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ABSTRACT

The calibration of heavy mass standards is a difficdemanding, and time consuming process. Loading
unloading of heavy mass standards is strenuous a®nkell as placing of the weights in the centethefweighing
position by human. With the improvement of thertgle and customer’s requirements, it is necessapstablish
the mass standard of 50 kg weight. A high capamitpmatic comparator with readability of 0.1 mg Hzecome
available in National Institute of Metrology (NIMPerformance analysis of this mass comparator @ashin the
paper. Then three class; BO kg weights are measured on this new equipmbet,nteasurement result and
uncertainty are given out as well as experiencese.
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INTRODUCTION

Recently, a new generation of computer controllechgarators-AX64004, particularly designed for tladhbration
of high capacity weight, has become available. Hgsipment can automatically execute all stepsli@bin
disseminations, including the moving of the weightsd the necessary comparisons, requiring neitheruai
intervention by the operator, nor custom auxiliasights [1].

Fig. 1: AX64004 compar ator installed in NIM and crane used for lifting weight

The requirements of high-capacity mass disseminaticalibrate weights and weight sets in the naiange of a
few kilograms up to 60 kg are first discussed bycRauth and Richard in [2]. Now there are sevelaiamal
metrology institutes and independent commercial smagtrology laboratories equipping this comparakunr
example: troemner is an independent calibratiooritiory in the United States that can provide catibns with
this type of balance [3]. Primary Standards Lalmsabf Sandia National Laboratories also maintairis kind of
balance [4]. In KlodianDhoska’s master thesis [g,used this kind of comparator to get experiendhé field of
high accuracy mass measurements. In [6], the adililor of multiples of 1 kg is carried out usingudlyf automatic
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mass comparator with maximum capacity of 64 kgrasdlution of 0.1 mg. In Jan.26th2010, China's #X64004
was settled in Shanghai verification and testimgptelogy institute [7].

Form all these documents and websites ,we canhs¢éhie requirements of high-capacity mass dissatinim are
very popular, like Estonia[8], 50 kg comparisorEnfromet from 2004 to 2007 [9] and CCM.M-K3.1 conipan of
50 kg mass in 2009 to 2010[10].

50 KGAUTOMATIC MASS COMPARATOR

There are several mass comparator used for 50 kghtyelike Schenk FW18(1 mg resolution),Sartorius
CC50000S\C50000S\CC50001S-L\(1 mg resolution) Jelefioledo PK60 MC(10 mg resolution), SMU 100 kg (1
mg resolution), and Mettler-Toledo AX64004(0.1 negalution). All these equipment are listed in CCIVKI@ 50

kg mass comparison report.

AX64004 is an automatic mass comparator which Eetiaon computer operation, has four positions feiglat

alternator [6]. This electronic mass comparatofrasn Mettler Toledo, Switzerland, and specially difer large

precision weights from 10 kg to 60 kg (weighing &aipy is 64 kg, with remarkable high resolution0of mg and a
typical standard deviation of less than 0.4 mg [5].

The AX64004 comparator weighing system comprisgsvi@ight handler; balance controller; handler coiter;
temperature sensors; 4 glass cylinders (individuait shields, designed for conventional 50 kg redrsignificantly
with larger dimensions); cables connecting to wigighunit; computer control software; crane usedlifting 50 kg
weights. That is all for fully automatic performanand reporting of comparative weightings. Besidetas a
modern and fast weighing system with switching Wtsg(250g-steps). Comparator’s substitution wegggtt is
shown at the bottom of equipment. The weight partiprovides combinations of substitution loadsro to 64 kg
in increments of 250 g. With the weighing cell'eatical range of 260 g, this allows for an oveplag weighing
range from 0 to 64 kg. Also kept with this set isadibration weight of 250 g [2].
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National Institute of Metrology

Fig. 2. Computer control software designed by NIM and MT

It features a four-place turntable for automatidghe ex-change, which is shown in the foregroundrigl. The
weighing platforms, equipped with individual drafiovers, offer enough space to accommodate weight
combinations according to any weighing scheme. M&T#as given out an example on large object caldirat
without draft shield [2]. Besides, the weights smthter mechanism can reduce the eccentric loadserr

The comparator's display unit and a laptop PC tdrobthe comparator, is visible on the right ir thackground.
Computer control software with NIM’s logo shownkig 2 is designed by National Institute of Metrofp@hina
(NIM) and Mettler Toledo Corporation (MT).

PERFORMANCE TEST OF AX64004 MASS COMPARATOR

On Apr.29th 2013(Apr 29th 09:22:37 to May 3rd ¥334, and it is holiday from Apr 29th to May 1s8n

equipment test was generated by AX64004 accordimgrining an all comparison weighing processesisting of

6 series of 10 A-B-A cycles weighment. And the rimgndata was analysed. The comparisons are P1RPR]1P
P3-P1, P4-P1, P2-P2, P3-P2, P4-P2, P3-P3, P4-PB4Pdecause the weighing scheme is A-B-A cyclesye

make all the comparison cycle to the same staritp@wieighing data of P1, P2, P3 and P4 positionsavn in

figure 3. These measurement record obtained frari@s of 10 comparisons between the same posiiets one
50 kg mass standards.
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Fig. 3: Measurement data from the same weighing positions

Table 1. Standard deviation of the same weighing position

. Standard Deviation (mg)
Series No. P1 P> P3 P4
1 0.11| 0.10f 0.04 0.04
2 0.04| 0.04] 0.0§ 0.0¢
3 0.05| 0.02| 0.0 0.06
4 0.04| 0.03] 0.01 0.0
5 0.06| 0.09| 0.07 0.09
6 0.05| 0.04] 0.09 0.21

Table 1 is the mean (conventional) standard dewiatif the same position, calculated from groupd®fA-B-A
comparisons (mark by circle, multiply sign, triamgplus, square, star). Here in the weighing cyci&srepresents
weighing the reference weight and “B” representighiag the test weight. The “A-B-A” cycle is normgalused
when calibrating class E and F weights automaiddie maximum value of each position is 0.11, 009 and
0.21. All the values are better than the paransttewn in [6][2](0.4/0.2 mg), [5](0.29 mg).
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Fig. 4: Measurement standard deviation obtained from 60seriescompar isons between two weighment positions
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Figure 4 shows the measurement standard deviakitained from 60 series comparisons between two hwedmt

positions. We can see that during P3 and P2 coswarithe standard deviations of first and secenigs are 0.50
and 0.52receptively, which are more higher thanigl May be it is due to a transient at the begigrof the

measurement, probably caused by acclimatizatiomttfer reason for the data is eccentric load eilthough it

has self-center mechanism, the 50 kg weight ishmsvy and it is hard to center the weight at onlgva centering
process.

There is another high standard deviation (0.45 hag)pens to Series 6 between P4 and P3 positisrasitalmost
the last comparison of the whole test, and holidag finished. Human and environment reason cartresthis
value. Besides, the other measurement standardtaevialmost remains smaller than 0.25 mg for #aining
measurements.

UNCERTAINTY EVALUATION OF 50 KG WEIGHTS

Three 50 kg test weights, which number are 1978#1&8nd 200# receptively. Reference weights areolbmnis:
0012# 20 kg, 851#20 kg and 0012# 10 kg. The meammeuncertainties for these three weights arebttan 1.0
mg, 2.0 mg K=2) and 0.5 mgkc2) respectively. Formula for the corrected valgeshow in Tab 2, and the
corresponding values are in the Tab3.

Formula for the corrected value is show in Tabri2l the corresponding values are in the Tab3.

Table2. M easurement group and measurement formula

Measurement Grouy Measurement formula

1 MG, = MG+ MG+ Me+A 1

Table3. Conventional value of 50 kg weight

Balanc ESensitivity . ir densityAir buoyancy Conventional corrected Conventional corrected
[Tes| Value Mass difference(mg e IAm (mg ]
(counts mg/scale (kg/n?°) [corrected(mg value of reference(mgalue of 50 kg weights(m|
197 -4.07 | 1.000007Y -4.0700 1.1763 0.1434 | -3.92p6 5.433 1.5064
199 1.82 | 1.0000077 1.8200 1.1760 0.1448 1.9648 5.433 7.3978
204 -8.93 | 1.000007Y -8.9300 1.1758 0.1460 | -8.7841 5.433 -3.3511

Uncertainty from the weighing processy,, (Am )

Table 4.Standar d deviation of 10 times measurement per group (mg)

Standard deviation of measuren| —_—
Group N¢  (ten ABBA cycles)s(A m) u, (Am )

1 0.2929 0.0926
2 0.1575 0.0498
3 0.1152 0.0364

Uncertainty from thereference weight U ( m )

In the measurement 0012# 20 kg ,851# 20kgand O@lR#Hlare reference weights, and from there expanded
Uu_1 U

uncertainty U and coverage factok =2, the following values are existingrE =—-=0.5mg, — = 2 =1mg and
2 k 2
Y = 05 =0.25mg
k 2

U, (M,,) is uncertainty from the mass variations of refeeeneight.Conventional corrected value of 00124 g0 k

in the old times are 3 mg, 1 mg and 1.28mg,phetpm Y=dAm= \/L(ZHZA m—Air)f =1.0830mg.
NSt cr. n_l

i=1

Conventional corrected value of 851# 20 kg are A.®1g,5.317 mg,4.667 mg,3.933 mg and 5.3 mg,then

U, (m,) = S(An):\/nil(zn“A m-A 17 =0.6675mg.Conventional corrected value of 0012# 10 kg in the
i=1
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times are 1.4 mg, 0.2 mg and 0.19 mg, ‘Uiliner(lm) =qAm= \/_(ZA mA it =0.6957mg. Uncertainties of

=1

the three testing weights arg )= (%)z + g (my)=11928 Mgy (m )= (%)2+ {.(m) =12023 mg and
U
u(m,) = (I)Z + (M) -0.7393 mg.

Finally the whole uncertainties of three refereneéghts are:
u(m,) =/u(m)? + u( m)?+  m)? =1.8480 mg

Uncertainty from the air buoyancy correction U,
Uncertainty of the air buoyancy correction can ba&l@ated by:

Ug = (Vref - test)zuz(pa) +(pa _po)z(uz(\/test) +u2(\/ref ))

5”1 t mt t M m t
s est | v 42 Nest est o Ve
am,ef o, (Mg, 0.) + o V. (Mg Vier)
In which:
a 0
rn[ESt rn[ESt (mref ’pa) 2(\/ref _Vtest)(vref* _Vref)uz(pa)
arnref aloa
0 est est =
2 al:nqt (;\T/][ u(rnref 'Vref) - _2(pa - po)zuz(vref)

ref ref

V,er- is reference volume of the upper class referergight. For the reason that the weight 0@h2l 851# is trace
back to national secondary prototype . 2ihd the volume of 131inder 20C is 125.0773 cristandard uncertainty
is 0.0004 cmiThree groups air buoyancy correction uncertaisgshown in table5.

Tables Uncertainty of air buoyancy correction(mg)

Measurement Grolip Ub

1 0.0067
2 0.0067
3 0.0067

Uncertainty from the mass comparator U,
-Uncertainty dueto the display resolution of a digital mass comparator

d\//_Z) x/2 = (0 1/2) J2= 0.040¢&mg

-Uncertainty dueto the sensitivity of mass compar ator
u’ u Al
m’ Al?

-Uncertainty from the mass compar ator

Table6 Uncertainty from the mass comparator upa(mg)

Group | Uy U Uy, = ufj + ui
1 0.0408| 1.17926E-04 0.0408
2 0.0408| 4.77038E-0¢ 0.0408
3 0.0408| 2.29099E-04 0.0408
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Combined standard uncertainty
Combined standard uncertainty is shown in table7.

Table 7 Measurement uncertainty calculation on 50 kg weight(mg)

Uncertainty Resources
Uncertainty from the Uncertainty from the . . . Combined
Group reference weight weighing process Uncertainty from the air| Uncertainty from the standard
u(m ) u, Am buoyancy correctiobl, mass comparatdd ., uncertainty
1 1.8480 0.0926 0.0067 0.0408 1.8507
2 1.8480 0.0498 0.0067 0.0408 1.8491
3 1.8480 0.0364 0.0067 0.0408 1.8488

The expanded uncertainty, of the mass of 50 kg weight is shown in table 8.

U(m)=kuy(n)=2x y(m

Table 8Expanded Uncertainty (mg)

Weight Name| Standard Uncertainty] expanded uncertainty (k=2)
197# 1.85 3.7
199# 1.85 3.7
200# 1.85 3.7
CONCLUSION

The repeatability of AX64004 comparator is alwagssl than 0.4 mg(sometimes even better than 0.2 wingh

demonstrates that required environmental conditindispensable for the running performance of thi&rument.
Only after satisfactory repeatability results areeg, other characteristics can be tested and Ihsefetermined.
Besides, special care should to be given to supmesentric load error. For example, 50 kg kilograeight is so
heavy and big that, it cannot always be easilyarexdt To insure the safety on heavy weight and wwgrgeople, a
lifting device was mounted to move the weights froontainer to weighing pan[14].Then final test teefithree 50
kg weights shows the expanded uncertainty is 3.7 mg
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