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P C  S T RA I N  GAGE I NPUT BOARDS 

TENZOME T R I CKÉ VSTUPN Í DESKY PC 

Dos t á l  J .  

Č l ánek p � i náě 1 i n f ormac i o spec i á l n 1 c h a n a l ogovY c h  v s t u p n 1 c h  

deskách poe 1 t ae e  I BM PC/ XT/ AT ureený c h  p r o  zpracov á n i  s i gná l O  

z e  s i l ový c h  a t l akový c h  s n 1 ma e O  s kovový m i  t e nzomet ry v upl ném 

mOst k ovém z a po j e n í . P ouž i t í m programové aut oka l i brace a moder

n í c h  kons t ruke n 1 c h  pr i nc i pO s e  dosahu j e  vý z n a e ný c h  provoz n í c h  

c harakt e r i s t i k  vy hrazený c h  dosud s p í �e pro pods t at n ě  d r až � í  

p�1 s t r o j ové t e nzome t r i cké aparat u ry . 
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The paper pre s e n t s  t e c hn i c a l  i n f ormat i on on a s e r i e s  of s p e c i a l -

purpose I BM P C/ XT/ A T - c ompat i b l e  ana l og i nput boards c omm i t t e d t o  

s i gn a l  cond i t i on i ng o f  l oad c e l l s and pressure t rans d uc e rs based 

on the u s e  of m e t a l - f o i l s t r a i n-gage s e nsors in the f u l l - b r i dge 

c on f i gurat i on .  By us i ng s o f tware a u t oc a l i brat i on and mode rn de s i gn 

pr i nc i p l e s ,  out s t a nd i ng operat i ng c haract e r i s t i c s  t y p i c a l  of more 

e x pe n s i ve s t r a i n -g age measur i ng i ns t rum e n t s  are a c h i eved a t  t he 

board l eve l .  and p r i c e . 

Board arc h i t e c t ure 

M e a s urement and proc e s s i ng o f  l ow- l eve l ana l og  d a t a  f rom s t ra i n

gage s e nsors in t h e  0 . 0 1 %  accuracy c l as s  under i ndus t r i a l  opera

t i ng c ond i t i ons repre s e n t s  one o f  t h e  most dema nd i ng m e t ro l og i 

c a l  t as k s . T empe r a t ure and l ong- t e rm i ns t a b i l i ty o f  z e ro and f u l l  

s c a l e  as we l l  as i nherent no i s e o f  t h e  ana l og  c i rc u i t �/ ,  i nt e r f e 

rence n o i s e  f rom t h e  d i g i t a l  P C  e nv i ronment , i nt e r f e r e n c e  n o i s e  

f rom t he i nd u s t r i a l  envi ronment a l ong t h e  s i gn a l  l e ads a n d  around 

the t ransduc e r , t hermoe l ec t r i c  vol t ages i n s i de the w ho l e  i n put 

part , qround l oops , qround current s , qround vo l t age drops , and 

m e c h an i c a l  v i brat i ons of t he we i gh i nq p l at f orm :  t h e s e  are t he 

ma i n  c o n t r i butors to t h e  e G u i va l ent sy s t em n o i s e  w h i c h  i nvades 
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the meaeurement c o n l i gurat i on and wh i c h  shou l d  be s uppre e e e d  we l l  

be l ow 1 � V  a t  t h e  board i nput . f or proper operat i on .  

The syetem . de e i g n  and construc t i on me aeuree ut i l i z e d  t o  t h i s  

purpoee i nv o l v e : 

o i eo l at i ng t h e  board f rom c ompu t e r  power by means oi magne t i c  

and opt i c a l  b a r r i e rs . 

o ue i ng a e t andard 6 -w i re t e c h n i que ( 4-w i re e x c i t at i on .  2 -w i re 

s i g n a l l t o  c onne c t  t he eeneor . 

o e pe c i f y i ng a l ow - no i s e  i ns t rument at i on ampl i f i e r and l ow -

no i e e . h i gh - r e eo l ut i on At D  c onve r t e r  f or t h e  a n a l og  port i on .  

o us i ng ana l og  pre f i l t er and d i g i t a l  pos t - f i l t e r  � e c h n i quee . 

o i m p l ement i ng e o ph i s t i c a t e d  s o f tware autoc a l i brat i on .  

o i nc l ud i ng t raneduc e r  i nt o  t h e  a u t oc a l i brat i on game . 

The s y e t em approac h t o  the board de s i gn i e  marked by t h e  f o l l ow 

i ng e t e pe : 

o t h e  board i s  f un c t i onal l y  comp l e t e  ( i t cont a i ne b r i dge - e x c i t a 

t i on c i rc u i t �/ .  as we l l ) .  

o t h e  board i e  f u l l y  s o f tware programm ab l e  ( be e i d e s  t h e  addrese 

ew i t c h . i t  c o nt a i ns no mechan i c a l  sw i t ches and j umpers ) .  

o t h e  board i s  f u l l y  s o f tware c a l i brat ed C i t cont a i ns n o  poten

t i ometers and no e e l e c t e d  res i s t ors ) .  

o the m e t r o l og i c a l  a c c uracy o f  the board i s  t r a c e d  t o  a s t ab l e  

on- board c a l i brat i on s t andard . 

o t h e  s y s t em c a l i brat i on oi t he board i e  a c h i eved by a u t omat i 

c a l l y  w r i t i n9 c a l i brat i on cons t a n t s  onto t he d i s k by runn i ng 

a spec i a l  s up e r- c a l i brat i on s ubrout i ne .  

Board desc r i pt i on 

S o f tware autoc a l i br a t i on of t rans f e r c haract e r i s t i c  i e  t he key 

f e at ure in des i gn i ng PC i nput boards w i th i nt e r n a l  r e e o l ut i on 

of 1 6  b i t s  and a bove . B e s i dee dramat i c a l l y  i mprov i ng f un c t i on a l  

charac t e r i s t i c s . t h e  s o f tware autoc a l i brat i on prov i de s  u l t i m a t e  

s i m p l i f i c a t i on 0 1  t he ana l og  c i rc u i t rv .  as we l l .  T h e  a c c uracy o i  

t h e  s o f tware - c a l i b r a t e d  board i s  c o n c e n t r a t e d  i n t o  a s i ng l e  part . 
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t h e  c a l i brat i on s t andard . The board l acks f or d i s t r i b u t e d  prec i 

s i on :  apart f rom the c a l i brat i on s t andard . i t  does not u s e  any 

prec i se and s t ab l e  res i s t ors and re f e rences . i t  does not u s e  

t r i mm i ng pot s a n d  s e l e c t e d  res i s t ors and i t  manages w i t h  a 

1 0% d e s i gn accuracy to achi eve a 0 . 0 0 1 %  s y s t em accuracy . 

A l l c i rc u i t ry of t he board i s  powered f rom t h e  P C . t he f l o at i ng 

i nput and e x c i t at i on s e c t i ons be i ng i s o l at e d  by a DC - t o-DC con

v e rt e r . Di g i t a l  data and cont rol s i gn a l s  are t ransm i t t e d  v i a  

optocoupl ers . A l l f un c t i on a l  charact e r i s t i c s  o f  t h e  board are 

s o f tware programmab l e . 

P rogrammab l e  bri dge e x c i t at i on of 5 V or 1 0  V at max 1 2 0  mA 

a l l ows f or c onne c t i on o f  a s i ng l e  1 2 0 Q or 3 5 0  Q l oad c e l l or 

p r e s s ure t ransduc e r . or c onne c t i on o f  up t o  f our para l l e l  3 5 0  Q 
l oad c e l l s  i n  a l arger we i gh i ng sy s t em ( p l at f orm . cont a i ne r l .  

T h e  t hree programmab l e  bri dge s e ns i t i v i t i e s o f  1 mV/ V .  2 m V/ V 

and 4 m V/ V  comb i ned w i t h two e x c i t at i on vo l t ages of 5 V and 1 0  V 

resu l t  i n  f our programma b l e - ampl i f i e r  g a i ns of 5 0 . 1 0 0 .  2 0 0 . and 

4 0 0 . The 1 6 - b i t s i gm a - de l t a  A/ D c onve r t e r  w i t h  i nherent d i f f e ren

t i a l l i near i ty and no i s e i mmun i ty prov i des e u f f i c i e nt i nt e rn a l  

re s o l ut i on f or mat hemat i c a l  autoc a l i brat i on rout i ne s . A 6 - po l e 

l ow - pass d i g i t a l  f i l t er w i t h no overs hoot of t h e  s t e p  r e s ponse 

a l l ows f or s uppre s s i on o f  i nherent and i nt e r f erence n o i s e  and f or 

re j e c t i on of ac e i gn a l  c ompone n t s  c a u s e d  by mechan i c a l  v i brat i ons 

o f  t he we i gh i ng s y s t em . The f i l t e r  c orner f requency i s  programmed 

in 8 b i nary s t e ps f rom 1 0  Hz t o  0 . 0 8 Hz . 

T h e  PC board com e s  c omp l e t e  w i t h  a s o f tware package w h i c h  c ont 

ro l s  acqui s i t i on of t h e  a c t u a l  we i gh t  data and prov i d e s  a d d i ona l 

operat i ng f unc t i ons . 

T h e  acqui red d a t a  i s  c orre c t e d  i n  s o f tware by t h e  s t or e d  z e ro and 

f u l l s c a l e  c a l i brat i on constant s . be f ore be i ng d i s p l ay e d  or s t ored . 

T h e  c a l i brat i on constants are per i od i c a l l y  re f reshed . e f f e c t i ve l y  

re j e c t i ng l ong- t e rm  and t emperature d r i f t  e f f ec t s . T a r e  v a l ue i n  

t h e  range f rom - F S  t o  +FS i s  i ns e r t e d  by press i ng a key o r  by w r i 

t i ng i nt o  s o f tware . Mot i on i nd i c at or i nd i c a t e s  t hat t h e  we i g h i ng 

s c a l e  i s  i n  mot i on .  Z e ro i ng of the d i s p l ay i s  automat i c a l l y  per-
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f ormed upon power-up . prav i ded groa. w e i ght l oad i s  w i t h 1 n  ± ! �  

o f  F S . Zero t rack i ng i s  automat i ca l l y  p e r f ormed a t  a rate o f  

0 . 1 d i v  p e r  1 0  meaeurement cy c ! ee w i t h i n ± ! �  o f  F S . 

Dee i gn mod i f i c at i one 

Mode l P C B 5 8 1  is the bas i c  non- i so ! a t e d  s i ng l e-c hanne ! s t ra i n  gage 

board s u i t ab l e  f or condi t i on i ng of up to f our l oad ce ! l s con

nected in para l l e l . 

Mode ! P C B 5 8 2  i s  a t rue two-channe l s t ra i n gage board . I t s two 

c hanne ! e  are f u l l y i so ! at e d  bot h f rom the PC and f rom each other . 

Mode l P C B 5 8 4  i s  a mu! t i p l e x e d  f our- c h anne l s t ra i n  gage board . 

Bae i c a l l y . t h i e  i s  a mul t i p l e x e d  and i s o l a t e d  v e rs i on o i  t he 

P C B 5 8 1 .  The P C B 5 8 4  a l l ows f or c onnec t i on of up to ! ou r  unmat c he d  

l oad c e l l s .  w i t h  f our s e t s  o f  i nd i v i d u a !  c a l i brat i on c onst ant s 

per c hanne l s t ored on t he d i s k . 

S pec i f i cat i ons 

The bas i c  e l e c t r i c a l  s pec i f i c a t i ons are c ommon w i t h  a l l t hree 

de. i gn mod i f i c a t i ons P C B 5 8 1 .  P C B 5 8 2 . P C B 5 8 4 . as f o l l ows . 

Nom i na l  sens i t i v i ty 

E x c i t at i on vo l t age 

E x c i t a t i on c u rrent 

Ampl i f i e r  ga i n  

I nt e rnal reso l ut i on 

E x t ernal reso! ut i on 

F i l t e r  corner f re quency 

Sampl i ng rate 

Meam urement e rror ( + 2 5 · C )  
Temperature c oe f f 1 c i ent ( ZS & F S )  

S upply vol t age 

Operat i ng temperat ure range 

I ng .  J i � f Dos t á l .  CSc . 

! mV/ V . 2 m V/ V  or 4 m V/ V 

5 V or ! O  V 

m i n  1 2 0 m A  

5 0 . 1 0 0 .  2 0 0  or 4 0 0  

1 6  b i t s  ( 2 0 b i t s . opt . H )  

UP to ± 1 0 . 0 0 0  d i v  

1 0  Hz t o  0 . 0 8 Hz 

UP t o  1 0 0 0  sampl es/ s 

max 0 . 0 2" FS 

max 5 ppm/ o C  
+ 5  V at max 1 . 5  A P . c h . 

O o C  to + 5 0 o C  
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