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Auto rr.atic Strain- Rate Control ler

I. I \TR ODI (;‘ I’ Io\

An automat ic  s t rain-rate  controller was designed, built , and placed in opera-

tion to control  and monitor  deformat ion  rate or s t ra in  rate of samp les in the
vacuum hot-pressing apparatus previously described. I Figure 1 shows the  com-

p lete vacuum hot -press ing  system, including the new a u t o m a t i c  s t ra in  r a t e  con-

t ro l ler .  
1, 

In the automatic control mode , it responds quickl y and w i t h  a hig h

degree of sensit ivity.  In the monitoring mode , it allows the operator  to l b S  ervc

either the rate of ram motion or the strain rate. The apparatus is provided with

current trips which terminate  sample deformation in t i r e  event of over-pressure

conditions or at a desired final height.
This system replaces a manual , s tep-wise control process wi th  a smooth-

act ing continuous operation. It improves the quality of the forged bi l lets  and

reduces the amount of operator t ime required.

(Received for publicat ion 29 December 1976)
*The automatic s t ra in-ra te  control ler  and the original vacuum hot -pressing sys tem
were procured wi th  f inancial  support f rom A F W L .

1. Ada m ski , J .A. , and Kla usu ti s , N. ( 1975) Vac uum h o t  Pressing A ppara tus  and
Techn ique, AFCRL-TR-75-0582.
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F i g ur e  1. Photograp h of Vacuum I lot — P r e  ~s ing S’~ s t e m

~~. I H J J L I ; T l \  i:

The object ive of this work  was to desi gn and implement  an au tomatic  s v st e n ~
t o  control the  de fo r i i ia t ion  of single c rys ta l s  at constant  d ef or m a t i o n  r ates or at

cons t an t  s tr ar n  rates , defined below , or to moni tor  e i ther  of t he se  ra tes .  The

t~~~3t c I I (  had to  be sensi t ive to very small f luc tuat ions  in rails ( l i l t  1(9 11 and s i n r u l t a n —

OOUSI V be rugged enough to survive in an i ndus t r i a l  env ir onur re n t .

3. ~Itl i:oir~ I) F U P ER \ ‘I’IU\

The process to be controlled is a uniax ial  de fo rma t ion  of a sing le cr y s t a l  at

a Co fl St ai t t em p e r a t u r e .  A c rys ta l  of in i t i a l  length 
~ 

is p laced between t w o  forg-

ing r a i s .  inside a die cav i ty  su f f i c i en t l y l a r g e  tha t  the 1 5 1 1 5 5 - s e c t i o n a l  area of the

sample  is not an impor t an t  pa ramete r  for  prclcess control . The rams ar c  S n i t i a l l y

allowed to contact  the sa m p le w i t h o u t  app l~ iss g a ir y  fo rce .  1 110 cc is lien applied

to r f l lu . ’ f t he  length of the  sample  whi le  inc reasing its c r o s s — s e c t i o n a l  1 , 1 : 1 .

Figures 2(a)  and (b) sh I I w  the  conf i gurat ion in i ts in i t ial  s ta t e  and at a l a t e r  t i m e .

8
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(a)  (b)

Figure 2 . Sample Configurat ion

Two modes of operation are desired:  ram-ra te, in which the rate of change

of the sample length is constant (Eq . ( 1)) , and s t ra in- ra te, in which tne f ract ional
rate of change is constant  (Eq. (2)) .

Ram rate a -~~ = B = constant (Eq. 1)

• 1 d! d i n !Strain rate a 
dt S = constan t . (Eq. 2)

In the ram-ra te mode , the distance between the forging rams diminishes at a con-

stant rate , and the sample is defo rmed by the same increment of lengt h per unit

t ime ,

! — I 0
t — t

0

over the course of the ent i re  defo rmation. In the s t r a in- r a t e  mode, the f rac t iona l

reduction of sample length per unit t ime,

9
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is cons tan t  over rhe  course of the de fo rma t ion .
Samples are forged at constant  H or 5, as desired , at a fixed t e m p e r a t u r e  to

a predetermined percentage s eduction in sample l ength .  The a u t o m a t i c  control
sy s t em  uses a voltage si gnal propor t ional  to I to m a i n t a i n  H or S cons tan t .  1’he
volta s~ ’ ‘~ ‘- , the output of an adder - sub t racto r .  The inputs  t I  the adder-
sut  . :oltage signals f ronr  two l inear  disp lacement  t r ansduce rs , one on
the upper ram and one on the lower r am.  The inpu t s  a r e  properl y a d j u st e d  so
that  the cam motion is w i t h i n  the l inear  leg ion  of We t r a n s d u c e r s  ( a p p r o x i m a t e ly
5 cm ) , id are of the p roper  po la r i ty  tha t  the ou tpu t  of the a d d e r - su b t r a c t o r  is

p ropor t iona l  to the separation of the cams . Zero output is e s t ab l i shed  wi th  the
rams u st  touching.  Fi gure 3 is a photograph of the chamber  s h o w i n g  the rams
and the l inear displacement  t r ansduce r s , along w i t h  cont inuous  dial ind ica to r - s

which  ace used as a mechanical  backup for the e lectronic  measuremen t s .

A loga r i thmic  ampli f ier  can be swi tched in to  the c i r c u i t  to conver t  the outp ut

1f f  the a d d er — s u b t r a c t o r  from a signal proport ional  to ! to one propor t iona l  to In I
This  s~ cnal , r e f e r r e d  to as the sample voltage V 51 is the one w I l I l s e  t i m e  deriva-
t iv e  r i , u s t  be control led.  The procedure hencefor th  w i l l  r e fe r  to r a m - r a t e  c o n t r o l

w i t h  the  lo ga r i t hmic  ampl i f i e r  out of the c i r c u i t .  It is apparent  t h a t  s t r a i n — r a t e
control  w i l l  result  from swi tch ing  it in .

To control  ra te , it is n e c e s s a r y  to control  the t i m e  de r iva t ive  of V . .  The
s i m p lest method would employ an operat ional  amp l i f i e r  to obtain the  d e r i v a t i v e
and then  use th i s  as the input to a cont ro l le r . This approach was  considered , but
rejected. Sli ght variations in ram speed , due to f r i c t i o n , would act  as a noisy
input  to the operational  ampl i f i e r  and resul t  in e r r a t i c  c o n t r o l  si gnals and e r r a t i c
mot ion  of the rams .

Anothe r  approach , which  would c l im i n a t e  the  problem of noise due to fl-ic-
tional ~ ck-s l ip  motion , would not d i f f e r e n t i a t e  V 5 but compare  it w i t h  a ramping
voltage d i m i n i s h i n g  at the proper  r a t e  to m a t c h  t t re desi r e d  V~ at a l l  t i I s l c s  . The
di f fe rence  u ’ould be fed in to  a zero set —poin t  cont ro l le r .  W h i l e  th i s  s v st en l  wou ld
probabl y be sens i t ive  enough and would avoid  the  ru 15 c probl ens , i t s  opt’ rat  ion

would be d i f f i c u l t .  The r a m p ing vo l t age  would  have to he ca lcu la t ed , r a I n s ra ted ,
and set up anew for each run , and the s t a b i l i t y  of t h e  .s I c I l l  i g i r t  ~iu t lli a I cl S l a t e .

1 Ire approach f inal l y adopted cnn p 1oys an analog I nt  t ’~~ i’ t ( 1 5 •  ar i d ir f I l l  IT I c c  in
an unconvent iona l  configu rat ion ( l” i guce 4) .  The r I-I  n 1k P is so c l l n n n c c  I l l  t h a t  I t s

ou t p u t  V~ d r ives  Upscale  if the input is post t Vb ’ and downsca lc  i t i r e  i n j u r t  Is

10
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F 1 i~1-iI’l.~ 1. (‘ o n t r  1 Sy stem Diagram

rs~~ ga t i v . ’ ;  I 1 I V  ‘( i t - r i  t i l l  .~. t  is ,ero wi l l  th e  ou tpu t  ‘ e n l a l i l  I l I n ~~ t . l t l 1 at los,  I h a

f u l l — s c : l r . ~ 115 o u t p u t, 
~~~ 

~ I r v ( - 5 as the inpu t  to  t I l l ’  r 5 1 t t ’ ~~~P i L t I . 5 .  1 0 V  . ( ~~‘ I ’ ~~~~~~~~ 1 5 ’

.1u t p u t , V ,~, i s  then  the  l u l l  rn~~ i, i r : i l  of V 1

V I f V~ ‘i t  L It .  1)

~tV 1 t ELl . 4 )

12
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The outpu t , V~ is bucked a i~a i n r s t  the samp le signal V li, and the  ( I T  I t t - s ’ e n i - e ,

— is the input to the  recorder . ‘l hc recorder  output  w i l l  hel’ l .I r s a ’  s te a d y

only when V
~ 

— V 1 0, and the sy s t e m  w i l l  thus  adjust  i t s e l f  t I  11 I ’eI ’ 1 r ’I I ( ’ P  r e a d i n g

I o n -  w h i c h  this is t r u e .  U\I th i s  point , for’  .s t I - ad — s t a l l .- V F I I -n - a t i o n , V 5 r u-i t c o n —

t i n u a l t y be equal to V 1, and the i r  d e r iv a t i v e - i  ~n u s t  thus also be equal . Since V H
is equal  to  the  der iva t ive  of V it  m u s t  a l so  he c1 t i r ~i I  to the  der iv~ t I V L ’  1 1 t  V .: t ha tI,
is , t h e  recorder  reading  wi l l  be pcopo n t  0 11111 I I I  t i n e  r a t e  I I ’ d e f o r n i r a t  ion ot the

sample.
A n o t h e r  out put from tile r - e 1 l ’ r ’  d e r -  is a I l l - v i a t  ion s ignal  ~5 p r o p o r t i o n a l  t o t h e

d i f f e r e n c e  between t i le  n —cI .’ l r ( l e n ’ r e a d l n b  l Oll!  a s e t — p o i n t .  It is t i f f s  = r g n r : l 1  w i n ch rs

f i n a l l y  used as the input to a ‘ nt  1-0111 -c . P r L f p o n ’ t r l n a l  band , I’&’ D I i , ‘ I I I ’ , 11111

appr oach act i ons  are  p r o v i d e d  b~’ t i n e  ( n i t r ’ l , I I l - r , a l •eeds a r id NI I - t i l I t l p  ~er I e ,  h i t

to adjust  for the proper  p r o c e s s  n ’ e s p l l n s e  sl f  i ts ou tpu t . The l i r t p u t  of h r  51—

t r o l l er  rep laces t l i t -  l)ii~ iviIie r ’ in t h e  l l : i n l i l l l I  — i v s t e r i i .  A l though  i t s ’  i n  l 1 I l a i  I l ’ 5 1 9 r ’ . ‘ I

s v s t s - n i  could have been I-e ) l a c I ’ I ‘ I l l  m l i v , i t  wa s  dee n m e d  n I ’r t h w h i e to  I’ I ’ t l I r s l  i t

as a backup sy st e m .  I t  was ~l I - I l - b ce con nected via  a .- iwi t ch .

1. 4 U\W SIO\

Th i s  D v s t t ? m ha~ ev eI- : l l  li ’3vaIrta ~~l -s ‘v f ’r I l l ’  previl n rs l y—us ell IrlI nr il a l ~ \ 5 1 1 1 1 1 .

It p n o v r d I s c o n t i nL r o Lr s  c’ I l l t r l I l  of t he  I -aII i  pr-es .— I I I I ’  s l I t h e r -  1111(11 I I I ’  I r s c s  I ’ s re p s

of the n isa n ua l  sv s t e ns .  It fr e es  t i r e  l j l e I ’ l I I l’ - f ro n i  1 1 1 1 1 ’  S I l l = s l t \  ‘1 I 1 I I l f U — 1 \

m o n i t o r i n g ,  ca l cu la t ing ,  and ac t  j u s t i n g  I s - I l n i l  I 1’ t ’ f ’ g n n n n r n g  I l l  I I  1111 II’ Iii I - I ’ l l ’  I .  1 t i r s

p - S It. i t  1,I1ii ~er ro lls and L- I ln .sc q u en t l \ ’  1 0  (I sh a m  c a S e s  ari d I . l H l f ’ r  ‘ 1 ’  . r n l : l l

I . !
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Append ix A

Automatic Controller Components

The principal  components of the a u t o m a t i c  cont ro l  sy s t e m , l i s ted  below , are

diagrammed in Figures Al and A2.

LINEAR DISPLACEMENT T R A N S D U C E R S  (LDT s) , Hewle t t  -Packard Model
#7DCDT-l000.

Output  -4 .8 to 9 4 • 8 Vdc to adder- sub t rac tor .
Powered by Hewle t t -Packard  power suppl y 90063-B , ±5 Vdc .
LDTs mounted one on upper ram , one on lower rank

ADDER-SUBTRACTOR , Leeds and Nor th ru p  Part  t~10l 135.
Inputs f rom LDTs; 5 Vdc bias input f rom Hewlet t -Packard  power suppl y Model

~ 62005A .
Output  0 to -10 Vdc to potent iometer  R l ;  then to loga r i thmic  a m p l i f i e r , sd itches

TGS and 51, and length t r i p  relay.

LOGARITHMIC A M P L I F I E R , Leeds and N o r t h r u p  Part  ~ 101293 .
Input 0 to 1 Vdc from adder-subtractor  via H i .
Output 0 to 1 Vdc to recorder and in tegra tor  via swi tches  and p o t e n t i o m e t er - s  R2 ,

R4 , and RO .

FUNCTION CONTROL SWITCH (Si ) .
Selects Di givider , r a m — r a t e , or s t r a in - r a t e  modes of o p e r a t i o n .

SELECTOR SWIT ( ’I t  (TGS)
Permi t s  se lect ion of recording mode ( r a m - r a t e  or s t r a i n - r a t e )  w h i l e  opera t ing

in Digivider  (manua l )  mode.

PB~C~DItG PAGE ELA~~(..NQT ?I1,M~D
- .  ~~~~~ ~~~~~~~~~~~~~~~~ —NI 
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RECORDER, Leeds and Northrup Servo Speedomax H.
Input from logarithmic amplifier or adder-subtractor, bucked against output of
integrator.

Output 0 to 3 Vdc to integrator via potentiometer R5.
Output (deviation from set-point)  to controller.
Circuit  includes interruptor  to vary chart  speed.

INTEGRATOR , Leeds and Northrup Part ~ 10891.
Input from recorder via potentiometer R5.
Output, bucked against adder-subtracter or logar i thmic  amplifier  output , to

recorder.
Four ranges of minutes of control . With recorder at full-scale, control t imes are

1, 5, 10, and 100 m m .  Control t imes increase wi th  decreasing recorder read-
ings and approach inf in i ty  as the recorder reading goes to zero.

CONTROLLER, Leeds and Northrup Series 80 CAT with proportional band , rate ,
reset, and approach controls .

Input from deviation output of recorder.
Output to hydraulic supply via swi tch SiB.

TRIP RELAYS, Rochester  Ins t rument  Systems .
Model #ET-2 15V shuts machine off on overpressure.
Model HET -2 15 shuts machine off at preset deformat ion .

j  
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A ppend ix B

Ca librating and Operating Procedures

1. L ~l l l t l l  ‘tT IO\ 4 O ~IPO\ E\ Fs

This sy s tem contains six potent iometers , located as indicated in Figure A2 ,
which  must  be adjusted properl y for the sy st en r  to be in ca l ib ra t ion . Their func-
tions are as follows:

I l l  - Voltage d i v i d e r  on the  output  of the  adder - sub t rac tor  provides corn-ect  
p

input  voltage to the logarithmic amplifier.
112 - Matches  the output  of tire adder - sub t rac to r  or t ire l oga r i t hmic  amp l i f i e r

51 t ha t  of the in tegi -a to r  dur ing balanced operat ion to provide zero input  to r -ecorder ,
R3 - -~ets the maximum pressure which  the system can app ly to the rams .
1t4 - Voltage d iv ider  on the output  of the adde r - sub t rac to r  or the loga r i t hmic

amp l i f i e r  de te rmines  overall s y s t e m  s e n s i t i v i t y .
115 - Sets inpu t voltage to sl i dewi re  of recorder . A d j u s t s  control t ime  of

in tegrator .
[Ui - Voltage d iv ider  on tir e output  of the  h e w l e t t - P a c k a r d  power supp ly b iases

the  output  of the i n t e g r a t o r  to a negat ive  v a l u e .

i ’her -e are t w o  cu r ren t  t r ips  in the  s~~s t em  to t e r m i n a t e  the forg ing operat ion
at a pr e sernt  d e f o r m at ion  or in the  event of an a c c i d e n t a l  o\ ’e r - Ir r e s sm r r e .  Opera —
t ion of e i ther  t r i p  ac t iva tes  vi s ib le  an d / I c audible a l a r m s :

CT 1 - Termina te s  a n -un if a n r a x i m r n u m  pressure  is exceeded. Set by a s c r e w —
(Ir iver  ~m c I i L r s t n i e n t  t o  t r i p  at a p r e d e t e r n n i n e d  output  ( I f  t h e  Ser ies  5 1 ( )  con t ro l ler .

I t 1
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CT2 - Terminates a run at a predetermined sample length. Set by a knob on

the unit.

There is an interlock bypass switch to permit  operat ion I f  the hydrau l ic  svs-
tern during calibration and after automatic shutdown by CT2 . It mu st  be in t h e
‘ OFF ’ position during forging.

2. E•~LlRHt TI O\  PRUE EIJI RE

( 1) Position the die assembly in the fu rnace  chamber with both rams in con-

tact wi th  tine punches . Adjus t  the verniers  on the LDTs to give zercr ou tpu t s
between test points (TPs) 48 and 49 , and between TPs 47D and 50 . Test points
are indicated in Figure A2 .

(2 )  Raise the uppel ram and p lace a two- inch  block between the upper  ram

and the upper punch . Lower the ram unt i l  contact is jus t  made wi th  the punch.
Adjus t  R I  to give 1. 0 Vdc between TPs 39 and 40 . * Adjus t  R4 to give 0 . 1 Vdc
between TPs 39 and ~4.

(3) With the integrator output at zero (see Operat ing Procedure in Section 3) ,

adjust R6 to give zero Vdc between TPs 39 and 44.
(4) Turn the recorder o ff. Raise the upper ram , remove tir e two- inch  block ,

and lower the upper ram until  it is nearly in contact with the upper punch. Set tine
integrator  at full-scale by turn ing  the recorder pointer , by hand , to ful l -scale  and
the integration factor  to I . Adjus t  115 to give 3 Vdc between TPs 18 and 20 .
Current  on the in tegra tor  meter  wil l  go from 0 to near  fu l l - sca le  in about 1 miii .
Ad just R2 to give zero Vdc between TPs 39 and 44.

(5) Adjus t  the output  of the Series 80 controller  to 90 percent fu l l -sca le .
Using a screwdriver, adjust  t r i p unit  CT1 to t r ip  at this level of cont ro l le r  ou tput .

(6) The hydraulic servo system has been previously cal ibrated 1 at 1 m v ps i .

Calculate the voltage corr-esponding to the m a x i m u m  desired pressure. Adjus t
R3 unt il this voltage appears between TPs 34 and 37.

(7) Insert a dumn-niy sample. A block of wood not higher than t w o  inches wi l l
suff ice .  Set funct ion switch Si on “RAI ’.l RA rE. 1 Follow Operat ing Procedure in
Section 3, steps (8) through ( 16) .

(8) Move the set-point slowl y up to 3 or 4.
(9) If the recorder  po inter  hunts , adjust  the func t ion  controls  on tine Ser ies

80 recorder to s tabil ize the pointer.

*If e i ther  LDT has i t s  core out of i t s  t w o - in c h  l i nea r i t y  range , 111 w i l l  fa i l  t o  ad jus t
this  voltage properl y.

1. Adamsk i , J . A. , and Klausut i s , N.  (1975)  Vacuum l in t  P r e ss in~~,A p p a r n t u s  and
Technique, A F C R l~-TR-75-0582.  - _____
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( i l l  I -, 1111.5 t i n e  111 1( 1  n n I l  t o  I t  - m s  ar id a t i n  I - I , liete n - I c r m b t i r e  ra on r a t e  for the
se t t I l l i - 1 f ‘111- - o h  -~ ‘ . n n t  -

( 11)  A d iu s t the ‘of — p o i n t  sh od i \ , I n I I i  I i ( - t ( - r ’ r lllr ne rarrr rate as a f u n c t i o n  of

set t ing.
( 12) Set swi tch  Si on ‘ S ’i ’ RAIN R A T L ” and repeat the ca l ib ra t ion .

4iI’I I4~ II\1 . I’11114 l iii HI

5 1 1 1 1  I i , -  l I r ’ , ; I l  r a n  m I nI , I I  l I l t i n g ,  n ’ eIII(I v a I , and eva lua t i on  techniques , as well  as
II - I ’ I l I t  ion  1 h ’ I - 1 1 . 5 m g  I I I  ‘ l l I t l e t ( - r ’ s  t o  n r i o d i f v  n i n i c r o st r u c t u r e  and residual s t r a in ,

I ‘ I l S I  I i l .~~It N eIi nc II I r e v n I s N  report .

I 5 . , - - ’ ‘ I I  ‘ l I r i r ’  I I ’ -’ t i l l  I~~ n n o t  i l l - c n n  e inanged  by the i n t roduc t ion  of au toma t i c  ra te
.S I t l  1 1 l i e  I I I  I I I  l I r e , i S  i n r o d i t i e d  for  a u t o m a t i c  opera t ion , is as fol lows:

( 1 )  iL( i -o ’ Ill, uppe r r’ S I I I  I c  c i t - a t e  a g~ip  exact lv as hi gh I t s  tire des i red  final

I I I  ~ l I t I l p l t  to  be p r e s s e d .
( 2 )  Tur n m ire in t er - lock  s w i t ch  t I  t ine ‘ ‘ ( ) i ’ l- ” ’ pos it ion .
I I )  :\ d~ us t ( t i e  ( ‘ 1 2  t r i p  s e t t i n g  knob u n t i l  the  ala run lig ht comes on .
(- I ) ‘Fur- r i  t i i c ’  m i t e  n - lock s wi t c h  I l l  ‘‘ ( I N .

‘I 1’ia ’ c- t i r e  s a c i r p le to he to m ged bet we-en t lie punches in the die c a v i ty .
L o w e r  t i n e  uppe r  n - ann  SII t ina t  i t  n e a r ly  touches the upper punch . Rep lace the

carbon felt  i n s u l a t i o n  and the thermocouple , close and evacuate the furnace cham-
ber- . If  cont ro l led  a tmosp h ere is to be used , p lace tile vacuum inter -lock sw i t c h  in

the  I’~ I N ” posi t ion . Gradual l y heat tine sample to forging t e minpe ra tu r e  and allow
t h er n r a l  equ i l ib r i u n r  to be established.

(6 )  Turn  the inter lock bypass swi t ch  to “ OFF. ” This puts CT2 in the c i rcu i t

fo r- au tomat ic  shut -down.
(7) Select r a m - r a t e  or- s t ra in- i-a te  control , as desired , wi th  swi tch  Si.

(8) Set the control  funct ion settings on the Series 80 cont ro l le r-  (Proport ional

Band , Rate , Reset , and Approach) .  These se t t ings  depend upon the r ’nateria l being

fo rged and must  be dete rmined exper imenta l l y for each new mate rial.
(9) Make certain that the recorder is turned on.
( 10) Select a se t t ing  of the in tegra tor . The se t t ing  ( 1 , 5, 10, or 100) is

approximate l y the max imum length of control  t i m e  in minutes  w i t h  the recorder
at fu l l - sca le , and increases as the i-ecorder sc-ale decreases.  Refe r to the resul ts
of the calibration of rate versus r-ecorder setting.

( 11) Set the recorder  se t -point  on zero .
( 12)  Press the “ DOWN ” button on the Series 80 con t ro l l e r  un t i l  its output

meter  indicates ze ro .
13) Press the ‘‘RESET’’ but ton  on tire integrator to bring the outpu t to ?Ci~I I .
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(14) Turn the integrator- program switch to “REMOTE.”

(15) Turn the upper hydraulic control valves simultaneously to “ON” for

automatic pressure control.

(16) Switch the Series 80 controller to “AUTOMATIC. ”

(17) It will now require some time, depending upon the height øf  the sample

to be forged, before the input to the recorder reaches zero. When this occurs,

the recorder pointer will  go from ful l -scale  ( 100) to zero. Af te r  this has occurred,
slowly move the set-point  to a posit ion where  the desired ram rate or s t ra in  rate
will be achieved (refer to the calibration resul t s) .  As long as the recorder input

is zero , the recorder pointer will follow the set-point.

(18) The dial indicator-s and a t imer  should be used to m onitor ram rate or
strain rate. This permits the operator to check the automat ic  controller at any
time,

(19) The machine may be operated manually and controlled by the output of

the Digivider by setting switch Si on “DIGIVIDER.” A record of ram rate or

s tra in rate wil l  be recorded, depending upon the se t t ing  of swi tch  TGS.
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