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The objective of this program was to design and fabricate
a gaging system for measureing the aircraft engine accessory
gearbox-to-spline and accessory-to-spline misalignments. This
gaging system comprises , in essence , a gearbox spline misalign-
ment gage , an accessory spline misalignment gage , and a control
module containing an amplifier , an indicator , and a recorder.

Several sets of the gearbox and accessory spline misalign-
ment gages are required to f ii all of the current AND and MS
Standard gearbox and accessory pads. In this program , a popular
pad size was selected for initial development. The specific
gearbox spline misalignment gage was designed for use on gear-
box pads with a pilot diameter of 4.125 in. and a bolt circle
diameter of 5 in. (AND 20002, AND 20007, and MS 3327). The
specific accessory spline misalignment gage was designed to
fit the mating accessory pads with a pilot diameter of 4.122
in. (AND 10262 , AND 10267, and MS 3332). The control module
was designed as a general-purpose component , suitable for use
with either one of the two gages for the specific pad size
chosen , as well as for other gages which may be fabricated
for other pad sizes in the future.
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FOREWORD

The spline misalignment gaging system described herein was
designed and developed at Southwest Research Institute unde r Navy
Contract N00 156-75-C-0896.  The work was pe r formed during the
period of Septembe r 12 , 1974 throug h Novembe r 13 , 1975. The work
was administered by the Naval Weapons Eng ineering Support  Activity
Sys tems Engineering Department , Washington Navy Y ard , Washington ,
D. C. , with Mr .  M .  Walczak servin g as the p roject engineer. On
August  28 , 1975 , Mr .  F. Hall replaced Mr .  Walczak as the project
eng ineer.

The authors  deeply appreciate the assistance rendered by Mr .
G. L. Pa rk s , Mechanical Branc h , Service Eng ineering Division, San
Antonio Air Log istics Cente r , Kell y Air Force Base , Texa s , in p ro-
viding a gea rbox and mating accessory unit fo r  initial use in the
development of the design concept.

Acknowledgment is also extended to Mess r s .  S. Hurs t  and R.
Ea rly of the Naval Air Systems Command , Washington , ID. . C . ,  M.
Walczak of the Washington Navy Yard , and J. Hayes of the Naval
Aviation Supply, Philadelphia , Pennsylvania , in fu rnishing anothe r unit
for use du ring the latter pa rt of the pro gram.

Finally, the authors  appreciate the interest  and assistance given
throug hout the program by Mess r s .  S. H u r s t  of the Naval Air Systems
Command and G. E. DeLong, Naval Air Systems Comman d , Represen-
tative Pacific. Mr .  Hurs t  was instrumental  in initiating this program.
Mr .  DeLong was responsible for  the ar rangement  of an official demon-
stration of the gaging system held at the Naval Air Rework Facility,
North Island , Califo rnia , on Octobe r aa and 23 , 1975.
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ABS TRAC T

The objective of this program was to desi gn and fabricate a
gaging system for  measur ing  the a i rcraf t  eng ine accessory  gearbox-to-
spline and accessory - to-spline misali gnments . This gag in g sys tem
comprises , in essence, a gear box spline misalignment gage , an ac-
cessor y spline misalignment gage , and a control module containing an
amplifier , an indicato r , and a recorder .

Seve ral sets of the gearbox and accessory  spline misalignment
gages are required  to fit all of the cu r ren t  AND and MS Standard gear-
box and accessory  pads . In this p rogram , a popul ar pad size was
selected for  initial development. The specific gearbox spline misalign-
ment gage was desi gned for  use on gearbox pads with a pilot diameter
of 4 .125 in. and a bolt circle diameter of 5 in. (AN D 20002 , AND 20007 ,
and MS 3327) . The specifi c accessory spline misalignment gage was
des igned to fit the matin g accessory  pads with a pilot diamete r of 4. 122
in. (AND 10262 , AND 10267 , and MS 3332) . The control module was
des igned as a gene ra l— purpose  component, suitable for  use  with ei ther
one of the two gages for  the specific pad size chosen , as we ll as f or
othe r gages which may be fabricated for  othe r pad sizes in the fu tu re .

The gag ing system was found to function satisfactoril y in an
official demonstration held at the Naval Air Rework Facility, North
Island, Califo rnia , on Octobe r 22 and 23 , 1975. It is deemed suitable
for  use  at the Depot Level Maintenance.
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I. Th~TRODUCTION

1. Gene ral

The objective of this p rogram was to desi gn and fabr ica te  a
spline misa lignment gaging sys tem for  m e a s u r i n g  the a i r c r a f t  eng ine
gearbox-to-spline and a c c e s s o ry - t o  - sp line m isalignmen ts . This repor t
describes the desi gn and operat ing principle of the gag in g sys tem , as
well as the p rocedures  fo r  makin g the n e c e s s a r y  measu remen t s  and
calculating the lateral  (concentr ic i t y)  and an gu la r  ( s q u a r e n e s s )  mis-
ali gnments at the gea rbox-to-  sp line and accesso ry - to - sp line inte rfaces .

The gag in g system comprises , in essence, a gea r box spline
misalignment  gage , an ac c e s s o r y  spliri e misalignme nt gage , and a
con trol module containing an amp l i f ie r , an indicato r , and a recorder .
As will be seen late r , the c u r r e n t  AND and MS Standa rds cove r seve ral
different  sizes of gea rbox and accesso ry pads. In order to fit all these
sizes , seve ral sets of gearbox and accesso ry  sp line misalignment gages
a re required.  In thi s p rogram , a popular pad size was selected fo r
initial development .  The spec i f ic  gearbox  sp line misalignmen t gage
was desi gned f o r  use  on gearbox pads with a pilot d iameter  of 4. 125 in.

• and a bolt circle d i ame te r  of 5 in. (AN D 20002 , AND 20007 , and MS
3327). The specif ic  accessory  sp line misal i gnment gage was desi gned
to fit the mating acces so ry  pads with a pilot diamete r of 4 .122  in. (AND

• 10262 , AND 10267 , and MS 3332). The control module was desi gned as
a gene ral-pu rpose component , sui table  f o r  u s e  with e i ther  one of the
two gages fo r  the spec i f ic  pad size chosen , as well as fo r  othe r gages
which may be fabricated for  other pad sizes in the futu re .

Du ring the initial development of the gag ing system , a gea rbox
and mating accessory  unit  was made available to the pro g ram b y the
San Antonio Air Log is t ics  Center , Kell y Air Force  Base , Texas. Late r ,
anothe r unit was received f rom the Naval Air Supp ly, Philadelphia ,
Pennsy lvania. Finall y, having checked out  the functionalit y of the ins t ru-
ment in the labora tory ,  an off icial demons t ra tion was held a t the Naval
Air Rewo rk Facility, N or th  Islan d, Cali fo rnia , on October 22 and 23 ,
1975. Du ring the two-day demonst ration , measurements  we re made on
three gearboxes and one accessory .  Some of the results f rom these
measu remen t s  will be cited la ter  in thi s repor t  to i l lus t ra te  how the
late ral and angula r misali gnments  ma y be caRulated f rom the basic
measurements . The ins t rument  was found to funct ion sat isfactori ly
du ring the demonstration , and could easily ascertain whether or not the
concentr ici ty and squa renes s  on the units checked we re within the speci-
fied l imits . The i n s t rumen t  was therefore  deemed suitable for  use  at
the Depot Level Main tenance .



2. Background and Discussion

In a recent su rvey  and analysis of a i rc ra f t  spline fai lures? the
importance of e f fec t ive l y controlling sp line misa l ignment  in the
interests  of extendin g sp line life , improving spline reliabili ty,  and
reduci n g ove ra ll mai ntenance cost  was cl ear ly emp hasized.  Howeve r ,
it was found du ring the s u r v e y  that spline misali gnment  was not mea-
su red , and t here f ore not contr o lled , in the rewo rk process  within the
Navy.  Misali gnment accelerates  spline wear  in an exponential  fash ion
and ca n also cause sp line fat igue a n d / o r  other  damages  to the connecte d
equ ipment. The re fo re , e ff ec tive contro l o f sp line misa l ignment  is
absolutely needed and m u s t  not be taken for granted . Obviously, the re
can be no real misal ignment control unless  the misal ignment  can be
measured  in the f i r s t  place . This can be done conveniently and accu-
rately by m easuri n g the rnisa li gnments of the inte rface spline used on
the engine accesso ry  gearbox and the inte rface spline used on the mating
ac cessory.

Late ral (concentrici ty ) and angula r  ( s q u a r e n e s s)  misalignments
for  in ter face  sp lines on en g ine g earbo xes an d accesso r i es  are s peci f ied
in variou s AND and MS Standards , as follows :

Gea rbox Ac c e s s o r y
AND Type AND Type

20000 X 10260 x
20001 XI 10261 XI
20002 XII 10262 XII
20003 XIII 10263 XIII
20006 XVI 10266 XVI
20007 XVII 10267 XVII
20010 XX 10270 XX

MS Type MS Type

3325 2 .653  BC Square 3330 2 . 6 5 3  BC Square
3326 5. 000 BC Square  3331 5. 000 BC Squ a re
3327 5. 000 BC Round 3332 5 .000 BC Round
332 8 8.000 DC Round 3333 8.000 BC Round
3329 10. 000 BC Round 3334 ~0.000 BC Round

* Valtie r ra , M. L . ,  Brown , R. D. ,  and Ku , P. M . ,  ‘A Critical
Surve y and Anal ysis of Airc raft  Splinc Fai lures , ” Final Repor t ,
Contract  N0 0 156-70 -C-2156 , submit te d to Naval Air  Eng ineering
Cente r , Philadelphia , Pennsy lvania , Augus t  18 , 1971.
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it has often been tacitly assumed that if the splined parts , gear-
boxes , and accessor ies  are made in acco rdance with the Standa rds ,
then any resulting assembly will have misali gnments within the specified
limits . Thi s may be t rue for  new engine installations being assembled
for  the f i rs t  time. Howeve r , as shown by the results of the official
demonstation to be cited later , it is certainly not t rue  in the rewo rk
process when diffe rent new and/or  reworked splines , gearbox es , and
accessories are being assembled together .  The refore , in t he rewor k
pr ocess , it is imperative that the sp line-to-gearbox and spline-to-
accessory misalignments should be carefully checked and , if foun d in
excess of the values specified , s hou ld be cor r ec ted by appropriate
means.

Correcting the concentricity and squareness  of the spline-to-
gearbox align men t cou ld be accom plished , fo r  example , by bor ing out
the gearbox pilot diameter and inserting a fixed sleeve. The sleeve
would then be bored out concentric and square  with the bearing pilot
diameter and mounting face , respectively. Correcting the spline-to
gearbox alignment can be even simpler if the ali gnment is within the
concentricity limits but not within the squareness  limits . In this case ,
the mounting face could be refaced square with the cente rline of the
female spline.

Correcting the concentricity and squareness of the spline-to-
accessory alignment cou ld be acc ompli shed by machining the existing
boss down and attaching a sleeve ove r the boss . The fixed sleeve could
then be machined concentric w ith the bearing pilot diamete r and square
with the mounting pad.

3
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II. SPLINE MISALI GNMEN T GAGES

1. General

The complete sp lin e misalignment  gag ing sys tem is shown in
Figu re 1. Illustrated on the left is the carry ing case containing a
gearbox spline misalignment gage, a magnetic base lamp, and an ac-
cessory spline misalignment gage. All items in the carry ing case are
custom-fitted and shock-mounted in plastic foam for protection and
ease o f s hipment.

The control module shown on the ri ght contains the amp lifier ,
indicato r , and recorder .  A sepa rate shi pp ing box for  the control
module (not shown ) is also provided.

2 . Mechanical Details

The gearbox spline misalignment gage is for use on the 4. 125-in.
diameter pilot pads of a i rc ra f t  accessory  gearboxes desi gned under  the
following Standards:

AND 20002
AND 20007
MS 3327

The accesso ry  sp line misalignment gage is f o r  use on the mating ac-
cessory having a 4. 122-in,  pilot diameter, as specified by the following
Standards:

AND 10262
AND 10267
MS 3332

The two spline misalignment gages are identical except for
their mounting flanges. Both are used with the same control module

• containin g an amplifier , an ind icato r , and a recorder. Only one of the
spline misalignment gages will be described in detail . The principal
parts of the gearbox spline misal ignment gage are identified in the
assembly drawing shown in Figure  2 , and all of the mechanical pa rts
for both spline misalignment gages are listed in Tabl e 1.

The principle of ope ration of the gearbox spline misalignment
• gage consists of f i r s t  at tachin g the gage stan d to the gearbox , then

ali gning the gag in g cente rline until it is coincident with the centerl ine
of the gearbox pilot bore , and then sliding the probe ti p up and down the
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TABLE 1. PARTS LIST FOR GEARBOX AND ACCESSORY
SPLINE MISALIGNMENT GAGES

Part
No. Description Quanti ty

I Gage head , Federal EHE - 1048 1

2 Probe tip 1

3 Probe positioner I

4 Set screw , 2-56 x l / 8  I

5 Conversion bracket  1

6 Mounting block 1

7 Positioning bracket 1

8 Pivot 1

9 Thumbscrew , 10-32 x 3/4 10

10 Belleville washe r , Associated Spring Corp. B0750-
028-S 2

11 Stand I

12 Belleville washer , Associated Spring Corp. Bl000-050 2

13 Shoulder screw , Jergens 41716 1

14 Pivoted ang le 1

15 Socket head cap screw , 10-24 x 1-1/4  2

16 Stand bracket  1

17 Lateral adjustment ring 1

18 Washer  4

19 Hex bolt 4

20 Indexing finger I

7



TABLE 1. PARTS LIST FOR GEARBOX AND ACCESSORY
SPLINE MISALIGNMENT GAGES ( Con ’t)

Part

• No. Descript ion Quantity

21 Flat head screw , 4-40 x 1/4 2

22 Knob I

23 Traversing rod 1

24 Cable 1

25 Set screw , 10-32 x 1/2 1

26 Depth adjus t ing pin I

27 Set screw , 10-32 x 1/4 2

28 Indexing colla r (one wi th  8 slots , one with  7 slots) 2

29 Travers ing rod guide 2

30 Cone-point set screw , 10-32 x 3/8 1

31 Pivoted block 1

32 Ali gnment ang le bracket 1

33 Socket head cap screw , 10-32 x 1/2 2

34 Shoulder screw , Jergens 41715 1

35 Set screw , 10-32 x 3/4 1

36 Spring plunger, Jergens 26903 1

37 Socket head cap screw , 1/4-28 x 7/8 1

38 Washer 1

39 Hex nut, 3/8-24 6

40 Threaded bolt , 3/8-24 (for accessory spline
misalignment gage only) 

68
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• splin e grooves to obtain the quanti tat ive measurements  needed to de-
termine the extent of misalignment between the spline and the gea rbox

pilot bore. The same principle is used on the accessory  splinc mis-
alignment gage .

The function of each of the major  parts identif ied in Figure  2
is described below:

The gage head (1)  is of the variable inductance type. The probe

tip (2) is especially desi gned to f it in the sp line grooves and can be
rotated about its axis for  cente ring, by loosening the small set screw
(4) in the probe positione r (3).

The position of the gage head (1)  can be adjusted in three direc-
tions by means of the cap screw (37), thumbscrew (9) , and set screw
(35).

Angular  ali gnment of the gearbox spline misalignment gage
centerline can be adj us ted by loosen in g shoulde r screws ( 1 3  and 34) and
manipulating the thumbs crews in the stand bracket (16) and alignment
angle bracket (32) .

The lateral position of the gage cente rline can be adjusted by
loosening the hex bolts ( 19)  and manipu lating the thumbscrews  in the
lateral adjustment ring ( 17) .  The depth of probe t raverse can be set
by means of the depth adjust ing p in (26) and set screw (27) .  In orde r to
maintain the re lative position o f the p robe ti p in each of the spline
groo ves , two indexing collars (28), are provided. One of these collars
has eight equall y spaced slots and is intended f o r  use with eithe r 16- or
24-tooth splines. The othe r colla r has seven slots and is intended fo r
use with 26-tooth sp lines. In practice , the appropriate colla r is locked
on the traversing rod guide (29 )  by means of set Sc rev~ ( 27) .

In order  to facilitate changing the gage head f rom the gearbox
spline misalignment gage to the accessory sp line misalignment gage ,
a cabl e (24) is provided within each t ravers ing rod (2 3).

3. Electrical Details

• The essential electrical controls a re  shown in Figures  3 and 4.
Figure  3 shows the f ront  of the control module. All the controls used
in normal op’~ ration of the control module arc  accessible f r o m  the
f ront  with the recorde r door closed.  It is gene rally convenient when
using the recorde r to leave the door  open to permit  mark ing  the recorder
chart.

9 :1
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The “powe r ” switch controls the powe r for  the amp lifier ,
reco rder , and lamp. The “char t  switch controls onl y the cha rt drive
motor.  The char t  pen is active wheneve r  the “powe r ” switch is on. It
should be noted that the char t  pen and the indicator needle will be in the
same relative po sit ions if the amplifie r and the r ecorder  zero and call-
bra tion span s arc set prope rly. The “needle zero ” and “ calibration ’
potentiomete rs are exposed by opening the recorde r door.  These
potentiometers need inf requent  ad jus tments .

The “need le zero ” potent iomete r will prov ide for  ful l -scale
positioning of the needle on the following scales: ±0. 001 in. , ± 0. 002 in . ,
and ±0 . 004 in. On the ±0 .10  in. scale , which is the op t imum scale for
conducting spline misali gnment measurements , the ran g e o f need le
positioning is oni ±0. 0055 in. The range of needle positionin g is
±0. 0027 in. on the ±0. 020 in. scale . Thi s scale is normally used in
initial posi t ioning of the gea rbox or ac cessor y sp line misalignment gage
on a gearbox or accessory .

Immediately below the “ze ro ’ potentiomete r is a “ca lib ration ”
(cal) potentiomete r , which is used for  calibration of the needle deflec-
tion against kn own displacements o f the p robe :ip. The known displace-
ments can be e f fec ted  by the use  of feeler gages or gage blocks of
known displacemen t o r by micrometer devices.

The range knob on the left-hand side of the indicator is used
in selecting the appropr ia te  scale. Five scales are provided as sho wn
below:

Full-Scale Minimum
Rang e Gradua t ion

±0. 001 in. 0. 00005 in.
±0. 002 in. 0. 00010 in.
±0. 004 in. 0. 00020 in.
±0. 010 in. 0.00500 in.
±0, O2 O in. 0. O O l O O in.

The recorde r cha rt division s are  matched with the mete r divi-
sions. Full-scale deflection on the cha rt is ±20 divisions on each scale .
Since the cha rt has ±2 5 divisions , no “ off-scale ” deflection problems
should occur  if the amplif ier  and recorde r are  funct ioning properl y.

Additional electronic details for  the ampl i f ier  (Federal Model
EAS-432) and the r ’ cordcr  (Fede ral Model RE- 100)  a re  provided in
the ins t ruc t ion  booklets in Appendix A.

12
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The electrical connection s normally used are shown in rear view
of the control module (back door open) in Figure 4. The amplif ier  fuse
and a switch (“ nom ” or “ rev ”) are also shown . The switch is used f o r
changing the direction of needle deflection . The electronic gage head
plugs in at the u p p e r - r i g h t  location. Plugs have also been provided for
the chart  powe r and the cha rt motor .  The recorde r plugs into the
amplifier at the upper - l e f t  location.

A “main powe r lead” is provided with a “lamp connector” at the
lower cente r of the control module.

13 
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III. PROCEDURE FOR GEARBOX SPLIN E MISALIGNM EN T
MEASUREMENTS

The procedure  f o r  making gearbox spline r-msa1ign’~~ent rnea-
surements is as follows :

I. Initial Set-up

a. Remove gearbox sp line misalignment gage f rom c a r r y in g
case, see Figure 1.

b. Rotate probe ti p ( 2 )  u pward to clear base of s tand (11).

c. Place gearbox spline misalignment gage with knob ( 2 2 )
up on a flat sur face .

Note: Care must  be taken to keep t ravers ing rod (2 3)  f rom moving
downward to prevent damage to probe tip (2)  and ga ge head ( 1 ) .

2. Make Electrical Connections

a. Connect the power cord f rom control module to 11 5 VAC
outlet.

b. C onnect the gage head (1)  to cable (24) ,  see  Figure  5.

c. Connect cable (24)  to the amplifier cable prot ruding f r o m
the rear of the control module.

3. Square Gea rbox Splin e Misalignment Gage on Flat Su rface

a. Set stand on clean flat su r f ace  plate , see  Fi gure 6 .

b. Remove indexing finger (20)  by loosening and removin g
adjacent thumbscrews.

c. Hold knob (2 2) and loosen set screw ( 2 7 )  located adjacent
to depth adjust ing pin (26)  allowing t ravers ing  rod to move downwa rd
until probe tip (2)  is in contact with su r face  plate.

ci. Ti ghten set sc rew (27) .

- 

. 
e. Tu rn on amplif ier  (ampl i f ie r  “powe r li ght” on).

f. Set needle “z ero ’ potent iomete r to “5” in window .

14 
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g. Adjust  the position of the gage head until the needl e is
near the middle of the ±0. 020 in. scale by moving gage head.

h. Set needle on zero with “needle zero ” potentiometer .

i. Rotate the probe ti p throug h 360° to see the approximate
amount and direction of misali gnment.

j. Position the probe ti p so it is directl y opposite the stand
(adjacent to the ope ra to r )  and note needle or recorder  defleLtion. Ro-
tate the probe tip 180° and note gage deflection.

k. Slightl y loosen the shoulde r screw (34) in pivoted angle
(14), if necessary .

1. Adjust  thumbscrews on (32)  until gage deflection is mid-
way between the deflections noted in step j .

m. Repeat steps j and k until the same deflection occurs  at
the 0° and 1800  position .

11. Tighten jam nuts on thumbscrews (32) and shoulder
screw (34).

o. Rotate the probe ti p (2)  to the 90° position, note needle
deflection , then rotate the probe tip to th~ 270° pn sit ion and note the
deflection.

p. Loosen the shoulder screw (1 3)  in the stand (11) .

q. Adjust thumbscrews in (16) until gage deflection is mid-
way between the deflections noted in step o.

r. Repeat steps o and q until the same deflection occu rs at
the 900 and 270° positions.

s. Rotate probe tip t h roug h 360° , if the TIR (total indicator
reading) exceeds 0.0005 in. repeat steps i through r as needed to re~ uce

4 the TIR. At this point the sensit ivity of the gage can be increased by
switching to one of the more sensitive scales , ±0. 010 in. or ±0. 004 rn.

• t. Once Tilt is less than 0. 0005 in. reti ghten shoulde r
sc rews (13) and (34).

- ;  17
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4. Set Gearbox Spline Misalignment Cage on Gearbox

Note: The centerline of the gearbox spline can be horizontal or

ve rtical (horizontal measurements  are easie r to pe rfo rm).

a. Thoroug hl y clean gea rbox pad and splin e f rom any

foreign matter. Remove sharp burrs from gearbox pad and pilot.

b. Set gearbox spline misalignment gage on gearbox pad

and position ove r existing s t u d s — No t ~ : Caut ion m us t  be used not to

damage gage probe (2) and gage head (I) during 
this step, see Figure  7 .

c. Place nuts (39) over studs and hand tighten.

5. Install Lap~p

a. Attach magnetic base of lamp to upright portion of

stand (11).

b. Plug lamp cord into connecto r at rear of control module .

c. Position light toward gearbox pad.

6. Cente r Gearbox Sp line Misalignment cage on Pilot Bore

a. Plug in amplifier cable.

b. Tu rn on amplifier powe r switch.

c. Set range to the ±0. 020 in. scale.

d. Position probe tip in gearbox pilot bore as shown in

Figure 7.

e. Make sure  that t ravers ing rod guide (2 9 )  is approxi-

mately in the center of the pivoted block (31) .  If center ing is required,

loosen hex bolts (19)  and cente r guide with the f o u r  thumbscrews in

late ral adjustment ring ( 17).

f. Slide the base of the stand around until the needle is

deflected near the middle of the ±0. 020 in. scale.

g. Note the gage or recorde r deflection with the probe tip

at the 0° and 180° position.

18
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h. Move the stand by hand until gage deflection is “ midway ”
between the deflections noted in step g.

i. Repeat step g with the probe ti p in 90° and 270°
positions .

j. When maximum TIR (du rin g 360° probe t r a v e r s e )  is less
than 0. 005 in. , ti ghten all gea rbox nuts (39)  to clamp the stand onto
the gearbox.

k. Loosen hex bolts (19).

1. Use the f o u r  set screws in lateral adjus tment  ring (17)
to adjust  the position of the t raversing rod guide (29)  until the TIR dur ing
a 3600  t raverse is less than 0. 0005 in. (it may be desirable to use  the
±0. 010 in. scale fo r  this pu rpose ) .

m. Retighten hex bolts (19).

7. Position Probe Tip in Spline Groove -

a. Reset depth pin (26) and knob (22), if necessary, so that
the probe tip is about 1/16 in. below the uppe r  end of the spline , see
Figu re 8.

b. Position the probe tip so that it contacts th e “ middle ” of
one of the sp line groove s (majo r  diameter  of the sp line teeth)  with the
probe shank nearly parallel to sp lin e teeth.  This can be accomp1ishe~
by 1oosen~ng set screw (4) and rotating the tip until it is centered in the
groove and/or by loosening set screws (2 5A)  on the positioning
bracket ( 7 )  and adjus t ing  probe tip position by means of set screws (35) .
It may also be advantageous to rotate the female sp lin e to be measured
f rom an adjacent female sp lin e pad to engage the probe ti p into the
spline .

8. Lock Indexing Collar

a. Loosen set screw (27) on indexing collar (28).

b. Install indexing finge r (2 0 )  with t humbsc rews  (21) .

c. Rotate indexing colla r (2 8)  unt i l  the indexing f inger  (20)
slips into “slot No. 1” identified by “white m a r k ”  on indexing collar ,
see Figu re 9.

20
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d. Tighten thunibscrews (21) to hold indexing finger in place.

e. Raise t ravers ing rod (23)  and adjust the height of the knob
(22) until the probe tip ( 2 )  is near  the upper  end of the sp line when the
indexing finger  (20)  is near the uppe r end of the indexing colla r (28).

f. Tighten set screw (25)  in knob (22) .

9. Set Probe Tip in Lowe r Posi tion

a. Place depth adjusting pin (26 )  in contact with t ravers ing
rod guide (29), see Figu re 7.

b. Loosen set screw (27)  on knob (22)  and allow the trave rs-
ing rod (23)  to slide down until the probe tip is at the desire d spline
dep th (no less than 1/2  in. ).

c. Lock set screw (27) on knob (22).

10. Adjus t P robe En gagement in Spline Gr oove

a. Set the “ range” selecto r to the ±0. 010 in. scale .

b. Loosen cap screw (37)  and rotate gage head until needle
deflection is near the cente r of the indicator.

c. Ti ghten cap screw (37).

d. Adjust  needle deflection by means of “zero ” potentiomete r
on the amplifie r to center of chart.

11. Misal ignment Measuremen t s

a. Tu rn on power switch (“ recorder  li ght ” on). Use “zero ”
adjustment on recorder to make necessary adjustments so that the
recorder  pen deflection corresponds with tha t of the needle on the
indicator.

b. Near the trace on the recorde r pape r , write slot numbe r
and probe position (fo r example , “ iB ”  means slot “one ” in “bottom ”
position).

- - c. Tu rn on cha rt switch.

d. Raise the trave rsing rod (23)  until the probe ti p (2)  is near
the top of the spline and hold for  several seconds to get the “top”
trace on Slot No. 1.

- : 23
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e. Raise the t rave rsing rod (23)  so that the indexing finger
(20) is free of the slot. Rotate the knob (22 )  and engage the indexing
finger (20) in the next slot. Allow the t ravers ing  rod to slide down to
its “bottom” position .

f. Label the two traces on the r ecorder  char t  ( f o r  example ,
“iT” means slot one in “top ” position and “ZB” means slot two in
“bottom” position).

g. Repeat steps d through f until the indexing fin ge r (20) is
back in the original Slot No. 1 position.

12 . Typical Recorde r Traces

The objective of inte rpreting the recorde r traces is to dete rmine
the “concent ricity ” and “ s quareness ” of the spline relative to the gear-
box pilot diameter and gearbox mounting f ace , respectively. Sample
cha rts have been prepared  to i l lu strate  the type of t races which may be
obtained dependin g upon the exact misalignment condition. For example:

a. Misal ignment :  Spline Not Concentr ic—S pline Square

In Fi gure  10 , the t races  represent  those obtained fo r  a
spline having a lateral misalignment ( sp line not concentric) of 0. 002 in.
(i. C.~~ cente rlines of sp line and pilot bore displaced 0. 002 in. ) cor-
responding to 0. 004 in. TIR (total ind ica tor  reading).

The absence of angular  misalignment ( sp line square )  is
indicated by the fact that in each of the slot m e a s u r e m e n t s, the “T”
and “B” , i. e . ,  the top and bottom measu remen t s, are the same. As
will be shown in late r examp les , angu la r  misalignment will cause a
displacement between the “top ” and “bottom ” measu remen t s  in most
of the slots.

The amount of late ral misalignment in Fig u r e  10 is
expressed as TIR and is the “dif ference between the ext reme t races .
In this case , the t races  for  Slots Nos.  1 and 5 are separated by 8 cha rt
lines , which cor responds  to 0 .004  in. on the ±0. 010 in. scale.

b. Misal ignment :  Spline C o n c e n t r i c — S pline Not Squa r e

Figure 11 illustrates the trace for a spline that is con-
centric with the gearbox pilot but does have angula r misalignment
(spine not square).
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Concentric (Lateral) = 0
Square (Angular) = 0. 002 in. u n .

• F IGURE L I .  TRACE FOR SPLINE CONCENTRIC— SPLINE NOT SQUARE
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The mount of angula r misal ignment  can be dete rmined
from the trace exhibiting the greatest  d i f f e rence  between the “T” and

“B” measu remen t s .  In this case , the “T” and “B” traces f o r  Slots
Nos. 1 and 5 are separated by 5 cha rt lines , which co r re sponds  with
0.001 in. on the ±0. 004 in. scale. The squareness  or angu la r  mis-
ali gnment is given by the fol lowing equation:

0.001 in.
Squareness (angula r misal ignment)  = 

0.50 m. 
0.002 ln ./ ln.

whe re 0. 50 in. is the tip travel or stroke.

c. Misal ignment:  Splin e Not  Concen t r i c—S pline Not Square

Figure 12 dep icts the trace fo r  a sp lin e that is not con-
centric (lateral misal ignment)  and is not square  (angula r  misalignment) .
A large va riety of traces can result  f rom combined rn isal i gnments .

In this examp le , the concentr ic i ty  is represented b y the
difference between the two largest “top” readings , i.e., Slots Nos. 5

and 1 are sepa rated by 20 chart lines, which is equal to 0. 004 in. The
largest angular misalignment is noted on Slot No. 3 (0. 001 in.). The

squareness will then be 0.001 in~~ 0.50 in., or 0.002 in. /in.

13. Data Sheet

Figu re 13 i l lustrates the data sheet which has been desi gned f or
use with the gearbox or a cce s so ry  sp line misalignment measuremen t s .
Actual data have been include d in the data sheet  to facilitate the presen-
tation.

The test number , scale used  on the control module , pad number ,
and number of spline teeth are recorded.  Othe r informat ion is also
included. The orig inal recorded data is also presented in Figu re 14.

The concentricity of the spline relative to the pad is the f i r s t
item to check. As mentioned earlie r , the concentr ici ty will be the  maxi-
mum diffe rence between two top readings.  In this case , the la rges t
diffe rence in top reading s between Slot No. 1 and Slot No. 7* was
0. 005 in.

* The gearbox and accessory  spline misali gnment gages use  an indexing
colla r having 8 slots for  measur ing  a sp line having 16 teeth . The Slot
No. 7 position will then correspond to Tooth No. 13.

27 

. - . - - - -- - . 



F’ -•---- -•----•-----— —--
~~ 

—

~~~~~ ~~ LJJT ~T fl~
— 

~T ~1Jfl*~O~~ i~•- 

t~ IT :1 I 
- - fl-~:r - ~~~~~~~~ ~~~

tlT t
~~~~~~~~~~~~ I~~~~~~~ i H

1
I

-~---~---4~- -
~

‘— : • — 

~~ ‘‘ 1’ -‘ 
~~~ 

I -

f~
. i~

’:-
~

— 
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ 

—

~~~~~~~ ::::~14
~~~~— — — — — —

t4~~~~~~~~~
, i ) (

- - ~~~ -  

~~~~
• • 4 ~~~ 

-

— — —. —  —- 
• I I I 

- - -  

_ 
— 

- - - 

• 

• - - - I - -

• — • • - -  - - •  • • - --

H , 
F 1

____ 

-~~~~~~~~~~ - I - - - , -  —

— — — _ I I I i
L -~~~ - 

~~~~~~~~~~~~~~~~~~~~~~~~~ -
-

i 

1—•1----—--—• 
i-t

~ 
• F 3

~~) F  -
~~~ ‘~~~ - - 4 :~ -~~~~ i

— - -  — — — 1—
• 

L 

• 

I I I I

I
-

- 
~ ~~~~ 

•~~~~~
I ~~~ ~~~~~~~~~~LL~2±~ ± I ~t~i

-i--14 - f-j-~ ~~~~

-

~

--

~ ~~
-
~~

- 
~~~~~~~~ ~

-
~~

-
~
--

~
- -

~~
--

~~ 
• I i~~~ .~~~ IJ±

.Lj~~~~~~. 1 L~~~~~~~~~~~~~)4 ~~~~~~~~~~~

MISALIGNMENT

Concentric (Lateral)= 0. 002 in. (0. 004 TIR)
Square (Angula r) = 0. 002 in. / i rt .

FIGURE 12. TRACE FOR SPLINE NOT CONCENTRIC — SPLINE NOT SQUARE
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GEARBOX —OR — ACCESSORY SPL 1NE MISALIGNMENT

NARF N o r t h  Is land Bld g.47~~~ Datc 10 -22-75

Ai rc ra f t  H -~~~ Eng ine Pad for _ (UNK1

Gea rbox /A  Y Main H~ 3 Pad Sii.e 4 . 125 -

Part  No. S6135-22000-4 Bolt Circle 
~

Serial R14-l-28-67-798 Operator M V a 1 I i i ~rr~ (SwRI)

Test / Pad 
I Pass Fail Pass Fail

/ No. / < 0. 005~ >0. 006 < 0 .  00085 > 0.001 (.06°)

/ / Concent r ic i ty  Squareness
/ / No .
I I of Slot A m o u n t  Pass S10t ATBznax Stroke A m o u n t  j Pass

~~~cnle / T ce t h  No . AT.. rnax Fail No. 
- 

in. in. in ./ in . d c - g .  F;~i1

/ O. 0 l (  
______ 

7 0 . 005 Pass 3 0. 00575 0. 75 U 0077 0. 44 Fail

%o ,~~~~~~~~~~~~ 

7 0 . 005 Pass 3 & 4 0 . 006 0. 75 0. 008 0. 46 Fail 
-

AZ_ _
_

_ _  _ _ _
_

/ ~~~~~~~~ 6 & 7 0 . 0 0 2 2 5  Pass 8 0. 0055 0. 75 U 0073 0. 42 Fail

7 

- 

00325 Pass 8 0.0055 0. 75 0.0073 0.42 Fail

-

U - H

Ske ~~h -  

2 - 
-

~~~~ 
(

— 

FIGURE 13. DATA SHEET FOR USE WITH GEARBOX SPLINE
MISALIGNMENT MEASUREMENTS
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The squareness data f r om Fi gu re 14 shows the largest difference
l)ctw een top and bo t tom read ings  ( ~ TB m ax.) on a pa rtic~mla r tooth ,
which  was 0. 00575 in.  f o r  Slot No . 3. The stroke used was 0. 75 in.
The s q u a r e n e s s  or angula i~ misali gn t i ient  in in. un . is obtained by
(l iVid ing the ‘‘ s t r o k e ” into t he ‘‘ATB max. ’’ y ielding 0. 0077 in. un.
(wh ich  is equivalent  to 0. 4-1 deg. ).

14. Pass-Fail  Cr i t e ria

The pass - fa i l  cr i te ria for  the “concentr ic i ty ” and “squa ren es”s ”
speci fi ed by the AND and MS Standards fo r  a pad size of 4. 125 in.
diame t er  is pr esen ted in Tables 2 an d 3, respectivel y. As noted in
Table s 2 and 3, if the “concent ricit y ” is >0. 006 in. , the gearbox fails
the concent r ic i ty  tes t .  Likewise , if the “ squa r eness ” is >0 . 001 in. u n .
the gearbox sp line fails the squareness  test.

- The pass cr i te ria is somewhat  more  compli cated because  of th e
space be tween the indexing colla r slots , the space between adjacent
splinc grooves , and the fact  that  the probe does not a lways  t r ave r se
those por t ions  of the m a j o r  diamete r cy linde r corresponding to the
max imum misali gn ment .  For example , when us ing  the 8-slot indexing
collar , the poi n t of maximu m mi sali gnment can be displaced as m u ch
as 22. 50 f r o m  the slot posit ion.  When this occurs , the measu red  TIR
will be less than the misali gnment at the point of max imum misali gn-
ment.  Because  of this e f fec t , the interpretat ion of the readings be-
co mes more  complicated in cases where  the spline misa lign ment is
close to the maximum allowable misalignment.  In such cases , it may
beco me n e c e s s a r y  to p e r f o r m  additional t raverses  in which the indexin g
collar is disp laced s u c c e s s ively one , two , or th ree spline teeth (cor-
responding to the 1st , 2nd , and 3rd measu remen t s  in Table s 2 and 3).
Some of the desi gn considerat ion s and the mathematics involved in
settin g the pass and fail crite ria are given in Appendix B.
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TAB LE 2 . PASS-FAIL CRITERIA FOR CONCENTRICITY
(LATERAL MISALIGNMENT) OF SPLINE .-TO-GEARBOX PILOT DIAMETER

Maximum
Allowable

— Lateral Lateral Misali gnment M, asurements , in . ~~
No. of Misali gnment , 1st 2nd 3rd

Teeth (TIR) in. * Pass Fail Pass Fail Pass Fail

16 0.006 <0.005 1 >0.006 <0. 0059 >0. 006

24 0. 006 <0. 0051 >0. 006 <0. 0058 >0. 006 <0. 006 >0. 006

26 0. 006 <0. 0053 >0. 006 <0. 0058 >0. 006 <0 . 006 >0. 006

* As specified in AND 20002 , AND 20007, and MS 3327

** Lateral (Eccentricity) Measurement = Tmax - Tmin AT
where Tixi ax maximum disp lacement of a “Top”

recorder trace
Tmin = minimum disp lacement of a “Top”

recorder trace
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TABLE 3. PASS -FAIL CRITERIA FOR SQUARENESS
(ANGU LAR MISALIGNMENT) OF SPLINE-TO-GEARBOX PILOT DIAMETER

Maxim um
Allowable
Angular Angular  Misali gnm ent Measu r ements , in.

No. of Misalignment , 1st 2nd 3rd
Teeth in/in. Pass Fail Pass Fail Pass Fail

16 0. 001 <0.00085 >0.00 10 <0.00096 >0. 0010

24 0.001 <0.00085 >0.0010 <0.00093 >0.0010 <0.00098 >0.0010

26 0.001 <0. 00077 >0.0010 <0.00094 >0.00 10 <0. 00098 >0. 0010

* As specified in AND 20002 , AND 20007 , and MS 3327 Square within 0. 0040 in.
Bore diameter  4. 125 in.

= 0. 0009696 = 0. 001 in./in. =

0. 060
ATBmax

** Angular (squareness)  Misali gnm ent M easurement =
stroke

where ATBmax = the greates t  d i f fe rence  b’~tween
the top and bottom r eadi ng s on
the same tooth.

Stroke = distance traveled along the
tooth , in.
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IV. PROCEDURES FOR ACCESSORY SPL~~~E MISALIGNMEN T
M EASUREMENTS

The procedures for setting up the accessory spline misalign-
ment gage for measuring misalignment of male sp lines on accessor ies
arc basically identical with those used for  the gearbox sp line rnisali L’n-
iDent gage down through step 8 in Section III. The p rocedure  may he
stated as follows:

1. Secure Accessory

a. Place the accessory to be checke din a vice or support
f ixture with the male splin e in the ve rtical p osit ion.

2. Attach Acces so ry  Spline M isa li gnment  Ga ge

a. Screw the six fu rnished threaded bolts (3/8 -24)  into the
base of the accessory spline misal ignment gage f rom the top down .

b. Place accessory  spline misali gnment gage on accessory,
rough center, and secure with six 3/8-24 furnished nuts .

3. Install Probe Ti p

a. Select short  probe ti p.

b. Loosen set screw (4) and install short  probe ti p.

c. Retighten set screw (4).

4. Set Probe Tip

a. Loosen set screw (27) on knob ( 2 2 )  and allow the traver s-
ing rod to slide down until  the probe ti p is engaged in a spline groove
about 1/ 16 in. f rom the top of the sp line. Make sure  indexing fin ger
(20) is in Slot No. 1 adjacent  to “white mark. ”

b. Lock set screw (2 7) .

5. Adjust  Probe Engagement  in Spline Groove

a. Loosen cap screw (37) and rotate gage head until needl e
deflection is near the center of the me te r .

b. Tighten cap screw (37).
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c. Fu rthe r adjust needle deflection, if necessary, by means
of potentiomete r on the amplifier.

d. Set the “ range” selector to ±0 . 020 in. scale.

6. Misalignment Measu remeiits —Radial Displacement

a. Tu rn on r ecorder .

b. Manually push the spline in toward its center and hold
for  several seconds to get the “in ” measurement  t race  on the recorder .

c. Pull the spline back from its center and hold for  seve ral
seconds to get the “out” measu remen t  trace on the recorder.

d. Label the traces appropriately. For example, “1 in” and
“1 out” represent Slot No. 1 “in ” and “ ou t” measuremen t s .

e. Raise the t ravers ing  rod (2 3 )  so that the indexin g f inger
(20) is free of the slot. Rotate the knob ( 2 2 )  and engage the indexing
finger in the next slot. Allow the trave rsing rod to slide down to its
measurement  position .

f.  Repeat steps b th roug h e until the indexing finge r is back
to its ori ginal position (Slot No.  1) .

7. Typical Recorder Traces—Rad ial Displacement

In accordance with the Standa rds per ta ining to acces so ry  splines ,
the measurement of in terest  is the max imum radial disp lacement f r o m
the cente rline defined b y the p ilot d iameter.  The determinat ion of this
measurement  f rom the recorder  t r aces  is best shown by some examp les.

Figu re 15 shows the trace obtained fo r  a radiall y- loose  spliri e
that has “no lateral misali gnment”  ( the sp lin e center l ine coincides
exactly with the centerl ine of the pilot diamete r , i. e .,  concentr ic)  and
has a radial play of ±0 . 006 in. In this case , the maximum radial di s-
placement is ±0. 006 in.

The more general  case of a radiall y- loose spline “with late ral
misalignment” is shown in Fi gure  16. The t race  shown is fo r  a sp line
that has a lateral misalignment of 0. 004 in. ( the center l ine  of the sp line
is offset f rom that of the pilot diamete r b y 0. 004 in . ) and radial play
of ±0. 006 in. In this case , the maximum radial  disp lacement is the
distance f r o m  the pilot diameter  cente rline which  is late ral displace-
ment 0. 004 in. + radial play 0. 006 in. ,  or 0. 010 in.
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Concentric (Lateral) = 0
Radial Displacement = ± 0. 006 in.

FIGURE 15. TRACE FOR SPLIN E CONCENTRIC —
WIT!-! RA DIAL DISPLAC EMENT
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Concentric (Lateral)  0. 004 in.
— Radial Displacement = ± 0. 006 in.

Maximum Radial Displacement 0. 010 in.
FIGURE 16. TRAC E F O R S P LL NE NOT CONCENTRIC —

WITH RADIAL DISPLAC EM EN T

37



r

8. Misa l ignment  M e a s u r e m e n t s — S q u ar e n e s s

The measu remen t  of the squareness  or angula r misali gnment
of a radially- loo se-  sp line is acco mpli shed by pe r fo rming  steps 1-4 , as
described ear l ier , and then proceeding as follows:

a. Loosen set screw ( 2 7 )  and allow the trave rsing rod to
slide down until the probe ti p is at least 1/2  in. down the major  diamete r
of the sp linc . ( This depth should be as m u c h  as possible to provide the
most accura te  measurement  of the angula r misalignment.

b. Displace the splin e in a fixed position away f rom the
probe tip.

c. Che ck to see that the probe ti p is centrally located in the
spline groove. Adjust  if necessary .

d. Tu rn on the recorder  and make necessary  adjustments
so that the recorder  pen deflection corresponds  to that of the needle
on the meter .

e. Near the trace on the recorde r paper , write the slot
numbe r and probe position (fo r example , “ l B ”  means Slot No. 1 bottom
position).

f. Raise the t ravers ing rod (23)  until the probe tip is near
the top of the sp line and hold f o r  several seconds to get the top trace ,
i.e. , “1 T” .

g. Repeat steps e and I until the indexing f inger  is back in
its ori ginal position (Slot No. 1).

9. Typical Recorde r T r a c e s — S q u a r e n e s s

— 
A typ ical angula r misalignment measurement  t race for  a

radially- loose external spline is shown in Figure  17. The amount of
squareness or angular  misal ignment is calculate d u s ing  the equation :

ATB max 0.00 1 in.
Squareness = =

Stroke 0. 5 in.

0. 002 in. u n .
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Concentric ( Lateral) 0
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FIGURE 17. TRACE FOR SPLIN E CONC ENTRIC —
SPLINE NOT SQUARE
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10. Data Sheet

Figure  18 i l lustrates the data sheet  u sed for  the accessory  spline
misalignment measu remen t s .  The data sheet has been filled in to show
the results of a test  per formed on a hy draul ic  pump .  In Tests Nos. 1
and 2 , the largest  in-out  radial disp lacement was found to be on Slot
No. 1.

The squareness  data in Test No. 3 indicated that ~ TB maX was
0. 0085 i-n . ove r a 0. 7 in. stroke. The squareness  ( a n g u l a r  misali gn-
ment) is obtained by dividing the s troke into the ~ TB max . which is
0.012 in. un . in this case.

11. Pass-Fail Cri te ria

The pass-fai l  crite ria for  the “ maximum radial disp lacement”
and “ squ a reness ” sp eci f ied by the AND and MS Standa rds f o r  the 4. 122
in. pilot diameter  on an accesso ry  is pre sented in Table s 4 and 5.

The AND Standa rds are somewhat ambi guous  in specif y ing the
exact maximum ra dial disp lacement ( see Table 4 , footnote a). It is
believed that the intention of the AND Standa rds is to specif y a maxi-
mum radial displace of ±0. 006 in. as does the MS Standard.

The AND Standards are also vague in specif ying the squareness
(see Table 5, footnote a). If a max imum value of >0. 005 in. is used
for the 4. 122 in. pilot diameter , then the rejection crite ria is >0 .  005 ÷
4 . 1 2 2  = >0. 0012 in ./ in .  for the AND Standards.  The MS Standard
specifies a maximum squareness  of 0. 003 in./ in.
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GEARBOX OR — ACCESSORY SPLINE MISALIGNMENT

NAR1 ’ N or th  I~ 1and Bld g. 341 Date 10-23-75

A i r c i -a f t  H-53 Eng ine__________ Pad for H-53 Remote Acc. G. B.

i-r~~~ /Acc&ss ory Hyd. Pump Pad Size 4~ 122 in.

Part No. 64WHO8001-1 Bolt Circ 1e~ _~j~~
Serial B 1-2 7 Op e r a t o r  M. Va l t i e r ra  (SwRI)

Test  ~d Pad I Pass Fail Pass Fail

/ No. / < ±0. 006 >±0. 006 
— 

< 0. 001 > 0. 001

/ / Radial Disp lacement Squareness

/ / ~~~ 
Slot L~T , in. Pass Slot ATBniax Stroke Amount  Pass

/~) C L ’t r  / T~~.fh ,_ 1
~

O. In-Out Fail No. in. in . in. u n 1  ~~~~~ Fail

_ _  _ _  _  _ _  _ _  _ _  1/ 

020 16 1 0.041 Fail - - - - -
- k

.020 ,,
/

~i6 1 0. 042 Fail - - - - - -

~ 
02Oj

~~~~~~~ —
- - - 7 0.0085 0.7 0.012 0.69 Fail

/ V_ _ _-_  __ ___

/ V~
_ __ I_ _

_ _ _

_  —

/ 7  _ 1 _ 1__
- / 7 , L _ _  

I 
_

Sketch -

3

FIGURE 18. DATA SHEET FOR USE WIT!- ! ACCESSORY SPLINE
MISALIGNMENT MEASUREMENTS
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TABLE 4 . PASS - FAIL CRITERIA -

FOR MAXIMUM RADIAL DISPLACEMENT
OF RADIALLY-LOOSE EXTERNAL SPLINES

Specif ied
Lateral

No. of Misalignment , Rejection
Standard Teeth in. Cri teria , in.

AND 10262 16, 24 , or 26 >~0~ 006a >±0 006

AND 10267 26 >±0.006a

MS 3332 16 or 24 >~ 0 006b >0.012 TIR

a. “Accessory  shall be capable of sa t i sfac tory  operation wi th  the pi tch
diameter  cen t er of the drive sp line disp lace d to a maximum 0. 006 in . in
any direction from the cente r defined by the 4. 122 pilot diameter.”

b. “The axis of the exte rnal spline pi tch  cylinder cannot be dis placed
more than 0. 006 in . in any direct ion from the centerline axis of the
pilot diameter. ”
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TABLE 5. PASS - FAIL CRITERIA FOR SQUARENESS
(ANGULAR MISALIGNMENT)

-- OF RADIALLY - LOOSE EXTERNAL SPLINES

Specified
Angular -

No. of Misali gnment , Rejection

Standard
S Teeth in. / in .  Criteria , in. un.

AND 10262 16, 24, or 26 >0. 005/4. 122 a >0. 0012

AND 10267 26 >0 00514 122a >0.0012

MS 3332 16 or 24 >~~• 003b >0. 0030

a. “Accessory shall be capable of sat isfactory operation with the pitch

diameter center of the drive sp line out of square with mounting face

0. 005 in. full indicator reading. ”

b. “The angular misalignment between these axes (axis of the spline

pitch cy linder and the centerline established by the pilot diameter)

shall not exceed 0. 003 in. f in. ”
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Analog or Digital

NEW , SERIES “432” ELECTR ONIC AMPUFIERS
Federal announces another  advance in the devel- A lt are completel y solid state and fu l ly  compati b le
opment of high prec i sion e l ectronic  gdging The w ith Federal ’s versatile Mult i -Ch oice electronic
n ew Series 432 ’ solid slate e lec t ronic  sy stem pro- gaging system
vides a subs tan t i a l  increase in cap ab ’~ty .  accuracy Like all other Federal electronic gag ing Corn-and stabiht~ over other electr onic gaging system s - -ponents , these new 432 ’ ampl i f i e r s  are cal ibra ted
Eight  new ampl i f i e r  models are of fered  analog or against ultra-precise standards , traceable to the
di g it al  r eadout , si ngle or dual  in pu t , opt ional  National  Standard.
“good” , “over ’ and “under ” Signal lights

FEATURES:

1. Choice ot either analog or dig i ta l  read out , s ingle 6. Heavier duty  ou l p u t  to suit  a wider variety of
or dual gage head input  r ecording and display devices Optional  Binary

Coded Dec imal output  available on dig ita l  read-2. English or metr ic  scale values by swi tch ing
for tod ay s or tomorr ow ’s needs. ou mo e s

7 Analog rrio de l s have patented ‘Click-Scale ” di al3 Completel y compat ible  wi th  ex is t in g  Federal
- - which l~ro~ id e’- i i v e  magn i f i ca t ions , indi vidual lyMult i -Choice e lectronic  gaging uni t s  wi thout  the presented at l ’ie t u rn  of a knob -

need for reca l ibra t io r i
8. Bui l t - i n  t i l t -up  stand for easier viewing of the4. Reliable, solid stale c i rcu i t ry  assures high accu- meter or rea aoutracy and stability.

- ‘  ,, , ,  9. Plug-in circui t  boards and integrated circu itry5. Bui l t- i n good over and under signal for easier serviceabil i tyliqht s opt ional  on all m odels Also, relay Output
- 

- option in ad d it ion to lig h ts available as special
applic ation

Co,,im,.d ~.,w
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MODELS: -
INPUT LIMIT LIGHTS ‘~MODEL NUMBER PRICE

Analog ingle — EAS-1460 $543.00
Dual — EAS-1461 632,50

Single Yes EAS- 1462 653,00
___________ 

Dual Yes EAS-1463 742,00
Digital Single — EAS.1464 975.00

Dual — EAS-1465 1005,00
Single Yes EAS-1466 1085.00

_____________ Dual Yes EAS-1467 1215.00

SPECIFICATIONS:

Analog Models
RANGE MINIMUM GRADUATION MAGNIFICATION

English ±010” ,0005” 220X
±,002” 0001” 1100X
± 001” .00005” 2200X
±,0002” .00001” 11 ,000X
± 0001” 

_________ 

,000005”__________ 22,000X

Metric ±200um lOom 275X
±4Oum 2um 1375X
±2Oum lum 2750X
±4u m .2u m 13, 750X

~ 2um .lum 
_____ 

27 ,500X

Digital Models
• _____ - 

RANGE MIP ~MUM DIGIT VALUE 
- 

DISPLAY

____ 

English 
_____ 

±010” 
_____ 

000010’ 00000 t o ~~0i000
Metric ±200u m . lum • 0000.0 to ±0199 ,9

__________ 
ANALOG MODELS DIGITAL MODELS

Repetition Accuracy to within .000002” (, OSum) ± I digit
or ‘ho scale division.

_______________ whichever is greater 
______ _________

Calibration Accuracy to within 4/~ scale division ± 1 digit 
_____

Display Analog meter , 5 Neon digits , ‘/2 ” high ,
_________ 

& English/M etric scales 
_________ 

7 bar display
4 Sampling Rate 

- — - 
ln fi ru t e 

- 
60 readings/second 

______

Stability — Short Term less than 00 1% change of gain over an 8 hour _period 
_____

Stability — Long Term less than 0,1% change of gain over a 1 month period
Th ermal Dri ft 

________________ 
,01%/’F (018 ’ iJ°C) 

_____

Power Requirements 10 watts (117V ± 10%, 50-60 Hz)’ fT6 watts ( 1 17V t 10%, 50-6011z)

~aiso, 220V • 105., 50’6O~ii. by Sv~iIchin g “ iurna i pum~~rs 
_______

Power Output 
_____ 

0,1 ohms @_19_ma.. ~ 1 OV to a rear mounted connector
Dimensions 

_______ 
10¾” x 8½” x 5¼” (27.3cm x 21.6cm x 13.3cm) 

______

Weight 
______ __________________ 14 pounds (6.35 kg) 

__________
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SUPPLEMEN t’

to

“ MULTI -CHOiCE” INSTR UC TI ONS

FOR USE WITH

“ 432 ” SERIES A M P L I F I E R S

The “ 4 32”  ser ies amp l i f i e r s , while d i f f e r e n t  in appearance  f r o m
the “ 2 3 2 ”  series , is func tionally almost the Salle. Therefore ,
w i t h  the except ion of the f o l l o w i n g  p a r au r a p h s , and t h e  s chemat ic
drawin~.js (enclosed for a m p l i f i e r( s )  o rde red )  the “ 2 3 2 ”  M u l t i - C h oi c e
i n s t r u c t i o n s  app ly .  The a t t ached  Gag ing  Data  sheet g ives  the
g en e r a l  spec i f i ca t ions  for  the “ 4 3 2 ”  series.

EXCEPTIONS TO MULTI-CHOICE INSTRUCT]ONS :

A. Al l  ~~4 3 2 u 1  amplifiers are ENGLISH/MI;TRIC Mo DELS . When
ca l ib ra ted  in e i t he r  sys tem , calibi a tion  is au toma tica l ly
achieved in the other.

B. Four models are equipped ~ith ad ju stabl e l imi t s  wh ich
cause RED , GREEN and YELLOW l i m ii~ l igh t s  to f u n c t i o n .
Set l im i t s  as fol lows :

1. If maximum limit spread is within ± . 0 0 2 5 ” , you can
unp lug  the gage head(s) i nvolved and set the meter
to each l imi t wi th the Z E R O  knob .  If l i m i t  spread
exceeds ±~~~~025 ” , you w i l l .  need t o  d isp lace  t b ’  gage
head contact enough so t h . it  t he  limit you are settin.~is w i t h i n  ZERO knob r each .  U s i n g  appropr ia te  method ,
set meter to read exact luw tolerance limit value -

say — . 0 0 0 2 5” .

2.  Use a smal l  sc rewdr iver  to a d j u s t  the po ten t iometer
at the l e f t  of the UNDER l i g h t  u n L i l  t h i s  l i gh t  j u s t
goes out and the GOOD l i gh t  goe s t i n ,  Check s e t t i n g
by mov i ng meter r e a d i ng  b ,ick towai ds C) a l i t t l e, then
slowly towards — .00025” . Just as met~’r passes . 0 0 0 2 5 ” ,
UNDER light should come on. Fine tun lu r it  pot if
necessary.

3 .  Use ZERO knob to make meter read exact  upper tolerance
l imi t  — say + . 0 00 2 5 ” . Repeat ;  procedux e in  Step 2
except use OVER limit pot to make OVEH liynt go on j u s t
as meter reading exceeds -t- .00025” .
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C.  C A I I B R A 1 I O N

On ana log models , wi t h  power of f , c h e c k  a l i gnment of hand w i t h

d i a l  0. If not exac tly on 0 , adjust screw in l i n e  w i th p i v o t

p o i n t o l ’ hand u n t i l  a l i gnment i~ exactl y on 0.

Turn powe r ON and all ow the Amp l it ier to be in operat ion for

a reason ab le amount of time to be c e r t a i n  of conip lete s t a b i l i -

za t i on.

S I N G L E  I N PUT M O D E L S

I. Secure the Gage Head in a s u i t a b l e  f ixture. Set the Amp I if icr

Controls as follows . (See Data Shee t for i d e n t i f i c a t i o n

of cont rols.)

fiode S w i t c h  ( E )  IN

Scale Selector Switch (A) (Analog meters on ly) Longest Range

P o l a r i t y  Switch (B) “NORMAL”

E l e c t r i c a l  Zeroing Control (C) No. 5 in the
w i n d o w

2. Select three grade AA gage blocks which d i f f e r  in size by

.010” . Place the m i d d l e  size bloc k in p o s i t i o n  and adjust 
-

the pos i tion of ga ge head “B” me c h a n i c a l l y so that the

Meter reads as closely as po ssible to O. Adjust E l e c t r i c a l

Zeroing, if necesssry , to achieve precise a l i g n m e n t .  Re-

move and reposition gage block to check for the proper

repeat reading.

3. S u b s t i t u t e  the + .0lO” gage block and observe any deviation

fr om a plus .010” reading on the meter. If there i s  a de-

v i a t i o n , use CAL screw to redu ce the dev i ation by 1 /2 i ts

va l ue.

------~
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S u b s t i t u t e  the - .010” gage block and ob serve any d e v i a t i o n

from a minus .010” read i ng. If there is one , u se Z E R O  pot

to reduce the d e v i a t i o n  by 1/2 i ts v a l u e .

5. Repeat steps 3 and ~ u n t i l  end-of-r ang e err o rs are 1/2

grad u a tion or less on ana lo g meter s or + 1 count of least

d i g i t  on di g i t a l  me ter s .

6. S u b s t i t u t e  the 0 gage block and observe any d e v i a t i o n  fro ii

an exact 0 reading. If readin g is itiu re tha r - 1/2 a gradua-

tio n on a n a l o g  me t e r , or more  t h a n  + one c o u n t  o f  l e a s t

d i g i t  on di g i t a l meter , reset me ter to 0 w i t h  ZERO pot and

repe at steps 3, ~t and t h i s  one .

7. Set the P o l a r i t y  Switch (B) i n  t he  “REV .” pos tion and repe at

steps 2 and 3, except do not adjust CAL crew or ZERO knob.

Each read i ng should match the r e a d i n g  ot ’ J a i ’ l ed i n Step 3

w i t h i n  the c a l i b r a t i o n  accur acy, but at t h e  o p p o s i t e  ends

of the scale.

DUAL I N P U T  MODELS

The c h e c k i n g  and a d j u s t m e n t  o f  t h e s e  A m p l i f i e r s  and  the b a l a n c i n g

of Gage Ilead outputs can be perfoi ’nied in one se r i e s  of opera tions.

It r equires a f i x t u r i n g  se tup that p e r m i t s  the ~.~‘ntac ts of bo th

Gag e He dd s to engage the same AA gage block s i m u l t a n e o u s l y .  P oint

~ f Contact should be as close tog eth er as po s s i b l e .

I. Set the Ampi i Her controls as follows : ( ee Fi g u r e s  1 7 and 18
- t 

fur i d e n t i f i c a t i o n  of controls.) Note: Make sure both P o l a r i t y

S witches and bo th E l e c t r i c a l  Zeroing Controls are set as sta t ed.

/
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Mo d e S w i t c h  C E )  — IN

S c a l e  S e l e c t o r  S w i t c h  (A )  ( A n a l o g  m e t e r s  o n l y ) -  L o n g e s t  Range

P o l a r i t y  S w i t c h e s near plu g  recep tacles on back
pane l “NORMAL”

Elec t r i c a l  Z e r oin g C o n t r o l s  (C) No. 5 in the
w i n d o w

Head S e l e c t o r  S w i t c h  (F )  “B”

2. Select three grade AA gage blocks which d i f f e r  in size b y

.0 10” . Place the m i d d l e  siz e block in p osition and adju st

Gage Head i i 8 II i nech anical l so that the Dieter reads as closely

as p o s s i b l e  to O. A d j u s t  the  E l e c t r i c a l  Z e r o i n g  C o n t r o l

fo r  Gage Head  “B” if n e c e s s a r y ,  to a c h i e v e  p r e c i s e  a l i gn-

m e n t .  Remove the ga ge  b l o c k  and  r e i n s e r t  i t  to c h e c k  f o r

the proper repeat rea d i n g .

3. S u b s t i t u t e  the  + .O IO ” gage b l o c k  and o b s e r v e  art y d e v i at io n

f rom a p lus .010” reading on the meter. II th ere is a

d e v i a t i o n , use CAL B screw to reduce the d e v i a t i o n  by

1 /2  i t s  v a l u e .

4. Sub s t i t u t e  the - .010” gage block and observe any devi ation

from a minus .010” reading. If there is one , u se Z E R O  B

pot to reduce the de v i a t i o n  by 1/2 its value ,

5 .  Repeat steps 3 and 4 u n t i l  e n d - o f - r a n g e  e r r o r s  a re  1/2

g r a d u a t ion or l e s s  on analog meters or + 1 count  of l e a s t

d i g it on d l g i t a l  m e t e r s .  -

6. S u b s t i t u t e  the 0 gage b l o c k  and o b s e r v e  any d e v i a t i o n  f r o m

an e x a c t  0 r e a d I n g .  I f  r e a d i n g  Is  more than 1/2  a gradua-

t ion on a n a l o g  m e t e r , or more than + one count  of l e a s t

d i g i t  on d i g i t a l  m e t e r , r e s e t  me te r  t o 0 w i t h  ZERO pot

and r e p e a t  s t e p s 3 ,  ~ and t h i s  one.

/
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7.  R e v e r s e  B hea d  p o l a r i t y  s w i t c h  and r e p ea t  s t e p s  2 , 3 a n d  ~t ,

exce pt do not make any adjus~iie n ts . Re a d i n g ’ .. s h o u ld  be sa me

as they were at end of step 6 e x c e p t  w i t h  p lus  and m i n u s

a t  o p p o s i t e  s i d e s  o f  0 .

8. Place Gage Head “A” in p o s i t i o n .  Turn the Selector S w i t c h

to the “A ” p o s i t i o n  and make a d j u s t i e n t s  as  in S t e p  2 .

9 .  Fol low the same procedur e as in Steps 2 throug h 7 e x c e p t

u se C A L  A and Z E R O  A p ot s .

10 .  Tu rn  the  Range S e l e c t o r  S w i t c h  to the shortest range and

use the E l e c t r i c a l  Z e roin g Con t r o l s  to set meter pre-

c i s t ~ l y to z e r o  as the Head Selector Swi tch is p l a c e d  alter-

na te l y in the “A” and “B” posi t i o n s .

I i .  For b al a n c i n g ,  set one p o l a r i t y  s w i t ch to NORMAL and one to

RE VL R SE. Then turn the Head S e l e c t o i ’ S w i t c h  to the “BOTH”

posi t i o n .  The Scale Selector S w i t c h  s h o u l d  be set on the

shor test range. Place the p l u s  .010 ’ gage block beneath the

c o n t a c t s  o f  bo t h gage  heads. Th e meter s h o u l d  read w i t h i n

5 g r a d u a t i o n s  of zero for analog meters or + 2 c o u n t s  uf

l e a s t  di g i t  on d i g i t a l  m e t e r s .  (10 gradua tions when u s i n g

Gage Heads E H E - 1 O 14 5 or E H E - l O 5 t i ). A s i m i l a r  reading should

be ob tai n e d  w i t h  the m i n u s  .010” gage b l ock in p l a c e .  This

i n d i c a t e s  a b a l a n c i n g  a c c u r a c y  to  w i t h i n  O .25~ at maxi mum

d s p l a c e m e n t .  ( O . 5 ~ when  u s i n g  Gage He a d ’~ E H E - l 0 ~~5 or E H E - l O 5 1~) .

I f  the b a l a n c i n g  a c c u r a c y  i s  not w i t h i n  5 g r a d u a t i o n s  on

e i t h e r  s i d e  o f  z e r o , a d j u s t  e i t h e r  CAL A or CAL B as r e q u i r e d .

A- 8
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1 2 .  R e v e r s e  s e t t i n g  of each p o l a r i t y  s w i t c h  and r e p e a t  s t e p s

8 a n d  9 .  -

1 3 .  For t r a c k i n g ,  p lace the m i d d l e  size gage block beneath the

c o n t a c t s  o f  bo th  Gage Heads  and r e c h e c k  the ze r o  r e a d i n g .

Adjust E l e c t r i c a l  Zeroing, if necessary. Subs t i t u t e  as

many i n t e r m e d i a t e  sizes of grade AA gage blocks as desired

to determine the response at va r i o u~. points throu ghout the

+ .OlO” range.

The meter hand should not deviate more than 5 graduations

on analog m et ers , o r + Z c o u n t s on d i g i t a l m eters , i n d i c a t i n g

t h a t  t r a c k i n g  a c c u r a c y  i s  c o r r e c t .  ( l O  g r a d u a t i o n s  or

counts , when using Gage Heads E H E - l 0 ’45 o r E HE — 1 O 5~~). If

the d e v i a t i o n  i s  g r e a t e r  a t  any p o i n t , repeat the procedure

to make c e r t a i n  t h a t  i t  has been acco mp lished c o r r e c t l y .

If d e v i a t i o n  persis t s , the A m p l i f i e r  and Gage Heads should

be returned to the Factory for service.

Note: The above procedure app lie s  to Gage Heads h aving

equal outputs.

D. For trouble shooting, and e l e c t r o n i c  ~- t u d y of  “~~32” s e r i e s

a m p l i f i e r s , consult appropriate schematic , (as li s t e d  below:)

NModel # ~~~~~~S c h e m a t i c  -

EA S- 1 t ~60 EWD- I l~~9E A S - l 14 6 l  E W D - l  150
E A S - l 1 4 62 E W D - l 1 5 1
EAS - 1 14 6 3  E W D - l  1 5 2
E A S - l L i6~t E W D - 1 1 53
( A S - I  4 6 5  E WD— 1 1  5 ’ +
E A S - l 4 6 6  E W D - l  1 5 5
E A S - l 4 6 7  E W D - 1  15 6

j bc  
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LEVER TYPE GAGE HEADS

~~~~~~~~~ ~~~~~

=k

~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

EHE- 1048 EHE- 1052 EHE- iosu EH E- 1056

Figure 1

LEVER TYPE GAGE HEADS
li~-.-~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~ tSelecting The Holding Fixture

Because the Lever Type Gage Head has exceptionally light and uniform g~~.
pressure , its use is not restricted to heavy type comparator fixtures. l~
signed for use on any reasonably good gaging fixture that is conveniently . . - - -

able. See Figure 1 for gage heads and their integral mountings. Also, ~~~
light gaging pressure of approximately 2. 5 grams permits leeway in the ~~~~~~
of post and arm used in the gaging setup without running into inaccurac ies ~~~~~

to deflection and lost motion. However , it is good gaging practice not t~ - 
- 

-

this convenience.

For best accuracy in surface plate applications, it is good practice to r~-~n .e
work to and from the gaging unit , rather than moving the gaging un .t to the ~- r ’
Thus, you avoid the possibility of altering the gage head ’s position ~~~ r espe~:
to the reference surface.

Reversing Action
- - (_- ,

~t,Tc il
Re .’. I_ I, ~\ .-. ‘ •Gaging action of the Lever Type Gage

Head can be reversed easily. Turning
the Reversing Knob on the side of the -

gage head (see Figure 2) in a counter- 
/

clockwise direction makes the gaging
contact sensitive to upward motion.
Turning the knob counter-clockwise Figure 2

makes it sensitive to downward motion.

A - I O  
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Replacing Contact Points, Back3 and Mountings

The Contact Point is made of hardened, chrome plated steel , and because gaging
pressure is light , should last for a long period of time before becoming sig-
nificantly worn. Replacement can be made easily, however, since the contact
screws into the hub. When tightening the contact , do not use a wrench. . . finger
pressure is sufficient. Excessive pressure may damage the precision pivots
holding the hub. These pivots should never be disturbed. They are very care-
fully adjusted during assembly of the gage head to provide the exact fit required.
Any attempt to adjust them will imp~~r the action of the gage head.

CAUTION: In order to realize the maximum accuracy on the high magnification
scales, the Gage Head Backs or Mountings should not be disturbed in the field.
Consequently, special screws are used to insure permanent attachment. Every
Gage Head with an eight-prong connector should be returned to the Factory if the
Back or Mounting is to be changed.

tNPUT

~[~5000 cYcIe~)~
j

METHOD OF OPERATION
Lever Type Gage Heads OUTPUT

Figure 5

When the copper shading loop that is attached to the contact lever (or block) is
In the center position (shown dotted in Figure 5), a 5, 000 cycle current applied

to the center coil sets up equal magnetic fields in the outer legs of the laminated
core. Equal and opposite vo1t~ges are induced in the series connected oute r
coils, producing zero output. Movement of the shading loop to one side reduces
the field In the nearest leg and increases the field in the other leg (as shown),
making the voltages induced in the two coils unequal. The resulting output is
the difference between the two induced voltages and it is in exact linear pro-
‘portion to loop displacement. The gage head is mechanical ly arranged so that
loop displacement is exactly equal to contact displacement.
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SPECIFICATIONS
Lever Type Gage Heads

CONTAC T ..~~~~~~.................... Hardened Steel , ChrOme Plated

MAXIMUM GAGING RANGE . .... .. ... . . ± 010”

PE~E TRAVEL . . . . . . . . . . . . . . . . . .005”
O’VERTI~..A.’V’EL . . . . . . . . . . . . . . . .005”
GAGING PRESSURE ........ Approximately 2.5gramS

CHANGE IN GAGING PRESSURE . . . . . . . . . Less than 0. 1 gram per
001” of contact displacement

(All data based on Zero Control set at mid-range)

1~
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SECTiON I

GENE RAL DESCRIPTION

A. Introduction

The MODEL—5 00 Potentiometer Recorder is a self-balancing
potentiometer recorder , used for indicating and recording d— c
voltage inputs. The recorder can be adapted for use with
different types of voltage sources by using the appropriate
one of several available plug-in input units. This Manual
describes the operation of the MODEL-SOD with Type I, Type
II , Type III , and Type IV input units. The Type I input
unit is essentially a fixed span input unit where the span
is specified by the customer. Type I input units are
furnished for spans from 10 millivolts to 100 volts. There
is a span ad jus tment  on this input unit which allows adjust-
ment of the specified span ~ lO% . The zero ad jus tmen t  for
the Type I input unit can be specified by the customer to
cover a limited range , to cover fUll scale of the recorder ,
or to be offset and adjustable up to 5 recorder spans. The
Type II input unit ha~ calibrated spans of 10, 20 and 50
millivolts. In addition there is an uncalibrated , continuously
variable span control which increases these f ixed spans by
a factor of at least 2 .5 .  The Type ILl input uni t  is
provided with an a t tenua tor  for varying the recorder span
f l - r n  10 millivolts to 50 volts calibrated.  There is an

- , librated span control on this input uni t  which will
I ‘~ase the calibrated spans by a minimum factor of 2.5.

~ :~ype III input unit also has a full—scale zero adjust—
m ;~ . and up to 5 spans of zero suppression . The Type IV
thermocouple input is furnished with plug—in range elements
for matching the thermocouple output to the required recorder
span. Specifications of the MODEL-500 with given input
Units are given in Section I. D. below.

B. Operating Principles

The MODEL-500 uses the proven null-balancing potentiometer
principle to accurately measure input d—c millivolt signals.
With this method the input signal is compared against a
voltage derived from a precision linear potentiometer. A
solid state chooper, driven at line frequency, switches
between these two voltages , thus generating an a—c signal
which is a measure of the difference between them. This

A -15
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Section I

signal , at line frequency, is amplified in the hig h gain
servo amplifier,  then fed to the control winding ci a
two—phase servo motor . The re ference winding of ‘rie servo
motor is energized from the a—c line . The polarities and
phase sh i f t s  in the system are so selected tha t  the servo
motor , which is mechanically coupled to the potentiometer,
drives it to nul l  the chopper output .

The indicating pointer and recording pen form an integral
asseribly which is also mechanically coupled to the servo motor
output. Their horizontal position will therefore be a
precise measure of the input d—c millivolt ~igna1. The
pointer position can be redd from the indicating scale. The
pen continuously provides a record of its position on the
calibrated chart paper , which travels vertically at a pre-
determined rate with time.

For proper operation of the system, the precision
potentiometer must be supplied with a stabl~~, accurately
known standard c3-c voltage. In all input units, this
voltage is supplied by a reference diode.

The MODEL-500 has a fron t access door containing a
transparent  panel through which the chart  can be viewed.
Opening of the door exposes the f ron t  panel of the input
unit with its controls , switches, arid fu se , the front
of the chart drive mechanism , the indicating scale , pen ,
and pointer. Replacement of the ball point pen cartridge
and chart pape r can be accomplished wi thout  disassembly
of the instrument. Removal of the input unit is accomplished
by loosening the two screws holding the panel arid pulling
the uni t  forward .

At the back of the instrument are located the three
binding posts for signal and ground connections , as well
as the gain control. The power cord also enters the unit
through the rear.

C. Common Mode Considerations

Because of the guarded input circuit , the inherent
common mode rejection of the recorder is good. A 100
volt r.m.s. common mode signal will not seriously affect
its operation . Desp ite this , common mode d i f f icul t ies

A - 16
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Section I

are sometimes encountered , their cause being somewha t obscure ,
and the following suggestions are offered for solving them.

First, if common mode becomes troublesome below the
100 volt level, the real problem is that some fraction of
the common mode voltage is being converted to input voltage.
Fig. 1 shows one of the many ways this can come about.
Common mode voltage forces a current to flow around the
path shown , producing a voltage drop across the source
resistance , R5, which of course appears as a component of
inpu t voltage. Note that this e f fec t  operates regardless
of how the shield is grounded. Several remedies are
availabe. Fig. 2 shows a method which is usually successful
and which has the merit of saving a wire. If the cable is
long, however , current flowing in the loop indicated produces
a voltage drop across the resistance of the shield , and this
voltage again appears as a component of input voltage.

Fig. 3 shows a better method. Either end of the
shield may be connected to the low side of the input , but
not both. Occasionally, high frequencies are involved and
it is necessary to use double shielded cable with the inner
circuit wired as shown and the outer shield grounded at both
ends.

Two fur ther  problems sometimes arise. The shielded
cable may be part of some installation in which it is
impossible to disconnect the shield from earth ground.
This is not a genuine common mode difficulty because the
combination of source resistance and cable capacity has
already converted a fraction of the common mode voltage to
input voltage by the time it reaches the recorder terminals.
The simplest cure is to bypass the recorder input terminals
with a capacitor. If this is unacceptable, the circuit of
Fig. 4 may be tried , with C set equal to the internal stray
of the recorder, about 300 pf , and P. made equal to the source
resistance. If the common mode voltage is large, the time
constant P.C for goed rejection is critical, and one of the
components, generally P., must be carefully adjusted.

The second problem is that of the “completely floa ting”
source. Surprisingly large common mode voltages sometimes
appear on such sources by capacity coupling to the power
line. If permissible, bypass the low side of the input
to the chassis with 1 U F .  Othe rwise, bypass the input

A - 17
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Section I

terminals. Power transformer stray in the recorder is
phased to cancel if it is p’ugged into a correctly wired
3—wire receotable. If the receptacle is incorrect ly wired ,
try reversing the power plug wi th  a cheater a :u  comp leF ing
the ground connection with a jumper.

D. Equipment Supplied

Each MODEL—500 is furnished with the following supplies:

1. Basic Recorder , includ ing input un i t .

2. One roll of chart paper (installed) .

3. One ball point pen .

4. One Instruction Manual.

Where inkless recording is desired rather than ink
type, an inkless stylus and chart paper rcplace the standard
pen and ink— type chart.

Panel—mounting units are supplied with all hardware
required for mounting the recorder in a panel. The panel—
mounted unit does not have rubber feet or carrying handle.

~~~ E . Specifications

The specification s for the MODEL—500 Potentiometer
Recorder with Type I, Type II , Type III , and Type IV inpu t
units are given in the following tables.

.A- 19
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Section I

CHART PAPER

The following chart paper is available from stock. Special
charts can be provided on special order.

Divisions Line Snacing
Type Across Chart on Time Axis Calibratior

For Ink Recording -

A 50 div. across 4” 1/10” 0—100

B 50 div. across 4’ 1/4” 0—100

C 50 div. across 4” 1/3” 0—100

D 50 dlv. across 4” 1/4” 50—0—50

F 50 div. across 4~ 1 1/4 ” 100—0

‘or Inkless Recording —

R 50 div. across 4” 1/4 ” 0—100

. A- 2 3
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SECTION II

INSTALLATION AND OPERATION

A. Inking System

The inking system employs a ball point pen. If the
customer has specified inkless recording , a stylus is used
for recording on waxed paper,

From time to time , it will  be necessary to replace the
ball point pen car t r idge.  In normal ope ration the ball
point pen ink suoply is sufficient to write approximately
5000 feet  of line , thus affording an unusually long pen
operating line.

The ball point pen operates at a pressure of about
two ounces applied to the paper. This pressure is main-
tained by a leaf spring which is attached to the pen
holder , and pressure is applied by means of an adjustable
screw located on the pen carriage arm. It may be necessary
to ad ju s t  the pen pressure after installation of a new pen
cartridge.

• To install a new pen cartridge , the following steps
must be taken:

Lower the paper table of the chart drive unit to a
horizontal position. Remove the pen holder by lifting the
trunions clear of the pen carriage slots. Pull the pen
holder clear of the recorde r. Loosen the clamp screw re-
taining the pen cartridge in its holder , and remove the used
pen cartr idge.  Insert  the new pen cartridge and tighten
the clamp screw. To adjust the pen pressure screw , the
recorder must now be par t ia l ly  removed from i ts  case in
order to gain access to the screw. Loosen the captive
screws located at the upper right and left sides looking
at the f ron t  of the recorder. Slide the recorder forward
about- three inches. Insert  the pen holder, and adjust the
spring pressure screw to give a pen pressure on the paper
not exceeding two ounces. The proper pressure may be
determined by s ta r t ing  with zero pressure, rotat ing the
pressure screw in one—quarter—turn increments , and advancing
the paper under the pen , observing the pen line produced .

A -2 -1
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Section II

It will be found that upon reaching the proper pen pressure
further turning of the pressure screw will result in no
improvement in the pen line. Rotate the screw counter-
clockwise to the first setting which produced a satisfactory
pen line. Tighten the screw retaining nut. Insert the
recorder into its case, and secure it by means of the
captive screws.

B. Chart Paper Handling

1. Remov~al of Used Chart Paper Roll

To remove a used roll of chart paper, open the front
access door of the recorder , exposing the front of the chart
drive unit.

Raise the lever at the top left corner of the chart
drive unit and gently lower the paper table. The used
roll will be seen at the bottom of the paper table on the
take—up spool. L i f t  the used roll free of the paper table
and remove the paper roll from the take-up spool by sliding
it off the unf3anged end of the take-up spooi. The take-up
spool f lange should be on the le f t  as viewed from the front
of the recorder.

2. Installation of New Chart Paper Roll

To install a new roll of chart paper , lower the paper
table of the chart drive uni t  as described above . The chart
roll is retained in a spring loaded shell which is spring
loaded against  the paper feed roller. Open the shell and
insert the new chart roll. Unroll approximately 10 inches
of paper , and engage the holes in the paper with the
sprockets on each side of the paper feed roller.

Raise the paper table and snap it back into place.
The guide clamps on each side of the mirrored platen must
now be rotated outward to permit the paper to lie flat on
the platen . Rotate the guide clamps by pulling forward
and outward on the small buttons located near the top of
the clamps. With these clamps retracted , lay the cha rt
paper f l a t  against  the platen , then snap the clamps against
the paper.

A .Z 5 
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Again lower the paper table. Pass the f ree  end of
the chart paper around the lower , smaller roller.  Form
a “V” at the end of th~ chart paper by folding or cutting ,
and feed this “ V’1 into the retaining spring on the take—up
spool. Adjus t  the paper so that it feeds squa rely onto the
take-up spool. Rotate the take-up spool to take up the
slack in the paper. Then raise the paper table and snap
it back into place . To eliminate any rec~airiing slack in
the cha rt paper , manually advance the chart  dr ive as
described in Section II. B. 3.

3. Manual Advance of Chart Drive

The chart paper may be advanced m a n u a l l y  to a new
position whenever desired.  To accomplish this, open the
front access door and , with the thumb, push downward on
the fine—toothed wheel at the upper r igh t—hand side of the
chart drive u n i t .

C. Power Connection

Power is applied Lo the instrument by means of the
power cord which extends from the rear of the recorder.
Observe the vol~ agc and frequency requirements given on
the recorder name plate. The power cord is of the three—
wire type w i t h  two wires carryinci the line voitagc and the
third wire carry ing a ground .

It is important for proper recorder operation that the (
recorder case be grounded . This is accomplished automatically
when the thrce-pron ’39d power plug is inserted into a ma~~ ng
receptacle. However, if an adapter  plup is used , t~~e cxLcrn al
lead of the adapter plug must be connected to a suitable
ground such as a wa ter pipe or electr ical  conduit .

D. $ignal Connections

Figure - s~~ ws the terminal arrangement a t  the rear
of the recorder .  ‘r’~e Lwo wires carrying the signal input
to the recorder are connected to the red and black signal
terminals located c~ne above the other at the le f t— hand
side of the rcax: panel. The positive lead should be
connected to the rod (lower) terminal , and the neqative

A -2 6
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lead to the black terminal which is directly above the red
terminal . The metal terminal is chassis ground and is
located directly above the GAIN control.

0 0
IN — G N D .

C ®  0
L / N~~~~ CORD

IN -F’ G A IN

Figure 5 — Rear Terminal Arrangement

Left—to—rig ht deflection of the pen will normally
result from positive input signals connected as described
above. I~owever , in cases where a reversed—polarity
instrument has been specified , the opposite direction of
travel will result.

As mentioned in Section II. C. above , if grounding of
the recorder is not accomplished by means of the power cord ,
a ground connection should be made to the ground terminal
at the rear of the recorder located directly above the GAIN
control. The input signals can be at a d—c level of as
much as 200 volts positive or negative with respect to
ground without impairing recorder performance. signal leads
at d—c potentials more than 200 volts from ground should
not be connected to the recorder. If the input signal is
completely floating with respect to ground , it is advisable
to jumper the negative signal terminal ~o the ground
terminal.

E. Power Switches and Fuse

j Two power switches are located on the front panel of
the input unit , behind the access door. The left-hand switch,

A-27
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labeled POWER , energizes all the recorder circuits except
the chart dr ive  mo tor. A f t e r  tu rn ing  the POWER switch
ON , allow 10 seconds for  complete warm—up.  The CHART
switch , on the right—hand side of the panel, may then be
turned. ON.

For stand—by operation , the POWER switch may be left ON
and the CHART switch OFF .

The input power to the recorder is fused wi th  a Type
AGX fuse of one ampere r a t i n g . This fuse  is located in a
fuse—holder  mounted on the f ron t  panel of ti:e input uni t
between the PCWf~R and CHART switches. An exact replacement
should be employed when required.

F. Recorder A u r ~cnt and Cal ibra t ion

All controls except the GAIN control are located on
the f ron t  panel of the input un i t , and arc reached by opening
the front access door of the recorder. The GAIN control is
located on the rear  panel of the in s t rument , directly below
the metal ground t e rmina l .  A d j u s t m e n t  of all controls is
accomplished a~ described below .

1. Set t incj  the GAIN Control

The GAIN control can best be set by removing the
recorder from its case. Switch the recorder on. Rotate
the GAIN control f u l l y  counterclo ckwise , redu cing the
recorder GAIN to a minimum . Check the doad band as follows.
Manually move the pen a few per cent in one direction by
turning the motor drive pul ley .  Allow the pen to rotate
slowly to its rest position and note this position. Repeat
this procedure in the reverse direction . The dead band
is the di f fer c ’ncc  be tween the two rest  posi t ions expressed
as a percen tace  of the total span. It should not- exceed
½%. If  the dead band exceeds th i s  amount , rotate  the GAIN 3

control C1OCkwi’~~ a qua r t e r  turn  and repeat the dead band
measur’~mer.t. C-~~i t~~nue to increase the recorder GAIN in
the above i~ann~~ u n t i l  the dead band is wi th in  specifications.
If the GAIN i~~ inc~ cascc1 to zero , 1t will he evident  by
noisy pen m ot .~~ n 01 up to XY or so. The recorder should be
supplied w i t h  • ‘ - A I ~’Y adjustment which  e1imina te~ any evidence
of pen motion due t o  e~<cessive noise.

A-2 8
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Section II

2. Setting the ZERO Control

The ZERO control is used to place the recording pen
at the desired zero position . The signal voltage inpu L to
the recorder should be zero when this adjustment is wade
except with the Type III input un i t  which has zero suppression
incorporated in to the ZERO control. Refer  to the Model—5 00
Recorder specifications for the range of ZERO ad jus tment
available on the various inpu t uni t  types.

Setting the ZERO control is straightforward with all
input unit types. With the Type III unit, up to five full
spans of ZERO suppression are available. This allow s the
user to record for example the top ten millivolts of a
60 millivolt signal. The five spans of ZERO suppression are
available on all recorder spans. -

3. Setting the SPA N Control

The Model—500 is fac to ry  calibrated to a desired span
prior to shipment. Should the customer , however , wish to
check or ad jus t  the span setting, the following procedure
can be used.

The Type I input unit has a fixed span . the value of
which is customer specified. Zero the recorder as described
above, and connect to the recorder input terminals an accurate
voltage source such as a Leeds and Northrup Type 8690
Millivolt Potentiorn o — : r .  Adjus t  the controls of this
potentiometer to del - -~ r the millivolt value which has been
furnished by the f a -  z . The recorder pen should go to
full scale. If it d n ’t , adjust the SPAN control on
the input panel until  ~he pen reads full scale.

The Model— 500 recorders with Type U and Type III
input uni ts  incorporate a 10—20— 50 millivolt switch . Check
and set the span on these instruments using the following
procedure.

Set the switch to 50 mill ivolts.  Apply a 50 millivolt
signal and adjust zero control to set pen on right hand edge.
Set input voltage to zero and ad jus t  span trimmer R34 to set
pen on left hand edge. Set switch to 10 millivolts and
adjust zero to left hand edge. Check 50 millivolt and 10
millivolt ranges and repeat this procedure if necessary.
Check 20 millivolt range.

A-29



~~~~~~~~~ 

- --

~~~~~~~~~~

Section II

Setting the SPAN control on the Type IV input unit is
described below.

G. Thermocouple 1np ~, L  Chass is  Type IV

The Type IV input unit is designed for use wi th  thermo-
couples for  the direct  measurerr ent  and :rrocording of: tempera ture .
This input  un i t  is interchangeable w i t h  o t ;o r  MorJel—5O~) input
units , being designed for plug—in installation. Thermocouple
cold junction compensati~~r t is provided so that ambient tempera-
ture changes at the thermocouple reference junction are
automatically compensated.

Various tempera ture  ranges are providc:d for  by means of
interchangeable range elements w~iich ~ luq into  the Type IV
input unit. These ranc!e elements are prc cision wire wound
resistor ne twork s which deterniz e the millivolt inpu t  level
required for  fu l l—span  recorder def lec t ion, and incorporate
a resistance div ider  to match the cold r ct i c~ compensation
signal to the cha~ actcristic of tl~e thermocouple in use . The
range elements present ly  ava i lab le , along with the correspond-
ing temperature  r~u~ge~~, are  listed in the following table.
Other temperature ran ’ -~~s can ha provided on speciai order.

The thermocouple re fe rence  junc t ion  is  wade at the
recorder terrni! ’u ls , the the rmocouple wire  being connected
direc tly to th~ se err ~~na1s. The input terminals  are located
at the rear o~ the re~ orüer and are vertically in line with
one another.  The oosi~ ive thermocouple lead is connected
to the red terrnina~~, :~r~~ the negative  thermocouple lead is
connected to thn  black Lerminal. The metal terminal is
chassis ground , provision having been made for a floating
input.

1. Ins ta l la tion  and Operation

Make cer tain that  the input unit  has the proper range
element installed for the desired temperature span. -:

The ZI RO control a d j u s t s  the recorder to a reference
temperature, e .g . ,  0°C or 320 F , and the SPAN control ad jus ts
the span of the recorder.

For ope ra t ion  of the Model—500 with the Type IV input
uni t , it is only necessary to turn the recorder on , having
insta l led the inpu t uni t , connected the thermocouple to the
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input terminals, and having placed the thermocouple hot
junction at the temperature source. The Type IV input unit
has been zeroed to a reference temperature and calibrated
before shipment. Should it be necessary to check these
adjustments, the following procedure can be carried out.

2. Calibration

The Model-500 can be calibrated with the Type IV input
unit by making connections as shown below. A suitable cali-
bration source, such as a Leeds and Northrup Millivolt
Potentiometer Type 8690, is required along with the proper
thermocouple wire and a small amount of ice. Turn the
recorder on and place the thermocouple in the ice bath.
After approximately three minutes, adjust the ZERO control
to give a recorder reading of 0 degrres C or 32 degrees F
with a calibration source voltage of zero. Set the calibra-
tion source voltage to the value obtained from the table
below for the range element in use. This is the voltage which
gives full span recorder deflection. Adjust the SPAN control
to give full span deflection .

Once the ZERO and SPAN controls have been adjusted,
range elements for other temperature ranges can be plugged
in without the need for readjusting these controls.

C~~L/~~R~~T/NG 
~~f ( c H R OM L L)  f M~~DEL ~ DO

t~~’LTA -~~ I 1 ~~~~~~~~
S..’URCE I— 

_ _ _ _ _ _ _ _ _ _ _

( C H R O M I T L]  (ALL1!~1EL)

r0~~~~~~~~~~~~~~~~~

ICE b,4~~H

Calibration with Type Iv Input Unit
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H. Input Unit Rcr lacement

To remove the input  un i t  from the recorder , the recorder
must be removed f rom the case. Then , remove the two scrcws
at the upper corners  of the input u n i t  panel.  With these
screws removed , the input uni t  is free  to unplug f rom it.s
mating connector , and this can be accomplished by pulling
at the edges of the input unit  panel.

To install an inpu t unit , the reverse of the above
procedure is employed. Insert  the un i t  gent ly  u n t i l  its
rear receptacle is f e lt  to engage properly wi th  the mating
plug inside the recorder. Then push the u n i t  ~n , f i rmly
seating it . The two f ron t  panel screws should then be
installed to hold the input unit in place .

Make certain that the covers of the input unit are in
place before installation . The i~:etallized side of the cover
should be inside, with the insulating surface outside.

I. Char€ Soeed Chances

A number of different chart speeds may be obtained with
each chart drive unit by means of speed change gears. These
gears are always furnished in sets of two, and a chart speed
change is effected by instal l ing both gears of a set in
place of t1~e two corresponding gears a l ready in place in the
chart drive unit.

To make a chart speed change, the front access door of
the recorder is opened , exposing the front of the char’ drive
unit. To expose the gearing , raise the lever at the top left
corner of the chart drive unit and lower the paper table to
a horizontal position. Remove the paper table. Two knurled
wheels will be observed facing the front of the drive unit
and centrally located within it. These wheels hold ~n place
the two gears which are to be replaced for speed change.

I Unscrew and remove the two knurled wheels, then pull of f the
two gears located behind them. Install in their places the
two gears for the new speed which is desired . Be certain
that the gear marked Su; u is installed on the WA~ shaft, and
the gear marked ‘G” on the “G” shaft. It is possible that
one of the two qea~-s , if it is a small one, will not be
marked , but  at l- .-ast one gear of the set of two will be
marked to specify its proper shaft.

A -32



0
‘.4

H 0. 0 0) 0)
H Qi 04 01

0 >1 >1 >1
C U 4.’ 4.’ 4.)
0 0

~rl E 0 0 0 ,~14.’ C~) I I I
U Z 0) H H H U

• 4) H .C

0

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

‘11

C o
O~~~~~.i

0 0 HO
0 0 0 0
0 0 0 (N

~D .-4
i i I i i

C4 H O

A-3 3

- -- ---- --- ~



~~
—-

Section II

It is inipo~ t.ant that the gears be pushed all the way
forward on their respective shafts. Be sure that the slotted
hub of each gear is positioned on its shaft so tha t the shaft
key fits into the slot. The gear can then be pushed forward
as far as possible until the end of the slot hits the key,
preventing f u r ther travel . After both gears are in place,
reinstall the knurled wheels , tightening them securely.
Repi~ce the paper table and the recorder is again ready for
oper tion .

-- 
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SECTION III

MAINTEN ACNE

A. Lubrication

Lubrication of the Modei—500 should be accomplished
as shown below. Do not lubricate the rod on which the
cylindrical pen—carriage bearing travels. This rod arid
bearing should never be lubricated , but should be wiped
clean periodically. If residue accumulates on the rod ,
remove it with crocus cloth.

LUBRICATION SCHEDULE

Part  Lubricant Lubrication
Period

Idler Pulleys (pen Light machine oil Every 6 months
drive assembly)

Acces~ ible Shaft Watch oil , Elgin Every 6 months
Bearings and f r ic t ion  M—56b or equal
points in chart drive
mechanism

Balancing Motor SAE 20 or 30 Every 6 months

A -3 5  
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SECTION IV

LIMIT SWITCHES

Adjustable limit switches are provided which can be
used for controlling i~ process or for sounding an alarm when
these switches are actuated by the recorder pen motion.
These switches are snap action , cam operated components which
have an accuracy in setability and operation of approximutel i
0.25% of lull scale.

In the discussion below the following definitions are
used:

1. Switch actuates when cam moves switch ac tuator
toward f r o n t  of recorder .

2. Normally closed and normal ly  ooen r efe r  to switch
position ‘.ihcn switch is not actuated .

3. C = Common ( s-witch arm)
4. NC = Contact  normal ly  closed to common
5.  NO = Contact  normal ly  open to common

The lower limit switch is actuated when the recorder
pen travels c’own scale. Th~ io’~or limi t switch can be set ,
by adjustin’~ the position of the cam which actuates the
switch, to actuate at any point from 0 to 90% of full scale.

The upper l imi t  switch is actuated when the recorder
pen travels  up scale. The upper limit switch can be set ,
by a d j u s t i n g  the position of the cam which actuates the
switch , to actuate at  any point from 100% to 10% of full
scale.

To set the lowe r l imi t , rotate the motor pulley to
which the swi tch  cams are at tached , un t i l  the recorde r pen
is a t  the posi t ion on the char t  paper at which the lower
limit switch i~ d c sj r ~~d t o  ac t u a t e .  Loosen the thumb screw

• which fixcs tho lowr ’r cam po~;it ion (long Screw) . Rotate the
lower C Cf l i  c1cc-wi ~ c- until the lower limit switch just c ctua~ es
(a sw t c h  click is heard ) . Tig hten the long thumb screw to
fix ti~~~~ l owtr c~c ~u~ .i tion . Rok.ate the motor pulley back and

• f o r t h  abou . s h. ~~~~~~t poin t , observing the switch click on and
o f f  ei rH c}i.~cki  ~

- . thI~ I. t. poJ flt on the chart paper.

‘~O s it  ~h .- up;’er Hmit , ro tat e  the motor pulley until
the r~ r~~cr ~- - -n i, at the position on the chart paper at

A~ 36
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Section IV

which the upper limit switch is desired to actuate. r~oosen
the thumb screw which f ixes the upper cam position (shor t
screw) . Rota te the upper cam counterclockwise until the

• upper switch just actuates (a switch click is heard) .
Tighten the short thumb screw to fix the uppe r cam position.
Rotate the motor pulley back and forth about the set point,
observing the switch click on and off checking the set point
on the recorder chart paper.

The- current capacity of the limit switches and their
wiring is 5.0 amperes , inductive or resistive .

The following diagram shows the physical location of
the limit switches and their wiring to the connector at
the rear of the recorder.

Lower Limit Switch Upper Limit Switch

N C _ A n i C-C C-F ~~~~J NC-D

N C~-B A J O-E

View of l imit switches looking down and toward the rear
of recorder. Dash letters refer to pins on connector to
which switch contacts wire. For example, NC-A is the
normally closed contact on the lower limit switch wiring

• to pin A on the connector at the rear of the recorder.
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1. Er ror  Due to Anc~ular Displacement of Probe Ti p f rom Plane of
Maximum Misali gnment

The most crucial part  of the interpretat ion of the recorded
— measurements is the app lication of the criteria to show “conformance”

~~ “nonconformance” with the specified allow a’1e mi~ ali gnments. A
factor which mus t  be recognized in doing this is the fac t  that because of
the space between the indexing collar slots and , also the space between
adjacent sphne groove s , the probe does not always t raverse  those por-
tions of the major diamete r cy linde r corres ponding to the maximum
lateral misali gnment , see Fi gure B - i .  Using the nomenclature given
in Figure B -i , it is apparent tha t if the probe ti p we r e to trave r se

opposing sp line g rooves in the plane of misalignment , the misalignment
as represented by TIR is as follows:

TIR = Rga - Rgb

TIR = R5 + I - (R 5 -1)  = 21

However , when the probe tip is disp laced some ang le ~ from the
plane of maximum misalignment

Rga = R5 cos q + ~ cos ~

~~[Z  2 . 2y R 8 - 1 sin
where  cos R = R8

For all practical  purposes , cos = 1. Thus

R ga = R5 + 1c o s~~’

R gb R8 - I cos

M easured TlR = R5 +1cos~~~-(Rs- i c o S ~~)

= 21 cos~~

Error  (E) = 21 (1-cos ~‘)

The application of the equation is best  shown by an example.

When us ing the 8-slot indexing colla r , the point of maximum
misalignment can be as much as 22. 50 disp laced from the slot position.
If this should occur , the measured TIR can be in e r ro r  by the amount
given by the equation below:

Er ro r  CE) 22 [ 1  - cos 22 . 5]

= 0. 15221
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where  I is the late ral misal ignm ent. In the case of a spline that  is
inisali gzwd by 0. 003 in. (0. 006 in. TIR) , this amounts to an e r ro r  of
0. 00046 in. , thus the measured TIR would be only 0. 00554 in. There-
fore , when using the 8-slot colla r , a measured TIR of 0. 00554 in. or
less would indicate compliance wi th  the maximum speci f ied  la teral
misali gnment.  A measured T!R in excess of 0. 006 in. would clearly
const i tu te  noncompliance with  the specified misali gnment.  Measured
misali gnments ranging from 0. 00554 in. to 0. 006 in. would indicate
possible excessive misalignment , but additional measurements  are
required to show this conclusively. These additional measurements
can be made by rotating the indexing collar so that the prone is moved
ove r one tooth. In the case of a Z4-tooth sp line , this amounts to moving
the probe 15° , ana the maximum point of misalignment can now be no
more than 15° from the probe. Now the maximum error  in readings
will be

E = 2 [l  - cos 15°]

= 0. 068l5~

In the case of a sp line late rally misali gned by 0 .003  in. (0. 006 in. TIR) ,
the measured TIR would then be 0. 00580 in, Therefore , a measured TIR
of 0. 00580 in. or less indicates compl iance , w hile measu r emen ts betw een
0. 00580 in. and 0. 006 in. are uncer ta in .  By moving the probe over onr ’
more tooth , the cr i ter ion for compliance becomes 0. 0059 5 in. wh ich is
for practical purposes 0. 006 in. A similar situation will exist with  regard
to angular misalignment.

2. E r ro r  Due to Tip Centering and Tooth Spacing

There is one othe r source of induced e r ro r  in the measurement
of spline misalignment. This e r ro r  can result  from slight e r rors  in
centering of the probe ti p in the s pline grrove and also from errors  in
tooth spacing. This type of e r ro r  can best  be understood by examination
of Figure B-2 and the equations which will be developed.

Fi gure B-2  represents  the si tuat ion where  the probe tip is
disp laced a small amount (w) f rom the center  of the spline groove. For a
convenience the splinc groove radiused root is enlarged in Fi gure B-3 ,
which also contains the equations needed to calculate the induced e r ror
(h). The equations were  used to calculate Ii for  three d i f fe ren t  dis-
placements (w) and the results  arc p lotted in Fi gure B-4. The plot
show s that  the e r ro r s  due to ti p disp lacement  can be minimized by
using tips wi th  radii as small as possible ( large r r - r r). Consequently,
a relatively pointed probe ti p has been designed for  use with the gearbox
and accessory sp line misalignment gages.

t
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Fro~n: Direc~.or , Naval €~npo~.s ~n~i~i~er tn ’ Support Activity
To: Cosuwij cr , Naval Ai r Syste~~ Coi wind (.°iR—34~iC)

Stibj : ~vatu~ tioa of the Spu me Ali~rt ment Gage at the Naval Atr Rework
Facility (;~A!1r) • i or fo lk , Vir3thia

~ncl z (1) Spiliac Ali~nr.~ nt Gage Evaluation 8uu~- .~~ry
(2) Illustration of t~.e Splini~ Ali&u•~ent Ca~e

1. In February l~17t , the Unval TJeapon~ En~i~ieering Support Activity (ESA—116)
requested UARY Ø Norfoii to perforn am evaluation of the Spline Ali~nnent Gagewhich wa~ developed by Sout~iweat Re~iearc!t In~titiatc~. The 8tate~c~t of workrep.~ire d dA’iF , ~orfolk  to ~iti it~e t~ia sp liv~o ali~ir c n i ~ ~~~ dur in,~ routine
shop opar~*tion~ and provtde 3u~~a~stiong for •-lesi~ n ~m’~ o- er itional improve—
~e:tta to tue e~dstin,~ gate. ~-4u~’, Norfolt; was also requesteti to provide an
analysis of the operational anJ nianagerial resources which would he required
to perform routine s~easurensnt of aç~llne alignnent and concentricity at a
Naval Air Rework Facility.

2. Rasulta and reco~ nen 1ationa obtained from the six—ronth ca~~ evaluation
are provided in enclosure (1). The equijament •k~ cr1ptio~t nu!u~’er~ refer ton unl,orc used in fi~ ure 1 of mcth~ure (2).

3. ,i~ ’, Norf ~~lI a1~~ provLie~I ~ hrt+~f ~~ dy~ i~i c.r~ t 1i~ fea~ th i l ity  of
naa iur tu .; splii~~ ali :~iw~.~ t uit~a the Bcn :Li .. Sh.~f fi u] i  Cor~ax nachine which
is currently installed in the ~n~ine Overhaul Shop , not in the sai~e buillinE
as the Gearbox Overhaul Shop . The malor differe nce. between the Co~dax
machine and the Spline Aligiunent Gaza is th at tr i o Eorlax nnchtne is not
portable , but requires a ~,iatimuin of setup t ine. The Operations Analysis
~)ivLaion at VLtFJ ~orrolI~ p~rforned a~ conpar~ttiv.’~ analysis between ~~

• lone. ~eLup c l .~ r~ i’iirc~ of th#~ portal.l :~ S p u n - - Ali ; an’~~~t r.a~ n and the trans—
!~ortatton ar.,~ it il1ia~ pro ct~•~a a oci.nte.l with the fix~.-1 Cordox nach ine .
This analysis dot.~rnL!ied tha t the Cor~!ar isae1iiae wa-i unsuitable for routine
s ,.L i.e al ~~~~ ~i t. ~~~ ;ir~ menr. 4iae to:

a) loss of t ine ii~ transportation

b) Coatta,~tnatio k of reworLed ports frc v~ exct.ssive handling

c) re•~uir~i - .o i ificat io n of ~ear ~’ .. in lltt ’s fo r l ; ~— -~t~ t .ince ~nd
rou’;h—terratn transportetion 



ESA—11634,r’fljda.

Subj~ Evalu ation ot the Spitn e Alignment Cm~ e at the ~ava l Air r~ework
t’
~~ 

~~ 
()

Facility (NAFR) , ~orf olk , Vir ginia

4) the ruquirer~e’it that the bore face of the. ~earl oz spl ine pad bepoaitio•~~d r~erfcctly horizontal in ori~r to obti ~~n ~iccura te. align—
r~~nt r~~z i i . .  ,e on the Cor~.ia~; r4tch ino.

4. The conclualons drawn by the evaluation of the ~ipline Ali~nni .nt (.a~e
at NARF, 1~orfolL are:

a) Due to tech ’tica l corple ~ctty arid e’ccossiv~ ~~tup time, the Splirua
Ali2n~ant Car e is not auit&bI~ for roiitir~e o .~ratthr i  it toter —
nediat.~ or d~’;ot—1-~v~l ~~ r~~nce facilI.tte~~

b) The ShetTfi~ l-~ Cord~~ i~ichli~~ currently i~iut r allei at Nava l Air
~e~or~ Facil l t inr ,  ar~ not su i tab l e  for 5pll!~~ ali~nr~ant i’toanurer :~nt .

~~. The ilaval Weapons En:;ineertng Support Activity (FSA—ll~) an~1 Nava l Air
Teat Center (SY6i ) will continue efforts to d~veiop a practical tool, for
Mea~urii1 ; ~p liai -~ all Q Iu ’e!~t ai~d concentrici ty at the ~ pnt ;~nintenance level.

X. k .  MORTON
bZ DIRECT ION

Pr epated bys V. ‘. ~atl/:c32c~~9
Typed by : D. . ~Oti t tn/ 2 1 U~tc~~.ttMr l~)7~

2
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Spline Alignment Gage Evaluation Summary

The fo llowing pa r ag raphs summar ize the observation s and recommendations
made by personnel in the Operative Analysis , Engine Overhaul and Gearbox
Ov erhaul Division of NARF , No r fo lk  during evaluation of the Spu me Ali gnment
Gage , March 1976 to August 1976.

1. The gage is limited in application because it will f i t  only specific
pad sizes and sp line con f igura t ions .  The round gage base will f i t  onl y a
4.125—inch spline pad with specific positioning of studs. The indexing
collar (28) on each gage limits the type spline which may be measured
because the collar indexing grooves must correspond to the number and spacing
of spline teeth. During the gage evaluation at NARF , Norfolk , an adapter
plate was fabricated for the gage to fit a 10—inch size spline pad stud
mounting.

2. During setup of the gage, the indexing finger (20) was difficult to
hold away from the indexing collar (28) to allow rotation and centering of
the probe tip (2).

3. The probe tip (2) was easily bent during routine operation and a harder
material is recommended . The probe tip occasionally hung on the entrance to
a female spline groove during insertion , causing deflection of the gage head
(1). This problem was alleviated but not entirely eliminated , by increasing
the angle of bend in the stylus tip.

4. During the gage evaluation at NARF , Norfolk the brass thumb screws for
positioning the lateral adjustment ring (17) were often tightened down with
pliers during selup of the gage. Consequently, excessive wear occurred on
the thumb screw heads. It is recommended that the thumb screws be replaced
with brass wing—nut type bolts.

5. The weight of the gage increased the difficulty of setup . The average
setup time for each pad during the- evaluation at NARF, Norfolk was approxi—
mately 20—30 minutes for each pad . -

6. When the gage must be placed in a vertical position on the gearbox, the
traversing rod (23) must be held in an up position to take all “top” spline
readings. The depth adjustment pin (26) will hold the rod in position for all
“bottom” readings. Accuracy of “top” readings taken in a vertical position
will be greatly increased if a practical means of holding the rod in “top”
reading position can-be devised .

7. As the traversing rod (23) is turned during nucas,iremcnt , the cable (24)
is also twisted and will eventually become kinked and worn . During the NARF
gage evaluation , the electrical connection on the cable at the far end of
the traversing rod was broken due to twisting fatigue. A swivel cable con-
nection at the end of the traversing rod would eliminate this problem.

Enclosure (1)



8. ThIs f i gure i l lust rates the two majo r  problems of accessory splinemeasur ement:

. (a) “Top ” readings

Fi’

~

—____ -_-iij — t - - must he taken while
‘ j -  holding the t rave rsin g

rod up .

(b) Readings can
only be taken if
clearance exists 

- -between the gage - -: - 
-

head and the spline .
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TALI L E 1. P A R T S  LIS t’ FOR GE~\ R U O X  A N t )  ACCESSORY
S P L IN E  MISA I A G N M E N F GAG ES

Par t
No. 

_______________ 

1)escr i p t i on  Quant i t y

1 Gage head , 1- c -der a l  E I I E  — 1048 1

2 Probe  Up

3 Probe po sii inric r 1

4 Set screw , 2 -56 x l / 8  1

5 Conversion b r a c k e t  1

6 M o u n t i n g  b lock

7 Pus i t i o n i n ~ b r a c ket

8 P ivo t

9 1’ humu s c rew , 1 0 — 3 3  x 3/ 4  10

10 ltellevillt- w a s h e r , A s s o c i a t e d  Sp r i n g  Corp.  130750-
o~~-s 2

11  Stand - I

12 B e l l & - v , l l c  w a s he r , A s s o c i a t e d  Sp r i n g  Corp. B 1000-050 2

13 S h o u l d e r  s c rew , J e r g en s  4 17 16 -

14 P ivo t ed  a n g le 1

15 Socket head cap screw , 10-24 x 1-1/ 4 2

16 Stand hr iu ’kc~ 1

17 L a l c r a t  a d j u s t m e n t  r i n g

18 W a s h e r  4

flex bo lt  ‘1

Index ing  f i ng e r  1

- 
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• TAll  LE I .  PA RTS LIST FOR G EA R I I ( )X A N D  A C C E S S O R Y
SP L IN E MI SA LIGNM EN ’I’  GAGES (Coii ’ t )

Pa r t
No. D e s c r i p t ion  Qu a n t i t y

2 1 Flat  head  sc rew , 4 -40 x 1/ 4  2

22 Knob

23 Traversing rod

24 Cable 1

2 5 Set s c r e w , 10-32 x 1 / 2  1

26 f~epth a d j u s t i n g  p in

27 Set  s c r e w , 10-32 x 1 / 4  2
I

28 I n d e x i n g  c o l l a r  (one  w i t h  8 s lo t s , one w i t h  7 s l o t s )  2

29 T r a v e r s i n g  rod gu ide  2

30 Cone-po in t  set  s c r ew , 10-3 2 x 3/ 8  1

31 Piv oted block

32 A l i g n m e n t  a n g le b r a c k e t  1

33 Socke t  head  cap s c r e w , 10-32 x 1/ 2  - 2

34 S h o u l d e r  s c r e w , J e r g e n s  4 1 7 1 5  1

Set screw , 10-32 x 3 /4  1

36 Sp r i n g  p l u n g e r , J c r g e n s  26903 1

37 Sock et  h ( ’ , I ( I  C at )  ~ c rew , I / ‘I —28 x 7 / 8 1

38 Wash er I

39 Hex nu t , 3/ 8 -2 4  6

40 Threaded bolt , 3/ 8 - 2 4  (for accessory sp linc
m i s a l i g n m e n t  gage onl y) 6

_ ____________


