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Westinghouse I L 810-3 

Using The 
SUMMARY OF CONNECTION LIST 

INTRODUCTION 

In the past the wiring diagrams have had serious limitations for customer .and service reference. 
The reason for this was that the internal wiring document was tailored primarily for manufacturing 
purposes rather than for servicing purposes. Specifically it has always been difficult to relate the 
physical location of a device as shown on a wiring diagram, to the equivalent circuit or symbol on the 
electrical schematic. Likewise, if one wished to determine on a wiring d iagram the physical location 
of a circuit shown in the schematic, it required slow, careful search through several pages of diagrams 
until the device designation was located. 

The Buffalo Systems Control Department has been working on a group of computer programs 
which will enable us to prepare our shop internal wiring instructions in tabular form rather than in 
conventional diagram form which has been used in the past. These programs are now completed and 
are being put to use. 

When programming for computer wiring manufacturing information (Wiring M. I.*} it became 
apparent that with a little more computer running time we could eliminate this difficulty. It is 
accomplished by rearranging the shop information into a second form specifically tailored for optimum 
reference by servicing personnel. This form now is printed and shipped with the equipment. The 
purpose of this leaflet is to acquaint you with this new document. 

*We no longer use the term wiring diagram for chart type wiring instructions. 
Instead it is called Wiring Manufacturing Information or Wiring M. I. 

DESCRIPTION 

The new document is called "Summary of Connections List" and the name literally means just 
that. The document consists of 8-1/Z x 11 pages listing every ·terminal on every electrical device in 
the system. Furthermore all possible information related to each terminal is shown on the same line 
on the list. 

The first three pages of the list contain a detailed list of instructions to the customer and . 
service personnel concerning its use. The first page also contains a key to the wire size and color 
code symbols used in the lists. 

A few sample pages of a Summary of Connection list are shown in this leaflet for your inspection 
and study. However, it would be well to examine just a few of the principles which make computer 
wiring possible. In simple language this type of wiring is "wiring-by-the-numbers". 

TERMINAL NUMBERS 

Most of our devices such as relays and contactors do not have terminal numbers on them. To 
compensate for this, preprinted adhesive labels have been created and permanently attached to the 
panels close by each device. Some simple devices such as resistors, capacitors etc. do not have 
labels. Instead, a standard convention for determining the terminal number is described on the third 
page of the Summary of Connections list. This simple convention can be memorized quickly. 

LOG ATION LABELLING 

It was recognized early that it would be too cumbersome for the computer to state the equipment 
location of a connection on a component verbally, such as: 
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I.L. 9810-3 Page 2 

" 10 inches from the left. 70 inches from the bottom,mounted flat against panel area 10_, 
on panel section 61of shipping section 3 structure 111 

Instead a standard significant digit code number was established to reduce the space required 
to indicate a location in the system. For instance the above statement code number appears as 
follows: 1 p .)..0 • 6, 0 1 0 E 1 0 7 0 0 0 

STA!Ul:'7'"VA!!E HO. --v' ' ow ' ...__,__ _ ___. 

0 � \ l L t!�P/.IYA7E �()CAT/0;¥ :5H/PP/.111Gt SE(!.T/0.111 Nl · 'J "N' r#G AREA 
PANEL NO. 

AREA NO. 

Figure 1 - Key to Definition of Terms for 
the Location Code System -
Multiple Unit Equipment Such 
As Frames and Cubicles 

Structure 

Shipping 
Sections 

Significance of 
Coordinate Locations 
On An Area 

DODD 
DODD 

..IEfJDOD . 
-I• ----�-il--

Note: A Z dimension indicates the device 
is mounted on a bracket spacing it outward 
from the panel. For a device mounted on 
the panel the Z dimension will be 0. 

l ______ ___..) y 
Panel Section 

Example of 
Code Word 

Area 

(r---------JA�-----------�) 
1 01 01 OOlE 05 01 00 

Strulture\ Plnel 
Section 

Shipping 
Section 

X Y Z 
� 

M I. ountlng 
Coordinates 

rea 
1 = Internal 

E = External 

, 
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Page 3 I. L. 9810-3 

Figure 1 shows more clearly what each of these terms mean. 

The code key is discussed in greater detail on the second example sheet shown in this leaflet. 

The location number information has been introduced at this point to emphasize that the 
numbers are physically marked on the equipment. Figure 2 shows how these markings will appear. 

Figure 2 

Positions of Location Codes on Equipment 

ajar Location Number, 
That Is 

Structure 
Shipping Section 

And Panel Number www . 
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Page 4 I.L. 9610-3 

The location code nwnber differs for Operators Station, desks and other small structures. 

Figure 3 illusti-ates the key to this code. 

Figure 3 - Key to Definitions of Terms 

For The Location Code System - Single 

Unit Structures Such as Operator Stations, 

Desks 

The location code nwnber for single unit equipment such as Operators 

stations and desks, small cabinets, etc. 

Code Key: 

s� 
/ 

"S" for 

I 
'-.....Number of the 

Single Unit Unit 
Structure 

Type of Structure 

OS: Station 

OD: Desk 

We now suggest that you proceed to study the example attached. 

We firmly believe that the new Summary of Connection List system is a significant advance in 

the art and an added feature for our customers. 

The advantages are: 

1. 8-1/2 X 11 reference docwnents are more easily handled, easier to read and file. 

2. The lists provide quick transition from the schematic diagram to the physical 

location of a terminal point in a system. 

3. The lists also allow the reverse of this, that is, to get quickly from the physical 

location of a terminal to the circuit schematic quickly. 

4. Terminal labels on the panels make for quick terminal identification and simplify 

circuit tracing. 

Note: This ,new system in no way effects the customer interconnection diagram. This diagram 

remains in the form that it has in the past. 
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APPLICATION 

CUSTOK:R 

G.O. MAIN s.o. 
SCHEr.£ DWG. 

SHIPPING SPLIT LIST 

PAGE 5 SAfvPLE PAGE 

-S�Rl � CON�ECTI�� bi�I-

-·---�" ----

c.w.L. NO. 

I NTERCONN. LIST 

THE FOLLOWING Sl.PPLEJENTARY DWGS AN.l SHEETS ARE REQUIRED TO 
CCM'LETE THE WIRE LIST INFmMATION. 

..1-L. 9810 3 

IN.lEX DWG. 

I • INSTROCTIONS FOR USH«7 "SLM4ARY OF CONNECTIONS LISTS" - SHEET NO. 2. 
2. DEVICE TERMINAL DESIGNATIONS. - SHEET NO. 3 
3. COM'LETE LISTING OF DEVICES AN.l CONNECTIONS. - SHEET NO. 4 AN.l AS NEEDED. 
4. REVIS ION & TABULATION SHEET. 
5. SIGN OFF SHEET 

WIRE COOE TABLE 

IA�22•77010 - 12277-3 3A�4•16-.005-12277-4 �QLa3 CODf: 
18�=1;0253- 12277-3 38�2=7-.0ID-12277-14 
IC�I8:16-.0IO - 12277-3 3C�22·1-.0253-12277-14 t;JL•8LACK 
10�14•7-.024-12277-15 30�20·10-.010-12277-4 B :BLUE 
IE�I4-41-.0I0-12277-15 3E.,I8•16-.0ID-12277-14 8N•BROWN 
IF�I2•7.0305-12277-15 3F�I4•7-.024-12277-14 G =GRAY 
IG�I2•65-.0I0-12277-15 3G.,22•1-.0253-12277-4 R -RED 
IH�I0•7-.0385-12277-15 3H�26•7-.0056-12277-3 W -WHITE 
11�8·7-.0486-12277-15 3J�26•7-.0063-62512AB Y -YELLOW 
IJ.,4•133-.0177-12277-15 3K�20-26-.0063-62512AA W/B-WHITE/BLUE STRIPE 
IK.,2-259-.016-12277-15 3L�22•16-.0063-62122KD W/R-I'IHITEIBED STRIPE 
IL•I/0-259-.0202-12277-15 3M�I8•16-.0I0-6212188 8/W-BLUE/WHITE STRIPE 
IM-4/0•427-.0223-12277-15 3N�24•16-.0034-62122KE R/W-RED/WHITE STRIPE 
IN-,16-26-.010-12277-15 3P�20-26-.0063-62122KE G/W-GRAY/WHITE STRIPE 
IP�6•7-.0612-12277-15 
IR-2/0-259-.0227-12277-15 4A•3040•19-.013-7355-SHFS-3 COPPER BAR 
IS-2�/0-259-.0227-12277-15* 48-4497•7-.025-7355-SHFS-4 
JT-2-,4/0-427-.0223-12277-15* 4C•9016•7.-036-7355-SHFS-9 l/4x3 
2A�I6•19-.0I26-7419-13 40•31480•49-.025-7355-SHFS-26 l/4x3 
28..,14•7-.024-7419-13 4E-66380•133-.022-7355-SHFS-66 1/4x3 
2C-,14•41-.0I0-7419-13 l/4x4 
20..,12•1-.081-7419-13 l/4x4 
2E-,12•65-.0I0-7419-13 CQPpER BAR l/4x4 
2F-,10•105.010-7419-13 AA•I/8x3/4 l/4x5 
2G�8·7-.0486-7419-13 AB•I/8xl l/4x5 
2H-,6•7-.061-7419-13 AC•I!Sx 1-1/4 l/4x5 
21�4·7-.0772-4719-13 AD-1/Bxl-1/2 l/4x6 
2J..,2•7-.0974-7419-13 AE•I/8x2 l/4x6 
2K�I/0•19-.0745-7419-13 AF•I/4xl l/4x6 
2L�2/0•19-.0837-7419-13 AG•I I 4x I -I /2 l/4x8 
2M=#4/0•19-.1055-7419-13 AH•I/4x2 1/4x8 
2N•2�/0•19-.0837-7419-13* AI• I /4x2-1/2 l/4x8 
2P-2�4/0•19-.1055-7419-13* l/4x8 
2R�I2-I-.081-7419-3 

*-2 LEADS IN PARALLEL 
OWG. NO_. SUB., SH.# SHEETS 

WESTINGHOUSE ELECTRIC CORPORATION 
BUFFALO DIY.- CONTROL OEPT.-BUFFALO,N.Y.,U.S.A. www . 
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Page 6 Sample Page I.L. 9810- 3 
Instructions for Using the usummary of Connections Listu 

The .. Summary of Connections List'' is a complete listing of all the electrical devices and their connections in chart 
form for a particular control. 

On the one hand, this list enables a person observing a particular device on a scheme to quickly ascet'tain both 1ts 
physical location and its electrical connections on the panel. or the converse is also true; by means oi this list a person 
observing a particular device on a panel can quickly locate its symbol on the scheme. 

There are three sets of columns reading from left to right in this order: "FROII DEVICE',' "REFERENCE DEVICE", and HTO DEVICE-.. The column headed nReference Device .. is the major column, and contains in Alpha-numeric order all the devices 
used on the job. Note: Changes may not be tb Alpha-numeric sequence� 

As an example, go to the 1 ist shown below.. If the wiring information for "9P�' is desired, go to the column headed 
"Device Designationu under the major heading .. Reference Device"� Device ngp•• will be found in Alpha-numeric order with the 

f ollowing information: 

a) It is located on Structure 1, Shipping Section 1, Panel Sect. l, Sub assembly 1, 
and on the exterior side of areal06. Its location on the areaf06 is 10 inches 
from the left edge of the panel, 14 inches up from the bottom of the panel and 
0 inches out from the surface of the panel. See Fig. l below. 

b) lts terminal number is 1 .. 

c) Its wire number is 69. 

d) The circuit is located on zone (area, section or sheet) 2A of the Schematic Diagram. 

e) Term. on 9P connects 11FROll" terminal 2 on 18R. 

f) Term. on 9P connects "TO'" terminal 2 on 2P .. 

g) The wire size for the "TO" connection is wire Code "lC". The preceding sheet 
contains a table of wire and color codes� 

h) The wire color for the "TO" connection is nB" for blue .. 

This constitutes complete information for terminal 11 de'Yice 9P except for. the wire and color code for the uFROll1" 
connection (device 18R terminal 2 to device 9P terminal 1}. Scan the "Relerence Deviceu column ior device 18R, terminal 2. 
Device 9P, terminal 1 will be located on the same line, and in the "TO DEVICE" column. The wire code and color ior this 
connection will be listed under the "Wire Code .. and 1•Wire Coloru column .. 

Every device terminal will have a minimum listing of at least 2 and possibly 3, once in the *fReference Dev1ce .. 
column, and once in the nFROM" and/or t*TO'i columns. For some special conditions, the number of listings in the "Reference 

Device" column will be more than one, with a proportional increase in the "FROM" 3.nd "TOu columns. 

Example 

" Device Name 
Device Terminal 

2• { 
1 -

IUMMAtT Of CONI!IIlC:flONI 

' FROM OEV ICE REFERENCE DEVICE 
: DEVICE DEVICE ' lOCATION 01! SCH. "'' I TUM NO "'' I fUM NO ZONE MAIO« .... """'" 
I i I J 10101 150700 !Jc 2FU 4 106E 

9P 3 2 P  i 1 '10101 106E 100809 ;2A 
I 9P 1 2P 2 110101 106E 100809 'lF 

l______;_� --
! 18R 2 9P ! 1 '10101 106E 101400 2A 
I •2TS i 68 9P i 2 '10101 106E 101400 .2A 
I •2TB i 67 9P J 10101 106E 101400 '2A 

�'''' l � -

7X 4 18R I 1 ; 10101 1061 051309 2A i 5P ' J 18R 2 !10101 106I 051309 28 i ' y..,J'......,., ' '-

' ' f t 1 
Number � Structure Number __j 

1• Shipping Section No.-
nel or Cabinet Sect. No.-

'YYY 

·-+-···· 

TO DEVICE i 

Wtlli:E WIRE DEVICE 
NO <ootj """'' ... ' lftM NO , 

I 
47 lD' R •9 REC : Yl 

i 67 1c [ B 
69 lC B 

J 69 lC B 2P 
68 lC B 
67 1C B i2P 

,.,- , 
70 J1c' s w 69 lC B 

-n f I 
! L_ Wire Color L____ Wire Code Numb ---- Wire Or Lead Number 

Area on Panel or Cabinet Sect. --- � Area or Section of Schemati 
Interior, or E -Exterior Side of Area Z Coordina.te 

'---.,_ 2• 

See Sheet Mo. 1 

J For Table of Wire 
er and Color Code 

c 

Y Coord1nate } L____ X Coordinate Dimensions to the Nearest Inch 

Device 
Center Lin� 

FIG. 1 
Significance of 

coordinates 

Device 9P 

Z is Flush Mounted to Panel so 
Z - Zero fOr 
This Example 

For some equipment such as operator stations, the number could be for example, SOSOl meaning operators station number 1. For customers external equipment des>gnated by the letter "C" followed by 4 digits, example "Cl041" the columns headed "MaJor", " Area"", and "Coordinates�' will be filled in with the description of the device for eXample' "Screw Dn Motor 1•• The number "Cl041" will appear in the "DEVICE DESIGNATIO!f" colullllllll, ' ' 

The following sheet contains a set of rules for assigning terminal designations to those devices whose terminals are 
unmarked, 

DWG. NO. SUB. SH. NO. SHEETS 

WESTINGHOUSE ELECTRIC CORPORATION 

BUFFALO DI VISION - CONTROL DEPT. - BUFFALO N.Y. U.S.A. www . 
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Page 1 Sample Page I.L. 981 0- 3 

Device Terminal Designations 

A. Device terminals bave been numbered.so tbat the correct terminal may be easily and' quickly 
located and ident ified. Previously, it bas been necessary to interpret tbe information from tbe 
wiring diagram. 

Tbe following methods are used to labe l or interpret device terminals. 

1. The device may be 1118nufactured with i t  s terminal numbers stamped or engraved. Only a Slll811 
portion of tbe devices are in tbis category. 

2. An adhesive label 1118Y be placed on, or adjacent to tbe device. Tbis includes tbe largest 
portion of a l l  the devices. 

3. The Slll811 rema ining group of devices, those tbat bave only a few terminals, will bave their 
terminal designat ions interpreted by a few simple rules. 

B. Description of tbe metbod of terminal ident ification 

1. Stamped or engraved terminal designat ions. Tbese are usually marked near tbe terminal on tbe 
wiring side. 

2. Adhesive labels. 

Tbe label is a pictorial view of tbe device whose terminals are tagged and enlarged for easy iden­
tification. More than one label may be required for the more complex devices, for instance one label 
for the front and one for tb� rear. 

In general, a single label describes a family of devices, for example, a four, six or e i gbt pole 
relay of similar symmetrical construction is described by a label tbat i llustrates an eigbt pole relay. 

3. Assignment of Terminal I dent ificat ion by a set of rules. 

a) 

b) 

c) 

d) 

e) 

Numbering is established by circuit configurat ion .  Each set of contacts is assigned.an odd 
number followed by tbe next higher ascending even number. 
Example: CONT�CT 

1---i 1--2 
3--; t--4 

SWITCH 
1--o '-.....o----2 

COIL 
1-o-2 

Device terminals are numbered as seen from the front of tbe device. (Tbe following devices 
are an exception to tbe rule in tbat tbey are numbered from the wiring side. They are 
pusbbuttons, me ters, telephone jacks, pots and rheostats, and indicat ing l ights). 

Devices that are rotated from tbe normal position are numbered from the normal position. 

Terminal numbering sequence, (deVices wltb coils excepted) begins with terminal number 1 
at the left, top and nearest panel. Tbe numbering will cont inue in ascending order by 
circuit, from top to bottom or left to right. 

Pusbbuttons. 

There are two exceptions to tbe rules for numbering pushbuttons. They are: 

el) Numbering is determined by terminal configuration and not by circuit configuration. 

e2) Tbe terminal number will bear a prefix of "L" or "R" based on it's location in relation 
to tbe pushbutton vertical center l ine • 

• 
f) Some examples for the above rules. 

.w 
NORMAL 

mm 
West inghouse Electric Corporat ion 
Buffalo Div. - Control Dept�. - Buffalo, N.Y,, U.S,!l* 

UP!CAL PUSH 1JU0N 

��� 
L2---Q.l.Q--RI 
u--o o--R2 

Dwg. No. Sub Sb.# Sheets www . 
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Page 8 Sample Page 

WESTINGHOUSE FORM 35009 SUMMARY Of CONNECTIONS 
FROM DEVICE REFERENCE DEVICE 

DEVICE DEVICE LOCATION OR SCH. W I RE DESCRIPTION 
ZONE NO. DES. TERM. NO. DES. TERM. NO. MAJOR AREA I COORD. 

6P 13 �R 11 11UlUl 1061 ozuoo9 IZA iTU 
bR 2 10101 1061 020609 lA J 3 

*5TB �4 �c :1 lU101 106E 19v6oo 2F 64 

13C 2 10101 106E 190600 12F �;oM 
4R � �p 2 10101 106E 100209 26 
7X 8 �p 3 10101 106E 100209 2B �4 

� 

7P (2 �R 1 1U1U1 1061 04U309 16 ]So 
*5TB 181 3R 2 10101 1061 040309 18 �1 

�p 1 1.0101 106E 030809 28 fl8 
! 

*5T8 77 �p 2 1101 U1 106E 030809 28 [77 
*4T8 76 f+P 3 i1U101 106E 030809 !28 �6 
1*3T8 .EP �R :1 !1U101 1061 08U609 28 EP 

I f+R 2 110101 1061 080609 28 63 
3R 2 5C 1 !101 01 106E 101300 18 81 

*5TB 
! 
62 5C 2 1U101 106E 101300 1C 82 

5P 1 101Q1 106E 031409 28 �9 
*3T8 320M SP 2 10101 106E 031409 28 �20M 

5P 3 10101 106E 031409 !28 [12 

7X X1 SR 1 1V1U1 106E 011000 .38 52 
5R 2 1U1U1 106E 011000 3C !55 
oP 1 l1u101 106E 061409 <i!8 !71 

*3T8 .EN 6P 2 IH>l01 106E 061409 2A . EN 
18R 1 6P 3 li �i �i 106E 061409 2A flO 
12R l 7C 1 106E 031800 36 �6 

I 
031800138 13R 1 7C 2 !10101 106E �0 

2R � 7P 1 !1 (.)101 106E 030209 lA 73 

i i?P 2 10101 106E 030209 118 80 
I 

! 19R � i?P 3 !1u 101 106E o3o2 09 128 172 
7X 10 10101 106E 161400 138 l57 
7X 11 !10101 106E 161400 3C 146 

I 
7X !12 H>l01 106E 161400 38 �2 
7X 15 10101 106E 161400 lC ls3 

7X 15 7X 16 110101 106E 161400 lC 83 

7X 1 10101 106E 161400 2C �9 17x 2 110101 106E 161400 2C � 4 17x 3 1U1W1 106E 161400 lC � 2 

SUMMARY OF CONNECTION LIST 
s.o. IND.DWG NO. 
cusr. 
EQU1P.+APPL1C.MAGAMP PNL DWG. NO. 

424A770 
BUFFALO DIVISION- CONTROL DEPT.- BUFFALO, N.Y., U. 5. A. 

I.L. 9810-3 

TO DEVICE 
WIRE 

CODE COlOR 

llC !B 
lC 6 
1C 6 

�� [(f 
B 

lC 8 

1C B 
lC 8 
lC 8 

lC 8 
1C 8 
1c Is 
1C 8 
lC 8 
1C 8 

lC 8 
lC 8 
lC 8 

1C 8 
1C 6 
1C 6 

lC 8 
lC 8 
1C 8 

1C 8 
1C 8 
1C 8 

lC 8 
lC B 
1C 8 

lC B 
lC 8 
lC B 

lC 8 
1C B 
1C 8 

SUB. 

DEVICE 
DES. 

IJ..::: '-
7P 
llP 
I 

!"",jllj 
�c 

sc 
1R 

3P 

l8R 
16R 
19R 

lC 
l9R 

ac 
2R 
9R EC 

3R 

12C . 
*2TB 
*2TB 

8P 
7X 

1R 
*5TB 
ftt5TB 

SH.NO. 

4-

TERM. NO. 
I.L 
1 
2 

I::S.::VM 
1 

l 
1 

2 

2 
2 
2 

1 
l 

2 
1 
R 

1 

2 
57 
46 

3 
16 

2 
81t 
82 

SHEETS 
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I.B. 9810-1 

DESCRIPTION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
MECHANICAL DIFFERENTIAL 

SPEED ERROR DETECTING UNIT 

DESCRIPTION 

General. The MECHANICAL DIFFEREN • 

TIAL SPEED ERROR DETECTING UNIT 
(Figure l) is an electro-mechanical device for speed 
matching two rotating elements. These elements are 
usually rotating shafts of electrical machines. 

The mechanical differential speed error detecting 
unit is used with an external amplifier to directly 
control the fields of either generators or motors. 
The unit will detect any error in the speed matching 
of two rotating elements. 

Each unit has the following components: 
1. Rigid mounting base with slide rails. 
Z. Basic mechanical differential error detecting 

unit. 
3. Provision for remote draw control. 
4. Provision for slack take-up feature. 
5. Pilot generator. 
6. Position inductor. 
7. The necessary gearing and mounting supports. 
8. Drip proof cover to completely enclose the 

components. 
9. Synchronous reference motor. 

Draw Range. The amount of speed variation 
possible by using the remote draw control is ± 12 
percent maximum by means of the belt shifting 
mechanism excluding any circuit limitations. 

Gears. All gears have been induction hardened 
to provide minimum wear. Machining has been held 
to close tolerances to minimize backlash, thus re­
ducing wear and increasing the accuracy of the unit. 

Bearings. All bearings are prelubricated sealed 
ball bearings to provide extreme reliability and 
long life. 

BASIC MECHANICAL DIFFERENTIAL 
ERROR DETECTING UNIT 

The mechanical differential error detecting unit 
(Figure 2) consists of a drive cone, a differential or 
driven cone, and a belt coupling between the two 
cones. A bedplate and a combination housing and 
bearing provides a support for the components of 
the unit. 

NEW INFORMATION 

The drive cone shaft is supported at the housing 
and has attached to it a 15-inch pitch diameter, 
single groove sheave for belting to the rotating 
shaft of the controlled machine. 

The dilierential cone contains the planetary gear 
system which furnishes rotation of the differential 
output shaft. The differential cone is supported at 
the housing and obtains its rotation from the drive 
cone through the belt coupling. 

The reference speed is introduced into the unit 
through the shaft attached to the 56-tooth gear. This 
56-tooth gear drives a 72-tooth idler gear which in 
tum drives a second 56-tooth gear attached to the 
sun gear shaft. At the opposite end of the differential 
cone, the 26-tooth sun gear is attached to the sun 
gear shaft. A 78-tooth ring gear is fitted to the inside 
of the differential cone in line with the sun gear. 
A 26-tooth planetary gear revolves on its shaft be­
tween the sun gear and the ring gear and is meshed 
to both of these gears. The planetary gear drives the 
output shaft through a mechanical crank as shown 
in Figure 2. A 40-tooth chain sprocket is attached 
to the output shaft and drives a gear train connected 
to the position inductor and pilot generator Fig­
ure 4. 

For the output shaft to remain motionless, the sun 
gear must rotate exactly three times as fast as, and 
in the opposite direction to, the ring gear. 

Any deviation in the above ratios of speed will 
cause motion of the output shaft and this motion will 
persist until the exact relationship is re-established 
through corrective action of the regulating system. 

The relationship of these three gears is such that 
if the sun gear reference shafts were held motion­
less, four revolutions of the ring gear would produce 
three revolutions of the differential output shaft. 
Conversely, if the cone is held motionless, four 
revolutions of the sun gear are required to produce 
one revolution of the output shaft. 

The drive cone and the differential cone are 
identical in external size and shape, but are mounted 
to the housing with their tapers facing in opposite 
directions. 
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MECHANICAL DIFFERENTIAL UNIT-------------------
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REFERENCE SYNCHRONOUS MOTOR 

OR SELF SYNCHRONOUS 

RECEIVER 

TERMINAL BLOCKS 

CHAIN ID LER 

BEARING SUPPORT AND 

REMOTE DRAW 

SYNCHROTIE RECEIVER 

SLIDE RAIL 

lS"P.D. DRIVE CONE SHEAVE 

FIG. 1. Mechanical Differential Speed Error Detecting Unit 
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MECHANICAL DIFFERENTIAL UNIT I.B. 9810-1 

REFERENCE SYNCHRONOUS MOTOR OR 
REFERENCE SElF-SYNCHRONOUS RECEIVER SHAFT 

PlANETARY GEAR 
26 TEETH 

OUTPUT SHAFT 

DIFFERENTIAl CONE X. 
SUN GEAR r;;;;< 

26 TEETH , 

RING GEAR 
78 TEETH 

DRIVE GEAR 
56 TEETH 

IDlER GEAR 
72 TEETH 

DIFFERENTIAl CONE 
�- DRIVE GEAR 

56 TEETH 

CONE BElT 

i) 

FIG. 2. Basic Mechanical Differential Error Detecting Unit 

The ratio at the exact center is one-to-one. Moving 
the belt to the extreme end towards the housing 
forces the differential cone to turn faster by the ratio 
of the drive cone diameter to the differential cone 

7.125 (large end diam.) 
diameter. This is the ratio of 6.125 (small end diam.) 

Moving the belt to the other extreme end forces 
the differential cone to turn slower by the ratio of 
6.125 
7.125. The overall draw range possible is ± 12lf2%. 

REMOTE DRAW CONTROL 

The shifting of the belt along the taper of the 
cones is performed by the remote draw control as 
shown in Figure 3. This control consists of a belt 
shifter, a slack take-up feature, a remote draw 
Synchrotie receiver mounted to the housing, a 
remote draw Synchrotie transmitter remotely located 
in a control cabinet, and a slack take-up pushbutton 
mounted near the transmitter handle. 

The draw adjuster mechanism consists of a belt 
guide mounted on a threaded shaft. This shaft has 
16 threads per inch of length. One revolution of the 
shaft will provide a resultant change of 0.15 percent 
in relative speeds of the cones. The shaft is sup­
ported at one end by the housing and at the other 
end by a removable bearing support which also 

contains a solenoid. A small crank handle is secured 
to the end of the shaft for manual operation of the 
belt shifter during installation or adjustment pro· 
cedures. 

The shaft has freedom of movement in the hori· 
zontal direction through its bearings. Attached to 
the shaft lj4-inch hom the removable bearing sup· 
port is the slack take-up armature (circular disc). 
The distance between the disc and the bearing 
support is maintained by a compression spring. An 
electromagnet is contained within the bearing 
support. 

The belt shifter consists of two parallel arms 
secured together at the bracket and bearing assem­
bly. The belt passes over the drums and between 
the parallel arms. A downward force is applied to 
the belt at this point by a spring-loaded ball bearing 
which applies tension as it rides on top of the belt. 

The belt guide is limited in its travel along the belt 
shifter shaft by the limit nuts. The position of these 
limit nuts prevents the belt from slipping from the 
drum. 

A guide bar, secured to the base and parallel to 
the belt shifter shaft, prevents the belt shifter from 
rotating about the shaft axis as the belt is moved 
along the cones. 

The belt shifter shaft which extends through the 
housing has a chain sprocket attached to it. Mounted 
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MECHANICAL DIFFERENTIAL UNIT-------------------

above the drive cone on a horizontal plate attached 
to the housing is a remote draw Synchrotie receiver. 
The receiver shaft is connected to the belt shifter 
shaft by a link chain drive. 

A remote draw Synchrotie transmitter is mounted 
in a location convenient to the machine operator. 
The remote draw transmitter and receiver are dupli­
cate units, providing a one-for-one revolution rela­
tionship. Each unit has a 110-volt single-phase 
primary wound on its rotor, and a 55-volt, 3-phase 
secondary on the stator. For normal operation, it is 
excited at 80 to 100 volts on the primary in order to 
provide long life and reduced temperature oper­
ating conditions. Therefore, a direct control of the 
cone ratios is obtained remotely by the remote draw 
Synchrotie transmitter and receiver system. 

A pushbutton mounted near the remote draw 
Synchrotie transmitter provides an automatic, mo­
mentary slack take-up feature to change the differ­
ential cone speed. Depressing the pushbutton 
energizes the solenoid contained within the belt 

SLACK TAKE-UP PUSHBUTTON 

OUTPUT SHAFT....,..,...__ 

BELT SHIFTER "'-" 
� � LIMIT N UTS 

BELT SHIFTER SHAFT BEARING 

SUPPORT .A.ND SOLENOID HOUSING 

shifter shaft bearing housing. The magnetic force 
created by the solenoid attracts the slack take-up 
armature to the bearing housing. The metal disc 
moves l/.3, inch which provides a relative speed 
change of 0.60 percent. This speed change will 
persist only as long as the SLACK TAKE-UP push­
button is held depressed. 

MECHANICAL DIFFERENTIAL SPEED 
ERROR DETECTING UNIT 

Additions to the basic mechanical differential 
error detecting unit are shown in Figure 4 and are 
listed below: 

1. A reference synchronous motor or Synchrotie 
receiver. Provides a mechanical reference input 
into the differential cone. 

Z. A position inductor. This inductor supplies 
voltage proportional to position and is applied to an 
external amplifier for signal indications. 

3. A d-e pilot generator. This generator supplies 
voltage proportional to the rate of change of position 

SLACK TAKE-UP ARMATURE 

RECEIVER SHAFT PULLEY 
9 TEETH 

REMOTE DRAW 
SYNCHROTIE RECEIVER 

FIG. 3. Remote Draw Control Components 
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MECJIANICAL DII'I'ERENTIAL UNIT I.a. 9810-1 

REFERENCE SYNCHROTIE TRANSMITTER 

� < 

A .. �,� 
i(/ 

SYNCHRONOUS MOTOR 
OR SYNCHROTIE RECEIVER 

?> �/:) �7" . . Y 0 

DIFFERENTIAL CONE '-

. :?1 7', · .. · ;ll "/f 
••.• 1 ./'MECHANICAL INPUT TO REFERENCE 

// SYNCHRONOUS GENERATOR 
OR SYNCHROTIE TRANSMITTER 

, MECHANICAL INPUT TO DRIVE CONE 

SUN GEAR '• � PLANETARY GEAR 

,
·� 40TEETH 

! ' ' ' � : '!: INTERMEDIATE SHAFT ., :·· 

�)L;<:;r:J, 12 TEETH 

POSITION INDUCTOR 

PILOT GENERATOR 

FIG. 4. Simplified Control Circuit Incorporating Mechanical Differential Speed Error Detecting Unit 

and is also applied to an external amplifier for 
signal indications. 

A typical simplified control circuit as shown in 
Figure 4 will be described to iHustrate the operation 
when using the mechanical differential speed error 
detecting unit. 

A mechanical drive input to the reference syn­
chronousgeneratororSynchrotie transmitterprovides 
the reference speed for the unit. This generator or 
transmitter supplies power to the reference syn­
chronous motor or Synchrotie receiver. This motor or 
receiver drives the sun gear of the differential cone 
at a reference speed. 

A mechanical input to the drive cone provides 
the variable speed to the unit. The drive cone 
imparts a rotation to the differential cone and its 
ring gear through the movement of the cone belt. 
A one-to-one ratio of drive cone speed to differential 
cone speed will be considered first. 

The electrical output of the position inductor and 
d-e pilot generator can be connected to any con-

ventional voltage or power amplifier; e.g., mag· 
netic amplifier, electronic amplifier or rotat­
ing amplifier to provide additional gain and con­
trol ability. 

If the ring gear is rotating at a speed other than 
one-third the speed of the sun gear, the planetary 
gear will rotate the output shaft. The chain connec­
tion turns the intermediate shaft which rotates the 
armatures of the position inductor and d-e pilot 
generator. The movement of the position inductor 
rotor supplies a change in voltage to the external 
amplifier in proportion to the new angular position 
of the output shaft. The rotation of the d-e pilot 
generator armature supplies a voltage to the external 
amplifier proportional to the rate of position change 
of the output shaft. 

The amp]ilier is energized by these two separate 
signals to change the speed of the machine provid­
ing the mechanical input to the drive cone. 

The above sequence will take place until the 
ring gear is rotating exactly one-third as fast as the 
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MECHANICAL DiffERENTIAL UNIT-------------------

sun gear. At this point, the mechanical input to the 
drive cone is speed matched to the mechanical 
input by the reference. 

If it is required to change the speed matching of 
the reference machine to the controlled machine, 
movement of the cone belt in the proper direction 
will accomplish this requirement. 

INSTALLATION 

The fo1lowing installation instructions are to be 
performed before initial adjustments and operation: 

1. Check the alignment of the motor mounted or 
driven mechanical input sheave and drive cone 
sheave. Alignment of these sheaves should be as 
perfect as physically possible. True alignment will 
eliminate sidewise flexing and whip and will in­
crease the belt life. 

Z. Check the mechanical input and drive cone 
sheaves for play between sheave and shaft. The 
sheave must be securely fastened to the shaft. No 
play, axially or radially, can be tolerated. If play 
exists between the drive cone sheave and the drive 
cone shaft, tighten the split taper bushing on the 
sheave. If play exists between the motor mounted 
sheave and its shaft, tighten the mounting. 

3. Check sheave V-belt tension. The V-belt 
should be tightened sufficiently to eliminate slip­
page. Too much tension will overload the bearings 
of the basic mechanical differential error detecting 
unit. 

NOTE: It is recommended that the purchaser 

supply a gravity-loaded or spring-loaded roller 
to maintain tension of the V-belt. 

Usually the motor will be coupled to the machine 
so that this check may be accomplished by trying 
to turn the drive cone sheave (in the direction the 
motor will drive it) with the belt in place. Should 
the belt slip, shift the base support on its slide rails 
by turning the threaded adjusting bolts in the slide 
rail ends. If the motor is uncoupled, restrain the 
armature and check as outlined above. 

NOTE: When possible, it is preferable to 
rotate the drive cone sheave in a direction such 
that the drive belt is taut on the bottom and 
slack on the top. 

4. Check the V-belt for uniformity of width. The 
belt should have a uniform width throughout its 
total length. If the motor is coupled, this check will 
have to be deferred until the machine is run at slow 
(inch)speed. Rotate the armature slowly and observe 
the position of the belt in the sheave slot. The belt 
rides up and down in the slot if it is not uniform in 
width. A non-uniformity of a minor nature will not 
usually affect the operation of the unit, but will 
cause action to appear erratic. Belts that are 

6 

uneven or have a permanent set or deflection should 

not be used. 
5. Remove the light coat of oil from the cone 

surfaces with a suitable solvent. Surfaces must be 
clean and dry to prevent slippage. 

6. Check the cone belt tension bearing. This 
bearing should be free to move perpendicularly 
from the mid-point of the bracket slots. The belt 
tension should be sufficient to eliminate slippage. 
A deflection of lf4 inch at normal ambient temper­
ature indicates sufficient tightness. Excessive tension 
will overload or bind the cone bearings. If necessary 
to adjust the range of the belt tension bearing, 
loosen the three eccentric bearing mounting bolts 
(Figure 5). To tighten the cone belt, turn the eccen­
tric bearing in a clockwise direction with a suitable 
spanner wrench. To loosen the cone belt, turn the 
eccentric bearing in a counterclockwise direction. 

NOTE: Do not remove eccentric bearing 
clamps from housing. 

Tighten securely the three eccentric mounting 
bolts. 

By means of the eccentric mounting bearing the 
drive cone can be moved a distance of one inch in 
the horizontal direction to obtain the proper belt 
tension. 

7. Check the differential gear train for binding, 
backlash and play. Release the chain tightener and 
remove the drive chain. Hold the differential cone 
and rotate the differential output shaft. Rotation 
should be uniform and smooth with no backlash in 
the gearing. 

8. Check the position inductor drive gearing and 
friction clutch. With the drive chain removed, 
rotate the 60-looth sprocket and observe the gear 
train. Rotation should be smooth and require uniform 
torque (when the position inductor is in range). The 
pilot generator and position inductor are mounted in 
slotted holes to permit adjustment of their position to 
obtain snug mesh of gears. Backlash in the gearing 
can be minimized by adjusting the positions of the 
pilot generator and the oosition inductor. 

CAUTION: When the receiver goes out of 

range, the friction clutch should slip with 

little additional applied torque. Check for 
constant friction in the clutch by rotating it 

through one complete revolution. 

9. Check the oil level. Rotate the differential cone 
until one of the two filler plugs is directly below the 
output shaft. Remove the plug and check the oil 
level. The housing gear case should be filled with 
SAE-140 or equivalent weight oil until level with the 
bottom edge of the filler plug hole. Replace the plug. 
The chain drive idler and gear train should have a 
light coating of light weight machine oil. 
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MECHANICAL DIFFERENTIAL UNIT I.B. 9810·1 

COMPO N ENT SUPPORT BASE 

DRIVE CONE 

SPANN ER WRENCH 

CLOCKWISE 

FIG. S. Adjustment of Drive Cone Eccentric 

10. Check the belt shifter for binding and me­
chanical interference. Rotate the cones and move 
the belt shifter throughout its complete range by the 
draw adjusting crank handle. The belt should move 
freely to the extreme ends of the cones. 

11. Slack Take-up. Check the belt shifter shaft 
for freedom of movement in the horizontal direction. 

ADJUSTMENTS 

The following adjustments for setting up and/or 
checking the electrical components of the unit are 
to be performed before actual operation: 

PUot Generator. Check the two brushes for 
type and fit. They should be No. AGC-10 silver 
graphite brushes. Move the brushes in and out of 
the brush holders. There must be neither bind­

ing nor excessive clearance. Measure the shunt 
field voltage--this should be approximately 90 to 
100 volts. Disconnect the PGP (Figure 6) lead on the 
pilot generator side of the terminal block and 
measure the pilot generator armature voltage as 
the drive cone sheave is turned in the direction the 
mechanical input sheave will drive it. The PGP lead 
should be positive. If the polarity is wrong, reverse 

either the armature or the field leads. With the 
control circuit deenergized, measure the resistance 
of the circuit to the external amplifier. (This should 
be 2 ohms maximum unless the normally dosed 
contact of the Transfer relay (refer to main schematic 
diagram) is not making good contact.) 

Position Inductor. Rotate the drive cone sheave 
in the direction that the mechanical input sheave 
will drive it. Note the direction the pointer moves 
and mark this side "FAST." Mark the opposite side 
"SLOW." These designations refer to section motor 
speed; for example, if the section motor is running 
too slow, the pointer will move toward "SLOW." 
Excite the position inductor with the voltage speci­
fied by the main schematic diagram and measure 
the voltage of the phase connected to the external 

amplifier. When the pointer is in "FAST" position, 
the a-c voltage should be zero, and should increase 
as the pointer is moved to the "SLOW" position. 
If the output is not zero, remove the pointer on the 
clutch assembly and relocate it so that zero (or 
essentially zero) volts are obtained when the pointer 
is in the "FAST" position. The voltage must not 
reverse as the pointer is moved through its range. 
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MECHANICAL DIFFERENTIAL UNIT-------------------

REFERENCE SYNCHRONOUS 
A. C, MOTOR OR 

SYNCHROTIE TRANSMITTER 

PHONE 

RTI 

POSITION 
GENERATOR 

PILOT 
GENERATOR ·q;-Tll 

v:-, 
GRD SLACK TAKE UP COIL 

FIG. 6. Wiring Diagram for the Mechanical Di£ferential Speed Error Detecting Unit 

Reference Synchronous Motor or Syn­

chrotie Receiver. Energize the reference bus and 

momentarily excite the reference motor or receiver 

by manually closing the transfer relay. The pointer 

should move to the "SLOW" position. If the rotation 

is wrong, interchange two of the three motor or 

receiver leads. 

Remote Draw Control. With the motor running 

and the regulator in operation, check the voltage 

applied to the Remote Draw Control circuit. Refer 

to the main schematic diagram for the proper volt­

age. Tum the crank handle of the remote draw 

Synchrotie transmitter at the operator's station in 

the direction in which the material is flowing. This 

should cause the cone belt to move away from the 

housing of the unit and the section drive motor 

should increase its speed. If the resultant action is 

reversed, interchange two of the three stator leads. 

Slack Take-up. With the motor running and the 

unit in operation, depress the slack takeup push­

button at the operator's control station. The cone 

belt should move approximately JA inch away from 

the housing of the unit and the section drive motor 

should increase its speed. 

8 

MAINTENANCE 

Preventive Maintenance. The mechanical 
differential speed error detecting units have been 
designed and constructed to perform satisfactory 
service for an extended period. To insure efficient 
operation, it is necessary to accomplish routine 
mechanical and electrical inspections that will 
reveal unsatisfactory conditions and prevent dis­
turbances to the control circuits. 

SERVICE 
Weekly Monthly 

X X Belts. Inspect for excessively 
worn, cracked, or frayed belts. 
Check belt tension. 

x Sheaves. Check condition and 

X 

X 

X 

alignment of sheaves. 
Chains. Check for wear and 
cracked or broken links. 
Sprockets. Check sprockets 
for excessive wear, broken 
teeth, loose mounting and align­
ment. 
Cones. Check cones for oil, 
liquids or dirt on external 
surfaces. 
Oil. Drain and refill when dirty 
or gritty. 
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MECHANICAL DIFFERENTIAL UNIT I.B. 9810-1 

REFERENCE SYNCHRONOUS MOTOR 

RHEOSTAT S UPPORT 

TERM INAL BLOCKS 

FRICTION CLUTCH 

CHAIN IDLER 

BELT SHIFTER SHAFT, 

BEARING S UPPORT AND 

SOLENOID HOUSING 

SL IDE RAIL 

P.D. DRIVE CONE 

FIG. 7. Mechanical Differential Rheostatic Type Position Regulator 
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MECHANICAL DIFFERENTIAL UNIT-------------------

Replacement of Cone Belt. I. With the drive 
cone turning, rotate the crank handle until the belt 
shifter has moved the cone belt to the ends of the 
cones near the crank handle. 

2. Reduce the tension in the belt by turning the 
drive cone eccentric bearing. (Refer to step 6 under 
Installation.) 

3. Release the chain idler and remove the output 
shaft drive chain. 

4. Remove the belt tension bearing from the belt 

shifter. 
5. Remove the bolts securing the belt shifter 

shaft bearing support to the base. 
6. Remove the belt from the cones and slip the 

belt under the bearing support. 
7. Replace the new belt in a reverse order to 

that given above. 

VARIATION IN DESIGN AND APPLICATION 

The basic mechanical differential error detecting 
unit (Figure 2) and the remote draw control (Figure 
3) can be combined with specific equipment to form 
a Mechanical Differential Rheostatic Type Position 
Regulator as shown in Figures 7 and 8. 

The required equipment is shown in Figure 8 and 

listed below. 
I. A 26-tooth sprocket attached to the output 

shaft. 
2. A variable rheostat whose contact arm is 

chain-connected to the output shaft of the differ­
ential cone. 

3. The necessary frame and supports for the 
variable rheostat. 

4. A reference synchronous motor or Synchrotie 
receiver to provide a mechanical reference input 
into the differential cone. 

The chain connection between the output shaft 
of the differential and the rheostat provides the 

10 

proper rotation of the contact arm in relation to the 
electrical and mechanical requirements. 

The 26-tooth sprocket chain-drives a 72-tooth 
sprocket that is secured to the contact arm of the 

rheostat. A friction clutch is inserted between the 
sprocket and contact arm to provide protection for 
the rheostat and control system in case the arm is 
stopped at either of its extreme limits of traveL 

A typical simplified control circuit (Figure 8) will 
be described to illustrate the operation when using 

the mechanical differential rheostatic type position 
regulator. 

A mechanical drive input to the reference syn­
chronous generator or Synchrotie transmitter pro­
vides the reference speed for the regulator. This 
generator or transmitter supplies power to the refer­
ence synchronous motor or Synchrotie receiver. 
This motor or receiver drives the sun gear of the 
differential cone to provide the reference. 

A mechanical input to the drive cone provides 
the variable speed to the regulator. The drive cone 
imparts a rotation to the differential cone and its 
ring gear through the movement of the cone be1t. 

If the ring gear is not rotating exactly one-third 
the speed of the sun gear, the planetary gear will 
receive rotational motion and force the output shaft 
to rotate. The mechanical connection between the 

rheostat and the output shaft causes a change in 
position of the rheostat arm. This action results in a 

change of voltage across the field of the controlled 
motor or generator. The resultant effect will change 
the speed of the machine providing the mechanical 
drive input to the drive cone. 

The above sequence will take place until the ring 
gear is rotating exactly one-third as fast as the sun 
gear. At this point, the mechanical input to the 

drive cone is speed matched to the mechanical 
input of the reference. 
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MECHANICAL DIFFERENTIAL UNIT I.B. 9810-1 

REFERENCE SYNCHRONOUS GENERA TOR 

OR SELF-SYNCHRONOUS TRANSMI TTER 

�/ 

(' (. 

;><G·� 
REFERENCE SYNCHRONOUS MOTOR 

OR SELF SYNCHRONOUS RECEIVER 

I 

"MECHANICAL INPUT TO SYNCHRONOUS GENERA TOR 

OR SELF-SYNCHRONOUS TRANSM ITTER 

MECHANICAL INPUT TO DRIVE CONE 

DRIVE CONE 

OUTPUT SHAFT 

0 

RHEOSTAT DRIVE SHAFT SPROCKET 

72 TEETH 

FIG. 8. Simplified Control Circuit Incorporating Mechanical Differential Rheostat Type Regulator 
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Westinghouse 
T RANSMISSION GATE 

A transmiss ion g ate is a bilateral switch for 
controlling the pass age of analog signals . The g ate 
functions as a static r elay, so that when the gate 
is open or conducting, a very small impedance 
exists thru the gate. When the gate is c lo s ed or 
non-conducting , a very high impedance exists thru 
the gate . T he gate can be switched by any circuit 
providing a rapid voltage change of 1 5  - 20 volts in 
approximately 10 mic ro -seconds or les s .  Frequently, 
Westinghouse NOR logic circ uits are us ed to 
provide this control signal. In the conducting 
state, the gate will pass fre quencies in exc e s s  of 
10 kilocycles without attenuation. 

The gates are made up of transform ers , 
transisto rs .  diodes and other components mounted 
on printed circ uit boards and made up into a 
standard Prodac type module frame. The trans -
mission gate modules are designated LG l and LG2 .  
T hey are identical exc e pt that LG 1 c onsists o f  one 
gate , and LG2 consi sts of two independent gates 
in one module . The modules require a power 
s upply of 6. 3 volts :I: 5%, 500 rnA, 50/6 0 c ps across 
the primar y of transforme r 2T as shown in 
Figure 1 .  

I .SWI � � IT 
... 

I. L. 98 1 0-ZA 

(6) 

Driving terminal 1 9  (or 2 5 )  in a pos itive going 
direction with res pect to terminal 5 (common o r  
PSC ) make s the gate non -conductive. A neg ative 
going signal makes the gate c onductive .  T h e  gate 
can be controlled at rates in exc e s s  of 1 00 0  times ­
per - s econd with switching rates normally being 
limited by the relative duration of s witching 
transients with r e s pect to o pen and c lo s ed times . 
A s pecial input c onnection,  SWA ,  is provided for 

COI'fM. s: 

NtiNSEJt.s IN 
MltlfN:TNL:>/.S 
li'IF£1l r" :TN£ 
S&CQND 6.ATI 
Oil rNE J.. fi.· 2 

"f()PVL£. 
tltllti!VIr/l Y /S 

Figure 1 - Schematic Diagram of the 
T ransmis sion Gate 

/IJ&t'rltlAL.. • 

non - s ym etrical operation in which one s tate of the gate may exist fo r short periods in the neighbor ­
hood of 1 0 0  mic roseconds . 

Signals up to :I: 1 0  volts c an be gated with output loading up to 1 .  5 rnA maximum. Higher 
voltages up to :I: 20 volts c an be gated with les s  loading . The gate will operate thru a temperature 
range of at least 0 - 65 • c .  but tempe rature s above 5 5 •  c should be avoided to obtain the best 
reliability and longest life of the device. 

OPERATION 

A .  Bridge C i rc uit 

The heart of the gate is a diode bridge as shown in Figure 2 .  
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I. L. 9810 -2A Page 2 

When te rminal :A_ is positive and B negative with 
r e s pect to c ommon, the diode s are back biased s o  that 
extremely high impedance is pre sented between the 
i nput and output of the g ate. For this condition the gate 
is non-conductive as long as the input voltage is 
s ufficiently low that the back-bias voltag e s  ac ros s  the 
diodes can be m aintained. 

When terminal � is negative and � pos itive , the Figure 2 - Sim plifie d Diode B ridge Circuit 
diodes are forward bias ed so that v e ry low impedanc e 
exists between the input and o utput of the gate . For this 
condition the gate is conductive as long as the c urrent through the gate i s  s ufficiently low that none of 
the diodes loo s e  their forward bias . 

In the fo rward bi ased co ndition a diode has a drop of approximately 0. 6 volts . This drop is 
reasonably i ndependent of the current thro ugh the diode. Referring to Figure 2, it can be seen that 
the forward dro ps of the diode s tend to c ancel ac ros s  the diode bridge so that a very low voltage drop 
exists between input and output of the g ate . However ,  since the forward drops of the diodes may not 
match, a potentiom eter 1-P i s  added to the b ridge circuit. 1-P is adjusted so that with zero volts 
i nto the g ate , the output voltage will be le s s  than ± 0. 4 MV with the gate conducting . 

B. Flip-Flo p C i rc uit 

The operation of the gate requires that the voltage between :!!._ and ..!!_ of figure 2 be 
reve rsible. This revers ing voltage is obtained from a bis table flip -flop circuit. Refe r to Fig u re 1. 
The flip -flop has a d -e powe r supply with an isolating transforme r  2 - T .  T he flip -flop is controlled 
by a pulse obtai ned from i s olating pulse transformer 1 - T . The isolation of the flip -flo p permits 
both positive and negative ,  voltage s  wi th r e s pect to the common, to be applied to the gate bridg e as 
needed for correct ope ration. 

The gate is controlled through puls e transfo rmer 1-T . When the voltage at term inal 
SW 1 ( or SW A) go e s  positive with respect to common a positive pulse is produced from terminals 
3 to 4 of the pulse transformer.  This pulse c auses transistor 1 TR to become conductive and 2 T R ,  
non-conductive . For this condition or state o f  the fli p-flop the collector of 1 T R  i s  positive and 
the colle c to r  of 2TR negative s o  that the diode bridge is back bi as ed and the g ate is non-conduc tive . 
Similarly, a negative going voltage at SW I (or SWA )  mak e s  the gate c o nductive. The gate is 
normally controlled through SW L However,  for s pecial applic ations r e quiring that the s tate of the 
fli p-flo p be maintained for s ho rt time (approximately 1 0 0 mic roseconds) followed by a re latively 
long revers e  state condition, the gate can be s t  be controlled through te rminal SWA . This connection 
is m ade inside the gate m odule by conne cting the tab c onnection to SWA instead of S W L  

II 

�LI-t--S•"'' ;;. 
n< 

/C ' 'W.t 1'1 SWI 1.. ' / u IN-2 
2:1 DV1'2 
liS sw z 
.,. 
B-., t>VT·I 6'/0· IJ IN• I 
.JI'. t;NI) 

/tlt;.llr SIDE VIEW olfl' �G-/ ,t.6·2 
A,S'- IW:IT IA$111 ON �t;·J , C<'NN. To A. c. 7'1£-S, ON 

• - OJMp, S�Pil ""It <JIIC J..(J; · % .  O"rN£R J..<r•:fl. C:oJI/AI. Aif:lrl B.c:o.I"'P. s,;:>£ "'Jt. e . sw , �N , our (/..PIVNT', I:Jit:T. 11111>1! - C , S W·.Z , /N·:t. , DU7'·2. 

Fig ure 3 - Inte rnal A r rang e m e nt and 
Inte rconnections 

C. Initial State C irc uit 

Many applications r e quire that when power i s  
applied to the gate that the initial state of the gate 
can be predetermined. This feature is acc o m plished 
by diodes 9D, l OD and resisto r  24R . 

When a -c power is applied to the gate , terminal 
F i s  initially held more pos itive than the emitte r 
potential of the transi stors because it connects to a 
more positive point on the power s upply filte r .  A s  the 
powe r supply voltage furthe r inc rease s  Zene r diode 
l OD bec omes conductive clam ping the anode of diode 
9D and c ausing it to become reverse bias ed. The 
initial state ci rcuit then be comes is olated from the 
fli p -flo p circuit because of the v e ry high impedance of 
the reverse -biased diode 9D. Te rminal F c onnects 
to terminal :!!._ o r ..!!_ by means of a tab co�ection 
inside the gate module. See Fig ure 3 .  Whe n the 
connectio n is between F and B, 2TR base i s  held www . 
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P ag e  3 1 .  L. 9 8 1 0 - Z A  

po s itive whe n  a - c  pow e r  i s  appl i e d  ·: au.s ing 2 T R  to b e  h e l d  n o n - c onduc tive and, the re fo r e ,  t h e  g at e  to 
b e  initi ally non - c onductive .  With the c o nne cti o n  b e tw ee n  F' and A the gate will i nitia l l y  be c o nductiv e .  

Adjustm ents 

In the c onduc tillg s tat e ,  •.vi th zero signal in put, the output voltage sho uld n o t  vary fro m z e ro 
b y  m o r e  than ± 0. 4 mV . P o te ntio m e t e r  l - F s ho uld b e  s e t  to g i v e  m inimum output in !:hi s c o ndition. 
In the non - c o nduc ti ng s tat e ,  the out put no r m all y will no t d iff e r  frcrn z e ro by m o re tha.n ± 0. 2 m V .  

MAIN T ENANCE 

A .  P r e ve ntive 

T he c o m ple tely s tatic design of thi s unit m i ni m i z e s  p r e v e ntive m ai nte nanc e to no r m al 
c le aning prac tic e s  and c he c k s  fo r c rac king o r  b r e akage if the e qui pment i s  j a r re d  e xc e s s iv e l y .  

B .  C o r re c tive 

P l ug - i n  m odule c o n s truc ti o n  pe rn1i t s  the r e plac e m ent of s us pe c te d  m a.Lf\u1c �io ci ng modules 
with s p a re s  known to b e  g o od . lf thi s i s  not po s :.;ible and rn alfunc tioni ng c f  a t ran s mi s s io n  g ate is  
s u s pecte d ,  the follo v.1 n g  o pe rati o n al c he c k s  may be p e r fo r me d .  

1 .  C he ck t o  s e e  t h at t ;1e g ate s witc he s wi th a 2 0  volt pe ak to 1 0  C P S  s qt:a r e  wav e 

s witc hing s ignal a p pli e d .  
2 .  C he c k  t o  s ee that the g ate b e c o m e s  c o nduc tive wi th a n eg a ti v e  g o ing ,;� witc lur;g s ig n al .  
3 .  C he c k  that lP is pro p e r l y  adj u s te d  as d e s c ribed p r e v io u s l y  with the i rq;mt s ho rt e d  to 

get z e r o  volts input .  
4 .  C heck t o  s e e  that t h e  i ni tial s tate of t h e  g at e  c o nfo r m s  t o  t h e  int e r nal c onnection a s  

de s c ribe d und e r  "Initi al State C i r c ui t " .  
5 .  C he c k  t o  s e e  that the g at e  will c ont rol ± 1 5  v o l t s  D .  C .  
6 .  C heck t o  s e e that the g ate will c onduc t  a ±  2 0  v olt peak A .  C .  s i g nal without d i s t o rtio n .  
7 .  W ith t h e  g a t e  non - c o nductin g ,  c h e c k  that the g ate blo c k s ± 20 v o l t  p e ak A .  C .  s ig n al .  
8 .  C heck t hat the gate will c o nduc t a ±  1 2  volt  pe ak, l K C  s qua r e  wave v:i thout d i s t urb ing 

the state of the g a te . 

If the g at e  fai l s  any of th e �:> e  c he c k s , m al<,e a v i s ual c h e c k  fo r c l ean i n s ul at ion , c r acked 
c o m po n e nt s  or b roke n c o n ne c ti o n s ,  The n ,  l oc alization o f  the t r o uble may b e  und e r taken b y  c h e c k ing 
t y pic al point v oltag e s  as s hown in Fig u r e  4 .  

I 
I 
I 

-,A�-..._ - . .  
sw 

- - - -;; 

GATE CO N D .  

A - l 2 V  
B 7V 
c - 6V 
D 5. 7V 
E 5 .  8V 
F - 2 1  v 
G 1 3 .  5V 
H 3 v 
J - 2 .  2V 

Power T rans .  

G A T E  NON - C O N D  . 

- 1 0 . 7V 
9 .  5V 
8 v 

- 8 v 
8 v 

1 9  v 
1 5  v 

- 1 . 4  v 
- 3 .  2 v 

P RI 6. 3 V  A C  
S E C  3 0  V A C  

' AR L• - T E S T  POINT VO LT AGES TO C OMMON 

In r e pai ring T rans mi s s ion C at� nK, ;:l ul e s  the fi r s t  s te p  i s  g e ne r al l y  that of l o c ating the 

defe c tiv e s ub - as s e mb l y .  The c o r:n pl e t e  s t:b - a s s e mb l y- c an then b e  ::- e pl ac e d .  Li miting r e pair to the 
r e plac e m e nt o f  d ef e c tiv e s ub a s  emblie s m ay p r ov e  the m o s t  practical proc e du re altho ugh s ub ­
as s e mb l i e s  c a n b e  re pai r e d  i f  t e sti ng fac ili tie s and pe r s o n ne l  are avai l ab l e  fo r thi s t y p e  o f  wo rk . 

W E S T I N G H O U S E  
B U F F A L O  D I V I S 

E L E C T R I C  C O R P O R A T I O N  
O N  B U F F A L O  5 ,  N . Y .  www . 
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@ Westinghouse 8 1 0- 3  

Using The 
SUMMARY OF C ONNEC TION LIST 

INTRODUC TION 

In the past the wiring diagram s  have had se rious limitations for c ustome r  , and s e rvic e  refe renc e .  
The r eason fo r thi s was that the i nter nal wiring doc ument was tailored primarily for manufacturing 
p urpo s e s  rather than for s e rvicing purpo se s .  Specifically it has alwa y s  been diffic ult to relate the 
phy sical loc ation of a device as shown on a wiring diagram, to the equivalent circuit or symbol on the 
electrical schematic . Likewi s e ,  if one wished to det e rmine on a wiring d iagram the physical location 
of a circuit shown in the schematic , it required s low, careful s earch through s everal pag e s of diagrams 
until the device designatio n  was located. 

The Buffalo Systems C ontrol Department has been wo rking on a group of computer programs 

which will e nable u s  to p r epare our shop i nterna l  wiring instruc tions in tabular form rather than in 

conventional diagram form which has been used in the past . The se programs are now completed and 

are being put to use . 

When p rogramming for computer wiring manufacturing information ( Wiring M .  I . * )  it becam e  
apparent that with a little more comp uter running t i m e  we c ould eliminate thi s difficulty. It i s  
accomplished by rearranging the shop information into a second form specifically tailored for optimum 
reference by s e rvicing per sonnel .  This for m  now is printed and shipped with the equipment. The 
purpos e  of this leaflet is to ac quaint you with thi s new doc ument . 

* We no long e r  u s e  the term wiring diagram for chart type wi ring i n str ucti on s .  
Instead i t  i s  called Wiring M anufacturi ng Information or Wiring M .  I .  

DESCRIPTION 

The new doc ument is called "Summary of C o nnections Li st" and the name literally means just 
that . The doc ument con s i s t s  of 8 - 1 /2 x 1 1  pag e s  li sting eve ry 'terminal on ever y  electrical devic e i n  
the s y stem . Furthermore all p o s sible information related to each terminal i s  shown on the same line 
on the l i s t .  

The fi r s t  thr e e  p a g e s  o f  the list contain a detailed li st o f  instruction s  t o  the c ustome r  and 
s e rvic e p e r sonne l conc e r ning its use . The fi r s t  page also c ontai n s  a key to the wire size and color 
c ode s ymbol s  u s ed i n  the li sts . 

A few sample pag e s  of a Summary of C onnection li st are shown in thi s leaflet for your i nspe ction 
and study . However, it would be well to examine just a few of the p ri ncipl e s  which make c o mp ut e r  
wi ring po s sible . In simple language thi s t y p e  of wiring i s  "wi ri n g - b y - th e - numbe r s " .  

TERMINAL NUMBERS 

Mo st of our devi c e s  s uc h  as relays and contacto r s  do not have terminal numbe r s  on them . To 
compensate for thi s ,  p reprinted adhe sive labe l s  have been c reated and p ermanently attached to the 
pane l s  clo s e  by each devic e .  Some simple devic e s  s uch as r e si s to r s ,  capacito r s  etc . do not have 
labe ls .  Instead, a standard c onvention for determining the terminal number i s  d e s c ribed o n  the third 
page of the Summary of C onnection s  li st . Thi s simple convention c an be memorized quickly. 

LOC ATION LABELLING 

It was recognized early that it would be too c umber some for the computer to s tate the equipment 
loc ation of a co nnection on a component verbally, s uch a s :  

NEW INFORMATION APR IL 1 962 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



l . L .  98 1 0 - 3  Page 2 

" 1 0  i nc he s from the left, 70 inche s from the bottom�mounted flat agai nst panel area 1 0, 
on pane l section 61of shipping section 3 structure 1 "  

Instead a standard significant digit c ode numb e r  was e stabli shed to r educe the spac e requi red 
to i ndic ate a location in the system. For i n stanc e the above statement c ode number appears as 
follows: 1 P.,.3,.9.6,.0 1 0 E 1 0 7 0 0 0 

sr..eut::rv.e e Ala. -v • ' --....... ----' 

� \ l L dOO..eP/#ATE: ,Lot:JAT/0/}/ �HIPPING- .SEt!.TION NO. 
,J  IMI rilE AII2£A 

PANEt. NO. 
A/lEA NO. 

Figure 1 - Key to Definition of Te rms for 
the Locatio n  C ode System -
Multiple Unit Equipment Such 
As Fr ame s and C ubicl e s  

Structure 

Shipping 
Sections 

Significanc e  of 
C o ordinate Locati ons 
On An Area 

D O D D  
D O D D J:[�o oo l  

_ _ _ _ _  t� -! x  --1 % 1-

Note : A Z dimension i ndicates the device 
is mounted on a bracket spaci ng it outward 
from the pane l .  For a devi c e  mounted o n  
the panel t h e  Z dimension will b e  0 .  

� ) 
v 

Panel Sec tion 

Example of 
C ode Word 

Area 

�-----------'IL�------------

StrLr
:\1 :t

ne
0\00 ! E s' 

Section 1 
Shipping Mounting 
Section 

Side of Area 
I = Inte rnal 

E = Ext e r nal 

C oordinate s 
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PAGE 5 SAWLE PAGE 

-�I.H4AR::&: � s;i�tif;�lS!i� bi SI-

APP L I CAT I ON  

CUSTOM::R 

G .. o. 

SCHEr.£ DWG. 

SH I PP I N'.7  SPL IT L I ST  

M1\ I N s.o. 

"-�--· � . --· 

c.w.L. NO. 

I NTERCONN .  L I ST  

THE FOLLOW I N'.7  SI.PPLEr.ENTARY DWGS AN) SHEETS ARE REQ U IRED TO 
COMPLETE THE W IRE L I ST I NFORMAT ION. 

I L 98 1 0  3 

l r«>EX DWG. 

I .  I NSTRLCT I ONS FOO US I N'.7 "SlM4ARY OF CONNECT I ONS L I STS" - SHEET NO. 2 .  
2 .  DEV I CE TERM I NA L  DES IGNAT I ONS .  - SHEET NO .  3 
3 .  COMPLETE L I ST I NG OF DEVICES A N)  CONNECT I ONS . - SHEET NO. 4 A N)  A S  NEEDED. 
4 .  REV I S I ON & TABULAT I ON  SHEET. 
5 .  S IGN OFF SHEET 

W IRE CODE TABLE 

I A422•7-.0 I O  - 1 22n-3 3A�4• 1 6-. 005- 1 2277-4 �QLW coo, 
I B�2· 1 ;0253- 1 2277-3 3B422:7-.0 I 0- 1 2277- 1 4  
I C� I 8: 1 6-. 0 I O  - 1 2277-3 3C422· 1 - . 0253- l 2277- 1 4  �L•BLACK 
I D� I 4·7- .024- 1 2277- 1 5  3D420· 1 0-.0 I 0- 1 2277-4 B :BLUE 
I E-' 1 4-4 1 -. 0 1 0- 1 2277- 1 5  3E� I 8• 1 6-. 0 I D- 1 2277- 1 4  BN•BROWN 
I F4 1 2•7 . 0305- 1 2277- 1 5  3F� I 4a7-. 024- 1 2277- 1 4  G ::GRAY 
I G4 1 2-65-. 0 I 0- 1 2277- 1 5  3G-'22• 1 -. 0253- 1 2277-4 R -RED 
I H� I 0•7- . 0385- 1 2277- 1 5  3H�26•7-. 0056- 1 2277-3 W -WH ITE 
1 1�8·7-. 0486- 1 2277- 1 5  3J�26•7-.0063-625 1 2AB Y -YELLOW 
I J �4• 1 33-.. 0 1 77- 1 2277- 1 5 3K�0-26-.0063-625 1 2AA W/B-WH I TEIBLUE STR I PE 
I K�2-259- . 0 1 6- 12277- 1 5  3L�22• 1 6-. 0063-62 1 22KD W/R-WH I TE IRED STR I PE 
I L• I /0-259-.0202- 1 2277- 1 5  3M� 1 8• 1 6- . 0 I 0-62 1 2 1 BB  B/W-BLUE/WH I TE STR I PE 
I M-4/0-427-. 0223- 1 2277- 1 5  3N�24• 1 6-.0034-62 1 22KE R/W-RED/WH I TE STR I PE 
I N� I 6-26-.0 J 0- 1 2277- 1 5  3P�20-26-. 0063-62 1 22KE G/W-GRAY/WH I TE STR I PE 
I P�6·7- . 06 12- 1 2277- 1 5  
I R-2/0-259-. 0227- 1 2277- 1 5  4A•304D- 1 9- . 0 1 3 -7355-SHFS-3 COPPER BAR 
I S-2 �2/0-259- . 0227- 1 2277- 1 5* 48-4497•7- .025-7355-SHFS-4 
IT-2�4/0-427- . 0223- 1 2277- 1 5* 4C•90 1 6•7 . -036-7355-SHFS-9 /4x3 
2A� I 6• 1 9-. 0 1 26-74 1 9- 1 3 40•3 1 480-49-. 025-7355-SHFS-26 /4x3 
28� 1 4•7-. 024-74 1 9- 13 4E -66380• 1 33-.022-7355-SHFS-66 /4x3 
2C� l 4-4 1 - . 0 I 0-74 1 9- 1 3  /4x4 
2D� I 2• 1 - . 08 1 -74 1 9- I 3  /4x4 
2E� I 2•65-. 0 I D-74 1 9- 1 3 COPPER BAR /4x4 
2F� 1 D- 1 05 . 0 1 0-7"· 1 9- 13 AA• I /8x3/4 /4x5 
2G�8·7-. 0486-74 1 9- 13 AB• I /Bx l  /4x5 
2H�6•7-.06 1 -74 1 9- 1 3  AC• I /Bx 1 - 1 /4 /4x5 
21�4·7-. 0772-47 1 9- 13 AD- I /Bx 1 - 1  /2 /4x6 
2J�2·7-. 0974-74 1 9- 1 3  AE• I /8x2 /4x6 
2K� I /0• 1 9- . 0745-74 1 9- 1 3  AF• I /4x l /4x6 
2 L�2/D- 1 9- . 0837-74 1 9- I3 AG• I /4x l - 1 /2 l /4x8 
2M-,4/0• 1 9-. 1 055-74 1 9- 1 3  AH• I /4x2 l /4x8 
2N·2�/0• 1 9- . 0837-74 1 9- 1 3* A1• 1 /4x2- l /2 l /4x8 
2P-2�4/0• 1 9-. 1 055-74 1 9- 13* l /4x8 
2R� I 2- I -. 08 1 -74 1 9-3 

*=2 LEADS I N  PARALLE L  
OWG NO sw. SH .,#  SHEETS 

WEST I NGHOUSE E LECTR I C  COOP<RAT I ON  
BUFFALO D I Y. - CONTROL DEPT . -BUFFALO, N .Y . , U.S .A . www . 
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Page 6 Sample Page l . L .  9810- 3 
I nstructions for Us i ng the "'Summary of Connect i o ns List " 

The "Summary o f  Connect ions L i s t •Y is a complete l i s t ing of a l l  t he electr i c a l  devices and their connec t ions in chart 
form for a par t i cu la r  contro l . 

On the one hand , t h i s  l i s t enables a person observ ing a p ar t icular dev ice on a scheme to qu i c k l y  ascert a i n  bo t h  i t s  
physical l ocat ion a n d  i t s  e l ec t r i c a l  connect ions o n  t he panel o r  t h e  converse i s  a ls o  t rue ; by means o t  t h i s  l i s t  a peJ-son 
obse r ving a pa r t i cu la r  dev ice on a panel can quickly loca t e  symbol on t he scheme .. 

There are three sets of c o lumns reading from l e f t  to r i ght in this order : "FROIII DEVICE',' "REFERENCE DEVICE " ,  and 
"TO DEV I CE " .  The column headed "Reference Device" is the major column , and con t a i ns i n  A l pha-numeric oi�der a l l  the devi ces 
used on t he j o b .  Not e :  Changes m a y  not b e  i'h A l pha-numeric sequence . 

As an example , go to the l ist shown below. If the w i r i ng informa t io n  for "9P .. is desi red , go t o  the column headed 
"Device Des igna t ion .. under t he major heading "Re ference Devi c e u ..  D e v i c e  " 9 P "  w i l l  b e  f'ound i n  A lpha-numer ic order w i t h  t he 
f ol lowing informa ti o n � 

a )  I t  is located on Structure 1 ,  Shipping Sec t ion 1 ,  Panel Sect . l ,  S u b  assembly 1 ,  
and on the exterior side o f  area l06. I t s loca t ion o n  t he area l06 i s  1 0  inches 
from the left edge o f  the pane l ,  1 4  inches up f rom t h e  bo t tom o f  the panel and 
0 inches out from the surface of the pane l .  See F i g .  1 below. 

b) I ts termi n a l  number is l .  

c )  I t s  w i re number i s  69 . 

d) The c i rc u i t  is located on zone (area , s ec t ion or sheet) 2A of t he Schema t i c  D i a g ram . 

e) Term . on 9P connects .. FROM" term i n a l  2 on 18R � 

f) Term. on 9 P  connects •Ton terminal 2 on 2P. 

g) The w i re size for the "TO" connec t i o n  i s  w i re Code "lC.. . The preced i ng sheet 
con t a i ns a t a b le o f  w 1 r e  and color codes . 

h )  The w i re color f o r  the "TOu connec t i o n  i s  ''B'' f o r  b l u e  .. 

T h i s  con s t i tutes complete i nforma t io n  for terminal 1 ,  dey ice 9P except lor. the w i re and color code for the "FROM" 
connec t i on (device 18R termi n a l  2 t o  dev ice 9P term i n a l  1 ) � Scan t he "Reterence Devicelt c o l umn i or device 18R , termi n a l  2 .  
Dev ice 9p , termi na l 1 w i l l  b e  located o n  the same l i ne ,  and i n  the "TO DEVICE�' column. The wi re code and color for t h i s  
connect 1on w i l l  b e  l i sted under t he "Wire Code" and "Wi re Color . .  column. 

Every device terminal w i l l  have a m i n imum l i s t ing o f  at least 2 and poss i b l y  3 ,  once in t he ••Reference Deviceu 
column , and once in t he .. FROM" and/or "TO'' co lumns . For some spec i a l  cond i t ions , t he nurnber of l i s t ings in the "Reference 

Dev ice .. column w i l l  be more than one , w i t h  a propor t i onal i ncrease i n  the "FROM" and "'TO'' columns. 

Example 

. Device Name 
Dev ice Termina l 

2* { 
I -

. IUMMART Of C:ONNICTtOHI 

FROM DEVICE REFERENCE DEVICE TO DEVICE 
DEVICE OfVI(f l���� SCH. WI«E WIRE DEVIC€ 

on ! TUM NO 0" I TUM HO ZONE NO. t:<JC.>t I c.o.Ot ' 0" • TEIM NO 

' 1 1 0 1 0 1  150700 l 3c lD � R i Yl 
' 

2FU 4 l06E 4 7  · 9  REC 
9P 3 2P 

i 
1 ! 10101 106E 100809 : 2A 67 1 c [ s ' 

9P l 2P 2 ! 10101 106E 1 00809 ' lF 69 lC B i 
,..._ :::::::::::--.. ���_;;:;--;...: 

I 18R ' 2 9P I l ' 10 1 0 1  106E 10 1400 2A 69 lC B 2P 2 
I *2TS i 68 9P 2 1 0 1 0 1  106E 1 0 1400 . 2A 68 lC B 

I *2TB I 67 9P ' 3 10101 106E 101400 ' 2A 67 lC B [ 2P ' l ' � .... 
'--

�·�··===tl ;:::=... -
! 7X 4 18R ! 1 i 10 1 0 1  l06I 051309 2A 70 lC B 

5P ! 3 1 8 R  2 i l OlOl 1061 051309 : 2s 69 lC B 

J.-- ' , .............. . '-v-1 YyY 

r T -t f __._. f -L.-1 f 
Number � S t ructure Number --- L lli'1re Color 

1 *  Shipping Section No . --- � Wire Code Numb 
ane l or Cabinet Sec t .  No . - � W i re Or Lead Number 

Area on Panel or Cabinet Sec t . --- ---- A rea or Sect ion of Schema t i  
Inter ior , or E • Exterior S ide o f  A re a  L....-- Z Coord i n a te 

L___ . 2• 

c 

See Sheet N o .  1 
For Table of W i re 
and Color Code 

Y Coord inate } 
X Coord i n a t e  Dimensions to t he Nearest I nch 

Device 
Center L i n� 

F I G .  1 
S i g n i f icance o f  

Coord i nates 
Device 9P 

Z i s  Flush Mounted t o  Panel so 
z • Zero for 
This Example 

l •  For some equ i pment such a s  operator stat ions , the number could b e  for examPle , SOSOl mean i n g  operators s t a ti o n  number 1 2• For
.
cus t omers external equipment designated by the letter "C" f o l l owed by 4 d i g i ts , example "Cl04 l" , the columns headed

. 
"MaJor'* , '*Arean ,  and .,Coordinates" w i l l  be f i l led � n wi th the description of the device for eXampl e ,  "Screw Dn Motor 1 " .  The number "Cl04 1 "  wi l l  appear i n  t h e  "DEV ICE DESIGNATIO!r' colum�S. ��!�!!�wing sheet conta i n s  a set of rules for a s s i g n i n g  term i n a l  designations to those devices whose terminals are 

DWG. NO. SUB. SH. NO. SHEETS 

WESTI NGHOUSE ELECTRIC CO RPORATION 
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Page 1 Sample Page I.L. 98 1 0 - 3  

Device Terminal Designations 

A .  Device terminals have been numbered . so that the correct terminal may be easily and' quickly 
located and ident ified . Previously, it bas been necessary to interpret the information from the 
wiring diagram . -

The fol lowing methods are used to label or interpret device terminals. 

1. The device may be manufactured with i t  s terminal numbers stamped or engraved . Only a sma ll 
portion of the devices are in this category. 

2 .  An adhesive label may be placed on , or adjacent t o  the device . This includes the l argest 
port ion of a l l  the devices . 

3 .  The smal l  rema ining group of devices , those that have only a few terminals , will have the i r  
terminal des ignat ions interpreted by a few s imple rules . 

B. Description of the method of terminal ident i fication 

1. Stamped or engraved terminal designat ions. These are usually marked near the terminal on the 
wiring side. 

2. Adhesive labels . 

The label is a pictorial view of the device whose terminals are tagged and enlarged for easy iden­
t i fication. More than one label may be required for the more complex devices , for instance one label 
for the front and one for th� rear . 

In general , a single label describes a family of devices , for example , a four , six or ei ght pole 
relay of similar symmetrical construction is described by a label that i l l�strates an eight pole relay . 

3 .  Assi gnment o f  Terminal Ident i fication by a set o f  rules . 

a} 

b) 

c) 

d) 

e) 

Numbering is established by circui t  configuration. Each set of contacts is assigned . an odd 
number followed by the next higher ascending even number . 
Example : CONn�CT 

1--l l--2 
3---i t--4 

SWITCH 
t--o�2 

COIL 
1-o-2 

Device terminals are numbered as seen from the front of the dev ice . (The fol lowing devices 
are an except ion to the rule in that they are numbered from the wiring side . They are 
pushbut tons , meters , telephone jacks , pots and rheostats , and indicating lights) . 

Devices that are rotated from the normal posit ion are numbered from the normal position. 

Terminal numbering sequence , (de�ices with coils excepted) begins with terminal number 1 
at the left , top and nearest pane l .  The numbering wil l  cont inue in ascending order by 
circui t ,  from top to bottom or left to right . 

Pushbut tons . 

There are two exceptions to the rules for numbering pushbut tons. They are : 

el) Numbering is determined by terminal configurat ion and not by circuit configuration. 

e2) The terminal number wi l l  bear a prefix of ''L" or "R" based on it ' s  location in relation 
to the pushbutton vertical center l i ne • 

• 
f) Some examples for the above rules . 

w 
NORMAL 

mm 
Westinghouse E lectric Corporat ion 
Buffalo Div. - Control Dept ; - Buf falo , N . Y; , U.S.,!lo 

L2--iUO--RI 
u--o o--R2 
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Page 8 Sample P age I . L .  98 1 0 - 3  

WESTII'IGHOUSE FORM 35009 SUMMARY OF CON NECTIONS 

FROM DEVICE R E F E R E N C E  D E V I C E  TO DEVICE 

DEVICE DEVICE LOCATION OR SCH .  WIRE WIRE DEVICE 
DESCRIPTION ZONE NO. DES. TERM. NO. DES. TERM. NO. MAJOR I AREA I COORD. CODE COLOR DES. TERM. NO. 

6P 13 �R 11 1HllU1 106 1 02 0609 rzA !1V [rClff I.L' '- I •  
12 R  2 1 0 1 0 1  1 0 6 1 0 2 0 6 0 9  1 A  � 3 1 c  Is 7 P  1 

* 5 T B  � 4 � c 1 1 0 1 0 1  1 0 6 E  1 9 v 6 0 0  2 F  � 4 1 C  B l P  2 

f3 C  2 1 0 1 0 1  1 0 6 E  1 9 0 6 0 0  12F f320M llC IB !"tj l lj  ij <::: UM 
4 R  � � p  2 1 0 1 0 1  1 0 6 E  1 0 0 2 0 9  2 6  � 3 � c B � c 1 
7X � �p  3 1 0 1 0 1  1 0 6 E  1 0 0 2 0 9  2 B  �4 l C  B 

7 P  � � R 1 1 U 1 U 1  1 0 6 1 0 4 U 3 0 9  1 8  � 0  l C  8 
* 5 T 8  8 1  3 R 2 1 0 1 0 1  1 0 6 1 0 4 0 3 0 9 1 6 � 1 1 C  B 5 C  1 

�p 1 1. 0 1 U 1  1 0 6 E  0 3 0 8 0 9  2 8  � 8 1 C  8 1 R 1 

*5 T B 7 7 �p 2 1 0 1 U 1  1 0 c E  0 3 0 8 0 9  2 8  � 7 l C  8 

*4 T B 7 6  �p 3 1 0 1 0 1  1 0 6 E  0 3 0 8 0 9  2 8  � 6 l C  8 
* 3 T 8  E P  �R 1 1 U 1 0 1  1 0 6 1  o s u c o 9 2 8 E P 1 C B 

�R 2 1 0 1 0 1  1 0 6 1 0 8 0 6 0 9  2 8 � 3 1 C  8 3 P 2 
3 R  2 5 C  1 1 0 1 0 1  1 0 6 E  1 0 1 3 0 0  l B � 1 l C  B 
* 5 T 8  8 2  5 C  2 1 0 1 0 1  1 0 6 E  1 0 1 3 0 0  l C  � 2 1 C  8 

5 P  1 1 0 1 1.1 1  1 0 6 E 0 3 1 4 0 9  28 � 9  l C 8 1 8 R  2 
* 3 T 8 3 2 0M 5 P  2 1 0 1 0 1 1 0 6 E  0 3 1 4 0 9  28  � 2 0M 1 C  B 1 6 R  2 

5 P  3 1 U 1 0 1 1 0 6 E  0 3 1 4 0 9  2 6  '7 2 1 C  B l 9 R  2 

7X � 1 5 R  1 1 U 1 U 1  1 0 6 E  0 1 1 0 0 0  3 8 5 2  1 C B 
5 R  2 1 U 1 U 1  1 0 6 E  0 1 1 0 0 0  3 C 5 5  1 C  8 1 C  1 
6 P  1 1 u 1 u 1  1 0 6 E  0 6 1 4 0 9 2 8  7 1  1 C  8 1 9 R 1 

* 3 T 8  E N  6 P  2 1 0 1 0 1  1 0 6 E  0 6 1 4 0 9 2A E N  l C 8 8 C 2 
1 8 R  1 6 P  3 1 0 1 0 1 1 0 6 E  0 6 1 4 0 9  2A 7 0  1 C  8 2 R  1 
1 2 R 1 7 C 1 1 0 1 0 1  1 0 6 E  0 3 1 8 0 0  38 5 6  1 C  8 9 R EC R 

1 3 R 1 7 C  2 1 0 1 0 1  1 0 6 E  0 3 1 8 0 0  38 � 0  1 C 8 
2 R 12 7 P  1 H l l 0 1  1 0 6 E  0 3 0 2 0 9  1 A 7 3  1 C 8 

� p 2 1 0 1 0 1  1 0 6 E  0 3 0 2 0 9  1 8 8 0  1 C  B 3 R  1 

1 9 R � j7p  3 1 U 1 U 1  1 0 6 E  0 3 0 2 0 9  2 B  7 2  1 C B 1 2 C 2 
7 X  1 0  1 0 1 0 1  1 0 6 E  1 6 1 4 0 0 3 6  5 7  1 C B *2 T 8  57  
7X 1 1  1 0 1 0 1 1 0 6 E  1 6 1 4 0 0  3 C  � 6  1 C  B *2 T 8  46 

7 X  1 2  1 0 1 0 1  1 0 6 E  1 6 1 4 0 0  3 8 � 2  1 C B 8 P  3 
7 X  1 5  1 0 1 0 1  1 0 6 E  1 6 1 4 0 0  1 C � 3 l C  8 7 X  1 6  

7X  1 5 7 X  1 6  1 0 1 0 1 1 0 6 E  1 6 1 4 0 0 1 C 8 3  l C B 

7 X  1 1 0 1 0 1  1 0 6 E  1 6 1 4 0 0  2. C  � 9 l C  8 l R  2 
� X 2 1 0 1 0 1 1 0 c E  1 6 1 4 0 0  2 C  � 4 l C  8 *5T8  84 
17x 3 1 0 1 U 1  1 0 6 E  1 c 1 4 o o  1 C � 2 l C 8 * 5 T8 82  

S U MM A R Y  O F  C O NN E C T I O N L I S T 
s . o .  I N D e D W G  NO . 
c u s T � 
E Q U l P e +A P P L I C e M A G A MP P N L  DWG. NO. SUB. SH. NO. SHEETS 

4 2 4 A 7 7 0  

� BUFFALO DIVISION - CONTROL DEPT. - BUFFALO, N. Y., U. 5. A. www . 
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Westinghouse 

TRANSMISSION GATE 

A transmiss ion gate is a bilateral switch for 
c ontrolling the passage of analog signals . The gate ' 
functions as a s tatic relay, so that when the gate 
is open or conducting, a very small impedanc e 
exists thru the gate . When the g ate is c lo s ed or 
non-c onduc ting , a very high impedance exists thru 
the gate. The gate can be switched by any circuit 
providing a rapid voltage change of 15 - ZO volts in 
approximately 10 mic ro-seconds or le s s .  F requently, 
Westinghouse NOR logic circ uits are used to 
provide this control signal. In the conducting 
state, the gate will pas s frequencies in exc e s s  of 
10 kiloc ycles without attenuation. 

The gates are made up of transform ers , 
transistors , diodes and other c om ponents mounted 
on printed circui t  boards and made up into a 
standard Prodac type module fram e .  The trans -
mission gate modules are de s ignated LG 1 and LG 2. 
They are identical exc e pt that LG l consists of one 
gate, and LG2 consists of two independent gates 
in one module . The modules require a power 
s upply of 6. 3 volts :t: 5%, 500 rnA, 50 / 60 c ps across 
the primary of transforme r 2T as shown in 
Figure 1 .  

I. L. 98 10-ZA 

(6) 

Driving terminal 1 9  (or 2 5 )  in a positive going 
direction with res pect to terminal 5 (common or 
PSC ) makes the gate non-conductive. A negative 
going signal makes the gate c onductiv e .  The gate 
c an be controlled at rates in exces s of 1 000 time s ­
per - s econd with swi tching rates normally being 
limited by the relative duration of switching 
transients with res pect to open and c losed time s .  
A s pecial input c onnec tion, SWA, is provided for 

COMM. s: 

NUA!SifR.:t IN 

PAJ/li!'NTNJr:SI.S 

RlfFEIC ro TN£ 

'SirCOND 6ATif 

01" THE ,l<i-·2 
�lVI.£. 

6fJ/lCVfTil Y IS 

Figure 1 - Schematic Diagram of the 
T ransmis sion Gate 

1/JGNriCAL • 

non-sym etrical ope ration in which one s tate of the gate may exist for short periods in the neighbor­
hood of 1 0 0  microseconds . 

Signals up to :t: 1 0  volts c an be gated with output loading up to 1 .  5 rnA maximum. Higher 
voltages up to :t: 20 volts c an be gated with les s  loading . The gate will operate thru a temperature 
range of at least 0 - 65 • C ,  but tem pe ratures above 5 5 •  C should be avoided to obtain the best 
reliability and longest life of the device. 

OPERATION 

A .  Bridge Circuit 

The heart of the gate is a diode bridge as s hown in Figure 2. 

SUPERSEDES I. L, 98 1 0 -2 FEBRUARY 1 962 www . 
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I.B. 9810-1 

DESCRIPTION • OPERATION • MAINTENANCE 

I N S T R U C T I O N S  

MECHANICAL DIFFERENTIAL 

SPEED ERROR DETECTING UNIT 

DESCRIPTION 

General. The MECHANICAL DIFFEREN­
TIAL SPEED ERROR DETECTING UNIT 
(Figure l) is an electro-mechanical device for speed 
matching two rotating elements. These elements are 
usually rotating shafts of electrical machines. 

The mechanical differential speed error detecting 
unit is used with an external amplifier to directly 
control the fields of either generators or motors. 
The unit will detect any error in the speed matching 
of two rotating elements. 

Each unit has the following components: 
1. Rigid mounting base with slide rails. 
Z. Basic mechanical differential error detecting 

unit. 
3. Provision for remote draw control. 
4. Provision for slack take-up feature. 
5. Pilot generator. 
6. Position inductor. 
7. The necessary gearing and mounting supports. 
8. Drip proof cover to completely enclose the 

components. 
9. Synchronous reference motor. 

Draw Range. The amount of speed variation 
possible by using the remote draw control is ± 12 
percent maximum by means of the belt shifting 
mechanism excluding any circuit limitations. 

Gears. All gears have been induction hardened 
to provide minimum wear. Machining has been held 
to close tolerances to minimize backlash, thus re­
ducing wear and increasing the accuracy of the unit. 

Bearings. All bearings are prelubricated sealed 
ball bearings to provide extreme reliability and 
long life. 

BASIC MECHANICAL DIFFERENTIAL 
ERROR DETECTING UNIT 

The mechanical differential error detecting unit 
(Figure 2) consists of a drive cone, a differential or 
driven cone, and a belt coupling between the two 
cones. A bedplate and a combination housing and 
bearing provides a support for the components of 
the unit. 

N EW I N FORMATION 

The drive cone shaft is supported at the housing 
and has attached to it a IS-inch pitch diameter, 
single groove sheave for belting to the rotating 
shaft of the controlled machine. 

The differential cone contains the planetary gear 
system which furnishes rotation of the differential 
output shaft. The differential cone is supported at 
the housing and obtains its rotation from the drive 
cone through the belt coupling. 

The reference speed is introduced into the unit 
through the shaft attached to the 56-tooth gear. This 
56-tooth gear drives a 72-tooth idler gear which in 
tum drives a second 56-tooth gear attached to the 
sun gear shaft. At the opposite end of the differential 
cone, the 26-tooth sun gear is attached to the sun 
gear shaft. A 78-tooth ring gear is fitted to the inside 
of the differential cone in line with the sun gear. 
A 26-tooth planetary gear revolves on its shaft be­
tween the sun gear and the ring gear and is meshed 
to both of these gears. The planetary gear drives the 
output shaft through a mechanical crank as shown 
in Figure 2. A 40-tooth chain sprocket is attached 
to the output shaft and drives a gear train connected 
to the position inductor and pilot generator Fig­
ure 4. 

For the output shaft to remain motionless, the sun 
gear must rotate exactly three times as fast as, and 
in the opposite direction to, the ring gear. 

Any deviation in the above ratios of speed will 
cause motion of the output shaft and this motion will 
persist until the exact relationship is re-established 
through corrective action of the regulating system. 

The relationship of these three gears is such that 
if the sun gear reference shafts were held motion­
less, four revolutions of the ring gear would produce 
three revolutions of the differential output shaft. 
Conversely, if the cone is held motionless, four 
revolutions of the sun gear are required to produce 
one revolution of the output shaft. 

The drive cone and the differential cone are 
identical in external size and shape, but are mounted 
to the housing with their tapers facing in opposite 
directions. 
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MECHANICAL DII'I'ERENTIAL UNIT--------------------

2 

OR SELF SYNCHRO NOUS 

REC E I VER 

SL IDE RAIL  

TERMI NAL BLOCKS 

C HA I N I DLER 

BELT SHI FTER SHAFT 

BEARI NG SUPPORT A N D  

SOL E N O I D  HOUS I N G  

REMOTE DRAW 

SYNC HROT I E  REC E I VER 

SLIDE R A I L  

l 5" P . D .  DR I VE CONE SHEAVE 

FIG. 1. Mechanical Differential Speed Error Detecting Unit 
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MECHANICAL DIFFERENTIAL UNIT------------------•· .. • .... · 9810 ....... ....,.-1 

REFERENCE SYNCHRONOUS MOTOR OR 
REFERENCE SELF-SYNCHRONOUS RECEIVER SHAFT 

PLANETARY GEAR 
26 TEETH 

OUTPUT SHAFT 

DRIVE G EAR 
56 TEETH 

DIFFERENTIAL CON E 
'Ill--- DRIVE GEAR 

56 TEET H 

FIG. 2. Basic Mechanical Differential Error Detecting Unit 

The ratio at the exact center is one-to-one. Moving 
the belt to the extreme end towards the housing 
forces the differential cone to turn faster by the ratio 
of the drive cone diameter to the differential cone 

7.125 (large end diam.) 
diameter. This is the ratio of 

6 125 ( ll d d' ) . sma en 1am. 
Moving the belt to the other extreme end forces 

the differential cone to turn slower by the ratio of 
6. 125 
7.125. The overall draw range possible is ± l2lf2%. 

REMOTE DRAW CONTROL 

The shifting of the belt along the taper of the 
cones is perlormed by the remote draw control as 
shown in Figure 3. This control consists of a belt 
shifter, a slack take-up feature, a remote draw 
Synchrotie receiver mounted to the housing, a 
remote draw Synchrotie transmitter remotely located 
in a control cabinet, and a slack take-up pushbutton 
mounted near the transmitter handle. 

The draw adjuster mechanism consists of a belt 
guide mounted on a threaded shaft. This shaft has 
16 threads per inch of length. One revolution of the 
shaft will provide a resultant change of 0.15 percent 
in relative speeds of the cones. The shaft is sup­
ported at one end by the housing and at the other 
end by a removable bearing support which also 

contains a solenoid. A small crank handle is secured 
to the end of the shaft for manual operation of the 
belt shifter during installation or adjustment pro­
cedures. 

The shaft has freedom of movement in the hori­
zontal direction through its bearings. Attached to 
the shaft 1,4-inch from the removable bearing sup­
port is the slack take-up armature (circular disc) . 
The distance between the disc and the bearing 
support is maintained by a compression spring. An 
electromagnet is contained within the bearing 
support. 

The belt shifter consists of two parallel arms 
secured together at the bracket and bearing assem­
bly. The belt passes over the drums and between 
the parallel arms. A downward force is applied to 
the belt at this point by a spring-loaded ball bearing 
which applies tension as it rides on top of the belt. 

The belt guide is limited in its travel along the belt 
shifter shaft by the limit nuts. The position of these 
limit nuts prevents the belt from slipping from the 
drum. 

A guide bar, secured to the base and parallel to 
the belt shifter shaft, prevents the belt shifter from 
rotating about the shaft axis as the belt is moved 
along the cones. 

The belt shifter shaft which extends through the 
housing has a chain sprocket attached to it. Mounted 
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MECHANICAL DIFFERENTIAL VNIT-------------------

above the drive cone on a horizontal plate attached 
to the housing is a remote draw Synchrotie receiver. 
The receiver shaft is connected to the belt shifter 
shaft by a link chain drive. 

A remote draw Synchrotie transmitter is mounted 
in a location convenient to the machine operator. 
The remote draw transmitter and receiver are dupli­
cate units, providing a one-for-one revolution rela­
tionship. Each unit has a 110-volt single-phase 
primary wound on its rotor1 and a 55-volt, 3-phase 
secondary on the stator. For normal operation, it is 
excited at 80 to 100 volts on the primary in order to 
provide long life and reduced temperature oper­
ating conditions. Therefore1 a direct control of the 
cone ratios is obtained remotely by the remote draw 
Synchrotie transmitter and receiver system. 

A pushbutton mounted near the remote draw 
Synchrotie transmitter provides an automatic, mo­
mentary slack take-up feature to change the differ­
ential cone speed. Depressing the pushbutton 
energizes the solenoid contained within the belt 

CRANK HANDLE ---;!11 
SLACK TAKE-UP PUSHBUTTON 

BELT SHIFTER SHAFT BEARING 

SUPPORT AND SOLENOID HOUSI NG 

SLACK TAKE-UP SOLENO ID 

shifter shaft bearing housing. The magnetic force 
created by the solenoid attracts the slack take-up 
armature to the bearing housing. The metal disc 
moves 1/4 inch which provides a relative speed 
change of 0.60 percent. This speed change will 
persist only as long as the SLACK TAKE-UP push­
button is held depressed. 

MECHANICAL DIFFERENTIAL SPEED 
ERROR DETECTING VNIT 

Additions to the basic mechanical differential 
error detecting unit are shown in Figure 4 and are 
listed below: 

l. A reference synchronous motor or Synchrotie 
receiver. Provides a mechanical reference input 
into the differential cone. 

2. A position inductor. This inductor supplies 
voltage proportional to position and is applied to an 
external amplifier for signal indications. 

3. A d-e pilot generator. This generator supplies 
voltage proportional to the rate of change of position 

RECEIVER SHAFT PULLEY 
9 TEETH 

REMOTE DRAW 
SYNCHROTIE RECEIVER 

FIG. 3. Remote Draw Control Components 
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MECHANICAL DIFFERENTIAL UNIT----------------....,;••;:;;B;;.;. 9;;,;;;810-;:;:;..;;;1 

MECHANICAL INPUT TO DRIVE CONE 

EXTERNAL AMPLIFI ER 

FIG. 4. Simplified Control Circuit Incorporating Mechanical Differential Speed Error Detecting Unit 

and is also applied to an external amplifier for 
signal indications. 

A typical simplified control circuit as shown in 
Figure 4 will be described to illustrate the operation 
when using the mechanical differential speed error 
detecting unit. 

A mechanical drive input to the reference syn­
chronousgeneratoror Synchrotie transmitter provides 
the reference speed for the unit. This generator or 
transmitter supplies power to the reference syn­
chronous motor or Synchrotie receiver. This motor or 
receiver drives the sun gear of the differentia] cone 
at a reference speed. 

A mechanical input to the drive cone provides 
the variable speed to the unit. The drive cone 
imparts a rotation to the differential cone and its 
ring gear through the movement of the cone belt. 
A one-to-one ratio of drive cone speed to differential 
cone speed will be considered first. 

The electrical output of the position inductor and 
d-e pilot generator can be connected to any con-

ventional voltage or power amplifier; e.g., mag­
netic amplifier, electronic amplifier or rotat­
ing amplifier to provide additional gain and con­
trol ability. 

If the ring gear is rotating at a speed other than 
one-third the speed of the sun gear, the planetary 
gear will rotate the output shaft. The chain connec­
tion turns the intermediate shaft which rotates the 
armatures of the position inductor and d-e pilot 
generator. The movement of the position inductor 
rotor supplies a change in voltage to the external 
amplifier in proportion to the new angular position 
of the output shaft. The rotation of the d-e pilot 
generator armature supplies a voltage to the external 
amplifier proportional to the rate of position change 
of the output shaft. 

The amplifier is energized by these two separate 
signals to change the speed of the machine provid­
ing the mechanical input to the drive cone. 

The above sequence will take place until the 
ring gear is rotating exactly one-third as fast as the 
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MECHANICAL DIFFERENTIAL UNIT-------------------

sun gear. At this point, the mechanical input to the 
drive cone is speed matched to the mechanical 
input by the reference. 

If it is required to change the speed matching of 
the reference machine to the controlled machine, 
movement of the cone belt in the proper direction 
will accomplish this requirement. 

INSTALLATION 

The following installation instructions are to be 
performed before initial adjustments and operation: 

1.  Check the alignment of the motor mounted or 
driven mechanical input sheave and drive cone 
sheave. Alignment of these sheaves should be as 
perfect as physically possible. True alignment will 
eliminate sidewise flexing and whip and will in­
crease the belt life. 

2. Check the mechanical input and drive cone 
sheaves for play between sheave and shaft. The 
sheave must be securely fastened to the shaft. No 
play, axially or radially, can be tolerated. If play 
exists between the drive cone sheave and the drive 
cone shaft, tighten the split taper bushing on the 
sheave. If play exists between the motor mounted 
sheave and its shaft, tighten the mounting. 

3. Check sheave V-belt tension. The V-belt 
should be tightened sufficiently to eliminate slip­
page. Too much tension will overload the bearings 
of the basic mechanical differential error detecting 
unit. 

NOTE: It is recommended that the purchaser 
supply a gravity-loaded or spring-loaded roller 
to maintain tension of the V-belt. 

Usually the motor will be coupled to the machine 
so that this check may be accomplished by trying 
to turn the drive cone sheave {in the direction the 
motor will drive it) with the belt in place. Should 
the belt slip, shift the base support on its slide rails 
by turning the threaded adjusting bolts in the slide 
rail ends. If the motor is uncoupled, restrain the 
armature and check as outlined above. 

NOTE: When possible, it is preferable to 
rotate the drive cone sheave in a direction such 
that the drive belt is taut on the bottom and 
slack on the top. 

4. Check the V-belt for uniformity of width. The 
belt should have a uniform width throughout its 

total length. If the motor is coupled, this check will 
have to be deferred until the machine is run at slow 

{inch)speed. Rotate the armature slowly and observe 
the position of the belt in the sheave slot. The belt 
rides up and down in the slot if it is not uniform in 
width. A non-uniformity of a minor nature will not 
usually affect the operation of the unit, but will 
cause action to appear erratic. Belts that are 
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uneven or have a permanent set or deflection should 
not be used. 

S. Remove the light coat of oil from the cone 
surfaces with a suitable solvent. Surfaces must be 
clean and dry to prevent slippage. 

6. Check the cone belt tension bearing. This 
bearing should be free to move perpendicularly 
from the mid-point of the bracket slots. The belt 
tension should be sufficient to eliminate slippage. 
A deflection of lj4 inch at normal ambient temper­
ature indicates sufficient tightness. Excessive tension 
will overload or bind the cone bearings. If necessary 
to adjust the range of the belt tension bearing, 
loosen the three eccentric bearing mounting bolts 
{Figure 5) . To tighten the cone belt, turn the eccen­
tric bearing in a clockwise direction with a suitable 
spanner wrench. To loosen the cone belt, turn the 
eccentric bearing in a counterclockwise direction. 

NOTE: Do not remove eccentric bearing 
clamps from housing. 

Tighten securely the three eccentric mounting 
bolts. 

By means of the eccentric mounting bearing the 
drive cone can be moved a distance of one inch in 
the horizontal direction to obtain the proper belt 
tension. 

7. Check the differential gear train for binding, 
backlash and play. Release the chain tightener and 
remove the drive chain. Hold the differential cone 
and rotate the differential output shaft. Rotation 
should be uniform and smooth with no backlash in 
the gearing. 

8. Check the position inductor drive gearing and 
friction clutch. With the drive chain removed, 
rotate the 60-iooth sprocket and observe the gear 
train. Rotation should be smooth and require uniform 
torque {when the position inductor is in range) . The 
pilot generator and position inductor are mounted in 
slotted holes to permit adjustment of thei r position to 
obtain snug mesh of gears. Backlash in the gearing 
can be minimized by adjusting the positions of the 
pilot generator and the oosition inductor. 

CAUTION : When the receiver goes out of 
range, the friction clutch should slip with 
little additional applied torque. Check for 
constant friction in the clutch by rotating it 
through one complete revolution. 

9. Check the oil level. Rotate the differential cone 
until one of the two filler plugs is directly below the 
output shaft. Remove the plug and check the oil 
level. The housing gear case should be filled with 
SAE-140 or equivalent weight oil until level with the 
bottom edge of the filler plug hole. Replace the plug. 
The chain drive idler and gear train should have a 
light coating of light weight machine oil. 
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REMOTE D RAW SYNCHROTI E RECEI VER 

COMPONENT SUPPORT BASE 

DRIVE CONE 

SPA N N ER WRENCH 

CLOCKWISE 

FIG. 5. Adjustment of Drive Cone Eccentric 

10. Check the belt shifter for binding and me­
chanical interference. Rotate the cones and move 
the belt shifter throughout its complete range by the 
draw adjusting crank handle. The belt should move 
freely to the extreme ends of the cones. 

11.  Slack Take-up. Check the belt shifter shaft 
for freedom of movement in the horizontal direction. 

ADJUSTJIENTS 

The following adjustments for setting up and/or 
checking the electrical components of the unit are 
to be performed before actual operation: 

Pilot Generator. Check the two brushes for 
type and fit. They should be No. AGC-10 silver 
graphite brushes. Move the brushes in and out. of 
the brush holders. There must he neither bind­
ing nor excessive clearance. Measure the shunt 
field voltage�this should he approximately 90 to 
100 volts. Disconnect the PGP (Figure 6) lead on the 
pilot generator side of the terminal block and 
measure the pilot generator armature voltage as 
the drive cone sheave is turned in the direction the 
mechanical input sheave will drive it. The PGP lead 
should be positive. If the polarity is wrong, reverse 

either the armature or the field leads. With the 
control circuit deenergized, measure the resistance 
of the circuit to the external amplifier. (This should 
be 2 ohms maximum unless the normally closed 
contact of the Transfer relay (refer to main schematic 
diagram) is not making good contact.) 

Position Inductor. Rotate the drive cone sheave 
in the direction that the mechanical input sheave 
will drive it. Note the direction the pointer moves 
and mark this side "FAST." Mark the opposite side 
"SLOW." These designations refer to section motor 
speed; for example, if the section motor is running 
too slow, the pointer will move toward "SLOW." 
Excite the position inductor with the voltage speci­
fied by the main schematic diagram and measure 
the voltage of the phase connected to the external 

amplifier. When the pointer is in "FAST" position, 
the a-c voltage should be zero, and should increase 
as the pointer is moved to the "SLOW" position. 
If the output is not zero, remove the pointer on the 
clutch assembly and relocate it so that zero (or 
essentially zero) volts are obtained when the pointer 
is in the "FAST" position. The voltage must not 
reverse as the pointer is moved through its range. 
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MECHANICAL DIFFERENTIAL UNIT-------------------

REFERENCE SYNCHRONOUS 
A. C. MOTOR OR 

SYNCHROTIE TRANSMITTER 

PHONE 

RTl 

RT2 

RT3 

POSITION 

8 
PTl 
PT2 
PMl 
PM2 
PM3 

PilOT 
GENERATOR ·ern! 

co::-, 
GRD SlACK TAKE UP COil 

FIG. 6. Wiring Diagram for the Mechanical Differential Speed Error Detecting Unit 

Reference Synchronous Motor or Syn­
chrotie Receiver. Energize the reference bus and 

momentarily excite the reference motor or receiver 

by manually closing the transfer relay. The pointer 

should move to the "SLOW11 position. If the rotation 

is wrong, interchange two of the three motor or 
receiver leads. 

Remote Draw Control. With the motor running 

and the regulator in operation, check the voltage 

applied to the Remote Draw Control circuit. Refer 

to the main schematic diagram for the proper volt­

age. Tum the crank handle of the remote draw 

Synchrotie transmitter at the operator's station in 

the direction in which the material is flowing. This 

should cause the cone belt to move away from the 

housing of the unit and the section drive motor 

should increase its speed. If the resultant action is 

reversed, interchange two of the three stator leads. 

Slack Take-up. With the motor running and the 

unit in operation, depress the slack takeup push­

button at the operator's control station. The cone 

belt should move approximately % inch away from 

the housing of the unit and the section drive motor 

should increase its speed. 

8 

MAINTENANCE 

Preventive Maintenance. The mechanical 
differential speed error detecting units have been 
designed and constructed to perform satisfactory 
service for an extended period. To insure efficient 
operation, it is necessary to accomplish routine 
mechanical and electrical inspections that will 
reveal unsatisfactory conditions and prevent dis­
turbances to the control circuits. 

SERVICE 

Weekly Monthly 
X X 

X 

X 

X 

X 

Belts. Inspect for excessively 
worn/ cracked1 or frayed belts. 
Check belt tension. 
Sheaves. Check condition and 
alignment of sheaves. 
Chains. Check for wear and 
cracked or broken links. 
Sprockets. Check sprockets 
for excessive wear, broken 
teeth, loose mounting and align­
ment. 
Cones. Check cones for oil, 
liquids or dirt on external 
surfaces. 
Oil. Drain and refill when dirty 
or gritty. 
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REFERENCE SYNCHRONOUS MOTOR 
TERM INAL BLO C K S  

FRICT ION CLUTCH 

C HA I N  I DLER 

BELT S H IFTER S HAFT, 

BEARING SUPPORT AND 

SOLE N O I D  HOUS I N G  

SL IDE RAIL 

DRIVE CO N E  

FIG. 7 .  Mechanical Differential Rheostatic Type Position Regulator 
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MECHANICAL DIFFERENTIAL UNIT-------------------

Replacement of Cone Belt. 1. With the drive 
cone turning, rotate the crank handle until the belt 
shifter has moved the cone belt to the ends of the 
cones near the crank handle. 

2. Reduce the tension in the belt by turning the 
drive cone eccentric bearing. (Refer to step 6 under 
Installation.} 

3. Release the chain idler and remove the output 
shaft drive chain. 

4. Remove the belt tension bearing from the belt 
shifter. 

5. Remove the bolts securing the belt shifter 
shaft bearing support to the base. 

6. Remove the belt from the cones and slip the 
belt under the bearing support. 

7. Replace the new belt in a reverse order to 
that given above, 

VARIATION IN DESIGN AND APPLICATION 

The basic mechanical differential error detecting 
unit (Figure 2) and the remote draw control (Figure 
3} can be combined with specific equipment to form 
a Mechanical Differential Rheostatic Type Position 
Regulator as shown in Figures 7 and 8. 

The required equipment is shown in Figure 8 and 
listed below. 

1. A 26-tooth sprocket attached to the output 
shaft. 

2. A variable rheostat whose contact arm is 
chain-connected to the output shaft of the differ­
ential cone. 

3. The necessary frame and supports for the 
variable rheostat. 

4. A reference synchronous motor or Synchrotie 
receiver to provide a mechanical reference input 
into the differential cone. 

The chain connection between the output shaft 
of the differential and the rheostat provides the 

10  

proper rotation of the contact arm in relation to the 
electrical and mechanical requirements. 

The 26-tooth sprocket chain-drives a 72-tooth 
sprocket that is secured to the contact arm of the 
rheostat. A friction clutch is inserted between the 
sprocket and contact arm to provide protection for 
the rheostat and control system in case the arm is 
stopped at either of its extreme limits of traveL 

A typical simplified control circuit (Figure 8} will 
be described to illustrate the operation when using 
the mechanical differential rheostatic type position 
regulator. 

A mechanical drive input to the reference syn­
chronous generator or Synchrotie transmitter pro­
vides the reference speed for the regulator. This 
generator or transmitter supplies power to the refer­
ence synchronous motor or Synchrotie receiver. 
This motor or receiver drives the sun gear of the 
differential cone to provide the reference. 

A mechanical input to the drive cone provides 
the variable speed to the regulator. The drive cone 
imparts a rotation to the differential cone and its 
ring gear through the movement of the cone bel t. 

If the ring gear is not rotating exactly one-third 
the speed of the sun gear, the planetary gear will 
receive rotational motion and force the output shaft 
to rotate. The mechanical connection between the 
rheostat and the output shaft causes a change in 
position of the rheostat arm. This action results in a 
change of voltage across the field of the controlled 
motor or generator. The resultant effect will change 

the speed of the machine providing the mechanical 
drive input to the drive cone. 

The above sequence will take place until the ring 
gear is rotating exactly one-third as fast as the sun 
gear. At this point, the mechanical input to the 
drive cone is speed matched to the mechanical 
input of the reference. 
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REFERENCE SYNCHRONOUS GEN ERATOR 

OR SELF-SYNCHRONOUS TRANSMI TTER 

�-· f 

R HEOSTAT DRIVE S HAFT SPROCKET 

72 T EETH 

MECHANICAL I N PUT TO SYNCHRONOUS GEN ERATOR 

OR SELF-SYNCHRONOUS TRAN SMITTER 

MEC HANICAL I N PUT TO DRIVE CON E 

DRIVE C O N E  

FIG. 8.  Simplified Control Circuit Incorporating Mechanical Differential Rheostat Type Regulator 
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