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OBSOLESCENCE NOTICE

All DTD specifications were declared obsolescent from 1st April 1999.  All DTD 900
series approvals also lapsed at that time. The standards will no longer be updated but
will be retained as obsolescent documents to provide for the servicing of existing
equipment.

Further Guidance

The aim in declaring the specifications obsolescent is to recognise that the
documents are not being updated and thus should be used with care by both
purchaser and supplier. For example, a specification could contain valid technical
information but may also contain type approval clauses that contradict procurement
policy and/or use materials that do not comply with environmental legislation. The
obsolescent specification can still be used as a basis for a purchase provided that the
supplier and purchaser agree suitable changes to the specification within the
purchase order/contract.
For the DTD 900 system, each specification has provided an MoD approved
material and process. For these items, the declaration of obsolescence will constitute
the termination of both the extant MoD approval and the continuing MoD assessment
that had underpinned those approvals. Again, the technical content of the document
remains valid and can be used by both purchaser and supplier as a basis for a
contract but an acceptable (to the parties) approval/assessment procedure would be
required.



MINISTRY OF AVIATION D.T.D. 5576A
(Superseding Specification D.T.D. 5576)

January, 1966
Aircraft Material Specification

LAMINATED SAFETY GLASS HEATED BY ELECTRICALLY
CONDUCTING FILM(S)

NOTE 1. This specification is one of a series issued by the Ministry of Aviation, either to meet a limited re-
quirement not covered by any existing British Standard, or to serve as a basis for inspection of materials
the properties and uses of which are not sufficiently developed to warrant submission to the British Stan-
dards Institution for standardisation.
NOTE 2. Application: This specification covers the requirements for electrically heated laminated glass
panels intended for the de-icing and de-misting of aircraft transparencies.

1. Description

SECTION I
Requirements

Each laminated glass panel shall consist of two or more pieces of flat or curved transparent glass bonded
together with a transparent plastic interlayer or interlayers. The heating element shall consist of transparent
electrically conducting films deposited on one or more of the glass faces adjacent to the interlayer(s). The
plastic interlayer may be extended beyond the edge of the glass to provide a flexible mounting and may be
fitted with metal reinforcement as specified by the purchaser.

2. Information to be supplied by the purchaser
The following information shall be supplied by the purchaser to the manufacturer.
(a) Adequate master patterns or drawings (including dimensional tolerances) to enable the panel size,

shape and vision area to be defined.
(b) Type and quality of glass.
(c) Position of support marks in heat-treated glass.
(d) Nominal heating intensity and area of panel(s) to be heated.
(e) Operating voltage.
( f) Electrical resistance and temperature coefficient of the temperature sensing elements.
(g) Number and location of the control points.
(h) Temperature settings for, and details of, the control system.
(i) Designed eye position relative to the transparency.
(j) Maximum surge likely to occur in the operating voltage fed to the heating circuit.
(k) The time (t hr) and temperature (T°C) conditions for the low temperature test described in Clause 20.

The values of t and T shall be agreed between the purchaser and D.Mat. (Mat.6), Ministry of Avia-
tion.

(l) Depth of parting agent. (See Clause 4d).

3. Type and quality of glass
(a) The glass used shall be one or more of the following types as specified by the purchaser:

Type 1 -fully toughened glass
Type 2 -partly toughened glass
Type 3 -annealed glass

(b) The quality of the glass shall be that known as “clear white plate” or “ordinary plate glass,” as
specified by the purchaser. Any other plate glass approved by D.Mat. may be used, if required.

(c) The degree of temper of a Type 1 toughened glass shall be assessed by a particle count determination
carried out as described in Appendix III. The particle count shall be determined on a square of 2
inches side and the minimum number of particles in this square shall be:

inch thickness . . . 60 particles per square of 2 inch side
inch thickness . . . 60 particles per square of 2 inch side
inch thickness . . . 80 particles per square of 2 inch side
inch thickness . . . 60 particles per square of 2 inch side
inch thickness . . . 40 particles per square of 2 inch side
inch thickness . . . 30 particles per square of 2 inch side

4 . Type and thickness of interlayer
(a) All interlayers shall consist of polyvinyl butyral (vinal) plasticised with tri-ethylene glycol di (2

ethyl-butyrate), and/or dibutyl sebacate (D.B.S).
Extended interlayer type: This shall consist of a central layer of vinal having either a plasticiser
content of 29 ± 3 per cent or a plasticiser content of 17 ± 3 per cent. Outer layers of vinal with a
plasticiser content of 29 ± 3 per cent may be used, if necessary.
Non-extended interlayer type: This shall consist of a single layer of vinal with a plasticiser content
of either 17 ± 3 per cent or 29 ± 3 per cent.
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(b) The minimum total thickness of each interlayer shall be:
0.120 inches when the laminate is of the extended interlayer type;
0.020 inches when the laminate is of the non-extended interlayer type.

(c) Where metal reinforcement is specified, it should consist of aluminium coated aluminium alloy
sheet to specification B.S. L72 or L73. Stainless steel sheet may be used if required. A surface treat-
ment approved by D.Mat., to improve the bond between the interlayer and the metal reinforcing
frame, shall be carried out. The minimum thickness of the metal shall be 0.022 inches (24 S.W.G.).
The metal reinforcement shall be completely deburred and all sharp edges removed. The metal shall
be embedded within the interlayer around the periphery of the panel and shall overlap the adjacent
outer glass ply.

(d) In order to reduce the shear stress at the edge of the glass an approved parting agent shall be
applied during assembly to a depth as specified in the relevant drawing.

5. Freedom from defects
(a) Each panel shall be free from defects likely to affect its serviceability, such as delamination, peel

splintering, stones, bubbles, broken seeds, scratches, chips, polishing cut and blockrake. The surface
of main load-carrying members of the panel shall be free from “pluck surface” defects but such
defects are acceptable on the surfaces of thin facing members provided that when regarded as seed,
the total seed present is not greater than that shown in the Standard Reference Panels*.

(b) Ream and seed may be present in each panel to an extent not greater than that shown on the
Standard Reference Panels*. The direction of the ream shall not depart by more than 20° from the
pilot’s vertical line of sight through the centre of the panel. Where ream is present which is not
substantially linear, the test panel at the mounting angle shall not show ream more severe than that
of the standard panel examined normal to the surface.

(c) Defects such as ream and seed occurring within 1 inch of the edges may be ignored.
(d) Support marks on heat treated glasses, within 1 inch of the edge, shall not be cause for rejection.
(e) Opaque inclusions in the interlayer and conducting film layer shall be assessed as seed. Isolated hairs

up to ¼ inch in length may be disregarded.

6. Edge finish
All edges of the glass plies shall be smooth arrissed and all sharp comers removed.

7. Edge sealing
A sealant, approved to specification D.T.D.900 for this purpose, shall be applied to form a complete

edge seal from the inner glass face to the outer glass face, in order to prevent the ingress of moisture.

8. Electrically conducting film
The electrically conducting film should be applied by a method approved by D.Mat. (Mat.6), Ministry

of Aviation, to one or more of the glass surfaces adjacent to the interlayer or interlayers so as to provide the
temperature distribution specified in the relevant drawing.

9. Temperature sensing elements
(a)  The sensing elements shall be as specified in the relevant drawing. At least two sensing elements,

inserted into the vinal interlayer shall be fitted to each panel as shown in the relevant drawing. All
connections to the sensing elements shall be of copper and the joints welded.

(b)  Each temperature sensing element shall have an electrical potential of 30 volts direct current applied
to it for a period of 3 to 5 seconds. Not less than 30 minutes after the removal of the voltage the
resistance of each sensing element shall be measured, when it shall be within the limits specified in
the relevant drawing.

10. Electrical resistance of conducting film
The nominal resistance at 20°C of each conducting film when measured at the appropriate terminals

shall be within ± 15 per cent of that specified in the relevant drawing. Resistance measurements shall be
made at 20° ± 5°C by a bridge or any other approved method, and the values so obtained shall be
corrected to 20°C, using the appropriate temperature coefficient.

11. Terminal blocks
The appropriate connections shall be clearly marked on the terminal block and the power and sensing

element terminals shall be such that wires connected to them cannot be interchanged. The strength of
attachment of the terminal blocks shall be such that a torque of 50 lbf x inch applied for 10 seconds shall
not loosen the attachment. Where a terminal block incorporates inserts, it shall not be possible for an over-
long screw to separate the inserts from the terminal block.

12. Bus bar construction
The bus bar construction shall afford the maximum area of vision consistent with good bus bar and film

design and the voltage drop of each bus bar shall not be greater than two volts when the maximum current
is flowing.

* The Standard Reference Panels are held by the Director of Aeronautical Inspection P.I.N.M.I.. Harefield House.
Harefield, Middlesex.
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13. Conductors
The conductors from the heating film bus bars to the terminal block shall be able to carry to each bus

bar the maximum current likely to be encountered such as that due to any surge in the operating voltage.
The leads not sandwiched in the window shall be of copper, insulated and protected from external damage.

14. Resistance to overpower
The resistance to overpower shall be such that the panel shall withstand without visible deterioration, or

failure, the application of 150 per cent of the maximum power input for not less than 15 seconds at an
ambient temperature of 20°C ± 5°C. During the test the panel shall be examined in a shadowgraph in
accordance with Appendix VI for signs of overheating caused by damage to the conducting film. Where this
is apparent, the panel shall be rejected. Defects in the film are apparent as circular or dumb-bell-shaped
shadows on the screen and the panel shall be rejected if these areas are inch or more in diameter (or length)
or if they continue to increase rapidly in size during or immediately after the application of power.

Each panel shall be examined for arcing when energised at 150 per cent of the designed nominal voltage
for 5 seconds in a darkened room. There shall be no visible signs of arcing during the test.

15.  Functional test at maximum power
The electrically heated glass assembly shall withstand without visible deterioration or failure the appli-

cation of maximum power input at a still air temperature of 20°C ± 5°C for a continuous period of 10
minutes.

During these tests the power shall be controlled by means of a temperature controller set to cut-out at
the maximum overheat temperature and cut-in at not more than 10 deg C below.  The controller shall be
connected to the overheat sensing element in the panel.

16. Uniformity of heating
The local surface temperatures of each panel shall be uniform to a tolerance to be agreed between

manufacturer and purchaser, and specified on the appropriate drawing. As a guide, the temperature of the
critical heated area should normally be within a ± 5 deg C temperature tolerance.

Measurement of the surface temperatures shall be made according to the method given in Appendix II.

17. Deviation
The deviation of parallel pencils of rays passing through the safety glass panel within the vision area

shall comply with the following requirements when determined by the method described in Appendix IV:
(a) The absolute deviation in the central area, as defined in the relevant aircraft drawing shall not exceed

15 minutes of arc.
(b) The absolute deviation at any point, other than the central area shall not exceed 23 minutes of arc.
(c) The difference in deviation at any two points on the panel traversed by a pair of parallel sight lines

separated by a horizontal distance of 2½ inches shall not exceed 8 minutes of arc.
In the case of curved panels it may be necessary to agree deviation requirements between the purchaser

and D.Mat. (Mat.6), Ministry of Aviation, St. Giles Court, London, W.C.2.

18. Light transmission
The amount of visible light transmitted by each panel when determined by the method described in

Appendix V, or other approved method, shall not be less than 70 per cent for panels constructed entirely from
clear white plate. Where panels are constructed entirely from ordinary plate the visible light transmission
shall not be less than 56 per cent.

19. Resistance to high humidity
The resistance to high humidity shall be such that when determined by the method described in

Appendix VII cracks, delamination, peel splintering, bubbles in the interlayer and discolouration shall not
occur.

20. Resistance to low temperature with power to the conducting film

The laminated glass panel shall be placed inside a refrigerator at room temperature or below and the
refrigerator atmosphere shall then be reduced to a temperature of T ± 2°C and maintained at that temper-
ature for t hours after equilibrium conditions have been reached, as measured by the resistance readings of
the temperature sensing elements in the glass panel.

The panel shall then be removed from the refrigerator and maximum power applied immediately to the
conducting film until the maximum controlling temperature is reached. The power shall then be switched off
and the panel allowed to cool to room temperature (20 ± 5°).

The panel shall then be examined for cracks, delamination, peel splintering, bubbles in the interlayer
and discolouration. The panel shall be rejected if any defect has occurred.

The electrical insulation shall then satisfy the tests as specified in Clause 22.
When tests to Clause 19 are carried out, tests to Clause 20 shall commence 24 ± ½ hr after the removal

from the humidity chamber.
No precautions shall be taken to retard the temperature changes of the panel occurring on insertion into

and removal from the refrigerator.
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21. Adhesion of glass to interlayer
The adhesion of glass to interlayer shall be controlled by tests to Clause 13 of B.S.857: 1954. The test

specimen shall consist of a laminate comprising two pieces of plate glass 12 inches x 12 inches x inch,
laminated to one sheet of polyvinyl butyral interlayer either 0.020 inches soft interlayer (29 ± 3 per cent
plasticiser) or 0.025 inches hard interlayer (17 ± 3 per cent plasticiser). Tests shall be carried out on alter-
nate batches of specimens using hard and soft interlayers and processed by the same conditions employed for
the lamination of aircraft panels. The make-up, processing and frequency of testing shall be subject to the
approval of the Director of Aeronautical Inspection (P.I.N.M.1, Harefield) and the results of all control tests
shall be submitted to the Director of Aeronautical Inspection for scrutiny.

22. Electrical insulation
The resistance of the electrical insulation shall be such that:
(a) When flash tested by the method defined in Appendix VIII (a), breakdown shall not occur.
(b) When measured by the method defined in Appendix VIII (b), a minimum value of 10 megohms shall

be obtained.

23. Marking
Each laminated panel shall be permanently marked with the manufacturer’s serial number and the pur-

chaser’s part number as shown on the relevant drawings. When the panel is mounted in the aircraft these
numbers shall be legible from the inward side of the panel, but shall not interfere with the pilot’s vision.

24. Storage
When stored in the original sealed container, in any climate, under reasonable storage conditions, the

panel shall remain serviceable for a period of 2 years from the date of dispatch from the manufacturer.
The manufacturer may exercise the right of inspection at any time during storage.

25. Type approval

SECTION II
Inspection

Before any panel is supplied in accordance with this specification, the manufacturer shall obtain Type
Approval for that particular design of panel. Applications for Type Approval together with the information
required under Clause 2 of this specification, shall be submitted to the Director of Aeronautical Inspection
(P.I.N.M.1, Harefield House, Harefield, Middlesex), together with a specimen panel and details of the process.
Evidence shall be furnished that a similar specimen has been subjected to, and has satisfied, all the require-
ments of Section I of this specification.

After formal approval has been given, no change in the process and materials of manufacture or dimen-
sions of the panel will be permitted unless approval of the change has been sought and granted from A.I.D.

After Type Approval has been given, the manufacturer shall submit each type of panel to the full
requirements of Section I at a frequency of one per cent of production of that type, or one per year which-
ever is the greater. For the purpose of this clause each geometric shape shall constitute a single type but
“mirror images” may be considered as one type.

The Director of Aeronautical Inspection may require the manufacturer to repeat Type Approval tests
at any time, or to supply panels for repeat of Type Approval tests.

26. Inspection
(a) Each panel shall be examined for compliance with Clauses  4 (d), 5, 6, 7, 9 (b), 10, 13, 14, 15, 16, 17,

18, 20, 22 and 23.
(b) One toughened glass ply from each heat-treatment batch shall be tested to Clause 3(c).

APPENDIX I
Definitions

(a) Degree of temper-The degree of temper is the result of heat treatment of any single glass ply used
in the assembly intended to increase the strength of the glass.

(b) Temperature sensing element - A temperature sensing element is an element which is installed in
the panel assembly for measurement and contro1 of the electrical energy input to the glass panel.

(c) Control point - A control point is the point on the panel where a temperature sensing element is to
be located.

(d) Maximum power input - Maximum power input is the maximum power supplied when the maxi-
mum operating voltage is applied across the bus bar terminals.

(e) Operating voltage - Operating voltage is the r.m.s. voltage which will be applied across the bus bar
terminals.

(f) Temperature control system - A temperature control system is a control similar to that to be used
on the panel when installed in the aircraft.

(g) Delamination - Delamination is a physical break of the bond between the vinal interlayer and a
glass ply.

(h) Peel splintering - Peel splintering is the detachment of a thin layer of glass parallel and adjacent to
the interlayer.

(i) Vision area - The vision area is that area within which the aircraft manufacturer requires the
optical standards to be met and shall be defined on the relevant drawing.
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APPENDIX II
Method for determination of uniformity of heating

The panel shall be mounted horizontally in still air at 20°C ± 2°C with a minimum air space beneath
it of 3.0 inches and with the conducting film nearest to the top surface. Power shall be applied to the heating
circuits and modulated such that a stabilised mean top surface temperature of approximately 45°C is
reached. The surface temperatures shall then be measured by means of thermocouples attached to 0.5 inch
diameter, 0.006 inch thick copper discs.

APPENDIX III
Method for determination of particle count

In the case of flat glass, the specimen, which shall consist of one representative glass panel, shall be laid
on any convenient flat surface, and scattering of the particles prevented by wrapping in paper or canvas.
For curved glass, the specimen shall be wrapped in a sheet of paper, so sealed that the package may be
readily opened from one side and placed for breaking on a similar curved glass. The specimen glass shall
be broken by means of a centre punch which shall be placed at any point ½ inch to 1 inch from the centre of
the longest edge of the specimen and given a sufficiently severe blow to cause fracture of the specimen.

The particle count is determined by ruling a square of 2 inches side on a sheet of transparent plastic. The
square is placed immediately over the coarsest fractured area of the glass to be counted and as each particle
in the square is counted, an ink spot may be made above it on the plastic sheet. Any two adjacent sides of
the square are selected, and all particles inside the square and those intersected by the two sides are included
in the count. All other intersected particles are excluded. The count shall be made within three minutes of
breaking the panel.

APPENDIX IV
Method for determination of deviation

The whole area of each panel to within 1 inch of the edges shall be examined in a horizontal beam of
parallel light between the object glass of a collimator and a viewing telescope. The front of the panel shall
face the collimator and the top and outer face shall be uppermost.

The panel shall be supported at such an angle that the axis of the viewing telescope is identical with a
line of sight from the designed eye position, as shown on the appropriate drawings, to a central area of the
panel approximately l½ inches diameter. The support shall be arranged to rotate the panel about vertical
and horizontal axes passing through the designed eye position, the horizontal axis being at right angles to
the line of sight.

The collimator shall have an object glass of approximately 3 inches diameter and a focal length of not
less than 20 inches. The graticule shall be a black cross with a central opaque disc on a transparent ground.
The angular dimensions of the graticule in the focal plane of the collimator objective shall be as follows:

Diameter of disc 8 minutes of arc
Thickness of crossline ¼ minute of arc

The telescope shall have an object glass of approximately 1 inch diameter and a focal length of not less
than 20 inches, the overall magnification to be approximately 15. The graticule shall be a central opaque spot
and a black concentric circle. The angular dimensions of the graticule in the focal plane of the telescope
objective shall be as follows:

Diameter of central spot ½ minute of arc
Mean radius of circle 19 minutes of arc
Thickness of circle ½ minute of arc

(a) Absolute deviation
After the centres of the two graticules have been brought into coincidence with no panel in position,
and with the aperture of the telescope objectives limited to approximately ¼ inch, the panel with a
template limiting the area to be examined to the central area shall be placed in position, and any
necessary adjustments to the level of the collimator, because of the displacement of the light beam
by the panel, shall be made. The collimator shall remain parallel to the telescope axis. In the case
of the requirements to Clause 17(a), no portion of the central disc of the collimator graticule shall
extend beyond the ring of the telescope graticule. In the case of requirements to Clause 17 (b),  no
complete image of the central disc of the collimator graticule shall extend beyond the ring of the
telescope graticule.

(b) Variation of deviation
The telescope shall then be replaced by a binocular unit so that the panel is scanned by two parallel
pencils of light ¼ inch diameter, separated by a horizontal distance of 2½ inches.
The template shall then be removed and the variation of deviation shall be determined over the whole
of the panel (except that neither pencil of light in any part of its path shall be less than one inch
from the nearest edge) by scanning along a series of horizontal traverses, the angular separation
between adjacent traverses, about a horizontal axis through the eye position, being not greater than 3
degrees. The scanning operation shall then be extended to include three equally spaced vertical
traverses. Differential deviation between the two pencils of light will result in doubling of the image
of the disc in the collimator graticule. There shall be no complete separation of the two images of
the disc in the collimator graticule. The movement of the image shall be continuous and non-
oscillatory at all times.

APPENDIX V
Method for determination of light transmission

A 12 volt, 12 watt tungsten filament lamp, operated by an accumulator giving a steady current, shall be
fixed at one end of a straight metal bar, held rigidly and graduated in centimetres. A selenium iron photo-
cell shall be fixed in a suitable stand on the bar at a distance of approximately 90 cm from the lamp. The
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response of the photo-cell shall be measured by a mirror scale galvanometer. The panel shall be placed
immediately in front of the photo-cell, and the latter moved along the bar towards the lamp until the initial
intensity is restored, i.e. until the previous deflection on the galvanometer scale is obtained.

The distance the cell has been moved shall then be measured, the cell returned to its initial position and
the test repeated. The mean of three readings for the above distance shall be taken.

If x = initial distance of photo-cell from the lamp and y = distance through which the cell has been
moved towards the lamp with the panel interposed, then the percentage light trasmission of the panel

= (x-y) 2  x 100
x2

The determination shall be made in a darkened room, reflection from the walls being avoided by means
of a screen of dull black fabric.

APPENDIX VI
Method for determination of damage to conducting film

A suitable shadowgraph for examination during the resistance to over-power test consists of a small
intense compact source of light, such as the mercury 250 watt box lamp, mounted at a distance of approxi-
mately 6 ft from a matt white screen. The test panel shall be mounted approximately 2 ft from the screen so
that the shadow of the panel is formed on the screen.

APPENDIX VII
Method for determination of resistance to high humidity

The panel shall be suspended in an airtight box containing a tray of water at the bottom. The depth of
water shall be not less than ½ inch and the air shall be agitated by means of a fan.

The lower edge of the panel shall be at least 1 inch above the level of the water. The temperature of
the box shall be maintained thermostatically at 70°C ± 2°C for ten hours. The box and panel shall then be
allowed to cool down to room temperature and the heating recommenced on the following day, the complete
heating and cooling cycle occupying twenty-four hours. This procedure shall be carried out on five successive
days. The panel shall then he removed from the box and examined after an interval of not less than twenty-
four hours.

APPENDIX VIII

(a) Flash test
Method for determination of electrical insulation

1,500 volts 50 cycle a.c. shall be applied for one minute between each of the isolated conductors as
defined in Appendix VIII(c). If there is no indication of breakdown this test shall be immediately
followed by the insulation test.

(b) Insulation test
The insulation resistance at 20°C ± 5°C, measured between the isolated conductors as defined in
Appendix VIII(c) shall at 1,000 volts d.c. or twice the maximum operating voltage whichever is
the greater, be greater than 10 megohms.

(c) The voltage shall be applied to, and the electrical insulation measured between:
1. The various conducting film circuits where there are more than one.
2. The temperature sensing elements.
3. Each temperature sensing element and each conducting film circuit.
4. Each temperature sensing element and metal insert of the flexible edge mounting.
5. Each conducting film circuit and metal insert of the flexible edge mounting.

Approved for issue,
E. W. RUSSELL,

Director of Materials Research and Development.
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