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Practical Implementation of a Concurrent
Trimming Approach for Manganin Shunt
Resistors

Siti Nabilah Misti, Martin Birkett, David Bell, Roger Penlington

Abstract— As electrical energy prices continue to rise each year,
accurate energy consumption monitoring becomes increasingly
important. Therefore, there is a growing demand for high precision,
low value shunt resistors in order to measure the flow of electrical
current in applications such as smart energy meters and electric
vehicle charging stations. This paper will discusses the concurrent
trimming approach using machining to reduce the standard +5%
tolerance of 100uQ2 Manganin shunt resistors which is used in
metering applications. The experimental results reveal that the
concurrent trimming approach can reduce the standard trimming time
by more than 50% more than half the normal trimming time. The
resistance value of shunt is obtained approximately at 100uQ and is
in the range of targeted value of 100pu€Q with tolerance of less than
+5%.

Keywords—Concurrent trimming, Manganin shunt resistor,
machining, tolerance.

1. INTRODUCTION

Manganin shunt resistors are used in smart energy meters to
determine the amount of energy consumed by the household.
These shunt resistors are typically manufactured by using a
Manganin alloy element that is electron beam welded to two
copper terminations. Due to the current manufacturing
techniques used in the production of the Manganin shunt, it is
difficult to produce resistors to an accurate dimensions and
hence precise resistive tolerances. Currently, this
configuration can achieve resistance values down to 100pQ
with tolerances of £5% [1-3]. Consequently, manufacturers of
the shunt resistors are still looking at ways to reduce the
tolerance, hence improving the accuracy and precision of the
device.

Precise resistance of the shunt can be calibrated through a
process known as trimming, where material is partially
removed or "trimmed" from the shunt until the resistance
reaches its targeted value [4, 5]. This, only works if the shunt
resistors are intentionally manufactured with a lower
resistance than the targeted value. Theoretically, by trimming
the resistive material into a tolerable and symmetrical shape, it
can lower the standard tolerance of the shunt resistors [6, 7].
By removing controlled amounts of Manganin from the shunt,
the tolerance of the Manganin shunt resistors can be lowered
to less than £5%.
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The normal approach in trimming the shunt resistors
requires a trial and error approach (i.e. measure the resistance
value, calculate how much material to remove, trim the shunt
resistor based on the amount of material to be removed and
finally measure the resistance after the shunt has been
trimmed). As the normal approach of testing and modifying
the test subject is a step by step process, it can take an
excessively long time to complete. Therefore by adopting the
concurrent engineering method, in the product development
and for a large scale manufacture the production time can be
significantly reduced.

Concurrent engineering, also known as simultaneous
engineering is a method of designing and developing products,
in which the different stages run simultaneously, rather than
consecutively. Recent relevant research studies [8-11] have
discovered that the concurrent method decreases product
development time and also the time to market, leading to
improved productivity and reduced costs. Though initial
implementation can be challenging, the competitive advantage
means it is beneficial in the long term. It removes the need to
have multiple design reworks, by creating an environment for
designing a product right the first time round.

Similarly, with the trimming approach for the shunt, there
are a number of stages that needed to be considered in order to
reduce the tolerance of the resistor. The concurrent trimming
approach is different from the normal process because it
anticipates the amount of material that needs to be removed
from the shunt resistors in its testing stages. The main purpose
of concurrent trimming is to simultaneously trim and measure
the resistive material without the need to retest the trimmed
part afterwards. Whereby applying the concurrent technique,
the result will be obtained faster and the design of the newly
trimmed shunt resistor can be finalized. However, the
concurrent trimming approach needs to be done carefully
because if there is a mistake in removing the resistive material,
the process might have to be repeated with a new shunt
resistor. Therefore, precision in this stage is crucial.

The concurrent approach can be used in two different ways
which are by automated and manual approach. The automated
system will need a much large amount of investment than the
manual process. Thus, the manual approach will be a more
suitable process to test the theory and determine if the
concurrent trimming approach is worthwhile.
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Fig. 1: Block diagram of the experimental setup.

II. THE EXPERIMENT SETUP

Fig. 1 depicts the block diagram of the experimental setup
for the proposed research, with the relevant parameters
summarized in Table I. The concurrent trimming approach
encompasses three main building blocks, which include:
Bridgeport milling machine, Agilent B2902A Power Source
and Agilent 34420A 7.5 Digit Nano-Volt/Micro-Ohm Meter.

TABLE I
PARAMETERS OF THE EXPERIMENTAL SETUP

Agilent B2900A Power Source

also clamped in a nylon jig to insulate it from the machine
vice. The shunt was connected to two electrically conductive
cables to deliver the current and another cable to measure the
voltage values. The current cable was fixed to the shunt and
jig by using 6mm diameter nut and bolt while the voltage
sense cable was directly soldered to two pre-welded tin plated
termination pins on the shunt using silver solder.

For the Agilent B2902A Power Source, the current was set
to be an output of 1A with the voltage limit set to 0.5V. Table
II shows that the combined measurement accuracy for the
Agilent 34420A 7.5 Digit Nano-Volt/Micro-Ohm Meter with
the Agilent B2900A Power Source gives a total system error
of 0.186%. This must be taken into account when analyzing

Par ameter Value a

Data Source results from this work.

Modulation format Amps (I)

TABLE II

Source rate LA MEASUREMENT SYSTEMS ACCURACY

Source ranging 1 pA Value

Limit 03V Agilent 34420A N

Par ameter f gilen ano-
Force +250 V max Agilent B2900A Volt/Micro-Ohm
Power Source

Pulse M eter

Peak 0nA % Reading 0.03

Delay 5ms

Offset 0.0015
50 ps
0,

Trigger (Auto) % Range 0.0002

Source 1 Total error 0.0018 0.000000012

Measure 1 Total % Error 0.18 0.006

Agilent 34420A Nano-Volt/Micro-Ohm M eter Total System %
0.186
Par ameter Value Error

Function DCV/ Temp
Range/Digits 7 The concurrent trimming approach for this experiment
Max Measurement level 2V involved an operative to carry out every action needed in the
Sense Q4w normal process. However, instead of measuring resistance and

For the Bridgeport milling machine, a 3mm diameter end-
mill cutting tool was chosen for the experiment as the milling
area will be on Manganin strip which has a width of 5Smm. The
shank of the cutting tool was electrically insulated from the
milling machine using a nylon sleeve. The shunt resistor was
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then trimming small amounts of Manganin from the shunt
resistor consecutively, it is possible to continuously measure
the resistance value using the combination of Agilent B2902A
Power Source and Agilent 34420A 7.5 Digit Nano-
Volt/Micro-Ohm Meter, whilst simultaneously removing the
Manganin from the shunt resistor. By carrying out the
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measuring and milling actions simultaneously or concurrently,
it will be quicker than doing the actions separately or
consecutively as with the normal trimming process.

II1.

A.Data Acquisition

Upon feeding 1A of current to the Manganin shunt resistors
from the Agilent B2900A Power Source the initial values of
resistance were taken before the trimming process started.
Resistance values were taken every 15 seconds for 1 minute,
to allow the voltage readings from the nano-volt meter to
stabilize. Following this, the end mill cutter position was
zeroed against the surface of the Manganin area to be
trimmed. Then, the value of depth of cut was set using a dial
test indicator (DTT), before the milling procedure took place.
For initial testing, the Manganin was cut dry at two different
cutting speeds of 500m/min and 1000m/min and the feed rate
was kept constant at 50m/min.

During cutting process, the nano-volt meter digital readout
displayed the voltage slowly increasing until it reached the
target value of 100puQ. The milling action was then stopped
and the trimmed shunt resistor was removed from the jig.

METHODOLOGY AND POST-ANALYSIS

B. Computation of Material Removal

Resistance values recorded from the initial testing in Table
IIT and Table IV were compared and it can be clearly seen that
the faster speed of the spindle; the more accurate values are
recorded.

TABLE III
INITIAL TRIALS BY USING FAST SPINDLE SPEED
Samole Average Initial Depth of Average
Num[l;er Resistance cut Resistance After
nQ) (mm) (nQ)
1 101.795 0.04 102.597
2 102.463 0.04 103.574
3 103.451 0.04 104.675
TABLE IV
INITIAL TRIALS BY USING SLOW SPINDLE SPEED
Samole Average Initial Depth of Average
NumEer Resistance cut Resistance After
(nQ) (mm) (0]
1 104.473 0.04 106.502
2 106.115 0.04 108.524
3 108.139 0.04 110.574

Over 20 initial trials were carried out and on average; the
faster speed gives smaller rate of change which is
25.251Q/mm while slower speed gives higher rate of change
of resistance which is 25.54puQ/mm. This can be related to an
increase in the amount of heat being transferred into the shunt
at the slower machining speed. Based on the initial trials, the
speed and the depth of the cut were used as a reference to
predict the amount of material to be removed from the
Manganin shunt resistors. The mean change of resistance of
1.1uQ over 40um depth gives an estimated rate of change of
0.028pL/pm.
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Estimation of the change in resistance at the higher
machining speed can be made by using 0. 028u€/pum (i.e., the
value calculated from Table III). This estimation will help in
achieving the main objective which is to lower the tolerance of
+5% for the Manganin shunt resistor. After the initial
resistance readings are recorded, the value will be deducted
from the target value of the shunt resistor (i.e., resistance value
of 100uQ) and then divided by 0.028uQ/um to predict the
depth of cut for the milling process for any Manganin shunt
resistor.

IV. RESULTS AND DISCUSSIONS

Result generated from MATLAB in Fig. 2 show that the
resistance change can be predicted before the milling process
by using the change of resistance acquired and calculated in
the trial runs. Comparing the calculated value and the actual
result, the prediction or estimation is proven to be reliable.

These findings suggest that the concurrent trimming
approach is a feasible method to monitor the rate of change for
the resistance of Manganin shunt resistor and to determine the
desirable depth and amount of material removal from
Manganin strip. The depth of the end mill cutter must be
concurrently examined with the micro-ohm meter readings to
identify if the trimming process needs to be stopped before the
depth of cut reaches the calculated amount.
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Fig. 2: The corresponding resistance values of the Manganin shunt
resistors using different depth of cut to predict the rate of change for
the resistance.
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The calculated depth of cut can be used in order to find the
amount of material to be removed and also to predict how
much the resistance value will increase in accordance to the
trials of concurrent trimming approach.

Furthermore, Fig. 3 shows results for initial resistance and
after the trimming process for concurrent trimming approach;
where the required target is to achieve a resistance of 100uQ.
Only 3 samples are used for the experiment due to the limited
number of sample received for this project. Sample 3 gives the
highest value of resistances after the concurrent trimming
approach is conducted which is 100.335uQ whereas for
Samples 1 and 2 are 100.081p€Q and 100.094p€2 respectively.
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The average value for all 3 samples is 100.17uQ which is
0.17% of the tolerance resistance.
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Fig. 3: Graph of resistance vs. depth of cut for the concurrent
trimming of Manganin shunt resistors.

V.CONCLUSION

Results from this paper have shown that the concurrent
trimming process is a viable method of trimming the
resistance value of Manganin shunt resistors It offers
improved trimming accuracy and reductions in time and
process costs when compared to the normal consecutive
process. This procedure has the potential for application in
large scale manufacture when the best point of reference of the
trimming process for the shunt resistors is discovered and it
will give a lot of benefit to the manufacturer in terms of
quality assurance, time and cost. By using concurrent
trimming in this experiment, the tolerance of the Manganin
shunt resistors is reduced from +5% of tolerance to less than
+0.5% in a shorter time compared to the normal consecutive
trimming process.
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