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DESIGNING THE PRINCIPAL TRANSMISSION SCHEME FIBER OPTIC DEVICE

FIBER OPTICAL GYROSCOPE

Abstract. The subject of the article is the fiber-optic fiber-optic gyro system used in inertial navigation, control and
stabilization systems. The purpose of the article is to study the design of the schematic diagram of the transmitting device
of the optical fiber system and to make the necessary calculations for the transmitting device of the optical fiber system.
Problem to be solved is the justification of technical solutions, the implementation of which in the practice of measure-
ment will allow to substantiate the process of designing the schematic diagram of the transmission device of the fiber-optic
system of the fiber-optic gyroscope used in inertial navigation, control and stabilization systems. The article deals with:
stages of designing the schematic diagram of the transmitting device of the fiber optical system; certain calculations have
been made regarding the damping of the site in relation to the designed single-fiber communication system; diagram of the
optical transmission device under development. Conclusions: It is advisable to use the proposed technical solutions both in
the modernization of existing fiber-optic gyroscopes and in the creation of perspective samples intended for use in inertial

navigation, control and stabilization systems.
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Introduction

Formulation of the problem. Potential opportuni-
ties for the use of fiber optic gyro(FOG) are based on its
potential applications as a sensitive element of rotation
in inertial navigation, control and stabilization systems.
Industrial development of single-mode low-attenuation
dielectric fiber has allowed to create highly sensi-
tive(FOG) used as a rigidly fixed on the body of the
carrier of the sensitive element (sensor) rotation in iner-
tial control and stabilization systems. But, when design-
ing FOG, there is a number of problems, namely, the
technology of producing elements FOG; extreme sensi-
tivity to very small external and internal disturbances
and instability. The solution to these problems is by
improving the technology of element production in
(FOG), one of which is the development of a transmis-
sion device for a fiber optic system, which is not possi-
ble without the designing of its schematic diagram,
which confirms the relevance of the proposed article.

Literature analysis. The principles and organiza-
tional foundations of metrological support, as well as
the role and place of metrological support in Ukraine,
are set out in the Law of Ukraine “On metrology and
metrological activity” [1], State standard of Ukraine
2681-94. Metrology: terms and definitions [2], in ISO
[3, 4], in articles [5-8], in literature [9 - 14]. Mathemati-
cal models for determining the number of orders for
guaranteed metrological servicing of weapons and mili-
tary equipment samples, taking into account their im-
portance, are set out in [5]. The technique of forecasting
the capabilities of metro-technical units for the repair of
damaged military measuring equipment is described in
the article [6]. Theoretical models of heavy objects are
described in [7].

The issues of compensation for excess noise in a
fiber-optic gyroscope are thoroughly discussed in [8].
General theoretical information about fiber-optic gyro-
scope has been thoroughly considered in the literature
[9]. At the same time, issues related to dynamic pressure
measurement remain open.

The purpose of the article is to study the design
scheme of the transmitting device of the optical fiber
system and to make the necessary calculations for the
transmitting device of the optical fiber system.

Basic material

The first step in the design of the principle scheme
of the transmitting device of the fiber optic system is to
select the type and brand of optical emitter based on the
requirements to its technical characteristics, namely:
radiation power; wavelength of radiation; the width of
the radiation spectrum; modulation frequency; pumping
current; threshold current. For the correct selection of
the optical emitter in the first stage, you must specify
the determination of the radiation power. To do this,
determine the required optical power at the output of the
optical transmitter. The final decision on the choice of a
brand of emitter is made on the basis of compliance
with the technical characteristics of the device, the re-
quired radiation wavelength, the width of the radiation
spectrum and the time of increase of the optical signal
power.

In the second step, the transistor V2 is selected in
the direct modulator circuit (DMC) and the modulator is
calculated. The transistor is selected based on the char-
acteristics of the previously determined optical emitter,
namely the pumping current and the threshold current. It
is necessary to take into account the maximum allow-
able power of the transistor and its limiting frequency.
Next, the operating point is specified and the elements
of the modulator circuit are calculated. In the third
stage, the power amplifier should be calculated (IIIT)
through the use of a high-speed operational amplifier,
which is included in the circuit voltage-to-current con-
verter. It is necessary to correctly select the type of op-
erational amplifier according to the required upper fre-
quency and power, which is the scattering, and and-each
to calculate the elements of the circuit voltage - current
converter.

In the fourth stage, the device of automatic control
of the optical signal level at the output of the trans-
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mitting device is organized (APII). his will use a
VD3 photodiode connected to one of the poles
of the directed optical coupler(OC) and detector
APII, made on the integrated circuit K175/1A1
(Fig. 1). Let’s consider the more carefully pro- |Exit
posed steps. When calculating the transmitter
power output and selecting the type of radiation
emitter, it should be taken into account that the
value of the power difference at the output of the
optical emitter and at the input of the optical
receiver should exceed maximum attenuation
made by station and line structures on the trans-
mitter-receiver section. Currently available opti-
cal modules provide a sufficiently low level of
reception. Reception devices of some systems
provide a level of reception of 0.01 mkV
(-50 dB), which when performing the calcula-
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tions, we will assume the default.

We propose the damping of the plot on the
designed single-fiber communication system:
oa=1 ((X,OB + (X’[H’))

o3

J+2a3 +2(X,PZCLK +20L1, (l)

where is [ =8km - length of the plot; apg =2DB -
attenuation of one kilometer of optical fiber; oy =2DB -

attenuation of the signal in the device combining and
branching signals; opy-;x =1DB - attenuation of the
signal in the device PZCLK; o3 =1,4DB - attenuation of
the signal in the plug connectors (the norm
op3 =1,5DB); opyz =0,2DB - signal attenuation in
non-detachable connectors (by norms, ayz =0,2DB);
15 =2km - the optical fiber cable length.

Let's make some calculations.

We calculate the damping of the plot for the de-
signed single-fiber communication system:

a:8(2+0’—22j+2-1,4+2-1+2-2=25,6dB.

Calculate the minimum power level:
B =Ppp +0=-50+25,6=-24,4dB., or

P, =10% 244 1w = 1,585 mw.

where is Ppp =-50 dB - optical signal level at reception.

Thus, the output power of the transmitter module
must be at least 1.5 MW.

In addition, the radiation source must operate at a
wavelength of 1550 um and provide a modulation fre-
quency of at least 8.5 MHz. The ILPN-1500 semicon-
ductor laser best meets the following requirements and
has the following characteristics:

1) radiation power: Pz =15 MW;

2) radiation wavelength: A =1 310 um;

3) the width of the radiation spectrum: A=3 nm;

4) modulation frequency: F,, = 250 MHz;

5) pumping current: /,=50 mA;

6) threshold current: Inop=30 mA;

7) operating voltage: 1,5 V;

8) operating temperature range: —40° £60° .

Fig. 1. Schematic of the optical transmission device

The next step is to calculate the output stage. First
of all, let's choose a transistor, where we will be guided
by the following requirements to its technical character-
istics, namely: DC collector current of at least 120 mA;
Frequency gain greater than 8.5 MHz. The following
requirements are satisfied by the silicon n-p-n transistor
KT660B. Which is intended for use in switching and
switching devices, in circuits of computers, in genera-
tors of electrical oscillations, and having the following
electrical parameters:

- static coefficient h21e current in scheme 3E at
Uy=101in I.= 2 mA: hy; = 450;

- saturation voltage of the collector - emitter Uy
mpu 1,=500 mA 1450 mA, not more than 0.5 V;

- saturation voltage base - emitter U, at
1=500 mA, not more than 1.2 V;

- the capacity of the collector junction C; at
U= 10 V, not more than 10 pF;

- the reverse current of the collector U, at
U, =10 V, not more than 1 p4;

- the reverse current of the emitter U, at
Up.=4 V, not more than 0,5 uA;

Limiting operational data:

- constant voltage collector - base Uxkomax 30 V;

- constant voltage collector - emitter Uxkamax
pu Ry < 1 kQ30 V;

- constant voltage collector - emitter Uxamax
npu [, <10mA 25V,

- constant voltage base - emitter Udosmax 5 V;

- constant power collector Ikmax 800 mA4;

- constant power dissipation of the Pmax 0.5 W.

Next, determine the mode of operation of the tran-
sistor (operating point). To select the mode, we use the
family of the output characteristics of the transistor for
the scheme with a common emitter whick parameter is
the base current (Fig. 2).

It is necessary to fulfill the condition regarding

the collector rest voltage: U, <0.45E ., (taking
into account the given condition) U, =6V. Consid-
ering that a threshold current of 40 MA, is required to
modulate a semiconductor laser, then /,,, =40 mA4 . In
this current of the base

case, the rest
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1, =0.135E mA. . Since the maximum pumping cur-
rent of the laser is 120 mA, the maximum collector
current will be, [ . =120mA4, in this case
Uemax =1.7V and 1[5, =047 mA.  According to
the input characteristics of the transistor (Fig. 3) we
determine the voltage of the rest base and the ampli-
tude value Ugy =0.71V and she amplitude charac-

teristics U, =0.74V.
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Fig. 2. Family of the output characteristics
of the transistor for the circuit with the common emitter
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Fig. 3. Family of input characteristics
of a transistor for a circuit with a common emitter

Thus, the mode of operation of the transistor is
determined by the following parameters:

- collector rest voltage: U, =6V

- collector rest current: [, =40 m4;

- base rest current: [, = 0.135 m4;

- base rest voltage: Uy, =0.71V;

- base current amplitude: /4, =0.47 m4;

- collector voltage amplitude: U, .x =1.7V;
=120 m4;
- voltage amplitude at the base: Uy, =0.74 V.

- collector current amplitude: 7, .«

The transistor is included in the scheme with a
common emitter, and the semiconductor laser is in the
collector circuit. In this case, the voltage drop in the
emitter circuit must satisfy the following condition:

UR=015E,, )

where is E, - where is the supply voltage of the

modulator.
Define the supply voltage £, =15V, in this

case: Up, =0.1515=1.8V, where the resistance Rp

will be calculated by the formula:
Ur, 1.8

= = 3 =44.85Q).
Iko+1go  (40+0.135)-10~

Rp

The current /p of the divider should be at least
5 - 10 times lower than the rest current of the base
Iyo:
Ip =10-1y9 =10-0.135=1.35 mA.
In order to stabilize the mode of operation of the
circuit between the voltage at the emitter resistance

and the filter resistance, we define that the filter resis-
tance voltage is equal Up, =1B. In this case, the

filter resistance is determined as follows:

U
" Ixo+1go+p
1

(40+0.135+1.35)-107°

=24.11Q.

The voltage drop at the divider support is
R, equal to the sum of the voltage drop at the support
in the emitter circuit and the shear voltage at the base of
the transistor at the emitter resistance and the filter re-
sistance, we define that the filter resistance voltage is
equal. In this case, the filter resistance is determined as
follows:

Ug, =Ug, +Up, =1.8+0.71=2.51V..
In this case, the resistance of the divider is Ry, :

Ur, 251

= 3 =1.86 kOwm.
Ip  1.35-10"

Ry, =

Find the resistance in the emitter circuit R, :

o EnUn, ~Us,
E:—:
_ 1222511 o

(1.35+0.135)-107

For a circuit with emitter stabilization, the supply
voltage is distributed between the three resistors of the

output circuit (Rg, Rg, R ), by a laser emitter and a

transistor:
EP =UKE0 +URE +URK +URF+UD' (3)
whereis Up =2V - voltage drop on a semiconductor

laser; Upp - voltage drop at the support in the collec-
tor circuit.
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From here:

Upy =En=Ugkpp ~Urg —URf -Up=12B

In this case the resistance in the collector circuit is:
_Upy 1.2

Ry = =
Ixo 40-107°

=30Q.

The next step is to calculate the matching ampli-
fier. For what, as a reinforcing element, it is intended to
use a high-speed operational amplifier included in the
scheme of the Converter voltage - current (also known
as an amplifier with complex steepness). The scheme of
the matching amplifier is presented in Fig. 1 (functional
group PP). A resistor that selects a current that is de-
signed to provide feedback to a positive input clamp.
The resistance value Rs, is determined based on the

following condition:
Ry
R, =—H 4
5570 “4)
where is Ry — the load resistance of the amplifier,

which is the input resistance of the direct modulator
and exactly parallel connection of the resistor divider
Rp (of two in parallel connected resistors in the base

circuit Rp) and the input resistance of the transistor

Ry, » equal to:

_ RogRp
Ry, +Rp

The input resistance of the transistor is calculated
according to the following relation:

0.74-0.71
(0.47-0.135)-107°

)

Ry

_Upm =Upo _ ~900
Rop = —1 = IR
vm —Ivo

The resistance of the divider is calculated accord-
ing to the following relation:

Ry -R)5.72:10°-1.86-10°
b= -
Ry +R)  (5.72+1.86)-10°

=1.40 kQ.

In this case, the load resistance of the amplifier is
equal to:

_ Ro,-Rp  90-1.4-10°
Ry, +Rp  90+1.4-10°

Ry ~84Q,

and the resistance Rs is equal to:

R .
__H_Mzg,sg,

710 10

The amplitude value of the voltage drop at the re-
sistance Rs is equal to:

Ay = Iy -Rs =(0.47-0.135)-107 -8.42 = 0.003 /

Required from the scheme, the gain is equal to
the ratio of the amplitude of the output voltage to the

amplitude of the input voltage. Since the input of the
coordinating amplifier is signal from the code con-
verter, the amplitude of the input signal is

Ay, =5-07=43V.
In this case, the gain of the scheme is:
Aygs  0.003

AUO

K= =0.000653.

Let’s resistors denominations Ry, R,, Rz

and R, are chosen to be the same, each of which

must exceed the resistance Rs at least 20 times.

Consider the following resistance values under this
condition:

Ry =Ry =R, =2000-Ry; =2000-84.18 =168 kQ.
The resistance R, sets the gain of the circuit
and is defined as follows:

Ry =R, -K =168.36-10-6.56-10™* =110 Q.

Next, we calculate the device automatically ad-
justs the level of the optical signal at the output of the
transmitting device, which provides stabilization of the
average power of the laser radiation.

The device ARP includes the following basic
elements (functional group ARP in Fig. 1): a photodi-
ode for converting the optical radiation emitted from
the output of the laser into an electric current; an
automatic level control detector and a DC amplifier
made on an integrated circuit.

It should be noted that the sensitivity of the pho-
todiode does not play a role in this case, therefore,
when choosing the type of photodiode, we will be
guided by such parameters as reliability and low cost.
In our case, when using a semiconductor laser ILPN-
1550, the manufacturer of this laser predicted that
when using semiconductor lasers in different devices,
the developers would use a radiation-based stabiliza-
tion method based on feedback.

And according to this, the design of a semiconduc-
tor laser ILPN-1550 already contains a photo sensor
with an optical splitter.

Conclusions

1. The article proposes a schematic diagram of the
transmission device of a fiber-optic system of a fiber-
optic gyroscop.

2. The proposed scheme (Fig. 1) used a laser emit-
ter ILPN-1550 operating at a wavelength of 1550 nm
and 5 mW, which has an output optical power of radia-
tion. In the scheme of the direct modulator used silicon
n-p-n transistor KT660B which is intended for use in
switching and pulse devices. To match the output of the
code converter and the input of the modulator, a match-
ing amplifier is introduced on a high-speed operational
amplifier KP140YDI11. To stabilize the average laser
power, a device for automatic control of the optical sig-
nal level, including the integrated circuit K175DA1 used
as an ADC detector and DC amplifier.
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3. The proposed transmission device is designed to  solutions both in the modernization of existing fiber-
work in the composition of digital optical gyroscopes optic gyroscopes and in the creation of perspective

operating at a speed 8 Mbits/s. samples intended for use in inertial navigation, control
4. It is advisable to use the proposed technical and stabilization systems.
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IIpoexTyBaHHs NPHHIMIIOBOI CXeMH MepeJaBaJTbHOI0 NPUCTPOIO BOJOKOHHO-ONTHYHOI CHCTEMH
BOJIOKOHHO-ONITHYHOI0 TipOCKOIMy

B. b. Kononog, O. A. Kononoga, 1. I'. OnuHOKHMIA

AHoTanisi. VY crarTi 3alporNOHOBAaHO NMPHHIMUIIOBY CXEMY IPUCTPOIO Iepejiadi BOJIOKOHHO-ONTHYHOI CHCTEMH BOJIO-
KOHHO-ONTHYHOro ripockona .IIpegMeroM BUBYEHHS B CTAaTTi € BOJIOKOHHO-ONTHYHA CHCTEMa BOJOKOHHO-ONTHYHOIO ripoc-
KOITy, III0 BUKOPHUCTOBYIOTHCS B iHEPIiaIbHIX CHCTEMax HaBirarii, kepyBaHHs i crabimizamii. MeTOI cTaTTi € 1OCIiKEeHHS
1010 TPOEKTYBAHHS IPUHLMIIOBOI CXEMH I1€PEaBaIbHOIO MPUCTPOIO BOJOKOHHOI ONTHYHOI CUCTEMH Ta HPOBEJEHHS HeoO-
XiJJHUX PO3PaxyHKiB ILI0J0 NI€PeIaBaIbHOTO IPUCTPOIO BOJIOKOHHOT ONTHYHOI cHcTeMH. 3aaaya, 10 BUPiIyeTbes, — 00IpyH-
TYBaHHS TEXHIYHHX PillleHb, BIPOBA/LKCHHA SKUX B IPAKTHKY BUMIPIOBaHHS JO3BOJIATH OOIPYHTYBATH IPOLIEC IPOESKTYBAHHS
MPUHIIUIIOBOI CXEMH IE€PelaBaJIbHOTO IIPUCTPOIO BOJIOKOHHO-ONTHYHOI CHCTEMHU BOJIOKOHHO-ONITHYHOI'O TipOCKOIa, 110 BUKO-
PHUCTOBYIOTBCS B IHEpLIiaJIbHUX CHCTEMax HaBirauii, kepyBaHHsS i crabinizauii. B eraTTi po3risgaersesi: eTany NpoeKTyBaHHI
MPHUHIIUIIOBOI CXEMH I1€peaBalIbHOrO MPUCTPOIO0 BOJIOKOHHOI ONTHYHOI CUCTEMH; MPOBEJCHI MEBHI PO3PaxyHKH,IION0 3ara-
CaHHA JIISAHKM IIOJO0 HMPOSKTOBAHOI OJHOBOJIOKOHHOI CHCTEMH 3B'SI3KY; CXeMa ONTHYHOI'O IepPelaBaJIbHOrO IPUCTPOIO, L0
PO3po0IIETECs. 3alPOIIOHOBaHa CXeMa BUKOPHCTOBYBaIa Jia3epHui BunpominioBad ILPN-1550, mo npamtoe Ha JOBXUHI XBHII
1550 1M 1 5 MBT, 110 Ma€ BUXiJHY ONTHYHY IOTY)XHICTb BUIIPOMIHIOBAaHHS. Y CXeMi IPAMOro MOIYJISTOpa BUKOPHCTOBYETHCS
KpeMHieBuii n-p-n Tpansucrop KT660B, sxuii npusHaueHUid U BUKOPUCTAHHS B KOMYTALIMHUX Ta IMITyJIbCHUX IPUCTPOSX.
Jlnst BiNOBIAHOCTI BHMXOAY HEPETBOpIOBaua KOAY Ta BXOAY MOAYIATOpa Ha IIBHUAKICHMN oOmepaliiHui mizcumioBaq
KP140YD11 BBoguThCs BiAnoBiaHMH migcroBad. [{iis crabimizanii cepeaHbol MOTYKHOCTI Jia3epa BCTAHOBIICHO IIPUCTPIH st
aBTOMATHYHOT'O YNPABJIiHHSA ONTHYHUM CUT'HAJIbHUM PiBHEM, BKIIIOYaOuH iHTerpaipHy cxemy K175DA1, 1110 BUKOPHUCTOBYETD-
cst sk perexrop ALIII ta mixcumoBad nocriiiHoro crpymy. BucHoBku. IlpornioHoBaHuil npUCTpiii epenadi npu3HAYEHUH 11
pobotH y ckinani MUQPOBUX ONTHYHMX T'1POCKOIIB, IO MPAIFOIOTh 31 MBUAKICTIO 8 MOiT / ¢. 3anponoHoBaHi TEXHIUHI pillIeHHS
JIOLIIBHO BUKOPHCTOBYBATH SIK IIPU MOJEpPHi3alil iCHYIOUHX BOJIOKOHHO-ONITHYHUX TiPOCKOIIIB, TaK i IPU CTBOPEHHI HepCIIeK-
TUBHUX 3pa3KiB, 0 IPHU3HAUCHI JUIs pOOOTH B iHEpLIiaIbHUX CHCTEMAaX HaBiraii, kepyBaHHs i crabimi3aryi.

Kar4dosi ciaoBa: onTuuHumii nepeaBaabHUN NPUCTPIH, iHEpLianbHI CUCTEMH HaBirauii, KepyBaHHs i crabiizarmi.
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