
 

 

 

 

N O T I C E 

 

THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 

CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 

INFORMATION AS POSSIBLE 



5 
t. NASA CR-165181 
; i *:. ERC LIB. 801 73 
it 

Small Passenger Car 
Tnnsmission Test - 
Dodge Omni A.404 Transmission 

(YASA-CB-lo5 18 1) SflALL PASSEYGEB CAB N81- 15360 
I 

T R A N S H I S S I O U  T E S T :  DODGE O H N I  A - 4 0 4  
I h A N S H I S S I O #  Final Report (Eaton 
E n y i n e e r l n g  aud k r s e d r c h  Center)  355 p Uncl as 

1 HC A16/HP A01 C S C i  1JF 63/37 LYbb3  

M. P. Bujold 
Eaton Corporation 
Engineering & Research Center 

September 1980 

Prepared for 
National Aeronautics and Space Administration 
Lewis Research Center i Under Contract DEN3-124 

I 

I 

for 
U.S. DEPARTMENT OF ENERGY 
Conservation and Solar Energy 
Office of Transportation Programs 



t DOEINASAIO124-5 

NASA CR-165181 
ERC LIB. 801 73 % 

i ag 
3 

Small Passenger Car 
Transmission Test - 
Dodge Omni A.404 Transmission 

M. P. Bujold 
Eaton Corporation 
Engineering & Research Center 
Swthfield, Michigan 48037 

September 1980 

Prepared for 
National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 441 35 
Under Contract DEN3-124 

for 
U.S. DEPARTMENT OF ENERGY 
Conservati~n and Solar Energy 
Office of Transportation Programs 
Washington, D.C. 20545 
Under Interagency Agreement DE-A101-77CS51044 



PREFACE 

The E l e c t r i c  and Hybrid Vehicle Research, Development, and Demonstration Act  
of  1976 (Publ ic Law 94-413) authorized a Federal program o f  research and 
development designed t o  p r o m t e  e l e c t r i c  and hyb r id  vehic le technologies. 
The Energy Research and Development Administrat ion, now the Department o f  
Energy (DOE), which was given the r e s p o n s i b i l i t y  f o r  implenrenting the  Act, 
establ ished the E l e c t r i c  and Hybrid Vehicle Research, Development, and 
Demonstration P ro jec t  w i t h i n  the D i v i s i o n  o f  Transportat ion Energy Conservation 
t o  manage the a c t i v i t i e s  requi red by Publ ic  Law 94-413. 

?he National Aeronautics and Space Adminis t rat ion under an Interagency 
Agreement (Number EC-77-A-31-1044) Mas requested by ERDA (DOE) t o  undertake 
research and development o f  propul s ion  sys terns f o r  e l e c t r i c  and hyb r id  
vehicles. The Lewis Research Center was made the responsible NASA Center 
f o r  t h i s  p ro jec t ,  The work presented i n  t h i s  repo r t  i s  an e a r l y  p a r t  of the 
Lewis Research Center program f o r  propulsion system research and development 
f o r  e l e c t r i c  vehicles. 

The work described i n  t h i s  repo r t  was conducted under Contract DEN3-124 w i t h  
the National Aeronautics and Space Adaini s t r a t i o n  (NASA) and sponsored by the 
Ekpartmnt  o f  Energy through an agreement w i t h  NASA. 
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EQUIPMENT TESTED 

T h i s  report involves the tests conducted on a 1979 Dodge Omni 
A-404 automatic tranrmirrion (P/N: 4186090 r 151614). The 
transmission consists of two multiple disc  clutches, an 
overrunning clutch, two rervor, a hydraulic accumulator, two 
bands, and two planetary gear s e t s  t o  provide three forward ra t ios  
and a reveree ' ra t io .  The common sun gear of the planetary gear 
s e t s  is connected to  the front clutch by a driving she l l  which i a  
splined to  the sun  gear and to  the front clutch retainer.  The 
hydraulic system consis ts  of an o i l  pump, and a s ingle  valve body 
which contains a l l  the valves except the governor valve. 

Outpu t  torque from the main centerline is delivered through 
helical  gears to  the transfet  shaft .  T h i s  gear s e t  is a factor of 
the f ina l  drive (axle)  ra t io .  The shaft  also ca r r i e s  the governor 
and the parking sprag. 

An integral  hel ical  gear on the transfer shaft  drives the 
d i f fe ren t i a l  ring gear. The f ina l  drive gearing is completed w i t h  
the "Federal" (49 s t a t e s )  gear se t  producing an overall  r a t io  
of 3 . 4 8 : l .  



INTRODUCTION 

The  Dodge Qnni A-404 transmission is a c o m m e r c i a l l y  a v a i l a b l e  
a u t o m a t i c  t r a n s m i s s i o n  which is s u i t e d  f o r  a small p a s s e n g e r  car 
i n s t a l  rat  i o n .  The t r a n s m i s s i o n  is e q u i p p e d  w i t h  t h r e e  fo rward  
d r i v i n g  r a n g e s ,  a n e u t r a l ,  r e v e r s e ,  and  p a r k .  Very l i t t l e  t e c h -  
n i c a l  i n f o r m a t i o n  i n  t h e  area o f  t o r q u e ,  speed  and e f f i c i e n c y  d a t a  
is c u r r e n t l y  a v a i l a b l e  o n  t h i s  t r a n s m i s s i o n .  T h i s  l a c k  o f  
a v a i l a b l e  i n f o r m a t i o n  was t h e  p r i n c i p a l  r e a s o n  f o r  t h e  i n i t i a t i o n  
o f  t h i s  test. 

The p r i n c i p a l  o b j e c t  of t h i s  test  was t o  map t o r q u e ,  s p e e d ,  and 
e f f i c i e n c y  c u r v e s  o f  t h e  test t r a n s m i s s i o n  i n  e a c h  g e a r  r a n g e  and  
i n  b o t h  d r i v e  pe r fo rmance  and coast pe r fo rmance  c o n d i t i o n s .  The 
test  was performed p e r  t h e  s p e c i f i c a t i o n s  o f  t h e  P a s s e n g e r  Car 
Au tomat i c  T r a n s m i s s i o n  T e s t  Code - SAE J651b .  The t o r q u e  and 
speed limits o f  t h i s  test were g o v e r n e d  by t h e  t o r q u e  and speed 
limits o f  a n  e n g i n e  which would t y p i c a l l y  be s u p p l i e d  w i t h  t h i s  
t r a n s m i s s i o n .  The test c o d e  s p e c i f i e d  t h a t  t h r e e  b a s i c  tests were 
t o  be  conduc ted  which i n v o l v e d  h o l d i n g  t h e  t o r q u e  c o n s t e n t  and 
v a r y i n g  t h e  t r a n s m i s s i o n  s p e e d ,  The t h r e e  s p e c i f i c  tests were 
d r i v e  pe r fo rmance ,  coast pe r fo rmance ,  and no l o a d  losses which 
were conduc ted  i n  f i r s t ,  s econd  and t h i r d  g e a r .  

The test code r e q u i r e d  t h a t  t h e  t r a n s m i s s i o n  s h o u l d  be h e l d  i n  
g e a r  o v e r  t h e  c o m p l e t e  r a n g e  of  t h e  t e s t .  I n  o r d e r  to a c c o m p l i s h  
t h i s ,  it was n e c e s s a r y  to b l o c k  t h e  v a l v e s .  T h i s  k e p t  t h e  t r a n s -  
m i s s i o n  locked  i n  g e a r .  The test code a l s o  s p e c i f i e d  a n  o i l  tem- 
p e r a t u r e  r e q u i r e m e n t  to  e n s u r e  t h a t  a set v i s c o s i t y  l e v e l  be a t -  
t a i n e d  t h r o u g h o u t  t h e  tests. T h i s  t e m p e r a t u r e  r e q u i r e m e n t  was 
accompl i s h e d  th rough  t h e  u s e  of  a n  i ~ l m e r s i o n  h e a t e r  and o i l  
c o o l e r ,  The o i l  t e m p e r a t u r e  was t h e  main f a c t o r  i n  l i m i t i n g  t h e  
amount of load  t h a t  c o u l d  be a p p l i e d  to t h e  t r a n s m i s s i o n .  

The d a t a  t h a t  was o b t a i n e d  from t h e  t o r q u e  and speed  s e n s o r s  was 
p l a c e d  d i r e c t l y  o n t o  t a p e .  The t a p e  was t h e n  f e d  i n t o  a computer  
which r educed  t h e  d a t a  and g e n e r a t e d  t h e  n e c e s s a r y  g r a p h s  and 
t e c h n i c a l  i n f o r m a t i o n .  The main a d v a n t a g e  t o  t h i s  method o f  d a t a  
r e d u c t i o n  is t h a t  any  f l u c t u a t i o n  t h a t  may o c c u r  due  to  s y s t e m  
r e s o n a n c e  is a v e r a g e d  by t h e  compu te r .  T h i s  method m i n i m i z e s  t h e  
error and a l l o w s  t h e  d a t a  to be viewed a f t e r  t h e  tests a r e  corn- 
p l  e t-ed . 



EQUIPMENT TESTED 

T h i s  r e p o r t  i n v o l v e s  t h e  tests c o n d u c t e d  o n  a 1979 Dodge Omni 
A-404 a u t o m a t i c  t r a n s m i s s i o n  (P/N: 4186090 & 151614) .  The 
t r a n s m i s s i o n  c o n s i s t s  o f  two m u l t i p l e  d i s c  c l u t c h e s ,  a n  
o v e r r u n n i n g  c l u t c h ,  two s e r v o s ,  a h y d r a u l i c  a c c u m u l a t o r ,  two 
bands ,  and two p l a n e t a r y  g e a r  sets to p r o v i d e  t h r e e  f o r w a r d  ra t ios  
and  .? r e v e r s e  r a t i o .  The common s u n  g e a r  o f  t h e  p l a n e t a r y  g e a r  
se ts  is  c o n n e c t e d  to t h e  f r o n t  c l u t c h  by a d r i v i n g  s h e l l  which is 
s p l i n e d  to t h e  s u n  g e a r  and  to t h e  f r o n t  c l u t c h  r e t a i n e r ,  The 
h y d r a u l i c  s y s t e m  c o n s i s t s  o f  a n  o i l  pump, and  a s i n g l e  v a l v e  b d y  
which c o n t a i n s  a l l  t h e  v a l v e s  e x c e p t  t h e  g o v e r n o r  v a l v e ,  

O u t p u t  t o r q u e  from t h e  main c e n t e r l i n e  is d e l i v e r e d  t h r o u g h  
h e l i c a l  g e a r s  to t h e  t r a n s f e r  s h a f t .  T h i s  g e a r  set is a  f a c t o r  o f  
t h e  f i n a l  d r i v e  ( a x l e )  ra t io .  The s h a f t  a l s o  carries t h e  g o v e r p o r  
and t h e  p a r k i n g  s p r a g .  

An i n t e g r a l  h e l i c a l  g e a r  on  t h e  t r a n s f e r  s h a f t  d r i v e s  t h e  
d i f f e r e n t i a l  r i n g  g e a r ,  The f i n a l  d r i v e  g e a r i n g  is comple t ed  w i t h  
t h e  " F e d e r a l "  ( 4 9  s t a t e s )  g e a r  set p r o d u c i n g  a n  o v e r a l l  r a t i o  o f  
3 ,48:1.  



TEST APPARATUS 

The test a p p a r a t u s  used to o p e r a t e  t h e  Dodge Chnni A-404 
t r a n s m i s s i o n  c o n s i s t e d  o f  t h e  f o l l o w i n g  basic i t e m s  which are 
d e s c r i b e d  and l i s t e d  below. The a p p a r a t u s  was b a s i c a l l y  t h e  same 
f o r  d r i v e  and coast p e r f o r m a n c e  tests w i t h  t h e  e x c e p t i o n  o f  t h e  
t r a n s m i s s i o n  which was indexed  180°  f o r  coast p e r f o r m a n c e  tests. 
The d r i v i n g  dynamometer was used to power t h e  t r a n s m i s s i o n .  A 
t o r q u e  s e n s o r  was p l a c e d  o n  t h e  dynamometer s h a f t  to a c c u r a t e l y  
m o n i t o r  t h e  t o r q u e  i n t o  t h e  t r a n s m i s s i o n .  A speed p i c k u p  was 
placed o n  t h e  dyno s h a f t  to measu re  t h e  s p e e d  i n t o  t h e  t r a n s -  
m i s s i o n .  

The o u t p u t  s h a f t  o f  t h e  t r a n s m i s s i o n  was c o u p l e d  to a t o r q u e  sen-  
sor which a c c u r a t e l y  measured  its t o r q u e .  The t o r q u e  s e n s o r  s h a f t  
was t h e n  c o u p l e d  to a HY-VO c h a i n  d r i v e  ( 4 : l  r a t i o )  which was 
c o u p l e d  to t h e  a b s o r b e r  s h a f t .  The p u r p o s e  o f  t h e  c h a i n  d r i v e  was 
to i n c r e a s e  t h e  slower o u t p u t  s h a f t  speed i n t o  a r a n g e  which would 
be a c c e p t a b l e  to t h e  a b s o r b e r  power r e q u i r e m e n t s .  The a b s o r b i n g  
dynamometer was used to a p p l y  t h e  sys t em l o a d .  A s p e e d  p i c k u p  was 
mounted to t h e  a b s o r b e r  s h a f t  t o  measure  o u t p u t  s p e e d .  

The t r a n s m i s s i o n  o i l  t e m p e r a t u r e  was c o n t r o l l e d  t h r o u g h  t h e  u s e  o f  
a h e a t  e x c h a n g e r  and c i r c u l a t i o n  h e a t e r .  When t h e  t r a n s m i s s i o n  
was o p e r a t i n g  a t  l i g h t  load, t h e  o i l  cooler was shutdown and t h e  
c i r c u l a t i o n  h e a t e r  was engaged  so t h a t  t h e  o i l  COUM be k e p t  up to 
t e m p e r a t u r e  s p e c i f i c a t i o n .  When t h e  t r a n s m i s s i o n  was o p e r a t i n g  
unde r  heavy l o a d ,  t h e  o i l  cooler was o p e r a t i n g  and t h e  c i r c u l a t i o n  
h e a t e r  was d i s e n g a g e d  so t h a t  t h e  t e m p e r a t u r e  s p e c i f i c a t i o n  was 
n o t  exceeded .  

The t r a n s m i s s i o n  was h e l d  i n  f i r s t  g e a r  by p l a c i n g  t h e  g e a r  selec- 
t o r  l e v e r  i n  its a p p r o p r i a t e  s e t t i n g .  The t r a n s m i s s i o n  was h e l d  
i n  second g e a r  by b l o c k i n g  t h e  1 to 2 s h i f t  v a l v e  i n  t h e  second  
p s i t i o n .  The t r a n s m i s s i o n  was h e l d  i n  t h i r d  g e a r  by p l a c i n g  
s t o p s  i n  t h e  1 to 2 s h i f t  v a l v e  and t h e  2 to  3 s h i f t  v a l v e  so t h e  
v a l v e s  were k e p t  i n  t h e  2 and  3 p o s i t i o n  r e s p e c t i v e l y .  

The t r a n s m i s s i o n  d i f f e r e n t i a l  was l o c k e d  f o r  t h e  e n t i r e  test 
program. T h i s  was a c c o m p l i s h e d  by weld ing  t h e  p i n i o n  g e a r s  to  t h e  
d i f f e r e n t i a l  c a r r i e r .  T h i s  a l l o w e d  t h e  power to f l o w  t h r o u g h  o n e  
o u t p u t  s h a f t .  T h i s  means t h a t  t h e  o u t p u t  t o r q u e s  ( d r i v e  p e r f . )  
and i n p u t  t o r q u e s  (coast p e r f  . )  shown i n  t h e  g r a p h s  are twice t h e  
v z l u e s  t h a t  e a c h  wheel  would f e e l .  However, t h e  o u t p c t  s p e e d s  
( d r i v e  perf .  ) and i n p u t  s p e e d s  (coast p e r f .  ) are t h e  a c t u a l  s p e e d s  
a t  e a c h  wheel .  

The i n s t r u m e n t a t i o n  f o r  t h e  s e t u p  c o n s i s t e d  o f  t h e  f o l l o w i n g  b a s i c  
items. The  L e b w  t o r q u e  s e n s o r  was used i n  c o n j u n c t i o n  w i t h  a 
D a y t r o n i c  s i g n a l  c o n d i t i o n e r  (878  ) . The Hirnmelstein t o r q u e  s e n s o r  
was matched w i t h  a D a y t r o n i c  s i g n a l  c o n d i t i o n e r  ( 878A) .  The 
m a g n e t i c  speed  p i c k u p  was used w i t h  a n  Ai rpax  speed  r e a d o u t .  
These  s i g n a l s  were t h e n  f e d  i n t o  a Sangamo 3500 t a p e  r e c o r d e r .  
The t a p e  r e c o r d e d  d a t a  were t h e n  f e d  i n t o  a Hewlett Packard  
Ana lyze r  which r educed  t h e  d a t a .  

I 



DESCRIPTION 

Driving Dynamometer 
Flexible Coupling 
Torque Sensor 
Pilot Bearing 
Transmission 
Rear Bearing 
Flexible Coupling 

=nsor Torque S, 
Torque Sensor 
Absorber 
Heat Exchanger 
Circulation Heater 
Pressure Gage 
HY VO Chain Drive (4:l) 

INSTRUMENTATION 

PART NO. 

Mo3el 26G308 
226 SN 
MCRT6-0 2T ( 2- 3 ) 
SFT-15 
A-404 
209-SPF 
226 SN 
1648-5K 
1248-20K 
1014DG 
F-301-ER-2P 
NWHO-2 
D-0252 
1.25 wide 

Torque Signal Conditioner 878A 
Torque Signal Conditiuner 878 
Speed Readout 761400110 
Temperature Conditioner 8 10 
Thermocouples 6610WBA2 

MANUFACTURER 

General Electric 
Thomas-Rexnord 
Himmelstei5 
Sealmaster 
Dodge 
MRC 
Thomas-Rexnord 
Lebow 
Lebow 
Dynamatic 
Young 
C;,romalox 
Marsh 
Morse 

Daytronic 
Daytronic 
Airpax 
naytron ic 
Appl ied Instruments 



Dynamometer 

Drive Performance Test Setup 
DEN3-124 

















TEST PROCEDURE 

The test was conduc ted  p e r  t h e  P a s s e n g e r  Car  Au tomat i c  T rans -  
m i s s i o n  T e s t  Code-SAE J651b.  The c o d e  s ta tes  t h a t  t h r e e  b a s i c  
tes ts  s h o u l d  be pe r fo rmed  on  t h e  t r a n s m i s s i o n .  These  tests were 
d r i v e  p e r f o r m a n c e ,  coast p e r f o r m a n c e  and  no  l o a d  losses. Each 
test was pe r fo rmed  to t h e  a c c u r a c i e s  s t a t e d  i n  t h e  c o d e .  The 
t h r o t t l e  valve was modula ted  t h r o u g h o u t  t h e  test to its normal  
o p e r a t i n g  p o s i t i o n s .  The c h a r t  on  page  22 i n d i c a t e s  t h e  e n g i n e  
t o r q u e  and its r e l a t e d  t h r o t t l e  v a l v e  s e t t i n g .  

The f i r s t  test conduc ted  was t h e  d r i v e  p e r f o r m a n c e  test. The 
l i m i t s  o f  t h e  test were d e t e r m i n e d  by t h e  normal  o p e r a t i n g  con- 
d i t i o n s  o f  a n  e n g i n e  t y p i c a l l y  s u p p l i e d  w i t h  t h i s  t r a n s m i s s i o n .  
The t o r q u e  l i m i t  was set to 9 0  l b - f t  and  t h e  s p e e d  l i m i t  was set 
t o  5900 rpm. The i n p u t  s h a f t  o f  t h e  t r a n s m i s s i o n  was tested a t  a  
t o r q u e  which r anged  from 10-90 l b - f t  on  t h e  i n p u t  sha f t -  o f  t h e  
~ r a n s m i s s i o n .  The t o r q u e  was i n c r e m e n t e d  by 1 0  l b - f t  f o r  e a c h  
t e s t .  The s p e e d  l i m i t s  o f  t h e  test ranged  from 500 t o  4500 rpm on 
t h e  i n p a t  s h a f t  o f  t h e  t r a n s m i s s i o n .  

S e c t i o n  1 of  t h e  test code  which is l a b e l e d  D r i v e  Pe r fo rmance  - 
C o n s t a n t  I n p u t  Torque was conduc ted  f i r s t .  The i n p u t  t o r q u e  was 
h e l d  a t  1 0  l b - f t  and t h e  s p e e d  was inc remen ted  from 500-4500 rpm. 
The t o r q u e  was t h e n  set t o  20 l b - f t  and  t h e  t r a n s m i s s i o n  was r u n  
t h r o u g h  t h e  same s p e e d  r a n g e .  T h i s  p r o c e d u r e  was f o l l o w e d  f o r  
i n p u t  t o r q u e s  o f  1 0 ,  20, 30 ,  40, 50 ,  60 ,  70 ,  80 ,  and 9 0  l b - f t .  
The t h r o t t l e  v a l v e  was modula ted  to match t h e  a p p r o p r i a t e  i n p u t  
t o r q u e  f o r  t h e s e  tes t  r a n g e s .  The s t a r t i n g  speed  was d e p e n d e n t  on 
when t h e  t o r q u e  c o u l d  be a t t a i n e d  which was c h a r a c t e r i s t i c  o f  t h e  
t o r q u e  c o n v e r t e r .  The data r e c o r d e d  i n  t h i s  test were i n p u t  and 
o u t p u t  s p e e d ,  i n p u t  and o u t p u t  t o r q u e ,  l i n e  p r e s s u r e ,  sump 
t e m p e r a t u r e ,  o u t l e t  t e m p e r a t u r e ,  case h o t s p o t  t e m p e r a t u r e  and 
ambien t  t e m p e r a t u r e .  

T h i s  p r o c e d u r e  was pe r fo rmed  on t h e  t r a n s m i s s i o n  i n  f i r s t ,  second 
and t h i r d  g e a r  r a n g e .  The t r a n s m i s s i o n  was h e l d  i n  e a c h  g e a r  
t h r o u g h  t h e  e n t i r e  t o r q u e  and speed  r a n g e  p e r  t h e  e x p l a n a t i o n  
g i v e n  i n  t h e  test a p p a r a t u s  s e c t i o n  o f  t h i s  r e p o r t .  

The n e x t  p o r t i o n  o f  t h e  tes t  t o  be conduc ted  was t h e  Cross 
S e c t i o n a l  Road Load Per formance  T e s t .  T h i s  test was conduc ted  i n  
t h i r d  g e a r  and i n v o l v e d  h o l d i n g  t h e  t r a n s m i s s i o n  o u t p u t  s h a f t  a t  a 
c o n s t a n t  t o r q u e  w h i l e  v a r y i n g  t h e  i n p u t  s p e e d .  The o u t p u t  t o r q u e s  
s e l e c t e d  were 15,  50 ,  8 0 ,  115 ,  140 ,  175 ,  210, 240,  and 280 l b - f t .  
The speed  r a n g e  was from 500-4500 rpm on t h e  i n p u t  s h a f t .  t h e  
s t a r t i n g  speed  was d e p e n d e n t  on when t h e  t o r q u e  c o u l d  be a t t a i n e d .  
The t h r o t t l e  v a l v e  was modula ted  t h r o u g h o u t  t h e  tes t  to  match t h e  
a p p r o p r i a t e  e n g i n e  t o r q u e .  The d a t a  r e c o r d e d  i n  t h i s  test were 
i n p u t  and o u t p u t  t o r q u e ,  i n p u t  and  o u t p u t  s p e e d ,  l i n e  p r e s s u r e ,  
sump t e m p e r a t u r e ,  o u t l e t  t e m p e r a t u r e ,  c a s e  h o t s p o t  t e m p e r a t u r e ,  
and ambien t  t e m p e r a t u r e .  



The No Load Loss portion of the t e s t  was performed next. T h i s  
t e s t  was run  with the output shaft  turning freely.  The input 
torque and speed were recorded for an en t i r e  speed range which ran 
from 500 rpn t o  4500 rpm. T h i s  t e s t  was performed i n  each gear 
range by disconnecting the output shaft  and allowing it t o  t u r n  
freely . 
The parameters recorded i n  t h i s  t e s t  were input torque and speed, 
l ine pressure, sump temperature, out le t  temperature, case hotspot 
temperature, and ambient temperature. 

The f inal  s e t  of t e s t s  performed were the coast performance t e s t s .  
For t h i s  t e s t  the transmission was oriented i n  the reverse direc- 
tion so that  the dynamometer drove through the output shaft  of the 
transmission and the power was taken up i n  the absorber. The test 
was operated by se t t ing  the converter impeller torque a t  a con- 
s tan t  level and varying its speed i n  the range set by the previous 
tes t s .  In order to r!:n t u i :  t e s t ,  it was necessary to  spin the 
torque converter shaft  a t  approximately 400 rpm so  tha t  the charge 
pump would generate the l ine  pressure necessary to  operate the 
transmission. The torque and speed ranges of t h i s  t e s t  were d i f -  
ferent from the previous t e s t s  due to  torque converter character- 
i s t i c s .  The speed was limited by two conditions. These condi- 
tions were the lowest speed necessary to  maintain l ine  pressure 
and the lowest speed a t  which the torque could be attained. The 
amount of torque which could be applied to  the system was limited 
by the current l imits  of the dynamometer controller.  The 1st gear 
coast performance t e s t s  reached the current l i m i t  a t  the 60 lb-f t  
r u n .  T h i s  was due to  the slow output speed i n  f i r s t  gear which 
was beyond the dynamometer torque speed character is t ics .  The data 
recorded during t h i s  portion of the t e s t  were input and output 
torque, input and output speed, l ine  pressure, sump temperature, 
out le t  temperature, case hotspot temperature, and ambient tempera- 
ture. The th ro t t l e  valve was se t  to  the idle  position during the 
ent i re  t e s t .  

The transmission was f i l l ed  w i t h  Dext.ron I1 automatic transmission 
f l u i d  through the ent i re  t e s t  schedule. The physical and chemical 
properties of the transmission f l u i d  were monitored throughout the 
t e s t .  The f l u i d  appeared s l ight ly  brown a f t e r  the second and 
third gear coast performance t e s t s .  T h i s  was at t r ibuted to the 
slow charge pump speeds which meant less  o i l  flow for cooling 
purposes a t  high torque levels.  The f l u i d  was replaced each time 
the discoloring was noticed. T h i s  indicates that  care should be 
taken i f  t h i s  transmission is to be operated i n  the coast per- 
formance mode (regenerative braking) for any length of time. T h i s  
problem could be solved by set t ing a minimum charge pump speed a t  
each torque level.  



CALIBRATION 

The t e s t  apparatus was cal ibra ted before and a f t e r  a major t e s t .  
The major components ca l ib ra ted  were the torqae sensors and the 
speed readouts. The torque sensors were cal ibra ted w i t h  the i r  
respective readouts and at taching cables so that  a t o t a l  system 
accuracy was obtained. The ca l ib ra t ion  was performed on the 
torque sensors by placing them in a hydraulic t e s t  stand which 
applied a torque against  the t e s t  specimen and a cal ibra ted torque 
c e l l  simultaneously. The cal ibra ted torque c e l l  is traceable t o  
the National Bureau of Standards (once removed). The cal ibra ted 
torque c e l l  was used as  an indication of the applied load, while 
the t e s t  specimen was the measured load. The torque sensors were 
cal ibra ted t o  the limits of the range over which they were to  be 
operated . 
The speed readout was an AIRPAX counter (Model No. 761400110) 
which was cal ibra ted in an operating range from 0 t o  4530 rpm. 
The counter was ca l ib ra ted  w i t h  a Hewlett Packard e l e c t r i c  counter 
(Model No. 5245L) used i n  conjunction w i t h  a WWVB frequency compa- 
ra tor  (True Time, Inc. Model No. 60-TR). The accuracy of the d i g i -  
t a l  readout was - +1 count. 



CALIBRATION SHEET 
HIMMELSTEIN TOROVE SENSOR #MCRT 6-02T (2-3) 
CAL VALUE m 58.0 lb-it 
(Drive wrformance torque was positive. Direction of torque was 
' clockwise. ) 

APPLIED TORQUE (lb-it) MEASURED TORQUE (lb-it) 

(Coast performance torque was negative. Direction of torque was 
counterclockwise.) 



CALIBRATION SHEET 5-16-80 
LEBW TORQUE SENSOR #1648-5K DEN3-124 
CAL VALUE = 271.5 lb-ft 
( Drive performance torque was positive . Direct ion of torque was 
clockwise. ) 

APPLIED TORQUE (lb-it) MEASURED TORQUE { l b - f t )  

(Cbastperiormance torque was negative. Direct ion of torque was 
counterclockwise.) 



- - 
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CALIBRATION SHEET 6-23-80 
LEBOW TORQUE SENSOR #1248-2K DEN30124 
CAL VALUE 479.0 lb-ft 
(Drive prformance torque was positit?e. ~irect ion of torque was 
clockwise. ) 

APPLIED TORQUE (lb-it) MEASURED TORQUE ( lb- f t ) 

0 00 0.0 

300.0 300.3 

600.0 599.8 

900.0 898.7 

1200 .O 1197.2 

1500.0 1500 .O 

1200 .O 1199.7 

900.0 898.5 

600 .O 597.6 

300.0 297.4 

0 00 0.0 

(Coast performance torque was negative. Direction of torque was 
counterclockwise. ) 

-0 .o -0 .o 
-300 .O -297.4 

-600.0 -598.5 

I 
-900 .O -899.3 

-1200 .O -1 199.7 

-1500.0 -1500 .O 

-1200.0 -1l98.8 

-900 .O -C98. :. 
-600.0 -598.5 

-300.0 -298.2 

1 -0.0 
-0.0 

I 



Following is a table of engine torque vs. throttle cablc position. 
The tranemission throttle cable was modulated for each engine 
torque level throughout the tests. 

ENGINE TORQUE (lb-f t) THRCVTLE CABLE POSITION (in.) 

open 



SYSTEM ACCURACY 

The i n s t r u m e n t s  used i n  t h e  test  s e t u p  have  been  c a l i b r a t e d  t o  
i n s u r ?  t h e  a c c u r a c y  o f  t h e  test d a t a .  The i n d i v i d u a l  components  
u t i l i z e d  i n  t h e  tests c o n t a i n  m a n u f a c t u r e r s  s p e c i f i c a t i o n s  which  
g u a r a n t e e  t h e  a c c u r a c y  o f  t h e  i n s t r u m e n t a t i o n .  These  a c c u r a c i e s  
are l i s t e d  and combined i n  t h e  a p p e n d i x  s c c t i o n  to d e t e r m i n e  t h e  
total  sys t em a c c u r a c y .  The t h r e e  major components  i n v o l v e d  i n  t h e  
sys t em a c c u r a c y  are t h e  t o r q u e  s i g n a l s ,  speed  s i g n a l s ,  and  d a t a  
r e d u c t  i o n  equipi lerr t  . Worst case s y s t e m  a c c u r a c i e s  f o r  t h e  t o r q u e  
s e n s o r s ,  c a b l i n g  and r e a d o u t s  were d e t e r m i n e d  from t h e  c a l i b r a t i o n  
c h a r t s  and are shown below. 

TAPE RECORDER: Sangamo Model W3500 
ACCURACY: - +0.05% o f  F u l l  S c a l e  

TORQUE SENSOR: Lebow (1648-5K) + D a y t r o n i c  (878A) 
ACCURACY: ( ( C a l c u l a t e d  Torque-Measured) /Ful l  Scale Torque )  x  ( 1 0 0 )  

( ( 1 7 5 . 7 9  - 176.0) /416 .66)  x  ( 1 0 0 )  = 20.05% o f  F u l l  S c a l e  

TORQUE SENSOR: Himmels te in  (MCRT 6-62T(2-3))  + D a y t r o n i c  ( 8 7 8 )  
ACCURACY: ( ( C a l c u l a t e d  Torque -measu red ) /Fu l l  S c a l e  T o r q u e )  x ( 1 0 0 )  

( ( 5 6 . 2 6  - 5 5 . 9 ) / ( 1 6 6 . 6 6 ) )  x ( 1 0 0 )  = 50.21% o f  F u l l  S c a l e  

SPEED SENSOR: SpeeZ P i c k u p  + A i r p a x  C o u n t e r  
ACCURACY: C a l i b r a t i o n  was - + 1  Count  (1 /4000)  x  ( 1 0 0 )  = - +0.025% o f  

F u l l  S c a l e  

SPEED CONDITIONER ( F r e q u e n c y  to V o l t a g e  C o n v e r t e r - D a y t r o n i c  8 4 0 )  
ACCURACY: 0.05% o f  Average DC V o l t a g e  20.10% o f  F u l l  S c a l e  

HEWLETT PACKARD ANALYZER (HP 5451E F o u r i e r  A n a l y z e r )  
ACCURACY: 1 2  B i t s  = 211 = 2048 B i t s  = 1 V o l t  

(1 /2048)  x ( 1 0 0 )  = 20.048% o f  F u l l  S c a l e  

COMPUTER INTER NUMBER CALCULATION (Method o f  Program C a l c u l a t i o n )  
= 0.5% o f  F u l l  S c a l e  

The i n t e r  number c a l c u l a t i o n  error r e s u l t e d  from t h e  method t h a t  
t h e  computer  used to a v e r a g e  t h e  a c q u i r e d  d a t a .  T h i s  method is 
e x p l a i n e d  i n  t h e  Appendix A. 

From t h e  i n s t r u m e n t  a c c u r a c y  d e t e r m i n e d  above ,  a  s y s t e m  a c c u r a c y  
may be d e t e r m i n e d .  T h e r e  are two g e n e r a l l y  a c c e p t e d  methods  f o r  
c a l c u l a t i n g  a  s y s t e m  error. These  methods  are t h e  root mean 
s q u a r e  and t h e  sum o f  t h e  e r r o r s .  Both methods  a r e  t a b u l a t e d  i n  
t h e  append ix  and c h a r t e d  below f o r  t o r q u e ,  s p e e d ,  power and e f f  i- 
c i e n c y  r e a d i n g s .  



ROOT MEAN 
SQUARE METHOD 
0 OF FULL SCALE 

T o r q u e  E r r o r  ( L e b o w )  0.08% 
T o r q u e  E r r o r  ( H i m  . ) 0.221% 
Speed E r r o r  0.124% 
P o w e r  Out E r r o r  0.50% 
E f f i c i e n c y  E r r o r  0 . 58% 

SUM OF 
ERRORS METHOD 
8 OF FULL SCALE FULL SCALE 

0 . 150 416 lb-ft 
0 31% 166 l b - f t  
0.223% 4000 RPM 
0 700 90 HP 
1 .O% 1008 



DATA REDUCTION 

The  s i g n a l s  o b t a i n e d  from t h e  t o r q u e  and  s p e e d  t r a n s d u c e r s  of t h e  
test s t a n d  were p l a c e d  d i r e c t l y  o n t o  a Sangamo T a w  R e c o r d e r  Model 
No. 3500. The i n f o r m a t i o n  o n  t h e  tape was t h e n  f e d  i n t o  a compu- 
ter which was used  to compile t h e  d a t a .  Whi l e  i n  t h e  compu te r ,  
t h e  data was r ev iewed  to i n s u r e  t h e i r  a c c u r a c y  and  t h e n  a h a r d  
copy was p r i n t e d  o u t  o n  a l i n e  p r i n t e r .  

The f o l l o w i n g  p r o c e d u r e  was used  to r e c o r d  t h e  i n p u t  and  o u t p u t  
t o r q u e .  The t o r q u e  s i g n a l s  were p l a c e d  on  t h e  tape r e c o r d e r  a s  
v o l t a g e .  A c a l i b r a t i o n  v a l u e  was d e t e r m i n e d  i n  e n g i n e e r i n g  u n i t s  
( l b - f t )  f o r  e a c h  t o r q u e  s e n s o r .  The t o r q u e s  were  r e c o r d e d  o n  
c h a n n e l s  o n e  and two i n  t h e  f o l l o w i n g  manner: 

CHANNEL 1: PRECALIBRATION ZERO CALIBRATION VOLTAGE PRERUN 
ZERO DATA 

CHANNEL 2: PRSCALIBRATION ZERO CALIBRATION VOLTAGE PRERUN 
ZERO DATA 

T h i s  i n f o r m a t i o n  was t h e n  f e d  i n t o  t h e  compu te r  which i n t e g r a t e d  
and compiled a 2.5 second  s a m p l e  o f  d a t a  to o b t a i n  a n  a v e r a g e  
v a l - i e  i n  e n g i n e e r i n g  u n i t s  . 
The f r e q u e n c y  s i g n a l s  from t h e  speed  p i c k u p s  were  p l a c e d  d i r e c t l y  
o n t o  t h e  tape r e c o r d e r .  The d a t a  on  t h e  t a p e  was t h e n  f e d  i n t o  a 
f r e q u e n c y  to v o l t a g e  u n i t  which t u r n e d  t h e  f r e q u e n c y  i n t o  a d c  
v o l t a g e  which i n  t u r n  was f e d  i n t o  t h e  compu te r .  The method f o r  
r e c o r d i n g  s p e e d s  is shown below. 

CHANNEL 3: ZERO FREQUENCY CALIBRATION FREQUENCY PRERUN ZERO 
FREQUENCY DATA 

CHANNEL 4: ZERO FREQUENCY CALIBRATION FREQUENCY PRERUN ZERO 
FREQUENCY DATA 

The d a t a  on t h e s e  c h a n n e l s  was t h e n  f e d  i n t o  t h e  computer  which 
i n t e g r a t e d  and compi l ed  a 2.5 s econd  s a m p l e  o f  d a t a  to o b t a i n  a n  
a v e r a g e  speed  v a l u e  i n  e n g i n e e r i n g  u n l t s .  

The computer  was programmed to t a k e  t h e  v a l u e s  o f  t o r q u e s  and  
s p e e d s  and c a l c u l a t e  e f f i c i e n c y  and power from them. From t h e  
d a t a  it h a s  g e n e r a t e d ,  t h e  compu te r  would p r i n t  o u t  t h e  r e q u i r e d  
g r a p h s  and data p e r  t h e  c o n t r a c t  s p e c i f i c a t i o n .  The main advan- 
tacja to t a k i n g  d a t a  i n  t h i s  manner was t h a t  t h e  compu te r  would 
c a l c u l a t e  an  i n t e g r a t e d  a v e r a g e  which would min imize  t h e  error i n  
a f l u c t u a t i n g  s i g n a l .  Any f l u c t u a t i o n  due  to s y s t e m  r e s o n a n c e  or 
g e a r  t e e t h  meshing would be i n t e g r a t e d  and a v e r a g e d .  



TEST RESULTS 

The d a t a  c o n t a i n e d  i n  t h i s  segment o f  t h e  r e p o r t  h a s  been d i v i d e d  
i n t o  t h r e e  major s e c t i o n s .  These s e c t i o n s  are d r i v e  performance,  
coast performance,  and no l o a d  loeses. There  a r e  f i v e  d a t a  s h e e t s  
f o r  each  test c o n d i t i o n  i n  t h e  d r i v e  performance and coast p e r f o r -  
mance tests. The o r g a n i z a t i o n  o f  t h i s  d a t a  is d e s c r i b e d  and 
listed i n  t h e  t a b l e  o f  c o n t e n t s .  Cover s h e e t s  f o r  d r i v e  p e r f o r -  
mance, c o a s t  performance and no load  losses have been p l a c e d  a t  
t h e  beg inn ing  o f  each s e c t i o n  to d e s c r i b e  t h e  e n c l o s e d  s h e e t s .  
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COAST PERFORMANCE 

3rd Gear 



:Graphs Contained in This Section 
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NO rXUD fl)GSES 

1st Gear (Clored Throttle) 





NO m A D  m S E S  

1st Gear (Open T h r o t t l e )  





NO m D  msES 

2nd Gear (Closed Throt t l e )  





NO IDAD USSES 

2nd Gear (Open Throttle) 





NO IX)AD m S E S  

3rd Gear (Closed Thrott le )  





NO U X D  WSSES 

3rd Gear (Open Throttle) 





APPENDIX 



SPLED EKROW =M S P L E ~  SOY SOL)^ + (SPECD COIIUI-FIONEH) 2 + ITAPE WCORDCR C W R O R ) ~  + (ANALYZER E P ~ R ) ~  1 

= \ k i ) . u 2 5 1 2  + (tJ.1~)~ + (d.d512 + ( ~ . 0 4 d 1 *  * - + U . l 2 4 i  of Full  Scale 
I 

K)U&)i JUT EIW3U =\/( mkWE CRYOR ( LCBO*) 1 + SPCEU E I~WR)  + (CCWRI1ER CALCULITIW W I R N ~ ) ~  
=)/(d.0812 + ( 0 . 1 2 4 ) ~  + (0.51~ = 2 6 . 5 %  of f u l l  icalr 

! 
EFFIC IL*CY L R U O R = \ ~ T ~ R W E B ~ ~ O R  ( L C B O Y ) ) ~ +  ( ; P E C D C R R O R ~ ~ +  ( N R W C ~ R R O R ( H I M ) ) ~ +  ( S P E C D E R I D R I ~  j 

+ (  COHPiTtK LALCtiLATIuN CHWUR) 

. t (5.1241~ + (u.22112 + (3.1241~ + (0.5)~ = - t 0 . 5 7 Y i  of Full Scale I 1 ; 1 

5PCCu URROh = (SPLEO S E N S 3 R )  + ( SPl;t;O COt4UL'I'IONEH) + ( T A Y C  RECORDER ERR3R) + (ANALVZER ERROR) 

= ( O . C 2 5 )  + (0 .1 )  + ( J . o S )  + (3 .543)  = - +O.2235 of Full Scale ( 1  volt - 1000 RP4) 

k'*tR EfiRGR ( ' ~ O R ~ U L ;  LHRdk ( LCth3W) ) + (SPEED ERR3R) + ( COCiPUTEk CAtCiJUTlOeJ CRR3R) 

= (3.01) + (3.121) + (3.5) = - +0.704* a€ Full Scale 

Ck'fLCIEGCY i R m R  = { W R Q U C  ERROR ( L E W * ) )  t (SPEC0 ERR3R) + (TORQUE ERROR HIM.)  + (SPIED BRRaR) 
( Cb?WPUTZV c'ALCULA'rIIOtd CRRON) 

( 0 . 0 8 )  + (3.124) + (3.221) + (0.124) + (3.5) - +G.1349% of Pull Scale 



The inter n-t computer calculrtion error war determined by 
taking a rat of rampla calculation8 a d  collparing t k  aocurrte 
nultiplicrtion to the conputer multiplication, A sample cunpari- 
mn ir g i v m  b l o w .  

ACCURATE CALCULATIOn COn-R CAUWATION 

Since wery c8lcul8tion war not checked in thir manner, a factor 
of ufety war added to 0,2888, and 0. 58 war urd 8s the inter 
number mputer calculation error, 
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' 7  t I 
D OTHER MANUALS 

P' To locate specific mrnuah in the documentation shipped with the system. refer to the Sptem 
f Confi@ration Notice for the contents of each binder. 

t 

i" 
1 : SYSTEM SPKIFICATIONS & CHARACTERISTICS 

The specifications in Table 1-1 describe the sysrem's warranted performmce. Those items under the 
heading of "Charrcteristicr" 80 beyond the 8 w r a n t d  specifications and giw typical petfotnunce for 
some additional parameten and operations. Thee  are included only to giw you information which may 
be w f u l  in replying the system. 

rabk 1-1. Svsrtm Soecitications and Characterirticr 

ANALOG-1-1 Al CONVERffR 
bput V* m: zO.125V to +8V peak in steps of 2. 
~ C o u # l l # :  dcorrc. 

CluncC: 2 chmmk wired for 4 stmbrd. 4 chmncls op- 
tional with plug-in cards. 

Remhhn: 12 bts tncluding sign. 
hpd Fmquenq R-: dc l o  SO kHz. 5 Hz to 50 kHz. ac 

coupled kHz optionall. 
s a q k  me:  

k(cmrl: la) kHz max. 1. 2. 3. OI 4 channels simultaneously t .  

20 kHz optional on 1. 2. 3. or 4 chmnels.l 
150 kHz niax. 3 oc 4 channels s~rnublwously~.tl 

I E r ( r * u l :  An external time bne may be used to allow external 
I control of the umpling rate up to 100 kHz ,200 kHz 

optional,. One umpk  can be taken for each cbck 
pulse TTL level,. 

Mctd  CbcC Arcwuy: Z0.01'b. 

D l Y l A V  UNIT 
V d c d  SrA C J i k . t k n :  Data In memory IS autom.t~cally waled 

to gl\e a maxlmum on-screen cal~brated display The scale factor 
1% glven In volts/dtv~s~on, vok9/d1v1s1on, or In dB offset 

log Okplrl Rase: 80 dB with a uale factor rangtng from 0 to 
+gc# dB Ottret selectable In 4 dB steps 

Umu Db&y Rnyc: 24 dlvlstons with scale factor rangtng 
from 1 x 10-5'2 to 5 * 1Wl2 in steps of 1. 2. and 5. 

Digk& W m W N  Scale: Allows 8 up-scale and 2 down-scale 
steps .calibrated conttnuous scale factor 

norizonW krlr C*.tkn: 
L k u  Sweep Length: 10. 10.24 OI 12 8 dlvlscons 
Lw Horirod: 0 5 deca&sldtv~r~on 
Mukm: Intens~ty markers every 8th or every 32nd potnt 

BASE W F W A R E  
T r d o r m  Acc~racy: The expefled rms value of computattonal 

error ~n!roduced In other the forward or Inverse FFT will not 
e~ceed 0.1%. of the rms value of the transform result. 

Dy- R m p :  .75 dB for a mtnlrnum de~ectable spectral com- 
ponent In the presence of one lull scale spectral component 
after twenty ensemMe averages for a block scze of 1024 

R W  n w  UNDWIDM* 
toufrr Tmrlorcl: =7.S kHz 
Wk Pomw Spcbum Am*: 5.4 kHz 
Sc.blr T&Spwlnm Am-: 1.9 kHz 

MASS STOUCL SOCCWAItL 
MAXIMUM UAL T I M  DATA AC9WYfK)N RATE 
tsind.- 
# 10 kHz 
# l(H: )3 kHz 125 kHz*. 
#-. @kHz 130kHzt1 

Cenlef F- Ilyc: dc to one-half the Real T i m  Data 
Acquisition Rate. 

C- Ftcqrwnr). RcrokAim: Continuous rcrolut~on to the llmit 
of the frequency accuracy for center frequencies >0.02% of the 
umpltng frequency. 

Frcgunwy Accwuy: ?0.01'\9 
Indrridl)l Wedon: In step of f,'5n where n = 2. 3. 4, etc 
Mu. R e d u t k n  En)unem'.r(: >.a 
Dynmk -:" 90 dB from peak out-of-band spectral com- 

ponent to the peak level of the pasrlund noise. 
I30 dB from peak in-band spectral comportent ta the peak level 
of the passband nose. 

Ou(4knd R-: >#)dB 
? & F l r C m r d d w ~ ~ :  t0.01dB 

ENVIRONMENTAL CONOlTKMlS 
Temperdun um#e: DOC to 4O0C lWOf I. 

' t b ~ r  hnrt  Iamfrnl 1rnO.m r*w*r rrlw ,##rial. .( h b r k  wrr 1024 ncr cltbplar, r a o  #lanr~m# 
.*41rrr rruhr rrsrmMr rvrrrurs r p m r r  gntrum m hhxh vrrr 1014 Rnknui  br 

I0 d8 H r h r  r.ur crmtrt ni thc &#d 
'rhrw rrrr* rpph 1 1 1  +wrrm, rrth mnJulr. I U  awl 544514 0 h r r r n ~  r wrdrl Iwrfaa 

I loart rhrn 1841 

7 

A-4 Hewlett Packrrd - Analyzer 
OEN3-124 
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DC ~ a r t t y :  .......................... ha *O.SQI ad prJt-to-psa 
deviation reference to b t  rtnlght 
line through sero. 

......................... AC DlltOftion: Less than 1.5% total harmonic 
di8toFUon at all speeds. 

Tranaisnt Respawe (60 ips): 

F W  AmpliMe Filter (*l/mb) ............. Rim Time (10% to 90% poi-) - 
22 microseconds. Ovenshoot - 
less than 15%. 

Line= Phrure Filter (+1/2, ..........,.... Rise Time (10% to 90% points) - 
-3 db) 18 microseconds. Overshoot - less 

than 2.5%. 

Output Level ( t 4 a  deviation): ............... t l .4  volts peak, into 1000 ohms, 
with short circuit protection (SCP). 

Output Current (i40% deviation): .............. i 3  milliamperes peak with SCP. 

Output ImpedPnce: ....................... Less than 50 ohms, unbbmed to 
ground, with SCP. 

GENERAL 

Configuration: .......................... One standard 19 Lnch wide equip- 
ment enclosure for 14 channel FM 
or Direct Record/Reproduce System. 
For 28-32 vdc operation. Additional 
enclosure furnished for operation 
from other power supplies. Optional 
Rack Mounting Kit available. 

................... Recorder Size (28-32 v): 26-1/8 inches high by 19 inches 
wide by 12 inches deep for a 7 
channel-6 speed record/reproduce 
system or a I4 channel-6 speed 
record, 2 speed reproduce system. 
Additional enclosure (1-1/2 inches 
height) which attache8 to portable 



&I. ' - 4-d YIY Orr(ub*.  8- I d  
MU. ~ O M , ~ W  4 1.07 ILL. OR) , ( ~ ~ 1 1 )  1 i ILL. I&) . I ( L L . I ~ ~  (~r) 
IJfrlrfy fotdt~flg J / I J / ~  Y) I5.lKU I(O(-Y) 1 50 5.m 1 .o I8 
roruue sensor rconm~ended i -. . a 

lor <tencr~l apdrc arron. I00 15.000 ,100 m 13.500 1 0  
4 - - .  . - a  

I8 

200 15.000 .no 600 33.000 1 .o . . 1 
I8 

500 I5.OM) .500 1.500 l5.WO 1.0 
L . 

I1 

1.000 15.000 -111 3.000 
I - .  

1YI.m 1.0 11 . . 6 -- 
zoo0 15.000 211 6.000 225.000 1 .o I I  

. . -.. . 

2.000 15.000 1 m . z ~  6.000 ~ 0 o . a ~  3 25 n 
I 

5.000 15300 ,511 I ~ . O O O  9~1.000 3 2s n 
I 

IO.W 15000 .IOU 20.000 I . O M . ~  3 25 n 
to OOO 

4ooo I 
1601.101( mm 6.000.000 9 . 0  IS 

! 
54.000 i 5011 150000 ll.000.000 51.0 15 

100000 , I 4000 1 10011 IMOM) 19.W.OOO 1WO , IS 

Model l W 6  
s: 11: .f8 * !, :. ,, . ,, L , , , ! , ,  :; 

ArVD ;$. ,I  , rcr II, , I  I - ; r * f  , ,Y .i , 

Modal 1648 
f l . ,npc clrtvl crnrcs 
recomnr~ndt~tl fcr 
use a hen 
ShOfr lengrh rs 
manuatorv. 

GENERAL SPECIFICATIONS : (All Models) 

SENSOR foul arm bondod font t t r m  prgr brldp. COMPENSATED T EMPERATURE RANGE: ~ C " F  to 150UF 
BRIDGE RESISTANCE. 350 ohms nom~nal USEABLE TEMPERATURE RANGE 0°F to IOb'F 
BRIDGE VOLTAGE 70 volts n ~ a ~ ~ r n u r n ,  3 KM, EFFECT OF TEMPERATURE O N  ZERO 002% of full ~ a l c ~ ~ F  
OUTPUT 7 to 2 5 m~l*rvolt volt norn~nal EFFECT OF TEMPERATURE ON OUTPUT 007% of r e d * n g i 0 ~  
LINEARITY 0 IS of full ua l t  

L I 

Lebow 
DEN3-124 A.7 



TECHNICAL SPECIFICATION 
I 1 / M c ~ ~ ' 6 0 2 ~  N o ~ C D n t r a  Torquemeter / """ ToRa"E-'5"o SPEED - O.7,500 Ibin' rpm 

b 
GENERAL DESCRIPTION 
The MCRT'6-02T 1s a compact, hlgh accuracy, flanged torquemeter well adapted for  vehlcle drlve llne measurements 

and contmuaus rnonltorlng and feedback aopltcat~ons. I t  uses a rotdt lng straln gage torque br~dge. temperature cornpen. 
sated for d r t f t  and modulus. The b r~dge  IS connected t o  a starlonary electronic readout vla ~ntegral, non.contact rotary 

transformers 

The torqrlemeter IS Immune t o  water, lubr~cants,  coolants. v thrat~un.  elc The c l ~ m l n a t ~ o n  of sllp.rlny< permlts h ~ g h  
1 accurJcy low level meawrements w l th  long, rnarntenancc free Itlr Thrust and beridlny loads are inherently cancelled by 

the transducer des~gn A n  optional, lnteqral non  contact weed pickup may be speclfted w h ~ n  order~ng 

1 inearfly: 0 1 sh 
* - -- - - - - . - - . - . - - - 

-7  

Temperalute Effects: From 75 t o  1750 F maximum d r ~ l t  

1s 0 2% of  fu l l  scale and maxrmum error due t o  rncrd~~l:ts 

chanqe IS 0 73, o f  readlng 

Maxtmum Opcratmg Temperatgre 2200 F , assum~rlq ),t.r 
manent lubr lcdt~or l  Above 1751J F ,  Ihe maalnltrm shdft 

1 speed mag have to be de r~1r.d 

' Readout Anv carrter ampl t f~er w ~ t a b l e  for straln gdgr \er 

vtce mdv Ije used 

E r r ~ l d l ~ o r ~  VoI l~qc.  10 vttlts rms. md r lmum 

[~~I~I I~I~ 0 75  V.~IIIIVI,I~\ v011 [ o l , v~ i  c 1rc,,11) 

' Standard Rartng I 
.. - ~ .  - .-. 

' FULL SCALF TORSIONAL MAXIMUM 1 MAXIMUM 
, HODEL TOROUC STIFFNESS BENDING MOMFNT !ROTATING I N E R T I A  MAXIMUM WEIGHT 

t MCRT 6 021 f ~ b  ~n I (Ib ~n Irad 1 ( ~ b  In ! ' 11n ur src 7)  
-- 

l lbs I 

( 1  3) 1.Ooo 602,000 500 0 60 13 8 

17 3) 2.000 1.375 000 1 000 0 60 13 8 

I (4 31 4,000 2,640,000 7,000 0 6 0  13 8 

( 6  3) 6.000 2.430.000 3.000 0 !,O 17 C 

( 1 0  31 10.000 1.930.000 5.000 0 9G 1 7  0 

(15 31 15,000 , ' 3 530.000 5 500 0 90 170 

I Over10,id L , i p d c ~ t ~  ? I~PV,. 1 \, ,,I# I I ~ ~ ~ ~ I  

~ ~ 1 , i ' f  s / t& '~d 0 1 8 .  ? 500 r i , v T  1 , '  IIII~., I @ ~ , I  ,II 0 1 * t (  8 ,  # I  ..I,* 11 I 8 .  6 j ! .  I I ~ ~ ~ I !  8 ,  ,. t > O  ,,# \ 1 . -  1 \ I N ~ I ~ I  r,,,,,~ , I , , ,  

1 0  Lf,dd CdtrklIlq n 1 ~ m t ) e i s  fflanqc.5 ~ h d t l r  drcm 1 7  4 PI.( h,<,h $Ir.,.,rlrb $ t ~ t ~ > ~ t . r $  r l c r l  

Y n T t  s 
I ' 1 1  1 ' . . a .  , 1 , . 5 .I .,I . d . \  . . . I .  . .,..... I ,,I,,,, a '  ., 4 , < !  e,, . . , , - ,. , , & ,  , . . 

I:! .'.' r . )  I ' 1 r f  0 . t .  d ,* I tw r - -  8 .an\ r - t ,  \. , , I  ,' , t l  ,t , .,. ., 8 .  . ..- !, , ... , s . .  . .  . - 
1 I ' . , , t .-p'.,,'.' . , , s , * , n , , .  ,. , . , . , 

h 

A-B S. Himmetstein and Company 
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fhr Madrl MO krgumcy-to.Volta#e Convutu 15 a condrtioner~anrpl~l~er module that m w t s  
Input slyceals In r w~de rmgc of f rawcrrm. wave shapes. and d tage  Icuds a d  producr!~ 
standard system w t w l  va(l;ryclpect5elv poport~ondl 10 the lrnlul?ncy or rf$eIltlon rille of 
 he l lput stynl(. 11 n ~ n t e ~ r l t r l  lor use In "800" synrvns lor nreasurcrtrent of Row. rpn. m d  
s~rnllar phe~comma that can lw Jerrvcrl front tan)nel~c ~ucku),,, turhlnr Ilowmc~crs. or otlrcv 
f r t~u rncv  lroduclnq rources 

Nvre ulcctrlplv lrrqlucrrcv r a w s  irccomtr~cwlatc virtually dll  ~ntxlra~real ~neawre~ncrcl 
requnementr Ate ~ntetnnl crystal oxtllator reference a d  atlustable output spa11 allow 
pretse cal~lwrt~otr o l  the ~ndsrt iml  deuccr In terms of f-y. rpm. of m y  other chosen 
units avptoprlrtc l o  ~IIF wrtsulr r  measurement In llow mcawrcment. lor exrmple. the 
Model 840 cdti be u x d  wtrh tltr Motlcl 830 Dtgltrl Id lc r to r  ~IUI callbraled. u r t q  the front 
V ~ e l  corltruls, w as l u  ~nclcatc tl~rectly In gNlomm mtttuk or @tons per hour. povtdad 
u l ~ l y  thrt l lrr llow~nett?r K f u t w  /cycles per CIlbnl IS known. ' 

Tho Moclcl 840 Ir alw, ustd III rontutecllon w1H1 the Motlcl 862 Multtplrer Module In m 
Inrtr~ment thdl crl1 r l~wldv t o f ~ ~ r c ,  rpm. rrtdhfthorrcpocuw In digctal engtnmlng unltr. 
Addltlonal ~nfotniatton on ch~r atxl olhrr tnrtrumcnt cornl~~nat~ons IS conla~md under the Model 
862 dcrcr~pr Ion 

I 
' II f lud s w c t f ~ c  ~ h ~ t v  1s atso known, cmllbrmtlgn C Y ,  be mme tn unlls of nw~ flow. W C ~  mPoun6r 
PLI Hour Far ~ ~ t c r t ~ o n s  *hem SDICI~IC wwttv 4 ~ 0 1 u t  to chmnp, corrutrons cm br antrrd 
mrnwtlv on r caltbrat@d 61.1 lyt Modd 868. p 461 or aooltad aut~n~~tcatly bv B I.~D.IWUI. m t n g  
chanwl lwc M-I 862. orgr 421 

Input 
Tvrr, .lay AC rty.,.tl qtot~ntlrtl III tIrl.itrrlg II IC~~~CCIIVP nf w,~vr~ortn 
SCnst~lvt!v T) t t * * t  t~ t rg*~*  (LO MIYI. & HI 1. plcr\ YCI IIIVI, AIIO(N a(I~11stln~rit of thtrshokl 

I r v d  Itottt 5 tnv 111 50 vn l~ \  I(k1.ik I M.trttntcln rcuttttrttc~tc tt1lntt v o l ~ m ) ~  I\ 25 v. 100 v. 

6 950 v t RhlSl tc.\~rr.c.r~vr.lv Ir11rlal ar 1111tlntrrdgml IIV nrntnerilnty ( r r k  vollngr of 500 
vt>l l r  trti .IIIV t.itrqt1 D~llr-*r*rtll,~l III/)I~~ ~rn~(.( td l tc~ IC mK ghnts. 400K ohms, drnl 8 

Mugotimr. I e ~ ) r c t ~ w l y  
Conrrl~csi ltrotlp tq@rltntt qt*-,tlt-t fhrtr GO (IH 10 2 LHI  4110 ytpawt rhrn 30 tl8 to 100 kHr 
FICU~IFIICV I .111qt4 100 HI. 100 HI. rurcl 500 HI. wtrh rnul~~ptterr of X I .  X10. 

X 100, p&h ~ 4 t h  100"., overrange 
Output. 

S~strrldlt~ 0111' VOII Dd14 SI~II,II IKe f altlp Ow,  paw 71 
S~,inC(r~tl Tell V o l ~  0tt11>111 S.qtcdt (UP Talvle Ow.  paw 71 
Step futtrt.otr tcrPnnw 110 nf ftlrrl va l t~ r~  800 mr f n ~  X 1 mull tpl~rr, 

80 m\ tot X I 0  rrwl XI00 mc~ltt l) l~r~s 
Sten ftrttt-rloti rrrpon\e 110 99 9" of f r t t r l  wal~tr, 2 5 ,PC fol X l nt~rll~pltct 

250 ms 101 XlO arwl XlOO mc~lrlplte~s 
R~pple and notse (mrx I less thrtr 0 ?".. of tcrll scale from 10 . .  to 100"., of scale 

Accuracy: 0 05"- nf  arlr I l u s u l  on av~tdpr v ~ l r t r  nf DC ~ ~ I I ~ L I I I  

HOulrng \1~1 id~1 t l  ti111 rrr~tllh motltrlt* 
Opotal~ng lempcrrturc -50 10  o 120 ltt-tlt I-P. F 
P o w  requirements: 105 131) volt\ 50 400 H I  

PRICE Modd M O  Frrpuency-:o Voltage Conrarter . . 



Dyno Speed (rpm) 

Dynamometer Characterlstlcr 

General Electric 

No 1739498 Type TCL-20 Class 4-125-2700 
Amperes 360 Volts 250 
Abaorbr 125 hp Dellvers 75 hp 
Speeds 270016600 
Torque Arm 15.758 Insts. GE I-7380-8 
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254 HP f t ~ ~  1800 c 6000 RPM (1014-1 WIG) 

7 

SC-3206 
R.P.M 

I 
Absorptiw Model 1014WIG Speed-T orqw Curve 

I 

r 
2 
: 
! 
I 

r 

b 
% 

' 
1 
I 
! I 

! 

i 
I 
1 
I 
1 

1 

i I 
1 
! , 
! 
i 
1 
1 
I 

C I 1 

I 

1 
: 

$ 

I 

I 

- .  
I , 

k 
8 -- - - -  - r 1 

Dynamatlc 
DENS124 



M O a  11.2 Mmdd 1103 
low crprcctv torque auuom. 

Standard rotatmg shaft toque 
sensor tor grnrral #ppCeoBon 

W n  h m r ( k c  lrrW rnrrlH h g  
-n arc m n  l t , * l n  ' 'E? - l r t r  8,- 

*I ( W M )  (81 M l (1) h /W) (Lb .k 'I ( l h  1 ' Ik l 
01 % NA MA - - 10 loo00 1101 10 , - 2 0  - 112 

-11 " - i o . m  ' 1 0 .  _ . 40 ... 111 
1 - .-  01-' - 

H ' MA " MA 

- - 54 T-!o.900 - 110150 - .  150 -.- - ~n 1 - 12 
' 

OM 
la 11.- IW .. 1.070 111 1 1 2  0750 
l(0 20.010 .1W 100 1 . W  620 2 1 1  0750 
500 20000 500 1 . 0 1  3.410 Ill 1 1 2  0 750 

1.W 2O.W 1 K 1 .MO 4.150 I 1 I 2  0150 

Wan he- kc 
1- n a k r * c m  

(Lb h 1 

1 50 

114~).000- 350 1111 14001 3.600.000 Consuh I~CIHV 3 0  10000 
3.OW.000 350 30001 4.500 000 Consult Frcto~t 3 0  10000 

-. 
Modrl 1115 ma1 I I I 1 8 1 a l  hu11.n 81mbL1h #I- 

C a p u t ~ r  I e m l m 8 h  Im Stl((rm8 I WW(LI #~c(.I 8 u ~ l m  Flan e hwsrng mount wrlh 4th k l IIWI 1 (Lb II ) 1 m I t . a  '1 (Lb8 I 1 '  (In I 
1 N 8 p . d ~  ro march Arm Navy 
mounrrngs stat,dard SPL 100 24.000 j l l15A 100 i 3W 5.130 2b4 14 15 I 1117 
drrve 100 24.000 . 2 a o ;  m 14.100 : Z I Z : ~  14 

' 
25 9 . -  1 111 

500 24.008 15.WO 241- 11 1 5 9  - 1181 ; 5 ; 1.000 
' 

1,000 -24.000 1K 1 ---1.500 37.100 , .ZU.-: 14 -. - - 1.181 
-1W- i :  - 1.000'-: 1115N I00 , 300 5.740 3 01 I 15 4 1 0 0 4 -  

- - .  iw - I.WO* . 200 . (00 t9.600 34s  8 ,  , 1 5 4 -  ,1000 
' 

500-<: - 1.000. 500 1 1.000 46.400 - 360 28  _ l 5 4 -  -1 000 
1 .000~,  1.000. 1 1K 1.500 103.000 - 3 01 26 15 4 . 1000 

'- 

1.000 1.000' ?K 1.000 156.000 303 1 1  1 4  I 000 
' 

5 WO 
" 

1.000' 1 5K ' 1.500 341 000 3 M 18 15 4 2 000 
10.000 8.000~ IOK : 12 000 410000 3 25 21 154 1000 

'1 1000 RPM r t r h  r u  unl nub1 lu l roc41m 

Flange dr~ve tor US. 
Iennrh IS rn#ndalory 

1241 
when 

- - 
~runarq INI o u ~ ~ u t  o I I o IY. h w ~ l u t r  r*cc wo #I 

wncc w few -1 0 1'. . O  13'. IDW OUIW *I I .om?. . omr. 
WWUv O( IW D d k l  

InMI(* u u a # l  UII(IIyII 
~ ~ D C w b c ~ n r  

IYO UY(YI O( r * d  bulbul 
#,yr twulrr ..m nnrV 1 110 - t * !dvb(  
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