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Calibration of non-automatic weighing instruments (NAWI)

Non-automatic weighing instruments have become ubiquitous for applications in the laboratory, on the
production floor and in many other business areas (retail, pre-packaging, vehicle weighing, etc.). Due to their
importance, calibration guidelines have been developed by many different organizations,
especially since electronic weighing instruments were established on the market. Traditionally,
these calibration guidelines were applied on a national level as the underlying issuing organizations were
either national metrology institutes, national accreditation bodies or other nationally recognized organizations.

As a consequence of an effort to harmonize the requirements for the calibration of NAWIs on an
international level, the guideline EURAMET cg-18 "Guidelines on the calibration of non-automatic weighing
instruments" was developed by the leading European metrology institutes. It is now widely applied by
calibration laboratories in Europe, and many national accreditation bodies take it as the state-of-the-art
reference for accreditation of calibration laboratories7. The guide has been adopted by SIM (Sistema
Interamericano de Metrologia) and thus is formally recognized by the regional American metrology
organizations. Furthermore, it is also applied by several calibration laboratories in Africa and Asia, however not
yet systematically.

Due to its widespread use, the EURAMET cg-18 calibration guide is the most frequently used reference
document for the calibration of NAWIs. There are recent activities in the US, triggered by ASTM, who are
interested in taking over the methodology of cg-18 and transposing it into an ASTM standard, which could
potentially serve as a future national calibration guide for the US.
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Why do we calibrate balance?

=3

Because | use the
data to show the
balance fulfill my

accuracy requirement

Because my auditor
asks to see the

calibration certificate b
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To Understand the behavior of the
instrument

Know how accurate our measurements

really are determined of measurement
uncertainty

Establish metrological traceability to the
Sl unit kg
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Planks constant , 2019

National weight standard , Switzerland
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.
A weighing instrument is accurate, ' ‘
if it meets the user's process and quality requirements, i.e. if: g 4

-~

Measurement Weighing Process
Uncertainty Tolerance

IN

Calibration User Requirement
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Accuracy means that the MEASUREMENT UNCERTAINTY of the

instrument is always less than/equal to the PROCESS
TOLERANCE.
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w(E)=d2 /12 +d2 12+ s*(I)+u*(dl.,) FROM DEVICE

+u’(Sm_ )+ u? (Smy )+ u’ (Smy )+’ (Sn

do / V12
d, / V12
S

u(®lgec)
u(dm,)
u(dmg)
u(dmp)
u(®mcon)

FROM WEIGHTS

conv )

Rounding error of no-load indication

Rounding error of indication at load

Repeatability (standard deviation) MEASUREMENTS
Eccentricity (off-centre position)

Weight uncertainty (alternatively: max. permissible error)
Uncertainty due to air buoyancy

Uncertainty due to drift of weight value over time

Uncertainty due to convection
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Calibration Certificate ID
TH2020.032-061421-ACC-TH

METTLER TOLEDO

S

NSC-TE-TIS 1 TO2S
CALIBRATION 0O&2

Wettier-Taledo (Thailand) Led.
B4E/4 - B45/5 Lasale Rd., Bangna Tai Sub-District
Bangna District, Sanghok 10260

+66 2723 0342

WT-TH.ServiceSupporti@mt com

Accuracv Calibration Certificate

Customer
Campanf- HA
Address Bangpoo Industrial Estate [North), Praksa Mai
Cif: Muang Contact: A
Zip | Postak: 10230
State [ Province: Samwt Prakan
Order Number;

T

LN RN N

Weighing Device

Manufacturer: Mettier Toleda [ Toipe: ‘Weighing Instrument
Model: MS2045001 Asset Mumber: QC-EL-04
Serial Ne: 5225058357 Terminal Model: A
Building: L) Tarmrinal Serial No.: iA
Floor: ! Terminal Asset Mo.: A
Room: QC Lab. m
Range e, Capacitf Readabilitf {d)
1 220 g 0.0001g |
Procedure
Calibrasion Guidefine: _EURAMET cg-18 v. 4.0 [11/2015)
WETTLER TOLEDO Wark Instruction: CRWD0ZI20
This calibrati i contains far Az Found and As Left calbrations.

The sensiivitfispan of the weighing instrument was adjusted befare As Found and As Lef calibrations with 2 builtin weight.
In accordancs with EURAMET cg-18 [11/2015), the test loads were selectsd ta reflect the specific use of the weighing device o 1o

mmmmm odate specific calibration conditions.
Az Found | Stam:z33-c End:235°C | Star: 51.6% End:§1.2 %
s Left | stamzsr-c End:23.3°C | Star: 524 % End: 63.4 %
#s Found Calibration Date: 14-dun-2021 % é =
As Left Calibrasion Date: 14 dun-2021
Issue Date: Kassakom Tassanachesakul
Approved Signatarf:

0O Kassakomn Tassanachaisakul
W R
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Calibration Laboratory Data

Certificate Name

Customer Data

Weighing Data

dy/ V12 Rounding error of no-load
indication

d,/V12 Rounding error of indication at load
Calibration Procedure
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a1ininads = 0.05 g

error

% Rel. error = x 100

sample weight

Ex imdaetasuazidun 0.1 g
0.1g-0.05g

% Rel. Error= 0,052

X 100

% Rel. Error= 100%

imsaetaazanuls = 0.1 g
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Measurement Results

Repeatability
TestLoad: 1009 A test load of about 50% of max capacity to max capacity
— || il © 4= o
r | 99,5994 g 1000000g | | * e Left 1 ;l;_-: Point)
2 99.9954 g 99.8983 g :
- 1 10 4d 2
3 ] s9.9583 g 10000009 | | > g . . 1 _
4 ] 99,9995 g 1000001g | | A __ . S — I n—l(Il — I )2
5 | | 99,9995 g s9.s999g || | 24 _ n—-1 1=
C | ses9sssg 100.0000g | | ° T ? \ 3
7 ] 99.9993 g 1000001g | | S CoTe
=1 i 99.9985 g 99.9999 g . e i -
3 | 99.9994 g 100.0000g | | i Ml
10 99,9954 g ‘99.9999 g . Y
— e — ] o B e 4
Slzi_ldird

0.00008 g | 0.00008 g

6 S Repeatability (standard deviation) ' | -

L]

The "8 in the gragh represants the readabilitf of the rangefint=rval in which the
25t was perfermed.

The results of this graph ar= based upon the absclute valves of the differences
from the mean value.

Eccentricity
Test Load: 100 g
Pasition As Found As Left
1 999992 g 100.0000 g
999993 g 100.0002 g
3 999994 g 100.0001 g
4 999993 g 100.0000 g
( 5 ) 999993 g &J00.0001 g >
i B“““"“ | 0.0002 g ‘ 0.0002 g | P

The “d” in the graph represents the readability of the rangefimterval in which
the test was performed.

u(dl..) Eccentricity (off-centre position)
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Error of Indication
As Found
T —— Error of Indication Expanded Uncertainty k
K 0.0000g 0.0000 g 0.0000 g Q 017 mg 2
2 0.5000g 0.5000 g 0.0000 g | 0.18mg 2
Test for errors of indication 3 e Ll et S o L -
4 2.0000g 2.0000g 0.0000 g . 0.18 mg 2
5 500009 5.0000 g 0.0000 g [ 0.18 mg 2
This test requires at least five test points, — [ 1000009 100001 g o000ty | 0.19mg 2
distributed fairly evenly over the weighing 7 2000009 198888 9 000029 | 020mg |2
range of the instrument : ol Be ole it 2
g 100.0000 g 99.9954 g 00008 g [ 028 mag 2
10 150.0000 g 1499893 g -0.0007 g 0.39mg 2
|1 200.0001 g 199.9991¢ 000109 | 0.45mg 2
As Left
Reference Value Indication Error of Indication Expanded Unceriainty k
0% of max capacity l1] 0.0000g [ oooo0g 0.0000 g 017 mg [ 2
2 0.5000g 050009 0.0000g 0.18 mg 2
3 1.0000g [ 1.0000 g 0.0000 g [ 018mg 2
3 20004 | 20000g 000 g | 918 mg 2
5 5.0000g [ 5.0000 g 0.0000 g ' 0.18 mg 2
8 10.0000 g " 10.0001 g 0.0001 g " 0.19mg [z
. 7 20.0000 g | 20.0001 g 0.0001 g | 020mg 2
25% of max capacity 8l 50.0000 | 499898 g 0.0001 g " 022mg 2
50% of max capacity l9 |  4000000a | 10000009 0.0000 g ; 028mg 2
75% of max capacity 10 | 150.0000 a || 15000014 0.0001 g 039 mg 2
100% of max capacity 11| 20000019 200.0001 g 0.0000 g _' 045mg 2
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As Left

Reference Value Indication Emor of Indication Expanded Uncertainty k , . i
. — G r— AT > Calculation Error of Indication
2 0.5000 g 0.5000 g 0.0000 g 0.18mg 2
3 1.0000 g 1.0000 g 0.0000 g 0.18mg 2
4 2.0000 g 2.0000 g 0.0000 g 0.18mg 2
5 5.0000 g 5.0000 g 0.0000 g 0.18 mg 2
6 10.0000 g 10.0001 g 0.0001 g 0.19mg 2 Ei=l— Myer
7 20.0000g 20.0001 g 0.0001 g 0.20mg 2 Myer usua[ly is either the
8 50.0000 g 49.9299 g 0.0001 g 022mg 2 .
9 100.0000 g 100.0000 g 0.0000 g 0.28 mg 2 nominal mass or the
10 150.0000 g 150.0001 g 0.0001 g 039 mg 2 conventional mass
11 200.0001 g 200.0001 g 0.0000 g 0.45mg 2

y ﬁs anlnd l

1.5
® AsLeft

For improved legibility of the graphics
only increasing measurement points
are shown and measurement points
close fo zero are not displayed.

Error of Indication [mg]

[ =3
& = n &
1 | L } I
R G

| ] |
E bl |
: Jig i :
d '—1 H i H
s
>—J—|

Calibration Points [g]
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As Left

Emor of Indication

Reference Value Expanded Uncertainty

& 1 0.0000 g 0.0000 g 047 mg 2

2 05000 050009 0.18mg 2

3 1.0000 g 1.0000 g 0.16mg 2

4 20000g 2.0000 g 0.16mg 2

5 5.0000 g 5.0000 g 0.18mg 2

< B 10.0000 g 10.0001 g 0.0001 g 0.19mg 2

3 7 20.0000 20,0001 g 0.0001 g 0.20mg 2
8 50.0000q 4999999 022mg 2

Nonlinearity g 100.0000 g 100.0000 g 0.28mg 2
10 150.0000 g 160.0001 g 0.0001 g 0.39mg 2

L 1 200.0001 g 200.0001 g 0.0000 g 045mg 2




Nonlinearity (NL)
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‘ Indication

1 kg

Error of Indication

Load

1kg
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Calibraton Carcate D METTLER TOLEDO Service

TH2020-032-061421-ACC-TH

@ Test Equipment

All weights used for metrological testing are traceable to national or international standards. The weights were calibrated and certified by
FROM WEIGHTS

an accredited calibration laboratory.

Weight Set 1: OIML E2

Weight Set No.: W544 Date of Issue: 27-Aug-2020

Certificate Number: 169098 Calibration Due Date: 26-Feb-2022
C_Tremo Hygrometer I

Equipment No.: IN35 Date of lssue: 01-5ep-2020

Certificate Number: 20H2028 Calibration Due Data: 30-Aug-2021
Remarks

FACT adjustment functionality activated
Equipment condition: Good
Next calipration according to customer's procedure

<| End of Accredited Section >

The information below and any attachments to this calibration certificate are not part of the accredited calibration.




Uncertainty from weights 1 of 4 METTLER TOLEDO | 10

L5 4 u(dm,) Weight uncertainty (alternatively: max. permissible error)

Resulis
Description Density Deviation Conventional Mass Uncertainty Tolerance In Tol?
[ka/m?] OIML E2 |
= =mg |
“l .mg . I | éboo 30 +00013_6_I'ﬂ_g_ - -_:l..CIOIBG mg 0.000.94 I‘Hg ‘ __D_ﬂ_ﬂ_ﬁ yes .
"2mg [ 8000 30 | +000187 mgJ | 200187 mg || 0.o000a mg | 0006 | vyes
_ﬁ“ o Sm +0.00083 mg -"é-.b_oﬂsa mg 0.00034 mg B _D_f;DE ] yE;’
5 mg SDDO a0 1—U_0(_)_25_4 mg ) 5.00254 mg 0.00084 mg | D.G’UG-_-;I vé;"
TD;‘;_g I | éDDC' 30. n +(].003-90 mg" 1. 10.00390 mg 0.00034 mg 0.008 1pl'l?;
20 e Y so00 30 +0.0032 mg || 20.0032 mg 0.0012 mg | 0010 | yes
- 2-D mg— 8000 30 4—0.00-1'-.1_5 mg 20.0045 r_ng 0,0[‘)1‘2 mg l Dﬂ{{; : WT
50 mg "-3000‘ 30 +0.[‘)0‘G‘4 mg 50,0064 mg 0.0013 E _U_'DlQ ;FES
W : Séﬂﬂ 30 mé_a_mg 1 100.0033 mg 0.0016 mg 0.016 ".I'Esi
Zb_d _mg_i E‘Jﬂ 30 +0.0086 mg "~ 2[’.‘16.0036-}1'-Ié- - 0.0021 mg | 0.020 I ves
200 mg - ~f 8000 20 40,0094 mg 200.0094 mg 0.0021 mg | 0.020 | yes
500 me N 8000 30 +0.0016 mg 500.0016 mg 0.0026 mg | 0025 | yes
18 8000 30 +0.0126 mg 10000126 g f| 0.0031mg | 0030 | yes
2 B ”3000‘ 30 +0.0144 m_g .2_9[}00144 g 0.0041 mg 000 ) ',.res
_—2-__5__.7_-_ . 8000 30 1 _+_DE1_3_]“ ;ng 2.0000181 g | 0.0041 mg 0.040 | yes
s g | soo0 30| +0.0188 mg 5.0000188 g . 0.0051 mg 0.05 ves
10 & ) =000 30 +0.0210 mg 100000210 g Q| o0c083mg | 008 | vyes
20 g o RU_EF? - -0.0068 I'I'IE- _?}.9959;3_2“3 P 0.0082 mg 0.08 7TE57
08 e ) +0.0089 mg 200000089 ¢ ||| 00095 mg | 008 | yes
50 g -0.018 mg 45.999982 g f o0iimeg | 010 ves"
00 & 0.007 mg 09.990903 g 0.016 mg 0.16 ves
200 g | s000 30 | +0.107 mg 200.000107g | 003smg | 030 yes
200 g o ' 10129 mg 200.000129 g 0035 mg | b.'sd'ml yes
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Laboratory at 7 Floor
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@ .omy

Uncertainty due to drift of weight value over time

e gl T T R TR L R L S PR

IDe_s_('i'i'_ib"tiah Dewatlon | Conventional Uncertalnty Toierance In
Mass OIML E2 Tol?
(mg) | (mg) | *(mg) : -
) 1_n:]-g_ - +0.00204 1 00204 m L BN V. o A~ - Old Callbratlon
2mg +0.00153 | 2.00153mg| 0.00094  0.006 ;yes -
2 mg- 4000004 - 2.00004mg 000094 0006 yes Certificate
~ 5mg +0.00254 5.00254 mg | 0.00094 0.006  yes
10 mg +0.00310 | 10.00310mg | 0.00094 = 0.008 |yes
20 mg . +0.0029 |  200029mg 00012 | 0010 yes
Results
Description Density Deviation Conventional Mass Uncertainty | Tolerance : In Tol?
[kg/m®] OIML E2
x + mg c 2
1mg 8000 30 +0.00186 mg 1.00186 mg® = Cilil o oille . NeW Callbratlon
2 mg 8000 30 +0.00187 mg 2.00187 mg 0.00094 mg 0.006 yes Certiﬁcate
2 mg - 8000 30 +0.00083 mg 2.00083 mg 0.00094 mg 0.006 yes
5 mg 8000 30 +0.00254 mg 5.00254 mg 0.00094 mg 0.006 yes
10 mg 8000 30 +0.00390 mg 10.00390 mg 0.00094 mg 0.008 yes
20 mg 8000 30 +0.0032 mg 20.0032 mg 0.0012 mg 0.010 yes
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u(dmg,,,) Uncertainty due to convection

Store weights close to the balance, to ensure both balance and weights is the same ambient temperature
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Expanded Uncertainty, U(E) _, the expanded uncertainty of measurement
’ has a coverage probability of 95.45 %.

U(E) = k|x u(E)

u?(E)|= u?(8laigo) + u?(8laige) + u?(8lrep) + 12 (8lece)
+u? (6m,) + uz(é'mg) + u? (5771[1) + u? (Smcnnv)
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Reference Value Emar of Indication k
1 0.0000 g 0.0000 g 0.0000 g 2
2 0.5000 g 0.5000 g 0.0000 g 2
3 1.0000 g 1.0000 g 0.0000 g 2
51 e — = 2 U(E) = k * u(E)
(1 10.0000 g 100001 g 0.0001 g 2
T 2000009 200001 g 0.0001 g 2
8 50.0000 g 499999 g -0.0001 g 2
9 1000000 g 100.0000 g 0.0000 g 2
10 1500000 g 150.0001 g 0.0001 g 2
1| 200.0001 g 200.0001 g 0.0000 g 2
A:; Fnu.nd l
The true value
(which is unknown)
* AsLeft

shall be with a
o oo gy oo armes | PYODADINITLY OF 95%
only nereasing measurement points — \\fith N + U around the

are shown and measurement points

close fo zero are not displayed. measured Value

Error of Indication [mg]

Calibration Points [g]
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Base on ILAC-G8:03/2009

As Left
Reference Value Indication Eror of indication ~~~~ Expanded Uncerlanty | (IEfrrl+Uncert folerance
1 0.0000g 0.0000¢ 00000¢ 0.17 mg 0.17mg Pass
2 0.5000¢ 05000 0.0000¢ 0.18mg 0.18mg Pass
3 1.0000¢ 1.0000¢ 00000¢ 0.18 mg 0.18mg Pass
4 20000g 20000¢ 00000¢ 0.18 mg 0.18mg Pass
5 5.0000¢ 500004 0.0000¢ 0.18mg 0.18mg Pass
6 1000004 1000019 00001¢ 0.19mg 0.18mg Pass
7 2000009 2000014 0.0001 g 0.20mg 0.30mg Pass
§ 500000¢ 499999 0.0001¢ 0.22 mg 0.32mg { 0.5mg Pass
9 1000000¢ 100.0000 0.0000¢ 0.28mg 0.28mg 0.5mg Pass
10 150.0000¢ 130.0001¢ 000014 0.39 mg 0.49mg 0.7mg Pass
1 2000001g 2000001 0.0000¢ 045 mg 0.45mg 0.7mg Pass
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e oo METTLER TOLEDO Service

TH2020-032-061421-ACC-TH

Measurement Uncertainty of the Weighing Instrument in Use

Stated is the expangea unceitaniy wiun k== i use. | he formula shall be used for the estimation of the uncertainty under consideration of

the errors of indication. The value R represents the net load indication in the unit of measure of the device.

Temperature coefficient for the evaluation of the measurement uncertainty in use: 1.6 -100% /K

Temperature range on site for the evaluation of the measurement uncertainty in use: 3K

Linearization of Uncertainty Equation

Uy =018 mg + 0.0114 maig - R i Uy =018 mg + 0.00769 ma'qg - R

To optimize the stability of the linearization, besides of the zero load only increasing measurement points with 2 2Cs1 | sad of 5% of the
measurement range or larger are taken for the calculation of the linear eqguation.

ns (Ex—iaples)

Absolute and Relative Measurement Uncertainty in Use for Various Net Indi

Net Indication _ As Found / \
0.0220g 0.18 mg 2.82% 0.18 mg 0.82%
0.22004 0.18 mg i 0.083% 0.18 mg 0.083%
2.2000 9 02%ing 0.0093% 0.20 mg / 0.0090%
22.0000 g . 0.43 mg SUU20% 0.35 mg 0.0016%
220.0000 g 27y 0.0012% 1.9mg ~00085% |
A\ /
E E
S =
Z E
2 2
= [ | g e e
3 DOEE s ool &
£ e &
e 50 TS 10 0 o1 1 100 1000
Weighing Range [%] Reading (gl

As Found As Left
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u* (W)

d(z) d% 2 2 2 2
=1 + 12 + 5°(R) + urp;(6Recc )R +u”(E)
+ [ur%el(themp) + u?el((stuoy) + u12‘el(6Rtare) + u?el(SRtime)]Rz
dz/12 Rounding error at zero
d?/12 Rounding error at load
s%(R) Repeatability (standard deviation)
u?,,(6R...) Eccentricity (off-center position)
u?(E) Uncertainty of the error
u2,,(6Rtomy ) Variation of temperature (change of characteristic)
u2,,(6Ryu0y ) Variation of air density
U2, (6R 0 Tare function (nonlinearity of instrument)
u2,; (6Rtime) Creep and hysteresis

The uncertainty in use is outside the scope of an accreditation as it is
interpretation, however extremely useful for the user!
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S METTLER TOLEDO

Metller-Toledo (Thailand) Limited
272 Soi. Soonvijai 4, Bangkapi
Huaykwang, Bangkok 10310

THAILAND
wnww.mt.com ASCTISLTS 17025
GALIBRATION 0062
Customer
Company:
Address:
ciy: Contact
Zip/ Posial:
State / Province:
Order Number:
Weighing Device
Metier Toledo Instrumert Type: Weighing instument
Modet: MS2045/01 E-B008
Serial No: BO16027024 . N
Building: NA Terminal Serial No.: NiA
Floor: 1 Terminal Asset No.: M
Ridc Oven Room
Range Max. Capaciy [
1 g 00001 g
Procedure
Calbration Guideline: EURAMET cg-18+v. 4.0 {1172015)
METTLER TOLEDO Wark Insiruction: CRWOOH16
Thi for As Found and As Left caliorations.
The sensilivity/span of the weighing insirument was adjusted before As Found and As Lef calibralions with a builtin weight
Temperaiure Humidity
AsFound | Sat227'C  End:229°C | Sart467% End: 424 %
[ mstet | satzzac  Enaz29°C | sutdosw End: 404 % |
As Found Cafbration Date: 03-Sep-2020 Callbrator ;/:;5’ L,
As Left Cafibation Date: 03-Sep 2020 2
Issue Date Kassakom Tassanachaisabul

Appraved Signatory:

Annex

stmn 5 Crrstn Corfmiey
THEAZ 03 10T |41 TAGTH
S Gl

METTLER TOLEDO Sei

GWP®
Certificate

Founa v

The weighing device meets he process
requirements.

o v

The weighing device meet he process
require ments.

T Fartard, ] maroust

Pracezas Paguimmants

“eighing Trerarem. 1 |

Safe Welghing Range

| TR ———

Skt tat g . | ST Samyracke ¥

] A ampatmemisimcsixtrr v Ard ol
P —

gy s 14

Sale To Weigh

=

T o ks ALl bk

TR T [

FaraMaria FRG2

ol e cilakin by il bardary.
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! i L W
Y B
N . ._-‘
i ' )
\

Manufacturef folerances =
Legal for frade-folerances4

Weighing process olefance
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As As
Found \/ Left J Weighing Tolerance
e % anuRawanaisansule

The weighing device meets the given The weighing device meets the given CIBN U ser
process requirements. process requirements. .

« 0.10% ¢ 1dfuananvinssuen
Tests Performed [/] AsFound V] Asleft (U S P4 1 )

. 1% azlRuanannnssn
Process Requirements DIWITUALLAN
Weighing Tolerance: 5% | Smallest Net Weight 0.0100 g |I Safety Factor: 2 _
Safe Weighing Range

Smallest Net Weight

o fhwiinsinandt User Tonu

Rokgive Moasurement Unceniry 4]

W et Uireenaat

Woging Tolncs: %

Safe To Waigh

| Waghing Ranga ig]

o0t g 088 g 001009
Feacaisty Smabos! Nt Mokt
Mnmum
WhisghL
elemngd
VWhile: the values in this graph refiect the actual cafibration results, the measuremant uncertainty curves are smply 3 visual representation. This graph reflects As Left testing, unless only Az Found
was performed.



Set up Tolerance of weighing METTLER TOLEDO

1. How amount of weight you want to measure?

0.01g

2. How much of error you accept?

+ 0.0005 g

3. Calculate relative error and % Rel. error?

error

x 100

% Rel. error =
0 REl. Erro sample weight

0.0005
% Rel. error = OOlgg X 100

= 5%
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Safe Weighing Range

%‘
g
g Relative Measurement Uncertainty [%]
§ /
= - !/ Waighing Tolerance: 5%
Safe To Weigh
| . Weighing Range [g] Capacity
0.0001 g 0.00388 g 0.0100 g
Readability Smallast MNet Weaight
Minimum
s TR Smallest net weight requirement

_ Minimum weight (1 <SF <2)
Minimum weight meet
in process tolerance
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Minimum Weight

As Found Minimum Weight Table
Safety Factor
Tolerance 1 2 3 5 10

0.1% 0.17968 g 0363549 055172g 094169 g 2004105

0.2% 0.08933 ¢ 017988 g 027108 g 045708 ¢ 094169 g As Left

05% 0.03561 g 007138 g 01073 g 0.17%8 g 03634 g

% 001778 g 0.03561 g 005347 g 008933 g 017968 g U, =0.18 mg + 0.00769 mg/g - R
% 0.00889 g 001778 g 0.02669 g 004454 g 008933 g

8% 0.00385 ¢ 0007119 0.01067 g 0017789 0.03561 g \

o, SF
« Pass: The defermined minimum weight meets the requirement for the smallest net weight. R _ B
in 5F
Req— .- SF
As Left Minimum Weight Table g
mr— Example;
Tolerance 1 2 3 5 10
| | | MW= [0.00018%2] //(5%-0.00000769+2)

0.1% 0.17901g 0.36082 ¢ 054549 ¢ 0923899 192429 g

0.2% 0.089169 01790149 0.26%7 g 0452809 092369 g — 0 00036/(0 05_0 00001538)
05% 0.03558 007127 g 0.10708g 01790149 0360825

1% 001778 g 003558 g 0.05341g 008916 g 0179019 =0.00036/0.04998462

% 0.00883 ¢ 0.01778 g 0.02668 g 0044509 0.08916 g

5% 0.00355 g 0007115 TOT0ee g TOT778g TUEEES » [Approx.= 0.0072q

« Pass: The determined minimum weight meets the requirsment for the smallest net weight.
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METTLER TOLEDO Service

Measurement Results

Results Summary

Repeatabiity

Eccentricity Emror of Indication
As Found v o bl
v v v |
& = Passed
W =Failed
1, = Safety Factor not met
Repeatability
Test Load: 100 g
As Found As Left
Tolerance Contral Limit Std. Deviaticn [ Result Std. Deviation ' Result
0.1% MEA MA ST
0.2% MIA, MNA MiA
0.5% ) A . MIA
e —— 0.00008 g* X 0.00008 g %
2% 0.00010 g o T,
5% 0.00025 g - ]

*The calculated standard deviation value is below the rounding error of the balance. The 0.41*d rule is used for the assessment of this
repeatability test and the caloculation of the minimum weight

The weighing tolerance is met if the standard deviation is less than or egual to the comesponding controd limit

(control limit = weighing tolerance * smallest net weight / k)
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Eccentricity
Test Load: 1004
As Found As Left
Tolerance Control Limit Deviation Result Deviation Result
0.1% 0.0500g v v
0.2% 0.1000g v v
0.5% 02500 g v v
™ D0 0.0002 g v, 0.0002 g 7
2% 1.00009 v v
5% 25000g v v

The weighing tolerance is met if the deviation is less than or equal to the corresponding control limit.

(control limit = test weight * weighing tolerance / 2)
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Error of Indication

As Found
Control limits for various weighing tolerances
Reference Value | . 0.2% 0.5% . 1% . 2% |
0.0000 g 0.0000 g N/A N/A NFA N/A N/A N/A
20.0000g -0.0002 g 0.0100 g 0.0200 g 0.0500 g 0.1000 g 0.2000 g 0.5000 g
50.0000 g -0.0003 g 0.0250 g 0.0500 g 0.1250 g 0.2500 g 0.5000 g 1.2500 g
100.0000 g -0.0006 g 0.0500 g 0.1000 g 0.2500 g 0.5000 g 1.0000 g 2.5000g
150.0000 g -0.0007 g 0.0750 g 0.1500 g 0.3750 g 0.7500 g 1.5000 g 3.7500g
200.0001 g -0.0010 g 0.1000 g 0.2000 g 0.5000 g 1.0000 g 2.0000 g | 5.0000 g_
T - | v v | v v | v
As Left

Control limits for various weighing tolerances

Reference Value Eror . 0.1% 0.2% 0.5% 1% 2% 5%
0.0000 g 0.0000 g N/A N/A NFA N/A N/A N/A
20.0000 g 0.0001 g 0.0100g 0.0200 g 0.0500 g 0.1000 g 0.2000 g 0.5000 g
50.0000 g -0.0001g 0.0250 g 0.0500 g 0.1250 g 0.2500 g 0.5000 g 1.2500 g_

100.0000 g 0.0000g | 0.0500g | 0.1000g | 0.2500g | 0.5000g | 1.0000g | 2.5000g
150.0000 g 0.0001g | 0.0750g | 0.1500g | 0.3750g | 0.7500g | 1.5000g | 3.7500g
200.0001 g 0.0000g | 0.1000g | 0.2000g | 0.5000g | 1.0000g | 2.0000g | 5.0000g

L resac [ I B R v

(control limit = test weight * weighing tolerance / 2)
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ACC and GWP

Certificate

Device meets ACC

requirements

i 1
~ Evaluation

Weighing

Rt Practice™
Calibration

3
Installation

GWP Recommendation
Selection of the right device
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The sample that you wants to weigh

GWP®
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Safe Weighing Ra
T

% Safety Fac&@w‘/
_/

Weighing
W

nnnnnnnnn

Accuracy limit:
Minimum Weight

| Mimm.'.:wm
T
I

Load [kg]

Max

L

Am | in the safe
Weighing Range?

Only after a calibration do we know if the weighing results are sufficiently accurate enough
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Process Requirements

Weighing Tolerance: 1% | Smallest Net Weight: 10.00 g | Safety Factor; 2

1 | Weighing Tolerance 2 Smallest Net Weight 3 Safety Factor

= The weighing error thatis = The smallest amount of » The performance of a

acceptable, specified as + net sample mass that the balance is influenced by a
percentage user wants to weigh variety of factors and will
= More Weighing Tolerance = More Smallest Net Weight therefore change over

have smaller Min Weight that more than Min time.
Tolerance 1 Welght

E_E 3;;? m—— e

. . a .

0.5% | 0.02349 g | Certificate —

1% UD1 1?'4 g ﬁ:und J f:ﬂ J

2% 0.00587 g =

5% 0.00235 g
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= Consideration of a Safety Factor:

- The performance of a balance is influenced by a variety of factors and will therefore
change over time.

e METTLER TOLEDO
GWP®
Certificate
-2 v & v
Minimum Weight S—
A | L.

Smallest Net Welght, e.g. 30 mg

Safety
Factor

= Minimum Weight

Determined

@ minimum

welght

Calibration Interval 1 i o Calibration Interval

1 | > o

At Installation As-Found As-Left




Questions on Process Tolerance and Safety Factor METTLER TOLEDO ‘ -

How Would You Describe
Each of Your Weighing Processes?

Your Rating: Effects on Quality, Cost, Safety, Efficiency and Waste Quality Impact Process Tolerance %
Super-critical components: high effect and / or cost Acute

Expensive, very critical, componenis or processes Crucial

Key components & processes Very High 02
Above average quality & critical processes High

Average requirements & processes Median

Inexpensive base materials Low

Low cost materials and products with low effectivity Negligible ‘

®2016 METTLER TOLEDO

» Www.mt.com/GWP METTLER TOLEDO
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Rule of Thumb
A Safety Factor Ensures Reliable Measurements

Your Considerations for Safe Weighing Safety Factor

No considerations for variations in the device, operators or environment. High potential for Out of
Specification (O0S) resulfs.

Devices are installed in an ideal environment. Not recommended due fo statistical variations.
Potential for OOS resuls.

“Laboratfory conditions”, insignificant environmental influences, one or two operators.

"Production conditions” - accounting for one or two low-magnitude influences such as temperafure
variation or low-frequency vibration, several operafors.

Increasing levels of safety consideration accounting for many low-magnitude environmental influences,
several operafors, heavy usage or accumulated debris, varying tare containers. Portable Scales.

Note: Higher-magnitude variafions in environmental condifions (femperature, vibration, wind) must be eliminated. In these cases, increasing the safety factor will not bring the desired results
©2016 METTLER TOLEDO



How Large is the Error now? METTLER TOLEDO

Drilling holes 12 cm
apart instead of 10 cm

- Serious
ERROR!

Acceptable

1000 cm (10 m 2
. ;‘ . : - Constructing a 10 metre fence with an error of 2
3 Fy centimetres

Negligible Error
Running 2 centimetres more than 1 km

100 000 cm (1 km



Determining Error METTLER TOLEDO

Correct Measured Absolute Relative Error = Measured — Correct value
value value Error error
12-10=2
10 12 2 20% 1002-1000=2

100 002 — 100 000 = 2

1 000 1 002 2 0,2%

Relative error = Error = Correct value

2+10=0,2 - 20%
2+1000=0,002 - 0,2%
2 +100 000 = 0,00002 — 0,002%

100 000 100 002 2 0,002%

1 000 cm (10 m 2

100 000cm (1 km 2
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Comparing absolute and relative tolerances (same results)

Absolute  sihererwagebersich
Safe Weighing Range
value

&l

Nl e Shws mimchr e | ]

The worst decision of a Pass / Fail statement is if we
accept (Pass) a wrong result
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Measurement Uncertainty of the Weighing Instrument in Use

Stated is the expanded unceriainty with k=2 in use. The formula shall be used for the estimation of the uncertainty under consideration of
the ermors of indication. The value R represents the net load indication in the unit of measure of the device.

Temperature coefficient for the evaluation of the measurement unces
Temperature range on site for the evaluation of the measurement ung ;;
5
Linearization of Uncertainty Equation E Relative Measurement Uncertainty [%)]
=
Weighing Tolerance: 0.1%
1 0.00001 g 2209 Uy =0.013 mg + 0.00451 mi
L |
To optimize the stability of the linearization, besides of the zero load 4
measurement range or larger are taken for the calculation of the lines Safe To Weigh
Absolute and Relative Measurement Uncertainty in Use for Various
As Found "8 Weighing Range (g] Capacily
0.00220 g 0.013 mg
0,00001 g 0013394 g 0.02000 g
0.02200 g 0.013 mg g._l Readability Smallest Net Weight
Minimum
Weight
0.22000 g 0.014 mg odq Wt
220000 g 0.023 mg 0 e -
220.00000 g 1.0mg 0.00046% N/A NfA
£ s
= &
E £
:
| I E
2 £
T
) 2% 50 LE] 100 0.0000T 0.00DT 0001 001 0.1 1 100 1000
Weighing Range [%] Reading [g]
As Found As Left
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Amounts weighed in practice, i.e. Smallest-Net-Weight, (SNW) should not be less than the Minimum
Weight but taking into consideration the safety factor.

Weighing below the minimum weight — Results outside Process Tolerance
Weighing above the (minimum weight x Safety Factor) — Safe Weighing Range

Measurement Uncertainty [%]

Relative Measurement Uncertainty [%]

Minimum Weight
Weighing Tolerance [%)]

Safe Weighing Range

t 4

ﬂ I » Load
Safety Factor Smallest Net Weight

Minimum Weight at Safety Factor Required




Calibration and Minimum Weight METTLER TOLEDO | 45

The minimum weight increases as the tolerances become more critical as shown from this
extract from a calibration certificate which included this invaluable information as an
annex.

Because of drift and the influence of the environment etc. it should not be assumed that
the minimum weight will remain constant with time.

As Left Minimum Weight Table

Minimum weights for different weighing tolerances and safety factors

Tolerance 1 92
2 5 |
0.02% 42248 g 5%
S
0.1% 8.220 g 3 S ; : : : :
® 2 T el I e N I [ 74
0.2% 4.096 g S I\ ¢ : ; ; ; :
0.5% 1635g BBl N _ | | ; ;
51 2 e e e mm S m m m s m == === == ()5%
1% 0817 g ay ' : : : :
I - ————— 0.1%
2% 0.408 g : I : : (. f : : "
59 0.163 . Minimum © Minimum  © Minimam 0 Weight[kg]
: g weight  : weight - weight : i

for 1% for 0.5% for 0.1§%
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How does your device perform on-site?

Is the device fit-for-purpose?

= Use the calibration results to assess if the device performs GWP* L
as needed. Certificate €§

= Confirm sufficiently accurate weighing — the measurement N v & v
uncertainty must be smaller or equal to your weighing e -
tolerance. -

= The GWP® Certificate as an annex to the ACC report
shows and document the device is fit for your purpose.

s U3 MATOR RO
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= Balance Environment:

- The balance is placed in a suitable location with sufficiently low levels of
vibration and air current.

- The balance and the surrounding Over an extended period of time,
balance drift and other work area have to be kept neat and tidy.

- When a balance is moved, it must be allowed to adjust to the
temperature of its new environment and be recalibrated.

= Performance Qualification of Balances:
- Repeatability
- Sensitivity
- Eccentricity
- Linearity
- Use of built-in weights
= Consideration of a Safety Factor

= Balance Uncertainties

= Weighing the Material




Installation and Location METTLER TOLEDO | 51

Temperature Differences Electrostatic Charges

Txl &

\

vibrations Molsture Gain' Evaporation

= Environmental parameters can have an influence on weighing:
- Temperature and direct sunlight
- Alir currents
- Electrostatic and magnetic forces
- Vibrations

= Installation location should be carefully considered so as not to
adversely affect balance performance:

- Use a stable weighing bench
- Protect against electrostatic charges
- Minimize air currents (by instrument design)
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= Audit Proof:

- Pass/fail statements and documentation
of parameters are used to rigorously qualify

the equipment at every step Sensitivity
EQPGC = Lifecycle Management Tool:
Comprehensive Qualification - Equipment details, setup, expanded

function testing, performance testing and
maintenance plan are thoroughly

S documented to prove compliance from day
Aszat Number One.
Balance = Recommended for following industries:

- Pharma, Biotech, Cosmetics,
Food, Hazardous, Medical, Chemical
Ingredient Suppliers

METTLER  TOLEDO
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= The purpose of an Installation Qualification is to demonstrate installation
conditions are appropriate, equipment has been received as ordered, all
documentation, manufacturer certificates and drawings are available, site

requirements are appropriate, and equipment can be installed and put into
operation successfully.

3.1 Reason for Qualification

The installation and qualification of equipment is afan: Qualification after a relocation of an instrument

3.2 Receiving and Unpacking

The table below details the verification of all standard items and documentation included in the packaging with the balance. The

items are checked for completeness by means of the "Delivered Items List" detailed in the operating instructions. Missing items are

recorded in section "Missing ltems".
3.2.1 Initial Situation

The instrument was found originally packed Instrument was already installed
3.2.2 Condition of Delivery Box

The packaging of the delivered items listed above was shipped in appropriate condition and does not have  Pass - no damages

signs of transport damages that could cause harm to the equipment.
3.2.3 Condition of Delivered Equipment

All equipment listed above including power cable(s), external power adaptor(s), peripheral(s) or accessories Pass - no damages

are free of visible physical damage.



Operational Qualification(OQ) METTLER TOLEDO

= The purpose of an Operational Qualification is to demonstrate that the
product meets its predetermined specifications and quality attributes. The
functional tests required to fulfil this purpose are listed below. Functional
procedures that are not applicable for this installation are not recorded in

this section.

4.3 Functional Tests

4.3.1 Display Functionality Test

Objective Confirm the display is operating free of errors, and showing the expected

functionality.
Procedure - Visually inspect the terminal display to ensure it is free of bubbles or micro
cracks and is legible in the working environment.

- Switch off power and Switch on power again.

- For non-touch screen displays check if all digits and symbols are displayed
property during start-up procedure.

- For touch screen displays check if entry picture is shown and check For
pixel errors.

- check if contrast setting of the display is appropriate.

Acceptance Criteria The display shows no physical damages, all segments / pixels are displayed Pass

and legibility is appropriate.

432 Touch Screen Functionality Test

Objective Confirm the Touch Screen is operating free of errors and showing the
expected functionality.

Procedure Activate soft keys in all 4 corners of the touch screen.

Acceptance Criteria The touch screen responds accordingly by activating the correct function if a Pass

soft key is pressed.

54
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The United States Pharmacopeia (USP) has stringent requirements for
balances used for weighing analytes for quantitative measures.

General Chapter 41 sets three distinct requirements used for materials that must
be accurately weighed in order:

= Calibrated over the operating range
= Repeatability

= Accuracy

SR -
5 [T i i‘T ;"' l 1 [ i\
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Performance checks are carried out to evaluate the random and systematic error of a
balance; they consist of measuring precision and accuracy respectively and comparing
the results obtained to pre-defined acceptance criteria. Balances are considered suitable
if none of these errors exceeds 0.10 per cent.

= The tests for random and systematic
errors USP General Chapter 41
"Balances"

= The acceptance criterion tests is 0.10 %,
identical to USP General Chapter 41

~ Precise, but not accurate g ‘
Repeatability
a and Accuracy
-1

Accurate, but nof precise
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Use a single weight denomination preferably in the lower end of the measurement
range, for example not more than 5 per cent of the maximum capacity of the balance.

The repeatability is satisfactory, if: _

XS 100 < 0.10
2:%.8 X ~ U
25 <020 D

— standard deviation of the indicated values (e.g. in grams);
m,, = smallest net weight (e.g. in grams). This value is defined by the user as
the smallest net amount of substance that will be weighed on the balance.

n
|

= Repeatability is dominant at the lower end
of the measurement range

= Therefore, a test load no more than 5 %
IS suggested

= E.g. a 10 g test load for a balance with a
nominal capacity of 200 g

= One important user requirement is the
smallest net weight, not to be confused
with minimum weight

Precise, but not accurate
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Test of Repeatability (Precision)

NOTE: if s < 0.41 x d, where d is the readability (scale interval) of the balance, replace
s by 0.41 x d;

The lower limit of “0.41 x d” for the standard deviation originates from the rounding
error of the balance. Given that weighing operations comprise two readings (tare and
net sample weight), and as the rounding error allocated to a single reading is calculated
as “0.29 x d”, in this case the propagation of errors by a quadratic sum gives “0.41 x d".

: 2:§ggz - ; = In this example, for an Analytical
3 0.5000 g N/A balance with a readability d = 0.1
4 050009 N/A mg, the calculated standard
> 090999 WA deviation for the as left assessment
‘ 6 0.5000 g N/A _ )
| 7 05000 g - | Is smaller than 0.41d
8 0.5001¢g N/A
5 oso0a | = | = Therefore, for the assessment, the
| 10 050009 NIA | standard deviation is replaced by
0.41d = 0.000041 g
Mean Value 0.50001 g N/A \
Standard Deviation 0.00003 g N/A |
\ Calculation ' 0.0164 % 7 N/A |
Assessment * 0.02% N/A | 2x (0.41 x d) 2 x0.000041 g SOOI 0.10 %
. -= ). A = 0. <] .
RegHRement 0.10% N/A ‘ Smallest Net Weight °
‘ Minimum Weight @ 0.0820 g N/A |

v
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Based on the result of the repeatability test, the minimum weight (i, ) of the balance
can be determined. The "minimum weight” is the smallest net sample mass that can
be weighed on the balance, whilst continuing to comply with the repeatability test
criterion. It is given by the following equation:

m.=2000»s | M=2000x 0.41(0.0001) = 0.082 g

min

NOTE: if s < 0.41 x d, replace s by 0.41 x d

= The minimum weight should not be confused with the smallest net weight:

= The smallest net weight is a user requirement and describes the smallest amount of
net sample mass that the user wants to weigh on the balance

= The minimum weight is a calculated value based on a performance test (repeatability),
and describes the smallest amount of net sample mass that can still be weighed whilst
complying with the acceptance criterion of 0.10 %

= As a consequence, the smallest net weight must be larger than the minimum weight

= As the balance performance is not constant over time (e.g. due to external influences), it
Is recommended to apply a safety factor
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The sensitivity test assesses the parameter that most significantly influences the accuracy
of the balance.

The sensitivity deviation increases approximately linearly with the load, and thus is
more significant in the upper part of the weighing range. In addition, as the influence
of the random error is dominant at the lower end of the measuring range, using a test
load with a mass below 5 per cent of the capacity of the balance to determine the error
of sensitivity is not meaningful.

The sensitivity is satisfactory, if:
nominal weight of the test load, or its conventional mass (see conditions
| . | below), e.g. in grams;

o l{}ﬂ E 0.05 1 indication, e.g. in grams,

=
1

m

= USP states that other balance parameters also
influence the accuracy (eccentricity, Nonlinearity)

= Therefore, the acceptance criterion of an individual
parameter shall not be 0.10 % but 0.05 % instead

= Usually it is sufficient to investigate sensitivity only
as its impact on accuracy is more dominant

= |dentical approach to USP General Chapters 41
and 1251

Accurate, but not precise
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= Test for accuracy (systematic deviations) with a test weight between 5% and 100% of the
capacity

= Using a smaller test weight causes systematic deviations to be obscured by repeatability,
and its usage is not permitted

Indication 1 Characteristic curve with
/ sensitivity deviation

s Correct sensitivity

m Stipulated
|

: » Load
< 5% 5% Capacity
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Repeatability
RP_SNW_0.02000g
Smallest Net Weight: 0.02000 g Tare Vessel ID: N/A
Test Load: 0,024 Tare Vessel Description: NIA
Tare Load: N/A
As Found _
\ ’ .ﬁ. Leﬁ 1 (Test Paint)
1 | 0.02000 g NIA | ¥ As 26
2 0.02000 g N/A s i
3 0.02001 g NIA | ' : '
4 0.02000 g N/A | . ol AN .
5 0.02000 g NIA ' /a8 A
f 0.02000 g NIA
7 0.02001 g N/A | g5 _
8 0.02001 g N ' . " -
9 0.02000 g N 2.X(0.000005) x 100 = 0.05% < 0.10%
10 0.02001 g N 0.02
Mean Value 0.020004 g N/A i
EE——) Standard Deviation 0.000005 g N/A | The"d"in the graph represents the readability of
_c_a_lE-'_Jlﬂ_“_ﬂ_n 1 0Iﬁ1a % Nf.ﬂ. | 'Y TP - iy L U i U SRR | S R Sp——— .Jarfcr—meﬁl
Assessment 2 0.05 % &/ N 2 x (0.000005) =0.01¢g  the
Requlrement 0,10 % 0.10% he mean
Minimum Welght * 0.01033 g NiA | value.
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Accuracy

Linearlty

As Found

Tare Load Test Load Indication Deviation ' Requirement

1| 0g | 509 | 49999959 | 4999997 g 0.00002g «/|  0.02500¢
2 | 0g [ 100 g  99.99999g |  100.00000g 0.00001g & | 0050000
3 0g 1509 149.99994 g 149.99991g | -0.00003g &/ 0.07500g
4 0g 200 g 199,99986 g 199,99985 g 0,00001g & 0.10000 g

1The linearity test is passed if the maximum deviation = 0.05 % of the test load value. The requirement for the assessment of an
individual balance property in respect to accuracy is 0.05 %, This ensures adherence to the overall accuracy requirement of 0,10 %

because other balance properties might also limit the accuracy of the instrument,

Sensitivity

The |argest test point of the linearity test is also used to assess sensitivity,

= Test Load 200 g

199.99986 — 199.99985 x 100 = 0.00001% < 0.05%
199.99986




USP Chapter 41&1251 and ACC
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Reference Value Indication Error of Indication
1 0.0000 g 0.0000g 0.0000 g
2 0.0010g 0.0010g 0.0000 g
2 0.0050¢g 0.0050g 0.0000 g
4 0.0100 g 0.0100g 0.0000 g
5 0.0500 g 0.0500¢g 0.0000 g
6 0.1000 g 0.1000 g 0.0000 g
7 0.5000 g 0.5000 g 0.0000 g
8 49.9999 g 49.9999 g 0.0000 g
9 100.0000 g 100.0000 g 0.0000 g
10 149.9999 g 150.0000 g 0.0001 g
11 199.9999 g 199.9999 g 0.0000 g

USP41& USP1251

Tolerance | g |

0.05%x10g
0.05%x10g
0.05%x10g
0.05%x10g
0.05%x10g
0.05%x10g
0.05%x10g
0.05%x50g
0.05%x100g
0.05%x1509g
0.05%x200g

5% test Repeatability, Tolerance 0.10%
5-100% test Accuracy, Tolerance 0.05%

0.005g
0.005g
0.005g
0.005g
0.005g
0.005g
0.005g
0.025g
0.05g
0.075¢g
0.1g
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| Minimum Weight form USP

R METTLER TOLEDO Service

0.02000 g NIA [ ]

== ! (o The minimum weight from
e — : - — test of Repeatability
s = = : o ° External

|
i
1
]

i — *  Minimum Weight Smaller
[ Pmemmm— T T - than GWP Certificate

T — Calculation ' 0.0516 % NA
- s — L Assessment 2 0.05% NA
Requirement 0.10% NIA

Minimum Weight * 0.01033 g NIA

- —— — /
| Minimum Weight form GWP

Accuricy Calibration Cerificate Measurement Uncertainty [%]
p— p— S —— 4l ° . e .

".:.T','.‘.‘.. | == ¥ — Relative Measurement Uncertainty [%] The minimum Welght from
= o relative uncertainty

®* |Internal

Minimum Weight

Weighing Toerance [%] *  Minimum Weight bigger than

Safe Weighing Range U S P4 1
S

— T + Load
Safety Factor Smallest Net Weight
Minimum Weight at Safety Factor Required




Good Weighing Practice (GWP®) METTLER TOLEDO | 66

GWP Verification
Life-time certification of weighing
process incl. Routine Testing

Selection

3
Installation
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Weighing instruments must be periodically calibrated and checked to ensure compliance

with pre-defined requirements. Performance checks must be carried out between
calibrations.

In addition to testing weighing instruments with external weights, it is accepted practice
to adjust the instruments by means of built-in weights. This makes it possible to
reduce the frequency of sensitivity tests with external reference weights.

) . . Service Technician
= GWP®, the scientific standard for the life-

cycle management of weighing instruments,

developed by Mettler-Toledo Calibration
= |t consists of three pillars which together
provide a sustainable and efficient balance

quality management
= Calibration
= Routine testing (performance checks)

= Internal adjustment (by built-in weights) WGRERE

Device



Monitor Your Weighing Performance Over Time METTLER TOLEDO | cs

Minimum Weight

A ™ Routine
testing
Smallest net weight
M calibration

Adjustment v~ Weighing
(by service) performance
\\h ‘/\A/\/‘f/\/.

’ Calibration period | ] Calibration period |

Inifial As-found  As-left As-found

calibration calibration  calibration calibration

Monitor your weighing performance in between calibrations with routine testing

consistent accuracy ¢ early warning
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Certifies the accuracy of the
device for the weighing process

GWP® Verlfication
= Documents whether the accuracy of the scale,
I —— based on minimum weight and safety factor,
z > satisfies the process requirements

)
L) byl
a
2
= - [ Y
il | |
| !
.
METRER LD
s .
~-
111
v

Safe Weighing Range = Deterrr.lines. the minimum weight b.a.sed on
40mgto220¢g the calibration of the scale and verifies that
| E————— . the smallest net weight is in the safe weighing

40 mg Minimum weight determined x Safety factor required range
20 mg Minimum weight determined
0.01 mg Readability
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Risk Assessment

1Fi 1 Welghing tolerance 0.10%
GW P Ve rlfl Catl O n Business |I'I'Ipl]l:1 of Inaccurate measurements High
Consumer/environment Impact of Inaccurate measurements High
Easy detectabllity of Inaccurate measurements No
Eq) GWP® Verification
-f:’ Recommended performance verification
5]
S : i
i osts Service Technician
) Maintenance (by service) Twice a year
1= Callbration / Minimum welght (by service) Twice o year ;;-‘" Cali-
e, Eccentricity (by user) Quarierly \ P
2 Repeatabllity (by user) Monihly bmhm_]..
g Sensltivity (by user) Weekly S
= Internal Adjustment (by device) Daily
(=]
8 Welghts
(‘;’ei's‘-;i'::y‘u v 200 g Class  F2 or befter
gﬁiﬂfm 10gClass  F2 or befter
Welghts recallbration Interval® Yearly
Test tolerances®
Ssensltivity
Welght 1 Warning Limlt 005¢g
Control Limit 01g
RepeatabllIty minimum numbsr of measuremants: 103
METTLER  TOLEDO
) Welght 2 Warning Limit 0.005 mg
Control Limit 0.01 mg
Eccentricity
Welght 1 Warning Limit 0.05¢g
Control Limit 0.1g
At installation At calibration At calibration
Between calibration Between calibration
intervals intervals

Installation & |~=—— = | As Found |== — = | As Found
Initial (As Left) | —— ——|and As Left |—— ——|and As Left
Calibration _ ~ - | Calibration ; _ | Calibration




What does GWP® Verification offer? N

A strategy for accurate weighing
throughout the entire
life cycle of the instrument

' i Recommended performance verification

C:E i : _ - ”
O e i R T ® Recommended calibrations and frequency
F-- zinim_im weight ;‘ GWP certificate (by service) Iw?ce a year CEI Ji-
s E;ﬂ?u?;?;::; Jﬁiﬂ:"’“ [ bration
_';i 3 Repeatability (by user) Manthly
== Sensitivity (by user) Weakl . . .
< el Admncnt (hy Sk Daly | " Monitoring for the optimum performance
D | e verification, including types of test, intervals
< | B o 200 Class  F2 or befter
o (N2 109 Class  F2 or befter and SOPs
(,:3 Weights recalibration interval® Yearty
(D |Testielerenses®

eimy o ®  Suitable test weights and weight classes

Weight 1 Warning Limit 0059

 comolLimit 0.1g e «
m::":"mmmmm Limit = 0.013 mg ___&' "_‘. |
Control Limit 0,025 mg — ..
S —— poee 1 " Test tolerances and acceptance limits
S i ata (warning and control limits)

Only meaningful and necessary tests are recommended.

In many cases, efforts may be reduced.




All user tests can be Performed with 2 weights
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capacity oris 5 % less than this

m ‘ Weight 2: Maximum OIML/ASTM weight that corresponds to the

&

CarePac

Weights for routine test
200g

10g

XPE 205
220g capacity




Tolerances for Routine tests

METTLER TOLEDO ‘73
Control limit
= |f the control limit is exceeded: The scale must be characterized as OOT
(“out of tolerance”) and must not be used any more.

Warning limit
= |s equal to the control limit divided by the safety factor
= |f it is exceeded: No direct action is required. However, the scale should then
be monitored somewhat more accurately

GWp*

Good Weighing Proctica™

Repeatability Test

Test tolerances? Preparaton

e e e « Before performing the tes, the test weight must be acclimatized fo the ombient
wgn temperature of the balance.

se“s I'l“w « Prepare a sheef where you can node the reodings of the repeatability test points.

Prepare 3 columns fifled "wy/o Test Wight”, "With Test Wight” and "Differences”.

Test Procedure

* Empdty the pon

+ If required, place farz load on the weighing pan

* Tare the balance (if required press zero)

* Reod the stable value from the display ond note it in the column “wio Test Waht”
= Ploce the test weight in the center of the weighing pan

Weight 1 Warning limit 50 mg
Control limit 100 mg
Repeatability (measurements tally (minimum): 10) e et 3
Weighl' 2 w“ming limit 8.3 ug : " el b of o oS WG W e WP s e
Control limit 16.7 ug

'Routine Testing of Balances
Repeatability
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=
D
s
e
O
=
o
o
=
1 o=
h=)
=
L=
o
@)
()

;-;: 05 Assessment of determined vs requlred accuracy of welghlng devices
N [No. |Device Type Identification No. Accuracy / Safety Factor
1.75 o
s ) 1 HP205 1 2 ‘
2 AP205 2 Lo o
i 2
3 MS60025 3 ;'1 ? O
|
0 1 2 3 4 5
Legend
. Determined The device magts the process The davice mests the procass o The device doas not meat the
- requiraments. requirgments. i doas not meet the procese reguirements.
I:‘ Required caofaty factor requirement.
METTLER  TOLEDO




GWP Verification Summary METTLER TOLEDO

beviees |

Weighing device XPE206DR XPE206DR

Identification No. ND. l No. 2 No. 3

Serial number B818773819 B713871644 B819822503

Capacity 220 g 220 g 220 g

Operated readability 0.1 mg 0.005 mg 0.005 mg

Internal adjustment Yes Yes Yes

Vowe ——TJumt——— Jvawe — Jumt ——— Jvoue —— Jumt |

Weighing tolerance 0.10 % 0.10 % 010 %

i i DAY fal 2 fal 2 fal .

Minimum weight defermined 00966 g 0.00632 g 0.00972 9 For each site:

Smallest nef weight 1 g 0.012 g 0.012 g .o

Safety factor determined 104 19 123 ® Summary of the weighing
4 < F4 .

Standards and regulations USP <415 USP <415 USP <41> daccuracy with color coded
XPE204 XPE206DR_ XPE206DR_ .

GWP® Verification No. B818773819_ B713871644_ B819822503_ presentation
2022-06-01_13-42-42 2022-06-01_13-42-43 2022-06-01_13-44-09

Calibration cerificate 1D TH2Do0-x00e-x0000-LUSPM TH20m00- - x0000-USPM TH2000-x000-200000-USPM u S umma r‘y re po rt fo rra p | d

CEEETEI T T T overview of the inventory

Business impact High High High

Consumer impact High High High status

Easy detectability No No No .

Harsh environment / extensive |, o No ® Recommendations for

use

owp ___|curent  Jowp  Jcumemt  Jowr  [cumeat |

Maintenance Twice a year Quarterty Twice a year Quarterly Twice a year Quarterly

Calibration / Minimum weight  Twice a year Quarterty Twice a year Quarterly Twice a year Quarterly

Eccentricity Quartarly N/A Quarterly N/A Quarterly N/A

Repeatability Monthiy Daily Monihly Daily Monihly Daily

Sensitivity Weekly Daily Waekly Daily Weekly Daily

Internal adjustment Daily Daily Daily Daily Daity Daily

Test manager Yes N/A Yes NAA Yes N/A

Recalibration of test weights Yearly NIA Yearly N/A Yearly N/A

Legend
D Polential cost savings Drmmml quality Improvements
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