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Abstract

The sampling plans for efficiency testing contained in the Supplemental Notice of Pro-
posed Rulemaking (SNOPRnergy Conservation Program: Test Procedures for Distri-
bution Transformersare discussed. The proposed sampling plans test for compliance with
standards for average energy efficiency. The SNOPR includes: a sampling plan for demon-
stration of compliance with a represented energy efficiency; criteria for substantiation of
an alternative efficiency determination method; and a sampling plan for enforcement test-
ing. Model calculations are presented that estimate the operating characteristics of the
sampling plans, that is the probability of demonstrating compliance when testing a specific
distribution of efficiencies.
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Operating Characteristics of the Proposed Sampling Plans
for Testing Distribution Transformers

1 Introduction garded only as commentary on the proposed sampling plans.

The remainder of this report is organized as follows: The
This Technical Note provides analysis of the sampling plegeneral objectives of testing under EPCA are discussed in
for efficiency testing contained in the Supplemental NotiBection 2. Industry practice regarding efficiency perfor-
of Proposed Rulemaking (SNOPR3nergy Conservationmance is briefly reviewed in Section 3. The methods and
Program: Test Procedures for Distribution Transformersodel assumptions used in the evaluation of these sampling
[1]. The performance of the proposed sampling planspians are presented in Section 4. Section 5 discusses the
demonstrating compliance with a represented efficiencygagnpling plan for compliance testing; Section 6 discusses
specifically addressed. The SNOPR was issued to restinecriteria for substantiation of an AEDM; and the Sam-
certain issues that arose during review of an earlier Notigng Plan for Enforcement Testing is presented in Section 7.
of Proposed Rulemaking (NOPR) [2]. One issue being fBencluding remarks are provided in Section 8. Contact in-
properties of the proposed sampling plan for compliarfegmation for further information is provided in Section 9.
testing. The sampling plan included in the earlier NOPRQr the convenience of the reader, each of the sampling
which was modeled after the examples provided in 10 CPRns are provided as appendices to this report: Appendix A
Part 430 [3], is discussed in an earlier report [4]. contains the proposed sampling plan for compliance test-
ing, Appendix B contains the criteria for substantiation of

n
Under the provisions of the SNOPR, measurements Of&gAEDM, and the Sampling Plan for Enforcement Testing
ficiency are contemplated for three purposes: 1) testingd@hears in Appendix C.

compliance with a represented efficiency; 2) qualification of

an Alternative Efficiency Determination Method (AEDM);

and 3) enforcement testing. The objectives of testing in each

of these circumstances differ in significant ways. Comp® EPCA guidelines
ance testing is a one-time activity undertaken at the initia-

tion of the program, upon enroliment into the program, o . i

for qualification of a new product. The sampling plan f Ifwe purpose of the EPCA legislation is stated in 42 U.S.C.
compliance testing is intended to ensure that the produ Qi?flz(a) [6]:

guestion meets or exceeds the represented efficiency. The

SNOPR allows the use of an AEDM to determine the rep- It is the purpose of this part to improve the ef-
resented efficiency of distribution transformers, where an ficiency of electric motors and pumps and certain
AEDM is a predictive model that is based on analysis of otherindustrial equipmentin order to conserve the
design and test data. An AEDM must, however, be substan- energy resources of the Nation.

tiated before it may be used for this purpose. The criteria for

substantiation of an AEDM provide a broad mtercompans?cr} this end, EPCA authorizes the establishment of energy
of the performance predicted by the AEDM and test data. : O
formance standards that may specify energy efficiency

Finally, an enforcement action may be undertaken when 1€ erav use for each covered product
performance of a specific product or products is contes@°"eMY P )

Enforcement testing is one of a series of requirements UngPCA relies on a program of systematic testing to estab-
the Energy Policy and Conservation Act of 1975 (EPCA) gsh that energy performance standards are met. The ob-

amended [5] during an enforcement action. The Sampljggtives and limitations of testing under EPCA are stated in
Plan for Enforcement Testing is designed to correctly detgs-u.S.C §6314(a)(2):

mine whether a product is in compliance, while providing a
low risk that a compliant product could fail by chance during

an enforcement action. Test procedures prescribed in accordance with this

section shall be reasonably designed to produce
The preparation of this report was undertaken at the request test results which reflect energy efficiency, energy
of the U.S. Department of Energy (DOE). This reportis in- use, and estimated operating costs of a type of in-
tended to supplement the materials presented in the SNOPR. dustrial equipment (or class thereof) during a rep-
While the authors believe the information presented here to resentative average use cycle (as determined by
be accurate and factual, this reporhist a statement of the the Secretary), and shall not be unduly burden-
policies of the U.S. Department of Energy and must be re- some to conduct.

1
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EPCA also addresses the represented energy performansEMA TP 1: Section 4 of the NEMA TP 1 standard es-
covered equipmentin 42 U.S.€6314(d)(1): tablishes energy efficiency levels for the NEMA class-1 des-
ignation. The minimum efficiencies for liquid-filled single-
and three-phase transformers are tabulated in Table 4-1 of
the TP 1 standard, and efficiency values for dry-type single-
and three-phase transformers are tabulated in Table 4-2.
Dry-type transformers are further delineated by voltage rat-
ing and basic insulation level (BIL): the standard provides
efficiencies for low-voltage transformers and for medium-
(B) inany broadcast advertisement, voltage transformers having basic insulation levels less than

_ ) ~orequalto 60 kV and for basic insulation levels greater than
respecting the energy consumption of such equip- g0 kv, The NEMA standard TP 1 tables are reproduced be-
ment or cost of energy ponsumed by such €quIP- Jow in Tables 1 and 2. NEMA standard TP 1 states that the
ment, unless such equipment has been tested in apylated values are the “minimum efficiencies” for NEMA
accordance with such test procedure and such rep- ¢jass 1 designation, which we interpret as “minimum [aver-
resentation fairly discloses the results of such test- age] efficiencies.”

ing.

...no manufacturer, distributor, retailer, or private
labeler may make any representation—

(A) in writing (including a representation on a
label), or

In the case of energy efficiency, the purpose of EPCANEMA TP 2: NEMA standard TP 2 stipulates that no
met provided the average energy efficiency of each typdgtividual transformer may exceed 108 % of the rated
covered equipment 1) is not less than the EPCA energy'%?—s, urjde.r specific load conditions: The Ioa}d condition
ficiency standard for that product, and 2) is not less tHQ liquid-filled transformers and dry-type, medium-voltage
the represented energy efficiency of that product. Enep@nsformers is 50 % of the rated load; and.the load condi-
efficiency must be demonstrated under EPCA through {68 for dry-type, low-voltage transformers is 35 % of the
of DOE test procedures. EPCA stipulates that such tesfiifgd l0ad. Section 7 of the TP 2 standard provides a sam-
should not be unduly burdensome to conduct. Thus the Ri§9 plan for establishing compliance with the TP 1 effi-
key criteria for evaluation of sampling plans for efficiend&/encies. Conformance with the TP 1 efficiencies is based
testing are: 1) the assurance provided that the averag@@f@ Weighted average of transformers manufactured in a
ficiency of that product meets or exceeds the represefgged of 180 d.

efficiency, and 2) the burden placed on a manufacturer by

testing under the plan.
3.2 |IEEE standards

. Two standards sponsored by the Institute of Electrical
3 IndUStry practlce and Electronics Engineers (IEEE) are also relevant to
this discussion: IEEE Standard C57.12.00-2000, “Gen-

Voluntary industry standards are typically developed by c&i@! Requirements for Liquid-Immersed Distribution, Power
sensus among manufacturers, customers, and other s@{i-Regulating Transformers” [9]; and IEEE Standard
holders and are thus likely to describe technical capabilifie’ -12-01-1998, “General Requirements for Dry-Type Dis-
that are broadly supported by that industry. A brief sufjioution and Power Transformers, including those with
mary of references to the energy performance of distributie®id Case and/or Resin-Encapsulated Windings” [10].

transformers in voluntary standards follows. The IEEE standards prescribe maximum loss limits for an
individual transformer of 110 % of the rated value for the
no-load loss and 106 % of the rated value for the total losses.

3.1 NEMA standards Individual units having losses above these limits can be re-
jected.

Criteria for the energy performance of distribution trans-

formers are included in two standards sanctioned by the

National Electrical Manufacturers Association (NEMAY-3 Comments

NEMA Standards Publication TP 1-2002, “Guide for De-

termining Energy Efficiency for Distribution TransformersZnergy performance criteria for distribution transformers

[7], and NEMA Standards Publication TP 2-1998 “Standaack provided in voluntary standards sponsored by NEMA
Test Method for Measuring the Energy Consumption of Dend by IEEE. The NEMA standards establish minimum av-

tribution Transformers” [8]. erage efficiencies for distribution transformers and also set

2
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Table 1. NEMA Class 1 efficiency levels for liquid-filled distribution transformers [7].

Reference Condition Temperature % of Nameplate Load
Load Loss 55C 50 %
No Load Loss 20C 50 %
Single Phase Three Phase
kVA Efficiency kVA Efficiency
10 98.4 15 98.1
15 98.6 30 98.4
25 98.7 45 98.6
375 98.8 75 98.7
50 98.9 112.5 98.8
75 99.0 150 98.9
100 99.0 225 99.0
167 99.1 300 99.0
250 99.2 500 99.1
333 99.2 750 99.2
500 99.3 1000 99.2
667 99.4 1500 99.3
833 99.4 2000 99.4
2500 99.4

limits on the maximum allowable loss power. The conditigh Methods of analysis
on the maximum loss power applies to individual transform-
ers tested under specific load conditions. The IEEE stan-

dards also prescribe limits on the maximum loss powerTHYO figures-of-merit are considered and provide the basis

an individual transformer. Since the measured loss pofférthe evaluation of the sampling plans: 1) thgerating
is directly related to the energy efficiency, these standaffjaracteristic and 2) thetesting burden The operating

establish a tolerance on the measured efficiency of a sifgigracteristic of a sampling plan is the probability of demon-
unit. strating compliance when testing a specific distribution of

efficiencies. This quantity provides an estimate of the prob-
The minimum average efficiencies established in NEMility or risk that an acceptable product could fail by chance
Standard TP 1 are stated as a percentage and are given tfsat an unacceptable product could pass by chance under
three significant figures, which implies that the resolutitimt sampling plan. The second figure-of-merit, the testing
of energy efficiency measurements is at least 0.1 %. Theden, is the number of units tested. The minimum number
limits on loss power are stated as a percentage of the ratadhits to be tested is specified in the SNOPR for each sam-
loss power in both the NEMA and IEEE standards. The Ilg8mg plan. However there are several exceptions to the rec-
power is given to the nearest percent, which implies that themended minimum sample size: the proposed sampling
resolution of measured loss power is at least 1 % of the rgtéahs for compliance testing and enforcement testing both
loss. contain provisions for testing basic models that are produced

) i in limited number; the Sampling Plan for Enforcement Test-

The NEMA standard TP 2 imposes a maximum total 1988, tests whether the number of units tested is sufficient to
limit of 108 % of the rated value for liquid-filled transform-support the conclusion and may require that additional units

ers and for medium-voltage, dry-type transformers operaightested: finally a manufacturer may elect to test units over
at 50 % of the rated load. The same limit of 108 % agnq apove the minimum required.

plies to low-voltage transformers operated at 35 % of the

rated load. IEEE standards limit the measured loss poweFl@ sampling plans can be examined by means of model

106 % of the rated loss power at full load and 110 % of thelculations. The model calculations presented assume that

rated value for no-load conditions. Under full load condinergy efficiency, and therefore loss power, is normally dis-

tions the loss power is approximately four times larger thiibuted with meany, and standard deviation, The nor-

the no-load loss. Due to the reduced loading under NEM#al distribution is well known and may be evaluated numer-

standard TP 2 the no-load loss and the load loss are appiioaity with high accuracy. Monte Carlo methods [11] can be

mately equal, the maximum loss limits in both the IEEE aadapted to evaluate sampling plans where the sample size is

the NEMA standards are consistent. not fixed and are used in this document to estimate the test-
ing burden of the Sampling Plan for Enforcement Testing.
A discussion of the algorithms used to calculate the figures-
of-merit can be found in [12—-14].
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Table 2 NEMA Class 1 efficiency levels for dry-type distribution transformers [7].

Reference Condition Temperature % of Nameplate Load
Low \Voltage 75°C 35%
Medium Voltage 75C 50 %
Single Phase Efficiency Three Phase Efficiency
kVA  Low Voltage Medium Voltage kVA  Low Voltage Medium Voltage
<60kVBIL >60kV BIL <60kvBIL > 60KV BIL
15 97.7 97.6 97.6 15 97.0 96.8 96.8
25 98.0 97.9 97.9 30 97.5 97.3 97.3
37.5 98.2 98.1 98.1 45 97.7 97.6 97.6
50 98.3 98.2 98.2 75 98.0 97.9 97.9
75 98.5 98.4 98.4 112.5 98.2 98.1 98.1
100 98.6 98.5 98.5 150 98.3 98.2 98.2
167 98.7 98.8 98.7 225 98.5 98.4 98.4
250 98.8 98.9 98.8 300 98.6 98.6 98.5
333 98.9 99.0 98.9 500 98.7 98.8 98.7
500 — 99.1 99.0 750 98.8 98.9 98.8
667 — 99.2 99.0 1000 98.9 99.0 98.9
833 — 99.2 99.1 1500 — 99.1 99.0
2000 — 99.2 99.0
2500 — 99.2 99.1
4.1 Loss representation The NEMA and IEEE standards both place conditions on the

maximum allowable loss power of a single unit. It may be
quant|t|es the output powePO' and the loss powed:)l fOI’mer may have except|0na”y h|gh IOSS pOWGI’ and may be

Expressed as a percentage’ transformer efﬁciency is gr\%ﬁcted on that baSiS. Rejecting a diStributiOI’l transformer
by the following equation: during final validation is costly and a manufacture must limit

such rejections. Statements made during the public hear-
= Po x 100. (1) ing on the earlier NOPR [15] suggest that the maximum
P+ B loss limits in the NEMA and IEEE standards correspond
The practice of the transformer industry is to measure traiesapproximately three standard deviations for at least some
former loss power and to perform intermediate computsansformers and manufacturers, which implies that the rate
tions in terms of loss power. Transformer energy efficienalrejection is on the order of one per thousand. Assuming
is typically calculated for purposes of final validation andtikat distribution transformers are designed to meet the repre-
based on the measured loss power. sented loss power on average yields a standard deviation of
o approximately 2.7 % when using the figure of 108 % from
The energy performance of distribution transformers \gpa standard TP 2. A higher value of 4.0 % for the stan-
stated in the SNOPR in terms of energy efficiency. We hgq deviation was mentioned during the public hearing. A
chosen, for this analy5|s however, to represent tra”Sforgl%sequent letter from NEMA [16] also cites the 4.0 % fig-
energy performance in terms of energy use or 10SS POWRE for the standard deviation. For the larger standard devi-
The loss representation of energy performance has thegdh the design point would have to be set below the repre-
vantage of being independent of efficiency; figures-of-mefiinted loss in order to maintain a low rate of rejection. The
can thus be summarized globally rather than on a casedi¥gribution of loss power would likely differ between man-
case basis for each energy efficiency. This representaipRurers and basic models. Indeed a statement made at the
also provides direct comparison with the tolerance on figyjic hearing indicated that the data on product variability
measured losses specified in the NEMA and IEEE standafdsintained by manufacturers are proprietary. We conclude

In the discussion that follows, the figures-of-merit are rdp@t the population standard deviation of the loss power is

resented by contour plots, see Fig. 1, for example. The &Y t0 range in value between approximately 2.7-4.0 %.

ordinates for these plots are the normalized average loss 4HfSamPpling plans are tailored to this range of values.

the normalized standard deviation of the population. The
average loss and standard deviation are normalized to the
represented loss and are given as a percentage of the repre-
sented loss. In all cases, the represented loss corresponds to
100 % on the average loss axis.

n
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5 Compliance testing The criterion for a demonstration on compliance can be
stated as a condition on the average efficiency of the sample

The sampling plan for compliance testing is conta’nedoﬁas a condition on the average energy use of the sample. A
439 12 t[))lzgoﬁ)‘ the pro osgdl ule Forlthgelcon en.'encec'oppliance demonstration can be performed on the basis of
§ 12(0)(2) prop u'e. veni eﬁergu use by comparing the measured average loss power

the reader it has been included as Appendix A to this reP8ita sample with the represented loss calculated from the

The proposed rule groups distribution transformers bato represented efficiency.
sic modelsfor compliance testing, wherkasic modelis

fully defined in§432.10. For the purposes of this discus- . . o ) . ]
sion, basic modewill refer to distribution transformers hayCTiterion for efficiency testing:  Stated in terms of effi-

ing energy efficiencies that are nominally equivalent. ciency, the condition for compliance demonstration is

The sampling plans for compliance testing contained in X > 100 , (2)
10 CFR Part 430 and Part 431 are tailored to the characteris- 1+ (1 + %) (B2 -1)

tics of the specific covered products [4, 12, 13]. Distribution ~

transformers as a product have characteristics that differ sulbere X is the mean efficiency of a sample in perceRf;
stantially from the products covered under 10 CFR Part 430he represented efficiency of the basic model in percent,
and Part 431: in particular, some basic models are produdedn is the number of units tested. Equation (2) is provided
in very limited number, indeed, a basic model as definedrirthe proposed rule as the condition on the mean efficiency
§432.10 may describe a single transformer. of the sample required for a demonstration of compliance

. ) . ) with a represented efficiency.
The sampling plans for compliance testing provided in

10 CFR Part 430 are based on thtest in statistics. AslIn the process of determining compliance, the transformer
discussed below, thietest presents difficulties when testingo-load and load losses are measured, the measurement data
small samples: For small sample sizes the value oftthare adjusted to reference conditions and loading levels, the
statistic is large, resulting in broad confidence intervals agfticiency of each transformer and the average efficiency of
low precision in the determination of the population me#re sample are calculated, all according to the test procedure
from the sample. The-test cannot be used to evaluate tigoposed in the SNOPR. The resulting sample average ef-
results of a single test. ficiency is compared with the represented efficiency of the
standard using eq. (2) to determine the compliance status
The z-test allows testing of small samples, including sagf the basic model. Efficiency is used as the measure of
ples of one. Test methods based on thest can be em-gnergy consumption of distribution transformers because it

a manufacturer will likely know the range of standard devi-

ations from test results obtained on similar transformers, the

z-test may be appropriately applied to compliance testingriterion for energy use testing: The mean loss power of
EPCA ener forman tandards m | | \tAr)ersampIe must not exceed the represented loss plus an ex-
energy pertormance standards may place a IoWgfqq uncertainty. The expanded uncertainty proposed is

bound on the averagefz efﬁuency(; or Zn utpg_l:]r bound or:j of the represented loss scaled by a factdyqfn where
average energy use ol a covered product. The propose .rHEethe number of units in the sample. The condition on

places a condition on the mean efficiency of the sample sample mean efficiency stipulated in the proposed rule

demonstration of compliance with a represented eﬁicieq yEquivaIent to the following condition on the mean loss
To emphasize the salient features of the proposed samp I09er of the sample:

plan for compliance testing, we paraphrase the sampling

plan as follows: 0.05

X <RL(1+ "= 3
<rn (1422, ©)
whereX; is the mean loss power of the sample in watts and
RListhe represented loss power of the basic model in watts.
Condition (3), expressed as a percentage of the represented
loss, is given by

A sample of not fewer than five units shall be
tested whenever possible. However, if fewer than
five units are produced in a period of 180 d, then
each unit produced in a period of 180 d shall be
tested. Compliance with a represented average ef-

ficiency is demonstrated provided: _ 5
X; < (100 + —> ,

The average efficiency of the sample is not vn

less than the represented efficiency minus an  \yhereX; is the normalized mean loss power of the sample
expanded uncertainty [17]. in percent.

(4)
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5.1 Statistical background u; the ratio,
o Xl — M
- SE(X)’

Finding a confidence interval on a mean and testing the 9)
mean of a population from a sample are well known prob-
lems in statistical engineering [18]. is distributed according to a probability density function that

is known in statistics literature as thalistribution. ¢ may

The sampling plan for compliance testing is a test on a meapyye in value from minus infinity to infinity, and the density
and an estimate of the mean loss power of the populatioR,isction f(t), is defined such that

obtained by a random sample

1 & / ft)ydt = 1. (10)
Xl = E Z Xi; (5) e
i=1 Thea quantile t,, is defined such that the integral of density

whereX; is the measured loss power of ufjiandn is the from minus infinity to, equalsa,

number of units tested. The uncertainty in this estimate de- ta
pends on three factors: 1) the size of the sample, that is, the [m fdi = a (11)
number of transformers tested, 2) the underlying variability = Prlt <]

in the population, and 3) the measurement uncertainty.

wherePr[t < t,] is the probability that will assume values
" less than or equal t,. (1 — a) is then the probability that
wu < RIL, ©6) will assume values greater than Pr[t > t,] = (1 — a).

The condition for compliance with a represented loss is

Equation (9) may be rearranged to provide the following ex-

wherey; is the average loss power of the population &1d ﬁssion for the mean of the sample:

is the represented loss power. In a test of compliance vﬂ{
a represented loss power, it is assumed by hypothesis that X; = +tSE(X;), (12)

the mean loss power of the population is not greater than the N

represented loss power. This hypothesis is not rejected, H3ich suggests the condition,

vided the mean loss power of a random sample is not_greater X, < RL + t,SE(X)), (13)

than the represented loss plus an expanded uncertainty. In a

statistical test there is some probability of concluding falsely the mean of the sample in a demonstration of compliance
that an acceptable product is not compliant or that an unaith a represented loss power. The valuet pfis associ-
ceptable product is compliant. The form of the expandaigd with a specific sample size and statistical confidence
uncertainty influences the statistical confidence, that is, Wfadues oft, are readily available and are included in many
probability that the mean loss power of the population actaferences on statistics [19].

ally satisfies condition (6).

Two cases are considered: 1) the variance of the populaiaibwn variance: The standard deviation of the sample

o;?, is unknown and must be estimated from the sample; afglan for a sample of units iso;//n, whereo is the pop-

2) the variance is known. ulation standard deviation. The standardized random vari-
able,z, is realized as the ratio,

Unknown variance: When the variance is not known, the .= X1 — (14)
population standard deviation;, must be estimated from or/v/n’
the sample data. The sample standard deviation,

wherez may assume values from minus infinity to infinity

- — and is normally distributed with mean 0. The standard nor-
S = \/Zizl(Xi - Xi)? @) mal density functiong(z), is defined such that
n—1 ’ -
dz = 1. 15
provides an estimate of the population standard deviation; /,OO 9(2)dz (15)

and the standard error of the mean, Thea quantile,z,, is defined such that the integral of stan-

_ S dard normal density from minus infinity t, equalsa,
SE(X;) = —, (8)
/ $(z)dz = a (16)
provides an estimate of the standard deviation of the mean —00
for a sample of: units. For a normal distribution with mean = Pr[z < z,],

6
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wherePr[z < z,] is the probability that will assume val- and 10, respectively. Level curves are plotted in the figures
ues less than or equal t9. (1 — a) is then the probability for « = 0.999, 0.99, 0.90, 0.75, 0.50, 0.25, 0.10, 0.01, and
that z will assume values greater thap, Pr[z > z,] = 0.001, fory; ranging from 95-110 % and, ranging from

(1 —a). 0-6 %.

Equation (14) may be rearranged to provide an expressitie level curves turn out to be straight lines, as can be seen
for the mean of the sample by noting thata = p(u, o;) implies

Vv, — i RL — 0.05RL
Xi=w+z2—07, 17) - al 2
\/ﬁ @ O'l/\/ﬁ + gy ’ ( O)

The points(y, 0;) that satisfy this equation are

which suggests the condition,

4

X; <RL+ z,—, 18 L— .05RL
1 < NG (18) I R ‘”+005R,or
o1/v/n oy
on the mean of the sample for compliance with a represented RL —p;  0.05RL
loss with confidence. N P (21)

Conditions (13) and (18) for thetest and the-test, respec-

tively, are similar. Indeed, fat greater than 30, the two test§he represented loss power is normalized to 100 % in the
yield essentially identical results. Inzatest the standard defigures. Thus the region of compliance with a represented
viation of the populationg;, is known from previous tests|oss power is fory; < 100 % and the region of non-
whereas in @-test the standard deviation of the populati@@mpliance is fon,; > 100 %. Equation (3) implies that

is estimated from the sample data. Because the variabilitg Basic model manufactured with los$g¢s/n % above the
estimated from the sample in théest, the confidence lim-represented value, that ig; = 100 + 5/+/n %, will have

its are broader. It should be noted that the sample standlbdprobability of demonstrating compliance for all standard
deviation (7) is not defined fon = 1. The value oft is deviations. Indeed substituting = RL(1+0.05/+/n) into
thus not defined, and thetest cannot be used for samplegg. (19) giveg(0) = 0.50. Hence, th@.50 contour is a ver-

of one. The z-test satisfies a key criterion for testing distizal line intersecting the horizontal axis B0 + 5/+/n %.
bution transformers: The-test performs well when testingl'he other level curves converge to the same point on the hor-
small samples. izontal axis, and the slope of each level curvé\jsi/z,).

The value of the expanded uncertainty influences the operat-
ing characteristics. The operating characteristics for an ex-
panded uncertainty @8/+/n) % are shown in Figs. 4-6 for

) o ) comparison. The data shown are again for samplesefi,
The operating characteristic is a function of the mean, 5 5nq 10.

and the standard deviation;, of the loss power. Using
ed. (3), the operating characteristic is given by

5.2 Operating characteristic

0.05 6 AEDM substantiation

plu,o0) = Pr {Xl <RL(1+ NG )]
Pr {Xz —m _ RL— N 0-05RL} The SNOPR contemplates the use of an Alternative Ef-
o/vn — oi/vn o1 ficiency Determination Method (AEDM) to determine the

RL —;  0.05RL represented efficiency of a basic model. The SNOPR stip-

o ( o /\/n + o > ’ (19) ulates, however, that a manufacturer must substantiate the

accuracy and reliability of an AEDM before it can be used

where ®(z) is the cumulative distribution function of. as the basis for the represented efficiency. The criteria for

The level curves of the operating characteristic functi@ubstantiation of an AEDM are providedjn32.12(a)(3) of

a = p(u,01), 0 < a < 1, determine what sampling desigthe proposed 10 CFR Part 432. The text of the proposal is

parameters,; and o; produce compliance with the stateprovided in Appendix B to this report.

probabilitya.

An AEDM is substantiated by comparison of the predicted
The operating characteristics of the proposed sampliogs power and the measured loss power. The SNOPR places
plan for compliance testing are summarized graphicallysieveral conditions on this comparison: The predicted loss
Figs. 1-3. The data shown in the figures are for an expanpeder must be compared with the measured loss power for
uncertainty of(5/1/n) % and for sample sizes of = 1, 5 not fewer than five basic models; not fewer than five units

7
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must be tested for each basic model that is selected for tési: Method

ing; and the predicted loss power must be within plus or mi-

nus 5 % of the mean loss power of the sample for each bgsig discussion of the proposed Sampling Plan for Enforce-

model tested. Specific criteria are provided482.12(b)(1) ment Testing is again presented in terms of loss power rather
for the selection of basic models for testing that are intendggl efficiency. The conditions provided here on loss power

to provide a broad sample of the basic models manufactuggd.equivalent to the conditions on efficiency provided in the

The SNOPR also places a condition on the global beha\%?posed sampling plan.

of the AEDM: The predicted loss power expressed as a R€k-estimate of the mean loss power of the populatignis
centage of the mean loss power of the sample is calculgdghined by a random sample,

for each basic model tested. The predicted loss power aver-
aged over all basic models tested must not be less than 97 % _ 1
nor greater than 103 %. X =~ Z Xi, (22)

whereX; is the measured loss power of ufjiandn is the
number of tests conducted.

7 Enforcement teStmg The sample standard deviation,

The Sampling Plan for Enforcement Testing proposed for \/Z, (X = X))? 23)

distribution transformers is provided in Appendix B to Sub-
part B of Part 432. For the convenience of the reader, the text
of the proposed sampling plan is included in Appendix @rovides an estimate of the population standard deviation,
The proposed sampling plan is similar to that provideddp; and the standard error of the mean,
10 CFR Part 430 and in Part 431. Part 430, however, con-

tains standards for both efficiency and energy consumption SE(X) = i,
and the Sampling Plan for Enforcement Testing included vn
there is very general. Since, in the case of transformers, gn
standards for efficiency are contemplated, the proposed
pling plan is simplified somewhat from the Part 430 plan to

n—1

(24)

gwdes an estimate of the standard deviation of the mean
samples of: tests. For a normal distribution with mean

include only efficiency testing. fur; the ratio,
The proposed Sampling Plan for Enforcement Testing is t = X _ ! , (25)
based on a well established statistical method, which is due SE(Xi)

to C. Stein [20], for obtaining a confidence interval on:a
mean. A discussion of this procedure can be found in Bi clg E
and Doksum [18], for example. The procedure is based on
at-test. Thet-test is well suited to this application as it igquation (25) may be rearranged to provide an expression
known to be insensitive to departures from the assumptiofgfthe mean of the sample as follows:

normality: Thet-testis a test on a mean, which is an average

of independent values obtained by a random sample. Since X; = +t,SE(X)), (26)
sums of arbitrary, independent random values tend to have

a distribution that ilmostnormal, thei-test is not strongly Where the value of, is associated with a specific sample

influenced by the exact form of the underlying distributior$ize and statistical confidenee Values oft, are readily
available and are included in many references on statistics
Since test results obtained during an enforcement actipy).

may recommend that adverse actions be taken against a
manufacturer—such actions may include, for example, k@2 test of compliance with a represented loss powér,
labeling of specific products, the cessation of distributigt¢ assume, by hypothesis, that the units to be tested are
and sale of certain basic models, and/or the assessmeffa¥n from a population of transformers for which the mean
fines—the risk to a manufacturer of a false determinati@gs power is not greater than the represented loss power. If
of non-compliance during enforcement testing is set, by dels the 97.5 percentile of thedistribution forn —1 degrees
sign, to a negligible level. The proposed Sampling Plan ffifreedom, then the probability of obtaining a mean sample
Enforcement Testing is based on a 97.5 % statistical cole®sS powerX;, such that

dence, and thus the risk of a chance false determination of
non-compliance is not greater than 2.5 %.

istributed according to a probability density function that
nown in the statistics literature as thdistribution.

X, < RL +t,SE(X)) 27)



for Testing Distribution Transformers NIST TN 1456

is not less than 97.5 %. This procedure recommends anplgn for compliance testing. The sample size discount is
per control limit, given by:

UCL = RL + t,SE(X)). (28) SSD = 100 + ——, (31)

i
To apply this method, a random sample is tested and {firem, is the number of units selected for testing. The
mean and standard error of the mean are calculated. Baggghling plan recommends that 20 units be selected for test-
on the number of tests conducted and the desired confld%ehowever it allows testing when fewer than 20 units are
interval, the appropriaté-value is selected and the Upp&fjected for testing. Indeed, the valuenafmay range be-

control limit is calculated. For example, 97.5 % confidenggeen 1 and 20. The sample size discount is included in the
and a sample size of five tests yields\alue of 2.78 for four ¢4|cylation of the upper control limit,

degrees of freedom. Provided the mean loss power obtained B
from the random sample is not greater than the upper control UCL=SSD +t,SE(X;). (32)

limit, as defined by eq. (28), we may assert with confidence

of at least 97.5 % that the mean loss power of the populatforould be noted that the sample size discount proposed
is not greater than the represented value. for purposes of enforcement testing is consistent with the

control limit (4) proposed for compliance testing.

In a statistical test there is some probability of incorrectl , i i
concluding that the product is not compliant. By design, tha® Proposed sampling plan differentiates between the num-

probability that the mean loss power for a random samPRf Of units selected for testings, and the number of tests
drawn from a compliant population of transformers Wouf&)r)ductedn. Criteria for est_ablls_hmg the number of tests
fall above the upper control limit, hence, the risk of incdfitially conducted are provided i§432.13(a)(5) through

rectly concluding that the basic model is not compliant,(@' These criteria provide that a single unit would be tested
not greater than 2.5 %. four times, two units would be tested twice each, three units

would be tested twice each, and four or more units would
The standard deviation of the population is estimated frorheatested once each. The valug gklected is based on the
random sample, and there is some probability that the sammber of tests initially conducted rather than the number
ple standard deviation may be exceptionally large and tbhtinits initially tested.
the upper control limit may be set, by chance, to a high
value. This circumstance may be avoided by placing a tol-
erance on the standard error of the me®A(X;). The pro- 7.2 Results
posed sampling plan imposes the following condition on the

standard error of the mean: The 97.5 % confidence intefygk operating characteristics of the proposed Sampling Plan
on the mean loss power must not exceed 5 %, thatis,  for Enforcement Testing are shown in Figs. 7 and 8. The
t.SE(X;) < 5, (29) data s_hown in Fig. 7 are fqr a97.5 % stgt_is_tical confidence,
20 units selected for testing and five initial tests. Level
wheret, is selected for a 97.5 % confidence interval and emrves are plotted in the figures fer= 0.999, 0.99, 0.975,
initial sample ofn, tests. An expression for the number @.90, 0.75, 0.50, 0.25, 0.10, 0.01, and 0.001 sforanging
units to be tested, is obtained from egs. (24) and (29): from 95-110 % and; ranging from 0—6 %. The results of
5 two computational methods are presented: numerical com-
n> (ta5> _ (30) putations and Monte Carlo simulations [4]. The continuous
“\9 level lines indicate the numerical results and the results of

The proposed sampling plan requires further testing if {Mgnte Carlo calcula_tions are _indicated by the irregular lines.
number of tests conducted initially, , is less than the min-The two methods yield consistent results. The data shown

imum value ofn from eq. (30). i

in Fig. 8 are for the case where one unit has beeb selected

for testing, that isyjn = 1. It may be noted that the 97.5 %
As indicated earlier, some basic models of distribution tranentour lies along th€100 + 5/+/m) % loss line in each of
formers may be produced in limited numbers. Two featutke figures, and that the risk of a false outcome is therefore
of the proposed Sampling Plan for Enforcement Testing am@ependent of the variance f6t00 + 5/./m) % average
provided to allow for tests of small samples: 1) a sampbss.

size discount is included in the calculation of the upper con-

trol limit, and 2) a minimum number of tests rather thanBft@ indicating the estimated testing burden, that is, the
minimum number of units tested is specified. average number of units tested, are shown in Fig. 9. The

data shown are obtained by Monte Carlo calculations for a
The sample size discouri,SD, in the proposed Sampling@7.5 % statistical confidence, 20 units selected for testing,
Plan for Enforcement Testing is modeled after the sampland five initial tests. Level curves are plotted in the figure

9
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forn =5,6,7,8,and 9, fop, ranging from 95-110 % and3.2 Enforcement testing
o; ranging from 0-6 %. These data suggest that six tests

would likely be required during an enforcement action. pe Sampling Plan for Enforcement Testing proposed for
10 CFR Part 432 is based on statistical methods that are
widely used and well documented. The factors that influ-
8 Concluding remarks ence the operating characteristics include: 1) the size of the
initial sample, 2) the statistical confidence, and 3) the tol-
erance set on the standard error. The sampling plan is ro-
bust, in that it is a test on the mean and that it is not highly
The sampling plan for compliance testing contained in ependent on the exact form of the underlying distribution.

. . Re sampling plan is designed to protect the interests of the
earlier NOPR [2] was modeled after examples provided in facturer. in that the risk of a false outcome against a
10 CFR Part 430. That sampling plan required the avergw(lanufaC ' be limited ble | Ig
efficiency of a sample to be not less than the represenr[zacpu acturer may be limited to an acceptable level.
value and also placed a condition on the lower confidence
limit of the efficiency. The probability of demonstrating
complianqe under such a plan is thus not greater tha_ln 95 Further information
when testing a product having a population mean efficiency
that is equal to the rated value. The sampling plan contained
in the earlier NOPR provides very high assurance that Ba# information on the test procedure rulemaking for distri-
product meets or exceeds the represented efficiency: ubdiégon transformers or on EPCA legislation contact:
that plan, in order to provide a reasonable likelihood of suc-
ceeding during a test of compliance with a represented effi- )
ciency the energy performance of the product must exc&&/gus Nasseri
the represented value. Comments were made during{ne- Department of Energy
public hearing [15] to suggest that distribution transfonfr€r9y Efficiency and Renewable Energy
ers are manufactured to meet the rated efficiency on afyllding Technologies
age and that significant over design is inconsistent with ijail Station EE-2J
dustry practice. The sampling plan for compliance testigg)o Independence Avenue, SW
contained the SNOPR is designed to provide a higher prjfishington, DC 20585-0121
ability of demonstrating compliance than afforded under %@2'586'913‘3
earlier NOPR when a product with energy performance afgffus-Nasseri@ee.doe.gov
near the represented value is tested.

8.1 Compliance testing

The operating characteristics of the proposed sampling &k information on this report contact:
depend on the numerical value and the functional form of

the expanded uncertainty. The specific numerical Valueoosfkars Petersons

(5/y/n) % for the expanded uncertainty provides a r€asQihtional Institute of Standards and Technology
able likelihood that a product with average energy perf 550 Bureau Drive. MS-8172

mance at the represented value would succeed during a %?ttnersburg MD' 20899-8172
of compliance and yet not afford a significant probability Oskars eters,ons@nist ov
success when the product is not compliant. Although t?we P 9

sampling plan for compliance testing contained the SNOEeRn Stricklett

provides a higher probability of demonstrating Comp”anﬁleational Institute of Standards and Technology
than afforded under the earlier NOPR, the proposed S35 Bureau Drive, MS-8172

i pan s ncourages svrage peromance vt S L 20000 41
P Y. 301-975-3955

The proposed sampling plan allows testing of large dffn.stricklett@nist.gov

small samples, including a sample of one unit. The standard

deviation of the mean of a sample scaled A7, wheren Charles Hagwood

is the size of the sample. The scaling factgt/n included National Institute of Standards and Technology
in the expanded uncertainty thus removes any bias dud @ Bureau Drive, MS-8980

sample size. For products manufactured at the represefa@ighersburg, MD 20899-8980

value, the probability of demonstrating compliance is indgd1-975-2846

pendent of sample size. charles.hagwood@nist.gov
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Figure 1: The operating characteristics of the sampling plan for compliance testing for an expanded undérntainty% and a sample

of one. The normalized loss of the basic model is indicated on the horizontal axis and the normalized standard deviation of the losses is
indicated on the vertical axis. The contours indicate the probability of demonstrating compliance, e.g., the 0.90 contour corresponds to
a 90 % likelihood of demonstrating compliance. The represented loss is indicated by the vertical broken line at 100 %. The horizontal

band from 2.7—-4.0 % indicates the range of standard deviations likely to be encountered for distribution transformers.
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Figure 2: The operating characteristics of the sampling plan for compliance testing for an expanded undértaiity% for a sample

of n = 5 units. The normalized loss of the basic model is indicated on the horizontal axis and the normalized standard deviation of
the losses is indicated on the vertical axis. The contours indicate the probability of demonstrating compliance, e.g., the 0.90 contour
corresponds to a 90 % likelihood of demonstrating compliance. The represented loss is indicated by the vertical broken line at 100 %.
The horizontal band from 2.7-4.0 % indicates the range of standard deviations likely to be encountered for distribution transformers.
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Figure 3: The operating characteristics of the sampling plan for compliance testing for an expanded undéitginty% for a sample

of n = 10 units. The normalized loss of the basic model is indicated on the horizontal axis and the normalized standard deviation of
the losses is indicated on the vertical axis. The contours indicate the probability of demonstrating compliance, e.g., the 0.90 contour
corresponds to a 90 % likelihood of demonstrating compliance. The represented loss is indicated by the vertical broken line at 100 %.
The horizontal band from 2.7-4.0 % indicates the range of standard deviations likely to be encountered for distribution transformers.
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Figure 4: The operating characteristics of the sampling plan for compliance testing for an expanded und@rtaiiaty% for a sample

of n = 1 units. The normalized loss of the basic model is indicated on the horizontal axis and the normalized standard deviation of
the losses is indicated on the vertical axis. The contours indicate the probability of demonstrating compliance, e.g., the 0.90 contour
corresponds to a 90 % likelihood of demonstrating compliance. The represented loss is indicated by the vertical broken line at 100 %.
The horizontal band from 2.7-4.0 % indicates the range of standard deviations likely to be encountered for distribution transformers.
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Figure 5: The operating characteristics of the sampling plan for compliance testing for an expanded und@rtaiiaty% for a sample

of n = 5 units. The normalized loss of the basic model is indicated on the horizontal axis and the normalized standard deviation of
the losses is indicated on the vertical axis. The contours indicate the probability of demonstrating compliance, e.g., the 0.90 contour
corresponds to a 90 % likelihood of demonstrating compliance. The represented loss is indicated by the vertical broken line at 100 %.
The horizontal band from 2.7-4.0 % indicates the range of standard deviations likely to be encountered for distribution transformers.
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Figure 6: The operating characteristics of the sampling plan for compliance testing for an expanded und@rtaiity% for a sample

of n = 10 units. The normalized loss of the basic model is indicated on the horizontal axis and the normalized standard deviation of
the losses is indicated on the vertical axis. The contours indicate the probability of demonstrating compliance, e.g., the 0.90 contour
corresponds to a 90 % likelihood of demonstrating compliance. The represented loss is indicated by the vertical broken line at 100 %.
The horizontal band from 2.7-4.0 % indicates the range of standard deviations likely to be encountered for distribution transformers.
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Figure 7: The operating characteristics of the Sampling Plan for Enforcement Testimg fer20. The normalized loss is indicated

on the horizontal axis and the normalized standard deviation of the losses is indicated on the vertical axis. The contours indicate the
probability of demonstrating compliance, e.g., the 0.90 contour corresponds to a 90 % likelihood of demonstrating compliance. The
represented loss is indicated by the vertical broken line at 100 %. The horizontal band from 2.7-4.0 % indicates the range of standard
deviations likely to be encountered for distribution transformers.
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Figure 8: The operating characteristics of the Sampling Plan for Enforcement Testimg fer1. The normalized loss is indicated

on the horizontal axis and the normalized standard deviation of the losses is indicated on the vertical axis. The contours indicate the
probability of demonstrating compliance, e.g., the 0.90 contour corresponds to a 90 % likelihood of demonstrating compliance. The
represented loss is indicated by the vertical broken line at 100 %. The horizontal band from 2.7-4.0 % indicates the range of standard
deviations likely to be encountered for distribution transformers.
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Figure 9: The average number of units tested under the Sampling Plan for Enforcement Testing. The normalized loss is indicated
on the horizontal axis and the normalized standard deviation of the losses is indicated on the vertical axis. The contours indicate the
average number of units tested, e.g., the 5 contour corresponds to 5 units tested. The represented loss is indicated by the vertical broken
line at 100 %. The horizontal band from 2.7—4.0 % indicates the range of standard deviations likely to be encountered for distribution
transformers.
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Appendix A

Compliance testing

The sampling plan for compliance testing appeai@id2.12(b)(2) of the proposed 10 CFR Part 432:

(2) Selection of units for testing within a basic modedr each basic model a manufacturer selects for test-
ing, it shall select a sample of units at random and test them. The sample shall be comprised of pro-
duction units of the basic model, or units that are representative of such production units. The sample
size shall be not fewer than five units, except that when the manufacturer would produce fewer than five
units of a basic model over a reasonable period of time (approximately 180 days), then it must test each
unit. However, a manufacturer may not use a basic model with a sample size of fewer than five units
to substantiate or verify an AEDM pursuant to paragraphs (a)(3) or (a)(4) of this section. In a test of
compliance with a represented efficiency:

The average efficiency of the samplé, which is defined by

whereX; is the measured efficiency of uriandn is the number of units tested, shall satisfy the
condition:

100
1 14 005 (m _ )
+1+5% ) (BE

whereRE is the represented efficiency.

X>
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Appendix B

Substantiation of an AEDM

The criteria for substantiation of an Alternative Efficiency Determination Method (AEDM) are providgdih12(a)(3)
of the proposed 10 CFR Part 432:

(3) Substantiation of an alternative efficiency determination me®eidre using an AEDM, the manufac-
turer must substantiate the AEDM'’s accuracy and reliability as follows:

(i) Apply the AEDM to at least five of the manufacturer’s basic models that have been selected
for testing in accordance with paragraph (b)(1) of this section, and calculate the power loss for
each of these basic models;

(i) Test at least five units of each of these basic models in accordance with the applicable test
procedure and paragraph (b)(2) of this section, and determine the power loss for each of these
basic models;

(iif) The predicted total power loss for each of these basic models, calculated by applying the AEDM
pursuant to paragraph (a)(3)(i) of this section, must be within plus or minus five percent of the
mean total power loss determined from the testing of that basic model pursuant to paragraph
(a)(3)(ii) of this section; and

(iv) Calculate for each of these basic models the percentage that its power loss calculated pursuant to
paragraph (a)(3)(i) is of its power loss determined from testing pursuant to paragraph (a)(3)(ii),
compute the average of these percentages, and that calculated average power loss, expressed as
a percentage of the average power loss determined from testing, must be no less than 97 percent
and no greater than 103 percent.
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Appendix C

Enforcement testing

Appendix B to Subpart B of Part 432—Sampling Plan for Enforcement Testing

Step 1. The number of units in the sample:, ) shall be in accordance wiff§432.13(a)(4), 432.13(a)(5), 432.13(a)(6)
and 432.13(a)(7) and shall not be greater than twenty. The number of tests in the first@amgkall be in
accordance witl§432.13(a)(8) and shall be not fewer than four.

Step 2. Compute the meafX;) of the measured energy performance of thetests in the first sample by using
equation 1 as follows:

1 &
Xi=—) X, 1
1= ; 1)
whereX; is the measured efficiency of tast

Step 3. Compute the sample standard deviatiSin)(of the measured efficiency of thg tests in the first sample by
using equation 2 as follows:

n1 . X.)2
5 = \/Z“(XZ = @
ny — 1
Step 4. Compute the standard erraf £(X;)) of the mean efficiency of the first sample by using equation 3 as
follows:
_ S
E(X))=——.
SE(X1) e (3)
Step 5. Compute the sample size discoftSD(m,)) by using equation 4 as follows:
1
SSD(m,) = 0 (4)

1+(1+¢%) (39 —1)

wherem; is the number of units in the sample, aR& is the applicable EPCA efficiency when the test is
to determine compliance with the applicable statutory standard, or is the labeled efficiency when the test is to
determine compliance with the labeled efficiency value.

Step 6. Compute the lower control limitl{C'L,) for the mean of the first sample by using equation 5 as follows:
LCL1 = SSD(ml) — tSE(Xl) (5)

wheret is the 2.5 percentile of &distribution for a sample size afi;, which yields a 97.5 percent confidence
level for a one-tailed-test.

Step 7. Compare the mean of the first sampl€, | with the lower control limit CC'L,) to determine one of the
following:

(i) Ifthe mean of the first sample is below the lower control limit, then the basic model is in non-compliance
and testing is at an end.

(i) If the mean is equal to or greater than the lower control limit, no final determination of compliance or
non-compliance can be made; proceed to Step 8.
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Step 8. Determine the recommended sample sizebly using equation 6 as follows:

o _ [t91(105 - 0.05RE) 2
~ | RE(5-0.05RE)

(6)

whereS; andt have the values used in Steps 3 and 6, respectively. The factor

105 — 0.05RE
RE(5 — 0.05RE)

is based on a 5 percent tolerance in the total power loss.
Given the value of:, determine one of the following:

(i) If the value ofn is less than or equal te; and if the mean energy efficiency of the first samplg Xis
equal to or greater than the lower control limit@{' L, ), the basic model is in compliance and testing is
atan end.

(i) If the value ofn is greater tham,, and no additional units are available for testing, testing is at an end
and the basic model is in non-compliance. If the value &f greater tham,, and additional units are
available for testing, select a second sampleThe size of a second samplg is determined to be the
smallest integer equal to or greater than the differeneen; . If the value ofn, so calculated is greater
than20 — nq, setn, equal to20 — n;.

Step 9. After testing then, sample, compute the combined meah ) of the measured energy performance ofithe
andny units of the combined first and second samples by using equation 7 as follows:

1 ni+ns

ny + ne Z Xs. Q)

i=1

X, =

Step 10. Compute the standard errd# £(X>)) of the mean efficiency of the, andn., tests in the combined first and
second samples by using equation 8 as follows:

SE(Xs) = \/% (8)
(Note thatS; is the value obtained above in Step 3.)
Step 11. Set the lower control limit{LC L>) to,
LCLy = SSD(m,) —tSE(X»), 9)

wheret has the value obtained in Step 5 a$il D(m,) is sample size discount from Step 5. Compare the
combined sample meaiX() to the lower control limit .C L) to find one of the following:

(i) If the mean of the combined sampl&) is less than the lower control limifC L,), the basic model is
in non-compliance and testing is at an end.

(ii) If the mean of the combined sampl&¥) is equal to or greater than the lower control limit{ L,), the
basic model is in compliance and testing is at an end.

MANUFACTURER-OPTION TESTING

If a determination of non-compliance is made in Steps 6, 7 or 11, above, the manufacturer may request that additional
testing be conducted, in accordance with the following procedures.
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Step A. The manufacturer requests that an additional numbeaf units be tested, with; chosen such that; +
ns + n3 does not exceed 20.

Step B. Compute the mean efficiency, standard error, and lower control limit of the new combined sample in accor-
dance with the procedures prescribed in Steps 8, 9, and 10, above.

Step C. Compare the mean performance of the new combined sample to the lower contraldifii) o determine
one of the following:

(a) If the new combined sample mean is equal to or greater than the lower control limit, the basic model is
in compliance and testing is at an end.

(b) If the new combined sample mean is less than the lower control limit and the valyetofi, + ns is
less than 20, the manufacturer may request that additional units be tested. The total of all units tested
may not exceed 20. Steps A, B, and C are then repeated.

(c) Otherwise, the basic model is determined to be in non-compliance.
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