Ks,-€
V= 22 2

_w (5)
S sy

Output resolution scale is 2.

® [n the Wheatstone Bridge (3)
Measured voltage by voltmeter is shown below.

:E‘K53'E3
2
o (6)
= E K

Output resolution scale is 2.

Here, in the previous calibration test the relationship between coupler acting force P, is
measured to get the constant of proportion of them as below. '

k1=P1/E]_ (7)

Coupler acting
force P,

J ky =P/ €,

Strain €

Fig.B-1-5 Calibration test
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Finally the coupler acting force P;is calculated as follows.

2k, V _ 2kV
(1+v)E-Ks; 1.3E-Ks, (8)

P =kie; =

Vertical and horizontal bending moment M2 and M3 are calculated as follows by using the
section modulus Z of coupler rod cross-sectional area.

, 2E'V
M2=02-Z=E62-Z=E.KSZ (%8)

: 2E'V
M3=?-3.Z=E63.Z=E-K53 (10)

Where,
0y, 03 are the stress of the strain gauge No. 13, 15 respectively,
E’is the Young’s modulus of the coupler rod.
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