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PENGUIN TECHNICAL EVALUATION PROGRAM MISSILE TEST FIRINGS

SUMHMARY

This report gives a detailed description of the
Penguin technical evaluation program. The proce-
dures for testing and launching are described, and
the test and launcher performance story of each of
the 10 missiles is given. A summary of technical
problems and errors 1s presented in the last chapters

INTRODUCTION

The Penguin development program has been a major task for
the Norwegian Defence Research Establishment over the years
1962 - 1970. The weapon system is to be instalind on the
torpedo and gun boats of the Royal Norwegian Navy. The

Penguin system is now in production by Kongsberg Vdpenfabrikk

An important part of the Penguin development program has
been missile test flights. This report describes the final
part of the missile test flight program, the Penguin tech-
nical evaluation program, in which 10 complete nissiles,
produced by Kongsberg Vapenfabrikk, were launched from the

motor gun boat KNM "Traust" during Feb 1970 - Jan 1971.

DESCRIPTION OF THE WEAPON SYSTEM

Penguin 1is a ship to ship guided missile weapon. A Storm-
class motor gun boat is armed with 6 Penguin missiles. Each
missile lies on a launcher in fixed position and orientation,
ready for launch. Control and lazunching of the missiles is

executed by means of an autcomated fires control system.

The missile trajectory has three different phases:
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Boost phase =~ A solid nropellant booster motor accelerates

the missile to its cruisine speed (270 m/s) 1in 2.1 seconds.

ilfid-course phase - A solid p»rorvellant sustainer motor
maintains constant sveed. Cuidance is by a 3 axis avro
stabilized platform, aided bv an optical altimeter to main-
tain correct altitude (80 m). The missile is cruising on
collision course towards the tarcet. Deviation from the

preset course due to wind is corrected by the platform.

Terminal phase - The tarcet seeker is activated at a

preset distance (3 km) from the target. The seeker detects
the target at a distance of about 1100 m. The terminal
phase starts at this decision point. Siecnals from the

seeker are fed to the control unit in the cuidance section.

The missile homes to impact.

Prior to launch, the stable element of the platform is set
horizontally, and the IR-detector is cooled to 77°K by
means of liquid N,. 1.5 seconds before take-off, the plat-
form azimuth is set tc¢ target bearing and the lateral
guidance correction system in the nlatform is given initial
velocity equal to target relative velocity across target
bearing, The distance to the tarcet is fed to the seeker.
The missile is independent of own ship after launch, and will
seek for and home against the target using passive observa-
tion of the target's infrared contrast against the sea sur-
face., Tor further description of the r apon system see (1)
and (2).

Summary of characteristics

Operational

Range Min 2.5 km
Max 20 km
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Midecourse flight
altitude Below 100 m

Flight speed 270 n/s

Tarcet seeker

scanning width + 600 m

Flight direction + 30° fronm launcher direction
> HDO from the sun

Weather Sea state 5

Optical horizontal sight > 1200 m

Opntical vertical sight > 150 m

Technical

Weight 336 kg

Lenpgth 2962 mm

Wing span 1410 mm

Body diameter 280 mm

Warhead 115 ke, 46 ke expnlosives, pene-

tration and delay

DEVELOPMENT MISSILE FIRING PROGRAMMES

The Penguin development program started in 1962 and was
completed primo 1971, The development has been carried out

in 2 phases:

Phase 1 - Develonoment of a flicht tested engineering

prototvpe of the missile, completed ultimo 1965.

SECRET
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Phase 2 - Modification of missile, design of a prototype
launching and control installation, and manufacturing of a
small number of missiles for technical evaluation. Completed

primo 1971,

During phase 1, 15 test flights were performed. The 15

test flights had a varying degree of completness from pure
ballistics without any form of cuidance up to flights with
a preliminary guidance system, All missiles were launched

from land based launchers.

The phase 2 program consisted of 19 ballistic and 27 guided
flights., 17 of the 27 guided flights were performed by
complete missiles with optical altimeter and infrared target
seeker connected to the guidance system of the missile.

13 of the guided missiles were launched from a land based
launcher at Vigdel firing range, and 14, including the 10
missiles in the technical evaluation program, were launched
from the motor gun boat KNM "Traust". For informations of
the missile test flights prior to the technical evaluation

program see (3).

4 TECHNICAL EVALUATION MISSILE FIRING PROGRAM

4,1 Aim

The aim of the technical evaluation program was:
a) With a limited number of missile flights to verify that
the weapon system performs according to the main speci-

fications. Relevant main specifications:

- Max rance 20 km

- Min range 2.5 km

SECRET
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- Nominal width of seeker scanning 600 m

- Operational in bad weather conditions, up to sea state

b) Detect missile errors, both system errors and errors

due to workmanship

c) Evaluate the launching on control system for the Storm-
class Fast Patrocl Boats

The aims of the remaining test firings were changed during

the period according to the results of test firings carried

out at that moment.

Summary of the missile test flights

The planned 10 missiles were launched from KNM "Traust" in
the peried Feb 1970 - Jan 1971. 9 of the missiles had inert
and 1 had live warhead. U4 of the missiles, including the

one with the live warhead, hit the target.

Summary of each missile test flight

Missile Richard - Launched against ex-KNM "Stavanger"
9/2-1970 at a distance of 5200 m. The target was detected,

but lost due to seeker error,

Missile Sigurd - Launched against M/K "Carl Erik" 18/3-
1970 at a distance of 2900 m., Sea state 5, Hit the target.

Missile Tore - Launched against ex-KNM "Reingysund"

25/4-1970 at a distance of 5400 m. The real relative target
velocity across target bearing was 0 m/s , but was of the
launching and control system set to 22 m/s. This was done

to make the target seeker detect the target in the fringe of
the searched field. The missile hit the target.

SECRET
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Missile Ulrik - Launched acainst ex-KNM "Stavanger"
27/4-1970 at a distance of 5500 m, The bow of the target

pointed at KNM "Traust™, The missile hit the tarsget.

Missile Victor - Launched against ex-KNM "Stavanger"
30/4-1970 at a distance of 15 000 m, The target was detec-

ted, but lost due to seeker error.

Missile Wilma - Launched acainst ex-KNM “Réindysund"
21/8-1970 at a distance of 15 100 m., The target was detec-

ted, but the seeker decision circuit was activated too late.

When the decision circuit was activated, the missile homed

arainst false IR-targets generated by the seeker itself,

Missile Xantippe - Launched against ex-KNM "Reindysund"
22/8-1970 at a distance of 15 400 m. The missile hit the
sea surface after a flight of 1800 m, This w2s due to a

misalicnment of the platform nitch axis of -2.8%, An ampli-
fier in the platform alicnment electronics was affected by

high freauency noise,

Missile Q - Launched against ex-KNM "Reingysund" 8/12-1970
at a distance of 16 000 m, The missile climbed to an

altitude of 300 m due to an altimeter error. The sustainer
motor onressure increased to more than twice the normal value,

and the motor bursted,

Missile Yngve - Launched against ex-XNM "Reingysund"
12/1-1970 at a distance of 16 800 m. The missile hit the

sea surface after a flight of 1800 m, Same error as for

missile ¥Xantipne.

Missile Zorba -~ Launched against ex-KNM "Reingvsund"
16/1-1971 at a distance of 4500 m, Missile with 1live

warhead, The missile hit the tarcet and the warhead
detonated.

SECRET



Results

e

The missile test flights have indicated that the weapon system
specifications mentioned in %.1 &). In

f & test fiights at a disvapce 2 15 000 m no missile
hit 4t long range has been demonstrated. his waz due to
technical errors only. With no such errors the missile will

without doubt hit the targst at max range. The mid-course

guidance system of the missile and the firing control system

have preoved to be very accurate.
D Vi

Two different operational launching and control systems, one

developed at NDRE and the other at KV, are evaluated and

b}

successfully used for launching of missiles. The launching
and contrel system developed at XV i3 now under installation

onboard the Storm-class Fast Patrol Boats.

During the missile test flipghts there were 7 different
errorz, 4% of which were system errors. During the testing
of the missiles, there war» 2 number of errors, partly due
to workmansiin. The system errors discovered during testing
and test flights were removed as so

and are not present in tha missiles now delivered to tha

Reyal Norwegian Navy.

-
£

LAUNCHING AND CONTROI, 3YSTLH

B

i

The Penguin weapon systsr op a Storm=-class motor gun boat

;
consiats of:

%) 6 box launchers with missiles and containers for liquid

) Launching and ccntrol system consisting of

- Contrcl electronic cabinet (including a digital
computer)

3%
)
&
3
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- Launcher control cabinet

-~ Power supply cabinet

c) Control panel (on the bridege)

d) Tareet data svstem (HSA-M26 gunfire control system)

e) Cabeles between the various units:

- a to b
- ¢ to b
- d to b

The data from HSA-M26 to the launching and control system

are:

Target bearing

Target course

Target speed

Own ship's course

- Own ship's speed

Own ship's Pi and Ro angle

All operational controls are carried out by means of the
control panel on the bridee. By means of the orders from
the control panel and the data from the HSA-M26, the launching

and control svstem carries out the following:

- Starting, testing and keeping the weapon system alert
- Programming the missiles for flight

- Launching sequence control

SECRET
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During th2> technical evaluation program 3 different launching

and control systems have been used.

Traustin

1 missile type. Analog fire control computations, test
sequence, launcher control seguence and platform slave

electronics. For more informations see (U4).

Used for launching of 4 guided missiles in phase 2, before
the technical evaluation program started., In the technical
evaluation nrogram used for launching of the missiles R, S,
T, U and V,

NDRE NOR2

1 missile type (easily extended to 6 missiles). Digital
fire control computations, test sequence and launcher control
sequence. Analog slave electronics. For more informations

see (5),

Evaluated as a part of the technical evaluation program.

Used for launching of the missiles W and X.

KV MK1 MOD 1

6 missile type. Digital fire control computations. Analog
testsequence, launcher control sequence and slave electronics.

For more informations see (6 ).

Evaluated as a part of the technical evaluation program.

Used for launching of the missiles Q, Y and Z.

SECRET
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MISSILE PRE LAUWNCH TESTING, MUL:FICATION AND INSTRUMEHNTATION

The missiles used in the technical evaluation program were
produced at Kongsberg Vdapenfabrikk and Raufoss Ammunisjons-
fabrikk. The production svstem and control system were
different from what are now used for serial production.,

The missiles were not assembled, but delivered to NDRE as

follows:

- Guidance section (without ¢as generator charge)
- arhead section (explosives removed)

- iHotor section (without charge)

- Hotor charse

- Gas generator charge

- ‘ings

- Canard fins

The gsuidance section was tested at KV Penguin lab by NDRE

before it was accented,
9
testing and calibration is described in 6,1 to 7.10.
If a defect was discovered in the missile, the defect sub-

nodule was sent to KV for renmair. No repairs were done at
NDRE,

The test stands used for testine of suidance section and
warhead section at KV and NDRE are the same as used for all
sulided missiles in the nhase 2 nrogran,
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Acceptance test of guidance section at KV Pencuin lab

The accentance test was mainlv the same as the test of the
guidance section done by XV, For information see (7). The

guidance section consists of the following main components:

Tarcet seeker

- Hot gas rudder servo

- Optical altimeter

- Gvro-stabilized platferm
- AC nower sunply

- Control unit

- Thermal batteries

The following tests were done on the main components except
the batteries:

- Functional test
- Static test

- Dynamic test
Static and dvnamic test of:

- Main control loops

- Lateral control loop

- Seeker azinuth control locp
- Seeker pitch control loop

- Altimeter control loop

SECRET
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Test of:

- Platform self alignment and drift
- Seeker slaving to platform and cooling position
- Gas servo pressure switch

- Battery circuits and firing circuits
gimulztion of the missile's target tracking: Tracking of a

moving IR-target, the gas generator supplied with compressed

air and the canard fins put on.

Modification and test of guidance section subsystems

When the guidance section arrived at NDRE it was demounted.
Separate trsts and medifications were done at the target

seeker, altimeter and control section.

Target seeker
-~ Telemetry equipment mounted

- Black painting to avoid undesirable reflexes of sun

illumination
- Modifications introduced
- Functional test
- Detector test
Gas tishtnezs test

- Vibration test

SECRET
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Altimeter
- Href and noise level adiusted

- a; increased from 0.95° to 1.15° on the missiles W, X,

Q, ¥ and Z

- Functional test,

Control section

- Firine circuit resistors changed on the missiles V, W,
X, Q, Y and Z

- Vibration accelerometers and telemetry amplifiers mounted

on missile T, U, V, Y and 7

- Fuse telemetry circuit mounted on missile U and V.

Warhead section instrumentation

Telemetry and sustainer puncture

Telemetry equipment and sustainer motor puncture electronics
were mounted in the empty warheads of all the missiles except
Zorba, who had a live warhead. Missile Z had no sustainer
puncture equipment, and the reduced telemetry equipment was

mounted in the warhead section, around the warhead tip.
The normal telemetrv equipment consists of:

- Commutator
- Subcarrier oscillators

- Summing amplifiers

SECRET
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- 224 MHz radio transmitter

- Antennas

This gives 31 commutated channels with an information band-
width of 30 Hz and 9 exclusive channels with information
bandwidth from 59 Hz to 3700 Hz. For further information
see (2). The following list is tvpical for the missiles

with inert warheads:

Com c¢ch 1 Lateral integrator 1 A
" 2 Gas servo pnick-off 1
1" 3 1] " " 2

" 4 Platform resolver Az, B

" 5 " n Pi s B
i} 6 i " AZ y A
" 7 " " Pi i A
1 8 i1 L RO

" 9 Gas servo input 1

% 10 " L f 2

" 11 Seeker deviation angle Az
" 12 Gas generator pressure

" 13 Flapper motor current 1
"1y " " 4 2

" 15 Seeker deviation angle Pi
" 16 Lateral integrator 1 B

" 17 Altitude command

" 18 Positive main supply

" 19 Trackine command Az

w20 " " Pi

" 21 Negative main supply
SECRET



Com ch 22 Seeker gi
" 23 "
i 24  Lateral i
L 25 Altimeter
¥ 26 Lateral i
" 27 Sustainer
" 28 Booster m
i 28 Sustainer
= 30 Platform
" 31 "

Ex ch 9 "
u 10 Platform
" 11 Platform
" 13 Platform
" 14 Platform
H 15 IR-pulse
" 16 Az sector

v G Seeker IR

The sustainer motor

- 35 MFz receiver
- Antennas

- Decoder

The sustainer motor
is received from the

For information see

- 25 - SECRET

mbal motor Pi
n n RO
ntegrator 2 A
AH
ntegrator 2 B
puncture
otor pressure
motor pressure
gimbal motor Az
in " Pi
i " RO
axial accelerometer
lateral accelerometer
vibration accelerometer, axial
vibration accelerometer, lateral
+ track flip-flop
I + track window + Az track pulse

-signal

puncture electronics consist of:

1s punctured if a coded 35 MHz signal
command tower at Viedel firine range.
{2) and (8).
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Transponder

A transponder was mounted in the warhead section around the
warhead tip of missiles R, S, U and V. The transponder was
nart of a radio tracking system for giving data of the

horizontal projection of the missile trajectory soon after
the flight. For information see (9 ). The reasons for not
having transronders in the last 5 missiles in the technical

evaluation program were:

- Transponder sometimes affected platform self alignment
- Long time for data evaluation
- Lack of accuracy for range over approximately 8 km

- Data from nlatform lateral integrator 2 gives immediate
data of the missile trajectory with reasonable accuracy.

Antennas

Antennas for the following units were mounted in the wing

tips and adjusted:

- Telemetry transmitter, 2 antennas to give circular

polarization
- Sustainer puncture receiver and transponder receiver

- Transponder transmitter.

Motor section assembline and instrumentation

-~ Sub modules of motor section assembled
- Sustainer motor puncture charge mounted

- Pressure transducers for telemetry of sustainer motor

pressure and booster motor nressure mounted.
SECRET
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Cuidance section testing

When the modifications and tests mentioned in 6.2.1 - 6.,2.3
were completed, the guidance section was re-assembled. It

was then tested as follows:

AC-power supply
- Amplitude

- Frequencies,

Platform

Functional test

- Platform drift

- Integrator drift

- Scale of accelerometers, integrators and resolvers

- Self alignment accuracy

- Coordinate transformation of input orders to gas servo

- Step response,

Control unit
- Functional test
- Gain of the 6 control loops

- Step respons Transfer functions of the 2 main control

loops)

- Track indication.

SECRET



Altimeter

Functional test

- 28 - SEERET

- Dynamic test of o nm and AH

oy
- Href

- Trigger angle

- Effect of transmitted light pulse

- Track indication.

Gas servo

- Functional test with compressed air

- Step respons
- Pressure switch

- Pick-off scale

- Trim (Canard fin angle = 0 when servo input signal

Seeker

- Functional test

- Slaving to platform
- Locking

- Cooling

- Timer

(pitch and roll alignment)

SECRET
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- Artificial IR-target

- Az tracking command

- Pi trackine command

- Tracking of moving IR-target

- Signals on seeker test plug.

Special tests

SECRET

- Simulated missile test flights with umbilical cable

removed, compressed air to gas generator and tracking

moving IR-target

- Long time tests (for finding errors due to high

temperature etc).

Warhead section test

Warhead section with wings was electrically connected to

the guidance section.

Telemetry

- Functional test

- Limitations (VCO inputsignal

-~ Calibration .

shall not exceed

SECRET
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6.6.2

Sustainer puncture

- TFunctional test (Output signal when correct coded
35 MHz signal is received, no output signal when the

received signal is not correct).

Transponder

- Functional test (Transmission of 105 MHz when 35 MHz
is received, no transmission if no 35 MHz signal is

received).

Vibration test of assembled guidance/warhead section

Guidance section and warhead section were assembled to an
unit. At KV environmental lab & dummy motor section was
mounted to this unit. The missile unit was then mounted on

a vibrator. The following vibration tests were performed:

Runs ¢ 4 puns with axial acceleration

4L runs with lateral acceleration
Frequency range: 20 - 2000 - 20 Hz
Sweep rate ¢+ 1 octave/min
Test level : 1 g peak

The missile was energized during the vibration tests, and
continuously monitored via teststand and telemetry. When
the vibration tests were completed, the dummy motor section
was demounted and the guidance/warhead section carefully
tested. Faults were detected on 6 of the 10 missiles. Some
of the faults were induced by the vibrations and some detec-

ted because of the vibrations.

SECRET
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Assembling and mountins in launcher

The cuidance/warhead section was taken to NDRLE dep X.
The motor section was mounted and the comnlete missile
mounted in a box-launcher. A protection bar was mounted

m

around the guidance sections of missile R, S, T, W and X.
This protection bag was ment to be torn off when the missile
started to move on the launcher in the boost phase.
Evaluation of the protection bas was ment to be a part of
the technical evaluation prosram. Due to different reasons
the protection bags were removed before launching, and no
launch tests were done with the protection bags. The

missiles now delivered to RNN have no protection bags.

Transport and mounting onboard KN "Traust"

The box-launcher with the missile was sent to Bergen by
train or by military airplane. The launcher was mounted

onboard KNM "Traust" at the navv base Haakcnsvern,

TEST OF COMPLETE WEAPON SYSTEM AT HAAKONSVERN

The tests mentioned in 7.1 - 7.4 were done with the ship

alongside quay.

Launching and control system

The launching and control system was tested as much as pos-
sible before it was connected to the missile. The umbilical
cable was connected to a dummy load and every pin of the

umbjlical plug was measured, The following was tested:

- Supply voltace

- GStart sequence

SECRET
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- Test stimuli signals
- Platform compensation signals

- Firing sequence,

Launcher

- Firing circuits

- Firing sequence (including return signal for launcher

opening OK)
- Cooling unit

- Artifical IR-target.

Missile

The signals on the missile umbilical cable and the test
cables were available at the launching and control system
Traustin, and were made available on the two other launching
and control system also used during the technical evaluation
program. The launching and control systems did not give

the same testing posibilities as the test equipment at NDRE,
but the parameters which could be tested were tested. The
tests were much more comprehensive than the automatic tests
of the launching and control system, and errcrs not detected

bv the automatic tests were found.

Telemetry receiver and discriminators were installed in the
check-out room onboard. This was done to test all the
telemetry channels, but the telemetry signals also were very

usefull to monitor the missile.

SECRET



HSA 126

The fire control comnutations were tested by simulations on

ISA M26 and the dummy log. As function of:

- Own ship's sneed

- L " acceleration
= A " course
- " n rate of course chance

- Tarecet speed
"
- course

- " bearing

- Distance to the tarcet

The following were tested:

- Platform alignment
- Platform azimuth setting
- Target speed across target bearing (V )

veo

- Seeker timer settins.

Complete weapon system test at sea

KEM "Traust" and a tarcet ship were taken to Bjgrnefjorden
outside Haakonsvern. Several test runs were done by the
target shio and own shin to cenerate the situations previous-
lv simulated on {SA 25 and the dummv log, as mentioned in
Tl
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AL A MOTI
TAANGLL

25 TK# squadron including KNM "Traust" left Haakonsvern to

go to Tananser in the morning the day before the planned

day of the missile test flight. The missile was energized

and tested during the transit. “hen arrived at Tanarger,

the firinos circuits were connected, tested and short circuited.
Tlares were mounted on the winres, this to make it easier

for the four cinetheodeclites to track the missile during the

flisht.

25 TKR squadron staved at Tananger until the missiles onboard

K "Traust"™ were launched or the expedition was suspended.

Due to technical reasons and weather conditions this some-
times could be for some time,

FIRING RANGE

Durins the technical evaluation program, the same firing
rance was used as for the other missile test flights of
phase 2; Vigdel firine rance south-west of Stavanger.

Vigdel firing ranse has the followins facilities:

- Command tower

- Communications

- Telemetry station

- Radio tracking system
- 4 cinetheodolites

- Hess

Tor more information see (8) and (10).

SECRET



10

1
Ly
5

i

)
tr}
i)
=2
]
Lo? |

LAUNCHIMG DAY

“efore launch, the followins had teo . -
b ]

Weather conditions satisfactorily

- Target ship in position
- No boats in the danger area of the firing range

- No airplanes in the area

re

- Telemetrvy station 0K
- Chinethecdolites OK
s

The control of this was the responsibilitv of the 25 TKB

squadron and the firine officer in the command tower.

Usually there was a test run before the real missile firing
run. The test run was exactly eaual to the firing run, and
the fire button was pressed, but the firine circuits were not

armed., The reasons for havine a test run were:

i

Drill of crew and cinetheodolite operators

Test of telemetrv station

Last sea test of weapon svstem,

e

A typical time table of the launching dav onboard KNif "Traust"

was as follows:

X -4 hours Test of weanon system

X - 2 hours Launcher
Fill liquid N,

Clear up after deck
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X - 90 minutes Radio and radar silence
Firing circuits connected
Mount missile motor nozzles

X - 60 minutes Radio and radar permitted used

¥ - 50 minutes Departure Tananger

X - 40 minutes Start test run

¥ - 30 minutes Test run completed

X - 10 minutes Start missile firing run

X - 5 minutes Firine circuits armed

X - 105 seconds KNM "Traust" at correct course

X - 90 seconds HSA M26 tracks the target

X - 60 seconds Counting from command tower

X Fire

X + 11 seconds Take-off.,

11 DATA PROCESSING
11.1 Telemetrv
T¥:) .3 Vigdal

2 telemetry receivers and 2 tape recorders were used during
the missile flight, Data were recorded from X - 4 minutes
to the end of the missile flight,

to NDRE as auick as possible, the other tape was used for

One tape was sent by air

data processing at Vigdel. Data processing at Viedel was

done for the following reasons:

SECRET
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a) Determine what was wrong if it had been an unsuccessful

missile flight

b) Find irregularities, if any, in an apperently successful

missile flight

c) Get telemetry data a few hours after the launching of

the missile,

If it was more missiles to be launched on the expedition, the
results of a) and b) determined if the other missiles could

be launched as planned,

1l.1l.2 NDRE

Data processing of the other tape was done at NDRE data
laboratory and at the Kjeller Computer Installation (KIRA),

a

The IRIG-format magnetic tape was reproduced and encocded to
digital form at the data laboratory. Data were transferred
on a data link to XIRA,where they were recorded on standard
7-track computer tape. Calibrated graphs were produced by
KIRA using Calcomp plotting machines. These graphs were
normally available 3 - 5 davs after launching, but because
of difficulties with the data laboratory and the data link,

it sometimes took considerably more time to set the data.

Further processing could be done of the data. For error

tracing and simulation studies the following could be done:

- TFiltering
- Coordinate transformations

- Computing of non-telemetered cuantities from telemetered

signals usins known transfer functions.

¥}
O
=
=1
=
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1342 Cinetheodolites

A cinetheodolite o»roduces a film record, 5 frames per second,
Missile data were manuallv read from each frame and punched
on pmaner tane, -The resulting tapes were used by LIRA,

who produced calibrated nlots of:

- Missile trajectorv in X-Y plane

Missile trajectorvy in Z rlane

- HMissile acceleration in X, Y and Z direction
- Missile total acceleration
- Missile velocity in X, Y and Z direction

sile total velocitv.

- Mi
2 A

0

Because of the timeconsuming manual data reduction, the

plots were not available till 3 - 4 weeks after launching.

12 MISSILE R, DESCRIPTION
12,1 Aim

To hit a relastic target at medium rance,

12.2 Technical description of the missile

12.2.1 Motor

12.2.1.1 Booster motor charge

Double base propellant, VU (British) 41.21 kg
Inhibitors 1.85 kg
Start thrust 4700 kp
Final thrust 2500 ko

SECRET
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Burnins time 2.41 seconds
Total imnulse 8670 kps

12.2.1.2 Sustainer motor charce

Double base nropellant, X-35 (lorwegian) 44,92 k
Inhibitors 1,88 kg
Thrust 120 kp
Burning time 74  seconds
Total impulse 8940 kps

12424 2 tlarhead
Inert warhead.
12243 fuidance secticn

E-04

Protection bas mounted at HNDRI, removed onboard XN "Traust".

12,2.,3,1 Seeker

E-02 (Electronics E-02, Optical unit E-02).
Modifications at NDRE:

- Telemetrv electronics mounted

- Unit to nrevent down corrections till 0.5 seconds after

decision mounted

- Capnasitor C1l2 on medule 1702 changed from 15 uyP +to
Dnl uF.

SECRET



12.2.3.M

12; 25345

12.2.3.56

12:243:7

Altimeter

E-04

Modifications at NDRE:

- Href adjusted by means of external resistors
- Converter stop module mounted

- R19 on module 1804 chaneed from 1/4 ¥ to 1 W.
Platform

E-08 (E-04 originellv mounted at KV).

AC-power supbly

E-0u,

Control unit

£E-02.

Thermal batteries

32

w

-
-

)

1

!

=]



12.2.3.8 Control section

E-Oq L]

12,2.3.9 Control parameters

Main control loop Az 6.13%/0
Lateral compensation 0.136%/m
Tracking com Az Ky, = 2.37%%0 Kig = 0.57%/0
Main control loop Pi 6.76%/0
Altitude com 0.19%/m ay = 1.3° a, = 1.15°
Tracking com Pi Kﬁsn = 2.32%0 Kizy * 0.46%/0
Href 82 m

12.2.4 Telemetry

Telemetry channels as listed in 6.3.1, except for ex ch 13

and ex ch 14 which were not used.

12.2.:5 Transponder

Transponder mounted,

1243 Equipment onboard KNM "Traust”
12434 Launching and control system
Traustin.

SECRET
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1232 Launcher

Selco I

Aft starboard vosition

Elevation 19.97°
Azimuth 14.53°,
124343 Recording equipment

The following signals were recorded on a tape recorder:

Own ship's roll Ps
Own ship's pitch 0
Own ship's course V.
Target bearing Yo

Yaw velocity

Axilal acceleration axs
Lateral acceleration avs
Vertical acceleration azs

Launcher actuator nressure PI

Launcher actuator pressure P,,.

12.4 Tareet

ex-KNM "Stavanger", a class C destrover,

125 Photographyv

Hich speed camera onboard KN "Traust"
2 Bolex cameras onboard the target
Camera onboard escort boat 1

Camera onboard escort beat 2, SECRET




12.6

L2581

12 .62

T2ubeal

12.6. 242

12, 6.3

12643 ¢X

Missile test at NDRE and KV

Acceptance test

12 - 14/11 - 69

Because of electrical transientg due to the recording equip-
ment of the teststand, 0ll and Q12 on module 1809 of the
altimeter were destroved., Altimeter E-04 was exchanged with
an other altimeter but the same hannened acain. Recause of
this, the altimeter desicn was chanced: 1 ko resistors
were connected to Al and 8.., for nrotection., Altimeter

HA

E-O04 was renaired and mounted,

Subsystem test

Seelker

- + 28 V  was not decounled

- Az sector I and IT were exchanced on the seeker threshold

electronles innut

4+

- iountine cylinder was not ecas ticht

-

- (Gas leakage between IR-dome and dome barrel.

Altineter

OK.

Guidance/warhead section tes+t

- No connecticn between 403 J02-3 and 702 Po8-T Dbecause

of ixad solderins

- !Misconnecting of ras cenerator nressure telemetrv signal




12.643.2

1251
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Misconnectins of negative battery

- Seeker fault because the insulation of roll motor wire

was damared of slin-ring screws

- Underdimensioned decoupling capasitor.

Vibration test at XV

20 - 22/1 - 1870

u yuns lateral
3 runs axial
20 - 2000 - 20 Hz

1 octave/minute

w

1.5 ¢ peak

The followineg harppened before the missile was vibrated,

hecause of teststand faults:

- Seeker module 1704 E-02 was destroved and exchanred with

1704 E-10

- Platform E-04 tumbled, some wires were torn off. Platform

E-04 exchanged with nlatform E-10

No faults detected durinc or after the vibrations.

Comnlete weanon system test at Haakonsvern and Tananger

Launcher with missile mounted onboard 21/1 - 1970.

Platform E-10 tumbled (28/1) because of bad connection
between svro sninmotors and the spinmotor exitation voltage
on FEP 1. Dlatform E-10 was exchanged with platform E-08
(29/1).

SECRET
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1249

Arrival Tananger 2/2.
Launching and contrel system faults (3/2 - 4/2) due to a

5 V power suppnlv in the KV predictor. The power supply was

exchanged with a laboratory nower sunnly.

Launching attemnts

A launching attempt was done 5/2 1130, but the firing
sequence stopped because the rear cover of the launcher was
not opened. This was due to a leakage in the launcher
firing circuit. KN¥ "Traust" returned to Tananger. It was
decided to open the launcher manually, because it would have
taken too much time to mount a new launcher firing circuit

if the missile was to be launched the same day.

Launching

The fire button was pressed as soon as the two men who opened

the launcher was under deck,

Date 5/2 - 1970 1234
Distance to target 5200 m
Direction to target 271.9°
Weather: Sight 15 kn
Cloud cover 7/8
Wind 8 m/s from SE
Temperature - 3%
Sea state < I
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13.1

13.1.1

13.1.2

13.1.3

13.1.4

- 46 - SECRET

MISSILE R, VALUATION

Data systems

Telemetry

GCood data.

Transponder

Good data.

Cinetheodolites

Tl and T2:

T3

Photogranphy

Medium quality during 0 - 2,5 sec and
24,5 - 25,5 sec., Cood data from the rest of

the flight

Rad data., These data are not used for calculation

of the missile trajectoryv

Good data.

KNM "Traust", high speed camera: Take-off

Escort boat 1 camera : The whole missile trajectory
Excort boat 2 camera : - "o
Target cameras : Nothing, the missile did

not hit the target.



1341ub

378452

30 .

132 o2

13.3

Ed ol

13:3:2

- 47 - SECRET

Recording equipment onboard KN4 "Traust"

Good data.

Equipment onboard KN "Traust"

Launching and control svstem
OK.
Total fire control accuracy 0,25° (includins launcher

alicnment).

Launcher

Opened manually,

Missile flieht

See 13.,5.5.

Normal, Missile velocity at the end of the boost nhase was

256 m/s.

Mid-course phase

The missile lost altitude between each altitude correction
from the altimeter, This was due to a »nlatform pitch mis-
alignment of approximately -0.7°. Because of this the average
altitude during the mid-course flicsht was only 69 m and

the altitude at the decision point 66 m,

SECRET
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13.4

13.4,1

13.48.1.1
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The lateral guidance was OK., If the missile had not homed
arainst the target, 1t would have nassed 25 m to the

rircht of the tareset center,

The missile rolled clockwise, 0.47 lz.

Terminal nhase

The seeker took decision on the tarcet, the missile started
to home against it, but due to seeker errors the seeker lost
it, The missile passed 45 m over and 10 m to the right
of the tarcet center and hit the sea surface 1200 m behind

the target.

Decision distance was cnlvy 850 m. This was because of the
nlatform pitch misalignment: The altitude at decision point
is too low and the seeker depression angle - 4.7° instead

of =~ uo.

dissile subsystems

Motor

See 13.5.3.

Booster motor

Rurning time : 2.55 sec
Velocitv at burn ocut: 266 n/s

Pressur : Normal, max 90 kp/cm?

]

Acceleration (start): 132 m/s?




13,4.,1.2 Sustainer motor

Normal pressure till 16 sec. Tfrom 16 to 25.5 sec (splash
down) the pressure increased from 74 to 96 kn/cm?2 with
increasins rate of pressure orowth., If the missile flight
had been longer, the pressure could have stabilized on a

higher level or caused a motor burst,

During the neriod 5 - 17 sec the pressure was 70 - 74 kp/cm2.
This gives a thrust of 101 kp (nom 120 kp). The missile

velocity was 264 m/s durine this neriod.

This fast pressure increasins is not known from static motor
firinres., The pressure increasine is to slow to be due to
stopping up of the nozzles, moreover the missile accelerated

during the period with hirh pressure.

The inhibitors can he locallv burnt throuch during the
flieht. The burnine area will then increase, and the pres-
sure will increase. Possible explanations of the pressure

increasing are:
a) The charge slides backwards over the hot motor chamber.

b) FEot gas flows around the charge because of a leakage in

the motor cover,

c) lot gas flows around the charce because the free volume

between the charge and the motor shell is to larce.

13.4.2 Platform

Platform Pi misalignment of approximatelv -0.70, probably because
of high freguency noise durine the alisnment neriod. The

high frequency noise affects the axial accelerometer ampli-

fier., This amplifier is modified for the platforms now

in production at XV.

SECRET
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Altimeter

See 13.5.2 and 13.5.3.

6 altitude samples, 1 of these was a no return measurement.
The 5 other measurements differ 1 - 6 m from the altitude
calculated from the cinetheodolite data. Altitude command

according to the measurements.

Seeker

See 13.,5.U.

The seeker detected the target, but lost it. There were 2
different seeker system errors, each of them probably would

made the missile miss the target:

- The seeker track threshold was 80 - 90% of max IR-
signal instead of 50%. Because of this the IR-signal
from the target generated IR-pulse only at the first

scan after decision.

The seeker had a circuit to prevent down corrections till
0.5 sec after decision. Because of too low altitude, too
great depression angle and an up correction due to the IR-

pulse disappearance, the IR-signal passed sector II during

the 0.5 sec period,

The 2 system errors, (faulty track threshold setting and
too long time of down correction barring) were removed from

the succeeding missiles,

Control loomns

Az control loops

See 13,5.1.,
SCECRET
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Mid-course guidance:

Vyeo 0 m/s

Average Uyp (Az ancle) - 145

Lateral int 2 11 m

Oscillation 1.5° pp 3.2 Hz

Lateral wind 7 m/s

Average missile velocitvy 265 m/s

Normal oscillation. y,p, is according to Vyeo , lateral
wind and missile velocity. |

Terminal guidance: Trackine com Az = - 3° during the

terminal phase because the seeker lost the target shortly

after decision. Yuyp T - 3° durine the terminal phase.

Pi control loors

See 13.5.2.

Mid-course cuidance:

Averace Oyp (Pi anale) 1aB
Oscillation 1,07 op 3.0 Hz

Normal oscillation. Average 8., = 1.8° (normal 1.1° -
1.?0) to keen the missile at constant altitude because of

o s : s
the - 0.7 pitch misalicnment,

.4p 1s according to altitude command.

. = .. . . o
Terminal csuidance: Tnitial trackine com i = - 1.87, up-
; .. 3 o}
correction 0,15 sec after decision. Tr com Fi = - 0.2
: . o o] .
durine the rest of the flight. 0., = - 0.2 according to

SECRET
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tr com Pi, y (trajectory slcpe) = Oyp * misalignment

angle - angle of attack (1.1°) = - 2°, This is according

to the missile trajectorv data.

13.,4,6 Cas servo

OK.

13.4,7 AC pnower supnly

OK.

13.4.,8 Thermal batteries

Positive batteries: 30 V , constant during¢ the flight

Negative battery: -30.5 V - " -

13%5 Telemetry and missile trajectorv recordines

Lateral control sienals on 13.5.1.
Altitunde control signals on 13.5.7.
Hotor pressures and altimeter AH on 13.5.3.

Seeke2r sisnals from 0.1° sec before to 0.1% sec after

decision on 13.5.4,

Vertical and horizontal nrojection of the missile trajectory

en 13.5.5

Time ref: T = 0 1is take-off, except for 13,5.% where T = 0

is decision.,
SECRET
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Lateral control signals

13.5,.1
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Altitude contreol signals
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HMotor pressures and altimeter

13.5.3
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Seeker signals

13.5.4
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Missile trajectory

13:5456
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13.6

1y

14.1

14,2

1H.2.1

14021101

Summary

Missile R was launched against ex KNM "Stavanger"

5/2-1970 at a distance of 5200 m. The launcher was opened
manually., The seeker detected the target, but lost it

0.15 sec after decision. The missile started to home
against the target, passed over it at an altitude of U5 m

and hit the sea surface 1200 m behind the target.

There were 2 seeker faults, each of them would probably
made the missile miss the target: faulty seeker track thres-

hold setting and too long time of down correction barring.

The platform had a pitch misalignment of - 0.7° , probably

because of high frequency noise during the alignment period.

The sustainer motor pressure started to increase from
7% kp/cm? at 16 sec to 96 kp/em? at splashdown
(25.5 sec). The rate of pressure growth was increasing.
The pressure could have stabilized on a higher level or

cuased a motor burst.

MISSILE S8, DESCRIPTION

Aim

To hit a small target at minimum range in rough sea.

Technical description of the missile

Motor

Booster motor charge

Double base propellant, VU (British) 41.2 kg

Inhibitors 1.85 kg

SECRET
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Start thrust 4700 kp
Final thrust 2500 ko
Burning time 2.41 sec
Total impulse 8670 kps

14%,2.1.2 Sustainer motor charge

Double base propellant, X-35 (Norwegian) by,.¢ kg

Inhibitors 1.88 kg

Thrust 120 kp

Burning time 74 sec

Total impulse 8940 kps
102 a2 tlarhead

Inert warhead.

14.2.3 Guidance section

E-02

Protection bag mounted at NDRL, removed onboard XNM "Traust".

14,2.,3.1 Seeker

E-09 (Electronics E-08, Optical unit E-09). Seeker L-04

originally mounted at KV,
Hodifications at NDRE:

- Telemetry electronics mounted
- Track threshold electronics modified,
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14,243.2

14,2.3.3

14.2.3.4

14,2.345

14,2.3.6

14,2,3.7

14,2.3.8

- B0 -

Gas servo

E-08 (Electronics E-03, Gas generator E-02).

Altimeter

SECRET

E-07 (Altimeter E-02 originally mounted at KV).

Platform

E-02,

AC-power supply

E-06,

Control unit

E-04,

Thermal batteries

31
38

36.

Control section

E-02,
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14.2,349

K

14,2.5

14,3

14341

14,:3,2

= Bl

Control parameters
Main control loop Az 6.35%°/0
Lateral compensation 0.145%°/m
Trackine command Az Kw =

_ en
Main control loop Pi 6.10%/0
Altitude command 0.187%/m
Tracking command Pi 6.

_ en
Href 82 m

Telemetry

2.340/0

“H

SECRET

gy

Telemetry channels as listed in 6,.3.1, excent for

and ex ch l4 which were not used.

Transponder

Transponder mounted.

Equipment onboard KNM "Traust"

Launching and control system

Traustin,

Launcher

Selco I
Aft starboard position
Elevation 19.97°

Azimuth 14,63°

0.56%/0

0.95

0.46%/0

ex ¢ch 13
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14,3.3

14,4

14,5

14,6

14,6.1

14,6.2

14.642.1

14.56.2,.2

Recording equipment

Recordings as listed in 12.3.3.

Target

M/K "Carl Erik", a 50 feet fishing boat with 2
IR-targets (propan stoves).

Photography

Camera onboard escort boat 1.

Missile test at NDRE and KV

Acceptance test

28/1 - 1970 OK.

Subsysten test

Seeker

- Cooling hose exc -~.nged

- 4 Helirnils on t = mounting cvlinder exchanged

- Mounting cylinder gas tigchtened

- Az sector I and IT

electronics input.

Altimeter

0K,

exchanced on

he

artificial

seek threshold
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14,6.3

14,6.3.1

14,6.3.2

14.7
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Guidance/warhead section test

Test at NDRE

OX.

Vibration test at KV

3 - 4/3 - 1970

4 runs lateral

4 runs axial

20 - 2000 - 20 Hz
1 octave/min

1.5 g neak

No missile errors induced or detected except that the seeker

telemetry plug was not sufficiently fastened.

Complete weapon system test at Haakonsvern and Tananger

The missiles S and T was mounted onboard 7/3.

Seeker ©[-05 was not nroperly cooled (10/3), and was ex-
changed with seeker E-99 (taken from missile T). The
reason of the cooline problem anpeared to be gas leakage in
the N, container in the launcher, but seeker E-05 was

not remounted.

I

Arrival Tananger at midnicht 10/3,

Launching and control system NDRE NOR2 was to be used for
launching of missile S and T if it was opevrative in time.
It was first tested separately onboard, and was then connected

to missile § 10/3 - 12/3. The comnuter program was Some-



14,8

14.9
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times destroyed by internal computer errors, and it was
decided to use launching and control system Traustin on

this expedition.

Altimeter breakdown (13/3) because of an underdimensioned
resistor in the high voltage converter (the design was
changed on the succeeding altimeters). Altimeter E-02

was exchanged with altimeter E-07 (taken from missile

T).

Launching attempts

13/3, Missile S was planned to be launched against

ex KNM "Stavanger" at 15 km. A test run showed that HSA
gave correct data only up to 13.5 km , and the range was
reduced to 13 km. Launching cancelled because of insuffi-

cient visibility for the cinetheodolites.
14/3 - 17/3. Extremely bad weather prevented launching.

18/3. Because of rough sea, it was decided to launch missile
T against MK "Carl-Erik" at min. range instead of missile S
against ex-KNM "Stavanger" at long range. A launching
attempt was done, but the launcher upper front cover was

not opened, see 16,8, When KNM "Traust" returned to
Tananger, it was decided to launch missile S against

MK "Carl-Erik" the same day.

Launching

Date 18/3 - 1970 1428
Distance to target 2900 m

Direction to target 286, 4°
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15.d

15.1.1

15,1,2

15.1.3

Weather: Sight 20 km
Cloud cover 7/8
Wind 6 m/s from SE
Temperature L - 29
Sea state &

MISSILE S, VALUATION

Data systems

Telemetry

Good data.

Transponder

Bad data. It was impossible to calculate the missile trajec-

tory from the transponder data.

Cinetheodolites

Tl: Good data

T2: No data

T3: Bad data, only 28 out of 62 nhotos

T4h: Bad data, no altitude informations.

Because of the bad cuality of the data, the calculated

missile trajectory is less accurate than usual.
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15,145

15.2

16.2.1

15.2.2

15.3.1

1503-2
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tr
P
x
I
.

Photography

Escort boat 1 camera: The whole missile trajectory.
The target went down, this was

Recording equipment onboard KNM "Traust"

Good data.

Equipment onboard KNM "Traust"

Launching and control system

. The mid-course phase was too short (decision at

7 sec) to calculate the fire control accuracy.

Launcher

OK.

Boost phase

filmed.

Normal. Missile velocity at the e: ! ¢f the boost phase

265 m/s.

¥
i

td-course phase

1
1

The mid-course phase was very short because the missile was

launched at min. range.
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The altitude was correct durine the mid-course phase,
The lateral guildance was 0K, if the missile had not homed

against the target, it would have passed 30 m to the right

of the tarset.

=
=
-
Ry
N
°

The missile rolled clockwise 0.

15.3.3 Terminal phase

Normal. Decision distance was 1350 m and altitucde 82 m.
After a terminal phase of 5.2 sec, the missile hit the

target,

15.4 Missile subsystems

15.4,1 Hotor

See 15.5.3.

15.,4,1.1 DBooster motor

Burning time 2.35 sec
Velocity at burn out 265 m/s
Pressure Normal, max 85 kp/cm?
Acceleration (start) 133 m/s?

15.,4.,1,2 Sustainer motor

Because of a bad connection in the sustainer motor opressure
transducer, there are reliable data onlv during 0 - 3 sec,
but everything looks normallv, The velocityv during the mid-

course flight is normal, approximately 260 m/s.
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15.4.3

15.4.4

15.4.5

15.4.5,1
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Platform

OK.

Altimeter

See 15,.5.2 and 15,5.3.

Because the seeker took decision after 7 sec, the altimeter
made only 1 altitude sample, This showed H = Href and
was probably a no return measurement., It was sea state 5,

and the no answer probability is increased by rough sea.

Seeker

The target was detected at a range of 1350 m, the IR-signal
from the artificial IR-targets was weak., The seeker was

OK during the whole terminal phase.

Control loops

Azimuth control loops

See 15,5.1.

Mid-course cuidance:

Vyeo - 1,5 m/s
byp (7 sec) s, Rab®
Lateral int 2 (7 sec) 9 m
Oscillation 6° PPy 3 Ez
Spiral i PP
Lateral wind 4 m/s
Average missile velocity 260 m/s
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15.4.6

15.4,7
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The great oscillation amplitude is due to gas servo fric-
tion, probably in both gas servos., Yiup is according to

V lateral wind and missile velocity,

yeo?

Terminal guidance:

Normal, ¥yp was according to tracking com Az,

Pitch control loops

See 15.5.2.

Mid-course guidance:

Average 8y 1..3°
Oscillation 5° pp 3.2 Hz
Spiral 1® PP

The great oscillation amplitude is due to gas servo friction
as for the Az control loop. Average 6yup is normal,

] according to altitude command.

MP

Terminal cuidance:

Normal, is according to tracking com Pi.

Ovp

Gas servo

Greater friction than usual.

AC-power supply

0K,

SECRET



OK,

Positive batteries: 30.5 V , constant during the flight

Negative battery; - 30.5 V - - -

Telemetry and missile trajectory recordings

Lateral control signals on 15.5.1.
£ltitude control signals on 15,5.2.
Motor pressures and altimeter AH on 15.5.3.

Seeker siesnals from 0.15 sec before to 0.15 sec after

decision on 15.5.4. Ex ch G had bad quality.
Vertical and horizontal proiection of the missile trajectory
on 15.5.5. The calculated trajectory is some unaccurate

because of bad cinetheodolite data.

Time ref: T = 0 1is take-off, except for 15.,5.4 where T =

is decision.

SELRET
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Altitude control signals

1552
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Motor pressures and altimeter
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Seeker signals
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Missile trajectory

15455
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16,2

16251

16.2.1.1
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Summary

Missile S was launched against MK "Carl-Erik" 18/3 - 1970
at a distance of 2900 m , sea state 5, The missile hit

the tarcet half way between the 2 artificial IR-targets
(propan stoves), and MK "Carl-Erik" went down. The range

was 400 m longer than min range (2500 m) Dbecause of
operational reasons, but according to the missile trajectory
and telemetry signals, the missile would have hit the target

even if the ranpe was 2000 m.

No missile faults, but high cas servo friction gave

greater oscillation amniitudes than usual.

MISSILE T, DESCRIFTION

Aim

s

To hit a target which is detected in the extremety of the

seeker scannine area.

Technical description of the missile

Motor

Booster motor charre

Double base pronellant, VU (British) 41.2 kg
Inhibitors 1.85 kg
Start thrust 4700 kp
Final thrust 2500 kp
Rurning time 2.41 sec
Total impulse 8670 kps
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16.2.,1.2 Sustainer motor charge

Double base propellant, X-35 (Norwegian) 44,9 kg

Inhibitors 1.88 kg

Thrust 120 ko

Burning time 74 sec

Total impulse 8940 kps
16.2.2 Yarhead

Inert warhead.

1.65u.2%3 Guidance section

E-06.

Protection bag mounted at NDRE, removed onboard KNM "Traust".

16.,2.3.1 Seeker

E-07 (Electronics E-07, Optical unit E-07). Seeker E-03

originally mounted at KV,
Modifications at NDRE:

- Telemetry electronics mounted
- Track threshold electronics modified

- Artificial IR-tarcet modified.

16.2.3.2 Gas servo

E-06 (Electronics E-06, Gas generator E-07),

SECRET
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16.2.3.3 Altimeter

E-09 (Altimeter E-06 originally mounted at KV).

Laser effect 39 W,

16.2.3.4 Platform

E-07 (Platform E-06 original.y mounted at KV).

16.2.,3.5 AC-power supply

E-09.

16.,2.3.6 Control unit

E-10.

16.2.3.7 Thermal batteries

87
91

96.

16.2.3.8 Control section

E-OBI
Modifications at NDRE:

- 2 vibration accelerometers with telemetry amplifiers

mounted.
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16.2.3.9

16,2.4

16,3

15.3.1

16.3.2

l16.u4
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Control parameters
Main control loop Az 6.36%/0
Lateral compensation 0.149%/m

; - o ; =
Tracking com Az ngn = 2.45%/¢ £¢SL =
Main control loop Pi 6.08°/0
Altitude command 0.186°%/m ay = 1.3 ay =

; : _ o) -
Tracking com Pi Kegn 2 2.30 40 KGS1
Href 82 m

Telemetry

Telemetry channels as listed in 6.3.1.

Equipment onboard KNM "Traust"

Launching and control system

Traustin,

Launcher

Selco I
Aft starboard position
Elevation 19.97°

Azimuth 1%,63°

Target

ex-KNM "Reingysund", a landing craft.

SECRET

0.59%/0



16.4

16.6

16.6.1

16.6.2

16.6.2.1

16:6.3

16483 1
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Photography

Camera on escort boat 1.

Camera in the command tower.

Missile test at NDRE and KV

Acceptance test

11 - 12/2 -1870 OK,

Subsystem test

Seeker
- Module 1705 exchanged

Module 1701 destroyed by a testing failure, repaired

Complete seeker electronics exchanged

- Slip-ring defect, seeker E-03 exchanged with E-08.

Altimeter

0K,

Guidance/warhead section test I

Test at NDRE

Altimeter E-06 destroyed (- 10,24 V supply mcdule 1802)
because of a teststand fault, Altimeter E-05 exchanged
with altimeter E-09.

SECRET
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16,7
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Altimeter E-09 exchanged with altimeter E-07 (2 avalanche

transistors 1n the transmitter defect).

Seeker breakdown because of the slip-ring. Ontical unit
E-08 exchanced with E-09, The seeker of missile T was now

E-09 (Electronics E-08, Optical unit E-09).

Vibration test at KV

5/3 - 19740,

3 runs lateral

4 runs axial

20 - 2000 - 20 Hz
1 octave/min

1.5 g peak

Platform axial accelerometer defect (not operative for
o
s S0TE):

Platform E-06 exchanged with E-04,
Platform pitch gyro defect (the gyro could not be torqued),.

Platform E-04 exchanced with E-07.

Complete weapon system test at Haakonsvern and Tananger I

Launcher with missile mounted onboard 7/3.

Platform E-07 tumbeled 9/3, (Roll power amplifier defect).
Platform E-07 exchanged with E-09 (10/3).

Arrival Tananger midnight 10/3.
Seeker E-09 exchanged with L-05 (13/3) because of an

imaginary cooling problem , see 14,7.
SECRET
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16.9

15.9,)

16.9.2
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Altimeter E-07 mounted in missile S 13/3 , see 1u4.7,

Altimeter E-09 mounted (14/3).

Launching attempts I

18/3. Launcher upper front cover was not opened because of
a leakage in the explosive actuator, and the firing sequence
stopped. Launching of missile T cancelled, return to Tananger.

It was decided to launch missile S the same day, see 14.8,

20/3. During count down (appr X - 90 min) one of the
flares was set off. This was because the flare firing
circuit was unsufficiently secured. The launcher and the

missilc were covere. with CO,. The expedition was cancelled.

Guidance/warhead section test IT

Test at NDRE

The missile was taken to NDRE and demounted. Each sub-
system was cleaned and tested separetely. The seeker IR-
dome, the canard-fins and the wings were exchanged. Some
abundant glue, which prevented the platform roll gimbal
movement in a particular nosition, was removed from the

platform cover, No faults were found,

The re-assembled missile T was tested, 0K,

Vibration test at KV

8 - 9/4 -1970,

4 runs lateral

8 runs axial
20 - 2000 - 20 Hz

SECRET
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1 octave/min

1 ¢ neak

o

Platform Ro power amplifier defect. Platform E-09 exchanged
with E-07,

Complete weapon system test at Haakonsvern and Tananger II

Missile T mounted onboard 17/u,

Launching and control system NDRE NOR 2 was to be used for
launching of the missiles T, U and V on this expedition if
it was operative in time. Because of hardware failures in
both the NOR2 cumputer and the interface electronics, it
was decided to use launching and control svstem Traustin

on this expedition,
Arrival Tananger 22/u4,

Seeker cooling hose exchanced in the afternoon 2u4/4. (Wrong

type of cooling hose m,unted at NDRE, too soft PVC).

Seeker breakdown in the morning 25/4% (Slin-ring defect),

Seeker E-05 exchanged with E-07 (Taken from missile U).
Seeker E-05 slip-ring exchanged onboard by a KV engineer.

Still seeker breakdown. Seeker E-05 was sent to KV in the
night 25/4,

Launching attempts II

Launching planned 24/4 1300, Cancelled 24/4 1100 because
of bad weather,
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16:12 Launchi.g

Se s
Date 25/4 - 1970 1352
Distance to target 5400 m
Direction to target g T
Weather: Sight 20 km

Cloud cover 0/8

Wind 8 m/s from S

Temperature 5°¢

Sea state B = B

The missile was to detect the target in the extremety of the

seeker scanning area. This was done by an artificially

generating of Vyeo (Vyeo = - 22 m/s).
17 MISSILE T, VALUATION
17.1 Data systems

17.1.1 Telemetry

Good data.

17.1.2 Cinetheodolites

Tl: No data during 16,2-18 sec and 21.8 sec - else good data
T2: No data during 18.6 sec - else good data
T3: No data

Tu: Good data

The resultine data are good 0 - 16 sec , not satisfactory
16 - 21.6 and bad for the rest of the trajectory (21.6 -
22.8 sec). '
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17:2.1

17,242

17.3

17.3.1

¥7.2.2
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Photography

Escort boat 1 camera: The whole missile trajectory

" "

Command tower camera: - - -

Ecuipment onboard XN4 "Traust"

Launching and control svstenm

0K, Total fire control accuracy can not be calculated because

(Vye = - 22 m/s),.

of the artifically generated V .

yeo
Launcher

OK.

Missile flieht

See: T17:59.5:

Boost nhase

Normal. Missile velocity at the end of the boost phase was
256 m/s.

Mid-ccurse nhase

The platform Az was aligned against the target, but Vveo
(relative target velocity across target bearing) was arti-
ficially set to - 22 m/s. Because of this the missile

trajectory was 5° south of the line of sieht.

The altitude when the first altitude sample was made, was only
64 m. The altimeter makes the missile climb, and the alti-
tude is stabilized on 75 - 72 = after 2 altitude corrections.

The missile rolled clockwise 0.51 Hz.
SECRET
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17.4

17.4,1

17.4,1.1

17.4,1,2
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Terminal phase

Decision distance 1150 m and altitude at decision point
73 m. The target was detected 2° from the right bound

of the seeker scanning sector., The missile homed against
and hit the target. The terminal phase lasted 5.2 sec,

and the missile Az angle was approximately constant during
the last 3 sec. Because of the great lateral manoever, the
missile trajectory is steeper than usual the last 2.5 sec

of the terminal phase,

Missile subsystem

Motor

See 17.5.3.

Booster motor

Burning time 2.55 sec

Velocity at burn out 256 m/s

Pressure Normal, 80 kp/cm? max
Acceleration (start) 130 m/s?

Sustainer motor

Sustainer motor pressure was approximately 70 kp/cm? from
4 sec to the missile hit the target. 70 kp/cm? gives a
thrust of 97 kp (nom 120). The velocity during the mid-
course phase was constant 252 m/s (nom 270 m/s). Because
of the low sustainer motor pressure, the missile is not
accelerated to nom velocity,

SECRET
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17.4,3

17.4.4

17.4.5

17.%4.5.1
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Platform

OK.

Altimeter

See 17.5.2 and 17.5.3:

6 altitude samples, 1 of these was a no return measurement.
The 5 other measurements differ 2 - 4 m from - -the altitude
calculated from the cinetheodolite data. Altitude command

accordine to the altitude measurements.

Seeker

The target was detected at a ranre of 1150 m, 2°  from
the right bound of the scanning sector. The sseker was
0K during the whole terminal nhase and the tracking command

signals were accordineg to the missile trajectory, y,p and
Sup-
Contrecl loops

Azimuth control loops

See 17.5.,1.

Mid-course cguidance

Vveo (Artificially senerated) - 22 m/s
Averace Uup = 8.8

Lateral int 2 45 m
Oscillation 1.5° pp 2.8 Hz
Lateral wind 8 m/s

Average missile velocity 252 m/s

SECRET
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17.8.5.2

17.4.6

17.4.7
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Normal oscillation. #¥,.p, is according to V lateral

yeo?
wind and missile velocity.

Terminal guidance

Normal. Yarp according to trackins com Az,

Pitch control loops

Bee 17.5.2.

tMid-course guidance

O

Average @ (11 - 17 sec) 1.28

MP
Oscillation " pD 248 Hz

Normal oscillation. Averace 8,, during the constant
altitude periode was normal. up according to altitude

command .

Terminal guidance

Normal, @ according to trackine com Pi,

AP

Gas servo

OK.

AC-power surply

OK.
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Thermal batteries

OK.
Positive batteries: 30.3 V , constant during the flight
Negative battery : - 30,7 V - ® o

Telemetry and missile trajectory recordinecs

Lateral control signals on 17.5.1.
Altitude control sicnals on 17.5.2.
Yotor pressures and altimeter 43 on 17.5.3.

Seeker signals from 0.15 sec before to 0.15 sec after

decision on 17.5.u.

Vertical and horizontal projection of the missile trajectory
of 27.5:54

Time ref: T = 0 is take-off, except for 17.5.4 where T =

is decision.
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Altitude control signals
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Seeker signals
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Summarwv

Missile T was launched against ex KNM "Reingysund" 25/4-1970
at a distance of 5400 m. The aim of this missile test
firing was to home against a target which was detected at

the bound of the seeker scanning sector, Vveo was arti-
ficially set to - 22 m/s, and the resulting missile trajec-
tory was 5° south of the line of sight. The target was
detected 2° from the ripht bound of the seeker scanning
sector. The missile homed against and hit the target. All

the missile subsystems functioned satisfactorily.

MISSILE U, DESCRIPTION

Aim

To hit a realistic tarcet whose bow noints towards the

launching ship. Medium rance,

Technical description of the missile

Aotor

Booster motor charse

Double base oronellant, VU (British) 41,2 ko
Inhibitors 1,85 ke
Start thrust 4700 kp
Final thrust 2500 kp
Burning time 2.41 sec
Total impulse 8670 kps

SECRET
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16,2,1.2 Sustainer motor charse

Double base nropellant, X-35 (Norwegian) L4,9 kg

Inhibitors 1.88 kg

Thrust 120 kp

Burning time 74 sec

Total impulse 8540 kps
18.2,2 Warhead

Inert warhead with fuse mounted.

18.2.3 Guidance section

£-03.

18.2.3.1 Seeker

E-06 (Electronics E-06, Cntical unit E-06) Seeker E-07

oriecinally mounted at KV,
odifications at NDRE:

- New type of secondarv mirrors mounted
- Telemetry electronics mounted

- Track threshold electronics nodified

Artificial IR-tarzset modified,

SECRET
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18.2.3.2 Gas servo
E-09 (Electronics E-02, Gas generator E-08).
Modifications at HERE:

- Firing circuit resistor changed from 5.6 @ to 1 a.

18.2.3.3 Altimeter

E_}.O L)

Laser effect 59 W,

18.2.3.,4 Platform

E-06 (Platform E-03 originally mounted at KV).

18.2,3.5 AC-power supoly

E-Oll

18.2.3.6 Control unit

E-01.

18.2.3.7 Thermal batteries

35
37

95.
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18,2.3.8

18.2.3.9

18.2.4

18.2.5

Control section

E-03.

Modificaticons at NDRE:

- Battery firing circuit resistors removed

- Fuse telemetry circuit mounted.

Cc trol pnarameters

Main control loop Az
Lateral compensation
Tracking con Az
Main control 1loo» Pi
Altitude com
Tracking com Pi

Href

Telemetry

Telemetry channels as listed in 6,3,1

and ex ch 14

was fuse arming signal,

Transponder

Transponder mounted,

which were not used, and com ch 27

- 98 - SECRET
6.02°/0
0.145%/m
. o _ o
Kyen = 2:%7 /0o Ky, = 0.5767/0
5,98%/0
o 5 0 . o
0.1857/m aH — (. ap = 0.95
- o N o)
Kogn = 2:37/0 ke = 0.u6 /o
82 m
xcent for ex ch 13
which
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183l

18.3.2

18.3.3

18.4

185

18.6

18.6.1
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Equipment onboard KNM "Traust"

Launching and control system

Traustin,

Launcher

Strgmmen III
Port front nosition
Elevation  20°

Azimuth - 15°

Recording equipment

Recordings as listed in 12,3.3.

Tar?et

ex KNM "Stavanger",

Photoeranhy

Camera on escort boat 1

? Bolex cameras on the target.

Missile test at NDRE and KV

Acceptance test

3 - 4/3 - 1970 OK.

SECRET
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18..6.2 Subsystem test

18.6.2.1 Seeker

Seeker slip-ring fault. The slip-ring was exchanged.

18.6,2.2 Altimeter

0K,

18.6.3 Guidance/warhead section test

18.6.3.1 Test at NDRE

0K,

18.,6.,3.2 Vibration test at KV

13 - 1u/4 - 1970,

3 runs lateral

5 runs axial

20 - 2000 - 20 Hz
1 octave/min

1 g peak

Platform Pi power amplifier defect., Platform E-03 exchanged
with E-06,

1847 Complete weapon system test at Haakonsvern and Tananger

Launcher with missile mounted onboard 19/4%,

Arrival Tananger 22/4 , see 16,11,
SECRET
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18,9

18

19.)

19.1.1

19.1.2
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Seeker E-07 mounted on missile T 25/4% , see 16.11. Seeker
E-06 mounted 25/4% (Taken from missile V). Cooling hose
exchanged., Cooling problems due to knocks on the seeker
mounting cylinder and bad glueing of the solenoid walve.

Seeker E-06 repaired onboard 26/h.,

Launching attempts

None,
Launching
Date 27/4 - 1970 1251
Distance to target 5500 m
Direction to target 270.8°
Heather: Sight 30 km
Cloud cover 7/8
Wind 12 m/s from NNW
Temperature 6°¢
Sea state 1

MISSILE U, VALUATION

Data svstems

Telemetry

Good data.

Transponder
Good data.

SECRET
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19.1.5
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No data during 19 - 21,2 sec and 21.8 - 22. sec,

elsc -~ood data

T2: Good data
T3: No data

fSeod data

F3
£

The resultine data are rood durine 0 - 19 sec, satisfactorily

for the rest of the flicht,

hotography

-

LCscort boat 1 camera: The whole missile trajectorv

Tarret camera 1

Tarcet camera ?

The last nart of the terminal phase

and imnact

Lo}
£
L]
3
L=}
W
)
[
=t
©
5,
41}
@
1)
()]
[ah
ot
=
]
o]
o
..5,
t
i g
(1]
o
@]
E
L¥ ]

Recordins ecauirment onboard KN "Traust"

Good data.

Eocuipment onboard Xii!'' "Traust"

Launchine and contrcl system

0
contral accuracy O.407,
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18.3.1

19.3.2
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Boost phase

Normal. Missile velocitv at the end of the boost phase

263 m/s.

Mid-ccourse phase

The missile lost =2ltitude during the last part of the
mid-course thase. This =as due to an altimeter no return

measurement and the low missile velocity (255 m/3).

The lateral cuidance was CK. If the missile had not homed
acainst the target, it would have nassed 50 m to the left

of the target center.

The missile rolled clockwise 0,36 Hz.

Terminal vthase

50 m and altitude at the decision

et
2
"

Decision distance

point 65 m. The 4 ion distance was shorter than usual

w

c

b}

+ude. The tarcet was detected in

=8

i
because of the low alt d
the middle of the seekasr scanninc sector. The missile home
acainst and hit the tarecet The missile nassed throurh *he

bow of the missile.

riissile subsystems

See  19.5.%4
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Booster motor

Burning time 2,55 sec

Velocity at burn out 263 m/s

Pressure Normal, max 80 kn/cm?
Acceleration (start) 128 m/s?2

Sustainer motor

The sustainer motor pressure was 70 kp/cm? (4 sec) and
increased to 74 kn/cm?2 at the end of the missile flight.,
This gives an average thrust of 101 ko (120 kp nom).
This thrust is too small to maintain constant velocity, and
the missile velocitv decreases from 280.4 m/s (4 sec) to
254.3 m/s (18 sec).

Platform

OK.,

Altimeter

See 19.5.2 and 19.5.3.

4 altitude samples, 1 of these was a no return measurement,
The other 3 measurements differed 1 - 4 m from the alti-
tude calculated from the cinetheodolite data., Altitude

command according to the altitude measurements.,

Seeker

See 19,5.4,
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The target was detected at a range of 1050 m in the
middle of the seeker sector. The target bow pointed
towards the missile. The seeker was 0K during the whole
terminal phase, and the tracking command signals were

according to the missile trajectory, ¥yp and 8yp.

19.4.5 Control loobns

19.4,5.,1 Azimuth control loops

See 19.5.l.

Mid-course guidance

Vyeo - 1 m/s

Average wjp i

Lateral int 2 - 18 m
Oscillation 1.5° pp 2.9 Hz
Lateral wind - 11 m/s

Average missile velocity 257 m/s

Normal oscillation. #,p is accordine to Vyeo , lateral

wind and missile velocity.

Terminal ocuidance

Normal, ¥yp according to tracking com Az, The missile
started to turn left even if the initial tracking com Az

was 0. This is because of the lateral wind and Hveo'

When the tracking starts, the lateral comnensation loop is

o

disconnected. This was equivalent with 2 left guidance

: - o
command (wMP average during the mid-course phase was 2 ).

SECRET
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1€.4.5.2 Pi control loops

[¥5]

Ly - e

Mid-course guidance

Average 8y (5 - 18 sec) 1409
MP

Oscillation 157 pp 3 Hz
Normal oscillation, 6yp according to altitude command.

Terminal guidance

Normal. 6,, according to tracking com Pi,

19. 4.6 Gas servo

0K,

1947 AC-power supply

OK.,

19.4,.8 Thermal batteries

oK.

Positive batteris: 30.2 V , constant during the flight

Negative battery : - 30.6 V , - " -

19,4,9 Fuse

The fuse was armed 1.8 sec after take-off,



19,5
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Telemetry and missile trajectory ~-ecordings

Lateral control signals vn 19.5.1.
Altitude control signals on 19.5.2.
ifotc pressures and altimeter ¢ .9.5.3.,

Seeker signals from 0.14 sec before to 0.21 sec after

decision on 19.5.%4.

Vertical and horizon*al projection of the missile trajer ory
on 18.5.5.

Time ref: T = 0 is tak:-off, except for 19.5.4 where

T = 0 is decision.
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19.5.1 Lateral control signals

R [RE A
! ins Fea T

I
=1
4+ EI-
3
i

I
B S S R

e

- -
SR

i
M B S

T
5 o i e
3

Dl bt L N e T rRINGE Pk e INE S INHJ

% EESE st CRE Eaaey [RLY FRRES NN NI IO H Epp R EE Ee

SR i ol .m. g _Jun.Dumﬁ

P s aa s an R o B e §die _ L iREBE A

me e e kS o - ol dr e b REgY ) meE s,

B o wi g = {7 AT AN AA AN A VVMAN Y EAAAAANA VA AAR @écac. bl :

e b et LTI R B8 RS B s R E 1D BEE S ] Fan i,
000 OIS 8 R Ry o O R 0 T 5 0 0 Y USRI B R V

SRR TN VT IR ) Bt

SECRET



SECRET

lu9 -

Altitude control signals
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Motor pressures and altimeter AH
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Seeker signals
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issile trajectory
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18.6 Summarv

Missile U was launched acainst ex-XNM "Stavanger" 27/4 -1970
at a distance of 5500 m, The bow of the tarcet nointed
towards KNM "Traust" at take-off., The missile hit the
tarret bow at the water line, and nassed throurh the bow,.

All the missile subsystems functioned satisfactorily.

20 MISSILE V, DESCRIPTION
2051 Aim

To hit a target at lonc range.

20.2 Technical descrintion of the missile

20.2.1 Aotor

20,2.1.1 Booster motor charce

Double base pronellant, VU (British) 41.2 kg
Inhibitors 1:85 ke
Start thrust 4700 kp
Final thrust 2500 kp
Burning time 2.41 sec
Total impulse 8670 kps

20.,2.1.2 Sustainer motor charse

Double base propellant, ¥-35 (Norwegian) 44,9 kg
Inhibitors 1,88 kg
Thrust 120 ko
Burnine time 74 sec
Total impulse 8940 kns

SECRET
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20.2.3

23.2.3.1

20.2.3.2

20.2,3.3
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Warhead

Inert warhead with fuse mounted.,

Cuidance section

E-05,

Seeker

E-05 (Electronics E-05, Opntical unit [-05). Seeker E-06

originally mounted at KV,
Modifications at NDRE:

- Telemetry electronics mounted
- Down correction barrine time 62.35 msec
o

- Denression anrcle adjusted to 4

- Track threshold electronics modified,

Gas servo

E-07 (Electronies E-07, Gas generator E-06).
Hodifications at NDRE:

- Firing circuit resistor changed from 5.5 @ to 1 Q.

Altimeter

E-06.

Laser effect 32 ',
SECRET



20.2.3.4

20.2:3.5

20.24346

202530

20.2.3.8

T SHCRET

Platform

E-05,

AC-power sunnly

E-02.

Control unit

E-03,

Thermal batteries

98
93

81.

Control secticn

IL-06.

Modifications at NDRE:

- Rattery firinc circuit resistors removed

- TFuse telemetrv circuit mounted

- 2 vibration accelerometers with telenmetrv amplifiers

mounted,

SECRET
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20.2.4

20.2.5

20,3

20.3,1

20,3,2

- L1 =~

Control parameters
Main control loop Az 6.42%/0
Lateral compensation 0.146°%/m
Tracking com Az K¢en =
dain control loop Pi 6.33%/¢
Altitude com 0.191%m

; - _
Tracking com Pi Keen =
Eref 82 m

Telemetry

SECRET

2.41%0  Kyg,

()
2.35 /o KGSI

Telemetry channels as listed in 6.3.1, except for

which was fuse arming signal.

Transponder

Transponder mounted.

Equipment onboard KNM "Traust”

Launching and control system

Traustin,

Launcher

Selco II
Starboard aft position
Elevation 20°

Azimuth 150.

0.58%/0

0.47%/0

com ch 27

SECRET
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20.4 Target

ex-KNM "Stavanger".

20.%5 Photogranhy

Camera on escert boat 1

2 Bolex cameras on the target.

20,6 Mdissile test at NDRE and KV

20.6.1 Acceptance test

5/3 and 20/3 - 1970,

- Cas servo pick-off obliauely mounted

- Seeker breakdown due to slip-ring fault. The seeker

was exchanged.

20.6.,2 Subsystem test

20.6.2.1 Seeker

OoK.

20.6,2.,2 Altimeter

0X.

2063 Guidance/warhead section test

20.6.,3.1 Test at NDRE

0K,
SECRET
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20,7

20.8

20.9
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Vibration test at KV
15/4 - 1970,

4 runs lateral

4L runs axial

20 - 2000 - 20 4z

1 octave/min

1 ¢ peak

0K,

Complete weapon system test at Haakonsvern and Tananger

Launcher with missile mounted onboard 25/4 - 1970 in

Tanancer,
Seeker E-06 mounted on missile U 25/% , see 18.7,

Seeker E-05 (removed from missile T and sent to KV 25/4

for repair) arrived 27/4,

Seeker breakdown 28/4, seeker E-05 sent to XV 28/4 and
returned Tananger 29/4, No faults detected during the
tests 29 - 30/,

Launchine attempts

None,

Launching

Date 30/4 - 1970 1016
Distance o target 15 000 m
Direction to target g8, 7°

SECRET
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21.1

21.1.1

21.1.72

21.1.3
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“Jeather: Sight > 30 km
Cloud cover 0/8
Yind 6 - 12 m/s from N
Temperature 5°C
Sea state 2

HMISSILE V, VALUATIOH

Data systems

Telemetry

Good data.

Transponder

3ad data, manv dron-outs.

Cinetheodolites

Tl: Lacked 73 photos, mainly durinc 27,4 - 33.4 sec

and 52,2 - 70 zac
T2: Lacked 29 nho*tos durince 0 - 62 sec
T3: Yo data

Th: Good data

The resultinc data are nood during 0 - 62 sec and less

cood but satisfactorily for the rest of the flight.

ek alalskalis
R P
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21.2

2121

2142.2

21,3

2l.3.1

21.3.83
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Photography

Escort boat 1 camera: The whole missile trajectory

Target cameras : Nothing, the missile did not hit the

target.,

Equipment onboard KNM "Traust"

Launching and control system

OK. Total fire control accuracy 8257,

Launcher

DK.

Missile flight

See 21.5.4.

Boost phase

Normal. Missile velocity at the end of the boost phase
257 m/s.

Mid-course phase

The mid-course phase was very long (2.6 - 70 sec) because
the seeker did not detect the target.

The variations in altitude during the flight were due to
altimeter no return measurements (12 of 28 samples). The
low altitude during the last part of the flight was because
6 of the 7 last altitude samples were no return measure-

ments,

SECRET
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21.4

21.,4.1

21.%.1.1
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The horizontal projection of the trajectory was curved
towards richt. This is due to the Corrioli's acceleration
(0.035 m/32) which will effect the trajectory on long

range flishts., Deviation due to the Corrioli's acceleration
after 70 sec is 80 m which is accordine to the calculated
missile trajectory. Compensation for the Corrioli's accele-
ration is built in to the platforms now delivered by KV,

The missile massed 30 m to the left of the tarcet center
(the distance would have been 85 m without the Corrioli's

acceleration).

The missile rolled clockwise 0.45 Hz.

Terminal phase

The seeker did not take decision on the target., After a
flight of 18 km , the missile homed against the internal
artificial IR-target of the seeker, This is done if no
target is detected till 25 sec after the seeker is "armed".

The missile hit the sea surface after a flight of 18 900 m.

“issile subsystems

Motor

See 21.:5.3.

Booster motor

Burning time 2.50 sec
Velocity at burn out 263 m/s
Pressure Normal, max 85 kp/cm?
Acceleration (start) 118 m/s?

SECRET
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21.48,.2

21.4.3

o
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Sustainer motor

The sustainer motor pressure was normal till U4l sec  but
started then to increase rapidly from 80 kp/ecm? to

140 kp/em?2 (47 sec). The pressure was approximately 140 kp/cm
till 53 sec and was > 140 kp/cm? (max oressure of the

<

nressure transducer) till the normal pressure decreasing
before burn out (63 sec). The pressure increasing might
have caused a motor burst if it had started before. The

hich pressure caused a shorter burning time and greater
thrust than usual. The missile was accelerated from 250 m/s
(41 sec) to 290 m/s (63 sec) because of the great thrust.

Platform

0K,

Altimeter

See 21.5.,2 and 21.5.3.

28 altitude samples, 12 of these were no return measurements.
6 of the 7 last samples were no return samples. The reason
of the no return measurements was probably low laser effect,
This altimeter had the lowest laser effect of the altimeters
used during the evaluation program, and was further reduced
because of heat from the servo gas generator during the long

flioht.

The missile lost altitude during the "no return measurements
periode"”. This is because ay 1s approximately 0.2° too small
to keep constant altitude. The missiles R, S, T, U and V

have lost altitude between each altitude samnle., This is
because o

i
1.15° on the succeeding missiles and is 1.150 on the alti-

was too low. @, was increased from 0.95o to

meters now delivered by KV,

SECRET
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The altitude samples differ 1 - 5 m from the altitude
calculated from the cinetheodolite data, Altitude command

acecerding to the altitude measurements.

Seeker

The missile did not home azainst the target, due to the

following seeker faults:
IR-signal

4 - 1.15 sec Normal

1.15 - 1.35 sec - 3.5 V DC-shift, unnormal signal

in and outside sector II
1.35 = 2.5 sec Hormal

2s% = 3 sec - 3.5 V DC-shift, unnormal signal
in and outside sector II. The
signal in sector I1 decreased

slowly, and disappeared at 9 sec

S sec - 3.5 V DC-shift, normal sisnal in

sector I and no sicnal in sector II.

The reason of this was orobably a short circuit of Az sector
II on module 1706 to sround. The faults during the

missile flioght was exactly the same as were detected onboard
Kl "Traust™ 28/4. The seeker was repaired at KV the same
day. A 2-laver insulatine sheet was c¢lued under nodule 1706
to nrevent short circuit to eround, but a short circuit was

nrovably generated durins the boost nhase.

The target renerated IR-nulse in sesctor I, but the seeker did
not take decision because Az sector IT is a »nart of the
decision circuit. No tarcet was detected, and consequently
the missile homed acainst the internal seeker IR-tarcet

25 sec after the seeker was armed.

SECRET
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2 4.5 Control loomns

21.4.5.1 Az control loons

See 21.,5,1,

Mid-course guidance

Vv 0 m/s
veo

o)
$HP 1.5 ta 3
Lateral int 2 - 10 to - 20 m
Oscillation 7 oD 2.8 Hz
Lateral wind - B8 to - 14 m/s
Missile velocity 250 to 290 m/s

Normal oscillation. Yup Was according to V lateral

yeo?
wind and missile velocitv. ¢, Iincreased during the flight
because the lateral wind increased with increasing distance

from the shore,

Terminal cuidance

wqp according to the constant trackine com Az,
i

21.4,5.2 Pi control loops

See: 21,5.2.

Mid-course cuidance

Average 8,p (5 - 50 sec) 3.4°
Averase 6,, (50 - 70 sec) 1.0
Oscillation 2° op 3 Hz

SECRET
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21.4.7

21.4.8

21.4.9
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Normal oscillation., To keep approximately constant altitude
during 5-50 sec, 8,p was 1.4° because the low missile velocity.
During 50 - 70 sec (the "no return measurement” period)

was  8,p = 1,07 , but the velocity was higher and the missile

trajectory slope was only - 0.2

Terminal guidance

®yp according to the constant tracking com Pi,

Gas servo

0K,

AC-ower supply

OK.

Thermal batteries

0K.
Positive batteries: 30,5 V at take-off, decreasing
to 30 V at the end of the flight
Negative battery : - 30,5 V , constant during the
flight.
Fuse

The fuse was armed 1.8 sec after take-off,

SECRET
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Telemetry and missile trajectory recordincs

Lateral control signals on 21.5.1.

Altitude control signals on 21.5.2.

Motor pressures and altimeter AH on 21,5.3.

Vertical and horizontal projection of the missile trajectory
on 21.,5.4.

Time ref: T = 0 is take-off,
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21,5.1 Lateral control signals
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Altitude control signals
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le trajectory

Miss1i
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22

22.1

22wk

22+2u1

22.2lsl

Vo)
59}

- 131 - SECRET

Summary
B ]

¥Missile V was launched afainst ex-KNif "Stavanger" 30/4% -1970
at a distance of 15 000 m. Due to seeker errors the missile
¢id not home asainst the target. The lateral guidance was
accurate and the missile passed 30 m to the left of the

target center,

The sustainer motor pressure started to increase Ul sec
after take-off, and was 2 140 kp/em? during 52 - 63 sec.
If the nressure increasine had started before, it might

have caused a motor burst.

12 of 28 altitude samnles were no return measurements. This

was because of low laser effect and rouch sea.

MISSILE i, DESCRIPTION

Aim

To hit a target at long rance,

Technical descrintion of the missile

HAotor

Booster motor charce

Double base pronellant, R3 X (Norwesian) 41.8 kg
Inhibitors 1.55 kg
Start thrust 3950 kp
Final thrust 3600 ko
Burning time 3.32 sec
Total imoulse 8740 kvs

SECRET



w 32 SECRET

22,2.1,2 Sustainer nmotor charse

Double base pronellant, R4 X (Norwecian) bu, 4 kg

Inhibitors 1.88 kg

Thrust 130 kp

Burning time 69 sec

Total impulse 8340 kps
224252 Warhead

Inert warhead,

0 I Suidance section

E-10,

Protection bag mounted at NDRE, removed onboard KN4 "Traust".

22.,2.3.1 Seeker

ifodifications at NDRE:

- Telemetrv electronics mounted

- New tvpe of secondary mirrors mounted.

22.2.3.2 Gas servo

E-02 (Electronics E-05, Gas cenerator E-03).

Modifications at NDRE:

- Firine circuit resistor changed from 5.6 2 to 1 Q.
SECRET



22.2.3.3

22.2.3.%

22.2.3.5

22.2.3.6

22:2:347

22.2.3.8

Altimeter

E-05,

Laser effect 58 1,

Modifications at NODRE:

b

Platform

£-10.

AC-power sunnlv

=07,

Control unit

E-05.

Thermal batteries

82
86

Control section

E-10

Modifications at HDRE:

- Battery firing circuit resistors remcved,

chanced from 0,95

- 133 -

te 1.18°.
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22:243,:9

222,58

22.3

22.3.1

22.3.2

22,4

Control narameters

Main control loon Az
Lateral comrensation
Trackine comr Az
Main control loon Ti
Altitude com

Trackine com Ti

Href

Telemetry

- 134 -

5.18%/0
0.14%/m

¥ = 2.42%0

SECRET

KBsl

Telemetry channels as listed in €6.3,1, excepnt for

which was not used, and IR + track flip-flop which

ex ch 1Y instead of ex ch 15.

Ecuipment onbecard XWN:i "Traust"

Launchine and control svstem

HDRE HOR2.

Launcher

Str#mmen IIX

Starboard middle nosition

Elevation 21.50

Azimuth 15°

Tarcet

ex-KN" "Reindysund".

0.58%/0

1.15°

U.HBO/o

ex ch 13

were on

SECRET
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22,6

22,6.1

22.6.2

22,6.2,1

2264242

22,6.3

22'603.1
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Photoeraphvy

Camera on escort hboat 1
Hicgh-speed camera on KWNii "Traust"

35 mm Artiflex carera on KNM "Traust”.

Missile test at NDRE andé KV

Acceptance test

1% - 15/4% - 1970 CX,

Subsystem test

Seeker
- Primary mirror was snotted, exchansged
- Glue on the contact surface of the 1701 heat-sink

- IR-detector socket was deformed.

Altimeter

JK.

Guidance/warhead section test I

Test at NDRE

0} @8

SECRF *
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22,7

- 136 - SECRET

Vibration test at KV
26/5 - 1970.

4 runs lateral

4 runs axial

20 - 2000 -~ 23 Hz

1l octave/xin

1 ¢ peak

0K.

Snecial environmental test onboard KNM "Steil"

The missiles W and X were planned to be launched primo June
1970. Launching and control svstem NDRE NOP 2 was to be used.
NDRE NOR 2 was also planned to be used for launching of the
missiles S, T, U and V, see 14,7 and 16,11, but was not
operative in time. NDRE NOR 2 was further delaved because

of hardware failures of the dicital computer. It was decided
to delay the launching of ¥ and X till the new launching

and control svstenm was operative, In the meantime missile

W was to be used for a long time enviromental test onboard
KN¥4 "Steil", and missile X was to be used for testing of
NDRE NOR 2 at NDRE,

Protection bag was mounted on the cuidances section, and
launcher with missile W was mounted on KNM "Steil" 3/6.
The missile was onboard to 24/7 and was then taken to

NDRE for inspection and test,

SECRET
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22.8.1

22.8,2

2249
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Guidance/warhead section test II

Test at NDRE

OK.

Vibration test at KV
5/8 - 1970

3 runs lateral

3 runs axial

20 - 2000 - 20 Hz

1 octave/min

1l ¢ peak

0K.

Complete weapon system test at Haakonsvern and Tananger

The missiles W anéd X were nounted onboard KNM "Traust™ 11/8.

Altimeter breakdown (12/8) because of a defect FET-switch

on nodule 1813,

Seeker breakdown (12/8) because of a short circuit on

module 1701, Seeker and altimeter sent to XV for repair
(13/8).

Arrival Tananger 18/8.

Seeker and altimeter returned from KV 19/8, Ro s5in wire
in the control section was chort circuited when ti:2 cuidance
section was mounted on the rest of the missile. Missile W

was 0K 20/8.
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Launching and control svstem NDRE WOR 2 was to be used for

launching of missile W and X, and was very carefully tested.

22,10 Launching attempts
None,
22:1T Launching
Date 21./8 ~ 1970 1202
Distance to tarnet 15 100 m
Direction to tarcet 266,3°
Weather: Sicnt 20 - 30 km
Cloud cover 8/8
Wind 10 n/s Ffrom ENE
; On
Temperature 1572
Sea state N -1
23 AISSILE YW, VALUATION
23.% Data svstems
23.1.1 Telemetry
Cocd data,
23,1,? Cinetheodolites
T1: Lacked 58 nhotos, mainlv during Uu8.4% - 56.4% sec
T2: food data
T'3: Tood data
Th: Cood data

SECRET




23.1.3

2342

23.2.1

234242

2343

23,3.1

- 139 -

The resulting data were rood.

Photeceranhy

SECRET

Escort boat 1 camera: The whole nissile trajectory

s o

lich sneed camera onboard Kt "Traust":

_——

h

[
D

Aritiflex camera - " - s

’

E~rui~ment onboard KN™ "Traust”

Launchinr and control svstem

It was a nlatform Az misalicnment in the
- 3.5 see, See 23.5.1. It iz impossible
fault was in the analos slave electronics
the same tyne as used in Traustin) or in
cf the system. If this fault had been ce
later, the missile trajectorv wculd have

north of the direction to the tarzet. El1

Total fire control accuracy f.a%,

Launcher

En
Jivae

4issile flicht

See 23.5.5.

Roast phase

Take-off

Launcher opening.

period - 6.5 to
to sav if the
(which was of
the digital nart
nerated 3 - 5.5 sec
neen 10 - 15°

se 0K,

Hormal, 'issile velocitv at the end of the boost phase

1
was 282 m/s.



- 140 - SECBRET

2332 A{id-course phase

The altitude was hiech before the first altitude samrle
(3 - 7 sec) , but was close to Href for the rest of the
flight,

The lateral quidance was accurate. The missile nassed

120 m to the richt of the target senter., If the Corriole's
acceleration had been comnensated, see 21.3.2, the missile
woulé have passed 75 m tc the right of the target

center.,

The missile rolled clockwise 0,56 Hz,

234343 Terminal nhase

The seeker did not take decision on the tarcet, After a
flight of 15.8 km the missile homed against a false
internal IR-tarret. The missile hit the sea surface after
a Fright efF 17 k.

23l Missile subsvstems

23.4,1 Motor

See 23.5.3.

23.4,1,1 Booster motor

Burning time 2.55 sec

Velocitv at burn out 282 m/s

Pressure Normal, max 93 kp/cm?
Acceleration (start) 129 m/s?

-

SECRET
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23.4,2

23.4.3

23.4.4
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Sustainer motor

The sustainer motor pressure increased from 70 kn/cm?
(3 sec) to 82 kn/cm?2 (32 sec), and was appr B84 kp/cm2
during the rest of the flight. This cives a thrust of
134 kp , and the missile was accelerated during flight to

a velocity at the end of the mid-course rhase of 300 m/s.

Platform

OK.

Altimeter

See 23.5.2 and 23.5.3.

27 altitude samples, 4 of these were probablyv no return
measurements. The altimeter functioned very well during
the flicht, and the altitude was so near Href that it is
difficult to say if the 4 no return measurements really

re no return measurements or if H = Href, The missiles

R, §, T, U and V lost altitude between the altitude sampnles,

this missile did not. This was because a, was chanced

from 0.95° to 1.15° and the missile velocity was high.

Seeker

The missile did not home against the target. This was due
to 2 seeker faults, each of them would have caused the

missile to miss the tarcet:

- The seeker timer was set to arm the seeker 44 sec after
take-off, but the seeker was armed 56,2 sec after take-
off, and the missile then had nassed the target. Probablv

a seeker timer comnonent fault.



23.4.5

2344501
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- During most of the flight IR-pulses were generated at

the left bound of the seseker sectors. This was due to

an incoupling transient of the seeker IR-preampl
which was removed on tha succeedinc seekers. Th

would have homed acainst the false IR-tarrcet eve

i fier,
e missile
n if the

seeker timer had been 0K, it would have taken decision

on the false IR-tarset before the real tarpet would have

been detected,
The seeker detection of the real tarcet is shown on
nd decision on the false IR-tarret is shown on 23
Control loons

Az control loops

v veo L nts

- e w 1°
Lateral int 2 - 5 to - 8nm
Oscillation 1 an 3 iz
Lateral wind -2 to = 4 nfs
issile veloncity 280 - 300 m/s

i
wveo ?

Normal oscillation. Y., ™as according to
wind and nissile velecity., w9.,. increased durinc t
e

- b ) L T . 3 b= - S e * s
ecause the lateral wind increased 1th increasin:s
& -1 1
ron 1@ shere,
F. BE i 1 rg e
~ 3y += + -
cooptiine to trankine  cor Te

23.5.4%
15.51

lateral

he flight

distance



23445472

Pi control loon:

Avarare 8.
el

1zcillaticon

Hornel oscl

Terninal -uidancs

i

’3!1{) BCCO':"(LLT}" o

13 38rvoe

AC—nowar sunnlwv

O

Thermal hHatteries

Positive lattories:

iitation. @ .o
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Telenetrv and missile trajectorv recordings

Lateral control signals on 23.5.1.

Altitude control sienals on 23.5,2,

‘iotor nressures and altimeter AH on 23.5.3.

Seeker sirnals (detecting of the tarcet) on 23.5.4,

Seeker signals (decision on the false IR-target) on
23 0itniDy

Vertical and horizontal projection of the missile trajectory

G 23 5:86.

Time ref: T = 0 1is take-off, except for 23.5.5 where T = 0

is decision.
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23.5.1 Lateral control signals
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23.5.2 Altitude control signals
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Detecting of the target

Seeker signals.
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Decision on the false IR-target

h.M+ 

Seeker signals.

23.5.5
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23.8 Summarv

Missile W was launched acainst ex-xXN4 "Reingysund" 21/8-197(
at a distance of 15 100 m. Due to 2 seeker errors the
missile did not home against the target. The lateral guidance
was accurate, and the missile passed 120 m to the right of

the tarcet center,

The launchins and control system NDRE NOR 2 was used for the

first time, and functioned satisfactorily.

24 MISSILE X, DESCRIPTION
24,1 Alm

To hit a target at long rance.

24,2 Technical descrintion of the missile

24,241 Jdotor

24,2.1.1 Booster motor

Double base propellant, R3 X (Norwegian) 41.8 kg
Inhibitors 1.65 kg
Start thrust 3950 kp
Final thrust 3600 ko
Burning time 2.82 see
Total imnulse 8740 kps

SECRET
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24,2.,1,2 Sustainer motor

Double base propellant, R4 X (Norwegian) 4,9 kg
Inhibitors 1.88 kg
Thrust 130 kp
Burning time 69 sec
Total impulse 8940 kps

24.2.2 Warhead

Inert warhead,

24,28 Guidance section

E-070

Protection bag mounted at NDRE, removed onboard KNM "Traust".

24,2.3.1 Seeker

E-03,
Mcdifications at NDRE:

- Telemetry electronics mounted

- New type of secondary mirrors mounted.

24,2.3.2 Gas servo

E-01 (Electronics E-01, Gas generator E-05).

Modifications at NDRE:

- Firine circuit resistor changed from 5.6 @ to 1 Q.
SECRET
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24.2.3.3 Altimeter

E-Dag
Laser effect 63 Y,

Mdodifications at NDRE:

- oy changed from 0.950 to l.15°.

24.2.3.4 Platform

E-Ug @

24,2.,3.5 AC-power suppnly

E-08,

24,2,3.6 Control unit

E-07.

24.2.3.7 Thermal batteries

Unknown. 83, 84 and 85 originallv mounted at KV.

24.2.3.8 Control section

E-O?.

Mcdifications at NDRE:
- Batterv firing circuit resistors removed

- 2 vibration accelerometers with telemetrv amplifiers

mounted.
SECRET
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24,2.4

24,3

24,3.1

2%.3.2

24 .4

Contro. parameters

fain control loon Az
Lateral compensation
Tracking com Az

Main control loon Ti
Altitude com
Tracking ecom P1

Href

Telemetrv

Telemetrv channels as

Faquipment onboard KN'i

~ 154 - SECRET

5.3%/0
0.14%/m

. o . o
Kyn = 2.81°%0 Ky, = 0.58%0

6.,0%/0

0:18%7m gy = 1s3° &y T L1150

. o
K = Z:317/o %
fen 05,

82 m

= 0.46%0

listed in 6.3.1.

"Traust"

Launchine and control

NDRE HOR 2.

Launcher

Strgmmen II

Port front nosition

Llevation 23.,86%
Azimuth - 157
Tarcet

ex=-KHNH "Reindyvsund".
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24,

24,6

24,6.2

24.6.2.1

28.,5.,2,2

24.8.3

24.6.3.1

24,64,3:2

"hotorranhy

Camera on escort boat 1

Hich sreed camera onioard KiY "Traust”
36 mm  Artiflex camera w M o

?2 3olex cameras on the tar~et.

Accertance tTest

1970 &

D2

12/5 -

~

11 -

Subsystem test

vl
D
o
~
i3
Y3

)

,_
=
et
“
®

Altineter

OK.

Suidanece/warhead section test I

Test at N

b

&

OK.

3




24,7

24,7.1

2%4Te2
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20 - 2000 ~ 20 Hz
1 octave/nin

1 7 peak

0K,

Guidance/warhead section test II

Test with NDRE NOF 2 at NDRE

Hissile X was to be used for testinc of NDRE NOR 2 at

NDRE, See 22.,7. Iissile X was connected to NDRE NOR 2 17/6.
The thermal batteries were fired because of a short circuit
of the thermal batterv squibs in NDRE NCR 2 (The short
circuit was ment as an extra nrotection, but resulted in
current through the batterv sauibs)., The batteries were

exchanged.

Missile X was used for testing till NDRE NOR 2 was mounted

onboard KNI "Traust" for Ffurther testing.

Vibration test at XV
5 - 6/8 ~ 1970.

3 runs lateral

3 runs axial

20 - 2000 - 20 Hz
1 octave/min

1 ¢ peak

CK.
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24.9

24,10

L sl o 1By s o)
“__-C.‘-EJ_

i
[
w
-

I

Complete weancn svstem test at Haakonsvern and Tananger

Launcher with missile mcunted onboard KNM "Traust" 11/8.
Carefully testina of NDRE HOR 2 (12 - 18/8).

Arrival Tanancer 18/8.

18/8.
ring and the IR-nreamnlifier were exchanged. Returned

Seeker breakdown Seeker sent to ¥V, where the slip-

21/8.

Launchinec attempts

22/8 - 1970 1100,

Cancelled on X-6 minutes, The seeker IR-signal was weak,

this could be due to cooline nroblems. Return Tananger for
filline of licuid H, and check of the cooling system., The
cooling system was 0K, the weak IR-sirnal was due to smooth
temnerature distribution over the launcher. (Arn artificial
IR-tarret was mounted in the launchers of the succeeding

missiles),

Launching
Date 22/8 - 1970 1258
Distance to tarcet 15 400 m
Direction to tarret 973,97
Weather: Sight 30 km
Cloud cover 8/8
¥ind 7 m/s from E
Temnerature 14%p
Sea state 1
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28,1

25,142

254143

2842

25.2,1
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MISSILE X, VALUATION

Data systenms

Telenetrv

Cood data.

Cinetheodolites

Tl: Good data
T2: Good dats
T3: GCood data

Th: Good data.

Photography

- SECRET

Escort boat 1 camera: The whole missile trajectoryv

Hich-speed camera on KN "Traust": Take-off

Artiflex camera w B o

Equipment onboard KNM "Traust"

Launchins and control system

0K,
The missile flicht was too short

dCCUuracy.

Launcher

0K.

: Launcher onening.

to calculate fire control

SCCRET
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25,3.1

o

25433

25.4

25841
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Missile flicht

See 25,5.4.

Foost nhase

The boost nhase was normal, excent that the altitude was
lower than usual. This was because of a platform Pi mis-
alionment of - 2.8° , see 25,4.2; The missile velocity at

the end of the boost phase was 278 m/s.

Yid-course phase

Because of the - 2.8° oplatform Pi misalicnment, the missile
hit the sea surface after a flicht of 1830 m. The first
altitude sample was at 7.1 sec when the altitude was 7 m.

4in range of the altimeter (¥ ) is 40 m , but it would

min
have been too late to avoid the splash down even if
nfnin = 0 D

The lateral ruidance was 0K,

The missile rolled clockwise, 0.48 Lz,

Terminal phase

No terminal »hase.

“issile subsystems

“Motor

SECRET
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25.4.1,.2

25.%,2

25.4.3

25'4.4

25.8.58.1
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Fooster motor

Burning time 2.60 sec

Velocityv at burn out 278 m/s

Pressure Hormal, max 105 kn/cm?
Acceleration (start) 125 m/s?

Sustainer motor

Normal during the short flight.

Platform

Pitch misalicnment of - 2.8° , nrobably because of high

freauency noise durine the alirnment period. See 13.4,2,

Altimetar

Gee 25.8.7 and 25.5.3.
The altimeter nade 1 altitude samnle, but the altitude

was onlv 7 m and accordinclv below min rangse. Altitude

coma was 0K,

Seeker

Hormal (only boost and mid-course phase).

Control loons

Az control loons

See 25.5,1.




18l - SECRET

1id-course guidance

vV 1 ~/s
veo

Lateral int 2 (7.5 sec) 3m

Oscillation g.0° »p 3 Hz
lateral wind = 0 m/s
“Missile velocity 278 m/s

Normal oscillation. The flisht was too short for Yyp and
lat int 2 to cet their "static" values, but y,, seemed
to would have stabilized on approximately 0° according to
Vyeo » lateral wind and missile velocity.,

Terminal cuidance

None,

25.4.5.2 Pi control loops

See 25.5.2.

Aid-course ruidance

Averace 6 .o 1.2

Oscillation 1.5 pp» 2.8 Hz

wormal oscillation., 3§,, according to altitude com.

35 ¢

Terminal puidance

n
NONe,

25.4,.5 Cas servo

= SECEET
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25,4,8

25.5
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€1
I
LB
e
3
i

AC-mnower supplvy

Thermal batteries

OK.
Positive batteries: 30,3 V , constant during the flighv
Negative battery : -31 VvV, w ¥

Telemetry and missile trajectorv recordines

Lateral control sirnzls on 25.5.1.

Altitude control sirnals on 25.5.2.

‘{fotor pressures and altimeter AHE on 25.5.3.

Vertical and horizontal orojection of the missile trajectory

on 25.5.4.

Time ref: T = 0 is take-off.




ECRET

Q
2

163

Lateral control signals

25.5.1
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Altitude control signals

254942

ML - S

ehrrpod - L.

X

SECRET



SECRET

165 -

AH

Motor pressures and altimeter

25.5.3

SECRET
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torv

Missile trajec

2540.4
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26

26,1

26.2

26,2.1

26'20111
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Summarz

Missile X was launched against ex-XNM "Reingysund"

22/8 - 1970 at a distance of 15 400 m. Due to a - 2.8°
platform Pi misalieonment, the missile hit the sea surface
after a flight of 1800 m., The platform Pi misalignment was
probablv due to high freauency noise during the alignment

period,

The rest of the system functioned satisfactorily.

MISSILE @y DESCRIPTION

Aim

To hit a target at long rance.

Technical description of the missile

dotor

Booster motor charece

Double base propellant, VU (British) 41.5 kg
Inhibitors 1.85 kg
Start thrust 4700 kp
Final thrust 2500 ko
Burnine time 2.41 sec
Total impulse 8670 kps

SECRET
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26.2.1.2 Sustainer motor charege

Double base propellant, X-35 (Norwegian) 44,8 kg

Inhibitors 1.88 kg

Thrust 120 kp

Burning time 74 sec

Total impulse 8940 kps
26.2.2 Warhead

Inert warhead,

26.2.3 Guidance section

E-01.

26.2.3.1 Seeker

E-01 (Electronics E-01, Optical unit E-01).
Modifications at NDRE:

- Telemetry electronics mounted

- New type of secondary mirrors mounted.

26.2.3.2 Gas servo

E-03 (Electronics E-10, Gas generator E-0l).

Modifications at NDRE:

- TFiring circuit resistor changed from 6.6 @ to 1 Q.

SECRET



26.2,3.3

26,2.3.1

26424345

26.2.3.6

264524 3.7

26,2.3.8

- 169 -
Altimeter
E-01.
Laser effect 72 U,
Modifications at NDRE:
- changed from 0.95° to 1.15°,

b

Platform

E-01.

AC-power supnly

E-05,

Control unit

E-06.

Thermal batteries

SECRET

Unknown, 28, 24 and 39 originally mounted at KV,

Control section

E-01.

Modifications at NDRE:

- Battery firing circuit resistors removed.

SECRET
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26.2.3.9 Control narameters

Main control loon Az 6.65%/0
Lateral compensation 0.134%/m

: - o 5 o
Tracking com Az K¢gn = 2,357/0 K¢51 0.56%/0
Main control loon Pi 6.35%/0
Altitude com 0.189°/m o, = 1.3° ap = 1257
Tracking com Pi Ka = 2.36%/0 Kg = 0.47%0

“en 51

Href 82 m

26.2.,4 Telemetrw

Telemetryvy channels as listed in 6.3.1 except for ex ch 13

and ex ch 14  whieh were not used,

26.3 Equin»ment onboard KN{ "Traust"
26.3.1 Launchine and crontrol system

KV ¥K1 H¥OD 1.

20302 Launcher

Strdmmen IT

Starboard middle »osition
- : o)
Evaluation 21.5

Az imuth 159

264 Tareet

ex-KNM "Reingysund",

SECRET
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2646:.3:2

Fhotography

Camera on escort boat 1

T

High-sneed camera onboard KNM

.7

dissile test at NDRE and KV

Acceptance test

9 - 10/8 - 1970 OK,

Subsystem test

O
1

Seeker

{u

“ounting zylinder w

Altimeter

0K,

Guidance/warhead section test

Test at NDRE

- Altimeter fault. ‘*odule

- Platform fault. The carasitors

contacts shert circuited.
100 V tvpe.

Vibration test at XV

30/79 - 2/10 1970,

(]
-J

exchanoed

over the ryroloop relav

tynme exchanged with
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9 runs lateral

5 runs axial

20 - 2000 - 20 Hz
1 octave/min

1 ¢ peak

Platform fault. The gvros did not start because of a bad

connection on FEP IT,

Altimeter fault because of bad soldering. The altimeter

was re-soldered,

Complete weavon svstem test at Haakonsvern and Tananger I

Launcher with missile mounted onboard 7/10.

Control and launching system KV MK1 MOD 1 was to be used
for launching of missile . Building and testing of the
prototype model to be used started at NDRE ultimo April,
and the testing onboard started 5/10. The testing was

very time consuming because of the following reasons:
- The start seguence was modified

-~ The autotest was modified

- Autotest and slave electronics breakdowns

- The interface electronics between HSA and the dipital
computer SMu4 was modified to make it more capable of

noise resistance.

- The memory control of SYU4 was modified because the con-
tents of some memory cells were destroyed when HSA was

connected to the system.

SECRET
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- Software modifications
The system was OK 28/10.
Arrival Tananger 29/10.

The platform was slaved over Az end stop because of uncorrect

HSA data 3/12. The platform was repaired onboard.

The expedition was cancelled 6/11 because of HSA faults.
The HSA system had to be re-wired, and this would take
2 - 3 weeks including testing. XNM "Traust" returned

Haakonsvern. Launcher and missile stayed onboard.

Complete weapon svstem test at Haakonsvern and Tananger I1I

Test started 24/11. Some autotest and secuence electronics

break downs.

Arrival Tanancer 2/12.

Launching attemnts

3/12 1250. The launcher was opened and the thermal batteries
fired, but the firing sequence stopped. This was due to a
fault in the firine seauence electronics of the launching
and control system. R13 on firing sequence card 2 was
100 k@ instead of 100 2 . This circuit operated OK 1if
the power supply voltage was < 30 V , but the voltage of

the thermal batteries was 31 V , and the sequence stopped.

New batteries were sent from KV and mounted the same night.
The guidance section was mounted on the missile 4/12. Test

of complete missile,

5 - 7/12. Launchine cancelled because of bad weather.

SECRET
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2610 Launching

e s T
Date 8/12 - 1970 1028
Distance to target 16800 m
Direction to tarset = 259°
Weather: Sight 20 km
Cloud cover 8/8
Wind 10 m/s from NW
Temperature 6°
Sea state 2 - 3
27 MISSILE Q, VALUATION
27.1 Data systems

27.1.1 Telemetry

Cood data.

27.1.,2 Cinetheodolites

Tl: Lacked 38 nhotos, mainly during 16.6 - 24,8 sec
T2: No data
T3: Bad data

Th: Good data
The resulting data were bad, because of weather conditions,

svnchronizing and lack of photos.

27.1,3 Photoeraphy

Escort boat 1 camera: The whole missile trajectory

SECRET
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20 del

2Ha2e?

27.3

27.3.1

2%5:3,2
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High speed camera onboard KNM "Traust": Nothing, the camera

was sharted too earlv.

Equipment onboard KN "Traust"

Launching and control system

OK.

The fire control accuracv can not be calculated because the

exact position of the target is unknown,

Launcher

K.

Yissile flicht

See 27.5.4,

Boost nhase

Normal, ilissile velocityv at the end of the boost nhase

was 261 m/s.

S
|.-lt
o

i-course nhase

Normal till 25 sec. The missile then started to climb
1

because of an altim~ter fault, and the altitude was

300 m

at 3.1 sec when the motor bursted because of too high

sustainer motor pressure. The high sustainer motor
w.¢ indenendent of the missile traijectory.
The missile rolled clockwise 0,55 Hz,

CT DR
a0 5o 3 orfl

ressure

3
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27,4

27.4.1

27.4,1.1

274 41,2

27.4,2

= L8 w SECRET
Terminal phase
No terminal nhase.
iissile subsystems
Motor
See 27.5.3.
Booster motor
Purnine time 2.55 sec
Velocity at burn out 261 m/s
Pressure Jormal, max 86 knp/cm?
Acceleration (start) 132 m/32

Sustainer moior

The pressure was normal till 18 sec. The rressure then
inereased from 75 kn/ca? to 135 kp/em? (31 sec) , which

is max pressure for the pressure transducer. The pressure in-
creased further, and was nrobably apnr 160 kp/cm?  at

motor burst (33.1 sec). See 13.,4.1.2 and 23.4.1.2.

The nrescsure in the normal neried (4 - 18 sec) was

71 - 75 kn/em? | which gives a thrust of 101 kp. THiB - WaS
too little to maintain the velocity, and the missile re-
tardered from 261 m/s at booster burn out to 247 m/s

(18 sec).

Platform

0K,

SECRET
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27.4.5

27 M 8.d
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Altimeter

See 27.5.2 and 27.5.3.

Normal till 25 sec. 10 altitude samples, none of these
was a no return measurement, It is difficult to calculate
the accuracy of the altimeter measurements because of the
bad cinetheodolite data, Altitude com according to the

altitude measurements,

At 25 sec the altimeter gave max up order, and did so
at each altitude samnle during the rest of the flight. The

explanation is probably as follows:

It was connection between A,i and Buffer 1809, but the
connection between A,i and Control 1813 had disappeared
after the last time the missile was tested on shore

(2/10 - 1970). Probably this have happened during the
flight, but if it happened before, it could not be detected
during testing onboard. At 25 sec the altimeter made a
no return measurement, Because of the fault described above,
this resulted in a max up order and the missile started to
climb., Because of the great altitude (120 m) and missile
Pi angle (eHP = 69) , the next altitude measurement also
was a no return measurement, and caused a max up order.

When the next altitude measurement was made, the altitude

was 190 m which is above altimeter max range, and the

3

altimeter made a no return measurement, and so forth.

Seeker

Normal (only boost and mid-course phase).,

Control loovs

Az control loops

See 27.5.1.
SECRET
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Mid course ~uidance

vyeo 0 m/s

Yup 1.5°

Lateral int 2 - 10 m

Oscillation 1,5° pp 3 Hz

Lateral wind - 7 m/s

Missile velocityv 255 m/s

Normal oscillation. yyp was according to Vyeo , lateral

wind and missile velocity.

Terminal guidance

None.

2T, 5.2 Pl contrel loops

See 27.5.2.

Mid-course guidance

Averagce B%P (5 - 18 sec) 1.3°

Oscillation 1«6~ pp 31 Hz
Normal oscillation. 6,, accordine to altitude com.

Terminal cuidance

Neone.

27 ol 0 Cas servo

gx,
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AC-power supply

K.

Thermal batteries

CK.
Positive batteries: 29.7 V , constant during the flight
Negative batterv ¢ - 30.7 V , constant during the flight,

Telemetry and missile trajectorv recordincs
Y ] _

Lateral control sirnals on 27.5.1

Altitude control signals on 27. 5.2

o

Moctor pressures and altimeter AF on 27.5.3

Vertical and horizontal nrojection of the missile trajectory

on 27,54

Time ref: T = 0 1is take=-off.
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Lateral control signals

27 8.0l
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Altitude control signals

PR

o
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Motor pressures and altimeter AH

27843
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le trajectory

Missi

27454
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28

28.1

28.2

28.2.1

28+2el.l
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Summarv

Missile Q was launched acainst ex-KN¥ "Reingysund”

8/12 - 1970 at a distance of 16 800 m., Due to an alti-
meter fault the missile started to climb at 25 sec. The
trajectory slone was 7.5°. The sustainer motor pressure
increased from 80 kp/cm? (18 sec) to approximately

160 kp/cm? (33.1 sec) , and caused a motor burst.

The launching and control system KV MKl MOD1 was used

for the first time, and functioned satisfactorily.

STLE ¥, DESCRIPTION

To hit a tarcet at long rance,

4

Technical description of the missile

HMotor

Booster motor charge

Double base pronellant, VU (British) 41l.4 kg
Inhibitors 1.85 kg
Start thrust 4700 kp
Final thrust 2500 kp
Burnine time 2,41 sec
Tetal impulse 8670 kns
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Sustainer motor charge

Double base nrorellant,

I:11I-0T0/10 (British) 43.0 kg
Inhibitors 3.47 kg
Thrust 119 kob
Burning time 77 sec
Total imnulse 8390 kos

Hodifications at MNDRI:

Rubber rine between the charce and the motor cover.
This was done to lock the charge pneumaticly to the

motor cover.

Warhead

Inert warhead.,

Guidance section

T

Ly

09.

Seeker

E-10 (Electronics E-10, Optical unit E-10).

Modifications at MDRE:

Telemetry electronics mounted
New tvne of secondary mirrors mounted
New tvpe of IR-pre-amnlifier (1710B) mounted

RF-LMI filter on Az notor wires and the pre-amplifier

nower supplv. SECRET
DI 2
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-ds8 5ervo

=10 (Electroniecs =08, Tas cenerator
3

NDRE

Modifications at NDREE:

- Firinc circuit resistor chanred from

Altimeter

C-03.
Laser effect 67 ¥,
“odifications at NDRE:

o
- o chanred from 0.95 +0

F-0k (E-03 orirsinallv mounted

AC-pouver supnly

F-02 (E-10 oririnally mounted

Control unit

FE=-09.

Thermal batteries

90

89

P
rt

KV),

KV).

==-10

)
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28.2.3.8 Control section

E-09,

qrTry e

Modifications at MUIZL:

- 2 vibration accelercneters with telemetry amplifiers

nmounted

- Batterv firing circuit resistors removed.

Wl

28.2.3.9 Control parameters

Main control loon Az 5.13%/0
Lateral comnpensation 0.135%/m
. . r o) _ o)
Trackine com Az K¢gn x 2:37 fe K¢51 = 0.577 /o
4ain contrel loon 1 6.76%/0
Altitude con 0.18%/m a, = 1.3° a, = 1.15°
Tracking con Ti Kq 2 2B e Ky = 0.48%0
: en s1
Href 82 m
28,2 & Telemetrv

Telemetrv channels as listed in £.3.1.

28.3 Eaquipment onbecard XKNM "Traust"

2881 Launching and contrecl system

SECRET
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Launcher

Strgmmen III
Port front position

Elevation  21,5°

Azimuth e 15°

Tarcet

ex-KNM "Reingysund".

Photography

Camera on escort boat 1

High speed camera onboard KNM "Traust",

Missile test at NDRE and KV

Accentance test

26 - 27/5 - 1970 OK.

Subsystem test

Seeker
~ Mounting cylinder was not cas ticht

-~ Seek threshold incorrectly adjusted.

Altimeter

0K,

SECRET
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Guidance/warhead section test I

Test at NDRE

- Platform fault. The capasitors over the gyroloop relay
contacts short circuited. Platform E-03- exchanged with
E-04 (taken from missile Z, E-O4 had the same capasitor

fault, but was repaired at this moment. See 30.6.3.1).

- AC-power supply fault, Defect 3200 Hz supply. AC-power

supply E-10 exchanged with E-03 (taken from missile Z).

Vibration test at KV

2879 - 1./30 - 1970,

6 runs lateral

6 runs axial

20 - 2000 - 20 Hz
1 octave/min

1l ¢ peak

Seeker fault., TITR-signal abnormal during vibrations. Seeker
E-10 exchangced with E-01 (taken from missile 7). Missile Y
with seeker E-01 was vibrated. Seeker E-01 also had abnormal

IR-signal during vibrations. Missile Y returned to NDRE.

Cuidance/warhead section test IT

Test at NDRE

Seeker E-10 and E-01 were modified: RF-EMI filters were
nounted in the Az motor wire and on the IR-pre-amplifier

nower sunply,

Seeker E-10 re-mounted on missile Y. Test OK,
SECRET
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Vibration test at XV

18 - 23/11 -1970,

5 runs lateral

5 runs axial

20 - 2000 - 20 Hz
1 octave/min

1 g peak

Seeker fault, The encoder disk was scratched, New encoder
disk mounted at KV.

Comnlete weanpon system test at Haakonsvern and Tananger I

Launcher with missile mounted onboard 26/11.

Seeker fault 27/11. The seeker did not always take decision

during autotests, and was sent to KV for repair.

Arrival Tananger 2/12.

Seeker returned from XKV and mounted on the missile u4/12,.

Missile Y was taken on shore U4/12, but was re-mounted
onboard 5/12 when it was clear that the fault was not in
the missile but in the launchine and control system. The

fault was as follows:

If it was a short overload of the negative missile power
supnly, this power supply was disconnected while the positive
missile power supnly was not disconnected. The disconnecting
was not indicated any place, and the whole launching and
control system had to be switch off to reset the negative

power sunply. The nower supnly design is now changed.

SECRET
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ceker timer defect, sent to KV for

(03]
(3]

Seeker fault 11/12,

regair,

Telemetry transmitter defect 11/12. iHew transmitter mounted,
Seeker returned from KV and mounted on the missile 12/12.

The nlatform was slaved to Az end stor because of a canacitor

short circuit in the slave electronies 12/12. Flatform Az

sin wire loosened. The expedition was cancelled.

Launchine attemnts I

Cancelled because of lad weather 10/12,

ot

e
2
=3
...r.
[t
ul
—+
=
|
_1

GCuildance/warhead

193]
vl
0

The platform was repaired at KV, and was mounted in the

guidance section 4/1 - 1971. Test 0K,

Complete wearon svstem test at Haakonsvern and Tananger 11

Missile with launcher mounted onboard 6/1 - 1971,
Az slave electrcnics chanced to cive lower max slave velocity.

This was done to nrevent the platform from belng destroyed

if there was a slave electronics fault, see 28.8.

Launching attemnts 11

None.

BECRET
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28.13 Launching

Date 12/1 - 1971 1105
Distance to target 16 800 m
Direction to target 267,8°
Weather: Sight > 40 km
Cloud cover 0/8
Wind 5 m/s from SE
Temperature 6°C
Sea state 0
28 MISSILE Y, VALUATION
291 Data systems

29,1,1 Telemetry

Good data.

29.1.2 Cinetheodolites

Tl: Good data
T2: Good data
T3 Lacked 17 of total 38 nhotos

Tuh: Good data

The resulting data were g¢ood.

29.1.3 Photogranhy

Escort boat 1 camera: The whole missile trajectory

SECRET
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High speed camera cnboard KNM "Traust": Nothing, the camera

was started too early.

29,2 Ecuipment onboard KNM "Traust"

29,2.1 Launching and control svstem

0K. The flight was to short to calculate the fire control

accuracy.

29.2.2 Launcher

OK.

2843 Missile flight

See 29.5.4.

29.3.1 Boost nhase

Because of the high start pressure of the booster motor,
see 29.4.1,1, the start acceleration was 210 m/s2, The
altitude during the boost nhase was lower than usual. This
was because of a nlatform Pi misalisnment of = B.MO, see
29.,4.2. The velocitv at the end of the boost nhase was

271 mils.

29,3.2 Mid-course nhase

Because of the - 3.u4° nlatform Pi misalienment, the missile
hit the sea after a flisht of 1750 m, The flight lasted

onlv 7.5 sec , and the altimeter made no altitude samples.

The lateral cuidance was 0K,

TT

The missile rolled clockwise 0,3 Hz. SECRET
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29,4.5.2 Pi control loovs

See 28,5,2,

Mid-course cuidance

o}
Average 8, 1e3

Oscillation 27 pn 2,9 Hz

Normal oscillation. 8. accordineg to altitude com,
4P -

Terminal cuidance

None,

29.4.6 Gas servo

OK.

29.4.,7 AC-power supnly

OK-

29.4.8 Thermal batteries

oK,
Positive batteries: 30.7 V , constant during the flight

Negative battery : - 30.3 V , constant during the flight,

SECRET
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Telemetry and missile trajectory recordings

Lateral control sirnals on 29.5.1
Altitude control signals on 29,5,2
Motor pressures and altimeter AH on 29,5.3

Vertical and horizontal »nrojection of the missile

trajectory on 29.5.4,

Time ref; T = 0 1is take-off.

SECRET
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Missile trajectory
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2946 Summary

Missile Y was launched against ex-KNM "Reingysund"

12/1 - 1971 at a distance of 16 800 m, Due to a - 3.4°
platform Pi misalignment, the missile hit the sea surface

after a flight of 1750 m. The platform misalignment was

probably due to high freauency noise during the alignment

period,

The booster motor start pressure was > 50% higher than usual

because of too narrow gas discharge.

The rest of the system functioned satisfactorily.

30 MISSILE Z, DESCRIPTION
30,1 Aim

To hit a moving target at med. range with a missile with

a live warhead.

30.2 Technical descrintion of the missile

302X Motor

30.2,1.1 Booster motor charge

Double base propellant, VU (British) 41.l kg
Inhibitors 1.85 kg
Start thrust 4700 ko
Final thrust 2500 kp
Burning time 2,41 sec
Total impulse 8670 kps

SECRET
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30,2.1.2 Sustainer motor charge

Double base propellant, IMI-0TO/10 (British) 15.75 kg

Inhibitors 2.01 kg
Thrust 110 kp
Burning time 28 sec
Total impulse 3050 kps

Modifications at NDRE:

- Rubber ring between the charge and the motor cover to

lock the charge pneumaticly to the motor cover

- The charge was reduced (burning time 28 sec , normal

77 sec).

This was done of safety reasons, to prevent the missile with
live, warhead to reach the shore if there was a fault in the

guidance system,

30.2.2 Warhead

Live warhead, 46 kg explosives., Fenetration and delay.

30.2.3 Guidance section

E-08.

30,2,3.1 Seeker

E-08 (Electronics E-09, Ontical unit E-08),

HModifications at NDRE:
- Telemetry electronics mounted

~ New type of secondary mirrors mounted
SECRET
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- New type of IR-pre-amnlifier

- RF-EMI filter on Az motor wires and the pre-amplifier

power supply.

30.2.3.2 Gas servo

E-04 (Electronics E-04, Gas generator E-0u),

Modifications at NDRE:

- Firing circuit resistor chanced from 5.6 9 to 1 q.

30.2.3.,3 Altimeter

E-02.

Laser effect 109 W, .

Modifications at NDRE:

o}

changed from 0.95° to 1.15°,

-

%t

30.2.3.4 Platform

E-03 (E=04 originally mounted at KV),

30.2.3.5 AC-power supply

E-10 (E-03 originally mounted at KV),

30.2.3.6 Control unit

E-08,

SECRET
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30.2.3.8

30.2.3.,9

30.2.”

Thermal batteries

88

83

Control section

E-08,

Modifications at NDRE:
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- 2 vibration accelerometers with telemetry amplifiers

mounted.

- Battery firing circuit resistors removed.

Control parameters

Main control loop Az
Lateral compensation
Tracking com Az

Main control loop Pi
Altitude com
Tracking com Pi

Href

Telemetry

Because of want of space, due to

telemetry equipment was reduced,

were as listed below:

6.1%/0

0.14°/m

- o _ o

0,20%m @y = 1,3° @&, = 1,15°

0.49%/0

- o
= 2.,44%/0 Kesl

the live warhead, the

and the telemetry channels

SECRET
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Lx ¢ch 7 Laterel integrator 2
t 8 Az sin (wHP}
" 9 Pi sin (GHP)
" 10 Trackin- com Az
¥ 11 Trackine com Pi
" 12 Altitude conm
! 13 Altimeter AH
" 14 Body vibration accelerometer axial
" 15 Track pulse + QFFT

" 16 Az sector T + Az track pulse + track window

o E Body vibration accelerometer lateral
® 6 Seeker IR-signal
30.3 Equipment onboard KNM "Traust"

30,3.1 Launching and control system

KV MKl #0D 1.

30.3.2 Launcher

Seleo III

Port front position

Elevation 21.5°
Azimuth - 15O
30,4 Target

ex-KNi "Reingysund" with 2 artificial IR-targets (propan

stoves) on the bow. Hoving in a circle using own engines.

SECRET



30.5

30.6

3061

304642

30.6.2.1

30.642.2

30.6.3
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Photography

Camera on escort boat 1

m

Hiech speed camera onboard KNM "Traust".

Missile test at NDRE and KV

Acceptance test

15 - 16/5 1970 OK.

Subsystem test

Seeker
- Mounting cvlinder was not cas tieht

- Seek threshold incorrectly adjusted.

Altimeter

OK.

Guidance/warhead section test

Test at NDRE I:

- Platform fault (E-O04), The capacitors over the gyro loo:

relay contacts short circuited. When platform E-04 was
repaired, 1t was mounted in missile Y, see 28.6.3.1.
When platform E-03 was repaired, it was mounted in

missile Z,

b7

- AC-power supply E-03 mounted in missile Y, see 28.6.3.1.

E-~10 was mounted in missile 7 when it was repaired.

SECRET
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Test at NDRE II

Seeker E-01 was vibrated on missile Y, see 28.6,3.2.
Because of the faults detected, the seeker was modified:
RF-EMI filters were mounted in the Az motor wire and on the
IR-pre-amplifier power supply. Guidance/warhead section

tested after the modifications. O0OK.

Vibration test at KV

18 - 23/11 - 1970,

5 runs lateral

5 runs axial

20 - 2000 - 20 Hz
1 octave/min

1 g neak

- ©Seeker fault. IR-signal abnormal during vibrations,

IR-pre-amplifier exchanced at NDRE

- Platform fault, Pi power amplifier defect, exchanged
at KV

- Servo fault. Short circuit on SEP because of tin

solder, Servo repaired at KV,

Complete weapon system test at Amgy

Missile Z was assembled at Am@y near Stavanger, and launcher
with missile was taken onboard there 13/1 - 1970, This

was done because of safetyv reasons due to the live warhead.

Because of the platform Pi misalignment of missile Y,
probably due to high frecuency noise, the platform and the

launching and control system sensitivity of high frequency

SECRET
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noise was investigzated: T"hen the radio transmitter onboard
KNil "Traust" was used, there were platform Pi misalignments
of 6 - 80, and the digital comnuter of the launching and
control system was unfit for use. Own ship's radar, escort
ship's radar and radio transmitter had no effect., The
radio transmitter onboard KNM "Traust" was not used during

launching of missile Y.

It was decided to have radio silence during launching of

mnissile 7.

30.8 Launchine attempts

14/1s Cancelled because of platform Pi misalignment due to
computer soft-ware fault: The axial comnensation was
wrongly calculated if there were discontinuities in own

ship's velocity data,

15/1. Cancelled because of bad weather,

30.9 Launching
Date 16/1 - 1971
Distance to tarcet 4500 m
Direction to target 287,1°
Weather: Sicht > 30 km
Cloud cover 6/8
Wind 3 m/s from NNW
Temnerature My
Sea state x

SECRET
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MISSILE Z, VALUATION

Data svstems

Telemetry

Good data.,

Cinetheodolites

Tl: CGood data
T2: GCood data
T3: No data

T4: Lacked 32 photos during 12.5 sec -

The resultine data were satisfactorily.

Photeocsraphy

Escort boat 1 camera: The whole missile trajectory

High speed camera onboard KNM "Traust": Nothing, the camera
was started too early.

Equipment onboard XNM "Traust"

Launching and control system

OK. Total fire control accuracy was good, but can not be
exactly calculated because the movement of the target as a

function of time is not known,

SECRET
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34351

31.3,2

31.3.3
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Launcher

Opening time was 11 sec (normal 5 sec). This can partly
be explained by a long seeker cooling hose, which have to be
torn off by the launcher upper cover. The explosive actuator
design is no changed to give a faster launcher opening

(2 sec).

Missile flicht

See 3154,

Boost phase

Normal, Velocitv at the end of the boost phase was 257 m/s.

Mid-course phase

The altitude was approximately constant 75 m during the mid-

course phase,

Lateral guidance was normal., If the missile had not homed

against the target, it would have passed over the target ship.,

The missile rolled clockwise, 0.46 Hz,

Terminal phase

Decision distance 1050 m and altitude at decision point

70 m. The tarpet was detected in the middle of the seeker
scanning sector, The missile homed against the target, and
hit the bow of the target ship, half way between the 2
artificial IR-targets. The warhead detonated as planned., The
terminal phase lasted 4.3 sec. At decision the whole target

SECRET
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ship was looked at as target, but 1.5 sec before impact,
the seeker switched over to the artificial IR-targets on
the bow of the target ship, and the warhead detonated half

way between these 2 artificial IR-targets.,

31.4 Missile subsystems

31.4.1 Hotor

Because of the 1live warhead, there were only 12 telemetry
channels, and the booster and sustainer motor pressures
were not telemetered, The motors seemed to have functioned
normally, The velocity at booster motor burn out was

257 m/s, and the missile velocitv at the end of the flight

was 250 m/s.

31.4,2 Platform

0K,

31,4.,3 Altimeter

Sed  3lebe® and 31543y

4 altitude samples, none of these was no return measurements.
The measurements differed 1 - 6 m from the altitude calcu-

lated from the cinetheodolite data.

Altitude command according to the measurements,

31.4.4 Seeker

The target was detected at a rance of 1050 m, The seeker

was normal during the whole missile flisht, The seeker

SECRET
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switched over from the whole target ship to the artificial

IR-target 1.5 sec before impact.

Control loops

Az control loop

Seea 315l

Mid-course guidance

Vyeo Not telemetered

Vigp = 0°

Lateral int 2 = 0m

Oscillation 1.2° 2.7 Hz

Lateral wind - 2 m/s

Missile velocity 254 m/s

Normal oscillation, vveo is unknown, but the lateral

gsuidance has been normal.

Terminal guidance

Normal, v¥,p according to tracking conm

Pi control loops

See 31.5.2.

Mid-course guidance

- o

Oscillation 2” pp 2.8 Hz

Normal oscillation. 6,, according to altitude com.
SECRET
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Terminal cuidance

) accordine to tracking com Pi,

AP

AC-power supnly

0K.

Thermal batteries

The batterv voltages were not telemetered, but must have

been 0X,

Warhead

The missile penetrated the bow of the tarset ship, which

was a landing craft, and the warhead detonated in free air
appr 0.5 m over the main gate. The detonation blew a

hole with diamter 1 m in the gate, and the gate was
detached. The forward sides of the ship were pressed out

1.5 m on each side, and there were great splint destructions
forward. There also were splint destructions astern, and
here it was a minor fire. The effect of the detonation was
according to the results of previous free air detonation

trials.
The artificial IR-targets were placed in the bow of the

target ship, to make the warhead detonate here, and prevent

the target ship from sinkineg, This was attained,

SECRET
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Telemetry and missile trajectory recordings

Lateral control signals on 31.5.1
Altitude control signals on 31.5.2
Altimeter AH on 31.5.3

Seeker signals from 0.15 sec before to 0.15 sec after

decision on 31,5.u

Vertical and horizontal projection of the missile trajectory
on 31.5.5

Time ref: T = 0 1is take-off, except for 31.5.4 where

T =0 is decision.
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Lateral control signals
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Altitude control signals
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Altitude AH
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Seeker signals
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Missile trajectory
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Summarg

Missile Z was launched against ex-KNM "Reingysund"

16/1 - 1971 at a distance of 4500 m. The target ship was
moving in a circle, using own engines. The missile penetrated
the bow of the target ship, and the warhead detonated half
way between the two artificial IR-targets. All the missile

subsystems functioned satisfactorily.

ERRORS DETECTED DURING TESTING

A great number of errors were detected. These were system
errors, component errors and due to workmanship. All the
errors detected are mentioned in the chapters of the

missiles of question.

System errors

The system errors detected during testing and the changes
in the design which were the results of these, are listed

below,

Seeker

Noise from the Az motor interferred with the IR-signal.
RF-EMI filters mounted on the Az motor wires and the IR-

preamplifier power supply.

Slip-ring problems. The lubrication disappeared during

storage. New lubrication method,

Altimeter

FET-switches on the output of AH and 8RH were destroyed by

transients from the teststand. Protecting resistors mounted
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High voltage converter break down. R13 changed from 1/4 W
to 1 W,

Platform

Power amplifier breakdowns. Capasitors mounted over the

relay contacts of the gyro loops.

ERRORS DETECTED DURING MISSILE FLIGHTS

There were totally 12 errors on the 6 missiles which did not
hit the target, and no errors on the 4 missiles which did
hit the target. There were 8 different errors, 5 of these

were system errors. All the errors are listed below.

Seeker

Seeker track threshold faulty generated, The track threshold
was 80 - 90% instead of 50% of max IR-signal. System

error, Missile R,

Barring time of down correction too long (0.5 sec). System

error, Missile R,

IR-pulse on the left border of the sectors due to an in-

coupling transient of the IR-signal. System error. !issile .

Timer error. The seeker was armed to late. Component error.

Yissile W,

Short circuit of Az sector II to ground via the slip-ring

or module 1706, Missile V.

Altimeter

No connection between A, i and Control on module 1813,
Workmanship. Missile Q.
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Platform

Pi misalignment because of high frequency noise sensitivity
of the alignment system. System error. Missile R (- 0.?0),
X (-2.8% and Y (- 3.4%),

Sustainer motor

Increasing motor pressure. This was probably because the
charge moved, which caused an increased burning area. System
error, Missile R (96 kp/cm? at splashdown), V (max

140 kp/em?) and Q (max approximately 160 kp/em?, motor
burst).

CONCLUSION

The Penguin technical evaluation missile firing program con-
sisted of 10 missiles, which were launched from KNM "Traust"
at Vigdel firing range during Feb 1970 - Jan 1971. 9 of the
missiles had inert warhead, 1 had live warhead. 4 of the
missiles hit the target, including the one with live warhead.
2 different launching and control systems were evaluated,
NDRE NOR2 and KV MK1 MOD 1. These were successfully used for

launching of 2 respectively 3 missiles.

The 4 missiles which hit the target were launched under the

following conditions:

Missile S: Min range, sea state 5

Missile T: Med range, the target was detected in the extreme

verge of the scanning area

Missile U: Med range, the bow of the target pointed towards

the launching vessel,
Missile Z: Med range, moving target, live warhead.
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These 4 missile firings verified that the weapon system

acted up to all the main specifications, except the max

range specification. There were no successful missile

firing at long range, in defiance of 5 missiles which were
launched at a distance 2 15 000 m. The reasons of these
missfirings had nothing to do with the long range, both the
midcourse guidance system and the launching and control system

proved to be very accurate, but were due to technical errors

only.

It was decided to extend the Penguin technical evaluation
program with 3 missiles taken from the serie 1 production.

This was done of the following reasons:
- No successful missile firing at long range.

- 1wo of the changes of the design are not tested on missile
flights .

- The production - and control system at KV is different
for the serie 1 missiles from what it was for the 10

missiles used during the technical evaluation program.

These 3 missiles will be launched during the autumn 1971,

before the Penguin tactical evaluation program starts.
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List of Penguin Technical Notes

SECREL

The Penguin Technical Notes listed below contain the complete

telemetry recordings, except of ex ch 15, 16 and

iy

complete missile trajectory data, for the 10 missiles

and the

launched during the Penguin technical evaluation programme,

Johnsrud, T

P Satre

Heistad, E

Johnsrud, T

P Satre

Heistad, E

B Jahren

Johnsrud, T

P Saztre

Heistad, E

B Jahren

Johnsrud, T

P Sztre

Heistad, E

B Jahren

Johnsrud, T

P Satre

Heistad, E

B Jahren

Johnsrud, T
0 Sandervdag

Richard, telemetry data,

Penguin Technical
Restricted

Richard's bane,
Penguin Technical
Begrenset

Sigurd, telemetry
Penguin Technical
Restricted

Sigurd's bane,
Penguin Technical
Begrenset

Note No

Note No

data,

Note No

Note No

Tore, telemetry data,

Penguin Technical
Restricted

Tore Hund's bane,
Penguin Technical
Begrenset

Note lo

Note No

Ulrik, telemetry data,

Penguin Technical
Restricted

Ulrik's bane,
Penguin Technical
Begrenset

Victor, telemetry
Penguin Technical
Restricted

Victor's bane,
Penguin Technical
Begrenset

Wilma,
Penguin Technical
Restricted

Note No

Note No

data,

Note No

Note No

Note No

113

L1

122

126

128

132

1.8

134

130

135

142

NDRE

NDRE

NDRE

NDRE

NDRE

NDRE

NDRE

NDRE

NDRE

NDRE

NDRE
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(1970

(1970)

(1970)

(1970)

(1970)

(1970)

(1970)

(1970)

(1970}

(1970)

(1970)



Heistad, E

Johnsrud, T
0 Sandervag

Heistad, E

Johansen, O
A R Tinderholt

Tinderholt, A R

Johansen, O
A R Tinderholt

Tinderholt, A R

Johansen, O
A R Tinderheolt

Tinderholt, A R
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Wilma's bane
Penguin Technical Note
Begrenset
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No

Xantippe, telemetry data,

Penguin Technical Note
Restricted

Xantippe's bane,
Penguin Technical Note
Begrenset

Q,

Penguin Technical Note
Restricted

Q's bane,
Penguin Technical Note
Begrenset

Yngve, telemetry data,
Penguin Technical Note
Restricted

Yngve's bane,
Penguin Technical Note
Begrenset

Zorba, telemetry data,
Penguin Technical Note
Restricted

Zorba's bane,
Penguin Technical Note
Begrenset

No

No

No

No

No

No

No

No

144

139

145

154

153

155

156

159

157

NDRE

NDRE

NDRE

NDRE

NDRE

NDRE

NDRE

NDRE

NDRE
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(1970)

(1970)

(1970)

{1571)

(1973)

(1971)

(1971)

(1971)

(13971)
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