





























































































































SECTION III

SERVO MECHANICAL MULTIPLIER 7.083 (26-7TM)
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SECTION III SERVO MECHANICAL MULTIPLIER 7,083

The d-c error voltage appearing across R2 is modulated at a 60 cycle rate by chopper D1 (electro-mechanical
vibrator). The vibrating reed of the chopper alternately connects the high and the low end of the primary wind-
ing of transformer T1 to one side of the error voltage. The other side of the error voltage source is connected
to the center tap of the primary winding. This places the error signal alternately across one or the other half

of the winding. The resultant action of current (proportional to the error) flowing for one half cycle in one direc-
tion and for the other half cycle in the opposite direction, induces a 60 cycle square wave across the secondary of
T1. The amplitude of this voltage is proportional to the error, and the phase is determined by the error voltage
polarity.

c. Amplifier Circuitry

The amplifier section consists of cascaded voltage amplifier stages V1, and V2b, a phase inverter V2a, anda
push-pull power output stage, V3 and V4. V1 is driven by the 60-cycle voltage across the secondary of T1. The
output of this stage is R-C coupled to the grid of V2a.

The signal voltage at the plate of V1a appears across the GAIN control potentiometer R9 and is applied to the grid
of V2b (left-hand section). The output of this stage is directly coupled to the grid of the V2a which is connected
as a split-load phase inverter. Egqual load resistors (R13 and R14) are connected in the plate and cathode cir-
cuits to provide two equal signals 180 degrees out of phase to drive the output tubes.

The power output stage consists of V3 and V4 connected in conventional push-pull configuration with the tubes
coupled to the control phase of the servo motor through transformer T2. The output tubes are protected by a
quarter-ampere fuse (F7) in series with the common cathode resistor, Capacitor C6 is connected across the
output transformer primary, to reduce harmonic distortion and add stability to the amplifier.

A panel-mounted neon lamp is provided as an amplifier OVERLOAD INDICATOR. This lamp is terminated at
Pin 6 on the chassis connector and may be connected to an external overload alarm system if available or to
ground if no external indicator is used.

The gain of the amplifier is controlled by a potentiometer in the grid circuit of V1 (Pin 7). Inverse feedback is
obtained from the secondary of the output transformer and is applied to V2b through R18. Inverse feedback im-
proves the linearity of the amplifier and consequently allows high loop gain in the servo system.

d. Electrical Stop

An electrical stop is incorporated in this multiplier to prevent overtravel of the servo when signal voltages equal
in amplitude to the reference voltages are applied. The electrical stop requires a voltage equal to three times
the reference potential to provide the proper voltage gradient between the electrical end taps of the feedback cup
(FB) and the physical end of the winding. With the reference voltage on the electrical end taps of the feedback
cup, the cup wipers approach the electrical end taps and stop when reference voltage is placed on the servo input
or when one end is worked at ground and zero volts is applied. Further uncontrolled movement into the end area
is prevented due to the high voltage slope generated in this area.

The ELECTRICAL STOP switch (S1) connected in the end-stop voltage leads, permits removal of the electrical
stop from the feedback cup circuit during computations involving division where such voltage is undesirable.
Mechanical end stops are provided in the gear train for such cases. Where a voltage equivalent to three times
reference is not available and another value is utilized, the value of the two resistors R25 and R26 must be ad-
justed in proportion. Care must be exercised to maintain a voltage slope in the end area winding no greater

than 50% to 90% of the slope in the reference wound area; otherwise current will be forced back into the reference

supply.

10. POTENTIOMETER MAINTENANCE
A method for checking the accuracy of the potentiometers in this multiplier is outlined in Section II, Paragraph 10,
The subsequent informatioh applies to maintenance of the potentiometers utilized in this unit,

To dismount the potentiometers, first remove the gear box assembly from the multiplier. To do this, remove
the pilot light socket from its mounting and unplug the wiring connected to the potentiometers. If the follow-up
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SERVO MECHANICAL MULTIPLIER 7,083 SECTION III

potentiometer is to be removed, first remove the smaller dial by loosening the two setscrews in its hub. To
free the potentiometer, take out the screws holding the potentiometer flange to the gear box and lift straight out.

Do not remove the gears from the potentiometer
shafts. The holes in the shafts and the gears are
drilled together and are not intevchangeable. If
the gear is vemoved, it may not be possible to re-
place it in the same position.

To remove the case from the potentiometer, take out the two screws on the terminal block(s) nearest the gear

end of the potentiometer shaft. Next remove the three small screws at the base of the cover. Raise the terminal
strip slightly to clear the cover, being extremely careful to avoid exerting more than slight tension upon the small
wires connected to the terminal strip, since there is often very little slack in these leads.

Remove the cover by sliding it carefully straight back. The case may be used as a convenient stand by inverting
it with the open end down and placing the potentiometer on it with the gear down, so that the small hole at the
rear of the case accommodates the shaft.

In cleaning the resistance element, certain precautions must be observed. Do not lift the tension spring on the
slider since it is very delicate and may easily be distorted or broken. Clean the element by the application of a
solvent (such as Walsco Contactene) using a spray or a very soft sable brush. It is not advisable to attempt dis-
assembly of the potentiometer beyond the extent indicated above. Be extremely cautious inhandling the unit inorder
that the brushes at the end of the shaft are not bent out of shape. If they do not center on the slip rings in the case,
they may be carefully bent until they are in the proper position.

If any of the parts are damaged, the potentiometer must be returned to EAI for repairs. Before reassembling
the potentiometer, a lubricant may be applied to the resistance element by dabbing spots of the material at 1/2-
inch intervals on the element and distributing it by means of oscillating motions of the slider, until it is com-
pletely dispersed. The lubricant should be of a light solid type such as LubeRex supplied by the General Cement
Company.

In replacing the potentiometer, mount it so that the terminal strip(s) are in such a position that they will afford

the maximum amount of slack for wires leading to the potentiometer. If only one of the potentiometers has been
removed, set all remaining units to the center-tap position and insert the potentiometer with its shaft set simi-

larly. Insert two of the mounting screws and check the gear action by rotating the motor shaft.

When pevforming the following tests the ohmmeter
must not dvaw move than 5.0 milliamperes through
the potentiometer winding in ovder to avoid over-
loading it. Use a range of the ohmmeter which will
not exceed this value.

Connect the centertaps of all the potentiometers under test with a jumper. Next connect the ohmmeter between
the potentiometer wipers of the feedback cup and the next potentiometer. Now adjust the second potentiometer
until the minimum resistance is attained.

Repeat the procedure for the third potentiometer, as in the preceding step. The potentiometers will now be
closely aligned, if the procedure is carefully executed.

If the gears seem to bind or to mesh too loosely, loosen the potentiometer mounting screws, readjust the gear
mesh, and tighten the screws. Then insert the remaining screws. If all the potentiometers have been removed,
or the feedback potentiometer has been removed, see the instructions below. If a potentiometer is found to have
its two cups misaligned, it will have to be replaced.

If all the potentiometers have been removed, replace the feedback potentiometer first and check the gear mesh
before tightening the mounting screws. Replace the other units, checking the gear mesh and alignment of each
one before replacing the next one, each time setting the potentiometer to its center tap position. When all the
units have been mounted, set the large dial so that the zero index is up and attach the small dial to the followup
shaft so that the zero index coincides with that of the large dial. When this has been accomplished, tighten the
set screws on the small dial. For fine adjustments after the gear box has been replaced in the multiplier, refer
to Paragraph 10, Section II.
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APPENDIX III-1

REPLACEABLE PARTS LISTS

This appendix lists all replaceable parts in the Multiplier 7. 083 (26-7M). In each case a brief description of the
part and a manufacturer's number are listed. Where applicable, a reference symbol (schematic designation) is
included. To enable a particular sheet to be readily located, an index precedes the individual spare parts lists.

The category column in the parts list is intended to indicate the availability of each listed part so that a replace-
ment part can be obtained as quickly as possible. The components in category-A are standard electronic items
that are usually available from any commercial electronic supplier. In order to expedite obtaining items of this
nature, it is suggested that they be purchased from a local source whenever possible. If necessary, these parts
may be ordered from EAI,

The components in category-B are items that can be obtained from EAI or any of the listed manufacturers. How-
ever, in most cases EAI is in a position to offer the most rapid service on items in this category.

The parts in category-C are custom-made components and proprietary items that are available only from EAI.
When ordering items of this type, please specify the type number and serial number of the basic unit in which
the part is located, as well as the part identification.

Where possible, sufficient information is given for category-C items to permit an electrically-similar replace-
ment part to be obtained locally. Thus, if desired, a temporary repair may be made while the exact replace-
ment is being obtained from EAI. Note, however, that EAI does not guarantee that the affected unit will oper-
ate within specifications when the specified category-C part is not used.

PLEASE NOTE THAT EAI RESERVES THE RIGHT TO MAKE
PART SUBSTITUTIONS WHEN REQUIRED, IN ALL CASES

EAI GUARANTEES THAT THESE SUBSTITUTIONS ARE ELEC-
TRICALLY AND PHYSICALLY COMPATIBLE WITH THE ORIG-
INAL COMPONENT.

PARTS LIST INDEX

MULTIPLIER 7. 083 (26-TM)

Model

Number Component Page
1. 7.083 (26-7M) Multiplier ............ e, e ATII-1-2
2. 7.093 (16-7TMB-4) Servo Amplifier ChassiS «vveeereresesescrescnsnsns ATII-1-3
3. 16-TMA Multipliel G2ar BOX .eveeeeeeceeceocarccaceocnses AMI-1-2

AllI-1-1



ITEM| REF, DESIG. DESCRIPTION EAl NO. *CAT.
1|12 Lamp, Glow: Neon; NE51 Type 578 004 0O A
2 | R4 Resistor, Variable, Composition: 250K Ohms 642 018 0 B

* 10%, 2W; Allen-Bradley JAlLO040S254UC
3R Resistor, Variable, Composition: 1 Megohm 642 020 0 B
* 20%, 2W; Allen-Bradley JALLO040S105MC
4 | sl Switch, Toggle: DPDT; Cutler-Hammer 7565K5 664 011 0O A
5 Multiplier Gear Box See Table C
UNIT NO. GEAR BOX
7.083 16-7MA-10
7.083-1 16-7MA-1
7.083-2 16-7MA-2
7.083-3 16-7MA-3
7.083-5 16-7MA-5
7.083-6 16-7MA-6
7.083-7 16-7MA-7
16-7MA MULTIPLIER GEAR BOX
1 |rR22,23,29, Resistor, Variable, Wirewound See Table C
34
2 Motor, Servo: Diehl FPE 25-79-1 594 019 0 B
UNIT NO. R22 R23 R29 R34
16-7MA-10 B16M7MALS4 | ----=--mmmeea B16M7MAl4 B16M7MALl4
16-7MA-1 B642 277 0 | -=----=c-==on B642 277 O B642 277 0O
16-7MA-2 B642 277 0 | --=-——mmmmem B16M7MAL4 B16M7MAL4
16-7MA-3 B642 277 0 | ------=-=m--- B642 277 O B16M7MAl4L
16-7MA-5 B642 277 0 | ------=-c-=a- B642 277 0 | e--------
16-7MA-6 B642 489 0 | -----=cmma--- BL16M7MAL4 B16M7MALl4
16-7MA-7 B16M7MAL4L BL6M7MAl4 | me-meeemee | memmeeaa
PNOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY oF PARTS. |UNIT TITLE
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY,
2 ICATEE TANTE TUAT AN SE muncIATER LocALLY SR FROMEAL | MULTIPLIER  (26-73)

THE PROPER EAl PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS. A COM-

PLETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER, MODEL NO.

EAl WILL NOT BE RESPONSIBLE IF UNIT IS NOT WITHIN SPECIFICA TIONS UNDER 7 083

THESE CONDITIONS. .

ATIII-1=2




ITEM| REF. DESIG. DESCRIPTION EAl NO. *CAT.
1 |C1 Capacitor, Fixed, Paper: .75 UF + 107, 600V; 520 066 O A
Aerovox 630D
2}cC2 Capacitor, Fixed, Plastic: .047 UF + 20%, 521 015 0 A
600V; Cornell-Dubilier PM6S47
31]C3 Capacitor, Fixed, Mica: 10,000 UUF + 10%, 519 051 O A
500V; Elmenco CM35B103K
4 | C4,7 Capacitor, Fixed, Paper: .047 UF + 20%, 520 053 0 A
400V; Aerovox P88N
5 1C5 Capacitor, Fixed, Ceramic: .05 UF GMV, 600V; 515 003 O A
Centralab DF-503
6 | Cé6 Capacitor, Fixed, Paper: .25 UF + 10%, 520 008 O B
1000V; Sangamo Electric Co. CP53B1FG254K
7 |D1 Chopper: Coil: 6.3V, 60 cps. Contacts: 530 003 O B
SPDT, BBM; Airpax A-175
8 |F1 Thru F6 | Fuse, Cartridge, Fast Acting Type: 1/32 Amp, 570 004 O A
250V; Buss AGX
9 | F7 Fuse, Cartridge, Slow Acting Type: 15/100 570 098 0O A
Amp, 125V; Littelfuse 313.150
10 | I1 Lamp, Incandescent: 47 Type 578 003 0O A
11 | J6 Connector, Receptacle: 50 Contacts; Cannon 542 103 0 A
Electric DD50S
12 |P1 Connector, Plug: 45 Contacts; Cannon 542 120 0 A
Electric DPD-45-34P-1L
13 |RL,5 Resistor, Fixed, Composition: 10K ohms + 626 103 1 A
10%, 1/2W; Allen-Bradley EB
14 |R2 Resistor, Fixed, Composition: 2.2K ohms + 626 222 1 A
10%, 1/2W; Allen-Bradley EB
15 |R3 Resistor, Fixed, Composition: 68K ohms + 626 683 1 A
10%, 1/2W; Allen-Bradley EB
16 |R6,15,17 Resistor, Fixed, Composition: 270K ohms + 626 274 1 A
10%, 1/2W; Allen-Bradley EB
17 |R7 Resistor, Fixed, Composition: 1K ohms + 10%, 626 102 1 A
1/2W; Allen-Bradley EB '

*NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS.
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
B - INDICATES PARTS THAT CAN BE PURCHASED LOCALLY OR FROM EAIl.
C - INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAl.
THE PROPER EAl PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS, A COM-
PLETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER,
EAl WILL NOT BE RESPONSIBLE IF UNIT IS NOT WITHIN SPECIFICATIONS UNDER
THESE CONDITIONS.

UNIT TITLE

SERVO AMPLIFIER CHASSIS

MODEL NO.

7.093 Sheet 1 of 2
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ITEM| REF. DESIG. DESCRIPTION EAl NO. *CAT.

18 [ R8 Resistor, Fixed, Composition: 47K ohms + 627 473 1
10%, 1W; Allen-Bradley GB

19 | R10 Resistor, Fixed, Composition: 3.3 Megohms + 626 335 1
10%, 1/2W; Allen-Bradley EB

20 | R11,16 Resistor, Fixed, Composition: 1 Megohm + 626 105 1
10%, 1/2W; Allen-Bradley EB

21 |R12 Resistor, Fixed, Composition: 2.7K ohms + 626 272 1
10%, 1/2W; Allen-Bradley EB

22 | R13,14 Resistor, Fixed, Composition: 100K ohms + 626 104 1
10%, 1/2W; Allen-Bradley EB

23 | R18 Resistor, Fixed, Composition: 820K ohms + 626 824 1
10%, 1/2W; Allen-Bradley EB

24 | R19 Resistor, Fixed, Wirewound: 300 ohms + 5%, 636 070 O
10W; Ward Leonard 10X300WL

25 | R20 Resistor, Fixed, Composition: 100 ohms + 10%, 626 101 1
1/2W; Allen-Bradley EB

26 |R21 Resistor, Fixed, Composition: 1K ohms + 10%, 628 102 1
2W; Allen-Bradley HB

27 | R25,26 Resistor, Fixed, Composition: 47K ohms + 5%, 628 473 0
2W; Allen-Bradley HB

28 | Tl Transformer, Audio Frequency: Leeds and B684 015 0O
Northrup STD-21178-39

29 | T2 Transformer, Audio Frequency: Sterling Trans- B684 159 O
former ST26281

30 | V1 Electron Tube: RCA 12AT7 Type 562 033 0

31 |v2 Electron Tube: 12AX7 Type 562 035 0

32 |v3,4 Electron Tube: Tung-Sol 6550 Type 562 074 0

*NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY oF PARTS. JUNIT TITLE
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.,
B - INDICATES PARTS THAT CAN BE PURCHASED LOCALLY OR FROM EAIl.
C - INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAl,
THE PROPER EAl PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS. A COM-

SERVO AMPLIFIER CHASSIS

PLETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER, MODEL NO.
EAI WILL NOT BE RESPONSIBLE IF UNIT IS NOT WITHIN SPECIFICA TIONS UNDER 7.093
THESE CONDITIONS. N

Sheet 2 of 2
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APPENDIX HI-2

DRAWINGS

This appendix contains all of the schematic and wiring diagrams necessary for maintenance of the Multiplier 7,083
(26-7TM) . )

Drawing

Number Title

D007 083 0S 7.083 (26-7TM) Multiplier, Schematic

BO007 083 OW (Sheets 2, 7, 9, 14, 7.083 (26-TM) Multiplier, Wiring
17, 19 and 24)

D007 093 0S Servo Amplifier Chassis, Schematic

D007 093 OW (Sheet 1) Servo Amplifier Chassis, Wiring

Alll-2-1
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NOTE:
.. VALUE OF PAD RESISTORS ON R22,R29,8 R34 TO BE
DETERMINED AT TIME OF MFR.
2. SEE DWGDOO7 093 0SFOR SCHEMATIC OF SERVO AMPLIFIER.
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NOTES:
|.SEE DWG DOO7 093 0S FOR SCHEMATIC OF SERVO AMPLIFIER.
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NOTE Te-s T2-4
|.SEE DWG DOO7 093 OS FOR SCHEMATIC OF SERVO AMPLIFIER,
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NOTE:
23 Te-4 1. ®VALUE OF PAD RESISTORS ON R22,8 R29 TO BE DETERMINED
AT TIME OF MFC.
2. SEE DWG DOO7 093 0S FOR SCHEMATIC OF SERVO AMPLIFIER.
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SECTION IV

SERVO MECHANICAL MULTIPLIER 7. 084 (26-7N)

1. GENERAL

Servo Multiplier, Type 7.084, (Figures 21 and 22) is a single-turn multiplier utilizing a 60 cps servo system
for high speed and good accuracy. This multiplier is identical with the 26-7TN Multiplier.

T2 OUTPUT
TRANSFORMER

Vi-I12AT7

GEAR BOX
v . TI INPUT
4 /I’RANSFORMER

Fl1 FEEDBACK
CUP WIPER FUSE

R9

I

R4

Figure 21. Servo Mechanical Multiplier 7.084 (26-7N), Three-Quarter Front View

AREA FOR
MOUNTING P2
CONNECTORS

V4-6550
V3-6550

Figure 22. Sevvo Mechanical Multiplier 7.084 (26-7N), Three-Quarter Rear View
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SERVO MECHANICAL MULTIPLIER 7. 084 SECTION IV

2. MULTIPLYING POTENTIOMETER CONFIGURATIONS

7.084 (26-7N) Multiplier

Model Number Potentiometer Description
7.084-0 (26-7N-20) *§ linear cups, 30K, 17 taps
7.084-1 (26-7TN-11) *6 linear cups, 30K, center tapped
7.084-2 (26-7TN-12) 4 linear cups, 30K, 17 taps

*2 linear cups, 30K, center tapped
7.084-3 (26-7TN-13) 2 linear cups, 30K, 17 taps

*4 linear cups, 30K, center tapped
7.084-4 (26-7TN-14) 2 linear cups, 30K, center tapped

*4 linear cups, 30K, 17 taps
7.084-5 (26-7TN-15) *4 linear cups, 30K, center tapped
7.084-6 (26-7TN-16) 5 linear cups, 30K, 17 taps

*1 linear cup, 30K, center tapped
7.084-8 (26-TN-18) (This multi{)liér variation *1 linear cup, 30K, center tapped
4 sin-cos cups, 20K per quadrant
is intended for polar-to-rectangular data conversion

only (FORWARD RESOLUTION).

3. CONTROLS AND INDICATORS

The following indicators and controls are provided on the front panel of the multiplier unit for operational con-
venience.

GAIN Control Controls servo amplifier gain.

DAMPING Control Controls degree of damping in servo feedback
system.

Indicator Dial Front panel indicator dial, divided into 200 parts

and calibrated from -100V to +100V to indicate the
position of the servo.

External OVERLOAD Indicator A neon lamp to provide a visual indication of servo
overload.

4, TECHNICAL DATA, PHYSICAL
Front Panel
Height ...iiiiiiieiienrinnennnneens ceesseanens teeseceneens ceesssensnens «ee.. D inches

Width ........ e eenee e e reeeeeeaas ereeeaerea e eereenaeaeees 9-1/2 inches

*Configuration of feedback cup.
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SECTION IV SERVO MECHANICAL MULTIPLIER 17, 084

Chassis
Height ........... Ceereeaee Cereeeeeeeas e teeeereetetesnassnarianns veeessss. 4-3/4 inches
Width ......... PP - 3 14143 (1]
Depth vvvveevecerccscenscane Ceeeereecscesscasssscsscssasesssanssssssssssess 1D inches

WEIENE v v eseseernenneensnnenesneesesnesnsnssnsesnssnssnssnsnnnnns

Tube Complement
Type 12ATT7 - 1 each
Type 12AX7 - 1 each
Type 6550 - 2 each

5. TECHNICAL DATA, ELECTRICAL

ceesseess 20 pounds

Power Input
Quiescent Slewing
+300VDC ......oi0vvveeneecsessss 8 ma +300VDC ....viivienirenreecesnenesess 15 ma
+390VDC ....ivviieeeerreenneesss 0 ma 4390V DC vvveeveesecscscscssscscsness 130 ma
-300V DC .....covevveessecnnesses 4ma 300V DC ivivvevaneosecnsensnnnsessss 4ma
115V AC, 60~......0vnes ceeene eees 375 ma 115V AC, 60~ sivviverereecceennesees 375 ma

B6.3VAC .vvvvveeereeenennnnenness 3.95 amp B.3VAC ....iveeeveseccscccscncseses 3.95 amp

Reference Voltage

The external reference voltage should be within the range of plus and minus 25 to 100 volts. The load on the

reference source varies in accordance with the circuit connections.

Electrical Stop Voltage

A voltage equal to three times the reference voltage is used for the electrical stop.

62, 000 ohms for the 30, 000 ohm cups.
6. TECHNICAL DATA, OPERATIONAL
Potentiometer Characteristics (Wirewound)
Linear Potentiometers:

Resistance .....

Independent Lin€arity .....ceeeeeeccecosessscsscocsscsssnsoseses

Electrical Rotation ......eeceeeeeevccosncnnas
Electrical Overtravel ....... cecene teesesesessanas ceccescesesese
End TapS cieeeevccceccosoccnsososcccscossssssonss

The load on this circuit is

30,000 ohms 5% between
taps CW and CCW

0.12%

304° +1°

27° nominal, 26° minimum
Feedback cup has end taps
A and B at approximately

27° past the CW and CCW
terminals,
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SERVO MECHANICAL MULTIPLIER 7. 084

Center Tap Tolerance ......... D PIN ceeenas e
Resolution .........c.0v.n. Ceiesessssenens
Temperature Coefficient ........ Ceeeseeseeesseeranans

Linear Tapped Potentiometers:

Resistance ......... tessesceas

Independent Linearity ...eeecevcesescescssorcvccsosecrconsssconas

Electrical Rotation ......oec0eveeen ceevesas

Number of taps equally spaced counting C. T. but not
overtravel taps A and B (if used)

seoss e

Tolerance of all tap locations ....eevveeenrvonncass [

Resolution .......cc00.. PP

Temperature Coefficient

D R N I IR AT AT

Sevvo Static Nulling Evvor:
Error between input and feedback signal as percentage of
Full Scale (200V) ......
Acceleration:

The acceleration limit based on 200V across feedback
potentiometer is

D N I

Velocity:

The velocity limit based on 200V across feedback potentiometer is .

Dynamic Evvor:

es0ececesv s

esesc0000 000

LI N R

SECTION IV

30, 000 ohms 5%
0.12%
304° £1°

17
0. 2%*
0.05%

20 PPM

less than 0. 02%

56, 000V /sec2

1400V /sec

The overall dynamic errors of the servo system are shown as frequency versus input curves in

Figure 23.

Loading Evvov:

The output channel terminations should operate into a load of between 1 megohm and infinity. A
resistor equal in value to the load on the multiplying channels should be included in the feedback
circuit in order to cancel out the error due to external loading. This resistor, Ry, (Figures 4

through 8, Section I) should be connected from the feedback cup terminal 12 to ground, as shown

in the applicable schematics.

*The tolevance on the deviation between the actual and ideal tap voltages.

centage of the total vefevence voltage, a nominal 200 volts.
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SECTION IV SERVO MECHANICAL MULTIPLIER 7, 084

- N W ~ o n ~ o o I P " 8 " r r r :.
jil ! i
MAX. VELOCITY = 1400 V/SEC, 1T
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Figure 23. Dynamic Evvor Cuvves, 7.084 (26-7N) Multiplier
7. INPUT AND OUTPUT TERMINATIONS

All connections to the multiplier are made through connectors located at the rear of the chassis. On models
utilizing tapped cups for function generation, connector P1 and as many P2 connectors as required are furnished.
Connector P1 provides for power inputs, and potentiometer end-tap, wiper arm and center-tap connections. Con-
nectors P2A through P2E (as required) provide the additional connections required by multi-tapped potentiometers.
Each multi-tap cup of the potentiometer is provided with a separate connector to facilitate termination of the
tapped cup during function generation. An internal connector (J6) is provided to facilitate potentiometer removal.

8. INSTALLATION AND ADJUSTMENTS
a. Installation

The 7. 084 Series of multipliers is completely interchangeable with other EAI multipliers such as the 7. 083
(26-7M) and the 7. 017 (16-7S) Series when used in PACE Computers and associated expansion racks.

Compare schematic diagrams of units being inter-
changed, to prevent damage to the potentiometers.

Use of the overload indicator circuitry requires connection of terminal P1-6 to the input of an overload alarm
unit such as EAI Models 16-13A and 13.001. If an overload alarm unit is not provided, connect terminal 6 of P1
to terminal 3. Overload can then be observed at the OVERLOAD INDICATOR located on the front panel.
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SERVO MECHANICAL MULTIPLIER 7. 084 SECTION IVf

Multipliers supplied with multi-tapped cups require a cable from the appropriate P2 connector to a pot padder or
a jumper plug (provided with the unit) to connect the end-tap, center-tap, and wiper arm connections of the multi-
tapped cups back to P1 and to the pre-patch panel area of the computer.

Reference voltages in the range of +25 to +100 volts may be used on the feedback cup (F). Reference voltages
applied should never exceed +100 volts; that is, the total voltage applied across the cup between pins 8 and 10 of
connector P1 (+F and -F on the computer pre-patch panel) should never be over 200 volts. The multiplier dial
is graduated in 200 equal divisions, calibrated both in the positive and negative direction. With a known refer-
ence being applied to the feedback cup, the indicator dial then displays an approximate indication of servo in-
put. More accurate measurement can be made using the VITVM or DVM provided in the computer.

b. Adjustments

The GAIN and DAMPING controls are adjusted after installation and thereafter at the discretion of the operator.
These controls interact to some degree so that the adjustment procedure should be repeated until satisfactory
response is obtained.

(1) Gain Adjustment. Apply a step function to the servo system and adjust the GAIN control just below
the point where servo oscillations occur,

(2) Damping Adjustment. The DAMPING control is adjusted so that, in a step function, one overshoot
occurs before the servo nulls. No overshoot indicates over-damping. Readjust the GAIN control if required.

9. THEORY OF OPERATION
a. General

The multiplier circuitry consists of a servo amplifier (with input network and modulator), servo motor, gear
train and a multiplying potentiometer. The servo amplifier provides positioning power to the servo motor from
two sources: (1), a common variable signal coupled to the signal input; and (2), the feedback voltage (FB). The
signal input represents the magnitude of the common variable by which the other variables are to be multiplied.
The feedback voltage is derived from the wiper arm of the feedback cup of the multiplying potentiometer (see
Figure 24). Coupling of the servo motor to the multiplying potentiometer is provided by a gear train with a ratio
of 9.9:1, motor to pot. (See Figure 25.)

b. Input Network and Chopper

The signal input and feedback voltage are applied to opposite ends of the input network R1, R2, R3, R4 (DAMPING
control) and C1. The voltage across this network is equal to the difference between the two inputs. The output of
the network, taken across R2, is a proportional-plus-derivative representation of the servo loop error. The func-
tion of the voltage divider is to provide the proportional error voltage, and capacitor C1 provides the derivative
error voltage (an error signal proportional to the rate of change of the input). This method of control, functions
to provide a large error voltage when the servo is displaced from null, and an effective "braking'" force when the
servo approaches the new null.

The d-c error voltage appearing across R2 is modulated at a 60 cycle rate by chopper D1 (electro-mechanical
vibrator). The vibrating reed of the chopper alternately connects the high and the low end of the primary winding
of transformer T1 to one side of the error voltage. The other side of the error voltage source is connected to

the centertap of the primary winding. This applies the error signal alternately across one or the other half of the
winding. The resultant action of current (proportional to the error) flowing for one half cycle in one direction and
for the other half cycle in the opposite direction, induces a 60 cycle square wave in to the secondary of T1; the
amplitude of this voltage is proportional to the error, and the phase is determined by the error voltage polarity.

c. Ampliﬁer Circuitry

The amplifier section consists of cascaded voltage amplifier stages V1 and V2b, a phase inverter V2a, and a
push pull power output stage V3 and V4. V1 is driven by the 60 cycle voltage across the secondary of T1, The
output of this stage is R-C coupled to the grid of V2a.

The signal voltage at the plate of V1a appears across the GAIN control potentiometer R9 and is applied to the grid
of V2b (left-hand section). The output of this stage is directly coupled to the grid of V2a which is connected as a
split-load phase inverter. Equal load resistors (R13 and R14) are connected in the plate and cathode circuits to
provide two equal signals 180 degrees out of phase to drive the output tubes.
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SECTION II SERVO MECHANICAL MULTIPLIER 7. 084 (26-7N)
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Figure 24.

Multiplier 7.084, Simplified Schematic
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Figure 25. 7.084 Gear Train Schematic



SECTION IV SERVO MECHANICAL MULTIPLIER 7, 084

The power output stage consists of V3 and V4 connected in conventional push-pull configuration, with the tubes
coupled to the control phase of the servo motor through transformer T2. The output tubes are protected by a
quarter-ampere fuse (F7) in series with the common cathode resistor. Capacitor C6 is connected across the
output transformer primary to reduce harmonic distortion and add stability to the amplifier.

A panel-mounted neon lamp is provided as an amplifier OVERLOAD INDICATOR. This lamp is terminated at
Pin 6 on the chassis connector and may be connected to an external overload alarm system if available or to
ground if no external indicator is used.,

The gain of the amplifier is controlled by a potentiometer in the grid circuit of V2b (Pin 7). Inverse feedback is
obtained from the secondary of the output transformer and is applied to V2b through R18. Negative feedback im-
proves the linearity of the amplifier and, consequently, allows high loop gain in the servo system.

d. Electrical Stop

An electrical stop is incorporated in the multiplier circuitry to prevent over-travel of the servo when signal
voltages equal in amplitude to the reference voltages are applied. The electrical stop requires a voltage equal
to three times the reference potential to provide the proper voltage gradient between the electrical end taps of
the feedback cup (FB) and the physical end of the winding. With the reference voltage on the electrical end taps
of the feedback cup, the cup wipers approach the electrical end taps and stop when reference voltage is applied
to the servo input or when one end is worked at ground and zero volts is applied. Further uncontrolled move-
ment into the end area is prevented due to the voltage slope generated in this area.

The ELECTRICAL STOP switch (S1) connected in the end-stop voltage leads permits removal of the electrical
stop from the feedback cup circuit during computations involving division where such voltage is undesirable.
Mechanical end stops are provided in the gear train for such cases. Where a voltage equivalent to three times
reference is not available and another value is utilized, the value of the two resistors R25 and R26 must be ad-
justed in proportion. Care must be exercised to maintain a voltage slope in the end area winding no greater than
50% to 90% of the slope in the reference wound area, otherwise current will be forced back into the reference
supply.

10. POTENTIOMETER MAINTENANCE

The potentiometer utilized in the 7. 084 Multiplier is physically similar to that used in the 7.017 Multiplier. Re-
fer to Paragraph 10 of Section II for testing and maintenance procedures.
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APPENDIX 1IV-1

REPLACEABLE PARTS LISTS

This appendix lists all replaceable parts in the Multiplier 7.084 (26-7TN). In each case a brief description of the
part and a manufacturer's number are listed. Where applicable, a reference symbol (schematic designation) is
included. To enable a particular sheet to be readily located, an index precedes the individual spare parts lists.

The category column in the parts list is intended to indicate the availability of each listed part so that a replace-
ment part can be obtained as quickly as possible. The components in category-A are standard electronic items
that are usually available from any commercial electronic supplier. In order to expedite obtaining items of this
nature, it is suggested that they be purchased from a local source whenever possible. If necessary, these parts
may be ordered from EAI,

The components in category-B are items that can be obtained from EAI or any of the listed manufacturers. How-
ever, in most cases EAI is in a position to offer the most rapid service on items in this category.

The parts in category-C are custom-made components and proprietary items that are available only from EAI,
When ordering items of this type, please specify the type number and serial number of the basic unit in which
the part is located, as well as the part identification.

Where possible, sufficient information is given for category-C items to permit an electrically-similar replace-
ment part to be obtained locally. Thus, if desired, a temporary repair may be made while the exact replace-
ment is being obtained from EAI. Note, however, that EAI does not guavantee that the affected unit will oper-
ate within specifications when the specified category-C part is not used.

PLEASE NOTE THAT EAI RESERVES THE RIGHT TO MAKE
PART SUBSTITUTIONS WHEN REQUIRED. IN ALL CASES

EAI GUARANTEES THAT THESE SUBSTITUTIONS ARE ELEC-
TRICALLY AND PHYSICALLY COMPATIBLE WITH THE ORIG-
INAL COMPONENT,

PARTS LIST INDEX

MULTIPLIER 7. 084 (26-TN)

Model
Number Component Page
1. 7.084 (26-7N) MultiplieT .....ceveeiennennnacnes e seseeeaann AIV-1-2
2. 7.093 (16-7TMB-4) Servo Ampl_ifier ChasSSiS ceeeevncons Ceeeceenesoes AIll-1-3
3. 16-TH-3 Multiplier Gear BoOX ...cceeeeeesanes tececenens . AIV-1-2

AlvV-1-1



ITEM] REF. DESIG. DESCRIPTION EAI NO. *CAT.

11 12 Lamp, Glow: Neon; NE51 Type | 578 004 O A
2| R4 Resistor, Variable, Composition: 250K Ohms 642 018 0O B
* 10%, 2W; Allen-Bradley JA1LO040S254UC
3] R9 Resistor, Variable, Composition: 1 Megohm 642 020 0 B
t 20%, 2W; Allen-Bradley JA1L040S105MC
41 R22 Resistor, Variable, Wirewound See Table C
5] s1 Switch, Toggle: DPDT; Cutler-Hammer 7565K5 664 011 0O A
UNIT NO. R22
7.084 B642 462 0
7.084-1 B642 237 0
7.084-2 B642 243 0
7.084-3 B642 247 O
7.084-4 B642 252 0
7.084-5 B642 254 0
7.084-6 B642 256 0

16-7H-3 MULTIPLIER GEAR BOX

1 Motor, Servo: Diehl FPE-25-79-1 594 019 O B

*NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY oF PARTS. JUNIT TITLE
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
B - INDICATES PARTS THAT CAN BE PURCHASED LOCALLY OR FROM EAI,

C - INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAl, MULTIPLIER (26-7N)
THE PROPER EAl PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS, A COM-
PLETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER, MODEL NO.
EAI WILL NOT BE RESPONSIBLE IF UNIT IS NOT WITHIN SPECIFICA TIONS UNDER
THESE CONDITIONS, 7.084

AIV-1-2



APPENDIX IV-2

DRAWINGS

This appendix contains all of the schematic and wiring diagrams necessary for maintenance of the Multiplier

7.084 (26-7N).

Drawing
Number

C007 084 0S
B007 084 OW (Sheets 2, 8, 9, 14,
18, 23 and 24)

D007 093 0S
D007 093 OW (Sheet 1)

Title
7.084 (26-7N) Multiplier, Schematic
7.084 (26-7N) Multiplier, Wiring

Servo Amplifier Chassis, Schematic
Servo Amplifier Chassis, Wiring

ATV-2-1
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