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3UMMAHY

The e x p e r t  wee a s s i g n e d  as  s e n i o r  m e t r o l o g y  a d v i s e r  w i t h i n  
the  p r o j e c  - " A s s i s t a n c e  t o  the  I r a q i  O r g a n i z a t i o n  f o r  ¡Standards"
( TF/1 HQ/ 7 7 / 0 0  3 /  37)  f rom ?6 F e b ru a r y  197H to  ¿ 5  September  197«? 
when he r e s i g n e d  to take  up o t h e r  d u t i e s .

The p r e s e n t  f i n a l  e x p e r t  r e p o r t  c o n t a i n s  t e c h n i c a l  recommen­
d a t i o n s  f o r  o r g a n i z i n g  and e q u i p p i n g  the m e t r o l o g y  d e p a r t me n t  
o f  the new compound o f  l a b o r a t o r i e s  o f  the I r a q i  O r g a n i z a t i o n  
f o r  5t a n d a r d » ( 1 0 3 ) .  These p r e m i s e s  a r e  e x p e c t e d  to be taken i n t o  
use  b e f o r e  the and o f  September  1978«

The d r a f t  r e p o r t  was w r i t t e n  in two p a r t s :  the c h a p t e r s  I to
I V vp.  1 t o  79)  handed o v e r  t o  the c o u n t e r p a r t  on 2S May 197& and 
c h a p t e r  V ( p .  60 t o  l i d )  handed o v e r  on 10 September  197$ .

The c o p i e s  o f  the d r a f t  r e p o r t  thus  t r a n s m i t t e d  were ac compa­
n i e d  by s e t s  o f  t e c h n i c a l  d o c u m e n t a t i o n  i rd  a n n o t a t e d  c o m m e r c i a l  
q u o t a t i o n s  so  i s  t o  e n a b l e  e q u i p me nt  o r d e r i n g  f o r  the a c t i v i t i e s  
o f  mass ,  d i m e n s i o n a l ,  f o r c e ,  p r e s s u r e  and l e g a l  m e t r o l o g y  as  w e l l  
as  o f  a l l  n e c e s s a r y  l a b o r a t o r y  f u r n i t u r e .

Though r e q u e s t e d  by the e x p e r t  i n  June 1970i  the e qu i p m e n t  
s p e c i f i e d  f o r  the a c t i v i t i e s  o f  e l e c t r i c a l  m e t r o l o g y ,  f r e q u e n c y  
m e t r o l o g y ,  p h o t o me t ry  and thermometry  h i e  so  f a r  n o t  been s u b j e c t  
t o  c o m m e r c i a l  e n q u i r i e s .

A p l an  f o "  the  imprcvment  o f  the t e m p e r a t u r e  s t a b i l i t y  i n  the 
l a b o r a t o r i e s  f o r  d i m e n s i o n a l  and e l e c t r i c a l  m e t r o l o g y  was s u g g e s ­
t e d  by the e x p e r t  and d i s c u s s e d  w i t h  the e n g i n e e r s  o f  the S t a t e  
O r g a n i z a t i o n  f o r  C o n s t r u c t i o n  by the  end o f  May 3976.

As a c o n c l u s i o n  the e x p e r t  c o n s i d e r s  t h a t  a l l  n e c e s s a r y  r ecom­
m en d a t i o n s  and s p s c i f i c a t i o n s  f o r  the e qu i pme nt  p r o c u r e m e n t s  and 
the i n s t a l l a t i o n s  o f  the  m e t r o l o g y  p r e m i s e s  have been  made and 
t h u t  most  u r g e n t  a c t i o n  must be taken  to  f i n a l i z e  e q u i p m e n t  p u r ­
c h a s e s  and f u r n i s h i n g  o f  the l a b o r a t o r i e s  b e f o r e  o t h e r  m e t r o l o g y  
e x p e r t s  a r e  a s s i g n e d .  The o r i g i n a l  t ime s c h e d u l e  f o r  e x p e r t s ( p . 5 )  
w i l l  have  t o  be m o d i f i e d  t o  tnxe  i n t o  a c c o u n t  the  d e l a y s  a l r e a d y  
e x p e r i a n c e d  in  t h»  e qu i pm ent  o r d e r i n g  p r o c e d u r e s .
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1 INTHOiiUC'IloN

The o r i g i n a l  m«: tr  ., i o ¿ j .1 C li c •¡»t tl r  ̂w ;*
y e a r s  ago has been u . i a t e i a ! 1 vi L ;if ù » a t
l a b o r a t o r i e s  r e a r :  . t .^ei  su d J l O i Ilk. L \A C
f a c i l i t i e s  f o r  i n d u s t r i a l , pUl> i X c 3 e r v i j
p UI pO Sd s •

up a l m o s t  t en  

l u u l u n  oi' the 
more c a l i b r a t i o n  

es  and s c i e n t i f i c

Trie e x t e n s i o n  o f  .¡p,. i ; t . i  m e t r o aogy f o r  c o m m e r c i a l  
ana s a f e t y  p u r p o s e s  to o tue r a i - u n i t .. t.uan the c l a s s i c a l  
meteo, l e n g t h  and iu nc a 1 1 t l e .. h..u a l s o  been U K « n  
i n t o  a c c o u n t .

Trie re h i i  a i o j i e ’■ i r»«. i u.ie a ¡om-.- . . ¡ e t i o l o g y  s e r v i c e s  
f o r  i n d u s t r y  wnicii  i n c l u d e  c a l i b r a t i o n  o r  v e r i f i c a t i o n  
f a c i l i t i e s  f o r  l  r.a i  rower* tn used in p r o c e e d  o r  p r o d u c t  
c o n t r o l .  Jucn v e r i f i c a t i o n ,  h i v e  u s u a l l y  oeen c o n s i d e r e d  
to  be made in the c e n t r a !  1 ■ jo r a tu r i e u t hr ough  the use o f  
£ ui  t a o l e  t r a n s f e r  m s  t ru men t a .  . J o i ' l e  f a c i l i t i e s  f o r  such 
p u r p o s e s  h a v e ,  h o . . e v e r ,  oeen f o r e s e e n  in s e v e r a l  c a s e s  
and tney shou l d  oe f u r t h e r  e x tended a c c o r d i n g  to  the needs  
which w i l l  be shown by s u r v e y s  c o n d u c t e d  m  i n d u s t r i e s .

The c n a r t  f o r  trie o r g a n i s a t i o n  o f  the l a b o r a t o r i e s  
i n c l u d e d  in the r e p o r t  i s  o i * ; , j e s ted  on the b a s t s  o f  
p r a c t i c a l  r u t n e r  tn .r. t r-. e c r e t. i c s 1 f a c t s  and t a k e s  i n t o  
seed jn». i n t e r - r e i a t i o n s  o f  e o u i pnir n t and the J a y - o u t  o f  
the pr emi se s  us w e l l  as a p e e u l m t i o r .  srd o c c u p a t i o n  or 
the s t a f f .

N ot e :  Tre E n g l i s h  word
when u oe J s i mu . ♦. a 
or  m a t e r i i j s  t ; s t .  
mems  a p h y s i c a l  
The French  word i 
t ing i l i  shed  f ro m " 
such i c f) r i 1 1 s h 3 
Thougn " e t a  I o n ” !. 
by so  io e :nn t r o l o g i  
the author  lias i r 
In the s pe . • l f  i r a t 
has by h a a : t s l i p  
i n t e r p r e t e d  w i t

" s t a n d a r d "  o f t e n  c r e a t e s  c o n f u s i o n  
n e o ua l y  l o r  the p u rp o se  o f  m e t r o l o g y  

For the m e t r o i o g i s t  i t  u s u a l l y  
r e f e r e n c e  such as s t a n d a r d  k i l o g r a m m e ,  
n t i n s  c a s e  i s  " e t a I o n "  w e l l  d i s -  
norme" which means a w r i t t e n  s t a n d a r d  
tan da i d o r an I jO s t a n d a r d .
-a s t a r t e d  to be used i n  E n g l i s h  
at  i j te u r «  i s  n o t  y e t  common and 
e f e - r e d  to e mp l o y  " p h y s i c a l  re f « ?  r e n u e ” 
ior.s f’ o :  <• ju i p nen t the  word " s t a r i d . i i J "  
p i sJ- i n same t irri: j ,  i  s h o u l d  then oe 
i t s  m w t r o I o g./ s i g n i f i c a t i o n .
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t 4 Machine  h a l i :
M o b i l e  u n i t s  f o r  
i n s p e c t i o n  o f  we 1 
p n d f e i  and o t h e r  
c o m m e r c i a l  and 
i n d u s t r i a l  m e a s ur i ng  
e q u i p m e n t ,  tar.x 
■ .a-joru , r e i e r / o i r s
3 ’  Volume l a b :

b a i l o r s . !  i on  
o f

p r e c i s i o n  k 
wo r u i n g  r e ­
f e r e n c e  mass 
e q u i p m e n t ,  
i n s p e c t i o n  

o f
a n a l y t i c a l
b a l a n c e s

b a 1 1  o r a, t i o r. 
c f

end gauges
ana d i v i d e s  
s c a l e s .
l ! i rnen3ionai  
i n sp ec t io n  
i n c l u d i n g  
ang l e  k s u r ­
f a ce  f  m  i 3h

I n s p e c t i o n  o f  f l u i d  
m e t er s  and c a p a c i t y  
meas ur es  and o t h e r  
m e c h a n i c a l  m e a s u r i n g  
e qu i pm ent  i n c l u d i n g  
type  t e s t s  in  
c o o p e r a t i o n  w i t h  
o t h e r  l a b o r a t o r i e s

C a l i b r a t i o n
o f

p r e s s u r e  
g a u g e s  k 
dynamome t e r s
I n s p e c t i o n  
o f  t e s t i n g  
machine  s

C a i i o r a t i o n
o f

w o rn i n g  r e ­
f e r e n c e s  
f o r  f l u x  it 
lumi no us  
i n t e n s i t y * *  
i u x m e t e r s .
Measurement  
o f  l i g h t  
o u t p u t  o f  
common lamps 
and i l l u m i ­
n a t i o n  d e v i ­
c e s  i n c l u ­
d i n g  l i f e  
t e s t s .

C a l i b r a t i o n  
o f

i l q u i d - i n  
g l a s s  t h e r ­
mometers  , 
t n e r m o c o u p l e s  
r e a l s  t a n c e  
t h e r m o m e t e r s , 
o p t i c a l  p y r o -  
me t e r e .
C a l i b r a t i o n

o f
h y d r o m e t e r s .
V e r i f i c a t i o n

o f
h y g r o m e t e r s

C a i i o r a t i o n
o f

f r e q u e n c y  
g e n e r a t i n g  
* m e a s u r i n g

e q u i p m e n t ,
ClOCKB.
T r a n s m i s s l c n  
o f  f r e q u e n c y  
and t ime 
s i g n a l s  on 
l o c a l  l e v e l .

C a l i b r a t i o n  
o f

w o r k i n g  r e ­
f e r e n c e s  f o r  
v o 1 t a g s , 
r e s i s t a n c e ,  
c a p a c  i t a n c e , 
v o l t m e t e r s , 
ampe r e m e t e r s , 
wattme t a r s , 
e n e r g y  m e t e r s , 
c u r r e n t  
t r a n e f  ormers

4»
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Exper t  in

d tar  t:

D u r a t i o n :

D u t i e s :

i u a i i i ' i -  
c a t i o n s :

N o t e :

w e i g h t s  uni  me t s u r e i  v e n f  i c a t i o n (  i e j ful  m e t r o l o g y )

re  o ruar y  1 )iv ■

3 months i ' ebruury -  A p r i l  1 jdO 
3 months O c t o b e r  — Decemoer 1 >6o

The e x p e r t  w i l l  a s s i s t  the I r a q i  O r g a n i z a t i o n  
f o r  s t a n d a r d s  m  the t e c h n i c a l  i m p l e m e n t a t i o n  
o f  f a c i l i t i e s  f o r

a)  v e r i f i c a t i o n  o f  road weigh b r i d g e s  
and i n d u s t r i a l  w e i g h i n g  e qu i pme nt

b) v e r i f i c a t i o n  o f  f l u i d  m et ers  and the 
c a p a c i t y  o f  tank t r u c k s  and r e s e r v o i r s

Equipment f o r  the above  a c t i v i t i e s  w i l l  have 
been p r o c u r e d  d u r i n g  i ) !  > and be p a r t l y  i n s t a l ­
l e d  b e f o r e  the a r r i v a l  o f  the e x p e r t .
The e x p e r t  w i i i  d u r i n g  the f i r s t  p a r t  o f  m s  
a s s i g n m e n t  a d v i c e  on the f i n a l  ar rang eme nt  
o f  these  f a c i l i t i e s  and t h e i r  o p e r a t i o n .
Dur ing  the s e c o n d  p a r t  he w i l l  t r a i n  c o u n t e r ­
p a r t s  in a c t u a l  c e n t r a l  l a b o r a t o r y  and f i e l d  
v e n f  i c a t i o n .

M e c h a n i c a l  e n g i n e e r  wi tu  at  l e a s t  B. do .  d e g r e e  
or  e q u i v a l e n t  ana e x t e n s i v e  e x p e r i a n c e  in weigh 
u r i d g e  v e r i f i c a t i o n ,  f l u i d  m e t e r i n g  and tuns  
g a u g e i n g  o b t a i n e d  in a n a t i o n a l  m e t r o l o g y  
s e r v i c e .

I f  r e q u i r e d  f o r  r e a s o n s  o f  s p e c i a l i z a t i o n ,  
the d u t i e s  may be d i v i d e d  i n  two d i f f e r e . i t  
a s e l g n m e n t s .



!; v ]  ̂r t ii e ng i r. :• x .i« ti'-iit.

'. «art t ■> I: ■_• " I 1 ' ‘

ij I i l l  u K i rn... ; tho

' ; u t i b « i  1 o a a o i a t  l . - i 1 ;m  -J l u a t i O B  f o r  d l u r i d a r d a

i n  l r a i n j ri ̂  uoui.  t e r p ^ r t s  in e n g i n e e r i n g  

¡net r c 1 o g j  m c i u J i r g

a ) c a l i b r a t i o n o f end gauge s  and d i v i d e d

coif l e e
b ) d i m e n s i o n a l A ns pe c  l i o n  i n c l u d i n g  a n g l e

and s u r f a c e f  1n i .) h
c ) c a l i b r a t i o n o f p r e s s u r e  g auge s  and

dynamome t e n
d } i n s p e c t i o n  and c a l i b r a t i o n  o f  m e c h a n i c a l

t e s t i n g  machines  f o r  t e n s i l e ,  c o m p r e s s i o n ,  
impact  o r  h ar dne s s  t e s t s .

N q u i p i u n t  f o r  trie abcve  a c t i v i t i e s  w i l l  have 
a r r i v e d  -«rid the* e x p e r t  w i l l  a s s i s t  in t h e i r  
f i n a l  s t >_ g e o f  i n s t a l l a t i o n  and s t a r t  o f  
o p e n t  i o n .

i,u.iJ i f  1- M e c h a n i c a l  eng i nee r wi tt  a : l e a s t  b . J c .  d e g r e e  
or  c ; n v  u u n t  and e x t e n s i v e  e x p e r  ts ice . n 
e n g i n e e r i n g  m e t r o l o g y  anJ t o o l  room p r a c t i c e .
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E x p e r t  in pho torn? t r.y

■¿tar l ; J anuary L ) caj

D u r a t i o n : 4 mo n t n a

D u t i e s : To a s s i s t  the I r a q i  Organ l z a t i o n  f o r  d t a n d a r d s  
in t r a i n i n g  c o u n t e r p a r t s  in

a ;  c a l i b r a t i o n  o f  r e f e r e n c e  lamps f o r  
numinous f l u x  and l umi nous  i n t e n s i t y

b) c a l i b r a t i o n  o f  l u x m e t e r s
c) measurement  o f  l i g h t  o u t p u t  o f  l o c a l l y  

manuf ac tur ed  o r  i m p o r t e d  i n c a n d e s c e n t
o r  f 1o u r e s e e n t  lamps i n c l u d i n g  l i f e  t e s t s

Equipment f u "  the above  a c t i v i t i e s  w i l l  have 
a r r i v e d  and the e x p e r t  w i l l  a s s i s t  in t h e i r  
f i n a l  s t a g e  o f  i n s t a l l a t i o n  and s t a r t  o f  
o p e r a t i o n .

¡¿ua 1 i f  i -  
c a t i o n s :

P h y s i s i s t  or e l e c t r i c a l  e n g i n e e r  w i th  at  l e a s t  
B. 3 c .  d e g r e e  and e x t e n s i v e  e x p e r l a n c e  in pho­
tometry  and i l l umi nat i on  e n g i n e e r i n g .



iO

hltpert  in thertu о roe t ry

3 t a r  1 : и c t о о e r ! ) i  *

D u r a t i o n : l0 months

D u t i e s : To a s s i s t  m e  i r a q i  Or ¿a r . u a t i o n  f o r  atari dar ds  
in  t r a i n i n g  c o u n t e r p a r t s  in c a i i o i ' a t i o n  o f

a)  i i q u i i i - n i  ¿ I a s i  thermo me l e r s  , 
t h e r m o c o u p l e s ,  r e s i s t a n c e  t hermomet ers

b ) o p t i c a l  and r a d i a t i o n  p y r o m e t e r s
c ) h y g r o m e t e r s  
d ) hydroroe t e r s

Equipment  f o r  the aDOVe a c t i v i t i e s  w i l l  have 
a r r i v e d  .and the e x p e r t  w i l l  e s s i s t  in t h e i r  
f i n a l  s t a g e  o f  i n s t a l l a t i o n  and s t a r t  o f  
ope r a t  i on .

Q u a l i f  l -  
c a t  i o n s :

P h y i s i s t  wi th  at  l e a s t  B . 3 c .  d e g r e e  o r  e q u i -  
v a ’ e n t  and e x t e n s i v e  e x p e n a n c e  in thermal  
me а з а : e го - s an .1 c a l i b r a t i o n  o f  t h e r m o m e t e r s .



Ex p er t  in

à t a r  t s

Dmr a t i o n :

Dut l e s  :

Qua 1 i f i -  
c a t  i o n s  :

11

f  rerinTi  y and t im*: nn- tro i ogy

Dm oB'nber 1 ') 7£

i mon tii i*ec. » i;U i o r  e qu i pment  p l a n n i n g  
i mon the Detunes  -  December 1^79 f o r  t r a i n i n g

like c ( p e r t  w i l l  a s i i s t  the I r a q i  O r g a n i z a t i o n  
f o r  s t a n d a r d s  in  e s t i b l i i i l u n g  a f r e q u e n c y  and 
t ime c a l i b r a t i o n  - a o o r a t o r y .  The a s s i g n m e n t  
c o n s i s t s  o f  two ts

a)  p l a n n i n g  o f  e qu i pment  ta l c ing i n t o  a c c o u n t  
l o c a l  r e q u i r e m e n t s  and i n c l u d i n g  an 
i n v e s t i g a t i o n  o f  tne b e s t  means f o r  l o c a l  
d i s s i m i n a t i o n  o f  t ime s i g n a l s  and s t a n d a r d  
f r e q u e n c i e s  f o r  use  oy n a v i g a t i o n ,  i n d u s t ­
r i e s  and p u b l i c  s e r v i c e s ,  e s t a b l i s h m e n t
o f  d e t a i l e d  s p e c i f i c a t i o n s  f o r  p u r c h a s i n g  
o f  tne e q u i p m e n t .

b) t r a i n i n g  o f  c o u n t e r p a r t s  in  the use  o f  the 
equi pment  and g e n e r a l l y  m  f r e q u e n c y  and 
t ime me t r u i n g /  when the equ i pme nt  has
been D e l i v e r e d .

P h y s i i i B t  or  e l e c t r o n i c  e n g i n e e r  w i th  a t  l e a s t  
B. d e g r e e  and e x t e r  n v e  e x p e n a r . e e  o f
f r e q u e n c y  -.inn time m e t r o l o g y  i n c l u d i n g  s t a n d a r d  
f r e q u e n c y  and time s i g n a l  t r a n s m i s s i o n s .



E x p e r t  in

à tar  t s

D u r i t i o n s

Du t i e  s I

VUii l f i ­
ca  11 c n s ;

Note»

12

e l e c t r i c a l  m e t r o l o g y

O c t o b e r  i i 7 )

O months

To a s s i s t  the I r a q i  o r g a n i z a t i o n  f o r  s t a n d a r d s  
in t r a i n i n g  c o u n t e r p a r t s  in c a l i b r a t i o n  o f  
e l e c t r i c a l  i n s t r u m e n t s  i n c l u d i n g

u) r e f e r e a c e s ( e t a l o n s )  f o r  v o l t a g e ,  r e s i s t a n c e  
and c a p a c i t a n c e
d i r e c t  c u r r e n t  and a l t e r n a t i n g  c u r r e n t ,  
low f r e q u e n c y  v o l t m e t e r s ,  a m p e r e m e t e r s ,  
w a t t m e t e r s  

*•) e n e r g y  met ers  
a current ,  t r a n e f  o r n e r s

Equipment  f o r  the above  a c t i v i t i e s  w i l l  have 
a r r i v e d  and the e x p e r t  w i l l  a s s i s t  in t h e i r  
f i n a l  s t a g e  o f  i n s t a l l a t i o n  and start ,  o f  o p e -  
r a t : o n .

E l e c t r i c a l  or  e l e c t r o n i c  e n g i n e e r  wi th  at  l e a s t  
B. ,3c .  .iepr«:..- and e x t e n s i v e  e x p e r l a n c e  f rom 
c a l i b r a t i o n  o f  e l e c t r i c a l  i n s t r u m e n t s  f o r  d i r e c t  
c u r r j n l  and low f r e q u e n c y  i n c l u d i n g  m ai n t e n a n c e  
o f  r e f e r e n c e  i n ¡ s t r u m e n t a t i o n ( e t a  1o n s ) .

i f r e q u i r e d  f o r  r e a s o n s  o f  l e a v e o f cl t) Lace nee
or s p e c i a l i z a t i o n  the a s s i g n m e n t may tie d i v i d e d
1 n two p a r t s  o f  3 months e a c h .
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h a l l —  —.

87
Volume and f i e l i  

n e t r o l o g y  
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Pr imary
l e n g t h
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E n g i n e e r  m g

me t r o 1ogy
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- J______________ ______________ L  .

BASEMENT

95 e \ r ; 96 97 95
O f f i c e 1__________ j O f f i c e s P r e p a r a t i o r A i r  h a n d l i n g  à

& c l e a n i n g s p e c i a l  c l i m a t i z e r s

DISTRIBUTION OF 103 METROLOGY LABORATORIES 
(Room numbers  a?  per  a r c h i t e c t ’ s d r a w i n g s  e x c e p t  f o r  p r e f i x  X,  m o d i f i e d  l a y - o u t )



INSTALLATION.» AND T Y P E i  OP r'UitM ITU.tE

Keqt. 1 re men 1s f o r  s p e c i a l  J i r cor.di  l i o n n i n g

The m e t r o l o g y  l a b o r a t o r i e s  w i l l  d u r i n g  a 1 1 i ; ! ' l
o f  the ■ lay be e * posed  to d . r e e l  sun l i g h t .  In o r d e r to
be a b l e to r eac h  any r e a s o n s Li e  t e m pe ra t u r e  s tub 1 1 1 ty ,
even wi th  the ue i t a i r - c o n d i t i o n n i n g  e q u i p m e n t ,  i t w i l l
be n e c e s s a r y  to p r o v i d e  f o r s u i t a b l e  thermal i n s u l a t i o n
o f  t h e windows o f  t n o s e  rooms which are  to be used f o r
a c c u r a t e  measurements .  These are  main ly

He qu i re d  mean Ac os p  tab 1e
Hoorn Ac t iv  i ty t e m pe ra t u r e v a r i a t i o n s

92 Pr imary  l e n g t h  
m e t r o l o g y

20 °C 

2 0 “ C *>

0 . 3

91 E n g i n e e r i n g  m e t r o l o g y -*■ 0 . 9

90 Mass m e t r o l o g y ne t  c r i t i c a l ,  
s t a o i l 1 ty o n l y

♦ 1

108 E l e c t r i c a l  m e t r o l o g y 23  °C ♦ 0 .  h

N 0 t e t x ) a l s o  a d j u s t a b l s  to 2 j  ° C

Tha a c t u a l  a i r - c o n d i  t i o n n i r j  sy j te .ts  f o r  t h e s e  rooms 
may not  be a b l e  to p r o v i d e  the n e c e s s a r y  t e m p e r a t u r e  
s t a b i l i t i e s  even  i f  tne thermal  m 3  i l a t i o n  i s  i m p ro v ed .  
Fu r t he r mo re  they  a r e  c o n n e c t e d  to the c e n t r a l  c o o l i n g  and 
h e a t i n g  i n s t a l l a t i o n s  which may be i n o p e r a t i v e  d u r i n g  a 
p a r t  o f  the y e a r .  A c a r e f u l  s tudy  i h o u l d  be made by a i r -  
o o n d i t i o n r i n g  s p e c i a l i s t s  to f i n d  o u t  p r a c t i c a l  s o l u t i o n s  
bo th  f o r  t hermal  i n s u l a t i o n  and p r e c i s e  t e m p e r a t u r e  c o n t r o l .  
The e l e c t r i c a l  l a b o r a t o r y  w;11 in any c a s e  r e q u i r e  the 
i n s t a l l a t i o n  o f  a s p e c i a l  p a c k a g e - t y p e  a i r - c o n d i o t l o n n e r  
w i th  a c c u r a t e  t e m p e r a t u r e  c o n t r o l .

E l e c t r i c a l  s o c k e t s
In some l a b o r a t o r i e s  such as f o r  thsrmometry  and 

e l e c t r i c a l  m e t r o l o g y  the number o f  s i n g l e - p h a s e  s o c k e t s  
w i l l  n o t  be s u f f i c i e n t .  Thi s  can e a s i l y  be s o l v e d  by 
i n s t a l l a t i o n s  whenever  r e q u i r e d  o f  e x t e r n a l l y  mounted 
fid l i 6 i  s o c k e t s  which are  c o n n e c t e d  t o  t he  e x i s t i n g  
e l e c t r i c a l  c h a n n e l s  t hrough  a s h o r t  ^ h r e e - c o n d u c t o r  
c a b l e .  These  s o c k e t s  s h o u l d  have no S w i t c h e s  but  p r e f e - a b l y  
be d u a l .  H e q u i r e d  numberi  *?U0 p l u s  1UOO s l u g s .



F u r n i t u r e  d e s i g n

The mass and l e n g t h  m e t r o l o g y  a c t i v i t i e s  w i l l  r e q u i r t  
some s p e c i a l  s t o n e  b enc he s  s u p p o r t e d  by b r i c k  p i l l a r s ,  
l'he l e n g t h  m e a s u i i n g  machine  to  be o r d e r e d  r e q u i r e s  p i l l a r s  
made f ro m c o n c r e t e ,  s p e c i f i c a t i o n s  f o r  t h e s s  i tems are  
g i v e n  on the f o l l o w i n g  p ages room hy room,  s ee  " Imp le me n­
t a t i o n  o f  e qu i pment  a.is f u r n i t u r e " .  For  the  l e n g t h  measu­
r i n g  machine  the m a n u f a c t u r e r  s h a l l  be c o n s u l t e d  so  as 
to  o b t a i n  d r a wi n gs  o f  the r e q u i r e d  s u p p o r t s .

In o t h e r  c a s e s  r. f orm o f  s t a n d a r d  l a b o r a t o r y  f u r n i t u r e  
may be a d o p t e d .  Some o f  t h i s  f u r n i t u r e  w i l l  no d o u bt  remain 
at  f i x e d  l o c a t i o n s  but  some o f  i t ,  l e t  us  say  10 $ , s h o u l d  
be e a s i l y  movab l e  a c c o r d i n g  t o  ne e ds  and a r r i v a l  o f  the 
e q u i p m e n t ,  the e x a c t  i n s t a l l a t i o n  o f  which c a nn ot  a l w ay s  
be f o r e s e e n  in a d v a n c e .  U n l i k e  the r e e d s  f o r  c h e m i c a l  
l a b o r a t o r i e s ,  most  b e nc h es  s h a l l  be p r o v i d e d  f o r  s i t t i n g  
work.  In o r d e r  t o  a v o i d  the  us e  o f  h i gh  t ype  l a b o r a t o r y  
c h a i r s  which r e q u i r e  a f o o t  r e s t  r i n g ,  the h e i g h t  o f  t h e s e  
t a b l e s  s h o u l d  be s e t  to  7b o r  76 cm.

The benches  s h a l l  f o r  r e a s o n s  o f  f l e x i b i l i t y  p r e f e r e b l y  
ue made hy u s i n g  i n d i v i d u a l  v e r y  s t u r d y  t a b l e s  which a r e  
i n s t a l l e d  s i d e  by s i d e  w i t h o u t  any o t h e r  f orm o f  a s s e m b l y .  
The e x p e r i e n c e  f rom such t a o l e s  w i t h  we l de d  metal  s t r u c ­
t ur e  in o t h e r  p r o j e c t s  was e x t r e m e l y  g o o d .  I t  i s  i m p o r t a n t ,  
however  t h a t  such u n i t  t a b l e s  a r e  n o t  t o o  b i g  and t h a t  they 
f i t  d i m e n s i o n a l l y  t o  the modul es  o f  the rooms .  The d imen­
s i o n s  x h i mm f i t  the a c t u a l  window modules  and a l l o w
c) t a b l e s  t o  oe put s i d e  by s i d e  a l o n g  the windows ,  s k e t c h e s  
o f  such t a b l e s  were made on the a s s u m p t i o n  t h a t  they  can 
be l o c a l l y  m a n u f a c t u r e d ,  s ee  F i g .  1.  P a r t i c u l a r  a t t e n t i o n  
has to  be p a i l  t o  the q u a l i t y  o f  the  t a b l e  t o p s  which 
p r e f e r a b l y  s h o u l d  be made f rom h i g h - q u a l i t y  mat l a m i n a t e -  
c o v e r e d  p l y - w o o d  o r  t h i c k  p a r t i c l e - b o a r d  a l e o  c o v e r e d  on 
the o t h e r  s i d e  so  as to o b t a i n  d i m e n s i o n a l  s t a b i l i t y .  The 
b o r d e r s  must not  be f r a g i l e  and s h o u l d  p r e f e r a b l y  n o t  be 
made o f  l a m i n a t e  u n l e s s  v e r y  t h i c k  b o r d e r s  a r e  u s e d ,  nor  
s h o u l d  metal  b o r d e r s  be u s e d  as  many t a b l s s  w i l l  c a r r y  
e l e c t r i c a l  c a b l e s .  Drawer u n i t  i n s e r t s  s h o u l d  be a v a i l a b l e  
or< a l a r g e  p a r t  o f  t h e s e  t a b l e s  but the e x p e r i a n c e  has shown 
t h a t  l o w - l o c k e r  type  o f  i n s e r t s  a r e  n o t  o f  much use as  they  
are  i n c o n v e n i e n t  f o r  a c c e s s  to  s t o r a g e d  i n s t r u m e n t s .



1 o

The s t o r a g e  o f  int- t r u n ^ n t s  ca.i  p r e f e r a b l y  be June 
in m e t a l l i c  d o u b l e - d o o r  1a c i e r s  o f  s i m i l a r  type  as  used  
in o f f i c e s  but  s l i g h t l y  d e e p e r ,  f u r t h e r m o r e  the s h e l v e s  
s h o u l d  be r e i n f o r c e d  as w e l l  at t h e i r  f i x t u r e s .  The 
p r e f e r r e d  d i me ns io n s  o f  such  l o c n e r s  i s  *j0 cm d e e p ,  
luO cm in width and i 8 > t o  1 iK> cm high*

The r a c k —type o f  s t o r a g e  i s  i l s o  c o n v e n i e n t  e s p e c i a l l y  
f o r  m e c h a n i c a l  and e l e c t r i c a l  equ i pme nt  and f o r  i n -  o r  
o u t - g o i n g  t e s t  i t e m s ,  An a t t r a c t i v e  model  whi ch  can 
e a s i l y  be l o c a l l y  manuf ant ur ed  i s  shown in F i g .  2 .

R o l l i n g  t a b l e s  are  a l s o  v e r y  u s e f u l  in  p a r t i c u l a r  
in  the e l e c t r i c a l  and the r mal  l a b o r a t o r i e s  b u t  a l a s  f o r  
t r a n s p o r t i n g  weigh b o x e s  o r  t e s t  i t e m s .  A model  harm o­
n i z e d  t o  the l a b o r a t o r y  ben ch  e f F i g  1 i s  shown i n  F i g .  3*

A l o c a l  m a n u f a c t u r e r  o f  m e t a l l i c  f u r n i t u r e  was c o n ­
s u l t e d  wi th  the s k e t c h e s  o f  the r e q u i r e d  f u r n i t u r e .  There  
seems to  be no prob lem to have the r a c k s  m a n u f a c t u r e d  
l o c a l l y  nor  workshop b en c h e s  o f  m e t a l .  As r e g a r d s  the 
l a b o r a t o r y  t a b l e  o f  P i g  1 the main d i f f i c u l t y  seems to  be 
the  r e q u i r e m e n t s  f o r  the t a b l e  t o p i  whi ch  are  e s s e n t i a l .

I t  was l a t e r  f cund  t h a t  a B r i t i s h  f i r m  can s u p p l y  
b e n c h e s  o f  v e r y  s i m p l e r  d e s i g n  but baaed on a s s e m b l y  o f  
the  metal  s t r u c t u r e s  with a s l i g h t  r i s k  t ha t  the t a b l e s  
a r e  l e s s  s t u r d y  e s p e c i a l l y  in f r e e - s t a n d  l ng p o s i t i o n .  Th i s  
h o w e v e r ,  depends  mainly  on trie q u a l i t y  o f  the typ>e o f  
a s s em b ly  which f rom the a v a i l a b l e  l i t e r a t u r e  seemed to be 
a c c e p t a b l e .  The s t a n d a r d i z e d  t a b l e  t o p s  o f  tbe  s u p p l i e r  are 
1000 mm or  1 >ou mm wide but o n l y  oOo mm de e p .  h lxper iance  
nas snown t h a t  f o r  some e qu i pme nt  upo mm ib r e q u i r e d  and 
the  m a n u f a c t u r e r  has been asked  whether  t a b l e  t o p s  wi th  
t h i s  d i me ns io n  c o u l d  oe s u p p l i e d  and mounted on the normal  
s i z e  o f  bench f r a m e s .  In c a s e  o f  o r d e r i n g  w i th  t h i s  s u p p l i e r  
1 :j e x t r a  t a b l e  tops  s h o u l d  be o r d e r e d  o f  1 |j00 mm wi dt h  so 
as to  a l l o w  c o n s t r u c t i o n  o f  some s p e c i a l  s h e l v e s  f o r  
e l e c t r o n i c  i n s t r u m e n t s  in the e l e c t r i c a l  l a b o r a t o r i e s  o r  
f o r  use  as low benches  f o r  c l i m a t i c  c a b i n e t s  o r  o t h e r  
e q u i p m e n t .

The e s t i m a t e d  f u r n i t u r e  r e q u i r e m e n t s  f o r  m e t r o l o g y  ares
B e n c h e s ( F i g .  1 o r  s i m i l a r )  100
C u p b o a r d s ( 1 o c k e r s ) ^0x100x185 cm 40
Rackn(F i g .  2) 40
R o l l i n g  t a b l e s ( v i g . 3 o r  s i m i l a r )  3 0
L a b o r a t o r y  c b a i r a  w i t h  back s tud  60
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r i g  l -  LAbokatomy  t v >i .f

/  -

f a b l e  t o p  ) 350 x o 7 5 nua ¡a;. ' ' r f r o m 
35 t o  10 i.'i.i t h i c k  c h i  f'L-o-1.rd  c n v e -  
reb  b o t h  s i d e s  w i t h  |i>r;i;icn (i a e l a -  
m i n e ) ,  :r.a t l i p (hl  p r e y  c o l o u r  . . i t h -  
>ut t e x t u r e ,  b o r d e r s  OVeV w i t h  

v e r y  r e s  i St-'il! t p l a s t i c  h  r i a l  
'■vi thou  . r o t  n i s i o i i s  as  t he  t b l e s  
. i re  t o  !,-■ i ut s i i h  liv s i b- -  t o  f o r m 
c o n t i n u o u s  b e n c h e s  vhen r. ¡ n i r e d .  
•lard l i n o l e u m  w i t h  io< t !>r.-en c o ­
l o u r  and t i o c k  wood b o r d e r s  a l s o  
a c c e p t  a b 1e .

e l d e d  s t r u c t u r e  urn . f rom ¿0x40 inn 
h o l l o w  i r o n  p r o f i l e  p a i n t e d  b l a c k

Tl

\ / /
3

5 —

6

* L

|-----------------

7 5 nun

1 - ■ in f orccii icn t s by v. el  led p r o f i l e s
- O ! ¡a me vype as  i t em

;j> - r a t e r  i n s e r t i o n  some t a b l e s  o n l y )  
id. th 1 r ■" mm ( a b o u t )

• r a v e r  m o d u l e s :  3 X 13 5 mm _ 
end l x  2 50 mn ( a b o u t )  
rinser t  t o  Le f i x e d  f rom 
lot to ;/ !  t o  r e i n f o r c e m e n t s  4 
1 v  f o u r  s c r e w s  t o  be  s up o-  
. i f . ! .

> -- r rubi.. r f e e t
7 - viieri'V ' e d g e ( o n  some t a b l e s  

o n l y )  made f rom f o r m i c a  c o ­
v e r ed  wood o r  from metal  to  
be f i x  r: t a b l e s  by the 
cus tomer  and c o m p r i s i n g  
f o u r  s o c k e t s  1 3 A t nr ee  f l a t  
pin type  t o  bS 1363 w i t h o u t  
swi t ch

5 0 rnm

I ¿00  mm 
ST------ P

I TmUm

i
V

t 2 (’ mm

i 0 arp

7n0 mm

1.50 mm

M'
200 mm i
k— ->1
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r'ufu.'lTHP.-: ',v  I r.a -■ i i .a b o ' \t  1 r v"

I -  . ’.-I i* C o l o u r :  1 i gh t  g r e y  p a i n t e d

1 -  HaclvS made f rom hoi  low p r o f i l e  i r on  ¿. ' x 40 i im c o n s i s t i n g  
o f  two we l ded  l a d d e r  s t r u c t u r e s

?. - a ps .'inb 1 i ed by ■ we l ded  l o n g i t u d i n a l  h o l l o w  j r o l i l e  i r o n s

and in  f r o n t
4 -  B ord ers  4 cm bent  upwards
5 -  Bo r de r s  4 cm bent  downwards to c o v e r  s t r u c t u r a l  p r o f i l e
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F i g  3 -  i y l - L l F l  T.M31.;,

i
/

1 -  ¿ 'able  i o , ' , Si • c i 1 1 • •1. i )i. s j  s ï ;;o- i Ы e in  i ’ i g  1 b u t
d i il.ci» :> Oí *i\ 67 5 X ¿5  ■’ J.Uii

2 -  H o l l o . ;  i>ï > i i l t: i Г on 4 - X. 4 ‘ t.tni o r p g r o a c h i n g

5 -  ¡ ' .rawer in £ 1 : f t li < - -1) ! ’ s î .j г l . i L 1 » ) F i g  1 1 t o  be i ns t i. 1 1 cd
on som.; t u l  Cs o n l y )

4 -  KuU'Orco; '- i H 1 i; rs t ; i i  ¿.. c  t o i oii n 5ü aun maximum U Him,
r o tu  t ill:' <’ ru  iP : -i.r-i г ■ • X Í S ' - i i i jo t i o n . i t  s h o u h ;  bt p o s s i b l e
t o  b l o c ! . l v/o o l  the c; - i s; i о Vi-'

f i ó t e :  l-loiue tab ler»  ot  the  :¡. м>: l yp** к a b o v e  and saino h e i g h t  
bu у/i th o u  i с . • :? t > • r s .



20

IMPLEMENTATION OF EQUIPMENT AND FURNITURE

Short  d e s c r i p t i o n s  o f  the rooms ana the- n e c e s s a r y  f u r n i t u r e  
are  g i v e n  be low room by room.  The su& e s t i o n s  a r c  in s e v e r a l  
c a s e s  o n l y  t e n t a t i v e  ns they  ' i l l  have t o  be  c o n f i r m e d  a c c o r ­
d ing  to the di .  i c :u  ion.;  and o t h e r  r e q u i r e m e n t s  o f  the equipment  
to  be o r d e r e d .

L a b o r a t o r y  benche. ;  which are  supposed  t o  have a f i x e d  l o c a t i o n  
are  drav.ii in the s e t cho . ;  with p l a i n  l i n e s  whereas  movab le  b enc he s  
ar c  g e n e r a l l y  ' n with Net ted  l i n e s .

doom 84 -  Machine h a l l

Ac t i v i  t i e s

Equipmen t :

C a l i b r a t i o n  o f  heavy  w e i g h t s  and s t o r a g e  o f  
m o b i l e  u n i t s  and equipment  such as w e i g h - b r i d g e  
and volume c a l i b r a t i n g  t r u c k s  and measur i ng  
v a n s ,  ' . ' s o  t e s t s  o f  i n d u s t r i a l  and cornmercia 1 
w e i g h i n g  equipment .

(:ne l o r r y  o r  t r a i l e r  van e qu i p pe d  w i th  c r ane  
and c a r r y i n g  5 ' 0  !-g w e i g h t s  f o r  c a l i b r a t i o n  
o f  road weigh b r i d g e s ( see  Annex A i tem 1)

' no ( o r  two) measur ing  b u s s e s  f o r  f i e l d
c a l i b r a t  i o n s ( see  Annex V i tem 2)

- r c i i o n  L-. l ance  f o r  c a l i b r a t i n g  500 ‘ g w e i g h t s  
(An >: . i .. i t e m  I )
w o t e :  u o t n t i o n  a i r .  ady r e c e i v e d  fro..i BIY,  d
Yorhbenches  f o r  r o u t i n e  work on w e i g h t s ,  com­
m e r c i a l  and i n d u s t r i a l  w e i g h i n g  equipment ,  e t c  
a l o n g  wi th  wUi t a b l e  t o o l s .

I n s t a l l a t i o n s :  . e i i n i t e  ¡ d an s  . / i l l  l iavc to  be made when mure
d e t a i l .  i n f o r m a t i o n  i s  a v a i l a b l e ,  th О f и 11 о\/ i ng  
sIlG 111 i: lio. . v r be n o t e d .
a)  IL is  i i  e i y  tn*at the .. e i g h - b r i u g e  o f  50 tuns 

o r i g i n a l l y  i ' i r c s . u i i  w i l l  n o t  be needed  n or  
the t r a v e l l i n g  c rane  i f  the weigh b r i d g e  
c a l i b r a t i o n  l o r r y  has i t s  own e a s i l y  movab le  
c r a n e .  The f l o .^r  »/ i l l  however  most  p r o b a b l y  
have t o  be f u r t h e r  r e i n f o r c e d  t o  s u p . u r t  the 
l o r -  у and aii opening,  .aide f o r  the 500 ng
b a l a n c c .

b)  V e n t i l a t i o n  . / i l l  have  to t c  f o r e s e e n  f o r  the 
room l o c a t e d  under  the a i r  h a n d l i n g  equi pment .

c )  The machine h a l l  w i l l  at  l e a s t  p a r t l y  have to be 
p r o v i d e d  wi th  a c l e a n  f l o o r  c o v e r i n g  such as 
v i n y l  - a s b e s t o s  t i l e s  o r  s i m i l a r .

d)  bu s t  p r o t e c t i o n  has to  be p r o v i d e d
ro  nr. t o  p re ve nt  d u r t  from o u t s i d e  which can 
come in tit rough the s l i t s  in the s l i d i n g  
e n t r a n c e  i o o r s . ( D o u b l e - d o o r  s ys tem o r  s i m i l a r )

e)  . l i f t  d e v i c .  may liav- t o  be i n s t a l l e d  f o r  
t r r .»ort ir.g heavy o r ' v o l u m i n o u s  e q u i p  ient
f m .  the . :r.ch ine  b a l l  d o  the f i r s t  f l o u r  b a l c o n y .

1
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Ac t i v i t i ' t i n g  >! i  i l ; r t i l l ’ l i  Ol id f l o - .  I.ie t nrs 
lin i ii  I v 1 • y t r i • , ' 1 i  1 »r t i o i .  o l '  : ; e c o m * . a r y
V/iu.-i i : i i U- 1 • : n i - a>> to IOC l i t r e s .

t. of  - t i v i r i . .  ... •• i . ‘ ut ur  • i n c l u d e  r o u t i n e  
c!*t Ci in > -f ’ i .-.o it:» in • s u i t  i ul e
l oot  i’ .,, 1 ;>. ; • e : i i,u l aiul a c c u r a t e  c a l i b ­
ra t iol i  ô: i • i i Main ’ ile.id-' .vtipht
i.’ i f  ton ..nil i..er cit ry i.olumn c  ¡uipment w i l l  ta! . e  
¡ : i i  Cl ill room 91)

Aqui  pmen t : - Tent : ;  t i v  :: •• c  i f i cv. t i .m s f o r  t h e  w a t e r  m e t e r
and velum. i . u r i n ”  e u i p . c n t  a r e  g i v e n  in  
Ami;.:. A, i t ..me 5 t o  8 .

I n s t a l l a t i o n s :  -  The • c i i s . i t . :  r e q u i r e m e n t s  w i l l  be  f o r m u l a t e d  
. lien drawings  i i rvc  been o b t a i n e d  f rom the  s u p p ­
l i e r s  o f  the equip.  c n t .

Room 90 -  Mass met r o loi» y

A c t i v i t i e s :  C ; 1 i b r a t ion o s e c o n d a r y  w e i g h t s  t o  prima i'y
n a t i on r 1 r e f e r  -i.ee :; t : d e r r i  s as  w e l l  as r e g u l a r  
c a l i b r a t i o n  ;>nd/or an j u ;  tuent  o f  wo rk ing  s t a n d a r d s  
used f o r  f i r  Id c a l i b r a t i o n s  o r  in the machine  
h a l l .  ' l i b r a t i o n  o f  a n a l y t i c a l  w e i g h t s  and 
pr w i  ion •. r: dr corn- e i c i n l  " e i g h t s ,  examinât  i o n s  
o f  ’ r- c i :  ion by 1 riif.t". •

Equipment:  7  r imary and ; - o:m c r y  s e t s  o f  w e i g h t s  { t o  be
” • t i r  t T ■ c u p b o a r d : ; ' .  • t o f  -d i rec t

r ’ in"  . • Ii 1 • t i '• -I I i V ; '< ■ SllbS t ¡ t u t  i OH hr. l MiCCS
’ II to ? • . : 1 !. ■ t' a 5 "  and 2 0 Ug

... : a ■ : i ty ! "  p i . . - - : !  on ¡r • - j * :. rat«'1 heavy  s u p p o r t  .
- !i< :: r t o i i ; c i r.-n i : :i i : era ’ / i t i i p r i n t e r  f o r
rr ■ i * c ne.; i. •. i' or  i • t.- Ml” rd v e i g h t s  .and 
. , o <•. •; i 1 . " l o t  o or s i.  t inr. o f  b a l a n c e s
■ ltd i t i 1 ... '■ - 1 . 2 and 1 b kg l o c  i d
on ; : .: (■ c i ! l o b .

!.. .. . c i i i • , ' i on . i .  i • ¡..as:; metrology
«gui  i ment : . ! ■ > '  o  v ;. ii. .... -r dut i i 1 in Annex 13.

I n s t a l l a t i o n : ; :  - id..; r.,.a 1 in.nil  . l i o n  ot th. windows w i l l
naV to be ; rovtd .  d ,  . ■ ■ ; c " j a c i a 1 a i r - c o n d i  t i o n -
n i n e " ,  page

The f u r n i t u r e  s i i . l l  « u i i s i c t  o f  at l e a s t  
two heavy s u p p o r t e d  s t o n e  b enc he s  f o r  the 
prim; ; ry b a l a n c e s .  V o o t h e r  f i x e d  b e n c h e s  
are  ne e de d»o ne  f o r  the e l e c t r o n i c  b a l a n c e s  and 
the o t h e r  f o r  use as s u p p o r t s  f o r  b a l a n c e s  t o  
be t e s t e d .  A more d e t a i l e d  d e s c r i p t i o n  i s  
g i v e n  on the f o l l o w i n g ,  s ! e t c h .
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A f  t e r mod i J i CC t j O. ■ ' ! c  ■ 1 i r -  1 i t i onn i 11", sys tem,
!' ()OJi MOO - 1 1* ' .'j r * 1'- i p 1.: i 1 ’ < i o r  i :

T t" *. • c: ** i i i i )

’ v 0 - 1 t.u ■ ! . . : t , t f i i e  ry  y to 5 ;»

b - 1  • > i ; s 1 ■. 1 ..ia r u l e  to,  o r  •? i:ai 1 a r
>Vf r in . ! i i ! , 1 ji" t - at L -rich d „i t e r ,

l ie i l;K i 7 t!: (’)■' c s u : ; ->rtr d by b r i c ‘ .
p i l l a r s ’ ’ i * ,i id V. ciii deep  covered,  w i t h
c o l  c r j b:  i 111 i i i • < 1 i 11 i C ,1 .
. .1 ec  t r i c 1 <>»; . t , . ¡mi 1 t y p e  e ve r y  2 . . . eter  at
90  c . trOi.i 1 ] , .r . i l l  a 1 ;n  ̂ t i i i s  be nc h .

M90 -  2 bup^ort  do . / ! i> l .’ ic s i  . i l a r  t o  itei. i  1 :9 0 - 1

but  ¡3d c. i i t ! e  ■' n.l 73 cm d e e p ,  h e i g h t  7b cm
.. Oi ; i ; t i . l . j i. s i c  . . r r b l ,  p l a t e  s u p p o r t e d  by
t ; o  L r i e > i 11 r .di c . , i de  and 3c c : in d e p t h .

’ *0 o t 1 ' i e cui; b >:i rd •; 5fl 10..» Oi .* with r e i n f o r c e d
shelve . ;  . e ;; \ ' i r- \ t s .

’ :9 0 -  4 H.u.cb 3 i'o y c l  ; C t roiii.-: b, 1 iiicc-s end si.->i 1 a r ( can
i f 1 be  1 OC a t<. ( £.1 p o s i t i o n  6)  , p r o -
v i d e  Co.* t J u . ! ■ l e c t r i r ;  1 m e  e t c  at 1 u h e i r
( ill c. 3 ! ' ‘ 1 % t •■•'in b r . ar- us  - d i ns  tea
O r !; ■ _ . : 1 . i t l i rv l.e-.e’ : • )

r tn r\ - C; ° f f i r  ' 1 e • f \ ] b.,r ' > r y t i 1 t y I c )
■ *■' r f T-.-o r o l l  i r *: bt n •'o r .« <■• t n i ph t s

OO. 1 \ (0 » ¡■ri ry 1 •» j. t! tr»lo|' ,y,  *'L ■ r m o d i f i c a t i o n

o f  - ' -11. ; 1) \ '1 i r - ■: i : ■ ;nn i np :
t i VÌ t i !"> : : ' 1 i 9 r 1 i Ol ( r- ■ ed >i£> I»/ s rii ¡ . rec i  s i o n  l i ne

t .•■;. r \\’ ■ to 3 • ,ot o r .  ’ i i : 1.1 y a c c u r a t i  u i n e n -
3 i c.ì: 1 i ■ : ' , ’ . c t i o u  ;v or  - i e l u d i n g  s c r e v /  t h i ' . a r . s .

Iln.t 1 1 ? t i 00 3 :

M92 -  1 r i . ..ary Ur’>Ktil < o ip ir<i t or  l o r  ciiu gauger, and
3 c 1 e : ; u p t o ■ ■>, d.ci . .s Jena mode 1 ULMM

IS) 2 -  2 Cupboard f o r ■JL ■ . acces  s o r i e s ,  f u r a i  shed by
i’. i i a „  Jen .

'S) 2 -  3 L a b o r a t o r y b n c 1 •., p r e f e r a b l y  90 cm h i g h ,  maximum
35 ci ; deep f o r  d i s p o s a l  o f  t e s t  i t e ms ,  p o s s i b l y
CO; p l o t  Ci .1 W i th ’ ¡e t l l i c  cupboard  in the c o r n e r .

■'92 _ , I “ *> Lo / boo«'!, 1 . Ì c nigh . laiiii ili. '-5 cm in d ep th  f o r
•, f t ' - v. c > r. tur  •
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. op -  5 T r i d  Î ear Ì on 1 . suvi ' i : ' Ou tin: i t , ,  i

. b!

Rot 1 i a g  t i. i

*' oui: 1 e -do-  ■> r , 

i ti t ’ c O . li v\ h i
V

h t
hut U V f o r  tin

( 001,1 il - ! in g in ' c r i  a* aie t ro I o ‘ -y in - » m i r a  wr-’Ssur,  aiiù f o r c e  
c a l i b r a  t i o n .  Lay - out  v- f ter  modi f ie- :  t i o n s  o f  v/a 11s
ano sp. - c i  a 1 a i r - sond i  t i onn inf* sys tem;

A c t i v i t i e s :  Hi. i ona 1 .. > sur.  „.en t :: usine,  s u r f  " c e  p l a t e  
a n<i r r o i  i l e  p r - i j c c t o r .  I n s p e c t i o n  o f  s u r f a c e  
f i n i s h ,  C a l i b r a t i o n  o f  pr nstir: pauses  and
b a r o m e t e r s .  Compar i son oi  t yt.amome t e r s  u s i n g
h y d r a u l i c  comp, r t o r s .

l -  1 1 ro f i l e  pro j 1. C t (; r ( o p t i c a l  c o n t o ur  .¡agni f i e r )

¡91 -  2 ,u r i a.c;e p l a t e  o f d i a  b a s stone- 1500 x 1000 ima

:9i -  3 Mot a 11 i c cupboa re s t" il r i n s p e c t i o n  equipment

.9 1 -  4 1 «v borii  to  ry ben cn 7 j  en hip,li f o r  s u r f a c e  f i n i s h

in.:, tru..ieiits
.91 -  5 L a b o r a t o r y  be: cu f o  • . iii; i liée r in g m e t r o l o g y ,

micro .  ,e t e r  and ; 1 nrc  t a s t e r s  e t c
•r, ! -  6 L a b o r a t o r y  bene: . f o r  ' ’ i* ■. . i u r i; t i s t e r S

91 -  7 lb ro  I' -tur t e s t  c’ ia...b. i and. .'. i a ¡arci baro» i c t e r

■ i - I t o l i  i n -, t a b l e s , lue  po : *: i ! l e  l o c a t i o n  o f

!’ r in e l  1 ter, 1 -..r 1 r eu- c i . • hardness  b l o c k s  i f
rer»ui r e d .

Q 1 _ <r * / I- .:i". ell -.’ i t h  ayn.' .iO , a t a r en ,|.,;.ra t o r  t o  100 kîl
( , -10 !Tyd i-nul i c Myna in, . ■ t: . r co.,;.' r. t o r  t o  700 kN

•0! -11 1 o i  i s ’n*d s t on b neh f or tau ■ . ' .ensure i cnts  by
eo ¡v ri con ,  v i  Iti. 5 0  c ’ e i :d t 90 cm, t o t a l
l e ng th  2 1 r.i.-ter. S II ! ; , o r t ' ' on b r i c !  p i l l a r s
a t  1 o r  i . 5 :n i n t e r v a l s .

• V  ! -1?. -.'Iff i c e  d e s k s ,  l a b o r a t o r y  type
M9 1 - 13  ' e t el  l i e  c u p b o a r d s ,  5 0^ 100 cm wi th  s t r o n g

r e i n f o r c e d  s h e l v i n g  f o r  dynamometers ,  p re ss ur -  
iuiu ' r and v a r i o u s .
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Ac t i Vi  t 1 <:

U i pr:; :l> t

i 0 3 -  1
i o 3 -  3

1 o i -  J

1.JC -  4

l u j  - 5 
1- 3 -  6
103 -  7 
103 -  3
103 -  9

I i t e tests <•! 1 ■ i-i.s

I i i .  I r O i t  i ; 1 ‘ i o ' i r •» c .■!: 1
1 *4 - * ■ *:OI: 1 . > 1... i v j * ; it t a i r i i i>i n . i Oil s .
Tin- 1 i -• u l V > \i i  ̂»11 1 I S t • * S U 1 i.: , 1 r*r • u !l ¿11' iii t > rv.i 1 <
i 11 t is«. . j! ■ C tit pi; • _ i t r y >oiu 1 ¡.'4 .

• '-'ttt “ V. ;u. I oi ' s  i i i  l. ;.c room i.y t v o  5n cm sl<>\.
speed  f * r. s t • ' r o  1 i f  not; s i b 1 f  wi t li <inst
p r o t e c t !  on

'Cost Kt. J-. 1 a i ,.i- ! .'mi i. :j Lo bo i nu 1 .i c t li reel to  
s p e c  1 or< r t 1 ( . ;  i y ) .

s w i t c h  i x j ' A to be t r a n s i c  r r e u  to  t h i s  
l o o ; ,  t i o n  f r o m i t . -  ¡ . . s i t  ion  it; room 104

AC v o l t a g e  s t a b i l i z e r s ,  pow er  i kVA e a c h ,  o u t p u t  
v o l t a g e  c2u V a c j u s  t a b l e  t o  240 V

L a b o r a t o r y  t e s t  b e n c h e s  a c c o r d i n g  t o  F u r n i t u r e  i ' i g .  1 

M e t a l l i c  c u p b o a r d s  ! 00 x  f>0 cm, n orm al  h e i g h t ( l  (6 cm)



Room 1 0 4  -  P hoto :u e t  r y

A c t i v i t i e s :  Me l e rmi nat ion  o i  luminous f l u x  o f  i n c m c c s o e i i t  
ami i  l o u r e e c e n t  lamps by comp r i s o n  . o  s tandard  
lamps in an I f l b r i c h t  intcgr-t  t i n«  s p h e r e .
Cal  ibra  t ion o f  l u x n o t e r s  u s i n g  s tandard  l;.mps.

d r .  ipmont ami i n s  t 1 i a t i ons  :

104 - 1 windows o b t u r a t e d  Ly ".'oo-.eii p a n e l s  o r  s i m i l a r

Uei
104
104

104

2 U l b r i c h t ’ s spi e r e  m in ciim.ietcr

3 Mobi le  racks  i u r  s t o r a g e  o f  t e s t  lamps
4 Labo r at o ry  bend i  f o r  s u p p o r t i n g  o p t i c a l  bench 3 meter  

c o n s i s t i n g  o f  as  embly o f  t h r e e  s t a b l e  l a b o r a t o r y  
b e nc he s  a c c o rd i n g  Lo F u r n i t u r e  F i g ,  1

5 M e t a l l i c  cupboards  f o r  primary s t and ard  lamps  
10 Ox 5'! cm

104

104

104
104

1 0 4

6 L abor at or y  bench f o r  p h o t o m e t r i c  measurements  
and e l e c t r i c a l  c o n t r o l  o f  the  s u p p l y  v o l t a g e
and c u r r e n t  to  the  t e s t e d  lamps.  ( I n c a n d e s c e n t  lamps  
ar e  t e s t e r  w i t h  r>C, an a d d i t i o n a l  bench i s  needed  
f o r  t he  AC c o n t r o l s  in c ase  o f  f l o u r e s c e n t  lamps)

7 M e t a l l i c  cupboards  f o r  working s t an d ar d  lamps and 
s e c o nd a ry  s t a n d a r d s .

d Laborat ory  b e n c h e s ,  s e e  F u r n i t u r e  F i g .  1
9 E x i s t i n g  cerami c  s i n k .  The s i n k  o f  s t a i n l e s s  s t e e l  

l o c a t e d  at  1 • ’- should  be removed,
10 B .a ck  c u r t a i n s ,  p r e f e r a b l y  v e l v e t ,  t o  be i n s t a l l e d  

around o p t i c a l  bench
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Киот 105 -  

Лс t i v i  t i t s

| u i pmen t

105 -  1 
! •'b -  2 

} i*5 -  3 

105 -  -1
105 -  5 
10 5 -  6 

1 0 5 - 7  
105 -  i 

! 05 -  9

105 -10  
105 -11 
105 - 1 2  

1u5 - 13

Thermoiin -1 rv

: :';i I i i> r t i-.n \ 1 i ¡it iO - in - 1 :> ; t In. rtnoiur> t < r s ,
re ■ « r. 1 :i<? ■ : l i i "; ,  t : 1 <■ r»i> > r oil >'> l ей , o p t i c a l
;iv го. if i rs .
Co. i:* . г I in mu >. ’• ! •■’Ич»м ■ t • rs , v i •' • :• I • • r 3 and
h y p r  . i  l .

Low to : eilium t e i >e r.i t ar e  b. th - 100 to  + 20 C 
L abor at or y  i end: fur r c s i s t a n c - :  b r i d g e  and t r i p l e  p o i n t s  
A r t i f i c i a l  i c  i i i r . t , ( f r i p  i s  t o r  c o o l e d  i c .  b e l l o w )
' ' i ' L  t ir .> i tui'- t ’ rmocoupl  e c a l i b r a t i o n  furn.- cr  
‘’i l i c o n  o i l  I tb fo: e.a 1 ibrn t ion from ambient  to  ; .’ 5 0 ° '
: rn innatic ¡ч и  i Lath for c a l i b r a t i o n s  to  "-00 °C 
Мус rami-1 < r c a l i b r a t i o n  ca b i n  t s  
Mx i a t i n ■’ C' r n i i c  s ini;
J.nboratory bench ,  . standard t a b l e s  wi t h  e l e c t r i c a l
l edge  or  l’ i x e  i i tii e l e c t r i c a l  l e d g e ,  h e i g h t  76 ern
f o r  medica l  t .■ r n o n i t e r  bath - w a t e r  b a t h  - po t en t i ome t e
Laboratory  to ne) i.'K ругоше t e r  lamps and power s up p ly
f . i e t . i l l i c  cupboards  100 x 50 cm , s p a c e  f o r  t r i p o d
l a b o r a t o r y  bench ami o f f i c e  d e s k ,  hy d ro met er  comparator
T he r m os t a t . ’, m - i r i y e r a  Led, f o r  h yd romet er  comparator  
b a t h s  an i v i s c o m e t e r  comparator ,  range  - 40 t o  4 100 C



Room 106 - Energy  ii t jr in_ : c u r r e n t  t runs  f on ,  u-, v t e s t i n e

A c t i v i t i e s :  C:i 1 i b r - t i n. >f l e . . t r i e  i. ! *v • t e r s ,  s i m i l e  
phas< . I;'! thru -i»h S'- U , ti» 200 A. Cfi 1 » l. r t i on 
o i  c u r r e n t  t r;u. . J or.iH r :: un to  2>‘.e0 ¿\. C l i m a t i c  
i n v e s  t i cu t ions  oi! iif.ri’y .:i t .--j’-i in v/el 1 as  marne t i c  
i n i  lui -nco , • t c .

EquiiHuent and i n s t a  I ];m i o n s :

! 06 
106 
1 Ob
1 On 

106
i 1)6

I 06 

i Go 

1 (¡6

106

106

1 0 6

1 Current  t r  - nsfor-i ier t e a t  s c t l  c u r r e n t  comparator  t yp e )
2 Laboratory  bench
3 Laborat ory  bench,  J< mb 1 c wi th  en e rg y  l e A ’Cs both s i d e s
4 O f f i c e  n -  s . . s ,  la l>»>. tory  b.*n.n t y per

5 I us t rumen! cupboards ,  1 o x 6- cm
6 x i s t i n p  s i n k ,  c erami c  t yp e .  The one in s t a i n l e s s  s t e e l  

on the o p p o s i t e  w a l l  s hou l d  b removed»
7 Rack f o r  incoming t e s t  o b j e c t s
8 Rack f or  incoming t e s t  o b j e c t s
9 C l i m a t i c  c a b i n e t  - 20 to  -i 80 °C , 0 . 5 x 0 , 5 x 0 . 5  muter  

i n t e r n :  1 volume w i t h  two l e a d - through h o l e s  to the  
l e f t ( f o r  t e s t  c a b l e s  and t her mo c ou p l e s )

10 T e s t  s tand  f o r  e n e rg y  m e t e rs  e q u ip p e d  w i t h  p h o t o e l e c t r i c  
s ca n n in g  d e v i c e

11 E l e c t r o n i c  power and e n e r g y  r e f c r n c e  s ta n d a r d  and 
c o u n t e r  f o r  p h o t o e l e c t r i c  s ca n n e r

12 Energy s u p p ly  f o r  the  m e t e r s  under  t e s t  c o m p r i s i n g  
t h r e e  s e p a r a t e  c o n t r o l  c i r c u i t s  f o r  v o l t a g e  and t h r e e  
s e p a r a t e  c o n t r o l  c i r c u i t s  f o r  c u r r e n t  i n c l u d i n g  a l s o  
phase  s h i f t i n g  d e v i c e  and m e t e r i n g  c i r c u i t s  f o r  a c t i v e
and r e a c t i v e  e n e r g y .
Not shown: T. s t  c o i l ,  d i a m e t e r  1 m eter  o r  more f o r  

m agn e t ic  i n f l u e n c e  t e s t s
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roum 107 F requency nul o I .r*. t : >i. i c i 1. « L>i > r- j • t . > tj£

A c t i v i t i e s :  Ca 1 ibr n t i >n of  :> . i , , :cy  .• t e r «  .mu a a m t  . r s ,
sijjii.'l 1 II : t .. . i: t ill r ■ • t . à-.*« > i
S i - '  ls-i.-r ! ! r>- I I V •••* ; i : .
Ai:..) .. . iuor :i;; l i, t > :: >! I . c t r u u c  equip..ie«t
incitlii il i» Ik i V_ ti lev«: l . i l . .  I ill I . 1  f. ion up to iülj .Mils.

I

! I I
i
I

I

\

>

I
1 I

1 I
i ~»r
t__ •

r
I)

6 I

~l "  
t I

dqui pmen '  ri. . '  i iu; t  l t i t i o ;

107

107

1 '7 

107 

107 
J 05

1 1.; b o r e  t o r y  ben d... :S i t f i I ! . ! * i. , • cm p r e f e r -  b 1 y
.. i tit e n e r g y  i , ( m: •' ! .: ! : A to  ; 1 1363 p e r  ben

2 ! , l i : Ctr  ill i C 1V<C 1 1 1 : 1 ,1 . ; V.I J1 » l , i i: V i . : ' - r e c e i v e r .
s h o r t - w a v e  r c c  -iv> r., lone ; v r e c e i v e r ,  rubidi um
f ri;.|Hi ncy S t . Il cl r«i i . ) , l i t i I.OC..S, v merp,c.iiicy
s u p p l y ,  memo ose i l l . »St >! *: J ■ . i tim< s i o n a l  r e c e p t i o n .
emergency po v.«• r t u p 1 y , hall*. i y ei i . i ’ ç c r  e t c  and in
f u t u r e :  c . oi i i w L .-.m 1 Te ¡«!. .’.Cy s». . u ai u clv>ck,
1 1 :.iC S i yna 1 re t ran U i n ;  .• • : i ^men t

J hol l i iJi j  t a L l e s  for  inr>ii u i.ti, >uch ,.b o s c  i 11 oscop< s e t c

4 B a t t e r i e s  i o r  i tem l .

5 O f f i c e  de sk(  saine as  i t em i  uni ta )
6 Open rzckr,  f o r  s t o r a j ’f o i  e l e e  roui e  i n s t r u m e n t s

N o t e :  C a l i b r a t i o n  o f  voltaip? at  v ery  low l e v e l ,  measurement of  
p a r a s i t i c a  e t c  r e q u i r e s  a s c r e a m  «1 room which cannot  be  
l o c a t e d  i n s i d e  r.  1 0 7 . I f  the t e s t i n g  o f  p . i ras i t i c s  from 
e l e c t r i c a l  a p ; l i e n e e s  i s  r e q u i r e d ,  a r.cre enc d room lias to  
be f o r e s e e n  in the s e c t i o n  f o r  t e s t i n g  o f  e l e c t r i c a l  
m a t e r i a l s  and . . p p l i a n c c s .  In t h i s  c a s e  measurements  a t  
very  low l e v e l  such as  s e n s i t i v i t y  u e t e r m i n c t i o n s  e t c  
can a l s o  be i.iade in the scrcer . ee  room.
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Room 10 4 - E l e c t  r i o  1 • t ■" i ?•••' i. ) »hr ! i .jii

Act i v i  1 1 i.-.s : Ma i J1 1 • if : • . ( l ! ■ 1 • | i- t . 1 1 1 lf:!.»ry l‘e f 1- r ,:liC ..
s t mo..: vd , a v.. I i i s t 1 :; ii OC [ 1 tv Ii Ce .
da 1ibraL i ■u . . V'.ll i ! ■ ■ V• * P

1 ■ r ',i<! t * r If , V ■ t tliU.* t e r s ,
r<-K l S i I . 1 : , i . ... V. r i r l c t i on o f  illi] <■;! nci '
me. tsuri  !.;• 1 .. : l PI .1- ii t : ! •.. ! IV !i IlCy.

1

Kuuipment and i n s t I 1 tioi , . -:

10 > - 1 Thermal  in:, 1 t »OI f i ■• i o s
10 - y A i r  r ; 1 e • i th t f /1*:: ! .) re 1 1

iIoijLi li> ■11 ,i>i a V ! it • ■>t 1* i
m a y  be iii.--11• f 1-..- ■ h  :lit , -in
the  l i ' - h  t i n v m ill V • f >1*■ r > ! 1 U ‘ J1. i
' ' a t e  which sh OM 1 ; t'e 1 i j 'h I f . by
lamp.  s.-v n o t

»0:1 - 3 s p e c i a l  a i r -r. OlUl » t 1 .»I- 1 r , i ;<•: •
1 V . - 4 L a b o r a t o r y uench  f o r ! r 1 »1;a r y . XJ

10 » - 5 Kol  l i n g  t a b l e s 67 5 x 550 i lrf lt p he

10

a r t s of  the  ; i r ga t e
> I s .  1 h<* command o f  

be made from the  a i r

t y p e  l o  g i v e  2.>l,C + 0 .5

Laboratory  bench wi t h  ene rg y  l edge  f o r  iJC c a l i b r a t i o n ,  
ACjfjC t r a n s f e r  and AC c a l i b r a t i o n  o f  s e c o n d a r y  i n s t r u m en t

10  3 
10:3 
10.1 
10 
103 
1 08 
103

7 O f f i c e  ucsh
■J Rack f o r  incoming t e s t  i n s t r u m e n t s  
9 E x i s t i n g  s i n k

10 Laboratory  bench for  r e s i s t a n c e  b r i d g e
11 P r e c i s i o n  o i l  bat h  for  r e s i s t a n c e  measurements
1 ?. Laboratory  bench f o r  c a p a c i t a n c e  and impedance work 
13 M e t a l l i c  cupboard f o r  s t a n d r r d s  and i n s t r u m e n t s

I iote:  The ai  r -g  te s h a l l  he  i n s t a l l e d  a f t e r  the  i n s t a l l a t i o n s
o f  the pac age a i r  comii<fcionning u n i t  and shr 11 p r e f e r a b l y  
be o f  removable  c o n c t r u e t i o n •
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* 'T' » ;y

'Hit! l i s t s  on t ie -*l I • i.f > 1 » i d»i; t. the ..«..at » r ;  t-:;t

o.-ui {x.iei.t r> “ u i r  .i! ! th » l ..i i i ’ - logy . c t i v i t i e s  wi th

th»’ e xc ep t i on  ,<f ••• i :>,ii i i 1 i l i r  ■ l ion in the i e l d  bv

l o c a l  o f f i c e s  or  i.i jb i 1 > uni t  .

• the! ui.ouoi.t i a i r  -I , th«- ¡a :h ine h ’ 11 i roo  . 3 i ) an ■ th

v  >lui.»e mi f low  1 l.or. t >ry! r * » o i ) i ; not inc luded as i t  ’ i l l  b 

s p e c i f i e d  s e p a r t -  ly • h i> iwr:: inform t ion  about needs and 

p r a c t i c a l  so lut ion-;  -re v i ¡ a b l e ,  see t e n t a t i v e  s p e c i f i c a t i o n s  

Anns* A ) .
The va r iou s  i t  uis n ro r . f e i cn c .d  w ith  the la b o ra to r y  room 

number f o l l o w e d  by L  uso-i s id. i: t i f ic.i t ion l e t t e r  f o r  " e q u ip -  

n e n t " .  G e n e ra l l y  tin is o. th <•. uipi.ient i s  s e l f - e x p l a n a t o r y  

o r  nas been ind ie .  ted in the o :i i i c . .  t ion .

As the s p e c i f i c a t i o n s  by .. x c s d l y  are  g i v e n  in a condensed 

form, s p e c i f i c  type number and manufncturer a re  l i s t e d  in 

s e v e r a l  cases w i th  the mention " s i . . . i l a r  o r  i d e n t i c a l  to  . . .  "  

Th is  statement is  e - c l u s i v e l y  iv<> with the aims o f  f a c i l i ­

t a t in g  the r equ i r ed  item i d e n t i l i c - t  »on*

Though seve r  1 ot the i lie i.: i,: v. ¡ ready been inc luded  in 

p rev ious  p r e l im in a ry  ;uipM id  l i s t s  i t  in r.dvicec! that the 

present  l i s t  in >: >, i ’ ! ih L s i s  o f  the p lann ing  am!

that p rev ious  l i s t -  . -r i ir 1 1 y intend- d f o r  o b t - i n in g  s u f f i ­

c i e n t  commerci 1 in io r i i  t i » »n .
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: r.'» V u.'.v

‘ •’ •ifl -  1 r ¡ na ry  r •' » .:n •! »••• f -  !: г.: t i .! r- • f >r  s.i.'.sc 1 Kg
Cf i ;.t t» ■ » i •: ’ \ i ! - l i n d e r  <, ' It >1 , -I.! • 'II e  t 1 C

•> t ’ li 1 V ' • i « • * I I f :  1 •!, t ■ i 1 * ! to  ' * t “  Г
.'•и : :.*il . ч . u ! t  I- i t !> ': i ib.-ril s 11 г  f <■; c
f i n i s h  . i  tii ml l.y . I’ at 'ii , r l i g h t l y  rounded 
e d ge s .  To b -  j u i t -  I wit! ;  ¿. t o ! « . nee  o f  j_ 1 mg
oi  b e t t e r  on e n t i t y  b s i r  f 00 k » / m ’> f o r  the
in: t e r i ;  1 and 1 . it kg / i ; i ‘ f o r  . i r .
The . i l o  ,r. i . 11 i iav  tiie id n t i f i c a t i o n
mark I' j -  .V o:i tie- i i l  o f  the c y l i n d e r  o b -  
taint ' l l  through s l i g h t  d c p o l i s h i n g  nxxJ n o t  by  d e e p
e n g r a v i n g .

The ..i l og  mimic .,ii. 1 i be s u b m i t te d  t o  Bureau I n t e r -  
nr t ion 1 ties T o i  is . t : . ь иг е з ,  ‘->2 ¡ i c v r e s ,  F r a n c e  
f o r  c a l i b r .  t i o n .  I t  sh 1! be d e l i v e r e d  in  a s u i t a b l e  
t r a n s p o r t  b o x  an-,: wi t !  su i t . ¡ b i t :  h a n d l i n g  t o o l .

90S - 2  On set  o f  f i r s t - g r  «le re f e rence  mass s t a n d a r d s  
iiiruie f  roi.i nou-; . .a , iu : i i c  t.- i n l e s s  s t e e l  and d e l  i -  
ve i e ■! in a s u i  t ab l e  : t u g < -  b o x .  The shape o f  
till’  . r i g b l ;  to he C /1 i l i d r i c s  1 wi th  i n t e g r s  1 Unob
s i m i l a r  to Г  L ..... but wi thou t a d j u s tm e nt  c a v i t y .
r' x e c n t i . u i  i tl s i  I s u r f  • c<- f i n i s h  w i t h o u t  any 
s c r a t c h .  • i ¡.h : t i 1-- .] jus t ed  to
OlifL taler ' : . . - :  л ( .• 1 u * > • on the assumed d e n s i t y
b a s i s  o f  dO.50 l ■ ■ /*.i far  11*.*• : . - t e r i  1 and 1 , 2  kg/m"” 
f o r  i r .  Cora-uas i t ion ■ * : li# r e t  :

5 !<- - 2 Ц-. - !.g - I t.g -  a Of. r -  200 g -  2 0 0 * g -  100

The vvr i t«h t? slum I d be r no "iipr--vine; e x c a ¡ t  f o r  a 
l i g h t  s t a r  ei igr v-d. an the knob o f  one  o f  the 2 kg 
w e i g h t s  ;.nd oin o f  tar  200 g " . e ights*
To b -  ie l i v e  red. w i t h o u t  h. l u l l i ng  t o o l  but  w i t h  a 
s u p p l y  o f  If; s o f t  cl. ii.iois l e a t h e r  p i e c e s  120x120 ш  
( T h i s  s o t  wi l l  be u . pd  as s e co n d a r y  s t a n d a r d  f o r  I r a q  

and be a l i b r a  ted by s c a l i n g  up and s c a l i n g  down 
f rom the pr i mary  one h i  l og  r a mi.»* s t a n d a r d )

Genera l  f o r  a l l  set : ;  . : The m a n u f a c t u r e r  s h a l l  
s p e c i f /  th ty.  c:a o f  iiia t er  in 1 used and the mean 
d e n s i  ty (i.t. r, p er  vo l ume) «

I tei.i i о 'description
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e n c r i p  t i on

T vo • r s t  pr .!• r<- ioreiiC*- mas.'. s t . mh. rds
o f  10 !; ; . a m- .  on: t it: :? t . i n l c s s
s t o o l  ¡!. ( n l i v o i .  •’ in .>11 u bo x .  'll..- ■ e o f  the 
V..: i • ■ I t '• to  I'O S I • l i • ? y i itn’ r i  C-? 1 w i t h  i n l o p r - l  
knob ; c c ( * : - ! i ! i '  t o  OIML hut / i t h o u t  ad j u s  ‘.men t 
c a v i t y  . j uv to  l 1. c l a s s  b 2  t o l e r a n c e s  on
on : s -m. i d e n s i t y  l> sir.  o f  000 kg/rn f o r  the 
mat er i  - 1 -ml 1 . 2  kg /a i  ̂ f o r  a i r .  H i g h e s t  s u r f a c e  
f i n i s h  w i t h o u t  any s c r a t c h .  There  s ho u l d  be no 
d i s t i n c t i v e  marks e x c e p t  f o r  one l i g h t l y  e ngrave d  
s t a r  on one o f  tin- w e i g h t s .
To be d e l i v e r e d  v, i t h o u t  h a n d l i n g  t o o l  but  w i t h  a
SUpc l y  o i  10 s o f t  chamois  l e a t h e r  p i e c e s  200x200 mm. 
(These  two weight:-,  w i l l  be used  as  s e c o n d a r y  

r e f e r e n c e  s t r.ivb r- ’ s f o r  I r a q  and c a l i b r a t e d  u s i n g  
a s c a l i n g - u p  o p e r a t i o n  f rom the s e t  i t em 901-J -  2 )

Ten s e t s  o f  f i r s t  grade  r e f e r e n c e  s e t s  o f  a n a l y ­
t i c a l  w e i ght s  ran go i n g  f rom 100 g t o  10 mg iiiade from 
n o n - m a g n e t i c  s t a i n l e s s  s t e e l  e x c l u s i v e l y  an.! a d j u s t e d  
t • the b e l o w - l i s t e d  t o l e r a n c e s .

e i g h t s  from 103 g to  1 g t o  be  o f  c y l i n d r i c a l  shape 
wi th i n t e g r a l  knob ,  no ad j us tme nt  c a v i t y  and no d i r t -  
ret .  i n i n g  dee-  on ; , rav i ng  o r  s t a mp i ng ,  s l i g h t l y  e n ­
graved  i d e n t i f i c a t i o n  a c c e p t a b l e .  The knobs s h o u l d  
have l a r g e r  . orpes  the;  the r  T i.l shape so  as to  
ei L i e  easy  h - n d l i n g  w i t h  t w e e z e r s  w i t h o u t  r i s k  
o f  l o o s i n g  the g r i p .  Adjustment  b a s i s  8000 kg/m^ 
f u r  the d e n s i t y  o f  the . . intor i . -1 -nd 1 , 2  kg/m~' f o r  a i r .  
'■ no. . in. - -t ions nd t o l e r a n c e s :

1 on 2 0.  o 5 mg
50 g 0,  o3 5 iTn + O. o2  mg
30 g + 0 , o 3 3 g + 0.o2
20 g + 0•o 2 g 0 , o 2
10 rro i 0 , o  2 1 g O.ol

M i l l i g r a m  v / e ights  t o  be  made f rom f l a t  band s t a i n -  
l e s ;  s t e e l  w i r e  b e nt  t o  sh ap es  c o r r e s p o n d in g  to  
the d e n o m i n at i o n  ( a  *,V, 1 S?,v;1 ) .  T o l e r a n ­
c e s  b e t t e r  than _+ O.ol mg. benonv i nat ions ;
5(JO - 300 - 200 - 100 - 50 - 30 - 20 - 10 mg
( b e t s  s i m i l a r  o r  i d e n t i c a l  to Lit an ton type  SIllO
but i f : ,  im proved ad jus tment  t o l e r a n c e s )



I t «m To

9 ok -  4
( cont  i n u e d )

9 OK - 5

Def; c r i i.it i <>n

The s e t s  - r*. t o  be s u p p l i e d  wi t h  s u i t a b l y  form ed 
t w e e z e r s  f i t t i n g  the ’;or.;e s  o f  the w e i g h t s  and 
t i _  ci i t ti bone o r  herd p l a s t i c s .
. eh s e t  :>> L» ..iar .eJ oi! t op  o f  the b o x :

I r a q i  i rg;m  i zn L ion  f o r  d t . n b a r d s  
J00 t o  10 mg 

het  B 1
( o r  B 2 , B 3 , B 4  e t c )

Use o f  the s e t s :  One o f  the  s e t s  w i l l  be  u s e d  a s  
f i r . i t  grade  r e f e r e n c e  s e t  f o r  I ra q  and c a l i b r a t e d  
r e g u l a r i t y  oy s c a l i n g  down from the  pr imary 1 kg  
s t a n d a r d .  A secon d  s e t  w i l l  be used  as  s e c o n d a r y  
s ta nd ar d  in v a r i o u s  c a l i b r a t i o n  a c t i v i t i e s  in  
the prim ary  mass l a b o r a t o r y .  The r ema in i n g  s e t s  
w i l l  be used  as working s t a n d a r d  w e i g h t s  f o r  
c a l i b r ' i t i n g  a n a l y t i c a l  b a l  n c e s  i n s i d e  and o u t s i d e  
the I'd;  com pound.

1 i) s t o f  s e co n d a r y  mass s t  n iards  made f rom n o n - 
itia’ii' t i c  st  in l esr ;  s t e e l  f o r  c- l i b r a  t i o n  o f  w or k i ng  
s t  id?, rd w e i g h t s ,  'hare  o f  w e i g h t s :  c y l i n d r i c a l  
v i th i n t e g i a l  i.nob w i th out  ad jus tme nt  c a v i t y .
Al 1 l i g h t s  > be d jiiFt'  d t o  PIi!L  c l a s s  K2 t o l e -  
rai.o s o r  L ¡ . far on as aUi.ed d e n s i t y  b r s i s  o f  u000
! y />.. l o r  tin: 1m . t ,• i o 1 ;• n d 1 , 2  kg/m*’ f o r  a i r .

-  2 ‘ g -  l kg -  500 g1- i t i o n  ; G k
200 g -  200*g -  100 g

Each '. V c i ■ht to bi: , rkc>i on the knob though v e r y
c. ’ ig.ht,

5 2 
C C

not  . i r t 
*

2 1 
O *

rc  t : i n i n g
GOO
c

e n g r a v i n g  as  f o l l o w s
200 200* 100 
C C C

TWO s •t i s  to de 1 i veJed in a b ox  w i t h o u t
hruidl ing t o o l s but w i t h  a s u p p l y  o f  10 s o f t  ch am ois
l e a t h e r  p i e c e s  120x120 mm. The s e t  s h a l l  be marked 
on top o f  the box:

I r a q i  O r g a n i z a t i o n  f o r  “i t i nr iard s  
5 kg to  100 g 

net  C
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I tern No Descr ipt ion

9QE -  6 Two secondary mass standards 10 kg 

made from non-magnet ic  s t a in le s s  stee l  
l o r  c a l i b r a t io n  o f  working standard weights  

or  p rec is ion  balances,  shape o f  weights to 

be c y l in d r ic a l  with in teg ra l  hand le (o r  knob) 
and no adjustment cav ity .  Each weight to be 

adjusted to 01ML c la ss  E2 to lerances  or  bet te r  

on an assumed density  b a s is  o f  8000 kg/m^ for  

the materia l  and 1.2 kg/m fo r  a i r .
Weights to be marked through s l i g h t  engraving  

on the i r  handles

10 kg -  IOS -  C 

reap.

10 kg -  IoS -  C

The set sha l l  be marked on the top o f  the l i d

I r a q i  Organization f o r  Standards 

2 x  10 kg 

Set C

90E -  7 Dual-armed p rec is ion  ba lance,  capacity 20  kg 
s e n s i t i v i t y  0.o5 d iv i s io n  per m i l l i g r am (20 mg 

per d iv i s io n )  o r  b e t te r ,  equa l i ty  of arms b e t t e r  
than 2 • 10~5 ) diameter of pans at l e a s t  250 mm. 
P re fe rab ly  equipped with op t ica l  p r o j o c t i o n  d e v i c e  
to f a c i l i t a t e  readings, mechanical p o i n t e r  and 
sca le  acceptable i f  not a v a i l a b l e .  S c a l e  to be  
divided from l e f t  to r ight  in 0 to 100 d i v i s i o n s  
with pos i t ive  values only in case o f  o p t i c a l  
reading (0  to 40 d iv i s io n  with pos i t ive  v a l u e s  
only in case of  mechanical po in ter . )
Intended use of  the ba lance-  Comparisons of 
prec is ion  weights in the rai ¿»e of  2 kg to 20 kg 

with an accuracy o f  -5 mg or  b e t t e r  using t rans ­
pos it ion  method and repeated weighings.

90E -  8 Dual-armed free -sw ing ing  balance, capacity 5 kg, 
s e n s i t i v i t y  0.2 d iv i s io n s  per m il l igram (5  m i l l i ­
gram per d iv i s io n )  or b e t t e r ,  pan diameter min. 100 nw 

Other ch a rac te r i s t ic s  ae fo r  item 90E -  7,
Intended use: Comparisons o f  p rec is ion  weights  

at loads 2 and 5 kg, standard deviation 0 , 5  mg 
in repeated transposit ion wefgMn<?p

<• v ' '
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Itera Mo Description

90E - 9

90E -10

90E -  11

90E -  12

Primary ca l ib ra t ion  balance, dual-armed,  
capacity 1 kg, re ad ab i l i ty  and rep roduc ib i l i ty  

O.ol mg with su i tab le  op t ica l  pro ject ion  reading  

device. S e n s i t iv i ty  1 J iv is ion (2  mm) fo r  0,1 mg 

change o f  load. Pan diameter minimum 100 mm.
Purpose o f  balance: comparison of weights in the 

range of 1 kg to 100 g by transposit ion method using  

manual interchange of loads.

Single pan subst itut ion  balance, capacity 1 kg, 
re ad ab i l i ty  and rep ro d u c ib i l i t y  0.1 mg. Direct  

reading op t ic a l  range 1 g (o r  1.2 g ) .  Taring to 1 g min. 

Purpose o f  balance: Comparison of standard weights  

in the range 1 kg to 200 g by successive subst i tu t ions  

and tar ing to middle of  op t ic a l  r a n g e , (o r  by previous  

ca l ib ra t ion  o f  internal we ights ) .  To be used as 

complement to item 90E -  9 fo r  more rapid  eva luat ions .

Single  pan subst itut ion  balance, capacity 200 g,  
re ad ab i l i ty  and rep ro d u c ib i l i t y  O.ol mg, op t ica l  
range 120 mg.
Purpose of  balance: Comparisons o f  weights by succes­
sive subst itut ions  in the range of 200 g to 10 g.

Microbalance, capacity 30 or 20 g, r e a d a b i l i t y  and 

rep roduc ib i l i ty  O.oo 1 mg. Equi pped with fronta l  
weight pan extractor  fo r  easy loading without ' i s t u r -  

bing thermal  equil ibrum of the balance.
Purpose: C a l ib ra t ion  of m il l igram weights by preliminaryi
ca l ib ra t ion  of the in -b u i l t  weights and of the op t ic a l  
scale using external standards( item 90E-4, set B l )i
Similar or ident ica l  to M ett le r  type M5SA or equivalent  

e lectron ic  model with at least  20 g capacity.
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1 1  en» Ko Description

One set o f  e lec t ron ic  balances fo r  rapid  

c a l ib r a t io n  o f  weights o r  checking o f  contents  

of packages using p r in t ing  f a c i l i t y .  The balances  

should cover the fo l low ing  ranges with the in d i ­
cated r e p ro d u c ib i l i t i e s :

90E -  13 (0 ) ) to 201 g + 1 mg
9QE -  14 (0 ) ' to 1010 g + 10 mg

90E -  15 (0 }>  to 10100 g + 100 mg

The balances sh a l l  be e a s i l y  ad justab le  using  

externa l  standard weights.
A l l  balances sh a l l  be provided fo r  connection to 

the sane type o f  p r in te r .  Two ident ica l  p r in te r s  

sh a l l  be supplied with the set p re fe rab ly  with  

adding and subtraction  f a c i l i t y .  The apparatus  

sh a l l  be provided f o r  operation on s in g le  phase 

220 V 50 Hz mains. A l l  necessary spares sh a l l  be 

provided such as fuses ,  etc as we l l  as a supply 

of  300 r o l l s  o f  paper f o r  the pr inters  and 20 spare  

ribbons i f  carbon ribbon p r int ing  is  used.
Equipment to be s im i la r  o r  ident ica l  to 

Met t i e r  types
PT 320 + PT 1200 + PT 15 + p r in ters  GA20
or  improved models subject to the fo l low ing :

The balances sha l l  be cunceieved to operate at 

temperatures between l8 and 32 °C. The influence  

of  s t ray  magnetic f i e l d  from the balance mechanisms 

on m ater ia ls  such as cast iron should be le s s  than 

10**  ̂ in r e l a t i v e  va lue ,  i . e .  l e s s  than 0.1 g for  

a 10 kg cast iron weight measured with item 90E -  15.
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I tern No R e s c r i p t  ion
Primary l ength metrology room

40

92S -

n2E -

92E -

92E

92E -

92E -

1 Primary reference l in e  standard fo r  length, length

one metre made o f  n ick e l -p la ted  s t e e l ,  d iv ided  into mm, 
ciphered at each cm with two parts  o f  the sca le  covering  

1 mm div ided  into 0,1 mm located outside the normal 
d iv i s io n s .  Metre to have H-shaped form, accuracy and 

d iv is ion s  genera l ly  as per SIP sp ec i f ic a t io n  drawing 

302152B. To be c e r t i f i e d  by BIPU fo r  every cm to an 

accuracy o f  0,1 pm .

2 Line standard 20 cm long, f l e t  o r  s l i g h t l y  U-shaped,  
divided in mm, ciphered every cm. To be c e r t i f i e d  by 

5IFM to an accuracy o f  0.1 pm . M a te r ia l :n ic k e l -p la t e d  
s t e e l .

3 G lass  sca le  fo r  c a l i b r a t io n  of measuring microscopes  

consist ing  of  h igh -q u a l i ty  g la s s  p la te  with 2mm length 

of d iv i s io n s  spaced at 0,1 mm. Accuracy o f  d iv i s io n  

0,1 urn, thickness of  l in e s  2 to 5 p m .

4 One set of  primary gauge blocks grade H 00 consist ing  

of 200, 300, 400 and 500 mm de l ivered  in a box. Gauge 

blocks to be c e r t i f i e d  by in te rnat iona l ly  recognized  

laboratory .  One gauge block,  grade H0^length 1000 nan 

de l ivered  in a box and in te rnat iona l ly  c e r t i f i e d .

5 One set o f  primary gauge b locks,  grade 1100, cons ist ing  

of 111 blocks with the fo l low ing  d i s t r ib u t io n :
1 ,ool mm to 1• oo9 mm in steps of O.ool mm
1 ,o l mm to 1.49 mm in steps of O.ol mm
0.5 rnm to 24.5 mm in steps of 0.5 mm
25 mm, 50 mm , 75 mm and 100 mm.
Internationa l cer t i f i cat ion requi red fo r  the fo l low ing
gauge blocks : 10, 20, 25 , 50, 75, 100 nut
( Ga’ige block set simi la r or  ident ica l to Homme1werke
type V 111)

h Universal  measuring machine fo r  external and internal
measurements up to 3 m with incorporated standard sca les ,  
su itab le  fo r  c a l i b r a t io n  o f  end gauges as wel l  as l ine  

standards to an accuracy o f  1 micrometer per meter length.  
Incorporating a l l  accessor ies  for  measuring pitch of  

threaded sp indles ,  lead er ro rs  of screws, thread diameter  

by three-wire  method, op t ica l  measurements by s i lhoue tt ing
method, etc. Ze iss  Jena model ULMM complete with cabinet  
/or accessor ies .



I t Cul i

92E -

92E -  

92E -

92E

92E - 

92E -

о Description

7 Universal  tr i -d imensional  measuring machine
a lso  equipped fo r  po la r  measurements, longitud ina l  
trave l  400 com, transversa l  t rave l  100 ваш, v e r t ic a l  

travel  145 mm. Measurements on b u i l t - i n  high p r e c i ­
sion s tee l  sca les ,  accuracy 1 pm or  b e t t e r ,  readings  

poss ib le  to 0,1 pm. Equipped with microscope probes 

and m u lt i -d i r e c t ion a l  coordinate probe, c i r c u la r  tab le ,  
double-image attachment fo r  bore ho le  loca t ion ,  gonio-  
metric attachment, d iv id ing  head, V -supports ,  center  

supports,  ad jus tab le  tab le ,  kn i fe  edges, attachment for  

v e r t i c a l  measurements without contact etc including  

table  fo r  supporting the instrument and f o r  accomodation 

o f  accessor ies .  SIP model MU-314 complete with a d d i t io ­
nal accessor ies ,  including in s t a l l a t i o n  and demonstra- 
t ion.

8 Abbe v e r t i c a l  comparator and d i rec t  measuring machine 

range 100 mm, reading to 0,1 ¡an on in terna l  g la s s  

sca le ,  complete with a l l  accessor ies ,  contact tips  

gauge and theead measuring equipment, spare parts etc 

Manufacturer: Ze iss  Jena

9 Accessories  fo r  checking f l a tness  and p a ra l l e l i sm  of  
end gauges consist ing  o f  one set of op t ic a l  JAral le ls  

in a box (Ze iss  Jena) -  1 op t ica l  f l a t  45 mm diameter 

unevenness le ss  than 0.1 yam and one do. 60 mm diamter 

( Z e is s  Jena) -  one interference  lamp with one spare 

b u lb ( Homme1werke)

10 Gauge block comparator comprising two inductive  

comparator?,electronic analog ind icato r ,  heavy 

measuring stand, gauge b lock locato r  and manipulator,  
pneumatic l i f t i n g  o f  gauge heads, measuring range 

minimum 100 mm pre fe rab ly  175 un, complete with 

add it iona l  measuring heads o f  a x i a l  and leve r  type 

fo r  use on other equipment. (Car l  Mahr, oFe0h.'m? Cary)

11 Set o f  secondary gauge blocks,  grade HO, consist ing  

of the fo l low ing  blocks 200, 300, 400, 500 and 1000 mm 

(make to be d i f f e r en t  from item 92E -  4, such as 

Carl Mahr). Gauges to be de l ive red  in one box or

separate boxes,
12 Secondary set of  gauge b locks,  grade 00, cons ist ing  

of 111 blocks s im i la r  to item 90E-5 but o f  d i f f e r e n t  
make fo r  id en t i f i c a t io n  purposes, fac to ry  c e r t i f i e d ,  
(such as Cary, Switzerland)



Item t'o

9*E -  1

91E -  2

91E -  3

91E -  4

91E - 5

91E - 6

4 •-

dimensional metrology, room 91

Three measuring tapes, 20 meter long, made from 

s ta in le s s  s t e e l ,  with engraved d iv i s ion  every cm, 
graduation at lower edge. Best d iv i s io n  qu a l i ty  

accuracy 0.2 torn or b e t te r  to be de l ive red  with 

internat iona l  c e r t i f i c a t e  fo r  every meter d iv i s ion .
These tapes are to be used as standards f o r  c a l i b r a t in g  

other tapes on a stone bench.

Meter st icks  f o r  secondary c a l ib r a t io n ,  accuracy 

O.o2 mm or approaching, made o f  s t e e l ,  d iv is ion s  

O.o2 to 0,o3 mm thick.
Two of length 0.5 m ( i d e n t i c a l  or  s im i la r  to

Honaaelwerke No 30751103)
Two o f  length 1 m ( d o  No 30751104)
One o f  length 2m  ( d o  No 30751105)

P r o f i l e  p ro jec to r  fo r  d iascopic  and episcopic  

examination and measurements of small pa r ts ,  
sceeen dimensions 560x460 mm with rotary  ob ject ive  

and condenser tu rrets  fo r  magnif icat ions  

10x,20x, 50x, and lOOx, with f i l t e r s ,  g la s s  sca les ,  
c i r c u la r  p ro tracto r  and spare bu lbs  and fuses;
(S im i la r  pr  ident ica l  to Hauser model H560 complete 

with accessor ies )

Prec is ion  measuring microscope with eyepiece micrometer 

and coordinate measuring tab le  70 x 50 mm and 

ob ject ives  x4, x6.3, x l2 .5 ,  x l6  and spare lamps.
(S im i la r  or ident ica l  to Ze iss  Jena 70x50 equipment I I I )

Universal  measuring block fo r  use on surface p late  

fo r  checking concentr ic ity ,  p a ra l le l i sm  or  a x ia l  run-out.  
Comprising bed with sine bar  r o l l s  and removable centers.  
Center distance 0 to 200 mm, center height maximum 75 mm. 
Distance between centers o f  sine r o l l s  300 mm.
(S im i la r  or  ident ica l  to Car l  Mahr type 313 (DC)

Working standard gauge b locks ,  grade HO consist ing  of
-121 gauge blocks 0,5 to 100 mm(Carl Mahr type 409/0)
-20 thin gauge blocks in steps o f  0.o5 o n , range 0,o5 to

1 mm (Car l  Mahr typa 416/1)
-one set of  gauge block holders and measuring jaws

including s c r ib e r s (C a r l  Mahr typd 420 + 42Oh lOOto 420 ran
+ 42h 400to320 mm, maintenance k i t  424„ thernnome'ie.? 422* 

-n*ug gaug< get. nominal '  a»w, sav.r C .Vah: : ,-pe 425

Description
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/

I tem-tio
/

/
91E - 7

91E -  8

9 IE -  9

91E -  1

91E - 1

Cathetometer equipped with le ve l  and prec is ion  

sca le  with length 1200 a s ,  accuracy O.o5 mm, with  

telescope and opt ics  a l low ing  observations at d istances  

from 30 cm to 20 m.

Surface roughness measuring and recording instrument, 
contact p r o f i l e  type, genera l ly  to ISO 3274, equipped 

with inductive sensor and swasuring am p l i f i e r  fo r  

evaluation o f  arithmetic average roughness Ra, peak to 

v a l l e y  va lue Rmax and peak to v a l l e y  average height Rs 

complete with
-  dr ive  unit  fo r  trac ing  length 15 am, tracing speed 

0.5 am/e
• s in g le  skid tracer  fo r  maximum 50 jm

-  double skid tracer  f o r  maximum 50 yum
-  s tee l  stand with two-coordinate tab le
-  set o f  V -b locks f o r  components up to 160 mm
-  r e p l i c a  k i t
-  c a l i b r a t io n  master 50 îm
-  50 r o l l s  of spec ia l  recording paper
-  supply of  fuses and recommended spares  

(S im i la r  o r  iden t ica l  to Ferthometer C3A with
recorder)

P rec is ion  height micrometer with d i g i t a l  indication  

combined with angle and form te s te r ,  tota l  height 

500 nan accuracy 5 yum or  approaching fo r  use on surface  

plAte including standard accessor ies  such as b a l l  

contact point,  holders fo r  d i a l  comparators and d ia l  
indicators  as well  as spec ia l  holders with zero se t t ing ,  
extension rods and se tt ing  devices.
(S im i la r  o r  ident ica l  to Car l  Mahr type Digimar)

-Surface p late  made of d iabas ,  dimensions 1500x1000x160 

am, f l a tn e ss  tolerance b e t t e r  than 10 yum/m(grade 0) 
with four cast iron supports. Also fo r  bench use: 

»surface p la te ,  grade 00, dimensions 630x400x"0 mm.

Sine b a r s , 100 and 200 mm centre d istances ,  accuracy 

be t te r  thqn 2 j m .

Description
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Item .'.o ¡'«-•script ion

91K - 12

91E -  13

9 IE -  14

91E - 15

Prec is ion  ca l ip e r s  as fo l low s :

5 of  s ta in le ss  s t o o l  with hardened kn ife  edges, 
chrome f in ish  reading to 1/20 mm, length 250 mu
supplied in wooden cases

1 inspection type with f ine  adjustment without kn i fe  edges 

reading to 1/50 mm, length 250 mm in wooden box

1 ro length 500 mm in wooden box
1 do. length 1000 mm in wooden box
1 depth gauge reading to 1/20 mm, range 200 mm
1 do, range 500 mm
1 prec is ion  ve rn ie r  height gauge reading to 1/50 mm 

range 500 mm in wooden box with tungsten carbide t i p  

and holder fo r  d i a l  ind icator

Micrometers as fo l low s :

1 set of micrometers from 0 to S00 mm reading to 

O.ol mm along with set gauges de l ivered  in one box
2 d ia l  comparator micrometers, measuring range 0 -  25 ram 

readings on b a r r e l  to O.ol mm, on d ia l  comparator to 

O.ool mm ( s im i la r  to C. Mahr M i l l im a r " )
1 d i a l  comparator micrometer with measuring d iscs ,  

range 0 to 20 mm
1 micrometer holder on heavy base
1 depth micrometer- range 0 to 100 mm complete with  

accessor ies  in wooden box.

Dial  indicators  with s ty los  at r ight  angle " t a s t "  

type, metric vers ions :

2 with sty lus  length 14 am range 0 ,8  am reading to O.ol ram
1 with sty lus  length 37 mm range 0.8 mm reading to O.ol mm
2 with sty lus  length 14 mm range 0.24 mm reading 0.oo2 mm
Dial ind icator  with long measuring range:

2 shockproof model range 10 mm reading to O.ol mm
2 with range 30 mm reading to 0 ,o l  mm
2 cable re lease  fo r  above indicators
Dial  comparators as fo l lows :
2 reading Jo 0,oo5 am range + 0,13 mm
2 reading to O.ool mm range £  0,o5 mm
2 E lectronic  gauge beads with ax ia l  cable ou t le ts  

measuring range 1 mm
2 lever  type

connections to f i t  indicator  used for  item 92E - 10)
e lectron ic  gauge h e a d s ( " t a s tM type)
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91E

I tern

9 IE

91E

91E

91E

91E

91E

91E

■ 16  - C y l i n d r i c a l  square o f  s o l i d  s t e e l ,  height 300 №  

-Toolmakers knife -edges  450 as  end 300 шш

-  Hardened square with kn i fe  edges 150 x 100 an

17 ~ Optica l  bevel  p rotractor  reeding to 5iminutes, b lades  150
nm

— Universa l  bevel  p ro trac to r ,  b lades  150 see

“ prec is ion  le v e l  with ad ju s tab le  v i a l ,  length 200 ms 

reading to O.o2 ns  per »

I.'o -( Script ion

“ Frame l e v e l ,  length 200 «am reading to 0.1 an per si

18 Bore measuring equipment, se l fcen te r ing  two-point or  

three-point from 2 nan to 120(or 160 ana), de l ive red  in 

su i tab le  se ts .  Measurements by d i a l  ind icato rs  to
0.oo5 mm or b e t te r .  The sets  are  to be used fo r  

occassional checking o f  bore diameters in an inspec­
tion laboratory  se rv ice ,  the best economical and 

technical so lut ion  should be chosen.
(Supp l ie rs :  Z e is s  Jena o r  Homme 1 werke) or C. Mahr)

19 Tester  fo r  c a l i b r a t in g  d i a l  ind icators ,  measuring 

range 12 mm readings to O.ool mm including holding  

f ix tu re s  for  most contnon diameters of d i a l  ind icators  

and inductive gauge heads.

20 Tester  fo r  c a l i b r a t in g  comparators of  mechanical 
or inductive type composed o f  micrometer and lever  

system. Measuring range ±  0.1 mm reading to 0.1 yum

21 “ Heavy duty ind icator  s tands (th ree )  with t r iangu la r
base, ad justab le  along with f i x in g  accessor ies  fo r  

d ia l  ind icators  and d i a l  comparators.
••One ind icator  stand with magnetic base.
~V-b locks fo r  2-25 mm, 5-30 mm, 30-50 mm , 6-140 mm,2 of eac

22 Alignment te lescope,  m irror with 100 mm base,  12-
sided polygon etc permitting readings in x and y 

d irec t ions  to 1 yum.(Suppliers: Ze iss  Jena, L e i t z  or 

nank Taylor-Hobson)

23 Optica l  c i r c u la r  tab le ,  diameter 315 mm, graduation  

reading to 1” (Z ' - iss  7«na '
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11 am No

91E -  FI

91E - F2

91E -  F3

91E - F4

91E - F5

91E -  F6

Descript ion 

Force metrology

Set o f  re ference dynamometers enabling  
c a l i b r a t io n  o f  o ther  dynamometers with an 
accuracy o f  0.1 ii w ith in  10% and 100 % o f  
f u l l  range, equipped with op t ic a l  o r  other  
su i tab le  means o f  observation o f  f r i c t i o n l e s s  
type and highest re so lu t ion  corresponding to 
at le a s t  O.o? fa o f  range. To be de l ive red  with 
internat iona l  c e r t i f i c a t e d  from recognised national  
' a bo ra to ry .  Equipped fo r  compression tests  only  
with lower support p late  and upper b a l l  jo in t  p la te .
Ranges o f  the dynamometers:

5 kN -  15 ki - 50 kN -  100 kN -  200 kN -  600 kN

In case o f  op t ic a l  observation a su i tab le  measruring  
microscope should be de l ive red  which should a l s o  be 
used fo r  the c e r t i f i c a t i o n .

Reference load c e l l  capacity 2 1M accuracy 0,o3 % 
to be de l ivered  with d i g i t a l  s t ra in  meter accuracy  
O.ol %. The assembly sh a l l  be provided with in t e r ­
nat iona l  c e r t i f i c a t e  de l ive red  by a recognised nat iona l  
laboratory .  The required s t a b i l i t y  between c a l ib r a t io n s  
should be two years fo r  an accuracy o f  0.1 % and in 
normal laboratory  use at temperatures between 15 and 
35 °C without compression overload.

P rec is ion  hydraulic  comparator fo r  load c e l l s  and dyna­
mometers capacity 100 kN(10 tonforce) cons ist ing  of  
a set o f  upper p la tes  between which a standard reference  
compression type dynamometer («see item F I )  may be placed  
and a lower part cons ist ing  o f  p la tes  and tract ion  
f i t t i n g s  in which the tested load c e l l  or dynamometer 
¡nay be inserted .  The device should be operated by a 
prec is ion  manual hydraulic jack permitting very fine: adjust  
rnent of the force and without any leakage with closed  
va lve .  (The leakage should in any case not occasaion  
any change o f  force higher than 1 N in ten minutes and 
the f iness  o f  adjustment o f  the jack and i t s  needle v a l v e  
should be such that steps corresponding to 1 N car ' 
ob ta in ed ) .

P rec is ion  hydraulic  force comparator fo r  load c e l l s  
and dynamometers capacity 700 kN(70 tonforce) iden t ica l  
to 91E -  F3 above in other respects but with s t a b i l i t y  
be tte r  than 10 N in ten minutes and adjustment p o s s i b i l i t y  
the force to 10 N, or lower.

:> t of  compression and ten s i le  dynamometers, accuracy  
0,1 fa, equipped with b a l l  jo in ts  fo r  compressions tests  
and a l l  necessary linkages fo r  t en s i le  tests .  D ia l  in d i ­
cator,  p re fe reb ly  with one type of d iv is ions  o n ly (b l s c k ) .
To be de l ivered  with c e r t i f i c a t e  from o f f i c i a l  test  
in s t i tu t ion  or recognised facto ry  c a l ib r a t io n  serv ice .  
Ranges:
1 kN -  5 kN -  15 kN -  50 kN -  100 kN -  200 kN -  600 kN

Compression dynamometer fo r  te s t ing  o f  compression 
test ing  machines, spec i f ic a t ion s  otherwise as fo r  item 
91E -  F5 , capacity 2 MN.



C a l ib ra t io n  o f  barometers 
to 4 0.1 mbar(10 Pki

C a l ib r a t io n  o f  a ir ,oxygen  and 
gas gauges from -  1 to 35 bar  
(vacuum to 3.5 MFa)

Test ing  o f  o i l ( o r  other l i q u id )  
gauges from 1 to 700 ba r (0 .1  to 70 MPa 
extendable  i f  needed in future to 200C 
bar  or more with add it iona l  dead-weigl  
piston te s te r

PRjJ.: :URE CALIBRATION SCUCI.IE
■r-o
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I tern No Description  

Pressure metrolocv

91E - PI Standard ..ano-barometer accuracy 
_+ O.o5 mbar or approaching,
"range 50 to 1100 mbar su i tab le  
f o r  c a l i b r a t io n  o f  other barometers 
or nanometers. Two-position reading  
on precsion scale  of  upper and lower 
mercury leve l  to + O.o5 mm, inner diameter 
of  tube at leas t  T l  nn. Su itab le  fo r  
c e r t i f i c a t i o n  by o f f i c i a l  in s t i tu te .

91E -  P2 Barometer test  chamber f o r  connection 
to 91E -  PI above comprising chamber fo r  
mercury barometers and hor isonta l  and v e r t i c a l  
aneroid type precisión barometers and low 
pressure gauges, equipped with vacuum and 
overpressure pumps, pressure regu lat ing  va lves ,  
a l l  required supplies ,  such as o i l  spare fuses  
etc fo r  220 V 50 Hz monophase operation.

91E -  P3 Prec is ion  aneroid type barometer, p rec is ion  
0.2 mbar or approaching su i tab le  fo r  connection 
to test  chambers, range 50 to 1200 mbar

9 IE -  P4 Mercury column vacuum tes te r  with sca le  graduted  
in mm and second scale  graduted in bar .  Range 
0 - 7 6 0  mm. Equipped with the fo l low ing  connections:
1/4 "  -  )/8 M -  1/2 "  BSP fo r  v e r t ic a l  and angle mounting

To be de l ive red  with hand pump or(preftrably with  
e le c t r i c a l  vacuum pump and regu la t ing  needle va lves )  
connection to external vacuum system should be poss ib le  
through su i tab le  T-connector.

91E -  P5 Mercury column pressure te s te r ,  range 0 to 1.4 bar  
to be de l ive red  complete with pump and the folkwing  
cormec t ions

91E - P6

1/4 " -  3/ :i M -  1/2 "  BSP and angle connector
S ing le  piston dead-weight pressure gauge c a l i b r a t o r  fo r  a i r  
range 0,1 to 35 bar,  accuracy + 0,o3 % to be de l ivered  
with o f f i c i a l  c e r t i f i c a t e  froKT"recognized national  
laboratory and a l l  adaptors ss fo l lows

1/8 " -  1/4 " -  3/8 "  -  1/2 M BSP and angle connector
1/4 " -  1/2 " NPT and M 12x1.5 and M 20x1.5 
as wel l  as as t r i p l i c a t e  sets  o f  gaskets

91E - P7 Dual piston dead-weight pressure gau^e c a l i b r a to r  fo r  o i l  
range 1 to 700 bar,  accuracy + O.o2 % to be de l ivered  
with o f f i c i a l  c e r t i f i c a t e  from recognized national  
l a bo ra to ry (p is  ton mass and diameter) ,  connectors anu gaskets  
as fo r  item 9.1E -  P6.

9 IE -  P8 O i l  to water separator f o r  use with item 91E-P7 in p a r t i ­
cu lar  for  test ing of oxygen gauges to be de l ive red  with 
a l l  su itab le  connectors. Range of use 0 to 500 bar .
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Item ! o Description

91D -  P9 2 Sets of secondary test  gauges, accuracy 0.25 ft, diam. 150 uun 
consist ing  of

0 - 4  bar  fo r  use on a i r , connection 1/2" BSP
0 - 1 0  bar "  “n|r" "

0 - 3 0  bar  fo r  use on o i l ,  connection 1/2" BSP 
0 - 6 0  ' "  "  "  "
0 - 100  "  "  "  "
0 -800 "  "  "  "

A l l  manometers to be de l ive red  without mounting f lange  
in su i tab le  transport boxes.

91E -  P10 Fortab le  on -s i te  piston dead-weight tester  complete in 
transport box. range 0.1 to 10 ba r ,  accuracy 0.o3 ft 
to be de l ivered  with o f f i c i a l  c e r t i f i c a t e  froia recognized  
national laboratory,  fo r  te s ts  using a i r , including su i tab le  
pump, and connections f o r  1/8 "  -  1/4" -  3/S "  -  1/2 "  BSP

91E -  P l l  Portab le  o n -s i t e  p iston dead-weight teste r  complete in 
transport box fo r  test ing  using o i l , range 1 to 70 bar ,  
accuracy O.o5 ft. To be de1i v e r e d w i t h  o f f i c i a l  c e r t i f i c a t e  
from recognized nat iona l  laboratory ,  including connections 
fo r  1/8" -  1/4 »  -  3/8 "  -  1/2 »  BSP and sets  o f  gaskets.

Hardness metrology

Hardness test ing  machines used in industry can be 

inspected as regards load and intender with equipment 

foreseen in the mass and engineering metrology laborato ­

r i e s .  i t  is  e a s ie r  however to do such checks using  

c e r t i f i e d  hardness b locks .  I t  is  fo r  the moment simply 

suggested to procure the fo l low ing  b locks :

9IE -  III

91E -  H2

9IE -  H3

9IE -  H4

C e r t i f i e d  hardness blocks f o r  v e r i f i c a t i o n  of B r in e l l  
hardness test ing  machines under normalized load condi­
tions fo r  s tee l  F/D^ * 30 gene ra l ly  to ISO R156:

10 o f  hardness comprised between 100 and 200 HB
10 o f  "  "  » 280 "  350

C e r t i f i e d  hardness b locks f o r  v e r i f i c a t i o n  of Vickers  
hardness test ing  machines according to ISO R146, load 30 1; g*

5 o f  hardness comprised between 100 and 200 HV30 
5 " »  " 250 " 350 HV30
5 " "  "  600 "  750 HV30

C e r t i f i e d  hardness b locks fo r  v e r i f i c a t i o n  o f  Rockwell 
hardness test ing  machines according to ISO R716:

5 o f  Rockwell C ( s t e e l )  between 20 -  30 HRC 
5 "  "  35 -  55 HRC
5 "  . "  5 9 - 6 5  HRC

C e r t i f i e d  hardness b locks fo r  v e r i f i c a t i o n s  to ISO R716:
5 of  Rockwell B (meta ls )  between 40 -  60 HRB 
5 »  "  80 -  100 HRB

A l l  blocks should fo r  each type be of  the same lo t  o f  
nanufacture .



International certification at BIPM

Reference groups 
luminous inten­
s i t y  lamps at  
2045 and 2859 K

Preference group 
of lamps fo r  
luminous f lu x  
at 2793 K

10

Working standard  
lamps, luminous 
in ten s i ty  at  
2045 and 2359 K

DC power supply  
with f in e  v o l ­
tage adjustment ■ 
0440VV 20 A

I I

DC power supply  
with f ine  v o l ­
tage adjustment 
0-250 V 5 A

Standard res is *  
tors O.ol ohm 

and
0 « 1 ohm

12 Switch fo r  
vo ltage/current  

measurements

Secondary stan* 
dard lamps fo r  
luminous f lu x

Working stan ­
dard lamps fo r  
luminous f lu x

U l b r i c h t ' s 
in teg ra t ing  
sphere,diameter

2.5 m

[secondary stan -  | 
[dard f l o u r e s -  j
|cent lamps i

I____ ,_____J
H  Working standard  

f lou reseent  lamps

15

16

AC s t a b i l i z e r  
220 V 1 kVA 
f ine  vo ltage  

adjustment

Reference
b a l l a s t s

V - ,  A - ,  W- 
prec is ion  

meters

13Opt ica l  bench 
f a c i l i t y  

length 4 m, 3
movable supports _

D i g i t a l  meter
------— fo r  vo ltage  and

current o f  lamps 
+ 0. o 1 %

D ig i t a l  
V * -  corrected  

photometer

C a l i b r a t io n  o f  luxmeters Determination o f l i gh t  
f lux  o f  lrmps

8 D ig i t a l
colorimeter

X .Y . *

18 L i f e  test ing  
equipment: AC 
s t a b i 1ize rs ,  
vo ltm eters , 
amperemeters

" 3 7
Determination o f  co lours  
of  lamps and i l lum inators

L i f e  tests  o f  
lamps to s tanda;

FH0TQ ETRY CALIBRATION GCHZ1.E
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11 e;a i'o 

104S -  1

104E -  2

104E -  3 

1 (ME -  4

104E -  5 

104E -  6

Description  

Photometry, room 104

Standard lamps fo r  luminous in tens ity ,  construction  

s im i la r  to Osram type Wi 40 V and Wi 40 G.
The former w i l l  be used at a vo ltage  such that the 

colour temperature approaches 2045 K. The second type 

is  g a s - f i l l e d  and w i l l  be u se !  at a vo ltage  such that 

the colour temperature approaches 285? K.
Required qu an t i t ie s :
10 o f  ffi 40 V(whereof 5 sh a l l  be se lected  fo r  the

group o f  I r aq i  national  re ference standards)
10 o f  Wi 40 G( -  "  )

A l l  lamps sh a l l  be sent by the supp l ie r  to Bureau In t e r ­
national des Poids et 'fesures, 92 Sevres,  France fo r  

ca l ib ra t ion .  They sha l l  be returned to 105, Baghdad as 

hand-carried parce ls .

Itrndard lamps for  luminous f lu x ,  g a s f i l l e d  with welded 

f i laments, c le a r  bu lbs ,  nominal wattage 200 W, working 

voltage 100 V. S imilar  o r  ident ica l  to Osram type Wi 5.

The 1;mps are to be bu rn t - in  and ca l ib ra ted  at Bureau 

International  des Poids et i 'esures,  92 Sevres, and w i l l  

therea fter  be transported hand-carried to 103, Baghdad. 
Required quantity :  25 , (whereof 10 w i l l  a f t e r  burning in 

and s t a b i l i t y  tests  be se lected by BIP&I to constitute  

the I raq i  nat iona l  reference group for  fuminous f lu x ,  
adjusted to a colour temperature c lose to 2793 K*

This item is included in item 104E -  1, i . e .  remaining 

lamps not se lected  as nat iona l  re ference .

This item is  included in item 104E- 2 and is  con s t i ­
tuted by those lamps which were not se lected  to c o n s t i ­
tute the nat iona l  re ference group.

Working standard lamps 25 to 500 W se lected from best  

type of lamps a v a i l a b le  on the loca l  market, they should 

be o f  the same type and s ize  as the corresponding lamps 

tested.

U lb r i c h t ’ s in tegrat ing  sphere to be de l ivered  in four  

parts ,  diameter of the sphere 2,5 meter along with a l l
lamp f i t t in g  accessor ies  for  incandescent and f lourescent  

lamps, a u x i l i a ry  housing with 1 amp for  absorption  
I'lei.Buri-ments, but without photometer.



I tom o description
5 3

104E -  7 D ig i t a l  photometer with corrected
s i l ic ium  photoce l l ,  mauuil ly swi tched 

ranges, su i tab le  fo r  use at high leve l  
as wel l  as low le ve l  i l lumination fo r  

ca l ib r a t io n  of lamps fo r  luminous f lu x  

and luminous in tens ity  by comparison 

attached to U l b r i c h t ' s  sphere or on 

opt ica l  bench. To be supplied with 3 aw ter  

measuring cable  and equipped fo r  220 V 

50 Hz mains.
(Supp l ie rs ,  Osram Germany or L ichtechnik,  

B e r l in )
104E - 8 D ig i t a l  co lorimeter su i tab le  f o r  eva luat ion

in three coordinates o f  the colour o f  l i g h t
sources such as f lourescent lamps etc,  with
a l l  other accesorios fo r  colour measurements on
other sources such as i l luminated sur faces .
(Supp l ie rs :  Osram, Germany and Lichttechnik,  

B e r l in )

1 04E - 9 £  power supply output 0 to 250 V DC, maximum
current 5 A equipped with very f ine  adjustment 

of  vo ltage ,  reso lution  O.ol V or  approaching.  
I t a b i l i t y  O.ol 7; or be t te r  against vo ltage  (15 w) 

var ia t ions  of  mains. -Tor connection on 220 V 50 Hz 

mains. To be supplied with spare fuses and 

other consumable parts.
(Two units  should pre ferab ly  be ordered, one kept 

as spare)

104E -10 DC pov/er supply, output 0 to 4Q V, maximum current  

20(or 30) A, with very f ine  adjustment o f  vo ltage ,  
reso lu t ion  O.oo2 V or approaching. S t a b i l i t y  O.ol 

against 15 7. voltage va r ia t ion  o f  stains. For connec­
tion on 220 V 50 Hz monophase. To be supplied  

with spare fuses and other consumable parts ,
(Tv/o units sh a l l  be ordered, one kept as spare)

104E - 11 Standard r e s i s t o r s ,  fou r - te rm ina l , accuracy O.ol  
0,oo1 ohm 5̂0 A, O.ol ohm 10 A, 0.1 ohm 3 A 

or approaching values.
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1 1  em

104E

104E

1 04E

104C

104E

1 04 T

Э4

-  12 Switch, two-pole, two -  pos it ions ,  insu lat ion fo r
500 V PC, s i l v e r  or  specia l  a l l o y  contacts, de l ivered  

in box with connection terminals. No overlapping  

between measuring pos it ions .  Current carrying capacity  

1 A. Suitable  fo r  use as switch fo r  connecting a l t e r ­
n a t iv e ly  the potent ia l  leads of  a shunt and the potent ia l  
leads from a lamp to a d i g i t a l  voltmeter.
(Supp l ie r :  Cropico, UK and others )

-  13 D i g i t a l  vo ltmeter,  accuracy c la ss  0,oo5, minimum 5 to
6 d i g i t s ,  su i tab le  fo r  DC measurements of  vo ltages  of  
the order  o f  100 V with an accuracy o f  0 ,o l  V. P re fe ra b ly  

a lso  su i tab le  with rms converter fo r  measurement o f  AC 

vo ltages  o f  the order  o f  200 V with an accuracy o f  0.1 

True rms conversion p re fe rred .  A lso  equipped with 

ohms /measuring f a c i l i t y .  Mains connection: 220 V 50 Hz.
To be supplied with a l l  necessary spares such as fuses  

e t c .
(Two units  should p re fe rab ly  be ordered o f  th is  type)

-  14 ( ’forking standard lamps may probably be procured on
the loca l  market, i f  not su i tab le  such lamps must be 

imported. The types should be the same as those inten­
ded to be ca l ib ra ted )

-  15 AC s t a b i l i z e r ,  s t a b i l i t y  O.ol % or approaching fo r
mains va r ia t ion  of + 10 %. Low l im it  o f  operation  

nominal voltage less  15 1». Output power 1 kVA, nominal 
vo ltage  220 to 240 V. ad justab le  with high reso lu t ion .  
(Supp l ie r s :  P h i l i p s ,  Holland - Sorensen, Switzerland)

-  16 Refeance b a l l a s t s  fo r  test ing  f lourescent  lamps, to be
de l iv e red  with indiv idual  c e r t i f i c a t e s .  The choice of  
types should be made according to the type of f lourescent  

lamps to be t e s ted (d i f f e r en t  wattages ) .
(Supp l ie rs :  May Jt C h r i s t i e ,  Germany, Brown Bovery, Gur.-iany)

-  17 P rec is ion  measuring set cons ist ing  of two voltmeters
one amperemeter and one wattmeter a l l  with very low 

consumption su i tab le  f o r  measurement and control  o f
0

f lourescent  lamps, in sens it ive  to waveform. Wattmeter 

range 20 Vf to 500 W, reso lu t ion  O.ol W on lowest range. 
(S u pp l ie r :  Marek, Germany)

- 1 3  3 AC s t a b i l i z e r s  s im i la r  to item 104Б-15 but 10 kVA
3 voltmeter!) 30 to 600 V 0,5 % moving iron type 
3 amperemeters  0,3 to 6 Л M
; w a t tm e te r  200 V max 6 A a l  c u r r e n t  t r f  0 . 1  to  50 A

Г.’о rescript ion
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105E - 1

105E -  2

105E -  3

105E -  4

105E -  5

Description  

Thermometry, room 105

3 t r i p l e  point c e l l s  containing water  

b f  isotopic  content as spec i f ied  fo r  

r e a l i s in g  the fundamental thermodynamic 

and 1PTS temperature point o f  O.ol °C  

with an accuracy o f  at le a s t  ■+ 0*2 mK 

or be t t e r .  A lso  1 su i tab le  dewar container .
(Supp l ie r :  Spembly, U .K.)

High-aecuracy res istance  b r idge  su i tab le  

fo r  four-terminal  platinum res istance  primary 

thermometer measurements with a reso lu t ion  

be t te r  than 1 mK at 0°C. A lso  su i tab le  fo r  

measurements on res istance  thermometers with
H = 1 0 0  ohm and R = 2 ohm. Double -br idge DC type,o o
o r  current comparator p r in c ip le  with one b a lan ­
cing only, complete with detector  

fo r  connection to graphic recorder of potent io ­
meter type. Operation on b a t t e r ie s  or on mains 

220 V 50 Hs.
(Supp l ie r :  Leeds Northrup,model ER, or 

G u i ld l in e ,  Canada)
Graphic recorder, f l a t -b e d  laboratory  type, 
potentiometer p r inc ip le  with ranges from 1 mV 

to 1 V f u l l  s c i l e ,  250 mm, and speed ranges from 

1 nun/s to 30 mm/h or  approaching. Su itab le  for  

connection to item 105E -  2. To be de l ivered  

fo r  220 V 50 Hz operation aiong with 30 r o l l s  

of paper and 20 pen ca r t r idges .

Bath fo r  test ing  medical thermometers with f u l l y  

e lect ron ic  control of  two se t -po in ts .  Accuracy o f  

temperatures O.ol K , range 34 to 43 °C se t tab le .

Space for  at le a s t  100 thermometers.

3 primary resistance thermometers, platinum wound 

in protect ive  atmosphere, ice res istance  25 ohm, 
length o f  quartz tube at l e a s t  400 mm, to be supplied  

with ca l ib r a t io n  tab le  estab l ished  on actual c a l i b ­
rat ion  by recognized nat iona l  laboratory  at the 

points o f  oxygen b o i l i n g  point ,  t r i p l e  point of 
v.ater and freez ing  points o f  t in and zinciand antimon)

' ?c' ccl ind iv idua l ly  in su itab le  transport box»s.
( Suppl iers : Tinsley, U.K. , Leeds !<or thrup'
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Item Mo Descript ion

105E -  6 Low temperature c a l ib r a t io n  bath fo r  

l i q u id - in  g l| ss  or  e l e c t r i c a l  thermometers, 
range -  'TO °C (o r  more) to ambient room tempe­
rature ( o r  more),  equipped f o r  cooling with l i q u id  

nitrogen .  Including l i q u id  n itrogen  co n t ro l l e r .  

I:'„..ersion depth minimum 250 mm, immersion d i m t t c r  

15 cm. Equipped with bottom ag i ta t io n  and accurate  

platinum res istance  sensor contro l led  temperature 

regu lat ion  with se t t ing  reso lu t ion  o f  0,1 K o r  b e t t e r  

and s t a b i l i t y  b e t t e r  than O.ol K. Uniformity o f

105E -  7

temperature in test  sone to be b e t t e r  than 0,oo5 K 
at ambient temperature. A l t e rn a t iv e ly :  mechanical r e f r i g e  

Ice point bath fo r  c a l i b r a t io n  of l i q u i d - i n  g la s s  

and e l e c t r i c a l  thermometers, usefu l  diameter o f  

immersion minimum 6 cm, immersion depth minimum 20 cm 

equipped with a i r  ag i ta t ion  device fo r  maximum a i r  

saturation of a i r -w a te r  mixture, g la s s  dewar model.

105E -  8 Low temperature bath fo r  c a l i b r a t io n  o f  l i q u id - i n  g la s s  

and e l e c t r i c a l  thermometers in the range o f  -  30 to + 

100 °C using s i l i c o n  o i l (C o rn in g  No 200 or  s im i la r )  or  

using water between + 2 and 95 °C, equipped with mecha­
n ica l  r e f r i g e r a t io n  fo r  220 V 50 Hz mains, immersion 

depth minimum 250 ra»u, immersion zone diameter minimum 

150 mm. Equipped with bottom ag i ta t ion  and accurate  

platinum res istance  sensor contro l led  temperature 

regu lat ion  with se tt ing  reso lu t ion  of 0.1 K or b e t te r ,  

s t a b i l i t y  b e t t e r  than 0 ,o l  E. Uniformity o f  temperature 

to be b e t t e r  than O.oo5 K in the test zone at ambient 

temperature.

105E - 9 Spécia l  o i l  bath for  c a l i b r a t io n  o f  l i q u i d - i n  g lass  and 

e le c t r i c a l  thermometers in the range o f  + 50 to + 250°C 

cha rac te r is t ic s  as fo r  item 105E -  8 but without  

re f r i g e ra t io n .  Su itab le  c a l ib r a t io n  l iq u id  to be 

supplied equivalent to 5 f u l l  charges o f  the bath.

1055 -10 Pneumatic sand bath su i tab le  fo r  c a l i b r a t io n  of ther­
mometers in* the r?nge o f  200 to 650 °C using alumina 

o r  other powder. Temperature regu lat ion  and s t a b i l i t y  

to be be t te r  than 0.1 K. To be supplied complete with 

a i r  blowing unit and regu la to r  fo r  220 V 50 Hz mains

S u p p l i e r :  Techne, UK'
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105E -  11 3 primary platinuu-K%rhodiumplatinum thermocouples 

f i r s t  grade to IPTS - ^8, mounted in tw in -bore  tubing  

and protective  tube o f  alumina, dianeter o f  w ires  0*5 nan, 
tota l length o f w ires  1,5 m, to ta l length o f  tube 600 mm. 

To be supplied in ind iv idua l boxes along with c e r t i f i ­
cate from national physical 'abo ra to ry  in accordance 

with IPTS-68.

105E -  12 
( a )

-2 secondary platinuci-10%rhodiumplatinum thermocouples 

according to IFTS-63, length o f ind iv idua l w ires  2 m, 
diameter 0.5 mm. Suplied without tw in-bore tubing nor 

protective  tube.
tb ) -2 secondary m eta l-c lad  platinum-10% 

rhodiuraplatinum thermocouples, length 1 m, diameter 

1.6 ton o f sheath, sheath made o f 10%rhodium-platinuin, 
with ad justab le  sea l and end caps o f p lu g - in  type.

( c ) -2 compensating w ire systems with plugs f i t t i n g  the 

previous item, length o f  each 3 meter.
(d ) -  100 pieces of twin alumina bore tubing, each 5 cm 

long su itab le  fo r  0.5 mm wires
(e ) -  20 pieces o f  c losed end alumina tubes su ita b le  fo r  

the above twin bore tubing, length 600 mm

105E -  13 Thermocouple.- comparison furnace, operating temperature 

1400 °C or more, furnace chamber minimum 400 mm, d i a ­

meter minimum 25 mm, su itab le  fo r  comparison o f  thermo­

couples down to 200 °C, complete with monitoring thermo­

couple and control unit cons ist ing  o f  s t a b i l iz e d  

voltage or current supply fo r  connection to 220 V 50 IIz 

monophase.
(S im ila r  or id en t ica l  to Johnson-Mat they type TK 4 with  

model 13H1 control unit )

105E -  14 Thermocouple sv'itches, two pole , with p a ra s i t ic  emf 
le ss  than 0.1 uV, contacts o f su itab le  m ateria l with 

very thermal emf against copper. Supplied in boxes 

with copper or g o ld -p la ted  copper pole screw connec­

t i o n s .  <4 each 1 2 -way type , 2 pole ^ each o f
• 4-way, 4 -po le  

2 each ?.4-way type, 2 pole ( f o r  resin  t r ice
thermome t r r s )

(Su pp lie r :  Croydon Instruments U.K. or s im ila r !

105E -  15 D ig ita l  microvoltmeter su ita b le  fo r  thermocouple , 

measurements dov/n to 1 f i V , p re fe rab ly  to 0.1 yuV,

5-d ig i t s  wi th insu lated  ,ov.tc\. t for dig?, tn7. p r i n t e r .



I te... No rescript ion
1G5E -  16 D ig i t a l  p r in te r  su ita b le  fo r  connection to item 

105E -  15, including scanning un it fo r  up to 10 

channels connectable to the input of item 105E- 15 

fo r  successive  reco rd in g (o r  p a r a l l e l )  o f thermo­
couple vo ltages  measured with item 105E-15. Auto­
matic p r in t in g  times se t ta b le  from 30 seconds to 
30 minutes. Connection through I EC bus. 220V50H* mains.

105E -  17 Automatic ice po int, accuracy O.ol K comprising 

tube fo r  thermometers or thermocouples, diameter 

15 to 30 mm, depth minimum 150 mm, operating on 

the p r in c ip le  o f  f r i g i s t o r  cooled and heated 

be llow  enclosing d i s t i l l e d  water.
(S im ila r  o r  id en t ica l to”Z e ro f "  made by Mectron F r i g i s t o r ,  

H.K.)
105E -  18 Potentiometer f a c i l i t y  comprising 5(o r  6 -d ig i t )  

prec is ion  cascade type potentiometer a llow ing  

measurements to 0,1 /uV, p re fe rab ly  to O.ol ^V*
Complete with mains s t a b i l i z e d  supply fo r  current, 
n u ll  d etecto r ,  externa l connection to standard c e l l  

enclosure, L u l l  detector su ita b le  fo r  connection to 

notentioaietric recorder. L in e a r ity  o f  potentiometer 

b e t te r  than O.ol ‘¡¿ .(Null detector a ls o  to be used separate

105F -  19 Graphic recorder, id en t ica l to item 105E -  3

10 5E -  20 P rec is ion  o p t ic a l  pyrometer su ita b le  fo r  c a l ib ra t io n
of other pyrometers based on rad ia t ion  measurements. 

Complete with tr ipod  stand, b a tte ry  operated supply  

ca lib ra ted  d isappearing filament lamp and one spare  

ca l ib ra ted  lamp.
(Eug^ested su p p lie r :  Leeds and Northrop)

105F -21 Large aperture b lack  body furnace, em issiv ity  factor  

higher than 0,99, temperature range up to at least  

1400 °C, complete with co n tro l la b le  power supply fo r  

operation down to 50°C o f the furnace,connectable to 

220 V 50 Hz mains (o r  380 V threephase). Diameter 

of horisont&l opening minimum 30 mm. Su itab le  fo r  

checking rad ia t ion  pyrometers(or two-colour pyro­
meters) with d isappearing filament op t ica l pyrometer 

item 105D -20,

(F f )^  ib ’.e suppliers: Eoplev. VdA, Lee^s ’ o r i ! i r v.
- c . : - n '
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11 ein No TV s c r i p t i on

10512 -  22 C a lib ra ted  tungsten ribbon lamps fo r  c a l ib ra t io n  

of o p t ic a l  pyrometers consisting  o f

3 Vacuum type fo r  temperature range 700 to 1400 °C

3 G a s - f i l l e d  type fo r  range 1000 to 2100 °C

To be supp lied  with c a l ib r a t io n  c e r t i f i c a t e s  with

respect to current^estab lished  by a recognised
national labo ra to ry  in terms o f  IPTS-68, a ls o  two supports

(S u p p lie rs :  General E le c t r ic ,  U.K. or Osram FRG)

105E -  23 D irect  current power supply s t a b i l i s e d  in current  

to O .ol maximum current 20 A maximum vo ltage  

40 V. Regulation by four-term inal p rec is ion  shunt, 
s h o r t -c i r c u i t  s a fe ty  devices when connected as 

vo ltage  supply. For connection to 50 Hs 220 V s in g le  

phase. Currentfand vo lta g e )c o n tro ls  to cons ist  o f  

at le a s t  two potentiometers one p re fe rab ly  with  

m ulti-tu rn  potentiometer so as to a l low  a current  

reso lu tion  o f  10 mA.

(S u p p lie r :  P . Fontaine, France and others )

105E -  24 Four-term inal shunts, output vo ltage  100 mV minimum

current ranges 10 A and 20 A, I f  not a v a i la b le :
30 mV fo r  30 A and 100 mV fo r  10 A to a llow  d ire c t  

evaluation o f current using d i g i t a l  voltmeter connected 

to the potentia l leads. P rec is ion  + O.o2 % or b e t t e r .

105E -  25 D ig ita l  voltm eter, multimeter type with at le a s t  

5 d i g i t s .  DC -  accuracy b e t te r  than 0,oo5 *!*.

/ith ohms ranges, accuracy b e t te r  than O.ol %, 
may be combined with item 105E -  15 fo r  use with  

p r in te r .  P re fe ra b ly  with incorporated c a l ib r a t io n  

check f a c i l i t y .

105E -  26 Assman hygrometer su ita b le  fo r  connection to or use 

in c lim atic  chamber f o r  c a l ib r a t io n  o f other hygro­
meters. Psycrometer tab le  to be supplied  as w e l l  as 

c e r t i f i c a t e s  fo r  the thermometers u sed .Q u an t ity : 2

105E - 27 Dev/-point hygrometer, p rec is ion  type with f r i g i s t o r
cooling and e lec tron ic  detection . (Tentative  specs)
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11 em No 

105E -  28

105E -  29 

(a )

(b )

105E -30 

(a )

(b )

105E -31

(a )

(b )

(c )

(d )

( e )

C lim atic  chamber su ita b le  fo r  c a l ib ra t io n  o f ,  
or adjustment o f hygrometers, f u l l y  sa tu rab le  type 

to 9< fi humidity o r  more and drying p o s s i b i l i t y  

down to 10 % or le s s  o f R.H. Temperature range 

9 to 50 °C or ambient to 50 °C.

Description

Set o f p t imâmy hydrometers fo r  v e r i f i c a t io n  of
other hydrometers or density  determination devices

3 3rangeing from 600 kg/m (o r  g/ml) to 1000 kg/m with  

low surface tension and from 1000 to 2000 kg/m with  

medium surface tension , adjusted at 20 °C , each with
3

20 (or 25) kg/m range. G enera lly  according to 

f i r s t  grade hydrometers o f B r i t i s h  Standards In s t i tu te  

sp e c i f ic a t io n s .  To be supplied  with c a l ib ra t io n  

c e r t i f i c a t e  from recognised nationa l c a l ib r a t io n  

laborato ry  and in su ita b le  boxes, or storage
conta iners . Very c a re fu l  ind iv idua l packing should 

be made fo r  transport so as not to break the stems.

One set o f  secondary hydrometers range 600 to 2000
3 3kg/m in su itab le  boxes, range o f each 50 kg/m

adjusted  at 20 °C .

S u itab le  thermostated jacket fo r  c a l ib ra t io n  of 
hydrometers along with c i r c u la t in g  thermostate 

accuracy at least  O .ol If, range -  20 to + 100 °C .

A lso  surface tension measuring instrument, p re fe rab ly  

e lec tron ic  model.

Laboratory thermometers to BS 593, graduated in o . i  K 

steps from -  0.5 to + 40,5 °C fo r  to ta l immersion, 
maximum e r ro r  0.2 K, Quantity : 30

Reference thermometers to BS 1900, graduated in 0.1 K 

steps from -  1 to + 51 °C . length 500 mm , maximum 

e rro r  0.2 K, Quantity: 15

Short-stem thermometers to BS 1B65, length 210 mm, 
graduated in 0.2 K steps from -  10 to + 55 °C fo r  

to ta l immersion. Quantity: 20
Tota l immersion thermometers to BS 1704 length 300 mm 

graduated in 0.5 K from • i  to + 150 °C . Quantity : 20

Total immersion thermometers to BS 1704 length 300 mm
gra d u a ted  in  1 K s t e p s  from - 5 to  * 2 5 0 ° C . Q u a n t i t y : 20

~\. ana o



r 105E -  32

I tern No

105? -  33

105? -  34

105E -  35

105E -  36

105E -  37

(a )
(b )

(c )

(d )

( e )

'/ater dém inéra liser , ion exchange type, with  

regeneration system, su ita b le  fo r  producing 

at le a s t  10 l i t r e s  o f  pure water per hour, 
complete with a l l  spares and conductiv ity  meter 

operating on IEC R 20 o r  R 14 dry c e l ls *

Ice maker producing ice  cubes, capacity  a t  least  

20 kg/day. Operating on 220 V 50 Hs mains.

Ice shaving machine, household o r  restaurant type 

with a l l  necessary sp a re s (b lad e s )  etc fo r  220 V 50 Hs 

operation.

Su itab le  equipment fo r  thermometer reading including  

telescope on stand reading d istance down to 300 mm, 
magnifying g la s s e s ,  and tr ipod  stands fo r  holding  

thermometers and res istance  thermometers, heavy 

duty, ad ju stab le  types.

(S u p p lie rs :  Pye, S p in d le r  St Hoyer, E a lin g , or 

Bouty, France)

Po rtab le  thermocouple potentiometer and test  set .  
Thermometry  equipment fo r  general use in the other  

la bo ra to r ie s  and d is t r ib u te d  by the thermometry 

laboratory :

Large sca le  room hygrometers 0 -  100 % R.H.
Quantity: 20
Room thermometers, w e ll  v i s i b l e  type, p rec is ion  0.5 V. 

Quantity: 20
Recording thermometer with a l t e rn a t iv e ly  24 h or 7
day clockwork paper d r ive  fo r  recording o f  room
temperatures between 15 and 45 °C with highest
ré so lu t ion (con tro l o f  c lim atic  equipment).
Quantity: 6 supply o f  paper and ink ca rtr id ge s  fo r

two years operation at we ekly rate .

Recording thermo-hygrograph fo r  both temperature and
humidity simultaneously on the same paper, range
temperature +15 to 45°C or approaching, 0 -  100 % U, IT,
Quantity : 6 + supply o f  paper and ink ca rtr id ge s  fo r

* two years operation at wee.. iy rate .
Clockwork paper d r iv e  24b or 7 day ro ta t ion , s e le c tab le .  
Barograph c a l ib ra te d  in m i l l i b a r  with 7 days c lock ­
work mecafism.

quantity : 1 + supply o f paper and ink fo r  one year
operation

description

*
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Item No D escrip t ion

105E -  33 Two analog m i l1ivoltm eters su itab le  fo r  use with  

iron-constantan thermocouples. M i l l i v o l t  sca le  and 

d ire c t  reading sca le .

105E -  39

(S u p p l ie r :  Hartmann & Braun, FRG and others )  

Thermocouple w ire , g l a s s f i b e r  insu lated :

(a )
(b )

200 double meter copper-constantan 0,2 mm diameter 

1000 double meter iron-constantan 0.5 mm diameter

(c ) Platinum res is tan se  sensors Pt 100 with *  100 ohm 

type P4 

Quantity: 10

S u p p lie r ;  Degussa, FRG
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Frequency and time, room 107

The echeaatio diagramae is selfexplanatory to experts 
within the field of frequenoy and tiae atendards and 
can be subaitted as sueh for obtaining quotations.

Redundancy is an absolute auat f'r the preservation 
of the tiae standard to highest aocuraoy(of the order 
of 1 aicrosecond if synchronised at an observatory 
abroad and flown-in to Baghdad). Tins signals received 
froa foreign radio transmissions are subject to variations 
up to several Billiseconds and sonatinas more due to 
ionosphsrio variations. The reoeption of foreign tins 
signals should be mads mainly for control purposes.
The local transmission of standard frequency and tins 
signals on VHF or UHF bands is not subject to distur- 
bancies but has only line-of»sight coverage«, In  order 
to make calibration of frequenoy and time possible 
with highest accuracy available at other places than 
Baghdad, the most oorvsnisnt is to use a portable 
rubidium stabilised oscillator and oloek together with 
suitable periferio equipaent suoh as oscilloscope and 
counters.
is a start it is considered that tine can be preserved 
if the laboratory is equipped with two independent 
oassiua clocks, whereof one is used for transfer of 
tins. To increase the rsdundanoy tbs system any in 
future be increased to include a third caesium clock 
as shown.
All the clocks, but not the transmitter, should have 
their independent stand-by battery supplies and 
ohargsing devices and conceived so as to stand a power 
break for up to 48 hours. The room must be air-conditioned 
all the tins so ss to keep the temperature between 18 
and maximum 2 8 C .  An omsrgsanoy air oonditionnsr working 
on an smorgeanoy power supply must therefore be installed 
and enter into,operation when required.
Suppliers of time and frequenoy standards«
Rohde A Schwarts, P.O.B. 801469, D-0000, Munich, FRO 
Osoilloquarts SA, 2001 Meuohstel, Switssrland 
Hewlett-Packard, CH-1217 Meyrin 2, Oeneva, Switssrland
RotsiReceiving and transmitting antennas should be q u o t e d
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DIRECT CURRENT CALIBRATION SCHEME
23 Sbuato DCAAC 24 Blectroneter

SCHEME to 1&00 A for 25 Multimotore
uae with DVM 26 Resistance boxes



V o l t m e t e r s  V - , A - , W-meters
t o  1 MBs 40 t o  300 Hz

f  V A W 0 0 s f

ALTERNATING CURRENT CALIBRATION SCHEME



Energy  m e t e r s  
50 Hs

C u r r e n t  t r a n s f o r m e r s  P o t e n t i a l  t r a n s f o i  
50 Hz mers 50 Hz

113

114

Hi 5

116

117

127 V a r i a b l e  
v o i  t age  

s u p p l y

126 Reference
p o t e n t i a l
t r a n s f o r m e r

129 C o m p e n s a t i o n  
c i r c u  t t u » r a t i o  
4 p h » i e  s h i f t

130 O s c i l l o s c o p e  
r e a l  4 q u a d r a ­
t u r e  d e t e c t o r

131 R e f e r e n c e  
b u r d e n s  IEC

n 7
2 2 0 / 3 8 0  o r  100 V 

0 . 1  t o  200 A
1 to  4000 A 

O . o l  %
100 t o  3 5  0 0 0

0 . o 2  i

1 2 3 . Dual  beam,  low 
f r e q u e n c y  s t o ­
r a ge  o s c i l l o ­
s c o p e

A u x i l i a r y  e qu i pm ent
1 2 4 .  V o l t a g e  4 f r e -  i 3 2 . D i s t o r s  i o n  4

q ue n cy  r e c o r d e r s ,  s pe c t r u m  a n a -
1 2 5 .  s t a b i l i z e d  AC l y z e r  t o  50 kHz
1 2 6 .  s u p p l i e s ,  t r f s



I n t e r n a t i o n a l
c e r t i f i c a t i o n

R - c a l i b r a t i o n  o f  
i mpedanc e  m e a s u r i n g  
i n s t r u m e n t s

Impedance  
measurements  

t o  20 kHz

CAPACITANCE, INDUCTANCE AND LOW FREQUENCY



C a l i b r a t i o n  o f  
c a p a o i t o r a

P o s s i b l e  s z t s n s i o n s  
d e p e n d i n g  on f u t u r s  
r s q u i r s m s n t s

--->
C - o a l i b r * t i o n  o f  
i n p s d a n o s  m e a s u r i n g  
i n s t r u m e n t s

i
High f r e q u e n c y
impedance

I
I

J

High vo l tage 
I capacitance

I
I
.1

207
Decade
i n d u c t o r s
0.1 %

L - c a l i b r a t i o n  o f  
impedance  m e a s u r i n g  
i n s t r u m e n t s

^ " i n c r e m e n t a l  *
I i n d u c t a n c e  1
I___- - -J

e t c

IMPEDANCE CALIBRATION SCHEME



Item No Description

108E -

1 0 8 B -

108E -

108E -

108E

E l e c t r i c a l  m e t r o l o g y

1 T r a n s p o r t a b l e  t h e r m o s t a t e d  e n c l o s u r e  c o n t a i n i n g  
f o u r  s e l e c t e d  s a t u r a t e d  Weston c e l l s  o f  r e v e r s a b l e  
c o n s t r u c t i o n  w i th  i n t e r n a l  e m er ge anc y  s u p p l y  f o r  
up t o  24 h o p e r a t i o n .
S i m i l a r  o r  i d e n t i c a l  t o  G u i l d l i n e  model  9154D.
To be c a l i b r a t e d  a t  BIPN* S e v r e s ,  F r a n c e ,  and 
h a n d - c a r r i e d  t o  Baghdad.

2 N a t i o n a l  r e f e r e n c e  g ro u p  o f  1 0 ( o r  12)  s a t u r a t e d  
Weston c e l l s *  s h i p p a b l e  t y p e ,  i n  p r e c i s i o n  thermo­
s t a t e d  e n c l o s u r e  f o r  c o n n e c t i o n  t o  22C V 30 Hz mains 
o r  to  12 V b a t t e r y  w i t h  a u t o m a t i c  c h a n g e - o v e r .
To i n c l u d e  two means o f  t e m p e r a t u r e  m e a s ur i ng  d e v i c e s »  
one w i th  t h e r m i s t o r  b r i d g e *  r e s o l u t i o n  0 . o o 5  K,  and 
the o t h e r  s e l e c t e d  s e n s o r  Pt  100 t y p e  P4 Degussa  or  
Rosemount  r u g g i d i z e d  t y p e  w i t h  f o u r - l e a d  c o n n e c t i o n  
t o  e x t e r n a l  b r i d g e .  Th i s  s e n s o r  s h o u l d  p r e f e r a b l y  
be de mo unt ab l e  f rom the e n c l o s u r e  f o r  i c e - p o i n t  c h e c k s .  
Only f a c t o r y  c e r t i f i c a t i o n  o f  the  Weston c e l l s  r e q u i r e d .  
S i m i l a r  o r  i d e n t i c a l  t o  G u i l d l i n e  model  9152 m o d i f i e d  
t o  i n c l u d e  Pt 100 s e n s o r .

3 P o t e n t i o m e t e r  f a c i l i t y  c o n s i s t i n g  o f  s i x - d i a l  gu ar de d  
p o t e n t i o m e t e r ,  n u l l  d e t e c t o r  s e n s i t i v e  t o  O . o l  ¿iV and 
s t a b i l i z e d  c u r r e n t  s u p p l y .  Ranges  0 t o  1 . 6  V,  r e s o l u ­
t i o n  1 ¿iV , 0 -  0 . 1 6  V r e s o l u t i o n  0 . 1  ;uV and 1 t o  16 mV 
r e s o l u t i o n  O . o l  * V .  No s t a n d a r d  c e l l  t o  be s u p p l i e d ,  
e x t e r n a l .  F u l l y  f l o a t i n g ,  e a r t h e d  n e g a t i v e  o r  e a r t h e d  
p o s i t i v e  c o n n e c t i o n  p o s s i b i l i t i e s  o f  unknown emf .  Two 
emf i n p u t s .  Maximum i n t e r n a l  r e s i s t a n c e  4 kohm.
N u l l  d e t e c t o r  to  be c o n n e c t a a i e  s e p a r a t e l y  f o r  o t h e r  
i n s t r u m e n t s .  O v e r a l l - a c c u r a c y  O . o o l  ‘j  o r  b e t t e r .
S i m i l a r  o r  i d e n t i c a l  t o  Leeds  and Nor thrup  t yp e  K-6 
m eas ur ing  a s s e m b l y .

4
V o l t  box w i t h  a u t o c a l i b r a t i o n  f a c i l i t y *  normal  range  
1 t o  1000 V DC o v e r a n g e i n g  to  1300 V* a d j u s t a b l e  to  
1 p p m ( u s in g  i t em 108E-8 and the n u l l  d e t e c t o r  i n  i tem 
1 0 8 E - 3 ) .  Y e a r l y  s t a b i l i t y  10 ppm. Equi pped  w i th  guard  
f o r  t a p p i n g s  o v e r  100 V.
S i m i l a r  o r  i dent : ,  . *1 t o  G u i l d l i n e  model  9719*

3 H i g h - v o l t a g e  DC v o l t a g e  d i v i d e r *  o u t p u t  l ( o r  10 V ) ,  
p r e f e r a b l y  a l s o  p o s s i b l e  f o r  use  a t  30 Hz.  F u l l y  
gu ar de d  t y p e .  Range p r e f e r a b l y  up t o  35 kV. F u l l y  
s a f e  e x e c u t i o n .  A l s o  e l e c t r o s t a t i c  v o l t m e t e r  f o r  
s i m u l t a n e o u s  use wi th  d i v i d e r .  A c c u r a c y  o f  d i v i d e r  
p r e f e r a b l y  0 . 1  a c c u r a c y  o f  e l e c t r o s t a t i c  v o l t ­
meter  2 # .
P o s s i b l e  s u p p l i e r s :  T i n s l e y ,  U . K . * Pye U . K . ,  M e s s g e r a e t e  
b a u , Bamberg* FRG and o t h e r s

H i g h - v o l t a g e  DC s u p p l y  w i t h  v e r y  f i n e  v o l t a g e  a d j u s t m e n t  
and r e g u l a t i o n  b e t t e r  than O . o o l  # .  Output  v o l t a g e  10 kV 
o u t p u t  c u r r e n t  10 rnA minimum.
S u p p l i e r :  F luke  and o t h e r s

1G8E -  6



70

10ÜE

I tem

10ÓE

10ÔE

lOdE

lOdE

10ÔE

-  7 T r a n s p o r t a b l e  s t a n d a r d  c e l l  e n c l o s u r e  c o n t a i n i n g
4 s a t u r a t e d  Weston c e l l s  i d e n t i c a l  t o  i t e m 10ÔE -  1
(One o f  the  s t a n d a r d  c e l l  e n c l o s u r e s  o f  t h i s  type  
w i l l  be us ed  w i th  the p o t e n t i o m e t e r  p r o v i d e d  f o r  
t h e r m o c o u p l e  measurements»  s e e  t hermomet ry )

-  8  P r e c i s i o n  v o l t a g e  s u p p l y ,  r ange  0 t o  HOC V in
f o u r  r a n g e s  w i t h  s i x - d i a l s ,  o u t p u t  c u r r e n t  5 0  mA(m m 2 5 « * ) 

on 100 t o  1000 V r a n g e s ( f o r  c a l i b r a t i o n  o f  p r e c i s i o n  
moving  i r o n  o r  e l e c t r o d y n a m i c  m e t e r s ) «  A c c u r a c y  and 
s t a b i l i t y  o f  o u t p u t  b e t t e r  than O . o o 5  %•
S u p p l i e r s »  F l u k e ,  Y ok og a wa ( 2552 m o d i f i e d  to  g i v e

min 25 mA on h i g h e s t  r a ng e  i n s t e a d  o f  10 mA) 
o r  combined  w i t h  P r e c i s i o n  c u r r e n t  s u p p l y ,  
i t em 1 08 E- 11 ,  s ee  b e l o w ) ,  P h i l i p s ,  e t c

-  9 P r e c i s i o n  d i g i t a l  v o l t m e t e r ,  a c c u r a c y  0 . o o 2  % o r  a p p r o a ­
c h i n g ,  r e s o l u t i o n  minimum 1 j»V , s i x - d i g i t ( f u i  1 5 - d i g i t )  
e x e c u t i o n ,  mai n l y  f o r  DC, r a n g e s  f ro m 100 mV to  1000 V, 
Manual o r  a u t o m a t i c  r a n g e i n g  w i t h  BCD o u t p u t  and s u i t a c i e  
i s o l a t i o n  f o r  d i g i t a l  p r i n t e r  i t e m  10ÕE-10.
A l s o  w i t h  r e s i s t a n c e  m e as u r i n g  rang e  f rom 100 ohm to 
1C Megohm, f o u r - t e r m i n a l  c o n n e c t i o n  p o s s i b i l i t y ,  a c c u ­
r a c y  on low range  minimum O . o l  %. 2 20  V 50 Hz m a m s .
N o n - c o m p u l s o r y  o p t i o n s :  AC measurements  and d i g i t a l  to  
a n a l o g  o u t p u t  o f  t h r e e  l o w e s t  o r  t h r e e  h i g h e s t  d i g i t s  
f o r  g r a p h i c  r e c o r d i n g .  Easy a u t o c a l i b r a t i o n ,  c h e c k  f a c i l i t y .
S u p p l i e r s :  F l u k e ,  Yokogawa(mode l  2 5 0 1 ) ,  S o l a r t r o n ,  

H e w l e t t - P a c k a r d , e t c  Leeds  St Noi thr up  e t c

10 D i g i t a l  p r i n t e r  s u i t a b l e  f o r  a bo v e  i t em lOdE -  9 ,  
i n c l u d i n g  1 0 0  r o l l s  o f  p a p e r ,  s u p p l y  o f  p r i n t i n g  
r i b b o n ,  a u t o m a t i c  p r i n t i n g  c o n t r o l  and o p t i o n a l l y  
s e c o n d  p r i n t e r  c ha nn e l  and mains o p e r a t e d  d i g i t a l  
c l o c k ( 5 0  Hz) c o n n e c t a b l e  t o  s e c o n d  c h a n n e l .
S u p p l i e r s :  same as f o r  i t em lOdE -  9

11 P r e c i s i o n  c u r r e n t  s u p p l y ,  r a n g e s  100 yuA to  20 A, 
s i x - d i a l  type  r e s o l u t i o n  . i A on l o w e s t  range  to  
1 0 0  jxk on h i g h e s t  r a ng e (  r e s o l u t i o n  f i g u r e s  up to
ten  t imes  s t i l l  a c c e p t a b l e  a c c o r d i n g  to  t h e s e  s p e c s ) .  
S t a b i l i t y  and a c c u r a c y  g e n e r a l l y  O . o l  o f  s e t t i n g ,
0 . 1  on h i g h e s t  r ang e .
May be c o mbi ne d  with - tem ЮЗЕ -  6 .
S u p p l i e r s :  Yokogawa model  2561 combi ned  w i th  2 53 2 - 0 1  

s ee  however  r e s t r i c t i o n s  o u t p u t  c u r r e n t  o f  
2 5 3 2 - 0 1 .
C o n s u l t  a l s o  F l u k e ,  H e w l e t t - P a c k a r d  and H o l t

12 F o u r - t e r m i n a l  shunt  box f o r  DC and 50 Hz AC. S e l e c ­
t i o n  o f  c u r r e n t s  by c o p p e r  p l u g s .  Range lOÔ uA to  100 A 
minimum, a c c u r a c y  O . o l  f l , 0 . o 5  f  on 100 A r a n g e .
A l s o :  Second  shunt  box f o r  c u r r e n t s  t ■> 10 A o n l y .
S u p p l i e r :  O u i l d l i n e  model  9211A and 9200 

o r  Hartmann & Braun

No Description



1-JdE -  1}  D i r e c t  c u r r e n t  s t a b i l i z e d  power  s u p p l y  wi t h  f i n e  
ad j u s t me n t  o f  c u r r e n t '  - v o l t a g e ) ,  o u t p u t  c u r r e n t  
a d j u s t a b l e  f rom i n n .  i  t o  ICO A , o u t p u t  v o l t a g e  
maximum 8 V. S u i t a b l e  f o r  c a l i b r a t i o n  o f  c u r r e n t  
me as u r i ng  i n s t r u m e n t s  and s h u nt s  and f o r  c o n n e c t i o n  
t o  G u i l d l i n e  range  e x t e n d e r  f o r  c u r r e n t  c o m p a r a t o r  
b r i d g e .
S u p p l i e r s  G u i l d l i n e ,  C a n a d a ( H e w l e t t  Packard  model

6260B f o r  230 V *>0 Hz mains )

It err, " .o  Leiicriftion

108E -  1 4  N a t i o n a l  r e f e r e n c e  r e s i s t o r s  c o n s i s t i n g  o f
( a )  2 ( o r  i )  S p e c i a l  r e f e r e n c e  r e s i s t o r s ,  

h i g h  range  f o u r - t e r m i n a l  w i th  v e r y  low
t e m p e r a t u r e  c o e f f i c i e n t ,
a d j u s t e d  a t  23 ° C ,  i n  p r o t e c t i v e
t r a n s p o r t a b l e  e n c l o s u r e ,
v a l u e  1 0  kohm,  s t a b i l i t y  1  pp m/ ye ar
o r  b e t t e r . ( S u p p l i e r s s  Gen.  Ra d io  o r  E f l )

( b )  1 T h o m a s - t y p e ,  f o u r - t e r m i n a l  r e s i s t o r  
low range  1  ohm, s t a b i l i t y  1  p p m / y e a r ,  f o r  use

m  o i l  b a t h . ( S u p p l i e r :  Leeds  & N o r t n r u p )
N o t e :  One o f  the the 10 kohm r e s i s t o r s  and the 1 ohm 

r e s i s t o r  s h a l l  be c a l i b r a t e d  a t  BIPM, S e v r e s  
in  terms o f  the mean v a l u e  o f  the ohm.

106E -  1 5 S u i t a b l e  r e s i s t a n c e  b o x e s ,  f o u r - t e r m i n a l , f o r
s c a l i n g  down f rom pr ima ry  r e f e r e n c e ( a )  1 0  kcbm to  
pr imary  r e f e r e n c e  ( b )  1 ohm u s i n g  b r i d g e  108E -  l b  
a l l o w i n g  r a t i o  c r o s s - c h e c k i n g  o f  t h a t  b r i d g e ,  
c o n s t r u c t i o n  p r i n c i p l e  s i m i l a r  to Hamon s y s te m .
S u i t a b l e  r e s i s t a n c e  b o x es  f o r  s c a l i n g  up to 1 0 ( o r  ’.GO) 
megohm f rc m pr imary  h i g h  r e s i s t a n c e  r e f e r e n c e  10 Kohm 
r e s  1 3 t o r  c o n s i s t i n g  o f  i n d i v i d u a l l y  c o n n e c t a b l e  
r e s i s t o r s  in b o x e s ,  t w o - t e r m i n a l , a r r a ng e d  i r  d ec ad e  
o r d e r  f ro m 10 kohm t o  1 megohm i n d i v i d u a l  v a l u e s .
One a i r  r e f e r e n c e  r e s i s t o r  i n  a i r  e n c l o s u r e  w i th  
v e r y  low t e m p e r a t u r e  c o e f f i c i e n t  v a l u e  1 0 0  ohm 
f o r  use  as i n t e r m e d i a t e  m e a s ur i ng  r e f e r e n c e  s t a n d a r d  
wi th  c u r r e n t  c o m p a r a t o r  b r i d g e  i t em 1 0 8 5  -  16
S u p p l i e r s :  Ge ne r a l  R a d i o ,  Leeds  i  N o r t h r u p ,  G u i l d l i n e ,

ESI

10 8 E -  16 High a c c u r a c y  r e s i s t a n c e  b r i d g e ,  c u r r e n t  c o m p a r a t o r  
t y p e ,  a c c u r a c y  0 . 5  ppm(or  b e t t e r ) ,  range  when used  
as r e s i s t a n c e  c o m p a r a t o r  O . o i  ohm to 1 0  kohm with 
f o u r - t e r m i n a l  c o n n e c t i o n , ( g e n e r a i i y  wi th 1 : 1 0  r e s i s ­
t anc e  r a t i o  u s i n g  s t a n d a r d s  o f  1 kohm, IOC ohm and 
i ohm) o r  in t w o - t e r m i n a i  c o n n e c t i o n  u s i n g  10 Kohm 
s t a n d a r d  r e f e r e n c e  f o r  measurements  up to  1 0  Mohm, 
a c c u r a c y  on 1 Mohm and 10 Mohm measurements  r e d u c e d  to 
10 ppm.
S i m i l a r  or  i d e n t i c a l  t o  G u i l d l i n e  model  J ) l ' j

lGcE -  17 Range e x t e n d e r  f o r  i t em I 0 6 E -  l b  a l l o w i n g  me as u re ­
ments down to  1 0 0  microhm c o n n e c t e d  r e s i s t a n c e .
C u r r e n t  c o m p a r a t o r  p r i n c i p l e  a l o n g  w i t h  r e v e r s i n g
s w i t c h  f o r  100 A .  I7v. ; l d  l i n e  model  ^606.



11e.t. No Descr i p t i on

1 0 8 e -  16 ? o u r - t e r m i n a l  h i g h - c u r r e n t  r e s i s t a n c e  s t a n d a r d s  
a c c u r a c y  O . o l  o r  b e t t e r  f o r  use  i n  o i l  b a th :

2 x 0 . 1  ohm 3 A in  o i l  o r  o i l - f i l l e d  
2 x O . o l  ohm 30 A 
1 x O . o o l  ohm 100 A

1C6E -  1> R e s i s t a n c e  me a s ur i ng  f a c i l i t y  c o n s i s t i n g  o f
( a )  p r e c i s i o n  t e r a - o h m m e t e r  o r  b r i d g e  

wi th  f u l l y  g u a r de d  f a c i l i t y  a l o n g
wi th  c a l i b r a t i o n  r e s i s t o r ,  v a l u e  max 10 
megohm. R-».r.ge: 10^ t o  1 0 * '  ohm, 
me as ur ing  v o l t a g e  t o  c o m p r i s e  300 V*
A c c u r a c y :  0 . 1  at  l o w e s t  r a n g e ,  2 ^ at  

h i g h e s t  range  o r  b e t t e r
( b )  d i g i t a l  ohmmeter(may be i n c l u d e d  in  i t em 

108E -  9)  p r e f e r a b l y  c ombi ne d  w i th  v o l t  
and m i l l i v o l t - r a n g e s .  A c c u r a c y  g e n e r a l l y  
b e t t e r  than O .o 2  / , ,  m i l l i o h m  r a n g e s  10~ -  10 ohm 
O . o l  £ ohm r a n g e s ,  megohm r a n g e  t o  a t  l e a s t
10 megohm a c c u r a c y  0 . 2  % o r  b e t t e r .
P r e f e r a b l y  e q u i p p e d  a l s o  f o r  r e s i s t a n c e  r a t i o  
measurements  in  f o u r - t e r m i n a l  mode,  a i x - a i g i t  
model  f o r  230 V 30 Hz o p e r a t i o n .

S u p p l i e r s :  i t em ( a )  s i m i l a r  o r  i d e n t i c a l  to
G u i l d l i n e  model  9320 

( b )  s i m i l a r  o r  i d e n t i c a l  t o  
T e t t e x  model  2227

108E -  20 H i g h - v a l u e  r e s i s t a n c e  d ec ad e  b o x ,  g u a r de d  e x e c u t i o n  
c o m p r i s i n g  the f o l l o w i n g  d e c a d c s t

10 x ( l  + 10 + 100 + 1000 + 10 0 0 0 )  megohm
a c c u r a c y  0 . 1  >

10 x ( l  + 10 + 100)  tt>hm,ac c u r a c y  1 %

S i m i l a r  o r  i d e n t i c a l  t o  T e t t e x  mo de l s  114o and 1147

108E -  21 Medi um-va l ues  r e s i s t a n c e  decade  b o x ,  a c c u r a c y  g e n e r a l l y  
O . o l  ■% s u i t a b l e  f o r  c h e c k i n g  m u l t i m e t e r s  o f  d i g i t a '  
o r  a n a l o g  t y p e ,  r e s i s t a n c e  b r i d g e s  e t c  c o n s i s t i n g  o f

7 d e c a d e s  10 x ( 1 , 1 0 , 1 0 0 , 1 0 0 0 , 1 0  0 0 0 ,  100 000 
ohm and 1 megohm)

S i m i l a r  or  i d e n t i c a l  t o  G ene r a l  Ra d i o  model  1433 
c o n n e c t o r s  w i th  low thermal  emf .

108E -  22 O i l  bath wi th i n c o r p o r a t e d  c o o l i n g  s y s te m f o r  o p e ­
r a t i o n  oetween 0 and 60 C,  t e m p e r a t u r e  s e t t a b i l i t y  
and s t a b i l i t y  to O . o l  K a t  ambient  t e m p e r a t u r e  23°C.  
Working 3pace a p p r o x i m a t e l y  60 x 40 om, 20 cm d e e p .
To be s u p p l i e d  wi th  3 c h a r g e s  o f  s u i t a b l e  i n s u l a t i n g  
o i l .  C o n t r o l l e d  by Pt  100 o r  t h e r m i s t o r  s e n s o r .
S u p p l i e r s :  G u i l d l i n e ,  Leeds  k N o r t h r u p ,  Haake , e t c

108E -  23 j e t  o f  i n d i v i d u a l  s h u n t s  s u i t a b l e  f o r  c o n n e c t i o n  t o  
d i g i t a l  v o l t m e t e r s ,  o u t p u t  min.  100 mV, r a n g e s
i  J  A, ou A, 1 3 0  A , 300 A, 730 A, 13 0 0 A , a c c u r a c y  
u . i  / or  c u t t e r ,  a l s o  f o r  , s e  wi th  AC ;>C Hz.
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108S -  24 M u l t i - p u r p o s e  v o l t m e t e r - e l e c t r o m e t e r  w i t h  v e r y  
h i gh  r e s i s t a n c e  i n p u t  c o mbi ne d  w i t h  nanoampere ­
m e t e r .  L o w - d r i f t  t y p e ,  s u i t a b l e  f o r  c o n n e c t i o n  
t o  r e c o r d e r .  Range 1 mV to  10 V.  A c c u r a c y  2 jl 
minimum. I n pu t  impedance  h i g h e r  than 10^4 ohm

. s u p p l i e r s :  K e i t h l e y  USA, T e k e l e c ,  Pr a n c e  and o t h e r s

1Q8E -  2^ M u l t i m e t e r s  as  f o l l o w s

( a } 2  a n a l o g  m u l t i m e t e r s ,  i n t e r n a l  r e s i s t a n c e  20 000 
o bm/ V , r a r ^ e s  f ro m 30 J»A t o  3 4 , 1 V t o  i  kV 
1 ohm t o  10 megohm(or  m o r e ) .  B a t t e r i e s  1£C R 14 
o r  R 20 e x c l u s i v e l y .

( b ) 2  d i g i t a l  m u l t i m e t e r s ,  3 - d i g i t ,  b a t t e r y  o r  c h a r g e r  
o p e r a t i o n  f o r  230 V 30 Us ,  0 . 1  o r  1 V f u l l  s c a l e  
to  1000 V DC, I V  t o  300 V rms AC, 1 ohm to  
20 megohm r e s i s t a n c e .  A c c u r a c y  0 . o 2  % DC, 0 . 2  % AC. 
I f  p r o v i d e d  f o r  dr y  b a t t e r y  o p e r a t i o n ,  the  
b a t t e r i e s  s h o u l d  e x c l u s i v e l y  be 1EC R 14 o r  R 20.
A l l  a c c e s s o r i e s ,  t e s t  l e a d s  e t c  t o  be s u p p l i e d  
e x c e p t  s h u n t s .

108E -  26 V a r i a b l e  r e s i s t o r s  and r e s i s t a n c e  b o x e s  as f o l l o w s
( a )  V a r i a b l e  r e s i s t o r s ,  c i r c u l a r  o r  l o n g i t u d i n a l

c o n s t r u c t i o n ,  d i s s i p a t i o n  1 kW, c o m p l e t e  i n  b ox es
Q u a n t i t y  R e s i s t a n c e  Maximum c u r r e n t

Item No Description

2 0 . 1  ohm 100 A
2 1 ohm 32 A
2 10 ohm 10 A2 jO ohm 4 A

( b )  V a r i a b l e  r e s i s t o r s ,  c i r c u l a r  t y p e ,  c o m p l e t e  in
v e n t i l a t e d  0o x e 3 w i th  t h r e e  p o l e  s c r e w s *  d i s s i p a t i o n  
maximum 230 W o t h e r w i s e  as f o l l o w s :

Q u a nt i ty R e s i s t a n c e Maximum v o l t a g e
i 2 3 O ohm 2 5 0  V
3 1 kohm 3 0 0

3
3 xohnr. 

2 3 ohm m
Decade r e s i s t a n c e  b o x e s , f i v e - d e c a d e  t y p e  wi th
c o p p e r  o r  g o l d - p l a t e d  c o p p e r  b i n d i n g  p o s t s  o r  
p o l e  s c r e w s ,  low thermal  emf t y p e ,  a c c u r a c y  o . l  /. 
o r  b e t t e r  f o r  use as  a d j u s t e r s  in  p r e c s i o n  c i r c u i t r y :

Q u a n t i t y  H e s i s t a n c e ( DC and AC to  20 kHz)
3 10 x ( 0 . 1  t o  1000 ohm)
3 10 x ( 1 0  t o  100 000 ohm)

Maximum c u r r e n t  o r  v o l t a g e  t o  be i n d i c a t e d  on 
each d e c a d e .

S u p p l i e r s :  T e t ; e x ( i t e m  c ) ,  Ge ne r a l  K a d i o ( i t e m  c ) ,  
H u h s t r a t ,  PRC e t c



Item No Description
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10ÓE

103E

101 Thermal  t r a n s f e r  AC/DC v o l t m e t e r ,  r ange  O.j» V 
to 1000 V,   ̂ Hz t o  300 kHz,  a c c u r a c y  
O . o l   ̂ i n  the r ange  o f  3 Hz t o  20 kHz.  D e t e c t o r  
f o r  o p e r a t i o n  on 220 V 30 Hz mai ns .  C o n n e c t i o n  
f o r  c u r r e n t  shunt  s e t s ,  i t em 10S2 -  102

102 Je t  o f  s h unt s  f o r  use  be tween  2 . 3  »A and 20 l ( o r  
23 A) in  c o n n e c t i o n  w i th  i t em 108S -  101 .  A l s o  
s w i t c h  f o r  AC/DC t r a n s f e r  u s i n g  the  s h u n t s .

S u p p l i e r  f o r  b o t h  i t e m s i  Fluke  o r  H o l t

103 P r e c i s i o n  v o l t a g e  c a l i b r a t o r  r a ng e  1 mV to 100 V 
( o r  1000 V ) ,  o u t p u t  c u r r e n t  minimum 23 mA, f o u r -  
t e r m i n a l  c o n n e c t i o n  o f  l o a d ,  f r e q u e n c y  r ange
3 Hz t o  300 kHz o r  1 KHz. S i x - d i g i t  r e s o l u t i o n ,  
s t a b i l i t y  b e t t e r  than O . o l  Por  220 V 30 Hz ma i ns .

S u p p l i e r :  P l uke  o r  H e w l e t t - P a c k a r d

104 D i f f e r e n t i a l  rms v o l t m e t e r  bas ed  on t he r mal  t r a n s ­
f e r ,  100 mV t o  1100 V in  f i v e  r a n g e s ,  f r e q u e n c y  
range 2 Hz to  2 KHz, a c c u r a c y  in  m id d le  r ange  0 . 1  > 
o r  b e t t e r .  With i n t e r n a l  r e c h a r g e a b l e  b a t t e r y  
( c o m p u l s o r y  f o r  use  on 1 and 0 . 1  V r a n g e s  to  a v o i d  
i n f l u e n c e  o f  p a r a s i t i c s ) .
S i m i l a r  o r  i d e n t i c a l  t o  Pluke  model  931B

103 P r e c i s i o n  w a t t m e t e r ,  v o l t  r ange  100 V,  c u r r e n t
range  3 A,  e u i t a o l e  f o r  AC/DC t r a n s f e r  o f  the wat t  
u n i t .  R e s o l u t i o n  minimum O.o3  i n c l u d i n g  f r e q u e n c y  
t r a n s f e r  e r r o r  f ro m DC t o  30 Hz.  E l e c t r o d y n a m i c  
o r  e l e c t r o n i c  t y p e ; l i g h t - s p o t  d e v i a t i o n  o r
compensat  i o n .
S u p p l i e r s :  C o n s u l t  T i n s l e y ,  G o e r t z ,  Yokogawa,

Hartmann & Braun,  Leeds  A N o r t h r u p , e t c  
Cambridge  i n s t r u m e n t s

106 P e r i o d  and f r e q u e n c y  c o u n t e r  s u i t a b l e  f o r  c o n t i n u o u s  
or  t r i g g e r e d  measurement  o f  low f r e q u e n c i e s  in the 
range o f  0 . 1  t o  20 kHz as  p e r i o d  c o u n t e r  and 10 kHz 
to 10 MHz(or more)  as f r e q u e n c y  c o u n t e r .  T r i g g e r i n g  
l e v e l  down to  0 . 1  V. Input  a t t e n u a t o r  f o r  up to
300 V. A l s o  u s e a b l e  as u n i v e r s a l  p u l s e  c o u n t e r  w i th  
two s t a r t - s t o p  i n p u t p .  BCD o u t p u t  p r e f e r a b l y  wi th  
IEC bus t o  f i t  d i g i t a l  p r i n t e r ,  i t em 108E-  1 1 2 ( a nd  
108E -  1 0 ) .

107 P r e c i s i o n  AC s u p p l y  f r e q u e n c y  range  40 t o  300 Hz
(minimum) ,  a m p l i f i e r  t yp e  w i t h  i n t e r n a l  o s c i l l a t o r ,  
a l s o  f o r  c o n n e c t i o n  to e x t e r n a l  o s c i l l a t o r .  S t a b i l i ­
ty o f  o u t p u t  0 . o 2  1 V t o  1000 V in s i x
r a n g e s ,  r e s o l u t i o n  minimum O . o l  £ o f  r a n g e .  Complete  
wi th  a l l  a c c e s s o r i e s  and s p a r e s  f o r  220 V 30  Hz ma i ns .

*ge o u t p u t  minimum 3 0  VA on e a c h  r a n g e .

S i m i l a r  o r  i d e n t i c a l  t o  Yokogawa model  2 8 3 8  which 
c ombines  i t ems  108E - ’.07 and 10ЙЕ -  108 .
Not»»“ Th i s  i tem i s  n o t  n e c e s s a r y  i f  i t em IO8 E- 103 

i s  p r o c u r e d  wi th an » . « jp l i f  : .#r t o  1000 V and 
w .. hh s u f f i c i e n t  ov : j we v e r  Ce l ow.
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10ÒE -  108 P r v c B i o n  AC c u r r e n t  s u p p l y  10 /iA t o  ¡>0 A,  f r e q u e n c y
range 40 to  ^00 Hz o r  more ,  r e s o l u t i o n  O . o l  j i , s t a b i l i ­
ty O .o 2  %,  i n t e r n a l  o s c i l l a t o r  and c o n n e c t i o n  f o r  
e x t e r n a l  i n p u t .  May be c o n s t i t u t e d  by t r a n s f o r m e r s  
c o n n e c t e d  t o  the  v o l t a g e  s u p p l y  d e s c r i b e d  in  i t em 
I0ÕE -  107* Cu r r e nt  o u t p u t  c o r r e s p o n d i n g  to  a t  l e a s t  
40 VA.
s u p p l i e r :  See i t em 108E -  7 • a l s o  c o n s u l t  

F l u k e , H o l t  and Dynamco
Notet  I tems  10ÒE -  7 t hr ough  10ÒE -  9 t o g e t h e r  w i t h

one e l e c t r o n i c  w a t tm e t e r  may be s u p p l i e d  by Y o -  
kogawa as  a c o m p l e t e  r a c k - m o u n t e d  s y s t em  t y p e  
3862 .  Th i s  s ys tem i s  c o n v e n i e n t  f o r  s e n e B  
c h e c k i n g  o f  s e v e r a l  i n s t r u m e n t s  a t  the same 
t i m e .  The e x p e r t  p r e f e r s  however  bench d i s t r i ­
bu t ed  i n s t r u m e n t s  as t h i s  a l l o w s  the o p e r a t o r  
to a d j u s t  more e a s i l y  v o l t a g e s  and c u r r e n t  to  
c o r r e s p o n d  to  d i v i s i o n s  o f  t h e  i n s t r u m e n t  under  
t e s t .  The p r o p o s e d  r a c k  mount o f  3862 i s  n o t  
so c o n v e n i e n t  f rom t h i s  p o i n t  o f  v i e w ,  ^he i t ems  
l i s t e d  i n  t h e " a l t e r n a t i n g  c u r r e n t  c a l i D r a t i o n  
scheme"  a l l o w  the s e t - u p  o f  a p r a c t i c a l l y  i d e n ­
t i c a l  s ys tem as the 3862 u s i n g  the bench s y s t em  
and i n c l u d e s  a p r e c i s i o n  d i g i t a l  w a t tm e te r  and 
p r i n t e r  to  p r i n t  s u c c e s s i v e l y  c a l i b r a t i o n  v a l u e s ,  
in whi ch  c a s e  the v a l u e s  read  on the s u p p l i e s  
o n l y  s e r v e  as a r e dund ant  c o n t r o l ,  in  the c a s e  
o f  a l l  measurements  i . e .  c u r r e n t ,  v o l t a g e  and 
w a t t a g e .  The p r e c i s i o n  in  e n e r g y  may be i n c r e a ­
sed i f  a s t a n d a r d  watt  c o n v e r t e r  and d i g i t a l  
v o l t m e t e r  o f  the type  Yokogawa 2882—1 p i s  p r o ­
c u r e d .  T h i s  i n s t r u í -  : s i n c l u d e d  in the as se mb ly  
type 3ÒÓ2 but i t  c a n n o t  be c a l i b r a t e d  o r  c h e c x ed  
l o c a l l y  to a b e t t e r  a c c u r a c y  than i tem l O d E - l O 1) 
w i l l  a l l o w .  I t  may thus n o t  be n e c e s s a r y  and in 
any c a s e  p r e c i s i o n  w a t t m e t e r s  which may have to 
be c a l i b r a t e d  can g e n e r a l l y  be c a l i b r a t e d  w i t h  
DC as  they  are  in f a c t  e l e c t r o d y n a m o m e t e r s  wi th 
v e r y  low f r e q u e n c y  d e p e n d e n c y .

108E -  109 Two-phase  g e n e r a t o r  1 to  100 000 Hz o r  more ,  o u t p u t  
minimum 3 7 o v e r  600 ohm, c o n t i n u o u s l y  v a r i a b l e .
V a r i a b l e  phase  through 360 ° .
S i n u s o i d a l  o u t p u t  wi th  . ow d i s t o r s i ó n .
For  c o n n e c t i o n  to  mains 220 V 5 0  Hz.
S i m i l a r  o r  i d e n t i c a l  to  H e w l e t t - P a c k a r d  model  203A

108E -  110 S e t  o f  p r e c i s i o n  m o v i n g - i r o n  o r  e l e c t r o d y n a m i c  ( rme)  
a n a l o g  m e t e r s  composed as f o l l o w s :
c l a s s  O . l  l i g h t - s p o t  w a t tm e te r  f o r  100 V and 220 V

DC and 50 Hz AC, c u r r e n t s  1 and 5 A 
P r e c i s i o n  c o a p h i m e t e r

c l a s s  0 . 1  l i g h t - s p o t  a mp er eme t er ,  c u r r e n t  ü A
c l a s s  0 . o 2  c u r r e n t  t r a n s f o r m e r  f o r  ¡j0 Hz,  range  

0 . 1  to  50 A p r i m a r y ,  5 A s e c o n d a r y  
apare  lamps and t r a n s f o r m e r  f o r  the above  i n s t r u m e n t s
Three c l a s s  0 . 5  mi l  1 i am p er e me t er s  t o  600 mA, f o u r  r an g es
Three " amperemeters  to 6 A in f o u r  r a ng e s
Three " v o l t m e t e r s  to JQ0 V in f o u r  r a ng e s
T h r e e  A C / D C  t c v ; * ' *  : .r or r>u .1 ",

Item Mo D t i c n p t i o n



7 u

Item No D e s c n p t i ' . ' ' '

ÌOÓK -  111 D i g i t a l  rms — m e a s u r i n g  v o l t -  , ampere— and w a t tm e te r  
f o r  a i n g l e  —phase  o p e r a t i o n ,  a c c u r a c y  Q . l  % a t  ^0 Hz 
r a n g e s :  v o l t a g e  S to  600 V m  s i x  r anges

c u r r e n t  l'JU mA to 30 A i n  s eve n  r a n g es  
w a t t a g e  3 uU mW to  Iti kW

C o n v e r s i o n  based  on m u l t i p l i c a t i o n  o f  p u l s e  h e i g h t  
and p u l s e  wi dth  f o l l o w e d  by i n t e g r a t i o n  t o  o b t a i n  
AC to DC c o n v e r s i o n  o r  d i r e c t  i n d i c a t i o n  o f  r o o t -  
me an - sq uar e  ( r ms ) v a l u e s  o f  v o l t a g e ,  c u r r e n t  and 
w a t ta g e  i n  the f r e q u e n c y  range  o f  a t  l e e . s t  1 . 2  kHz 
down to  4 0  Hz o r  l o w e r .
R e s o l u t i o n  a t  l e a s t  5 d i g i t s .  BCD-output  f o r  c o n n e c t i o n  
t o  p r i n t e r  p r e f e r a b l y  t hr ough  I EC bus .

10 8 K -  112 D i g i t a l  p r i n t e r  f o r  i tem lOtiE -  l l l ( p r e f e r a b l y  o f  the 
same type  as f o r  i t em 108E -  10)  t o  o b t a i n  re dund anc y  
and i n t e r c h a n g e a b i l i t y .  To be s u p p l i e d  wi th  100 r o l l s  
o f  p r i n t i n g  ' .per and s pa r e  p r i n t i n g  r i b b o n s .  ( P r i n t i n g  
to  be b l a c k  ? t b l ue  so  as  to  e n a b l e  p h o t o c o p y i n g . )

S u p p l i e r :  i tem lOtiE -  111 and 112 Yokogawa model
2 4 0 3 2 1  -t- p r i n t e r

106E -  113 Energy meter  t e 3 t i n s t a l l a t i o n  f o r  s i n g l e  phase  and 
t h r e e p h a s e  m e te rs  f o r  220/330 V s ys te ms  and f o r  100 

r oug  and y s i n g l e  phase m e te rs  a l l  50 Hz, c o m p r i s i n g
106E -  117 e l e c t r o n i c  s t a n d a r d  to O. 0 3  ^ , s u pp l ,  i . r cu i t s  f o r  

c u r r e n t  and v o l t a g e  i n c l u d i n g  phase  s n i f t e r ,  p u l s e  
c o u n t e r  and p h o t o e l e c t r i c  s c a n n e r  s u i t a b l e  f o r  
i n d i v i d u a l  t e s t s  o f  m e t e r s .  T e s t  bench w i t h  u n i v e r s a l  
mounts f o r  a t  l e a s t  10 m e t e r s .  To be used  f o r  type  
t e s t i n g  and sample  t e s t i n g  o f  e n e r g y  m e t er s  as w e l l  
as f o r  c a l i o r a t i o n  o f  p o r t a b l e  e n e r g y  m e t er s  o f  
s e c o n d a r y  s t a n d a r d  t y p e .  Supply  d e v i c e  a l s o  to  i n c l u d e  

f a c i l i t y  and s t a n d a r d  ( r o t a t i o n a l )  m et er s  f o r  
c h e c k i n g  r e a c t i v e  e n e r gy  m e t e r s .

I m p o r t a n t :  The e l e c t - « n i c  s t a n d a r d  s h o u l d  have such 
c o n n e c t i o n s  so as to  a l l o w  c o n t r o l  o r  
c a l i o r a t i o n  to  o t h e r  s t a n d a r d s  u s i n g  a 
t r a n s f e r  w a t t m e t e r ( e l e e t r o d y n a m i c  h i gh  
a c c u r a c y  d e v i c e  whi ch  can be c h e c k e d  wi th 
DC).  I t  s h o u l d  f o r  c h e c k i n g  p u r p o s e s  
a l s o  be p o s s i b l e  to  c o n n e c t  an

AC s t a b i l i z e r  o f  s u i t a b l e  s i z e  so 
as to  e n a b l e  a c c u r a c y  l i m i t  c h e c k i n g  
u s i n g  the w a t t m e t e r - t i m e  method.

S u p p l i e r s :  C o n s u l t  La nd is  Sc S y r ,  S w i t z e r l a n d  and 
Z e r a ,  PRC
One s e c o n d a r y  s t a n d a r d  e n e r g y  meter  f o r  
p o r t a b l e  use  s h a l l  a l s o  be s u p p l i e d  as 
w e l l  as one f o r  r e a c t i v e  e n e r g y .



Item No Descript ion

10 о E -  116 

t h r o u g h  

1 Oò E — 122

and

i 0 6E -  127
through 

106E -  131

10 о E -  12 3

1ÜÓE -  124

1QÓE -  125

C u r r e n t  t r a n s f o r m e r  t e s t  s e t  f o r  50 Hz c u r r e n t  
i n s t r u m e n t  t r a n s f o r m e r s  w i th  1 and 5 : s e c o n d a r y  
c o m p l e t e  wi th  s u p p l y  c i r c u i t s ,  r e f e r e n c e  t r a n s f o r ­
mer o r  c u r r e n t  c o m p a r a t o r  i n t e r n a t i o n a l l y  c e r t i f i e d ,  
d e t e c t o r  and r e f e r e n c e  burden a c c o r d i n g  to  IEC. 
C u r r e n t  r a n g es  pr i mary  l ( o r  0 . 1 )  A t o  4000 A(roinimum 
2C00 A ) .  A c c u r a c y  in  r a t i o  min O . o l  , phase a n g l e  
1 minute  o r  b e t t e r .
L i g h t - w e i g h t ,  r e d u c ed  s p a c e  and l o w - p o w e r
c o ns u m p t i o n  o f  s u p p l y  g e a r  e s s e n t i a l  f o r  o r d e r i n g .

C o n s u l t )  C u i l d l i n e ,  T e t t e x  and Haftmann <& Braun

P o t e n t i a l  t r a n s f o r m e r  t e s t  s e t  f o r  p o t e n t i a l  t r a n s ­
f o r m e r s  up to 11 kV and to  35 kV , s e c o n d a r y  100 V 
or  110 V 50  Hz.
C h a r a c t e r i s t i c s  s i m i l a r  t o  Ю6Е -  118 in o t h e r  
r e s p e c t s ,  p o s s i b i l i t y  to  combine  b o t h  s h o u l d  
be c o n s i d e r e d .  However ,  apace  w e i g h t  and s a f e t y  
r e q u i r e m e n t s  s h o u l d  be taken i n t o  a c c o u n t  as r e g a r d s  
the l o c a t i o n  o f  the e q u i p m en t .  S u i t a b l e  AC v o l t ­
m e t e r s  sho u l d  a l s o  be s u p p l i e d .
( I t e m  1 1 9  13 c o n s i d e r e d  as l a s t  p r i o r i t y  f o r  the 

d ep ar tme nt  whereas  i tem 118 i s  e s s e n t i a l  f o r  most  
c a l i b r a t i o n  p u r p o s e s ) .

Dual beam s t o r a g e  o s c i l l o s c o p e ,  p r e f e r a b l y  p o r t a d l e ,  
i nd e pe nd a nt  beams but d r i v e n  by the same h o r i z o n t a l  
d e f l e c t i o n  p l a t e s  so as t o  a v o i d  any phase s h i f t .  
S u i t a o l e  f o r  measurements  o f  two s i g n a l s  u s i n g  ider . -  
t a e l  v e r t i c a l  c h a n n e l s ,  s p l i t - s c r e e n  s t o r a g e ,  
b a n d - w i d t h  to 2 MH?; s e n s i t i v i t y  l m V/ d i v  to  5 V/ d*v

S u p p l i e r !  T e k t r o n i x

G r a ph i c  r e c o r d e r  f o r  mains v o l t a g e  v a r i a t i o n s ,  
range  1 5 0  t o  2ftQ V AC 50 Hz o r  a p p r o a c h i n g  w i t h  
emerg .ancy s p r i n g  o r  b a t t e r y  o p e r a t i o n  o f  the 
c h a r t  in cas e  o f  power b r e a k s  p o s s i b l y  combi ned  
wi th  f r e q u e n c y  v e n a t i o n  r e c  o r d e r  range  4 8  t o  52 Hz. 
With s u p p l y  o f  paper  and o t h e r  s p a r e s  f o r  one  y e a r  
c o n t i n u o u s  o p e r a t i o n .

Three s t a b i l i z e d  AC power s u p p l i e s ,  e l e c t r o n i c  
i n s t a n t a n o u s  r e g u l a t i o n  wi th  v e r y  low d i s t o r s i ó n ,  
i np u t  220 V ±  1 5  i f  o u t p u t  220 V, r e g u l a t i o n  0 . 1  >; 
o r  b e t t e r  i n c l u d i n g  thermal  and t ime s t a b i l i t y .
Output  power 5 kVA.
One t h r e e - p h a s e  e t a b i l i z e r  o f  s i m i l a r  c h a r a c t e r i s t 1 0 3  
f o r  3 8 О V/220  V s t a r  c o n n e c t i o n ,  o u t p u t  power  15 kVA.

Not e i  The l a s t  one w i l l  be used  o n l y  in s p e c i a l  
c aeeu  such as c a l i b r a t i o n s  u s i n g  the w a t t ­
m e t e r - t i m e  method.  The o t h e r  s t a b i l i z e r s  
w i l l  be i n s t a l l e d  f o r  изе in o t h e r  rooms 
where v o l t a g e  e f f e c t s  measurements ,  mai n l y  
f o r  AC po we r ,  c u r r a n t  and v o l t a g e .



Item No 

106JS -

106E -

108E -  
and

108E -  

108E -

108E -  

108K -

l'j6E - 
10 8 K -

126 T r a n s f o r m e r s  f o r  220 V 50 Hz pr i mary  c o n n e c t i o n  
as f o l l o w s

Description

Q ua nt i ty

2

2

2

2

2

2

S e c o n d a r y vo i  tage Maximum s e c o n d a r y  
cur  r e n t

v a r i a b l e 0 to 30U V 4 A
t l 0 to 2 5 0 V 4 A
t l 0 to 2 5 0 V 8 A

f i x e d 12 V 100 A
I f 24 V 30 A
*' 6 — 12 -  24 - 48 5 A

A l l  f i x e d  t r a n s f o r m e r s  t o  be i n s u l a t e d  
f o r  2 kV and have s c r e e n  w i n d i n g s  be tween  
pr i mary  and s e c o n d a r y .

127 Spectrum a n a l y z e r  10 t o  50 kHz f r e q u e n c y  r a n g e ,  
v o l t a g e  i np u t  up t o  300 V,  c a t h o d e - r a y  tube 
w i t h  d i g i t a l  m ag n e t i c  s t o r a g e  f o r  a n a l y z i n g  
harmoni c  c o n t e n t  o f  d i s t o r t e d  AC s i g n a l s  and 
mains v o l t a g e s .
N o t e :  The i n s t r u m e n t  i s  u s e f u l  f o r  the s t u d y  o f

i n f l u e n c e  o f  t h i r d  h ar m o n i c s  on me as ur eme nts ,  
i n f l u e n c e  o f  b a l l a s t s  and f l o u e r e s c e n t  l i g h t i n g  
on c u r r e n t  w a v e - f o r m s  e t c
S u i t a b l e  a l s o  f o r  g r a p h i c  r e c o r d i n g  u s i n g  
X Y - p l o t t e r .

( The s e  i n s t r u m e n t s  may be o r d e r e d  l a t e r  out  
b e f o r e  the  i t em 106E -  127 to 131)

S u p p l i e r :  H e w l e t t - P a c k a r d

201 T h r e e - t e r m i n a l  r e f e r e n c e  c a p a c i t o r  1000 pP 
s t a b i l i t y  2 0  ppm/year  s i m i l a r  o r  i d e n t i c a l  to

2 0 2  Ge ne r a l  Rad io  model  1 4 0 4 *

203 C a p a c i t a n c e  m e a s ur i ng  a s s em b l y  s i m i l a r  o r  i d e n t i c a l  
t o  Ge ne r a l  Ra d i o  model  1620A.  D e t e c t o r  to  be s u p p l i e d  
f o r  o p e r a t i o n  on o r d i n a r y  b a t t e r i e s  t yp e  1EC R 2 0 ( o r  
IEC R 14)*  A l so  s u p p l y  o f  a l l  n e c e s s a r y  c a b l e s  f o r  
c o n n e c t i o n s  t o  1 4 0 4  c a p a c i t o r s ,  t o t a l  4 c a b l e s ,  
mains c o r d  f o r  220 V 50 Hz f o r  g e n e r a t o r ,  c o r d  f o r  
t h r e e - t e r m i n a l  c o n n e c t i o n  t o  GR d e c a de  c a p a c i t a n c e  
b o x ,  e t c

204 Range e x t e n d i n g  c a p a c i t o r  G e n ra l  Ra d i o  model  I 0 I 5 - F I

205 Decade c a p a c i t o r  p r e c i s i o n  0 . 1  % o r  a p p r o a c h i n g
range  5 0  pP t o  1 . 1  uF,  and C e n ra l  Rad io  model  1412 a l s o  
P o u r - t e r m i n a l  (and t w o - t e r m i n a l ) c a p a c i t a n c e  
box c o n s i s t i n g  o f  r a t i o  t r a n s f o r m e r s  and a 1  uF 
s ta n da r d  c a p a c i t o r ,  a o l l o v i n g  c a l i b r a t i o n  o f  
the c a p a c i t a n c e  component  o f  impedance  b r i d g e s  up 
to 1 F.  Genera l  Radio  model  GR 1417

20o Impedance o n d g e  Gener a l  Radi o  model  I 0U8 A
207 Decade *• n d u s t o r a  . s  ̂p * r Ge : * rsJ. Radio,



79

Item No D e s c r i p t i o n

lUoS -  208 C l i m a t i c  c a b i n e t  f o r  t e m p e r a t u r e  and h u m i d i t y
i n f l u e n c e  t e s t i n g  on e n e r g y  m et ers  and e l e c t r i ­
c a l  measur ing  i n s t r u m e n t s ,  t e m p e r a t u r e  range  
-  20 to  ♦ 80 ° C ,  a c c u r a c y  o f  s e t t i n g s  +_ 0 . 5  deg  C 
humi di ty  range  f rom 10 t o  95 % R.H* ( d e p e n d i n g  
on t e mp era tu re  range  but  u s u a l l y  f ro m 10 °C to  
60 ° C ) ,  a c c u r a c y  o f  s e t t i n g  b e t t e r  than 4 
Dimensions  o f  i n t e r n a l  t e s t  chamber  minimum 
0 . 5  x 0 . 5  x 0 . 3  T e s t  chamber t o  be e q u i p p e d  
w i th  two h o l e s  on the l e f t  s i d e  d i a m e t e r  30 mm 
o r  more e q u i p p e d  w i t h  s t o p p e r s  o f  i n s u l a t i n g  
m a t e r i a l  and s u i t a b l e  f o r  p a s s a g e  o f  m e a s u r i n g  
c a b l e s ,  t h e r m o c o u p l e  w i r e s  e t c .

( S u p p l i e r s -  ' ¿ e i s s  o r  V o t s c h ,  Ke. -««u.e,  FRG)

N o t e ;

Other  equi pment  w i l l  be used  in common wi th  
the thermometry  l a b o r a t o r y  o r , i f  n o t ,  o r d e r e d  
in common such as t h e r m o c o u p l e  s w i t c h e s ( w h i c h  
may be used a l s o  f o r  c o n n e c t i o n s  o f  i t ems  such  
as s ta nd ar d  c e l l s  e t c ) ,  a l s o  the same g o e s  f o r  
g r a p h i c  r e c o r d e r s ,  t h e r m o c o u p l e s  and t h e r m o m e t e r s .
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¿.ETIOLOGY LABORATORIES, report on lay-out and equipment
by S.A. Thulin

Equipment for weights and measures verification

The extent of legal metrology
Before suggesting the equipment necessary to accomplish 

the tasks of the legal metrology operations which is required 
in addition to the primary equipment already listed in the 
present chapters it may prove useful to recall the various 
stages of the application of legal dispositions which 
generally involve

- type approval of the instrument(model and make)
- primary verification and sealing
- reverification

Type approval
The type approval consists of investigating in the central 

laboratory and offices whether the particular model of instru­
ment is conform to general prescriptions or regulations such as 
laid forth by IOS standards. This examination is done by inspec­
ting drawings and test results submitted by the supplier of the 
instrument(manufacturer or importer). Samples of the instrument 
are therafter submitted to repeated teste in accordance with the 
requirements. If these examinations are satisfactory and no 
additional objections can be raised on matters not foreseen in 
the original prescriptions for the type of instrument, the model 
may be accepted for legal use provided each individual instrument 
is properly adjusted and sealed. The instruments accepted through 
type approval should bear a label specifying make and model, 
the name and sigle of the type approving organization as well as 
the year and chronological approval number for reference to a 
centrally kept file system.
Frimary verification

As mentioned no measuring instrument even when bearing the 
type approval label should be allowed for use unless it has the 
seal of primary verification. Depending on the number of instru­
ments manufactured and imported and put into use, the primary 
verification may represent a considerable part of the work of
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the metrology service. It must thus be organized in the most 
rational way to reduce Iocs of time as customers may not 
expect long waiting times.

Yhen it is found practical the primary sealing may be done 
at the central laboratory, however in a number of cases the 
sealing operations have to be done outside using mobile units 
or sami-fixed installations. Instruments such as weights and 
rough balances(such as the commonly used Beranger type) can be 
verified and sealed as a series work at the factory(or at the 
store of the importer), or in the machine hall of the central 
laboratory.

Precision balances, direct indicating and automatic balances, 
weigh bridges and similar must be sealed at the place of their 
final installation in which case it will be the duty of the 
installator, vendor or user to notifythe metrology service 
so that steps can be taken to execute the primary verification 
and sealing with a minimum of delay.

Instruments such as electricity meters and water meters 
can be sealed by the manufacturer or distributor under the 
supervision of the metrology service. In this case the work 
of the metrology service may be limited to

- periodic verification of the reference instruments 
used by the manufacturer or distributor

- control of already sealed samples on random 
basis at the factory(or at the central laboratory)

Reverification
One may say that the aims of the primary verification is to 

ensure that the approved type of instrument really is adjusted 
to be within its limits of tolerance according to the regulation 
(or written standard). The mere granting of the type approval 
involves that the instrument in normal use shall preserve its 
metrology characteristics within set limits for a long period, 
at least several years. Unnormal use, excessive wear, damage may 
lead to the necessity for reverification within a shorter or 
longer period which has to be done on the site, except when the 
instrument can be exchanged(electricity meters, water meters 
and similar are exchanged after a certain number of years of 
service or when their registers are full). In case of ret^irs 
the primary seal is broken and the revérification to be done 
on the site is similar to the primary verification.
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Any instrument which is found without seal or a filed 
request for reverification will enduce legal action against 
its user if employed for commercial transactions or involving 
human safety.

In cases where the reverification is not determined by 
a request or complaint it will be limited to

- visual inspection of the instrument and the presence 
of its seal

- tolerance control of the instrument
Such reverification can be organized on periodic and 

geographical basis depending on the possibilities of the 
metrology service. Though primary verification has to be done 
to 10C f this may not prove possible or necessary as regards 
the reverification unless safety is involved and the frequency 
of reverification will have to be determined from case to case.
If it is felt that reverification cannot be executed on a regular 
yearly or two-yearly basis it should not be. charged for as should 
always be thecase for the primary verification or sealing. In 
cases where the primary seal is broken, the verification and 
resealing is similar to the primary verification and subject 
to charges by the se^ice.

As a summary one may 3ay that the amount of reverification 
will much depend on the instrument in use, the economic value 
or safety involved in it- use and the frequency will have to 
be determined on a case to cose basis and adapted to the possi­
bilities of stafr and means of transportation of the service. 
Finally control for legal purposes may also be divided in two 
operations: - control by visual inspection and simplified 
means followed by reporting in cases where justified to a 
more Qualified and better equipped mobile unit which can 
execute the full reverification and if necesr-ary resealing of 
the instrument.



Sources of information for the planning of the legal
metrology e-uirment
a) Local requirements

It is not feasible to include in the equipment of the 105 
laboratories items which are very rarely used such as for a 
special type test. Arrangements should in such cases be done 
with the manufacturer so that type tests may be executed in 
the factory under supervision of IOS. Type tests of water 
meters may come under this chapter. For volume gaugeing it 
may generally as a start be advised to procure only standard 
gauges which are transportable.

The demand for weigh bridge calibration is known to be 
relatively important and one calibration vehicle will have to 
be provided already from the start.

Other equipment recuired for primary verification or re­
verification at more or less remote locations will in addition 
to suitable transport vehicles also include that of a few local 
offices. It is however not advised at the present stage to equip 
these local offices with so-called local standards and corres­
ponding measuring equipment. The equipment used for field opera­
tions should preferably all be of the same type and exclusively 
checked or overhauled at the central laboratory in Baghdad. The 
role of the local offices will then mainly be that of clerc work 
for direction of the control operations end storage of mobile 
equipment including vehicles. The latter will regularily at leost 
every two months return to Baghdad for control of the verifica­
tion equipment, repairs and related business. The vehicles and 
this type of local office must maintain good communications with 
the central laboratories.

Fending the needs to be better defined i3 suggested that 
procurements of verification equipment is based on let us say 
twenty units and that at least five local offices are created 
with suitable geographical distribution.

Presently about 250 00C sets of weights in the range of 
50 g to 5 kg are being distributed all over the country. The 
control of gasoline and kerosene distribution gaugeing euuipment 
has all to be done at the distribution stations, there are pre­
sently about 300 in Iraq. This control can be done preferably
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...v ;rccii.'l vehicles in the d nsoly populated areas but in 
"jrnote 1 oc-.tions this may have to b<- ion'/ by the same mobile 
units s fo" other verifications. As the vo1 •’<•»« for
„• oil purposes ore not very costly it is ru --*osted as a start 
to roeure the same number as for the other mobile verification 
c uipment for length and mas'.

b N Commercial solutions 'oy equipment procurement r^pbl emy
In many cases the ecuipment for /eights and measures v e r i ­

fication is not nv- i1- V  e on simple cat^’r.-nje ordering b-sia 
but must be specially manufactured. It would take too much time 
for 103 to moke all the required drawings for such equipment 
arid to find 'workshops that accept to manufacture such items to 
■o ecinl order. The exp or4- '"as therefore cont'?r+o;| a number 
of national metrology services,members of 0I!1L(Organisation 
Internationale de The tro" ogie Legale), in ord r to obtain the 
y,G uired information. General'’ y the replies received ~ive 
little d tail as to the specifications of the eauipment but 
: number of suppliers and workshops have bean indicated which 
m-y undertake the m-nufc-.cture and su.aply to special designs.
hen contacting such sup-biers it will be neces ary to refer 

for det ils of construction of the various instrument s to 
designs used by the national service in the country of order.

a' r commended type-; of equipment according to 0IT!L
The OiriL has established suggestions for the type of 

e uipment to be used * nation.-" metrology service including 
th - central laboratory, the loc h offices rmd the mobile units. 
The e .uipment listed in chapter IV for the central laboratory 
1 -.r̂ ely covers the list 'ublisho? by OIliL and generally includes 
commercial solutions to all equipment(the specified items 
should be comp! etedl -here neces ary by information received in 
the quotations submitted by the suppliers,.

Trie e uipment for V. ocal offices as recommended by 01 TIL 
h s been reduced to be identical of that for the mobile units 
for the reasons explained above.

Special considerations have been made as concerns volume 
measurements including reference instruments hich were not 
included in the firgt part of the rfJport.
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September 1978 

S.A. Thulia

LEGAL METROLOGY VERIFICATION EQUIPMENT FOR THE IRAQI 
ORGANIZATION OF STANDARDS

The following notes describe suggestions for equipment 
procurements which were not included in the sein report 
concerning the metrology laboratories due to lack of infor­
mation at the time of writing. The information so far received 
(September 1978) is still incomplete as regards mainly the 
local requirements. Though the commercial solutions for such 
special equipment also are limited, enough references and 
suppliers are available to undertake ordering action in most 
cases.

The primary and secondary reference standards and measuring 
equipment for length and mass has already been described in 
the first report including also equipment for verification of 
force and pressure measuring instrumentation/ see pages 3 1 to 
5G). The equipment for the verification of weighbridges has 
been described in a separate note. This is also the case for 
the volume calibration equipment(report of 31 August 1978).

The descriptions below are thus limited to verification 
equipment previously not included in the reports and concern 
mair.?.y instruments for the verification of weights and balan­
ces.
Equipment for the verification of weights and balances
to be installed in the central laboratory of IOS(machine hall)
(Length measures are verified in room M91, equipment p. 39-45)

Precision work such as calibration of analytical weights 
will be executed in room 90, mass metrology for which all 
necessary equipment has been described. The work in the 
machine hall will thus consist of

- examination of commercial balances(for type approval)
- verification and adjustment of weights

The machine hall will also be used for stérage of the mobile 
equipment, calibration vans and weigh bridge calibration lorry. 
However, the problems of dust entering this room must be solved 
in a suitable way.



One part of the machine hall should be used for storage of 
items subject to type testing, commercial weights and possibly 
samples of type-approved instrumenta.( The latter is however 
subject to space and other limitation« and will only be 
required for non-voluminous items in current use in Iraq).
The room located under the air-handling equipment in the 
machine hall may prove satisfactory for this purpose and 
be equipped with suitable storage racks such shown on 
page 19 in the main report. This room should also be provided 
with at least 15 workbenches similar in size as indicated 
on page 17 of the main report but their working height should 
be 90 cm. This special room may also be arranged so that 
type testing of automatic and similar balances can be executed 
there.

Work of more rough nature should be executed in a part 
of the machine hall. Such work may consist in the examination 
of rough balances (Beranger or Roberval type) and bigger 
equipment. If there is no big walk-in climatic test chamber 
provided in other parts of the IOS compound, the expert suggests 
that such a chamber is installed in a corner of the machine 
hall so as to allow climatic(mainly temperature) testing of 
measuring instruments whether mechanical or electrical.
It is particularily important to consider the fact that 
modern measuring equipment contains electrical and electronic 
parts which may not resist the high temperatures experianced 
in many places in Iraq, or at least effect the accuracy, 
climatic testing facilities must thus be present.

For the adjustment of weights it will be necessary to 
provide for steel workbenches of heavy resistant type with 
steel sheet top. The dimensions should preferably be the same 
as for the tables mentioned above. About 15 tables of this 
type will be required along with the same number of metallic 
cupboards. One of the tables should be equipped with lead 
melting facility. Furthermore a bench drill should be installed, 
possibly also a small r^ss. A small sheet metal cutter may 
also prove useful for acoroval labels. A number of punches 
should be available for stamping of the weights as well as 
various sealing material, all to be safely stored in the
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metallic cupboards.

The other equipment to be installed is summarized as
foil ows:

Working standard weights

8 4 - 1  Two sets of adjustable weights of stainless steel
(antimagnetic Immaculate V or equivalent) from 1 mg 
to 20 Kg. Weights from 20 kg to 1 g to be cylindrical 
with a screw-in knob. Weights of 0.5 g and less to be 
of flat-section wire formed into a shape signifying the 
va^ue. The adjustment class should be 01ML or better. 
(Note:if local offices are to be created the number of 
these sets should be increasedv see also mobile equip­
ment requirements in this report)
These specifications mre met by the type Metric Weights 
ST3 supplied by Avery Export Ltd, cost 1779 £•

8 4 - 2  Fifty rectangular weights of 10 kg for calibration 
of heavy balances up to 900 kg. The weights should 
preferably be made of cast stesl or specie.' shoch-resis- 
tant cast iron and suitably corrosion protected. The 
weights should be easily adjustable using a screw type 
seal(no lead seal for stamping required). The shape 
shall be such as to allow easy and safe piling up 
on bascule platforms. The weights shall originally 
be adjusted within the limits of 0 to - 0.5 g«
(Note as regards quantity such weights will also be 
required for mobile applications see be'?-*'

8 4 - 3  Fifty rectangular weights of 20 kg for calibration 
of heavy balances. Other specifications identical 
to item 84-2.

(Note: it is considered that other working weights required
for verifications and adjustments can be selected from 
weights currently manufactured in Iraq or specially 
machined in tb* workshops according to the needs)
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Balances required for the machine hall

Calibration of secondary standard weights, working standard 
weights and analytical or precision weights will as previous­
ly mentioned take place in room 90 with the equipment recomen— 
ded for that room including electronic balances for rapid 
calibration in particular of the 10 kg weights listed in 
item 84-2. The balances in the machine hall should thus be 
working balances for adjustment of commercial weights and 
heavy balances required for the calibration of heavy weights 
and occassional checking of volume standards up to 100 litres 
at least. The following balances are thus required:

item 8 4 - 4  Balance suitable for calibration and adjustment 
of weights, capacity 200 g sensitivity 5 mg 
(The balance is preferably of the so-called 
"trebuchet" type. However, a top-loading 
electronic type of balance may also be used 
if the environmental conditions allow(temperatu­
re, dust, vibration etc)

item 8 4 - 9  Balance suitable for calibration and adjustment 
of commercial weights, capacity 5 kg, sensiti­
vity 50 mg. The balance should perferably be 
of the so-called "tribùchef type. (Electronic 
balances could be used but are usually not available 
with the required sensitivity and capacity).

item 8 4 - 6  Balance suitable for calibration and adjustment 
of 'eights in the range of 5 to 20 kg, capacity 
20 kg minimum, sensitivity 500 mg. Balance to 
be used for fixed installation.

item 84 - ? Balance suitable for calibration of heavy weights 
up to 1000 kg, reproducilibility + 10 g in substi 
tutlon weighings, including corner errors* The 
weighing platform should be 1500 x 1500 qin so 
as to enable the calibration of the flat type 
of 1000 kg weights according to OIML as well as 
of cylindrical weights of 500 kg and 1000 kg.
The balance is calibrated using the weights in
item 84-2 and 84-3.(Manufactured by BJW, Berlin)



The balance» item 84-7» will allow calibration of volume 
containers as well#even with low capacity down to 20 litres» 
in view of the high sensitivity of the suggested balance.
It may brove convenient» however» to procure an additional 
balance of a capacity of approximately 10C kg and the same 
sensitivity or reproducibility ♦ 10 g. This balance may be 
used for general purpose precision weighings and be installed 
either in the machine hall(suitably dust protected) or in the 
room 87 where the low-capacity volume calibrations and similar 
work shall take place;

item 8 4 - 8  High-capacity commercial platform balance with 
reproducibility of + 10 g»  smallest readable 
division 5 g> capacity of weighing 100 kg plus 
taring range (minimum 10 kg). Size of weighing 
platform (fully free) 600 x 600 mm minimum. 
(Similar or identical to Sauter model SD 10C T/5)

Equipment for 3ite verification of
a) Means of transportation

It is supposed that all site inspectors or insoection units 
are provided with vehicles allowing the transport of the veri­
fication equipment. In some cases the equipment may be light 
and private cat's may be used if a convenient indemnity system 
can be arranged. It is in any case essential that the cars 
used by the verification service when belonging to IOS are 
exclusively used for that purpose because of the requirements 
for proper maintenance of both the measuring equipment and the 
cars.

As the verification equipment especially for work in 
industries may be heavy and voluminous it is suggested that 
IOS already from the start equips itself with a certain nuinber 
of minibusses or vans which are exclusively used for verifi­
cations and suitably equipped. These vane need as a start at 
least mainly be used for transport of the instruments and can 
be of a type currently manufactured. It should however be 
possible for IOS to install a small workbench 50 x 150 cm



in the van as well as wood-work for storage of various 
instrument cases. The van should therefore have such dimensions 
as to allow standing work and have a few windows or shutters 
which may be opened so as to provide for enough light on the 
workbench. The vans shall normally return to their base of 
operation every day which will need the creation of some local 
offices in major areas. At regular intervals the equipment 
installed or transported by tfce vans must be verified at the 
central laboratory. This could be done every 2 or 4 months 
depending on the experience and wear of the equipment.
During such verifications the vans are entered into the machine 
hall. The latter will not be sufficient to be used as garage 
for the vans in the Baghdad area and special garages have to 
be foreseen both for Baghdad and for the local offices.

In addition to the requirements mentioned above the vans 
should have a transport capacity of at least 400 kg of equip­
ment requiring a total space of between 2 and 4 m^.

With a view of gaining enough experience of the operations 
it is suggested to order as a start a minimum of five vans.
If possible two of these vans should be equipped with special 
air-conditionring to allow work at remote locations during the 
summer season.
b) Reverification of weights on the site

The primary verification of weights is always to be done 
centrally at the factory(Iskanderia factory) or at the IOS 
central laboratory. The same goes for weights which have to 
be readjusted. Adjustment of weights and resealing can of 
course also be done at the local offices to be created. In 
view of the situation in Iraq whereby all weights will be 
distributed through IOS it is suggested that defective weights 
are simply returned to the central laboratory and replaced 
by weights transported in the van. The reverification of 
weights by the mobile units will thus as a first step con­
sist of visual inspection of the weights and their seal 
followed by a rough test on the balance with which the weights 
are normally used by comparison through substitution on the 
same balance pan to working reference weights.
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In cases where the balance íb defective or not enough 

sensitive according to the verification requirements, the 
revérification -suet be made on mobile verification balances. 
This operation can be done using transportable beamscales and 
may be convenient in particular for small weights up to 10C g, 
but the balance becomes bulky and less convenient if weights 
up to 5 kg have to be verified. In such cases the weights may 
be verified on a balance installed in the mobile van(or in the 
local office).

The equipment for the reverification of weights will thus 
essentially consist of a set of working reference weights in 
the range of 10 mg to 5 kg racked in a hand transportable case, 
a small hand scale for weights below 100 g and the
remaining equipment for reverification of weights in the range 
of 100 g to 20 kg should be kept in the mobile van should
be installed as close to the verification site as possible.

The usual reverification equipment of weights consists of 
so-called inspector's outdoor beamscales. These balances have 
beams which are lifted off at each stop or balance station.
This may not always be convenient unless a certain number of 
shops are verified using one stop or station of the van.
Another solution is to use a balance of such construction 
that it can be transported even on rough roads without 
necessity for demounting. The latter solution will generally 
p r o v i d *or less sensitivity than the demountable beamscale, 
which in turn however may be easily damaged in operations 
of demounting and transport. Inspector's beamscales are 
currently manufactured by a few specialized firms whereas 
there are no special balances of the other type which are 
conceived for use in mobile equipment. However, it is sugges­
ted that some dual-pan trip-scale balances currently manufac­
tured for engineering laboratories are tried in practice. It 
may hardly be possible to find such a balance for calibrating 
1C and 20 kg weights. In this case, which anyway is less 
common, a demountable tripod beamscale must be used. The above 
considerations result in the suggestions formulated below:
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item 9 4 - 9  Set of adjustable weights for site verification 
of weights and balances made of brass or bronze, 
adjustment class OIML F1, cylindrical execution 
from 1 g to 2 kg, flat-section stainless steel 
wire from 10 mg to 5C0 mg formed into shape signi­
fying the value. To be packed in suitable transport 
case preferably of metal. Weights to be included 
in the set:
2 kg - 2 leg - 1 kg - 500 g - 200 g - 20C*g 
100 g - 50 g - 2C g - 20*g - 10 g

500 lg'to21? mg aa^abov® *
(Note: The duplicate weights are not required for 

verification of weights but are used for 
verification of balances)

item 84-10 Twenty rectangular weights 10 kg for calibration 
of weights and balances, specifications as for 
item 84-2. Bach set consists of twenty weights.
It is estimated that as a start 10 3ets of this tyre 
is sufficient. Therefore the total number of 
weights will be 200 ♦ 50(for item 84-2). If manu­
factured abroad specially for 105 the total 
number may be raised to 400 so as to allow for 
expansion of the service. (|Phe value of 10 kg instead 
of 20 kg has been chosen so as to facilitate the 
manipulations by hand and allow calibration by 
the Mettler electronic balance in the mass metrolo­
gy room, the capacity of which is limited to 15 kg) 
Two of the weights in each set will be used as 
working references for calibrating 10 and 20 kg 
weights on a balance installed in the mobile van 
or outside this van.

92.

J
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item 8 4 - 1 1  Wand, scale (or so-called foldable trebuchet) in 
wooden case with stand as used in precisious 
metal trade(carat balance), capacity 50 g, 
sensitivity 5 mg.

item 84 - 12 Robust precision type trip scale(Roberval system 
or similar) suitable for mobile use in vehicles. 
Capacity 5kg, sensitivity minimum 0. 1 g.
Plat pan size 100 mm in diameter or approaching.
(Note samples of the balance should be sub­
mitted to road tests. The balance is intended 
to be used for verification of commercial weights 
in the range of 100 g to 5 kg wnen the vehicle is 
at rest. The mechanism should however not be 
affected by transport on rough roads)
Quantity required: 20.

or alternatively, if the solution 
above is not satisfactory:

item 84-124 Demountable beam balance suitable for reverifi­
cation of commercial weights when installed in 
a mobile van. Sensitivity 50 mg,capacity 5 kg

item 8 4 - 1 3  Demountable bear balance for reverification of
commercial weights in the range of 5 kg to 20 kg. 
Sensitivity 500 mg or better. (The balance will 
normally be transported by a mobile van and 
installed inside or outside the van for the 
verification. The mounting and transport arrangements 
should be fully safe so as to avoid wear and 
damage in transport)

c) Reverification and primary verification of balances
The primary verification as well as reverifications are 

practically always done on the balances where they are defini­
tely installed. The working standard weights for this purpose 
may be the same as listed above in item 84 - 10 and 84 - 9. 
However, if the number of verifications is great, it may prove 
convenient to use a  rather light special weigh set for the
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verification of commercial balances. This set is a so-called 
"divided kilogramme* and is suitable both for the control of 
equality of arms and step-by-step control of direct Indicating 
balances«
item 84 - 14 Set of balance verification weights made of

non-magnetic stainless steel in storage pocket 
consisting of

1 piece or box weighing 500 g 
4 hexagonal weights of 100 g
2 h 50 g
4 flat circular weights 5 g

All weights except the 5 g ones should be 
adjustable using a hole tightened by a screw. 
(Other shapes than those indicated may also 
be accepted such as flat parallellepipedic 
shape. It is important that weights do not 
roll)

The above-mentioned sets are used by the 
French national metrology service and may be 
supplied by "Anciens Sts Vial» Paris".
Suggested quantity: 20

d) Equipment for site verification of length measures

The equipment for site verificatiob of length measures 
can be quite simple unless special type of survey work is 
required such as for verification of big recervoirs(sec note 
on volume measurements). For commercial measv"es the following 
may be recommended:
item 9 4 - 1 5  Stainless steel rule of the flexible rigid 

type graduated in mm» length 2 meter 
Quantity: 20

item 94 - Stainless steel tape graduated in cm» length 20 m 
on rerolling device

Quantity: 10(or 2C)
a) Equipment for site verification of capacity measures

See note on volume calibration equipment» items V-6 to V-9. 
p. 97 to 105.

f) Equipment for verification of weighbridges. See note p. 106
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Verification equipment of weights, balances and length 
measures
List of references and suppliers according to information at 103

Ref. 1 - Organisation Internationale de Metrologie Legale: 
"Equipment de base du departement de controle des 
Poids et Mesures d ’un service national de metrologie 
legale" (published in 1968 or earlier)

Ref. 2 - R. Delplanque:"Le nouveau necessaire de verification 
du Service des Instruments de Mesure Français"
Revue de Metrologie Pratique et Legale, October 1966

Suppliers Comments

Ref. 3 - Anciens Ets Vial
4 bis rue Assaline 
75014 Paris 
France

Ref. 4 - Avery Export Ltd, 
Smethwick,
'.Varley,
-Vest Midlands B66 2LP 
England

Ref. 5 Reverifications Ltd 
Stocklake 
Aylesbury 
Buckinghamshire 
Ü.K.

Ref. 6 Gotti. Aern & Sohn 
Albstadt(Ebingen) 
Footfach 48 
D-7470 Albstadt 1 
F.R. Germany

Ref. 7 August Sauter KG 
Postfach 250 
D-7470 Ebingen 1 
F.R. Germany
Berliner Indust^iewa^gen- 
fabrik, Berlin

Ohaus, USA
Hommelwerke, F.R.Germany 
Mitotoyo, Japan

Quotation for item 84-14 
according to SIM specs

Quotation item 84-1 
see also Kern ref. 6 
fpr quantity required

Price list items ^4-5 to 7 
and 84-9, 84- 1 %  84-12A

8 4 - 1 3

Quotation item 84 - 1 
and item 90E-2 and 90E-3 

90E-5 903-6
total 4 sets required

Descriptive leaflet for 
item 84-8 and item 8 4 - 1 1

1000 kg balance, item 84-7 
quotation received( with 
primary mess equipment 
files)
Item 8 4 - 1 2  
Item 84-14 ft 15 
Item 84-14 ft 15
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Suppliers of 10 and 20 kg rectangular weights according 
to specifications for items 84-2 and 84—3» (Information 
received from national metrology services)

Prance
Ets F. Winterberger 
72300 Sabie-sur-Sarthe
Societe General« de Ponderie(Chappea) 
8 place d'lena 
75016 Paris
Ets Leon Zwiebel 
St Jean Saverne 
67700 Saverne
Switzerland

Hegi & Cie AG 
Eisengiesserei 
CH-3414 Oberburg 
Switzerland
Sweden

Skeppshults Gjuteri 
S-330 24 Skeppahult 
Sweden

(A list of suppliers is awaited from the Pederal Hepublic of 
Germany in accordance with their letter of 2 June 1978)



IOS METROLOGY LABORATORIES 97.
VOLUME CALIBRATION EQUIPMENT 

General considerations
It is not vet established to which extent the Iraqi 

metrology service will have to calibrate volume measuring 
equipment. Usual liquids which are distributed by volume 
measure are gasoline, gasoil(fuel oil) and kerosene. As 
regards the food industry most distribution is prebottled.
The metrology service will thus have to verify the volume 
measures used in the food industry or for collection of 
milk and similar products.

As regards the needs for gaugeing equipment ■'e- big 
volume reservoirs, tank wagons etc it will be necessary to 
make a  survey of the needs and to find out a suitable 
working arrangement with the National Iraqi Oil coreany 
which is responsible for the distribution of petroleum 
products. The distribution of kerosene is done by indi­
vidual merchants using measures in the range of ^  to 20 
litres. These measures can be duly verified by a mobile 
inspection unit which is stationed for a day or so at the 
filling stations attended by the merchants. The verifica­
tion of hydrocarbon counters, whether fixed or installed 
on tank lorries, however, needs 2 special verification 
vehicle.

The local survey should also show the requirements for 
105 as regards the verification of water meters. The expert 
does not advise that an installation for water meter calib­
ration is installed at the IOS central laboratory if it will 
only be used for some type testing or testing of samples.
The organisations in charge of the water distribution and 
installation of domestic water meters in Iraq will most 
probably have such an installation or it will be installed 
in the planned factory for assembly of water meters.
It is in fact difficult to separate the adjustment operations 
from the sealing of such meters. The sealing is therefore 
generally enthrusted to the manufacturer under the supervi­
sion of the metrology service. However, if the adjustment and 
the sealing of all imp:--ted wqter meters has to be executed 
by the metrology service at the central laboratory it will be
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necessary to provide not only for the verification instal­
lation but also for considerable storage space of meters.

The following suggestions for volume cal_bration equip­
ment are made on the assumption that the adjustment of water 
meters will not be the regular duty of IOS and that therefore 
only transportable working standards(etalons) are used for 
calibration of othe “« = * ins t sill at ions (or for occassional 
verification on the site of such meters).

Primary references for volume measurements

Volume measurements are generally limited in accuracy due 
to wetting problems. If no special precautions are taken such 
phenomena usually llmitthe accuracy to About O.o2 # which 
however is sufficient for most purposes. (Non-wetting surfaces 
consisting of a teflon coating have been introduced lately for 
accurate volume standards to improve the accuracy). Temperature 
problems sometimes comstitute another limit of accuracy.
As a primary reference for volume it is usually the best to 
employ glass as construction material as the risks for defor­
mations usually are smaller and the containers can be easily 
inspected or cleaned.
item V-1 The primary reference the metrology service is

preferably const!* JLed by a set of conically shaped 
flasks terminated by a long cylinder which is 
graduated in parts of 0.1 f over a range o? ♦ 1 ?.
The capacity°s of these flasks should be
C.1 - 0.2 - 0.5 - 1 - 2 - 5 - 10 litres 
They should be certified by a national metrology 
service whereby the deviations from the indicated 
graduation lines should be given in parts to 0.o1 i

item V-2 A set of certified precision pipettes of glass in 
the range of 1 to 100 millilitres

item V-3 A stainless steel standard of precision type,
capacity 10C litres and equipped with discharge 
tap. This gauge should be fully protected from 
shocks inside a tubular tripod mount equipped 
with levelling devices.
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Working references for volmne measurements

The working references(or working "etalons") to be chosen 
depend much on the amount of work to be executed. In certain 
countries there are requirements for certification of preci­
sion glassware. This will most probably not be the case in 
Iraq and the working standards in the low range of capacities 
may then simply consist of glassware similar to items V-1 and 
V-2 or of calibrated measuring cylinders such
as usually employed in chemistry. For high accuracy and high 
speed of calibration several metrology services use so-called 
automatic burette systems. The principle is shown in Fig 4 of 
ref. 1.
item V-4 (optional): Automatic burette system of glass

consisting of a set of automatic burettes from 5 ml 
to 10 1 mounted on a panel or using a manifold system 
on a laboratory washbench. The system shall include 
all necessary taps and tubing and should be connected 
to a high tank to be installed in the laboratory 
volume 160 litres or approaching lade from FVC covered 
glassfiber. The tank shall be filled from a deminera- 
li?er(permutit type).

(See ref 1, 2 and 3)
Alternatively the burette system from 1 to 20 1 can
be made from stainless steel and glass, see ref 4, 
suitable for calibration of working standards item V-8. 
Note: The automatic burette system is usually not

very expensive but may not prove necessary at
least as » start. The glass-fiber tank and the
domineralizer will however be necessary in any
case.

The other *• "king references should be conceived as re- 
girdc packing and transport so that they can be used for field 
work as well as in the laboratory. The quantities indicated as 
regards the following items take into account the use in mobile 
applications including the planned minibusses:
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item V-5 Por use as secondary standards in the central

laboratory and occassionally ir mobile applications:
10 sets of volumetric flasks(conical similar to item 
V-1 or ballon type) with long graduated neck of 
cylindrical shape composed of

- 200 mi - 500 * 1
1 - 5 - 1 0  litres

according to highest quality I30t DIN or 13 standards 
Supplier: Laboratory glassware suppliers

item V—6 Por use in *•*’• central laboratory as wall as in mobile 
applications:
10set8(or twenty) of graduated metric cylinders
packed in transoort case» range of cylinders from
50 ml to 2000 ml.
Suppliers: Reverifications Ltd 

S. Garcia Ltd 
Astell-Hearson Ltd » U.K.

item V-7 Por use in the central laboratory as well as in 
mobile applications:
10 sets(or twenty) of graduated volumetric pipettes 
packed in transport range 1 ml to 100 ml (or 500
ml)
Suppliers: as for item V-6

item V-3 10 setsCor twenty) of stainless steel cylindrical
volume standards with visigauge system(similar to
ref. 6 and ref 7 as regards construction) consisting
of 1 litre graduated to ♦ 40 ml divisions or approa­

ching2 f* ♦ 40 ml
5 ff + 100 ml
10 n ♦ 100 ml
20 tf ♦ 200 ml

Suppliers: Wragg Bros» U.K,
Eta Vial» Praacs

item V-9 One(or two) sets of transportable high-voluae stan­
dards preferably made from stainless steel of such 
thickness as to *'* fully resistant to deformations. 
(Galvanised austenitic steel also acceptable). These
standards should be fui?.y t~an8por'table and equipped
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i t e m  V- 9(continued)
with levelling devices and legs» transport wheels 
should he fitted on the higher rvrecity ones as shown 
below. A drain valve of large sise shall be provided 
for connection to standard tubing» a connector shall 
be supplied for this purpose. The set shall consist 
of

capacity 50 1 with legs
100 1 ft N
200 1 N " and wheels
•;r»o 1 ff H n

1000 1 ft n M

The construction shall correspond to a design approved 
by a national metrology service for use as secondary 
mobile standards. The aeeuracp of the units shall be 
+ O.o5 and graduations shall extend over a range 
of minimum 0.5 to 1 1» depending on the capacity.
Suppliers: Bts Vial, franco (see ref. 8 and 9)

or
Oval Engineering» Japan

and others

Special equipment for the verification of hydrocarbon liquid 
counters

The working reference equipment which has been listed above 
may be used for transportation to the sites of verification in 
occas ional tests such as calibration of factory installed con­
tainers etc. or for verification of water meter test installations. 
It may also be used for site verification of measures used for 
direct distribution of kerosene(aee item V-8). However, for the 
verification of hydrocarbon distribution counters th* •"ir.imum 
volume debited during verification should in accordance with 
several national regulations be at least 500 times the lowest 
graduation unit(er for continuous counters 1/50 of the volume 
measured in one hour at maximum flow). It is thus generally not 
possible to use the smaller type of transportable volume stan­
dards, furthermore suitable discharge pumps and safety devices 
must be provided. The best solution is thus a special vehivle
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which may be universally used for the verification of a great 
number of types of counters of hydrocarbon liquids.
item V-I0(optional depending on agreement with the National 

Iraqi Oil Co):
Van for the verification of hydrocarbon counters 
for gasoline, fuel oil, keronese and siailar pro­
ducts) comprising volume standards for 1000,
200, 50 litres fixed on stands made from strong 
galvanized sheet steel and movable volume compara­
tors of capacity 2, 5 , 10 and 20 litres made from 
stainless steel, ill standards tc be equipped with 
vi8igauge system with plus and minus scale readings. 
Accuracies O.o5 ^ for all standards. Design and 
execution in conformity with specifications of 
a national metrology service, including certifi­
cation.
Hydraulic driven pump and drum filed tubing at least 
20 meter long ending by pistol valve. All necessary 
safety devices including earthing, fire extinguisher, 
etc. The van used shall have maintenance facilities 
in Iraq.
(A quotation has been received for a type of van used 
by the French metrology service, see ref 10)

Secondary so-called master meters are used in applications 
for reverification of some types of meters. As these master 
meters in any case need to be calibrated regular.ily on fixed 
or mobile volume standards, they are not suggested for pro­
curement at the present stage. Literature for such meters 
has however been received from the firms Avery-Hardoll, U.K. 
and Neptune, U.K. and are included in the reference file of 
the original report.
Other special equipment for volume gaugcing
The requireme-^s for gaugeing big reservoirs and tank wagons 
must be determined through a local survey. Fixed reservoirs 
are usually measured using steel tapes(20 to 100 m long) which 
should be procured along with various mechanical accessories 
and a calibrated tafek truck (appr 10 000 litres) for the deter-
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min tion of non-accessible volume parts such as the bottom 
of the reservoir. Sometimes special surveying equipment is 
used(see photographs and reprints obtained from the Pederal 
Office for metrology of Switzerland, ref 11).
Special filling and gaugeing installations are used for 
calibration of tank trucks, generally using two volume 
standards of 1000 litres which are alternatively filled and 
drained. Such an installation is only required if a great 
number of tank lorries have to be calibrated.
Lay-out of room 87

This room which was rserved ror water meter testing can 
preferably be arranged so as to include a small laboratory 
for primary and secondary volume measurements as well as 
offices for the legal metrology staff as sfown below. The
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L i t e r - i t u r e  or quotations referred to in the note concerning
volume calibration equipment

Ref. 1 - E.W. Allwright: Lea bureaux des Poida et Meaures
en Grande-Bretagne.
Bulletin de l'OIML No. 24 , 1966

Ref. 2 - Catalogue of glas8ware volume calibration equipment 
manufactured by Sutherland Thomson Co,U.K. and 
distributed by Aete’l-Rearsoa, Laboratory Bquipment 
suppliera, U.K.

Ref. 3 - Local standard automatic pipettes 5 ml to 10 1 
Catalogue sheet from S. Garcia, Ltd, U.K.

Ref. 4 - Automatic burette system used by the Pederal office 
of metrology of Switserland (photograph)

Ref. 5 Graduated glass cylinders in packing case(acdrding 
to BS 604 part 1)
Catalogue sheet from S. Garcia, Ltd, U.K.
(alao distributed by Avery U.K. and Reverifications,U.K.)

Ref. 6 - British D.T.I. visigauge standards 2 litres to 20 litres 
letter and photographs from Wragg Bros, Ltd, U.K.

Ref. 7 - Drawing of volume gauges of metal used by the
&Ret. 8 Service dea Instruments de Mesure, France.
& ,Ref. 9 - ranges 5 to 1000 litres (quoted by Bts Vial, ref. 10)

Ref. 10 - Quotation and photographs of volume gaugeing 
equipment including a van for verification of 
hydrocarbon liquid counters.(Ets Vial, France)

Ref. 11 - Dr W. Lotmar: Jaugeage des Grands Reservoirs de
Petrole(Federal Office of Metrology, CH-3084 Wabern, 
Switserland)

Bulletin de l'OIML, No. 26- December 1966 
&

Schweiz. Bauzeitung 82, p. 749-52, 1964 
One photograph showing the equipment used and one 
photograph showing 1000 litre volume standard on 
trailer chassis.

Ref. 12 Catalogues of master meters obtained from
Avery-Hardell, Ltd, U.K. and Neptune Co. U.K.
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List of suppliers of \olume calibration equipment 
according to information received at 103 as per 1 Sep 1978

Glassware constructions
Anciens Ets Vial 
4 bis rue Asseline 
75014 Pari8 
France
Astell-Hearson 
172 Brownhill Hoad 
Catford
London SE6 2DL , U.K.
Reverifications Ltd
Stocklake
Aylesbury
Buckinghamshire, U.K.
S. Garcia Ltd 
The Croft Factory 
Nobel Hoad 
Eleys Estate 
London N 18 3*H.
Stainlees steel(or other metal)
Wragg Bros 
Robert Way
Wickford Industrial Estate 
Wickford
Essex, SSII 8DQ, U.K.

Anciens Ets Vial 
4 bis rue Asseline 
75014 Paris 
France

Franke AG 
Metallwerke 
CH-4663 Heerbrugg 
Switzerland

Wartmann AG 
Industriestrasse 
CH-453Ö Oberbipp 
Switzerland
Oval Engineering 
10-8 Kamiochiai 3 chome 
Shinjuku-ku 
Japan

Comments
May be consulted on 
item V—1 which conforms 
to SIM and OIML specs

catalogue present from 
the subsidiary co Suther- 
land-Thomson, see ref 2 
items V-4(and V-5,6,v)
items V-6 and V-7 
(see ref. 5)

items V-4, V-6 and V-7 
(see ref. 3 and 5)

construction
item V-8 is series manu­
factured fro 2 to 20 litres 
cost appr 728 £

(The same set can be supplied 
through Avery, U.K. but at 
50 $ higher cost)
items V-3, V-8 according to 
SIM specs see ref 7 and 8 
new quotation required for 
stainless steel 
item V-9 quoted for galva­
nized steel), see ref 10
for quotation: send IOS specs 
type of construction should 
be conform to requiremt з 
of the Federal Office of 
Metrology, Waberm, Bern 
(mainly item V-9 but also 
V-8 and V-3)

catalogues available at 
IOS. Mainly interesting as 
concerns items V-3,V-9 and 
possibly V-10. However, 
constructions must conform 
to NRLM specifications.Japan

'Other suppliers of 
found iTn Denmark, 
in the , special ’

stainless steel construct:.one rneiy 5*
Sweden .«nc Germany» «5¿.-'•esses '.r."..uded
7 ' * -9Z~ ■ r . t.:/ 1 met* ' o f f i c e s )
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NOTES CONCERNING MOBILE UNITS FOR THE VERIFICATION OF 
ROAD (AND RAILWAY) WEIGHBRIDGES

Methods of verification

The verification of bascules up to 200 kg capacity will be 
possible with the equipment to be provided in the minibusses 
suggested for the regular weights and measures verification.

For higher loads it was customary to use a number of 20 kg 
calibrated weights which are transported to the verification 
site by an ordinary truck and handled by labourers without 
special lifting equipment. This has been also the case in Iraq 
where calibrated weights of this type are rented to the indust­
ries which verify their weigh-bridges by their own services.

This method is usually not practical up to more than 5000 kg 
of total load. Depending on the type of weighbridge this method 
may allow the calibration over the full range of the weigh-bridge 
provided another unknown but adjustable load is available such as 
a water tank truck(or sand tipper). There are in fact basically 
three methods of loading:

1. Verification using calibrated weights up to the total 
capacity of the weigh bridge(or approaching). This may 
be called"integral weight method?

2. Verification using calibrated weights representing at least 
1/10 of the total capacity of the weigh-bridge and an 
unknown additional load which is increased in steps 
corresponding to the total load of the calibrated weights. 
This is the"full step by step method".

3. For certain types of oscillating weighbridges which use 
either movable weights on a calibrated balancing arm or 
calibrated weights which are added at speeific positions 
of the balancing arm(drop weights): a simplification of 
method 2 whereby the verification is done using only the 
first and the last steps. This may be nalJLed"the simplified 
step method". It cannot be used for weighbridges using load 
cells or incorporating automatic balancing using sliding 
weights or ribbcn with counterweight.

It is evident that the method 2 is very time-consuming unless



the number steps can be reduced to two or three. For prinary 
verification of all the atepa of the indicating devices when 
using methods 2 and 3 » the positions of the sliding weights on 
the balancing a m  can bo checked by demounting this arm(the 
so-called "romaine” in French). This check m e t  be done in the 
laboratory.

From the above it will be seen that the integral aethod No. 1 
is the most universal and it allows primary verification tc be 
done on the site including all steps from 1 kg up to the maxi­
mum capacity of the weights. In a primary verification the 
following is usually verified:

a) the levelling of the weighing platform
b) the mobility of the platform including sensitivity 

and reproducibility at no load( by adding 1 to 10 kg 
weights)

c) the equality of the ratios of the arms linkages connec­
ting the platform to the central lever system(or electro­
nic balancing of the load cells in the case of electronic 
bridges) by corner loading. It is usually recommended that 
this verification is done by applying 1/3 of the total 
weighing capacity of the bridge to each of the four corners. 
This operation should be done preferably four times or more.

d) the calibration of the individual steps of the weighing 
device(8teps of 10, 100 and 1000 kg and thereafter in steps 
of 9000 kg up to the full loacp* Several readings or 
printings are taken at each load.

e) if required and especially when a minor defect has been 
found the operation d) may be repeated in the reverse sense 
by unloading weights down to zero load. Otherwise full 
unloading of the weights and verification truck from the 
bridge vuid recording of the zero indication.

In case of a reverification of a weigh-bridge which has not 
been repaired or damaged the above procedures may be simplified 
to checks at no load, 1/10, 1/2 and full load including reprodu­
cibility tests at each of these loads.

107.



Background information for the choice of means of transportation 
and types of weights

It seems evident that the present system of verifying weigh 
bridges in Iraq must be updated to the present needs. The 
expert ha8 therefore suggested that a survey should be done by 
circular letter or otherwise and addressed to all State organi­
zations, port authorities, the National Oil Company, municipali­
ties, road authorities and industry as well as the S&ate railways. 
The following information for weighing equipment of capacity 
higher than 100 kg should be given in the replies:

1. Capacity in kg of the weigh bridge and size of the 
weighing platform

2 . Hake and type
3. Equipped with printing device, yes or no
4. Year of installation
5. Frequency of use: daily, weekly or monthly
6. In case of daily use, approximate number of weighings 

per day
7. Location

(The above requirements were already included in the expert's 
letter of 6 June 1978 to the counterpart)

As the survey has not yet been undertaken,because of lack 
of staff, it is difficult to make recommendations which fully 
fit the local requirements*

The type of weighbridge verification equipment varies from 
one country to another and is usually built to the requirements 
of the national metrology service of the country. The mode of 
transportation (truck) adopted depends on the dietmnces to be 
covered and the frequency of verification, etc. The expert has 
tried to collect as much information as possible by writing 
personnaly to fifteen national metrology services. Only seven 
replies have been received(it is possible that some replies 
have gone lost). No specifications, drawings or other material 
was received except from Switzerland which furnished photographs 
of their equipment.

1 0 3 .
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The expert had suggested that the matter should be further 
Investigated through a stud/ tour to some of the metrology servi­
ces in Europe but this idea has not materialised. Such a study 
tour would allow not only to see the equipment used but also to 
follow the mode of operation and recording used by the verification 
services. It would also prevent ordering of obsolete equipment 
which may be offered by some suppliers.

Though only limited information about weights and trucks 
is presently available at the project the expert is trying to 
summarise below the actual status of the technology in this field 
according to his knowledge and by consulting descriptions pub­
lished in the bulletin of 0IHL(0rganisation Internationale de 
Metrologie Legale) some of which however are about ten to fifteen 
years old. Very little hag in fact come out of the circular 
letters addressed to the institutes concerned, as already mentio-

n e d * WBISHTS
Various types of weights are being used and an OIML recommen­

dation has recently' been finalized which includes several alter­
natives in the range of 100 to 5000 kg. A copy of this recommen­
dation has been requested and is expected to be forwarded to I0S. 
The material used should for cylindrical weights not be ordinary 
grey cast iron which say be too fragile but should be of the 
alloyed shock-resistant type(malleable cast iron) or cast steel.

The usual OIML rectangular shape is used for 10 and 2C kg 
weights which are emplyed in sufficient number up to 5C0 kg. 
Thereafter the choice stands between cylindrical weights(usually 
limited to a capacity of 500 kg each) and parallellepipedic 
weights. Cylindrical weights have the advantage of enabling 
easy transport on the site by rolling.

More recently some countries have started to use a flat type 
of paralellepipedic weights which can easily be handled using a 
lift fork, see below

2 eo
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The advantage is that the weights can be transported on an 
ordinary truck without the need for a crane provided the weights 
are placed so that they can be accessible for the fork lift. The 
latter can be transported by the зале truck( see ?ig. 3 in ref. 1 ).

In order to reach a calibration capacity of 20 tonnes or more 
it will be necessary to use severs! trucks to transport weights 
or a special trailer hauled by the truck(ref. 1 ).

Thus in Holland where this system seems to have originated, 
they use a covered truck to transport the hydraulic fork lift 
and 8 weights of 1000 kg. This truck is three-axled and hauls 
a two-axled trailer which can contain up to 16 weights of 
1000 kg. In operation,weigh-bridges up to 40 000 kg can be tested 
with the equipment using two steps whereby the truck and the 
trailer are used as additional loads adjusted to 20 000 kg.
The platform of the weigh-bridge must in this case however be 
at least 13 meter long. A full description of the equipment is 
given by Mr J.N. van Pelt in Bulletin de l'OIML No 54 March 1974 
(ref 1 ), of which a photocopy is attached(to the original)report.

Though no reply has been received from Holland it may be 
possible to obtain more details about the equipment and the 
suppliers from the author, the address of which is

Dienst van het Ijkwezen 
Eisenhowerlaan 140 
’ s -  GRAVBNHAGE 
Holland

In Sweden distances to be covered by the trucks are bigger 
than in Holland. The same type of weights as in Holland have 
been adopted there but the weights are stored at various loca­
tions in the country(local offices) and are transported to the 
verification site by hiring the truck in each case. Also in the 
German Democrftic Republic this system has been used but special 
trucks are planned to be procured for this purpose. The weights 
in that country correspond to the OIML recommendation mentioned 
and have the dimensions 1500 x 400 x 250 mm. The advantages of 
these weights are enumerated in a paper by M.Jacob(ref 2) as 
follows:
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- shape and execution in accordance with international 

recommendations(OIML)
- the mass corresponds to a main division of the weighbridge
- the loading or unloading of the weigh-bridge of each weight 

can be done in 45 to 60 seconds using a hydraulic device
- the capacity of 1000 kg is covered by standard hydraulic 

fork lifts so that in case of failure, a replacement oar 
easily be found

- the. centre of gravity is very low
- no point-shaped overloading of the surfaces on which the 

weights are placed
- the risk for accidents is much lower than with weights 

having cylindrical shape
- the dynamic effect on the weighing platform is low when 

the weight is being applied
- simple technology of manufacture using ordinary cast iron
- temperature equilibrum with the surroundings is reached 

in a relatively short time

All these advantages seem to speak in favour of the use of 
1C00 kg flat rectangular weights. Cylindrical weights were however 
much used previously and a number of metrolory services are still 
equipped with them. On the site they can be rolled but they have 
to be unloaded by a suitable crane. Some services use a covered 
truck with a motor-operated carriage system which slides on a 
rail so that the weights car be unloaded at the rear of the truck 
using a winch(France, Belgium, Iran etc , see p. 29 in ref. 4 and 
p. 58 in ref 5). However, the tendency is to shift to the usual 
types of hydraulic cranes directly mounted on the truck. In o^der 
to increase the total capacity of calibration which ten years ago 
was typically of the order of maimum 15 tonnes, the tendency is 
to use trailers hauled by the truck. The hydraulic crane should 
in this case be mounted at the rear of the truck so as to reach 
over the trailer (see reference 6 ).

The cylindrical weights have usually a mass of 500 kg and 
may be of the French type(indicated on p. 33 of ref. 4) or the 
German type(see p. 23 of ref. 7) or the Soviet type with garden 
roller handle(see ref. 6 ). Further details are contained in the 
OIML recommendation mentioned above* The material used for the
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cylindrical weight8 must as previous]y mentioned he shock-resis­
tant and ordinary grey cast iron should not he used unless 
specially alloyed. Cylindrical weigr- * nay therefore have to he 
manufactured abrodd.

Conclusions and recommendations concerning the weigh bridge 
verification equipment
1 . The expert feels that it is'absc'uteiy necessary to conduct 
the local survey of the weigh-bridges installed In Iraq. This 
survey will in addition anyway ha required for the start of 
verification using the new equipment. It is in fact essential
to know the capacity and the length of the weigh-bridges so that 
it can be established whether both trailer and truck can simul­
taneously be placed on the weighing platform to increase the 
calibration capacity of the equipment. In the case that the 
capacity is high of the weighbridge hut its length is limited 
only the truck may be placed on the weighbridge and weights 
added around the wheels as shown in the pictures of ref. 9 
(Switzerland). The flat type of rectangular weights can be piled 
up on the weigh-bridge without the use of truck o«* ^eed-load 
but in this case the transport capacity of truck and trailer 
must he sufficient to cover the range of the weigh-bridge.

2. The trend is actually to use oaralellepipedic weights of the 
low flat type with mass 1000 kg especially if a calib” Pt:.o,n 
capacity of more than 20 tonnes is required. The truck and trailer 
are then practically standard equipment which can he supplied
by any firm having maintenance facilities in Iraq. The total 
calibration capacity including the weight of the truck and the 
trailer should be at least 30 to 40 tonnes hut it may he diffi­
cult to reach a higher capacity due to the limitations imposed 
by the roads unless the transport trucks are duplicated for 
such calibrations and the pile-up system of weights is used.
The main truck should have a space and loading hoard for the 
fork lift. The latte” should have a lift capacity of 2 meter 
and 1000 kg and he chosen from a brand which is currently used 
and has maintenance facilities in Iraq.

The use of cylindrical weights may be advantageous if the 
capacity of calibration is limited to 20 or 30 tonnes.



Por calibration of high capacity weighbridges(over 20 tonnes) 
the use of cylindrical weights may take a long time and the 
risks for accidents in unloading are greater. Therefore, again, 
the final choice of equipment will depend on the local conditions.

3* Personnally, the expert would according to the information so 
far received make a choice betweer. solution described in 
ref. 1(rectangular weights 1000 kg) and in ref ¿(cylindrical 
weights with garden roller type of handle) depending on the out­
come of the local survey. He would also prefer to order the truck 
and the trailer from a supplier who has regular maintenance faci­
lities in Iraq and chose models of standard type as much as 
possible. He also thinks that the flat rectangular weights can 
be manufactured in Iraq from ordinary grey cast iron which may 
be painted for corrosion protection, whereas cylindrical weights, 
if adopted, may have to be ordered abroad specifying cast steel 
or at least specially alloyed shock-resistant cast irc~'Tslieable 
cast iron or similar).

4. Calibration of the heavy weights: This should be done on a 
suitable balance installed in the machine hall by a comparison 
method to a number of 10 kg(or 20 kg) weights which have been 
calibrated on the primary balance. It is necessary to pay 
attention to the size of the weighing pan or platform of this 
balance in particular if 1000 kg weights are to be calibrated.
The Prench, Swiss and probably the Japanese services use equl- 
armed balances of a capacity of 500 kg only. The decimal balan- 
ce(ratio 1/20) proposed by the expert,manufactured by Berliner 
Industries?agenfabriky is probably the less expensive and has the 
required capacity of 1000 kg and a sensitivity approaching a few 
grammes. It is being used by a large number of metrology services. 
The experience of the balance has been extremely good so far in 
several countries. Por the calibration of the 1000 kg flat type 
of weights it is important however that the platform dimensions 
are increased to 1500 x 1500 mm like has been the case for the 
balance delivered to Sweden.(The actual quotation is for a balance 
with platform of 1000 x 1000 mm). No special well has to be made 
as a recessed execution may be used. Preferably however the balance 
should be installed by the manufacturer.



5. Installation requirements in the machine hall:
It may be an advantage to install immediately a travel­

ling crane of 4 tonnes capacity as was originally foreseen, 
though this crane may not be required fo^’ the normal metro­
logy activities when using a for> M f t .  Cylindrical weights 
or other items such as big volume containers which may have 
to be weighed for calibration purposes,may require the pre­
sence of a crane which will also be useful for unloading 
other heavy bulky equipment from trucks.

The installtion of a 50 tonne weighbridge in the machine 
hall may ^  be an advantage as originally planned but it 
will not be required for the calibration of road weighbridges 
though it may facilitate quick checks with loaded trucks for 
the Baghdad area. If IOS is charged with the certification 
of the dead weight of trucks, tank wagons etc this bridge 
may however pro ' /ery useful.

l'n any case, if the weighbridge is not installed, the 
floor must be reinforced to carry the le»<? of the calibration 
truck and the trailer. The floor should then on the mean support 
loads of at least 6 000 kg/m and point loads(on 0.2 nr) of 
at least 1 500 kg.

The machine hall must also be equipped with workshop 
benches for adjusting weights, equipment for melting lead, 
a drilling machine and possibly a small pres* etc

Other machine hall equipment will as regards metrology 
depend on the type and amount of work required for volume 
calibration, suggestions for which are given separately in 
this report.

Annexes:
- Summary of information available at the project 

concerning weigh bridge calibration eouipment
- References to publications(a set of photocopies 

of these papers are attached to the original 
hand?1? over to the counterpart on 26 Aug 1979)

- List of manufacturers of weigh bridge calibration 
equipment and special trucks in accordance with 
Information received fro.r national metrology 
services
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Summary of information available at the project concerning weigh-bridge calibration equipment

Country & year "’e f . Type f  weights Truck Trailer Total calib- ■Remarks
unloaded weights unloaded weights ration mass

:folland(l974) 1 F - 1000 kg 12 t 8 t 6.8 t 16 t 40 t Length between ex­
ternal wheels 13 ®

lweden(1978 P - 1000 kg (hired trucks for transport) fror truck + trailer

Cerman Demoora- 2 P 1000 kg (hired trucks, special trucks under construction)
M e  Republic( 1977)

France(1967) 4 C - 500 kg 7 t 5 t 12 t
- (1978) 11 c - 1000 kg 7.5 t 13 t (10 t) 20*(10) In construction

3elgium(1964) 5 c - 500 kg 8 t 10 t 20 t
” (.967) 3 c - 500 kg 6 t 3 t 3 t small weigh­

bridges only
Zambia(1969) 6 c 500 k* 12 t 18 t 30 t Only the weights 

are used
Berlin, FRG(1962) 7 c

F
500 kg 
500 kg

4 t 8 t 
8.5 t 21.5 t

12 t 
30 t Small hauling truck

Austria(1962) 8 P - 500 kg 5 t 5.5 t 1.5 t Experimental type
"Switzerland ( 197 8 )9 0 - 500 kg (total capacity including trailer at least 30 t)

As supplied by 10 c « 500 kg (complete truck without trailer) 20 t Unloading devices
Avery, U . K . (1978)
(for Middle East)

Note: P  = paralellepipedic weights,
Datas given above for any year

not safe in the 
expert* s opinion

C * cylindrical weights 
earlier than 1974 may not apply any more
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The new equipment uses a regular hydraulic crane mounted at 
the rear, but is still in construction so experience have 
not yet been obtained(can be supplied by Bts Vial. Paris)
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List of manufacturers of special equipment for verification 
of weigh-bridg**» in accordance with information received from 
some national metrology service*;

Complete truck and weights
Avery Export Limited, Smethwick, Warley, West Midlands,

B 66 2 LP, England
(Note the truck quoted usee rather unsafe unloading devices 
of the weights in the expert's opinion. The approximate 
cos* ia 55 000 £ and 366 £ for each weight. The truck is 
stated to take up to 40 of 500 kg cylindrical roller weights)
Specially arranged trucks (standard models)
Franz Brozincevic VCo AG, FBW 
CH- 3620 Wetzikon, Switzerland
Saurer AG
CH-9320, Arbon, Switzerland
Leyland International, Leyland House, 174 Marlehone Hoad,
London NW1 5AA, U.K.
(see letter ref LfUj/CAB/65.603 Gated 5 June 1978)
Scania, Iraq 
Anciens Bts Vial
4 bi3, rue Asseline- 75014 Paris /
(Equipment in accordance with French specifications, cylind- 1 
rical weights) quotation received , cylindrical weights 1000 kg

ManftLed Zierath 
Am Staatsforst 2 
3171 Eickhorst 
F.H. Germany
(Is prepared to supply lorry with crane, capacity 50 
weights of 500 kg, rolling weights or rectangular as 
used in Germany)
Addresses of eight other German manufacturers of special 
trucks have been furnished by the Physikaliech-Technisehe 
Bundeftanatalt, Germany, see photocopy page 116
Weights
Hegi & Cie AG, Sisengiesserei, CH- 414 Oberburg, Switzerland 
Skeppshults Gjuteri AB S- 330 24 Skeppshult, Sweden 
Ets Vial, France, see above

(x) experiance of this type of weight* and equipment has so 
far not been obtained as the French service has not yet 
put their units in operation. Such weighte may however 
be used by manufacturers of weigh-bridgas.
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Adressea to suppliers furnished ty PTBt Germany

kil  (/kite m  kkch
In tnis respect we are very much pleased to inform you that the fo llow ing ra.snu 
facturers could supply you such units and hence i/e request you to ¡ret in toucJt 

with them fo r further detclls.

l ) m.v
V n t e r n e f x m c n t i b e roich Nutzfal rzeuao 
Postfnch 5<y~>6?C 
D n c h a u e r  r t r .  6 6 7  

8000 Miinchen •

3) Fa. iCloCKner-huniboldt Deutz AG 
A ! ' t c  i l u m j  nutzfakrzouge 
5000 ¡Coin -  JCalk

5 )  L a j i y e u ' l o r f  i’ahr r . o u  ’ b a u

Post inch 200 
iwi hnh of s  t r .  115 
4355 Wnltrop

7 )  K l a u s  GmbH & C o

Fahrzeug & flaschinenfabrik 
"rictfach 2640 
Fchlachthof Gtr. 46 
3940 Hemminyen

2) Daimler Venz AC
Abtoi 1 uu j  i.'u t zfahrzi. u<ic 
m stfech  2”2

-uttgart CO

4) Fa. Kerl K^s<;})ohrer
P t i h j Z ' t U  f w e i F P  G m b lf
P o s t fa c h  26C,'< 
l 'ctcr IcU 'lidt Gtr.  
7° I’lm/Prnau

6) ra. ’. ’111.; 'iv?rir 
Fehrzeuqfahrik

c*h 2r^
7114 Pfedolbach

8) SFU-y>i<e7.inl •'tihrzewjbcP.i (Ort\!) 
Pnnuxuci 189 
Perl Lovnrbur .'hr. 1 *
4018 Lnngenfeld




