
182 Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.26. ¹1

Ìàøèíîâåäåíèå, ñèñòåìû ïðèâîäîâ è äåòàëè ìàøèí Machine science, drive systems and machinery

Ââåäåíèå

Àýðîêîñìè÷åñêàÿ îòðàñëü ðàçâèâàåòñÿ â íàøå
âðåìÿ ñ õîðîøåé äèíàìèêîé. Îñîáîå âíèìàíèå
óäåëÿåòñÿ ïðèìåíåíèþ ìåõàíè÷åñêèõ ïðèâîäîâ â
àýðîêîñìîíàâòèêå [1] Ðàçðàáàòûâàþò íîâûå àâèà-
è êîñìè÷åñêèå àïïàðàòû äëÿ áîëåå äëèòåëüíûõ è
áåçîïàñíûõ ïîëåòîâ [2, 3]. Ïðîâîäÿò àíàëèç äëÿ
ýêñïëóàòàöèè è óïðàâëåíèÿ ïîëåòàìè [4—6]. Ñòðå-
ìÿòñÿ ñîçäàòü àïïàðàòû, êîòîðûå áóäóò ãàðàíòè-
ðîâàòü íàäåæíîñòü ñ áîëüøîé ïðîèçâîäèòåëüíî-
ñòüþ, íî ñ ìàëûì ýíåðãîïîòðåáëåíèåì [7—9].

Ïðîñòðàíñòâåííûå ìåõàíèçìû ìîæíî óñïåø-
íî ïðèìåíÿòü â ðîëè ìåõàíè÷åñêèõ ïðèâîäîâ.
Èññëåäîâàòåëè âñåãî ìèðà ïûòàþòñÿ èõ ðåàëèçî-
âàòü â ïîëíîé ìåðå [10—12]. Èçó÷åíèå è ðàçðàáîò-
êà äàííûõ ìåõàíèçìîâ ïðèâîäÿò ê ñîçäàíèþ íî-
âîãî îáîðóäîâàíèÿ è ïðèáîðîâ, è íå òîëüêî â êîñ-
ìîíàâòèêå [13—15]. Îñîáîå âíèìàíèå óäåëÿþò ìå-
õàíèçìó Áåííåòà [16—18]. Ìåíüøå èçó÷åíû ñôå-
ðè÷åñêèå ìåõàíèçìû [19], îñîáåííî ñôåðè÷åñêèå
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Ïðåäñòàâëåí ñôåðè÷åñêèé ìåõàíèçì, ïîçâîëÿþùèé ïðîèçâîäèòü ïðîñòðàíñòâåííûå äâèæåíèÿ ïî ñôåðå. Äëÿ
ìåõàíèçìà ñîçäàåòñÿ 3D-ìîäåëü â ïðîãðàììå SolidWorks. Ñ ïîìîùüþ äàííîé ìîäåëè ìîæíî ñèíòåçèðîâàòü è ïðî-
âåðèòü ñòðóêòóðó ìåõàíèçìà. Ïðîèçâåäåí ðàñ÷åò óãëîâîãî ïåðåìåùåíèÿ, ñêîðîñòè è óñêîðåíèÿ øàòóíà ñ öåíòðàëüíîé
òî÷êè çâåíà è ïîëçóíà ñàìîãî ìåõàíèçìà. Ïðîèçâåäåí ðàñ÷åò öåíòðàëüíîé òî÷êè ñ ó÷åòîì ìàëîé è áîëüøîé òîë-
ùèíû çâåíüåâ ìåõàíèçìà. Ðàñ÷åòû ïðîèçâåäåíû äëÿ âñåõ óãëîâ ìåæäó çâåíüÿìè, êîòîðûå ïðèìåíÿëèñü ïðè ðàñ-
÷åòå ñôåðè÷åñêîãî ìåõàíèçìà ñ äâóìÿ ñòåïåíÿìè ñâîáîäû. Íà îñíîâå ïîëó÷åííîé ìàòåìàòè÷åñêîé ìîäåëè áûë
ïðîèçâåäåí ðàñ÷åò ìîìåíòà èíåðöèè îò çàäàííîãî äâèæåíèÿ êðèâîøèïà. Îïðåäåëåíû ïàðàìåòðû äâèæåíèÿ ïî êî-
îðäèíàòíûì îñÿì, ÷òî ïîçâîëèò èñïîëüçîâàòü ôîðìóëû íàïðàâëÿþùèõ êîñèíóñîâ. Ïðîèçâåäåí ðàñ÷åò äîïîëíè-
òåëüíûõ óãëîâ, ïðèìåíÿþùèõñÿ ïðè ñîçäàíèè ìàòåìàòè÷åñêîé ìîäåëè äëÿ ìîìåíòà èíåðöèè, ïîëó÷åííûõ èç ïðî-
ñòðàíñòâåííîé ñôåðû âîêðóã ìåõàíèçìà. Ïîëó÷åí ìîìåíò ìãíîâåííîãî âðàùåíèÿ äàííîãî ìåõàíèçìà, çàäàíî
îïðåäåëåííîå äâèæåíèå ìåõàíèçìà, çàäàí ïðîìåæóòîê âðåìåíè åãî äâèæåíèÿ. Ãðàôèêè ïîëó÷åíû äëÿ ñðàâíåíèÿ
äâóõ ìåòîäîâ è îòðàæàþò äâèæåíèå ñàìîãî øàòóíà è ïîëçóíà ìåõàíèçìà. Òàêæå ñ ïîìîùüþ Maple ïðîâåðåí ðàñ-
÷åò äâèæåíèÿ ñ ìîìåíòîì èíåðöèè ñàìîãî ìåõàíèçìà, ñ çàäàííîé ðàçëè÷íîé ìàññîé, íî ñ îïðåäåëåííûìè ãåî-
ìåòðè÷åñêèìè ïàðàìåòðàìè çâåíüåâ ìåõàíèçìà.

Êëþ÷åâûå ñëîâà: êðèâîøèïíî-ïîëçóííûé ìåõàíèçì, êðèâîøèïíî-øàòóííûé ìåõàíèçì, ìîìåíò èíåðöèè.

ìåõàíèçìû ñ äâóìÿ ñòåïåíÿìè ñâîáîäû. Íà îñíîâå
ñôåðè÷åñêîãî ìåõàíèçìà ñ äâóìÿ ñòåïåíÿìè ñâî-
áîäû áûë ñìîäåëèðîâàí ñôåðè÷åñêèé òðåíàæåð
âåñòèáóëÿðíîãî àïïàðàòà (ðèñ. 1). Ñôåðè÷åñêèå
ìåõàíèçìû ñ äâóìÿ ñòåïåíÿìè ñâîáîäû èìåþò
ñâîè îñîáåííîñòè, êîòîðûå èññëåäîâàòåëè ÷àñòî
íåäîîöåíèâàþò [20]. Äëÿ èçó÷åíèÿ ñôåðè÷åñêîãî
ìåõàíèçìà îïðåäåëèì, èç ÷åãî ñîñòîèò òðåíàæåð.
Ìîòîð-ðåäóêòîð âåäóùåãî êðèâîøèïà 1 óñòàíîâ-
ëåí íà ñòîéêó 11. Ìîòîð-ðåäóêòîð ñîåäèíåí ñ âà-
ëîì 2, íà êîòîðîì óñòàíîâëåíà øåñòåðíÿ 3, âõî-
äÿùàÿ â çàöåïëåíèå çóá÷àòîãî êîëåñà 4. Çóá÷àòîå
êîëåñî óñòàíîâëåíî íà ïîëûé âàë 5, êîòîðûé ñî-
åäèíåí ñ ìîòîð-ðåäóêòîðîì 12. Ïîëûé âàë ñîåäè-
íåí ñ âåäóùèì êðèâîøèïîì 6, êîòîðûé ñîåäèíåí
ñ øàòóíîì 7. Êàïñóëà 8 çàêðåïëåíà ìåæäó âåäó-
ùèì ñòåðæíåì 9 è øàòóíîì 7; âåäóùèé ñòåðæåíü
ñîåäèíåí ñ öåíòðàëüíûì âàëîì 10, êîòîðûé ïî-
ñàæåí íà ïðèâîä 12. Äëÿ èçó÷åíèÿ ñôåðè÷åñêîãî
ìåõàíèçìà ñ äâóìÿ ñòåïåíÿìè ñâîáîäû öåëåñîîá-
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ðàçíî èññëåäîâàòü ïðîñòîé îäíîïîäâèæíûé ñôå-
ðè÷åñêèé êðèâîøèïíî-ïîëçóííûé ìåõàíèçì.

Ñòðóêòóðà êðèâîøèïíî-øàòóííîãî ìåõàíèçìà

Íàèáîëåå ïðîñòîé ñôåðè÷åñêèé ìåõàíèçì,
ñîäåðæàùèé òîëüêî îäíîïîäâèæíûå âðàùàòåëü-
íûå ïàðû, ñîñòîèò èç ÷åòûðåõ çâåíüåâ [15]. Ðàñ-
ñìîòðèì öåíòðàëüíûé êðèâîøèïíî-øàòóííûé
ìåõàíèçì (ðèñ. 2). Êðèâîøèïíî-øàòóííûé ìåõà-
íèçì ñîñòîèò èç ñòîéêè 1, êðèâîøèïà 2, øàòóíà

3, ïîëçóíà 4; 2 = 30° è 3 = 120° — öåíòðàëüíûå

óãëû, îïðåäåëÿþùèå äëèíû êðèâîøèïà è øàòóíà.

Êèíåìàòèêà ñôåðè÷åñêîãî
êðèâîøèïíî-ïîëçóííîãî ìåõàíèçìà

Äëÿ êèíåìàòè÷åñêîãî àíàëèçà óêàçàííîãî ìå-
õàíèçìà ñíà÷àëà îïðåäåëÿåì ïîëîæåíèå âûõîäíî-
ãî çâåíà 3 :

3 3 2 2sin sin sin cos sin      

2 2
2 2sin 1 sin sin .                   (1)

Ðèñ. 1. Ñòðóêòóðíàÿ ñõåìà (à) è 3D-ìîäåëü (á) ñôåðè÷åñêîãî òðåíàæåðà
à) á)

Ðèñ. 2. Ñòðóêòóðíàÿ ñõåìà (à) è 3D-ìîäåëü (á) ñôåðè÷åñêîãî ìåõàíèçìà

à) á)
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Âûâåäåì çàâèñèìîñòü óãëà 3  îò 2 :

2 2
2 2 2 2

3
3

sin cos sin sin 1 sin sin
arcsin .

sin

          
 
 

                                (2)

Óãëîâàÿ ñêîðîñòü îïðåäåëÿåòñÿ äèôôåðåíöèðîâàíèåì âûðàæåíèÿ (2) ïî îáîáùåííîé êîîðäèíàòå

2 :

 

2
2 2 2

2 2 2 2
2 2

3 2
2 2

2 2 2 2

3 4
3

sin sin sin cos
sin cos cos

1 sin sin
.

sin cos sin sin 1 sin sin
sin 1

sin

   
   

  
 

       
 



                            (3)

Óãëîâîå óñêîðåíèå îïðåäåëÿåòñÿ äèôôåðåíöèðîâàíèåì âûðàæåíèÿ (3) ïî îáîáùåííîé êîîðäèíà-

òå 2 :

4 2 2
2 2 2

2 2 2 2 2 23
2 2 2 2

3 4 2 2
2 2 2

2 2 2 2 2 23
2 2 2 2

sin sin sin sin sin
sin cos cos

1 sin sin 1 sin sin

sin sin sin sin sin
sin cos sin

1 sin sin 1 sin sin

    
      

     
 

          
     

   

2
22 2

2 2 22 2
2 2 2 22 2

2 22 2

2 222 2 2 22 2 2 2 2 2 2 23 33 32 3 23 3

sin sin sin cossin sin sin sin cos cos
1 sin sin1 sin sin

.

sin cos sin sin 1 sin sin sin cos sin sin 1 sin sin
sin 1 sin 1sin sin

                   
                        
 

(4)

Ðàññòîÿíèå UB  îïðåäåëÿåò ïîëîæåíèå ïîëçóíà 4 (òî÷êà Â ):

3 3 2 2arctan(tan cos ) arctan(tan cos ).BU                                          (5)

Àíàëîã óãëîâîé ñêîðîñòè îïðåäåëÿåòñÿ äèôôåðåíöèðîâàíèåì âûðàæåíèÿ (5) ïî îáîáùåííîé êî-

îðäèíàòå 2 :

2 2
2

2 2

tan sin
.

1 tan cosBU
  

 
                                                       (6)

Àíàëîã óãëîâîãî óñêîðåíèÿ îïðåäåëÿåòñÿ äèôôåðåíöèðîâàíèåì âûðàæåíèÿ (6) ïî îáîáùåííîé êî-

îðäèíàòå 2 :

2

3 2
2 2 cos2 2

2 2 2 2
2 2 2 2

2 tan sintan cos
.

1 tan cos (1 tan cos )BU
     

  
                                        (7)

Ïîëîæåíèå òî÷êè S3, ÿâëÿþùåéñÿ öåíòðîì òÿæåñòè çâåíà BC, êîãäà îíî áîëüøîé òîëùèíû, îò-
íîñèòåëüíî ãåîãðàôè÷åñêèõ êîîðäèíàò DAV îïðåäåëÿåòñÿ ñëåäóþùèì âûðàæåíèåì:

3 3 3
cos cos cos ;S S Sl U V                                                      (8)
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3 3 3
arccos(cos cos ).s S Sl U V                                                 (9)

Ñêîðîñòü òî÷êè S3, ÿâëÿþùåéñÿ öåíòðîì òÿæåñòè çâåíà AB, êîãäà îíî áîëüøîé òîëùèíû, îòíî-
ñèòåëüíî ãåîãðàôè÷åñêèõ êîîðäèíàò UOV îïðåäåëÿåòñÿ äèôôåðåíöèðîâàíèåì âûðàæåíèÿ (9) ïî îáîá-

ùåííîé êîîðäèíàòå 2 :

3

3
3 2

2
3 2 2 2

2 2 3 2 2

3
3 3

2
32 2

2 2 3

sin( arctan(tan cos ) arctan(tan cos ))
2

tan sin 1 sin sin /(1 tan cos )
2

1 cos(1 cos( arctan(tan cos ) arctan(tan cos ))
2

arctan(tan cos ) 1 sin sin ) .
2

Sl


        

 
          

 


         

 
       

 

                           

(10)

Óñêîðåíèå òî÷êè S3 çâåíà AB îïðåäåëÿåòñÿ äèôôåðåíöèðîâàíèåì:

3 3
( ) .S Sl l  

À ïðè ìàëîé òîëùèíå çâåíà AB ïîëîæåíèå òî÷êè 3S   ìîæíî îïðåäåëèòü ñîîòíîøåíèåì

3 3 3
cos cos cos .S S Sl U V                                                      (11)

Â ôîðìóëàõ (8) è (11) ðàññòîÿíèÿ 
3 3 3 3
, , ,S S S SU U V V   èìåþò âèä

 
3

3
3 3 2 2arctan(tan cos ) arctan tan cos arctan tan cos ;

2SU
 

           
 

                   (12)

3

3
3 3arcsin sin sin ;

2SV S L
 

    
 

                                              (13)

3 3

3 33
arctan sin tan sin ;

5 2 4S SU U
  

     
 

                                          (14)

3 3

3 33
arcsin sin tan cos .

5 2 4S SV V
  

     
 

                                         (15)

Óãîë   îïðåäåëÿåò äâèæåíèå ìåæäó çâåíîì O1A è AB:

3
2 2 3

3

sin( arcsin( sin ) arcsin sin sin
2

arcsin .
sin

2

  
         

   
 

 
  

                              (16)
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Àíàëîãè óãëîâûõ ëèíåéíûõ ñêîðîñòåé îïðåäå-
ëÿþòñÿ äèôôåðåíöèðîâàíèåì âûðàæåíèé (8) è
(11):

3 3 3 3 3 3

3 2
3

( )

sin cos sin cos
;

sin
S S S S S S

S
S

U U V V V U
V

l

   
  (17)

3 3 3 3 3 3

3 2
3

( )

sin cos sin cos
,

sin
S S S S S S

S
S

U U V V V U
V

l
     

 


   
  (18)

ãäå 
3 3 3 3
, , ,S S S SU U V V      — ïðîèçâîäíûå âåëè÷èí

3 3 3 3
, , ,S S S SU U V V   ïî îáîáùåííîé êîîðäèíàòå.

Äëÿ ïîëó÷åíèÿ ðàñ÷åòíûõ ôîðìóë, îïðåäåëÿ-
þùèõ ðåàëüíûå çíà÷åíèÿ ëèíåéíûõ ñêîðîñòåé òî-

÷åê 3 3,S S  , ìîæíî ïðîäèôôåðåíöèðîâàòü âûðàæå-

íèÿ (11)—(14) ïî âðåìåíè t :

3

2 2
2 1 2 2

1 2 2 3 3

([sin 1 sin sin

cos sin sin ] sin )cos ;

SV p V

V V

      

      



       (19)

3

2
2 3 3 3 1

2 2
2 2 1 2 2

2 2
1 2 2

2 2
1 2 2 3

(sin sin cos [sin

1 sin sin cos sin sin ]

[sin 1 sin sin

cos sin sin ] sin ;

SU p V V

V

V

V V

     

          

     

     



  

(20)

3 3 3

2 2 .S S SV U V                        (21)

Óãëîâîå óñêîðåíèå çâåíüåâ 3 è 4 ìîæíî íàé-
òè äèôôåðåíöèðîâàíèåì ôîðìóë ïî âðåìåíè t :

2
2 1 3 1 3;                           (22)

2
3 1 3 1 ,CD D                        (23)

ãäå 3, BU   — àíàëîãè óãëîâûõ óñêîðåíèé; 1  —

óãëîâàÿ ñêîðîñòü âõîäíîãî çâåíà; 1  — óãëîâîå óñ-

êîðåíèå âõîäíîãî çâåíà 1.
Ðèñ. 3 è 4 äåìîíñòðèðóþò äâèæåíèå øàòóíà è

ïîëçóíà ñàìîãî ìåõàíèçìà ñ çàäàííûìè ïàðàìåò-
ðàìè. Ïóíêòèðíîé ëèíèåé íà âñåõ ðèñóíêàõ ïî-
êàçàíû óãëîâîå ïåðåìåùåíèå, ñêîðîñòü è óñêîðå-

Ðèñ. 3. Ãðàôèêè, ïîëó÷åííûå â ïðîãðàììàõ Maple è SolidWorks äëÿ øàòóíà
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íèå. Ãðàôèêè âûïîëíåíû â ïðîãðàììå SolidWorks.
Ëèíèÿ òèðå—òî÷êà ïîêàçûâàåò êèíåìàòèêó ìåõà-
íèçìà â ïðîãðàììå Maple.

Ìîìåíò èíåðöèè êðèâîøèïíî-ïîëçóííîãî
ìåõàíèçìà

Â îáùåì ñëó÷àå ìîìåíò èíåðöèè çâåíüåâ ÀÂ è
BC (øàòóíîâ) ñôåðè÷åñêîãî ìåõàíèçìà ìîæíî
îïðåäåëèòü ïî ôîðìóëå

2 2 2 2 2 2 ,I Al Bm Cn Dln Emn Flm          (24)

ãäå cos , cos , cosl m n      — íàïðàâëÿþùèå

êîñèíóñû.
Â êàæäîé òî÷êå ìîæíî ïîñòðîèòü ãëàâíûå îñè

èíåðöèè ÎÕ, OY è OZ òàêèì îáðàçîì, ÷òîáû öåí-
òðîáåæíûå ìîìåíòû èíåðöèè áûëè ðàâíû íóëþ.
Îíè çàâèñÿò íå òîëüêî îò íàïðàâëåíèÿ êîîðäèíàò-
íûõ îñåé, íî è îò âûáîðà íà÷àëà êîîðäèíàò. Ïî-
ýòîìó, êîãäà ãîâîðÿò î öåíòðîáåæíûõ ìîìåíòàõ
èíåðöèè â äàííîé òî÷êå, ïîä ýòèì ïîíèìàåòñÿ,
÷òî íà÷àëî êîîðäèíàò ñîâïàäàåò ñ äàííîé òî÷êîé.

Åñëè 0XZ YZI I  , îñü Z — ãëàâíàÿ îñü èíåðöèè

òåëà, ò.å. ãëàâíàÿ îñü (ãëàâíàÿ öåíòðàëüíàÿ îñü)
èíåðöèè ïðîõîäèò ÷åðåç öåíòð ìàññ òåëà.

Òàêèì îáðàçîì, èñïîëüçóÿ ñâîéñòâà ãëàâíûõ
îñåé èíåðöèè, ìîæíî ñôåðè÷åñêèé øàòóí, èìåþ-
ùèé îäíîðîäíóþ ôîðìó è áîëüøóþ òîëùèíó,
ðàññìîòðåòü îòíîñèòåëüíî ãëàâíîé öåíòðàëüíîé
îñè, êîòîðàÿ áóäåò ïðîõîäèòü ÷åðåç òî÷êó S3. Â
ýòîì ñëó÷àå öåíòðîáåæíûå ìîìåíòû èíåðöèè

0 è 0.XY XZ YZI I I  

Òîãäà ôîðìóëà (11) ïðèìåò âèä

2 2 2cos cos cos .X Y ZI I I I            (25)

Â äàëüíåéøåì äëÿ îïðåäåëåíèÿ ìîìåíòà èíåð-
öèè ñôåðè÷åñêèõ çâåíüåâ, ñîâåðøàþùèõ ñëîæíîå
äâèæåíèå, áóäåì èñïîëüçîâàòü ëèøü ôîðìóëó (25).

Îïðåäåëèì óãëû , ,   .

Äëÿ çâåíà AB ðàññìàòðèâàåìîãî ìåõàíèçìà
(ðèñ. 5) è ìãíîâåííîãî öåíòðà âðàùåíèÿ P  íàõî-

äèì çíà÷åíèÿ ÀÐ, ÐÂ è  :

0 3 0 3

3

sin tan cos cos
arctan ;

sin
AP

     
    

     (26)

0

3

sin sin
arcsin ;

cos

AP
PB

  
    

            (27)

Ðèñ. 4. Ãðàôèêè, ïîëó÷åííûå â ïðîãðàììàõ Maple è SolidWorks äëÿ ïîëçóíà
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3cos cos cos
arccos ,

sin sin

AP PB

AP PB

   
    

      (28)

ãäå

2 3
0

2 3

cos cos cos cos
arccos .

sin sin
BU      

       
  (29)

Îïðåäåëèì cos , cos , cos .  

Óãëû 0 3,   è ðàññòîÿíèå UB îïðåäåëÿþòñÿ èç

êèíåìàòèêè ìåõàíèçìà. Òåïåðü ãëàâíóþ öåíòðàëü-
íóþ îñü èíåðöèè Î2Õ íàïðàâèì òàê, ÷òîáû îíà
ïðîõîäèëà ÷åðåç òî÷êó S3 øàòóíà ÀÂ, è îòíîñè-
òåëüíî íåå ïðîâåäåì îñòàëüíûå îñè. Öåíòð
ìãíîâåííîãî âðàùåíèÿ Ð ñîåäèíèì ïðÿìîé ñ öåí-
òðîì ñôåðû (íà÷àëîì êîîðäèíàòîé ñèñòåìû) Î2.
Òî÷êó S3 ñîåäèíèì ñ öåíòðîì ñôåðû Î2 ïðÿìîé
S3O2, à ñ öåíòðîì ìãíîâåííîãî âðàùåíèÿ P – äó-
ãîé áîëüøîé îêðóæíîñòè ÐS3. Èìååì

3 3
3cos cos cos sin sin sin .

2 2
PB PB

 
         (30)

Äëÿ íàõîæäåíèÿ óãëà   ïðîäîëæèì äóãó S3A

âëåâî è îòëîæèì íà íåé öåíòðàëüíûé óãîë, ðàâ-

íûé 
2


 ( 3 1 1,
2

S A A


  — òî÷êà ïåðåñå÷åíèÿ îñè Î2Y

c ïîâåðõíîñòüþ ñôåðû). Ñîåäèíÿÿ òî÷êó À1 c ïî-
ëþñîì P è öåíòðîì ñôåðû, ìîæíî íàïèñàòü:

1/ 2
3 3 2

3

cos sin cos

cos cos sin sin sin )
2 2

cos ;

BSP

PB PB

BSP

    

  
     

 


Ðèñ. 5. Ñõåìà ñ êîîðäèíàòíûìè îñÿìè è óãëàìè äëÿ ñôå-
ðè÷åñêîãî êðèâîøèïíî-ïîëçóííîãî ìåõàíèçìà

1
3 3cos cos cos cos sin sin .

2 2
BSP PB

   
       
  

(32)

Óãîë   ìîæíî îïðåäåëèòü ÷åðåç óãîë 3 :

3

2
3 3

3

cos sin 1 cos cos
2

sin sin sin sin .
2 2

PB

PB

 
        


  
   
 

        
(33)

Çàâèñèìîñòè ìîìåíòà èíåðöèè ñôåðè÷åñêîãî

êðèâîøèïíî-ïîëçóííîãî ìåõàíèçìà îò óãëà 2 ,

ïîëó÷åííûå äëÿ çàäàííîãî ïðîìåæóòêà âðåìåíè â
ïðîãðàììå Maple (ëèíèÿ òî÷êà–òèðå) è â ïðîãðàì-
ìå SolidWorks (3D-ìîäåëü, ïóíêòèðíàÿ ëèíèÿ),
ïðåäñòàâëåíû íà ðèñ. 6.

Âûâîäû

Ñïðîåêòèðîâàí ñôåðè÷åñêèé ÷åòûðåõçâåííûé
êðèâîøèïíî-øàòóííûé ìåõàíèçì â ñèñòåìå
SolidWorks. Ñèíòåçèðîâàí ñôåðè÷åñêèé êðèâî-
øèïíî-ïîëçóííûé ìåõàíèçì, ñ òî÷êîé ïåðåñå÷å-
íèÿ îñåé øàðíèðîâ â öåíòðå áàçîâîé ñôåðû. Ïðî-
èçâåäåí êèíåìàòè÷åñêèé àíàëèç ñ ïîìîùüþ ôîð-
ìóë è ïðîâåðåí â ïðîãðàììå Maple. Ïîëó÷åíû
ãðàôèêè çàâèñèìîñòåé óãëîâîãî ïåðåìåùåíèÿ,
óãëîâîé ñêîðîñòè è óñêîðåíèÿ øàòóíà è ïîëçóíà
â ïðîãðàììàõ Maple è SolidWorks. Ïðîèçâåäåíî
ñðàâíåíèå ãðàôèêîâ èç ðàñ÷åòîâ ìàòåìàòè÷åñêîé
ìîäåëè è ñïðîåêòèðîâàííîé 3D-ìîäåëè. Òàêæå ñ
ïîìîùüþ êèíåìàòè÷åñêîãî àíàëèçà áûë èññëåäî-
âàí ìîìåíò èíåðöèè ìåõàíèçìà. Ðåçóëüòàòû ïî-
êàçàëè, ÷òî ñôåðè÷åñêèé êðèâîøèïíî-ïîëçóí-
íûé ìåõàíèçì ïðîñò ïî ñâîåé ñòðóêòóðå è ñáîð-
êå. Äëÿ èññëåäîâàíèÿ ñôåðè÷åñêîãî ìåõàíèçìà ñ(31)

Ðèñ. 6. Ãðàôèêè ðàñ÷åòîâ â ïðîãðàììàõ Maple è
SolidWorks
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Abstract

The article presents a spherical mechanism
allowing perform spatial movements along a sphere.
A 3D model of the mechanism was developed with the
SolidWorks software. The model allows synthesize and
examine the mechanism structure. Computing of the
angular displacement, speed and acceleration of the
connecting rod from the center point of the link and
the slide of the mechanism itself was performed. The
center point calculation was performed with account
for the small and large thickness of the mechanism
links Calculations were made for all angles between
the links, which were employed for calculation of the
spherical mechanism with two degrees of freedom.
Based of the obtained mathematical model, computing
of the moment of inertia from a given crank motion
was performed. The motion parameters along the
coordinate axes were determined, which would allow
application of the direction cosines formulas.
Additional angles calculation used when creating a
mathematical model for the moment of inertia were
obtained from the spatial sphere around the
mechanism. The instant rotation moment of the
mechanism was obtained. Using to the obtained data,
a certain movement of the mechanism and the time
interval of its movement were set, which are reflected
by the obtained plots. These plots were obtained for
comparing the two methods. The obtained plots reflect
the movement of the connecting rod itself, and the
slide mechanism. In addition, using Maple, the
computation of motion with the moment of inertia of
the mechanism itself, with a specified various masses,
but with certain geometrical parameters of the
mechanism links, was verified.

Keywords: crank-slider mechanism, moment of
inertia.
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