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TM 1l-2003, Carrier Hybrid CF-7, is published for the information and guidance of all concerned.

[A.G. 300.7 (13 November 1943)] By order of the Secretary of War:


G. C. MARSHALL, Chief of Staff.



OFFICIAL:

J. A. ULIO, Major General, The Adjutant General.
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TECHNICAL MANUAL

'"rt«

CARRIER HYBRID CF-7

CHANGES! No. 1 J

WAR DEPARTMENT ^. WASHINGTON 25, D. C., 31 January 1945 IT

TM 11-2003 C i i 2-

TM 11-2003," 2 November 1943, is changed as follows:

- The frontispiece is rescinded and the following is sub stituted therefor:

[image: Figure, page 4]

Carrier Hybrid CF-7.

3. Size and weight. —The equipment is mounted on a metal chassis and is housed in a plywood box. This box is provided with a detachable cover which is removed by opening four drawbolts, two at each end of the box.

AGO 464C—Jan. 622603 — 45

M558104

This cover must be replaced after wire connections ar< made, in order to make the unit resistant to. driving rain. The various binding * * * half of tl*e chassis panel. The unit, which is provided with an adjustable carrying strap, is approximately 19 inches long by 1( inches wide by 8 inches deep, and weighs approximately 54 pounds. It will exclude * * * 19-inch relay rack.

FIGURE 1.—Carrier Hybrid CF-7—rear view (serial numbers 1 to 200).

[image: Figure, page 5]

FIGURE 1.1.—Carrier Hybrid CF-7—rear view (serial numbers over 200).


	4. Major components. —a. The carrier hybrid unit in cludes a repeating coil hybrid arrangement, an adjustable balancing network, a variable building-out condenser unit, protectors, and a small amount of miscellaneous appa ratus. A d-c telegraph * * * aiso are included.

	8. Drawings.—A schematic circuit * * * of the cover. The drawing for all models of Carrier CF-7 bearing serial numbers 1 to 200 inclusive is included in this manual as figure 9. A schematic circuit label for



all units having serial numbers over 200 is shown as figure 9.1. Brief instructions for * * * the control panel.

14. Repeater spacing.—a. The repeater spacings * * * rubber-covered cables. In this table balances of 15 db have been assumed for the loaded cable, and balances of 25 db for the nonloaded cable. In some cases, how ever. not be possible.

[image: Figure, page 6]

FIGURE 3.—Equalizer for nonloaded wire W-143.

e. The length of unequalized * * * K binding posts. If not available, the equalizers can be assembled locally as indicated in figure 3, each equalizer being formed from any available 80 (±5)-ohm. resistor and two 88-millihenry loading Coils C-114 or C-114-A. The equalizer shown in schematic form in figure 3 can be made up in the field by using two Coils C-114 or C-114-A and con necting the windings of each coil in parallel aiding. Then connect the two coils in parallel and in series with 80-ohms resistance, as shown in figure 3. Each winding of Coil C-114 or C-114-A has 88-millihenry inductance. Then the two windings of the two coils

AGO 464C
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in parallel have about 11-millihenry inductance. The balancing and * * * in this manual.

29. General description. —The circuit of Carrier Hybrid CF-7 is shown schematically in figure 9 or figure 9.1. A simplified schematic * * * 2w-LTNE binding posts.

NOTE : Failure or unsatisfactory performance of equipment used by Army Ground Forces and Army Service Forces will be reported on WD AGO Form 468 (Unsatisfactory Equipment Keport). If Form 468 is not available, see TM 38-250. Failure or unsatisfactory per formance of equipment used by Army Air Forces will be reported on Army Air Forces Form 54 (unsatisfactory report) .

41. General maintenance. —Ordinarily, no maintenance * * * for Carrier Hybrid CF-7. The purpose of the protector blocks is to protect the equipment against excessive external potentials that may arise in line con ductors to which the Carrier Hybrid CF-7 is connected. These excessive external potentials may be due to light ning discharges or to severe unbalances in nearby power lines. Protector blocks should be checked peri odically and after each electrical storm for excessive pitting, for cracks in the porcelain frame, and for evi dence of heat sufficient to melt the cement holding the carbon insert. Blocks with this type of damage, or that are otherwise defective, should be replaced. Where car bon blocks are found to be only slightly pitted, clean them by rubbing together lightly the flat surfaces of two blocks, or by rubbing them lightly with a fine abra sive, taking particular care not to remove an excessive amount of the blocks or to leave particles of the abrasive adhering to the surface of the blocks.


42. Location of trouble. * * * * * * *

c. Diagrams. —A schematic circuit * * * of the case. A copy of this drawing also is included in this manual as figure 9 for all units bearing serial numbers 1 to 200 inclusive, and is shown in figure 9.1 for all models having serial numbers over 200. The lines
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	on * * * wires are paired. The letter D not used to identify a particular unit indicates short wires run directly between apparatus units.

	43. (Superseded.) Moistureproofing and fungiproofing.—a. General.—The operation of Signal Corps equip ment in tropical areas where temperature and relative humidity are extremely high requires special attention. The following items represent problems which may be encountered in operation.



(1) Resistors, capacitors, coils, etc., fail.

(2) Electrolytic action takes place in resistors, coils, etc., causing eventual break-down.

(3) Hook-up wire and cable insulation break-down. Fun gus growth accelerates deterioration.


	(4) Moisture forms electrical leakage paths on terminal boards and insulating strips, causing flash-overs and crosstalk.

	&. Treatment. — A moisturep roofing and fungiproofing treatment has been devised which, if properly applied, provides a reasonable degree of protection against fungus growth, insects, corrosion, salt spray, and moisture. The treatment involves the use of a moisture- and fungi-re sistant varnish applied with a spray gun or brush. Refer to TB SIG 13, Moistureproofing and Fungiproofing Sig nal Corps Equipment, for a detailed description of the varnish-spray method of moistureproofing and fungiproofing, and the supplies and equipment required in this .treatment.



Caution: Varnish spray may have toxic effects if in haled. To avoid inhaling spray, use respirator if avail able; otherwise fasten cheesecloth or other cloth material over nose and mouth.


	c. Step-by-step instructions for treating Carrier Hy brid CF-7. —(1) Preparation. —Make all repairs and adjustments necessary for proper operation of the equipment.

	(2) Disassembly. —(a) Remove the chassis from the carrying case. The carrying case is not to be treated.

	(&) Unscrew and remove the LINE PROTECTORS, CABLE PROTECTORS, and CXT-CXR CONN cover plates (not to be treated).



[image: Figure, page 9]

(c) Clean all dirt, dust, rust, fungus, oil, grease, etc., from the equipment to be processed.

(3) Masking. — (a) Mask the openings in the front panel which were created by the removal of the cover plates.

(&) Cover the face of the front panel.

(c) Cover the LINE PROTECTOR and the CABLE PROTECTOR so that their receptacles are protected and their base connections are exposed.

(a") Cover each of the three selector switches.


	(e) Cover the backs of the BO COND and BAL RES contact strips.

	(4) Drying.—Place the equipment in an oven or under heat lamps and dry for 4y2 to 5% hours at 135° F. Do not exceed 135°.

	(5) Varnishing. —Apply three coats of moistureproofing and fungiproofing varnish (Lacquer, Fungus-resistant, Spec. No. 71-2202 (stock No. 6G1005.3) or equal) as follows :

	(a) Spray all parts and cables on the wiring side of the chassis only.



(6) After three spray coats have been applied, remove all masking.

(c) Brush all wires and connections which were covered bv the masking.

~(d) Brush the front of the CXT-CXR CONN strip without coating the screws.

(e) Brush the surfaces of the BO COND and BAL RES contact strips as completely as possible without allowing the varnish to flow onto the ends of the adjusting screws which project out of the backs of the strips.

(6) Reassembly. —(a) Remove all masking tape.

(6) Clean all contacts with varnish remover, and bur nish the contacts.

(c) Reassemble the set and test its operation.

(7) Marking.—Mark the letters MFP and the date of treatment near the name on the outside front of the equipment.

Example: MFP— 3 Oct 44.

Figure 9.—Carrier Hybrid CF-7, circuit label (serial numbers 1 to 200). The three resistors designated A, C, and F which are associated with the low-frequency corrector in the balancing network, are supported by their pigtail leads.

[image: Figure, page 10]

AGO 464C j= and Fare mounted on a card-type mounting. This change results in aminor change in wiring, but does not change the circuit. n.4 C"1 ( r^ c t HC\ . *r^ t^^c1I1Ij i^ 1*i 11* V- ^- -1 ^sj j T" e<iF
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CARRIER HYBRID CF-7

[AQ 300.7 (24Oct 44)] BY ORDER OF THE SECRETARY OF WAR :

OFFICIAL: G. C. MARSHALL

J. A. ULIO Chief of Staff Major General The Adjutant General



DISTRIBUTION :

AAF (5) ; AGF (5) ; ASF (2) ; T of Opn (5) ; Dept (5) ; Def Comd (2) ; Base Comd (5) ; AAF Comd (2) ; Arm & Sv Bd (2) ; S Div ASF (1) ; Tech Sv (2) ; SvC (5) ; Area ASvC (2) ; WDGS Lib (5) ; PC&S (2) ; PE (2) ; Dep 11 (2) ; Gen Oversea SOS Dep (Sig Sec) (2) ; GH (2) ; M Cone C (2) ; Air Base Hosp (2) ; Gen Sv Sch (5) ; Sp Sv Sch (10) ; USMA (2) ; ROTC (5) ; Lab 11 (2) ; Sig AS (2) ; Rep Sh 11 (2) ; A (5) ; D (2) ; AF (2) ; T/O & E 11-15 (3); 11-18 (10); 11-95 (3); 11-97 (10); 11-107 (10); 11-127 (10); 11-217 (10); 11-237 (10); 11-247 (10); 11-267 (10); 11-287 (10); 11- 400 (A) (3).

For explanation of symbols, see FM 21-6.
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	single-section systems. The loss introduced by the hybrid unit is substantially independent of frequency for the 200 to 12,000 cycle range of the CF-l-A and CF-3-A systems.

	(2) The maximum gain of a Repeater CF-3-A equipped with two hybrid units, when measured between 600-ohm resistances, is ap proximately 16.5 db at 1,000 cycles and 29.5 db at 10.8 kilocycles. The maximum gain at a Telephone Terminal CF-l-A is such that the measuring meter will read 0 dbm at the output of the receiving amplifier when the input to the 2-wire line of the hybrid unit is approximately — 20 dbm at 1,000 cycles and —33.5 dbm at 10.8 kilo cycles. In both cases the MILES dial is assumed to be on 0 and EQL dials 1, 4 and 2 on steps 30, 14 and 4, respectively.

	b. Impedance. — The impedance looking into the IW-LINE ter minals of Carrier Hybrid CF-7 with the TRSG and REC terminals con nected to the carrier equipment is approximately 600 ohms over the transmitted frequency band.

	39. Explanation of 21 test. — a. As explained in paragraph 33, if the hybrid arrangement is to function satisfactorily, the impedance of the balancing network must be approximately equal to that of the line at all frequencies in the transmitted band. Otherwise, the usable gain of the carrier equipment may be limited because of singing at frequencies where impedance mismatch exists. The bal ance between the line and its associated network is an indication of how close the impedance of the line is to that of the network. The balance is expressed in db and is defined in terms of a singing test. It is equal to the sum of the net gains at a reference frequency, in this case 10.8 kc, in the AB and BA directions of a Telephone Ter minal CF-l-A or a Repeater CF-3-A when the gains are adjusted to cause singing on a 21 test.

	b. In making a 21 test on line A, for example, at a Repeater CF-3-A and its associated Carrier Hybrid CF-7 unit, terminals AB OUT of the repeater are connected to terminals BA IN. Thus, a possible singing path, as shown in figure 6, is formed from amplifier AB, through equalizer BA and amplifier BA, across the carrier hybrid and back through equalizer AB to amplifier AB. The repeater gains are then increased until singing around this path just occurs. Under this condition, the sum of the two gains at the singing frequency is equal to the loss across the hybrid at the singing frequency. The sum of the net gains at 10.8 kc plus a correction for hybrid coil loss is the balance.



[image: Figure, page 63]

It will be recognized that the actual repeater gains at the singing frequency may be different from the gains at 10.8 kc but the balance is defined in terms of the 10.8 kc gains for simplicity.

c. Before making this test at a repeater, the gains at the adjacent terminal or repeater (terminal A in the example) are reduced as far as possible to provide a termination for the line without a possible singing path through this termination. Also, the equalizer dials on the repeater under test are adjusted to have their normal settings in the direction of transmission coming from the line under test.

[image: Figure, page 64]

Figure 6.— Illustration of 21 test.

This insures a normal transmission frequency characteristic in that direction of transmission. In the opposite direction of transmission the equalizer dials are adjusted so that the same gain is obtained at all frequencies in order not to introduce an abnormal slope into the singing path.

d. Since at a repeater the frequencies for channels 2, 3 and 4 cannot be monitored conveniently, the best way to observe singing is by means of the measuring meter. This is arranged to be responsive to each of four representative frequencies in the useful band. Thus, to obtain the balance over the entire frequency band of 12 kc, it is necessary to determine the loss across the hybrid when singing just occurs for all four positions of the switch on the MEAS panel. Fur thermore, the phase relationships of the circulating currents around the singing path are very important and change from time to time, because of temperature changes, battery changes, etc. Consequently, it is necessary to make measurements to disclose the worst phase relationship. This is done by repeating the test for each position of the switch with the connections at the AB IN terminals of the repeater reversed, which changes the phase relationships. This reversing of the wiring is termed reversing the poling. The sum of the two gains at the reference frequency (10.8 kc) for whichever poling (change of phase) gives the lowest sum is called the balance for the particular switch position. The minimum balance for the four switch, positions is the balance between the line and network under test over the useful frequency band.


	e. A 21 test is made at a terminal in a manner similar to that in dicated in paragraphs b, c, and d above except that the singing path is formed by removing the terminations across the 2-wire voicefrequency terminals of each channel instead of looping the trans mitting and receiving circuits together as is done at a repeater. Re moval of the terminations unbalances the voice-frequency hybrid coil of each channel, which results in a low loss across the hybrid. In addition, the gains and losses introduced by the voice amplifiers and other channel equipment are included in computing the balance. In the case of a terminal, singing is observed by monitoring on the individual channels instead of using the measuring meter as at a repeater.

	40. Explanation of 22 test. — The purpose of a 22 test, which is illustrated in figure 7, is to determine the singing margin for a Tele phone Terminal CF-l-A or a Repeater CF-3-A with associated Car-Tier Hybrid CF-7 after the operating adjustments for the equipment have been made. Both equalizers are set on their normal settings and the connections on each side of the equipment are left normal



[image: Figure, page 65]

Figure 7. — Illustration of 22 test.

so that the singing path includes the loss across both hybrids. In addition, the gains of all other repeaters on the circuit are made normal to include the additional singing paths formed through the hybrids on the far side of these repeaters. However, the gains at the two terminals (or the distant terminal if a terminal rather than a repeater is under test) are reduced to a minimum since it is not desirable to include the singing paths through these equipments when making the test. Under these conditions, the change in the repeater (or terminal) gains from their normal gains to those neces sary to cause singing is the singing margin. A 22 test differs from a 21 test in that a 22 test depends upon the change in gain from normal gain to the gain required to produce singing, whereas a 21 test de pends only upon the absolute value of the gain required to cause singing.

[image: Figure, page 66]



SECTION IV MAINTENANCE


	41. General maintenance. — Ordinarily, no maintenance pro cedures other than occasional servicing of the protector blocks should be required for Carrier Hybrid CF-7.

	42. Location of trouble. — a. General. — A unit which develops trouble that cannot be corrected by visual inspection or simple tests should be returned to a designated location where suitable testing facilities are available. Before returning the equipment for servic ing, be sure that the trouble is not due to some obvious defect of the equipment or its associated line circuits, or to the use of the equipment in a manner or for a purpose for which it was not designed. Be sure to attach a tag describing the operating difficulty.

	b. Testing equipment. — (1) A telephone receiver and volt-ohmmeter will be sufficient for most of the tests required. Volt-ohmmeter 1-166 will be satisfactory as will also volt-ohmmeters contained in Test Sets I-56-A or I-56-C.

	(2) Transmission measuring equipment for 600-ohm circuits oc casionally may be found useful for checking the over-all loss through the equipment.

	c. Diagrams. — A schematic circuit and wiring diagram is attached to the inside of the lid of the case. A copy of this drawing also is included in this manual as figure 9. The lines on this drawing indicate the individual wires. Each is marked with the color of the wire. The letter P indicates that the wires are paired.

	d. Precaution. — This equipment contains coils which may be injured permanently if the cores are magnetized by direct or exces sive alternating current flowing through their wirings. Consequently, do not use ordinary direct-current buzzers and similar equipment for making continuity tests. The volt-ohmmeters referred to under



[image: Figure, page 67]

paragraph b above are satisfactory, provided they are used on the highest resistance scale (highest multiplier).


	e. Resistors and coils. —Resistors suspected of being in trouble may be measured with a volt-ohmmeter. The instrument may also be used to check a coil winding.

	/. Capacitors. — Check for a broken-down capacitor may be made with a telephone receiver and flashlight cell if no volt-ohmmeter is available. Before making such a test be sure that no direct-current path exists across the capacitor in question. If one does, or if there is doubt, remove the wiring from the capacitor. Connect the receiver and battery in series and connect and disconnect the combination repeatedly across the terminals of the capacitor. In this test a good capacitor will cause a click in the receiver when contact is first made, but almost inaudible subsequent clicks when repeated contacts are made. A broken-down capacitor will cause a uniform intensity of click each time contact is made.

	g. Over-all loss. — (1) Measurement of the over-all loss between the 2-wire and 4-wire terminals of the equipment will provide a quick check as to whether the equipment is functioning properly from the standpoint of transmission between the 2-wire and 4-wire circuits. Loss measurements should be made between the SW-LINE binding posts and the TRSG and REC binding posts, respectively.

	(2) To measure the loss between the 2W-LINE binding posts and the TRSG binding posts, proceed as follows, using 600-ohm transmission measuring equipment.

	(a) Connect the SEND side of the measuring equipment to the aw-LiNE binding posts.

	(b) Connect the REC side of the measuring equipment to the TRSG binding posts.

	(r) Connect a 600-ohm resistor to the REC binding posts.




	(d) Adjust the balancing network controls for 165, 12-inch, openwire copper line, according to table VII.

	(e) Measure the loss of the equipment for the following fre quencies: 500, 1,000, 5,000, 11,000 and 13,500 cycles. The loss should not exceed 5.0 db up to and including 11,000 cycles and should be at least 6.0 db at 13,500 cycles.

	(3) To measure the loss between the 2W-LINE and REC binding posts, proceed as follows:

	(a) Connect the SEND side of the measuring equipment to the 2W-LINE binding posts.
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	Connect the REC side of the measuring equipment to the REC binding posts.

	(r) Connect a 600-ohm resistor to the TRSG binding posts.




	(d) Adjust the balancing network controls for 165, 12-inch, openwire copper lines, according to table VII.

	(e) Measure the loss of the equipment for the following fre quencies: 500, 1,000, 5,000, and 11,000 cycles. The loss at any of these frequencies should not exceed 5.0 db.





SECTION V SUPPLEMENTARY DATA

43. Table of replaceable parts, Carrier Hybrid CF-7.— The reference designations shown in the following list correspond to designations shown on the schematic diagrams. These designations are stamped on the equipment or on the adjacent mounting. The resistor value and manufacturer's part number are stamped on each resistor.
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44. List of manufacturers.









	Abbreviation
	Manufacturer
	Address




	Eby
	H.

H.

Inc.

Eby,
	Pa.

Philadelphia,



	W.E-Co.
	Western

Electric

Co.
	N.Y.

New

York,



	United-Carr
	United-Carr

Fastener

Corp.
	Cambridge,

Mass.
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Figure 9.— Carrier Hybrid CF-7 circuit label.
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