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Rezumat. In lucrare se preziaitschemele de principiu  Abstract. The paper presents the principle designs of
ale unor aparate pentruisurarea unghiuluyp de arcuire  some measurement devices for fhspring-back angle of

a pieselor Tn forrde V ohinute din tabi prin Tndoiresi the V shaped metal sheet parts obtained by beratidg

se stabilesc refifle pentru calculul preciziei de #aurare  establishes the calculus formulas for their measané

a acestora. precision.
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1. Introducere 1. Introduction
Piesele otinute prin indoire § modifica The parts obtained by bending modify their

dimensiunile dup eliminarea din matfi, ca urmare dimensions after their elimination from the die,
a disparniei deformaiilor elastice care ingesc consequently to the end of the elastic deformations
procesul de deformare (figura 1). Acest fenomerthat accompany the deformation process (figure 1).
este cunoscut sub denumireaadeuire si este pus This phenomenon is known a&pring-back and is

in evidena prin unghiul de arcuirel. Valoarea relieved by the spring-back angie The value of
acestui unghi trebuie cunosgupentru corectarea this angle has to be known for the correction ef th
unghiului Op al pO(:II’lSOﬂUlUiC(p =o — ZB), astfel a, ang|e of the punch()(‘( = q — 2[3)1 thus the
incét piesele almute ¢ rezulte cu precizia implis obtained parts result with the precision requebted
prin desenul de exege. the work drawing.

Figura 1. Schema privind arcuirea pieseloraunuoire
Figure 1. Sketch representing the part’s sprindc-lader bending

Valoarea unghiului de arcuire depinde de The value of the spring-back angle depends on
numerai factori [1, 2, 3], dintre care cei mai several factors [1, 2, 3], among which the most
importarti  sunt: proprieftile mecanice ale important are: the mechanical characteristics ef th
materialului, raza relativde indoirer/g, unghiula  material, the relative bending radidg, thea angle
al piesei, dtimea pieseisi modul de indoire a ofthe part,the parnt’s width andthe type of begdi
acesteia (cu sawrfi calibrare). Avand in vedere (with or without calibration).
multitudinea factorilor de influga, relaiile pentru Considering the number of the influence
calculul unghiului de arcuire prezentate in literat  factors, the formulas for the calculus of the sgrin
de specialitate nu conduc intotdeauna la rezultatback angle presented in the field literature don't
corecte. Determinarea exae unghiului de arcuire always lead to correct values. The exact
se poate realiza numai pe cale experimént@ain  determination of the spring-back angle can only be
masurarea pieselor dghute in anumite coni realized experimentally, by measuring the ohtained
concrete de deformare. parts in certain concrete deformation condiions.
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2. Aparate pentru masurarea unghiului de 2. Devices for the measurement of the
arcuire spring-back angle
Aparatele sunt destinate pentrasurri relative The devices are designed for relative

ale unor nirimi unghiularesi sunt construite pe measurements of angular measures and are built on
principiul amplificirii marimii de masurat. Cu cat the principle of amplification of the measured
raportul de amplificare este mai mare, cu atadamount. As the amplification ratio is bigger, the
precizia de rasurare a aparatului este mai mare.  measurement precision is bigger.

2.1. Aparat simplu pentru masurarea unghiului 2.1.Simple device for the measure ment of the
de arcuire spring-back angle
In figura 2 se prezit[4] schema de principiu a Figure 2 presents the [4] principle design of a

unui aparat, relativ simplu, dtwit din dod parghii  device, relatively simple, composed of two levers 2
2 si 3, asamblate pe placa 1 prin intermediul unuiand 3, assembled on the board 1 using a bolt 4. The
bolt 4. Pérghia 2 este prauia la una din lever 2 is provided at one extremity with a cogged
extremititi cu un sector ditat SD, care angreneaz sector SD that connects with the pinion 7. Together
cu pinionul 7. Solidar cu pinionul 7 este asamblatwith the pinion 7 is assembled the pointer 8 that
acul indicator 8 care #soati valoarea unghiului de measures the value of the spring-back angle on the
arcuire pe scala grada®. Arcul elicoidal 5 arerolul graduated scale 9. The spiral spring 5 has the
de a readuce péarghia 2 in pg@iinitiala, poztie  purpose to reposition the lever 2 in its intial
asigurali prin opritorul 6. position, insured by the stopper 6.

10—

Figura 2. Aparat simplu pentruasurarea unghiului de arcuire
Figure 2. Simple device for the measurement osgrang-back angle

Aparatul are posibilitatea asurarii unghiului The device has the possibility to measure the
de arcuire a pieselor indoite la diferite unghiwj  spring-back angl@ of the parts bent at different
teoretic, cuprinse intre 0° + 180°, prin modifiGare angles, theoretically between 0° =+ 180° by

poziiei parghiei 3 in jurul ballui 4. Fixarea modifying the position of the lever 3 around thét bo
parghiei intr-o anumit poztie se realizeaz cu 4. The adjustment of the lever in a certain pasitio
ajutorulsurubului 10. is realized with the aid of the screw 10.

Reglarea aparatului se realizéazu ajutorul The setup of the device is realized with the aid
poansonului matrei uilizati pentru Tndoirea of the bending die's punch. For this purpose, the
pieselor. In acest scop se aduce parghia 3 Tni@ozi lever 3 is brought inthe position correspondintii®
corespun#tore valorii unghiuluio. al piesei indoite o angle of the bent part and is fixed in this positi
si se fixeaa Tn aceast poztie prin intermediul by the screw 10. Then the punch is laid on the dboar

RECENT, Vol. 8, no. 2 (20), July, 2007 147



Aparate pentru isurarea unghiului de arcuire a pieseloradupdoire

surubului 10. Se ggaz apoi poansonul pe placa 1, 1, in a way that one of the sides is in contad tie
astfel incét una din laturi gie in contact cu parghia lever 3, after which it translates to the righttikthe
3, dupi care se deplaseazprin transld@e, spre other side comes into contact with the lever 2. The
dreapta, panhcand cealai laturd vine ih contact cu fine tuning of the device in the "0" position is
parghia 2. Reglarea finah aparatului in pota "0"  obtained by the rotation of the graded scale tnei
se oline prin rotirea scalei gradate parcand "0" indication arrivesin-line with the pointer rite.
indicatia "0" ajunge in dreptul acului indicator. The amplification of the measured value is

Amplificarea nmarimii de masurat este datde  given by the connection between the cogged sector
angrenajul dintre sectorul dat D si pinionul 7.  SD and the pinion 7. The ratiois determined [5]
Raportul de amplificar& se determia[5] curelaia  with the formula

0

= E ) (1)
unde6 este unghiul cu care se rgte acul indicator wheref is the rotation angle of the pointer needle of
al aparatului. the device.

La masurare, cand parghia 2 se rbee cu During the measurement, when the lever 2
unghiul 23, acul indicator se va roti cu unghiula rotates by the anglg2the pointer needle will rotate
carui valoare se determircu relaia by the anglé which is determined by the formula

g=2RB )
miz

unde R, este raza cercului de divizare al sectorulwhereR; is the radius of the indexing circle of the
dintat SD; m — modulul railor dintate din angrenaj;cogged sector SDn — the module of the cogged

z— numarul de dirti ai pinionului 7. wheels in the connectioa;— the number of cogs for
the pinion 7.
Raportul de amplificare devine The amplification ratio becomes
k=2 (3)
mL¥
Precizia de rissurarei se determii, in acest caz, The measurement precisions determined, in
cu relaia this case, with the formula
=T, (4)
unde y este unghiul la centru corespitmr unei wherey isthe center angle correspondingto a division
diviziuni c a scalei gradatg este dat de refia c of the graded scale and is given by the formula
0
:E ) (5)
unded este unghiul la centru al scalei gradate niawheres is the center angle of the graded scale,rand
este nurarul de diviziuni al scalei gradate. is the division number of the graded scale.
Valoarea unei diviziuni a scalei gradate se The value of a division of the graded scale is
determira cu relaia determined with the formula
o [R
= : (6)
180
undeR este lungimea acului indicator. whereR isthe length of the pointer needle.

Dac se adopt pentru dimensiunile elementelor If the following values are adopted for the
componente ale aparatului valoriRy = 50 mm; dimensions of the device componeriRg:= 50 mm;
z=20;m =1 mmsi y = 1° se otine un raport dez = 20; m = 1 mm andy = 1° the obtained
amplificarek = 10, @ruia 1i corespunde o precizie damplification ratio ik = 10, to whom corresponds a
masurarei =0,1° =6". measurement precision=0,1° =6".

Atunci cand se uréireste o precizie de #&surare When the goal is to oltain a bigger precision, it
mai mare este necefamajorarea raportului deis necessary to increase the amplification ratithef
amplificare al aparatului. Aceasta se poateingb device. This can be obtained by adopting the
adoptand sotiile constructive folosite la alte aparateonstructive solutions used for other measurement
de misura cum sunt comparatorul sau ortotestul.  devices as the comparator or the orthotest.
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2.2. Aparat pentru masurarea unghiului de 2.2. Device for the measurement of the spring-
arcuire construit pe principiul comparatorului back angle built on the comparator principle
Schema unui aparat pentrudisararea unghiului The design for a device for the measurement of
de arcuire care are la Baprincipiul de amplificare the spring-back angle based on the principle of
al comparatorului este prezeriat figura 3. amplification ofthe comparator is shown in figie

|
9
——10
——11
12

13

J

\ — s
Figura 3. Aparat tip "comparator" pentruisararea unghiului de arcuire
Figure 3. "Comparator'-type device for the measumenof the spring-back angle

In acest caz se realizeaa dubk amplificare a In this case, a double amplification of the
marimii de masurat prin angrenajul dintre sectoruheasured value is realized, the connection between
dintat SDsi pinionul 6 avand raportul de amplificaréhe cogged sector SD and pinion 6 having the
ki = 4Ry/(m-z) si respectiv, prin angrenajul dintremplification ratiok; = 4R,/(m-z) and, respectively,
rota dinata 7 si pinionul 12, avand raportul dethe connection between the cogged wheel 7 and the
amplificarek, = z/z; . Raportul total de amplificarepinion 12, having the amplification ratio = z/z; .

al aparatului se deterngircu relaia (7): The total amplification ratio is determined witheth
formula (7):
k=k K, =—R0 22 7)
myy z

Precizia de risurare a acestui aparat este mai The measurement precision of this device is better
burd decéat a celui din figura 2. Astfel, pentru caztihan of the device in figure 2. Thus, for the cater
concret in caredRy = 50 mm;z = 20;2 = 120;z,=20; case whereR, =50 mm;z = 20; z = 120,z = 20;

m =1 mmsi y = 1° raportul de amplificare esten =1 mm ang = 1°, the amplification ratio is= 60,

k = 60, iar precizia de asurare are valoaréa 1". and the measurement precision has the viadug'".
2.3. Aparat pentru masurarea unghiului de 2.3. Device for the measurement of the spring-
arcuire construit pe principiul ortotestului back angle built on the orthotest principle

In figura 4 se prezidtschema unui aparat pentru  Figure 4 presents a device for the measurement
masurarea rarimilor unghiulare construit peofthe angular values, built on the orthotest ppiec
principiul ortotestului. Amplificarea #mimii de The amplification of the measured value is realized
masurat se realizeaz prin  angrenajul dintrethrough the connection between the cogged sectors
sectoarele diate SO si SD,, avand raportul deSD, and SO, having the amplification ratio
amplificare k, = R/R, si angrenajul dintre sectorulk; = R/R, and the connection between the cogged
dintat SD;si pinionul 9 avand raportul de amplificarsector SR and the pinion 9 having the amplification
k, = 4R;/(m2). Raportul total de amplificare akatio k, = 4R;/(m-2). The total amplification ratio of
aparatului este dat de reta the device is given by the formula

RECENT, Vol. 8, no. 2 (20), July, 2007 149




Aparate pentru isurarea unghiului de arcuire a pieseloradupdoire

(8)
I—
Figura 4. Aparat tip ,ortotest” pentruasurarea unghiului de arcuire
Figure 4. ,Orthotest”-type device for the measurendd the spring-back angle
Aparatul construit pe principiul ortotestului The device built on the orthotest principle

asigui precizia de ridssurare cea mai mare. Astfel, insures the best measuring precision. Thus for
pentruR; = 60 mm;R, = 10 mm;R; = 60 mm; R; =60 mm;R, =10 mm;R;= 60 mm;z = 20;
z=20;m =1 mmsi y = 1°, raportul de amplificare m = 1 mm andy = 1°, the amplification ratio is
are valoare& = 720, iar precizia de #isurare este k = 720, and the measurement precision has the

i=5". valuei =5".
3. Concluzii 3. Conclusions
In  practi@ masurarea unghiului pieselor In practice, the measurement of the angle of the

oltinute prin indoire se realizeazcu ajutorul parts obtained by bending is realized with thecdid
raportoarelor (mecanice sau optice), aparate cangrotractors (mechanical or optical), devices that
prezint unele dificuléiti la masuraresi care necest  present certain measurement difficuties and that

0 anumit experiend Tn domeniu. require a certain field experience.

Aparatele care fac obiectul prezentei #fucr The devices concerned in this paper represent
reprezint o alternativi care ofef posibilitatea unor an altermative that offers the possibility of siepl
masurari simplesi cu o precizie suficient de ban measures with a sufficient precision.

De asemenea, domeniul de aplicare al acestor Also, the domain of use of these devices can be
aparate poate fi extinspentru nisurarea preciziei extended also for the measurement of the angular
unghiulare a pieselor gbue prin alte procedee de precision of the parts obtained by other
prelucrare. Varianta construciiva aparatului se va manufacturing methods. The constructive variant of
adopta in funge de precizia de prelucrare a pieselorthe device should be adopted according with the
supuse rasurarii. required precision ofthe measured parts.
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