
1

VILNIAUS GEDIMINO TECHNIKOS UNIVERSITETAS

ELEKTRONIKOS FAKULTETAS

AUTOMATIKOS KATEDRA

Simas Armonas

ANALYSIS OF STEPPER GEAR IN GEODESIC EQUIPMENT

Baigiamasis magistro darbas

Au

Vilnius, 2009



2

VILNIAUS GEDIMINO TECHNIKOS UNIVERSITETAS

ELEKTRONIKOS FAKULTRETAS

AUTOMATIKOS KATEDRA

Simas Armonas

SISTEMOS TYRIMAS

ANALYSIS OF STEPPER GEAR IN GEODESIC EQUIPMENT

Baigiamasis magistro darbas

Technologijos m

Vilnius, 2009

TVIRTINU

s)

2009_________

Vadovas doc. dr. Dainius Udris ________ _________

Konsultantas  ______  _______  

Konsultantas  _____
 (Data)



3

Vilniaus Gedimino technikos universitetas

Elektronikos fakultetas

Automatikos katedra

ISBN         ISSN

Egz. sk. 3

Data 2009-05-25

Automatikos 

Pavadinimas: ozicionavimo pavaros tyrimas

Autorius: Simas Armonas

Kalba

X

Anotacija

–
 dalyje aptariamas  

 stendo veikimo principas, naudojama kalibravimo metodika, 
.  dalyje 

pateikiamos  modernizuotos pavaros valdiklio schemos. Taip pat 

mo 
.

adas, , tyrimo tikslas ir 
, ,  ir . 

Darbo apimtis – 60p. tek , 8 8



4

Vilnius Gediminas Technical University

Faculty of Electronics

Department of Automation

ISBN       ISSN

Copies No. 3

Date  ….-….-….

Master Degree Sudies  Automation study programme Master’s thesis.

Title: Analysis of Stepper Gear Used in Geodesic Equipment

Author Simas Armonas Academic supervisor Assoc Prof Dr Dainius Udris

Thesis language

Lithuanian

Foreign (English)

X

Annotation

This postgraduate thesis is about analysis and modernization of positioning gear, used in 
geodesic equipment. Old gear used in the rig is very slow and not accurate. Mission of this 
work is to make gear faster and more accurate. The theoretical path consists of geodesic 
equipment calibration methods, principles of rig operation, analysis of stepper motor dynamic 
characteristics. Experimental path consists of: principal and function diagrams of stepper gear 
driver, program algorithms, and parameters investigation of all working modes of the gear.  
The most modern methods is used in renewed gear, the precision inceased 30 times.

Structure: introduction, analysis of literature about stepper gear, intentions and tasks of 
analysis, theoretical path, experimental path,  conclusions and suggestions, references.

Thesis consist of: 60 p. text without appendixes, 15 pictures, 8 tables, 37 bibliographical 
entries.

Appendixes included.

Keywords: stepper gear, microstep, driver, stepper motor, gear processing modes, analysis of 
stepping characteristics.



5

Turinys 

............................................................................................................................................ 1
......... 2
.........2

1.2. Darbas atviroje sistemoje …………………………………………………………….......... 3
……………………………………………………………............3

1.4. Dydis ir galia  ………………………………………………………………………............7
........7

.......... 7
...........8
......... 9

……………………………………………………………...........10
2. Tyrimo tikslas  …………………………………………………………………………......... 13
3. ........14
3.1. Geodezijos prietaiso kalibravimui keliami reikalavimai .......................................................14
3.2. ......... 16

.......... 19
…………………………………………………………........ 29

4.1. Pozicionavimo sistemos schemos modernizacija ……………………………………......... 29
........ 32
........33

4.3. Val .......37
........ 45

................................. 61
........62



1

programuojamos technikos kainai. 

io privalumas –

naudojant programuojamus universalius mikrovaldiklius.  

Tokios pavaros

mirkvaldiklio programos. 

–

ant jos valdymo impulsus.  

Darbo tikslas –

tikslumui. 

Modernizuotoje pavaroje

32 dalis. Naudojant mikro
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–

kirtumas –

1.1.

 Privalumai: 

1.

2. senoje, jeigu apvijoms tiekiama energija.

3. –

4.

5. Labai didelis patik

6.

7. Galima pasiekti labai ma

prie rotoriaus. 

8.

1. riklis gali praleisti 

2.

3.

6, 9].
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1.2. Darbas atviroje sistemoje 

1.3.

Ø

Ø tiniais magnetais;

Ø

–

nuolat

9]. 
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tin can  arba canstock

–

k
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1.3.2 pav. variklio su nuolatiniais magnetais sandara [6, 9]

Hibridinis variklis

–

Tokio variklio skerspj
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i 

–

nuolatiniais magnetais rotorius. Tokio tipo variklio pri
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1.4.  Dydis ir galia

– –

s

[6, 9].

1.5.

variklio ro

Ia, Ib

1.5.1.

–Imax arba +Imax

Ia ir Ib

vektorius vadinamas fazoriumi.  Kampas –
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1.5.1.1

1.5.1.2 pav. Viso

;22
ba III +=                                       (1.5.1.1)

.







=

a

b

I

I
arctgθ                                                      (1.5.1.2)

1.5.2

–Imax, +Imax, 0. Skirtingai 

ngsnio metu sukimo 

momentas per 

diagrama 1.5.2.2 pav.  

Ib

Ia

t

t

+Ia

+Ib

–Ia

–Ib
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1.5.2.1 pa

1.5.2.2

1.5.3

–Imax, +Imax

2

Ib

Ia

t

t

+Ia

+Ib

–Ib

–Ia
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1.5.3.1

1.5.3.2

1.5.4

–

o

o

Ib

Ia

t

t

+Ia

+Ib

–Ib

–Ia
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1.5.4.1 –

1.5.4.2 pav

–

–

2

Ib

Ia

+Ia

+Ib

–Ib

–Ia
t

t
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1.5.4.3 –

1.5.4.4

modeliu.  

Ib

Ia

t

t

+Ia

+Ib

–Ib

–Ia
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2 Tyrimo tikslas

–

-

PK266-

mo tyrimas pateiktas 4 skyriuje. 
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tikslumui, au

3.1.   Geodezijos prietaiso kalibravimui keliami reikalavimai

nustatyti geodezinio prietaiso netikslumus viso horizontalaus rato matavimuose, reikalingi 

didesniu tikslumu nei derinamojo

standartiniai nuokrypiai pateikti 3.1.1

Prietaiso modelis

Leica

Leica TPS403/5/7 3", 5", 7"

Leica TPS702/3/5 2", 3", 5"

Leica TPS802/3/5 2", 3", 5"

Leica  TPS1201/2/3/5 1", 2", 3", 5"

Leica TPS5000 0.5”

Leica  TCA1800 1"

Leica  TCA2003 0.5"

Trimble

Trimble M3 3", 5"

Trimble 3601/2/3/5 1,5", 2", 3", 5"

Prietaiso modelis

Trimble

Trimble 5603/5 3", 5"

Trimble S6 DR3000+ 2", 3", 5"
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Trimble S6 “High precision” 1"

Sokkia

Sokkia SRX1/2/3/5 1", 2", 3", 5"

Sokkia 030R SET1/2/3 1", 2", 3"

Sokkia 130R SET1/2/3/4 1", 2", 3", 5"

Sokkia 30RK SET2/3/5 2", 3", 5"

Sokkia 30R SET2/3/5/6 2", 3", 5", 6"

Sokkia 10K SET2/3/5/6 2", 3", 5", 6"

Sokkia 10 SET2/3/5/6 2", 3", 5", 6"

Sokkia 200 NET1 1"

Sokkia 100M NET1 1"

Topcon

Topcon DT202/5/7/9 2", 5", 7", 9"

Topcon GTS233/5/6/9N 3", 5", 6", 9"

Topcon GPT3002/3/5/7(L)N 2", 3", 5", 7"

Topcon GPT7001/2/3/5 1", 2", 3", 5"

Topcon GPT8201/2/3/5A 1", 3", 2", 5"

Topcon GPT9001/3/5A 1", 3", 5"

Hewlett – Packard

HP 3820A Elect. Total St. 2"

1.

•

•

• [36].

2. Trigonometrinis metodas (kampo radimas pagal linijinius matavimus).

3.

•

•  [36].
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1) poligonas/autokolimatorius;

2) Muro (angl. Moore) tikslumo indeksas;

3) mikroskopai;

4) kampiniai enkoderiai;

5) laser gyro) [36].

analizuojamos toliau tiriamojoje dalyje.

– horizontaliuoju kampu) [36]. 

6

7

8

5

9

10

4

3

2

1

3.2.1 pav. Testavimo stendo veikimo principas: 1– testuojamojo prietaiso tribrachis, 2–

testuojamas prietaisas (teodolitas, tacheometras, kt.), 3– laikiklis, 4– stacionarioji stendo dalis 

5– besisukantis diskas su skale, 6– kompiuteris 7–kampinis enkoderis, 8– enkoderio/variklio 

– – [36]
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Testavimo stendo veikimo principas yra tipinis – testuojamojo prietaiso tribrachis (1, 3.2.1 

pritvirtinamas prie stacionariosios stendo dalies (4) su specialiu laikikliu (3). 

Testavimo/kalibravimo proceso m

nejudamosios dalies –

veikimui, a

palyginami su pasisukusio disko pozicijos informacija (etaloniniu kampu)

skirtumus galima aptikti geodezinio prietaiso paklaidas ir nukrypimus.

ad linijinis 

µ20 m [36].

2

2

max
2 R

a

⋅
=δϕ , (3.2.1)

a - linijinis nelygiagretumas (mm), R – 480=R mm).

41079,1 −⋅

paklaida, priklausanti nuo nelygi

π2

[36]. 

mµ1 . 

nenustatytam ekscentricitetui:

R

e
arcsinmax =δϕ , (3.2.2)

e – ekscentricitetas (mm), R – 480=R mm).
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do ekscentricitetui yra 0,429 arc sec. 

metu [36].
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m

 fiktyvia m + 1 

ij [5, 29]:  

,)(
1

1
j

m

j
kjk iL θψ ∑

+

=

=  (3.3.1)

)(θkjL – k ir j θ , 

k= 1, 2,…, m+1 –

 lygtys: 










=+

=+

;

;

2

2

MM
dt

d
J

u
dt

d
ri

a
M

k
k

kk

θ

ψ

                                                        (3.3.2)

rk –k 

uk –k 

J – rotoriaus inercijos momentas,

Ma – apkrovos momentas,

M – elektromagnetinis momentas.
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Daugiapo

p )(θMM =

θ  [5, 29] :

;)(
θ

θ
d

dW
pM m=                                                        (3.3.3)

.
)(

22
)(

1

,

1

1
∑∑

++

=

===
m

kj

kj
kj

m

k

k
k d

dL
ii

p

d

d
i

p
MM

θ
θ

θ
ψ

θ                                      (3.3.4)

constim =+1 , sudaromos tokios 











=+

=++

∑

∑∑
+

=

+

==

.
2

;

1

1,
2

2

1

11

θ
θ

θ
θ

d

dL
ii

p
M

dt

d

P

J

u
d

dL
i

dt

d

dt

di
Lir

kj
k

m

kj
ja

k
kj

m

j
j

j
m

j
kjkk

                                        (3.3.5)

0ω  apie savo stabilaus darbo 

Ma

,0sinmax

..

=+ mm pMJ θθ                                                       (3.3.6)
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Mmax –

q m mm pp θθ ≈sin

0max
..

≅+ θθ
j

M
m

J

pM
j max

2,1,0 ±=ω  modulis ir bus rotoriaus 

;max
0 J

pM
=ω                                                               (3.3.7)

rezω

 Sudaryk m

pirmos

tyrimui [5, 29]

Tegul:

L11 = L22 = Ls = const,

L33 = Lp = const,

L12 = L21 = L32 = L23 = Mm cos q ,

L31 = L13 = Mm sin q , r1 = r2 = r, 

i3 = const;

Mm –
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1. –1) gaunama [5, 29]: 

,1
1

12

1

2

1
111 u

d

dL
i

dt

d

dt

di
Lir j

j
j

j

j
j =++ ∑∑

+

== θ
θ

                                                (3.3.8)

1
13

3
12

2
11

1
2

12
1

111 u
d

dL
i

d

dL
i

d

dL
i

dt

d

dt

di
L

dt

di
Lri =






 +++++

θθθ
θ

nariai ,0,0,0 12
2

11
1

2
12 ===

θθ d

dL
i

d

dL
i

dt

di
L  tai

.cos 13
1

1 u
dt

d
Mi

dt

di
Lri ms =++

θθ                                              (3.3.9)

–

,2
2

12

1

2

1
222 u

d

dL
i

dt

d

dt

di
Lir j

j
j

j

j
j =++ ∑∑

+

== θ
θ

                                       (3.3.10)

2
23

3
22

2
21

1
2

22
1

212 u
d

dL
i

d

dL
i

d

dL
i

dt

d

dt

di
L

dt

di
Lri =






 +++++

θθθ
θ

nariai  ,0,0,0 22
2

21
1

1
21 ===

θθ d

dL
i

d

dL
i

dt

di
L  tai

23
2

2 )sin( uMi
dt

d

dt

di
Lri ms =−++ θθ

                                        (3.3.11)

–2) gaunama [5, 29]: 
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.sincos(

)sincossincos(
2

)(
2

)

(
2

2

213

31313231
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33

32
32
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31

23
23

22
22
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21

13
13

12
12

11
11

3

1,
2

2

θθ

θθθθ

θθθθ

θθθθ

θθθθθ

θ
θ

iiMpi

MiiMiiMiiMii
p

d

dL
ii

d

dL
ii

d

dL
ii

d

dL
ii

p
d

dL
ii

d

dL
ii

d

dL
ii

d

dL
ii

d
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ii

d

dL
ii

d

dL
ii

d

dL
ii

d

dL
ii

p

d

dL
ii

p
M

dt

d

p

J

m

mmmm

kj

kj
kja

−=

=−+−=

=+++=

=++++

+++++=

==+ ∑
=

                  (3.3.12)

.033
33

22
22

21
21

12
12

11
11 =====

θθθθθ d

dL
ii

d

dL
ii

d

dL
ii

d

dL
ii

d

dL
ii

Sutvarkius (3.3.9), (3.3.11), (3.3.12) lygtis, gaunama [5, 29]: 















−=+

=−+

=++

);sincos(

;sin

;cos

212

2

2
2

2

1
1

1

θθψθ

θθψ

θθψ

iipM
dt

d

p

J

u
dt

d

dt

di
Lri

u
dt

d

dt

di
Lri

ma

ms

ms

(3.3.13)

mm Mi3=ψ –

pavartojama kampo funkcija θ 1[5, 29]. 

.1 dt

dθθ = (3.3.14)
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[ ]


















−−=

−−=

−−=

=

).cos(
1

);cos(
1

;)sincos(
1

;

122
2

111
1

21
1

1

θθψ

θθψ

θθψ
θ

θθ

m
s

m
s

am

riu
Ldt

di

riu
Ldt

di

pMii
Jdt

d
dt

d

(3.3.15)

t), i1(t), i2(t

kai 1- –

ri1 = u1, i1 = u1/r,

ri2 = u2, i2 = u2/r.

–

;)sincos(
1

21 am Muup
r

=− θθψ

(3.3.16)

arba:

( ) .sincos 21 C
p

rM
uu

m

a ==−
ψ

θθ (3.3.17)

C = 0. Tai gali atsitikti tada, kai apkrovos momentas Ma = 0, 

r = 0, p = ∞  , Y m = ∞

,0)sincos( 21 =− θθ uu                 (3.3.18)
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su sprendiniu .arctan
2

1

u

u
=θ   (3.3.19)

C ≠

naudojamasi programa „Scientific Notebook

Cuu =− )sincos( 21 θθ (3.3.20)

( )

( )
;

.
1

arctan

4
2

22
2

2
2

2
112

2
2
1

2

4
2

22
2

2
2

2
112

2
2
1

1















+−±
+

+−±
+

+−
=

uCuuuCu
uu

u

uCuuuCu
uu

u
c

θ (3.3.21)

,
2

,
4

,0,
4

,
2

ππππ
−−  nes 

funkcijos vienetiniai argumentai u1 ir u2

δ

priklauso ne vien tik nuo u1 ir u2

parametru C [5, 29]. 

m = 2 [3, 4]. Kai 

u1 1, statoriaus 

mag 1

momentas  [5, 29]:

.sinmax θMM s = (3.3.22)
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3.3.2 pav. Valdymo kryptys

Be stabdymo momento (Ma = 1

1 2  o 2 1

prijungus –u1, rotorius pasisuks toliau 90o 1 2 jungus –u2, 

rotorius pasisuks dar 90o u1| = |u2|, 

+1, +2, –1, –2.

 o · 4 = 360 o 2

(+1, +2), (–1, +2), (-1, –2), (+1, –2).

 o omis 

valdymo algoritmu [5, 29]: 

+1, (+1, +2), +2, (+2, –1), –1, (–1, –2), –2, (–2, +1).

Ma, tai perjungiant fazes, rotorius atsiliks nuo 

MVJ vektoriaus apkrovos kampu [5, 29]:

.arcsin
max









=

M

M a
aθ (3.3.23)

w0

atsirasti, kai
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.
4

1

24

1

00
0 f

Tta ==≈
ω
π

(1.6.24)

, jei kitas valdymo 

t1 = 2ta. Galima 

29]: 

04
1

f
t

f
a

=> ;

02
2

1
f

t
f

a

== ;

04

1
f

t
f

a

=≈ ;

pert
f

1
< ,

tper – . 

Kai f = 2f0, kiekviena kita komanda papildomos energijos sistemai netiekia, nes tos komandos 

pasirodymo momentu t1 = 2ta ina 

29]. 
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Kai f < 1/tper

29]. 
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4.

valdymo metodas,  pateikiamas programos fragmentas, aptariama modernizacija bei pakeitimai. 

–18075 ir Vexta PK266–02B dirbant su suprojektuota 

4.1.   Pozicionavimo sistemos schemos modernizacija

Impulso 

4.1.1

4.1.2
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4.1.3 pav. Princi
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4.1.4
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4.1.1.

Valdymo schemoje naudojamas PIC18C452 mikrovaldiklis ir valdiklis L298, turintis du H tiltus 

varikliui valdyti. 

EN1 ir EN2 signalai aktyvuoja tranzistorinius tiltus L298 mikroschemoje. Atitinkamai prijungti 

452 

Kiekvienas

– nuo viso 

main oscilator). 

Sumontuotos valdymo schemos vaizdas pateiktas 4.1.5 pav. 
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4.1.5 pav. Sumontuota valdymo schema

prikl

dinamikai.) 

,sinmax θ⋅= II a                         (4.2.1)  

,cosmax θ⋅= II b                                                            (4.2.2)   
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Ia – Ib – Imax –

θ –

( ) ( ) .cossincossin 22
max

2
max

2
max θθθθ +⋅=+⋅= IIII stator                         (4.2.3)

θ , srauto ir momento  atitinkamai 

Imax yra sukuriamas esamame kampe θ

pvijoje 

θ

Toks metodas pavaizduotas 4.2.2 paveiksle. 
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–4.2.5 
paveiksluose.

4.2.3 pav. CPP1 ir CNT1 oscilograma 
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4.2.4 pav. CCP2 ir CNT2 oscilograma

4.2.5 pav. CNT1 ir CNT2 oscilograma
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o. Matavimai 
atlikti su oscilografu HAMEG HM303–6.

8F452 mikrovaldiklio programos fragmentas, 

;*******************************************************************************

aip pat 

;*******************************************************************************

CCP1_INCREASE

TBLRD*+

movff TABLAT,CCPR1L

TBLRD*+

bcf CCP1CON,

bcf CCP1CON,5

movf TABLAT,0

iorwf CCP1CON,1

btfsc FLAG_BYTE,3

return

;*******************************************************************************
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*************
********

CCP1_DECREASE

TBLRD*–

bcf CCP1CON,4

movf TABLAT,0

iorwf CCP1CON,1

TBLRD*–

movff TABLAT,CCPR1L

btfsc FLAG_BYTE,3

return

;*******************************************************************************

;*******************************************************************************

CCP2_INCREASE

TBLRD*+

TBLRD*+ ;(10 bits)of CCP2

bcf CCP2CON,4

bcf CCP2CON,5

movf TABLAT,0

iorwf CCP2CON,1

btfsc FLAG_BYTE,3

return
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;*******************************************************************************

2L ir CCP2CON<5:4> registrus, taip pat 

;*******************************************************************************

CCP2_DECREASE

TBLRD*–

bcf CCP2CON,4

bcf CCP2CON,5

movf TABLAT,0

iorwf CCP2CON,1

TBLRD*–

movff TABLAT,CCPR2L

btfsc FLAG_BYTE,3

return

;*******************************************************************************

paprogramyje

;*******************************************************************************

point_to_begining_of_table

TBLRD*+

TBLRD*+

TBLRD*+

call table_adjus

btfsc FLAG_BYTE,3

return

;*******************************************************************************
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paprogramyje

;*******************************************************************************

point_to_end_of_table

TBLRD*–

TBLRD*–

TBLRD*–

btfsc FLAG_BYTE,3

call 

return

;*******************************************************************************

–

;*******************************************************************************

table_adjust_positive

movf STEP_JUMP,W

dcfsnz WREG,F ;W= STEP_JUMP–1

return

rlncf WREG,W ;W=(STEP_JUMP–1)*2

bcf STATUS,C

addwfc TBLPTRL,F ;TablePointer= Table_pointer+W

clrf WREG

addwfc TBLPTRH,F

addwfc TBLPTRU,F

return

;*******************************************************************************

–
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;*******************************************************************************

table_adjust_negative

movf STEP_JUMP,W

dcfsnz WREG,F ;W= STEP_JUMP–1

return

rlncf WREG,W ;W=(STEP_JUMP–1)*2

bsf STATUS,C

subwfb TBLPTRL,F ;TablePointer= Table_pointer–W

clrf WREG

subwfb TBLPTRH,F

subwfb TBLPTRU,F

return

;*******************************************************************************

;*******************************************************************************

CCP1_HIGH_CCP2_LOW

movlw 0x0FF ;Set CCPR1L 100% duty cycle

movwf CCPR1L ;8MSB’s of duty cycle

movlw 0x30 ;2 LSB’s at CCPxCON<5:4>

iorwf CCP1CON,F

movlw 0X0 ;Set CCP2 duty cycle to 0%

movwf CCPR2L

movlw 0X0CF

andwf CCP2CON,F

return

;*******************************************************************************
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;*******************************************************************************

CCP1_LOW_CCP2_HIGH

movlw 0x %

movwf CCPR1L ;8MSB’s ciklo

movlw 0x0CF ;2 LSB’s at CCPxCON<5:4>

andwf CCP1CON,F

movlw 0X0FF ;nustatyti CCP2 100% ciklo

movwf CCPR2L

movlw 0X030

iorwf CCP2CON,F

return

;*******************************************************************************

;*******************************************************************************

SET_ADC_GO

call CALCULATE_RPM1

btfss ADCON0,GO

return

;*******************************************************************************

;*******************************************************************************

CALCULATE_RPM1

clrf TEMP

clrf TEMP1

movf RPM_VALUE+1,W



43

btfsc STATUS,Z

incf RPM_VALUE+1,F

movlw 0x2F

movwf TEMP_LOCATION

movlw 0xAE

movwf TEMP_LOCATION+1

continue_subtraction1

bsf STATUS,C

movf RPM_VALUE+1,W

subwfb TEMP_LOCATION+1,F

movlw 0x0

subwfb TEMP_LOCATION,F

btfss STATUS,C

goto keep_result_in_rpm1

incf TEMP,F

btfsc STATUS,C

incf TEMP1,F

goto continue_subtraction1

keep_result_in_rpm1

;Timer0 value = FFFF–Timer0

rlcf TEMP,F

rlcf TEMP1,F

bcf STATUS,C

rlcf TEMP,F

rlcf TEMP1,F

bsf STATUS,C

movlw 0xFF

subfwb TEMP,F

subfwb TEMP1,F
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movff TEMP1,SPEED_REF_H

movff TEMP,SPEED_REF_L

return

;*******************************************************************************

;*******************************************************************************

TABLE code 0x02A0

sine_table 

db 0x00,0x00,0x20,0x30,0x34,0x20,0x42,0x10,0x50,0x00,0x5C,0x10,0x68,0x20

db 0x74,0x30,0x80,0x30,0x8C,0x30,0x98,0x30,0xA4,0x20,0xB0,0x10,0xC3,0x10

db 0xD6,0x20,0xEA,0x20,0xFF,0x30

;*******************************************************************************

Visa programa asemblerio kodu pateikta darbo priede.
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 gauti 

–F–3600–

Densitron DSM5750H–18075 ir Vexta PK266–02B. 

4.4.1 p

4.4.2 pav.  A36–F–3600–5V kampamatis
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4.4.1–4.4.6   

ngsnio, 1/4 

o

DENSITRON VEXTA

Kampas
kampas

Kampas
kampas

1 1,833 1,83 1,800 1,8
2 3,533 1,867 3,600 1,800
3 5,400 1,767 5,400 1,800
4 7,167 1,766 7,167 1,767
5 8,933 1,800 8,967 1,800
6 10,733 1,800 10,767 1,800
7 12,533 1,834 12,533 1,767
8 14,367 1,766 14,333 1,800
9 16,133 1,800 16,133 1,800
10 17,933 1,834 17,933 1,800
11 19,767 1,800 19,733 1,800
12 21,567 1,766 21,533 1,800
13 23,333 1,800 23,333 1,800
14 25,133 1,834 25,133 1,800
15 26,967 1,800 26,933 1,800
16 28,767 1,867 28,733 1,800

o

DENSITRON VEXTA

Kampas
kampas

Kampas
kampas

1 0,900 0,9 0,967 0,967
2 1,800 0,900 1,800 0,833
3 2,767 0,967 2,733 0,933
4 3,633 0,867 3,600 0,867
5 4,500 0,867 4,567 0,967
6 5,433 0,933 5,400 0,833
7 6,400 0,967 6,333 0,933
8 7,200 0,800 7,200 0,867
9 8,067 0,867 8,167 0,967
10 8,867 0,800 9,000 0,833
11 9,800 0,933 9,933 0,933
12 10,800 1,000 10,800 0,867
13 11,633 0,833 11,767 0,967
14 12,500 0,867 12,633 0,867
15 13,417 0,917 13,533 0,900
16 14,400 0,983 14,433 0,900
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o

DENSITRON VEXTA

Kampas
kampas

Kampas
kampas

1 0,567 0,567 0,633 0,633
2 0,933 0,367 1,333 0,700
3 1,267 0,333 1,633 0,300
4 1,733 0,467 1,833 0,200
5 2,233 0,500 2,433 0,600
6 2,633 0,400 3,133 0,700
7 2,967 0,333 3,400 0,267
8 3,533 0,567 3,633 0,233
9 4,133 0,600 4,233 0,600
10 4,533 0,400 4,967 0,733
11 4,867 0,333 5,233 0,267
12 5,367 0,500 5,433 0,200
13 5,867 0,500 6,067 0,633
14 6,233 0,367 6,733 0,667
15 6,633 0,400 7,033 0,300
16 7,200 0,567 7,233 0,200

o

DENSITRON VEXTA

Kampas
kampas

Kampas
kampas

1 0,167 0,167 0,433 0,433
2 0,333 0,167 0,700 0,267
3 0,533 0,200 0,833 0,133
4 0,833 0,300 0,967 0,133
5 1,100 0,267 1,067 0,100
6 1,333 0,233 1,167 0,100
7 1,533 0,200 1,400 0,233
8 1,733 0,200 1,767 0,367
9 1,867 0,133 2,200 0,433
10 2,033 0,167 2,433 0,233
11 2,300 0,267 2,600 0,167
12 2,633 0,333 2,733 0,133
13 2,967 0,333 2,833 0,100
14 3,233 0,267 2,933 0,100
15 3,433 0,200 3,167 0,233
16 3,600 0,167 3,567 0,400
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o

DENSITRON VEXTA

Kampas
kampas

Kampas
kampas

1 0,100 0,100 0,200 0,200
2 0,167 0,067 0,433 0,233
3 0,233 0,067 0,567 0,133
4 0,333 0,100 0,700 0,133
5 0,400 0,067 0,800 0,100
6 0,500 0,100 0,833 0,033
7 0,600 0,100 0,933 0,100
8 0,733 0,133 0,967 0,033
9 0,933 0,200 1,033 0,067
10 1,100 0,167 1,067 0,033
11 1,233 0,133 1,133 0,067
12 1,433 0,200 1,200 0,067
13 1,567 0,133 1,267 0,067
14 1,700 0,133 1,400 0,133
15 1,833 0,133 1,567 0,167
16 1,900 0,067 1,800 0,233

o

DENSITRON VEXTA

Kampas
io 

kampas
Kampas

kampas
1 0,067 0,067 0,067 0,067
2 0,133 0,067 0,133 0,067
3 0,167 0,033 0,200 0,067
4 0,233 0,067 0,267 0,067
5 0,333 0,100 0,333 0,067
6 0,400 0,067 0,400 0,067
7 0,433 0,033 0,433 0,033
8 0,533 0,100 0,467 0,033
9 0,567 0,033 0,500 0,033
10 0,633 0,067 0,533 0,033
11 0,667 0,033 0,567 0,033
12 0,733 0,067 0,600 0,033
13 0,767 0,033 0,633 0,033
14 0,833 0,067 0,667 0,033
15 0,867 0,033 0,700 0,033
16 0,933 0,067 0,733 0,033
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4.4.6 nys
DENSITRON VEXTA

Kampas
kampas

Kampas
kampas

17 0,967 0,033 0,800 0,067
18 1,000 0,033 0,833 0,033
19 1,033 0,033 0,900 0,067
20 1,067 0,033 0,967 0,067
22 1,133 0,067 1,033 0,067
23 1,167 0,033 1,100 0,067
24 1,200 0,033 1,167 0,067
25 1,233 0,033 1,233 0,067
26 1,300 0,067 1,267 0,033
27 1,333 0,033 1,333 0,067
28 1,400 0,067 1,400 0,067
29 1,433 0,033 1,433 0,033
30 1,533 0,100 1,500 0,067
31 1,567 0,033 1,567 0,067
32 1,667 0,100 1,633 0,067

Pagal 4.4.1,

pavaizduoti 4.4.3, 4.4.4, 4.4.5, 4.4.6, 4.4.7, 4.4.8 pav. 
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
0,0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9
1,0
1,1
1,2
1,3
1,4
1,5
1,6
1,7
1,8
1,9
2,0

Zingsnis

VEXTA
DENSITRONdeg

             4.4.7 Viso apsisukimo matavimas vis

DENSITRON VEXTA

Kampas
kampas

Paklaida Kampas
Kampas

Paklaida

1 1,833 1,830 0,030 1,800 1,800 0,000

2 3,533 1,867 0,067 3,600 1,800 0,000

3 5,400 1,767 –0,033 5,400 1,800 0,000

4 7,167 1,766 –0,034 7,167 1,767 –0,033

5 8,933 1,800 0,000 8,967 1,800 0,000

6 10,733 1,800 0,000 10,767 1,800 0,000

7 12,533 1,834 0,034 12,533 1,766 –0,034

8 14,367 1,766 –0,034 14,333 1,800 0,000

9 16,133 1,800 0,000 16,133 1,800 0,000

10 17,933 1,834 0,034 17,933 1,800 0,000

11 19,767 1,800 0,000 19,733 1,800 0,000

12 21,567 1,766 –0,034 21,533 1,800 0,000

13 23,333 1,800 0,000 23,333 1,800 0,000

14 25,133 1,834 0,034 25,133 1,800 0,000

15 26,967 1,800 0,000 26,933 1,800 0,000
16 28,767 1,867 0,067 28,733 1,800 0,000
17 30,597 1,830 0,030 30,533 1,800 0,000
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DENSITRON VEXTA

Kampas
kampas

Paklaida Kampas
Kampas

Paklaida

18 32,464 1,867 0,067 32,333 1,800 0,000
19 34,231 1,767 –0,033 34,133 1,800 0,000
20 35,997 1,766 –0,034 35,900 1,767 –0,033
21 37,797 1,800 0,000 37,700 1,800 0,000
22 39,597 1,800 0,000 39,500 1,800 0,000
23 41,431 1,834 0,034 41,266 1,766 –0,034
24 43,197 1,766 –0,034 43,066 1,800 0,000
25 44,997 1,800 0,000 44,866 1,800 0,000
26 46,831 1,834 0,034 46,666 1,800 0,000
27 48,631 1,800 0,000 48,466 1,800 0,000
28 50,397 1,766 –0,034 50,266 1,800 0,000
29 52,197 1,800 0,000 52,066 1,800 0,000
30 54,031 1,834 0,034 53,866 1,800 0,000
31 55,831 1,800 0,000 55,666 1,800 0,000
32 57,698 1,867 0,067 57,466 1,800 0,000
33 59,528 1,830 0,030 59,266 1,800 0,000
34 61,395 1,867 0,067 61,066 1,800 0,000
35 63,162 1,767 –0,033 62,866 1,800 0,000
36 64,928 1,766 –0,034 64,633 1,767 –0,033
37 66,728 1,800 0,000 66,433 1,800 0,000
38 68,528 1,800 0,000 68,233 1,800 0,000
39 70,362 1,834 0,034 69,999 1,766 –0,034
40 72,128 1,766 –0,034 71,799 1,800 0,000
41 73,928 1,800 0,000 73,599 1,800 0,000
42 75,762 1,834 0,034 75,399 1,800 0,000
43 77,562 1,800 0,000 77,199 1,800 0,000
44 79,328 1,766 –0,034 78,999 1,800 0,000
45 81,128 1,800 0,000 80,799 1,800 0,000
46 82,962 1,834 0,034 82,599 1,800 0,000
47 84,762 1,800 0,000 84,399 1,800 0,000
48 86,629 1,867 0,067 86,199 1,800 0,000
49 88,459 1,830 0,030 87,999 1,800 0,000
50 90,326 1,867 0,067 89,799 1,800 0,000
51 92,093 1,767 –0,033 91,599 1,800 0,000
52 93,859 1,766 –0,034 93,366 1,767 –0,033
53 95,659 1,800 0,000 95,166 1,800 0,000
54 97,459 1,800 0,000 96,966 1,800 0,000
55 99,293 1,834 0,034 98,732 1,766 –0,034
56 101,059 1,766 –0,034 100,532 1,800 0,000
57 102,859 1,800 0,000 102,332 1,800 0,000
58 104,693 1,834 0,034 104,132 1,800 0,000
59 106,493 1,800 0,000 105,932 1,800 0,000
60 108,259 1,766 –0,034 107,732 1,800 0,000
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61 110,059 1,800 0,000 109,532 1,800 0,000
62 111,893 1,834 0,034 111,332 1,800 0,000
63 113,693 1,800 0,000 113,132 1,800 0,000
64 115,560 1,867 0,067 114,932 1,800 0,000
65 117,390 1,830 0,030 116,732 1,800 0,000
66 119,257 1,867 0,067 118,532 1,800 0,000
67 121,024 1,767 –0,033 120,332 1,800 0,000
68 122,790 1,766 –0,034 122,099 1,767 –0,033
69 124,590 1,800 0,000 123,899 1,800 0,000
70 126,390 1,800 0,000 125,699 1,800 0,000
71 128,224 1,834 0,034 127,465 1,766 –0,034
72 129,990 1,766 –0,034 129,265 1,800 0,000
73 131,790 1,800 0,000 131,065 1,800 0,000
74 133,624 1,834 0,034 132,865 1,800 0,000
75 135,424 1,800 0,000 134,665 1,800 0,000
76 137,190 1,766 –0,034 136,465 1,800 0,000
77 138,990 1,800 0,000 138,265 1,800 0,000
78 140,824 1,834 0,034 140,065 1,800 0,000
79 142,624 1,800 0,000 141,865 1,800 0,000
80 144,491 1,867 0,067 143,665 1,800 0,000
81 146,321 1,830 0,030 145,465 1,800 0,000
82 148,188 1,867 0,067 147,265 1,800 0,000
83 149,955 1,767 –0,033 149,065 1,800 0,000
84 151,721 1,766 –0,034 150,832 1,767 –0,033
85 153,521 1,800 0,000 152,632 1,800 0,000
86 155,321 1,800 0,000 154,432 1,800 0,000
87 157,155 1,834 0,034 156,198 1,766 –0,034
88 158,921 1,766 –0,034 157,998 1,800 0,000
89 160,721 1,800 0,000 159,798 1,800 0,000
90 162,555 1,834 0,034 161,598 1,800 0,000
91 164,355 1,800 0,000 163,398 1,800 0,000
92 166,121 1,766 –0,034 165,198 1,800 0,000
93 167,921 1,800 0,000 166,998 1,800 0,000
94 169,755 1,834 0,034 168,798 1,800 0,000
95 171,555 1,800 0,000 170,598 1,800 0,000
96 173,422 1,867 0,067 172,398 1,800 0,000
97 175,252 1,830 0,030 174,198 1,800 0,000
98 177,119 1,867 0,067 175,998 1,800 0,000
99 178,886 1,767 –0,033 177,798 1,800 0,000

100 180,652 1,766 –0,034 179,565 1,767 –0,033
101 182,452 1,800 0,000 181,365 1,800 0,000
102 184,252 1,800 0,000 183,165 1,800 0,000
103 186,086 1,834 0,034 184,931 1,766 –0,034
104 187,852 1,766 –0,034 186,731 1,800 0,000
105 189,652 1,800 0,000 188,531 1,800 0,000
106 191,486 1,834 0,034 190,331 1,800 0,000
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107 193,286 1,800 0,000 192,131 1,800 0,000
108 195,052 1,766 –0,034 193,931 1,800 0,000
109 196,852 1,800 0,000 195,731 1,800 0,000
110 198,686 1,834 0,034 197,531 1,800 0,000
111 200,486 1,800 0,000 199,331 1,800 0,000
112 202,353 1,867 0,067 201,131 1,800 0,000
113 204,183 1,830 0,030 202,931 1,800 0,000
114 206,050 1,867 0,067 204,731 1,800 0,000
115 207,817 1,767 –0,033 206,531 1,800 0,000
116 209,583 1,766 –0,034 208,298 1,767 –0,033
117 211,383 1,800 0,000 210,098 1,800 0,000
118 213,183 1,800 0,000 211,898 1,800 0,000
119 215,017 1,834 0,034 213,664 1,766 –0,034
120 216,783 1,766 –0,034 215,464 1,800 0,000
121 218,583 1,800 0,000 217,264 1,800 0,000
122 220,417 1,834 0,034 219,064 1,800 0,000
123 222,217 1,800 0,000 220,864 1,800 0,000
124 223,983 1,766 –0,034 222,664 1,800 0,000
125 225,783 1,800 0,000 224,464 1,800 0,000
126 227,617 1,834 0,034 226,264 1,800 0,000
127 229,417 1,800 0,000 228,064 1,800 0,000
128 231,284 1,867 0,067 229,864 1,800 0,000
129 233,114 1,830 0,030 231,664 1,800 0,000
130 234,981 1,867 0,067 233,464 1,800 0,000
131 236,748 1,767 –0,033 235,264 1,800 0,000
132 238,514 1,766 –0,034 237,031 1,767 –0,033
133 240,314 1,800 0,000 238,831 1,800 0,000
134 242,114 1,800 0,000 240,631 1,800 0,000
135 243,948 1,834 0,034 242,397 1,766 –0,034
136 245,714 1,766 –0,034 244,197 1,800 0,000
137 247,514 1,800 0,000 245,997 1,800 0,000
138 249,348 1,834 0,034 247,797 1,800 0,000
139 251,148 1,800 0,000 249,597 1,800 0,000
140 252,914 1,766 –0,034 251,397 1,800 0,000
141 254,714 1,800 0,000 253,197 1,800 0,000
142 256,548 1,834 0,034 254,997 1,800 0,000
143 258,348 1,800 0,000 256,797 1,800 0,000
144 260,215 1,867 0,067 258,597 1,800 0,000
145 262,045 1,830 0,030 260,397 1,800 0,000
146 263,912 1,867 0,067 262,197 1,800 0,000
147 265,679 1,767 –0,033 263,997 1,800 0,000
148 267,445 1,766 –0,034 265,764 1,767 –0,033
149 269,245 1,800 0,000 267,564 1,800 0,000
150 271,045 1,800 0,000 269,364 1,800 0,000
151 272,879 1,834 0,034 271,130 1,766 –0,034
152 274,645 1,766 –0,034 272,930 1,800 0,000
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153 276,445 1,800 0,000 274,730 1,800 0,000
154 278,279 1,834 0,034 276,530 1,800 0,000
155 280,079 1,800 0,000 278,330 1,800 0,000
156 281,845 1,766 –0,034 280,130 1,800 0,000
157 283,645 1,800 0,000 281,930 1,800 0,000
158 285,479 1,834 0,034 283,730 1,800 0,000
159 287,279 1,800 0,000 285,530 1,800 0,000
160 289,146 1,867 0,067 287,330 1,800 0,000
161 290,976 1,830 0,030 289,130 1,800 0,000
162 292,843 1,867 0,067 290,930 1,800 0,000
163 294,610 1,767 –0,033 292,730 1,800 0,000
164 296,376 1,766 –0,034 294,497 1,767 –0,033
165 298,176 1,800 0,000 296,297 1,800 0,000
166 299,976 1,800 0,000 298,097 1,800 0,000
167 301,810 1,834 0,034 299,863 1,766 –0,034
168 303,576 1,766 –0,034 301,663 1,800 0,000
169 305,376 1,800 0,000 303,463 1,800 0,000
170 307,210 1,834 0,034 305,263 1,800 0,000
171 309,010 1,800 0,000 307,063 1,800 0,000
172 310,776 1,766 –0,034 308,863 1,800 0,000
173 312,576 1,800 0,000 310,663 1,800 0,000
174 314,410 1,834 0,034 312,463 1,800 0,000
175 316,210 1,800 0,000 314,263 1,800 0,000
176 318,077 1,867 0,067 316,063 1,800 0,000
177 319,907 1,830 0,030 317,863 1,800 0,000
178 321,774 1,867 0,067 319,663 1,800 0,000
179 323,541 1,767 –0,033 321,463 1,800 0,000
180 325,307 1,766 –0,034 323,230 1,767 –0,033
181 327,107 1,800 0,000 325,030 1,800 0,000
182 328,907 1,800 0,000 326,830 1,800 0,000
183 330,741 1,834 0,034 328,596 1,766 –0,034
184 332,507 1,766 –0,034 330,396 1,800 0,000
185 334,307 1,800 0,000 332,196 1,800 0,000
186 336,141 1,834 0,034 333,996 1,800 0,000
187 337,941 1,800 0,000 335,796 1,800 0,000
188 339,707 1,766 –0,034 337,596 1,800 0,000
189 341,507 1,800 0,000 339,396 1,800 0,000
190 343,341 1,834 0,034 341,196 1,800 0,000
191 345,141 1,800 0,000 342,996 1,800 0,000
192 347,008 1,867 0,067 344,796 1,800 0,000
193 348,838 1,830 0,030 346,596 1,800 0,000
194 350,705 1,867 0,067 348,396 1,800 0,000
195 352,472 1,767 –0,033 350,196 1,800 0,000
196 354,238 1,766 –0,034 351,963 1,767 –0,033
197 356,038 1,800 0,000 353,763 1,800 0,000
198 357,838 1,800 0,000 355,563 1,800 0,000
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199 359,672 1,834 0,034 357,329 1,766 –0,034
200 361,438 1,766 –0,034 359,129 1,800 0,000
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                                      a)                                                                b)

4.4.8 pav. Varikli diagrama: a) DENSITRON, b) VEXTA 

Paklaida laipsniaisPaklaida laipsniais
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200 1,8o) Densitron variklis pasisuko 361,438o, o Vexta variklis 

359,129o

4.4.8 

tiksliai pasisuko 174 

– 62 kartus. Densitron 
o t.y. 13%, o Vexta 0,033o t.y. 1,83%. Dalinant 

o–0,45o

veiksmais. Taip

nykstamai 
o

savybes. 
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pavara. 

-

atsiranda paklaida net iki 1,5

Pavara tirta naudojant du variklius: Vexta PK266-02B ir Densitron DSM5750H-18075. Tiriant 

valdiklio programos ilgis – kuo programa trump

Vilniaus Gedimino technikos universitete Geodezijos institute vyksta tolimesnis kalibravimo 
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