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1. INTRODUCTION

At assembly of threaded connections are widely used modern high-efficiency equipment, means of automation and intensification, systems for control of parameters of assembly operations and the finished connections. However, in spite of progress in the development of technologies of threaded connections, the labour-output ratio of basic operations of the assembly of threaded details still remain within 35-40%.

Researches of fasteners details with threaded areas are based on the positive characteristics of its assembly and qualitative characteristics of the final connections. Nomenclature of fixing details with thread is constantly improved and expanded. Self-drilling screws, studs, threaded sleeves are the most widely used fasteners details. These fasteners are widely used in mechanical engineering, automobile industry, aircraft building, electrical and instrument engineering, building and other industries [1] (Figure 1). 

[image: image1.png]e Cot e eert Famot Toob Tabe sinom teb

|/ AARBPD %

DEEa8RY I 2B -~ QBEOR

BET o -0,

e I ey

| Elseve Aspor fDeorseting {7 abaus

Heb

SRS i oS eisiieiilsimiuowmwmow

Ty ssesiinats Surgiicuaiiy 0 SMULISURL ML Y 5 it U SO () i kot i

engincering (10), building (6) and other indusrics (3)

Building Other
Instrument &% industries Automobile
engineering industry
10% 42%
Electrical
9%
Mechanical Aircraft
engineering building
16% 14%
o
gostapes- \ N OB 4 @[ >-£-A- =L

[Atspon n7 G2 [ie i o1 [0 Russen®u | GX |





Figure 1. Consumption of fasteners goods by industries

Since in the technological process of creating of threaded connection are combined the receiving of thread, connection and wrench, then these details in threaded pairs can provide the high characteristics of strength, stopping and maintainability. They are used mainly for connecting sheet metal and plastics. Screws of different constructions are applied: for different materials and for materials with different coating, multiple-thread screws, self-drilling screws for sheet metal, etc. Some of them are shown on Figure 2.

Application of this fastener can reduce torques of assembly, reduce the cost of assembly work by eliminating the threaded operations. This type connection is stable to vibrations, allows to do repeated dismantling, and, if necessary, to replace the self-drilling screws on the standard.
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Figure 2. Self-drilling screws of different designs of some manufacturers: a) Self-Drilling screws (Atali Associated Co.); b) Self-Drilling screws (Hi-Tech Fastener); c) Drill-Flex (Elco construction); d) Thread-forming screws for assembling thermoplastics (Camcar Textron).

Analysis of the assembly processes for creating the threaded connections allows determine the basic directions for researching to improve the quality of these type connections:
1. Research the operating characteristics of final connections;

2. Research the design parameters of self-drilling screws and connecting details;

3. Research the characteristics of assembly operations: the errors of relative orientation, schemes for basing the details, methods of orientation etc. [2];

4. Research the problems of interchangeability of parts during the assembly, accuracy of preparation of bores, thread tolerances;

5. Research the possibilities of automation assembly processes for creating the threaded connections by based on automated equipments, for example, rotor lines;

6. Development of multifunctional tool sets for assembly.

So, in this article the problem of necessity to search for the ways of improvement of accomplishment quality of the threaded connections from plastic automated assembly, because it is necessary to prevent the process of unscrewing of a threaded connection using higher material inputs. 

2. DESIGN PARAMETERS OF THE THREADED CONNECTIONS FROM PLASTIC FOR AUTOMATED ASSEMBLY ON ROTORS

The connection of details using self-drilling screws is rather cheap and simple screw’s connection method. Using this method the operation of details’ forming is simplified and there is no need for cutting the wreath. An advantage of such connections is that fastened elements could be mounted with necessary tension. Because there is no gap between screw and screw’s bore the vibration stability of the connection is much better [3]. When using the self- drilling screws for joining details of polymers, smooth bores with round or square cross-cut are made. In the details made of thermoplastic by the pressure-casting, for the self-drilling screws special rising ground is necessary to be prepared. The form of this rising ground must be close to the cylindrical. In this case it is easier to make the casting form. The main preconditions for the effective work of the rising ground are necessary thickness, quite big outer diameter D, optimal bore diameter dbore and optimal screwing depth lth. (Figure 3)
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Figure
3. Design parameters of rising ground

The thickness of the rising ground’s wall directly influences the strength of the connection. Thick wall allows to apply quite a big radial load, but such construction makes the detail’s casting process more expensive because of its duration. The quality of the detail’s surface also could be dependent on the wall’s thickness. It is necessary to mention that too big thickness of the rising ground could lead to local thickeners and it is not desirable. That’s why from one hand it is necessary to satisfy strength requirements, but from the other – it is required to coordinate rising ground’s construction with the possibilities of the pressure-casting process.

The outer diameter’s D size must be chosen taking into account the diameter of the used self-drilling screw and detail’s wall thickness W. Some values of self-drilling screw, wall thickness and bore’s outer diameter are showed in the Table 1.

Table 1

The relationship between the design parameters of self-drilling screw and rising ground

	( self-drilling screw  d, mm
	D, mm
	W, mm

	3,0
	5,2-5,4
	2,0

	3,0
	5,8-6,0
	2,5

	3,5
	5,6-5,8
	2,0

	3,5
	6,2-6,4
	2,5

	4,0
	6,4-6,6
	2,5

	4,0
	7,0
	3,0


From the bore’s outer diameter D is dependent rising ground’s enlargement in the radial direction. Making dbore bigger, the tension of the rising ground becomes smaller, but in the same time the smaller becomes also wreath profile’s covering that can influence the screw conjunction’s resistance. If the diameter of the bore is too big and the screw is loaded in the axial way, the wreath’s damage may happen. The optimal diameter of the bore for the self-drilling screw is equal to inner wreath’s diameter d1. For the majority of the thermoplastic materials the bore’s diameter is approximately 0,8d, where d is the outer diameter of self-drilling screw’s wreath.

The bore’s cross-cut could have the square form and in this case it has positive effect, because in the wreath cutting process appeared slivers may be collected in the square’s corners and the further wreath made process is not disturbed. For better polymer flow, in the press-form the sharp corners may have minimal radius R. The enough value of R is 0,2 mm. 

In order to guarantee enough strength of the screw’s connection, screwing depth l3 must be as much as possible. But in the same time the shorter rising grounds is easier to cast. The minimal bore’s depth in the thermoplastic materials must be such as to guarantee that two or three complete wreath’s twines are located in the detail. The depth l0 of the bore must be bigger than screwing depth lth. In such way the necessary space for the sliver is provided. The wall’s thickness between rising ground’s inner base and product’s surface must be 0,75W, where W is product wall’s thickness. 

The rising grounds that are constructively situated near the product’s walls, must be strengthened by the ribs in order to have the possibility to receive the stretching and bending forces. Such construction also makes better the flow of polymer in the process of filling the press-form. If possible it is necessary to move the rising grounds apart from the product’s walls in such way eliminating the thin places in the press-forms. The distance S between rising ground’s inner wall and outer surface must be not less than 3 mm. It is important to mention, that one rib doesn’t guarantee the necessary strength between detail’s wall and rising ground’s that’s why it is recommended to use 2 or 3 ribs. (Figure 4).
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OCEBOM HANpPaBNeHnu NPOMCXOAMT Cpbie pesbbel. OnTUManbHI AvameTp Hanpasnsiowero
OTBEPCTUA ANS CaMOHAPEIAIOLLEro BUHTA paBeH BHYTPeHHeMy anametpy pessbel d,. lpu

nepsom npubrikeHun Anst GONbLUMHCTBA TEPMONNACcTOB AMAGMETP OTBEPCTUS MOXHO MPUHATL
paeubim 0,8d, rae d -BHeWwHM avameTp pesbOul camopesa. Kpenexxoe OTBEPCTHE MOXET
UMETE KBaAPaTHOE CEYeHWe. Y KBAJPATHOrO CEHEHMA UMEIOTCH HEeKOTOPEIE NPEnMYLIeCcTBa, T.K.
B MpoLecce Hapesauusi pe3bbbi 06pa3oBLIBAETCA CTPYXKA, KOTOPas MOMET CKannimpBaTbeR B
yrnax kBagpaTta u He MewWas [anbHeiemy Hapesanmio pessObi. [Ina nyqwero Teuerus
nornMMepa B Npecc-hopMe OCTPLIE YIMbl MOXHO CKPYITWTE MUHUManbHbiM paguycom R.
Benvuuna paguyca 0,2 mm BriosiHe SyAeT 4oCTaTouHON,

Ons obecneueHus BLICOKOW MPOYHOCTU BUHTOBOTC COEAMHEHUA FriyOuHa 3aBuHuvBaHus g
AOMKHE BbiTh N0 BOIMOKHOCTM BOMbLIEN, HO C APYroi CTOPOHbI kopoTkue Gobbikn nerye
oTrMBaTh. MunumanbHas rnybusa oTBepcTuA Anst odhopmneHust pessbbl B Tepmonnacrax
JOMKHa BbiTh Takow, uToGbl ABa WK TPU MONMHBIX BUTKA peasbbl camMopesa HaXxoaunuch B
sauennennu. [nybrHa oteepctus |y pomkHa Gbite Gonblue raybuHbL 3aBUHUMBEHMA g,

06pa3osLIBas NPU 3TOM NOMOCTE ANS NPUEME CTPYXKW. TOMLUMHAE CTEHKM MEXAY BHYTPEHHEM
OCHOBaHWEM BOOLILLKM 1 NMOBEPXHOCTLI0 U3AenUa AomkHa cocTasnate 0,75W, rae W Tonuwuna
CTeHKkM uagerms. [Ans Gonee TOUHOTO ONpefeneHus anameTpa 0TeepcTHs dygrg, MYyOUHbI

3aBUHUMBAHUS |3 ¥ HEKOTOPLIX pasMepos Golkillek & NpUNoXeHus 1 npeacTasnera Tabnuua ¢
OCHOBHBIMW pasmMepammu camoHapesatoLumx BuHtoB no FOCT v ISO (DIN).

Pucyrok 2

Bo6bilwkK, 1O KOHCTPYKTUBHbIM OCOBEHHOCTSIM  pacnonoxeHHbie BONMay CTeHOK wuafenws,
cnieayeT younmaats pefpamm, 4Tobbl OHM MOTTIM BOCTIPUHMMATL pacTarusaiolme v usrubaisuive
ol Tak xKe 8T0 MPUBOAMT K YAYULLGHUIO TEUSHUS! NOSMMEPa B NPOLIECCE 3anonHeHns npecc-
dopmbi. Mo BO3MOXKHOCTY, crieflyeT oTogsurate GoBbIUKM OT CTEHOK N3enus, Tem CambiM,
usberan 06pazoBaHUA TOHKUX MECT B npecc-chopme. PaccTosHme Meny BHYTPEHHER CTEHKON u
BHELHEN NOBEPXHOCTLIO BoBkIWM S cneayeT BuibupaTh He MeHee 3mm. Mlpu KOHCTpyMposaHumn
CRIEAYET NOMHUTL, MTO 0AHO pebpo mano cnocobeTayeT cTabunsHomy coeguueHnio Gobbiky co
CTEHKOI AeTanu, nydie npumenaTs 2 unv 3 pebpa (Puc.2).
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PucyHok 3

OtaensHo crosiyue 6o0bilky, BLICOTa KOTOPLIX onpegeneHa cooTHoweHuem H>5W, (Puc. 3)
CREayeT YKpennsTh KoCbiHKamW. 3TO CnocoBCTBYET YBENMUEHWO XKECTKOCTU NPU KpyueHun u
uarnbe u, TaKk xe xak u aAns pebep, ynydiueHUIo TEYEHWUS NONMMEepa B NPOLECCe 3anonHeRus
npecc-opmbl.  Bepxusin  uacte Bobulwkn  asnsercst  cnaboHarpyxerHoir, NosTomy npu
KOHCTPYVMPOBaHAM KOCLIHOK GIEAYET OTCTYNUTL 0T BepxHen kpomku Bobuituku Ha paccTosiime h,.

Paccrosnue h, cneayet swipars ot 1,5 no 3,0 MM, rae Gonbluee sHaueHne COOTBETCTBYeT

Gonbiuel TonwmHe creHkn W. TonwmHa pebep KecTKOCT U KOCLIHOK ? NPUHUMAETCH PaBHOM
0,5 — 0,6 TOMUuWHLI OCHOBHOM CTeHkM W. Yronm HaknoHa KOCbIHOK MOXHO BbibpaTb ©3
cneayowiero auanasona 10°<a<20° (Puc.3).

[ins ceoBoAHOrO u3BnEYeHns U3 Npecc-popMbl HA BHELUHIOID MOBEPXHOCTL BobbIlkk, pebpa
WECTKOCTU W KOCBIHKM CREAYeT HaknaabiaTh TexHonornueckue yknowb: 0,5°. [ns Gobbiwex
nMelowmx Bonbluyio BLICOTY MOXHO HaknaAbiBaTb YKNOHbl MeHbwe 0,5°, ans Toro 4robel
0o6paTHOM CTOPOHL! U3AENUA He 06Pa30BLIBANNCL YTSKUHDI.

Mpunoxexue 1

BuHTo! camoHapesaowme [OCT 11650-80.
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Figure 4. Rising ground with ribs
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Figure 5. Rising ground with corner-flags

Separately placed rising grounds, the height of which is established by the equation H>5W (Figure 5) must be strengthened by the usage of corner-flags. This advances the strength when the torsion and bending forces are applied. The upper rising ground’s part is lightly loaded., that’s why when constructing the corner-flags it is necessary to leave some free distance h1 from the rising ground’s top edge. The distance h1 should be in the range of 1,5-3,0 mm. Here the biggest value corresponds to the biggest wall thickness W. The strength rib’s and corner-flag’s thickness is approximately 0,5-0,6 of base wall thickness W. The angle of corner-flags may lay in the interval of 100<α<200 (Figure 5).
So, compliance with the mentioned above design parameters between self-drilling screws and rising grounds allows to simplify automated assembly on rotors procedures by eliminating the sources of potential errors, saving time and money while improving fastening quality.
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