
European Metrology Association 
for Thermal Energy Measurement

2004-01-20, Bern

First International EMATEM-Seminar

“The Measurement Instrument Directive: 
New approaches to evaluation of Heat Meters"

The module H1. The disposition of PTB-
Section „Heat“

Dr. J. Rose, PTB Berlin



„The module H1. The disposition of PTB-
Section „Heat“

Chapters

1. Peculiarities of modulus H1 in comparison with modulus  
B+F and B+D

2. The working group „H1-Modulus“ of the PTB

3. The obligatory of verification for additional facilities and -functions 
- WELMEC-Guide 7.1 and Requirements of PTB, A 50.7

4. The approach of PTB-Section 7.6 „Heat“ to evaluation
of measurement devices Heat Meters / Sub-Assemblies:
Set an example to a procedure



Different Procedures of Evaluations acc. MID

Kind of Procedure of EvaluationCourses of
production

done by
manufacturer

Module B + F Module B + D Module H1

Design

       Pattern Type Examination Type Examination
Design

Examination

Series of
Manufacturing

Process

Initial Verification

QM-System
of Production

Full
QM-System

Finalproduct Declaration of Conformity + CE-Label

xxxxxxxxxxx
!!



„Old-Style“ Philosophy of Law for Verification: There is a state-restricted examination /  
  verification of every measurement device. 
 

Philosophy of the MID: 
The Notified Bodies have to evaluate the procedures of the manufacturer. 
 
H1: 
 
 
B+D: 

Input: Design Process: Development Stage Process: Production CE 

Input: Pattern Process: Production CE 

→ „A painting on a beer mat is not yet a ´design´!“



The Design – which is decisived for Module H1

On the basis of a set of documents - together or without a prototype - it has to be declared the rough draft of technological
realization of a new device / series:
- principle of measurement - core of metrology,
- compounds in principle,
- compulsory documents for the development under pronouncements of relevant metrological specifications,
- list of all relevant metrological specifications which have to be examined (under influence factors and disturbances),
- proof about observance of QM to ensure the capability of development of the measurement device.

The Pattern – which is decisived for Module B ( + D, respectively + F)

Representative typs of production in series including all relevant metrological relevant specifications.
Technological documents:
- all documents of the Design,
- proofs to meet all requirements with measurement results (type examinations),
- list with compounds of device including all declarations to meet all relevant metrological specifications made by sub-

manufacturers,
- documents of production (stages of manufacture, specimen lists, relevant metrological specifications of manufacture,
- To-Do-List for all examinations (stages of incoming, -intermediate, -final, attributive and stochastic examinations ).
- Measurements under influence factors and disturbances



Design Examination and QMS-Assessment
(Module H1)

Design Examination by the Notified Body
 of the complete instrument / separated sub-assemblies

 by presentation of all technological papers (checklist)

 by measurement results done by manufacturer (or by charged sub-laboratory)

QMS-Assurance and Inspection by the Notified Body

 assessment of the documentation (development, manufacture, inspection)
 periodic review-audits
 unexpected visitations of the manufacturer (controlling measures)

2

5.4 „During such visits the Notified Body may, if necessary, carry out product tests, 
or have them carried out under its responsibility, to verify that the quality
system is functioning correctly“.

↓



PTB-WG  “MID Module H1”, modal clauses
44th session of the council „Legal Measuring of PTB“: Establishment of 
the internal working group H1 *)

Members (account to all departments):
R. Schwartz (1.1), P.Zervos (1.14), F. Jäger (1.21), G. Wendt (1.5), 
M. Kahmann (2.33), H. Wehinger (3.4), J. Rose (7.6), N. Greif (8.3), 
W. Schulz (Q.3), C. Mengersen (Q.31), H. Stolz (Q.33), A. Odin (Q.33).

Resolution: 
The chairman has to inform the head of LM about the actually state
of discussion.

Constitution lesson: Middle of 2003
Election of chairman, appointment / co-ordination of working plan

*) in co-operation with the WELMEC-Working Group „MID-Utility Meters“,dir.by Dr.Kramer, PTB 



h t tp : / /w w w .a g m e .d e /N e w s /S te l lu n g n a h m e -M ID -B R .h tm l

S te l lu n g n a h m e  d e s  B u n d e s r a te s  z u m  E n tw u r f  d e r
R ic h t l in ie  ü b e r  M e s sg e r ä te  (M I D , E n tw u r f  9 /2 0 0 0 )
D e r  v o r g e le g te  V o r sch la g  fü r  e in e  M e s sg e rä ter ich tl in ie  fo lg t  d e m  n e u e n  u n d  g lo b a le n  K o n z e p t
d e r  E U  u n d  d e m  M o d u lb e sc h lu ss  9 3 /4 6 5 /E W G . S ie e n tsp r ic h t in  ih r er  Z ie lse tz u n g  d e m
B e s c h lu ss  d e s  B u n d e s ra te s  v o m  1 4 .0 7 .1 9 9 5  (B R -D r u c k sa c h e  3 2 8 /9 5  (B e sc h lu ss ) )  u n d  d e r
E n tsch l ie ß u n g  d e s  B u n d e s ra te s  z u r  3 . V er o r d n u n g  z u r  Ä n d er u n g  d e r  E ich o r d n u n g  v o m
1 9 .0 5 .2 0 0 0  (B R -D r u c k s a ch e  1 8 8 /0 0  (B e sc h lu ss ) ) . M it d er  M e ssg e rä ter ich tl in ie  w e r d e n  d ie
k o n z e p tb e d in g ten  L ib e ra li s ie ru n g s -  u n d  P r iv a t isie r u n g sa b s ic h te n  w e i te r v e r fo lg t ,  w ie  s ie  im
B e r e ic h  d e s  M e ss -  u n d  E ich w e s e n s  m i t d er  W a a g en r ich tl in ie  9 0 /3 8 4 /E W G  b e g o n n en  u n d  m it
d e r  M e d iz in p r o d u k ter ich tl in ie  9 3 /4 2 /E W G  fo r tg e se tz t w o r d e n  sin d .

A l le rd in g s i s t d er  B u n d e s ra t d er  A u ffa s su n g ,  d a s s  d er  S ys t e m w e c h se l  v o m  b ish e r ig e n
p rä v e n tiv e n  d e u ts ch e n  S ys te m  (B a u a r tz u la s su n g  u n d  b e h ö rd l ich e  E r s te ich u n g ) z u m  r ep r e s s iv e n
S ys te m  (H e r s te l ler e r ste ic h u n g  m it  K on fo r m itä tsb e w e r tu n g sv e r fa h r en  so w ie  b e h ö r d lic h e
M a r k tü b e r w a c h u n g  m it  m e s s te c h n is ch e n  K o n tr o l len )  e in e  R e ih e  v o n  P r o b le m e n  m i t s ich  b r in g t.
D a s  b ish e r ig e  h o h e  d e u tsc h e  V e r b r a u c h e r sc h u tz n iv e a u  w ir d  m it d ie se m  A n sa tz  n ic h t
a u fr e c h t  e r h a lte n  w e r d e n  k ö n n e n . E in  Q u a litä ts m a n a g e m e n ts y s te m  b e im
H e r s te l le r  k a n n , w ie  d ie  n e u e r e n  E r fa h r u n g e n  d e r  E ic h b e h ö r d e n  b e i  d e n
m e ss te c h n isc h e n  K o n tr o l le n  im  b e r e it s  l ib e r a l i s ie r te n  B e r e ic h  d e r  M e d iz in p r o d u k te  m it
M e ss fu n k t io n  z e ig e n , k e in e n  g le ic h w e r t ig e n  E r s a t z  f ü r
B a u a r t z u la s s u n g  u n d  E r s te ic h u n g  b ie te n .  D e r  v o r l ie g e n d e  V o r sc h la g  fü r  e in e
M e ssg e r ä te r ic h tl in ie  m u ss  in so w e it  u m fa s se n d  n a c h g e b e ss e r t w e r d e n .

F ü r  d ie  A u fr e c h terh a ltu n g  e in e s  a n g em e sse n e n  S c h u tz n iv e a u s  im  In te r e s se  d e r  V er b r a u c h er  u n d
d e r  L a u ter k e i t d e s  W e ttb e w e r b s  is t  z u d e m  e in e k o n s e q u e n te  M a rk tü b e r w a c h u n g  a u ch  n a ch  d e m
In v e r k eh r b r in g en  d e r  M e ss g e r ä te  n o tw e n d ig . D ie  h ier fü r  e r fo r d er l ich en  K o s te n  w e r d e n  d ie
H a u s h a lte  d er  L ä n d e r  b e la s ten . D u r ch  d en  v o r g e se h e n en  Ü b e r g a n g  d e r  E r ste ic h u n g  v o n  d e n
E ich b e h ö r d en  a u f d ie  H e r s te l ler  e n t fa l len  a u f d er  e in en  S e i te  d ie  e n ts p r e c h en d en
G e b ü h r en e in n a h m en  d e r  L ä n d er ,  a u f d e r  a n d e r en  S e i te  m ü sse n  d ie  L ä n d e r  v e r s tä rk t
M a r k tü b e r w a c h u n g  b e tr e ib e n , d ie  n ich t g e b ü h r en p fl ic h t ig  ist .  Q u a litä tse in b u ß e n  d u r c h
Ü b e r tr a g u n g  d e r  V e r a n tw o r tu n g  a u f  d e n  H e r s te l le r  m ü s se n  d a h e r  so w e it  w ie  m ö g l ic h
sc h o n  v o r  d e m  In v e r k e h r b r in g e n  v o n  M e ssg e r ä te n  v e r m ie d e n  w e r d e n .

Skepsis ist angebracht!Disposition of German Bundesrat: scepticism about H1,
„manufacturer‘s QM-System is not able to substitute the verification“.



Module H1
Chances to ensure the quality of products including improvement

*With help of correctness in realization, during all steps in examina-
tion the recognition of conformity acc. Module H1 should ensure the
quality with chances of its increase.

One condition is the uniformity of proceed done by all Notified
Bodies herewith, because of first designations the National 
Metrology Institutes which will be expected in future.



Aims of PTB-WG H1
(Design Examination)

intercourse with standard sheets and normative documents,
measurement results done by manufacturer or by charged laboratory,
software and its alterations,
measurement results acc. influences and disturbances,
required documents (arrangement of MID, annex nr. IV)

In due form and content of the of EC Design Examination
In due form and content of the annex of the EC Design Examination

→ PTB-Instruction for Procedure „Module H1, Design Examination“

→ PTB-Leaflet for Procedure „Module H1, Design Examination
for applicants“



Aims of PTB-WG H1
(Quality System Approval)

Procedures for the evaluation of the QMS (development, production, 
final controlling):
recognition of all existing documents, 
analysis and scrutiny (sharpness), 
range of validity (category of type),
audit team, 
periodic audit,
additional audit / modifications, 
audits because of essential requirement with examination of a device, 
charges in sub-commission

→ PTB-Instruction for Procedure „Module H1, QM-System“

→ PTB-Leaflet for Procedure ”Module H1, QM-System for applicants“



Done some visits of several manufacturers →

existing questions

Which is the meaning of 
– “full quality assurance plus design examination” ? 
– systemaudit + productaudit ? 

Is there a specific different matter ?

Who has to audit and how often ?

One audit at every new one file an application, for design examination ?

Recognition of results / documents done by extraneous income audits
(f.e. DQS) and supplement on hand of available results ?

Mengersen: 12 von 9



further existing questions

– interpretation of  imagines “design” und “design examination”

– fundamentals, requirements on examinations, control by Notified Body

– are the documents able to account in competition ?

– should be exist separated examinations for every type of series of  device ?

– are modifications allowed without information to the Notified Body ?

– which is the criterion for a change of design ?

– date for an “addition” and for a new examination ?

Mengersen: 13 von 9



under contribution by PTB-WG

M ID AW I W orkPackage 4
→  W G 2 meeting in Prague 01/2004
with PTB comments, 28 Oktober 2003
AK H1 →  Dr. R. Schwartz



Existing guidlines of Certificate
Authorities at the PTB

•Zertifizierungsstelle für nichtselbsttätige Waagen
EG-Richtlinie: 90/384/EWG

•Zertifizierungsstelle für Explosionsschutz
EG-Richtlinie: 94/9/EG

•Zertifizierungsstelle für Augenschutzgeräte
EG-Richtlinie: 89/686/EWG

•Zertifizierungsstelle für medizinische Messgeräte
EG-Richtlinie: 93/42/EWG

•Zuständige Stelle für elektromagnetische Verträglichkeit
EG-Richtlinie: 89/336/EWG 



PTB, ZS-M,  02. Sept 2003

Separation betw. PTB-Sections and Central
Department for Measurement Devices (ZS-M)

Zertifizierungs-
stelle

Prüflaboratorium Department for
certification

Application for Type
Approval (Mod. B)

Type-
Examination

Evaluation of
measurement

results
Type Approval

Application for
Design Examination
and recognition of

QMS development +
manuf. (Mod. H1)

Design-
Examination

MID-H1-audit
at manufacturer

Evaluation of
conclusions of

examination and
audits

EC Design
Examination

Certificate and
QMS-

Recognition

Application for
recognition of QMS-
manufact. (Mod. D)

MID-D-audit
at manufacturer

Evaluation of
audit results

QMS-
Recognition

Auditor / Experte

Consequent IntroductionConsequent Introduction of  of thethe „ „PrinciplePrinciple of 4-Eyes“ of 4-Eyes“
 Cut  Cut betweenbetween  examinationexamination and  and certificationcertification

Dep.for certificationLaboratory     



New Requirements on the Type
for devices with additive functions in comparison with main functions acc. MID

PTB A 50.7
[April 2002] *)

*) Basis: WELMEC WG 7, Guide 7.1
It belongs to the tasks of the PTB-Authority for Softwareexaminations (accre-
dited by DATech) to publish new guidelines for evaluations of the conformity
of MID-Software. In this sense the PTB-A 50.7 will be overhauled in time.



Results of the liberalized energymarket
- examples -

Offer

• Cut between production - distribution - sale
• Orientation forward to service by Energy Distribution Enterprises
• Look about new markets for sales
    (f. e. Comfort Cooling)
• Development of free-programmable counters, which mean universal

counters for energy and consumption used (electricity, heat, gas, water)
    ! Principle: "Within of one and the same kind of energy there shall bee one and only
                       closed measuring system with „its owned display“ verificated. (acc. MI-004)"

Consumer / Recipient

• is able to change between different offers and tariffs timed
• Pre-Payment, CreditCards; Counting of Currencies a.s.o.)
• Past-Pursuance of calculations of energy and debits
_____________________________________________

§1 EichG: Eichpflicht für Messgeräte im geschäftlichen
      Verkehr + Einhaltung eichrechtlicher Bestimmungen

(transcription to nationale rules)



„Additive functions versus MID“

• functions behind the displaying of thermal energy:

    Examinations about the absence of feedback of software
    acc. WELMEC Guide 7.1
    (at nationale area: PTB A 50.7)
    done by Notified Body
     → device will get a nationale marking

• The new one national Law for Verification shall pay attention to the national
requirements of economy (f. e. comfort cooling with basis water-glykol-solutions)
in future. In this sense the National Metrology Institutes have to prepare much
more within the european working groups.

→     development of the european standard EN 1434, national relization forward



P T B - S e m in a r  N r .  1 5 4  " M e s s u n g  t h e r m is c h e r  E n e r g ie  f ü r  d e n  in d u s t r ie l le n
B e r e ic h "

T h e  s t r u c t u r e  o f  P T B  A 5 0 .7

W E L M E C  G u i d e  7 .1

P T B  A n f o r d e r u n g e n  A 5 0 .7
-  R e q u ir e m e n ts  o n  h a r d w a r e

-  ju d g e  c o n d i t i o n s  -
a .s .o .

A n n e x e s  w i t h  r e q u ir m .  o n  s o f t w a r e
1 2 3

A n n e x  1

S o f t w a r e
R e q u i r e m e n ts  o n
„ S im p le  D e v ic e “

A n n e x  2
S o f t w a r e

R e q u i r e m e n ts  o n
„ S im p le  D e v ic e  w i th

d a t a t r a n s f e r  o v e r
o p e n  n e t w o r k s “

A n n e x  3

S o f t w a r e
R e q u i r e m e n ts  o n

„ S im p le  D e v ic e  w i th
s o f t w a r e -

s e p a r a t io n “

c o m m e n t s  to   A n n e x 1

•  I n te r p r e ta t i o n s  o f
th e  r e q u ir e m e n ts  i n
d e ta i l s

•  E x a m p le s  f o r  te c h -
n o lo g ic a l  r e a l i z a -
t i o n s

c o m m e n t s  t o  A n n e x  2

•  I n te r p r e ta t i o n s  o f
th e  r e q u ir e m e n ts  i n
d e ta i l s

•  E x a m p le s  fo r  te c h -
n o lo g ic a l  r e a l i z a -
t i o n s

c o m m e n t s  t o  A n n e x 3

•  I n t e r p r e ta t i o n s  o f
th e  r e q u ir e m e n ts  i n
d e ta i l s

•  E x a m p le s  f o r  te c h -
n o lo g ic a l  r e a l i z a -
t i o n s

P h y s i k a l i s c h - T e c h n is c h e  B u n d e s a n s t a l t

    F a c h l a b o r a t o r i u m  M e s s u n g  t h e r m i s c h e r  E n e r g ie

    D r .  J .  R o s e



D e v i c e  C l a s s  2

M i c r o -
c o n t r o l l e r

P r o g r a m m
S p e i c h e rR A M

D a t e n -
s p e ic h e r

L C D

K e y b o a r d

S c h n i t t -
s t e l l e

K o n v e r te r

M ic r o -
c o n t r o l l e r

P r o g r a m m
S p e i c h e r

R A M

D a t e n s p
e ic h e r

L C D

K e y b o a r d

Z u s a t z e i n r i c h t u n g

S c h n i t t -
s t e l l e

G e s ic h e r t e  D a t e n

O f f e n e s
K o m m u n ik a t i

o n s n e t z w e r k

Z e n t r a l - R e c h n e r  z u r
F a k t u r i e r u n g

N ic h t
g e s ic h e r t e

D a t e n

Open Communi-
cation Network

Additive Device

ensured datas

not-ensured
datas

Central Computer for Entry

Heat Meter



sharpness in examination, grade of protection, grade of conformity
(WELMEC - WG7, definitions)

•         fraud protection

 low no protection

            middle protection against use of simple tools

           high state of the art: data ptectionned

      •          sharpness in examination

  low no special software examination

            middle software examination on basis of the documents - syntactic description, variables-
determination, jumpers, crosses*)

            high software examination on basis source code-Codes

       *) zusätzliche Prüfungen zu den "normalen", metrologischen
           Zulassungsprüfungen!

    •     Grad der Konformität zwischen Baumuster und Einzelgerät

        niedrig eichrechtlich relevante Funktionen konform mit der Dokumentation

       mittel eichrechtlich relevante Software-Teile identisch mit dem Baumuster, Check-Summe
und Ident-Nummer, kein download, Hinterlegung

       hoch gesamte Software identisch mit der des Baumusters

additional examinations to the „normal“ acc. type examinations!

grade of conformity between type and series
low

middle

high

conformity between verification functions and documents

parts of software are in identity with type, ckeck sum, no download, deposition

all parts of software are in identity with type

protectionned !



← additional

national marking ...



chapters



Table with typical parameters (f.e. impulse value) and their posibilities of change,
introduction of the new „Electronic Log-Book“ verified (acc. WELMEC Guide 7.1)



Initiations, measuring periods and „Electronic Log-Book“ sealed



Procedure on Pragmatism:
Evaluation Procedure acc. Module H 1

Example: An application for a series of Heat Meters,
Sub-Assemblies



Application by manufacturer to the Notified Body:
- hydraulic of a turbine-type flowmeter is approved by PTB, but

with a new US-Scanning now; planned is a series of range of 
qP = 0.6 m³/h (presence), in future also 1.5 m³/h and 
2.5 m³/h with qP/qi = 100:1 and qS = 2 . qP; meas. class 2; climatic
environment class acc. C2/M1, electromagnetic environment
class acc. E1

- calculator is fully new developped, in presence
supplied by battery, in future by mains,

- the temperature sensor pair (acc. Pt 100 and Pt 500) 
has got a MID-Declaration of Conformity based on Module H1 yet,

- the institute for development (design) and the location
of production are different from each other; QMS for both are
certificated acc. ISO 9001

- there were done some measurement examinations on
basis of a device made as „rapid-prototype“ for the device
qP = 0.6 m³/h , acc. EN 1434-4, n. 6.4 in class 3 



It has to be expected that there will occur some mistakes and 
obscurities formulated within the applications.

Example:„climatic classes“ are defined in the act. issue of MID (An.I)*)

as → „climatic environments“ now:

C2  → upper temperature 55 °C / lower temperature + 5°C 
(Heat Meter in domesticates)

→ All features shall be inquired during the first / main conference
to avoid misunderstandings!
(technological datas for use, interfaces to external networks a.s.o.)

*) http://register.consilium.eu.int/pdf/de/03/st09/st09681de03.pdf (issue from July 2003)
other versions of languages in exange for „de“ against abbreviation „en“ a.s.o.



The „virtual Heat Meter“, series Masterman
- Design Phase -

figure of display, man. Mustermann GmbH 2004-wx-yz



Checklist for working-out acc. example of application dat. wx.yz.2004
(formal incoming questions for the technology of the series of devices)

Check flow sensor calculator temp. sensor optional interfaces
Ø hydraulics scanning battery mains

Z 22.56/03.gh    neu/FR-US    new new MID Mjkl.2004 no declaration yet
available DIN EN                                        Pt 100/500             
documents, 1434-4                                      (1-130)°C,(3-100)K
measm. results, qP / qi = 100:1, qs = 2 . qP

done by / time PTB / 03                                    --- ---
development manufact.             --- ---
qP = 0,6 m³/h ... 1,5/2,5m³/h

normat. docum. OIML R-75/2 (+Teilgeräte)                 dto.                         dto.                   PTB-A 50.7/WelmecWG 7
(metr.absence of feedback)

environments 55°C/5°C; M1; E1                        dto.                              dto

wish.Decl.Conf.   complete instrument + calculator valid unt. 2014       additional national marking
meas. class 2 

Certificate of                to do                                            to do valid unt. 2014
Designexam.                                                               

QM development ISO 9001, done shall be done
(by Notf. Body)

QM production evaluated by PTB / 03                                                     shall be done
(verif.dep., DIN EN 1434-5                                            (by Notf. Body)
class 3), ISO 9001                                                   



Design Examination:
range + messages of measurement results

All of the measurements / results shall be done on basis
normative documents (standards for Heat Meters) including
their regulations for evaluations (test report formats a.s.o.)       √

↓

problem: Annex 1, Ess. Requirements, nr.5:
„The manufacturer estimates the period of durability.“
→ which examinations therefore, 

OIML R 75 / EN 1434+A1:2002, nr. 6.8 ? 

(necessary researches on this field: New one examinations for durability which
shall be accelerated“, industry/PTB)



Evaluation of the QM-System
(Design Phase)

2-step approach

1.  „horizontal“ audit: Check of compliance with normative facts
(QM-auditing, evaluation of documents, ISO 9001exp. widespreded)

+

2.   „vertical“ audit → in specialization with device
(theoretical and metrological analyses, as far as possible ISO 17025)

----------------------------------------------------------------------------------
= Design Examination

The QM-auditor and expert for device may be unified in one person.
(„expert-auditor“, only if Notified Body is accrediated acc. EN 45012)



QM-Evaluation (design, acc. example PTB)

Initial Audit
1.    Condition: a separate certificate of the QM-evaluation has passed

(f.e. DQS-document, made by external audits)

2.    Proof of the competence for the specific development of a series
of variants of Heat Meters,
Design Examination: normative standards are EN 1434 / OIML R 75

↓

3.    Metrological equipments of the department of development, uncertainties
3.1  Assumptions of qualifications (personnel), aims: specific development
3.2  Interal and external measurement results, incoming / evaluation, 

measm. uncertainty acc. Guide to the Expression of Uncertainty in Measurement GUM

→ Notified Body: shall establish an evaluation report therefore
(validity: 10 years; also refusals / taking backs shall be published)

→ periodic audits (appr. every18 monthes, yearly or in case of reasonable doubts)



range of application: ISO/IEC 17025:2000
1 ...   „... specifies general requirements for competence to carry out tests /calibrations

on basis of standards and non-standards ...“, that means including their procedures; 
also on „specific“ procedures in the department of development

...
1.4    „... regulatory authorities and accreditation bodies may also use it in confirming

or recognizing the competence of laboratories. „... If testing laboratories comply
with the requirements of this Int. Standard they will operate a quality system for
their testing and calibration activities that also meets the requirements of 
ISO 9001 when they engage in the design/development ...“

...
4.2    „The laboratory shall establish, implement and maintain a quality system

appropriate to the scope of its activities ...“, that means:

* review of requests, tenders and contracts, of management reviews, test methods
* subcontracting of tests and calibrations

* equipments: audits on their uncertainties and traceabilities, corrective actions
* accommondation and environmental conditions
* lead of personnel, qualification, training ...“ 





Verification on hand of example, calculator
by use of MID, Module H 1

The called test banches
of the PTB 

with their requirements on uncertainty
should transfered

to the manufacturer
acc. normative documents now.

That means: In course of evaluation of the QMS this
could be done in a similar form by

Notified Body in future.



Um die durch die DIN EN 1434 vorgegebene Grenzen der Unsicherheit in der Darstellung der simulierten thermischen Energie

einzuhalten, muss der Nachweis über die kombinierte Messunsicherheit in der Darstellung der Vor- und Rücklauftemperatur durch

Anschaltung elektrischer Widerstandsdifferenzen an die Messzweige des Rechenwerkes erbracht werden. Hierzu ist der kritische Fall

∆θmin durch Auflistung der Varianzkette für die Teilkomponenten der Prüfeinrichtung zu untersuchen.

Relative Eichfehlergrenze Ec von Wärmezähler-Rechenwerken gemäß DIN EN 1434-1, Ziffer 9.2.2.1:

Ec = (0,5 + ∆θmin / ∆θ)                             wobei ∆θmin  ≥ 2 K                                      (1)

∆θmin; ∆θ in K; Ec in %

Forderung zur relativen Unsicherheit der Prüfeinrichtung nach DIN EN 1434, Teil 4, Ziffer 6.3:

U = 1/5 . Ec                                                                                                                    (2)

Die Simulation des (impulsproportionalen) Volumens sowie die Vorgabe des konventionell wahren Wertes für den K-Faktor werden

als fehlerfrei angenommen.

Die Unsicherheit der durch Prüfwiderstände simulierten Temperaturdifferenz bestimmt somit ausschließlich die Unsicherheit der

Darstellung für die Energie.

In case of volume which simulated by electrical impulses:
The uncertainty of representation of ∆θ by the test equipment is a 
function of the uncertainty of representation of  ∆(resistance) simulated. 
The most critical case is at ∆θmin. Acc. EN 1434-4, nr. 9.2.2.1 that
means an uncertainty „given by a fith“ of the error limit.

Before switching the test resistances to the test specimen
(in dependence of next test point) they were measured with help
of high-accurated resistance meters; „main master“: Normal Resistances



Transportable test equipment for calculators (hardware)

thermostabilized
test equipment

switch from
resistance
measured
to test
specimen



F ü r  d ie  U n s ic h e r h e it  d e r  M e s s e in r ic h t u n g  fo lg t  z .  B .  b e i d e r  T e m p e r a t u r d i f f e r e n z

∆ θ m in  =  ∆ θ  =  3  K :

U n s ic h e r h e it  T e m p . - D if f . U ∆ θ , a b s  =   1 / 5  .  E c  =  9  m K

r e la t iv e  U n s ic h e r h e it  U ∆ θ ,r e l .3 K    =    3  .  
 1 0 - 3

                                               

T e m p e r a t u r d if f e r e n z  u n d  k o r r e s p o n d ie r e n d e  N e n n w id e r s t a n d s ä n d e r u n g :

T e m p e r a t u r d if f e r e n z  ∆ θ m in  =  3  K    ≡    1 , 1 5 5   Ω  W id e r s t a n d s ä n d e r u n g  fü r  P t  1 0 0 , * )

                                                        ≡    5 , 7 7 5   Ω  W id e r s t a n d s ä n d e r u n g  fü r  P t   5 0 0 ,

                                                        ≡  1 1 , 5 5     Ω  W id e r s t a n d s ä n d e r u n g  fü r  P t  1 0 0 0 .

* )  Im  B e r e i c h  0  ° C  b i s  1 0 0  ° C  g e m it t e l t  n a c h  D I N  E N  6 0 7 5 1  ( B a s i s  I T S  9 0 ) .  D i e  z u r  a n g e g e b e n e n

   W i d e r s t a n d s ä n d e r u n g  g r ö ß t e  r e la t i v e  A b w e i c h u n g  ( b e i  0  ° C  /  3  ° C ,  fü r  W ä r m e z ä h l e r  n i c h t  r e l e v a n t )

   b e t r ä g t  1 ,3  .  1 0 - 2  u n d  v e r s c h ä r f t  d i e  U n s i c h e r h e i t s fo r d e r u n g e n  n u r  u n b e d e u t e n d .

U n s i c h e r h e i t  { T e m p e r a t u r d i f f e r e n z ,  m K } ;  U n s i c h e r h e i t  { W i d e r s t a n d s - D i f f e r e n z ,  m Ω } :

∆ θ m i n  i n  K                                                        :              3                      2

U n s i c h e r h e i t  i n  m K                                        :              9                      6

U n s i c h e r h e i t  i n  m Ω ,  f ü r   P t  1 0 0 - F ü h le r       :              3 , 5                   2 , 3

                                           P t  5 0 0 - F ü h le r       :            1 7 , 5                 1 1 , 6

                                           P t  1 0 0 0 - F ü h le r     :            3 5                    2 3 , 3

F ü r  d ie  E n t w ic k l u n g s a b t e i l u n g  is t  z u  v e r i f iz ie r e n ,  d a s s  d e r e n  t e c h n is c h e s  u n d

p e r s o n e l l e s  k n o w - h o w  d e n  t e c h n is c h e n  F o r d e r u n g e n  z u m  D e s i g n  v o n  R e c h e n -

w e r k e n  d e r  W id e r s t a n d s d i f f e r e n z  ∆ θ m in  g e n ü g t .

For example: Pt 500; uncertainty
as function
uncertainty

Now
requirement.

of ∆(resistance, flow-return)
of ∆θmin = 3 K simulated means an 
of ∆resistance about 18 mΩ.

it has to be ensured that the test equipment is able to meet this
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QM-Handbuch, Seite xyz

Chapters of the QM-documents (hand book) including mathematic
model, methods, system of controlling of uncertainties
(components), traceability, verification periods a.s.o.



Test equipment with optical recognition system for display of calculators
(former state, PTB)



detail optical camera



Beispiel PT 500

U nsicherheitsbudget für R echenw erke m it Pt 500-T em peraturfühlern

                    U nsic herheitsquelle

 U nsicher heit;Stand ard-

ab weic hu ng

in Ω

           Varianz

                s i
 2

            in  Ω 2

   V arian z (ber.)

              si
 2

          in  Ω 2

        B em er ku ngen

N orm alwiderstand 500  Ω
(bei der K alibrierung )               3  . 10

-7

A nga be kann entfa llen

N orm alwiderstand ,

Fa.B urster G m bH & C oK G , N r.:  615  509

PT B -Kalibr ierschein N r. 2971PT B  02  vom

14 .06 .2002

           (Anna hm e)

              3  . 10
-6

       (3  . 10
-6

)
2

 /  3          3  . 10
-12

im  U m gebungstem pe-

ra tu rbereich

(2 3  ±  0 ,01 ) °C

T K, N orm alwiderstand,

G röß tw ert 1  ppm /K gem äß  B urster -R eport N r.

615509 , vom  12 .11 .1993

      (erwartet b is 25°C )

               3  . 10
-6

       (3  . 10
-6

)
2

 /  3           3  . 10
-12

im  U m ge-
bu ngstem peratu rbereich
22  °C  ... 24  °C

D VM  (2000  Ω -Bere ich),

em pirische Sta ndardabw eichung des

M ittelw er ts (50  E inzelm essungen)               1 ,3  . 10
-4

       (1 ,3  .
 
10

-4
)
2

         1 ,7  . 10
-8

M essu ngen
am  01 .08 .02 ;

be i U m ge-

bu ngstem peratu r 25  °C

Linearitä t D V M ,

A nga ben  gem . M a n. S. A -3 , K eithley 2001 ,

N r.0638326

               1  . 10
-2

       (1  . 10
-2

)
2

 /  3         3 ,3  . 10
-5

fü r D C  1000  V -B ereich,

ungünstig ster W ert;

direk te Au ssagen  zum  Ω -

B ereich nich t verfü gbar

T K des D VM (f.∆ϑ =  ± 1  K )               1 ,9  . 10
-3

       (1 ,9  . 10
-3

)
2

/ 3         1 ,2  . 10
-6

in nerh. 23± 5°C ;

75 0  Ω  B ezugsw ert

     --------------

Σ  si
 2

 (Ω -M eßsystem )              Σ  =
       3 ,42  . 10

-5

E rgebnis:

- K om po nente  I –

E r weiterte  U nsicherheit  des Ω -

M esssystem s, k =  2

                             ↓ ↓ ↓

               1 ,2  . 10
-2

M it dieser U nsi-

ch erheit  w erden die

W iderstände zu r

Sim ulation  V -/R -lau f

korrek t gem essen.

            ↓ ↓ ↓

The budget of uncertainties, components of the test equipment,
part 1, Normal Resistances, DVM: resistance measurement



(Fortsetzung Pt 500)

                    Unsicherheitsquelle

Unsicherheit; Standard-

        abweichung

                 in Ω

           Varianz

                si
 2

             in Ω 2

   Varianz (ber.)

              si
 2

          in Ω 2

        Bemerkungen

                      - Komponente II  -

Umschaltrelais (Messen - Rechenwerk),

empirische Standardabweichung des

Mittelwerts (100 Einzelmessungen am

12.08.02)

               7,5  . 10
-5

         (7,5 . 10
-5 

)
2

           6 . 10
-9

Systematische

Abweichungen:

60 mΩ  / 37 mΩ

im Vor-, bzw.
Rücklaufzweig.

                      - Komponente III -

Dekaden (zeitl. Instabilität), empirische

Standardabweichung des Mittelwerts

 (90 Einzelmessungen an 674 Ω  am 12.08.02)

                4 . 10
-4

         (4 . 10
-4 

)
2

        1,6 .  10
-7

max.Temperatur-

differenz im

Gehäuse: 10 K

oberhalb der Raumtemp.

20°C

      --------------

Gesamt-Ergebnis:

erweiterte Unsicherheit:

Widerstandsdarstellung, R

(k = 2)
                1,2 . 10

-2

           Σ  =
        3,44 . 10

-5
Summation

der Einzelvarianzen der

Komponenten (I+II+III)

                               ( . √2)

                             ↓↓↓
Erweiterte Unsicherheit:

Widerstands-Differenz-

Darstellung, ∆R

         1,7 . 10
-2

Ergebnis: Die Prüfeinrichtung ist geeignet, Rechenwerke mit Werten für ∆θmin = 3 K zu prüfen.

Beispiel PT 500

The budget of uncertainties, components of the test equipment,
part 2, switches and test resistances in difference measurement
(flow-return), conclusion: positive examination of QM



In case of further simulations acc. Pt 100; PT 1000 and 

Pt 10000 the special uncertainty budgets shall be

evaluated for all components of the test equipment

done by the Notified Body.



EMATEM to diskuss: Could the National Metrology Institutes agree with this approach?

Presumption of Conformity and QM-Evaluation

With doubts on compliance with measurement
uncertainties (acc. document examinations, 

measurement results done by manufacturer and 
sub-contractors) the Notified Body must have the

privilege to proof himself, with help of 
transportable test equipments and transfernor-
mals f.e. within the locations of manufacturer.

This cannot be refused, it stands in the interests of 
manufacturers (function of deliberation done by

Notified Bodies, inquiries we have got yet!)



The new transportable and 
thermostabilized PTB-test 
equipment for simulation of
thermal energy
(under construction)



2 DMM DauerTest mit Temperatur

LabVIEW-testprogram: research of warming-up of two KEITHLEY 2001 DMM
located within the transportable test equipment



start phases (warming-up), examples



The new test equipment will be able to take
examinations acc. WELMEC-Guide 7.1 / 
PTB A 50.7 with help of integrations of 

interface hard- and software.



Deliver of external measurement results

The same regulations acc. normative 
documents for the evaluation of uncertainty
shall be applyed.



International work between Notified Bodies

• bring forward to future: the good experiences in field of 
recognition / exange of measurement results, in field of 
QM-Evaluation (dep. from Module)

• common working fields: new examinations acc., Ess.Req.,
Nr.5: „Manufacturer estimates the durability“ 
→ that means appropriated test methods!

↓
• specialized researches with industry,

examples: Transfer-Normals; new durabilty tests
accelerated, damages of materials; flow profiles



Messtechnische Prüfergebnisse,

Auszug Abschnitt E
MV

Example of recognition of EMC-test results
(German company)



QM-evaluation of production

Initial audit
1.    Condition: a separate certificate of the QM-evaluation has passed

(f.e. DQS-document, made by external audits)

2.    Proof of the competence for the specific manufacture of a series
of variants of Heat Meters,
normative standards are EN 1434 / OIML R 75

↓
3.    Metrological equipments for the production, uncertainties acc. EN 1434-5
3.1  Assumptions of qualifications (personnel), aims: specific production
3.2  Interal and external measurement results, incoming / evaluation, 

measm. uncertainty

→ manufacturer: shall establish a declaration of conformity
(validity: 10 years)

→ periodic audits (appr. every18 monthes, yearly or in case of reasonable doubts)



European Metrology Association 
for Thermal Energy Measurement

2004-01-20, Bern

First International EMATEM-Seminar

“The Measurement Instrument Directive: 
New approaches to evaluation of Heat Meters"

The module H1. The disposition of PTB-
Section „Heat“

Dr. J. Rose, PTB Berlin
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